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Purpose: Monoclonal antibodies targeting interleukin-5 (IL5) and its receptor (ILSR), used for severe asthma treatment, reduce
eosinophils to almost complete depletion. Fractional exhaled nitric oxide (FeNO), a surrogate marker of eosinophilic airway
inflammation, is expected to decrease after their initiation. Our center noticed increased FeNO levels in a few patients in whom
anti-IL5/ILSR therapy was initiated. Limited data are available on the kinetics of T2 inflammation biomarkers after initiation of
a biologic in that population. This study aims to identify if a subgroup of severe asthma patients experiences increased FeNO levels
after initiation of anti-IL5/IL5R therapy and to describe their clinical characteristics.

Patients and Methods: This is a retrospective case series of 5 patients on Benralizumab (4M:1F) and 8 on Mepolizumab (5M:3F)
who showed a significant increase in FeNO (>20% AND >25 ppb) following initiation of an anti-IL5/IL5R treatment. Clinical data,
expiratory flows, and inflammation were extracted from the patients’ chart at initiation of treatment (T,), 3 months (T;) and 12 months
(T,) post-treatment. Descriptive statistics were used.

Results: In patients treated with Benralizumab, the increase in FeNO was observed between Ty and T; (mean delta = 82 + 72 ppb)
with a subsequent decrease (N = 3). In most patients taking Mepolizumab (N = 6), the FeNO increase was observed between T, and T,
(mean delta = 57 =+ 35 ppb). Under treatment, no Benralizumab patient experienced asthma exacerbation while two on Mepolizumab
did. All patients had a significant decrease in blood eosinophils.

Conclusion: Although initiation of anti-IL5/IL5R may cause a transient rise in FeNO levels in a subgroup of patients, it does not
appear to affect clinical outcomes. A compensatory mechanism involving other inflammatory pathways such as IL13 or IL4, both
involved in FeNO production, could theoretically explain these findings. Further investigation is needed to elucidate the actual
underlying mechanisms.
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Introduction
About 8% of individuals with asthma suffer from a severe form of the disease.! Severe asthma is associated with
a significant deterioration in quality of life? and increased prevalence in asthma exacerbations and hospitalizations.’
Until recently, therapeutic options available for this population were limited. Our knowledge of the cellular and
molecular pathophysiology of asthma has increased in the past two decades. Those complex inflammatory pathways can
be divided into two main inflammatory types based on the presence of type 2 (T2) inflammation (T2 asthma) or not (non-
T2 asthma). T2 asthma results in an exaggerated production of eosinophils and worst disease control. A high proportion
of severe asthmatics display a T2 inflammation profile but fortunately, novel therapies targeting T2 inflammation have
improved their disease burden.* As interleukin-5 (IL5) is the main cytokine involved in the activation and survival of
eosinophils, treatments targeting this cytokine (anti-IL5: Mepolizumab and Reslizumab) or its receptor (anti-IL5R:
Benralizumab) have been shown particularly effective in reducing exacerbations and need for systemic corticosteroids
in severe eosinophilic asthma.’
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Fractional exhaled nitric oxide (FeNO) is a non-invasive and accessible marker of airway inflammation and helps
predict asthma exacerbations.® It is the most proximal readout of airway inflammation, and is often referred to as a surrogate
marker of eosinophilic airway inflammation, although correlation is far from perfect.” FeNO is expected to decrease after
initiation of anti-IL5/IL5R therapies. Although Phase 2b studies for Mepolizumab® and Benralizumab’ included long-
itudinal measurements of FeNO, this was not assessed in Phase 3 studies for either of these therapies, preventing
identification of unusual FeNO patterns and correlation with clinical outcomes. Studies are therefore needed to determine
if FeNO is a reliable biomarker of response to anti-IL5/IL5R treatment and to assess the effect of anti-IL5/IL5R on FeNO.

We observed an increase in FeNO levels in a small proportion of patients treated at the severe asthma clinic of the
Quebec Heart and Lung Institute (IUCPQ) whom recently initiated therapies targeting anti-IL5/IL5R. Two similar cases
have been previously briefly presented,'® although to our knowledge no detailed report has been published.

