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Abstract

Background: Prostaglandin D2 (PGD2) is primarily produced by mast cells and is

contributing to the nasal symptoms including nasal obstruction and rhinorrhea.

Objective: This study aimed to evaluate the efficacy and safety of a novel PGD2 recep-

tor 1 (DP1) antagonist, ONO-4053, in patients with seasonal allergic rhinitis (SAR).

Methods: This study was a multicenter, randomized, double-blind, parallel-group

study of patients with SAR. Following a one-week period of placebo run-in, patients

who met the study criteria were randomized to either the ONO-4053, leukotriene

receptor antagonist pranlukast, or placebo group for a two-week treatment period. A

total of 200 patients were planned to be randomly assigned to receive ONO-4053,

pranlukast, or placebo in a 2:2:1 ratio. Nasal and eye symptoms were evaluated.

Results: Both ONO-4053 and pranlukast had higher efficacy than placebo on all

nasal and eye symptoms. ONO-4053 outperformed pranlukast in a total of three

nasal symptom scores (T3NSS) as well as in individual scores for sneezing, rhinor-

rhea, and nasal itching. For T3NSS, the Bayesian posterior probabilities that pran-

lukast was better than placebo and ONO-4053 was better than pranlukast were

70.0% and 81.6%, respectively, suggesting that ONO-4053 has a higher efficacy

compared with pranlukast. There was no safety-related issue in this study.

Conclusions: We demonstrated that the efficacy of ONO-4053 was greater than

that of pranlukast with a similar safety profile. This study indicates the potential of

ONO-4053 for use as a treatment for SAR (JapicCTI-142706).
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allergic rhinitis, Bayesian posterior probability, leukotriene receptor antagonist, mast cell

degranulation, prostaglandin D2 receptor 1 antagonist

Abbreviations: ALT, alanine aminotransferase; ANCOVA, analysis of covariance; AR, allergic rhinitis; AST, aspartate aminotransferase; DP1, prostaglandin D2 receptor 1; FAS, full analysis set;

GGTP, gamma-glutamyl transpeptidase; IgE, immunoglobulin E; JC, Japanese cedar; JRQLQ, Japanese rhinoconjunctivitis quality of life questionnaire; LS-mean, least squares mean; LTRA,

leukotriene receptor antagonist; PGD2, prostaglandin D2; RQLQJ, Japanese translation of the rhinoconjunctivitis quality of life questionnaire; SAR, seasonal allergic rhinitis; SE, standard error;

T3NSS, total of three nasal symptom scores; T4NSS, total of four nasal symptom scores; TP, thromboxane receptor; TXA2, thromboxane A2.
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1 | INTRODUCTION

Allergic rhinitis (AR) is a type 1 hypersensitivity in the nasal mucosa

of affected individuals, characterized by episodic paroxysmal sneez-

ing, rhinorrhea, nasal obstruction, and nasal itching. The disease is

triggered by the inhalation of putative antigens and mediated by

immunoglobulin E (IgE).1–4 A conservative estimate of the number of

worldwide sufferers is 500 million,1 and it is a disease with signifi-

cant morbidity, affecting 10-30% of the adult population in the Uni-

ted States and 39.4% of adults in Japan.2–4 Causative mechanisms

are triggered by antigen inhalation and are believed to include the

production of IgE antibodies from activated B lymphocytes and the

sensitization of basophilic cells (mast cells and basophils) via anti-

body binding to IgE receptors on cell surfaces. When antigen binds

to surface IgE antibodies on sensitized mast cells, mediators such as

histamine, leukotriene, and prostaglandin D2 (PGD2) are produced.

These mediators induce the symptoms of sneezing, rhinorrhea, nasal

obstruction, and nasal itching. AR is currently treated with antihis-

tamines, leukotriene receptor antagonists (LTRAs), steroids, and

vasoconstrictors.1–4 Moderate-to-severe sufferers or patients who

do not show sufficient improvement with monotherapy alone require

combination therapy.1–4 In these circumstances, the administration

of multiple drugs is associated with reduced compliance and conse-

quent lower quality of life (QOL) and can also be a source of eco-

nomic loss from the cost of the medications.

