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Abstract. Objective: Most asthmatics
have been found to have rhinosinusitis (RS).
Patients with ethmoid sinusitis, in particu-
lar, often suffer from an impaired sense of
smell; this is clinically important and neces-
sitates concurrent treatment for both asthma
and RS. As a rational therapeutic strategy,
we focused on a fine particle HFA-134a-
beclomethasone dipropionate (HFA-BDP)
metered-dose inhaler. Because of its small
size, the medication is still present in the ex-
haled breath after inhalation. Methods: Five
mild-to-moderate asthmatics with ethomoid-
predominant sinusitis characterized by an
impaired sense of smell and mild peripheral
blood eosinophilia received a single-agent
treatment with orally-inhaled HFA-BDP
which was then exhaled through the nose.
In addition, the stained small particles were
created by an ultrasonic nebulizer and flow
image of them during oral inhalation and
nasal exhalation was evaluated by using na-
sal endoscopy. Results: After treatment, the
sense of smell was restored in all cases with
a concomitant improvement in sinusitis as
confirmed by computerized tomography. In
addition, amelioration of peripheral blood
eosinophilia as well as small airway obstruc-
tion as indicated by pulmonary function
tests was observed. Macroscopical imaging
revealed that small particles flow toward ol-
factory cleft during both the inhalation and
exhalation phases. Conclusion: We have
presented 5 cases of asthmatic patients with
RS treated with a concurrent single therapy,
HFA-BDP exhaled through the nose (ETN).
A clinical trial must be considered to estab-
lish this new therapeutic strategy based on
the concept of “one airway, one disease.”

Introduction

Bronchial asthma, a chronic inflammatory
airway disease, can be well controlled by the
regular use of inhaled corticosteroids (ICS)
with or without long-acting Bs-agonists (LA-

BAs) [1]. Despite effective treatment strate-
gies, its prevalence is still increasing. Further,
many asthmatics have rhinosinusitis (RS) as
demonstrated by computed tomography (CT)
scans [2] and they suffer from nasal obstruc-
tion or impaired sense of smell. Pfister et al.
[3] observed mucosal thickening of sinuses
on CT scans in 74% of asthmatic patients.
Along with the abnormalities of sinus on CT
scans, patients with severe asthma also have
eosinophilia in peripheral blood and induced
sputum, impaired pulmonary function, and el-
evated levels of exhaled NO [4]. Furthermore,
patients with severe asthma tend to have more
severe RS [5, 6]. Therefore, recognizing the
close relationship between asthma and RS is
crucial for asthma control.

For simultaneous treatment of both asthma
and RS based on the concept of “one airway,
one disease”, we previously evaluated the
hydrofluoroalkane-134a-beclomethasone  di-
propionate (HFA-BDP) metered-dose inhaler.
This inhaler contains an extra-fine particle,
which remains in the expired breath due to its
small size (average diameter: 1.1 pm) [7, 8].
To optimally use HFA-BDP, we examined its
beneficial effect when it was orally-inhaled and
then exhaled through the nose (ETN) on a trial
basis. In our preliminary study, HFA-BDP ETN
converted from the conventional ICS therapy
(equivalent doses of fluticasone propionate or
HFA-BDP) improved both small airway ob-
struction and nasal symptoms (such as nasal
obstruction and impaired sense of smell) along
with the improvement in sinus CT findings [9].
However, in that study we could not exclude
the possibility of synergistic effects with other
medications such as LABAs or leukotriene re-
ceptor antagonists. Here, we report a series of 5
cases of bronchial asthma with RS treated with
the single-agent therapy using HFA-BDP ETN.
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Table 1. Clinical characteristic of 5 cases.
Case no. 1 2 3 4 5 Mean + SD
Age/sex 69/F 60/F 71/F 69/F 60/F 65.8+54
Severity of asthma mild moderate mild moderate | moderate
Smoking status never never never never never
Total IgE (IU/mL) 122 99 237 325 218 200 + 92
Eosinophil (/uL) 098 596 310 312 760 515+ 198
FEV; (L) 1.71 1.36 1.64 1.60 1.53 1.57£0.13
%FEV; (%) 89.6 69.6 84.9 86.7 70.4 80.2+9.5
Reversibility
AFEV1 (mL) 280 260 320 240 230 266 + 36
AFEV1 (%) 16.4 194 21.6 17.6 15.0 18.0+2.6
FVC (L) 2.42 2.00 2.21 2.34 2.07 2.21+0.18
FEV,% (%) 70.7 68.0 74.2 68.4 73.9 71.0+2.9
Y%FEF 5 75 (%) 46.0 30.6 53.1 40.3 39.2 41.8+8.4
ACT 24 18 24 25 22 22.6+2.8
LMS
Total 9 10 8 12 9 96+1.5
Ethmoid 5 4 4 5 4 44+05
Pretreatment
ICS (ug)/LABA 0/— 0/— 200/+ 400/+ 0/—
LTRA - + - - -

