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The Safety and Efficacy of Anti—IL-13 Treatment ®
with Tralokinumab (CAT-354) in Moderate to Severe
Asthma: A Systematic Review and Meta-Analysis

Yan Zhang, PhD?, Jun Cheng, MD"®, Yuanyuan Li, PhD?, Ruoxi He, PhD?, Pinhua Pan, PhD?, Xiaoli Su, PhD?, and

Chengping Hu, PhD® Changsha, Hunan, China

What is already known about this topic? Several clinical studies have evaluated the use of tralokinumab (CAT-354)
administration in patients with moderate to severe asthma; no consensus on tralokinumab’s efficacy and safety was
reached. Thus, further analysis is required on the efficacy and safety of tralokinumab as an asthma biologic.

What does this article add to our knowledge? In this pooled analysis of 6 randomized clinical trials, treatment with
tralokinumab was well tolerated and it modestly improved FEV; and forced vital capacity in patients with moderate to
severe asthma. It did not render clinically important improvements in asthma control and asthma-related quality of life, and
nor did it reduce asthma exacerbations.

How does this study impact current management guidelines? Use of the drug confers modest improvements in lung
function and quality of life that are of limited clinical relevance to individual patients. Further analysis of efficacy within

specific subgroups is warranted.

BACKGROUND: Several clinical studies have evaluated the use
of tralokinumab (CAT-354) administration in patients with
moderate to severe asthma; no consensus on tralokinumab
efficacy and safety was reached. Thus, further analysis is required
on the efficacy and safety of tralokinumab as an asthma biologic.
OBJECTIVE: To assess the efficacy and safety of subcutaneous
injection of tralokinumab in patients with moderate to severe
asthma.

METHODS: Clinical trials were identified from MEDLINE,
EMBASE, Cochrane Central Register of Controlled Trials, and
ClinicalTrials.gov from their inception to November 4, 2018.
Only randomized clinical trials (RCTSs) with tralokinumab
versus placebo treatment in patients with moderate to severe
asthma were evaluated. Efficacy and safety outcomes were
extracted, and a meta-analysis was performed using a random-
effects model. The Cochrane Collaboration’s risk-of-bias
assessment tool was used to assess the risk of bias.
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RESULTS: Five studies describing 6 RCTs (including 2928 adults
with moderate to severe asthma) were pooled and analyzed in this
study. Absolute FEV; was statistically improved in patients
receiving tralokinumab at 300 mg every 2 weeks (mean difference
[MD], 0.14 1; 95% CI, 0.08-0.21) and 600 mg every 2 weeks (MD,
0.20 L; 95% CI, 0.01-0.39), as well as FEV;% changes (MD,
5.82%, 95% ClI, 3.58-8.06, and MD, 11.8%, 95% CI, 0.79-22.81,
respectively). Also, absolute forced vital capacity volume changes
(MD, 0.11 L; 95% CI, 0.01-0.21) and percentage changes (MD,
4.44%; 95% CI, 0.84-8.04) improved in tralokinumab at 300 mg
every 2 weeks. Asthma Quality of Life Questionnaire scores were
not significantly different, and absolute Asthma Control
Questionnaire 6 scores were statistically improved but did not
reach the clinically meaningful difference. Tralokinumab
treatment did not decrease annualized asthma exacerbation rate in
unselected patients with moderate to severe asthma, but it was
associated with improved annualized asthma exacerbation rate in
patients with severe asthma with high fractional exhaled nitric
oxide levels (rate ratio, 0.72; 95% CI, 0.53-0.97). Tralokinumab
was not associated with an increased incidence of serious adverse
events, but it did show an increase in mild injection-site reactions
(odds ratio, 5.92; 95% CI, 1.61-21.76).

CONCLUSION: This pooled analysis of 6 RCTs suggested that
tralokinumab was well tolerated and it modestly improved FEV,
and forced vital capacity in patients with moderate to severe
asthma. It did not render clinically important improvements in
asthma-related quality of life, and nor did it reduce asthma
exacerbations. © 2019 American Academy of Allergy, Asthma
& Immunology (J Allergy Clin Immunol Pract 2019;7:2661-71)
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Abbreviations used
AAER- Annualized asthma exacerbation rate
ACQ-6- Asthma control questionnaire 6
AE- adverse effect
AQLQ- Asthma quality of life questionnaire
FEeno- Fractional exhaled nitric oxide
FVC- Forced vital capacity
MD- Mean difference
MID- Minimally important difference
RCT- Randomized clinical trial
RR- Relative risk

INTRODUCTION

Asthma is a chronic inflammatory disease of the airways
affecting approximately 300 million people worldwide."”
Despite sufficient medical therapy, approximately 20% of pa-
tients are unable to control their symptoms and asthma exacer-
bations, leading to frequent hospitalization.” Severe uncontrolled
asthma is characterized by excessive symptoms such as persistent
dyspnea despite administration of high doses of inhaled corti-
costeroids in addition to a second controller.”

Asthma is associated with Ty2 inflammatory response
modulated by the release of cytokines IL-4, IL-5, and IL-13.°
Increased expression of IL-13 mRNA has been reported in
bronchial biopsies of patients with asthma,”” whereas upregu-
lated concentrations of IL-13 in the sputum have been detected
in corticosteroid-naive patients with asthma compared with those
who were treated with corticosteroids.” Multiple animal studies
have demonstrated that IL-13 mediates mucus production,
goblet cell hyperplasia, IgE synthesis, airway remodeling, and
fibrosis.”'* Thus, targeting IL-13 may have clinical benefits for
the treatment of asthma.

Tralokinumab (CAT-354) is a fully humanized IgG4 mAb,
which specifically and effectively neutralizes IL-13 interaction
with IL-13 receptor o1/2.1%1° Recently, several clinical studies
have evaluated the efficacy and safety of tralokinumab
(CAT-354) for the treatment of moderate to severe asthma.
However, the reported efficacy of tralokinumab therapy on
lung function, frequency of asthma exacerbation, and quality
of life has been inconsistent. In this meta-analysis, we sys-
tematically analyzed and evaluated the safety and efficacy of
tralokinumab in moderate to severe asthma to determine its
clinical potential.

METHODS

The present study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines'®
and registered in PROSPERO (http://www.crd.york.ac.uk/PROSPERO/
display_record. php?ID=CRD42018116113).

Search strategy

We searched and retrieved data from EMBASE, MEDLINE,
Cochrane Central Register of Controlled Trials (CENTRAL), and
the Latin American and Caribbean Health Science Information
databases to include studies from their inception to November 4,
2018. Search terms included “asthma” AND “tralokinumab” OR
“CAT-354.” The following Chinese medical databases were also
searched: Wanfang, China National Knowledge Infrastructure,
Chinese Scientific Journals Database/VIP Information, and Chinese
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Biomedical Literature Database. In addition, we searched the
ClinicalTrials.gov, the metaRegister of Controlled Trials, the
Australian New Zealand Clinical Trials Registry (ANZCTR), the
World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP), and the European Union Clinical Trials
Register.

We also searched the unpublished trials from the US Food and
Drug Administration. Publications in English, French, Spanish,
German, and Chinese were considered.

Study selection

Two independent reviewers (Y.Z. and J.C.) screened the titles
and abstracts using the aforementioned search strategies to identify
and assess potentially eligible studies. A third reviewer (Y.L.) resolved
disagreements between the first 2 reviewers. All the trials met the
inclusion and exclusion criteria described herein.

Inclusion criteria. Eligible studies met the following PICOS
(participants, interventions, comparators, outcomes, and study
design) criteria. The included study types were randomized clinical
trials (RCTs). Participants had physician-diagnosed moderate to
severe asthma, with no restrictions on age, sex, race, or ethnicity.
The intervention was tralokinumab (CAT-354), irrespective of
dosage, frequency, and course duration. The comparator was pla-
cebo, and efficacy and safety outcomes were evaluated.

Exclusion criteria. Duplicate publications, nonhuman studies,
conference abstracts, and studies that did not report on prespecified
outcomes were excluded.

Data extraction

The following information was extracted and included in the
analysis: study features including first author and year of publication,
ClinicalTrials.gov identifier, source of funding, asthma clinical
phenotypes, number of participants, sex, age, intervention details
(dosage and frequency of drugs, duration of treatment), and pre-
specified outcomes.

