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SPICE III trial
Dexmedetomidine is not superior to 
propofol or midazolam for intensive 
care unit sedation, and led to more 
bradycardia and hypotension, and 
often required additional sedation.

Nintedanib helps ssILD 
The SENSCIS trial reported a slow-
er forced vital capacity decline 
in systemic sclerosis-associated 
interstitial lung disease patients 
treated with nintedanib vs placebo.

SINUS-24 and SINUS-52 
trials
A pooled analysis of the SINUS-24 
and SINUS-52 trials showed that 
dupilumab improves outcomes 
in patients with severe chronic 
rhino sinusitis with nasal polyps 
and comorbid asthma. 
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Dear Reader,

This year’s International Congress of the American Thoracic Society in Dallas, 
USA, was again the place to be to get the most recent updates in important areas 
of pulmonary diseases. Several important studies are presented and discussed 
in detail in this report. 

Data from the MUST-ARDS trial were presented. ARDS remains to be a significant 
clinical condition with severe short- and long-term consequences. Adult progenitor 
cell-expanding therapy may improve 28-day mortality, lessened ventilator and ICU 
burden, and demonstrated overall safety in patients with ARDS.
The effects of nintedanib on lung function decline were investigated in 
systemic sclerosis-associated ILD. The randomised control SENSCIS trial on 
efficacy of nintedanib vs placebo on respiratory function among patients with 
ILD mediated by systemic sclerosis found a slower forced vital capacity decline 
in patients treated with nintedanib.
New post-hoc analyses from the large-scale GRIPHON trial assessing selexipag 
in patients with pulmonary arterial hypertension demonstrated that early, 
aggressive treatment is associated with the greatest benefits, irrespective of 
background therapy. 
Dupilumab, which inhibits both the IL-4 and IL-13 pathways, improves outcomes 
in patients with severe chronic rhinosinusitis with nasal polyps and comorbid 
asthma, as shown by a pooled analysis of the SINUS-24 and SINUS-52 trials. 
The short- and long-term data on the effects and safety of biological agents 
in the treatment of severe asthma are accumulating and may guide to further 
personalise pharmacological treatment. Modulators of IL-5 and IL-4/IL-13 activity 
show important effects on exacerbation rates, hospitalisations, and dose of oral 
corticosteroids. Insights into relevant patient phenotypes are increasing and 
contribute to personalised treatment in patients with severe asthma. 

If you have not been able to experience these aspects of the ATS yourself, 
this report will outline the most significant advancements discussed at the 
conference, and practical advices disseminated there. So, we hope that you will 
enjoy reading this Conference Report! 

Kind Regards,
Richard Dekhuijzen

Letter from the Editor

CONfeReNCe RePORT - ATs 2019
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Interview with
Prof. Christian Bergmann, MD, PhD,  
conducted on 17 July 2019 by Dr Rachel Giles

Prof. Karl-Christian Bergmann is

Chair of Centre for Severe Asthma at 

the Charité, Berlin, Germany. 

He is a pulmonologist and 

allergist. In 2006, he opened 

the first Center for Second Opinion 

on the use of biologics. The 

system is being used successfully 

throughout Germany today.

What would you like to see change in routine 
management of Type-2 asthma?
There are two things I would really like to 
see change. Firstly, I would like to stress the 
value of routine analysis of fractional exhaled 
nitric oxide (FeNO). FeNO is a marker for 
airway inflammation and is a non-invasive, 
safe, and simple method of quantifying 
the degree of asthma inflammation. It 
can be used to assess whether airway 
inflammation is contributing to poor asthma 
control, particularly in the presence of other 
contributors such as rhinosinusitis, anxiety, 
gastroesophageal reflux, obesity, or continued 
allergen exposure. 

Beyond aiding the identification of an 
eosinophilic asthma phenotype in a patient, 
FeNO can also help establish a baseline 
reading during a period of clinical stability for 
subsequent monitoring of chronic persistent 
Type-2 asthma. Rechecking  the nitric oxide 
levels can also be a tool to verify that the 
steroid inhalers are adequately suppressing 
the nitric oxide level. 

“Every ambulance should be equipped 
with a portable device to measure FeNO; 
although this is rarely the case, at least in 
Germany. 
The added value of careful and thorough 
patient evaluation is that one can use the 
collective phenotypes to assign asthma 
endotypes, wherein a specific biological 
pathway is identified that explains the 
observable properties of a phenotype, 

with the goal to improve therapy.”

Type-2 inflammation in asthma, the inflam-
matory response is amplified by recruited 
eosinophils via a positive feedback loop. The 
inflammatory mediators secreted by eosinophils 
and other inflammatory cells lead to tissue 
damage, creating a cycle of chronic inflam-
mation. Understanding the allergic, eosinophilic, 
and mixed allergic/eosinophilic phenotypes has 
been greatly advanced in recent years and has 
underpinned new approaches to improve 
asthma control, such as biologics aimed at 
inhibiting interleukin signalling.

However, despite the fact that these recent 
advances in understanding the pathophysiology 
driving Type-2 inflammation has led to clinical 
trials applying this knowledge to return aberrant 
signals to physiological levels, the primary 
unmet need remains the timely and accurate 
identification of the individual disease status 
in a given patient. Each patient requires a 
thorough assessment, more extensive than 
is currently the norm. The disease can be 
complex, but important clues can be found in 
accurate phenotyping  in order to adequately 
manage Type-2  asthma.

What are the unmet needs in Type-2 
inflammation in clinical practice? 
Type-2 asthma is characterised by Type-2 
inflammation and typically includes different 
forms of  asthma, e.g. allergic asthma, exer-
cise- induced asthma, late-onset asthma, and 
moderate-to-severe eosinophilic asthma. In 

Type-2 Inflammation in Asthma

IntervIew
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Over the past two centuries, there has been a gradual 
paradigm change in the way we look at chronic 
inflammatory airway diseases, including asthma and 
chronic obstructive pulmonary disease (COPD), shifting 
away from prototypic, organ-centred disease labels, 
coined by William Osler at the end of the 19th century, to 
differentiated disease subsets [1]. During the second half 
of the past century, asthma has been mostly perceived as 
an allergen-driven, T-helper-2 disorder with mast cells and 
eosinophils as key effector cells. This concept was based 
on the hygiene hypothesis and reinforced by experimental 
studies in mice. Consequently, all new asthma medications 
were tested in the allergen challenge model: given its 
responsiveness to corticosteroids and an overall good 
predictive value (albeit based on a selected population), 
this resulted in a one-size-fits-all approach reflected by 
concurrent guidelines during 1980s-2000, advocating a 
stepped-treatment approach. After an initial improvement 
in asthma outcomes, increasing evidence showed that 
(high-dosed) corticosteroids may cause clinically relevant 
adverse effects [2], especially when given systemically, and 
that despite optimal controller treatment and adequate 
adherence, still too many patients remain sub-optimally 
controlled [3,4]. Clearly, this called for a differentiated 
approach to disease management and treatment.

In the past two decades, innovative tissue sampling methods 
combined with omics-technologies and systems biology 
approaches expansively increased our understanding and 
insights into the mechanisms and molecular pathways 
underlying several chronic inflammatory diseases [5,6]. In the 
context of asthma and COPD, novel insights have revealed a 
vast complexity (i.e. consisting of several components) and 
heterogeneity (i.e. indicating that not all components are present 
within a given patient over time) within and across disease 
subsets, especially in severe asthma [7,8]. As a next step, clinical/
inflammatory phenotypes and endotypes have been defined [7]. 

Treatable Traits in Chronic Inflammatory 
Airway Disease: Back to Basics

A ‘phenotype’ reflects an individual’s observable characteristics, 
including clinical, imaging, functional, physiological, and biological 
features, while ‘endotype’ refers to the cellular and molecular 
pathways underlying the pathogenesis of the disease [9]. 
These novel views drove the concept of precision medicine for 
asthma [10]. In 2016, a panel of experts proposed a precision 
medicine strategy for chronic inflammatory airway disease based 
on the presence of so-called “treatable traits” [9]. This pragmatic 
approach advocates active identification, assessment, and 
treatment of (label-free) treatable traits, consisting of pulmonary, 
extra-pulmonary and behavioural, psychological or lifestyle-
related treatable characteristics and risk factors. The goal of this 
approach is to link the right patient to the right treatment and, 
thus, to improve clinical outcomes for individual patients and to 
minimise unnecessary side effects in non-responders. In this 
context, validated biomarkers, such as the amount of eosinophils 
in peripheral blood or sputum and the fraction of exhaled nitric 
oxide (FeNO), can serve as indicators of a specific phenotype 
or endotype and can help to identify responders to (targeted) 
therapeutic options [11]. Unsurprisingly, several original research 
and other work presented at the ATs 2019, organised in Dallas, 
UsA, reflected or linked to the concept of treatable traits. Moreover, 
some of the treatable traits have also been implemented in the 
updated GINA guidelines [12].

Application of treatable traits 
One of the first times the proposed concept of treatable traits 
has been applied to patient data, was within the Unbiased 
BIOmarkers in PReDiction of respiratory disease outcomes 
(U-BIOPRED) project. In total, 23 treatable traits were identified 
in the U-BIOPReD mild/moderate and severe asthma cohorts 
[13,14]. The most prevalent extra-pulmonary traits comprised 
atopy, rhinosinusitis, nasal polyps, obesity, gastroesophageal 
reflux disease (GeRD), and obstructive sleep apnoea. The 
prevalence of treatable traits was associated with poor clinical 
outcome and was generally higher in individuals with severe 
asthma compared to mild/moderate asthma.  

Written by: Prof. Zuzana Diamant
Skåne University Hospital Lund, Sweden; Charles University and Thomayer Hospital, Czech Republic; and University Medical Center Groningen, the Netherlands
Apart from academic affiliations, Zuzana Diamant acts as Executive Medical and Scientific Director of Respiratory & Allergy at QPS-NL, a CRO that conducts 
early phase clinical studies for biotech and pharma companies. In the past 3 years, she received honoraria/consultancy fees from ALK, Aquilon, Acucort, 
AstraZeneca, Boehringer-Ingelheim, Gilead, HAL Allergy, MSD, and Sanofi-Genzyme.
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At the ATs 2019, several presentations showed examples of 
existing and potential treatable traits, tools, and methods to 
assess and improve disease awareness, treatment adherence, 
disease control, and health-related quality of life (e.g. patient 
reported outcomes, self-assessments, and ehealth tools) 
[e.g. 15-17]. Additionally, several studies underscored the 
effect of (treatment of) comorbidities and risk factors on 
asthma severity and control, while other studies showed novel 
biomarkers or favourable outcomes based on biomarker-
guided treatment strategies. Below, a selection of clinically 
impactful or thought-generating presentations. 

wojcik and colleagues compared allergen sensitisation with 
seasonal and perennial allergens between adult (>18 years) 
and paediatric (≤18 years) patients with severe early-onset 
asthma (eOA; i.e. asthma diagnosis at <12 years) from the 
severe Asthma Research Program (sARP). In contrast with 
children with eOA, they found that adults were less likely to 
have specific IgEs for seasonal allergens (grasses, trees, 
and weed mix). There were no differences in perennial 
allergens (cats, dogs, rodents, dust mites, and cockroaches) 
between the two age groups, while children with severe 
eOA were more sensitive to moulds (Alternaria, Aspergillus, 
and Cladosporium) than adult eOA (all P<0.004). The 
combination of loss of seasonal allergen sensitivity with age 
with persisting responsiveness to indoor allergens suggests 
different mechanisms in allergen sensitivity at older age. 
Unravelling these differences may reveal new immunologic 
pathways yielding potential targeted interventions [18].

Ghincea and colleagues aimed to identify unique predictors of 
asthma exacerbations in the obese asthma (BMI>30) cluster 
(n=461) of the SARP, which was defined as a distinct phenotype 
comprised of predominantly obese women with adult-onset, 
non-atopic, non-type2 (predominantly) severe asthma [19]. 
They found that GeRD had a stronger association with asthma 
exacerbation (defined as emergency or urgent care visit) in 
obese vs non-obese asthmatics. Indeed, both obesity and 
GERD have been identified as treatable traits in the position 
paper [13] as well as in the concurrent guidelines [12]. At ATs 
2019, an entire oral session, chaired by expert Prof. Anne Dixon 
(University of Vermont, UsA), was dedicated to obese asthma, 
highlighting its pathophysiology, including oxidative stress, and 
the relationship with obstructive sleep apnoea. 

Chronic rhinosinusitis with nasal polyps (CRswNP) and type2 
(severe) asthma share the same immune/inflammatory 
pathways and are frequent comorbidities. Positioning of 
targeted therapy with biologics for patients with CRswNP 

with or without comorbid asthma is currently subject to 
expert discussions [20] and has also been addressed during 
the ATS 2019. Laidlaw and colleagues evaluated the efficacy 
of a monoclonal antibody blocking the interleukin(Il)-4 and 
Il-13 pathway, dupilumab, vs placebo on upper and lower 
airway outcome measures in a pooled patient population of 
two large phase 3 studies (sINUs-24 and sINUs-52) after 
24 weeks of treatment on top of mometasone furoate nasal 
spray (MfNs) maintenance therapy. Dupilumab as an add-
on to MfNs improved both upper and lower airway outcome 
measures vs MfNs alone in patients with severe CRswNP 
and comorbid asthma after 24 weeks in the pooled sINUs-24 
and sINUs-52 population and was well tolerated [21]. 

