Canonica et al. World Allergy Organization Journal (2026) 19:101159 ,.) WORLD ALLERGY
http://doi.org/10.1016/j.waojou.2025.101159
b ST ORGANIZATION
JOURNAL

Open Access

Clinical remission in patients with severe
eosinophilic asthma treated with

benralizumab over 24 months: Post hoc
analysis of the ANANKE study

Giorgio Walter Canonica, MD?®* Gianenrico Senna, MDS, Luisa Brussino, MD®, Maria Aliani, MD®,
Elena Altieri, MD', Pietro Bracciale, MD?, Maria Filomena Caiaffa, MD", Paolo Cameli, MD',

Marco Caminati, MD"*, Cristiano Caruso, MD"™, Stefano Centanni, MD", Fausto De Michele, MD®,
Stefano Del Giacco, MDP, Fabiano Di Marco, MD9, Laura Malerba, MD", Francesco Menzella, MD?,
Paola Rogliani, MD*", Micaela Romagnoli, MDY, Pietro Schino, MD", Jan Walter Schroeder, MD*,
Alessandra Vultaggio, MDY, Maria D’Amato, MD* and Girolamo Pelaia, MD®**

ABSTRACT

Background: Clinical remission is an emerging treatment goal in severe eosinophilic asthma (SEA).
While benralizumab, an anti-IL-5Ra monoclonal antibody, has demonstrated efficacy in SEA, its ability
to induce clinical remission in real-life settings over extended follow-up remains underexplored.

Methods: This post hoc analysis of the multicenter, retrospective ANANKE study evaluated clinical
remission over 24 months in 167 Italian patients with SEA treated with benralizumab. Remission was
defined according to the Severe Asthma Network Italy (SANI) criteria. Complete clinical remission
(cCR) required the absence of oral corticosteroid (OCS) use and the presence of 3 criteria: no symp-
toms, no exacerbations, and stable lung function. Partial clinical remission (pCR) required the absence
of OCS use and 2 of the 3 criteria. Outcomes were assessed at 3, 12, and 24 months.

Results: The proportion of patients achieving clinical remission increased over time: 87.2% at 3
months (40.4% pCR, 46.8% cCR), 95.0% at 12 months (17.5% pCR, 77.5% cCR), and 96.1% at 24
months (23.5% pCR, 72.6% cCR). No baseline demographic or clinical characteristics were found
to significantly predict remission status. Blood eosinophil counts declined from a mean of 476.7
to 5.2 cells/pL at 24 months.

Conclusion: In this real-world Italian cohort, benralizumab was associated with rapid and sus-
tained clinical remission in patients with SEA over 24 months. The high remission rates observed
early and maintained throughout treatment support the role of benralizumab as a disease-
modifying therapy and reinforce clinical remission as a meaningful therapeutic goal in SEA.
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INTRODUCTION

Clinical remission is emerging as a treatment
goal in severe asthma."® An improved
understanding of asthma pathophysiology has
led to more targeted therapies, resulting in a
shift in asthma management from traditional
treatment goals of symptom control and relief to
a treat-to-target approach.” Disease-modifying
anti-asthmatic drugs (DMAADs) play a crucial
role in this transformation, offering the potential to
modulate the underlying disease mechanisms and
support the achievement of remission.’?

The global burden of severe asthma continues
to rise, in part due to the increasing prevalence of
obesity and exposure to urban and environmental
risk factors.* Severe eosinophilic asthma (SEA), a
significant  subset of severe asthma, is
characterized by high levels of eosinophils in the
blood or sputum.®® This condition is associated
with frequent exacerbations, impaired lung
function, and an increased reliance on oral
corticosteroids (OCS),” resulting in significant
morbidity, lower quality of life,® and increased
healthcare costs.” Therefore, achieving remission
in SEA patients could improve their quality of life
and reduce healthcare costs. From a patient's
perspective, clinical remission is strongly
associated with avoiding oral corticosteroids and
achieving meaningful symptom control, rather
than focusing solely on lung function or
reducing exacerbations. Bonini et al found that
patients prioritize OCS use and Asthma Control
Test (ACT) scores as key indicators of remission,
emphasizing the need for patient-centered defi-
nitions of treatment success to improve adher-
ence and satisfaction in asthma management."®