PGD2 is primarily produced by mast cells5 and exerts its biologi-

cal activity by binding to the PGD2 receptor 1 (DP1) or the chemoat-

tractant receptor-homologous molecule expressed on T helper type

2 cells (CRTH2).6,7 The observation that asapiprant, a DP1 antago-

nist, reduced ovalbumin-induced nasal obstruction and rhinorrhea in

a guinea pig model of AR8 suggests that DP1 antagonists have the

potential to reduce patients’ nasal symptoms in AR.

ONO-4053 is a novel synthetic DP1 antagonist which has pro-

ven to effectively expand the nasal cavity in a cynomolgus monkey

model of AR, and to suppress sneezing and nasal rubbing in a mouse

model of AR (internal data of Ono Pharmaceutical). Based on these

observations, we have designed an exploratory study of ONO-4053

in patients with seasonal allergic rhinitis (SAR) to examine its efficacy

as a treatment.

2 | METHOD

2.1 | Study design

This study was conducted after the review and approval of the clini-

cal trial protocol and informed consent form by the institutional

review board. Written informed consent was obtained from all

patients before study inclusion.

The study was a placebo and LTRA-controlled, randomized, dou-

ble-blind, parallel-group study of patients with diagnosed Japanese

cedar (JC) pollinosis and was conducted during the JC pollen season.

The patients were randomly assigned using a stratified randomiza-

tion to receive ONO-4053, LTRA, or placebo in a 2:2:1 ratio. After

completing a one-week screening period of single-blinded placebo

administration, patients who met the study inclusion criteria were

enrolled in a two-week treatment period. The LTRA used in this

study was pranlukast whose efficacy profile is superior to placebo9,10

and comparable with montelukast.11 ONO-4053 or matching placebo

was administered at a dose of 300 mg once daily after food in the

evening and pranlukast or matching placebo was administered at a

dose of 225 mg twice daily after food in the morning and evening,

and each matching placebo is not recognizable whether the actual

drug or placebo by both patients and physicians. This study

employed the double dummy technique.

2.2 | Key inclusion and exclusion criteria

The patients included in this study were those aged ≥20 and

<65 years who had experienced nasal symptoms during the JC pol-

len season in at least the most recent two years, were positive for

the JC pollen specific IgE antibody, and had the total of three nasal

symptom scores (T3NSS, total scores for the symptoms of sneezing,

rhinorrhea, and nasal obstruction) of ≥6, daytime nasal obstruction

scores ≥2 and <4, and nocturnal nasal symptom scores ≥6 in one-

week screening period before randomization.

The following patients were excluded from the study: Patients

who had a disease which could interfere with the evaluation of nasal

symptoms, such as an upper respiratory tract infection, or a morpho-

logical abnormality affecting nasal obstruction; patients who

responded to exposure to multiple allergens besides JC pollen with

symptoms of AR in order to improve the sensitivity of the evaluation

of the study drug; patients with bronchial asthma in order to

improve the sensitivity of the evaluation of the study drug; patients

who had used anti-allergic agents such as antihistamines and LTRAs

within 14 days before, or during the screening period; patients who

had used steroids within 28 days before, or during the screening

period; patients who had used Omalizumab within 120 days before,

or during the screening period; patients who have started allergy

shots within 6 months; patients who had undergone surgical proce-

dures such as turbinectomy for reducing the size of or changing the

conditions of the nasal mucosa within five years before, or during

the screening period; and patients who had a history of serious drug

allergy.

2.3 | Evaluation parameters

During the screening and treatment periods, each patient assessed

and recorded their AR symptoms daily using an electronic diary

(Fujitsu ePRO Solution). Symptoms were scored between 0 and 3 or

0 and 4 following the scoring systems shown in Table 1.3,12–14 Effi-

cacy was evaluated based on T3NSS, T4NSS (total of T3NSS plus

the symptom of nasal itching), nocturnal nasal symptoms, eye symp-

toms, troubles with daily life, and the Japanese Rhinoconjunctivitis

Quality of Life Questionnaire (JRQLQ), which was confirmed to cor-

relate highly with the Japanese translation of the Rhinoconjunctivitis

Quality of Life Questionnaire (RQLQJ).15 Mean scores were
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calculated for the two-week treatment period overall, and also for

the first week and the second week of the treatment period, individ-

ually. Safety was evaluated based on the incidence of adverse events

and adverse drug reactions.

