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ABSTRACT

Objectives: Type 2 low (T2-low) asthma is reported to respond less to anti-inflammatory
treatment compared with Type 2 high (T2-high) asthma. Airway hyperresponsiveness (AHR)
to mannitol, a marker of airway mast cell activation, may be indicative of response to treat-
ment in patients with T2-low disease. We investigated whether AHR to mannitol improves
in patients with T2-low asthma after specialist management.

Methods: Patients with asthma or suspected asthma, referred to our specialist outpatient
clinic, were enrolled consecutively and assessed with FeNO, asthma control, blood eosino-
phils, mannitol and methacholine tests and induced sputum. T2-low asthma was defined in
patients with FeNO < 25ppb and sputum eosinophils < 3% and blood eosinophils <
3OOHI_1 at inclusion. Patients with asthma and AHR to mannitol (PD15 < 635 mg) were fol-
lowed and reassessed after 12 months of specialist management.

Results: Thirty-two patients (Females: 56%, age: 22 years (15-59)) were followed. Fourteen
(44%) with T2-high and 18 (56%) with T2-low asthma. Baseline AHR to mannitol was com-
parable: Gean PD15: 150mg (95% Cl 61-368) and 214 mg (95% Cl 106-432) for T2-high and
T2-low asthma respectively (P=0.51). Both groups improved equally: Gyean PD15: 488 mg
(95% ClI 311-767) and 507 mg (95% Cl 345-746); corresponding to a doubling-dose of: 3.00
(95% Cl 1.58-5.74, P=0.003) and 2.28 (95% Cl 1.47-3.53, P=0.001) respectively. There were
no concomitant improvements in AHR to methacholine.

Conclusion: Patients with asthma and AHR to mannitol improve similarly in responsiveness
to mannitol after 12 months of specialist management regardless of Type 2 inflammatory
biomarker levels. Mechanisms driving AHR in T2-low asthma need to be further elucidated.
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Introduction

A significant proportion of patients throughout the
spectrum of asthma has, despite thorough assessment,
no sign of eosinophilic inflammation and low expres-
sion of Type 2 inflammation biomarkers (1-3).
Patients with Type 2 low asthma have a less well
described endotype and are often difficult to manage
from a clinical perspective, with a poor response to
anti-inflammatory treatment and no effective target-
specific treatment (4). The evidence of a poor
response to inhaled corticosteroids is; however, some-
how conflicting. While some studies show unrespon-
siveness to corticosteroids (5-9), others have shown
some or similar responses compared with patients
with Type 2 high asthma (10-12). This inconsistency
in findings may reflect the disease heterogeneity of

patients with low Type 2 inflammatory markers, and
emphasizes the need of a better characterization to
improve treatment (13,14).

One key pathophysiological feature of asthma
across endotypes is airway hyperresponsiveness (15).
Quantification of airway hyperresponsiveness with
bronchial provocation tests can be done with either
direct agents such as methacholine or with indirect
agents such as mannitol or exercise (16). Indirect tests
increase osmolarity in the periciliary fluid due to
either dry air hyperpnea or the administration of
osmotic agents causing a subsequent release of media-
tors from the airway epithelium and inflammatory
cells leading to bronchoconstriction (17). Hence, air-
way hyperresponsiveness to indirect challenges may
better reflect the presence of ongoing inflammation,
especially mast cell activation and infiltration, which
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has been demonstrated specifically for the mannitol
test (18-20). Direct challenges acting directly on air-
way smooth muscle may reflect more fixed changes in
the airways and are thus less dependent on ongoing
inflammation (21).

In a study by Berry et al. (6), both patients with
non-eosinophilic and eosinophilic asthma were found
to have increased mast cell numbers in the airway
smooth muscle, suggesting that mast cells could be driv-
ers of airway hyperresponsiveness in non-eosinophilic
asthma. In this study, patients with non-eosinophilic
asthma did not improve in airway hyperresponsiveness
to methacholine when treated with inhaled corticoste-
roids. In comparison, Cowan et al. found that, when
treated with inhaled corticosteroids, both patients with
high and low sputum eosinophils improved in airway
hyperresponsiveness to AMP - an indirect bronchopro-
vocation test (10). However, patients with high FeNO
were not excluded from the noneosinophilic group and
some of the effect may therefore reflect suppression of
Type 2 inflammation.

High doses of inhaled corticosteroids have been
shown to reduce airway mast cells in patients with
asthma, which is why we hypothesize that airway
hyperresponsiveness to mannitol may be reduced by
steroid treatment - also in patients with Type 2 low
asthma (22,23).