Outcomes

The efficacy outcomes included in the study were (1) lung
function: FEV; volume (L) and percentage changes from baseline
and forced vital capacity (FVC) volume (L) and percentage changes
from baseline; (2) asthma control: Asthma Control Questionnaire 6
(ACQ-6) score and Asthma Quality of Life Questionnaire (AQLQ)
score; and (3) asthma exacerbation: annualized asthma exacerbation
rate (AAER).

The safety outcomes included in the study were at least 1 adverse
effect (AE), at least 1 serious AE, treatment discontinuation due to
AFs, upper respiratory tract infection, headache, gastrointestinal
disorders, and injection-site reaction.

All the efficacy outcomes were reported consistently as end-of-study
measurements across the included studies. The ACQ-6 is a patient-
reported questionnaire that assesses the asthma control with 6
items.'” The AQLQ is a questionnaire with 32 items to evaluate the
quality of life of patients with asthma.'® The ACQ-6 and AQLQ are
widely used patient-reported outcomes in asthma clinical trials. For
both instruments, the accepted minimally important difference
(MID) is 0.5 unit, which represents the smallest difference in a score
that can be perceived as having a clinically significant effect in patients’
management.' >’ The MID for improvement and worsening in FEV,
isabout 10%"*%; however, this was based on patient perception and is
notwell established. An asthma exacerbation was defined as an increase
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Data unavailable (n=2)

FIGURE 1. Flow diagram of literature search and study selection.

in asthma symptoms that led to a temporary increase in systemic
corticosteroids for more than 3 consecutive days or that resulted in an
emergency department visit or urgent care because of asthma that led
to a temporary increase in systemic corticosteroids or an in-patient
hospitalization because of asthma. AAER was calculated using the
following equation: AAER = Number of exacerbations X 365.25/
(Follow-up date — Date of randomization + 1).

Assessment of risk of bias

Two reviewers (Y.Z. and J.C.) independently performed a quality
assessment of the included RCTs according to the Cochrane
Handbook for Systematic Reviews of Interventions.”> The included
RCTs were assessed for random sequence generation, allocation
concealment, blinding of participants and health care personnel,
blinding of outcome assessment, incomplete outcome data, selective
reporting, and other biases. Disagreements were resolved by a third
reviewer (Y.L.).

Assessment of reporting bias
We could not examine a funnel plot to explore possible publi-
cation bias for fewer than 10 trials.

Statistical analysis
The statistical analysis was performed using Review Manager
5.3 software (The Nordic Cochrane Centre, Copenhagen,

Denmark). Dichotomous data were summarized by relative risk
(RR) and 95% ClIs. Continuous data using similar scales were
calculated by using mean differences (MDs) and SDs. When
appropriate, SDs were calculated from the reported standard er-
ror. Statistical significance was assumed at a P value of less than
.05. Random-effects model was used to pool the data in this
meta-analysis, which enables the generalizability of results by
assuming that the analyzed studies are a random sample of effect
sizes and take into account both within-study and between-study
variability. Heterogeneity was assessed using the Cochran Q test
and quantified with the P statistic. An 7* value of greater than
50% or a P value of less than .10 was defined as substantial
heterogeneity.

Specific subgroups based on the dosage and frequency of traloki-
numab treatment were planned. In addition, fractional exhaled nitric
oxide (FENO) level has been used as a biomarker of type 2 or eosinophilic-
dominated inflammation by allergen exposure because IL-4— and IL-
13—mediated epithelial stress leads to the production of nitric oxide.
Baseline FENO level of 37 ppb or higher was first identified as the optimal
biomarker to predict an enhanced response to tralokinumab in the study
of STRATOS 1,** and this cutoff value of FENO was subsequently
applied to the studies of STRATOS 2°* and TROPOS.” Therefore, a
post hoc meta-analysis with respect to AAER was conducted on the basis

of FENO levels (cutoff value = 37 ppb).



TABLE I. Characteristics of the included studies (RCTs)

Participant characteristics

Tralokinumab group

Placebo group

No. of No. of
participants/ participants/ Tralokinumab Duration
Clinical trial Source of no. of males Race Lung Life no. of males Race Lung Life dosage/ of Assessed
Study identified Study design funding Asthma severity Age (y) (%)  function quality Age (y) (%) function quality frequency treatment outcomes
Piper NCTO00873860 A phase Ila, MedImmune Moderate to FEV, reversibility 146/63 White FEV, ACQ-6 48/15 White FEV, ACQ-6 Tralokinumab 12 wk ACQ-6,
et al”’ randomized, severe >12% and >200 mL 47.4 + 11.1 (93.2) 2.01 £0.65 2.68 + 472 +£9.8 (87.5) 1.94 +0.48 2.60 + (150, 300, or FEV1,
double-blind, asthma either documented FVC 0.63 FVC 0.54 600 mg) or FVC, and
placebo- within the previous 3.26 + 1.02 AQLQ 3.25 + 0.80 AQLQ placebo AEs
controlled, year or at screening), 4.07 + 4.15 + (Q2wW)
parallel-group, prebronchodilator 0.87 0.83
multicenter study FEV, >40%
predicted value,
ACQ-6 > 1.5 at
screening and
randomization, and 1
or more asthma
exacerbation that
required medical
intervention in the
past year
Brightling NCT01402986 A randomized, MedImmune Severe A documented history of 301/101 Asian FEV, ACQ-6 151/54 Asian FEV, ACQ-6 Tralokinumab 52 wk AAER.
et al”® double-blind, uncontrolled asthma >1y, and 50.1 £ 12.0 (35) 193 £0.69 255+ 50.3 £ 129 (34) 192 +0.60 254 + 300 mg FEV1,
multicenter, asthma either a documented White 1.02 White 0.88 (Q2W, Q4W) ACQ-6,
placebo-controlled increase in (56) AQLQ (56) AQLQ or placebo AQLQ,
phase IIb trial postbronchodilator Others 3.99 + Others 4.01 + and AEs
FEV, > 12% or 200 9 1.02 (10) 1.03
mL or a positive
methacholine
challenge (PCyp < 8
mg/mL) in the
previous 3y, or an
increase in
postbronchodilator
FEV, > 12% or 200
mL
Russell NCT02449473 A multicenter, double- AstraZeneca Moderate to A documented history of 39/16 White FEV, ACQ-6  40/20 White FEV, ACQ-6 Tralokinumab 12 wk ACQ-6,
et al’® (MESOS) blind, randomized, severe physician-diagnosed  47.1 £ 14.3 87) 246 +0.79 224 + 50.1 + 14.2 98) 237 £ 062 212 + 300 mg FEV1,
placebo-controlled asthma asthma for >12 mo, Black (5) FVC 0.83 Black (3) FVC 0.86 (Q2W) or FVC, and
phase II trial inadequately requiring treatment Asian (8) 3.74 = 1.08 Asian (0) 3.73 + 091 placebo AEs
controlled with ICS (>250
with ICS pg/d of fluticasone or

equivalent) at a stable
dose with or without
other asthma
controller
medications;
postbronchodilator
FEV, reversibility
>12% or > 200 mL,
and ACQ-6 > 1.5
during the run-in
period
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NCT02161757
(STRATOSI1)

Panettieri
et al”*

A global randomized,
double-blind,
parallel-group,
placebo-controlled
phase III clinical
trial

NCT02194699
(STRATOS2)

A global randomized,
double-blind,
parallel-group,
placebo-controlled
phase III clinical
trial

NCT02281357
(TROPOS)

A multicenter,
randomized,
double-blind,
parallel-group,
placebo-controlled
phase III study

Busse
et al”

AstraZeneca Severe asthma
inadequately
controlled
with ICS/
LABA

AstraZeneca Severe asthma
inadequately
controlled
with ICS/
LABA

AstraZeneca Severe asthma
that requires
maintenance
OCS in
addition to
ICS/LABA

A history of physician-

diagnosed asthma for 50.3 + 14.1

>1y, requiring
medium- to high-
dose ICS (total daily
dose >500 pg
fluticasone or
equivalent) and a
LABA for at least 3
mo before visit 1;
postbronchodilator
FEV, reversibility of
>12% and >200 mL

