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Asthma-chronic obstructive pulmonary disease overlap:
Diagnostic stability and inflammatory characteristics

To the Editor

The term asthma-chronic obstructive pulmonary disease (COPD)
overlap (ACO) was initially described as a syndrome, but in the cur-
rent guidelines, it is considered as the coincidence of features of
both diseases.! One of the main issues that is still under considera-
tion is whether ACO represents a stable entity or changes through
time. Treating patients with ACO is mainly based on personal clinical
experience, but taking into consideration that one of the main as-
pects of ACO is the asthmatic component, then it is quite reason-
able to initiate inhaled corticosteroids (ICS) as a treatment option.2
Most of the studies related to ACO support the presence of airway
and systemic eosinophilic inflammation, while some others report
a predominance of neutrophil-derived mediators.>* Taking all these
points together, we identified three major gaps that need to be ad-
dressed: first, the stability of ACO in a proper follow-up under a spe-
cialized clinical guidance; second, which is the inflammatory pattern,
after using established treatment modalities; and third, whether this
inflammatory pattern drives an underlying mechanism that may af-
fect some of the ACO clinical and prognostic features.

We initially recruited 164 newly diagnosed patients, all treat-
ment naive—seventy-four with ACO, sixty with asthma (30 with
smoking history) and thirty with COPD. ACO was diagnosed using
the criteria summarized in Table 1.

From 74 patients initially recruited with ACO, only 25 continued
to fulfil the criteria used at baseline and remained in that group after
one year of follow-up (Appendix S1 figure). The remaining 49 pa-
tients were finally considered as asthmatics, mainly due to the nor-
malization of their lung function parameters, leading to the absence
of airway obstruction. Demographic characteristics are summarized
in the Appendix S1 table. Inflammatory characteristics are shown in
Figure 1 and summarized in an Appendix S2 table. Blood eosinophils
as absolute count, serum periostin and sputum IL-13 were signifi-
cantly higher in ACO, and sputum IFN-y was significantly lower in
ACO compared to the other three groups. Sputum eosinophils did
not significantly differ within groups while sputum neutrophils were
higher in COPD and asthma smokers. We then performed a regres-
sion analysis for the four aforementioned significantly differing pa-
rameters where we observed the following: blood eosinophil counts
were significantly affected by the presence of ACO, without any
other significant determinants (r*=0.221,P = 0.032); and periostin
showed a positive association with IL-13 levels in sputum superna-
tant (r? = 0.199, P = 0.041), while the presence of ACO represented
the strongest covariate (r? = 0.43, P < 0.001). Finally, sputum IFN-y
showed a significant negative association with the presence of ACO
(r* =0.271, P = 0.002).

In this prospective study, we clearly showed that ACO lacks di-
agnostic stability after one year of follow-up and using the proposed
criteria. Furthermore, it seems that optimally treated patients with
ACO showed a persistent T2-high inflammatory process predomi-
nantly characterized by increased blood eosinophils and serum peri-
ostin. Finally, the low values of sputum IFN-y may reveal an impaired
immune process.

In our study, the optimization of treatment and the close follow-
up resulted in low diagnostic stability for ACO, mainly attributed to
non-optimally treated asthma. Another critical issue is the under-
lying inflammatory process that characterizes the ACO entity. We
are questioning ourselves whether ACO represents the additive or
even the synergistic inflammatory process of the two entities or rep-
resents an independent inflammatory process where specific inflam-
matory features predominate mainly in the direction of a T2 high
response. In a cross-sectional study including patients with asthma,
COPD and ACO, T2-related cytokines such as interleukin-5 were sig-
nificantly elevated in asthma while T2 low like IL-8 were significantly
higher in COPD.” Interestingly, using a network analysis, IL-13 was
found to be the most connected node in the above network. This
is partially supported by our results, where periostin—a signature
T2 downstream molecule of IL-13°—seems to clearly differentiate
ACO from its components. The most valuable finding of our study
regarding blood eosinophils is the persistent significantly higher ab-
solute count. This finding combined with the high levels of periostin
indicates a persistent T2-related systemic profile. This may partially
explain the higher number of exacerbations since T2 persistent in-
flammatory process driven by blood eosinophils is closely related to
the rate of exacerbations either in asthma or in COPD.”® As for air-
way inflammation, the pattern of the cellular profile observed in this
study may reveal the heterogeneity of this process. In our study, two
major cytokines drive the airway inflammatory pattern in patients