2.4 | Statistical analysis

Sample sizes of 80, 80, and 40 individuals were predetermined for

the ONO-4053 group, the pranlukast group, and the placebo group,

respectively, based on practical considerations. Assuming that 5% of

the patients were excluded from the efficacy analyses, we calculated

that a sample size of 76 patients in the ONO-4053 and pranlukast

groups would give a 70% probability of detecting a 0.16 or greater

difference (i.e, more than half of a true difference) between the

point estimates of the mean changes from baseline of T3NSS in the

ONO-4053 and pranlukast groups with a true between-group differ-

ence of �0.33 and a common standard deviation of 2.0. As we did

not have sufficient power to detect a between-group difference at a

two-sided significance level of 0.05, all statistical inferences were

considered to be exploratory. Our hypothesis was that we would

see the half of the difference which had been observed between the

montelukast and placebo groups in a point estimate of the difference

between the ONO-4053 and pranlukast groups in this study. We

used a Bayesian approach to evaluate the hypothesis.

We included the placebo and pranlukast groups to evaluate the

assay sensitivity. We also prespecified the criterion for appropriately

evaluating the efficacy of the drugs in SAR patients, which stated

that the Bayesian posterior probability that the between-group dif-

ference in T3NSS between pranlukast and placebo was <0.00 of the

mean changes from the baseline during the two-week treatment per-

iod needed to be > 50%.

Efficacy analyses were performed for the full analysis set (FAS)

population, which included all randomized patients who took at least

one dose of the test drug and had at least one set of measurements

taken following the start of treatment. To evaluate the mean

changes from the baseline for continuous endpoints during the

entire 2 weeks, and the first week and the second week of the

treatment period, an analysis of covariance (ANCOVA) model was used

to estimate the least squares mean (LS-mean) differences and the

corresponding 95% confidence intervals between the treatment

groups. This model included the treatment group and the baseline

value of each endpoint as covariates. The Bayesian posterior

TABLE 1 Classification of the severity of allergic rhinitis symptoms

Severity types ++++(score 4) +++(score 3) ++(score 2) +(score 1) �(score 0)

Paroxysmal sneezing

(average number of

episodes of paroxysmal

sneezing in a day)

≥21 times 20-11 times 10-6 times 5-1 times Below +

Rhinorrhea (average

number of episodes of

nose blowing a day)

≥21 times 20-11 times 10-6 times 5-1 times Below +

Nasal obstruction Completely

obstructed all

day

Severe nasal obstruction

causing prolonged oral

breathing in a day

Severe nasal obstruction

causing occasional oral

breathing in a day

Nasal obstruction

without oral

breathing

Below +

Nasal itching – Itchy nose and frequently

rubbing or blowing it

Itchy nose and

occasionally rubbing or

blowing it (between (+++)

and (+))

Itchy nose, which is

almost negligible

No itchy

nose

Difficulty in falling asleep Unable to sleep

at all

Very bad Bad Slightly bad Not at all

Nocturnal nasal

obstruction

Severe nasal

obstruction with

persistent oral

breathing

Persistent nasal

obstruction with oral

breathing

Nasal obstruction

occasionally bothered

Nasal obstruction,

but not bothering

No nasal

obstruction

Awakening at night 4 times 3 times 2 times Once None

Itchy eyes Above +++ Itchy eyes and frequently

rubbing them

Itchy eyes and

occasionally rubbing

them

Itchy eyes, but feel

no need to rub

them

Almost no

itchy eyes

Watery eyes Above +++ Watery eyes and

frequently wiping them

Watery eyes and

occasionally wiping them

Watery eyes, but feel

no need to wipe

them

Almost no

watery eyes

Troubles with daily lifea Impossible Painful and complicating

daily life

Intermediate between

(+++) and (+)

Few troubles Below +

Scores were assessed every day throughout the study period by each patient using ePro.
aTroubles with daily life: Troubles with work, study, household work, sleep, going out, etc.
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probability for the between-group mean differences was also calcu-

lated based on the same ANCOVA model. The Bayesian posterior prob-

abilities for T4NSS, sneezing, rhinorrhea, and nasal itching were

calculated post hoc. Missing values were handled as missing without

explicit imputations.

