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Purpose: Allergic rhinitis (AR) affects ~20% of the population worldwide. The objectives of 

this study were to evaluate the safety and efficacy of iodixanol nasal solution (Nasapaque) for 

AR treatment, using the Allergen BioCube® (ABC®), an environmental exposure unit. Iodixanol 

is a commonly used contrast media agent that shows efficacy on the signs and symptoms of AR.

Patients and methods: Seventy-three adult subjects with AR were randomized to iodixanol 

or placebo treatment in a double-masked efficacy and safety study conducted outside of ragweed 

pollen season. In-office treatment was administered after BioCube® ragweed pollen exposure, 

and again 8 days later prior to ragweed exposure. Nasal and ocular efficacy and safety assess-

ments were conducted before and after treatment.

Results: Iodixanol treatment resulted in statistically significantly lower total nasal symptom 

scores as compared to placebo at several time points post-treatment and ABC exposure. Indi-

vidual nasal and ocular symptoms, notably nasal itching and ocular itching, showed evidence 

of lower scores in the iodixanol group. Peak nasal inspiratory flow (PNIF) improved (9%–16%) 

with iodixanol from baseline as compared to PNIF in the placebo group which ranged from 3% 

worsening to improvement of 2%. Few (9) adverse events occurred.

Conclusion: Iodixanol nasal solution demonstrated efficacy for relief of several nasal and 

ocular allergic rhinoconjunctivitis signs and symptoms, and was safe and well tolerated in this 

early Phase II exploratory trial. Further studies with iodixanol are warranted. Allergy challenge 

models such as the ABC provide valuable assessments of allergen exposures and drug efficacies.

Study Identification Number: NCT02377895

Keywords: allergic rhinitis, contrast media agent, allergy, environmental exposure unit

Introduction
Allergic rhinitis (AR) affects about 10%–30% of Americans and up to 40% of the 

global population.1–4 Although formerly regarded as a nuisance disease, AR has a 

considerable effect on quality of life and can have significant consequences if left 

untreated.

An immunologic response modulated by IgE, AR is triggered by indoor and/or 

outdoor allergens such as dust mites, molds, pet dander, and ragweed, grass, or tree 

pollens. The AR response proceeds through both an early/acute phase and a late phase 

response. The acute phase, developing within minutes of exposure, is activated when 

an allergen crosslinks with an IgE antibody bound to mucosal mast cells, triggering 

a release of inflammatory mediators (histamine, prostaglandins, and leukotrienes). 
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This results in a range of AR symptoms including sneezing, 

nasal pruritus, congestion, rhinorrhea, and itchy, watery eyes. 

The late phase response initiates 6–12 hours post-exposure, 

peaking at 12–24 hours. During the late phase response, 

inflammatory mediators attract, recruit, and activate addi-

tional inflammatory cells into the nasal mucosa, leading to 

the release of more inflammatory mediators.

Current AR therapies include H
1
 antihistamines, intra-

nasal corticosteroids, nasal decongestants, and oral decon-

gestants. Here we present a study investigating iodixanol 

nasal solution as a potential treatment for AR. Iodixanol is 

an iodine-containing nonionic radio contrast agent typically 

used in coronary angiography. Concentrated contrast media 

has been shown to supress mast cell activation and is pro-

posed to act through direct interaction with IgE to diminish 

IgE receptor activation.5,6

Clinical studies of AR traditionally have been con-

ducted during the pollen season under natural environment 

conditions, often using field studies in which subjects are 

exposed to allergens in an outdoor setting. These studies 

have important limitations, including variability in allergen 

concentration and types, and are weather and season depen-

dent. Environmental exposure units (EEUs), first developed in 

the 1980s, allow for allergen specificity, control over antigen 

exposure levels, temperature, and air quality, and provide 

an accurate way of tracking self-reported and physician-

observed symptoms for determining response to medication. 

The Allergen BioCube® (ABC®) is an EEU that has been 

technically and clinically validated for both Timothy-grass7 

and ragweed8 exposures.

Following preclinical and pilot clinical studies, a clinical 

trial was conducted with iodixanol nasal solution (Nasapaque, 

3E Therapeutics Corporation, La Jolla, CA, USA) in the ABC 

(Ora, Inc., Andover, MA, USA) to expose allergic subjects 

to ragweed pollen and evaluate treatment efficacy and safety 

compared to placebo.

