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Introduction
Asthma is one of the most prevalent respiratory diseases worldwide, and prevalence  
is projected to increase over the coming decades, particularly in the US as the population 
continues to grow (1). This chronic disease is associated with increased morbidity, 
detrimental impacts on quality of life, and high health care costs especially in the severe 
asthma population. Asthma management utilizes a stepwise approach to control 
symptoms while minimizing risks (2). Inhaled corticosteroids (ICS) remain the standard  
of care for mild asthma, while more severe disease is treated with combination therapies 
of ICS plus a long-acting beta agonist (LABA) and may require a third, add-on controller 
medication for the most severe asthma population. However, symptoms for an estimated 
5-10% of asthma sufferers remain uncontrolled by available treatment options (3). In 
recent years, uncontrolled asthma has emerged as an area of high unmet need, and has 
also been recognized to be a heterogeneous syndrome with different underlying 
pathophysiological features (4).  Efforts to define key drivers for asthma “phenotypes” 
have focused on the role of eosinophilic inflammation and Th2 type immunological 
pathways, and led to the clinical development of biologics that antagonize IL-5, IL-14  
and IL-13 pathways. After many years of research, the first two novel biologics have  
been filed for approval for uncontrolled, eosinophilic asthma treatment. Will the hope  
for truly targeted therapies for uncontrolled asthma now be realized? 
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Table 1. Drugs and Asthma Program Milestones of IL-5, IL-4 and IL-13 Pathway Antagonists

DRUG NAME SPONSOR TARGET PHASE I PHASE II PHASE IIII CURRENT STATUS 
(ASTHMA)

mepolizumab GSK* IL-5 N/A Jan-05 Jan-12 Pre-Registeration

reslizumab Teva* IL-5 Jun-97 Jan-01 Dec-10 Pre-Registeration

benralizumab AstraZeneca/
Kyowa Hakko Kirin IL-5R, alpha Sep-06 Nov-08 Aug-13 Phase III

tralokinumab AstraZeneca IL-13 Sep-04 Jun-09 Jun-10 Phase III

lebrikizumab Roche IL-13 Oct-06 Dec-08 Jul-13 Phase III

anrukinzumab Pfizer IL-13 Feb-06 Feb-07 Discontinued

GSK-679586 GSK IL-13 Nov-01 Dec-08 Discontinued

QAX-576 Novartis IL-13 Nov-06 Dec-08 Discontinued

IMA-026 Pfizer IL-13 Sep-07 May-09 NRD

ABT-308 Abbott IL-13 Oct-09 NDR

MEDI-7836 AstraZeneca IL-13 Mar-15 Phase I

RG-1671 Roche IL-13R (alpha1) Oct-07 Discontinued

pascolizumab Abbott IL-4 Mar-01 Aug-01 Discontinued

VAK-694 Novartis IL-4 Sep-07 NDR

IL-4/13 Trap Regeneron IL-4, IL-13 Oct-02 NDR

QAX-576 + VAK-694 Novartis IL-4, IL-13 Nov-10 Feb-12 Phase II

GSK-2434735 GSK IL-4, IL-13 Feb-12 NDR

AMG-317 Amgen IL-4Ra Nov-04 Mar-07 NDR

dupilumab Regeneron/Sanofi IL-4Ra Oct-10 Mar-11 Jul-14 Phase III

Source: Citeline’s Pharmaprojects®, Trialtrove®, September 2015

Table 1 provides an overview of sponsors, molecular targets and current status of novel biologics targeting 

IL-5, IL-4 or IL-13 with development programs for asthma. The table also highlights the start date of the first 

trial for asthma development in each phase from Trialtrove®. Of the 19 clinical programs in asthma, 

approximately half (10) were discontinued. The programs span approximately 18 years, with GlaxoSmithKline 

(GSK), Regeneron, AstraZeneca, and Roche showing an enduring commitment to development of 

biologics for at least one of these targets. Several drugs, including Teva’s reslizumab and GSK’s 

mepolizumab, were acquired and have experienced substantial gaps in clinical progression in the process. 