Apart from eosinophils and feNO as validated point-of-care 
biomarkers of type2 asthma, novel and more sophisticated 
non-invasive methods, such as molecular profiling of exhaled 
breath (breathomics), are currently under development as 
prognostic tools [22]. The eNose has been shown to be able 
to differentiate between several aspects of disease vs healthy 
status. Van Bragt and colleagues investigated the potential 
of breathomics by eNose to serve as a composite biomarker 
to identify responders to targeted therapy, such as anti-Il-5 
treatment with mepolizumab. Applying exhaled breath analysis 
by eNose, the researchers could discriminate between severe 
asthma patients who continued mepolizumab treatment (after 
12 months) and those who did not (ROC-AUC: 0.81) [23].

while there is consensus that (oral) corticosteroid load should 
be limited, especially in those at risk for associated side effects, 
systemic corticosteroids are still the mainstay for treatment of 
exacerbations in patients with inflammatory airway disease 
(i.e. asthma and COPD). sivapalan and colleagues investigated 
if an algorithm based on a biomarker, i.e. blood eosinophils 
(eosinophil-guided treatment, eGT), could safely allow oral 
corticosteroid reduction in hospitalised patients with acute 
COPD exacerbation vs standard treatment according to 
international guidelines (control group) [24]. A total of 318 COPD 
patients were randomly assigned to either eGT or standard 
treatment regimen within 24 hours of admission. for the eGT 
group, prednisolone was administered during the first 5 days 
only on days where the eosinophil count was ≥0.3 x 109 cells/l; 
on all other days, the oral corticosteroid was not administered, 
while in the control group, patients received prednisolone 
according to present guidelines (5 days). As compared with 
standard treatment, the biomarker approach (eGT) substantially 
reduced the duration (mean 2.4 vs 4.9 days; P<0.0001) and total 
dose (mean 261 vs 421 mg; P=0.0002) of oral corticosteroid in 
hospitalised COPD patients with acute exacerbation. 
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Treatable mechanisms underlying treatable 
traits 
The U-BIOPReD consortium initially applied the systems 
biology approach to identify immune and inflammatory 
pathways and molecular mechanisms underlying different 
asthma phenotypes [25]. Validation of these pathways helped 
to define distinct endotypes and treatable mechanisms. 
Precision medicine approaches aim to link these treatable 
mechanisms to treatable traits and distinctive biomarkers 
based on clinical, physiological, and inflammatory charac-
teristics of clinical phenotypes. A future step requires the 
application of bioinformatics (including machine learning 
techniques) enabling rapid detection of molecular mechanisms 
with subsequent links to targeted therapeutic options for 
individual patients [26]. 

Is precision medicine still a long way to the clinic? so far, two 
different endotypes have been identified in severe asthma: 
the type2-high endotype (associated with an allergic and 
an eosinophilic phenotype, partly overlapping, derived from 
the T-helper 2 and innate lymphoid cells type 2 immune 
pathways) and the type2-low endotype (neutrophilic, 
paucigranulocytic, airway smooth muscle predominant; 
figure 1), while coexistence of both endotypes has also been 
reported [7,27]. Presently, type2-high is the best characterised 

endotype and several type2-targeted treatment options 
have been developed. Consequently, targeted treatment 
options (biologics) and discriminating biomarkers are being 
integrated into the guidelines [12]. Targeted treatments block 
specific inflammatory pathways or single mediators. Single 
and composite biomarkers help to identify patients who will 
benefit from these treatments. So far, only a few point-of-
care inflammatory biomarkers have been validated for clinical 
application [11]. 

In contrast, for type2-low asthma, sensitive biomarkers and 
targeted treatment options are largely lacking, although recent 
advances with omics technology showed two transcriptome-
associated clusters (TAC2 and TAC3). TAC2 was associated 
with the highest sputum neutrophil levels, serum C-reactive 
protein levels, and eczema, while TAC3 showed normal to 
moderately increased sputum eosinophils and a higher forced 
expiratory volume in 1 second (feV1) [28]. This report will not 
specifically discuss non-type2 treatment options.

In our recently published eAACI position paper, our task force 
aimed to define clinically applicable biomarkers reflecting 
the immune/inflammatory pathways underlying the severe 
asthma phenotypes and to establish the links to existing and 
upcoming (targeted) treatment options (see figure 1) [11].

Figure 1: Immune/inflammatory pathways underlying (severe) asthma including validated biomarkers and links to novel and existing (targeted) treatment options [11]

Reprinted from Diamant Z, et al. Allergy. 2019 [Epub ahead of print]. Copyright 2019, with permission from Wiley.

TReATABle TRAITs IN ChRONIC INflAMMATORy AIRwAy DIseAse: BACk TO BAsICs
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Targeted treatment options and algorithms 
based on precision medicine 
In the early 2000s, two types of targeted therapies became 
available for treatment of mainly allergic asthma patients: 
montelukast, a small molecule leukotriene receptor antagonist 
(preceded by the less potent pranlukast, marketed in Japan) 
and omalizumab, a biologic binding free serum Ige. since the 
past decade, several novel biologics have entered the clinic: 
all targeting the eosinophil/type 2 inflammatory pathways, 
while many others are currently in several stages of drug 
development with both upstream targets (e.g. the alarmins: 
TslP, Il-33, and Il-25) and (more) downstream targets (e.g. 
Il-17, CRTh2/DP2, MMPs, GATA3, sT2, Il-6, PI3k) [11,29]. 
Currently available and some of the emerging targeted 
therapies are summarised in Table 1.

At the ATs 2019, a large number of studies on existing, novel, 
and emerging (targeted) therapies have been presented. 

In addition to novel biologics, several research groups 
presented promising data of different triple therapies 
(consisting of inhaled corticosteroid, long-acting β2-agonist, 
and long-acting muscarinic antagonist) on clinical outcome 
in patients with moderate-severe asthma [30,31].

In the context of targeted therapy, several data of the recently 
marketed dupilumab coming from the lIBeRTy AsThMA 
QUesT and VeNTURe phase 3 studies in moderate-severe and 
severe oral corticosteroid-dependent asthma, respectively, have 
been highlighted in an interesting poster discussion session. 
In these studies, dupilumab effectively improved symptoms, 
quality of life, lung function, and asthma control, while allowing 
oral corticosteroid withdrawal [32-35]. In one of the studies, 
eosinophilia was found in patients while on dupilumab [34], 
which deserves monitoring during long-term therapy.

To aid precision medicine based on the underlying immune/
inflammatory pathways and available biomarkers, a number 
of treatment algorithms for uncontrolled severe asthma have 
been proposed [e.g. 36,37]. Based on recent developments, 
linking inflammatory phenotypes, validated point-of-care 
biomarkers, and novel targeted treatment options, our eAACI 
task force also proposed a treatment algorithm (figure 2) [11]. 

further insights into the highly complex, heterogeneous, 
and variable nature of chronic inflammatory airway disease, 
identification of reliable and sensitive biomarkers, as well 
as long-term trials with innovative therapies will further 
refine clinically applicable treatment algorithms for severe 
asthma. 

Conclusions, questions, and unmet needs
so far, biologics have shown a substantial improvement in 
disease outcome and allowed reduction of corticosteroids in 
many patients with severe asthma with eosinophilic airway 
inflammation. however, not all patients respond equally 
well, despite similar clinical, functional, and inflammatory 
characteristics; and in some patients, response may vary 
over time. furthermore, dissociation in inflammatory vs 
clinical parameters has been reported in response to anti-
Il-5 treatments in patients with ‘eosinophilic’ COPD (sputum 
eosinophils >3%) [38]. In this pilot study, add-on mepolizumab 
for 6 months failed to show efficacy on lung function 
parameters, exacerbation rate, or quality of life in smoking 
COPD patients, despite a substantial reduction in sputum and 
blood eosinophils. similar data were found in the GAlATheA 
and TeRRANOVA trials, where add-on benralizumab for 1 year 

Table 1: Currently available and emerging targeted therapies for chronic 
inflammatory (airway) disease 

Currently available

Target Medication
Administration 

route/frequency
Indication + asthma 
phenotype

Small molecule
CysLT1R Montelukast Oral, once daily CysLT-driven: e.g. EIA, CARAS; 

as add-on to low-moderate 
doses ICS

Biologic

IgE Omalizumab Subcutaneous, 2-4 week Moderate-severe, (mainly allergic) 

IL-5 Mepolizumab Subcutaneous, 4 week Severe eosinophilic

IL-5 Reslizumab Intravenous, 4 week Severe eosinophilic

IL-5Ralpha Benralizumab Subcutaneous, 4 week 
(then 8 week)

Severe eosinophilic

IL-4Ralpha 
(IL-4/IL-13 pathway)

Dupilumab Subcutaneous, 2 week Moderate-severe eosinophilic

Under clinical development
Target Medication Indication 

Small molecule
CRTH2/DP2R Timapiprant, oral (Allergic/severe eosinophilic) asthma

CRTH2/DP2R Fevipiprant, oral (Allergic/severe eosinophilic) asthma

PI3Kδ GSK2269557; orally 
inhaled

Asthma/COPD

PI3Kδ /γ RV-1729 Asthma/COPD

PI3Kδ AQX-1125 Asthma(?)/COPD

GATA3 DNAzyme Type2-disease

Biologic
TSLP Tezepelumab Asthma

IL-33 RGN3500 Asthma

ST2 MSTT1041A Asthma

IL-25 ABM125 Asthma

IL-17A CJM112 Asthma

CysLT1R, cysteinyl leukotriene receptor; EIA, exercise-induced asthma; CARAS, concomitant allergic rhinitis 
and asthma syndrome; ICS, inhaled corticosteroid; CRTH2, Chemoattractant receptor-homologous molecule 
expressed on TH2 cells; DP2R, prostaglandin D2 receptor; PI3K, Phosphoinoside-3-Kinase; TSLP, Thymic 
stromal lymphopoietin; IL, interleukin; ST2 (receptor for IL-33), also known as IL-1 receptor like 1 (IL-1RL1).
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failed to reduce exacerbation rates in frequently exacerbating 
patients with moderate to very severe eosinophilic COPD 
(blood eosinophils ≥220 cells/mm3) [39]. This heterogeneity in 
treatment response may be caused by differences in molecular 
pathways or endotypes underlying eosinophilic airway inflam-
mation, different co-existing immune/inflammatory signatures 
in individual patients, external factors/triggers, and/or the effect 
of adaptive and innate immune responses in different subsets. 
These observations obviously call for further research. 

Other questions to answer
Given the complex, variable, and heterogeneous nature of 
the molecular pathways underlying difficult to control, severe 
chronic inflammatory airway disease:
• will targeting one single pathway treat all aspects of the 

disease and, thus, be sufficient to achieve “ultimate” control?
• Will combination therapy (e.g. ≥1 biologics, small molecules, 

or combinations) be safe and help to maintain clinical 
effectiveness over time?

• Are targeted therapies disease-modifying?
• Are pathways underlying biologics response different in 

paediatric asthma patients compared to adult patients? 

Unmet needs
• Long-term efficacy trials (consistency, variability, hetero-

geneity of treatment response, and biomarkers).
• Further identification of molecular pathways underlying 

severe chronic inflammatory airway disease.

• Reliable (composite) biomarkers predicting and monitoring 
treatment response.

• less expensive production methods of biologics.
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Figure 2: Treatment algorithms for severe asthma linking inflammatory phenotypes, biomarkers and targeted treatment options. Modified from Diamant et al. (2019)
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Distinguishing between 4 different subtypes of 
sepsis sets the stage for individualised treatment
Prof. Christopher Seymour (University of Pittsburgh 
School of Medicine, USA) presented data showing that 4 
clinical sepsis phenotypes correlate with host-response 
patterns and clinical outcomes [1]. This work was 
simultaneously published in JAMA [2].

successful treatment of sepsis has been more than vexing, 
and the reason for this, according to Prof. seymour, is the 
existence of 4 different phenotypes. The 4 novel sepsis 
phenotypes -alpha (α), beta (β), gamma (γ), and delta (δ)- have 
different demographics, laboratory values, and patterns of 
organ dysfunction. Furthermore, they correlate with specific 
biomarkers and mortality. Their analysis also identified a 
subtype of patients at high risk of liver dysfunction and 
shock, who had the highest in-hospital death rates.  

Prof. Seymour and colleagues examined 29 specific variables 
recorded in the electronic health record system of >20,000 
patients identified with sepsis at 12 Pennsylvania hospitals 
from 2010 to 2012 (derivation cohort). Reproducibility of the 
findings was measured in a second dataset involving 43,000 
patient arrivals at the Pennsylvania hospitals from 2013 to 
2014 (validation cohort). Both cohorts were comparable with 
regard to mean age, gender distribution, and mean maximum 
24-hour sequential Organ failure Assessment score. 

The 4 sepsis subtypes are distinct in the following features:
• alpha	(α): identified in ±33% patients; characterised by having 

the fewest abnormal laboratory test results, the least organ 
dysfunction, and the lowest in-hospital death rate (23%);

• beta	(β): identified in 27% of patients; defining characteristics 
including older age, more chronic illness, and kidney dys-
function;

• gamma	(γ): identified in ±25% patients; distinguished from 
β by association with elevated inflammation and primary 
pulmonary dysfunction; and

• delta	(δ): identified in 13% of patients is the least common and 
most deadly phenotype; characterised by liver dysfunction 
and shock, and the highest in-hospital mortality (32%).

Consistent differences by phenotype were seen. In the derivation 
cohort, cumulative 28-day mortality was 5% in the α phenotype, 

13% in the β phenotype, 24% in the γ phenotype, and 40% in the 
δ phenotype. Across all cohorts and trials, 28-day and 365-day 
mortality were highest among the δ phenotype vs the other 3 
phenotypes (P<0.001). Prof. seymour concluded that a key goal 
is delivering targeted treatments to patients with sepsis in the 
way that treatment is now delivered for many cancers.