Patients and methods
Study design
This was a single-center, randomized, double-blind, parallel-

group, placebo-controlled, Phase I/II efficacy and safety 

study and was approved by an institutional review board 

(Alpha IRB). The study was conducted from March to 

July 2015 outside of ragweed pollen season in the ABC; 

follow-up occurred through August 2015 (Clinicaltrials.gov 

NCT02377895). The study comprised five visits over ~3 

weeks. Subjects provided written informed consent prior to 

study initiation. The study was conducted in accordance with 

the Declaration of Helsinki, the International Conference 

on Harmonization Tripartite Guideline for Good Clinical 

Practice, and all relevant regulatory requirements. The study 

design is summarized in Figure 1.

Adult subjects (≥18 years) with a history of AR, positive 

skin test for ragweed pollen (reaction ≥3 mm larger than 

the negative control), and a positive BioCube challenge 

response to ragweed pollen at visit 4 (total nasal symptom 

score [TNSS] ≥6) were eligible for enrollment. Subjects 

were excluded if they had upper respiratory tract infection 

within prior 2 weeks, current diagnosis of specified nasal 

conditions, history of anaphylaxis, or poor tolerability of 

Visit 1
Screening

(Day –15 to –3)

Visit 2
Subject
ragweed
priming

(Day –3 to –2)

Visit 3
Subject
ragweed
priming

(Day –2 to –3)

Visit 4
Subject ragweed

exposure (90 minutes) Visit 5
Prophylactic

treatment
(30 minutes before)

Subject ragweed
exposure and

assessment (3.5 hours)
(Day 8)

Subject qualification and
randomization

Relief treatment

Subject ragweed
exposure and

assessment (7.5 hours)
(Day 1)

Figure 1 Study design.
Notes: During the five study visits, evaluations and treatments proceeded as follows: Visit 1: (day –15 to –3): screening procedures at visit 1 determined subject eligibility. 
Visit 2: (day –3 to –2): subject ragweed priming. Visit 3: (day –2 to –1): subject ragweed priming. Visit 4 (day 1): subjects exposed to ragweed pollen priming for up to 90 
minutes prior to enrollment qualification review. Subjects were enrolled and randomized if they met the inclusion/exclusion criteria and had a positive challenge response 
at the 90 minutes time point of ABC exposure, defined as TNSS ≥6. Relief study treatment (250 µL/nostril, odorless to maintain mask with placebo) or placebo was 
administered, followed by 7.5 hours of BioCube allergen exposure and assessment. Visit 5 (day 8): subjects were treated prophylactically with study treatment.
Abbreviations: ABC, Allergen BioCube®; TNSS, total nasal symptom score.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Asthma and Allergy 2019:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

73

Gomes et al

previously administered allergen, abnormal blood pressure 

(≤90 or ≥160 [systolic], ≤60 or ≥100 [diastolic]), or use of 

disallowed medications, including immunotherapy. Inclusion/

exclusion criteria were assessed at every visit.

AR symptoms assessed by subjects during the visits 

included nasal itching, sneezing, rhinorrhea, and nasal 

congestion; the sum of these scores was calculated by the 

investigator as TNSS, the primary end point. Ocular symp-

toms of itching, tearing, and redness were also assessed by 

subjects, with the sum calculated as total ocular symptom 

score (TOSS) as exploratory end points. Individual nasal 

and ocular symptoms were assessed using a 4-point scale 

(0= no symptoms; 1= mild [symptom clearly present but 

minimal awareness, easily tolerated]; 2= moderate [definite 

awareness of symptom that is bothersome but tolerable]; 3= 

severe [symptom that is hard to tolerate; causes interference 

with activities of daily living and/or sleeping]).

AR signs, evaluated by the investigator as secondary 

end points, included peak nasal inspiratory flow (PNIF), 

measured every 60 minutes during ragweed pollen exposure 

in the BioCube. Due to PNIF differences between the treat-

ment groups throughout the study, a post-hoc PNIF percent 

change from baseline (CFB) analysis was conducted.7 PNIF 

measurements were performed in a masked manner, with the 

investigator not aware of which study medication (ie, drug 

or placebo) each subject received. Post-BioCube exposure 

nasal digital imaging was also performed.

After screening (visit 1: day –15 to –3), subjects were 

primed for ragweed pollen exposure in the ABC (visit 2: day 

–3 to –2; visit 3: day –2 to –1) for up to 3 hours with assess-

ment of nasal and other allergic symptoms evaluated every 

15 minutes during exposure. PNIF was collected every 60 

minutes. The purpose of priming was to increase sensitiv-

ity to the specific allergen, inducing mucosal inflammation 

and facilitating the development of adequate symptoms for 

participant inclusion. The rate and degree of symptom devel-

opment can vary among individuals. The inclusion of the 

priming phase in EEU studies, in general, has been shown to 

standardize predose symptoms and greatly decrease symptom 

variability in the treatment phase or during baseline assess-

ments.9 All subjects attended both priming visits regardless 

of priming response.

