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ABSTRACT

Background: Chronic rhinosinusitis (CRS) is a common disease in the United States. There are a significant number of patients with CRS who are
refractory to standard medical and surgical therapy. Many of these patients also have comorbid allergic rhinitis (AR) and asthma, although the underlying

pathophysiology that connects these three conditions remains unclear.

Obijective: The goal of this article is to review the relationships among CRS, AR and asthma.

Methods: Scientific literature that addresses the prevalence of AR and asthma in CRS populations, the effect of AR and asthma on CRS disease severity,
and whether treatment of AR and asthma can affect CRS outcomes was reviewed.

Results: The literature supports the relationship between AR and CRS, but there is no direct evidence of causality the between the two conditions. There
is a high prevalence of CRS in patients with asthma and the presence of CRS is associated with worse asthma outcomes. There is weak evidence that treatment
of CRS may improve asthma outcomes. Targeting type 2 inflammation via biologics is being investigated in the treatment of asthma and CRS.

Conclusion: AR, asthma, and CRS are closed related and understanding the associations among these comorbid diseases will have significant clinical

implication.

hronic rhinosinusitis (CRS) is a common disease, which impacts
~12 to 14% of the population in the United States.!? The
association among allergic rhinitis (AR), asthma, and CRS has long
been observed, but the mechanism remains unclear. The goal of this
review was to further examine the connections among these diseases
and whether guiding the management accordingly can improve out-
comes in patients with CRS.

EPIDEMIOLOGIC CONNECTION

Prevalence of Atopy in CRS

There have been numerous studies that showed that atopy is more
prevalent in populations with CRS. The prevalence of positive skin-
prick testing results ranges from 50 to 84%.3-° Some studies showed
that perennial allergens, including molds, dust mites, and animals,
may play a more significant role than seasonal allergens, which
indicates that aggressive treatment of these allergies may improve
CRS outcomes.* The majority of patients with CRS are sensitized to
multiple allergens, which indicates that control of multiple allergy
risk factors through environment, pharmacologic, and immunother-
apy interventions may improve CRS symptoms.” Other data about
patients with CRS refractory to medical management alone showed
that there was a high prevalence of atopy but similar to those in the
control rhinitis group and that no specific allergen group seemed to
predispose patients to CRS.> Moreover, there is no convincing evi-
dence in the literature that atopy is causative in CRS.

Connection between Atopy and Severity of CRS

According to data from Geisinger Clinic primary care patients,
patients with CRS had a higher prevalence of premorbid AR and
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chronic rhinitis.® Given the high prevalence of atopy in patients with
CRS, it has been postulated that atopy and AR contribute to the
severity of CRS. In pediatric patients who underwent functional
endoscopic sinus surgery, their recovery time after surgery was sig-
nificantly longer if they had a history of AR compared with those who
did not.” When measuring CRS severity by sinus computed tomog-
raphy (CT), there were mixed results related to atopy. In studies that
looked at severe CRS, the extent of disease radiographically was
significantly correlated with peripheral eosinophilia and the presence
of atopy.'011

In patients refractory to medical management alone, Batra et al.’?
found that those with inhalant allergies had a higher mean Lund-
Mackay score than those without inhalant allergies. Ramadan et al.13
noted similar findings and found that patients with allergy and with
CRS had higher CT scores (mean score, 12) when compared with
patients without allergy and with CRS (mean score, 6). Robinson et
al.** also found that the mean Lund-Mackay score was higher in those
with atopy than in those without atopy, although this difference
disappeared when patients were grouped by those with CRS with
nasal polyps (CRSWNP) and those with CRS without nasal polyps
(CRSsNP). Pearlman et al.’> showed no significant difference between
the mean Lund-Mackay score and the presence of atopy when com-
paring patients with CRSWNP and patients with CRSsNP. Similarly,
Tan et al.5 found that there was no difference in Lund-Mackay scores
among patients with atopy and with CRS and patients without atopy
with CRS who were undergoing sinus surgery. These studies indicate
evidence of an association between allergy and CRS, but there is no
direct evidence of causality between the two conditions. The discrep-
ancies among these studies is likely at least partially due to the
inaccuracy of the Lund-Mackay scoring system in measuring the
extent of sinus disease. A different approach that uses a volumetric
scoring system may better reflect the true severity of sinus disease.

Does Treating Allergy Improve Outcomes in CRS?

