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ABSTRACT Long-term oral corticosteroid (OCS) use in patients with severe asthma is associated with
significant adverse effects.

This 40-week, randomised, double-blind trial evaluated the OCS-sparing potential of tralokinumab in
patients with severe, uncontrolled asthma requiring maintenance OCS treatment plus inhaled corticosteroids/
long-acting β2-agonists. Overall, 140 patients were randomised to tralokinumab 300 mg or placebo (n=70 in
each group) administered subcutaneously every 2 weeks. The primary end-point was percentage change from
baseline in average OCS dose at week 40, while maintaining asthma control. Secondary end-points included
proportion of patients with a prescribed maintenance OCS dose of ⩽5 mg, those with a ⩾50% reduction in
prescribed maintenance OCS dose and asthma exacerbation rate. Safety was also assessed.

At week 40, the percentage reduction from baseline in the final daily average OCS dose was not
significantly different between tralokinumab and placebo (37.62% versus 29.85%; p=0.271). There were no
significant between-treatment differences for any secondary end-point. Overall, reporting of adverse events
and serious adverse events were similar for the tralokinumab and placebo groups. Although a greater
proportion of tralokinumab-treated patients reported upper respiratory tract infections (35.7% versus
14.3%), there were no reported cases of pneumonia.

Overall, tralokinumab did not demonstrate an OCS-sparing effect in patients with severe asthma.
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Introduction
Asthma is a heterogeneous disease characterised by chronic airway inflammation and hyperresponsiveness
that affects ∼334 million people worldwide [1]. Of these, an estimated 5–10% of patients have severe
asthma that remains inadequately controlled despite treatment with high-dose inhaled corticosteroids
(ICS)/long-acting β2-agonists (LABA) [2]. These patients may be prescribed maintenance oral
corticosteroids (OCS) to manage their symptoms and/or to prevent exacerbations [2]. However, cumulative
use (including frequent and intermittent use) of OCS is associated with significant adverse effects [3, 4],
which in turn diminish the patient’s health-related quality of life [4]. Therefore, new therapies that reduce
the need for frequent OCS exposure are required in the setting of severe asthma.

Interleukin (IL)-13, a pleiotropic cytokine that can induce inflammation [5, 6], has been identified as a
potential therapeutic target in patients with severe, uncontrolled asthma [7, 8]. Tralokinumab, an
immunoglobulin G4 human monoclonal antibody, potently and specifically neutralises IL-13, thereby
inhibiting signalling through the IL-13 receptor [9, 10]. In phase 2 trials in patients with severe,
uncontrolled asthma, tralokinumab improved lung function, but did not reduce the annual asthma
exacerbation rate (AAER) or improve measures of asthma control [11, 12]. However, in a post hoc
subgroup analysis of a subpopulation of patients with evidence of an activated IL-13 axis, such as elevated
levels of serum periostin or dipeptidyl peptidase-4, tralokinumab improved the AAER [11]. This
observation suggested that certain subpopulations of patients with severe asthma might respond to
tralokinumab treatment. Two large phase 3 trials, STRATOS 1 and 2, reported ahead of TROPOS,
confirmed that tralokinumab did not improve the AAER in the all-comers population with severe asthma
[13]. In addition, in contrast to the phase 2 trial, periostin and dipeptidyl peptidase-4 were not shown to
predict response to tralokinumab treatment in either STRATOS 1 and 2. However, these trials did suggest
that in a subpopulation of patients with severe asthma with fractional exhaled nitric oxide (FeNO)
concentrations ⩾37 ppb, there might be an enhanced benefit with tralokinumab [13].

Given the need to reduce the requirement of OCS in patients with severe asthma, treatments that may
allow tapering of OCS without loss of disease control are needed. However, at the beginning of this trial,
no clinical trial had been conducted in patients with severe asthma on maintenance OCS with agents that
attenuate IL-13 signalling. Consequently, the purpose of this phase 3 TROPOS trial (NCT02281357) was
to evaluate the ability of tralokinumab to reduce OCS use in patients with severe asthma requiring
maintenance OCS treatment in combination with ICS/LABA. The primary objective was to determine
whether add-on treatment with tralokinumab provided OCS-sparing benefits compared with placebo.
Secondary objectives were to assess the effect of tralokinumab on the proportion of these patients with a
prescribed OCS maintenance dosage ⩽5 mg at the end of the treatment period, and the proportion of
patients with ⩾50% reduction in prescribed OCS maintenance dosage, both compared with placebo. In
addition, the effect of tralokinumab on the AAER was assessed.

