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Abstract: In severe asthma with type 2 (T2) inflammation, biologics targeting key media-
tors of T2 inflammation, including interleukin (IL)-5, IL-4/IL-13, and immunoglobulin (Ig)E,
remarkably improve the management of severe asthma, providing new insights into the
clinical course of asthma such as disease modification and broad modulation of T2 inflam-
mation. Once severe asthma has become a “controllable” condition, the question of discon-
tinuation of biologics arises due to cost and side effects. The studies on discontinuing
biologics in asthma demonstrate that some of patients successfully discontinue biologics,
indicating that it is a feasible option in a subset of patients. Incorporating the evidence of
discontinuation, we propose the criteria for the discontinuation of biologics. Our proposed
criteria for the discontinuation of biologics consist of an absence of asthma symptoms
(asthma control questionnaire [ACQ] score < 1.5 or asthma control test [ACT] score >
19), no asthma exacerbations, no use of oral corticosteroids, normalized spirometry (forced
exhaled volume in 1 second [FEV] > 80%), suppressed T2 inflammation (blood eosinophil
counts < 300 pL and fractional exhaled nitric oxide [FeNO] < 50 ppb), and control of asthma
comorbidities. Real-world evidence verified a subset of patients achieving highly well-
controlled conditions after use of biologics, namely super-responders, who are candidates
for the discontinuation of biologics. If super-responders meet all of the criteria, they are
allowed to discontinue biological therapies. Our proposed algorithm may support physicians’
treatment decisions for patients receiving biologics.
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Introduction

Asthma is among the most common chronic respiratory diseases worldwide for all
age groups.' Severe asthma, a condition with uncontrolled symptoms and higher
exacerbation rates despite medium- or high-dose inhaled treatments with a second
controller (GINA step 4-5) with good adherence and inhaler technique, affects
3.7% of patients with asthma.> An estimated 70-80% of patients with severe
asthma show evidence of type 2 (T2) inflammation,** which is clinically character-
ized by increased blood and airway eosinophils, elevated serum immunoglobulin
(Ig)E, and fractional exhaled nitric oxide (FeNO) levels.

Biologics targeting mediators of T2 inflammation (eg, IgE, interleukin [IL]-5,
and IL-4/IL-13) have dramatically improved the management of severe asthma
during the past decade, decreasing exacerbations and oral corticosteroid use.” '
In current guidelines, severe asthma patients with the T2 phenotype are eligible for
biologics, accounting for 85% of severe asthma patients.'' Recent advances in
asthma management, such as the advent of biologics, have provided new insight
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into the clinical course of asthma such as disease modifi-
cation and broad modulation of T2 inflammation.'?

vary
patients.”>'7 Some patients respond to biologics, while

However, responses to biologics among
others do not, and predictors of a response remain to be
elucidated. The high cost of biologics creates an economic
problem in patients and healthcare systems, and some
patients may have difficulty continuing them as a result.'®
Nonetheless, current guidelines provide no information
about which patients with severe asthma should stop biolo-
gics despite addressing when and how they should be
initiated."

A management goal in patients with severe asthma is
well-controlled condition, which is defined as the absence of
symptoms, optimized lung function, no use of oral corticos-
teroids (OCS), and no exacerbations. Although this goal is
not achievable for all the patients receiving biologics, there
may be cases in which biologics can be discontinued if tight
asthma control is maintained over time.

In our institution, we experienced two cases with severe
asthma who achieved extremely well-controlled conditions
after benralizumab (no exacerbations, no OCS use, absence

of significant asthma symptoms, normalized lung function,

suppressed T2 inflammation assessed by blood eosinophils,
and fractional exhaled nitric oxide [FeNO]). Two patients
discontinued benralizumab following the dramatic improve-
ment by the biologic agent. One of our two cases achieved
a well-controlled status even after discontinuation of the
biologic agent, which stresses the hypothesis that stopping
biologics is a feasible option in some patients with well-
controlled asthma. In fact, many previous reports demon-
strated that some cases of severe asthma were dramatically
improved with biologics."*™!” However, no algorithm or
criteria have been proposed to determine which patients
should be considered for biologics discontinuation. Here
we discuss how discontinuing biologics can be approached
to both maintain tight asthma control and reduce the health
care economic burden.