We conducted a post hoc analysis on airway
hyperresponsiveness using data from patients with
asthma obtained before and after 1 year of special-
ist management.

Materials and methods
Study overview

The MAPOut II study was a prospective observational
study performed on all patients referred to the respira-
tory outpatient clinic at Bispebjerg Hospital in
Copenhagen, Denmark either suspected for or with
known asthma during a 12-month period from March
2011 through April 2012. Exclusion criteria were
age <15years, respiratory disease other than asthma,
individuals older than 40 years with a smoking history of
more than 10 pack years, respiratory infections within
past 6weeks of inclusion and pregnancy. All patients
gave written informed consent and the study was
approved by the local ethics committee (H-3-2011-121).
Patient assessments were performed at baseline and
at follow-up after 12 months and has been described
in detail elsewhere (24). In short: Lung function test-
ing was done in all subjects according to ERS/ATS
guidelines (25). To assess airway hyperresponsiveness

to both indirect and direct agents, bronchial challenge
tests with inhalation of dry-powder mannitol
(Pharmaxis, Sydney, Australia) and methacholine were
performed (26,27). For Mannitol, the test was per-
formed according to the recommendations of the
manufacturer. Inhalation of dry powder mannitol
leads to an increase in the osmolarity of the periciliary
fluid in the airways causing a subsequent release of
mediator. A positive test was defined as a fall in FEV,
of >15% with a cumulative dose of mannitol of
<635mg. Sensitivity to mannitol was calculated as the
dose resulting in a 15% decrease in FEV; (PD15) and
the degree of responsiveness was calculated as the
response—dose ratio (RDR): percent reduction in FEV,/
mg mannitol administered. For patients who had a
negative test at follow-up, a PDI5 of 635mg was
assigned (26). For methacholine, the test was performed
according to ATS guidelines (27). A maximum dose of
7.8 umol methacholine was administered. If a decrease
in FEV; of 20% was observed the test was considered
positive. The dose causing a 20% decrease in FEV;
(PD20) was calculated. For negative tests, a PD20 of
7.8 umol was assigned. The fraction of exhaled nitric
oxide (FeNO) was measured at the rate 0.05L/s with
the Nitric Oxide Analyzer (NIOX; Aerocrine AB, Solna,
Sweden) or the Ecomedics CLD88sp. (Ecomedics,
Duernten, Switzerland). Sputum induction was per-
formed in accordance with ERS recommendations (28).
Sputum plugs were selected and standard cytokines
were prepared. Finally, a differential cell count was per-
formed (29). Skin prick test was performed according
to European standards with a standard 10-panel of
allergen extracts including: grass, birch, mugwort, dog,
cat, horse, Dermatophagoides pteronyssinus and farinae,
Alternaria, and Cladosporium herbarum. Atopy was
defined by a positive response with a cutoff value of
3mm (30). Eosinophils were measured in blood and
information on medicine, smoking status, age of onset,
demographics and ACQ-5 was collected.

Study material

In this post hoc study, eligible subjects were all
patients with a valid asthma diagnose and a positive
mannitol test at baseline who participated in the
12 months follow-up.

Definition of asthma endotype

Patients with FeNO < 25 ppb, no sputum eosinophilia,
defined as <3% eosinophils in sputum and low blood
eosinophils <300pl~" at baseline, were categorized as
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Table 1. Baseline characteristics of patients with Type 2 high and Type 2 low (FeNO < 25 pp, sputum eosinophils <3% and

blood eosinophils <0.3 109/1) asthma.

Type 2 high asthma (n=14) Type 2 low asthma (n=18) P
Age, years 27 (30) 19 (17) 0.12
Females (%) 9 (64) 9 (50) 0.42
BMI 22.1 (5.2) 22.1 (2.7) 0.78
Smokers (%) 0 1(6) 0.37
Atopy (%) 9 (64) 10 (56) 0.62
ACQ score 1.30 (1.80) 1.20 (1.20) 0.58
PD15 to mannitol, mg 165 (95% Cl 71-386) 226 (95% Cl 115-442) 0.54
PD20 to methacholine, pmol 0.92 (95% Cl 0.24-3.47) 2.13 (95% Cl 1.30-3.48) 0.16
Positive methacholine (%) 10 (71) 14 (78) 0.71
FEV1, L 3.37 (0.74) 3.75 (1.11) 0.67
FEV1 % predicted 93 (17) 92 (31) 0.81
FVC, L 4.29 (0.74) 4.65 (1.01) 0.28
FVC % predicted 95 (21) 98 (20) 0.38
FEV1/FVC 0.83 (0.11) 0.82 (0.14) 0.54
Reversibility 1(7) 1(6) 0.92
Blood IgE, U/ml 213 (1037) 44 (248) 0.08
FeNO, ppb 44 (66) 15 (9) <0.001
Sputum eosinophils, % 11.4 (14) 0.25 (0.72) 0.001
Sputum eosinophils >3% 8 (57) 0 <0.001
Blood eosinophils, pl™" 300 (460) 130 (+100) <0.001

