
10	 VOLUME 34   NUMBER 1   JANUARY 2016   NATURE BIOTECHNOLOGY

vival, says Bing Yao, head of the respiratory, 
inflammation and autoimmunity innovative 
medicines unit at MedImmune, the global bio-
logics R&D arm of AstraZeneca. 

Parameswaran Nair, a respirologist at 
McMaster University in Hamilton, Ontario, 
Canada, involved in clinical trials of all three 
anti-IL-5 biologics, agrees. “Theoretically, 
benralizumab could have a greater effect than 
antibodies that block the cytokines. It might be 
better at penetrating [lung tissue] and inactivat-
ing and killing eosinophils and other cells [with 
the IL-5 receptor] that may be involved in the 
disease process in patients with severe asthma,” 
says Nair. In a small study with 27 severe-
asthma patients, the antibody depleted 90% 
of eosinophils in sputum and 100% in blood  
(J. Allergy Clin. Immunol. 132, 1086–1096, 
2013). “This is a greater [response] than what 
has been reported with antibodies targeting 
the cytokines; however, we have to wait and see 
what larger phase 3 trials will show,” says Nair. 

Thus far, researchers have settled on circu-
lating eosinophil counts to assess patient eli-
gibility for therapy and to monitor treatment 
response. “This is not necessarily the best way 
to identify patients most likely to benefit from 
the therapy, but is recommended because the 
test is easily and widely available for clinical 
use,” says Nair. According to Nair, monitoring 
sputum eosinophil count would be preferable 
to assess response to treatment, particularly if 
the patient shows inadequate response to anti-
IL-5 therapy despite normalized blood eosin-
ophil count. A blood draw may not capture 
all inflammatory activity in the lungs, which 

Severe asthma gets first biologic in decades
A new asthma drug class gained a green light 
to market on November 4 when the US Food 
and Drug Administration (FDA) approved 
London-based GlaxoSmithKline (GSK)’s 
anti-interleukin 5 (IL-5) antibody Nucala 
(mepolizumab). Soon after, on December 2, 
the European Commission also issued a green 
light to market this humanized monoclo-
nal antibody (mAb) in the same indication. 
Nucala is now approved on both sides of the 
Atlantic as an add-on treatment for individu-
als aged 12 and over with severe asthma and 
eosinophilic inflammation. For GSK, this pro-
vides a first-to-market advantage and a boost to 
their respiratory franchise. But the space could 
soon become overcrowded as a clutch of anti-
IL-5 treatments move towards approval (Nat. 
Biotechnol. 32, 1075–1076, 2014). 

More than 300 million people globally have 
some form of asthma. Although most can man-
age the disease with existing therapies, namely 
beta agonists and corticosteroids, 5–10% have 
severe asthma refractory to these treatments. 
Within this group, around half have eosino-
philic disease and could benefit from anti-IL-5 
therapy. 

Delivering the right drug to the right per-
son is gaining ground in asthma, as with these 
IL-5 targeted therapies. They are indicated 
only for those individuals with severe uncon-
trolled asthma who also have elevated blood 
eosinophils. In this group of patients, Nucala 
reduced the number of exacerbations by one-
half compared with placebo in a 576-patient 
phase 3 trial that led to the approvals (N. Engl. 
J. Med. 371, 1198–1207, 2014). In a second 
phase 3 trial testing Nucala in 135 severe-
asthma patients who were on daily oral corti-
costeroids such as prednisone in addition to a 
high-dose inhaled drug regimen, the antibody 
at least halved the dose of daily corticosteroids 
required in 53% of patients compared to 34% 
of patients in the placebo arm (N. Engl. J. Med. 
371, 1189–1197, 2014). 

“More than a decade ago, there was rec-
ognition of a distribution of cellular phe-
notypes among asthma patients including 
overexpression of eosinophils or neutro-
phils,” says Steve Yancey, vice president of 
small molecule and biologic respiratory 
development programs at GSK in Raleigh, 
Virginia. Since then, researchers have moved 
to target specific cell populations involved 
in airway inflammation with biologics. 
Eosinophils could be driving the symp-
toms seen in a proportion of patients with 
severe asthma, findings from the Institute 
for Lung Health in Leicester, UK, and from 
McMaster University in Hamilton, Canada, 

suggest (The Lancet 360, 1715–1721, 2002; 
Eur. Respir. J. 27, 483–494, 2006). 

Eosinophils are white blood cells that, with 
mast cells, normally fight parasites. When 
allergens stimulate the airways, in some indi-
viduals, eosinophils migrate to the lungs where 
they promote inflammation. Because IL-5 is a 
cytokine that promotes eosinophil growth and 
activation, drug developers identified it as a 
potential target for asthma-fighting drugs. 
Nucala’s competitors, anti-IL-5 antibodies 
Cinqair (reslizumab) and AstraZeneca’s ben-
ralizumab, are hot on its heels. On December 9,  
the FDA’s advisory committee recommended 
the agency approve Petach Tikva, Israel–based 
Teva’s Cinqair for severe asthma. A final deci-
sion is expected by March. Teva gained the 
humanized mAb against IL-5 through its 
2011 acquisition of Cephalon. London-based 
AstraZeneca’s benralizumab is third in line. The 
company in-licensed the antibody from BioWa, 
a wholly owned subsidiary of the Tokyo-based 
pharma KyowaKakko Kirin. The drug’s phase 
3 clinical trial results are expected sometime in 
2016, according to the company.

