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Long-Term Therapy Response to Anti—IL-5 Biologics
in Severe Asthma—A Real-Life Evaluation

Katrien Eger, MD?, Johannes A. Kroes, MSc®, Anneke ten Brinke, MD, PhD®, and Elisabeth H. Bel, MD, PhD?  Amsterdam

and Leeuwarden, The Netherlands

residual disease manifestations are still unanswered.

What is already known about this topic? Real-life data about long-term effects of anti—IL-5 treatment in patients with
severe asthma are limited. Many questions about super responders and nonresponders, predictors of response, and

What does this article add to our knowledge? In real-life, a small proportion of patients with specific characteristics
show super response to long-term anti—IL-5 treatment. Most partial responders show impaired lung function or uncon-
trolled sinonasal disease, causing physicians to switch between biologics.

How does this study impact current management guidelines? Although anti—IL-5 biologics effectively reduce asthma
exacerbations and oral glucocorticoid use in patients with eosinophilic asthma, in real-life many patients continue to suffer
from bothersome disease manifestations despite anti—IL-5 treatment and these may require additional therapies.

BACKGROUND: Patients with severe eosinophilic asthma show
different responses to various anti—IL-5 biologics, ranging from
super response to nonresponse. Residual disease manifestations
observed in partial responders may prompt physicians to switch
between biologics. More data on response, switches, and residual
disease manifestations are needed to improve personalized
treatment.

OBJECTIVE: To assess (1) prevalences and predictors of super,
partial, and nonresponders to long-term anti—IL-5 treatment,
(2) frequency and reasons for switches between anti—IL-5
biologics, and (3) nature of residual disease manifestations.
METHODS: In this 2-year follow-up study, patients with se-
vere asthma were included who initiated an anti—IL-5 biologic
(mepolizumab, reslizumab, benralizumab) (n = 114). Patient
characteristics (clinical, functional, inflammatory) and
comorbidities were collected at baseline and 2-year follow-up.
“Super responders” showed no residual disease manifestations
at 2-year follow-up, “partial responders” experienced residual
disease manifestations, and “nonresponders” discontinued
anti—IL-5 treatment after less than 2 years because of clinical
worsening.
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RESULTS: After 2-year anti—IL-5 treatment, 14% of patients were
super responders, 69% partial responders, and 11% non-
responders. Super response was predicted by shorter asthma
duration and higher FEV, and tended to be associated with adult-
onset asthma, absence of nasal polyps, and lower body mass index.
Switches between anti—IL-5 biologics occurred frequently (41%).
After 2-year treatment, most common residual disease manifesta-
tions included impaired lung function (59%), uncontrolled sino-
nasal disease (58%), and uncontrolled asthma symptoms (48%).

CONCLUSIONS: After 2 years of anti—IL-5 treatment, a favorable
response was found in 83% of patients with severe asthma, including
a super response in 14%. Most partial responders show impaired
lung function or uncontrolled sinonasal disease, causing physicians
to switch between biologics. © 2020 The Authors. Published by
Elsevier Inc. on behalf of the American Academy of Allergy, Asthma
& Immunology. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/). (J Allergy
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Abbreviations used

FEno- Fractional exhaled nitric oxide
NP- Nasal polyp

OCS- Oral corticosteroid

INTRODUCTION

Severe asthma is a debilitating disease associated with
persistent symptoms, poor quality of life, and frequent use of oral
corticosteroids (OCSs), which are known to increase the risk of
comorbidities."”” Fortunately, the new steroid-sparing biologics
for severe asthma targeting IL-5 (mepolizumab and reslizumab)
or IL-5 receptor (benralizumab) have a large positive impact on
the lives of many patients.””

However, the response to these anti—IL-5 biologics does not
seem to be equal in every patient. Some patients reach complete
asthma control (“super responders”), whereas others experience
residual disease manifestations (“partial responders”) or show no
improvement or even clinical worsening (“nonresponders”).””
The underlying mechanisms of these different responses are
not yet known. Moreover, responses may vary between the
different anti—IL-5 biologics, which may be due to differences in
target, mode of administration, or dosing (interval). Perhaps that
is why clinicians in real-life may decide to switch between
treatments in those patients who have an incomplete response to
achieve optimal disease control.”