At visit 4 (day 1), nasal and ocular symptoms were 

assessed before any ragweed exposure by subject of staff 

personal as appropriate, then study subjects were exposed to 

ragweed pollen priming in the ABC for up to 90 minutes prior 

to enrollment qualification review. Subjects were enrolled 

and randomized if they met the inclusion/exclusion criteria 

and had a positive challenge response at the 90 minutes time 

point of ABC exposure, defined as TNSS ≥6. A computer-

generated randomization schedule was used to assign subjects 

(1:1 ratio) to the two treatment arms. Relief study treatment 

(250 µL/nostril, odorless to maintain mask with placebo) or 

placebo was then administered at the same visit, followed 

by 7.5 hours of BioCube allergen exposure and assessment. 

Symptoms were evaluated by subjects every 15 minutes dur-

ing priming; PNIF and peak expiratory flow rate (PEFR) were 

assessed by staff at the 60 minutes time point. Post-treatment, 

nasal and ocular symptoms were evaluated every 5 minutes 

for the first 30 minutes, then every 15 minutes thereafter 

during BioCube exposure. PNIF and PEFR measurements 

were collected every 60 minutes during exposure.

Visit 5 (day 8+3) included prophylactic study treatment 

30 minutes prior to 3 hours of BioCube allergen exposure 

and assessment. Symptoms and measurements were recorded 

similarly to visit 4.

Safety measures included adverse event (AE) reporting, 

PEFR, physical exams, nasal exams, vital signs, and urine 

pregnancy tests. Observed PEFR values and a drop of ≥15% 

from baseline were reported at all visits. Subjects with ≥15% 

PEFR decrease were excluded from the study for possible 

compromised lung function. Physical exams included general 

health and head, eyes, ears, nose, and throat evaluations. 

Nasal exams identified any edema, crusting, bleeding, or 

secretions and were reported as either clinically significant 

or not clinically significant. Vital sign evaluations included 

pulse and systolic/diastolic blood pressure. Treatment-

emergent adverse events (TEAEs) were reported for the 

entire study period.

Allergen BioCube®

The allergen/air mixture was introduced to subjects through 

a ceiling duct in the ABC. A ragweed pollen concentration 

of 4,000±400 grains/m3 (Ambrosia artemesiifolia) was used, 

similar to that used in other EEUs and peak environmen-

tal levels, and is capable of producing AR symptoms that 

are high enough for assessment of therapeutic treatment 

efficacy.9–12 Spatial and temporal uniformity of allergen 

concentrations was verified with continuous laser particle 

counter measurements every 10 minutes whenever the unit 

was in use. Prior to this study, technical validation of the 

BioCube was performed using Rotorod collection and laser 

particle counts to ensure reproducibility of consistent and 

uniform ragweed pollen concentration in the BioCube.8 Prior 
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clinical validation of the BioCube for ragweed pollen was 

also conducted; mean TNSS increased by 4.96 units from 

pre- to post-BioCube ragweed pollen exposure.8 Similarly, 

in the current iodixanol study, mean TNSS increased 5.05 

units from pre- to post-BioCube exposure, further validating 

the reproducibility of the BioCube. Technical and/or clinical 

validation studies of the BioCube were also performed prior 

to this study for Timothy-grass7 and induction of allergic 

signs and symptoms similar to pollen exposure in the envi-

ronment (ORA, Inc).13

Circulated and fresh air was passed through a high-

efficiency particulate air filter to ensure that only fresh 

ragweed pollen entered the unit; the recirculated air did 

not alter ragweed pollen concentrations in the unit, which 

consistently remained within the target range. Any portion 

of the ragweed pollen that did not exit through the air return 

settled on the floor, where it was captured via a sticky surface 

so that it did not reaerosolize. An air shower at the BioCube 

entrance served as a cleaning unit and created buffer pressure 

to maintain air flow dynamics whenever subjects entered or 

left the room.

Statistical methods
The primary efficacy analysis was performed on the intent-

to-treat (ITT) population using multiple imputation meth-

odology following the Markov chain Monte Carlo method 

assuming normality. Two-sample one-sided t-tests were used 

to compare the mean CFB between the iodixanol and placebo 

groups at each time point at α=0.05 significance level. Thirty-

four subjects per arm were required for 96% power to show 

a statistically significant difference (at α=0.05) at each time 

point, assuming a mean difference of 2.0 with a common SD 

of 2.4. No multiple testing corrections were utilized in this 

early-phase, proof-of-concept study.