Limited data are available on the kinetics of the various biomarkers involved in T2 inflammation after initiation of
treatment with a biologic. Herein, we report a case series of patients with severe asthma treated with anti-IL5/IL5R
monoclonal antibodies who showed an increase in FeNO levels after initiating treatment. Clinical characteristics and
outcomes were analyzed along with changes in FeNO.

Patients and Methods
This is a retrospective case series of adult patients who initiated treatment with either Benralizumab or Mepolizumab at
the IUCPQ’s severe asthma clinic between January 2016 and June 2020. Patients on Benralizumab received a dose of
30 mg every 4 weeks for the first 3 doses, then every 8 weeks, while patients on Mepolizumab received doses of 100 mg
every 4 weeks.

Patients who received at least 3 doses of anti-IL5/IL5R therapy and showed a significant increase in FeNO, defined as

>20% and >25 ppb difference between at least two visits, as defined by the American Thoracic Society (ATS),'""'?

were
identified. All patients had severe asthma, which was defined as asthma that required treatment with daily high-dose
inhaled corticosteroids (ICS) (>500 mcg/day fluticasone or equivalent) and a second controller for the previous year, or
systemic corticosteroids (OCS) for 50% of the previous year to prevent it from becoming uncontrolled, or which
remained uncontrolled despite this therapy.' Patients with confounding comorbidities such as eosinophilic granuloma-
tosis with polyangiitis (EGPA) or hypereosinophilic syndrome were excluded.

Data was retrospectively collected from the patient’s hospital file at T (before treatment initiation, 0+3 months), T,
(3+3 months) and T, (12+4 months) of therapy.

Baseline characteristics included age, sex, asthma onset, body mass index (BMI), smoking history and asthma
comorbidities. The primary outcome was the change in FeNO between two visits (To-T;, T;-T, and Ty-T,), expressed
in parts per billion (ppb). Secondary outcomes included blood eosinophils (X10° cells/L), sputum eosinophils (cell %),
forced expiratory volume in one second (FEV; in L and %), concomitant use and dose of oral corticosteroids (OCS) and
inhaled corticosteroids (ICS). Severe asthma exacerbations, defined as those requiring OCS, emergency room visit or
hospitalization, were also extracted as a secondary outcome and reported for the year prior to baseline visit and between
baseline and T, or between T and T, follow-up visits.

Cases are presented using descriptive statistics. Continuous variables are presented as means = standard deviation
(range), whereas categorical variables are reported as numbers (%). We also analyzed FeNO values by dividing them into
4 zones, according to Liu J et al’s cut-offs,' inspired by the ATS FeNO guideline'' (green or normal: <25 ppb, yellow:
2649 ppb, orange: 50-99 ppb and red or ultra-high: >100 ppb). SAS v9.4 (SAS Institute, Cary, NC) was used to
generate summary statistics.

This case series was prepared following the CARE guidelines. The study was approved by the research ethics
committee of the Quebec Heart and Lung Institute-Laval University (CER 21937) and complies with the Declaration of
Helsinki. As all data were collected from the patients’ clinical files and no contact with participants was required,

approval was obtained from the director of professional services, waiving the requirement for informed consent.
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Results

Between January 2016 and June 2020, 222 patients received an anti IL5/IL5R therapy at the IUCPQ asthma clinic. Of
those, 166 did not have at least two FeNO measurements and one had EGPA, leaving 55 eligible patients (Figure 1). 5/15
(33%) patients initiated on Benralizumab and 8/40 (20%) on Mepolizumab had a significant FeNO increase (Figure 1).
Baseline characteristics of those 13 patients are presented in Table 1. More ex-smokers were found in the Benralizumab-
treated group (60% vs 40% for Mepolizumab-treated). Atopy was the most frequent comorbidity (Benralizumab-treated
100%; Mepolizumab-treated 75%) followed by nasal polyposis (Benralizumab-treated 60%; Mepolizumab-treated 63%).
All five Benralizumab patients were previously treated with Mepolizumab and switched to Benralizumab between their
Ty and T, visits. At their T; follow-up visit, they all had received at least 3 doses of Benralizumab (Table 1).