The safety analysis population included patients who had taken

at least one dose of the test drug. Safety endpoints were analyzed

in a descriptive manner.

2.5 | Evaluation of human mast cells degranulation

The inhibitory effect of ONO-4053 on mast cell degranulation was

examined because results suggested that ONO-4053 had an addi-

tional inhibitory effect on the symptoms of AR besides those attri-

butable to DP1 antagonism. Human mast cells were derived from

CD34+ bone marrow cells and cultured following the method by

Saito, et al.16 Briefly, CD34+ bone marrow cells were cultured for

six weeks in the presence of stem cell factor (SCF), interleukin-6

(IL-6), and interleukin-3, after which culture was continued in the

presence of SCF, IL-6, insulin-transferrin-selenium, and bovine

serum albumin. After approximately 10 weeks, more than 90% of

the cells were identified as mast cells by means of toluidine blue

staining. Mast cells (2 9 105 cells/mL) were sensitized by incubat-

ing overnight with human IgE (final concentration: 10 ng/mL); then,

the test substances ONO-4053, laropiprant,17 asapiprant, or BW

A868C18 were added before incubating at 37°C for an hour. Degranu-

lation was induced by the addition of anti-human IgE, and detected

by measuring b-hexosaminidase activity. b-hexosaminidase activ-

ity was assayed as below. The supernatant and substrate solution

(p-nitrophenyl-nacetyl-b-D-glucosamide) were incubated at 37°C

for 2 h, followed by adding stop solution (NaHCO3/Na2CO3,

pH 10), and absorbance was determined at 405 nm.

3 | RESULTS

3.1 | Patient population

Two hundred patients were enrolled in the study, and all were

included in the FAS population. Missing data were not explicitly

imputed by any other observed values, and as a result, the data for

17 patients were excluded from efficacy analysis, because they had

insufficient numbers of ePRO data (<80% of the total) for calculating

the mean changes from baseline. A consort diagram is shown in

Figure 1, and patient demographics are shown in Table 2. Drug com-

pliance was evaluated by pill counting data and was 100% for both

tablets and capsules in all the treatment groups.

3.2 | Total nasal symptom score

Mean changes in T3NSS and T4NSS from baseline for the two-week

treatment period are shown in Tables 3 and 4, respectively. For

T3NSS, changes observed in the pranlukast and placebo groups

(LS-mean � SE) were �0.83�0.16 and �0.68�0.24, respectively,

demonstrating a difference in mean change of �0.15�0.29 for pran-

lukast compared to placebo. The Bayesian posterior probability that

the pranlukast was more effective than placebo in reducing symp-

toms was 70.0%, which was higher than the criteria of 50% prespec-

ified for this study to be valid.

453

Patients randomized Dropouts in screening and obsevation periods
200 253

Patients' request 50

168
Adverse events

1
Other reasons

34

ONO-4053 Pranlukast Placebo
78 83 39

Patients treated Patients treated Patients treated
78 83 39

Completed Discontinued Completed Discontinued Completed Discontinued
76 2 80 3 39 0

Patients with written informed
consent

Patients who did not meet inclusion or exclusion criteria before
randomization

F IGURE 1 A consort diagram of this study
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The difference in mean change in T3NSS from baseline observed

in the ONO-4053 group compared to the placebo group for the

two-week treatment period was �0.36�0.30. This corresponds to a

Bayesian posterior probability of 89.0% for ONO-4053 that the dif-

ference was <0.00. Furthermore, the difference in mean change from

baseline in the ONO-4053 group compared to the pranlukast group

for the two-week treatment period was �0.21�0.23, corresponding

to a Bayesian posterior probability of 81.6% for ONO-4053 that the

difference was <0.00. For the mean change, the Bayesian posterior

probability of ONO-4053 being greater than pranlukast was higher

than that of pranlukast being greater than the placebo.