1. De Merle k, et al. A7470, ATs 2019, 17-22 May, Dallas, UsA.
2. seymour Cw, et al. JAMA. 2019 May 19.

Stem cell therapy in acute respiratory distress 
syndrome improves 28-day mortality
Dr Geoff Bellingan (University College London, United 
Kingdom) presented the early-stage study results from 
the exploratory phase 1/2 trial in patients with acute 
respiratory distress syndrome (ARDS): the MUST-ARDS 
trial. The take-home message was that the ex vivo adult 
progenitor cell-expanding therapy can improve 28-
day mortality, lessened ventilator and ICU burden, and 
demonstrated overall safety in patients with ARDS [1].

subjects in the exploratory study were evaluated for 28 days for 
the primary clinical assessment and will be further assessed for a 
1-year follow-up period. The MultistemTM stem treatment group 
achieved the primary endpoint of safety. The treatment was 
well-tolerated and, no serious adverse events were observed.

Treatment was required to begin within 4 days of ARDs 
diagnosis with an average treatment time of approximately 
2 days after the diagnosis. Initially, 3 subjects received 300 
million stem cells and, after a safety review, an additional 
3 subjects received 900 million stem cells. This was 
followed by the larger double-blinded, placebo-controlled, 
and randomised study of 20 subjects treated with an 
intravenous (IV) administration of 900 million stem cells and 
10 subjects receiving IV placebo. The researchers employed 
a prospectively-defined analysis examining the effects on 
subjects with poorer lung function as determined by a ratio 
of partial pressure arterial oxygen and fraction of inspired 
oxygen (PaO2/fiO2) of <150, reporting that the difference 
between stem treatment and placebo was greater than that 
observed in the intention-to-treat population. There was 
25% mortality in the Multistem group vs 50% in the placebo 
group, 14.6 ventilator-free days in the Multistem group 

Critical Care Medicine
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vs 8.0 ventilator-free days in the placebo group, and 11.4 
intensive care unit-free days in the Multistem group vs 5.9 
ICU-free days in the placebo group. The median values of the 
data set were 18.5 ventilator-free days for the Multistem-
treated patients compared with 3.5 ventilator-free days for 
the placebo group, and 12.5 ICU-free days for Multistem 
patients compared with 1 ICU-free day for the placebo group. 
There was an overall reduction in certain acute inflammatory 
cytokines in the Multistem treatment group compared with 
the placebo group, which may potentially represent relevant 
biomarkers, requiring further validation. 

Dr Bellingan discussed potential mechanisms by which 
MultiStem may be providing benefit to ARDS patients, such 
as through restored endothelial integrity of the lung, reduced 
lung oedema, increased alveolar fluid clearance, reduced 
immune cell infiltrate (including neutrophils, macrophages, and 
eosinophils), and the ability to shift immune cells from a pro-
inflammatory to anti-inflammatory phenotype. “ARDs is more 
common than people realise, and there is no cure for it because 
it is a heterogeneous condition,” commented he commented. 
“The data from the MUsT-ARDs trial is very encouraging, and I 
am looking forward to having a potential therapy to offer ARDs 
patients.”

1. Bellingan G, et al. A7353, ATs 2019, 17-22 May, Dallas, UsA.

SPICE III trial: Early sedation with 
dexmedetomidine in critically ill patients
Dexmedetomidine was not superior to propofol or 
midazolam for intensive care unit (ICU) sedation, led to 
more bradycardia and hypotension, and often required 
additional sedation. Prof. Yahya Shehabi (Monash Health, 
Australia) presented these data, which were simultaneously 
published in the New England Journal of Medicine [1,2].

sedation of critically ill patients on ventilation is a part of their medical care, though the 
best choice of sedative is not definitively known. Dexmedetomidine, an adrenergic 
agonist of the alpha-2 receptor, may provide benefit as a sedative compared with 
traditional propofol or midazolam agents. Prior studies have shown an association 
between dexmedetomidine use and shorter time to extubation, reduced delirium, 
and lower mortality compared with other sedatives. The sPICe III trial (sedation 
Practice in Intensive Care evaluation) evaluated dexmedetomidine vs traditional 
sedative agents and found patients randomised to either group had similar rates 
of all-cause mortality at 90 days. Most patients in the dexmedetomidine group also 
required use of additional sedative agents to maintain a desired state of sedation.

This international, open-label, randomised controlled trial 
enrolled patients between 2013 and 2018. eligible patients 
were receiving endotracheal tube ventilation, were expected to 
continue this treatment for 1 or more days, and were receiving 
sedatives. exclusion criteria included age less than 18 years old, 
intubation in the ICU more than 12 hours prior to enrolment, and 
suspected or proven primary brain injury. The sedation target 

for patients as defined by the Richmond Agitation and Sedation 
scale (RAss) was between -2 and 1 (lightly sedated to restless). 
Patients were randomised to dexmedetomidine (n=1,954) or 
usual care (n=1,964), which included use of propofol, midazolam, 
or other agents as prescribed by the attending clinician. In a 
modified intention-to-treat analysis, the primary outcome of 
all-cause mortality rate at 90 days after enrolment was 29.1% in 
both treatment groups (adjusted risk difference 0.0 percentage 
points; 95% CI -2.9 to 2.8; P=0.98). for patients with proven or 
suspected sepsis, there was also no difference between groups 
in 90-day mortality rates. To achieve the desired level of sedation 
in the first 2 days, over 70% of patients in the dexmedetomidine 
group required use of additional sedatives. Approximately 80% 
of patients in both groups also received fentanyl. Adverse and 
severe adverse events were more commonly reported in the 
dexmedetomidine group (0.7% vs 0.1%, P=0.003). The most 
common adverse events were bradycardia and hypotension.

Other secondary outcomes, including mortality at 180 days, 
institutional dependence at 180 days, Informant Questionnaire 
on Cognitive Decline in the elderly (IQCODe) score, and 
european Quality of life 5-Dimensions 3-level (eQ-5D-3l) 
questionnaire, revealed no difference between the groups.

This large randomised trial provides evidence that mortality 
among patients sedated with dexmedetomidine compared 
with traditional agents is generally equivocal, and that 
dexmedetomidine is often not an agent that can be used alone.

1. shehabi y, et al. ATs 2019, 17-22 May, Dallas, UsA.
2. shehabi y, et al. N engl J Med. 2019;380(26):2506-2517. doi: 10.1056/

NeJMoa1904710. [epub ahead of print]

SAATELLITE trial: suvratoxumab prevents 
ventilator-associated Staphylococcus aureus 
pneumonia in intensive care unit patients
Prof. Bruno Franςois (University of Limoges, France) 
presented the findings of the phase 2, double-blind 
SAATELLITE study, showing that suvratoxumab admini-
stration can prevent ventilator-associated pneumonia 
(VAP) by the opportunistic pathogen Staphylococcus 
aureus in intensive care unit (ICU) patients [1]. 
hospital-acquired bacterial pneumonia is a critical concern in 
hospitals, with VAP remaining the most common infection in 
the ICU. VAP infection is often due to Staphylococcus aureus, 
an increasingly difficult-to-treat pathogen. Respiratory tract 
colonisation precedes VAP in 94% of the cases; the authors’ 
rationale for this study was pre-emptive intervention for the 
patients at higher risk of the disease. suvratoxumab is an 
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extended half-life human monoclonal antibody that targets the 
pore-forming alpha toxin produced by Staphylococcus aureus. 

The participants in this trial were critically ill patients who were 
intubated and had been on mechanical ventilation for ≥3 days 
with the clinical expectation of at least 3 more days of ventilation, 
without evidence of pneumonia. Patients were placed in 
intensive care units during the length of the investigation. The 
participants (n=196) had confirmed Staphylococcus aureus in 
their lower respiratory tracts (as assayed by polymerase chain 
reaction [PCR]) with no traces of related diseases. PCR-positive 
patients were randomised to receive an intravenous infusion of 
suvratoxumab (n=96) or placebo (n=100) and were assessed for 
pneumonia for 30 days and monitored completely for 90 days.

The primary endpoint was the incidence of Staphylococcus 
aureus pneumonia within 30 days post-dose, as determined 
by clinical, radiographic, and microbiologic negative assess-
ments, adjudicated by an independent panel of blinded VAP 
experts and radiologists. In addition, the trial’s secondary 
outcomes included pharmacokinetic (Pk) parameters and anti-
drug antibody responses 90 days post-dose. The attack-rate 
of Staphylococcus aureus VAP in the PCR-positive population 
was 26% in the placebo group vs 17.7% in the suvratoxumab 
group. The relative risk reduction was 31.9% (90% CI -7.5% to 
56.8%) in favour of pre-emptive suvratoxumab. 

In a subgroup analysis, the benefit of the drug was even more 
evident in patients younger than 65 years, with a 47.4% relative 
risk reduction (90% CI 3.5% to 71.4%). Analysis of healthcare 

resource utilisation savings through 90 days post-dose showed 
significant reduction in days of hospitalisation, days in ICU, and 
mechanical ventilation, making this a cost-effective approach. 
serum Pk was sustained above the target for up to 60 days, and 
the population PK-determined half-life was 72±33 days. In the 
placebo group, anti-drug antibodies were detected post-dose 
(<5%) but none (0%) were detected in the suvratoxumab group. 
No differences were reported in adverse events between the 2 
groups. Efficacy was observed even when patients received 
a full VAP bundle. The 30-day mortality results were balanced; 
there was no mortality signal. In conclusion, suvratoxumab 
demonstrated an acceptable safety and pharmacokinetic, while 
offering clinical benefit to a subset of patients.

Table: Efficacy against pneumonia definitions in mITT population [1]

Pneumonia definition
Suvratoxumab

n=96
Placebo
n=100 RRR (90% CI) NNT

S aureus Pneumonia 26 (26.0%) 17 (17.7%) 31.9% (-7.5%-56.8%) 12

All cause pneumonia 30 (30.0%) 20 (20.8%) 30.6% (-4.9%-54.0%) 11

All cause pneumonia or death 42 (42.0%) 31 (32.3%) 23.1% (-4.9%-43.6%) 10

CI, confidence interval; mITT, modified intention to treat; NNT, number need to treat; RRR, relative risk 
reduction.

1. françois B, et al. A7358, ATs 2019, 17-22 May, Dallas, UsA.

Critical Care Medicine Education Top 10 websites, in alphabetical order
1. American Thoracic Society Critical Care https://www.thoracic.org/

professionals/clinical-resources/critical-care
 Clinical cases, online journal club, podcasts, text-based information, and 

links to external resources. website of the American Thoracic society 
2. Critical Care Project http://ccproject.com
 Videos, text-based information, and clinical cases with questions. 

Associated with the University of Maryland, Tulane University, the 
University of Pennsylvania, and the National Institutes of health 

3. Intensive Blog http://intensiveblog.com
 fOAM website with clinical cases, online journal club, and text-based 

information with videos, graphics, and self-assessment questions. 
Associated with The Alfred hospital in Australia

4. Learn PICU http://www.learnpicu.com/home
 Text-based information with literature summaries and self-assessment 

questions. Associated with stanford University
5. Medscape Critical Care https://emedicine.medscape.com/critical_care
 Text-based summaries of topics with graphics and videos, interactive 

CME activities, and updates on news and research in the field

6. Merck Manual Critical Care Medicine http://www.merckmanuals.
com/professional/critical-care-medicine

 Text-based information with figures, videos, and quizzes
7. OPEN Pediatrics https://www.openpediatrics.org
 Videos, self-paced courses, interactive simulators, congenital heart 

lesion library, medical calculators, and medical animation and 
illustration gallery. Associated with Boston Children’s hospital

8. PedsCCM.org http://pedsccm.org
 Online journal club, updates on news and research, and links to 

external resources 
9. SurgicalCriticalCare.net http://www.surgicalcriticalcare.net 
 Collection of text-based PDfs, videos, and medical calculators for 

surgical critical care. Associated with Orlando Regional Medical 
Center

10. WikEM https://wikem.org/wiki/Category:Critical_Care
 Text-based information and reference tables for emergency medicine, 

with a specific category for critical care

Critical Care Medicine Education Top 10 websites, in alphabetical order
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Sleep Medicine

Million-patient study reveals gaps in long-term 
adherence among various sub-popu la tions 
Men with sleep apnoea are 8.5% more likely to stay 
adherent on continuous positive airway pressure (CPAP) 
therapy than women, according to a study presented by 
Dr Jeff Armitstead (ResMed Science Center, Australia) [1]. 

The researchers examined de-identified data of 954,838 
CPAP users from a remote monitoring network, who were 
registered for its patient engagement tool in the UsA. The 
study found significant differences in 1-year adherence 
between people of different ages and disease severity levels:
1. Overall adherence at 1 year was 70.4%.
2. Men with sleep apnoea were 8.3% more likely to stay 

adherent on PAP therapy than women. 
3. People over age 60 were 7.3 percentage points more 

adherent than the entire study cohort (77.7% vs 70.4%). 
4. People with self-reported severe sleep apnoea (apnoea-

hypopnoea index [AHI] ≥30/h) were 78% adherent at the 
1-year mark, compared with 70.5% of those with self-
reported moderate sleep apnoea (AhI 15-30/h), and 65% of 
those with mild sleep apnoea (AhI 5-15/h). 

The study points to gaps in adherence to CPAP therapy for 
sleep apnoea indicating an unmet need for improved support, 
especially in women, younger patients, and those with mild 
disease. 

1. Armitstead JP. A2600, ATs 2019, 17-22 May, Dallas, UsA. 

Sleep apnoea severity has a non-linear relation-
ship with acute myocardial infarction risk
Dr Neomi Shah (Icahn School of Medicine at Mount Sinai, 
USA) presented a small study suggesting that moderate 
sleep apnoea may be cardioprotective in acute myocardial 
infarction through enhanced collaterals [1].