TABLE 1 ACO criteria

Major criteria

Positive bronchodilator test (increase of FEV, 2 15% and 2400 mL
over baseline)

Personal history of atopy

Positive bronchodilator test (increase of FEV, > 12% and 2200 mL
over baseline) on two or more occasions

Reported asthma before the age of 40y
Note: A person > 40 y old with airway obstruction (postbronchodila-
tion FEV,/FVC < 70%) and a predisposing factor for COPD [mainly

smoking > 10py] with onset of symptoms at the age of 40 plus 2 of the
following.
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with ACO, but only one of them showed a close relationship with
ACO in the regression analysis. IFN-y is a cytokine that is critical for
innate andadaptive immunity. The impaired concentration of airway
assessed IFN-y observed in the current study may partially explain
the high incidence of exacerbations that characterize the ACO in
most clinical studies. As for sputum cells, our study did not reveal any
differences in sputum eosinophils. This is somehow different com-
pared to a previous study where sputum eosinophils were higher in
both asthma and ACO patients. This may reveal the responsiveness
of sputum eosinophilia to ICS intervention.? In this prospective fol-
low-up, we decided not to measure inflammatory indices at baseline,
and this may be considered as a limitation. However, our primary
outcome was the diagnostic stability, and the unbiased evaluation
of the underlying airway and systemic inflammation. Additionally,
the use of “control” groups of asthma and COPD represents an ad-
vantage in the whole process, since they are newly diagnosed and
properly treated.

Summarizing our findings, we showed that defining ACO by the
criteria used in our study lacks diagnostic stability in the 1-year fol-
low-up towards the direction of nonoptimally treated asthma, and
this must be considered in future clinical trials, as well as in the
assessment of this phenotype in everyday clinical practice. Our
results suggest that a firm diagnosis may not be feasible in a sin-
gle evaluation of a patient and appropriate follow-up needs to be
arranged in all patients with characteristics compatible with ACO.
Furthermore, it seems that optimally treated patients with ACO

showed a persistent T2-high inflammatory process, predominantly
characterized by increased blood eosinophils and serum periostin,
whereas the observed IFN-y impairment is an additive mechanism in

terms of the disease immune process.
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Dose escalation using carbamylated monomeric tree
pollen drops is well tolerated in patients with allergic
rhinoconjunctivitis and points towards clinical effects

To the Editor,

Pollen allergy is currently affecting about 40% of all allergic pa-
tients in Europe and the prevalence is increasing, with birch (Betula)
being the most common tree pollen aIIergen.1 In most cases, pollen
allergy induces intermittent rhinoconjunctivitis, which can worsen
into a persistent form and allergic asthma, if not treated properly.?
Guidelines recommend allergen immunotherapy (AIT) for patients
with allergic rhinoconjunctivitis regardless of concomitant asthma.
The sublingual route of AIT, SLIT, showed to be generally effective,
safe and well tolerated in patients with allergic rhinitis, conjunctivitis
or both.® Safety of SLIT can be improved with allergoids: in contrast
to native allergens, polymerized allergoids have a lower allergenic
potential, which reduces the risk of allergic reactions.* Differently,
carbamylated monomeric allergoids, which have selective amino
acid substitution to limit IgE binding, are 25-80 times smaller than al-
lergoids, making them suitable for SLIT. They are less susceptible to
enzymatic degradation,>® enabling the remaining swallowed amount
of extract to reach the gut-associated lymphoid tissue, exerting ad-

ditional immune stimulation.*®

Here, we present the results of a phase lla randomized, double-
blind, placebo-controlled dose escalation trial to demonstrate the
safety and feasibility of a dose of 50 000 UA per day of SLIT with
tree pollen drops consisting of 50:50 carbamylated monomeric birch
and alder pollen allergoid.

