
Targeting interleukin-13 in idiopathic
pulmonary fibrosis: from promising path
to dead end

Marlies S. Wijsenbeek1, Mirjam Kool 1 and Vincent Cottin 2

Affiliations: 1Dept of Pulmonary Medicine, Erasmus University Medical Center, Rotterdam, The Netherlands.
2National Reference Center for Rare Pulmonary Disease, Louis Pradel Hospital; UMR754, Claude Bernard
University, Lyon, France.

Correspondence: Marlies S. Wijsenbeek, Dept of Pulmonary Medicine, Erasmus University Medical Center,
Dr. Molenwaterplein 40, 3015 CA Rotterdam, The Netherlands. E-mail: m.wijsenbeek-lourens@erasmusmc.nl

@ERSpublications
Targeting IL-4/IL-13 with SAR156597 failed to demonstrate an effect on lung function decline for
patients with idiopathic pulmonary fibrosis; these results are in line with the negative results of two
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The pathogenesis of idiopathic pulmonary fibrosis (IPF) is characterised by repeated subclinical injury to
the alveolar epithelium, leading to injured alveoli, myofibroblast recruitment and activation, resulting in
aberrant wound healing with uncontrolled matrix deposition and progressive fibrosis. However,
inflammation and immunity are also thought to play a modulatory role in IPF pathogenesis. Data from
IPF patients and experimental animal models have shown that type 2 inflammatory processes are activated
in pulmonary fibrosis [1, 2]. The main type 2 cytokines are interleukin (IL)-13 and IL-4, produced by T
helper 2 (Th2) cells and type 2 innate lymphocytes; both are suggested to play a prominent role in fibrosis
development [1, 2]. As type 2 immunity is central in the immunopathology of allergic asthma, compounds
targeting IL-13 and IL-4 have been developed for asthma [3–6].

Trials targeting IL-13 in IPF
Altogether, this prompted several stakeholders to further pursue blockage of IL-13 for the treatment of
IPF. Two compounds (tralokinumab and lebrikikuzimab) developed for asthma were repurposed for IPF.
Virtually at the same time, these two compounds targeting IL-13 and one newly developed compound
(SAR156597) targeting both IL-13 and IL-4 were investigated in phase 2 randomised controlled trials
(RCTs) in patients with IPF (figure 1).

In this issue of the European Respiratory Journal, RAGHU et al. [7] report on the results of the ESTAIR
study, a phase 2 RCT evaluating the efficacy and safety of SAR156597, a bispecific monoclonal
immunoglobulin G4 antibody binding and neutralising IL-4 and IL-13. Patients were randomly assigned
1:1:1 to placebo, or SAR156597 200 mg once every week or 200 mg once every two weeks, for 52 weeks.
Half of the patients were on background therapy with either nintedanib or pirfenidone. The study failed to
demonstrate a favourable effect on the primary end-point, i.e. absolute change from baseline in per cent of
predicted forced vital capacity (FVC) at 52 weeks, and had also no positive effect on secondary outcomes.
The authors report numerically fewer acute exacerbations in the SAR156597 arms, although numbers of
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events were small. There was a significant decrease in the serum level of TARC (thymus and activation
regulated chemokine) in patients treated with SAR156597 compared to placebo, confirming target
engagement. In the weekly dosing arm, serious adverse events were more common than in the bi-weekly
dosing arm.

The study should be seen in the light of the two other phase 2 RCTs targeting IL-13 (table 1). PARKER
et al. [8] reported on the safety and efficacy of tralokinumab 400 or 800 mg every 4 weeks in
treatment-naive patients with IPF. The primary end-point, the difference in absolute change from baseline
in percent of predicted FVC at week 52, was not met (the study was prematurely stopped for futility). This
study showed a high screen failure rate, and approval of nintedanib and pirfenidone during the study
period slowed enrolment and likely contributed to a high drop-off rate. An accompanying editorial
concluded that no definite conclusions could be drawn due to the limitations mentioned above [9]. In the
two RIFF studies conducted in parallel [10, 11], patients with IPF were randomised to either lebrikizumab
250 mg or placebo every 4 weeks, with or without background therapy with pirfenidone. None of the
studies showed a treatment benefit on FVC change over 52 weeks. Some trends were observed on
secondary end-points in one of the trials, which could, however, be a chance finding. Overall, four RCTs
in IPF have failed to demonstrate a benefit of monoclonal antibodies targeting IL-13. Is this a dead end, or
is it still worth pursuing the Th1/Th2 imbalance in IPF? Should we blame the choice of the target, the
drugs, or the study design?

