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When sequential use of mepolizumab ol

and dupilumab in a severe atopic eosinophilic
asthmatic questions the role of eosinophils

in mediating the clinical expression

of the disease: a case report

M. Sabbe!”, F. Schleich', P. Janssens? and R. Louis'

Abstract

Background The advent of biologics has resulted in major progress in the treatment of severe T2 high asthmatics.
There are currently several classes of biologics approved for severe asthma including anti-immunoglobulin E, anti-
interleukin-5/interleukin 5R, anti-interleukin 4/interleukin 13R, and anti-thymic stromal lymphopoietin.

Case presentations Here we report the case of a 55-year-old Caucasian man with severe eosinophilic atopic asthma,
who sequentially benefited from a treatment with mepolizumab, an anti-interleukin-5 monoclonal antibody, followed
by treatment with dupilumab, an anti-interleukin-4/interleukin-13R antibody, the switch being justified by a flare-

up of dermatitis while on mepolizumab. Overall, the patient has been followed for 72 months, including 42 months
on mepolizumab and 30 months on dupilumab. Close monitoring of exacerbations, asthma control, lung func-

tion, asthma quality of life, and biomarkers shows that both biologics reduced asthma exacerbation and pro-

vided an improvement in asthma control and quality of life, with the patient achieving remission after 30 months

on dupilumab. However, the effects of the two biologics on the biomarkers were very different, with mepolizumab
controlling eosinophilic inflammation and dupilumab reducing serum immunoglobulin E and fractional exhaled nitric
oxide levels.

Conclusion The originality of this case resides in the description of clinical status and biomarker evolution

after a sequential use of mepolizumab and dupilumab in a severe atopic eosinophilic asthmatic. It shows that mepoli-
zumab reduces exacerbation and improves asthma control by curbing eosinophilic inflammation whereas dupilumab
provides asthma remission without controlling airway eosinophilic inflammation.
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Introduction
Severe asthma features a chronic airway inflamma-
tion mediated by many interleukins [1, 2]. The advent
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for treating severe asthma, including anti-immunoglob-
ulin E (anti-IgE) (omalizumab), anti-interleukin (IL)-5
(mepolizumab, reslizumab), anti-IL5R (benralizumab),
anti-IL4/IL13R (dupilumab), and anti-thymic stromal
lymphopoietin (TSLP) (tezepelumab) [3-5]. They all
have different mechanisms of action and some of them
have treatment indications other than for sole severe
asthma such as chronic idiopathic urticaria for anti-IgE
[6], atopic dermatitis for dupilumab [7], and nasal poly-
posis for omalizumab, mepolizumab, and dupilumab
[8, 9]. Mepolizumab is a humanized monoclonal anti-
body (IgG1, kappa) directed against interleukin-5, while
dupilumab is a recombinant human monoclonal anti-
body (IgG4) that blocks the alpha chain of the receptor of
interleukin-4 and interleukin-13. Mepolizumab decreases
blood and lung eosinophils and reduces asthma exacer-
bations [10] and the use of systemic corticoids as mainte-
nance treatment, whereas the main action of dupilumab,
which also reduces exacerbation and oral corticosteroid
(OCS) burden, seems to be related to airway smooth
muscle relaxation [11] and reduction in mucus hyperse-
cretion [12].

Here we report the case of a severe eosinophilic atopic
asthmatic who sequentially benefited from a treatment
with mepolizumab and dupilumab, in whom the switch
was justified by a flare-up of dermatitis. This case illus-
trates the different mechanisms of action between the
two biologics and raises questions about the role of
airway eosinophils in mediating clinical expression of
asthma.

Case report

The Caucasian patient living in Belgium was born in
1951 and was referred to our asthma clinic at the age of
65 years.

His asthma started at the age of 55 years after a clinical
history of a nasal polyposis for more than 10 years. He
had smoked 10 cigarettes/day until the age of 34 years
and had carried out the job of hairdresser until the age of
60 years. An available biology at asthma onset when the
patients was 55 years old revealed high total serum IgE at
522 kU/I and eosinophilia at 540/ul, representing 7.8% of
blood leucocytes.