FeNO

For all 5 patients on Benralizumab, the increase in FeNO levels happened shortly after initiation, between T, and T, with
a mean increase of 82 + 72 ppb (range = 27 to 204 ppb). Three patients with an available FeNO measurement at T,
showed that the value subsequently decreased but only one reached normal value (Figure 2A). Conversely, most patients
treated with Mepolizumab (5/8, 63%) showed a late increase in FeNO (between T; and T,) with a mean increase of 57 +
35 ppb (range = 27 to 118 ppb) (Figure 2B). The magnitude of FeNO levels according to color zones is shown in

Figure 2A and B. Overall, 7/13 patients reached the ultra-high level zone at some point after initiating their treatment.

Flow Chart

Patients under Mepolizumab or Benralizumab
n =222

No FeNO data
n =286

One FeNO data
n =280

22 FeNO data, but EGPA
n=1

Eligible patients under Mepolizumab or Benralizumab with 22 FeNO data

n=55
Benralizumab Mepolizumab
n=15 n =40
Significant FeNO No significant FeNO Significant FeNO No significant FeNO
increase increase increase increase
n=5 n=10 n=8 n=32

Figure | Flow chart of study participants.
Abbreviations: FeNO, fractional exhaled nitric oxide; EGPA, eosinophilic granulomatosis with polyangiitis.
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Table | Characteristics of Cases Before Initiating Anti-IL5/IL5R Therapies and at 3- and 12-Months Post-Treatment Initiation

Age | Sex | Asthma BMI Smoking Asthma Time | FeNO Blood Sputum ICS ocCs FEV, Severe
Onset (kg/m?) History | Comorbidities | Point (ppb) Eosinophils Eosinophils Dose* Dose Pre-BD Asthma
(x10° cells/L) (%) (mcgl/d) (mg/d) (L/%) Exacerbations
Benralizumab
| 63 M N/D 32.3 Never Atopy, sleep TO 16 N/D 0.25 1000 1.87 | 5l Yes (N=1)
apnea No
Tl 43 0 0.00 1000 0 N/D N
T2 20 N/D N/D 1000 N/D °
2 28 M N/D 284 Past Atopy, GERD, TO 40 300 6.50 2000 423 | 99 Yes (N=3)
nasal polyposis TI 244 0 N/D 1000 0 461 | 108 No
T2 11 N/D 0.00 500 480 | 113 No
3 67 M N/D 315 Never Atopy, GERD, TO 154 0 5.00 2000 3.06 | 100 No
* sleep apnea TI 210 0 N/D 2000 0 3.10 | 102
T2 N/D N/D N/D 1500 N/D
4 52 M Late 29.9 Past Atopy, nasal TO 78 300 1250 N/D Yes (N=1)
ok polyposis Tl 162 0 N/D 1000 0 N/D No
T2 N/D N/D 1000 N/D No
5 58 F N/D 29.0 Past Atopy, nasal TO 62 0 N/D 2500 199 | 77 No
| )
POlYpOSES TI 99 N/D 2500 0 N/D
T2 40 N/D 2500 N/D
Mepolizumab
6 21 F Early 248 Never Atopy, nasal TO 53 700 53.00 2000 321 | 103 No
polyposis
TI N/D N/D N/D 2000 0 N/D
T2 141 100 68.25 2000 3.19 | 103
7 43 M Early 319 Past Atopy, GERD, TO N/D 100 N/D 1750 20 N/D Yes (N=3)
sleep apnea Yes (N=1)
Tl 24 100 0.00 1750 25 2.50 | 68
Yes (N=1)
T2 51 0 N/D 1500 15 N/D
8 44 F Late 30.8 Never Atopy, nasal TO N/D 600 2500 12.5 297 | 95 Yes (N23)
polyposis TI 8 0 N/D o* 2.5 281 | 91 No
T2 54 100 500 0 297 | 96 No
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aro(q