The difference in mean changes in T4NSS from baseline

observed in the ONO-4053 and pranlukast groups compared to the

placebo group for the two-week treatment period was �0.47�0.38

and �0.21�0.38, respectively. This corresponds to Bayesian poste-

rior probabilities of 89.0% for ONO-4053 and 71.2% for pranlukast

that these differences were less than 0.00.

For both T3NSS and T4NSS, the reduction in scores was both

greater and faster (Figure 2) in the ONO-4053 group than in the

pranlukast or placebo groups.

3.3 | Individual symptoms

The mean changes in individual symptoms from baseline for the

two-week treatment period are shown in Figure 3, and those

observed during the first week and the second week individually are

shown in Figure 4. The reduction in all nasal symptom scores was

both greater and faster in the ONO-4053 group than in the pran-

lukast group. The Bayesian posterior probabilities that mean changes

from baseline for the two-week treatment observed in the ONO-

4053 group were greater than in the pranlukast group for symptoms

of sneezing, rhinorrhea, nasal obstruction, and nasal itching were

TABLE 2 Demographic and baseline characteristics of patients

Placebo Pranlukast ONO-4053

Number of patients 39 83 78

Gender, no.

Male 13 31 25

Female 26 52 53

Age (years)

Mean � SD 42.4�9.9 37.7�9.7 40.4�9.8

Range 21-63 20-60 21-61

Rast score (JC pollen)

Mean 3.2 3.5 3.6

Range 2-6 2-6 2-6

Rast positive (HD or

mite) (%)

25.6 28.9 34.6

Baseline Symptomatic scores (Mean � SD)

T3NSS 9.29�1.40 9.16�1.22 9.23�1.21

T4NSS 11.90�1.67 11.79�1.36 11.80�1.46

Sneezing score 3.01�0.76 3.02�0.71 3.07�0.64

Rhinorrhea score 3.43�0.56 3.36�0.67 3.42�0.56

Nasal obstruction score 2.84�0.41 2.78�0.39 2.74�0.38

Nasal itching score 2.61�0.43 2.62�0.35 2.56�0.35

Baseline symptom scores were recorded by each patient using ePro. HD;

house dust.

TABLE 3 Changes in T3NSS from the baseline over the two-week treatment period and their Bayesian posterior probabilities

Time point Statistics Placebo Pranlukast ONO-4053

Mean of the

entire 2 weeks

Actual value N 35 79 69

Mean � SD 8.62�1.90 8.29�1.79 8.20�1.97

Change from the baseline LS-mean (SE) �0.68 (0.24) �0.83 (0.16) �1.04 (0.17)

95% confidence interval (�1.15, �0.20) (�1.15, �0.52) (�1.38, �0.71)

Differences compared to

placeboa
LS-mean (SE) – �0.15 (0.29) �0.36 (0.30)

95% confidence interval – (�0.72, 0.42) (�0.95, 0.22)

P value – .5968 .2182

Bayesian posterior probability <0.00 – 0.700 0.890

Bayesian posterior probability <�0.16 – 0.490 0.757

Bayesian posterior probability <�0.33 – 0.269 0.547

Differences compared to

pranlukasta
LS-mean (SE) – – �0.21 (0.23)

95% confidence interval – – (�0.67, 0.25)

Bayesian posterior probability <0.00 – – 0.816

Bayesian posterior probability <�0.16 – – 0.587

Bayesian posterior probability <�0.33 – – 0.308

aTo evaluate the mean changes from the baseline, an analysis of covariance (ANCOVA) model was used which included the treatment group and the

baseline value of each endpoint as covariates.
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88.8%, 82.5%, 55.7%, and 77.4%, respectively. For nocturnal nasal

and eye symptoms, the reductions observed in the ONO-4053 and

pranlukast groups were of similar magnitude, and greater than those

in the placebo group. The reduction in the score for negative impact

on daily life was both greater and faster in the ONO-4053 group

than in the pranlukast group. The reduction in JRQLQ scores

reported by the ONO-4053 and pranlukast groups was similar and

greater than those reported by the placebo group.