What have we learned about targeting IL-13 from studies in asthma and IPF?
In theory, SAR156597 therapy could be more promising than tralokinumab and lebrikizumab, as it
neutralises both IL-13 and IL-4 (figure 1). Both IL-13 and IL-4 are elevated in IPF bronchoalveolar lavage
fluid [12]. Whereas IL-13 promotes collagen production by lung fibroblasts [13], IL-4 can induce periostin
production [14]. Periostin is elevated in IPF lungs and serum [15] and can promote fibrosis [16]. Next to
reducing periostin, inhibition of IL-4 may also reduce the pool of Th2 cells [17] and possibly type 2 innate
lymphocytes [18] in the airways, and may play a long-term role in reducing type 2 cytokine production.

In asthma, the only IL-13-targeting drug that has been thus far successful in two trials is dupilumab [3],
which blocks both IL-13 and IL-4. The mechanism of action of dupilumab is different from that of
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FIGURE 1 Schematic representation of an alveolus, interstitium and blood vessel. Expression of interleukin
(IL)-13, IL-4 and IL-13 receptor (IL-13R) are depicted. In the top right corner, the three IL-13-targeting
compounds and their specific mechanisms are depicted. Th2: T helper 2 cell; ILC2: type 2 innate lymphoid
cell.
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SAR156597, as it binds to the IL-4Rα chain, common to the IL-13 receptor (IL-13R) and the IL-4R,
thereby preventing both IL-13 and IL-4 effector functions. In contrast, both tralokinumab and
lebrikizumab were ineffective in several phase 3 trials in asthma [4–6].

These observations therefore favoured the use of a drug targeting both IL-4 and IL-13. However, in the
current study [7], SAR156597 did not affect IPF progression in terms of FVC decline, suggesting that
targeting the IL-13 pathway may not be clinically relevant in IPF. Interestingly, a positive trend was
observed on acute exacerbations in SAR156597 treated patients, as reported in the pirfenidone plus
lebrikizumab arm of the RIFF study [10, 11]. Although the number of events was very small and these
data should be interpreted cautiously, this raises the question about the potential role of type 2 driven
processes in acute exacerbations.

Challenges encountered in study design in the current IPF trial landscape
The availability of two drugs (nintedanib and pirfenidone) that slow down disease progression has been an
important step forward for patients with IPF [19, 20]. However, this has significant implications for study
design for potential novel compounds.

The current IPF trial landscape warrants a trial design with add-on to standard of care for ethical reasons
and in order to avoid inclusion bias and recruitment failures. In such trials, the anticipated average decline
in FVC for the whole patient group will be less than in a patient population without background therapy.
Based on the placebo arms of previous trials, it is estimated that the average decline in FVC per year in
patients without therapy is ∼200 mL per year, while in patients on either nintedanib of pirfenidone this
decline is about halved [21]. This impacts power and sample size calculation using FVC as the primary
outcome. In order to find a meaningful effect of a new compound on FVC, either sample size needs to be
increased or the duration of the trial prolonged. In reality, it is rather complicated to take background
disease modifying medications into account in trial design and analysis, as access to antifibrotics may vary
by country, may change over time, and some patients discontinue treatments due to drug intolerance.