A history of physician-

diagnosed asthma for 47.3 £ 15.6

>1y, requiring
medium- to high-
dose ICS (total daily
dose >500 ng
fluticasone or
equivalent) and a
LABA for at least 3
mo before visit 1;
postbronchodilator
FEV, reversibility of
>12% and >200 mL
Asthma history >12 mo,
with a daily
requirement of
medium- or high-dose
ICS (total daily dose
>500 pg fluticasone
propionate dry powder
or an equivalent
delivered dose) for >6
mo of the 12 mo
before enrollment;
physician-prescribed
ICS (total daily dose
>500 pg fluticasone
propionate dry powder
formulation
equivalent) and a
LABA for >3 mo
before enrollment;
OCS treatment for 6
mo before 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 mo before
enrollment

802/269

420/144

70/22
54 +11.05

White
(71.6)

Black
(5.3)
Asian
(13.3)

White
(67.4)

Black
6.4)
Asian
(19.8)

White
(94.3)

Others
5.7

FEV,
1.8+ 0.6
FVC

28+ 0.9

FEV,
18406
FVC

28 +09

FEV,
1.69 + 0.59
FVC

2.87 £ 0.84

ACQ-6 4007135
26408 514+ 143
AQLQ

42409

ACQ-6  417/127
24+£09 480+ 155
AQLQ

43+£10

70/31
554 +£10.26

ACQ-6
24 +
112
AQLQ
44+
115

White
(72)

Black
3.5)

Asian

(13.8)

White
(67.4)

Black
(5.8)

Asian
(21.1)

White
(90)

Others
10)

FEV,
1.8+ 0.6
FVC

2.8 + 0.9

FEV,
18+ 06
FVC

27408

FEV,

1.65 £ 0.68 2.5 £+

FvC

2.81 £ 098 AQLQ

ACQ-6 Tralokinumab
2.60 + 300 mg or
0.90 placebo

AQLQ (Q2W, Q4W)
4.20 £
1.0
ACQ-6 Tralokinumab
2.60 300 mg or
£ placebo
0.90 (Q2W)
AQLQ
4.10 £
1.0
ACQ-6 Tralokinumab
300 mg or
1.26 placebo
Q2w)
44 +
1.29

52 wk

52 wk

40 wk

AAER,
FEVI,
ACQ-6,
AQLQ,
and AEs

AAER,
FEV1,
ACQ-6,
AQLQ,
and AEs

FEV1, ACQ-
6, AQLQ,
AAER,
and AEs

Note. Participant characteristics are presented as mean £ SD.
ICS, Inhaled corticosteroid; LABA, long-acting B-agonist; OCS, oral corticosteroid; Q2W, every 2 wk; Q4W, every 4 wk.
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FEV1 absolute volume change from baseline (L)

Tralokinumab Placebo
Study or Subgroup  Mean SD Total Mean SD Total

Mean Difference
Weight 1V, Random, 95% CI|
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Mean Difference

IV, Random, 95% CI

1.2.1 Tralokinumab 150mg Q2W

=

Piper E 2013 0.16 0.35 44 0.06 0.48 42 7.8%  0.10[-0.08, 0.28]

Subtotal (95% CI) 44 42 7.8% 0.10 [-0.08, 0.28]

Heterogeneity: Not applicable

Test for overall effect: Z = 1.10 (P = 0.27)

1.2.2 Tralokinumab 300mg Q2W

Brightling CE 2015 0.13 0.378 130 0 037 125 29.3% 0.13 [0.04, 0.22] —.

Busse WW 2018 0.176  0.349 61 0 0.35 65 16.6% 0.18 [0.05, 0.30] —_—

Piper E 2013 0.21 0.37 49 0.06 0.48 42 7.8%  0.15[-0.03, 0.33] T

Russell R) 2018 0.11 0.8107 36 0.06 0.62 40 2.3%  0.05([-0.28, 0.38] ]

Subtotal (95% CI) 276 272 56.0% 0.14 [0.08, 0.21] L 2

Heterogeneity: Tau® = 0.00; Chi* = 0.67, df = 3 (P = 0.88); I* = 0%

Test for overall effect: Z = 4.22 (P < 0.0001)

1.2.3 Tralokinumab 300mg Q4W

Brightling CE 2015 0.05 0.366 122 0 0.37 125 29.3% 0.05(-0.04,0.14] ™

Subtotal (95% CI) 122 125 29.3% 0.05 [-0.04, 0.14] -

Heterogeneity: Not applicable

Test for overall effect: Z = 1.07 (P = 0.29)

1.2.4 Tralokinumab 600mg Q2W

Piper E 2013 0.26 0.41 44 0.06 0.48 42 6.9% 0.20 [0.01, 0.39] e

Subtotal (95% CI) 44 42 6.9% 0.20 [0.01, 0.39] i
A Total (95% CI) 486 481 100.0% 0.12 [0.07, 0.17] L 2

Heterogeneity: Tau? = 0.00; Chi’ = 4.09, df = 6 (P = 0.66); I = 0% ?_1 _05 5 ) 045 1’

Favours [Placebo] Favours [Tralokinumab]
FEV1 change percentage from baseline (%)
Tralokinumab Placebo Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, d 95% CI v, d 95% CI

2.2.1 Tralokinumab 150mg Q2W

Piper E 2013 8.1 17.5 44 4.3 29.4 42 2.9% 3.80[-6.49, 14.09]

Subtotal (95% CI) 44 42 29% 3.80[-6.49, 14.09]

Heterogeneity: Not applicable

Test for overall effect: Z = 0.72 (P = 0.47)

2.2.2 Tralokinumab 300mg Q2w

Brightling CE 2015 8.6 21.64 130 1.32 21.13 125 11.1% 7.28[2.03,12.53]) —

Busse Ww 2018 121 27.3 65 4.3  26.99 65 3.5% 7.80([-1.53,17.13] T

Panettieri RA Jr 2018-STRATOS1  16.366 27.349 357 10.136 24.206 363 21.4% 6.23[2.46, 10.00] -

Panettieri RA Jr 2018-STRATOS2  14.546 26.065 384 10.528 25.475 358 22.2% 4.02[0.31, 7.73] -

Piper E 2013 13.3 21.8 49 4.3 29.4 42 2.6% 9.00([-1.78,19.78] T

Subtotal (95% CI) 985 953 60.8% 5.82 [3.58, 8.06] L 2

Heterogeneity: Tau? = 0.00; Chi? = 1.76, df = 4 (P = 0.78); I = 0%

Test for overall effect: Z = 5.10 (P < 0.00001)

2.2.3 Tralokinumab 300mg Q4w

Brightling CE 2015 3.16 21.301 122 1.32 2113 125 10.9% 1.84 [-3.45, 7.13] T

Panettieri RA Jr 2018-STRATOS1  12.099 26.253 373 10.136 24.206 363 22.9% 1.96 [-1.68, 5.61] ™

Subtotal (95% CI) 495 488 33.8% 1.92 [-1.08,4.93] >

Heterogeneity: Tau? = 0.00; Chi’ = 0.00, df = 1 (P = 0.97); I = 0%

Test for overall effect: Z = 1.26 (P = 0.21)

2.2.4 Tralokinumab 600mg Q2wW

Piper E 2013 16.1 22 44 4.3 29.4 42 2.5% 11.80[0.79, 22.81] —

Subtotal (95% Cl) 44 42 2.5% 11.80[0.79, 22.81) il

Heterogeneity: Not applicable

Test for overall effect: Z = 2.10 (P = 0.04)

Total (95% CI) 1568 1525 100.0% 4.60 [2.85, 6.34] ¢

Heterogeneity: Tau? = 0.00; Chi? = 7.62, df = 8 (P = 0.47); I’ = 0% F J

Test for overall effect: Z = 5.16 (P < 0.00001)
Test for subgroup differences: Chi? = 5.86, df = 3 (P = 0.12), I = 48.8%

