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Objectives: To evaluate the efficacy and safety of AZD1981, a potent, specific antagonist of the 

CRTh2 receptor, as add-on therapy to inhaled corticosteroids (ICS) and long-acting β
2
-agonists 

(LABA), in patients with persistent asthma with an allergic component.

Patients and methods: In this placebo-controlled, parallel-group Phase IIb study, patients with 

persistent atopic asthma on ICS and LABA were randomized to receive 12 weeks of treatment with 

placebo or AZD1981 (80 mg daily, 200 mg daily, and 10 mg, 40 mg, 100 mg, or 400 mg twice 

daily [BID]). The primary end point was the mean change from baseline in predose, prebroncho-

dilator forced expiratory volume in 1 second (FEV
1
) averaged over weeks 2, 4, 8, and 12 in the 

AZD1981-treatment group vs the placebo group. Secondary end points included other measures 

of lung function, symptoms, and asthma control, as well as standard measures of safety.

Results: In total, 1,140 patients (99.7%) received study treatment. There were improvements 

in the primary end point across all treatment groups over 12 weeks of treatment. However, the 

improvement for the highest AZD1981 dose (400 mg BID) vs placebo was not statistically 

significant (0.02 L, P=0.58), preventing interpretation of statistical testing for the lower doses. 

AZD1981 was well tolerated, and the incidence of adverse events was comparable across 

placebo and treatment groups.

Conclusion: In patients with allergic asthma receiving ICS and LABA therapy, the addition 

of AZD1981 at doses up to 400 mg BID failed to produce a clinically relevant improvement 

in lung function or any other measured end point, but appeared to have an acceptable safety 

profile. This clinical study is registered with ClinicalTrials.gov (NCT01197794).
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Plain-language summary
Why was the study done? CRTh2 is a receptor expressed on immune cells and has a role in 

driving allergic airway inflammation. Selective CRTh2 antagonism may counteract key aller-

gic/inflammatory pathways in asthma, thereby limiting airway inflammation and potentially 

improving asthma control.

What did the researchers do and find? This Phase IIb study was conducted to evaluate 

the dose–response relationship for AZD1981, a selective CRTh2 antagonist, as an add-on to 

standard treatment for patients with atopic asthma. A total of 1,140 patients received either 

placebo or AZD1981 treatment (80 or 200 mg once daily (QD), or 10, 40, 100, or 400 mg twice 

daily (BID) for 12 weeks), in addition to standard treatment. Changes in lung function for the 

highest dose (400 mg BID) were not statistically significant at 12 weeks, so it was concluded that 

nothing could be inferred from the lower-dose groups. However, improvements were observed 
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for time to treatment failure and other secondary outcomes, but 

with no clear dose response. AZD1981 was safe and well tolerated 

across the treatment groups.

What do these results mean? Treatment with AZD1981 did 

not result in any clinically significant effects on lung function or 

other outcome measures in any of the study population.