Our patient had been followed in primary care setting
for 10 years for his asthma, had been treated by high-
dose inhaled corticoids (ICS) combined to long acting
B2-agonists (LABA) (dipropionate fluticasone/salmet-
erol 500/50 pg 2x1/24 hour) and montelukast 10 mg/
day. While controlled for 7 years with this treatment,
the patient started to show signs of clinical deteriora-
tion later in the course of the disease. Indeed, despite the
high-intensity treatment, the patient received multiple
courses of OCS to relieve symptoms of breathlessness
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and cough over the past 3 years prior to the visit at our
asthma clinic. More precisely, the patient reported nine
courses of methylprednisolone in the 12 months prior to
the visit at our asthma clinic, but no lung function had
been performed.

The first visit at our asthma clinic gave the results
described in Table 1. The patient was atopic with multiple
sensitizations toward common aeroallergens and had a
high total serum IgE at 1510 kU/IL. He displayed increased
fractional exhaled nitric oxide (FeNO) at 86 ppb,
increased sputum eosinophil count at 8%, but normal
blood eosinophil count at 239 pl. He showed airflow
limitation (pre-bronchodilation FEV1 67% predicted and
FEV1/FVC 76% and post-bronchodilation FEV1 73% pre-
dicted. As a reminder FEV1 measures the forced expira-
tory volume in one second and FVC measures the forced
vital capacity,) and severe bronchial hyperresponsiveness
to methacholine with a provocative concentration caus-
ing a 20% fall in FEV1 measured at 0.17 mg/ml. Asthma
was uncontrolled with an asthma control test (ACT) at
8 and an asthma control questionnaire (ACQ) at 4.29.

Table 1 Patient at his first assessment at our asthma clinic

Demographic characteristics

Age (years) 63

Gender Male

BMI 28 kg/m?
Profession Hairdresser

Airway and blood inflammatory markers

FeNO 63 ppb
Sputum eosinophil count 8%
Blood eosinophil count 239/l
Total IgE 1510 kU/I
Patient-reported outcomes
Quiality of life
Control of his asthma
ACT 8
ACQ 4.29
AQLQ 3.07

Respiratory function assessment

VEMS pre-bronchodilation
VEMS post-bronchodilation

67% of predicted values
73% of predicted values

VEMS/CVF 76%

% of reversibility with salbutamol 6%

PC 20 Methacholine 0.17 mg/ml
Comorbidity

Nasal polyposis
Atopic status

Dpt 2.6 kU/I
Grass 34 ku/l
Cat <0.35 kU/I
Dog 1 kU/I
Birch 2.8 ku/l

BMI Body Mass index; FeNO fraction of exhaled nitric oxide; ACT asthma
control test; ACQ asthma control questionnaire; AQLQ asthma quality of life
questionnaire

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Sabbe et al. Journal of Medical Case Reports (2024) 18:63

Asthma quality of life was poor with an Asthma Quality
of Life Questionnaire (AQLQ) at 3.07.

The patient was then included in a trial investigating
the value of triple therapy (ICS, Long-acting beta-ago-
nists (LABA) and Long-acting muscarinic antagonists
(LAMA)) in patients uncontrolled by high doses ICS/
LABA (IRIDIUM study, a randomised, double-blind,
controlled phase 3 study [13]) but was soon discarded
because of poor asthma control and two exacerbations
requiring courses of OCS within the first 2 months of
the trial. Two blood eosinophil counts sampled 1 month
apart during the exacerbation phases revealed values of
620 pl and 600 pl, respectively. During the second exac-
erbation, FEV1 was measured at 41% predicted, rising to
57% predicted 15 min after 400 pg inhaled salbutamol.

Therefore, on the basis of recurrent exacerbations (nine
over the last 12 months) imposing courses of OCS and
the lack of improved control while being scrutinized in a
randomized controlled trial (RCT) assessing the value of
triple therapy in a severe eosinophilic patient, we decided
to start mepolizumab 100 mg subcutaneous once per
month, which had just been made available and reim-
bursed by public health authorities in Belgium by this
time. The last course of OCS was terminated the week
before mepolizumab initiation. The day of the initiation
of mepolizumab, we measured FEV1 at 64% predicted,
FEV1/FVC ratio at 63%, and FEV1 rose up to 92% pre-
dicted after inhalation of 400 pg salbutamol. FeNO was
measured at 45 ppb, sputum eosinophil count at 46%,
and blood eosinophil at 443 pl.