At present, there is limited data about long-term effects of
anti—IL-5 treatment in patients with severe asthma in real
life.>”'>"" Many questions about responders and non-
responders, predictors of response, and residual disease after
blocking the IL-5 pathway are still unanswered. Answers to these
questions could help to better understand the pathophysiology of
severe asthma, and thus further improve personalized treatment.

The aims of the present study were first, to assess the
prevalence of “super responders,” “partial responders,” and
“nonresponders” to long-term (2 years) anti—IL-5 treatment;
second, to assess predictors of nonresponse and super response;
third, to evaluate the proportion of patients who had switched
between anti—IL-5 biologics and why; and fourth, to charac-
terize residual disease manifestations in partial responders. We
used prospective real-life data from a multicenter cohort of 114
patients with severe eosinophilic asthma treated with different
anti—IL-5 biologics (mepolizumab, reslizumab, benralizumab)
for more than 2 years.

METHODS
Design and patient selection

Patients with severe asthma visiting the pulmonary outpatient
clinics from 2 Dutch asthma expertise centers (Amsterdam
University Medical Center and Medical Center Leeuwarden) were
asked to participate in this study. Patients were diagnosed with se-
vere asthma according to European Respiratory Society/American
Thoracic Society guideline criteria'®> and were included in the
Registry of Adult Patients with Severe asthma for Optimal Dlsease
management (RAPSODI) or a similar registry running in Medical
Center Leeuwarden, after having provided informed consent. For
inclusion in the present study, patients had to be treated with 1 or
more biologic against IL-5 (mepolizumab and/or reslizumab and/or
benralizumab) and had to have started anti—IL-5 treatment in the
period April 2016 to December 2017. Patients were excluded if they
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were lost to follow-up, if they had interrupted anti—IL-5 treatment
for more than 3 months during the follow-up period, or if they had
previously received anti—IL-5 treatment in a trial. At baseline and at
2-year follow-up, clinical, functional, inflammatory, and comor-
bidity data were derived from the registries and supplemented with
data from electronic patient files.

Measurements

Clinical ~ characteristics:  Demographic  characteristics, asthma
duration, 6-item Asthma Control Questionnaire score.?
Surrogate  inflammatory  markerslanti-inflammatory
Peripheral blood eosinophils, fractional exhaled nitric oxide
(Feno, NIOX System, Aerocrine, Sweden),14 maintenance
dose of OCS, OCS bursts or episodes of doubling the OCS
maintenance dose for 3 days or more in the last 3 months,

IgE.
Lung function: FEV| measured according to standardized methods."”

treatments:

Comorbidities: Chronic rhinosinusitis and presence of nasal polyps
(NPs) or chronic otitis were diagnosed by an ear-nose-throat
specialist; allergic rhinoconjunctivitis was diagnosed by
elevated specific IgE testing combined with a history of
allergic symptoms; and atopic dermatitis was diagnosed on
the basis of patient’s history and physical examination. Ad-
renal insufficiency was confirmed by low morning cortisol
levels (<150 nmol/L) or inability to lower OCS dose because
of severe adrenal insufficiency symptoms such as severe
fatigue and nausea.

Changes in anti—IL-5 treatments: Frequency of switches between
anti—IL-5 treatments, reasons for switches (eg, persistent
asthma or sinonasal symptoms including exacerbations,
persistent airflow limitation, inability to taper or stop OCS,
adverse effects), or discontinuation of anti—IL-5 treatments.

Definitions of responders

Super responders were defined as patients with complete control of
asthma after 2 years of anti—IL-5 treatment, as shown by no
chronic OCS use, no OCS bursts in the past 3 months, ACQ
score less than 1.5, FEV; greater than or equal to 80%
predicted, FENO less than 50 ppb, and complete control of
comorbidities (chronic rhinosinusitis, NP, chronic otitis,
allergic rhinoconjunctivitis, and atopic dermatitis).