Novartis’ current commitment to these targets, while active, is small. The pattern of discontinuations for 

specific targets points to particular challenges for the IL-4 and IL-13 pathway antagonists, while all three of 

the IL-5 antagonists remain active. Indeed, reslizumab and mepolizumab were filed for approval in several 

major markets, and GSK announced a positive CHMP opinion for mepolizumab on September 24, 2015.

Asterisk indicates sponsors that acquired the development rights from an originator. No development reported (NDR) status in Pharmaprojects:   
No evidence of continuing development reported.  Discontinued: discontinuation was disclosed by sponsor. Drugs targeting the IL-5 pathway are 
highlighted in green. The remaining drugs target inhibition Th2 cytokine pathways.
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Figure 1. Phase I – III Targeted Biologics in Asthma Trials by Phase

Source: Citeline’s Trialtrove®, September 2015

Program trials and status for IL-5 and Th2  
pathway antagonists
A granular view of the trial counts per phase (Figure 1) and by trial status (Figure 2) provides an overview  

of these clinical programs from Trialtrove®. The active programs at the phase III status include both 

ongoing pivotal asthma trials for benralizumab (4), lebrikizumab (2), tralokinumab (2), and dupilumab (2), 

and supporting studies. The newest program in the arena is AstraZeneca’s phase I candidate MEDI-7836, 

an anti-IL-13 mAb-YTE a potential tralokinumab follow-on that may have a longer half-life. Novartis’ single 

active trial is a slow moving phase II trial for the fixed dose combination of QAX-576 + VAK-694. 

Development of VAK-694 (anti-IL-4) as a standalone drug was discontinued after phase I and QAX-576 

(anti-IL-13) trials are all completed or terminated. Many of the discontinued programs only progressed  

to phase II, or were abandoned after phase I. Three of the six active programs terminated a phase II 

(tralokinumab) or III (reslizumab, benralizumab) study in the course of development. These terminated  

trials appear to reflect a strategic shift in business plans, rather than concerns about efficacy or safety.  

In addition, Roche’s lebrikizumab clinical program experienced delays, disclosed in Q4 2012. The LUTE  

and VERSE trials were originally designated as pivotal phase III studies, but were changed to smaller scale 

phase IIb trials, due to undisclosed issues with the clinical trial material (data not shown). Clearly, there 

have been some challenges to development for biologics for many of these targets in the asthma field.
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Source: Citeline’s Trialtrove®, September 2015

Study design features: Inclusion criteria,  
biomarkers and primary endpoints 
To gain insights into the key study design features that might explain program successes and failures, the 

inclusion criteria, biomarker usage, and primary endpoints were evaluated for each program (Table 2). The 

analysis focuses on trials with efficacy and/or biomarker endpoints for ongoing and discontinued programs.
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Figure 2. Phase I – III Targeted Biologics in Asthma Trials by Trial Status
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Table 2. Study Design Features From Efficacy Studies for Targeted Biologics in Asthma Trials

DRUG NAME TARGET PATIENT POPULATION (TRIAL 
COUNTS)

PRIMARY EFFICACY 
OUTCOME(S) (TRIAL COUNTS) BIOMARKER

COMPANION 
DIAGNOSTIC 

USED

mepolizumab IL-5

Atopic (2) Late asthmatic response (1), 
FEV1 (1) Eosinophil levels No

Eosinophilic, Severe, 
Uncontrolled (8)

Exacerbations (5), QoL (1), 
Eosinophil levels (1), 

Steroid use (1)
Eosinophil levels No

Eosinophilic, Mild, 
Moderate (1) Eosinophil levels (1) Eosinophil levels No

Eosinophilic, Oral Steroid 
dependent, Severe (1) Steroid use (1) Eosinophil levels No

Moderate (1) FEV1 (1) Eosinophil levels No

reslizumab IL-5

Eosinophilic, Moderate, 
Severe, Uncontrolled (6)