Presented as medians with Interquartile range and numbers with percentages. Test for difference between Type 2 high and Type 2 low asthma were per-

formed with Mann-Whitney U and Pearson’s y2.

having Type 2 low asthma. All patients with either
FeNO > 25 or blood eosinophilia or sputum eosino-
philia at baseline were categorized as having Type 2
high asthma. A combination of three biomarkers was
used to increase accuracy in the identification of
patients with type 2 inflammation (31).

Asthma management

Between the baseline visits and the follow-up visits, all
patients were followed at the specialist outpatient
clinic at Bispebjerg University Hospital for 12 months.
All patients were given standard care, where the man-
agement of each patient’s asthma was carried forward
at the discretion of the clinic specialists.

Statistics

Standard descriptive statistics were performed. Results
are presented as means with standard deviations and
numbers with percentages for normal distributed data
and medians with interquartile range for data that are
not normally distributed. T-test or Mann-Whitney U
test for continuous data and Pearson 7> test for cat-
egorical data were used to test for differences. Data on
airway hyperresponsiveness (RDR, PD15 and PD20)
were logarithmically transformed to avoid distribution
skewness (32). PD15 and PD20 were transformed
using the logarithm to base two scale. Data are pre-
sented as geometric means with 95% CI. Differences
are presented as fold change corresponding to dou-
bling doses and t-tests were used for comparison.

All analyses were performed using IBM SPSS statis-
tics version 25 (IBM Software, IL, USA).

Results

A total of 95 patients with asthma, 45 (47%) with
Type 2 high and 50 (53%) with Type 2 low asthma
were followed for 1 year. At baseline, 14 patients
(31%) with Type 2 high asthma and 18 patients (34%)
with Type 2 low asthma had a positive mannitol test,
giving a total of 32 patients included for analysis.
Patients with Type 2 high and Type 2 low asthma had
comparable demographic and clinical characteristics at
baseline, except for FeNO and eosinophilic counts
related to the predefined stratification. Airway hyper-
responsiveness to mannitol at baseline was comparable
in the two groups: geometric mean PD15: 150 mg
(95% CI 61-368) and 214mg (95% CI 106-432) for
Type 2 high and Type 2 low asthma respectively
(P=0.51) (Table 1).

After one year of specialist management, the pro-
portion of patients on inhaled corticosteroids had
increased from 49% to 85% of patients with Type 2
high asthma and from 44% to 72% of patients with
Type 2 low asthma. The average dose of inhaled corti-
costeroids increased significantly from 600 ug (95% CI
249-951) to 1100 pg (95% CI 849-1351) and from
571pug (95% CI 300-842) to 1117pg (95% CI
813-1421) budesonide equivalents in the Type 2 high
and Type 2 low asthma group respectively. No signifi-
cant differences doses between the two groups were
detected (P=0.93) (Table 2).
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Table 2. Medication at baseline and at follow-up.

Type 2 high asthma (n=14)

Type 2 low asthma (n=18)

Baseline Follow-up Baseline Follow-up P
SABA (%) 11 (79) 10 (71) 10 (56) 13 (72) 0.23
ICS (%) 4 (28) 8 (57) 4 (22) 9 (50) 0.91
ICS/LABA (%) 3 (21) 4 (28) 4 (22) 4 (22) 0.87
LTRA (%) 3 (21) 2 (14) 1(6) 1(6) 033
Budesonide equivalent (ug) 600 (249-951) 1100 (849-1351)* 571 (300-842) 1117 (813-1421)* 0.93

SABA: short acting beta2 agonist; ICS: inhaled corticosteroids; LABA: long acting beta2 agonists; LTRA: leukotriene receptor antagonist.

*P < 0.001 for difference between baseline and follow-up.