Discontinuation of Biologics in

Patients with Severe Asthma

Here we review the current evidence about discontinuing
biologics in cases of severe asthma. Six studies related to
the discontinuation of biologics in severe asthma have
been published to date (Table 1).!972* Of them, two were
related to the anti-IgE biologic omalizumab.'*?° Three

Table | Summary of Discontinuation of Biologics Among Patients with Severe Asthma

Biologic Patient Number Study Design Main Results References
Discontinued/
Continued
Omalizumab 88/88 Randomized, placebo- An increase in the rate of asthma exacerbations by 20.0%. [19]
controlled, double-blind
trial
Omalizumab 49/0 Non-controlled, The rate of maintained asthma control, defined as patients [20]
observational without exacerbations, were 75.5% at | year and 60% at 4
years.
Mepolizumab 27/0 Non-controlled, Worsening of asthma symptoms (mean increase in ACQ, 0.59 [21]
observational points).
Mepolizumab 592/0 Non-controlled, Deterioration of asthma symptoms (mean increase in ACQ, [22]
observational 0.35 points).
Mepolizumab 1517144 Randomized, placebo- An increase rate of significant exacerbations by 4%, but the [23]
controlled, double-blind | rate of exacerbations requiring ED visit and hospitalization was
trial not elevated.
Omalizumab 124711247 Controlled (propensity No risk of asthma exacerbation requiring ED visit or [24]
Dupilumab score matched), administration of systemic corticosteroid.
Mepolizumab Observational
Benralizumab
Reslizumab

Abbreviations: ACQ, asthma control questionnaire; ED, emergency department.
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studies were related to the anti-interleukin 5 (anti-IL-5)
biologic mepolizumab.?'>* The remaining study was on
all kinds of biologics (omalizumab, mepolizumab, benra-
lizumab, reslizumab, and dupilumab).?*

The Xolair Persistency Of Response After Long-Term
Therapy (XPORT) study, a 52-week multicenter rando-
mized double-blind study, evaluated the effects of discon-
tinuing omalizumab in patients with severe asthma.'” The
XPORT trial randomly assigned 88 patients as the discon-
tinued group (placebo) and 88 patients as the continued
group (omalizumab) for 1 year. The primary endpoint was
asthma exacerbations defined as a clinically significant
deterioration of asthma requiring a systemic corticosteroid,
a hospitalization, or an emergency department (ED) visit.
Although the exacerbation rate was higher in the disconti-
nuation group (52.3%) than in the continuation group
(33.0%), the conditions of 47.7% of subjects who discon-
tinued the biologics remained well-controlled regardless.
Notably, the mean baseline blood eosinophil count in the
discontinuation group was significantly lower among
patients without exacerbations than in those with exacer-
bations. Moreover, in the discontinued group without
exacerbations, FeNO levels were not increased after the
withdrawal of omalizumab. This trial provides two impor-
tant insights into the discontinuation of biologics. First, the
conditions of nearly half of the patients who discontinued
the biologic agent remained well-controlled. Second,
patients without exacerbations post-withdrawal showed
lower peripheral eosinophil counts during biologic treat-
ment and no increase in FeNO level compared to those
with exacerbations.

In an open prospective study, Vennera et al reported the
efficacy of omalizumab for 4 years after its discontinuation
among 49 patients with severe asthma.’® The study
showed that the effects of the long-term use of omalizu-
mab persisted for at least 4 years after treatment disconti-
nuation in 60% of patients. There tended to be more
patients with chronic rhinosinusitis, nasal polyps, and non-
steroidal anti-inflammatory drug intolerance in the failure
group (those who experienced exacerbations after discon-
tinuation) than in the success group, although the differ-
ence was not statistically significant (P = 0.09). This
finding indicates that the presence of comorbidities may
be a potential predictor of failure after discontinuation.