Various definitions of clinical remission in the
treatment of severe asthma have been pro-
posed.’” " One of the first frameworks to define
clinical remission in asthma was introduced by
Menzies-Gow et al,'’ who identified 4 key
pillars: the absence of significant symptoms,
lung function stabilization, no use of systemic
corticosteroids, and patient/provider agreement
on remission status. This work laid the
foundation for subsequent definitions and
discussions on asthma remission. Furthermore,
Lommatzsch et al emphasized the role of

DMAADs in achieving remission due to their
ability to control symptoms and alter the
underlying pathophysiology of asthma. The
authors argued for a paradigm shift in asthma
management, moving beyond symptom relief
toward a more comprehensive disease-
modifying strategy.®

Building on these concepts, the Severe Asthma
Network Italy (SANI) defines complete clinical
remission (cCR) as requiring no OCS and meeting
3 criteria: absence of symptoms, absence of ex-
acerbations, and stable lung function. Partial clin-
ical remission (pCR) is defined similarly but only
requires 2 of the 3 criteria in the absence of
OCS."? Recent work by Canonica et al has refined
the practical application of these remission
criteria, proposing a structured approach to
patient management that takes into account
different levels of disease control. Their
framework guides treatment adjustments based
on remission status, helping to optimize
therapeutic decisions for patients with severe
asthma.?

Benralizumab, a monoclonal antibody against
IL-5 receptor alpha (IL-5R-a), is a targeted biological
treatment for SEA."® By depleting eosinophils,"*'®
benralizumab has demonstrated substantial
efficacy in phase 3 randomized controlled trials
(RCTs), where it significantly reduced exacerbation
rates, improved lung function and symptoms,
and reduced daily OCS wusage compared
to placebo.’®"® Moreover, the MELTEMI study
has demonstrated a durable response to
benralizumab for up to 5 years and a favorable
safety profile."® Several real-world studies have
reinforced data from pivotal studies.?®** In a recent
36-month, real-life, Italian multicenter study of
benralizumab in 108 patients with SEA, benralizu-
mab induced partial or complete clinical remission
in 84.3% of enrolled patients.** The exacerbation
rate  was reduced by 89%. This study
demonstrated, for the first time in clinical practice,
the ability of benralizumab to optimize ICS and
other asthma controllers, as previously observed in
the SHAMAL study.?* A more recent real-world
study further explored the long-term efficacy of
benralizumab in inducing clinical remission in a
small cohort of 23 patients with SEA followed for 48
months. The proportion of patients achieving
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clinical remission progressively increased overtime,
reaching 86.9% after 12 months and 91.3% at both
24 and 48 months. Notably, the proportion of pa-
tients in complete remission also rose with pro-
longed treatment duration, supporting the
sustained and incremental benefit of benralizumab
in real-life clinical practice.?® SHAMAL, a phase 1V,
randomized controlled trial of 168 patients, was
the first RCT to demonstrate a reduction in ICS in
patients with severe asthma; nearly all patients
(92%) had well-controlled disease with benralizu-
mab and were able to reduce their dose of ICS.2¢
The XALOC-1 programme, a large, multinational,
retrospective analysis, assessed over 1000 patients
with SEA treated for up to 96 weeks. Clinical
remission, defined as no exacerbations, no main-
tenance OCS use, and well-controlled asthma (ACT
>20 or ACQ-6 < 0.75), was achieved by approxi-
mately one-third of patients at 96 weeks. Lower
baseline OCS use, lower BMI, and higher peak
eosinophil counts were associated with a greater
likelihood of remission, highlighting the importance
of early intervention and tailored treatment
strategies.?” %%

The ANANKE study is a real-world study that
examined the baseline characteristics of a large
SEA population treated with benralizumab for up
to 96 weeks.???? In line with the results obtained
from RCTs, benralizumab treatment reduced the
annualized exacerbation rate (AER) and OCS
dosage and improved lung function.