ACQ (1), Exacerbations (3), 
FEV1 (3) Eosinophil levels No

Severe, Uncontrolled (1) Eosinophil levels (1) Eosinophil levels No

Eosinophilic, Oral Steroid 
dependent, Severe (1) Steroid use (1) Eosinophil levels No

benralizumab IL-5R, 
alpha

Eosinophilic, Severe, 
Uncontrolled (7)

Exacerbations (6), Steroid 
use (1) Eosinophil levels No

Mild, Moderate (3) FEV1 (1), Safety/Biomarkers 
(2)

IFN-gamma, TNF-
alpha, Eosinophils 

levels 
No

Acute exacerbation (1) Exacerbations (1) Eosinophil levels No

tralokinumab IL-13

Uncontrolled (2) AHR (1), Eosinophil levels 
(1)

Mucosal eosinophil 
levels No

Moderate, Severe, 
Uncontrolled (2), Exacerbations (2) None Yes

Severe, Uncontrolled (1) Exacerbations (1) Periostin, DPP4, 
Eosinophils, ECP No

Oral steroid dependent, 
Moderate (1) Steroid use (1) None Yes

Moderate, Severe, 
Uncontrolled, and Atopic 

(1)
ACQ (1) Periostin, DPP4 No

lebrikizumab IL-13

Severe, Uncontrolled (7) Exacerbations (5), FEV1 (1), 
Eosinophil levels (1) Eosinophil levels Yes

Stable (no steroids) (1) FEV1 (1) None Yes

Mild, Moderate (1) FEV1 (1) None Yes

Atopic (1) Late asthmatic response (1) Exploratory biomark-
ers, Eosinophil levels No

Severe, Oral steroid 
dependent, Uncontrolled 

(1)
Steroid use (1) None Yes

anrukinzumab IL-13
Atopic (1) Late asthmatic response (1) None No

Moderate, Severe (1) PEF Rate (1) Eosinophils Levels No

GSK-679586 IL-13 Moderate, Severe (1) ACQ (1) IgE & Eosinophil levels No

QAX-576 IL-13
Moderate, Severe (1) FEV1 (1) None No

Atopic (1) ACQ (1) None No

QAX-576 + 
VAK-694

IL-4, 
IL-13 Atopic (1) ACQ (1) None No
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The patient population of the programs include Trialtrove® patient segments (mild, moderate, severe, 

atopic), and additional characteristics that were gleaned from the trial inclusion criteria (Table 2, column 3). 

In addition to Trialtrove® patient segments, studies enrolling subjects with “eosinophilic” or “uncontrolled” 

asthma are called out in this analysis. Some ‘per protocol’ designations of “uncontrolled” or “poorly 

controlled” followed the ERS/ATS 2014 guidelines (3), while others were not described in detail. Additional 

inclusion criteria observed were “oral steroid dependent” and “acute exacerbations” (in a hospital setting). 

All IL-5 antagonist programs predominantly included patients with “eosinophilic” asthma. Mepolizumab 

and benralizumab trials further defined inclusion of severe, uncontrolled asthma in most studies, while 

reslizumab trials included a broader spectrum of severity of uncontrolled asthma (moderate-to-severe). 

Both phase III stage anti-IL-13 programs focus on uncontrolled asthma patients. Lebrikizumab trials enroll 

only ‘severe’ asthma patients, while the severity of tralokinumab’s two pivotal trials is broader (moderate-

to-severe). Most programs also include subjects who are “oral steroid dependent.” The exception is 

benralizumab, which is the only program evaluating hospitalized subjects with “acute exacerbations”. Trials 

for dupilumab, the only IL-4Ra antagonist in active development for asthma, enroll moderate-to-severe, 

uncontrolled asthma patients. Interestingly, discontinued programs and Novartis’ QAX-576 + VAK-694 trial 

included primarily “atopic” asthma patients or enrolled subjects from the broad moderate-to-severe 

asthma population, rather than focusing on the “uncontrolled” population.