3.4 | Safety

The number of patients in the safety analysis set was 200. The inci-

dences of adverse events and adverse drug reactions are shown in

Table 5, and details of adverse drug reactions are provided in

Table 6. The incidences of adverse events were similar across the

study groups: 15.4% in the placebo group, 18.1% in the pranlukast

group, and 17.9% in the ONO-4053 group. The adverse drug reac-

tions observed in the ONO-4053 group were rash, alanine amino-

transferase increased, gamma-glutamyl transpeptidase increased,

glucose urine present, liver function test abnormal, and protein urine

present. All of these adverse drug reactions were mild and reversible.

One patient receiving ONO-4053 developed a rash, which resulted

in the termination of drug administration.

3.5 | Inhibitory effects on mast cell degranulation

The results of examination of the inhibitory effects of ONO-4053,

laropiprant, asapiprant, and BW A868C on mast cell degranulation

are shown in Figure 5. ONO-4053 had extremely inhibitory effects

at a concentration of 10�5
M that approximates to the expected
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F IGURE 2 Changes in T3NSS and
T4NSS at the first week and the second
week in the treatment period. In terms of
absolute values, the pranlukast group
exhibited a larger change than the placebo
group, and the ONO-4053 group exhibited
a larger change than the pranlukast group
from the 1st week. Data are presented as
mean � SE

TABLE 4 Changes in T4NSS from the baseline over the two-week treatment period and their Bayesian posterior probabilities

Time point Statistics Placebo Pranlukast ONO-4053

Mean of the entire

2 weeks

Actual value N 35 79 69

Mean � SD 10.98�2.36 10.60�2.15 10.41�2.45

Change from the baseline LS-mean (SE) �0.93 (0.31) �1.14 (0.21) �1.40 (0.22)

95% confidence interval (�1.55, �0.31) (�1.55, �0.73) (�1.84, �0.96)

Differences compared to

placeboa
LS-mean (SE) – �0.21 (0.38) �0.47 (0.38)

95% confidence interval – (�0.95, 0.53) (�1.23, 0.28)

P value – .5736 .2192

Bayesian posterior probability <0.00 – 0.712 0.890

Bayesian posterior probability <�0.16 – 0.554 0.792

Bayesian posterior probability <�0.33 – 0.375 0.645

Differences compared to

pranlukasta
LS-mean (SE) – – �0.26 (0.30)

95% confidence interval – – (�0.86, 0.34)

Bayesian posterior probability <0.00 – – 0.804

Bayesian posterior probability <�0.16 – – 0.630

Bayesian posterior probability <�0.33 – – 0.412

aTo evaluate the mean changes from the baseline, an analysis of covariance (ANCOVA) model was used which included the treatment group and the base-

line value of each endpoint as covariates.
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serum concentration from ONO-4053 in this clinical study, whereas

laropiprant, asapiprant, or BW A868C did not.

4 | DISCUSSION

The involvement of PGD2 in AR has been suggested. In humans, the

concentration of PGD2 in nasal mucus increases after antigen chal-

lenge,18–25 and nasal obstruction and rhinorrhea are induced by nasal

administration of PGD2.
26–28 The potential for DP1 antagonists to

reduce the nasal symptoms of AR was suggested by the evidence

obtained from an animal model of AR.8 We have conducted a study

to evaluate the efficacy and safety of a new synthetic DP1 antago-

nist, ONO-4053, in patients with SAR. Prior to this phase II study,

we have conducted phase I study in healthy volunteers at the maxi-

mum dose of 900 mg of ONO-4053 given for 8 days. Although

there were no safety concerns even at 900 mg of ONO-4053, we

selected 300 mg of ONO-4053 because the blood concentration at

24 h in human after administration was higher than that in cynomol-

gus monkey when ONO-4053 suppressed the shrinkage of nasal

cavity maximally after antigen provocation. As this was the first

study to evaluate the efficacy of ONO-4053 in real-world setting,

we did not prespecify the primary endpoint. As T3NSS or T4NSS is

generally an important endpoint in allergic rhinitis, we focused on

these most. We measured PK of ONO-4053, but there was no par-

ticular relationship between PK and these endpoints.

