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The effect of Theophylline in patients with allergic rhinitis: a double-blind, randomised, crossover study.
Background
Allergic rhinitis and asthma are considered as components of ‘one airway disease’. We hypothesize that treatment with low dose theophylline in persistent allergic rhinitis is likely to improve the total nasal symptom scores and there by demonstrate a clinically meaningful difference.
Theophylline is known to have anti-inflammatory properties and potentiate the effects of corticosteroid by modifying HDAC expression. It improves symptoms following a nasal allergen challenge and therefore, we hypothesised that it would improve rhinitis symptoms in a clinical setting.
Methodology
This was a double-blind, randomised placebo controlled crossover design study of oral theophylline 200 mg twice a day for 4 weeks in x patients with allergic rhinitis. Primary outcome was Total Nasal Symptom Score (TNSS) after 4 weeks. Secondary endpoints were differences in the domiciliary average TNSS, differences in nasal peak inspiratory flow (PnIF) at study visits, differences in domiciliary nasal peak inspiratory flow and Sinu-Nasal Outcome Test (SNOT)-22.
Results
There was no significant (p=0.276) difference in the TNSS following 4 weeks of theophylline treatment (mean (SD), 4.90(±3.08)) compared to placebo (mean (SD), 4.14(±2.33)). PnIF in the Theophylline period was 112.38(±43.49) L/min compared to the placebo 122.86( ±53.77) L/min, p=0.171. There was no change in the SNOT-22 (p=0.867) between treatment but there was a non-significant improvement with Theophylline (39.00 ±19.78) compared to placebo (38.00±19.63) treatment. There was a non-significant improvement in the domiciliary TNSS between Theophylline (3.53±2.35) and placebo (2.81±2.46). 
Conclusion
Theophylline did not improve symptoms scores in patients with persistent allergic rhinitis. There were non-significant improvements in TNSS and SNOT-22 and domiciliary nasal scores suggesting larger studies could investigate this further. 
INTRODUCTION
Allergic Rhinitis is a global health problem with over 500 million people affected around the world (1). The symptoms of rhinitis have a significant impact on productivity at work, sleep quality and social life. Asthma and rhinitis often co-exist and these two conditions can be considered manifestations of a single disease. In patients with rhinitis, prevalence of asthma varies from 10 to up to 40% and those with persistent rhinitis most at risk (2-5). Patients who have allergic rhinitis and asthma are at increased risk of asthma attacks and asthma related emergency care visits compared to patients with asthma alone (6). The burden on cost is high in patients with concomitant allergic rhinitis and asthma with high health care utilisation costs, medication costs and more frequent absence from work and decreased productivity(7). 
Pharmacotherapy remains as the mainstay of management in allergic rhinitis and allergic asthma. Allergen avoidance when used as a single modification has not demonstrated any difference in clinical outcomes(8, 9). Theophylline, has been used as a bronchodilator in asthma for decades but more recently its anti-inflammatory properties have been identified. Several molecular mechanisms of action of theophylline have been of clinical interest and one of which is its ability to enhance histone deacetylase activity (HDAC) at low doses(10). This mechanism has been found to be independent of the phosphodiesterase mechanism which results in a bronchodilator effect(11). In patients with steroid resistant refractory asthma decreased histone deacetylase-2 (HDAC-2) expression is thought to be an important mechanism of steroid resistance(12). Oxidative and nitrative stress have been implicated to play a vital role in modulating HDAC (13). Furthermore, in an allergen challenge model in patients with seasonal rhinitis, theophylline reduced nasal symptom score in a randomised cross over trial compared to baseline and placebo period(14). We hypothesised, therefore that patients with persistent rhinitis, still remaining symptomatic despite intranasal corticosteroid therapy, would gain symptomatic benefit from low dose theophylline and this would be related to HDAC expression. In the study by Evans et al, 1997 (15) which compared low dose inhaled budesonide plus theophylline to high dose inhaled budesonide, greater effects with the theophylline combination were seen in terms of pulmonary function and bronchial hyper responsiveness at serum concentrations of theophylline that were sub therapeutic in terms of bronchodilatory properties(8.7mg/ml). Anti-inflammatory effects are seen in patients with chronic obstructive pulmonary disease at theophylline concentrations that are sub therapeutic (16). We chose low-dose theophylline, 200mg twice a day as per previous studies in asthma (15, 17), given its effect in sub-therapeutic concentrations and the propensity to develop adverse events at higher doses
METHODS
Design
This was a single centre double- blind, randomised, placebo-controlled cross-over study of the effects of theophylline in 21 patients with perennial allergic rhinitis conducted between February 2010 and July 2012, Norwich, U.K. Following assessment for suitability for the study, patients received either oral placebo or oral theophylline twice daily for a period of 4 weeks. The participants were followed up with a phone call after 2 weeks to check for any adverse events. Follow up assessments were performed after 4 weeks of intervention, which included measurement of serum theophylline concentration. After a wash out period of 2 to 4 weeks, participants received the second intervention taking either theophylline or placebo twice daily orally 12 hours apart for a period of 4 weeks. Patients in the study continued with their “usual care”, which includes use of nasal corticosteroids and oral antihistamines. 