Introduction
Asthma is characterized by increased and persistent airway 

inflammation that often has an allergic component.1 Inter-

national treatment guidelines, such as those from the Global 

Initiative for Asthma,2 recommend an inhaled corticosteroid 

(ICS) as first-line therapy for persistent asthma, with the 

addition of a long-acting β
2
-agonist (LABA) as the preferred 

second controller for patients whose asthma remains uncon-

trolled on the ICS alone. However, a substantial number of 

patients who have severe and/or persistent forms of asthma 

remain symptomatic, despite this combined treatment. Novel 

therapies are thus needed.3

One potential therapeutic option is the use of selective 

antagonists to block the chemotactic receptor CRTh2.3,4 

CRTh2 is a G-protein-coupled receptor expressed on eosino-

phils, basophils, mast cells and T-helper (Th)-2 cells,5 as well 

as on the recently identified group 2 innate lymphoid cells 

(ILC2s),6 and CRTh2 is activated by the proinflammatory 

mediator prostaglandin D
2
 (PGD

2
). PGD

2
 is a major arachi-

donic acid metabolite released by airway mast cells following 

allergen challenge.4 Mast-cell activation and degranulation 

occurs in the initial phase of IgE-mediated reactions (eg, in 

response to allergen), and PGD
2
 acts as an important media-

tor of allergic inflammation in asthma.7,8 This prostanoid 

acts locally to stimulate the activation and chemotaxis of 

eosinophils, basophils, Th2 cells,5,8 and ILC2s9 that have the 

capacity to release Th2-type cytokines locally.10 Importantly, 

PGD
2
 levels and expression of the CRTh2 receptor are ele-

vated in the airways of patients in relation to asthma disease 

severity,11,12 and this PGD
2
–CRTh2 axis may be involved in 

mediating allergic airway-inflammatory responses, despite 

ICS treatment. Uncontrolled accumulation and activation of 

immune cells in a PGD
2
–CRTh2-dependent manner may thus 

play an important pathobiological role in the allergic airway 

inflammation that typifies asthma.4 In support of this hypoth-

esis, CRTh2 antagonism has been reported to reduce allergic 

airway inflammation in murine models significantly,13–15 

inhibit allergic inflammation in steroid-naïve patients with 

asthma,8,16–18 and block eosinophilic airway inflammation 

in patients with persistent moderate–severe asthma on CS 

treatment.19

CRTh2 antagonists represent a promising new class of 

therapeutic agents under clinical development for the treat-

ment of asthma.8,19–21 AZD1981 (AstraZeneca, Gothenburg, 

Sweden) is a potent, orally active, selective CRTh2 antagonist 

that has been shown consistently to block CRTh2-driven 

eosinophil and Th2 responses in human cell systems, and 

is thus a candidate for oral nonsteroidal asthma therapy.18,22 

The clinical potential of AZD1981 has been evaluated in two 

randomized, placebo-controlled trials in asthma.23 In one, 

patients had their ICS treatment withdrawn prior to run-in, 

and in the second, three doses of AZD1981 were investigated 

in patients on maintenance-ICS treatment.23 The primary 

efficacy end point in both trials was morning peak expiratory 

flow after 4 weeks of treatment. In both studies, there was a 

nonsignificant difference in the primary end point in favor of 

AZD1981. In the latter study, AZD1981 was associated with 

a small improvement in forced expiratory volume in 1 second 

(FEV
1
) and daily asthma control by improvement in Asthma 

Control Questionnaire (ACQ)-5 score. In a post hoc analysis, 

these improvements appeared to be more pronounced in 

atopic patients compared with nonatopic patients, consistent 

with the mechanism of action for AZD1981.23

Based on these observations, we performed a random-

ized, placebo-controlled study to examine the efficacy and 

safety of AZD1981 at different doses and dose frequencies 

in uncontrolled patients who screened positive for specific 

IgE to common inhaled allergens, suggesting an allergic 

component to their asthma and involvement of CRTh2-driven 

mechanisms. In order to assess benefit and tolerability in a 

patient population with significant unmet need, AZD1981 

was evaluated in patients symptomatic on ICS–LABA 

combination therapy.

Patients and methods
Study design
This was a Phase IIb, 12-week, multicenter, randomized, 

double-blind, placebo-controlled, parallel-group study 

conducted in Europe, South and North America, Japan, 

and South Africa (protocol D9830C00008, ClinicalTrials.

gov identifier NCT01197794). The study evaluated four 

AZD1981 BID oral regimens (10, 40, 100, and 400 mg BID) 

and two AZD1981 QD oral regimens (80 and 200 mg/day) 

vs placebo over 12 weeks of treatment in patients with 

asthma also receiving the ICS budesonide and the LABA 

formoterol (Bud/Form 80/4.5 μg, Symbicort® pressured 

metered-dose inhaler, two inhalations BID throughout 

the study; AstraZeneca, Gothenburg, Sweden) (Figure 1). 

Eligible patients entered a 2-week run-in period, and those 
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fulfilling the randomization criteria began treatment with 

oral tablets of AZD1981 or matching placebo, in addition 

to their maintenance therapy with Bud/Form 80/4.5 μg. The 

study was approved by local review boards/ethics commit-

tees (Table S1), and was conducted in accordance with the 

Declaration of Helsinki 2008 and Good Clinical Practice 

(GCP) guidelines.

patients
Eligible patients were men and women aged $18 years 

with a documented history of persistent asthma (accord-

ing to the definition of the American Thoracic Society) 

of $6 months’ duration treated with a combination of 

ICS–LABA for $3 months before the run-in period. Stan-

dard ICS doses of #500 μg of budesonide, fluticasone, 

ciclesonide, mometasone, and hydrofluoroalkane beclometa-

sone, 1,000 μg of beclometasone dipropionate, or other ICS 

at equivalent doses, were permitted if on a stable regimen 

for $4 weeks before the run-in period. Other major inclu-

sion criteria were prebronchodilator FEV
1
 of 40%–85% of 

predicted normal,24 reversible airway obstruction ($12% 

increase in postbronchodilator FEV
1
), atopy confirmed by a 

positive Phadiatop test (Phadia AB, Uppsala, Sweden),25 and 

a total ACQ5 score $1.5.26 Major exclusion criteria included 

any respiratory infection significantly affecting asthma, a 

smoking history .10 pack years, and any clinically relevant 

medical condition/abnormal finding. Oral or parenteral CS 

(as well as other anti-asthma treatments) were not permitted, 

except for severe asthma exacerbations. Initially, only 

postmenopausal women were allowed to participate in the 

study. However, following a protocol amendment, women 

of childbearing potential were also permitted, provided they 

used a double-barrier method of contraception. All patients 

gave written informed consent prior to study participation.

Treatment
After a 2-week run-in period, eligible patients were randomly 

allocated in a 1:1:1:1:1:1:1 ratio to receive one of seven 

treatments: AZD1981 10 mg BID, 40 mg BID, 100 mg BID, 

400 mg BID, 80 mg QD, 200 mg QD, or placebo. Eligible 

patients were randomized using a randomization list prepared 

by a validated computerized system at the study sponsor, 

and randomization was done in blocks of seven. Unique 

randomization codes were assigned strictly sequentially by 

AstraZeneca’s GRand system.

All patients took four tablets of AZD1981 and/or placebo 

in the morning and four tablets in the evening. The combina-

tion of tablets dispensed for each treatment arm is shown in 

Figure 2. In addition, all patients continued their maintenance 

treatment with two inhalations BID of Bud/Form 80/4.5 μg 

throughout the study and were permitted to use any inhaled 

short-acting β
2
-agonist (SABA) as reliever medication. 