Halder et al evaluated asthma outcomes after stop-
ping mepolizumab in 27 patients with severe asthma.?'
In this study, the discontinuation of mepolizumab led to
more exacerbations (rate increased from 0.56/patient to

1.2/patient over 6 months). Twelve months after the
discontinuation of mepolizumab, the mean score on the
modified Juniper Asthma Control Questionnaire (ACQ),
which is three shortened versions of the ACQ,?
increased by 0.59 points with an increase in blood eosi-
nophil count. This study concluded that the withdrawal
of mepolizumab was associated with increased asthma
exacerbations due to the recurrence of eosinophilic air-
way inflammation. However, in this study, the baseline
mean modified Juniper ACQ score upon the discontinua-
tion of mepolizumab was 2.1 points, which is considered
a “not well-controlled” condition.?® Thus, the deteriora-
tion of asthma control after the discontinuation of mepo-
lizumab might be due to residual asthma symptoms.

Ortega et al reported the outcomes following the discon-
tinuation of mepolizumab of 592 patients who participated
in the COSMOS trial.** This study evaluated the changes in
ACQ-5 score and blood eosinophil counts 12 weeks after the
cessation of mepolizumab. At the discontinuation of mepo-
lizumab, the mean ACQ-5 score was 1.31 points. Twelve
weeks after the last administration of mepolizumab, the
mean ACQ-5 score had increased to 1.66 points in parallel
with increasing blood eosinophil counts. The mean ACQ-5
score increase after discontinuation was only 0.35 points,
which is not considered clinically significant. Thus, this
study indicated that the cessation of mepolizumab does not
contribute to a significant deterioration in asthma symptoms
over 12 weeks post-discontinuation.

The randomized double-blind placebo-controlled stop-
ping versus continuing long-term mepolizumab treatment
in severe eosinophilic asthma (COMET) study examined
the impact of mepolizumab discontinuation on exacerba-
tions defined as worsening of asthma requiring the use of
systemic corticosteroids and/or hospitalization or an ED
visit.”* The COMET study randomized 151 patients to the
stopped group (placebo) and 144 patients to the continued
group (mepolizumab) for 1 year. Patients who stopped
mepolizumab experienced more exacerbations than those
who continued therapy (61% versus 47%, respectively). In
contrast, the exacerbations rate did not differ significantly
between the two groups (5% versus 7%, respectively) in
cases of severe exacerbations (ED visits or hospitaliza-
tions). Moreover, the difference in ACQ-5 scores and
FEV, values for patients stopping versus those continuing
mepolizumab was 0.23 points and 56 mL, which was not
statistically or clinically significant. Thus, in the COMET
study, the increase in asthma exacerbations after the dis-
continuation of mepolizumab was small (the difference
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between the stopped and continued group was 14%), and
severe exacerbations were not increased in stopped group.
Asthma symptoms and pulmonary function did not dete-
riorate even 1 year post-discontinuation.

The remaining study on biologic cessation was an obser-
vational analysis of the United States insurance claims data
of 4960 biologic users (omalizumab, dupilumab mepolizu-
mab, benralizumab, and reslizumab).24 Among the cohort of
biologics users, 1247 discontinued them (stoppers). The
other 1247 biologics users who continued using them (con-
tinuers) were identified using propensity score matching with
variables including age, sex, exacerbation count, comorbid-
ities, and income. The rate of failure after the discontinuation
of biologics, defined as an increase of 50% or more in
exacerbations requiring the administration of systemic corti-
costeroids and/or hospitalization or an ED visit, was 10.2%
among the stoppers and 9.5% among the continuers. This
result supports the claim that the discontinuation of a biologic
agent is a feasible option for patients with severe asthma,
although this study had several limitations including its
observational database research design using administrative
data, including an unavailability of asthma symptom and
pulmonary function data.