https://www.dovepress.com
https://www.dovepress.com

a0

$1:7207 4843y pue ewyisy jo [euanof

:sdyy

569

9 65 M Late 32.8 Never Atopy, GERD, TO 31 200 N/D 2000 10 3.19 | 101 No
* sleep apnea
Tl 36 0 N/D 2000 7.5 N/D
T2 154 0 5.00" 2000 0 3.06 | 99
10 48 M N/D 324 Never Nasal polyposis TO 66 200 4.00 1500 258 | 63 Yes (N=2)
No
Tl 123 0 N/D 500 0 N/D N
T2 N/D N/D N/D N/D N/D °
1| 51 M Late 26.6 Past Atopy, nasal TO 65 1810 1000 0 N/D Yes (N23)
polyposis TI 137 100 N/D 500 10 N/D No
T2 72 100 1500 0 N/D No
12 67 M N/D 238 Past GERD TO N/D N/D 57.50 1250 0 1.07 | 34 Yes (N23)
Tl 12 0 N/D 1250 7.5 1.30 | 4l No
T2 64 0 3.00 1000 0 1.10 | 35 Yes (N=1)
13 44 F N/D 21.8 Never Atopy, nasal TO 143 900 500 35 261 | 86 Yes (N=1)
polyposis Tl 49 100 N/D 1500 25 3.00 | 98 No
T2 93 N/D 1000 0 296 | 98 No

Notes: All Benralizumab patients switched from Mepolizumab to Benralizumab. ¥Reported as equivalent of fluticasone. TThe T2 visit of this patient on Mepolizumab is also the baseline (T0) visit of the same patient on Benralizumab. The
change of medication was made at this visit. *The patient gradually decreased her ICS between T0 and T| since she was doing well, so at T1, she was not taking any more.*Same patient under Mepolizumab and Benralizumab at different
times. **Same patient under Mepolizumab and Benralizumab at different times.

Abbreviations: N/D, Not done and/or data unavailable in the patient’s file. TO: 0 month. T1: 3 months. T2: 12 months; GERD, Gastroesophageal reflux disease; ICS, Inhaled corticosteroids. OCS: Oral corticosteroids (Prednisone); FEV,
pre-BD, Forced expiratory volume in | second pre-bronchodilator; mcg/d, micrograms/day; mg/d, milligrams/day.
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Ultra-high FeNO

High FeNO
Intermediate-high FeNO
Low FeNO (normal)
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FeNO value (ppb)

o
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25

0
TO (0 month) T1 (3 months) T2 (12 months)

O Case #1 Case #2 Case#3 O Case#4 O Case#b

250
Ultra-high FeNO

High FeNO
Intermediate-high FeNO
Low FeNO (normal)

225

200

175

150

125

100

FeNO value (ppb)
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50<

25

0
TO (0 month) T1 (3 months) T2 (12 months)

O Case#6 O Case#7 Case#8 O Case#9 ©O Case #10
O Case#11 O Case #12 Case #13

Figure 2 FeNO values at TO, Tl and T2 for patients who experienced a significant increase in FeNO between at least two time points on (A) Benralizumab and (B)
Mepolizumab: The background colors (green, yellow, orange, red) help interpret FeNO levels: The green zone is low FeNO (<25 ppb), which corresponds to normal values:
Intermediate-high FeNO = 26—49 ppb, high FeNO = 50-99 ppb, and ultra-high FeNO = 2100 ppb: Note that the incomplete curves are explained by missing data at TO or
T2: For case #6 who had missing data at T, we assigned a fictive value at T, representing the mean of TO and T2: This estimated value is only used in this graph to help
visualize the variation between T0 and T2 but was not considered in data analysis.
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Blood and Sputum Eosinophils

Despite that all Benralizumab patients were previously treated with Mepolizumab, 3/5 patients showed evidence of
residual eosinophilic inflammation at their baseline visit on Benralizumab (blood eosinophils at 300x10° cells/L for 2 of
them and sputum eosinophils at 5.00% for the other). Data is lacking for the two other patients to conclude in the absence
of residual eosinophilic inflammation. At T;, blood eosinophils were undetectable (N = 4) while at T,, no data was
available. Sputum eosinophils were also undetectable at T; and T, for the only 2 patients for whom we had data
(Table 1).

Patients on Mepolizumab had baseline blood ecosinophils between 100 and 1810x10° cells/L (N = 7). They
subsequently decreased to undetectable levels (T;: N = 4, T,: N = 3) or 100x10° cells/L (T;: N =3, T,: N=3).
Among the 4 patients for whom sputum eosinophils data were available at T, or T,, 3 patients had residual eosinophilic
inflammation (Table 1).

Severe Asthma Exacerbation
In the year preceding the baseline visit (T), 5 patients (63%) on Mepolizumab had >2 severe asthma exacerbations. 2/3
patients with zero or one asthma exacerbation were taking OCS at baseline. For Benralizumab patients, 4/5 experienced
0-1 exacerbation in the year preceding Benralizumab initiation (while on Mepolizumab) whereas one had >3 severe
asthma exacerbations during the same period of time.