Packaging and labeling ensured that study staff and patients 

were blinded to treatment with AZD1981 or placebo.

end-point variables
The primary end point was the mean change from baseline 

in predose, prebronchodilator FEV
1
 averaged over weeks 2, 

4, 8, and 12 in the AZD1981-treatment group vs the placebo 

group.27 Secondary end points included postbronchodilator 

≥

•
• β

Figure 1 Study design.
Note: Symbicort® (budesonide/formoterol): astraZeneca, Gothenburg, Sweden.
Abbreviations: r, randomization; pMDi, pressurized metered-dose inhaler.
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FEV
1
, pre- and postbronchodilator forced vital capacity 

(FVC), time to treatment failure, and time to severe asthma 

exacerbation. A treatment failure was defined as the clinical 

need for additional ICS, as judged by the investigator and 

based on evaluations at clinic visits. A severe asthma exac-

erbation was defined as deterioration in asthma leading to 

oral glucocorticoid (GC) treatment for $3 days, as judged 

by the investigator and based on evaluations at the clinic 

and/or hospitalization or emergency-room treatment due to 

asthma. Patient-reported secondary efficacy end points were 

self-evaluated ACQ5 score and the Asthma Quality of Life 

Questionnaire, standardized version (AQLQ-S).28

Secondary efficacy variables, recorded in a daily elec-

tronic diary (eDiary) by the patients or derived from the 

eDiary recordings, included morning and evening peak 

expiratory flow (PEF) and FEV
1
, patient-assessed asthma 

symptoms, including total symptom score, daily and total 

SABA-reliever use, nights with awakenings due to asthma 

symptoms, number of reliever-free days, number of asthma 

control-free days, and number of symptom-free days.

Throughout the study, adverse events (AEs) and serious 

AEs (SAEs) were recorded, including their severity and 

their putative relationship to the study drug. Other safety 

evaluations included physical examinations, electrocar-

diography monitoring, predetermined blinded laboratory 

monitoring (including transaminases and total bilirubin), 

and assessment of vital signs.

assessments
Clinic spirometric assessments during the active-treatment 

phase were performed within a 1-hour window for each 

study visit. Patients refrained from using their reliever 

medication for at least 6 hours before each evaluation. 

In addition, before visit 2 (reversibility screening), patients 

also abstained from LABA use for $48 hours before the 

clinic visit, and before visits 3–7 patients refrained from 

taking their ICS- and LABA-maintenance treatment within 

12 hours of the clinic measurements. Postbronchodilator 

spirometry in the clinic was performed within 15–30 minutes 

of bronchodilator use.

ACQ5 and AQLQ scores were self-evaluated during clinic 

visits 2–7 and entered in the eDiary. An ACQ5 responder 

was defined as a patient with a decrease of $0.5 units from 

baseline to the end of treatment. An AQLQ responder was 

defined as a patient with an increase of $0.5 from baseline 

to the end of treatment. Patients completed the eDiary during 

the run-in and treatment periods (visits 2–7).

Sample size and statistical analysis
In the absence of previous data with AZD1981 with Bud/

Form as background therapy, a standard deviation for change 

from baseline in FEV
1
 was conservatively estimated at 

420 mL. Therefore, for a one-sided test at the 5% significance 

level, a total sample size of 1,120 patients would have 80% 

power to demonstrate an effect if the true group differ-

ence was 117 mL. For a two-sided test, the corresponding 

value was 131 mL. For the ACQ, the standard deviation 

was assumed to be 0.7 units, and the group difference was 

0.2 units for a one-sided test at the 5% level and 0.22 units 

for a two-sided test. Group differences were calculated 

vs placebo.

Efficacy analyses were performed on the full-analysis set, 

consisting of all randomized patients who took at least one 

dose of AZD1981 and for whom postdose data were avail-

able. Most continuous end-point variables were analyzed 

with an analysis of covariance model with treatment and 

country as factors and baseline measurement as covariate. 

Time to first treatment failure and time to first severe asthma 

Figure 2 pattern of aZD1981 tablet formulation dispensed for the different treatment arms.
Abbreviations: BiD, twice daily; QD, once daily.
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exacerbation were analyzed by a Cox proportional-hazard 

model with treatment as factor. Hierarchical statistical testing 

was prespecified, starting with the highest-dose comparison 

for the primary end point. Subsequent testing for lower 

AZD1981 doses was valid only if the initial comparison 

was found to be statistically significant, although nominal 

P-values are provided for descriptive purposes. Safety 

analyses were carried out on the safety-analysis set, which 

included all randomized patients who took at least one dose 

of study medication and for whom any data after random-

ization were available. This included patients affected by 

GCP violations.

An exploratory post hoc analysis was performed to 

examine the relationship between features considered to be 

markers of the Th2-high phenotype and clinical responses. 

In this analysis, patients were considered to be of a Th2 phe-

notype if their blood eosinophil count was $0.14×109 cells/L 

and total serum IgE .100 kU/L.29 In addition, blood eosino-

phil counts and serum total IgE levels were compared to the 

clinical end points for each of the treatment groups.

Results
patients
The first patient was enrolled on October 19, 2010, and 

the last patient completed the study on February 16, 2012. 

A total of 2,082 patients were enrolled, 1,144 of whom were 

randomized to treatment (1,140 received treatment, with 

1,034 patients completing the study) (Figure 3). The mean 

age was 46 years, 51% of patients were male, 72% were 

white, and the mean time since the diagnosis of asthma was 

18 years (Table 1). Baseline demographic data and disease 

characteristics were well balanced across the treatment 

groups. Three patients were excluded from the efficacy 

analyses, due to GCP violations (Figure 3).

Compliance
During the study, compliance with study treatment (based on 

tablet counts), and eDiary completion (defined as two eDiary 

entries for each day the patient was on treatment) was high 

(96.5% and 88.9% of patients, respectively, were $80% 

compliant), and this was similar across treatment groups.