Methods
Trial design and patients
Full details of the trial design have been published previously [14]. In brief, this was a randomised,
double-blind, placebo-controlled, parallel-group, multicentre, phase 3 trial in patients with severe,
uncontrolled asthma requiring maintenance ICS/LABA and OCS. Male and female patients aged
12–75 years were eligible and were required to have the following criteria for inclusion: asthma for
⩾12 months, with a daily requirement of medium- or high-dose ICS (total daily dose ⩾500 µg fluticasone
propionate dry powder or an equivalent delivered dose) for ⩾6 months of the 12 months prior to
enrolment; physician-prescribed ICS (total daily dose ⩾500 µg fluticasone propionate dry powder
formulation equivalent) and a LABA for ⩾3 months prior to enrolment; OCS treatment for 6 months
prior to visit 1; and a stable OCS daily dose between ⩾7.5 mg and ⩽30 mg (prednisone or prednisolone
equivalent) daily or daily equivalent for ⩾1 month prior to enrolment. Full inclusion and exclusion criteria
are provided in section 1 of the online supplementary appendix.

After initial enrolment (visit 1), patients entered either a 2-week run-in period (if there had been a
documented failure of OCS dose reduction ⩽6 months prior to visit 1) or a 2-week run-in period plus an
up to 8-week optimisation period (the optimisation period was shorter in some patients (i.e. those in
whom the optimal dose was reached earlier)) to establish a minimum effective OCS dose (established by
dose titration every 2 weeks (Q2W); figure 1).

Eligible patients were randomised in a 1:1 ratio at week 0 (baseline) to receive either tralokinumab 300 mg
or placebo s.c. Q2W and entered a 40-week treatment period comprising three phases: a 12-week
induction phase, a 20-week OCS dose-reduction phase and an 8-week maintenance phase. Randomised
patients were stratified by age group (adults versus adolescents) and baseline OCS dose (adults only;
⩽10 mg versus >10 mg prednisone or prednisolone). The follow-up period consisted of two visits at weeks
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44 and 54 for safety assessments. Details on randomisation and blinding (including processes used to
administer the trial drug) and full trial procedures are provided in section 2 of the online supplementary
appendix.

This trial was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice
(International Conference on Harmonisation) and the AstraZeneca policy on Bioethics. The trial was
approved by the independent ethics committees at all participating centres and all patients provided
written informed consent.

End-points
The primary efficacy end-point was the percentage change from baseline in the final daily average OCS
dose at week 40, while maintaining asthma control. Secondary end-points included the proportion of
patients with a prescribed maintenance OCS dose of ⩽5 mg, the proportion of patients with a ⩾50%
reduction in prescribed maintenance OCS dose and the AAER up to week 40. An asthma exacerbation was
defined as worsening of asthma that required a temporary increase in systemic corticosteroids for ⩾3 days
or that resulted in an emergency-room or urgent-care visit resulting from asthma that led to a temporary
increase in systemic corticosteroids for ⩾3 days to treat symptoms or an inpatient hospitalisation due to
asthma.

Exploratory end-points included the proportion of patients with a decrease from baseline in their final
daily average OCS dose, percentage and least squares (LS) mean absolute change from baseline in
prebronchodilator forced expiratory volume in 1 s (FEV1), change from baseline in the Asthma Control
Questionnaire (ACQ)-6 and Asthma Quality of Life Questionnaire (AQLQ; standardised for patients aged
⩾12 years) scores and an assessment of the relationship between baseline biomarker (FeNO) and the effect
of tralokinumab on OCS dose reduction and clinical efficacy. Safety end-points included the incidence and
frequencies of adverse events and serious adverse events (SAEs) and collection of blood samples for
determination of clinical chemistry, haematology and urinalysis. Safety aspects of the trial were monitored
by an independent Data and Safety Monitoring Board. All hospitalisations, emergency-room and
urgent-case visits, malignancy events and cardiovascular/cerebrovascular events were adjudicated by an
independent committee of experts. Potential anaphylaxis events were evaluated by a blinded external
evaluator. Additional details on the assessment of trial end-points are provided in section 3 of the
supplementary appendix.