While several studies highlight the benefits of
biologics in SEA management, only a few have
used clinical remission as a defined endpoint.
Furthermore, the definitions of remission vary
across studies. Therefore, to evaluate the effec-
tiveness of benralizumab in a patient population
with SEA, we performed a post hoc analysis of the
ANANKE study using the SANI definition of clinical
remission.”? This is the first post-hoc analysis of
the ANANKE real-world cohort assessing benrali-
zumab through the SANI clinical remission
framework over 24 months. Despite the increasing
focus on remission as a treatment goal in severe
asthma, published data specifically applying the
SANI criteria to benralizumab remain scarce,
especially for long-term follow-up exceeding 12
months, highlighting the need for real-world evi-
dence on the durability of clinical remission.

METHODS
Study design

ANANKE (NCT04272463) is an observational,
multi-center, retrospective cohort study conducted
in Italy, as described previously.?? Benralizumab
was administered to patients with severe
eosinophilic asthma (SEA) in accordance with
standard clinical practice or as part of the ltalian
Sampling Program, with the initiation date
defined as the “index date.” Enrolment occurred
at least 3 months after the index date. The index
date corresponds to the first benralizumab
administration and was used as a reference for all
follow-up assessments. Patients were required to
have received at least 3 benralizumab doses (>3
months of therapy) to ensure a minimal therapeutic
exposure for evaluating clinical outcomes, consis-
tent with pharmacodynamic evidence of eosinophil
depletion.

The present study’'s observation period was
extended to 96 weeks, in contrast to the 48 weeks
of the original study design. Patients, therefore,
consented to participate in the extended study
and signed the necessary privacy and informed
consent forms. Data were collected at the index
date and then at 3, 12, and 24 months. The
ANANKE study adhered to the ethical principles
of the Declaration of Helsinki and complied with
Italian regulations and policies governing clinical
practice. The study received approval from the
ethics committees/institutional review boards at
all participating sites.

Patient population

Inclusion and exclusion criteria were described
previously.?? The study included adult patients
(aged 18 years or older) treated with
benralizumab. The patients had severe
eosinophilic asthma, necessitating stable high-
dose inhaled corticosteroids (ICS) and a long-
acting P2 agonist, with or without additional
asthma controllers. To be eligible, patients had to
have started benralizumab and received at least 1
injection at least 3 months before enrollment.
Additionally, they were required to sign an
informed consent and privacy form at the enrol-
ment visit, and their hospital medical charts
needed to be available from the start of their
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benralizumab treatment. Patients were excluded if
they received benralizumab during the observa-
tion period as part of a clinical experimental trial.

Furthermore, participants in studies that
required specific patient management strategies
not aligned with the standard clinical practice of
the site were also excluded. The present study
included patients with clinical remission data
available at 96 weeks. Due to the retrospective
design of the study and the extended observation
period of 96 weeks, as opposed to the 48 weeks
of the original study, some patients had to be
excluded because of missing 96-week data, with-
drawal before completing 3 injections, or incom-
plete follow-up information.

Outcome measures

The primary endpoint of this analysis is clinical
remission, both partial and complete, as defined
by SANI."? Complete clinical remission (cCR) is
achieved when there is no need for OCS, and all
3 of the following criteria are met: the absence
of asthmatic symptoms, the absence of
exacerbations or attacks, and lung function
stability. Partial clinical remission (pCR) s
achieved when OCS is not needed, and 2 of the
3 abovementioned criteria are met.'® Stable
lung function was defined as no clinically
meaningful  decline in FEV1 over time
(FEV1 > 150 ml), according to SANI criteria.
Severe asthma was classified according to the
ERS/ATS 2014%° and GINA 2024 definitions.”

The data at the index date were collected
throughout the 12 months before the start of
benralizumab treatment. They consisted of age,
gender, body mass index (BMI), tobacco usage,
age at asthma diagnosis, duration of asthma and
SEA, diagnosis of atopy, diagnosis of concomitant
illnesses, BEC, blood level of serum immuno-
globulin E (IgE), respiratory parameters, control of
asthma symptoms, use of asthma controllers, any
and severe AER. Any AER accounted for all the
clinically significant asthma exacerbations deter-
mined by a physician. Severe AER included all
exacerbations that further deteriorated asthma
symptoms, requiring either: a) systemic cortico-
steroids, administered for at least 3 days, or a

transient increment in the dosage of maintenance
OCS; b) a visit to the emergency department
(shorter than 24 h) during which systemic corti-
costeroids were administered; or c) hospitaliza-
tion (longer than 24 h). Additionally, secondary
endpoints were recorded at 3, 12, and 24 months,
when available. They included changes in BEC,
treatment with OCS, and dosage.