After initiation of mepolizumab we observed an
improvement in asthma control and asthma quality
of life (Table 2, Fig. 1) together with a clear reduction
in exacerbation rate over the next 42 months, with no
asthma exacerbation at all for the time period between
18 months and 42 months (Table 2). Blood and sputum
eosinophils markedly decreased and remained low across
the whole time period when patient received mepoli-
zumab. On the contrary, FeNO and total serum IgE
levels increased (Table 2, Fig. 2). Patient stopped treat-
ment with montelukast but kept receiving fluticasone/
salmeterol 1000/100 pg/day. Asthma was not fully con-
trolled yet, with ACT and ACQ values of 17 and 2.43,
respectively.

Although no asthma exacerbation occurred over the
last 24 months while being treated with mepolizumab
and high-dose fluticasone/salmeterol, the patient devel-
oped a very aggressive and invalidating atopic dermatitis
(Fig. 3), which was not satisfactorily relieved by first-step
medications such as dermatocorticoids. Therefore, the
dermatologist suggested to switch from mepolizumab
to dupilumab (200 mg subcutaneous for 14 days) to treat
the atopic dermatitis.
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The patient was reassessed 6 months after starting
dupilumab. No exacerbation of asthma had occurred
and there was a marked improvement of the skin lesions
(Fig. 4). Pre- and post-bronchodilation FEV1 were meas-
ured at 59% and 83% predicted, respectively. Asthma was
still not controlled, with ACT and ACQ at 17 and 2.14,
respectively, and AQLQ score was 5.2 (Fig. 1). FeNO
level had decreased to 32 ppb but sputum and blood
eosinophils had increased to 38% and 930 pl, respectively,
whereas total IgE was still high at 1187 kU/1 (Fig. 2).
Thus, compared with the treatment with mepolizumab,
the clinical situation was stable regarding asthma control
and exacerbation but markedly improved with respect to
dermatitis.

Further assessments were performed after 18 months
and 30 months of dupilumab treatment (Table 2). There
had been no exacerbation requiring OCS over the whole
period, and asthma control was obtained as reflected
by ACQ<1.5 at 18 months and ACT >20 at 30 months.
Moreover, there was a sustained improvement in FEV1
with pre- and post-bronchodilation FEV1 at 30 months
reaching 86% and 95% predicted, respectively. Sputum
eosinophil and blood eosinophil counts remained ele-
vated and clearly above normal values (>3% for sputum
and >400 ul for blood) throughout the period whereas
total IgE serum and FeNO levels had markedly decreased
compared with the period when the patient was receiving
mepolizumab, though being still slightly elevated com-
pared with normal values.

Discussion

The present case describes the evolution of a severe
eosinophilic atopic asthmatic who displayed clear clini-
cal improvement in asthma control and quality of life
together with substantial reduction in exacerbation after
treatment with mepolizumab for 42 months (Fig. 1). The
occurrence of a severe atopic dermatitis while the patient
was receiving mepolizumab drove us to switch the bio-
logic from mepolizumab to dupilumab. On dupilumab,
the patient has kept good asthma control and has shown
no exacerbation over a 30-month treatment period. Fur-
thermore, with an ACQ < 1.5 at the latest visit, the patient
achieved a clinical status that could be qualified as a state
of remission [14]. The originality of this case resides in
the concomitant detailed and sequential description of
blood and airway inflammatory parameters after mepoli-
zumab and dupilumab. It shows that dupilumab provides
asthma remission without controlling systemic and air-
way eosinophilic inflammation.

Our case clearly shows that mepolizumab and
dupilumab have a very distinct and contrasted effect on
inflammatory biomarkers, supporting their different
molecular mechanisms of action [7, 15, 16]. Our case
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Fig. 1 Evolution of asthma control and quality of life, solid squares indicate mepomizumab period and solid triangles indicate dupilumab period
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Fig. 3 Dermatitis under treatment with mepolizumab
and before starting dupilumab

