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The studies sought to measure whether the drug 
could reduce annual asthma exacerbation rates 
in more than 2,000 patients with high levels 
of the extracellular matrix protein periostin 
or of blood eosinophils, both biomarkers for 
airway inflammation. “They recruited a group 
of patients in whom exacerbations were infre-
quent. It was hard to achieve that endpoint,” 
Wenzel says. Even so, the drug did have obvi-
ous effects. “They barely missed [the endpoint] 
in asthma,” says Peña. “They were right there on 
the cusp [of statistical significance].”

With Cambridge, UK–based AstraZeneca’s 
tralokinumab, the results were even more disap-
pointing. In three phase 3 trials in 2,200 patients, 
the drug failed to make a significant reduction 
in asthma exacerbation rates or reduce oral cor-
ticosteroid use. The first phase 3 trial, Stratos 
1, identified a responsive subgroup, which had 
elevated levels of exhaled nitric oxide, an inflam-
matory biomarker.  This knowledge was used 
to guide recruitment into a second large-scale 
trial, but that study, Stratos 2, failed to confirm 
the initial observation.  Although these stud-
ies suggest that targeting IL-13 in asthma elic-
its responses in some patients, the effect does 
not reach the threshold of clinical relevance. 
“There are improvements in lung function that 

Drugmakers cling to dual IL-13/IL-4 blockbuster hopes
The recent failure of AstraZeneca’s interleu-
kin-13 (IL-13) inhibitor tralokinumab to show 
efficacy in two phase 3 trials in asthma extends 
an already lengthy rap sheet against a therapeu-
tic target that has confounded drug developers’ 
expectations. Despite widespread recognition 
of the central role IL-13 plays in mediating 
allergic disease, companies have struggled for 
more than a decade to produce clear-cut clinical 
evidence that targeting the cytokine will benefit 
patients. The field is littered with molecules that 
have failed mid- and late-stage trials in numer-
ous indications (Table 1). Only one drug has 
emerged successfully from the pack, the dual 
IL-4 and IL-13 signaling inhibitor Dupixent 
(dupilumab). Made by Paris-based Sanofi 
and Tarrytown, New York–based Regeneron 
Pharmaceuticals, Dupixent gained approval 
last year for treating atopic dermatitis, a form 
of eczema,  and is poised to secure an addi-
tional approval in asthma, following a positive 
read-out from two recent phase 3 trials (Nat. 
Biotechnol. 35, 391–392, 2017). But apart from 
that exception, the drug industry’s interest in 
IL-13 could amount to nothing more than a very 
expensive write-off unless Dermira, of Menlo 
Park, California, and Leo Pharma, of Ballerup, 
Denmark, succeed in dermatology conditions. 

“We don’t think the game is over by any means 
for IL-13,” says Luis Peña, co-founder and chief 
development officer of Dermira, which last year 
in-licensed the anti-IL13 antibody lebrikizumab 
from Basel, Switzerland–based Roche in a deal 
involving $135 million in upfront and near-term 
milestone payments.

Interest in targeting IL-13 arises from the 
recognition that asthma, atopic dermatitis and 
other chronic allergic conditions are driven by 
CD4+ type-2-helper-T-cell-mediated (TH2-
mediated) responses (N. Engl. J. Med. 344, 
30–37, 2001). TH2-mediated responses, result-
ing from an interplay between genetic and 
environmental factors, are highly prevalent in 
the world’s population. Symptoms in severely 
affected patients are often not controlled by 
standard therapies, such as corticosteroids, anti-
histamines, and, in the case of asthma, long- or 
short-acting beta agonists, so alternative treat-
ment immune pathways are keenly sought after. 
The type-2 helper response is characterized by 

the production of IL-13,  IL-4 and IL-5 as well 
as by the presence of granulocytes, including 
mast cells, eosinophils and basophils, and by the 
induction of immunoglobulin class switching 
to IgE production. This pattern is captured in 
transgenic mice that overexpress the cytokines 
and spontaneously develop asthma-like symp-
toms and skin lesions, accompanied by high 
levels of serum IgE antibodies, and infiltration 
of the skin and lungs by eosinophils and other 
lymphocytes (Nat. Rev. Drug Disc. 15, 35–50, 
2016). 