Statistical analyses

Statistical analyses were described previ-
ously.?? For descriptive analyses, continuous
variables were presented as means with
standard deviations (SD) or medians with ranges
or interquartile ranges (IQR), and categorical
variables were expressed as the number of
subjects (n) and percentage values. To assess the
association of demographic and clinical variables
on pCR and cCR, a mixed-effects Cox model was
used. The hazard ratios associated with pCR and
cCR were calculated, along with their 5% confi-
dence intervals, for each factor using the Cox
Proportional-Hazards model. The center variability
was considered a random effect in all mixed-effect
Cox models. The likelihood ratio test was used for
statistical significance, and p-values were not
adjusted for multiple comparisons.

Differences with a p-value less than 0.05 were
considered significant. Data were acquired and
analyzed in the R v4.4.1 software environment.

RESULTS

The ANANKE study enrolled 218 patients from
December 2019 to July 2020. Of these, 167
(76.6%) were eligible for the present analysis. Of
the 218 patients initially enrolled, 51 were
excluded due to missing 96-week data, withdrawal
before receiving 3 benralizumab doses, or incom-
plete follow-up information. Baseline characteris-
tics of the excluded patients were comparable to
those of the analyzed population, minimizing se-
lection bias. Table 1 summarises the study
participants’ baseline demographic, biochemical,
and clinical characteristics. Briefly, 167 patients
(103 (61.68%) females, mean age 56.28 years)
participated in this study. The mean age at
diagnosis of severe asthma was 53.54 vyears.
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Blood eosinophil count was >450 cells/pL in 79
(47.31%) patients.

Benralizumab promoted clinical remission

Fig. 1 shows the number of patients who
achieved CR, and partial or complete CR, at 3,
12, and 24 months compared to baseline. Three
months after the index date, 41 (87.2%) patients
had achieved CR (40.4% pCR and 46.8% cCR).
At 12 months, 38 (95.0%) patients had achieved
CR (17.5% pCR and 77.5% cCR). The number of
CR rose to 49 (96.1%) at 24 months (23.5% pCR
and 72.6% cCR). The percentage of patients who
did not achieve CR fell from 12.8% at 3 months
to 5.0% at 12 months and 3.9% at 24 months.
We also calculated the number of patients who
achieved clinical remission at each time point
compared to the previous (Supplementary
Fig. 1). These results were similar, with 77.78%
of patients in cCR at 24 months (16.67% pCR
and 61.11% cCR).

To determine whether baseline demographic
and clinical parameters affected clinical remission
outcomes, we performed a mixed Cox regression
analysis. We found no significant effects of any of
the parameters on CR outcome, neither cCR nor
pCR (Supplementary Tables 1 and 2).

Benralizumab reduced blood eosinophil count

Patients experienced a significant and rapid
reduction of blood eosinophil count over time.
The baseline blood eosinophil count declined
from a mean of 476.7 (586.9) to 15.8 (74.0) after
just 3 months and remained low at all time points,
reaching 5.2 (17.4) at 24 months (Fig. 2).

DISCUSSION

This is the first post-hoc analysis of the ANANKE
real-world cohort that has applied the SANI clin-
ical remission criteria to evaluate 24-month sus-
tained remission with benralizumab. Although
clinical remission is increasingly recognized as a
meaningful treatment goal in severe asthma, evi-
dence specifically using the SANI criteria to assess
benralizumab remains limited, particularly for
long-term follow-up beyond 1 year.