-50

-25

25 50

0
Favours [Placebo] Favours [Tralokinumab]

FIGURE 2. Effect of tralokinumab vs placebo on change in FEV, from baseline. A, Forest plot for absolute FEV; volume changes (L) from
baseline between the tralokinumab group and the placebo group. B, Forest plot for absolute FEV, volume percentage changes from

baseline between the tralokinumab group and the placebo g

RESULTS
Search results and characteristics of

studies
We identified 351 citations in the CENTRAL, MEDL

and EMBASE databases, and 16 records from other resources of
ClinicalTrials.gov, ANZCTR, and WHO ICTRP. We excluded

346 articles on the basis of duplications, screening titles, and

included

roup.

published abstracts. An additional 16 articles were excluded after

reviewing the full texts. Finally, a total of 5 studies that included

6 RCTs met our selection criteria.”*?® The flowchart for

INE,

screening studies is shown in Figure 1. Data from 2928 patients
with moderate to severe asthma were included in this meta-
analysis. All the included RCTs were randomized, double-
blind, placebo-controlled, parallel-group,

and multicenter
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FVC absolute volume change from baseline (L)
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Tralokinumab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.3.1 Tralokinumab 150mg Q2w
Piper E 2013 0.18 0.45 44 0 0.55 42 12.3% 0.18[-0.03, 0.39] 5
Subtotal (95% CI) 44 42 123% 0.18 [-0.03,0.39] -
Heterogeneity: Not applicable
Test for overall effect: Z = 1.66 (P = 0.10)
3.3.2 Tralokinumab 300mg Q2w
Brightling CE 2015 0.11 0.478 130 -0.001 0.436 125 25.5% 0.11[-0.00, 0.22] =
Piper E 2013 0.12 0.46 49 0 0.55 42 12.5% 0.12[-0.09, 0.33] S B
Russell R) 2018 0.09 1.095 36 0.04 1.028 40 3.2%  0.05[-0.43,0.53]
Subtotal (95% CI) 215 207 41.2% 0.11 [0.01, 0.21] -
Heterogeneity: Tau? = 0.00; Chi’ = 0.07, df = 2 (P = 0.97); I’ = 0%
Test for overall effect: Z = 2.23 (P = 0.03)
3.3.3 Tralokinumab 300mg Q4w
Brightling CE 2015 -0.018 0.352 122 -0.001 0.039 125 35.5% -0.02[-0.08,0.05] -
Subtotal (95% ClI) 122 125 35.5% -0.02 [-0.08, 0.05] L 2
Heterogeneity: Not applicable
Test for overall effect: Z = 0.53 (P = 0.60)
3.3.4 Tralokinumab 600mg Q2w
Piper E 2013 0.21 0.54 44 0 0.5 42 11.0% 0.21 [-0.02, 0.44] T
Subtotal (95% CI) 44 42 11.0% 0.21[-0.02, 0.44] o
Heterogeneity: Not applicable
Test for overall effect: Z = 1.79 (P = 0.07)
Total (95% CI) 425 416 100.0% 0.08 [-0.00, 0.17] -
Heterogeneity: Tau? = 0.00; Chi® = 9.00, df = 5 (P = 0.11); I? = 44% ?71 40%.5 ) 0?5 14

A Test for overall effect: Z = 1.86 (P = 0.06)
Test for subgroup differences: Chi’ = 8.93, df = 3 (P = 0.03), I’ = 66.4%

FVC change percentage from baseline (%)

Favours [Placebo] Favours [Tralokinumab]

Tralokinumab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
4.3.1 Tralokinumab 150mg Q2wW
Piper E 2013 6.4 15 44 1.5 21 42 12.4% 4.90([-2.84,12.64] —
Subtotal (95% CI) 44 42  12.4% 4.90 [-2.84,12.64] <
Heterogeneity: Not applicable
Test for overall effect: Z = 1.24 (P = 0.21)
4.3.2 Tralokinumab 300mg Q4wW
Brightling CE 2015 5.43 18.24 130 0.87 14.64 125 29.8% 4.56 [0.51, 8.61) —a—
Piper E 2013 5.5 16.4 49 1.5 21 42 12.2% 4.00[-3.84, 11.84] N =
Subtotal (95% CI) 179 167 41.9% 4.44 [0.84, 8.04] B>

Heterogeneity: Tau? = 0.00; Chi® = 0.02, df = 1 (P = 0.90); I’ = 0%
Test for overall effect: Z = 2.42 (P = 0.02)

4.3.3 Tralokinumab 300mg Q4W

Brightling CE 2015 0.46 129 122 0.87 14.64 125 34.9%
Subtotal (95% CI) 122 125 34.9%

Heterogeneity: Not applicable
Test for overall effect: Z = 0.23 (P = 0.82)

4.3.4 Tralokinumab 600mg Q2W

Piper E 2013 9.6 18.8 44 1.5 21 42  10.8%
Subtotal (95% CI) 44 42 10.8%

Heterogeneity: Not applicable
Test for overall effect: Z = 1.88 (P = 0.06)

Total (95% CI) 389 376 100.0%
Heterogeneity: Tau? = 3.81; Chi? = 5.94, df = 4 (P = 0.20); I* = 33%
Test for overall effect: Z = 2.05 (P = 0.04)

B Test for subgroup differences: Chi’? = 5.92, df = 3 (P = 0.12), I = 49.3%

FIGURE 3. Effect of tralokinumab vs placebo on change in FVC fro
baseline between the tralokinumab group and the placebo group.
baseline between the tralokinumab group and the placebo group.

studies. Sample sizes ranged from 797 to 1202 patients.”* All
the included studies used subcutaneous placebo as the compar-
ator, and all the patients continued with their previous medica-
tion treatment during the clinical trials. Treatment duration
varied from12 weeks”®?” to 52 weeks.”*** Four different dosages
and frequencies (150 mg every 2 weeks [Q2W], 300 mg Q2W,
300 mg every 4 weeks [Q4W], and 600 mg Q2W) of the drug

-0.41 [-3.85, 3.03] -+
-0.41 [-3.85, 3.03] <>
8.10 [-0.34, 16.54] —
8.10 [-0.34, 16.54] -
3.18 [0.14, 6.22] »
~50 -25 0 25 50

Favours [Placebo] Favours [Tralokinumab]

m baseline. A, Forest plot for absolute FVC volume changes (L) from
B, Forest plot for absolute FVC volume percentage changes from

were administered. The characteristics of the included studies are
presented in Table I.

Outcomes

Lung function. FEV; and FVC were the most commonly
used parameters to evaluate lung function in patients with
asthma. Pooled data from our meta-analysis that included 5
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Tralokinumab Placebo Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI

5.4.1 Tralokinumab 150mg Q2wW

Piper E 2013 -0.73  1.12 46 -0.61 0.9 46 3.3% -0.12[-0.54, 0.30]

Subtotal (95% CI) 46 46 3.3% -0.12 [-0.54, 0.30]

Heterogeneity: Not applicable

Test for overall effect: Z = 0.57 (P = 0.57)

5.4.2 Tralokinumab 300mg Q2w

Brightling CE 2015 -0.84 1.039 115 -0.65 1.025 118 8.1% -0.19 [-0.46, 0.08] —_—

Busse WW 2018 -0.366 1.04 59 -0.355 1.03 334 6.9% -0.01[-0.30,0.28] —

Panettieri RA Jr 2018-STRATOS1 -1.19 1.06 324 -1.02 1.14 329 19.9% -0.17 [-0.34, -0.00] D —

Panettieri RA Jr 2018-STRATOS2 -1.12  1.02 341 -1.11 1.13 334 21.4% -0.01[-0.17,0.15] —_—

Piper E 2013 -0.7 0.93 51 -0.61 0.9 46 4.3% -0.09 [-0.45, 0.27] ———

Russell RJ 2018 -0.96 0.84 36 -0.87 0.8854 40 3.8% -0.09 [-0.48, 0.30] e E—

Subtotal (95% CI) 926 1201 64.3% -0.09 [-0.19, 0.00] <

Heterogeneity: Tau? = 0.00; Chi* = 2.63, df = 5 (P = 0.76); I’ = 0%

Test for overall effect: Z = 1.92 (P = 0.05)

5.4.3 Tralokinumab 300mg Q4W

Brightling CE 2015 -0.78 1.025 112 -0.65 1.025 118 8.1% -0.13 [-0.40, 0.14] T

Panettieri RA Jr 2018-STRATOS1 -1.12 1.03 344 -1.02 1.14 329 21.0% -0.10[-0.26, 0.06] .