Dr shah and colleagues hypothesised that ischaemic 
preconditioning of the myocardium may have a protective 
effect in some sleep apnoea (sA) patients during myocardial 
infarction (MI). The researchers conducted a study to 
assess whether sleep apnoea is associated with reduced 
infarct size and enhanced coronary collaterals during an MI 

by quantifying infarct size (% of left ventricle [lV] infarcted 
divided by the volume of lV mass). They assessed the score 
of coronary collaterals using the Rentrop score (range 0-3, 
higher scores indicating augmented collaterals). 

The study recruited 33 patients (age >21) with sT-elevation 
MI who underwent percutaneous coronary intervention. 
level 3 sA testing was done during hospitalisation. Patients 
were stratified by SA severity: none (apnoea-hypopnoea 
index [AHI]<5, n=8), mild (5≤AHI<15, n=10), moderate 
(15≤AHI<30, n=8), and severe (AHI>30, n=7) (hypopneas with 
4% desaturation). Comparing the no-sA vs sA groups, the 
mean age was 47.5±10.9 years vs 56.6±11.0 years, mean 
BMI (kg/m2) 26.4±6.11) vs 29.3±5.82, male gender 87.5% vs 
88%. The median infarct size in no-sA was 22% vs 28% in the 
sA group (P=0.79). Across all sA categories, moderate sA 
group had the lowest infarct size (median 15.5; IQR 9-23) vs 
mild sA (median 27, IQR 23.8-32.5) and severe sA (median 
34, IQR 31-53, P=0.289). similarly, moderate sA group had 
the highest Rentrop grade compared with no-sA, mild sA, 
or severe sA (P=0.23). After excluding central sA, moderate 
SA patients had a significantly higher proportion of Rentrop 
grade 2 (indicating higher collaterals) compared with other sA 
categories (P=0.03).

The study results generate preliminary evidence for a non-
linear relationship between sA severity and infarct size where 
only moderate sA appears to be associated with reduced 
infarct size and enhanced coronary collaterals. Dr shah 
noted that these data were consistent with animal models of 
hypoxic preconditioning. The study suggests that moderate 
sA may be cardioprotective in acute MI through enhanced 
collaterals, but this requires confirmation in larger studies 
adjusted for intergroup differences.

In an interview, Dr shah added, “I think that sleep apnoea for 
the last 2 decades has been a well-established independent 
risk factor for cardiovascular disease, and we have done 
many, many studies that have shown that sleep apnoea is an 
independent risk factor for stroke, for arrhythmias, for sudden 
cardiac death, for atrial fibrillation, for myocardial infarction. 
But unfortunately, in the recent few years, the clinical trials 
in which we are trying to treat the sleep apnoea condition 
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with continuous positive airway pressure, therapy did not 
reduce the occurrence of some of these events. so, it is a 
little puzzling, because we have shown that it is a risk factor 
for cardiovascular disease, but when we treated, it did not 
really make the impact that we were hoping for it to make. 
we are in a state of a little bit of confusion, and we are really 
trying to dig deep in terms of the mechanisms—as to what it 
is about the obstructive sleep apnoea that was causing this 
increased risk factor.”  

1. shah NA. A4460, ATs 2019, 17-22 May, Dallas, UsA.

Obstructive sleep apnoea affects morning 
spatial navigational memory processing in 
asymptomatic older individuals 
A new study led by Dr Andrew Varga (Icahn School 
of Medicine at Mount Sinai, USA) showed that mild 
obstructive sleep apnoea (OSA) in cognitively normal older 
adults is associated with significantly atypical morning 
spatial navigation performance—an early symptom of 
Alzheimer disease [1]. 

sleep is thought to be critical for processing spatial memories, 
and spatial disorientation is one of the earliest hallmarks of 
cognitive dysfunction in Alzheimer disease. The investigators 
in this study wondered whether sleep disruption from OsA 
would negatively impact the processing of spatial navigational 
information in older asymptomatic individuals.

To this end, Dr Varga and colleagues recruited 42 cognitively 
normal older individuals (aged 66.5 ± 8 years) and had them 
explore a 3D computer generated spatial maze for 5 minutes, in 
addition to 3 timed trials (capped at 10 minutes each) to reach 
a target in the maze before and after polysomnographically 
recorded sleep. subjects also completed a 20-minute 
psychomotor vigilance test (PVT) in the morning. Maze and 
PVT performance among 30 individuals without OsA (apnoea-
hypopnoea index [AhI] 4% <5/hour) were compared with 12 
individuals with OSA (AHI 4% ≥5/hour). 

Median AhI 4% was 0.5/hour in subjects without OsA and 
10.7/hour in subjects with OSA. N1 sleep was significantly 
increased in subjects with OSA (25.4% ± 4% in OSA vs 16.1% 
± 1.5% in non-OSA, P=0.004) and N2 sleep was significantly 
decreased in subjects with OSA (41.5% ± 3% in OSA vs 48.4% 
± 2% in non-OSA, P=0.034). No significant differences in 
N3 or REM sleep were observed. There were no significant 
differences in pre-sleep maze completion time, whereas 
post-sleep maze performance was significantly different 
between groups. subjects without OsA continued to improve 
maze completion time on average across the 3 morning trials 
whereas subjects with OSA performed best on the first morning 
trial and performed worse on average with each subsequent 
trial (significant interaction between OSA group and morning 
trial number, P=0.016). There were no significant differences 
in mean reaction time (263 ms [IQR 233 ms-275 ms] in OsA vs 
277 ms [IQR 251 ms-338 ms] in non-OsA, P=0.14) or number 
of lapses (2.5 lapses [IQR 0-4.5 lapses] in OsA vs 3 lapses [IQR 
1-9.5 lapses] in non-OsA, P=0.3) on morning PVT.

The take-home message of the study was that cognitively 
normal older adults with mild OsA on average showed no 
deficits in morning vigilance, but nonetheless demonstrated 
significantly aberrant morning spatial navigation performance 
compared with individuals without OsA after equivalent spatial 
navigation encoding in the evening.

Dr Varga: “[The patient population] was a group of older 
people, average age was around 68 years old. One of the really 
interesting things is that these were people that were recruited 
from the community and did not intrinsically have any sleep 
complaints. so, they were not necessarily complaining that they 
had snoring or any other breathing issues with sleep apnoea. 
They were not complaining of any cognitive complaints, were 
not complaining of any sleepiness. we showed that, when we 
recruited this population, sleep apnoea is enormously prevalent, 
and when we kind of pushed the system and really tested them 
on this ability to remember space and spatial navigation, there 
was a deficit—even though they did not have any other issues.”

1. Varga Aw, et al. A7263, ATs 2019, 17-22 May, Dallas, UsA.
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Pulmonary Vascular Disease and 
Interstitial Lung Disease
Nintedanib reduces lung function decline in 
systemic sclerosis-associated ILD 
The SENSCIS trial, a randomised control trial studying 
the efficacy of nintedanib vs placebo on respiratory 
function among patients with interstitial lung disease 
mediated by systemic sclerosis (SSc-ILD), found a 
slower forced vital capacity (FVC) decline in patients 
treated with nintedanib [1,2].

Nintedanib is an intracellular tyrosine kinase inhibitor 
targeting the vascular endothelial growth factor receptor, 
the fibroblast growth factor receptor as well as the platelet-
derived growth factor receptor. It is approved for the 
treatment of idiopathic pulmonary fibrosis and as a second-
line combination option in some types of lung cancer. In 
the Safety and Efficacy of Nintedanib in Systemic Sclerosis 
(seNsCIs) trial, Prof. Oliver Distler (University hospital Zurich, 
switzerland) and colleagues sought to assess whether 
nintedanib could also be a safe and efficacious agent to 
treat ssc-IlD. seNsCIs is the largest randomised controlled 
trial conducted in patients with ssc-IlD, a disease for which 
there are currently no approved treatments. Primary results 
showed that nintedanib did slow the reduction in fVC rates 
over 1 year as compared with placebo. 

seNsCIs was a double-blinded, multicentre, placebo-
controlled, parallel-group trial that recruited 576 patients 
from 2015 to 2017 in 32 countries. Patients were randomised 
to receive either nintedanib (n=232) or placebo (n=257) in 
a 1:1 ratio administered in 150 mg doses twice daily. The 
primary endpoint was the annual rate of decline in fVC over 
a 52-week period. secondary endpoints included changes 
in the modified Rodnan skin score and changes in the St. 
George’s Respiratory Questionnaire (sGRQ), which is used 
to evaluate skin fibrosis and respiratory status, respectively. 
safety and spirometry measures were also assessed. 

Patients randomised to the nintedanib group had a lower 
annual rate of change in fVC as compared with placebo at 
the 52-week mark, with divergence in rates noted after 12 
weeks of treatment (-52.4 ml per year vs -93.3 ml per year; 

difference, 41.0 ml; 95% CI 2.9 to 79.0; P=0.04). The adjusted 
mean change in the modified Rodnan skin score at 52 weeks 
was -2.17 in the trial group and -1.96 in the placebo group 
(-0.21 difference; 95% CI -0.94 to 0.53). The change in sGRQ 
from baseline was 0.81 in the nintedanib group and -0.88 
in the placebo group (95% CI -0.73 to 4.12). Adverse event 
rates were similar between groups and included diarrhoea, 
nausea, and elevations in aminotransferase levels. 

Prof. Distler concluded: “The seNsCIs results provide positive 
news for people living with ssc-IlD and their physicians 
because currently there are no approved treatments. A 44% 
reduction in lung function decline indicates a significant 
slowdown in disease progression. Nintedanib could make a 
considerable difference to the lives of people with this rare 
and often life-threatening disease.”

1. Distler O, et al. A5963, ATs 2019, 17-22 May, Dallas, UsA.
2. Distler O, et al. N engl J Med. 2019 May 20.

Pulmonary arterial hypertension: Early 
treatment with selexipag most effective 
New post-hoc analyses from the large-scale GRIPHON trial 
assessing selexipag in patients with pulmonary arterial 
hypertension (PAH) demonstrate that early, aggressive 
treatment after diagnosis is associated with the greatest 
benefits, irrespective of background therapy [1]. 

Around a third of PAh patients currently die within 5 years 
of diagnosis; early recognition and prompt treatment of the 
disease are key to achieving sustained long-term benefits [2]. 
The GRIPHON study evaluated the long-term efficacy and 
safety of oral selexipag in 1,156 patients with PAh across 
181 centres from 39 countries. It is the largest randomised, 
controlled, outcome trial ever conducted in patients with 
PAh and generated data that is still being analysed. A 40% 
reduction in the primary composite endpoint of morbidity/
mortality was met (i.e. disease progression, worsening of 
PAh resulting in hospitalisation, initiation of intravenous 
prostanoid therapy or long-term oxygen therapy, or the need 
for lung transplantation/balloon atrial septostomy, or death 
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from any cause). Overall, the most common adverse events 
for patients receiving selexipag were headache, diarrhoea, 
nausea, and jaw pain [3].

selexipag is an oral selective prostacyclin I2 receptor 
agonist and is indicated for the treatment of PAh to delay 
disease progression and reduce the risk of hospitalisation. 
In europe, selexipag is indicated for the long-term treatment 
of PAh in adult patients with whO functional class (fC) II-
III, either as combination therapy in patients insufficiently 
controlled with an endothelin receptor antagonist (eRA) 
and/or a phosphodiesterase type 5 (PDe5) inhibitor, or as 
monotherapy in patients who are not candidates for these 
therapies. The GRIPhON study underscored the importance 
of the prostacyclin pathway in PAh.

The post-hoc analysis presented by Prof. sean Gaine (Mater 
Misericordiae University hospital, Ireland) evaluated the 
impact of time from diagnosis to initiation of selexipag on 
the treatment response with respect to the primary endpoint 
of the study. Patients were categorised at baseline based on 
their time from diagnosis using a 6-month threshold. A total 
of 404 patients received treatment ≤6 months from diagnosis, 
and 752 patients were treated more than 6 months from 
diagnosis. selexipag reduced the risk of morbidity/mortality, 
compared with placebo, in both groups with a risk reduction of 
55% for those treated earlier (hR 0.45 [95% CI: 0.33-0.63]) and 
a risk reduction of 30% for those treated later (hR 0.70 [95% 
CI: 0.54-0.91]). The response was more pronounced in those 
treated earlier. This pattern was observed in all background 
PAh therapy subgroups involved in the 2015 trial. 

1.  Gaine sP, et al. The Impact of Time from Diagnosis at Baseline on long-Term 
Outcome in the GRIPhON study: selexipag in Pulmonary Arterial hypertension. 
A2502, ATs 2019, 17-22 May, Dallas, UsA.

2.  McGoon MD, et al. J Am Coll Cardiol. 2013 Dec 24;62(25 suppl):D51-9. doi: 
10.1016/j.jacc.2013.10.023.

3. sitbon O, et al. N engl J Med 2015;373(26):2522–33.

Long-term safety and efficacy of recombinant 
human pentraxin-2 in patients with idiopathic 
pulmonary fibrosis
Patients who completed the initial 28-week double-blind 
period (n=116) of the PRM-151-202 trial were eligible to 
participate in the open-label extension study (n=111). 
The 76-week results of this open-label extension study 
were published in the Lancet Respiratory Medicine during 
Prof. Ganesh Raghu’s (University of Washington, USA) 
presentation. Long-term treatment with PRM-151 was 
well tolerated and the effects on percentage of predicted 

forced vital capacity (FVC) and 6-min walking distance 
were persistent on continuation and positive in patients 
who crossed over from placebo [1,2].

Recombinant human pentraxin-2 (PRM-151), also known 
as serum amyloid P, has been shown to reduce fibrosis in 
preclinical and early trial settings. Idiopathic pulmonary 
fibrosis (IPF) is a fibrotic lung disease with a median survival 
of 3-5 years after diagnosis. Currently available anti-
fibrotic medical interventions retard but do not halt disease 
progression and the only curative therapy is lung transplant, 
an option not available for most patients. Pentraxin-2/PRM-
151 is an agonist that acts as a macrophage polarisation 
factor to prevent and potentially reverse fibrosis.