Tralokinumab 300 mg Q2W s.c.

Treatment period week 0 (day 1) to week 40
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FIGURE 1 TROPOS trial design. After initial enrolment (visit 1), patients entered either a 2-week run-in period
or a 2-week run-in period plus an up to 8-week optimisation period to establish the minimum effective dose
of the prescribed oral corticosteroid (OCS). Patients were maintained on their currently prescribed inhaled
corticosteroid/long-acting β2-agonist and any additional controller medication, without change, from
enrolment, throughout the run-in/optimisation and treatment periods. All patients underwent randomisation
(1:1) and entered the 40-week treatment period consisting of an induction, OCS dose reduction and
maintenance phase. For safety assessments, there was a 14-week follow-up period (post-treatment at weeks
44 and 54). #: patients without a documented failure in OCS dose reduction ⩽6 months prior to visit 1 were
required to complete the 8-week OCS dose optimisation period (established by dose titration every 2 weeks
(Q2W)), after completing the 2-week run-in period; ¶: patients with a documented failure in OCS dose
reduction ⩽6 months prior to visit 1 were deemed to be on the optimal OCS dose and directly entered a
2-week run-in period.
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Statistical analysis
It was estimated that ⩾55 patients per group would be required for the trial to detect a difference of 50%
in the primary end-point between tralokinumab and placebo, with 90% power, using a two-sided test at a
5% significance level. Based on the findings from an analysis of the STRATOS 1 trial, which identified
FeNO high (⩾37 ppb) as a biomarker-positive population [14], the trial protocol was amended to include
patients with FeNO ⩾37 ppb as the primary analysis population, provided that >50% of the trial population
had high FeNO levels (⩾37 ppb). If <50% of the trial population had FeNO ⩾37 ppb, the primary analysis
population would instead include patients with FeNO ⩾30 ppb. If <50% of the population had FeNO
⩾30 ppb, the all-comers population (i.e. all patients with any level of FeNO) would become the primary
population for analysis. To account for multiplicity, a hierarchical testing strategy was used for the primary
and secondary outcomes. The statistical analyses were performed by Biometrics and Information Sciences,
AstraZeneca, using SAS (version 9.4; SAS Institute, Cary, NC, USA) and additional validated software
(where appropriate). Further details of the statistical analysis methodology, analysis of the primary,
secondary and exploratory end-points can be found in section 4 of the supplementary appendix. The
impact of missing data on primary, secondary and exploratory end-points were explored using sensitivity
analyses (section 5 of the supplementary appendix).

Results
Patient demographics and baseline disease characteristics
The trial was conducted from February 2015 through September 2017. A total of 218 patients were
enrolled from 56 participating sites in Europe and USA. Of these, 140 patients from 44 sites were
randomised to treatment with either tralokinumab (n=70) or placebo (n=70), of whom 129 (92%)
completed the trial and 124 (89%) completed treatment (figure 2). Reasons for trial withdrawal are
summarised in supplementary table S1. Patient baseline demographics and clinical characteristics were well
balanced across treatment groups (table 1 and supplementary table S2). At baseline, patients had a mean
age of 54.7 years, with the median time since asthma diagnosis being 24.0 years. The majority of patients
were female (62.1%). The mean±SD baseline FeNO level was 35.22±29.50 ppb; ∼51% of patients in each
treatment group had FeNO levels <30 ppb. Thus, the primary population for efficacy analysis was the
all-comers population.