Primary efficacy analysis
An improvement in mean change from baseline predose, 

prebronchodilator FEV
1
 values over the treatment period was 

seen across all treatment groups, with values ranging from 

0.14 L for placebo (95% CI 0.08–0.19) to 0.2 L for AZD1981 

40 mg BID (95% CI 0.15–0.26) (Figure 4A). There was an 

improvement in the placebo-adjusted change from baseline 

in treatment-average prebronchodilator FEV
1
, ranging from 

0.02 L with AZD1981 400 mg BID to 0.07 L with AZD1981 

40 mg BID. However, the improvement in mean change from 

baseline predose, prebronchodilator FEV
1
 value observed 

with AZD1981 400 mg BID was not statistically significantly 

different vs placebo (least-square mean difference 0.02 L, 

95% CI -0.06 to 0.1; P=0.58), preventing interpretation of 

statistical testing for the lower doses. No dose–response 

relationship was observed across the active-treatment groups 

for predose, prebronchodilator FEV
1
. The largest treatment 

difference was observed in the AZD1981 40 mg BID group 

compared with placebo (least-square mean difference 0.07, 

95% CI -0.01 to 0.14). Similarly, there was no statistically 

significant difference in the effect of QD vs BID dosing 

for the primary end point (least-square mean difference for 

200 mg QD vs 100 mg BID 0, 95% CI -0.07 to 0.08, P=0.91; 

least-square mean difference for 80 mg QD vs 40 mg BID 

-0.05, 95% CI -0.13 to 0.03, P=0.215).

Secondary end points
lung function
An improvement in mean change from baseline postbroncho-

dilator FEV
1
 measurements over the treatment period average 

was seen in all treatment groups, with values ranging from 

0.36 L for placebo (95% CI 0.3–0.41) to 0.45 L for AZD1981 

40 mg BID (95% CI 0.4–0.5) (Figure 4B). Improvements in 

mean average change from baseline pre- and postbroncho-

dilator FVC measurements over the treatment period were 

seen in all treatment groups. For prebronchodilator FVC, 

values ranged from 0.13 L for placebo (95% CI 0.06–0.21) 

to 0.2 L for AZD1981 100 mg BID (95% CI 0.12–0.27). 

For postbronchodilator FVC, values ranged from 0.34 L for 

placebo (95% CI 0.27–0.4) to 0.42 L for AZD1981 40 mg 

BID (95% CI 0.35–0.49). No dose–response relationship 

was observed across the treatment groups for pre- or post-

bronchodilator FVC.

patient-reported outcomes: aCQ5 and aQlQ-S 
scores
Compared with placebo, AZD1981 had no significant effect 

on ACQ5 score (Figure 5). The proportion of patients with 

an ACQ5 response (defined as a decrease of $0.5 units 

from baseline to the end of treatment) ranged from 61% in 

the placebo group to ~70% in three of the AZD1981 treat-

ment groups (200 mg QD, 80 mg QD, and 100 mg BID). 

Similarly, improvements were observed in all treatment 

groups in AQLQ-S scores, with response rates (defined 
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as an increase of $0.5 from baseline to the end of treat-

ment) ranging from 52% for placebo to 63% for AZD1981 

100 mg BID.

eDiary and eDiary-derived end points
Compared with placebo, AZD1981 had no significant effect 

on lung-function parameters assessed at home vs placebo, 

including morning and evening PEF and FEV
1
 (Table 2), 

patient-assessed total symptom score, total daily SABA-

reliever use, and the percentage of reliever-free days, 

asthma-control days, and incidence of symptom-free days. 

For all these secondary end points, there was no evidence of 

a dose–response relationship.

Severe asthma exacerbations
The number of patients with one or more severe asthma exac-

erbations was low across the treatment groups: six (3.7%), 

five (3.1%), seven (4.3%), four (2.4%), seven (4.3%), three 

(1.9%), and five (3.1%) in the AZD1981 10 mg BID, 40 mg 

BID, 100 mg BID, 400 mg BID, 80 mg QD, 200 mg QD, 

and placebo groups, respectively. Patients typically expe-

rienced a single event during the treatment period, with 

few patients experiencing two events; these occurred in 

the AZD1981 200 mg QD (one patient), AZD1981 80 mg 

QD (two patients), and placebo (two patients) groups. Cox 

regression analysis revealed no statistically significant differ-

ence in the time to first severe asthma exacerbation between 

any of the AZD1981-treatment groups relative to placebo.

Time to treatment failure
The number of patients with a protocol-defined treatment 

failure was low across the treatment groups: 12 (7.4%), 

ten (6.2%), three (1.8%), four (2.4%), eight (4.9%), nine 

(5.7%), and 12 (7.5%) in the AZD1981 10 mg BID, 40 mg 

BID, 100 mg BID, 400 mg BID, 80 mg QD, 200 mg QD, 

and placebo groups, respectively. Analysis of time to first 

treatment failure generally showed no difference between 

AZD1981 and placebo; however, compared with pla-

cebo, the risk of an event was significantly lower for the 

AZD1981 400 mg BID and the AZD1981 100 mg BID 

groups (Table 3).

analysis of Th2 phenotype and clinical 
responses
Among the active-treatment groups the 40 mg-treatment 

group had both the highest mean baseline eosinophil count 

(0.31×109 cells/L [SD 0.2565]) and median total IgE level 

(269 kU/L) and exhibited the greatest responses to AZD1981 

treatment for several asthma-control measures, which 

prompted a post hoc analysis of results based on the level of 

Table 1 patient demographics and baseline characteristics*

AZD1981 Placebo 
(n=161)10 mg BID

(n=163)
40 mg BID
(n=162)

100 mg BID
(n=166)

400 mg BID
(n=164)

80 mg QD
(n=164)

200 mg QD
(n=161)

Mean age (years) 44.5 46.3 46.4 46.6 45.4 46.7 45.7
Female, n (%) 80 (49.1) 82 (50.6) 87 (52.4) 76 (46.3) 78 (47.6) 82 (50.9) 76 (47.2)
race, n (%)