Patients previously enrolled in the PRM-151 group of PRM-
151-202 trial were offered to continue their treatment after 28 
weeks (n=74), and those previously in the placebo group could 
cross over to PRM-151 (n=37). Patients received PRM-151 
in 28-week cycles with loading doses of 10 mg/kg by 60 min 
intravenous infusions on days 1, 3, and 5 in the first week of each 
cycle followed by 1 infusion of 10 mg/kg every 4 weeks. The 
long-term safety and tolerability of PRM-151 was the primary 
objective. All adverse events (Aes) up to week 76 were tabulated 
in all patients who received at least 1 dose of PRM-151. 

Figure: Effect on FVC of recombinant human pentraxin-2 (PRM-151) in 
IPF. Based on data and a figure in [2]

• PTX-2 (    ) is an endogenous regulator of tissue repair
• PTX-2 binds to damaged tissue (  ) and monocytes/macrophages
• PTX-2 prevents and reverses fibrosis in pre-clinical models
• PTX-2 levels are low in MF patients 
 - Also low in patients with renal, pulmonary and liver fibrosis
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Of 111 patients in the open-label extension study, 84 (76%) 
received concomitant IPf therapy (pirfenidone n=55, or 
nintedanib n=29). Aes were consistent with clinical events 
observed in long-term IPf. serious Aes were experienced 
by 31 (28%) patients, i.e. pneumonia (6/111 [5%]), IPf 
exacerbation (4/111 [4%]), IPf progression (4/111 [4%]), and 
chest pain (2/111 [2%]). severe Aes were observed in 21 (19%) 
patients, of which IPf exacerbation and IPf progression each 
occurred in 2 (2%) patients. Two (2%) patients experienced 
life-threatening Aes (1 had pneumonia and 1 had small-cell 
lung cancer). At week 52, a persistent treatment effect was 
observed for PRM-151 in patients who continued treatment, 

with a decline in percentage of predicted fVC of -3.6% per year 
and in 6-min walking distance of -10.5 m per year. In patients 
who started PRM-151 during the open-label extension study 
only, an immediate effect was observed; their predicted fVC 
decline was ameliorated (from -8.7% per year in weeks 0-28 to 
-0.9% per year in weeks 28-52, P<0.0001) and 6-min walking 
distance prediction also stabilised (from -54.9 m per year to 
-3.5 m per year, P=0.0224). These findings warrant further 
study of PRM-151 in larger populations of patients with IPf. 

1. Raghu G, et al. A2636. ATs 2019, 17-22 May, Dallas, Texas, UsA.
2. Raghu G, et al. lancet Respir Med 2019, Published: May 20, 2019. doi:https://doi.

org/10.1016/s2213-2600(19)30172-9.

Infection
Dupilumab improves outcomes in patients with 
severe chronic rhinosinusitis with nasal polyps 
and comorbid asthma
In a pooled analysis of the SINUS-24 and SINUS-52 
trials, dupilumab significantly improved both upper 
and lower airway outcomes compared with placebo in 
patients with severe chronic rhinosinusitis with nasal 
polyps and comorbid asthma [1].

Dr Jorge Maspero (fundación CIDeA, Argentina) presented 
the research in a late-breaking clinical trial session, pointing 
out that asthma and chronic rhinosinusitis with nasal polyps 
(CRswNP) are frequently comorbid conditions with up to 67% 
of patients with CRswNP having asthma as well. CRswNP is 
a chronic type 2 inflammatory disease with a high symptom 
burden and poor quality of life. It is characterised by an 
inflammatory signature involving interleukin(Il)-4, Il-5, 
and IL-13, with prominent tissue infiltration by eosinophils, 
lymphocytes, basophils, and mast cells.  

Both phase 3 sINUs trials were double-blind and placebo-
controlled in patients with CRswNP. Patients remained on 
their asthma treatment regimens for the duration of the trial 
and all were treated with mometasone furoate nasal spray 
(MfNs). Dupilumab acts as a receptor agonist by binding 
to the alpha subunit of the IL-4 receptor (IL-4Rα). Through 
blockade of IL-4Rα, dupilumab modulates signalling of both 
the Il-4 and Il-13 pathways.

In sINUs-24, participants were randomised 1:1 to 
subcutaneous dupilumab 300 mg or placebo every 2 weeks 
(q2w). sINUs-52 participants were randomised 1:1:1 to 52 
weeks of subcutaneous dupilumab 300 mg q2w, 52 weeks of 
placebo q2w, or to 24 weeks of subcutaneous dupilumab 300 
mg q2w followed by 28 weeks of dupilumab 300 mg q4w. This 
analysis at 24 weeks pooled patients in both trials who received 
dupilumab 300 mg q2w (n=170) and placebo (n=258). 

At 24 weeks, patients receiving dupilumab had significant 
improvements compared with placebo in upper airway 
measures including nasal peak inspiratory flow (least squares 
[ls] mean difference 46.15 l/minute; 95% CI 37.82 to 54.47) and 
22-item sino-Nasal Outcome Test score (ls mean difference 
-21.42; 95% CI -24.97 to -17.87) (P<0.0001 for both). 

Patients receiving dupilumab also had significant 
improvements compared with placebo at 24 weeks in 
lower airway outcomes including feV1 (ls mean difference 
0.21; 95% CI 0.13 to 0.29) and the 6-item Asthma Control 
Questionnaire score (ls mean difference -0.82; 95% CI 
-0.98 to -0.67) (P<.0001 for both, see Table). Adverse events 
occurring in >5% of patients were nasopharyngitis, nasal 
polyps, headache, injection site erythema, asthma, and 
epistaxis; all of which occurred more frequently in patients 
treated with placebo. “Dupilumab was effective in improving 
lower airway outcome measures regardless of blood 
eosinophil levels,” Dr Maspero shared in his presentation.
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Table: Change from baseline at week 24 in upper and lower airway 
outcome measures [1]

FEV1 (L) ACQ-6 SNOT-22
NPIF 

(L/minute)
Endoscopic 

NPS NC LMK-CT

Placebo (n=170),
LS mean (SE)

-0.07 
(0.04)

-0.02 
(0.07)

-9.19 
(1.63)

10.68 
(3.86)

0.14 (0.14) -0.35 
(0.07)

-0.23 
(0.33)

Dupilumab  (n=258), 
LS mean (SE)

0.14 
(0.05)

-0.84 
(0.06)

-50.61 
(1.45)

56.83 
(5.41)

-1.90 (0.12) -1.92 
(0.05)

-5.56 
(0.20)

LS mean difference 
vs placebo (95% CI)

0.21 
(0.13, 
0.29)

-0.82 
(-0.98, 
-0.67)

-21.42 
(-24.97, 
-17.87)

46.15 
(37.82, 
54.47)

-2.04 (-2.35, 
-1.74)

-1.04 
(-1.19, 
-0.89)

-6.43 
(-7.25, 
-5.72)

P value vs placebo <0.0001 <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Clinically meaningful changes in scores for the 6-item Asthma Control Questionnaire score (ACQ-6), the 
22-item Sino-Nasal Outcome Test score (SNOT-22), nasal peak inspiratory flow (NPIF), nasal polyp score 
(NPS), nasal congestion (NC), and Lund-MacKay computed tomography (LMK-CT). CI, confidence interval; 
FEV1, forced expiratory volume in 1 second; LS, least squares; SE, standard error. 

 1. laidlaw T, et al. A7536, ATs 2019, 17-22 May, Dallas, Texas, UsA.

Durability of culture conversion in patients 
receiving ALIS for treatment-refractory MAC 
lung disease 
Compared with guideline-based therapy (GBT) alone, 
amikacin liposome inhalation suspension (ALIS) plus 
GBT was associated with significantly higher rates 
of sustained culture conversion (up to 16 months) 
on therapy and durable sputum culture conversion 3 
months post-treatment [1].

In a late-breaking oral session, Prof. David Griffith (University 
of Texas health science Center, UsA) reported the longer-
term results from the ongoing, randomised, open-label, 
phase 3 CONVeRT study of AlIs in patients with refractory 
Mycobacterium avium complex (MAC) lung disease. The 
addition of AlIs to GBT eliminated evidence of MAC infection 
in sputum by month 6 in 29.0% of patients, compared with 8.9% 
of patients on GBT alone (P<0.0001). The new data presented 
in this session showed that among patients who achieved 
culture conversion by month 6, 80.0% (52/65) of those 
receiving AlIs plus GBT sustained culture conversion for up to 
12 months of treatment after the first dose that defined culture 
conversion, compared with 30.0% (3/10) of patients receiving 
GBT alone (P=0.0014). Three months after the completion of 
treatment, 63.1% (41/65) of patients receiving AlIs plus GBT 
maintained durable culture conversion, compared with 0.0% 
(0/10) of patients receiving GBT alone (P=0.0002). 

No new safety signals were associated with continued AlIs 
use in the study. Treatment-emergent adverse events (Aes) 
were reported by 98.2% of patients who received AlIs plus 
GBT and by 91.1% of patients who received GBT alone. The 
most common treatment-emergent Aes were dysphonia 
(46.6% for patients receiving AlIs plus GBT vs 1.8% for GBT 
alone), cough (38.1% vs 15.2%), dyspnoea (21.5% vs 8.9%), 

and haemoptysis (18.4% vs 14.3%). serious treatment-
emergent Aes occurred in 20.2% of patients who received 
AlIs plus GBT and in 20.5% of patients who received GBT 
alone. 

"These longer-term findings from the CONVeRT study 
suggest that the culture conversion achieved by many 
patients during the first 6 months of taking AlIs combined 
with GBT could be maintained throughout the course of 
therapy," said Prof. Griffith. "Importantly, the data also 
suggest that many patients who complete the full course of 
therapy may be able to maintain durable culture conversion 
3 months off all treatment, which would be an important 
advance in the treatment of refractory MAC lung disease."

1. Griffith DE, et al. A7359, ATS 2019, 17-22 May, Dallas, Texas, USA.

E-cigarette use disrupts normal immune 
response to viral infections, particularly in 
women
This preliminary study investigated differences in immune 
response between non-smokers and people who use 
cigarettes or e-cigarettes by inoculating 47 participants 
with live attenuated influenza virus (LAIV) [1]. They found 
that at baseline, e-cigarette use disrupted normal immune 
response to viral infections, especially for women and girls.

smoking e-cigarettes affects the body’s response to viral 
infection, but the effect of using e-cigarettes is different 
for females and males, and it is different from the effect of 
smoking regular cigarettes, according to new research. The 
presenter, Dr Meghan Rebuli (University of North Carolina at 
Chapel hill, UsA) explained the immune response in female 
e-cigarette users was “suggestive of immunosuppression” 
while in males it was “a mixture of immune gene upregulation 
and downregulation. Any dysregulation of immune responses 
to pathogens has the potential to increase susceptibility to 
infection or vaccines,” added Dr Rebuli. “Therefore, our data 
is suggestive that e-cigarette users, especially female e-cig 
users, may experience increased risk of infection.”

Dr Rebuli especially highlighted the surprising differences 
between immune responses in male and female e-cigarette 
users. “while we know that male and female immune 
systems function differently, especially in the context of 
respiratory virus infections, the opposing responses to virus 
in male and female e-cig users were striking,” said Dr Rebuli. 
“Specifically, as compared to normal non-smokers, 104 
genes were downregulated in female e-cig users, the largest 
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response being 23-fold downregulation, again suggestive 
of a state of immunosuppression. In contrast in male e-cig 
users, 10 immune genes were upregulated.” 

The study included 47 participants, who were non-smokers, 
cigarette smokers, and e-cigarette users, based on self-
reported use, smoking/vaping diaries, and nicotine- or 
tobacco-related biomarkers. Participants were inoculated 
with lAIV to gage the immune system response. Investigators 
collected epithelial lining fluid, nasal lavage fluid, nasal 
biopsies, and blood before and after inoculation with lAIV. 

Investigators found that at baseline, cigarette smokers had 
increased influenza peptide cleavage activity compared with 
non-smokers. No difference was seen between non-smokers 
and e-cigarette users. however, certain genes and proteins 
necessary for immune system functioning were suppressed 
in e-cigarette users, but not in cigarette smokers, compared 

with non-smokers. Additionally, after lAIV was introduced, 
epithelial and nasal fluid samples showed that e-cigarette 
users had suppressed levels of interferon-gamma (IFNϒ) 
and IFNϒ-inducible chemokines.

e-cigarettes have not shown to reduce tobacco dependence. 
In the recent special eurobarometer 458 survey among 
people that have ever smoked (n=12,608), the use of 
e-cigarettes was associated with a lover rate of being a 
former smoker (adjusted odds ratio 0.43; 95% CI 0.32-0.58). 
Among current smokers, use of e-cigarettes was associated 
with more smoking (15.6 vs 14.4 cigarettes per day, P<0.05). 
A meta-analysis of 20 studies (including 15 cohort studies, 
3 cross-sectional studies, and 2 clinical trials) indicated that 
the odds of smoking cessation in e-cigarette users was 
considerably lower (OR 0.72; 95% CI 0.57-0.91). 

1. Rebuli Me, et al. A4170, ATs 2019, 17-22 May, Dallas, Texas, UsA.

Paediatric Pulmonary Medicine
Bacterial pneumonia predicts ongoing lung 
problems in infants hospitalised for acute 
respiratory failure
Bacterial pneumonia was found to predict persistent 
breathing problems in previously healthy infants who 
were hospitalised for acute respiratory failure. Infants 
with bacterial pneumonia who left the hospital were 
also more likely to have lung problems that required 
supplemental oxygen, bronchodilators, or steroids [1]. 