Results
Subject demographics
Seventy-three adult subjects were enrolled and randomized 

(1:1 ratio) to the iodixanol nasal solution group (N=36) or the 

placebo saline nasal solution group (N=37). As summarized in 

Figure 2, all 73 enrolled subjects were included in the primary 

efficacy and the safety analyses; 67 subjects completed the 

study. Two subjects discontinued the study in the iodixanol 

group, one subject for AEs, and one subject who did not meet 

PEFR criteria at visit 5. Four subjects discontinued the study 

in the placebo group, three subjects for AEs, and one subject 

for administrative reasons. Baseline demographic and clinical 

Table 1 Baseline subject demographic and clinical characteristics

Baseline demographic 
characteristics

Nasapaque 
nasal 
solution 
(N=36)

Placebo 
saline nasal 
solution 
(N=37)

All 
subjects 
(N=73)

Baseline subject demographic characteristics

Age (years)

Mean (SD) 43.4 (14.54) 41.4 (13.79) 42.4 (14.10)

Age (years): n (%)

<65 34 (94.4) 36 (97.3) 70 95.9)

≥65 2 (5.6) 1 (2.7) 3 (4.1)

Sex: n (%)

Male 15 (41.7) 20 (54.1) 35 (47.9)

Female 21 (58.3) 17 (45.9) 38 (52.1)

Race: n (%)

American Indian or 
Alaska Native

0 1 (2.7) 1 (1.4)

Asian 0 0 0

Black or African 
American

6 (16.7) 3 (8.1) 9 (12.3)

Native Hawaiian or 
other Pacific Islander

0 0 0

White (Caucasian) 28 (77.8) 28 (75.7) 56 (76.7)

Multiracial 1 (2.8) 0 1 (1.4)

Unknown 1 (2.8) 5 (13.5) 6 (8.2)

Ethnicity

Hispanic or Latino 2 (5.6) 9 (24.3) 11 (15.1)

Not Hispanic or Latino 34 (94.4) 28 (75.7) 62 (84.9)

Not reported 0 0 0

Unknown 0 0 0

Baseline subject clinical characteristics

TNSS 8.3 (1.88) 8.1 (1.87)

Nasal itching 2.3 (0.63) 2.1 (0.74)

Sneezing 1.5 (0.94) 1.4 (0.83)

Rhinorrhea 2.0 (0.65) 2.2 (0.57)

Nasal congestion 2.4 (0.65) 2.4 (0.55)

TOSS 5.2 (2.20) 5.1 (2.24)

Ocular itching 2.2 (0.81) 1.9 (0.86)

Ocular tearing 1.3 (0.92) 1.4 (1.04)

Ocular redness 1.7 (0.91) 1.8 (0.68)

PNIF 105.9 (36.96) 112.2 (47.89)a

NIS 2.3 (0.78) 2.2 (0.64)

Note: aDue to differences in PNIF between the two treatment groups throughout 
the study, an ad hoc percent CFB analysis was conducted, as discussed in the article 
text.
Abbreviations: CFB, change from baseline; NIS, Nasal Inflammation Score; PNIF, 
peak nasal inspiratory flow; TNSS, total nasal symptom score; TOSS, total ocular 
symptom score.

characteristics of subjects were similar (Table 1) except for 

PNIF and PEFR, as discussed later in this article.
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the first 30 minutes and every 15 minutes thereafter for 7.5 

hours in the ABC. Lower TNSS indicated less severe nasal 

symptoms and AR.

Iodixanol (Nasapaque) mean CFB scores for TNSS, 

ie, the primary end point, were statistically significantly 

improved over placebo as early as 20 minutes after treat-

ment, and as late as 3 hours post-treatment at 10 of 16 

time points (Figure 3). CFB scores at 20 minutes were 

iodixanol =–3.7±0.46 and placebo =–2.4±0.38 (P=0.01). 

CBF scores at 3 hours were iodixanol =–4.4±0.51 and 

placebo =–3.1±0.42 (P=0.03). Peak TNSS CFB differ-

ences occurred at 25 minutes, 1 hour, and 1 hour 45 

minutes (treatment differences 1.6 units at each of these 

time points).