White
Black
asian

113 (69.3)
3 (1.8)
32 (19.6)

121 (74.7)
1 (0.6)
25 (15.4)

120 (72.3)
5 (3)
29 (17.5)

117 (71.3)
5 (3)
27 (16.5)

119 (72.6)
2 (1.2)
32 (19.5)

115 (71.4)
6 (3.7)
26 (16.1)

119 (73.9)
4 (2.5)
24 (14.9)

Mean BMi, kg/m2 27.8 28 27.8 27.4 26.4 27.4 26.8
Mean time since asthma 
diagnosis, years

17.3 18 18.6 18.6 18.3 18.5 17.5

Smoking status, n (%)
never 144 (88.3) 136 (84) 152 (91.6) 139 (84.8) 143 (87.2) 137 (85.1) 146 (90.7)
previous 19 (11.7) 26 (16) 14 (8.4) 25 (15.2) 21 (12.8) 24 (14.9) 15 (9.3)

ige level, kU/l#

Median (range) 255 (3–5,193) 269 (8–13,886) 215 (3–17,058) 209 (11–11,208) 210 (3–19,450) 253 (5–8,002) 306 (3–9,215)
Mean 504 599 625 578 655 529 612

Mean eosinophil count, 
109 cells/l (range)#

0.2996 
(0–1.26)

0.3108 
(0–1.54)

0.2791 
(0.01–1.34)

0.2993 
(0.01–2.03)

0.2673 
(0–1.93)

0.2925 
(0.02–4.47)

0.3207 
(0.01–2.14)

patients with Th2-high 
phenotype,‡ %

52 55 54 49 49 50 57

Notes: *Based on the randomized-analysis set, which included the four subjects who did not receive treatment, but excluded GCp violations; #based on the safety-analysis 
set, which excluded the four patients who did not receive treatment, but included GCp violations; ‡Th2-high phenotype: blood eosinophil count $0.14×109 cells/l and serum 
total ige .100 kU/l.29

Abbreviations: BiD, twice daily; QD, once daily; BMi, body-mass index; Th, T helper; GCp, Good Clinical practice.
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Figure 5 Mean change from baseline in the asthma Control Questionnaire (aCQ)-5 score.
Notes: Data are mean changes from baseline to treatment average for the main analysis. Based on the full-analysis set, which excluded patients who did not receive treatment 
and patients with GCp violations.
Abbreviations: BiD, twice daily; QD, once daily; GCp, Good Clinical practice.

Figure 4 Mean change from baseline.
Notes: (A) Morning predose, prebronchodilator forced expiratory volume in 1 second (FeV1; primary efficacy end point) and (B) post-bronchodilator FeV1. Data are mean 
changes from baseline to treatment average for the main analysis. Based on the full-analysis set, which excluded patients who did not receive treatment and patients with 
GCp violations.
Abbreviations: BiD, twice daily; QD, once daily; GCp, Good Clinical practice.
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Th2-driven immunity. Across treatment groups, 52% (562) 

patients were categorized as Th2 high and 48% (513) as 

Th2 low (Table 1). However, in different treatment groups, 

patients characterized as Th2 high did not consistently dem-

onstrate greater improvements in predose, prebronchodilator 

FEV
1
 responses compared to Th2-low patients, and neither 

subgroup demonstrated a consistent dose response (data 

not shown).

Safety and tolerability
The incidence of AEs was similar across all treatment groups, 

with the AE profile for AZD1981 similar to that of placebo 

(Table 4). Most AEs were mild or moderate in severity. 

Only a small proportion of patients treated with AZD1981 or 

placebo experienced SAEs during the study. AEs and SAEs 

leading to study-drug discontinuation were low in number 

and consistent across treatment groups. The incidence of AEs 

that were judged by the investigator to be drug-related was 

low, with the highest incidence in the AZD1981 400 mg BID 

group. There were no deaths during the study.

Compared with placebo, there were no clinically relevant 

changes with regard to clinical laboratory assessments, physi-

cal examination, electrocardiography, or vital signs. A small 

proportion of patients had levels of alanine aminotransferase 

or aspartate aminotransferase $3× the upper limit of normal 

(ULN), the highest proportion of which occurred with 

AZD1981 400 mg BID. There were four cases of transami-

nases elevated to $3× ULN or total bilirubin $2× ULN that 

may have been related to the study drug (one patient treated 

with AZD1981 80 mg QD, one patient treated with AZD1981 

100 mg BID, and two patients treated with AZD1981 400 mg 

BID). Transaminase levels returned to baseline values after 

AZD1981 was stopped.

Discussion
This randomized, placebo-controlled, parallel-group 

Phase IIb study evaluated the efficacy and safety of add-on 

treatment with AZD1981, a selective orally active CRTh2 

antagonist, in patients who were symptomatic despite main-

tenance therapy with ICS–LABA. Only asthma patients 

with evidence of atopy defined by a positive Phadiatop test 

were included in the study, as it was expected that they 

would have allergic airway inflammation as a component 

of their asthma and would show greater improvements with 

AZD1981 than excluded nonatopic patients. At the highest 

of the AZD1981 doses tested (400 mg BID), no statistically 

significant effect was observed vs placebo in the primary 

efficacy end point (mean change from baseline in predose, T
ab
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prebronchodilator FEV
1
). Similarly, results for the secondary 