Targeting IL-13 in the clinic, therefore, was 
expected to dampen down hyper-reactive 
responses to allergen triggers. “The expecta-
tions were not met,” says Sally Wenzel, profes-
sor of medicine at the University of Pittsburgh, 
in Pennsylvania, who is an experienced clinical 
researcher in asthma. The many trial failures 
could be due either to the target’s lack of clinical 
utility, the specific properties of the molecules 
being tested or the clinical trials’ design—or, 
indeed, to a combination of all three factors. 
A flawed protocol was, in Wenzel’s opinion, 
responsible for the lebrikizumab failure in 
asthma in early 2016. Although the antibody 
reached the primary endpoint in one of two 
identical phase 3 trials, it missed that of another. 

Mucus

Epithelial
cells

Airway epithelial cells

Smooth muscle cells

Nature Reviews | Drug Discovery

Eosinophil

AllergensViruses

Neutrophil

TH17 cell

B cell

IgE

TH2 cell

IL-4
IL-13

TNF
IFNγ

MMP
Neutrophil elastase
ROS

CXCL1
CXCL8

Mast cell

• Histamine
• Cysteinyl leukotrienes
• Prostaglandins
• Cytokines

• Basic proteins
• Cysteinyl leukotrienes
• Cytokines

TH9 cellTreg cell

TH0 cell

TH1 cell

IL-4

IL-5

Dendritic cell

FibroblastsBlood vessel

TGFβTGFβ
IL-6

IL-12
IFNγ

IL-23
IL-17
IL-22

TSLP,
IL-25–IL-33

TGFβ
IL-10

IL-4
TGFβ

IL-9

IL-13 plays a key role in allergic disease but, so far, only dual IL-4/IL-13 blocking has proved 
successful.
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Geffen School of Medicine at the University of 
California, Los Angeles, and a clinical investi-
gator on trials of several antibody therapies in 
asthma, including a phase 2 study of lebriki-
zumab (N. Engl. J. Med. 365, 1088–1098, 2011). 
“Inhibition of IL-4 may reduce the pool of TH2 
cells in the airways, and play a long-term role in 
reducing TH2 cytokine production in patients 
with type-2 asthma.” 

Such a dual IL-13/IL-4 mechanism of action 
was “unheard of” when companies started to 
target cytokines with biologics, says Christian 
Antoni, head of development for immunol-
ogy at Sanofi. The safety implications were not 
understood at the time. “It is safe in humans,” 
he says. He singles out George Yancopoulos, the 
influential CSO at Tarrytown, New York–based 
Regeneron—Sanofi’s long-time partner—for 
pursuing the program. “He’s someone who was 
betting on this for 20 years and fought for it. 
You have to give him credit for it,” Antoni says. 
Sanofi has been less successful with SAR156597, 
a bispecific antibody that targets IL-4 and IL-13. 
It terminated a phase 2 trial in idiopathic pul-
monary fibrosis last year, following a negative 
result.  “It’s a well-powered, nicely done study, 
which we will publish,” he says. The antibody, 
which binds the circulating cytokines, does not 
replicate Dupixent’s mode of action. “It’s funda-

mentally different to dupilumab, which binds 
the receptor,” he says. 

Meanwhile, Leo Pharma, which paid 
AstraZeneca $135 million upfront to in-license 
tralokinumab for dermatology indications, is 
undeterred by the drug’s recent failures. “Despite 
what AstraZeneca has seen in asthma, we have 
a very strong signal in atopic dermatitis, which 
we believe will benefit patients,” says Thorsten 
Thormann, vice president for research at Leo 
Pharma. The company reported last year that 
the drug attained one of two co-primary end-
points in a dose-finding phase 2b trial. Atopic 
dermatitis, moreover, is distinct from asthma, 
even if the two conditions share some common 
features. IL-13 is upregulated in atopic dermati-
tis, as it is in asthma, but the resulting biological 
consequences are different. In skin, the cytokine 
acts on keratinocytes, which are abundant in the 
epidermis and which are immunoresponsive. “If 
they are exposed to IL-13, they will start express-
ing various chemokines, which attract immune 
cells to the skin,” Thormann says. IL-4 also has 
a role in atopic dermatitis, but its significance is 
not clear. “Exactly how important it is compared 
to IL-13 I’m not sure we really know yet.”