Overall, 48 (69%) patients in each treatment group entered the 8-week OCS dose-optimisation phase prior
to randomisation, with an average dose reduction of 1.36 mg in the tralokinumab group and 0.99 mg in
the placebo group (supplementary table S3).

Patients enrolled (n=218)

Randomised (n=140)

Tralokinumab (n=70)

Evaluable patients n=63 (90.0%)

Discontinued treatment n=11 (15.7%)#   

  Adverse events n=6 (8.6%)

  Lost to follow-up n=1 (1.4%)

  Withdrew consent n=4 (5.7%)

Placebo (n=70)

Evaluable patients n=66 (94.3%)

Discontinued treatment n=5 (7.1%)¶   

  Adverse events n=2 (2.9%)

  Lost to follow-up n=0

  Withdrew consent n=3 (4.3%)

Excluded (n=78)

  Screening failure n=71

  Patient withdrawal n=3

  Protocol deviation n=1

  Other n=3

FIGURE 2 Patient enrolment and disposition. #: in the tralokinumab group, 11 patients discontinued
treatment, of whom four completed the trial; ¶: out of the five patients who discontinued treatment in the
placebo group, one patient completed the trial.
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Efficacy
Primary end-point
At week 40, the percentage reduction from baseline in the final daily average OCS dose (LS means) was
not significantly different between the tralokinumab and placebo groups (37.62% versus 29.85%; p=0.271
(table 2 and figure 3). The change in OCS dose over time suggested that there was no treatment effect
with tralokinumab at earlier time points (figure 3).

TABLE 1 Patient baseline demographics and clinical characteristics (full analysis set)#

Tralokinumab Placebo Total

Patients 70 70 140
Age years 54.0±11.05 55.4±10.26 54.7±10.65
Female 48 (68.6) 39 (55.7) 87 (62.1)
BMI kg·m−2 28.1±5.07 30.8±6.84 29.4±6.15
Race
Caucasian 66 (94.3) 63 (90.0) 129 (92.1)
Other 4 (5.7) 7 (10.0) 11 (7.8)

Smoking history
Never-smokers 57 (81.4) 50 (71.4) 107 (76.4)
Ex-smokers¶ 13 (18.6) 20 (28.6) 33 (23.6)
Pack-years+ 4.5±2.37 4.7±3.10 4.6±2.79

Time since asthma diagnosis§ years 21.5 (3–52) 25.5 (1.6–55.0) 24.0 (1.6–55.0)
Exacerbations in the past 1 year
0 9 (12.9) 11 (15.7) 20 (14.3)
1 19 (27.1) 24 (34.3) 43 (30.7)
2 21 (30.0) 17 (24.3) 38 (27.1)
⩾3 21 (30.0) 18 (25.7) 39 (27.8)

Asthma medications at baseline
ICSƒ 69 (98.6) 70 (100) 139 (99.3)
LABA 70 (100) 70 (100) 140 (100)
OCS dose at trial entry mg 14.14±6.03 13.50±5.18 13.82±5.61
Optimised total daily OCS dose## mg 13.21±6.17 12.82±4.96 13.02±5.58

Prebronchodilator FEV1
Volume L 1.69±0.59 1.65±0.68 1.67±0.63
% predicted 56.67±15.58 54.74±17.67 55.71±16.63

Prebronchodilator FVC L 2.87±0.84 2.81±0.98 2.84±0.91
Percentage reversibility of FEV1¶¶ 17.22±14.04 18.19±19.24 17.71±16.79
Total asthma symptom score 2.3±1.14 2.3±1.25 Not done
ACQ-6 score 2.4±1.12 2.5±1.26 Not done
AQLQ score 4.4±1.15 4.4±1.29 Not done
FeNO ppb 28.3 (6.4–175.2) 23.9 (4.2–134.9) 27.55 (4.1–175.2)
FeNO distribution
High ⩾37 ppb 23 (32.9) 21 (30.0) 44 (31.4)
Mid ⩾30 and <37 ppb 11 (15.7) 11 (15.7) 22 (15.7)
Low <30 ppb 36 (51.4) 36 (51.4) 72 (51.4)
No baseline assessment 0 2 (2.9) 2 (1.4)