Each individual nasal symptom score (nasal itching, 

sneezing, rhinorrhea, and nasal congestion) was also evalu-

ated separately. For nasal itching, mean CFB scores were 

statistically significant for iodixanol compared to placebo as 

early as 15 minutes post-treatment (iodixanol =–0.8±0.13, 

placebo =–0.4±0.14, P=0.03), and as late as 4 hours 30 min-

utes (iodixanol =–1.2±0.16, placebo =–0.8±0.14, P=0.04) at 

11 of 22 time points (Figure 4). Peak differences occurred at 

the 4 hours 30 minutes time point. For sneezing, mean CFB 

scores were statistically significant for iodixanol compared 

to placebo as early as 10 minutes post-treatment (iodixanol 

=–0.8±0.16, placebo =–0.4±0.13, P=0.03), and as late as 4 

hours 15 minutes (iodixanol =–0.9±0.14, placebo =–0.5±0.14, 

P=0.04) at 11 of 21 time points. Peak CFB differences 

occurred at 1 hour 45 minutes (iodixanol =–1.0±0.18, placebo 

=–0.4±0.15, P=0.009). For rhinorrhea, statistically significant 

mean CFB for iodixanol scores compared to placebo occurred 

at two time points (25 minutes and 1 hour, P<0.05). Peak 

CFB differences occurred at 1 hour (iodixanol =–1.0±0.14, 

placebo =–0.6±0.15, P=0.03).

There were no significant differences in mean CFB scores 

between the iodixanol and placebo groups for nasal conges-

tion at P≤0.05.

AR ocular symptoms
Ragweed pollen exposure in the BioCube prior to study 

treatment induced ocular allergy responses in subjects at 

all time points compared to pre-BioCube levels (Table 3). 

Post-treatment at visit 4 during ABC exposure, subjects self-

assessed ocular symptoms (ocular itching, ocular tearing, and 

redness) using a 4-point scale from 0 to 3, and TOSS, defined 

as the composite of the three ocular symptom scores, was 

determined, with a possible range from 0 to 9. Symptoms 

Table 2 Nasal allergy responses to BioCube ragweed pollen 
exposure prior to study treatment, visit 4

Nasapaque nasal 
solution (N=36)

Placebo saline nasal 
solution (N=37)

Visit 4 (day 1)

Pre-ABC

Mean (SD) 3.5 (2.68) 2.8 (2.30)

15 minutes post-ABC (pre-SDI)

Mean (SD) 6.0 (2.51) 5.8 (2.66)

CFBa

Mean (SD) 2.5 (2.09) 3.1 (2.81)

30 minutes post-ABC (pre-SDI)

Mean (SD) 6.9 (2.80) 6.4 (2.39)

CFBa

Mean (SD) 3.4 (2.49) 3.7 (2.92)

45 minutes post-ABC (pre-SDI)

Mean (SD) 7.3 (2.50) 7.2 (2.48)

CFBa

Mean (SD) 3.8 (2.31) 4.4 (3.28)

1 hour post-ABC (pre-SDI)

Mean (SD) 7.9 (2.46) 7.5 (2.16)

CFBa

Mean (SD) 4.4 (2.64) 4.8 (3.03)

1 hour 15 minutes post-ABC (pre-SDI)

Mean (SD) 8.1 (2.42) 8.1 (2.11)

1 hour 15 minutes post-ABC (pre-SDI)

CFBa

Mean (SD) 4.6 (2.72) 5.3 (3.08)

1 hour 30 minutes post-ABC (pre-SDI)

Mean (SD) 8.3 (1.88) 8.1 (1.87)

CFBa

Mean (SD) 4.8 (2.35) 5.4 (2.66)

Notes: TNSS was computed as the composite score of nasal itching, sneezing, 
rhinorrhea (runny nose), and nasal congestion. Each of the subscores are graded on 
a 0–3 scale, such that the TNSS can range from 0 to 12. aBaseline value is defined 
as the TNSS measurement collected prior to ABC exposure (pre-ABC time point).
Abbreviations: ABC, Allergen BioCube®; CFB, change from baseline; SDI, study 
drug instillation; TNSS, total nasal symptom score.

AR nasal symptoms
Ragweed pollen exposure in the BioCube prior to study 

treatment induced nasal and allergy responses in subjects at 

all time points compared to pre-BioCube levels (Table 2). 

Post-treatment at visit 4 during ABC exposure, subjects self-

assessed nasal symptoms (nasal itching, sneezing, rhinorrhea, 

and nasal congestion) using a 4-point scale from 0 to 3, and 

TNSS, defined as the composite of the four nasal symptom 

scores, was determined, with a possible range from 0 to 12. 