Nonresponders were defined as patients who discontinued anti—IL-5
treatment after less than 2 years because of clinical worsening
with either increased symptoms, decreased FEV, or increased
OCS use.

Partial responders were defined as patients who did not fulfill the
criteria of nonresponders or superresponders after 2 years of
anti—IL-5 treatment.

Analyses

First, the prevalences of super responders, partial responders, and
nonresponders were calculated. Patient characteristics of the 3
responder groups at bascline were evaluated using descriptive
statistics. Blood eosinophil levels (expressed as cells x 10°/L) in
patients on chronic OCS therapy were corrected for the daily
maintenance OCS dose (mg/d) with the following calculation:
(cosinophils)  x (1.07)©CS dos9 16 Dyifferences between non-
responders or super responders versus the other patients were
analyzed by using Mann-Whitney U, %, or Fisher exact test when
applicable. Differences in patient characteristics with a P value less
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All patients Nonresponders
(n = 114) (n =12) Partial responders (n = 79) Super responders (n = 16)

Characteristic Baseline Baseline Baseline 2-y follow-up Baseline 2-y follow-up
Clinical characteristic

Age* (y) 55 (46-64) 53 (46-70) 56 (45-63) — 53 (49-62) —

Sex: male, % 54 50 51 — 67 —

Body mass index* (kg/mz) 27 (25-31) 27 (25-30) 28 (25-32) — 25 (23-29)F —

Former smoker, % 43 42 43 — 53 —

Duration of asthma* (y) 15 (5-30) 21 (8-38) 16 (6-34) — 6 (4-12)F —

Asthma onset >18 y, % 70 501 71 — 93+ —

ACQ-6 score® (n = 75) 2.50 (1.50-3.17)  2.67 (2.10-3.50)  2.50 (1.50-3.33)  1.33 (0.67-2.17)  2.33 (1.17-2.33)  0.17 (0.00-0.83)

ACQ-6 score >1.5, % 77 89 78 48 71 0
Surrogate inflammatory markers

OCS maintenance therapy, % 68 75 70 32 63 0

OCS dose*,I (mg/d) 10 (7.5-15) 7.5 (6.25-12.5) 10 (7.5-15) 10 (5-13.75) 10 (5-15) NA

>1 OCS burst last 3 mo, % 56 56 55 24 63 0

Eosinophils™* (10°/L) 0.51 (0.27-0.96)5  0.36 (0.19-0.69)5 0.57 (0.28-1.04)5  0.07 (0.02-0.10)  0.46 (0.25-0.53)5 0.07 (0.02-0.12)

Feno* (ppb) 34 (24-52) 36 (19-65) 34 (25-56) 35 (23-54) 32 (22-40) 24 (11-35)

Feno >50 ppb, % 26 33 27 26 19 0

Total IgE* (IU/mL) (n = 96) 114 (35-299) 95 (29-131) 116 (40-319) NA 147 (38-260) NA
Lung function

FEV,*#,% predicted 76 (61-93) 76 (63-101) 74 (61-90) 73 (61-94) 94 (68-106)+ 98 (90-113)

FEV, <80%, % 56 58 61 59 317 0
Uncontrolled comorbidities, %

CRS 69 67 72 57 56 0

NPs 23 25 26 19 67 0

Chronic otitis 12 8 14 12 6 0

Atopic dermatitis 6 9 7 0 0

Allergic rhinoconjunctivitis 26 33 26 23 19 0

Adrenal insufficiency NA NA NA 10 NA 0

ACQ-6, 6-Item Asthma Control Questionnaire; CRS, chronic rhinosinusitis; Feno, fractional exhaled nitric oxide; IQR, interquartile range; NA, not applicable or not available.

*Median (IQR).