After starting their respective anti-IL5/IL5R treatment, no patient on Benralizumab experienced an asthma exacer-
bation compared to two (25%) on Mepolizumab. Those two patients, cases #7 and 12, however reduced their exacer-
bation numbers after the drug initiation, from 3 to 1 and 9 to 1, respectively (Table 1).

Inhaled Corticosteroids (ICS) and Oral Corticosteroids (OCS) Use
Of all patients taking Benralizumab, none used OCS at baseline or over the 12-month treatment period. Two patients
(40%) had stable ICS doses throughout the 3 time points, whereas 3 (60%) underwent a dose reduction.

Among the 8 patients on Mepolizumab, 4 (50%) were taking OCS at treatment initiation (mean dose = 11.5 mg/day),
6 (75%) at T, (mean dose = 9.2 mg/day) and one (13%) at T, (15.0 mg/day (he had 20.0 mg/day at T)). ICS doses
remained stable for two patients (25%), while 4 (50%) had a dose reduction and two increased (25%). The two
Mepolizumab’s patients who experienced a severe asthma exacerbation while on therapy previously had a dose reduction
in their ICS and OCS doses.

Discussion

This retrospective case series describes 5 patients on Benralizumab and 8 on Mepolizumab who presented a significant
FeNO increase between at least two visits in the year following treatment initiation. The increase in FeNO levels on
Benralizumab appears to happen earlier and be more marked than with Mepolizumab. All cases had favorable clinical
outcomes under anti-IL5/IL5R therapies suggesting that these remain effective despite this FeNO increase. Blood and
sputum eosinophils were undetectable for patients on Benralizumab at 3 and 12 months, while they were low for most
patients on Mepolizumab.

Exhaled nitric oxide (NO) is synthesized in the bronchial epithelium by the inducible nitric oxide synthase (iNOS)
enzyme under physiological conditions.'* In asthmatic patients, cytokines and inflammatory mediators induce an
excessive NO production by stimulating iNOS via activation of the IL13 and IL4 pathways. Therefore, FeNO is often
used as a surrogate biomarker that reflects the underlying bronchial T2 inflammation.'> Hence, one would expect
a decrease in FeNO following treatment with anti-IL5/IL5R antibodies although FeNO is not directly related to the
ILS pathway. However, as all inflammatory pathways are interrelated, it is possible that blocking the ILS upregulates
IL13 and IL4 pathways, which increases FeENO through compensatory mechanisms.

A similar phenomenon is observed with Dupilumab, a monoclonal antibody targeting IL4 and IL13, where
a paradoxical rise in blood eosinophils occurs in a subset of patients. In phase 3 studies, very high blood eosinophils
levels (>3000 cells/mm*) were reported in 13% of Venture’s patients (all OCS-dependent patients)16 and 1.2% of Quest’s
patients.'®'” This rise was transient, with a return to baseline levels by the end of treatment, and good clinical outcomes.
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An earlier phase 2 study also reported a marked blood eosinophils rise (>200%) in 4/44 Dupilumab patients.'® It is
possible that this blood eosinophils rise reflects an upregulation of IL5 pathway when blocking IL4 and IL13 with
Dupilumab, reinforcing the compensatory mechanism theory.

The precise effects of anti-IL5/IL5R antibodies on FeNO remain unknown since this outcome was not included in
phase 3 studies. However, a prospective real-life study on Benralizumab (J-BEST),"” a retrospective study on anti-IL5

1?° and a real-world settings study on Mepolizumab®' reported no significant change in FeNO

19,21

therapies by Ramonell et a
despite a significant reduction in blood eosinophils and significant clinical benefits from the therapy.'® ' These
suggest that the therapeutic effect of anti-IL5/IL5SR does not correlate with FeNO levels. Our findings support these
studies since all our patients had good clinical outcomes despite FeNO increase. In addition, a real-world study by Pelaia
et al suggested that blood eosinophil count is clinically more relevant than FeNO to evaluate the overall efficacy of IL5/
IL5R-targeting therapies, even though FeNO might be useful as an accessory inflammatory biomarker.*?