We have calculated Bayesian posterior probabilities for the

between-group mean differences. In a Bayesian framework, uncer-

tainty about any differences observed is expressed via probability

distributions, enabling quantitative comparisons between experimen-

tal treatment and control. In addition, it has been reported that

Bayesian statistics are useful for “go/no-go” decision-making in

proof-of-concept studies.29 The Bayesian posterior probability was

therefore appropriate for making comparisons between drug groups

in this study. The Bayesian posterior probability that the positive

control, pranlukast, was more effective than placebo in reducing

T3NSS was not <50%, which proves the validity of this study. In

addition, the Bayesian posterior probability that ONO-4053 was

more effective than pranlukast was not <50%, suggesting that ONO-

4053 demonstrated greater efficacy. For T3NSS, the Bayesian poste-

rior probability that pranlukast was better than placebo was 70.0%,

and the Bayesian posterior probability that ONO-4053 was better

than pranlukast was 81.6%. These values suggest that ONO-4053

could demonstrate superior efficacy than pranlukast in a confirma-

tory study by direct comparison. It is known the effect of LTRA is

superior to placebo for AR nasal symptoms, and LTRA is widely used

for relief of AR symptoms. In this study, we found ONO-4053 would

be more effective than LTRA, pranlukast, for T3NSS or T4NSS.

These facts indicate the efficacy of ONO-4053 would be clinically

meaningful in T3NSS or T4NSS. A sample size of about 600 to 1500

patients per group in the ONO-4053 and pranlukast groups will give
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a 90% power of detecting a significant difference at a two-sided sig-

nificance level of 0.05 between the mean changes from baseline of

T4NSS in the ONO-4053 and pranlukast groups with a true

between-group difference of �0.26 and a common standard devia-

tion of 1.4 to 2.2. Although it is generally difficult to detect a signifi-

cant difference against an active treatment, we think it might be still

feasible in this patient population. As the sample size of this study is

small (40-80 patients per arm), considering the montelukast study

(approximately 300 patients per arm),13 the estimate accuracy of the

between-group difference might be low. Therefore, further examina-

tion is needed to precisely quantify the difference between the

ONO-4053 and pranlukast groups in the subsequent studies.

We made a hypothesis that the difference observed between

ONO-4053 and the LTRA, pranlukast, would be similar to the differ-

ence observed between the LTRA, montelukast, and placebo (�0.33

for the mean change in T3NSS from the baseline).13 We conducted

this study with the assumption that it would be possible to detect a

change that was approximately half of this magnitude (�0.16). For

the between-group differences in mean changes in T3NSS from

baseline between the ONO-4053 and pranlukast groups, the Baye-

sian posterior probability for this being lower than �0.33 was 30.8%

(<50%), but the Bayesian posterior probability for this being lower

than �0.16 was 58.7%. The actual value calculated for the Bayesian

posterior probability confirmed the expected efficacy, indicating the

validity of using of Bayesian statistics for this exploratory study.

Laropiprant has been found to have insufficient efficacy as a

treatment for AR.30 Laropiprant acts as an antagonist to the throm-

boxane receptor (TP) as well as to DP1.17 Reduction in mucosal size

at the inferior turbinate as a result of exposure to thromboxane A2

(TXA2)31 and induction of nasal obstruction by inhibition of TXA2

synthetase have been reported.32 Laropiprant presumably demon-

strated poor efficacy in reducing AR nasal obstruction because its

DP1 antagonistic action was canceled by its TP antagonistic action.