Fig. 4 Skin lesions healing 6 months after starting dupilumab
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illustrates the efficacy of mepolizumab in reducing exac-
erbation and improving asthma control through its ability
to curb eosinophilic inflammation, even if the magnitude
of eosinophil decrease is much greater in blood than in
sputum. Both RCT trials and real-world data have shown
that the magnitude of blood eosinophilic inflamma-
tion predicts the clinical response in terms of reduction
of exacerbation and improvement in FEV1 [17, 18], and
a recent clinical observation from our asthma clinic has
indicated that sputum eosinophils may predict the possi-
bility of achieving remission with mepolizumab treatment
[19]. However, particularly intriguing is the fact that, in
the months following the switch to dupilumab, asthma
exacerbation was maintained to none whereas there
was a massive rebound increase in both blood and spu-
tum eosinophils. This suggests that asthma exacerbation
may still be suppressed despite the persistence of intense
eosinophilic inflammation. The rise in blood eosinophil
after starting dupilumab had already been described in
a RCT [20] but the rise in sputum eosinophils is a novel
and somewhat unexpected observation since the rise in
blood eosinophils was supposed to be due to a reduc-
tion of eosinophil passage through endothelium into the
peripheral tissue as a consequence of reduced VCAM-1
(Vascular cell adhesion molecular 1) expression mediated
by IL-4 [21, 22]. Our case clearly shows that eosinophil
may still access the airways while the patient was treated
with dupilumab. In keeping with our finding, a previous
unpublished bronchial biopsy study showed that treat-
ment with dupilumab did not reduce tissular eosinophils
[23]. Whether eosinophil phenotype and activation state
after dupilumab were similar to those before initiation
of mepolizumab remains to be determined. There are
arguments for heterogeneity among eosinophils, some
of them playing a regulatory role instead of being pro-
inflammatory [24]. The mechanism by which dupilumab
improves asthma control and reduces exacerbation while
eosinophils are persistent may be linked to an impact of
IL-4 and IL-13 on mucus secretion and airway smooth
muscle [22]. It is worth noting that, although persistent,
the intensity of both systemic and airway eosinophilic
inflammation seems to decrease over time, with sputum
and blood values only slightly raised above normal after
30 months of dupilumab treatment.

Flare-up of dermatitis was the reason for the switch
of biologic in our case. Why dermatitis flourished while
the patient was under mepolizumab remains unclear.
Whether it was related to the blocking of interleukin-5
or to the sharp reduction of OCS consumption contem-
poraneous of the mepolizumab treatment is unclear.
It is noticeable that the dermatitis flare-up was associ-
ated with a rise in total serum IgE that contrasted with
a sharp reduction in blood eosinophils. It would suggest
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that the IL-4 path might have been favored after block-
ing the effect of IL-5. In contrast, switching to dupilumab
reduced total IgE and FeNO, thereby confirming what
had been demonstrated in RCTs [25, 26], but initiation of
dupilumab also resulted in a sharp increase in blood and,
more surprisingly, sputum eosinophils. Our case indi-
cates that treatment with anti-IL-5 and anti-IL-4/IL-13
suppresses the usual relationship between FeNO and
sputum eosinophils found in large cohorts of asthmat-
ics, including both steroid-naive and ICS-treated patients
(27, 28].

Our case not only illustrates the effectiveness of both
mepolizumab and dupilumab in severe T2 high asthma,
but also highlights the different mechanisms of action
between the two biologics. In addition, it questions the
role of eosinophils in mediating the severity of disease
expression.

Conclusion

The originality of this case resides in the description of
clinical status and biomarker evolution after a sequential
use of mepolizumab and dupilumab in a severe atopic
eosinophilic asthmatic. It shows that mepolizumab
reduces exacerbation and improves asthma control by
curbing eosinophilic inflammation, whereas dupilumab
provides asthma remission without controlling airway
eosinophilic inflammation.

Acknowledgements
Not applicable.

Author contributions

Principal author is MS (mare.sabbe@student.uliege.be). Principal care giver
for his asthma lung specialist is RL, who found the patient for the article and
helped with the editing and perfection of the case report. The patient is also
followed by PJ for his atopic dermatitis. PJ advised for the dermatological side.
RL, FS, critically reviewed the study proposal and served as scientific advisors.

Funding
Not applicable.

Availability of data and materials
All data generated or analysed during this study/case report are included in
this published article (and its Additional files).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication

Written informed consent was obtained from the patient for this case report
and any accompanying images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal.

Competing interests

R. Louis reports grants and personal fees from GSK, AZ, Chiesi, and Novartis
and personal fees from Sanofi outside the submitted work. F. Schleich reports
grants and personal fees for national board participation and presentations
from GSK and AstraZeneca and personal fees for board participation and
lectures from Chiesi outside the submitted work.