Given the high prevalence of atopy in CRS and the possible asso-
ciation with disease severity, some researchers have started to inves-
tigate whether treatment of atopy improves CRS outcomes. Thus far,
there are limited data in this area. One of the most effective treatments
of AR is immunotherapy. DeYoung et al.'® conducted a systematic
review of the efficacy of immunotherapy in CRS. They found that the
symptom scores generally improved in patients treated with immu-
notherapy compared with baseline data and with control patients.
Objectively, they looked at endoscopic examination and sinus CT
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scoring before and after immunotherapy, and observed improvement
over the short term. They also noted a decreased need for revision
surgeries, interventional office visits, and intranasal and oral steroid
use. Their conclusions were limited by the amount of data available to
analyze, but they concluded that there is weak evidence to support
the use of immunotherapy as an adjunctive treatment for patients
with CRS. The positive preliminary data from this review should
encourage further research in this domain.

ASTHMA AND CRS CONNECTION

Prevalence Studies

The prevalence of asthma has been shown to be increased in
patients with CRS. From the Global Allergy and Asthma European
Network survey in Europe, the median prevalence of asthma in all 19
centers was 8.6% and ranged from 5.2% to 16.8%, and asthma was
found to be less common in the older age group (age, 65-74 years).
There was a strong association between asthma and CRS, which was
even stronger in those who reported both CRS and AR.'” Those with
CRS without nasal allergies had lower rates of early onset asthma and
higher rates of late onset asthma. Likewise, results of studies demon-
strated a high prevalence of CRS in patients with asthma. In one
study, all the patients with severe asthma had an abnormal sinus CT
compared with 88% of the patients with mild-to-moderate asthma.
Patients with severe asthma had worse sinus disease both symptom-
atically and radiographically.'® Another study of patients with severe
asthma showed that 84% of patients with severe asthma had an
abnormal sinus CT.1

Asthma, CRS, and Disease Severity

According to multiple studies, the presence of CRS is associated
with worse asthma outcomes. A study by Ek et al.?° that used the
Global Allergy and Asthma European Network survey data sought to
evaluate the impact of CRS on the quality of life of subjects with
asthma. The researchers found that those with CRS and asthma had
a lower forced expiratory volume in 1 second predicted and percent-
age forced vital capacity predicted than patients with asthma alone.
Patients with CRS and asthma were more likely to have had increased
asthma symptoms over the past month and worse quality-of-life
scores than those with asthma alone. A study that characterized
patients with severe asthma showed that 54% of patients with severe
asthma had a history of rhinosinusitis versus 33 to 37% in the non-
severe groups.?! In addition, there is a direct correlation between CRS
severity and asthma severity. Patients with severe nasal sinus disease
tend to have more frequent asthma exacerbations.?> Rhinosinusitis is
a comorbidity associated with severe asthma, and CRS is one of the
factors that is reported significantly more often in patients with
moderate and severe asthma who have frequent exacerbations com-
pared with patients with asthma and with fewer exacerbations.?!3

Similarly, the presence of asthma has been associated with worse
sinus disease. Compared with patients without asthma, patients with
asthma demonstrated significantly higher endoscopy and sinus CT
severity scores as well as higher absolute eosinophil counts and total
immunoglobulin E levels.'? Lin et al.>* found a strong relationship
between asthma severity and advancing radiologic severity of CRS on
sinus CT. Those with moderate-to-severe asthma were shown to have
worse sinus disease than those with mild asthma, with significantly
higher mean Lund-Mackay scores.* Pearlman et al.'> showed that
atopic status does not seem to significantly affect this trend because
the mean Lund-Mackay score was shown to be highest in patients
without atopy and with asthma, followed by patients with atopy and
asthma.
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Does Treatment of Sinonasal Disease Improve
Asthma Outcomes?

Given the strong association between asthma and CRS, the question
is raised of whether treatment of one condition may improve out-
comes in the other. The American Lung Association-Asthma Clinical
Research Centers” Writing Committee et al.?> designed a study to
determine whether treatment of sinonasal conditions with nasal ste-
roids improves asthma control. Patients were randomized to nasal
mometasone or placebo for a 24-week period, and outcomes were
measured in terms of a change in Asthma Control Test score, meth-
acholine reactivity, asthma symptoms and related quality of life,
rhinitis and/or sinusitis symptoms and related quality of life, and
asthma control. In adults, there was a small decrease in asthma
symptoms after using mometasone but no difference in asthma-
related quality of life, lung function, or episodes of poorly controlled
asthma. They concluded that there was no significant improvement in
asthma control from treatment of sinonasal disease with nasal corti-
costeroids.