Data are presented as n, mean±SD, n (%) or median (range). BMI: body mass index; ICS: inhaled
corticosteroids; LABA: long-acting β2-agonists; OCS: oral corticosteroids; FEV1: forced expiratory volume in
1 s; FVC: forced vital capacity; ACQ-6: Asthma Control Questionnaire-6; AQLQ: Asthma Quality of Life
Questionnaire (standardised for patients aged ⩾12 years); FeNO: fractional exhaled nitric oxide. #: the full
analysis set consisted of all patients who were randomised and received any dose of either tralokinumab
or placebo, irrespective of their protocol adherence and continued participation in the trial. ¶: stopped
smoking ⩾3 months before enrolment. +: for patients who had stopped smoking (former smokers).
§: calculated as (date of asthma diagnosis/date when asthma symptoms started – date of randomisation) + 1.
ƒ: one patient in the tralokinumab group was not receiving ICS at trial entry, and one patient in the
tralokinumab group was receiving a lower ICS daily dose than the required limit. These infractions were
considered as important protocol deviations. More patients in the placebo group were using asthma
medications other than ICS/LABA. ##: for patients entering the optional OCS dose optimisation on visit 2.
¶¶: this was the first post-bronchodilation measurement taken after four, six or eight inhalations of a
short-acting β2-agonist. The percentage reversibility of the FEV1 was calculated with FEV1 values obtained
before and after bronchodilation at baseline: reversibility (%) = ((post-bronchodilation FEV1 –
prebronchodilation FEV1)/prebronchodilation FEV1) × 100.
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Secondary end-points
There were no statistically significant differences observed between the tralokinumab and placebo groups
for any secondary end-point (table 2). The proportion of patients with a final daily average OCS dose of
⩽5 mg at week 40 was 45.7% in the tralokinumab group versus 40.0% in the placebo group (OR 1.33, 95%
CI 0.65–2.73; p=0.442). Overall, 44.3% of patients had a ⩾50% reduction from baseline in the final daily
average OCS dose at week 40 in the tralokinumab group compared with 37.1% of patients in the placebo
group (OR 1.38, 95% CI 0.70–2.74; p=0.356).

TABLE 2 Primary and secondary outcomes (all-comers population)#

Tralokinumab Placebo

Patients 70 70
Primary end-point
Percentage change in final daily average OCS dose from baseline
Percentage reduction in LS mean −37.62±4.98 −29.85±4.98
Difference in LS mean (95% CI) −7.78 (−21.70–6.15)
p-value 0.271

Secondary end-points
Proportion of patients with final daily average OCS dose ⩽5 mg
Patients with OCS dose ⩽5 mg 32 (45.7) 28 (40.0)
OR (95% CI) 1.33 (0.65–2.73)
p-value 0.442

Proportion of patients with ⩾50% reduction from baseline in final daily average OCS dose
Patients with ⩾50% reduction in OCS dose 31 (44.3) 26 (37.1)
OR (95% CI) 1.38 (0.70–2.74)
p-value 0.356

Asthma exacerbations
AAER (95% CI) 1.84 (1.43–2.36) 2.31 (1.83–2.92)
Rate ratio (95% CI) 0.80 (0.57–1.12)
p-value 0.186

Data are presented as n, least squared (LS) mean±SE or n (%), unless otherwise stated. OCS: oral corticosteroids; AAER: annual asthma
exacerbation rate; #: the all-comers population consisted of all patients with any level of fractional exhaled nitric oxide.
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Some 67.1% of patients treated with tralokinumab experienced at least one asthma exacerbation during the
40-week treatment period, with 925 total exacerbation days, compared with 75.7% of patients treated with
placebo, with 1201 total exacerbation days (supplementary table S4). The AAER was 20% lower in the
tralokinumab group through week 40 (1.84 versus 2.31; rate ratio 0.80, 95% CI 0.57–1.12; p=0.186).