Acute respiratory failure (ARf) is one of the most common 
reasons for admission to a paediatric intensive care unit. 
The short-term and long-term effects on pulmonary health 
are unknown, as well as what factors contribute to chronic 
pulmonary dysfunction. An episode of ARf, severe enough, 
usually requires mechanical ventilation, further contributing 
to pulmonary dysfunction. Based on these observations, Dr 
Garrett keim (Children’s hospital of Philadelphia, UsA) and 
colleagues hypothesised that severity of ARf and the course 
of mechanical ventilation, as well as pulmonary dysfunction 
at discharge (PDAD) will predict chronic pulmonary 
dysfunction (CPD) at 6- and 12-months follow-up.

A cohort of previously healthy infants, >2 years old, who 
required mechanical ventilation for ARf were prospectively 
recruited from multiple centres. These infants had an 
extensive recording of paediatric intensive care unit and 
hospital course. PDAD was defined as requiring at least one 
of the following at 28 days of hospital discharge: mechanical 
ventilation, supplemental oxygen, bronchodilators, or 
steroids. follow-up status was determined for 158 (61%) 
cases at 6 months and 130 (50%) patients at 12 months. 
CPD was defined as having a Paediatric Quality of Life 
score ≥5. Other criteria that determined persistent CPD were 
being diagnosed with asthma, requiring medication such 
as bronchodilators or inhaled steroids therapy, or having an 
unscheduled clinical assessment for respiratory symptoms. 
Multivariate backward stepwise regression analysis was 
applied to determine independent predictors of PDAD at 
hospital discharge and CPD at 6 and 12 months. 

PDAD was present in 87 out of 255 (34.1%) infants at hospital 
discharge. Patients with a positive bacterial culture strongly 
predicted PDAD upon leaving the hospital (OR 4.38; 95% 
CI 1.66-11.56). furthermore, the nadir oxygenation index 
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was the only ventilator characteristic or severity of illness 
measure that was found to be a predictor of PDAD (OR 1.07; 
95% CI 1.02-1.12). At 6-month follow-up, 66 out of 158 
patients (41.8%) were found to have CPD. At 12 months, CPD 
was observed in 57 out of 130 (43.8%) infants. The results 
also showed that CPD at 6 months was strongly predictive 
of 12 months CPD. These results are summarised in Table. 

Table: Multivariable model for predictors of chronic pulmonary dysfunction 
at 6 and 12 months [1]

Variable Odds ratio 95% confidence interval P value

6 months
Nadir oxygenation index
Bacterial culture positive (yes)

1.06
3.73

1.01-1.12
1.39-9.95

0.024
0.009

12 months
CPD at 6 months
Bacterial culture positive

18.58
3.54

6.68-52.67
1.24-10.08

<0.001
0.018

Dr keim and his team concluded that the development of CPD is 
common in previously healthy infants experiencing an episode 
of ARf and in need of mechanical ventilation. A positive bacterial 
respiratory culture is related to ongoing CPD to at least 12-months 
follow-up. PDAD predicted CPD at 6 months, which in turn was 
strongly associated with continued CPD at 12 months. 

1. keim G, et al. A27, ATs 2019, 17-22 May, Dallas, Texas, UsA .

Aspergillus and early cystic fibrosis lung 
disease: does it need to be treated?
Using the AREST CF cohort (collected between 2000-2018 
in Australia), researchers found that Aspergillus species 
are the most commonly isolated pathogen in young 
children with airway infection in cystic fibrosis (CF), yet it is 
unclear whether treatment is necessary. In this prospective 
cohort study, initial 1-year follow-up data indicates 
that CF patients with Aspergillus species infections are 
associated with progression of structural lung disease 
(especially trapped air), respiratory symptoms, respiratory 
exacerbations, and lower airway neutrophilic inflammation 
[1]. This data suggests an unmet need to actively treat 
these infections in young children with CF. 

Dr Oded Breuer (Perth Children’s hospital, Australia) began his 
presentation by reviewing the recent literature from the AResT 
Cf cohort that contradicted the standard assumption that 
airway infection in Cf initiates with Staphylococcus aureus and 
Haemophilus influenzae, with later emergence of Pseudomonas 
aeruginosa. Aspergillus species are regarded as relatively 
infrequent, late occurring infections. however, in young children 
in the AResT Cf cohort, Aspergillus species and P. aeruginosa 

are commonly present in the lower airways from infancy. The 
decrease in prevalence of P. aeruginosa and s. aureus since 
2000, coinciding with more aggressive therapeutic approaches, 
has resulted in Aspergillus becoming the most commonly 
isolated pathogen in young children [2]. The purpose of the 
study presented was to evaluate the longitudinal associations 
between Aspergillus infections and current and future indicators 
of lung disease in preschool patients with Cf with the purpose 
to determine whether Aspergillus infections are a confounder in 
severe lung disease or whether this is a pathogen that should 
be treated and eradicated. 

Participants with a Cf diagnosis (n=330), of which 35% 
(n=115) were Aspergillus-positive, prospectively underwent 
bronchoalveolar lavage (BAl) at 3-6 months, 1 year, and 
annually up to 6 years of age in this cohort. A total of 1,631 
hospital visits were replete with a BAl sample for analysis 
(n=186 Aspergillus-positive; n=1,445 Aspergillus-negative). 
Patients with Aspergillus infections were more likely to be older 
(3.9 vs 2.9 years, P<0.001) and were more likely to have taken 
azithromycin in the 3 months prior to the BAl (11% vs 5.3%, 
P=0.030) or had received intravenous antibiotic treatment at 
least once in the year prior to BAl (35.1% vs 20.6%, P=0.002). All 
patients received thorough clinical assessment, thoracic CT (Cf-
CT score and/or PRAGMA score), and neutrophilic inflammation 
assays (Il-8 and neutrophil elastase measurements) at every 
routine follow up with BAl sampling. 

The major outcome of the study was structural lung disease 
in patients who were ever infected with Aspergillus, as 
determined by Cf-CT and PRAGMA scores, both the current 
status and longitudinal progression after 1 year and at the 
end of study. Minor outcomes were the need for intravenous 
antibiotic treatment, clinical findings, and the presence of 
lower airway inflammation (Il-8, neutrophil elastase).

Aspergillus was mainly associated with trapped air and mucus 
plugging (both P<0.001) at the start of study. One year after 
the infection, Aspergillus was the main pathogen associated 
with a progression compared with baseline CT. end of study 
results indicated that patients that had ever had Aspergillus 
or Pseudomonas infections had worse structural lung disease 
by 5 to 6 years of age. Pseudomonas infection was mostly 
associated with bronchiectasis, whereas Aspergillus infection 
was mostly associated with trapped air.

with regard to the minor outcomes, Aspergillus infection had a 
significant effect on the risk for intravenous antibiotic therapy 
within a year of infection (P=0.013), and recurrent respiratory 
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symptoms (P=0.007), compared with Cf patients that were 
Aspergillus-negative (but possibly infected by other pathogen).
In summary, Aspergillus species infections are associated with 
progression of structural lung disease (especially trapped air), 
respiratory symptoms, respiratory exacerbations, and lower 
airway neutrophilic inflammation (although this was a hallmark 
for all 4 pathogens tested). The results suggest a detrimental role 

for Aspergillus infections on Cf airways, and underscores the 
need to evaluate the safety and benefit of available treatments 
for aspergillus infections in children with Cf. 

1. Breuer O, et al. Aspergillus and early Cf lung disease: guilty until proved innocent. 
A4003, ATs 2019, 17-22 May, Dallas, Texas, UsA.

2. Breuer O, et al. Am J Respir Crit Care Med. 2019 feb 27.

COPD
CORTICO-COP trial: Eosinophil-guided therapy 
reduces systemic corticosteroid exposure
Results of the CORTICO-COP trial that administering 
systemic corticosteroid prednisolone only on days when 
blood eosinophil count was at least 0.3 x 109 cells/L in 
patients with chronic obstructive pulmonary disease 
(COPD) significantly reduced systemic corticosteroid 
exposure; although this strategy did not confer a benefit 
in terms of the number of days alive and out of hospital.

Dr Pradeesh sivapalan (University of Copenhagen, Denmark) 
presented the research in a late-breaking clinical trial session, 
noting that the work was being simultaneously published in 
The lancet Respiratory Medicine [1,2]. Corticosteroids are 
frequently used in the treatment of acute COPD exacerbations. 
however, the use of systemic corticosteroids is not without 
risks. As such, strategies to limit systemic corticosteroid 
exposure are needed. In this multicentre randomised controlled 
trial, 318 patients age 40 years and older with known airflow 
limitation (post-bronchodilator feV1/fVC 0.7) and established 
COPD were randomised to either eosinophil-guided therapy or 
standard therapy with systemic corticosteroids to determine 
whether an algorithm using blood eosinophil counts could 
safely reduce systemic corticosteroid exposure in patients 
admitted for the treatment of acute COPD exacerbation. 

All patients received 80 mg of intravenous methylprednisolone 
on the first day of admission. From the second day onwards, 
patients assigned to the eosinophil-guided group were given 
37.5 mg of oral prednisolone daily, up to a maximum of 4 
days, when their blood eosinophil count was at least 0.3 x 109 

cells/l. On days where the eosinophil count did not meet this 
threshold, prednisolone was not administered. If a patient 
was discharged during the treatment period, a discharge 
prescription for the remaining days within a 5-day period was 

based on the last measured eosinophil count. The standard 
therapy group received 37.5 mg of oral prednisolone daily 
from the second day for 4 days. The primary outcome 
measure was the number of days alive and out of hospital 
within 14 days after recruitment. 

Researchers found that there was no between-group 
difference for days alive and out of hospital within 14 days after 
recruitment (P=0.34). Treatment failure at 30 days was also 
comparable between groups (P=0.90). At 30 days of follow-
up, 6% of patients in the eosinophil-guided group and 4% of 
patients in the control group had died (P=0.43). however, the 
median duration of systemic corticosteroid therapy was lower 
in the intervention group (P<0.0001, see figure). This study 
therefore shows that although eosinophil-guided therapy 
does reduce systemic corticosteroid exposure, this strategy 
may not confer a benefit in terms of the number of days alive 
and out of hospital. further studies are needed in assessing 
eosinophil-guided therapy and other long-term outcomes.

Figure: (A) Proportions of patients on OCS; (B) Mean duration of OCS use. 
Data based on [2]
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 EGT, eosinophil-guided therapy; OCS, oral corticosteroids. Figure kindly provided by Dr Sivapalan.

1. sivapalan P, et al. A7352, ATs 2019, 17-22 May, Dallas, Texas, UsA.
2. sivapalan P, et al. lancet Respir Med. 2019 May 17. 
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A randomised controlled trial of a smoking 
cessation smartphone application 
People using a smartphone application with an integrated 
mobile carbon monoxide checker were more likely to 
abstain from smoking in a randomised, sham-controlled, 
open-label study. 

Dr hiroki Tateno (keio University school of Medicine, Japan) 
and colleagues sought to assess the long-term efficacy of 
CureApp —a smoking cessation app used as intervention in 
this study— in addition to pharmacotherapy at 31 smoking-
cessation clinics in Japan from 2017 to 2018. “smoking-
cessation rates, especially the long-term continuous 
abstinence rates, have been unsatisfying, even when using 
pharmacotherapy,” Dr Tateno said during a presentation. 
“Cell phone apps have recently gathered attention in the 
medical field, but long-term efficacy of such apps has yet 
to be elucidated.” He reported the findings of their recently 
published study in the late-breaking trial session [1,2].

At the beginning of a 12-week standard smoking cessation 
programme that included counselling and pharmacotherapy 
with varenicline or a nicotine patch, 584 participants were 
randomly assigned to use the CureApp (n=285) or a control 
app (n=287). Patients had access to the apps for 24 
weeks. Continuous abstinence rate, which was validated 
biochemically, from weeks 9 to 24 served as the primary 
outcome.

from weeks 9 to 24, the continuous abstinence rate in the 
CureApp group was superior to that observed in those in 
the control app group (63.9% vs 50.5%; OR 1.73; 95% CI 
1.23-2.42; P=0.001). from weeks 9 to 52, the continuous 
abstinence rate was also significantly higher among the 
CureApp users vs the control app group (52.3% vs 41.5%; OR 
1.55; 95% CI 1.11-2.15; P=0.01). The CureApp also proved 
superior to control in 7-day point prevalence abstinence at 
weeks 4, 8, 12, 24, and 52. 

In terms of design, the CureApp offers animated video 
tutorials, interactive discussion with an automated guidance 
system, a digital diary, and measurements of daily exhaled 
carbon monoxide levels. Dr Tateno noted that the programmes 
were tailored to the initial input from participants’ profiles. 
A second component of the system allowed physicians to 
see participants’ progress on the web using a cloud-based 
system. The control app did not contain any of the potentially 
effective smoking cessation functions. Dr Tateno noted that 
the primary result from the trial showed that the difference in 

the continuous abstinence rate between the CureApp system 
and conventional treatment was 13.4% from weeks 9 to 
24, and 12% for varenicline vs placebo in a previous report, 
indicating comparable efficacy of the investigated app to a 
pharmacological approach in smoking cessation.

1. Tateno h, et al. A7357, ATs 2019, 17-22 May, Dallas, Texas, UsA.
2. Nomura A, et al. JMIR Res Protoc. 2019 feb 11;8(2):e12252. 

Benralizumab does not ameliorate COPD 
exacerbations (GALATHEA/TERRANOVA trials)
New research shows that the asthma drug benralizumab 
did not statistically decrease annual chronic obstructive 
pulmonary disease (COPD) exacerbation rates for patients 
with moderate to very severe COPD, a history of frequent 
moderate and/or severe exacerbations, and eosinophilic 
inflammation; although the team did report numeric 
decreases. The data were published in the New England 
Journal of Medicine in conjunction with Prof. Gerard 
Criner’s (Temple University, USA) presentation [1,2].