ONO-4053 demonstrated greater efficacy than the LTRA, pran-

lukast, in relieving AR symptoms, particularly for symptoms of sneez-

ing, rhinorrhea, and nasal itching, for which involvement of histamine

is known. However, the fact that ONO-4053 is not a histamine antag-

onist and that laropiprant lacks efficacy for sneezing, rhinorrhea, and

nasal itching indicates that the effectiveness of ONO-4053 in relieving

these symptoms, which are primarily histamine-induced, cannot be

due to its DP1 antagonistic action. From these observations, we made

the hypothesis that ONO-4053 has an additional mechanism besides

its DP1 antagonistic action. As a result of examination based on this

hypothesis, we found that ONO-4053 had an inhibitory effect on mast

cell degranulation. Neither laropiprant, asapiprant, nor BW A868C

inhibited mast cell degranulation. These results suggest that the high

efficacy of ONO-4053 in treating the symptoms of AR derives from

TABLE 5 Summary of safety: the number of cases and incidence
rates of adverse events and adverse drug reactions

Placebo Pranlukast ONO-4053

Adverse events 6/39 (15.4%) 15/83 (18.1%) 14/78 (17.9%)

Adverse drug reactions 2/39 (5.1%) 8/83 (9.6%) 7/78 (9.0%)

There was no significant difference between the three groups. All of the

adverse events and adverse drug reactions were mild.

TABLE 6 Details of adverse drug reactions: type, numbers of
cases, and incidence rates

Placebo Pranlukast ONO-4053

Upper abdominal pain 1 (1.2%)

Thirst 1 (1.2%)

Rashes 1 (1.3%)

ALT increased 1 (2.6%) 2 (2.6%)

AST increased 1 (2.6%)

Blood bilirubin increased 1 (2.6%) 2 (2.4%)

Blood triglycerides increased 1 (1.2%)

GGTP increased 1 (1.3%)

Glucose urine present 2 (2.6%)

Blood urine present 1 (1.2%)

Liver function test abnormal 1 (1.3%)

White blood cell count increased 1 (1.2%)

Protein urine present 1 (1.2%) 1 (1.3%)

All adverse drug reactions were mild and reversible.
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the absence of any TP antagonistic action and the presence of an inhi-

bitory effect on mast cell degranulation. The mechanism of ONO-

4053’s inhibitory effect on mast cell degranulation is still unknown. As

ONO-4053 has demonstrated robust efficacy for symptoms of sneez-

ing, rhinorrhea, and nasal itching, the elucidation of these inhibitory

mechanisms could provide a clue for the discovery of a novel target

drug to replace antihistamines and LTRAs.

Levels of PGD2 expression are high in patients with chronic rhi-

nosinusitis, chronic cough, and bronchial asthma, as well as in patients

with AR.25,33–38 It has also been reported that the asthma of DP1-

deficient mice tended to be mild39 and that DP1 mediated PGD2-

induced VEGF release from nasal polyp fibroblasts.40 In addition to its

DP1 antagonistic action, ONO-4053 inhibits the production of chemi-

cal mediators such as histamine and leukotriene due to its inhibitory

effect on mast cell degranulation. ONO-4053 has also been found to

reduce antigen-induced urticaria in monkeys (internal data of Ono

Pharmaceutical). These observations highlight a potential for ONO-

4053 to be effective in treating chronic rhinosinusitis with nasal

polyps, and diseases associated with mast cell chemical mediators,

such as bronchial asthma, and urticaria, in addition to AR.

The present study demonstrated the efficacy and safety of

ONO-4053 as a treatment for SAR. Its efficacy presumably derived

both from its DP1 antagonistic action and its inhibitory effect on

mast cell degranulation. Current treatment for AR includes multiple

therapeutic agents depending on symptoms. For example, in clinical

practice guidelines for allergic rhinitis in the United States as well as

Europe and Japan, antihistamines are recommended for sneezing,

rhinorrhea, and nasal itching while nasal steroids, vasoconstrictors,

and LTRA (only in Japan) are recommended for nasal obstruction.1–4

The efficacy of ONO-4053 was demonstrated for all symptoms of

AR, including sneezing, rhinorrhea, nasal itching, and nasal obstruc-

tion. ONO-4053 therefore has the potential to become a new class

of therapeutic agent that can be used to treat any symptom of AR.
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