FEV, = forced expiratory volume in 1 s; FVC = forced vital capacity; FEF,5 ;5 = forced expiratory flow
between 25% and 75% of vital capacity; ACT = asthma control test; LMS = Lund-Mackay scale;
ICS = inhaled corticosteroid (equivalent doses of fluticasone propionate); LABA = long-acting B,-

agonist; LTRA = leukotriene receptor antagonist.

Methods

Subjects

Five patients with mild-to-moderate asth-
ma, determined according to the Global Initia-
tive for Asthma (GINA) guidelines [10], were
evaluated. They all were never-smokers with
positive reversibility and had mild eosinophil-
ia, evidence of small airway obstruction, and
an impaired sense of smell due to RS, caused
predominantly by CT-confirmed ethmoid si-
nusitis (evaluated using the Lund-Mackay
scale). Two patients were receiving no medi-
cation, another patient used only a leukotriene
receptor antagonist, and the other two had
been treated with conventional ICS/LABA
treatment which was orally-inhaled and ex-
haled through the mouth. No patients had re-
ceived any treatments, such as topical cortico-
steroids or endoscopic sinus surgery, for RS.
All patients were converted to a single-agent
therapy using HFA-BDP ETN without a wash
out period for the pre-treatment and continued
on only HFA-BDP ETN without any concom-
itant treatment. Briefly, HFA-BDP (QVAR,
3M Pharmaceuticals, St. Paul, MN, USA;
400 pg twice a day) was inhaled orally using

a spacer (VORTEX®, PARI-Japan, Osaka,
Japan), followed by breath-holding for a few
seconds and exhalation through the nose. We
confirmed the procedures at the beginning of
HFA-BDP ETN treatment and on each visit to
make sure that patients were able to perform
them properly. Two patients had diabetes or
hypercholesterolemia, and the other three did
not have any comorbidity requiring treatment.
The patient characteristics are summarized
in Table 1. All patients gave their written in-
formed consent for inclusion in this report.

Macroscopic imaging

Normal saline solution was stained with
natural dye (Kiriya’s brilliant green SP,
KIRIYA Chemical Co., Ltd. Osaka, Japan).
Three healthy volunteers orally inhaled the
small particles (a single-digit um range) cre-
ated by an ultrasonic nebulizer, followed by
breath-holding for a few seconds and exha-
lation through the nose. The particle flow
during oral inhalation and nasal exhalation
was observed by using nasal endoscopy.
All healthy volunteers gave their written in-
formed consent for inclusion in this study.
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Figure 1.
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Effects of HFA-BDP ETN treatment. All 5 patients inhaled HFA-BDP using a tube-type spacer,

followed by exhalation through the nose. Each parameter was evaluated before and after treatment with
HFA-BDP ETN (Case no. 1, 3, and 5: 2 months after treatment; Case no. 2: 4 months after treatment; Case
no. 4: 1 month after treatment). The indicated periods depend on the first visit after converting to HFA-BDP
ETN. A: CT findings in the sinus; B: Lund-Mackay scale (panel a: total score; panel b; ethmoid sinus
score). Comparisons of data before and after treatment were performed using a paired t-test; C: Lung
function test (panel a: %FEV,; panel b: %FEF,5_;5); D: Asthma control test; E: Peripheral blood eosinophil

counts.