Considering the results of these studies, discontinuing
biologics is a feasible strategy in suitable patients with
severe asthma. These studies of discontinuing biologics
verified that some patients could successfully discontinue
biologics. Thus, here we discuss the characteristics of
patients who successfully discontinued biologics. In the
study by Vennera, patients who successfully discontinued
biologics tended to have fewer asthma comorbidities (eg
sinusitis, nasal polyp) than those who did not. Notably, in
the XPORT study, patients who successfully discontinued
omalizumab showed lower peripheral eosinophil counts
during biologic treatment than those who failed to discon-
tinue treatment, which indicates that suppressed T2
inflammation may be a predictor of successful disconti-
nuation. Halder et al concluded that the cessation of
mepolizumab led to the deterioration of asthma control,
whereas the mean ACQ score at discontinuation was 2.1
points (“not well-controlled”).?' This may merely indicate
that residual asthma symptoms are associated with wor-
sening asthma outcomes after the discontinuation of bio-
than
In the post hoc analysis

logics  rather denying the feasibility of

of the
COSMOS trial, worsening of asthma symptoms after the

discontinuation.

discontinuation of mepolizumab was not clinically signif-
icant (a 0.35 increase in ACQ score). Thus, these studies

indicate that fewer asthma symptoms, the suppression of
T2 inflammation (lower blood eosinophil count and/or
FeNO level), and control of asthma comorbidities may
be associated with discontinuation success of biologics.
Further research on predictors of sustained well-controlled
conditions after the discontinuation of biologics is
required to identify patients who are suitable candidates
for discontinuation.

Next we showed the effects of the discontinuation of
benralizumab in two cases of severe eosinophilic asthma
in our hospital with extremely well-controlled conditions
after treatment. The clinical courses of our two cases are
shown in Figure 1A and B. Although both cases were
OCS-dependent due to severe uncontrolled asthma, after
long-term treatment with benralizumab, both patients
achieved no exacerbations, no OCS use, an absence of
asthma symptoms, normal lung function, and suppressed
T2 inflammation assessed by blood eosinophil count and
FeNO level. Notably, in both patients, FeNO levels and
basophil counts were substantially decreased after treat-
ment with benralizumab, a biologic agent specifically tar-
geting IL-5 receptor alpha. In contrast, FeNO level was
derived from the IL-4/IL-13/STAT-6 signaling pathway via
the upregulation of inducible nitric oxide synthase.”’*
Interestingly, benralizumab decreases FeNO levels in
asthma patients with high FeNO levels,” and our results
are consistent with this. In addition to the original target of
the IL-5 pathway, benralizumab substantially suppresses
counts of basophil and group 2 innate lymphoid cells,*®'
which are a major source of IL-4 and IL-13. Therefore, in
our two patients, benralizumab might have indirectly
reduced FeNO levels by suppressing innate immune
cells, leading to fundamental suppression of airway and
systemic T2 inflammation. After discontinuation, case 1
sustained a well-controlled status, whereas case 2 experi-
enced deteriorated asthma symptom control. The differ-
ences between the two cases were a history of smoking
and comorbidities. Case 2 had a history of smoking and
comorbidity of eosinophilic chronic rhinosinusitis with
nasal polyps (CRSwNP) and atopic dermatitis, while case
1 did not. Smoking and asthma comorbidities, including
CRSwNP, affect
control.>*** Accordingly, the deterioration of asthma con-

eosinophilic adversely asthma
trol after discontinuation in case 2 might have been due to
the comorbid eosinophilic CRSWNP and atopic dermatitis.
Thus, the difference of clinical course between our two
cases indicates that control of comorbidities in addition to

asthma control may be of importance for the maintenance
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Clinical course of Case 1

Age: 64-year-old, Female
Smoking: Never smoker
Comorbidities: allergic rhinitis

Prednisolone

2mg/day Smg/day 2mg/day
ICS/LABA
LAMA
Benralizumab
iyl
FeNO 250

2000

1500 Blood eosinophils

FeNO (ppb)

1000 -

500 |-

Blood eosinophils count (/pL)

L) 1 1 L i 1

Months after benralizumab 0 19 32
t i )
Benralizumab discontinuation
initiation

ACQ-5 (point) 5.0 4.4 0 0 0 0
% FEV, (%) 1124 113.4 111.8
Basophils 817 381 0 0 0 40.0
counts (/pL)
IgE (IU/mL) 153 57 21 20