P values for difference in change in medication from baseline to follow-up between patients with Type 2 high and Type 2 low asthma.

Type 2 high asthma
Sl P=0.003
I 1
£ 600-
=
=
<
= 400
8
wn
v
2 200-
=8
.
0
Baseline Follow-up
Type 2 high asthma
107 P=0.15
= 8
=
9
£ 6
2
e
N
a 27
=
0 —
Baseline Follow-up

Type 2 low asthma

P=0.001
I 1

£ 600+
=
£
=
= 400
i<
wn
|
2 200
A

s ]

0 > —
Baseline Follow-up

Type 2 low asthma

10=
P=0.13

8- o

PD20 to Methacholine

Baseline Follow-up

Figure 1. Airway hyperresponsiveness to mannitol (top row) and methacholine (bottom row) before and after 1 year of specialist
management in patients with Type 2 high and Type 2 low asthma. Presented as absolute measures of PD15 (mg) to mannitol and
PD20 (umol) to methacholine and geometric means with 95% Cl. P values for difference between baseline and follow-up. For
patients with a negative test, a PD15 of 635mg for mannitol and a PD20 of 7.8 umol for methacholine has been assigned.

Patients with Type 2 high and Type 2 low asthma
had improved in airway hyperresponsiveness to man-
nitol to a similar degree after one year of specialist
management. In the Type 2 high asthma group, 10
patients (71%) had a negative test at follow-up versus
15 patients (83%) in the Type 2 low asthma group.
Among patients who still had a positive mannitol test
(PD15 < 635mg) at follow-up, two patients (14%) with
Type 2 high asthma and two patients (11%) with

Type 2 low asthma had not improved clinically signifi-
cant by at least one doubling dose. Geometric mean
PD15 at follow-up was: 488 mg (95% CI 311-767) and
507 mg (95% CI 345-746) corresponding to an increase
by a factor (doubling dose) of 3.00 (95% CI 1.58-5.74,
P=0.003) and 228 (95% CI 1.47-3.53, P=0.001) for
Type 2 high and Type 2 low asthma respectively
(P=0.40) (Figure 1). Improvements in airway hyper-
responsiveness to mannitol expressed as fold decrease



in RDR was likewise comparable in the two groups:
7.80 (95% CI 4.08-14.92, P < 0.001) and 4.80 (95% CI
2.64-8.72, P<0.001) in Type 2 high and Type 2 low
asthma respectively (P=0.25).

At follow-up, 8 patients with Type 2 high asthma
and 9 patients with Type 2 low asthma had a positive
methacholine test. Geometric mean PD20 at follow-up
were: 2.58 umol (95% CI 1.26-5.29) and 3.37 umol
(95% CI 1.93-5.88), corresponding to an improvement
in doubling dose of 3.16 (95% CI 0.62-15.95,
P=0.15) and 1.59 (95% CI 0.86-2.92, P=0.13) for
Type 2 high and Type 2 low asthma respect-
ively (Figure 1).

For patients with Type 2 high asthma the median
ACQ score at baseline was 1.30 (IQR: 1.80) and
decreased to 0.80 (IQR: 1.70) whereas for patients
with Type 2 low asthma the median baseline ACQ-
score was 1.20 (IQR: 1.20) and decreased to 0.40
(IQR: 1.10). This corresponds to a median decrease in
ACQ of 0.30 (IQR: 0.90) and 0.40 (IQR: 0.85).

Discussion

In this real-life study on patients with mild to moder-
ate asthma, we found significant and comparable
improvements in airway hyperresponsiveness to man-
nitol but not to methacholine in patients with both
Type 2 high and Type 2 low asthma after 1 year of
specialist management. Inhaled corticosteroid use was
increased, whereas the use of second controllers did
not increase significantly. These findings suggest that
patients with asthma and airway hyperresponsiveness
to mannitol may respond to inhaled corticosteroids
despite having low Type 2 markers.