[bookmark: _Toc288639182]Study Visits
Participants
Eligible participants were all men or women aged between 16 and 65 years and weighing 50 to 150 kilograms. They all had evidence of perennial allergy confirmed by either a RAST allergy test or skin prick test to positivity to one of the perennial allergens including house dust mite and animal dander (cat or dog). Patients with a seasonal component to their symptoms were enrolled out of the relevant pollen season.  Patients were permitted to take oral antihistamines. In those with asthma, inhaled beta two agonists, both short and long acting formulations were permitted as were inhaled corticosteroids up to a dose of two milligrams per day and oral montelukast. Those who needed oral antibiotics for any reason during the intervention period were withdrawn from the study. Patients on medications, which are known to interact with theophylline, were not included in the study. If patients had history of asthma spirometry was performed.
All eligible participants attended the research clinic between two to six week period when total nasal symptom scores, peak nasal inspiratory flow assessment and sino-nasal outcome test-22 questionnaire were completed. Study medication was dispensed with clear instructions, participants maintained a diary card of nasal symptoms and were provided with a domiciliary peak nasal inspiratory flow meter to record the readings. 
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Patients were randomised to receive oral administration of one capsule of theophylline 200 mgs as Uniphyllin continus ® 200 mg twice daily (Napp Pharmaceuticals, Cambridge, U.K) followed by identical placebo (Ipswich hospital pharmacy, Ipswich, U.K) twice a day for 4 weeks or placebo followed by Uniphyllin continus.  The randomisation sequence was generated by our study statistician Dr Allan Clark using random number generation. The randomisation code was given to the study pharmacist who allocated the treatments to the patients so that the investigators remained blind.   
A protocol amendment was approved to reduce the dose to 200mg daily for patients with side effects of nausea, headaches and palpitations. Compliance with the interventional medicinal product was assessed using the diary card entries of participants, counting the returned medications and measuring serum theophylline concentration.
Randomisation
Sequence generation
Randomisation was performed by the study statistician using a random number generation code. The manufacturers of the medication received the randomisation codes directly from the study statistician. Independent specialist clinical trial pharmacists who were blinded to the investigational product dispensed either the placebo or theophylline based on the randomisation list. 
Randomisation: Allocation concealment mechanism
Study intervention medications were packed in sequentially numbered identical bottles. The investigators did not have access to the codes, which were kept in the pharmacy department. Access for emergency unblinding procedures was in place.
Randomisation: Implementation
The randomisation sequence was generated by our study statistician using random number generation.  After obtaining informed consent and checking suitability for the study by the investigator, a prescription was issued for the next available number in sequence to pharmacy department of Norfolk and Norwich Hospital. The study medication was dispensed by highly specialised clinical trials pharmacist on the day of research clinic.
Measurements
Statistical methods
A comparison of the active and placebo treatment periods was be performed using a random effects model, where the patient is included as a random effect(18). This model allowed us to adjust for baseline measurements.
RESULTS
Baseline characteristics
The intention-to-treat analysis included 27 randomised participants, (10 male). Mean (SD) age of patients was 44(±14) years. Mean (SD) body mass index was 27.29 (±5.66) kg/m2. Mean (SD) total nasal symptom score was 4.51 (±2.79), Peak nasal inspiratory flow was 127.44 (±47.17) litres /min. Mean (SD) Sino Nasal Outcome test-22 was 40.85 (±14.76).