TP < .15 (super responders or nonresponders vs other patients).

1OCS dose is provided as prednisone-equivalent for patients on chronic OCS therapy.
§Eosinophil levels in patients on chronic OCS therapy are corrected for OCS dose.'®

than .15 from this analysis were tested in a binary logistic regression
analysis to assess whether these variables were predictors of
nonresponse or super response adjusted for age and sex.

Second, the prevalence of patients who switched between anti-
—IL-5 biologics was assessed, both for the entire cohort and for the
various responder groups separately. Next, the proportions of the
different categories of reasons for these switches were evaluated.
Descriptive statistics at 2-year follow-up were used to evaluate
residual disease manifestations in partial responders.

Differences were considered significant if P values were less than
.05. SPSS software (SPSS Statistics, version 26; IBM Corporation,
Armonk, NY) was used to perform the statistical analyses.

RESULTS
Patient selection

Of 141 patients with severe asthma in the registries who had
initiated anti—IL-5 treatments (mepolizumab, reslizumab,
benralizumab) in the period April 2016 to December 2017, 2
patients were lost to follow-up, 19 patients were participants of
previous anti—IL-5 trials, and 6 patients had interruptions in
anti—IL-5 treatment for more than 3 months during the 2-year
period. The 114 patients included in the analyses were mostly

middle-aged, had an adult-onset asthma, a high prevalence of
sinonasal disease, a high ACQ score, and two-third of patients
used OCS maintenance therapy at baseline (Table I, left panel).

Prevalence of super responders, partial responders,
and nonresponders

After 2 years of anti—IL-5 treatment, 95 of 114 patients
(83%) still used anti—IL-5 biologics and 19 patients (17%) had
discontinued this treatment. Sixteen patients (14%) met the
definition of super responder, 79 (69%) were partial responders,
and 12 (11%) were nonresponders (Figure 1). Nonresponders
had received a median of 8 administrations of an anti—IL-5
biologic (interquartile range, 4-15). Anti—IL-5 treatment was
discontinued for other reasons in 7 patients (6%), 3 of which
discontinued because of adverse effects.

Predictors of
therapy
Baseline characteristics of super responders, partial responders,
and nonresponders to 2-year anti—IL-5 treatment are presented
in Table I. Nonresponders could not be distinguished from the
other groups by any of the baseline characteristics, although there
was a trend toward lower blood eosinophils (P value = .183) and

response to long-term anti—IL-5
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Response to anti-IL-5 treatment

(mepolizumab, reslizumab, benralizumab)

Stop < 2years

n=114

Becalicont Residual disease manifestations
Other Worsening at 2 years follow-up
reasons asthma control / \
l l Yes No
6% Partial responders
69% Super
responders
14%

FIGURE 1. Prevalence of super responders, partial responders, and nonresponders after 2 years of treatment with anti—IL-5 biologics for
severe eosinophilic asthma. In this observational cohort study, 11% of patients could be labeled as nonresponders, 69% as partial
responders, and 14% as super responder after 2 years of anti—IL-5 treatment for severe eosinophilic asthma. Six percent of patients
discontinued anti—IL-5 treatment after less than 2 years for other reasons.

TABLE IlI. Predictors of super response to long-term anti—IL-5
biologics

Predictor Adjusted OR* 95% CI P value
Asthma onset >18 y 5.961 0.706-50.311 101
Absence of NPs 5.950 0.721-49.082 .098
FEV >80% predicted 3.708 1.120-12.284 .032
Asthma duration <10 y 3.572 1.093-11.673 .035
BMI <25 2.675 0.820-8.719 103

BMI, Body mass index; OR, odds ratio.
*OR adjusted for age and sex.

more frequent asthma that started before age 18 years
(P value = .135). In a regression analysis, no significant pre-
dictors of nonresponse could be identified. Super responders
however showed a significantly shorter duration of asthma
(P value = .009) and a higher FEV; % predicted (P
value = .024) as compared with the other patients, and tended to
have a lower body mass index (P value = .091), more frequently
asthma that had started in adulthood (P value = .104), and less
often NPs (P value = .112). After adjustment for age and sex,
FEV; % predicted and asthma duration were predictors of super
response, with an odds ratio of 3.7 and 3.5, respectively
(Table II). Further adjustment for potential confounders was not
possible due to the small number of super responders.