Many factors influence FeNO levels. Some of them increase FeNO, such as permanent and/or elevated exposure to
allergens,'" atopy”® and nasal polyposis. Polyps are an expression site for iNOS, which stimulates NO production.***’
Among our studied patients, 11/13 had atopy and 8/13 had nasal polyposis. These patient’s asthma pathophysiology is
characterized by elevated IL5/IL13/IL4 that might predispose them to higher FeNO levels.?® Other factors reduce FeNO
levels, such as cigarette smoke by its negative feedback on NO production®’ and corticosteroids use which down-
regulates iNOS expression.'* The variation in steroid medications in some of our patients possibly explains why we
observed a FeNO rise instead of a maintenance.

The clinical benefits observed in this study are in line with previous studies. Anti-IL5/ILSR monoclonal antibodies

8,28-30 3132 and sputum and blood eosinophils*®

lead to significant reduction in asthma exacerbations, corticosteroids use,
in severe eosinophilic asthmatics. The greater decrease in eosinophils we observed with Benralizumab compared to
Mepolizumab is consistent with their respective mechanisms of action. Mepolizumab reduces eosinophils in a passive
manner as it binds to IL5 and prevents its action.** Benralizumab’s complete eosinophilic suppression®> might induce
greater upregulation of the IL4/IL13 pathways than Mepolizumab, and consequently, a greater FeNO rise. This may also
explain the interesting observation that despite being previously on Mepolizumab, all Benralizumab patients experienced
a significant FeNO rise after the transition of therapies. In fact, there was a residual eosinophilic inflammation under
Mepolizumab that was confirmed in 4/5 of them.

The earlier rise in FeNO with Benralizumab could be explained by its mechanism of action, which results in a faster
reduction in blood eosinophils.***® However, more Mepolizumab patients were on OCS at treatment initiation and those
were subsequently weaned in all but one. As most of the patients who underwent OCS withdrawal showed a later rise in
FeNO, OCS reduction rather than the drug mechanism is an alternative explanation for the late FeNO increase with
Mepolizumab.

The greatest limitation of this study arises from its retrospective design. Most patients who initiated an anti-IL5/IL5R
therapy at the IUCPQ’s severe asthma clinic could not be included due to insufficient FeNO measurements (<2 time
points). There is also a great difference in the number of eligible patients for the two studied medications, Benralizumab
(N = 15) and Mepolizumab (N = 40). This, especially for Benralizumab patients, can have overestimated the variation in
FeNO. Although FeNO is frequently used in follow-up visits at our institution, it is not statutory and different practices
exist among physicians. Even though our small sample does not allow for conclusions on the causes of these FeNO
increases, nor on the relevance of using FeNO in monitoring patients under anti-IL5/ILSR monoclonal antibody
therapies, we believe that this clinical phenomenon is not a coincidence and requires further investigation.

Conclusion

Initiation of anti-IL5/IL5R may cause a transient rise in FeNO levels in a subgroup of patients, without obvious clinical
influence. Although this should be assessed in a larger cohort of patients, our observations raise questions about
compensatory mechanisms triggered by eosinophilic depletion following the initiation of Benralizumab and
Mepolizumab. By blocking the IL5 that acts at the end of the inflammatory cascade, without removal of the upstream
trigger, anti-IL5/IL5R therapies may result in overactivation of parallel or more upstream inflammatory pathways which
may include IL13 or IL4 pathways, both involved in FeNO production. The paradoxical increase in eosinophils following
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blockage of the IL13 and IL4 pathways with Dupilumab reinforces our theory of a possible compensatory mechanism.
The mechanisms underlying these rises deserve further investigation as they could be key in the development of novel
therapy or early identification of loss of response to the available actual monoclonal antibodies.

Abbreviations

BMI, Body-mass index; EGPA, Eosinophilic granulomatosis with polyangiitis; FeNO, Fractional exhaled nitric oxide;
FEV,, Forced expiratory volume in one second; GERD, Gastroesophageal reflux disease; ICS, Inhaled corticosteroids;
IL-4, Interleukin-4; IL-5, Interleukin-5; IL-5R, Receptor of the IL-5; IL-13, Interleukin-13; iNOS, inducible nitric oxide
synthase; IUCPQ, Quebec Heart and Lung Institute; mcg, microgram; mg, milligram; NO, Nitric oxide; OCS, Oral
corticosteroids; ppb, parts per billion; T2 inflammation, Type 2 inflammation.
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