Multiple studies examined whether surgical treatment of CRS can
improve symptoms of comorbid lower airway disease.?¢->° One study
looked at 15 patients who required functional endoscopic sinus sur-
gery for CRS and found that they required a decreased number of
days and decreased total dosage of prednisone in the postoperative
year compared with the preoperative year.?” Another study looked at
more objective measures of improvement in lower airway disease
after functional endoscopic sinus surgery and showed that patients
had improvement in symptoms and a significant increase in their
peak expiratory flow after surgery.?® Finally, a prospective random-
ized study compared medical and surgical therapy for 43 patients
with CRS and concomitant asthma by comparing symptoms, control,
forced expiratory volume in 1 second, peak flow, exhaled nitric oxide,
medication use, and hospitalizations.?” They found that overall
asthma control improved significantly after medical and surgical
therapies but that response was better maintained after medical ther-

apy.29

Use of Biologics in Treatment of Asthma and CRS

Targeting type 2 inflammation via blocking interleukin (IL)-4 or
IL-5 signaling pathways is an approach that has been investigated to
reduce the eosinophilic inflammation in patients with asthma and
CRSWNP. In several placebo-controlled, double-blind studies, me-
polizumab, a humanized anti-IL-5 monoclonal antibody, was shown
to reduce the risk of asthma exacerbations, reduce sputum and blood
eosinophil counts, and improve quality of life in patients with severe
eosinophilic asthma.30-32 In those with severe nasal polyposis, mepoli-
zumab improved the nasal polyp endoscopy score and showed a
significant reduction in nasal polyp size for at least 1 month after
dosing.®® Reslizumab therapy, another humanized anti-IL-5 mono-
clonal antibody, showed a significant reduction in sputum eosino-
phils and in the frequency of asthma exacerbations in patients with
moderate-to-severe eosinophilic asthma not controlled on inhaled
corticosteroids.?#3> Reslizumab has also demonstrated reduction in
polyp size, after one injection, in 50% of patients with nasal polyps.
This effect was greater in those with higher baseline IL-5 concentra-
tions in their nasal secretions.?®

Benralizumab, an anti-IL-5 receptor a monoclonal antibody,
decreased airway mucosal, sputum, and blood eosinophil counts in
a phase 1 study and has been shown to have an acceptable adverse
effect profile.37% In a phase 2b study that looked at patients with
uncontrolled asthma on inhaled corticosteroids and long-acting 8
agonists, those with baseline elevated sputum or blood eosinophils
had reduced exacerbation rates with benralizumab compared with
placebo.? Dupilumab, a monoclonal antibody to the a subunit of
the IL-4 receptor, demonstrated reduced asthma exacerbations and
improved respiratory symptoms and lung function in patients with
moderate-to-severe asthma and with elevated eosinophils,*’ and
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sinonasal symptoms also improved in patients on dupilumab com-
pared with placebo in the study. Dupilumab has recently been
studied in patients with CRSWNP, although the results have not
been published to date. Finally, omalizumab, an anti-immuno-
globulin E monoclonal antibody, has shown benefit in patients
with CRSWNP. Omalizumab produced a significant decrease in
total nasal endoscopic polyp scores after 16 weeks compared with
placebo in patients with nasal polyps and comorbid asthma.*!
Omalizumab is currently approved for use in moderate-to-severe
asthma; however, the other medications mentioned are not ap-
proved at the present time by the U.S. Food and Drug Adminis-
tration for asthma or CRSwNP.

CONCLUSIONS

AR, asthma, and CRS appear to be strongly connected with each
other. Although the findings that concern atopy and CRS severity
have been mixed, the preliminary data on immunotherapy seems
to show promise in improving outcomes in CRS. Studying
CRSwNP and CRSsNP as separate entities may help to elucidate
further how AR affects CRS because the underlying disease mech-
anisms may be different. Asthma and CRS are clearly associated,
and studies that showed improved asthma outcomes after treat-
ment of CRS as well as the promise of targeted biologic therapies
are encouraging. More research needs to be done to further char-
acterize the complex relationship between upper and lower airway
disease.

Recent studies that used anti-IL-5 targeted therapies in asthma
showed decreased asthma exacerbations and improved pulmonary
function in patients with eosinophilic asthma.3'-3> Two small pilot
studies of anti-IL-5 monoclonal antibodies (mepolizumab and resli-
zumab) in patients with CRSwNP showed reduced eosinophilic
markers in nasal secretions and serum, but clinical efficacy was noted
in only 50% of the patients.3637

REFERENCES

1. Shashy RG, Moore EJ, and Weaver A. Prevalence of the chronic
sinusitis diagnosis in Olmsted County, Minnesota. Arch Otolaryngol
Head Neck Surg 130:320-323, 2004.