The effect of anti-asthmatic treatment mainly
inhaled corticosteroids on airway hyperresponsiveness
to mannitol in asthma has been demonstrated in sev-
eral controlled studies earlier. The magnitude of
decrease in responsiveness found in the current study
is higher or comparable to what has been observed in
controlled studies directly investigating the effect of
inhaled corticosteroids (33). In the current study, the
RDR was reduced by a factor of 7.85 and 5.00 after
12 months in patients with Type 2 high and Type 2
low asthma respectively. In comparison the RDR was
reduced by a factor of 4.2 after 6-9 weeks of treatment
with budesonide in a study by Brannan et al. (33)
Other studies have investigated responsiveness to
indirect bronchial challenges with saline, AMP,
eucapnic hyperventilation and exercise and have like-
wise showed decreased response following treatment
with inhaled corticosteroids (34,35). Cowan et al. also
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showed an effect of inhaled corticosteroids on airway
hyperresponsiveness to AMP in patients with noneosi-
nophilic asthma. The noneosinophilic group, however;
also included patients with elevated FeNO, which also
turned out to be a predictor of effect in this study.
Some of the effect demonstrated, could therefore be
driven by a reduction in Type 2 inflammation (10).
The current study is, to our knowledge, the first to
support the hypothesis of an effect of inhaled cortico-
steroids on airway hyperresponsiveness to mannitol in
patients with asthma and low levels of Type 2 markers.

We hypothesize that the reduction seen in airway
hyperresponsiveness to mannitol in patients with low
Type 2 inflammation is mediated through effect of
inhaled corticosteroids on mast cells in the airway epi-
thelium and smooth muscle (6,10,22,36). However,
this study was observational without obtainment of
bronchial biopsies to verify this assumption and other
mechanisms of inhaled corticosteroids could plausibly
contribute. Corticosteroids have in vitro been shown
to modulate gene expression in airway smooth muscle
cells related to both cytokine production, hypertrophy
and hyperplasia, and contractility (37-40). Further, an
in vivo study by Yick et al. showed that treatment
with oral corticosteroids in steroid free patients with
asthma, altered gene expression in micro dissected air-
way smooth muscle (41).

In this study, we show a comparable improvement
in response to the indirect bronchial challenge with
mannitol after 1 year of real-life specialist manage-
ment in patients with both Type 2 low and Type 2
high asthma. The effect was observed without a sig-
nificant concomitant improvement in airway hyperres-
ponsiveness to the direct agent methacholine. This
discrepancy may well be an illustration of the different
mode of actions of the two tests. While indirect bron-
chial challenges assess airway hyperresponsiveness
related to ongoing airway inflammation, the direct
tests assess airway hyperresponsiveness that, at least to
some degree, is caused by more fixed changes in the
airways. Changes that may not be suppressed by treat-
ment with inhaled corticosteroids (6,34,42).

While earlier studies have demonstrated an associ-
ation between reduction in airway hyperresponsive-
ness to mannitol and asthma symptoms (33), the
reduction in asthma symptoms observed in this study
did not reach statistical or clinical significance. Most
likely due to a combination of small sample size and
relatively low baseline ACQ.

During the year of specialist management, an
increased number of patients initiated inhaled cortico-
steroids and the average dose increased. No changes
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in second controllers either long acting 3,-agonists or
leukotriene receptor antagonists were observed, sug-
gesting that real-life treatment with inhaled corticoste-
roids improves airway hyperresponsiveness in patients
with both Type 2 high and Type 2 low asthma and air-
way hyperresponsiveness to mannitol. Clinical parame-
ters of asthma, however, can over time, especially when
observed in an uncontrolled setting, improve simply
due to fluctuations of asthma severity. Because patients
are most likely to be referred when symptoms are
uncontrolled, any measured improvement at a succeed-
ing point in time may be, at least partly, explained sim-
ply by spontaneous improvement. In an observational
study like the current, this introduces risk of regression
toward the mean in measured outcomes. Likewise, due
to its observational character, this study cannot be used
to directly assess efficacy of treatment in patients with
Type 2 high versus Type 2 low asthma. Further, it can-
not either directly assess the efficacy of treatment with
inhaled corticosteroids in patients with asthma. It can;
however, elucidate on the response in patients from a
clinical representative population in a real-life setting
and add to the discussion on which patients respond to
anti-asthmatic treatment - including inhaled corticoste-
roids — and which do not.

Conclusion

In a real-life population where patients with asthma
were followed for 1 year in a specialist setting, airway
hyperresponsiveness to mannitol but not to methacho-
line was reduced in both patients with Type 2 high
and Type 2 low asthma. The results suggest that
patients with Type 2 low asthma and airway hyperres-
ponsiveness to mannitol benefits from anti-asthmatic
treatment through mechanisms beyond the well-
known anti-Type2-inflammatory property of inhaled
corticosteroids. The clinical effect of inhaled cortico-
steroids in patients with Type 2 low asthma and air-
way hyperresponsiveness to mannitol needs to be
further explored, as well as the mechanisms underpin-
ning this effect.
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