Subtotal (95% CI) 456 447 29.0% -0.11[-0.25,0.03] il

Heterogeneity: Tau? = 0.00; Chi? = 0.04, df = 1 (P = 0.85); I* = 0%

Test for overall effect: Z = 1.52 (P = 0.13)

5.4.4 Tralokinumab 600mg Q2W

Piper E 2013 -0.86 1.09 47 -0.61 0.9 46 3.4% -0.25[-0.66, 0.16] e

Subtotal (95% CI) 47 46 3.4% -0.25[-0.66, 0.16] —‘-——

Heterogeneity: Not applicable

Test for overall effect: Z = 1.21 (P = 0.23)

Total (95% CI) 1475 1740 100.0% -0.10 [-0.18, -0.03] <o

Heterogeneity: Tau? = 0.00; Chi? = 3.23, df = 9 (P = 0.95); I> = 0% ’_1 _0’ 5 ) 055 li

Test for overall effect: Z = 2.69 (P = 0.007)
Test for subgroup differences: Chi? = 0.57, df = 3 (P = 0.90), I> = 0%

Favours [Tralokinumab] Favours [Placebo]

FIGURE 4. Effect of tralokinumab vs placebo on change in the ACQ-6 score from baseline.

RCT's showed a significant improvement in the absolute FEV; in
the prebronchodilator phase with tralokinumab in the 300-mg
Q2W group (MD, 0.14 L; 95% CI, 0.08-0.21; Figure 2, A)
and the 600-mg Q2W group (MD, 0.20 L; 95% CI, 0.01-0.39;
Figure 2, A) compared with placebo controls. Similarly, the ab-
solute FEV% changes were also significantly increased in the
tralokinumab 300-mg Q2W group (MD, 5.82%; 95% CI, 3.58-
8.06; Figure 2, B) and the 600-mg Q2W group (MD, 11.8%;
95% CI, 0.79-22.81; Figure 2, B) compared with placebo con-
trols. The FVC absolute volume changes from pooled baseline
showed a significant increase in the tralokinumab 300-mg Q2W
group compared with placebo controls (MD, 0.11 L; 95% ClI,
0.01-0.21; Figure 3, A). Indeed, FVC% changes were also
observed (MD, 4.44%; 95% CI, 0.84-8.04; Figure 3, B).

Asthma control. Pooled data from 6 RCTs showed that
tralokinumab at 300 mg Q2W had statistical improvement in
the ACQ-6 score when compared with the statistical improve-
ment achieved with placebo (MD, —0.09; 95% CI, —0.19
to —0.00; Figure 4). However, the small improvement in the
ACQ-6 score did not reach the MID threshold of 0.5 unit.
AQLQ scores from 4 RCT' suggested no statistical improvement
for patients with moderate to severe asthma (see Figure E1 in this
article’s Online Repository at www.jaci-inpractice.org).

Asthma exacerbation. AAER outcome from 4 RCTs
showed that there was no significant improvement after tralo-
kinumab treatment compared with placebo controls (RR, 0.92;
95% CI, 0.81-1.05; Figure 5, A). However, a post hoc subgroup
analysis was performed on the basis of the FENO level from 3
RCTs and showed that tralokinumab could significantly decrease
the AAER in patients with severe asthma with high FEno levels
(>37 ppb) (RR, 0.72; 95% CI, 0.53-0.97; Figure 5, B), but not
in patients with low FENo levels (<37 ppb) (RR, 1.06; 95% ClI,
0.88-1.28; Figure 5, B).

Safety

According to our analysis, tralokinumab was well tolerated
with no significant differences with regard to the risk of the
following adverse outcomes: at least 1 serious AE, treatment
discontinuation due to AEs, upper respiratory tract infection,
headaches, and gastrointestinal disorders. However, the traloki-
numab group showed an increased risk for injection-site re-
actions compared with placebo controls (odds ratio, 5.92; 95%
Cl, 1.61-21.76), which may explain the increased risk for at least
1 AE (odds ratio, 1.31; 95% CI, 1.10-1.57) (Table II).

Risk of bias of included studies

Risk of bias of each included study was evaluated and is
summarized in Figure E2 in this article’s Online Repository at
www.jaci-inpractice.org. All the included RCT studies are mul-
ticentered, randomized, double-blind, parallel-group, and
placebo-controlled clinical trials. Only 1 study”” did not report
the detailed description of allocation concealment, blinding of
participants and health care personnel, and blinding of outcome
assessment. The evidence profile on assessment of the risk of bias
about the included RCTs is presented in Table E1 in this article’s
Online Repository at www.jaci-inpractice.org.

DISCUSSION

Our meta-analysis study suggested that tralokinumab is well
tolerated in all patients. Increased injection-site reactions such as
pain, erythema, rash, and pruritus with tralokinumab treatment
were observed in patients with moderate to severe asthma
compared with placebo controls. However, most of the injection-
site reactions were mild and transient. We showed that the ab-
solute FEV; and FVC volume were modestly improved in the
tralokinumab group compared with placebo controls in patients
with moderate to severe asthma. Tralokinumab also marginally
improved the ACQ-6 score without reaching the MID threshold
compared with placebo controls. No differences in the AQLQ
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
7.5.1 Tralokinumab 300mg Q2W
Brightling CE 2015 -0.0619 0.1728 14.6% 0.94 [0.67, 1.32] .
Busse WW 2018 -0.2231 0.1729 14.6% 0.80[0.57, 1.12] —
Panettieri RA Jr 2018-STRATOS1 -0.0726 0.1306 25.6% 0.93[0.72, 1.20] —=—
Panettieri RA Jr 2018-STRATOS2 0.0296 0.27 6.0% 1.03 [0.61, 1.75] R S
Subtotal (95% CI) 60.7% 0.91[0.77, 1.07] R

Heterogeneity: Tau? = 0.00; Chi? = 0.83, df = 3 (P = 0.84); I> = 0%
Test for overall effect: Z = 1.13 (P = 0.26)

7.5.2 Tralokinumab 300mg Q4W

Brightling CE 2015 0.0198 0.1848 12.8%
Panettieri RA Jr 2018-STRATOS1 -0.1054 0.1282 26.5%
Subtotal (95% CI) 39.3%

Heterogeneity: Tau? = 0.00; Chi? = 0.31,df = 1 (P = 0.58); I> = 0%
Test for overall effect: Z = 0.61 (P = 0.54)

Total (95% CI) 100.0%
Heterogeneity: Tau? = 0.00; Chi? = 1.19, df = 5 (P = 0.95); I = 0%
Test for overall effect: Z = 1.27 (P = 0.20)

A Test for subgroup differences: Chi? = 0.05, df = 1 (P = 0.82), I = 0%

Subgroups of risk ratio of AAER by FeNO level

1.02 [0.71, 1.47] —
0.90 [0.70, 1.16] —
0.94 [0.76, 1.15]

0.92 [0.81, 1.05]

01 02 0.5
Favours [Tralokinumab] Favours [Placebo]

e ¢

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
7.6.1 FeNO>37ppb
Busse WW 2018 -0.2357 0.3223 9.0% 0.79[0.42, 1.49] —
Panettieri RA Jr 2018-STRATOS1 -0.5798 0.2546 12.8% 0.56 [0.34, 0.92] —_—
Panettieri RA Jr 2018-STRATOS2 -0.1744 0.235 14.3% 0.84[0.53, 1.33] R
Subtotal (95% CI) 36.1% 0.72 [0.53, 0.97] iy
Heterogeneity: Tau® = 0.00; Chi® = 1.49, df = 2 (P = 0.48); I = 0%
Test for overall effect: Z = 2.19 (P = 0.03)
7.6.2 FeNO<37ppb
Busse WW 2018 -0.1985 0.2131 16.3% 0.82 [0.54, 1.25] I
Panettieri RA Jr 2018-STRATOS1 0.131 0.1558 23.1% 1.14 [0.84, 1.55] I
Panettieri RA Jr 2018-STRATOS2 0.1222 0.1453 24.6% 1.13[0.85, 1.50] T
Subtotal (95% CI) 63.9% 1.06 [0.88, 1.28] <>
Heterogeneity: Tau? = 0.00; Chi® = 1.86, df = 2 (P = 0.39); I’ = 0%
Test for overall effect: Z = 0.65 (P = 0.52)

Total (95% CI) 100.0%
Heterogeneity: Tau? = 0.03; Chi? = 8.18, df = 5 (P = 0.15); I> = 39%
Test for overall effect: Z = 0.85 (P = 0.39)

B Test for subgroup differences: Chi? = 4.83, df = 1 (P = 0.03), I* = 79.3%

0.91 [0.74, 1.13] ?