Results

After the commencement of HFA-BDP
ETN therapy, the restoration of their sense
of smell with concomitant improvement in
the Lund-Mackay scale was observed within
2 months in 4 patients (Figure 1A, B). Fur-
thermore, HFA-BDP ETN treatment also
provided good asthma control, as evaluated
by the Asthma Control Test with decreased
airway obstruction including small airways,
as shown by improvements in forced expi-
ratory volume in 1 second (%FEV;) and
forced expiratory flow between 25% and
75% of vital capacity (%FEF,s_;5) (Figure
1C, D). These results were supported by the
amelioration of mild eosinophilia linked to
asthma as well as RS with ethmoid-predom-
inant sinusitis (Figure 1E). Four patients
had no recurrence of symptoms with contin-
ued HFA-BDP ETN treatment. The dose of
HFA-BDP was successfully tapered for one

of these patients (case no. 4). Another patient
stopped the HFA-BDP treatment because of
mild treatment-induced stomatitis; the dis-
continuation resulted in the recurrence of RS
and asthma symptoms after 4 months (case
no. 2).

In macroscopic examination, we found
that small particles flow toward the olfactory
cleft during both the inhalation and exhala-
tion phases (Figure 2).

Discussion

As shown in our case series, a rational
and simultaneous therapy for asthma and RS
is required based on the concept of “one air-
way, one disease”. Nonaka et al. [11] recently
reported a case of refractory RS with comor-
bid asthma successfully treated with orally-
inhaled fluticasone propionate (FP). They
speculated that inhaled FP (100 pg twice a
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Inhalation phase

Exhalation phase

Figure 2. Time-lapse flow images of small particles from the inhalation phase to the exhalation phase.
Small particles (a single-digit um range) made by an ultrasonic nebulizer were inhaled orally and exhaled
through the nose. Flow images towards the olfactory cleft were serially observed from inhalation phase
(upper; a — c) to exhalation phase (lower; d — f) every second using nasal endoscopy. Panels a and f show
the middle meatus at the beginning of the inhalation phase (a) and the end of the exhalation phase (f).
Panels b and d show the flow lines of particles towards the olfactory cleft (from bottom to top). Panels c

and e show the clusters of particles floating in the middle meatus for 1 s.

day) attenuated lower airway inflammation
mainly associated with eosinophils, resulting
in an amelioration of recurrent RS following
endoscopic sinus surgery [11]. However, in
our case (no. 4), RS could not be controlled
even with the administration of higher doses
of orally-inhaled FP (200 pg twice a day).
In the case reported by Nonaka et al. [11],
it is possible that the distribution of orally-
inhaled FP to the ethmoid sinus mucosa may
have been enhanced by endoscopic sinus sur-
gery [12].

RS with ethmoid-predominant sinusitis
characterized by activated eosinophil infiltra-
tion is associated with olfactory dysfunction
[13]. This explains why the amelioration of
ethmoid sinusitis as confirmed by CT led to
a restoration of the sense of smell in the pa-

tients evaluated in this study. Scheibe et al.
[14] indicated that drug delivery to the olfac-
tory cleft provides a beneficial effect on the
restoration of sinonasal smell disorders. To
confirm whether the small particles (a single-
digit um range) flow toward the olfactory
cleft during oral inhalation and nasal exhala-
tion, we observed the particles by using nasal
endoscopy. Macroscopical imaging revealed
that small particles easily and effectively
reach the olfactory cleft during both the in-
halation and exhalation phases. This finding
may explain not only the lasting improvement
of olfactory impairment by HFA-BDP ETN
but also the beneficial effects with the con-
ventional orally-inhaled ICS in some cases,
such as that reported by Nonaka et al. [11].
However, Hyo et al. [15] has shown that only
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3% of the small particles (um range) reach the
paranasal sinuses, supporting our previous re-
port that the conventional orally-inhaled and
orally-exhaled HFA-BDP did not improve
RS [9]. In the cases without endoscopic sinus
surgery, continuous treatment with HFA-BDP
ETN may increase the accumulation into pa-
ranasal sinuses, resulting in suppression of
airway inflammation. Beneficial effects of
topical nasal corticosteroids for patients with
RS have been demonstrated [16, 17] whereas
in our case series, all patients improved by
single-agent HFA-BDP ETN therapy. Intrana-
sal administration using a squirt system could
efficiently deliver corticosteroids to the olfac-
tory cleft, thereby exerting a beneficial effect
on olfactory dysfunction; however, these ef-
fects are incomplete and transient [18]. It is
notable that the conversion from conventional
ICS to HFA-BDP ETN (equivalent doses of
ICS) provided beneficial effects for patients
with poorly controlled asthma with RS even
under treatment with ICS and intranasal cor-
ticosteroid [9].