Primary Endpoint
There was no significant (p=0.276) difference in the total nasal symptom scores (TNSS) during theophylline treatment period, mean (SD), 4.90 (±3.08) and placebo period, mean (SD), 4.14 (±2.33) (Table 2, Figure 2 A, B). The intention-to-treat analysis results were in keeping with the per protocol analysis.
Secondary End points
Peak Nasal Inspiratory flow (PnIF) in the theophylline period was 112.4(±43.5) compared to the placebo period 122.9 (±53.8), p=0.171 which was non-significant (Table 2). 
There was no change in the Sino-Nasal Outcome test (p=0.867) between treatment periods, theophylline (39.00 ±19.78) compared to placebo (38.00±19.63) treatment period (Table 2). There was a non-significant improvement in the domiciliary total nasal symptom scores (TNSS) between theophylline (3.5±2.3) and placebo (2.8±2.5). There were no significant improvements in any of the components of TNSS (Table 3). Nasal scrape samples were stained with HDAC2 antibodies and the signals were very week. The intention-to-treat analysis results for both the secondary outcomes were in keeping with the per protocol analysis.
Adverse Events
15.38% of patients who received theophylline (4/26) and 8.0% of patients who received placebo (2/25) withdrew from the study due to adverse event (Table 4). 
There were two serious adverse events; one participant was admitted to the hospital with an asthma exacerbation after screening and consenting but prior to receiving the interventional product and was withdrawn. One participant was admitted with an asthma exacerbation during placebo washout period and recovered to continue in the study. Emergency unblinding was not performed during the study for any adverse events.
DISCUSSION
In this study low-dose theophylline had no significant effects on Total Nasal Symptom scores, Rhinosinusitis symptoms measured with SNOT-22 questionnaire and nasal patency assessed using peak nasal inspiratory flow. Although patients had a greater improvement in the total nasal symptom scores, sino-nasal outcome test and domiciliary nasal scores none of these improvements reached statistical significance. 
Inflammatory mechanisms underlying Asthma and Allergic Rhinitis mirror each other. Concomitant rhinitis and sinusitis in patients with asthma is associated with more exacerbations (19). Hence optimal control of rhinitis and sinusitis impacts on favourable asthma control outcomes. HDAC2 expression has been studied in peripheral blood, alveolar macrophages from sputum samples and bronchial biopsies. Nasal mucosal in vitro studies have evaluated role of HDAC from nasal polyposis tissues (20). However nasal scraping and evaluation of HDAC has not been evaluated in clinical trials. In our study due to scanty cells, HDAC2 expression from nasal scrape samples obtained from patients with persistent allergic rhinitis could not be quantified. More refined techniques to evaluated this protein from minimal quantity of sample are needed. 
In a recent study by Oka et al, 2014 around 66% of patients with uncontrolled asthma (asthma control questionnaire >0.75) had moderate-severe persistent allergic rhinitis and their asthma control improved when treated with nasal corticosteroids (21).  However steroid resistance in persistent allergic rhinitis has been reported. Close to 46% of patients with persistent rhinitis exhibit resistance to inhaled nasal corticosteroids (22). Mechanisms that reduce steroid responsiveness may be similar to that of asthma. The role of anti-inflammatory effects and mechanisms of theophylline in overcoming steroid resistant asthma are better understood but there is a paucity of data evaluating the role of theophylline in allergic rhinitis. 
Data from the present study do not demonstrate significant improvements in total nasal symptoms scores in patients with persistent rhinitis. HDAC2 inactivation is related to a current smoking habit in asthma (23). To this end it may be desirable to study this effect in allergic rhinitis. However we were unable to proceed with HDAC2 analysis in nasal scrape biopsy due to insufficient quantities of cells. Moreover there were fewer smokers among our participants to detect this effect and the study was not powered to detect the effect of smoking. 
Conclusion
Low-dose theophylline in patients with persistent rhinitis failed to improve clinical symptoms as an add-on therapy. Further studies are needed to address the role of theophylline in rhinitis at an even lower dose of 200 mg once daily and to refine HDAC2 evaluation from nasal scrape samples.
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