Exploratory end-points
The proportion of patients with an OCS dose reduction of ⩾75% to <90% was 21.4% in the tralokinumab
group compared with 8.6% in the placebo group (supplementary table S5). Although no statistically
significant difference was noted between the tralokinumab and placebo groups in the LS mean percentage
change from baseline in prebronchodilator FEV1 at week 40 (12.1% versus 4.3%; figure 4a), a nominally
statistically significant and clinically meaningful improvement in LS mean absolute change from baseline
in prebronchodilator FEV1 (litres) was noted at week 40 for tralokinumab compared with placebo (LS
mean difference 0.17, 95% CI 0.05–0.29; p=0.0053; figure 4b). No statistically significant improvements
were observed in mean changes from baseline in the ACQ-6 and AQLQ scores at week 40 for
tralokinumab compared with placebo (supplementary figures S1 and S2).

In the population of patients with either FeNO high (⩾37 ppb) or FeNO low (<37 ppb), no significant
differences were observed between the tralokinumab and placebo groups in the LS mean percentage
reduction in the final daily average OCS dose at week 40 (FeNO high 37.73% versus 32.27%, 95% CI
–31.03–20.12; FeNO low 37.56% versus 28.62%, 95% CI –26.15–8.28; supplementary table S5). Likewise,
there were no significant differences between tralokinumab and placebo groups for any of the secondary
end-points in the FeNO high or FeNO low populations (supplementary table S6).

Safety
127 (90.7%) patients experienced at least one adverse event during the 40-week treatment period (65
(92.9%) patients in the tralokinumab group and 62 (88.6%) patients in the placebo group; table 3). The
most frequently reported adverse events (>5%), which differed between the tralokinumab and placebo
treatment groups, were viral upper respiratory tract infection (URTI; 35.7% versus 14.3%), bronchitis
(15.7% versus 24.3%), asthma (11.4% versus 22.9%) and back pain (10.0% versus 2.9%). During treatment,
14 (10.0%) patients experienced injection site reactions (11 (15.7%) patients in the tralokinumab group
and three (4.3%) patients in the placebo group). The most common injection site reactions were erythema
(six (8.6%) patients in the tralokinumab group) and pain (six (8.6%) patients in the tralokinumab group
and two (2.9%) patients in the placebo group).

Overall, 25 (17.9%) patients had at least one SAE (nine (12.9%) patients in the tralokinumab group and 16
(22.9%) patients in the placebo group; supplementary table S7). Asthma was the most common SAE, being
reported in five (7.1%) patients in the tralokinumab group and eight (11.4%) patients in the placebo
group. A total of eight (5.7%) patients discontinued treatment due to adverse events (six (8.6%) patients in
the tralokinumab group and two (2.9%) patients in the placebo group). All adverse events were single
events. One patient in each treatment group discontinued due to worsening asthma and one female patient
in the tralokinumab group discontinued due to breast cancer. Adverse events leading to treatment
discontinuation were judged to be related to treatment in three patients receiving tralokinumab (two
injection site events and one event of angio-oedema). 11 (7.9%) patients experienced severe infections
during the treatment period (six (8.6%) patients in the tralokinumab group and five (7.1%) patients in the
placebo group). There were no reported cases of pneumonia during the trial. Information on severe
infections is provided in supplementary table S8.

At week 40, the mean eosinophil count increased from 243 cells·µL−1 at baseline to 382 cells·µL−1 in the
tralokinumab group; in the placebo group, the mean eosinophil count changed from 210 cells·µL−1 at
baseline to 246 cells·µL−1 at week 40. A total of eight patients (seven patients in the tralokinumab group
and one in the placebo group) experienced blood eosinophilia (>1500 cells·µL−1). The patient in the
placebo group with this increase had an adverse event of chronic eosinophilic pneumonia of moderate
intensity 225 days post-first dose of the investigational product. The event was nonserious and considered
not related to the investigational product by the investigator. The patient eventually recovered from the
event. No major cardiovascular or cerebrovascular events or cases of anaphylaxis were reported in this
trial. No patients died during the treatment period. There were no detectable anti-drug antibodies
observed in either the tralokinumab 300 mg or placebo group.