2. Halawi AM, Smith SS, and Chandra RK. Chronic rhinosinusitis:
Epidemiology and cost. Allergy Asthma Proc 34:328-334, 2013.

3. Sedaghat AR, Phipatanakul W, and Cunningham M]J. Characteriza-
tion of aeroallergen sensitivities in children with allergic rhinitis and
chronic rhinosinusitis. Allergy Rhinol (Providence) 5:143-145, 2014.

4. Gutman M, Torres A, Keen K], and Houser SM. Prevalence of allergy
in patients with chronic rhinosinusitis. Otolaryngol Head Neck Surg
130:545-552, 2004.

5. Tan BK, Zirkle W, Chandra RK, et al. Atopic profile of patients failing
medical therapy for chronic rhinosinusitis. Int Forum Allergy Rhinol
1:88-94, 2011.

6. Kennedy DW. Prognostic factors, outcomes and staging in ethmoid
sinus surgery. Laryngoscope 102(pt. 2 suppl.57):1-18, 1992.

7. Emanuel IA, and Shah SB. Chronic rhinosinusitis: Allergy and sinus
computed tomography relationships. Otolaryngol Head Neck Surg
123:687-691, 2000.

8. Tan BK, Chandra RK, Pollak J, et al. Incidence and associated pre-
morbid diagnoses of patients with chronic rhinosinusitis. ] Allergy
Clin Immunol 131:1350-1360, 2013.

9. Lee TJ, Liang CW, Chang PH, and Huang CC. Risk factors for
protracted sinusitis in pediatrics after endoscopic sinus surgery. Au-
ris Nasus Larynx 36:655-660, 2009.

10. Hoover GE, Newman L], Platts-Mills TA, et al. Chronic sinusitis: Risk
factors for extensive disease. ] Allergy Clin Immunol 100:185-191,
1997.

11. Newman LJ, Platts-Mills TA, Phillips CD, et al. Chronic sinusitis.
Relationship of computed tomographic findings to allergy, asthma,
and eosinophilia. JAMA 271:363-367, 1994.

12. Batra PS, Tong L, and Citardi MJ. Analysis of comorbidities and
objective parameters in refractory chronic rhinosinusitis. Laryngo-
scope 123(suppl. 7):51-511, 2013.

46

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Ramadan HH, Fornelli R, Ortiz AO, and Rodman S. Correlation of
allergy and severity of sinus disease. Am ] Rhinol 13:345-347, 1999.
Robinson S, Douglas R, and Wormald PJ. The relationship between
atopy and chronic rhinosinusitis. Am J Rhinol 20:625-628, 2006.
Pearlman AN, Chandra RK, Chang D, et al. Relationships between
severity of chronic rhinosinusitis and nasal polyposis, asthma, and
atopy. Am ] Rhinol Allergy 23:145-148, 2009.

DeYoung K, Wentzel JL, Schlosser R], et al. Systematic review of
immunotherapy for chronic rhinosinusitis. Am J Rhinol Allergy 28:
145-150, 2014.

Jarvis D, Newson R, Lotvall J, et al. Asthma in adults and its associ-
ation with chronic rhinosinusitis: The GA2LEN survey in Europe.
Allergy 67:91-98, 2012.

Bresciani M, Paradis L, Des Roches A, et al. Rhinosinusitis in severe
asthma. J Allergy Clin Immunol 107:73-80, 2001.

ten Brinke A, Grootendorst DC, Schmidt JT, et al. Chronic sinusitis in
severe asthma is related to sputum eosinophilia. J Allergy Clin Im-
munol 109:621-626, 2002.

Ek A, Middelveld RJ, Bertilsson H, et al. Chronic rhinosinusitis in
asthma is a negative predictor of quality of life: Results from the
Swedish GA(2)LEN survey. Allergy 68:1314-1321, 2013.

Moore WC, Bleecker ER, Curran-Everett D, et al. Characterization of
the severe asthma phenotype by the National Heart, Lung, and Blood
Institute’s Severe Asthma Research Program. J Allergy Clin Immunol
119:405-413, 2007.

ten Brinke A, Sterk PJ, Masclee AA, et al. Risk factors of frequent
exacerbations in difficult-to-treat asthma. Eur Respir ] 26:812-818,
2005.

Ivanova JI, Bergman R, Birnbaum HG, et al. Effect of asthma exacer-
bations on health care costs among asthmatic patients with moderate
and severe persistent asthma. ] Allergy Clin Immunol 129:1229-1235,
2012.