Symptoms were assessed every 5 minutes post-treatment for 
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Enrollment

Assessed for eligibility (N=257)

Randomized (N=73)

Allocated to placebo (N=37)

Lost to follow-up (N=1)

•3 adverse events
Discontinued interventions (N=3)

Analysed (N=37)

All received placebo♦

Allocated to intervention (N=36)

Lost to follow-up (N=0)

Discontinued intervention (N=2)
•1 adverse event
•1 excluded due to PEFR

All received study drug♦

Excluded from analysis: N/A♦

Analysed (N=36)
Excluded from analysis: N/A♦

Visit 4

Visit 5

Analysis

Excluded (N=184)
Not meeting inclusion criteria (N=148)♦

Met at least 1 exclusion criteria (N=31)♦

Declined to participate (N=2)
Other reasons (N=3)

♦
♦

Figure 2 Consort diagram.
Abbreviation: PEFR peak expiratory flow rate.

were assessed every 5 minutes post-treatment for the first 30 

minutes and every 15 minutes thereafter for 7.5 hours in the 

ABC. Lower TOSS indicated less severe ocular symptoms 

(ocular symptoms are a comorbid condition of AR). A sta-

tistically significant mean CFB treatment difference between 

iodixanol and placebo groups for TOSS was observed at the 

25 minutes time point only (iodixanol =–1.9±0.28, placebo 

=–1.1±0.31, P=0.04).

Each individual ocular symptom score (ocular itching, 

ocular tearing, and redness) was also evaluated separately. For 

ocular itching, statistically significant mean CFB iodixanol 

scores occurred as early as 10 minutes (iodixanol =–0.6±0.12, 

placebo =–0.3±0.12, P=0.05), and as late as 5 hours (iodixa-

nol =–0.9±0.16, placebo =–0.5±0.16, P=0.04) at 10 of 24 

time points (Figure 5). Peak CFB differences occurred at 

25 minutes (Nasapaque =–1.0±0.15, placebo =–0.4±0.16, 

P=0.006). For ocular tearing and ocular redness, mean dif-

ferences in CFB scores for iodixanol and placebo were not 

statistically significant.

AR signs
PNIF was measured every 60 minutes (±15 minute) during 

ragweed exposure in the ABC at visits 4 and 5 and evaluated 

as a secondary efficacy end point using the ITT population.

Higher scores indicated improvement in inspiratory air 

flow. Statistically significant percent CFB treatment differ-

ences in PNIF occurred with iodixanol compared to placebo 

at two time points at visit 4 at 2 hours (iodixanol =9.4±3.83, 

placebo =–3.3±4.54, P=0.02) and 4 hours (iodixanol 

=15.7±6.48, placebo =1.9±4.42, P=0.04) post-treatment. 

PNIF improved 9%–16% for iodixanol-treated subjects; for 

placebo-treated subjects, PNIF ranged from a worsening of 

3% to an improvement of 2%.

Iodixanol as prophylactic treatment 
(visit 5)
The second co-primary efficacy end point was TNSS defined 

as the composite score of four symptoms (nasal itching, nasal 
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Figure 3 TNSS change from pre- to post-treatment (visit 4, day 1).
Notes: Evidence of an effect of iodixanol for mean TNSS was seen as early as 20 minutes (P=0.01), with efficacy as late as 3 hours (P=0.03).
Abbreviation: TNSS, total nasal symptom score.

congestion, rhinorrhea, and sneezing) recorded during ABC 

exposures at all post-treatment time points (visit 5). TNSS 

was scored at 5, 10, 15, 20, 25, and 30 minutes during ABC 

exposure and every 15 minutes thereafter for the duration 

of ABC exposure. Prior to ABC allergen exposure at visit 

5, subjects had been exposed to study treatment at visit 4; 

therefore the pre-ABC time point at visit 5 was considered a 

post-treatment measure. No statistically significant treatment 

differences occurred for mean change from pre-treatment 

baseline at any time point at visit 5 for any nasal or ocular 

symptom or sign measurement.

Safety
Few (9) AEs were reported by subjects in the study and all 

were mild in severity (Table 4). TEAEs occurred in 11.1% 

of subjects in the iodixanol group and 8.1% of subjects in 

the placebo group. The five TEAEs that occurred in the 

iodixanol group included gastroenteritis viral, blood pressure 

diastolic increased, epistaxis, urticaria, and thrombosis. The 

four TEAEs that occurred in the placebo group included 

gastroenteritis, epistaxis, asthma, and nasal mucosal disorder. 

No TEAEs in the iodixanol group were considered related 

to study treatment. One TEAE in the placebo group, nasal 

mucosal disorder, was considered related to treatment. Four 

subjects discontinued from the study for TEAEs; one of 

these subjects was in the iodixanol group and experienced 

two TEAEs, thrombosis (blood clots secondary to blowing 

nose) and epistaxis. The other three discontinued subjects 

were in the placebo group. No notable abnormal findings 

or significant safety issues were identified for other safety 

parameters.