B Clinical course of Case 2

Age: 42-year-old, Male

Smoking: 10 pack-years

Comorbidities: eosinophilic CRSWNP, AD

Prednisolone

3mg omg 1mg

Montelukast 10mg/day
ICS/LABA
Omalizumab Benralizumab
% sunuIlILLLg !
2
a
‘% 1000 | 410
)
2 800 |- 48 &
§ o
2 600 [ -4 60 =
z 5
© 400 - - 40
g 200 [~ 1 20
) Blood Eoslnophﬂsl T g

Months after benralizumab 0 12 18 24

) 1 ) i )
Benralizumab discontinuation  restart

initiation

ACT (point) 18 15 20 20 14
% FEV, (%) 93.9 925 96.1 90.4
Basophils 4732 596 0 19.53 48.08

counts (/pL)

IgE (IU/mL) 846 1514 469 884 1497

Figure | The clinical courses of two cases of severe eosinophilic asthma following the discontinuation of benralizumab. (A) The clinical course of case |. (B) The clinical

course of case 2.

Abbreviations: ACQ-5, asthma control questionnaire 5; ACT, asthma control test; AD, atopic dermatitis; CRSWNP, chronic rhinosinusitis with nasal polyps; FeNO, fraction
of exhaled nitric oxide; FEV|, forced exhaled volume in | second; ICS, inhaled corticosteroid; IgE, immunoglobulin E; LABA, long-acting beta-agonist; LAMA, long-acting

muscarinic antagonist.

of a well-controlled condition after long-term biologic
therapy, even if asthma control dramatically improved (ie
super-responders).

Super-Responders as Candidates for
Discontinuing Biologics

Recent real-world observational studies of biologics in
cases of severe asthma verified that responses to biologics
vary among patients.”*"'” According to the degree of
response to biologics, patients receiving biologics are
usually classified into three categories: non-responders,
partial responders, and super-responders. Non-responders
are patients who show no improvement or in worsening
status with biologics treatment. Partial responders are
those who show some improvement but residual asthma
manifestations after biologics treatment. Super-responders
are patients who show a great response to biologics or
complete asthma control. Here we reviewed current real-
world evidence of biologic therapies focusing on super-
responders as candidates for their discontinuation.

To date, the evaluation of super-responders was related

to omalizumab, mepolizumab, benralizumab, and
reslizumab.'*"'” Fong et al reported that 33.7% of patients
treated with omalizumab, an anti-IgE antibody, met the
super-responders definition, which was the top quartile of
the percentage reduction in OCS and no exacerbation at 16
weeks.'> They also showed that 19% of patients treated
with mepolizumab, an anti-IL-5 antibody, were super-
responders defined in the same way. In this study, the
predictors of a super-response were no depression and no
regular OCS in patients treated with omalizumab and
a lower baseline ACQ-6 and lower annual exacerbation
rate in patients treated with mepolizumab.'® Another study
of super-response by Kavanagh et al showed that the rate
of super-responders to mepolizumab, defined as no oral
OCS and no asthma exacerbations at one year, was
28.3%."* The predictors of super-responders in this report
were a low BMI, nasal polyps, a lower OCS, and lower
ACQ-6 scores. The same author also reported that benra-
lizumab, an anti-IL-5 receptor antibody, led to a super-

response defined as no OCS and no exacerbation at 48
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weeks in 39% of patients, and the predictors were a lower
OCS, adult-onset disease, nasal polyps, higher blood eosi-
nophil count, and higher predicted FEV."> Another report
showed that 24% of patients treated with mepolizumab
met the super-responder criterion, which was the top quar-
tile of ACQ-5 score improvement,'® while the predictors
were higher blood eosinophil levels and later age at
asthma onset. Notably, Eger et al reported that 14% of
patients treated with anti-IL-5-targeting therapy (mepoli-
zumab, benralizumab, and reslizumab) were super-
responders defined as no OCS use, ACQ<1.5, a predicted
FEV, >80%, FeNO<50 ppb, and complete comorbidity
control,!” which are “stricter” criteria than those of the
other reports.