variables, including postbronchodilator FEV
1
, pre- and post-

bronchodilator FVC, patient-assessed parameters (ACQ5, 

AQLQ-S, and total asthma-symptom scores), and PEF and 

FEV
1
 measured at home were not significantly different from 

those for placebo. For most measures, the largest treatment 

difference from placebo was observed in the AZD1981 

40 mg BID group, but no consistent dose–response effects 

were observed. In general, the smallest differences between 

placebo and AZD1981 across different variables were in the 

10 mg BID group, but since the prespecified statistical testing 

procedure failed at the highest dose comparison for predose, 

prebronchodilator FEV
1
, definitive conclusions could not be 

drawn from the lower-dose arms. AZD1981 was generally 

well tolerated. With the exception of elevated transaminase 

values in a few patients (that returned to baseline after 

AZD1981 had been stopped), the AE profile was similar to 

that of placebo. These safety results are consistent with the 

findings of previous clinical studies with AZD1981.23

Reasons for the failure of AZD1981 to demonstrate 

clinical efficacy in our study could relate to the drug (potency, 

dose, and posology) or the inclusion of a study population 

(eg, patients on ICS–LABA) in which CRTh2 mechanisms 

may be less clinically relevant for measures of lung function 

or signs and symptoms (eg, ACQ5). The study of CRTh2-

mediated mechanisms in airway diseases has been limited 

by the absence of a measurable biomarker that reflects their 

presence and activity. This deficiency has affected both the 

evaluation and selection of candidate CRTh2-antagonist 

drugs and patients in whom to test them. Currently, the 

most widely used surrogate for CRTh2 activity is inhibition 

of PGD
2
-induced shape change of peripheral blood eosino-

phils ex vivo.30 This biomarker has recently been used in 

pharmacokinetic/pharmacodynamic models to identify doses 

and dosing regimens leading to 90% of maximum blockade 

of CRTh2 at trough by two selective and potent CRTh2 

antagonists currently in clinical development: ACT453859 

(Actelion Pharmaceuticals) and setipiprant.7 A sustained 

target pharmacodynamic-effect level of 90% CRTh2 block-

ade was defined as clinically relevant.

There is a growing body of information on CRTh2 antag-

onists and molecules with dual antagonism of CRTh2 and 

human D-prostanoid receptors in allergic asthma.7,17,19,20,23,31–33 

These entities have been shown to inhibit allergic inflamma-

tion in asthma patients subjected to bronchial antigens,16 and 

the CRTh2 antagonist OC000459 (Oxagen) has been reported 

Table 3 Cox regression analysis of time to treatment failure*

Comparison n Difference between 
groups

HR 95% CI P-value

aZD1981 10 mg BiD vs placebo 163 vs 161 0.99 0.44–2.2 0.979
aZD1981 40 mg BiD vs placebo 162 vs 161 0.82 0.35–1.89 0.634
aZD1981 100 mg BiD vs placebo 164 vs 161 0.23 0.07–0.82 0.024
aZD1981 400 mg BiD vs placebo 164 vs 161 0.31 0.1–0.98 0.045
aZD1981 80 mg QD vs placebo 164 vs 161 0.63 0.26–1.55 0.32
aZD1981 200 mg QD vs placebo 159 vs 161 0.73 0.31–1.74 0.48

Notes: *Based on the full-analysis set, which excluded patients who did not receive 
treatment and patients with Good Clinical practice violations. n = number of patients, first 
those in the aZD1981 treatment group then followed by those in the placebo group.
Abbreviations: BiD, twice daily; QD, once daily; Hr, hazard ratio.

Table 4 Summary of adverse events (aes)*

AEs AZD1981, n (%) Placebo 
(n=163)10 mg BID

(n=163)
40 mg BID
(n=163)

100 mg BID
(n=164)

400 mg BID
(n=164)

80 mg QD
(n=164)

200 mg QD
(n=159)

any ae# 56 (34.4) 49 (30.1) 46 (28) 46 (28) 40 (24.4) 46 (28.9) 49 (30.1)
Serious ae 0 0 3 (1.8) 0 1 (0.6) 1 (0.6) 1 (0.6)
Drug ae§ 2 (1.2) 4 (2.5) 5 (3) 3 (1.8) 4 (2.4) 2 (1.3) 4 (2.5)
Ten most common aes

nasopharyngitis 10 (6.1) 5 (3.1) 7 (4.3) 4 (2.4) 9 (5.5) 10 (6.3) 6 (3.7)
Headache 2 (1.2) 3 (1.8) 7 (4.3) 2 (1.2) 4 (2.4) 7 (4.4) 2 (1.2)
Bronchitis 5 (3.1) 5 (3.1) 2 (1.2) 1 (0.6) 1 (0.6) 4 (2.5) 5 (3.1)
pharyngitis 3 (1.8) 3 (1.8) 4 (2.4) 2 (1.2) 4 (2.4) 2 (1.3) 1 (0.6)
asthma 4 (2.5) 2 (1.2) 4 (2.4) 2 (1.2) 3 (1.8) 0 3 (1.8)
Influenza 5 (3.1) 3 (1.8) 0 1 (0.6) 2 (1.2) 0 4 (2.5)
Sinusitis 3 (1.8) 0 2 (1.2) 1 (0.6) 2 (1.2) 2 (1.3) 1 (0.6)
nausea 1 (0.6) 2 (1.2) 0 3 (1.8) 1 (0.6) 2 (1.3) 0
respiratory tract infection 5 (3.1) 1 (0.6) 1 (0.6) 1 (0.6) 0 1 (0.6) 2 (1.2)
Upper respiratory tract infection 1 (0.6) 2 (1.2) 0 2 (1.2) 2 (1.2) 2 (1.3) 2 (1.2)