Discussion
Iodixanol has been used since the 1950s as a contrast medium 

at a concentration of 550 and 652 mg/mL. Typically used for 

intravascular injection, iodixanol opacifies vessels in the path 

of flow of the contrast agent permitting radiographic visu-

alization of the internal structures until significant dilution 

and elimination occurs. The amount of contrast media used 

for this purpose ranges from 3 to 90 mL, with a maximum of 

150 mL (equivalent to 97,800 mg of iodixanol). Some of the 

safety concerns associated with injection of contrast agents 

include a risk of anaphylaxis, anaphylactoid reactions, or 

nephropathy.14 Severe life-threatening reactions and fatalities 
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Statistically significant differences for iodixanol compared 

to placebo occurred at a majority of time points for TNSS 

throughout the 3 hours. Results for nasal itching and ocular 

itching were particularly notable (eg, statistically significant 

CFB compared to placebo at 4.5 hours for nasal itching, and 

at 5 hours for ocular itching). Further, it should be noted 

that the placebo, saline solution, will also offer some basis 

for relief of AR symptoms, and iodixanol still showed sta-

tistically improved TNSSs over placebo at many time points 

post-treatment.

Iodixanol treatment had less of an effect on the self-

reported symptom of nasal congestion than on itching and 

sneezing. However, statistically significant improvement did 

occur for PNIF in iodixanol-treated subjects. It is possible 

that although mast cell degranulation is being blocked by 

iodixanol, there is another mechanism contributing to nasal 

congestion. It has been shown that irritant-induced nasal 

congestion does not proceed through mast cell degranulation, 

and that subjects with AR are hypersensitive, as compared to 

nonallergic patients. The authors of this study hypothesized 

that nonmast cell–mediated mechanisms, including possible 

neurogenic reflexes, may be operative in the nasal congestive 

response.16

A proof-of-concept Phase II/III randomized clinical study 

using the nasal route of administration has also shown the 

potential efficacy of the iodinated contrast agent HexabrixTM 

for the treatment of AR. Results indicated reduced acute 

allergen challenge response, with increasing doses of nasal 

allergen challenge, including statistically significant reduc-

tions in sneezing and runny nose symptoms after prophylactic 

treatment with the contrast agent compared to placebo.17 

Therefore, visit 5 was included to investigate prophylactic 

treatment with iodixanol. Following one prophylactic treat-

ment, visit 5 study results generally confirmed visit 4 find-

ings, although were not as robust, which is not surprising 

since subjects received no allergen priming before visit 5 as 

they did prior to treatment at visit 4. Thus at visit 5 there was 

less opportunity for the drug to show a similar magnitude 

of treatment effect. Additional studies are needed to assess 

whether additional dosing and priming would enhance drug 

efficacy.

This study also evaluated ocular symptoms. Allergic 

eye symptoms such as itching, redness, and tearing, also 

referred to as allergic conjunctivitis, are extremely common 

in patients with AR, termed rhinoconjunctivitis. Further, it 

has been reported that both nasal and ocular allergy signs 

and symptoms were induced after nasal allergen challenge, 

and that nasal pre-treatment with the antihistamine azelastine 

Table 3 Ocular response (TOSS) to BioCube allergen exposure 
prior to treatment, visit 4

Nasapaque nasal 
solution (N=36)

Placebo saline nasal 
solution (N=37)

Visit 4 (day 1)

Pre-ABC

Mean (SD) 1.6 (1.68) 1.6 (1.74)

15 minutes post-ABC (pre-SDI)

Mean (SD) 3.4 (2.35) 3.3 (1.88)

CFBa

Mean (SD) 1.8 (1.63) 1.6 (1.32)

30 minutes post-ABC (pre-SDI)

Mean (SD) 4.1 (2.22) 3.5 (1.80)

CFBa

Mean (SD) 2.4 (1.80) 1.9 (1.54)

45 minutes post-ABC (pre-SDI)

Mean (SD) 4.6 (2.20) 4.1 (1.87)

CFBa

Mean (SD) 2.9 (1.61) 2.4 (1.62)

1 hour post-ABC (pre-SDI)

Mean (SD) 4.6 (2.05) 4.6 (2.05)

CFBa

Mean (SD) 2.9 (1.44) 2.9 (1.73)

1 hour 15 minutes post-ABC (pre-SDI)

Mean (SD) 4.8 (2.18) 5.1 (2.25)

CFBa

Mean (SD) 3.1 (1.72) 3.4 (2.05)

1 hour 30 minutes post-ABC (pre-SDI)

Mean (SD) 5.2 (2.20) 5.1 (2.24)

CFBa

Mean (SD) 3.6 (1.80) 3.4 (1.94)