Discussion
Results from this phase 3 TROPOS trial did not demonstrate a significant OCS-sparing effect of
tralokinumab compared with placebo in patients with severe asthma. Tralokinumab did not result in a
statistically significant reduction in the final daily average OCS dose at week 40 compared with placebo
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(primary end-point). In addition, no significant effects were observed between tralokinumab and placebo
in the proportion of patients with a final daily average OCS dose of ⩽5 mg, the proportion of patients with
a ⩾50% reduction in their final daily average OCS dose from baseline and the AAER (secondary
end-points). There was a 20% reduction in the AAER with tralokinumab treatment compared with
placebo, but this was not statistically significant.

In contrast to TROPOS, several other trials that examined the OCS-sparing effect of monoclonal
antibodies (benralizumab, mepolizumab and dupilumab) in patients with severe asthma have reported
positive findings [15–17]. The ZONDA trial reported that two benralizumab dosing regimens (30 mg
administered s.c. every 4 or 8 weeks) significantly reduced the median final OCS dose from baseline by
75% (p<0.001 for both comparisons) in patients with severe asthma [15]. Likewise, results from the
VENTURE trial reported that dupilumab treatment reduced OCS use while decreasing the rate of severe
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tralokinumab or placebo, irrespective of their protocol adherence and continued participation in the trial.
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exacerbations and increasing FEV1 (percentage change in OCS dose was −70.1% in the dupilumab group
versus −41.9% in the placebo group; p<0.001) [17]. The failure of tralokinumab to provide OCS-sparing
benefits or reduce asthma exacerbations in TROPOS is probably explained by a lack of anti-inflammatory
effect and the functional redundancy of IL-13 and IL-4 cytokines in asthma [18]. Indeed, results from a
recent tralokinumab phase 2 MESOS trial, in which patients with moderate to severe asthma underwent
bronchial biopsies before and after 12 weeks of treatment with tralokinumab reported no effect on airway
eosinophil inflammation [19]. This lack of anti-inflammatory effect probably explains why previous trials
of therapies targeting IL-13, such as lebrikizumab, did not demonstrate consistent reductions in asthma
exacerbations [20, 21].

Notably, and in line with results from the phase 2 trials [11, 12], treatment with tralokinumab improved
lung function (exploratory end-point), with a significant and clinically meaningful improvement in
prebronchodilator FEV1 at week 40. Interestingly, results from the MESOS phase 2 trial [19] and a post
hoc analysis of data from a subset of patients in the tralokinumab phase 2b trial suggest that tralokinumab
may improve lung function by affecting airway smooth muscle tone [22]. However, tralokinumab
treatment did not lead to significant improvements in other exploratory end-points relating to asthma
control or quality of life in TROPOS.

FeNO is a well-established biomarker for airway inflammation, which is induced through IL-13
axis-mediated pathways [23, 24]. In the pivotal STRATOS 1 trial a subpopulation of patients with severe
asthma with FeNO ⩾37 ppb was identified as most likely to have an enhanced response to tralokinumab
[13]. For this reason, prior to unblinding of trial results and following consultation with the United States
Food and Drug Administration, the statistical analysis plan for TROPOS was revised to perform the
primary analysis in a FeNO high subpopulation (FeNO ⩾37 ppb) if there were a sufficient proportion of
patients. Given the small sample size for this subpopulation, contingency plans were devised to ensure that
the primary analysis would only be performed in a FeNO high subpopulation if ⩾70 patients were included
(thresholds of ⩾37 ppb then ⩾30 ppb). In TROPOS, more than half of the patients had FeNO levels below
the lower 30 ppb threshold, and therefore, the primary and secondary analyses were performed in the
all-comers population. However, exploratory analyses of the primary and secondary end-points based on
FeNO levels did not reveal that higher FeNO levels (⩾37 ppb) were predictive of a greater treatment effect
with tralokinumab. The pivotal phase 3 trial STRATOS 2 also failed to show meaningful reductions in the
AAER in FeNO high patients [13].