Page 7 of 8

Received: 22 March 2023 Accepted: 6 November 2023
Published online: 31 January 2024

References

1. Chung KF, Barnes PJ. Cytokines in asthma. Thorax. 1999;54(9):825-57.

2. Chung KF. Target the interleukin pathway in the treatment of asthma.
Lancet. 2015;386:1086-96.

3. McGregor MC, Krings JG, Nair P, Castro M. Role of biologics in asthma. Am
J Respir Crit Care med. 2019;199(4):443-5.

4. Agache |, Beltran J, Akdis C, Akdis M, Canelo-Aybar C, WalterCanonica
G, CasaleT, Chivato T, Corren J, Del Giacco S, Eiwegger T, Firinu D, Gern
JE, Hamelmann E, Hanania N, Makeld M, Hernandez-Martin |, Nair P,
O'Mahony L, Papadopoulos NG, Papi A, Park H-S, Perez de Liano L, Posso
M, Rocha C, Quirce S, Sastre J, Shamji M, Song Y, Steiner C, Schwarze J,
Alonso-Coello P, Palomares O, Jutel M. Efficacy and safety of treatment
with biologicals (benralizumab, dupilumab and omalizumab) for severe
allergic asthma: a systematic review for the EAACI Guidelines—rec-
ommendations on the use of biologicals in severe asthma. Allergy.
2020;75(5):1043-57.

5. Brusselle G, Koppelman G. Biologic therapies for asthma. N England J
Med. 2022;386:157-71.

6.  Maurer M, Rosen K, Hsieh H, Saini S, Grattan C, Gimenez-Arnau A,
Agarwal S, Doyle R, Canvin J, Kaplan A, Casale T. Omalizumab for the
treatment of chronic idiopathic or spontaneous urticaria. N Engl J Med.
2013;368:324-935.

7. Harb H, Chatila TA. Mechanisms of dupilumab. Clin Exp Allergy.
2020;50:5-14.

8. Morse JC, Miller C, Senior B. Management of chronic rhinosinutis with
nasal polyposis in the era of biologics. J Asthma Allergy. 2021;14:873-82.

9. Han JK, Bachert C, Fokkkens W, Lee SE, Smith SG, Martin N, Mayer B,
Yancey SW, Sousa AR, Cham R, Hopkins C. Mepolizumab for chronic
rhinosinutis with nasal polyps (synapse): a randomised double-blind,
placebo-controlled, phase 3 trial. Lancet Respir Med. 2021;9(10):1141-53.

10. Haldar P, Brightling CE, Hargadon B, Gupta S, Monteiro W, Sousa A,
Marshall RP, Bradding P, Green RH, Wardlaw AJ, Parvord ID. Mepolizumab
and exacerbations of refractory eosinophilic asthma. N Engl J Med.
2009;360(1):973-84.

11. Calzetta L, Aiello M, Frizzelli A, Bertorelli G, Ritondo BL, Rogliani P, Chetta
A.The impact of monoclonal antibodies on airway smooth muscle
contractility in asthma: a systematic review. Biomedicines. 2021;9(9):1281.

12. Anai M, Yoshida C, Izumi H, Muramoto K, Saruwatari K, Tomita Y, Ichiyasu
H, Sakagami T. Successful treatment with dupilumab for mucus plugs in
severe asthma. Respirol Case Rep. 2022;11(1):01074.

13. Kerstjens HAM, Maspero J, Chapman KR, van Zyl-Smit RN, Hosoe M,
Tanase A-M, Lavecchia C, Pethe A, Shu X, D'’Andrea P. Once-daily, single-
inhaler mometasone-indacaterol-glycopyrronium versus mometasone-
indacaterol or twice daily fluticasone-salmeterol in patients with
inadequately controlled asthma (IRIDIUM): a randomised, double-blind,
controlled phase 3 study. Lancet Respir Med. 2020;8(10):1000-12.

14. Menzies-Gow A, Bafadhel M, Busse WW, Casale TB, Kocks JWH, Parvord ID,
Szefler SJ, Woodruff PG, de Giorgio-Miller A, Trudo F, Fageras M, Ambrose
CS. An expert consensus framework for asthma remission as a treatment
goal. J Allergy Clin Immunol. 2020;145(3):757-65.

15. Le Floc’h A, Allinne J, Nagashima K, Scott G, Birchard D, Asrat S, Bai Y, Lim
WK, Martin J, Huang T, Potocky TB, Kim JH, Rafique A, Papadopoulos NJ,
StahI' N, Yancopoulos GD, Murphy AJ, Sleeman MA, Orengo JM. Dual
blockade of II-4 and 11-13 with dupilumab, an il-4Ralpha antibody, is
required to broadly inhibit type 2 inflamation. Allergy. 2020;75:1188-204.