Nucala and Cinqair both bind IL-5 directly 
to prevent it from docking onto IL-5 recep-
tors on eosinophils to limit their function. 
Benralizumab operates by a different mecha-
nism. It targets the IL-5 receptor alpha sub-
unit on eosinophils, directing their killing by 
enhanced antibody-dependent cell-mediated 
cytotoxicity. This active cell depletion approach 
appears to be more efficient than targeting the 
IL-5 cytokine as there are cytokines other than 
IL-5 that promote eosinophil growth and sur-

An eosinophil packed with secretory granules loaded with histamine, peroxidases, RNAses, DNAses, 
lipases and other enzymes.
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but one of the major issues is defining which 
patients should be on an expensive biologic 
therapy when the vast majority will respond 
to corticosteroids,” says Parkes. Nair agrees. 
The majority of patients enrolled in these 
trials were not well managed, as evidenced 
by the 50% improvement in exacerbations 
in the placebo arms of these clinical trials, 
says Nair, who would like to see only those 
who truly cannot be managed with current 
therapy receive the expensive biologics. The 
rest, he says, just need to be better monitored 
for health and compliance, and given better 
access to medication. 

involves other cytokines, including IL-13 and 
IL-4, which also recruit eosinophils into the 
airways.

Although the exact number of severe-
asthma patients eligible for IL-5 inhibitors is 
not known, there is an unmet need because 
these patients undergo more treatments and 
hospitalizations, contributing to greater med-
ical costs compared to the larger number of 
milder-asthma patients, says Kian Fan Chung 
of the National Heart and Lung Institute in 
London. “The approval of Nucala represents 
a hope for those patients with severe eosino-
philic asthma experiencing frequent exacer-
bations.” The market potential for all three 
antibodies is $2.9 billion by 2020 predicts 
Richard Parkes, senior analyst at Deutsche 
Bank in the UK. Parkes estimates there are 
about 500,000 uncontrolled, severe-asthma 
patients in the US, of which about half have 
eosinophilic disease. 

Nucala, which is administered subcutane-
ously every four weeks, has a wholesale acqui-
sition cost of $2,500 per single-use vial. “The 
market has potential to grow significantly 

There is a still larger opportunity for IL-5 
inhibitors in a wider indication: eosino-
philic chronic obstructive pulmonary disease 
(COPD). Both Nucala and benralizumab 
are currently in phase 3 for the lung disease. 
According to Yao, about one-third of those 
with COPD have elevated eosinophil counts. 
GSK is also investigating their antibody Nucala 
for use in eosinophilic granulomatosis with 
polyangitis. “There are several other indica-
tions. You could also imagine [IL-5 antibodies] 
could be effective in patients with nasal polyps 
or even eosinophilic esophagitis,” says Yancey. 

Anna Azvolinsky New York

Go-ahead for human genome editing with caveats 

A global summit to discuss the future of human gene editing was 
convened by the US National Academy of Sciences and US National 
Academy of Medicine; the UK’s Royal Society and the Chinese 
Academy of Sciences in December. The International Summit 
on Human Gene Editing, chaired by David Baltimore, president 
emeritus at the California Institute of Technology in Pasadena, ran 
December 1–3 in Washington, DC, bringing together almost 500 
ethicists, legal experts, biomedical researchers and advocacy groups. 
The meeting was prompted by the April publication by Chinese 
researchers who used the gene editing technology CRISPR-Cas9 
to modify a gene in a nonviable embryo (Prot. Cell. 6, 363–372, 
2015). UK funding agencies were first to issue a statement 
supporting human germline editing in research (Nat. Biotechnol. 33, 
1118–1119, 2015).

After three days of discussion over where to draw the 
line between acceptable and unacceptable, the organizers 
issued a position statement with four main conclusions 
(http://www8.nationalacademies.org/onpinews/newsitem.
aspx?RecordID=12032015a). First, given the potential benefits 
from these technologies, basic and preclinical research should 
proceed, subject to legal and ethical rules and oversight. This may 
include early human embryos or germline cells but which should not 
be used to establish a pregnancy. The second ruling applies to gene 
editing in somatic cells, for example, gene editing red blood cells to 
treat sickle cell anemia. Such clinical uses affect only the individual 
who receives them and so can proceed under existing regulatory 
frameworks and should be allowed to continue. When gametes or 
embryos are altered by gene editing, much uncertainty surrounds 
safety, efficacy and societal issues. As a result, the third statement 
deems it irresponsible to proceed for now but the issue should be 
revisited regularly as scientific knowledge advances and societal 
views evolve. Finally, the summit agreed that although each national 

authority ultimately regulates activities under its jurisdiction, there 
is a need for ongoing discussions held by an international forum 
that brings in a wide range of nations and expertise, including the 
general public, regulators, industry and faith leaders. 

Among those attending were biomedical researchers Paul Berg, 
Stanford University School of Medicine; George Daley, Boston 
Children’s Hospital and Dana-Farber Cancer Institute in Boston; 
Jennifer Doudna, University of California, Berkeley; Eric Lander, the 
Broad Institute of Harvard and MIT in Cambridge, Massachusetts; 
Robin Lovell-Badge, Francis Crick Institute, London; Duanqing 
Pei, Chinese Academy of Sciences, Guangzhou; Adrian Thrasher, 
University College London Institute of Child Health, London; Ernst-
Ludwig Winnacker, University of Munich; and ethicists Francoise 
Baylis, Dalhousie University, Nova Scotia; and Pilar Ossorio, 
University of Wisconsin and Morgridge Institute for Research, 
Madison.

The 8-embryo stage in an embryo.
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First Rounders Podcast:
James Wilson
James Wilson is the director of the Gene Therapy Program at the University of 
Pennsylvania. He is also a founder and chief scientific advisor at RegenxBio, 
as well as founder and chairman of the scientific advisory council at Dimension 
Therapeutics. Wilson’s conversation covers his love of motocross racing, the 
triumphs and tribulation of gene therapy (including the Jesse Gelsinger tragedy) 
and the future of drug pricing.
http://www.nature.com/nbt/podcast/index.html
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