Biomarkers may be used to define a potentially responsive asthma population (Table 2, column 5). The 

most notable biomarker is eosinophil levels in sputum or blood, which was evaluated in all IL-5 antagonist 

and most IL-13 and IL-4 antagonist programs. Besides eosinophil levels, dupilumab trials also evaluate the 

exploratory biomarker of Th2 cytokine levels. The discontinued anti-IL-13 programs did not employ 

biomarkers, or only evaluated eosinophil level in moderate-to-severe asthma population. Roche and 

AstraZeneca have utilized biomarkers to identify the responsive phenotypes in earlier trials of all their 

compounds, and their lebrikizumab and tralokinumab programs are currently co-developing companion 

diagnostics for patient selection (Table 2, column 6). 

The primary endpoints for trials in these programs were also compared to assess the common threads, and 

any distinguishing features (Table 2, column 4). The primary endpoint for all pivotal trials of IL-5 and IL-13 

antagonists in active programs is “Exacerbation”. The lung function outcomes (FEV1, PEF), which are 

commonly used in moderate-to-severe asthma maintenance/symptom control trials, are not central to the 

programs for these targeted biologics. Although it is interesting to note that Teva’s BREATH program for 

reslizumab included FEV1 as a co-primary endpoint, and two dupilumab trials are evaluating FEV1 primary 

outcomes. Steroid use is a primary endpoint in the top 6 programs (by trial counts), reflecting the benefits 

for reducing chronic steroid usage. Lung function (PEF, FEV1), mechanistic (late asthmatic response, LAR), 

and ACQ were the most common primary outcomes employed in the discontinued programs.

Source: Citeline’s Trialtrove®, September 2015

AMG-317 IL-4Ra Atopic (1) ACQ (1) None No

dupilumab IL-4Ra

Moderate, Severe, 
Uncontrolled (2) Exacerbations (1), FEV1 (2) Eosinophil levels No

Eosinophilic, Moderate, 
Severe, Uncontrolled (1) Exacerbatons (1) Th2 cytokines, 

Eosinophils levels No

Severe, Oral steroid 
dependent (1) Steroid use (1) Undisclosed No

Tralokinumab companion diagnostics in development with phase III trials: periostin, dipeptidyl peptidase-4 (DPP4). Lebrikizumab companion 
diagnostic: Serum periostin levels, carcinoembryonic antigen (CEA), IgE immunoassay for patient selection. Abbreviations: Forced Expired Volume 
at 1 second (FEV1), Asthma Control Questionnaire (ACQ), Airway Hyperreactivity (AHR), Peak Expiratory Flow (PEF)
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Trial outcomes for efficacy trials of targeted  
biologics in asthma
The foregoing analysis of study design features illustrates differences and common features that lead to 

particular trial outcomes (positive or negative).  The available trial outcomes for phase I/II- III efficacy trials 

(completed or terminated due to lack of efficacy) are profiled in Figure 3 to gain insights into which of 

these factors potentially played a role in the success or failure of the trials. The most successful programs 

are defined as ones that returned positive outcomes and/or the primary endpoint(s) of the trial were met. 

Each of the biologics targeting the IL-5 pathway returned primarily positive outcomes. 

The correlation between study design attributes (patient population, primary efficacy outcomes) and trial 

outcomes (positive or negative) is summarized in Table 3. The IL-5 antagonist trials enroll(ed) only 

uncontrolled asthma subjects, utilized eosinophil levels as biomarkers to further define the target population, 

and evaluated a common primary endpoint, exacerbation rates over 1 year. These trials, as well as a 

biomarker trial that evaluated impact on eosinophil levels in less severe asthma types, all returned positive 

outcomes. The trial outcomes for the panel of biologics targeting the Th2 pathways are far more mixed. 