Notes: *Based on safety-analysis set, which excluded the four patients who did not receive treatment, but included Good Clinical practice violations; #patients who had at 
least one ae. §leading to study-drug discontinuation.
Abbreviations: BiD, twice daily; QD, once daily.
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to improve lung function and symptoms in a placebo-

controlled trial conducted in steroid-naïve patients with 

moderate persistent asthma.17 OC000459 treatment was also 

associated with a reduction in sputum eosinophils (geometric 

mean). In addition, there was a trend (albeit nonsignificant) 

of decrement in serum total IgE. In studies evaluating the 

CRTh2 antagonist BI671800 (Boehringer Ingelheim), small 

improvements in spirometry were observed in steroid-naïve 

patients, but these were inferior to those achieved with 

low-dose fluticasone propionate.8,33 When added to inhaled 

fluticasone (88 μg BID) in adult patients with symptomatic 

asthma, BI671800 (400 mg) resulted in nonsignificant 

improvements in trough FEV
1
% predicted, but no statisti-

cally or clinically significant changes in Asthma Control 

Test score, after 4 weeks of treatment.34 In a further study 

in patients receiving low-dose ICS, small improvements in 

lung function and asthma control similar to or numerically 

greater than that achieved with montelukast were seen.32 In 

contrast to these results, a recent study of AMG853 (Amgen) 

a small-molecule dual antagonist of the human D-prostanoid 

and CRTh2 receptors, with ACQ as the primary end point, 

reported negative findings.31

An initial concern in studies with weak or negative results 

is lack of potency or suboptimal dosing. In an attempt to 

avoid the latter, this study used a wide range of doses and 

both QD and BID dosing regimens, which on best evidence 

should have provided sufficient drug exposure. However, the 

AZD1981 80 mg QD-regimen results for the primary and 

secondary lung-function parameters were numerically smaller 

than those for 40 mg BID, and consistently with this, trough 

plasma concentrations of AZD1981 were lower for the QD 

regimen compared with the BID regimen at the same total 

daily dose (data not shown). These findings suggest that QD 

dosing of AZD1981 may not have been optimal. Increased 

potency and prolonged residence time at CRTh2 receptors are 

key pharmacological properties actively being sought by other 

pharmaceutical companies, as it is believed this will improve 

the clinical efficacy of CRTh2 antagonists in asthma.8,35,36

Selection of the optimal target-patient group in whom 

Th2-driven allergic airway inflammation is predominant 

has been approached differently in various studies. For 

example, studies examining the efficacy of ICS or targeted 

Th2-cytokine inhibition differentiated their target popula-

tions according to specific Th2-associated biomarkers.29,37–40 

Predictive biomarkers employed include the degree of atopy 

in terms of number of positive skin tests, total IgE, airway 

or peripheral blood eosinophilia, fractional excretion of 

nitric oxide, and certain anti-IL13-inducible gene products. 

Notably, the proportion of asthmatic patients with the Th2-

high phenotype (blood eosinophil count $0.14×109 cells/L 

and total serum IgE .100 kU/L) constituted approximately 

50% of the total patient population who completed this 

study. This is similar to the proportion of patients with mild–

moderate asthma characterized by degree of activation of 

Th2-inflammatory pathways.40

Emerging studies support the concept of a responding- 

patient phenotype defined by targeting of immunopathways 

that extend beyond simple allergic sensitization.29,37–40 

Importantly, while atopic sensitization may serve to identify 

a potentially susceptible population, atopic status in and of 

itself has not consistently predicted efficacy in a number of 

studies of Th2-directed therapies. 

Busse et al reported that a subgroup of asthmatics with 

blood eosinophilia .6% were more responsive to AMG853.31 

Sputum eosinophilia of .2% has been used as a primary 

inclusion criterion in a current trial of a CRTh2 antagonist, 

QAW039 (now fevipiprant; Novartis), in patients with per-

sistent asthma.19,32 In this study, all patients were positive for 

allergen-specific IgE by Phadiatop, with mean eosinophil num-

bers 0.267–0.321×109 cells/L (Table 1), and median total serum 

IgE 209–306 kU/L (Table 1). The post hoc analysis of group 

responses according to Th2 status failed to account for the nega-

tive results, and did not suggest a consistent differential benefit 

between Th2-high and Th2-low subjects vs placebo across 

doses or a dose response within the Th2-high subgroup. 

Nevertheless, the importance of patient stratification 

has been illustrated in recent clinical studies assessing lung 

function in several predefined subgroups with elevated 

sputum eosinophil count ($2%),19 blood eosinophilia 

($250 cells/μL),8 positive skin-prick tests,21 and more severe 

disease (baseline FEV
1
 ,70%).20 Along these lines, we specu-

late that patients with more severe asthma (defined both by 

baseline measures of impairment and prior asthma treatment) 

with an eosinophil-dominant phenotype are most likely to 

respond to CRTh2 antagonists and the potential positioning 

of this Th2-directed nonbiological therapy. A more recent 

study showed that QAW039 improved lung function and 

asthma control in a subset of patients with greater severity 

of airflow limitation (FEV
1
 ,70%), but had no significant 

effect in the general study population.20 These were patients 

with mild–moderate uncontrolled allergic asthma (n=170) 

who were either without or weaned off ICS and LABA. 

Further, in a dose-ranging study of fevipiprant, significant 

improvements in predose FEV
1
 were observed, albeit similar 

to those achieved with montelukast in patients with allergic 

asthma uncontrolled by low-dose ICS.41
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Our study enrolled patients with inadequately controlled 

moderate–severe asthma with an FEV
1
 40%–85% of predicted 

normal during maintenance ICS–LABA therapy. Patients 

enrolled in the OC000459 study had an FEV
1
 that was 

60%–80% of predicted normal. Therefore, in both studies, 

there was room for improvement in FEV
1
. The significant 

difference vs placebo for risk of an event in time to treatment 

failure analysis also indicates some possible stabilization 

of asthma at the higher doses (100 and 400 mg BID).