The eosinophilic asthma drug benralizumab is an interleukin-5 
receptor alpha-directed cytolytic monoclonal antibody which 
induces rapid and nearly complete eosinophil depletion. COPD 
is often also associated with eosinophilic inflammation which 
ultimately affects patients’ responsiveness to glucocorticoid 
medication. The complementary phase 3, randomised, 
double-blind, placebo-controlled, parallel-group clinical trials 
GAlATheA (n=1,120) and TeRRANOVA (n=1,545) evaluated 
the efficacy and safety of benralizumab in patients with 
moderate to very severe COPD, eosinophilic inflammation, and 
increased risk of exacerbations. GAlATheA and TeRRANOVA 
sought to determine whether benralizumab's ability to deplete 
the airways of blood eosinophils in patients with eosinophilic 
inflammation would lead to a reduction in COPD exacerbations.

eligible patients (aged 40-85) were randomised in a 1:1:1 
ratio (GAlATheA) or 1:1:1:1 ratio (TeRRANOVA) to either 
receive benralizumab or placebo via subcutaneous injection 
every 4 weeks. Doses of benralizumab were administered 
for asthma treatment at either 30 mg or 100 mg in the 
GAlATheA trial and at either 10 mg, 30 mg, or 100 mg in 
the TeRRANOVA trial. The primary endpoint of both trials 
were the treatment effects of benralizumab vs placebo, 
determined by the rate of COPD exacerbations after 
56 weeks of treatment. secondary endpoints included 
changes in feV1, changes in the st. George’s Respiratory 
Questionnaire (sGRQ) score, and occurrence of any adverse 
events. The annual COPD exacerbation rate in GAlATheA was 
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1.19 per year among patients receiving 30 mg benralizumab 
(95% CI 1.04 to 1.36) and 1.03 among patients randomised to 
receive 100 mg benralizumab (95% CI 0.90 to 1.19) vs 1.24 in 
the placebo group (95% CI 1.08 to 1.42). 

The annual COPD exacerbation ratio in TeRRANOVA was 0.99 
in the 10 mg benralizumab group (95% CI 0.87 to 1.13), 1.21 
in the 30 mg benralizumab group (95% CI 1.08 to 1.37), 1.09 
in the 100 mg benralizumab group (95% CI 0.96 to 1.23), and 
1.17 in the placebo group (95% CI 1.04 to 1.32). 

In the GAlATheA trial, the mean change from baseline in feV1 
was 7 ml in the 30 mg benralizumab group (95% CI -35 to 48) 
and 21 ml in the 100 mg benralizumab group (95% CI -12 to 62). 
Changes in sGRQ scores were noted to be -1.011 in the 30 mg 
benralizumab group (95% CI -2.887 to 0.865) and -2.136 in the 
100 mg benralizumab group (95% CI -4.020 to -0.251, see Table).
 
In the TeRRANOVA group the mean change from baseline in 
feV1 was 15 ml in the 10 mg benralizumab group (95% CI -29 to 
59), -7ml in the 30 mg benralizumab group (95% CI -51 to 37), 
and 20 ml in the 100 mg benralizumab group (95% CI -24 to 64). 

Differences in sGRQ scores were -1.011 (95% CI -3.192 to 1.171) 
in the 10 mg group, -1.388 in the 30 mg group (95% CI -3.562 to 
0.786), and -0.602 in the 100 mg group (95% CI -2.763 to 1.560). 

In terms of safety events, both trials led to eosinophil depletion 
among patients who took benralizumab; however, adverse events 
occurred at a similar rate in both trial and placebo groups.
“The findings in these two trials suggest that eosinophil depletion 
may not completely ameliorate exacerbation outcomes for 
patients with COPD,” concluded Prof. Criner.

1. Criner GJ, et al. A2626 , ATs 2019, 17-22 May, Dallas, Texas, UsA.
2. Criner GJ, et al. N engl J Med. 2019 May 20.

Ensifentrine for COPD Maintenance Treatment 
Prof. Dave Singh (University of Manchester, United 
Kingdom) reported on the 4-week, placebo-controlled, 
dose-ranging study with patients sub-grouped by baseline 
reversibility of lung function measured pre- and post-
albuterol administration [1]. The results show continued 
symptom benefits of treatment that improve over time, 
supporting anti-inflammatory effects in addition to 
bronchodilation. This phase 2b clinical trial supports 
ensifentrine for the maintenance treatment of chronic 
obstructive pulmonary disease (COPD) and is planned to 
enter phase 3 trials in 2020.

ensifentrine is an inhaled dual inhibitor of the enzymes 
phosphodiesterase 3 and 4. The researchers hypothesised 
that its activity as a bronchodilator and an anti-inflammatory 
agent would be clinically relevant to COPD patients. The 
study recruited a total of 403 COPD patients (mean age 63.2 
years), who were grouped by reversibility of their disease: 133 
(33%) patients were in the reversible subgroup, and 270 (67%) 
patients in the non-reversible subgroup. Reversible patients 
had a pre- to post-albuterol change in forced expiratory volume 
in 1 second (feV1) at screening of ≥200 mL and ≥12%; non-
reversible patients had a change of <200 ml or <12%. Baseline 
characteristics were similar between the 2 subgroups. eligible 
patients were randomised to ensifentrine 0.75 mg, 1.5 mg, 
3 mg, or 6 mg, or placebo twice daily for 4 weeks. feV1 was 
assessed at baseline, on day 1, and every week thereafter. 

All ensifentrine doses significantly increased peak FEV1 0-3h 
vs placebo in both subgroups, with consistent efficacy from 
week 1 onwards. Notably, the improvement in peak feV1 was 
greater in the reversible than the non-reversible subgroup. 
ensifentrine improved COPD symptoms in both the reversible 
and non-reversible subgroups, with an effect at or near the 

Table: Efficacy of benralizumab in GALATHEA trial in treatment of patients 
with COPD and baseline blood eosinophils ≥220 cells/μL. Data summarised 
from [2]

n
Treatment effect

(95% CI) P-value

Annual exacerbation rate 
ratio, benralizumab vs 
placeboa

Benralizumab 
30mg Q8W

382 0.96 (0.80, 1.15) 0.6490

Benralizumab 
100mg Q8W

379 0.83 (0.69, 1.00) 0.0525

Placebo 359

Annual servere 
exacerbation rate 
ratio, benralizumab vs 
placebob

Benralizumab 
30mg Q8W

382 1.20 (0.80, 1.20) 0.3861

Benralizumab 
100mg Q8W

379 0.57 (0.36, 0.96) 0.0175

Placebo 359

Pre-BD FEV1 [L] change 
from baseline, LS mean 
diference, benralizumab 
vs palaceboc

Benralizumab 
30mg Q8W

381 0.007 (-0.035, 0.048) 0.7550

Benralizumab 
100mg Q8W

376 0.021 (-0.021, 0.062) 0.3285

Placebo 356

SGRQ total change 
from baseline, LS mean 
difference, benralizumab 
vs placeboc

Benralizumab 
30mg Q8W

381 -1.011 (-2.887, 0.865) 0.2906

Benralizumab 
100mg Q8W

373 -2.136 (-4.020, 0.251) 0.0264

Placebo 355

CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 
1 second; LS, least squares; pre-BD, prebronchodilator; Q8W, every 8 weeks (first 3 doses every 4 weeks); 
SGRQ, St George’s Respiratory Questionnaire (score range: 100=worse, 0=best).
a Negative binomial model adjusting for treatment, eosinophil group (220-299 cells/μL, ≥300 cells/μL), 

geographic region, background therapy, (inhaled corticosteroids [ICS]/long-acting β2-agonists [LABA], 
LABA/long-acting muscarinic antagonists [LAMA], ICS/LABA/LAMA), and number of prior exacerbations.

b Not adjusted for multiplicity, nominal P-value.
c Gatekeeping procedure strategy to control for overall type 1 error at level 0.05; mixed effects model for 

repeated measures adjusting for treatment, baseline value, eosinophil group (220-299 cells/μL, ≥300 
cells/μL), geographic region, and background therapy (ICS/LABA, LABA/LAMA, ICS/LABA/LAMA).
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minimal clinically important difference by week 4. Overall, 
ensifentrine was well tolerated, with all doses having an 
adverse event profile similar to placebo (33.3 to 44.4% with 
ensifentrine compared with 39.2% with placebo).
The authors concluded that all ensifentrine doses provided 
significant improvements in lung function, with a greater 
effect in the reversible subgroup than the non-reversible 
subgroup, and with the effect continuing to improve over 4 
weeks. Prof. singh speculated that the observed progressive 
improvement in symptoms may be due to combined anti-
inflammatory effect and bronchodilation leading to greater 
lung deflation.

1. singh D, et al. A3846, ATs 2019, 17-22 May, Dallas, UsA.

Aclidinium bromide delays COPD exacerbation 
without increased MACE risk 
Treating patients with moderate-to-severe chronic 
obstructive pulmonary disease (COPD) and concomitant 
cardiovascular risk factors with aclidinium bromide 
improved lung function, lowered the exacerbation rates, 
and delayed the onset of first COPD exacerbation. 
Furthermore, these at-risk patients did not have an 
increased risk for all-cause mortality or major adverse 
cardiovascular event (MACE) occurrence [1].

Prof. kenneth Chapman (University of Toronto, Canada) 
presented this post-hoc analysis of the AsCeNT-COPD study. 
The study included 3,589 participants; 35.4% (n=1,269) of 
whom used beta-blockers at baseline and 64.6% (n=2,320) 
of whom did not. Participants were randomly assigned 1:1 
to twice daily aclidinium or placebo, both of which were 
administered by a dry powder inhaler for ≤3 years. Among 
beta-blocker users, 627 used aclidinium and 642 used a 

placebo; whereas among beta-blocker nonusers, 1,164 used 
aclidinium and 1,156 used a placebo. Outcomes included 
time to first MACE and all-cause mortality within the 3-year 
period, rate of moderate-to-severe COPD exacerbation, time 
to first moderate-to-severe COPD exacerbation within the 
first year, and change in morning trough forced expiratory 
volume in 1 second (feV1) from baseline between weeks 4 
and 52. More men than women (64.4% vs 55.5%) used beta-
blockers and had ≥1 previous cardiovascular event (67.9% vs 
36.7%); otherwise, characteristics at baseline did not differ 
significantly. 

Beta-blocker users and nonusers did not experience 
significantly different treatment effects on MACE or all-cause 
mortality, nor did those receiving aclidinium vs placebo. 
However, aclidinium was associated with longer time to first 
moderate-to-severe COPD exacerbation and a reduction in 
exacerbation rate in both beta-blocker users and nonusers 
(25% and 21% reduction, respectively). Patients who used 
beta-blockers and aclidinium bromide also showed more 
improvement in morning trough feV1 than nonusers using 
aclidinium bromide (99 ml; 95% CI 76-122 vs 69 ml; 95% CI 
52-86, respectively; P=0.041).

Prof. Chapman concluded that “aclidinium bromide treatment 
did not increase the risk of MACe or all-cause mortality vs 
placebo in patients with moderate to very severe COPD and 
cardiovascular risk factors, regardless of baseline beta-blocker 
use. Aclidinium reduced the rate of moderate-to-severe COPD 
exacerbations, prolonged the time to first COPD exacerbation, 
and improved lung function vs placebo irrespective of beta-
blocker use.”

1. Chapman kR, et al. A2443, ATs 2019, 17-22 May, Dallas, UsA.

#MedicomMedicalPublishers
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Human lung organoids to study foetal RSV 
infection
Dr Terry Harford (Cleveland Clinic, USA) used human 
lung organoids, which model foetal lung development, 
to observe molecular and cellular changes when 
infected with respiratory syncytial virus (RSV)[1]. The 
researchers showed that the organoids reacted in much 
the same way as a real lung does upon RSV infection.
 
In healthy adults, RsV feels like the common cold with a 
runny nose, chest congestion, and cough. however, it is 
the second leading cause of death in infants. In fact, nearly 
40% of infants who contract this widespread virus develop 
severe bronchiolitis or pneumonia, with 1-3% hospitalised. 
each year, there are about 64 million cases and 160,000 
deaths due to RsV worldwide. Contracting RsV within the 
first few months of life can make a child more susceptible to 
developing asthma later in life. 

Animal models of transplacental transmission of RsV from 
lungs of pregnant rats to foetuses showed that 30% of the 
foetuses contract the infection [2]. furthermore, in utero 
exposure to RsV leads to airway hyperreactivity and altered 
immunity to postnatal infections in rats. Prenatal exposure 
to RsV also increased airway smooth muscle reactivity and 
contractility during early-life RsV infection compared with 
non-exposed controls [3]. In humans, RsV RNA has been 
detected in the peripheral blood of a human newborn on their 
first day of life, and RSV RNA has also been detected in cord 
blood samples [4,5]. Dr harford concluded that we need a 
good model to study RsV foetal infection. 

Dr harford and colleagues turned to 3-dimensional mini 
organs in a lab that mimic the features of a full-sized lung. 
The researchers created the lung "organoids" in a lab dish 
with the help of human pluripotent stem cells, which can 
potentially produce any cell or tissue the body needs to repair. 
The lung organoids created by researchers are the first to 
include branching airway and alveolar structures similar to 
human lungs. They replicate substantial aspects of lung 
architecture, with cell types including multiciliated epithelial 
cells, mesenchymal cells, and mucus-producing goblet cells 

as well as club cells. RNA sequencing suggested robust 
molecular overlap with foetal human lung development. The 
organoids used in the current study are derived from human 
embryonic stem cells, grown for 50 days in a Matrigel droplet 
in differentiation medium. At that point 200-800 nl of viral 
suspension of recombinant RsV virus is microinjected into 
the lumen of the organoids. The organoids were permissive to 
RSV infection as confirmed by PCR and electron microscopy. 
The recombinant RsV has a red fluorescent protein tag at 
the end of its genome, allowing quantification of infection 
by fluorescent microscopy. RsV infection is dose- and time-
dependent, with maximum effect observed at 72 hours post 
injection. 