TABLE 1 Key aspects of the four clinical trials evaluating interleukin (IL)-4/IL-13 antagonists in patients with idiopathic
pulmonary fibrosis (IPF)

ESTAIR [7] NCT01629667 [8] RIFF A [10] RIFF B [11]

Trial registration
number

NCT02345070 NCT01629667 NCT01872689 NCT01872689

Compound SAR156597: humanised bispecific
IgG4 antibody binding and
neutralising IL-4 and IL-13

Tralokinumab: human IgG4 monoclonal
antibody neutralising IL-13 and
preventing receptor interaction

Lebrikizumab: humanised
monoclonal antibody that binds to

IL-13

Main inclusion criteria IPF (2011) [24]
UIP on HRCT and SLB (when
obtained) or possible UIP on
HRCT with signs of traction

Centrally reviewed
FVC >40% pred
DLCOc >30%

IPF (2011) [24]
UIP on HRCT

Centrally reviewed
FVC >50%
DLCOc >30%

IPF (2011) [24]
Centrally reviewed

FVC 40–100%
DLCO 25–90

Background therapy 51.1% on pirfenidone or
nintedanib

Not allowed in study, washout 4 weeks No background
therapy

All on background
of pirfenidone

Intervention Placebo
200 mg once a week

200 mg once every 2 weeks

Placebo
400 mg once every 4 weeks
800 mg once every 4 weeks

Placebo
250 mg once every 4 weeks

Primary end-point Absolute change from baseline in
FVC % pred at week 52

Difference absolute change from
baseline in FVC % pred at week 52

Annualised rate of decline in FVC %
pred over 52 weeks

Randomised study
population

109:108:108 per arm 59:58:59 per arm 76:78 per arm 177:174 per arm

Result for primary
end-point

Not met Prematurely stopped for futility at an
interim analysis

Not met Not met

UIP: usual interstitial pneumonia; HRCT: high-resolution computed tomography; SLB: surgical lung biopsy; FVC: forced vital capacity; DLCO(c):
diffusing capacity of the lung for carbon monoxide (corrected for haemoglobin).
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Surveys estimated the overall uptake of antifibrotic drugs to be 50–60%, with clear regional differences
[22, 23]. In the study by RAGHU et al. [7], 51.1% of patients were taking either nintedanib or pirfenidone,
but the sample size calculation was not adjusted for background therapy, which may have led to an
underpowering of the study. The differences in sample sizes of the studies targeting IL-13 are illustrative of
the difference in assumptions that were likely made when calculating sample sizes and of the complex
nature we are facing in current trial design. It is, however, unlikely that the results of the study may have
been affected by sample size considerations.

There were some differences in inclusion criteria between the IL-13 IPF studies. On one side these
differences may hamper detailed comparison or pooling of data, on the other hand broader and varying
study populations will yield results that could be extrapolated to a wider patient population closer to
everyday clinical practice. The SAR156597 study used the 2011 IPF diagnostic guidelines for inclusion
[24], with the addition that patients with a possible usual interstitial pneumonia pattern on high-resolution
computed tomography and additional evidence of traction bronchiectasis were also eligible. Together with
broad pulmonary function criteria (FVC ⩾40% pred and diffusing capacity of the lung for carbon
monoxide ⩾30%), the inclusion criteria were even more lenient than in the INPULSIS trials, and probably
one of the most pragmatic and close to real-life practice criteria used to date [19]. Nevertheless, screening
failures occurred in 49% of cases (with the most common reason (36%) being a positive interferon
releasing test), consistent with other phase 2 and 3 trials in IPF. The impact of the new 2018 diagnostic
guidelines [25] on trial eligibility is yet to be seen.

The fast-expanding field of RCTs with potential treatment options in IPF is very promising, but it also
leads to competition for centres and patients. Careful trial design is needed with respect to sample size,
study population and innovative end-points. Clinicians and patients invited to participate in early phase
RCTs should be provided with compelling preclinical data supporting the use of new compounds to guide
their choices. Ideally, collaboration between clinician, researchers, patients, and pharmaceutical companies
should guide drug development, to best select promising pathways to explore, and to avoid crowds on the
same paths – especially as some of them become dead ends.
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