Thus, the definitions of super-responders vary among
reports, which result in a range of prevalence (14-39%)
and various features of super-responders, although asthma
experts recently tried to develop an international consensus
on the definition of super-responders using the Delphi
process.>* When we consider discontinuing biologic thera-
pies in patients with severe asthma receiving biologics,
super-responders are candidates. Nonetheless, the various
definitions of super-responders may make it complicated to
identify suitable patients. Not all super-responders are eligi-
ble for discontinuing biologics because a portion of them
may be at a risk of asthma deterioration after discontinuation
according to the results of these studies. For example, super-
responders defined as those with no exacerbations and no
OCS use after biologics can present residual asthma symp-
toms or may be affected by comorbidities, which would lead
to relapse of their asthma symptoms. The “stricter” definition
of super-responder in the study by Eger et al (no regular or
burst OCS use, an ACQ<1.5, a predicted FEV; >80%, an
FeNO <50 ppb, and complete comorbidity control) may be
more suitable for use as criteria to discontinue biologics
although the strictness of the definition led to a smaller pre-
valence of super-responders (14%).!” The reason why we
prefer the “stricter” criteria is that super-responders defined
by this “stricter” criteria are relevant to potential predictors
for successful discontinuation (eg absence of significant
asthma symptoms, suppressed T2 inflammation, control of
asthma comorbidities), which may lead to a lower risk of
deterioration of asthma after discontinuation.

Future Directions

When some of severe asthma has become a “controllable”
condition with the advent of T2-targeting biologics, the
question of their discontinuation arises due to cost and side

effects. Although several studies of the discontinuation of
biologics described that it was associated with the worsen-
ing of asthma outcomes in the whole population of these

19:2123 5 subset of patients in these studies did not

studies,
worsen after biologics discontinuation, which indicated
that the discontinuation of biologics could be a feasible
strategy in a subset of patients. Here we discussed the
feasibility of the discontinuation of biologics in patients
with well-controlled conditions after treatment (ie super-
responders).

We must define criteria for the discontinuation of biolo-
gics based on the measurement of disease activity in asthma.
One approach incorporates established criteria for other
chronic inflammatory diseases, such as rheumatoid arthritis
(RA), into asthma. In RA patients, the withdrawal of biolo-
gics (eg, anti-tumor necrotizing factor-alpha antibodies, anti-
IL-6 antibodies) is usually considered in patients who
achieved RA remission.>> RA remission is defined by disease
activity measures for RA, including disease activity score—
28,% the clinical disease activity index,’” and the simplified
disease activity index.*® Importantly, these assessment tools
consist of various aspects of RA, including arthritis symp-
toms, impaired joint count, and inflammation (C-reactive
protein level and erythrocyte sedimentation rate).

Hence, the first step in discontinuing biologics is to
create a disease activity measurement of asthma consist-
ing of various aspects of asthma, including symptoms,
exacerbation frequency, pulmonary function, and airway
inflammation. There are currently few tools for the quan-
tification of asthma severity. The Composite Asthma
Severity Index (CASI) and Asthma Severity Scoring
System (ASSESS) are comprehensive scoring systems
that include subjective and objective measurements of
asthma, specifically asthma symptoms, exacerbation fre-
quency, pulmonary function, and medication use.***
However, the CASI was developed for childhood asthma;
therefore, it lacks validation in adulthood asthma.*® The
CASI and ASSESS
domain,*4°

include treatment intensity
which may raise the need to modify these
scoring systems for use as a treatment goal. In addition to
establishing criteria for discontinuing biologics, such an
objective tool may also contribute to asthma management
by attenuating the discordance between objective assess-
ments and subjective judgments by physicians as
described in our previous work.*' Thus, objective and
comprehensive measures of asthma severity may help

establish criteria for the discontinuation of biologics and
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reduce potential over- or undertreatment due to physi-
cian—patient discordance.