Lin DC, Chandra RK, Tan BK, et al. Association between severity of
asthma and degree of chronic rhinosinusitis. Am ] Rhinol Allergy
25:205-208, 2011.

American Lung Association—Asthma Clinical Research Centers’ Writ-
ing Committee, Dixon AE, Castro M, et al. Efficacy of nasal mome-
tasone for the treatment of chronic sinonasal disease in patients with
inadequately controlled asthma. J Allergy Clin Immunol 135:701—
709.e5, 2015.

Peters AT, Spector S, Hsu ], et al. Diagnosis and management of
rhinosinusitis: A practice parameter update. Ann Allergy Asthma
Immunol 113:347-385, 2014.

Palmer JN, Conley DB, Dong RG, et al. Efficacy of endoscopic sinus
surgery in the management of patients with asthma and chronic
sinusitis. Am J Rhinol 15:49-53, 2001.

Ikeda K, Tanno N, Tamura G, et al. Endoscopic sinus surgery im-
proves pulmonary function in patients with asthma associated with
chronic sinusitis. Ann Otol Rhinol Laryngol 108:355-359, 1999.
Ragab S, Scadding GK, Lund V], and Saleh H. Treatment of chronic
rhinosinusitis and its effects on asthma. Eur Respir ] 28:68-74, 2006.
Haldar P, Brightling CE, Hargadon B, et al. Mepolizumab and exac-
erbations of refractory eosinophilic asthma. N Engl ] Med 360:973—-
984, 2009.

Pavord ID, Korn S, Howarth P, et al. Mepolizumab for severe eosin-
ophilic asthma (DREAM): A multicentre, double-blind, placebo-con-
trolled trial. Lancet 380:651-659, 2012.

Nair P, Pizzichini MM, Kjarsgaard M, et al. Mepolizumab for pred-
nisone-dependent asthma with sputum eosinophilia. N Engl ] Med
360:985-993, 2009.

Gevaert P, Van Bruaene N, Cattaert T, et al. Mepolizumab, a human-
ized anti-IL-5 mAb, as a treatment option for severe nasal polyposis.
J Allergy Clin Immunol 128:989-995.e1-e8, 2011.

Castro M, Mathur S, Hargreave F, et al. Reslizumab for poorly
controlled, eosinophilic asthma: A randomized, placebo-controlled
study. Am ] Respir Crit Care Med 184:1125-1132, 2011.

Castro M, Zangrilli ], Wechsler ME, et al. Reslizumab for inade-
quately controlled asthma with elevated blood eosinophil counts:
Results from two multicentre, parallel, double-blind, randomised,
placebo-controlled, phase 3 trials. Lancet Respir Med 3:355-366, 2015.
Gevaert P, Lang-Loidolt D, Lackner A, et al. Nasal IL-5 levels deter-
mine the response to anti-IL-5 treatment in patients with nasal pol-
yps. ] Allergy Clin Immunol 118:1133-1141, 2006.

January-February 2016, Vol. 30, No. 1



37.

38.

39.

Laviolette M, Gossage DL, Gauvreau G, et al. Effects of benralizumab
on airway eosinophils in asthmatic patients with sputum eosino-
philia. J Allergy Clin Immunol 132:1086-1096.e5, 2013.

Busse WW, Katial R, Gossage D, et al. Safety profile, pharmacokinet-
ics, and biologic activity of MEDI-563, an anti-IL-5 receptor alpha
antibody, in a phase I study of subjects with mild asthma. ] Allergy
Clin Immunol 125:1237-1244.e2, 2010.

Castro M, Wenzel SE, Bleecker ER, et al. Benralizumab, an anti-
interleukin 5 receptor alpha monoclonal antibody, versus

American Journal of Rhinology & Allergy

40.

41.

placebo for uncontrolled eosinophilic asthma: A phase 2b
randomised dose-ranging study. Lancet Respir Med 2:879-890,
2014.

Wenzel S, Ford L, Pearlman D, et al. Dupilumab in persistent
asthma with elevated eosinophil levels. N Engl ] Med 368:2455-
2466, 2013.

Gevaert P, Calus L, Van Zele T, et al. Omalizumab is effective in
allergic and nonallergic patients with nasal polyps and asthma. J
Allergy Clin Immunol 131:110-116.e1, 2013. ]

47



Copyright of American Journal of Rhinology & Allergy isthe property of OceanSide
Publications Inc. 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 individua use.