16. Wenzel S, Ford L, Pearlman D, Spector S, Sher L, Skobieranda F, Wang
L, Kirkesseli S, Rocklin R, Bock B, Hamilton J, Ming JE, Radin A, StahI N,
Yancopoulos GD, Graham N, Pirozzi G. Dupilumab in persistent asthma
with elevated eosinophil levels. N Engl J Med. 2013,368(26):2455-66.

17. Ortega HG, Yancey SW, Mayer B, Gunsoy NB, Keene ON, Bleecker ER,
Brigthling CE, Parvord ID. Severe eosinophilic asthma treated with
mepolizumab stratified by baseline eosinophilic thresholds: a second-
ary analysis of the DREAM and MENSA studies. Lancet Respir Med.
2016;4(7):549-56.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Sabbe et al. Journal of Medical Case Reports (2024) 18:63

20.

21

22.

23.
24.

25.

26.

27.

28.

Schleich F, Graff S, Nekoee H, et al. Real-word experience with
mepolizumab: does it deliver what it has promised? Clin Exp Allergy.
2020;50(6):687-95.

Moermans C, Brion C, Bock G, Graf S, Gerday S, Nekoee H, Poulet C, Bric-
mont N, Henket M, Paulus V, Guissard F, Louis R, Schleich F. Sputum Type
2 markers could predict remission in severe asthma treated with anti-IL-5.
Chest. 2023;163(6):1368-79.

Castro M, Corren J, Pavord ID, Maspero J, Wenzel S, Rabe KF, Busse WW,
Ford L, Sherb L, FitzGerald JM, Katelaris C, Tohda Y, Zhang B, Staudiger H,
Pirozzi G, Amin N, Ruddy M, Akinlande B, Khan A, Chao J, Martincova R,
Graham NMH, Hamilton JD, Swanson BN, Stahl N, Yancopoulos GD, Teper
A. Dupilumab efficacy and safety in moderate-to-severe uncontrolled
asthma. N Engl J Med. 2018;378:2486-96.

Wu AY, Sur S, Grant JA, Tripple JW. Interleukin-4/interleukin-13 versus
interleukin-5: a comparison of molecular targets in biologic therapy

for the treatment of severe asthma. Curr Opin Allergy Immunol.
2019;19(1):30-7.

Steinke JW, Borish L. Th2 cytokines and asthma. Interleukin-4: its role in
the pathogenesis of asthma and targeting it for asthma treatment with
interleukin-4 receptor antagonists. Respir Res. 2001;2(2):66-70.
ClinicalTrials.gov Identifier: NCT02573233.

Mesnil C, Raulier S, Paulissen G, Xiao X, Birrell MA, Pirottin D, Jamess T,
Starkl P, Ramery E, Henket M, Schleich FN, Radermacker M, Thielemans K,
Gillet L, Thiry M, Belvisi MG, Louis R, Desmet C, Marechal T, Bureau F. Lung-
resident eosinophils represent a district regulatory eosinophil subset. J
Clin Invest. 2016;126(9):3279-95.

Pavord ID, Siddiqui S, Papi A, Corren J, Sher DL, Baffin P, Langton D, Park H,
Rice MS, Deniz Y, Rowe P, Staudinger HW, Patel N, Ruddy M, Graham NMH,
Teper A. Dupilumab efficacy in patients stratified by baseline treatment
intensity and lung function. J Asthma Allergy. 2020;13:701-11.

Hamilton JD, Harel S, Swanson BN, Brian W, Chen Z, Rice MS, Amun N,
Ardeleanu M, Radin A, Shumel B, Ruddy M, Patel N, Pitozzi G, Man-

nent L, Graham NMH. Dupilumab suppresses type 2 inflammatory
biomarkers across multiple atopic, allergic diseases. Clin Exp Allergy.
2021,51(7):915-31.

Schleich FN, Seidel L, Sele J, Manise M, Quaedvlieg V, Michils A, Louis

R. Exhaled nitric oxide threshold associated with a sputum eosinophil
count >3% in a cohort of unselected patients with asthma. Thorax.
2010;65(12):1039-44.

Gerday S, Schleich F, Henket M, Guissard F, Paulus V, Louis R. Revisit-

ing differences between atopic and non-atopic asthmatics: when

age is shaping airway inflammatory profile. World Allergy Organ J.
2022;15(6):100655.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.

Page 8 of 8



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).

Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access
control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is
otherwise unlawful;

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in
writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal
content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at

onlineservice(@springernature.com



mailto:onlineservice@springernature.com