01 02 0.5 1 2 5 10
Favours [Tralokinumab] Favours [Placebo]

FIGURE 5. Effect of tralokinumab vs placebo on risk ratio of AAER. A, Forest plot for risk ratio of AAER between tralokinumab and
placebo groups. B, Forest plot for risk ratio of AAER between patients with severe asthma with Feno high levels and those with low Feno

levels.

TABLE Il. AEs associated with tralokinumab

Events/total Odds ratio, Mantel-Haenszel,
AEs Tralokinumab group Placebo group random (95% CI) P value
At least 1 AE***8 1243/1641 870/1241 1.31 (1.10-1.57) .002
At least 1 serious AE**?327-8 130/1340 127/1090 0.82 (0.63-1.07) 150
Treatment discontinuation due to AE**?%%% 68/1194 26/1043 2.21 (0.71-6.88) 170
Upper respiratory tract infection”*>® 95/1124 83/973 0.91 (0.66-1.25) 560
Headache®* 2728 124/1340 78/1090 1.27 (0.94-1.72) 120
Gastrointestinal disorders”® > 53/486 46/238 0.88 (0.25-3.05) .840
Injection-site reaction”*>* 160/1379 26/1130 5.92 (1.61-21.76) .007

score were observed. The pooled data did not show a significant
improvement in AAER in the tralokinumab group compared
with placebo controls, but the post hoc subgroup analysis
demonstrated that tralokinumab may significantly decrease the
risk ratio of AAER in patients with severe asthma with high FENno
levels (>37 ppb). Collectively, tralokinumab was well tolerated
and showed modest improvement in lung function but did not

render clinical improvements in asthma control, quality of life, or
asthma exacerbation.

Subgroup analysis in this study, on the basis of dosage and
frequency of tralokinumab treatment, showed that tralokinumab
improved lung function (FEV; and FVC) in a dose-dependent
way. This difference, which accounted for approximately 100
mL/4% improvement in FEV], reaches the lower boundary of
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patients’ detectable benefit. However, it was suggested that an
FEV, improvement of 200 mL/10% may be needed to ensure
clinical benefits and confidence.”""** The pooled data showed that
the mean improvement in FEV; in the tralokinumab 300-mg
Q2W subgroup and the 600-mg Q2W subgroup exceeded 100
mL/4%, but only the 600-mg Q2W subgroup exceeded 200 mL/
10%, which indicated a modest benefit for improving lung
function in moderate to severe asthma. Dose-exposure-response
relationship of tralokinumab in patients with severe uncon-
trolled asthma showed a near-maximal FEV increase at a dose of
300 mg Q2W.”” Combined with our finding, the administration
of tralokinumab at 300 mg Q2W might be chosen for the phase I1I
clinical development program for treatment in moderate to severe
asthma.

For the outcomes of control and quality of life, tralokinumab
treatment marginally statistically improved the ACQ-6 score
without reaching the MID threshold of 0.5 unit,'”?° but not the
AQLQ score. These results suggest that tralokinumab treatment
did not improve quality of life in patients with moderate to se-
vere asthma.

Asthma exacerbation is the primary cause of morbidity in un-
controlled asthma and drives health care use and costs.”” The
pooled data in this study did not show that tralokinumab was
effective for decreasing asthma exacerbation in patients with
moderate to severe asthma. In addition, the reported effects of
tralokinumab on rescue use of medications in patients with severe
asthma have been conflicting. Piper et al*’ reported that traloki-
numab treatment produced a significantly greater reduction in the
rescue use of 3, agonists compared with placebo.”” However, there
was no significant beneficial effect of tralokinumab on the rescue
use of oral corticosteroids in patients with severe asthma who
required continuous oral corticosteroid in addition to inhaled
corticosteroid/long-acting B-agonist in the TROPOS study.”

The post hoc analysis showed that tralokinumab significantly
decreased the rate of asthma exacerbation in patients with severe
asthma with high FeNo levels (>37 ppb), but not in patients with
low FeNO levels (<37 ppb). Tralokinumab treatment has been
shown to decrease FENO levels, which indicated that tralokinumab
might be effective in blocking the effects of IL-13—induced nitric
oxide production in airway epithelial cells.”*”® This observation was
also confirmed in a clinical study of treatment with lebrikizumab.”’
Moreover, tralokinumab appeared to perform better in patients
with positive sputum IL-13 levels (>10 pg/mL).”” A subset of pa-
tients with severe asthma with elevated periostin concentration or
elevated dipeptidyl peptidase 4 concentration also achieved signifi-
cant improvements in lung function, asthma exacerbation, and
ACQ-6 score compared with those with low concentrations of
periostin or dipeptidyl peptidase 4 in the MESOS study.”® A pre-
vious meta-analysis evaluated another IL-13 antibody (leb-
rikizumab) and demonstrated that patients with uncontrolled
asthma with high periostin levels had greater exacerbation rate re-
ductions and FEV; improvements than did those with low periostin
levels.”* All these observations indicate the importance of appro-
priate patient selection by the fact that tralokinumab has only
modest efficacy on lung function improvement in patients who were
not selected by using specific biomarkers and clinical features rele-
vant to the target population. Further analysis of efficacy within
specific populations would be required and warranted.

Overall, the 6 included RCTs displayed low heterogeneity in
each comparison. This strengthens the evidence that tralokinu-
mab has modestly clinical potential for improvement of lung

J ALLERGY CLIN IMMUNOL PRACT
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function in patients with moderate to severe asthma, but not for
asthma-related quality of life and asthma exacerbation, and the
results are reproducible.

Study limitations

Limitations of the present meta-analysis included the fact that
there was a variable duration of tralokinumab treatment in the
included clinical trials (12-52 weeks) and these studies were
underpowered to detect the effect of tralokinumab on the basis of
different time points. Moreover, publication bias could not be
well assessed because of the limited included studies.

CONCLUSIONS

In this pooled analysis of 6 RCTs, treatment with tralo-
kinumab was well tolerated and it modestly improved FEV;
and FVC in patients with moderate to severe asthma. It did
not render clinically important improvements in asthma
control and asthma-related quality of life, and nor did it
reduce asthma exacerbations. Further powered clinical trials
would be required to detect whether certain populations of
individuals with asthma experience a better clinical response
from tralokinumab, thus enabling more efficient management
of IL-13—mediated asthma compared with currently available
therapies. In addition, studies should be required to evaluate
the safety, efficacy, and cost of tralokinumab in comparison
with other available anti-Ty2 cytokine mAbs.

Acknowledgment

We thank Dr Michael Schatz, Editor-in-Chief of the Journal
of Allergy and Clinical Immunology in Practice, for helping revise
this article. We also thank Danh Cong Do, an instructor in the
Division of Allergy and Clinical Immunology in Johns Hopkins
University, and Karan Sachdeva, a medical student from Mau-
lana Azad Medical College, New Delhi, India, for helping in
polishing the language.

REFERENCES

1. Masoli M, Fabian D, Holt S, Beasley R. Global Initiative for Asthma (GINA)
Program. The global burden of asthma: executive summary of the GINA
Dissemination Committee Report. Allergy 2004;59:469-78.

2. Global Initiative for Asthma. Global strategy for asthma management and
prevention. Available from: http://ginasthma.org/2017-gina-report-global-strat-
egy-for-asthma-management-and-prevention/. Accessed November 10, 2018.

3. Peters SP, Ferguson G, Deniz Y, Reisner C. Uncontrolled asthma: a review of
the prevalence, disease burden and options for treatment. Respir Med 2006;100:
1139-51.

4. Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk PJ, et al. Inter-
national ERS/ATS guidelines on definition, evaluation and treatment of severe
asthma. Eur Respir J 2014;43:343-73.