Tralokinumab demonstrated an acceptable safety profile, which was consistent with previous reports
[11, 12]. Overall, the incidence of adverse events was comparable between the tralokinumab and placebo
groups, although patients treated with tralokinumab reported a higher incidence of URTIs and injection
site reactions. The explanation for the disparity in rates of URTIs remains unclear, since there were no

TABLE 3 Most common adverse events (>5%) reported during the treatment period (safety
analysis set)#

Tralokinumab Placebo

Patients 70 70
Any adverse event 65 (92.9) 62 (88.6)
Viral upper respiratory tract infection 25 (35.7) 10 (14.3)
Headache 14 (20.0) 11 (15.7)
Bronchitis 11 (15.7) 17 (24.3)
Asthma 8 (11.4) 16 (22.9)
Back pain 7 (10.0) 2 (2.9)
Injection site erythema 6 (8.6) 0
Injection site pain 6 (8.6) 2 (2.9)
Injection site pruritus 5 (7.1) 0
Sinusitis 5 (7.1) 4 (5.7)
Cough 4 (5.7) 1 (1.4)
Dyspnoea 4 (5.7) 2 (2.9)
Hypertension 4 (5.7) 2 (2.9)
Fatigue 3 (4.3) 5 (7.1)
Arthralgia 2 (2.9) 6 (8.6)
Oral candidiasis 2 (2.9) 4 (5.7)
Urinary tract infection 2 (2.9) 5 (7.1)

Data are presented as n or n (%). #: the safety set consisted of all patients who received any treatment.
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reported cases of pneumonia in this trial and the proportion of patients with severe infections were similar
across treatment groups. Interestingly, similar observations were observed in the VENTURE trial, where
the most frequent adverse event was URTI (9% of patients in the dupilumab group and 18% of patients in
the placebo group) [17]. Likewise, results from the LIBERTY ASTHMA trial, in which patients received
add-on dupilumab at a dose of 200 or 300 mg or placebo for 52 weeks, also reported that URTI was the
most commonly reported adverse event [25].

A small increase in mean blood eosinophil counts was observed for the tralokinumab group versus the
placebo group, with more tralokinumab-treated patients having an increase in eosinophil counts above
1500 cells·µL−1 than placebo-treated patients (seven versus one). However, despite this finding, no
associated adverse events were reported in those tralokinumab-treated patients with increased blood
eosinophil counts. This finding is in line with that reported in the VENTURE trial, where transient blood
eosinophilia was observed in more patients in the dupilumab group than the placebo group (14% versus
1%), without any clinical consequences or associated adverse events [17]. In the LIBERTY ASTHMA trial,
eosinophilia was reported as an adverse event in 4.1% of patients who received dupilumab and 0.6% of
patients who received placebo; however, in this instance, in 0.2% of the overall population, these adverse
events were accompanied by clinical symptoms, with two events reported as SAEs (worsening of
hypereosinophilia and chronic eosinophilic pneumonia) [25].

A strength of the current trial was the trial design, which to a large extent, replicated methods previously
used in other OCS-sparing trials [15, 16, 26, 27], but with two notable exceptions. Firstly, based on
findings from the tralokinumab development programme [11, 12], a 12-week induction phase was
incorporated into the TROPOS trial design to ensure maximal effect on FEV1. Secondly, the maintenance
phase was extended to 8 weeks to assess longer term efficacy compared with previously reported
OCS-sparing trials [16, 26–28]. Notably, the reduction in OCS use observed in the placebo group in
TROPOS was similar to that reported in the ZONDA trial [15], indicating that the trial design was
adequate to demonstrate an OCS-sparing effect. However, this trial had limitations, including the usual
restrictions of selectivity and a relatively small sample size, which meant that several analyses, such as the
impact of increased eosinophil levels, could not be performed.

In summary, tralokinumab did not demonstrate clinically significant OCS-sparing effects or improvements
in asthma control compared with placebo in patients with severe, uncontrolled asthma. Higher levels of
FeNO (⩾37 ppb) were not predictive of a greater treatment effect with tralokinumab. Hence, the findings in
this trial, along with the previously reported results of the STRATOS 1 and 2 trials, suggest that targeting
IL-13 alone is not an effective strategy to manage severe asthma.
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