RS with ethmoid-predominant sinusitis
is closely related to bronchial asthma and
peripheral blood eosinophilia [19]. As pe-
ripheral blood eosinophil counts correlate
with infiltrating eosinophil counts in nasal
polyps [19], we confirmed decreased periph-
eral blood eosinophil counts with concomitant
improvement in sinus CT findings after treat-
ment. Even after converting from conven-
tional ICS/LABA therapy to HFA-BDP ETN,
asthma in these patients was well-controlled
without exacerbation which reflected the de-
creased eosinophil counts in the peripheral
blood. Furthermore, HFA-BDP inhibited eo-
sinophilic inflammation in the small airways
of asthmatics more potently compared with an
equivalent dose of FP treatment [20]. In ad-
dition, latent small airway inflammation has
a close relationship with RS [21], suggesting
that it is important to regulate inflammation of
both small airway and paranasal sinuses. We
believe that HFA-BDP ETN therapy may be
a reasonable option due to the small particle
size, which is capable of reaching both the
small airways and olfactory cleft (or parana-
sal sinuses) and control both upper and lower
airway inflammation more effectively.

Since the sample size in this case report
was too small to conclude beneficial effect of
HFA-BDP ETN treatment, a crossover study

or a blinded placebo-controlled study need to
be done to confirm our preliminary findings.

Conclusion

We have reported 5 cases of asthmatic pa-
tients with RS (ethmoid-predominant sinus-
itis) treated with HFA-BDP ETN. A clinical
trial must be conducted to confirm the utility
of this novel strategy based on the concept of
“one airway, one disease”.

Consent

Written informed consent was obtained
from the patients for publication of this case
report and any accompanying images.

Funding

No funding.

Conflict of interest

The authors declare that they have no
competing financial interests.

References

[11  Barnes PJ. New therapies for asthma: is there any
progress? Trends Pharmacol Sci. 2010; 37: 335-
343. CrossRef PubMed

[2]  Bousquet J, Khaltaev N, Cruz AA, Denburg J,
Fokkens WJ, Togias A, Zuberbier T, Baena-Cagnani
CE, Canonica GW, van Weel C, Agache I, Ait-
Khaled N, Bachert C, Blaiss MS, Bonini S, Boulet
LP, Bousquet PJ, Camargos P, Carlsen KH, Chen
Y, et al; World Health Organization; GA(2)LEN;
AllerGen. Allergic Rhinitis and its Impact on
Asthma (ARIA) 2008 update (in collaboration
with the World Health Organization, GA(2)LEN
and AllerGen). Allergy. 2008; 63 (Suppl 86):
8-160. CrossRef PubMed

[3]1 Pfister R, Liitolf M, Schapowal A, Glatte B,
Schmitz M, Menz G. Screening for sinus disease in
patients with asthma: a computed tomography-
controlled comparison of A-mode ultrasonogra-
phy and standard radiography. J Allergy Clin Im-
munol. 1994; 94: 804-809. CrossRef PubMed

[4]  ten Brinke A, Grootendorst DC, Schmidt JT, De
Bruine FT, van Buchem MA, Sterk PJ, Rabe KF,
Bel EH. Chronic sinusitis in severe asthma is re-
lated to sputum eosinophilia. J Allergy Clin Im-
munol. 2002; /09: 621-626. CrossRef PubMed



Therapeutic use of HFA-BDP in asthmatic patients with rhinosinusitis

919

(5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Bresciani M, Paradis L, Des Roches A, Vernhet H,
Vachier I, Godard P, Bousquet J, Chanez P. Rhi-
nosinusitis in severe asthma. J Allergy Clin Im-
munol. 2001; 107: 73-80. CrossRef PubMed