Next, it is important to cautiously determine an optimal
cut-off point for the discontinuation of biologics using com-
prehensive assessment tools of disease activity. If the criteria
are loose, the discontinuation of biologics may worsen
asthma control in patients with insufficient asthma control
and residual airway inflammation. As described above, real-
world data of mepolizumab showed worsening of asthma
symptoms after discontinuation among patients whose con-
ditions were not completely controlled,”' while results from
the discontinuation of omalizumab (XPORT study) indicate
that a well-controlled status with a lack of airway inflamma-
tion characterized by eosinophil count and FeNO level was
associated with no worsening of asthma control even after
discontinuation.'® Sufficient control of asthma symptoms,
airway inflammation, and comorbidities could be the ratio-
nale for the discontinuation of biologics. Similarly, the con-
ditions of RA patients with residual inflammation worsened
after the discontinuation of biologics, whereas those of RA
patients in remission were less worsened.***¢

Considering these findings, we proposed a treatment algo-
rithm for patients with severe asthma during treatment with
biologics (Figure 2). Our discontinuation criteria are as fol-
lows: (1) absence of significant asthma symptoms (ACQ < 1.5

or asthma control test score >19); (2) no use of regular or burst
OCS; (3) no exacerbations; (4) normalized pulmonary function
(%FEV; > 80%); (5) suppressed T2 inflammation (blood
eosinophil count < 300 cells/puL. and FeNO level < 50 ppb);
and (6) control of asthma comorbidities. Among super-
responders, a candidate for discontinuation, physicians will
assess whether they meet the criteria. If super-responders
meet all criteria, physicians may consider discontinuing the
biologics; otherwise, the patients may be recommended to
continue the biologic agent. Of course, our proposed criteria
for discontinuation require validation and refining to bring
value to patients.

Thus, although strict criteria for the discontinuation of
biologics may reduce the number of patients who meet the
criteria, the criteria must be rather strict to prevent worsening
of asthma outcomes after discontinuation. In the process of
determining a cut-off point of assessment tools for the cri-
teria, the frequency of patients who meet the criteria also
requires assessment. This is easier said than done, as an
optimal “cut point” of severity measurements for criteria of
the discontinuation should be determined with balancing of
the strictness of criteria and the proportion of the population
meeting the criteria. After establishing a treatment goal and
a comprehensive assessment tool for asthma, the effects of

stopping biologics should be carefully evaluated.
Severe asthma patients
treated with biologics

Moderate high

Disease activity
while on treatments

low

Super-responders

Meet discontinuation criteria?

(1) Absence of significant asthma symptoms
(ACQ <1.5 or ACT >19)

2) No use of regular or burst OCS
3) No asthma exacerbation
4) Normalized pulmonary function (%FEV, 280 %)

5) Suppressed T2 inflammation
(FeNO < 50 ppb and blood eosinophils <300 pL)

(6) Control of comorbidities

Meet all the criteria

Consider discontinuation [

Partial-responders

Non-responders

+Consider discontinuation of the biologic
agent and switching to the other treatments
‘re-assessment of asthma phenotype

Meet not all the criteria

Continue the biologic agent

of biologics

Figure 2 The treatment algorithm for severe asthma patients during treatment with biologics. If super-responders meet all criteria for discontinuation, physicians may

consider discontinuing the biologics.
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A randomized controlled clinical trial of withdrawal based on
criteria for discontinuation of biologics is required to verify
the feasibility of discontinuing biologics and identifying the
predictors of discontinuation success in patients with asthma.

Conclusion

In summary, evidence from studies of the discontinuation of
biologics suggests that discontinuation of biologics is a feasible
option in a subset of patients with severe asthma who attained
a well-controlled condition such as super-responders. From
these studies, the absence of asthma symptoms, suppressed
T2 inflammation characterized by blood eosinophil count and
FeNO level, and the control of allergic comorbidities may be
associated with successful discontinuation. Incorporating the
evidence of discontinuation and super-responders, we pro-
posed criteria for the discontinuation of biologics. We hope
that our proposed criteria support physicians’ decisions about
their patients stopping or continuing biologics in cases of
severe asthma. Our proposed discontinuation criteria require
validation and refining through further studies.
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