This study highlights the potential of benrali-
zumab to induce a rapid and durable clinical
remission in patients with SEA. Notably, the ma-
jority (87.2%) of patients achieved clinical remis-
sion within the first 3 months. The percentage
of patients achieving clinical remission continued
to increase and was sustained over 24 months,
with  nearly all (96.1%) patients reaching
complete or partial remission. These results
emphasize the clinical utility of remission as a
therapeutic goal.

The study further supports the importance of a
standardized definition of clinical remission. By
applying the SANI criteria, the analysis provides a
framework for evaluating treatment outcomes,
ensuring consistency across clinical and real-world
settings. Pini et al** used the SANI definition in a
real-life multicenter study on 108 patients with
SEA. At 24 months, benralizumab induced clinical
remission in 90.0% of enrolled patients, with
12.5% achieving pCR and 77.5% achieving cCR.
These numbers align with our findings. Quarato
et al®® reported results from a smaller real-world
cohort of 23 SEA patients followed for 48
months, showing a progressive increase in clinical
remission rates over time (86.9% at 12 months and
91.3% at both 24 and 48 months), with a growing
proportion of patients achieving complete remis-
sion. Although based on a limited sample size,
these findings further support the long-term and
sustained effectiveness of benralizumab in main-
taining clinical remission.

However, the lack of a consensus definition of
remission remains a challenge, as emphasized by
Jackson et al,>® who noted that varying criteria for
asthma symptom control and remission endpoints
complicate cross-study comparisons and highlight
the need for more standardized definitions in real-
world research.

The discontinuation of OCS observed in this
study reinforces the strong corticosteroid-sparing
effect of benralizumab in patients achieving clin-
ical remission. These findings are consistent with
previous real-world and clinical trials and align
with the therapeutic goals outlined in the SANI
remission criteria. The ability of benralizumab to
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Characteristic

Age, years
<45
> 45
Gender
Male
Female
BMI (n = 150)
Under/normal-weight
Overweight
Obese
Smoking habit (n = 160)

Non-smoker
Previous smoker
Current smoker
Asthma duration (n = 166)
< 10 years
> 10 years

Age at severe asthma diagnosis, years

Age at severe asthma diagnosis, years
<40
41-50
51-60
61-70
> 70
Severe asthma duration, years
<1
> 1and <2
> 2
IgE
No
Yes
IgE, ng/mL (n = 99)

Atopy (n = 99)
No
Yes
Blood eosinophil count (BEC), cells/uL
< 450
> 450
OCS, mg/day (n = 154)

<10
> 10

Overall

26 (15.57%)
141 (84.43%)

64 (38.32%)
103 (61.68%)

79 (52.67%)
52 (34.67%)
19 (12.67%)

112 (70.00%)
43 (26.88%)
5 (3.13%)

68 (40.96%)
98 (59.04%)

53.54 (13.00)

95 (56.89%)
20 (11.98%)
52 (31.14%)

66 (39.52%)
101 (60.48%)

1137.76 (1711.18)

11 (11.11%)
88 (88.89%)

88 (52.69%)
79 (47.31%)

141 (91.56%)
13 (8.44%)

(continued)
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Characteristic Overall
Pre-FEV1/FVC predicted (n = 124)
> 70 92 (74.19%)
<70 32 (25.81%)

Table 1. (Continued) Baseline patient demographic, biochemical, and clinical characteristics. Data refer to n = 167 patients unless
otherwise specified and are expressed as the number of subjects (percentage) or mean (SD), as appropriate. Abbreviations: BMI, body mass
index; BEC, blood eosinophil count; IgE, immunoglobulin E; OCS, oral corticosteroids; AER, annual exacerbation rate; BD, bronchodilator; pre-BD FEV1, pre-
bronchodilator forced expiratory volume in 1 's; pre-BD FVC, pre-bronchodilator forced vital capacity; FeNo, fractional exhaled nitric oxide; ACT, asthma
control test
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Fig. 1 Clinical remission. Number and percentage of patients who achieved and did not achieve CR (either pCR or cCR) at 3, 12, and 24
months during the treatment with benralizumab (from baseline)
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-
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Mean (SD) 476,67 (586.91) 15.76 (73.98) 456 (213.49) 518 (17.41)
Ratio (95%Cl) 1.00 0.01(0.01: 0.03) 0.05(0.03:0.09)  0.01(0.01:0.03)
N 167 77 46 50

Fig. 2 Blood eosinophil count. Blood eosinophil count from benralizumab treatment start up to 24 months

rapidly and persistently deplete eosinophils is  apoptosis of eosinophils, resulting in profound
central to this effect. As an anti-IL-5 receptor & eosinophil depletion. This rapid control of type 2
monoclonal antibody, benralizumab induces inflammation plays a crucial role in reducing the
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need for systemic corticosteroids, thereby miti-
gating their long-term adverse effects.