Lin DC, Chandra RK, Tan BK, Zirkle W, Conley
DB, Grammer LC, Kern RC, Schleimer RP, Peters
AT. Association between severity of asthma and
degree of chronic rhinosinusitis. Am J Rhinol Al-
lergy. 2011; 25: 205-208. PubMed

Leach CL, Davidson PJ, Boudreau RJ. Improved
airway targeting with the CFC-free HFA-beclo-
methasone metered-dose inhaler compared with
CFC-beclomethasone. Eur Respir J. 1998; 72:
1346-1353. CrossRef PubMed

Leach CL, Colice GL. A pilot study to assess lung
deposition of HFA-beclomethasone and CFC-be-
clomethasone from a pressurized metered dose
inhaler with and without add-on spacers and using
varying breathhold times. J Aerosol Med Pulm
Drug Deliv. 2010; 23 355-361. CrossRef PubMed
Yasuba H. Effectiveness of HFA-BDP exhaled
through nose for severe bronchial asthma with si-
nusitis. Rinshomeneki-arerugika (Clinical Immu-
nology & Allergology). 2011; 55: 210-215.
Global Initiative for Asthma (GINA). 2012. p.
From the Global Strategy for Asthma Manage-
ment and Prevention.http://www.ginasthma.org/
Nonaka M, Tanaka Y, Pawankar R, Yoshihara T.
Orally inhaled fluticasone propionate improved
chronic rhinosinusitis with co-morbid asthma: re-
port of a case. Asian Pac J Allergy Immunol.
2013; 31: 84-87. PubMed

Harvey RJ, Schlosser RJ. Local drug delivery.
Otolaryngol Clin North Am. 2009; 42: 829-845,
ix. PubMed

Haruna S, Otori N, Moriyama H, Nakanishi M.
Olfactory dysfunction in sinusitis with infiltration
of numerous activated eosinophils. Auris Nasus
Larynx. 2006; 33: 23-30. CrossRef PubMed
Scheibe M, Bethge C, Witt M, Hummel T. Intrana-
sal administration of drugs. Arch Otolaryngol
Head Neck Surg. 2008; /34: 643-646. CrossRef
PubMed

Hyo N, Takano H, Hyo Y. Particle deposition effi-
ciency of therapeutic aerosols in the human max-
illary sinus. Rhinology. 1989; 27: 17-26. PubMed
Blomgqvist EH, Lundblad L, Anggdrd A, Haralds-
son PO, Stjirne P. A randomized controlled study
evaluating medical treatment versus surgical
treatment in addition to medical treatment of nasal
polyposis. J Allergy Clin Immunol. 2001; /07:
224-228. CrossRef PubMed

Valera FC, Anselmo-Lima WT. Evaluation of ef-
ficacy of topical corticosteroid for the clinical
treatment of nasal polyposis: searching for clini-
cal events that may predict response to treatment.
Rhinology. 2007; 45 59-62. PubMed

Shu CH, Lee PL, Shiao AS, Chen KT, Lan MY.
Topical corticosteroids applied with a squirt sys-
tem are more effective than a nasal spray for ste-
roid-dependent olfactory impairment. Laryngo-
scope. 2012; 122: 747-750. CrossRef PubMed
Ishitoya J, Sakuma Y, Tsukuda M. Eosinophilic
chronic rhinosinusitis in Japan. Allergol Int. 2010;
59:239-245. CrossRef PubMed

Ohbayashi H, Adachi M. Hydrofluoroalkane-be-
clomethasone dipropionate effectively improves
airway eosinophilic inflammation including the

(21]

distal airways of patients with mild to moderate
persistent asthma as compared with fluticasone
propionate in a randomized open double-cross
study. Allergol Int. 2008; 57: 231-239. CrossRef
PubMed

Kim HY, So YK, Dhong HJ, Chung SK, Choi DC,
Kwon NH, Oh MJ. Prevalence of lower airway
diseases in patients with chronic rhinosinusitis.
Acta Otolaryngol Suppl. 2007; 558: 110-114.
PubMed



Copyright of International Journal of Clinical Pharmacology & Therapeuticsis the property of
Dustri-Verlag Dr. Karl Feistie GmbH & Co., KG and its content may not be copied or
emailed to multiple sites or posted to a listserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.