Randomized clinical trials evaluating the efficacy of 

selective CRTh2 antagonists in patients with asthma and 

persistent eosinophilia are beginning to be conducted. 

Recently, fevipiprant was shown to be effective at inhib-

iting eosinophilic airway inflammation in patients with 

persistent eosinophilic asthma.19 Therefore, the integration 

of biomarkers into patient subphenotyping may enable the 

identification of defined endotypes in asthma and the future 

potential for a precision-medicine approach, as seen with 

anti-IL5-targeted biologic therapies in patients with severe 

eosinophilic asthma.

However, a more relevant difference between the 

OC000459 and BI671800 studies and both the AMG953 

and current study is use of concurrent therapy. Patients in 

the current study and the AMG953 study continued main-

tenance therapy with ICS–LABA and ICS, respectively; 

whereas patients in the OC000459 and BI671800 studies 

were steroid-naïve at study entry and received no regular 

controller treatment. Prior and background controller treat-

ment may influence the outcomes in several ways. First, as 

seen in our study, the “placebo”-treated patients improved 

significantly. This is a common finding in clinical trials, and 

is most likely due to improved adherence to ICS and other 

controllers during the study.31 Such a response in the placebo 

group would reduce the possibility of detecting a treatment 

effect. Second, there was a high level of symptoms in spite 

of one or more controller therapies, which suggests that the 

patients in the study may have been relatively refractory 

to treatment. These patients might thus also have been less 

responsive or changes in lung function might be less promi-

nent in all treatments, including CRTh2 antagonists.

Conclusion
In conclusion, this study demonstrated that at doses up to 

400 mg BID, AZD1981 was well tolerated, but did not pro-

vide any clinically relevant beneficial effects on lung function 

or other efficacy variables in the full-study patient popula-

tion with allergic asthma receiving combination ICS–LABA 

maintenance therapy.
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nihon University Hospital
Kobori Clinic
Kitahiroshima Central Clinic
Takahashi internal Medicine and respiratory Clinic
national Hospital organization Fukuyama Medical Center
osaka pharmacology Clinical research Hospital

Mexico Comité de Bioética y Biosegu en investigación del Grupo 
Christus Muguerza
Comité de Bioética del instituto de Ciencias Biomédicas 
angele
Comité de Ética del Hospital Ángeles Tijuana
Comité de Ética del instituto Jaliscience de investigación 
Clinica
ieC Comité indepen de etica investigación y 
Bioseguridad Bajio

romania Comisia nationala de etica Studiul Clinic al Medicamentului
russian 
Federation

Central Clinical Hospital
Moscow Medicine and Dentistry Clinical Hospital
Municipal Clinical emergency Hospital 2
First pavlov State Medical University of St petersburg
St George Hospital
Gp GnTs institute of immunology of Federal Biomedical 
agency
Moscow Hospital
north ossetian State Medical academy
novosibirsk regional Clinical Hospital
novosibirsk State Medical University
St petersburg polyclinic
Ural State Medical academy
inter-VUZ ethics Committee

Slovakia Banskobystrickeho Samospravneho Kraja
Bratislavskeho Samospravneho Kraja
Kosickeho Samospravneho Kraja
nitrianskeho Samospravneho Kraja
presovskom Samospravnom Kraji
Trencianskom samospravnom Kraji
Trnavskeho Samospravneho Kraja
Ustredna Vojenska nemocnica (Central Military Hospital) 
ruzomberok
Zilinskeho Samospravneho Kraja 
Fakultna nemocnica s poliklinikou FD roosevelta

South 
africa

pharma ethics
Groote Schuur Hospital

Ukraine Central ethics Committee of the Ministry of Health
USa Western institutional review Board

Table S1 institutional review boards and ethics committees by 
country

argentina Comité independiente de etica
Comité independiente etica ensayos Farmacología Clínica
Comité de etica e investigación

Brazil Comitê de Ética em pesquisa pontifícia Universidade 
Católica do rio Grande do Sul
Comité de etica em pesquisa em Seres Humanos
Comitê de Ética em pesquisa em Seres Humanos da 
Faculdade de Medicina do aBC
Comité etica da Universidade Federal de Santa Catarina, 
Universidade Federal de Santa Catarina
Comité de etica do Hospital emilio ribas
Comitê de Ética em pesquisa da Santa Casa de Misericordia 
de Belo Horizonte
instituto evandro Chagas em pesquisa da Santa Casa de 
Misericórdia de porto ale
Cep Hospital Universitário de Juiz de Fora
Comité de etica em pesquisa da Centro integrado de 
atenção a Saúde Unimed Vitoria
instituto evandro Chagas em pesquisa do Hospital Clínicas 
da Faculdade Medicina da Universidade de Sao paulo

Japan oji General Hospital
Koizumi Clinic of respiratory and internal Medicine
Tokyo eki Center Building Clinic
Yokohama City Minato red Cross Hospital
ibaraki-higashi national Hospital organization
Kawai Chest Clinic
nakatani Hospital
Hiroshima allergy and respiratory Clinic
Sakaide City Hospital
oita Central institutional review Board
Seiwa-kai nagata Hospital
national Hospital organization Kochi national Hospital
nihonbashi Sakura Clinic
national Hospital organization asahikawa Medical Center
Kitahiroshima Chuo Clinic
Kobori Clinic
Matsue City Hospital
Kyosokai Medical Cooperation adventist Medical Centre 
nishi-Umeda Clinic
nihonbashi Sakura Clinic
Medical Corporation Shintoukai Yokohama Minoru Clinic

(Continued)
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