5. Pavord ID, Afzalnia S, Menzies-Gow A, Heaney LG. The current and future
role of biomarkers in type 2 cytokine-mediated asthma management. Clin Exp
Allergy 2017:47:148-60.

6. Humbert M, Durham SR, Kimmitt P, Powell N, Assoufi B, Pfister R, et al.
Elevated expression of messenger ribonucleic acid encoding IL-13 in the
bronchial mucosa of atopic and nonatopic subjects with asthma. J Allergy Clin
Immunol 1997;99:657-65.

7. Kotsimbos TC, Ernst P, Hamid QA. Interleukin-13 and interleukin-4 are co-
expressed in atopic asthma. Proc Assoc Am Physicians 1996;108:368-73.

8. Komai-Koma M, Mckay A, Thomson L, McSharry C, Chalmers GW, Liew FY,
et al. Immuno-regulatory cytokines in asthma: IL-15 and IL-13 in induced
sputum. Clin Exp Allergy 2001;31:1441-8.

9. Kondo M, Tamaoki J, Takeyama K, Isono K, Kawatani K, Izumo T, et al.
Elimination of IL-13 reverses established goblet cell metaplasia into ciliated
epithelia in airway epithelial cell culture. Allergol Int 2006;55:329-36.


http://refhub.elsevier.com/S2213-2198(19)30487-8/sref1
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref1
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref1
http://ginasthma.org/2017-gina-report-global-strategy-for-asthma-management-and-prevention/
http://ginasthma.org/2017-gina-report-global-strategy-for-asthma-management-and-prevention/
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref3
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref3
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref3
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref4
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref4
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref4
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref5
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref5
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref5
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref6
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref6
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref6
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref6
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref7
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref7
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref8
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref8
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref8
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref9
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref9
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref9

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 7, NUMBER 8

10.

12.

13.

14.

15.

16.

17.

20.

21.

Batra V, Musani Al, Hastie AT, Khurana S, Carpenter KA, Zangrilli JG, et al.
Bronchoalveolar lavage fluid concentrations of transforming growth factor
(TGF)-betal, TGF-beta2, interleukin (IL)-4 and IL-13 after segmental allergen
challenge and their effects on ¢-smooth muscle actin and collagen III synthesis
by primary human lung fibroblasts. Clin Exp Allergy 2004;34:437-44.

. Humbles AA, Lloyd CM, Mcmillan SJ, Friend DS, Xanthou G, McKenna EE,

et al. A critical role for eosinophils in allergic airways remodeling. Science
2004;305:1776-9.

Chiba Y, Nakazawa S, Todoroki M, Shinozaki K, Sakai H, Misawa M. Inter-
leukin-13 augments bronchial smooth muscle contractility with an up-regulation
of RhoA protein. Am J Respir Cell Mol Biol 2009;40:159-67.

Punnonen J, Aversa G, Cocks BG, McKenzie AN, Menon S, Zurawski G, et al.
Interleukin 13 induces interleukin 4-independent IgG4 and IgE synthesis and
CD23 expression by human B cells. Proc Natl Acad Sci USA 1993;90:3730-4.
May RD, Monk PD, Cohen ES, Manuel D, Dempsey F, Davis NH, et al.
Preclinical development of CAT-354, an IL-13 neutralizing antibody, for the
treatment of severe uncontrolled asthma. Br J Pharmacol 2012;166:177-93.
Popovic B, Breed J, Rees DG, Gardener MJ, Vinall LM, Kemp B, et al.
Structural characterisation reveals mechanism of IL-13 neutralising monoclonal
antibody tralokinumab as inhibition of binding to IL-13Ral and IL-13Ra2.
J Mol Biol 2017;429:208-19.

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA state-
ment. Int J Surg 2010;8:336-41.

Juniper EF, O’Byrne PM, Guyatt GH, Ferrie PJ, King DR. Development and
validation of a questionnaire to measure asthma control. Eur Respir J 1999;14:
902-7.

. Juniper EF, Buist AS, Cox FM, Ferrie PJ, King DR. Validation of a stan-

dardized version of the Asthma Quality of Life Questionnaire. Chest 1999;115:
1265-70.

. Juniper EF, Guyatt GH, Willan A, Griffith LE. Determining a minimal impor-

tant change in a disease-specific quality of life instrument. J Clin Epidemiol
1994:47:81-7.

Juniper EF, Svensson K, Mork AC, Stahl E. Measurement properties and
interpretation of three shortened versions of the asthma control questionnaire.
Respir Med 2005;99:553-8.

Santanello NC, Zhang J, Seidenberg B, Reiss TF, Barber BL. What are minimal
important changes for asthma measures in a clinical trial? Eur Respir J 1999;14:
23-7.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

ZHANG ETAL 2671

Szefler SJ, Martin RJ, King TS, Boushey HA, Cherniack RM, Chinchilli VM,
et al. Significant variability in response to inhaled corticosteroids for persistent
asthma. J Allergy Clin Immunol 2002;109:410-8.

Higgins JPT, Green S, eds. Cochrane handbook for systematic reviews of in-
terventions, version 5.1.0. Available from http://handbook.cochrane.org.
Accessed November 1, 2018.

Panettieri RA Jr, Sjobring U, Péterffy A, Wessman P, Bowen K, Piper E, et al.
Tralokinumab for severe, uncontrolled asthma (STRATOS 1 and STRATOS 2):
two randomised, double-blind, placebo-controlled, phase 3 clinical trials. Lancet
Respir Med 2018;6:511-25.

Busse WW, Brusselle GG, Korn S, Kuna P, Magnan A, Cohen D, et al. Tra-
lokinumab did not demonstrate oral corticosteroid-sparing effects in severe
asthma. Eur Respir J 2019;53. pii 1800948.

Russell RJ, Chachi L, FitzGerald JM, Backer V, Olivenstein R, Titlestad IL,
et al. Effect of tralokinumab, an interleukin-13 neutralising monoclonal anti-
body, on eosinophilic airway inflammation in uncontrolled moderate-to-severe
asthma (MESOS): a multicentre, double-blind, randomised, placebo-controlled
phase 2 trial. Lancet Respir Med 2018;6:499-510.

Piper E, Brightling C, Niven R, Oh C, Faggioni R, Poon K, et al. A phase II
placebo-controlled study of tralokinumab in moderate-to-severe asthma. Eur
Respir J 2013;41:330-8.

Brightling CE, Chanez P, Leigh R, O’Byrne PM, Korn S, She D. Efficacy and
safety of tralokinumab in patients with severe uncontrolled asthma: a rando-
mised, double-blind, placebo-controlled, phase 2b trial. Lancet Respir Med
2015;3:692-701.

Baverel PG, White N, Vicini P, Karlsson MO, Agoram B. Dose-exposure-
response relationship of the investigational anti-interleukin-13 monoclonal
antibody tralokinumab in patients with severe, uncontrolled asthma. Clin
Pharmacol Ther 2018;103:826-35.

Zeiger RS, Schatz M, Dalal AA, Qian L, Chen W, Ngor EW, et al. Utilization
and costs of severe uncontrolled asthma in a managed-care setting. J Allergy
Clin Immunol Pract 2016;4:120-129.e3.

Corren J, Lemanske RF, Hanania NA, Korenblat PE, Parsey MV, Arron JR,
et al. Lebrikizumab treatment in adults with asthma. N Engl J Med 2011;365:
1088-98.