The discontinued programs of GSK-679586, anrukinzumab, and AMG-317 did not meet primary endpoints 

(ACQ and PEF) in trials enrolling moderate-to-severe or atopic asthma patients. Pfizer’s anrukinzumab 

program terminated a phase II trial in moderate-to-severe asthma due to futility analysis and the program 

discontinued. Trials enrolling atopic asthma subjects have only returned positive results for mechanistic 

trials evaluating LAR and eosinophil levels. The trial outcomes for lebrikizumab and tralokinumab studies 

also show a mixture of positive and negative results. The lebrikizumab phase II trial that returned negative 

Figure 3. Trial Outcomes in Asthma Studies for Targeted Biologics
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Source: Citeline’s Trialtrove®, September 2015
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Source: Citeline’s Trialtrove®, September 2015

results evaluated FEV1 in asthma subjects who did not receive steroid treatment. However, another phase 

II trial returned positive FEV1 results in uncontrolled asthma patients, suggesting this endpoint is attainable 

in the correct target population. Two other phase II trials (VERSE and LUTE) completed in 2013 but have 

yet to report results. Two tralokinumab trials that enrolled uncontrolled asthma patients returned negative 

results for primary outcomes of ACQ and reduction of acute exacerbations. However, post hoc, pooled 

analyses from these phase II studies identified a dose-responsiveness for secondary outcomes (FEV1) and 

an optimal dosing for phase III studies. The dupilumab program is an outlier as the only biologic targeting 

the common IL-4/IL-13 receptor chain (IL-4Ra), and is the most recent Th2 pathway antagonist to initiate 

pivotal trials in uncontrolled asthma patients, with exacerbations and FEV1 evaluated as primary endpoints. 

This program has evaluated multiple biomarkers, and reported positive outcomes for uncontrolled asthma 

subject, both with high and low eosinophil levels (5). However, a specific diagnostic, beyond eosinophil 

levels, has not been discussed publically for this program.

Table 3. Summary of Study Design Attributes Versus Trial Outcomes 
for Completed Efficacy Trials in Asthma by Target

PATIENT POPULATION PRIMARY EFFICACY OUTCOME

IL-5 (IL-5R, alpha)

Eosinophilic, uncontrolled Exacerbations

Eosinophilic, uncontrolled Steroid Use

Eosinophilic, uncontrolled ACQ

Eosinophilic, uncontrolled FEV1

Mild, Moderate, or Atopic Eosinophil levels

anti-IL-13

Stable (no steroids) FEV1

Uncontrolled FEV1

Uncontrolled Exacerbations

Moderate-to-severe PEF rate

Moderate-to-severe ACQ

Atopic Late asthmatic response

Atopic Eosinophil levels

Atopic or Uncontrolled ACQ

IL-4Ra

Atopic ACQ

Uncontrolled Exacerbations

Eosinophilic, uncontrolled FEV1
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The lessons learned in both late stage anti-IL-13 programs have encouraged refinements that are reflected 

in the ongoing pivotal trials. These studies enroll uncontrolled asthma patients, are guided by companion 

diagnostics, and utilize exacerbation rates at 1 year as the primary endpoint.

Conclusions
Clinical development programs that span nearly 20 years for targeted biologics in asthma provide a  

useful data set to evaluate reasons for successes and failures. This analysis points to recent progress in  

IL-5, IL-4 and IL-13 antagonist programs that occurred when more precise definitions of “uncontrolled” 

asthma were available, biomarkers to identify potentially responsive subsets of the heterogeneous 

population were proven, and the right primary endpoints were found. Not all molecular targets were 

equally successful; IL-5 and Th2 pathways antagonists have progressed at different paces. Clearly, the 

matching up of the most responsive asthma patients with the right drug, and clear definition of therapeutic 

outcomes, has worked best for IL-5 antagonists. The complex IL-4 and IL-13 pathways have proven more 

challenging targets. Pivotal trials for all three active Th2 pathway antagonists are underway, and review  

of study design details (vs. outcomes from completed studies) points to a focus on stratification of the 

uncontrolled asthma population by specific biomarker levels as the best bet to reduce exacerbation rates. 

There may also be FEV1 improvements shown by Th2 antagonist treatments in an uncontrolled asthma 

population that is distinct from the eosinophilic phenotype. It has been a long development road to find 

effective targeted biologics for the uncontrolled asthma population, but current advances in clinical 

research are now coming to fruition. 
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