Organoids infected with RsV exhibited a decrease in fOXJ1 
(marker for ciliated cells). Club cells express CC10, and 
a marked increase of CC10 was observed after infection, 
which may be an anti-inflammatory response. TRPV1 -a 
calcium channel associated with mucus production and 
cough response- was upregulated in organoid mesenchymal 
cells consistent with a response to viral bronchiolitis. The 
phosphorylated species of ß-adrenergic receptor, mediating 
airway constriction, was mildly upregulated in epithelial cells. 
Other cell-specific markers, such as E-cadherin, smooth 
muscle actin, vimentin, and p63 were unchanged. The authors 
concluded that only ciliated cells and club cells differentially 
populate organoids after RsV infection. In addition, f-actin 
was structurally remodelled. 

when the organoids are further differentiated to 100 days, 
better defined structures become apparent, with smooth-
muscle-like cells (evident contractions observed) at the 
periphery and airway passage development. Reminiscent of 
foetal lung development, the observed phasic contractility 
and growth factor production is a critical model for prenatal 
exposure.

human lung organoids can be a transformative tool that can 
facilitate discoveries about host-virus interactions. They 
facilitate studies interrogating the molecular pathogenesis, 
and about cell tropisms, or the virus-specificity to certain 
cell types or receptors within complexed structured tissue. 

Bench-to-Bedside (Pre-Clinical)
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human lung organoids can provide a robust in vitro system 
to translate information obtained in animal model to human 
foetal lungs. human lung organoids can be used as an 
unparalleled platform to screen current and future antiviral 
drugs.

1. harford T, et al. A4002, ATs 2019, 17-22 May, Dallas, UsA.
2. Piedimonte G, et al. Plos One. 2013 Apr 18;8(4):e61309.
3. Brown PM, et al. Plos One. 2017 feb 8;12(2):e0168786.
4. Manti s, et al. Pediatr Pulmonol. 2017 Oct;52(10):e81-e84.
5. fonceca AM, et al. Plos One. 2017 Apr 24;12(4):e0173738.

CRISPR/Cas9 genome editing therapy of 
hereditary pulmonary alveolar proteinosis
In the Best of Paediatrics session, Dr Kenjiro Shima 
(Cincinnati Children’s Hospital, USA) provided proof-
of-principle ex vivo data that CRISPR/Cas9-mediated 
genome editing corrects macrophage function in 
hereditary pulmonary alveolar proteinosis patient cells [1].

hereditary pulmonary alveolar proteinosis (hPAP) is a rare 
disease characterised by surfactant accumulation in pulmonary 
alveoli resulting in respiratory failure. The disease is caused by 
mutations in the granulocyte-macrophage colony-stimulating 
factor (GM-Csf) receptor alpha or beta subunit genes 
(CSF2RA or CSF2RB) resulting in impaired GM-Csf-dependent 
surfactant clearance by alveolar macrophages. Typical CT and 
histological hallmarks of the disease are used for diagnosis. 
Dr shima’s team has previously generated human induced 
pluripotent stem cells (iPsCs) from hPAP patients [2]. iPsCs 
are derived from the somatic cells (in this case, fibroblasts 
from a skin biopsy) and reprogrammed back into a pluripotent 
state. The pluripotent iPsCs can then be differentiated to a 
wide range of tissues and cell types. iPsCs can be used for in 
vitro disease modelling, in vitro drug screening, and patient-
specific cell therapy investigations. In rare diseases like hPAP, 
it can be difficult to acquire patient samples, thus iPSC cells 
are a useful tool to investigate pathogenesis. Dr shima and 
colleagues characterised iPsC-derived macrophages that 

retained disease-specific features in functional tests of GM-
Csf signalling. The authors had previously demonstrated 
that lentiviral vector-mediated reconstitution of CSF2RA 
restored GM-Csf signalling and function in hPAP iPsC-derived 
macrophages derived from a patient with CSF2RA mutations 
[2]. The team hypothesised that CRIsPR/Cas9 genome editing 
could repair the impaired function of hPAP-iPsC-derived 
macrophages and overcome the limitations of viral vector-
mediated gene therapy such as insertional mutagenesis and 
pose a better potential therapy for patients. 

The researchers generated wild-type CSF2RA guide-RNA for 
CRIsPR/Cas9 genome editing aimed at correcting the truncating 
mutation Csf2RAR217X (CSF2RAc.649C>T gene mutation). The 
double stranded break generated by CRIsPR/Cas9 was repaired 
by homology-directed repair using the provided wild-type guide 
RNA, to correct the gene mutation in situ. 

The investigators then terminally differentiated the 
“corrected” patient fibroblasts to macrophages, in two 
steps: first by using a kit to differentiate to haematopoietic 
stem cells, and then to further differentiate to macrophages 
by culturing in the presence of GM-Csf and macrophage 
colony-stimulating factor, and performed functional analyses 
compared with the original (isogenic) patient fibroblasts. 
Firstly, macrophage surface markers were confirmed in all 
clones used for functional assays (i.e. CD14, CD115, CD49d, 
CD68, CD11b, CD163, hlA-DR). Of note, the makers CD116 
and CD206, involved in GM-Csf signalling, were impaired 
in the original patient fibroblasts, but were rescued in the 
“corrected” patient-derived macrophages. The researchers 
then evaluated GM-Csf signalling by GM-Csf clearance 
assay. The gene-corrected macrophages cleared the GM-
Csf in a comparable manner to wild-type cells, while no 
clearance was observed in the uncorrected original patient-
derived differentiated macrophages. Downstream of GM-
Csf signalling is sTAT5, which becomes phosphorylated 
when activated. while the patient-uncorrected macrophages 

Figure: Left to right: electron scanning microscopy of primary cilia in renal tubule tissue; confocal image of basal body (yellow) ciliary axoneme (red), and 
ciliary tip (green); histology staining of cilia in renal tubules; cilia in retina (yellow-green); multiciliated respiratory epithelial cell; ciliated neurons (green) in 
the nematode C. elegans. Photos on file
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did not demonstrate any sTAT5 phosphorylation due to the 
gene mutation, the gene-corrected macrophages showed 
a fully restored response. likewise, PPARG (peroxisome 
proliferator-activated receptor gamma) gene expression is 
essential for alveolar macrophages, and it is downregulated 
in hPAP macrophages, but Dr shima showed that it was 
entirely restored in gene-corrected macrophages. Cell 
proliferation upon stimulation of GM-Csf was also restored 
in gene-corrected macrophages. Proinflammatory signalling, 
as measured by tumour necrosis factor alpha release after 
exposure to lipopolysaccharide, indicated that the impaired 
activation of this response in the patient macrophages was 
fully restored, as was cholesterol clearance function using 
fluorescent cholesterol. 

In conclusion, CRIsPR/Cas9 genome editing successfully 
repaired the function of GM-Csf receptor in hPAP iPsCs. 
These results suggest that genome editing therapy is a 
promising strategy to further develop for treating hPAP 
patients in the future. 

1. shima k, et al. A4004, ATs 2019, 17-22 May, Dallas, UsA.
2. suzuki T, et al. Am J Respir Crit Care Med. 2014 Jan 15;189(2):183-93.

Cilia diagnostics in primary ciliary dyskinesia 
Prof. Heymut Omran (Munster University Hospital, 
Germany) demonstrated that diagnosing primary ciliary 
dyskinesia (PCD) requires a combined approach utilising 
characteristic phenotypes and complementary methods for 
detection of defects of ciliary function and ultrastructure, 
measurement of nasal nitric oxide, and genetic testing [1].

Prof. Omran and colleagues observed that, currently, biallelic 
mutations in 73 different genes have been linked to PCD, 
allowing a genetic diagnosis in approximately 60% of cases, 
and that management includes surveillance of pulmonary 
function, imaging, and microbiology of upper and lower 
airways, in addition to daily airway clearance and prompt 
antibiotic treatment of infections. 

PCD is caused by impaired mucociliary clearance attributed 
to poor ciliary motility. Clinically, PCD is characterised by 
chronic airway infections and randomisation of the left/right 
body asymmetry. Dynein heavy chains are motor proteins of 
the outer dynein arms (ODAs) essential for ciliary motility. 
human respiratory cilia contain different types of ODAs. ODAs 
type 1 contain the dynein heavy chains DNAh5 and DNAh11 
and are located in the proximal axonemal compartment. 

ODAs type 2 contain DNAh5 and DNAh9 and are located in 
the distal axonemal compartment. 

The investigators also emphasised that early referral to 
specialised centres using a multidisciplinary approach is 
likely to improve outcomes, but that, currently, evidence-
based knowledge on PCD care —let alone management 
guidelines— is missing. Research and clinical investigators, 
supported by european and North American patient support 
groups, have joined forces under the name of BesTCIlIA, 
a european Commission-funded consortium dedicated to 
improve PCD care and knowledge. Core network programmes 
include the establishment of the international PCD registry, 
the generation of PCD quality of life questionnaires, and 
the first randomised controlled trial in PCD. The main goal 
of BesTCIlIA is to characterise the clinical course and 
improve the diagnosis and treatment of PCD patients, and 
the organisation points to marked discrepancies among 
european countries in the availability of PCD diagnostic 
services. Prof. Omran further described how different gene 
mutations in motile cilia affect specific phenotypes including 
mucus clearing and heterotaxy/situs inversus, but also 
occasionally atypical phenotypes. 

For example, Prof. Omran and colleagues recently identified 
loss-of-function mutations in DNAh9 in 5 independent 
families that cause situs abnormalities and heart defects and 
are associated with subtle respiratory ciliary dysfunction. 
Consistent with the observed subtle respiratory phenotype, 
high-speed video microscopy demonstrated distally impaired 
ciliary bending in DNAH9-mutant respiratory cilia, reflecting 
a subtle defect in clearance. Absence of DNAh9 results in 
absence of other ODA components such as DNAh5, DNAI1, 
and DNAI2 from the distal axonemal compartment. Although 
DNAH9-mutant respiratory cilia show a distal deficiency of 
ODA complexes, mucociliary clearance is not disturbed in 
these individuals. In contrast, absence of DNAh11, affecting 
the proximally located ODA type 1, results in disturbed 
mucociliary clearance and PCD. In vitro ciliogenesis cell 
culture experiments demonstrate that DNAH11 is first 
recruited to the ciliary axoneme during early ciliogenesis, 
while DNAh9 appears in later stages of ciliogenesis in the 
distal ciliary compartment.

While significant advances have been made with regard 
to understanding the aetiology of this disease, Prof. 
Omran concluded that multi-disciplinary collaboration is 
necessary to best diagnose these patients. Genetics and 
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NO measurements are the most reliable means since nasal 
scrapings and high-speed videography quality differ between 
hospitals and are less robust. 

1. Omran h, et al. A7385, ATs 2019, 17-22 May, Dallas, UsA.

 
Tuberous sclerosis complex 2 may be a novel 
target in pulmonary arterial hypertension therapy
The tumour-supressing protein tuberous sclerosis 
complex 2 (TSC2) may play a role in preventing or treating 
pulmonary arterial hypertension (PAH). A deficiency 
of TSC2 leads through a cascade of biomolecules to 
thickening and stiffening of pulmonary blood vessel walls, 
resulting in PAH [1]. 

The study, presented by Dr yuanjun shen (University of 
Pittsburgh Medical Center, UsA), focused on the cell signalling 
mechanisms regulating cell energy metabolism, proliferation, 
motility, and survival, and how it relates to the pathogenesis 
of PAh, a rare life-threatening disease characterised by a 
progressive increase in pulmonary arterial pressure. A key 
role is played by the mammalian target of rapamycin (mTOR) 
as well as other signalling networks in pulmonary vascular 
cell behaviour, remodelling, and PAh. Dr shen investigated 
cell signalling to gain insight into the role of TsC2 in PAh.

Immunohistochemistry showed downregulation of TsC2 in 
small remodelled pulmonary arteries and isolated pulmonary 
arterial vascular smooth muscle cells (PAVsMC) obtained from 

patients with PAh. Pharmacological inhibition of kinases Akt 
or AMPk suppressed mTORC1-s6 but did not restore TsC2 
in dysfunctional human PAh cells. This suggests that other 
molecular mechanisms may be involved. A next step was 
to analyse factors promoting pulmonary hypertension. Cell 
culturing on stiff substrates strongly reduced TsC2 protein 
in healthy human PAVsMC, which was related to increased 
cell growth. Increased cell growth was also prevented by re-
expression of TSC2. Interestingly, TSC2 deficiency enhanced 
other signalling molecules (i.e. mTORC1-s6 and yAP/Taz, 
mTORC2-Akt); thereby increasing PAVsMC proliferation 
and protection from programmed cell death (apoptosis). 
Additionally, TSC2 deficiency increased deposits of fibronectin 
and collagen1A1 in PAVsMC from PAh patients. Growth of 
healthy PAVsMC on matrices also led to upregulation of key 
signalling molecules playing a role in increased proliferation. 
Restoration of TsC2 protein levels by activator protein 
(SRT2104) reduced collagen and fibronectin levels, inhibited 
specific TORC proteins (mTORC2-Akt, mTORC1-S6), and, 
consequently, suppressed cell proliferation. simultaneously 
apoptosis was induced in human PAVsMCs. 

Based on these results, Dr shen et al. concluded that TsC2 
acts as a mechanosensor and mechanotransducer. The 
restoration of TsC2 may be considered as a new potentially 
attractive therapeutic strategy to reverse pulmonary vascular 
remodelling and overall pulmonary hypertension.

1. shen y, et al. A97, ATs 2019, 17-22 May, Dallas, Texas, UsA.