Liu Y, Zhang S, Chen R, Wei J, Guan G, Zhou M, et al. Meta-analysis of
randomized controlled trials for the efficacy and safety of anti-interleukin-13
therapy with lebrikizumab in patients with uncontrolled asthma. Allergy
Asthma Proc 2018;39:332-7.


http://refhub.elsevier.com/S2213-2198(19)30487-8/sref10
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref10
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref10
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref10
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref10
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref11
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref11
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref11
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref12
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref12
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref12
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref13
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref13
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref13
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref14
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref14
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref14
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref15
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref15
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref15
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref15
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref16
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref16
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref16
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref17
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref17
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref17
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref18
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref18
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref18
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref19
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref19
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref19
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref20
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref20
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref20
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref21
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref21
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref21
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref22
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref22
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref22
http://handbook.cochrane.org
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref24
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref24
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref24
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref24
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref25
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref25
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref25
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref26
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref26
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref26
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref26
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref26
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref27
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref27
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref27
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref28
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref28
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref28
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref28
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref29
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref29
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref29
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref29
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref30
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref30
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref30
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref31
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref31
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref31
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref32
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref32
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref32
http://refhub.elsevier.com/S2213-2198(19)30487-8/sref32

2671.e1 ZHANG ETAL

ONLINE REPOSITORY

J ALLERGY CLIN IMMUNOL PRACT
NOVEMBER/DECEMBER 2019

Tralokinumab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI 1V, Random, 95% CI
Brightling CE 2015 0.905 1.095 210 0.7 1.081 107 17.2%  0.21[-0.05, 0.46] =
Busse WW 2018 0.387 1.04 59 0.238 1.04 61 7.9%  0.15[-0.22, 0.52] —
Panettieri RA Jr 2018-STRATOS1 1.17 115 625 1.03 1.24 315 40.9% 0.14[-0.02, 0.30] T
Panettieri RA Jr 2018-STRATOS2 1.18 1.07 321 1.21 1.24 318 34.0% -0.03[-0.21,0.15] —
Total (95% CI) 1215 801 100.0% 0.09 [-0.01, 0.20] o

Heterogeneity: Tau? = 0.00; Chi? = 2.96, df = 3 (P = 0.40); I* = 0%
Test for overall effect: Z = 1.76 (P = 0.08)

-0.5 0 0.5
Favours [Placebo] Favours [Tralokinumab]

FIGURE E1. Effect of tralokinumab vs placebo on change in the AQLQ score from baseline.
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FIGURE E2. Risk of bias for included studies.
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TABLE E1. Detailed assessment of bias risk
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Authors’
Bias judgment Support for judgment
Piper et al”’

Random sequence generation (selection Low Randomized according to a computer-generated randomization list

bias)

Allocation concealment (selection bias) Unclear Randomized, no description

Blinding of participants and personnel Unclear Double-blinded, no description

(performance bias)
Blinding of outcome assessment (detection Unclear Double-blinded, no description
bias)

Incomplete outcome data (attrition bias) Low 4/48 (8.3%) losses in the placebo group, 3/51 (5.8%) losses in tralokinumab 300-
mg group, no losses in tralokinumab 150-mg and 600- mg groups, with ITT
analysis

Selective reporting (reporting bias) Low All relevant outcomes were described.

Other bias Unclear Unclear

Brightling et al’®

Random sequence generation (selection Low Randomized via an interactive (voice or web) system

bias)

Allocation concealment (selection bias) Low Randomized and provided the assignment of blinded investigational product kit
numbers to the subject. Because tralokinumab and placebo are visually
distinct, the investigational product was handled by an unblinded
investigational manager and administered by an unblinded study team
member who was not involved in the management of study subjects.

Blinding of participants and personnel Low Neither the subject nor any of the investigator or sponsor staff involved in the

(performance bias) treatment or clinical evaluation of the subjects was aware of the treatment
received.

Blinding of outcome assessment (detection Low Neither the subject nor any of the investigator or sponsor staff involved in the

bias) treatment or clinical evaluation of the subjects was aware of the treatment
received.

Incomplete outcome data (attrition bias) Low 17/150 (11.3%) losses in the placebo group, 15/150 (10%) losses in tralokinumab
Q2W group, 22/151 (14.6%) losses in tralokinumab Q4W group, with ITT
analysis

Selective reporting (reporting bias) Low All relevant outcomes were described.

Other bias Unclear Unclear

Russell et al*®

Random sequence generation (selection Low Randomized by an interactive web-based system or voice response system

bias)

Allocation concealment (selection bias) Low Randomized; randomization codes, prepared by an internal AstraZeneca
computerized system, were assigned sequentially as participants became
eligible for randomization. Randomization numbers were grouped in blocks
and participants who discontinued from the trial were not replaced.
Participants, site staff and investigators, and sponsor personnel were masked
to treatment allocation until trial completion and the database had been
locked.

Blinding of participants and personnel Low Double-blinded; participants, site staff and investigators, and sponsor personnel

(performance bias) were masked to treatment allocation until trial completion and the database
had been locked.

Blinding of outcome assessment (detection Low Double-blinded; participants, site staff and investigators, and sponsor personnel

bias) were masked to treatment allocation until trial completion and the database
had been locked.

Incomplete outcome data (attrition bias) Low 0/40 (0%) losses in the placebo group, 3/39 (7.7%) losses in the tralokinumab
group, with ITT analysis

Selective reporting (reporting bias) Low All relevant outcomes were described.

Other bias Unclear Unclear

Panettieri et al’* (STRATOS 1)
Random sequence generation (selection Low Randomized by an interactive web or voice response system

bias)

(continued)
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Authors’
Bias judgment Support for judgment

Allocation concealment (selection bias) Low Randomized; tralokinumab and placebo are visually distinct and so were
administered by an unmasked team member not involved in the management
of participants to maintain masking. Participants and trial-site personnel
assessing outcomes were unaware of the treatment allocation.

Blinding of participants and personnel Low Double-blinded; participants and trial-site personnel assessing outcomes were

(performance bias) unaware of the treatment allocation.

Blinding of outcome assessment (detection Low Double-blinded; participants and trial-site personnel assessing outcomes were

bias) unaware of the treatment allocation.

Incomplete outcome data (attrition bias) Low 40/400 (10%) losses in the placebo group, 69/401 (17.2%) losses in tralokinumab
Q2W group and 51/406 (12.6%) losses in tralokinumab Q4W group; FAS
analysis was done without ITT analysis.

Selective reporting (reporting bias) Low All relevant outcomes were described.

Other bias Unclear Unclear

Panettieri et al’* (STRATOS 2)

Random sequence generation (selection Low Randomized by an interactive web or voice response system

bias)

Allocation concealment (selection bias) Low Randomized; tralokinumab and placebo are visually distinct and so were
administered by an unmasked team member not involved in the management
of participants to maintain masking. Participants and trial-site personnel
assessing outcomes were unaware of the treatment allocation.

Blinding of participants and personnel Low Double-blinded; participants and trial-site personnel assessing outcomes were

(performance bias) unaware of the treatment allocation.

Blinding of outcome assessment (detection Low Double-blinded; participants and trial-site personnel assessing outcomes were

bias) unaware of the treatment allocation.

Incomplete outcome data (attrition bias) Low 60/428 (14.0%) losses in the placebo group, 55/428 (12.9%) losses in tralokinumab
Q2W group; FAS analysis was done without ITT analysis.

Selective reporting (reporting bias) Low All relevant outcomes were described.

Other bias Unclear Unclear

Busse et al”
Random sequence generation (selection Low Randomized. A fixed block randomization list was created using an internal
bias) AstraZeneca computerized system (GRand). Randomization codes were
assigned strictly sequentially in each stratum as subjects became eligible for
randomization, using an interactive voice/web recognition system.

Allocation concealment (selection bias) Low Randomized. Because tralokinumab and placebo were visually distinct, they were
handled by an unblinded investigational product manager at the site and were
administered by an unblinded investigational site trial team member, who
were not involved in the management of the trial patients (could be the same
person).

Blinding of participants and personnel Low Double-blinded; all the patients, investigators, and sponsor staff who were involved

(performance bias) in the treatment, clinical evaluation, and monitoring of the patients were
blinded to the trial.

Blinding of outcome assessment (detection Low Double-blinded; all the patients, investigators, and sponsor staff who were involved

bias) in the treatment, clinical evaluation, and monitoring of the patients were
blinded to the trial.

Incomplete outcome data (attrition bias) Low 4/70 (5.7%) losses in the placebo group and 7/70 (10%) losses in the tralokinumab
group; FAS analysis was done without ITT analysis.

Selective reporting (reporting bias) Low All relevant outcomes were described.

Other bias Unclear Unclear

FAS, Full analysis set; IT7, intention to treat; Q2W, every 2 wk; Q4W, every 4 wk.
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