Switches between anti—IL-5 biologics

Of the 114 included patients, 67 (59%) did not switch be-
tween anti—IL-5 biologics during the study period, 39 (34%)
switched to another anti—IL-5, and 8 (7%) made 2 switches.
The frequency of switches was not significantly different between
super responders, partial responders, or nonresponders
(P value = .670; Figure 2). Persistent asthma or sinonasal
symptoms, including exacerbations, were the most frequently

reported reasons for switching between anti—IL-5 biologics
(53%), followed by inability to taper or stop OCS (28%), or
persistent airflow limitation (17%). Only a small percentage of
patient switched because of adverse effects (5%).

Residual disease manifestations in
responders after 2-year anti—IL-5 treatment

The residual disease manifestations in partial responders are
summarized in Figure 3. The most prevalent residual conditions
were persistent airflow obstruction (59%), symptoms of ear-
nose-throat pathology including chronic rhinosinusitis, NPs, or
chronic otitis (58%), and uncontrolled asthma symptoms (48%).
After 2 years of treatment, 32% of patients still used mainte-
nance OCS, of which about one-third were diagnosed with
adrenal insufficiency by their treating physician. More detailed
information on outcomes in both partial responders and super
responders, including 6-item Asthma Control Questionnaire
scores, FENO levels, and FEV; % predicted values, can be found
in Table I.

partial

DISCUSSION

In this real-life study, 83% of patients with severe eosino-
philic asthma had a favorable response to long-term (2-year)
anti—IL-5 treatment, although frequent switches between
biologics occurred. Super response was observed in 14% of
patients and was predicted by shorter asthma duration and
higher FEV;, and tended to be associated with adult-onset
asthma, absence of NPs, and lower body mass index. Partial
responders (69%) experienced residual disease manifestations
even after 2 years of treatment, including inadequately
controlled symptoms of asthma or rhinosinusitis, persistent
airflow limitation, or OCS dependency. Only 11% of patients
qualified as nonresponders.
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n=79
80
8
.§ 60
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g No switch
g 40+ B 1 switch
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5
2 54%
S 200 n=16 .
3% n- 12
) 4%
69% 58%
c T T T
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Responder groups

FIGURE 2. Frequency of switches between anti—IL-5 treatments
in the different response groups. Figure 2 shows the number of
switches between anti—IL-5 treatments in super responders,
partial responders, and nonresponders. There was no significant
difference in the number of switches between the different
responder groups (P =.670).

After 2 years of anti—IL-5 treatment 14% of patients were
completely free of any disease manifestation, which we labeled
“super responders.” Other studies focusing on super re-
sponders found higher rates (20%-28%), but this can be
explained by the less stringent criteria of super response in
these studies.®” For example, we found that many patients
with a favorable response regarding OCS use or asthma ex-
acerbations still suffered from (severely) impaired lung func-
tion or uncontrolled sinus disease, even after 2 years of
treatment.

Several studies have looked at predictors of (super-)response to
anti—IL-5 treatment, but here again response was mostly defined
in terms of reduction of exacerbations or OCS use.'””'® For these
outcome parameters, higher eosinophil counts or higher exacer-
bation rates seem to be the best predictors. However, despite the
small numbers in our study, we may carefully suggest that the
profile of a true super responder to long-term anti—IL-5 bi-
ologics is an adult with a relatively short duration of eosinophilic
asthma, without NPs, chronic airflow limitation, or overweight.
Further research in larger cohorts is needed to confirm these
findings.