The study ran from January to June 2018 in 5 centres in Germany.
After having given written informed consent, 21 eligible patients (6
placebo and 15 actively treated patients) (Appendix S1: consort flow,
Appendix S2: baseline characteristics) were randomized and treated
for 70 days. Up-dosing was performed preseasonally within 8 days,
starting with 2000 UA (units of allergen, Appendix S3) and increas-
ing to 50 000 UA/day in 5 steps over 3 visits, with a short home
interphase between the visits (Appendix S3). This was followed by a
maintenance phase with 50 000 UA/day for 62 days. Safety and clini-
cal tolerability of tree pollen sublingual drops were assessed through
documentation of solicited (expected local reactions at the adminis-
tration site according to Passalacqua et al’) adverse drug reactions
(ADRs) and systemic allergic reactions.? Clinical and immunological

effects of the treatment were investigated through the proportion
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164 patients were initially
included in the study
74 with ACO
60 with asthma [30 non-smokers)
30 with COPD

25 patients with ACO were
involved in the final analysis
All the other groups remained
unchanged

49 were excluded during follow up
+ All with ACO
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Methods

Patients

Patients were recruited from an open cohort of asthmatic patients who were followed in
the asthma clinics of the 1st and 2nd Respiratory Medicine Departments of the University
of Athens for at least 2 years. Diagnosis & treatment of asthma was based on GINA
guidelines(1). Diagnosis & treatment of COPD was based on GOLD guidelines(2). We
excluded patients with severe asthma, any other respiratory disease, active malignancy
and those receiving immunosuppressants for any reason, in order to avoid any effect on
inflammatory markers. The study was approved by the ethics committees of both
hospitals and all subjects provided an informed consent (Number of approval 3746 &
6961/16-2-15).

Sputum induction

Sputum was induced using an ultrasonic nebulizer (DeVilbiss Co., Heston, UK) at the
maximal saline output (4 ml/min), as previously described, using all the modifications for
safe measurements according to the underlying asthma severity(3, 4). Sputum was
processed using selected plugs as previously described(5). Cell counting was performed
by an observer blind to the clinical characteristics of the subjects. At least 500
inflammatory cells were counted in each sample. A sample was considered adequate
when the patient was able to expectorate at least 2 ml of sputum and the sides contained
<10% sqguamous cells on differential cell counting. Total cell count expressed as the
number of cells X 10° and the percentage (%) of sputum inflanmatory cells were used
for analysis. Sputum supernatants were kept at -70 °C for further measurement of

cytokines.



Blood measurements

Blood was drawn for the measurement of periostin and blood eosinophils (% and
absolute counts).

Lung Function

Forced Expiratory Volume in 1% sec (FEV1) and Forced Vital Capacity (FVC), were
measured using Master Screen Body (Viasys Healthcare, Jaeger, Hoechberg, Germany)
according to the American Thoracic Society guidelines(6). All spirometries, either in the
initial recruitment or/and during follow up, were conducted at a stable state pre and post
bronchodilation. All values are post bronchodilation.

FeNO measurement

The fraction of exhaled nitric oxide (FENO) was measured using a portable NO analyzer
(NIOX MINO, Aeracrine; Sweden) as previously described(7).

Atopic Status

A positive skin prick test (mean wheal diameter of 3mm or greater) to any of twenty
common aeroallergens (including mites, grasses, trees, fungus, domestic animals) guided
by clinical symptoms was used to confirm atopy.

Mediator Assays

Serum periostin was measured by an enzyme-linked immunosorbent assay (R&D
Minneapolis, Minessota, USA, duoset Elisa development system, cat. DY 3548). The
lowest detection level of periostin is 0.975 ng/ml in diluted samples (1:25). The limit of
detection was determined by adding 3 standard deviations (SD) to the mean value of 30
zero standard measurements. Interleukin (IL)-13 was measured using an enzyme-linked

immunosorbent assay kit (ELISA, R&D systems, Minneapolis, Minessota, USA with a



detection limit of 13,2 pg/ml, cat.D1300B). IL-8 & Interferon-(IFN)-y were measured
using an ELISA kit (R&D Systems, Minneapolis, Minnesota, USA) with detection limits
of 3.5 pg/ml and 15.6pg/ml respectively.

Statistical analysis

Categorical variables are presented as n (%), whereas numerical variables are presented
as mean + standard deviation (SD) or median (interquartile ranges) for normally
distributed and skewed data, respectively. Normality of distributions was checked using
Kolmogorov-Smirnov test. Comparisons between different study groups were performed
using chi-square tests for categorical data, as well as One-way ANOVA or Kruskall-
Wallis test for normally distributed or skewed numerical data, respectively, accompanied
by appropriate post-hoc tests for multiple comparisons (Bonferroni and Dunn's,
respectively). If an inflammatory parameter provides statistical significance in favour of
ACO then alinear regression analysis was performed in a combined model for the whole
study population using as co-variates each disease as a single entity, age, gender, BMI,
atopy, and treatment regimens. All p-values <0.05 were considered statistically
significant. Data were analysed using GraphPad Prism 5 (GraphPad Software Inc, La

Jolla, CA, USA) and MedCalc 9 (MedCalcSoftware, Mariakerke, Belgium).