Alongside IL-13-targeting strategies, drug-
makers have been developing antibodies against 
other allergy-associated targets, notably IgE and 

are pretty consistent, but it’s not enough of an 
improvement,” says Wenzel. 

In contrast, Sanofi’s and Regeneron’s 
Dupixent, which blocks both IL-4 and IL-13 
by binding their shared receptor subunit IL-4 
receptor a (IL-4Ra), delivered clear evidence 
of efficacy in two pivotal trials in asthma. In the 
Liberty Asthma Quest study in 1,902 patients 
with uncontrolled persistent asthma, it led to a 
46% reduction in the annualized rate of severe 
attacks at 52 weeks and a 9% improvement in 
lung function at 12 weeks, measured by the 
forced expiratory volume in one second (FEV1). 
In the Liberty Asthma Venture study in 210 
steroid-dependent patients, the drug reduced 
oral corticosteroid use at 24 weeks by 70%,  
compared with 42% among those on placebo. 
Patients on Dupixent also experienced signifi-
cantly lower rates of exacerbations than those on 
placebo, notwithstanding the reduction in corti-
costeroid consumption. In each study, the drug’s 
effects were more pronounced in patients with 
high blood eosinophil counts at baseline than 
in those with normal levels. Even so, targeting 
IL-4, as well as IL-13, signaling appears to pay 
real dividends in almost every patient category. 
“IL-4 plays an important role in promoting 
maturation of naive CD4+ T cells to become 
TH2 cells,” says Jonathan Corren, of the David 

Table 1  Selected anti-IL-13/IL-4 antibody development programs
Developer Molecule Mechanism Format Clinical status

Regeneron, Sanofi Dupixent (dupilumab) Inhibits IL-4 and IL-13 signaling by  
binding the shared IL-4 receptor a 
(IL-4Ra) subunit of the IL-4 and IL-13 
receptor complexes

Human IgG4 monoclonal 
antibody

FDA approval in atopic dermatitis 28 March 
2017; met the endpoint of two phase 3 trials 
in asthma; phase 3 trials in nasal polyps and 
eosinophilic esophagitis ongoing 

Leo Pharmaa Tralokinumab As above As above Phase 3 trial in atopic dermatitis ongoing

Aerovance Pitrakinra IL-4 mutein, which prevents IL-4 and 
IL-13 signaling by binding IL-4Ra

Engineered recombinant 
protein

Phase 2b trial completed in asthma

Dermirab Lebrikizumab Binds IL-13 and blocks its interaction  
with IL-4Ra

IgG4 humanized mono-
clonal antibody

Phase 2 trials in atopic dermatitis completed, 
phase 2b study planned to start in early 2018

Roche Lebrikizumab As above As above Phase 2 trial ongoing in idiopathic pulmonary 
fibrosis (IPF); development in asthma termi-
nated after two phase 3 trials, only one of which 
met the primary endpoint

Sanofi SAR156597 IL-4 and IL-13 blocking Tetravalent bispecific 
tandem immunoglobulin

Phase 2 trial in systemic scleroderma ongoing; 
development in idiopathic pulmonary fibrosis 
discontinued after phase 2 trial

AstraZeneca Tralokinumab Prevents IL-13 from binding to IL-13Ra1 
and IL-13Ra2

Human IgG4 monoclonal 
antibody

Failed to meet the primary endpoint of three 
phase 3 trials in asthma

Celgene (Summit, New 
Jersey), AbbVie (North 
Chicago, Illinois)

RPC4046 (ABT-308) Prevents IL-13 from binding to IL-13Ra1 
and IL-13Ra2

Humanized monoclonal 
antibody

Phase 2 trial in eosinophilic esophagitis com-
pleted

Pfizer (New York) Anrukinzumab (IMA-
638)