Notes: TOSS was computed as the composite score of ocular itching, ocular 
redness, and ocular tearing. Each of the subscores is graded on a 0–3 scale, such that 
the TOSS can range from 0 to 9. aBaseline value is defined as the TOSS measurement 
collected prior to ABC exposure (pre-ABC time point).
Abbreviations: ABC, Allergen BioCube®; CFB, change from baseline; SDI, study 
drug instillation; TOSS, ocular symptom score.

to this contrast media, mostly of cardiovascular origin, have 

occurred, but are rare (<0.01%).15 These adverse reactions are 

not expected to occur with noninjection routes of administra-

tion. Here, we present a phase two clinical study investigating 

iodixanol as a nasal solution to treat AR. For this use, the 

concentration of iodixanol nasal solution is 320 mg/mL (250 

µL per nostril, equivalent to about 160 mg of iodixanol, 600× 

less than the amount used in intravenous injections).

Iodixanol nasal solution showed evidence of a rapid effect 

and statistically significant efficacy for relief of nasal and 

ocular AR symptoms at numerous time points at visit 4 in 

this proof-of-concept study, and further study is warranted. 
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Figure 4 Change in nasal itching from pre- to post-treatment (visit 4, day 1).
Notes: Evidence of an effect of iodixanol for mean nasal itching was seen as early as 15 minutes (P=0.03), with efficacy as late as 4 hours 30 minutes (P=0.04).
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reduced nasal and ocular symptoms after nasal challenge with 

antigen.18 One of these proposed mechanisms is the existence 

of a nasal–ocular reflex where the nasal allergic reaction leads 

to an afferent reflex response, resulting in eye symptoms. It is 

speculated that the effect of intranasal steroids on eye symp-

toms in AR is related to their inhibition of the nasal–ocular 

reflex.18 Other studies have also demonstrated that intranasal 

corticosteroids were more effective than placebo in reducing 

ocular allergy symptoms.19,20 In our iodixanol AR study, the 

significant reductions in ocular itching via nasal administra-

tion of iodixanol also suggest that this drug may inhibit the 

neuronal nasal–ocular reflex.

Results of the iodixanol AR study reflect subject 

responses to a uniform allergen concentration and single-

dose instillation of the drug in a controlled environment 

setting, which provides “cleaner” results than a natural 

environment study. A limitation is that this study does not 

reflect chronic dosing under natural environment condi-

tions, which may provide additional safety and long-term 

efficacy data. Field studies, however, may reflect possible 

confounding factors including fluctuating pollen levels and 

exposure to multiple allergens in the natural environment. 

Table 4 Adverse events

Nasapaque 
(iodixanol) 
nasal 
solution 
(n=36)

Placebo 
saline 
nasal 
solution 
(n=37)

Total 
(N=73)

Number of TEAEsa 5 4 9

Number of subjects with at 
least one TEAE

4 3 7

Number of treatment-related 
TEAEsb

0 1 1

Number of serious AEs 0 0 0

Number of TEAEs leading to 
early discontinuation

2c 3 5

TEAE severityd – mild 4 3 7

Notes: aAny AE that occurred from the time the first dose of study medication was 
administered through the end of the study. bA TEAE for which a reasonable possibility 
existed that the study drug caused the TEAE, considering the temporal association 
between the TEAE and treatment, whether the TEAE followed a known response 
pattern to the study drug, and whether the TEAE could have been produced by other 
factors such as the subject’s clinical state, therapeutic intervention, or concomitant 
therapy. cOne subject experienced two TEAEs (thrombosis and epistaxis) that led 
to early discontinuation; study treatment was not suspected to be related for either 
TEAEs. dSeverity categories were mild, moderate, or severe. Subjects were counted 
only once for the maximum severity that occurred across all AEs for the subject. All 
TEAEs were of mild severity.
Abbreviations: AE, adverse event; SAE, serious adverse event; TEAE, treatment-
emergent adverse event.
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Nevertheless, study results from the controlled setting 

can be generalized to real-world, natural environment 

conditions.

Iodixanol nasal solution showed evidence of efficacy for 

relief of nasal symptoms and ocular itching in this AR study, 

and was safe and well tolerated. Clinical trials with allergen 

challenge models such as the ABC provide valuable assess-

ments of allergen exposures, subject responses, and drug 

efficacies. Additional studies of iodixanol nasal solution, eg, 

with larger sample sizes and chronic exposures, are warranted 

to continue assessment of iodixanol as a novel AR treatment.
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Figure 5 Change in ocular itching from pre- to post-treatment (visit 4, day 1).
Notes: Evidence of an effect of iodixanol for mean ocular itching occurred as early as 10 minutes (P=0.05), with efficacy as late as 5 hours (P=0.04).
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