The observed heterogeneity of response to anti—IL-5
treatments can have several causes. First, it may be related to the
medication itself. Individual differences in pharmacokinetics
and resulting plasma drug levels are currently not taken into
account, while therapeutic drug monitoring is common practice
in other chronic conditions treated with mAbs.'” In addition,
mAbs in general can induce immunogenicity with subsequent
formation of antidrug antibodies, which in theory could lead to
secondary loss of response.”””' Moreover, dosing of medication
is not tailored to the degree of inflammation in the airways,
which may lead to underdosing in patients with the most severe
inflammation.””* Second, incomplete responses to anti—IL-5
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treatment could be due to irreversible remodeling of upper and
lower airways or irreversible adrenal insufficiency after long-
term OCS use.”>** Third, residual asthma symptoms without
evidence of eosinophilic inflammation may be caused by
comorbidities such as dysfunctional breathing, obesity, decon-
ditioning, bronchiectasis, or cardiovascular disease. Lastly, the
observed residual disease manifestations may result from
ongoing activation of non—IL-5-driven inflammatory
pathways, such as the IL-4/IL-13 pathway.”””® It is even
conceivable that blocking one inflammatory pathway activates
another.”

This study has strengths and limitations. Strengths include
first, that it is a non—pharma-sponsored real-life study of a
relatively large group of patients on long-term treatment with
various anti—IL-5 biologics. Second, it is the only study with
documentation of switches between treatments and reasons for
switches. Third, we used a composite treatment response
definition, covering all relevant asthma-related parameters.

The limitations of this study are those that generally apply to
real-world studies; for example, no standardized way of
recording, possibility of incompleteness of data, and so forth.
However, we believe that these limitations were relatively
insignificant because patients were recruited in 2 centers that
have extensive experience in performing drug trials in patients
with severe asthma. Another limitation was that in this real-life
study it was not possible to determine which and—IL-5
biologic performed best, because the order of introduction of the
various anti—IL-5 biologics in the Netherlands was an important
bias factor. Indeed, previous treatment with one biologic may
have affected the response to the next biologic. A randomized
head-to-head comparison would be more appropriate for this
purpose.

An important clinical implication of our study is that although
the anti—IL-5 biologics lead to an impressive clinical response in
most patients, physicians should realize that many are still left
with unresolved disease manifestations such as impaired lung
function, nasal polyposis, or persistent OCS dependency, likely
indicating active airway inflammation that may require addi-
tional local or systemic treatment.”’ It seems therefore advisable
to evaluate the therapeutic response in a systematic way taking
into account therapy adherence as well as all domains of disease
including comorbidities and inflammatory biomarkers such as
Feno.”'

CONCLUSIONS

This study shows that the vast majority of patients with
severe asthma respond favorably to anti—IL-5 biologics after 2
years of treatment, with 14% super responders and only a
small proportion of nonresponders. However, residual disease
manifestations are common and vary from asthma exacerba-
tions, OCS dependency, and persistent airflow limitation, to
uncontrolled asthma-related comorbidities. This incomplete
response often causes physicians to switch between anti—IL-5
biologics in their patients, or switch to biologics targeting
other pathways such as the IL-4/IL-13 pathway. Presumably,
new future asthma biologics that simultaneously block multi-
ple inflammatory pathways will eventually provide a more
complete resolution of severe asthma symptoms and
comorbidities.
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Clinical characteristics

ACQ score 21.5 48%

Surrogate inflammatory markers

Chronic OCS 32%
21 OCS burst W2y
FENO >50 26%

Lung function

FEV, <80% 59%

Comorbidities

8%
Atopic disease PRV
10%

FIGURE 3. Residual disease manifestations in partial responders after 2 years of anti—IL-5 treatment. OCS bursts were recorded less than
3 months before 2-year follow-up. Sinonasal disease is uncontrolled chronic rhinosinusitis, or presence of NPs or chronic otitis. Atopic
disease is uncontrolled allergic rhinoconjunctivitis or atopic dermatitis. ACQ-6, 6-ltem Asthma Control Questionnaire; A/, adrenal
insufficiency.
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