Blocks IL-13 from binding to IL-4Ra Humanized IgG1 mono-
clonal antibody

Failed to show efficacy in phase 2 trials in ulcer-
ative colitis and asthma

GlaxoSmithKline 
(Brentford)

GSK679586 Binds IL-13 binding to IL-13Ra1 and 
IL-13Ra2

Humanized monoclonal 
antibody

Failed to show efficacy in a phase 2 trial in 
asthma

Novartis (Basel) QAX576 Binds IL-13 Fully human monoclonal 
antibody

Development terminated after phase 2 trials 
in asthma, allergic rhinitis, Crohn’s disease, 
eosinophilic esophagitis and IPF 

Amgen AMG 317 Binds IL-4Ra subunit of IL-4 and IL-13 
receptor complexes and blocks IL-4 and 
IL-13 signaling

Fully human monoclonal 
antibody

Failed to show efficacy in a phase 2 trial in 
asthma

aLeo Pharma licensed rights to tralokinumab in skin diseases from AstraZeneca. FDA, US Food and Drug Administration. bDermira licensed rights to lebrikizumab (excluding interstitial lung dis-
ease indications) from Roche. Sources: Company websites, PubMed, ClinicalTrials.gov, FDA
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NEWS

First in vivo human genome 
editing trial 

The first patient dosed with an in vivo gene 
editing therapy was treated at UCSF Benioff 
Children’s Hospital Oakland as part of Sangamo 
Therapeutics’ clinical trial. The phase 1/2 
CHAMPIONS study launched in November 
is an open-label trial that will evaluate 
single ascending IV doses of Sangamo’s 
SB-913, a zinc finger nuclease (ZFN)-
mediated gene editing therapy for treating 
mucopolisaccharidosis II (MPS II) or Hunter’s 
syndrome. MPS II is a progressive inherited 
lysosomal storage disorder caused by mutations 
in the gene encoding iduronate-2-sulfatase 
enzyme, which degrades glycosaminoglycans. 
Depending on the severity of the mutation and 
the degree of residual enzyme activity, children 
with this may experience delays in cognitive 
development, enlarged organs, cardiovascular 
disorders, hearing loss, stunted growth and 
skeletal abnormalities, owing to a buildup of 
toxic carbohydrates in cells throughout their 
body. One in 100,000–170,000 people are 
estimated to be born with MPS II. The current 
standard of care is enzyme replacement 
therapy that requires regular infusions. The 
open-label trial will test for safety, vector 
clearance and the change from baseline in 
urinary glycosaminoglycans. Sangamo aims to 
use genome editing to insert a corrective gene 
into the precise location within the albumin 
gene using adeno-associated virus vectors 
that specifically target the liver. The ability to 
introduce the therapeutic gene permanently 
could enable a patient’s liver to produce a 
stable supply of the missing enzyme. Sangamo’s 
in vivo genome editing approach allows the 
therapeutic gene to integrate precisely into the 
genome, whereas conventional AAV cDNA gene 
therapy and lenti- or retroviral-based approaches 
insert randomly. SB-913 has Fast Track, Orphan 
Drug and rare pediatric disease designations in 
the US to treat MPS II. Two additional clinical 
trials are underway in the US to evaluate 
Sangamo’s in vivo genome editing therapeutics 
for hemophilia B and MPS I, also known as 
Hurler or Hurler-Scheie syndrome.

IL-5 (Table 2). Individuals may respond to one 
or another depending on their allergic profile: 
those with a high eosinophil count respond to 
IL-5-directed therapy, whereas patients with 
an allergic phenotype, which is characterized 
by high IgE levels, tend to respond to Xolair 
(omalizumab), Roche’s IgE-directed antibody. 