Vultaggio et al*? have recently reviewed the
immunomodulatory potential of benralizumab,
noting its sustained suppression of eosinophilic
inflammation as a key factor in achieving
long-term disease control and facilitating cortico-
steroid sparing in patients with SEA. This
immunological impact supports the concept of
benralizumab as a DMAAD, capable of altering
the inflammatory trajectory of SEA beyond
symptom management.

Furthermore, Canonica et al®*® confirmed, in a

comprehensive analysis of the SANI registry, the
utility of clinical remission as a pragmatic
endpoint for evaluating biologic therapies,
including benralizumab. They reported that
approximately 60% of the patients on
benralizumab  achieved complete clinical
remission at 12 months. The alignment between
our findings and those from Canonica et al
underscores the robustness of the SANI
remission framework and its relevance for
guiding real-life asthma management.

Together, these results highlight that the
observed OCS reduction is not simply a down-
stream effect but is deeply linked to the mecha-
nism of benralizumab in eosinophilic-driven
asthma, offering a rationale for its inclusion
in  remission-oriented treatment strategies.
This effect was also observed in the MANDARA
trial, a phase 3 non-inferiority randomized trial
comparing benralizumab to metalizumab in pa-
tients with eosinophilic granulomatosis with pol-
yangiitis (EGPA).2>* Mepolizumab is a monoclonal
antibody that inhibits eosinophil activation and
differentiation by binding interleukin-5.2% In this
study, benralizumab was found to be non-
inferior to mepolizumab for inducing remission
in patients with relapsing or refractory EGPA. A
complete withdrawal of OCS was achieved in
41% of patients who received benralizumab and
in 26% of those who received mepolizumab
during weeks 48 through 52. This underlines the
OCS-sparing effect of benralizumab across
different diseases driven by eosinophilic
inflammation.

The study has limitations. The retrospective
nature of the analysis introduces potential biases,

including patient selection and missing data. The
number of evaluable patients decreased over
time due to varying availability of follow-up visits
or missing data at later time points, as expected
in real-world retrospective studies. Additionally,
while extending the observation period to 96
weeks provides valuable insights, the lack of a
control group limits the ability to attribute out-
comes solely to benralizumab. Future prospec-
tive studies with controlled designs are
warranted to confirm these results and further
explore long-term outcomes. The exclusion of 51
patients due to incomplete data could have
introduced a degree of selection bias; however,
the demographic and baseline characteristics of
the excluded patients were comparable to those
of the analyzed patients, which limited the po-
tential impact.

CONCLUSION

This post hoc analysis of the ANANKE
study confirms the effectiveness of benralizumab
in inducing a rapid and sustained clinical remis-
sion in patients with severe eosinophilic asthma
(SEA) over a prolonged 24-month period. A
substantial proportion of patients reached
either partial or complete clinical remission as
defined by the SANI criteria, with high rates of
remission observed early and maintained
throughout follow-up. The rapid and sustained
depletion of eosinophils observed with benrali-
zumab underscores its potent anti-inflammatory
and immunomodulatory effects. It supports the
concept of benralizumab as a DMAAD, capable
of not only controlling symptoms but also
modulating the underlying immunological
mechanisms of eosinophilic asthma.

Taken together, these data emphasize the
importance of adopting clinical remission as a
realistic and actionable treatment goal in SEA and
position benralizumab as a valid therapeutic
option.
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rate; BEC, blood eosinophil count; cCR, complete clinical
remission; CR, clinical remission; DMAAD, disease-
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FEV1, forced expiratory volume in 1 s; ICS, inhaled corti-
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