Results

Patients’ recruitment and follow up is provided in Figure S1. From the initially recruited
patients with ACO 49 normalized their lung function tests during follow up. 41 at the first
visit after three months and the remaining 8 at the second visit after six months from the
initial visit. Demographic characteristics are summarized in table S1. Groups were
differentiated regarding smoking status, lung function, atopy and rate of exacerbations.
Inflammatory characteristics are summarized in table S2. Blood eosinophils as absolute
count, serum Periostin as well as sputum IL-13 were significantly higher in ACO and
sputum INF-y was significantly lower in ACO compared to the other three groups (for
data see table S2).
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Table S1: Demographic characteristics of the study participants

Variable ACO Asthma | Asthma COPD
n=25 smokers non- n=30
n=30 smokers
n=30

Age 60(55, 66 ) 59(52-67) | 61(44-68) | 62(53-68)
Gender(male) 10 (40) 13(43) 14(46) 14(46)
n(%)
BMI kg/m? 26(23,30) 27(24-30) | 28(25-31) | 27(25-30)
Current 10 (40) 14 (45) 0 18(60)
smokersn (%)
Pack years 40 (25, 60) 37(32-58) 0 69(50-76)
FEV; (%pred.) 62+17 88+10 88+17 57+16
FEV./FVC 62+6 7318 74+7 5649
Rever sibility 17(12,26) 14(11,19) | 16(11,20) 8(6,13)
Exacer bations 1.7(1,2.5) 0.3(0-1) | 0.4(0-0.9) | 1.2(0.7,1.49)
in the previous
year (n)
Atopy n(%) 8(32) 12(40) 16(53) 1(3)
Treatment
ICS 25 30 30 12
LABA 25 27 28 24
LAMA 15 4 1 30
LTRA 0 5 5 0

Normally distributed data are presented as meantstandard deviation (SD); skewed data
are presented as median (interquartile ranges). Abbreviations. ACO= Asthma COPD
phenotype, COPD= Chronic Obstructive Pulmonary disease, M=Made, BMI=Body mass
index, FEV;=Forced expiratory volume in one second, FVC=Forced vital capacity,
ICS=inhaled corticosteroids, LABA=Long acting B, agonists, LAMA= Long acting

muscarinic antagonists LTRA: Leukotriene receptor antagonists. N/D=not done.



Table S2: Inflammatory characteristics of the study participants

Variable ACO Asthma Asthma COPD P value
n=25 smokers non- smokers n=30
n=30 n=30

FeNO ppb | 19(13,25.5) 12(10,16) 16(12,21) 14(11-17) 0.156
Blood 2.8 (1,5 1(0.75,2.5) 1(0,2) 2(0,3) 0.289
eosinophils
%
Blood 165 84 84 96 0.013
eosinophils | (85,280) **1 (54,169) (36,122) (0-145)
absolute
count
Periostin | 46(35,57)"*" | 30(18,48)" 22(17,35) 20(13,28) | <0.001
ng/ml
Sputum 1(0,3) 2(1,6) 0 1(0,2) 0.302
eosinophils
%
Sputum 18(7,39) 44(37,58) " * 26(18,39) 62(55,75) ** | <0.001
neutrophil
s%

| FN-y 121(89,142) | 160(118,226) | 167(136,240) | 177(134,275) | 0.003
pg/ml #3.0
IL-8 456 666 452 1985 <0.001
pg/ml (272,883) (450,1014) " | (325,687) (109?5;006)
IL-13 89 69 63 45 <0.001
pg/ml (60,134)**1 (57,101)" (57,75)" (36,67)

Normally distributed data are presented as meantstandard deviation (SD); skewed data
are presented as median (interquartile ranges). Bold letters indicate significant p values
among the four groups. Abbreviations. ACO= Asthma COPD phenotype, COPD=
Chronic Obstructive Pulmonary disease, FENO=Fraction exhaled nitric oxide,
IL=Interleukin, * Statistically significant difference compared to ACO; * statistically

significant difference compared to non-smoking asthma; * statistically significant

difference compared to smoking asthma, " statistically significant difference compared to

COPD.




FIGURE LEGENDS

Figure S1: Patients’ recruitment and follow up during the study
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