Dupixent has attracted multi-billion-dollar 
sales forecasts on the strength of its efficacy in 
eczema and asthma, but it will face competi-
tion from newer agents as well as these estab-
lished therapies. UCLA’s Corren was principal 
investigator on a phase 2 trial of AMG 157 
(also called MEDI9929), an antibody which 
Amgen, of Thousand Oaks, California, and 
AstraZeneca’s MedImmune arm are jointly 
developing. In a dose-ranging study, it reduced 
patients’ annualized exacerbation rates by 
about 60–70% compared to those on placebo, 
while also improving lung function (N. Engl. 
J. Med. 377, 936–946, 2017). “The data look 
astonishing,” Wenzel says. What’s more, it 
appeared to work across different phenotypes. 
“It really seems to be a very homogenously 

effective treatment,” she says. The antibody 
targets thymic stromal lymphopoietin (TSLP), 
a cytokine that acts upstream from IL-4 and 
IL-13, and which plays a central role in ini-
tiating and amplifying TH2 responses by act-
ing on dendritic cells, as well as other types 
of immune effector cells. “When airway den-
dritic cells are exposed to TSLP, subsequent 
interaction of these dendritic cells with naive 
CD4+ T cells leads these T cells to adopt a TH2 
phenotype,” says Corren. “These cells play an 
important role in promoting airway inflam-
mation in patients with asthma.” 

The long saga of solo IL-13 inhibition is 
not over yet, but it is entering its final chapter. 
Failures in dermatology indications would most 
likely finish off a therapeutic class that has never 
managed to meet expectations. But Dupixent’s 
story is just beginning—and it is likely to have a 
significant impact in several allergic conditions. 
Its clinical success underscores the importance, 
however incompletely understood, of IL-4, as 
well as IL-13, in TH2-mediated disease.

Cormac Sheridan Dublin

Table 2  Approved antibody therapies for allergic disease
Company Molecule Target Licensed indications First FDA approval

Roche Xolair (omalizumab) Immunoglobulin E 
(IgE)

Allergic asthma; 
chronic idiopathic 
urticaria

6/20/2003

GlaxoSmithKline Nucala  
(mepolizumab)

IL-5 Severe asthma with 
an eosinophilic 
phenotype

11/4/2015

Teva (Petach Tikva, 
Israel)

Cinqair (reslizumab) IL-5 Severe asthma with 
an eosinophilic 
phenotype

3/26/2016

AstraZeneca Fasenra  
(benralizumab)

Alpha subunit of  
IL-5 receptor

Severe asthma with 
an eosinophilic 
phenotype

11/14/2017

Source: Company websites, FDA

“The last gift any of us want to give 
away this holiday season is our 

most personal and sensitive information,” 
US Senator Chuck Schumer of New York, 
commenting on DTC genomics companies 
slashing of prices as part of holiday 
promotions, leading at least this member 
of Congress to question whether privacy 
protections are adequate. (NBC News, 26 
November 2017)

“It was so normal in the company. It was like 
a fact of life that everyone had to accept. 
Sam [Isaly] just did what he could get away 
with.” Yanping Ren was one of several 
women who complained of inappropriate 
behavior by Isaly, founder of OrbiMed, the 
largest biotech hedge fund. After this was 
reported by STAT, Isaly stepped down. 
(STAT, 7 December 2017) 

AI for your heart, on your wrist

Add to the dizzying number of Apple Watch accessories the first FDA-cleared medical 
device made for Apple’s hot-selling smartwatch. KardiaBand 
is an Apple Watch strap that lets users capture their 
electrocardiogram (ECG) anytime by touching their 
thumb to an integrated sensor. Results are displayed 
on the face of Apple Watch and allow the detection 
of normal sinus heart rhythms and atrial fibrillation, 
the most common heart arrhythmia. KardiaBand 
sells for $199, about twice as much as its previous 
smartphone-based incarnation. Its manufacturer, 
Mountain View, California–based AliveCor, has also 
launched an Apple Watch app, SmartRhythm, that taps 
a deep autoregressive neural network using heart rate, 
activity and ECG data from healthy and sick populations 
and alerts the user to record an ECG if their heart rate 
differs from the neural network—for example, if it rises while 
they are resting, by comparing their heartbeat with the user’s 
location and speed provided by the watch’s built-in accelerometer.  
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