Journal Pre-proof

Dupilumab improves asthma control and lung function in patients with insufficient
outcome during previous antibody therapy

Carlo Mimmler, MD, Dieter Munker, MD, Michaela Barnikel, MD, Tobias Veit, MD,
Moritz Kayser, MD, Tobias Welte, MD PhD, Jirgen Behr, MD, Nikolaus Kneidinger,
MD PhD, Hendrik Suhling, MD, Katrin Milger, MD

PII: S$2213-2198(20)30962-4
DOI: https://doi.org/10.1016/j.jaip.2020.09.014
Reference: JAIP 3124

To appearin:  The Journal of Allergy and Clinical Immunology: In Practice

Received Date: 24 May 2020
Revised Date: 20 August 2020
Accepted Date: 4 September 2020

Please cite this article as: Mimmler C, Munker D, Barnikel M, Veit T, Kayser M, Welte T, Behr J,
Kneidinger N, Suhling H, Milger K, Dupilumab improves asthma control and lung function in patients with
insufficient outcome during previous antibody therapy, The Journal of Allergy and Clinical Inmunology:
In Practice (2020), doi: https://doi.org/10.1016/j.jaip.2020.09.014.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma & Immunology


https://doi.org/10.1016/j.jaip.2020.09.014
https://doi.org/10.1016/j.jaip.2020.09.014

Dupilumab improves asthma control and lung functionin patients with insufficient
outcome during previous antibody therapy
Authors:
Carlo Miimmler MD, Dieter Munker MDB, Michaela Barnikel MB, Tobias Veit MD,
Moritz Kayser M¥, Tobias Welte MD PhB) Jirgen Behr ME) Nikolaus Kneidinger MD
PhD', Hendrik Suhling MB', Katrin Milger MD*'
Affiliations:

! Department of Internal Medicine V, Ludwig-Maxinaitis-University of Munich (LMU),
Munich, Germany; Comprehensive Pneumology CenteC{@®), Helmholtz Center Munich,
Member of the German Center for Lung Research (DKlunich, Germany

Department of Pneumology, Hanover Medical Schoamyer of the German Center for
Lung Research (DZL), Germany

" contributed equally

Corresponding Author:

Katrin Milger

Department of Internal Medicine V, Ludwig-Maximitia-University of Munich (LMU),
Munich, Germany; Comprehensive Pneumology CenteC@), Helmholtz Center Munich,
Member of the German Center for Lung Research (D¥lunich, Germany
Marchioninistr.15, 81377 Munich

Phone: +49-89-4400-73071

Email: Katrin.Milger@med.uni-muenchen.de

Email addresses
Carlo.Muemmler@med.uni-muenchen.de
Dieter.Munker@med.uni-muenchen.de
Michaela.Barnikel@med.uni-muenchen.de
Tobias.Veit@med.uni-muenchen.de
Kayser.Moritz@mh-hannover.de
welte.tobias@mh-hannover.de
Juergen.Behr@med.uni-muenchen.de
Nikolaus.Kneidinger@med.uni-muenchen.de
Suhling.Hendrik@mh-hannover.de
Katrin.Milger@med.uni-muenchen.de

Funding received for this work: None.

Conflicts of Interest

CM, DM, MB, TV, MK: None.

TW: Speaker and/or advisory board honoraria fromrad@eneca, GSK, Novatrtis.

JB: Speaker honoraria from GSK, Novartis.

NK: Speaker honoraria and/or advisory board homofasm AstraZeneca, Sanofi.

HS: Speaker and/or advisory board honoraria frotnaXeneca, GSK, Novartis.

KM: Speaker and/or advisory board honoraria fronr&eneca, GSK, Novartis, Sanofi.



48
49

50
51
52
53
54
55
56
57
58
59

60
61

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

Highlight Boxes:
What is already known about this topic? Therapy with anti-IL5/IL5R or anti-IgE antibodies

is highly effective in most patients with severesieophilic or IgE-dependent asthma.
However, in some patients outcome under theseptesrss insufficient.

What does this article add to our knowledge? This is the first study assessing the response to
the anti-IL4Ry antibody dupilumab in patients with insufficienutoome during anti-
IL5/IL5Ra or anti-IgE therapy.

How does this study impact current management guidelines? Switching to dupilumab appears
to be a promising therapeutic option leading tormepment in lung function, asthma control
and decrease in OCS use.

Keywords: Severe asthma, dupilumab, type 2 inflatronalL4, IL5, IL13, IgE

Abbreviations:

IgE Immunoglobulin E

IL Interleukin

ICS inhaled corticosteroid

OCS oral corticosteroid

ACT asthma control test

FeNO fraction of exhaled NO

FEV1 forced expiratory volume in first second
FVC forced vital capacity

MEF25-75% maximum expiratory flow at 25-75% of fedcvital capacity
LABA long-acting beta agonist

LAMA long-acting muscarinic antagonist
LTRA leukotriene receptor antagonist

Reff effective airway resistance
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Abstract (Word Count: 250)
Background: Biological treatments directed agailgf and IL5 have largely improved

outcomes for patients with severe type-2 high aathidowever, a fraction of severe
asthmatics shows insufficient treatment outcome eundnti-lgE and anti-IL5/anti-IL5
receptoro (anti-lIL5Ra) antibodies.

Objective: To evaluate whether switching to dupilomwas of benefit in patients with
insufficient outcome under previous anti-IgE ori-dbb/IL5R o therapy.

Methods: We retrospectively analyzed 38 patiends tere switched to dupilumab from a
previous anti-IgE or anti-IL5/IL5R medication due to insufficient outcome. We defined
response criteria after 3-6 months as an improvémeat least one of the following criteria
without deterioration in the other criteria, compgrvalues under dupilumab to values under
previous antibody: 1.increase in asthma controt {@€CT) > 3, 2.reduction in oral
corticosteroid (OCS) doz&0%, 3.FEV1 improvemenl50ml, and classified patients in
responders and non-responders.

Results: Switch to dupilumab led to a response6ith df patients. In the total cohort, ACT
score increased by a mean of 2.9 (p<0.0001), wdxkcerbations decreased significantly
(p<0.0001) and number of OCS dependent patientsedsed from 15 to 12. Mean FEV1
improved of 305ml (p<0.0001). Median FeNO decreabgd-30ppb (p<0.0001), while
eosinophil counts increased by 0.17G/I (p<0.01)er&éhwere no significant differences in
clinical characteristics between responders and-responders to dupilumab. However,
patients with increased FeN@26ppb) during previous antibody were more oftepoesers
than patients with low FeNO (<25pphb) (p<0.05).
Conclusions: Altogether, we show that a switch tpilimab in patients with insufficient

outcome under previous biological therapy was éffedn the majority of patients.
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Main Manuscript (wordcount 2907)

Introduction:

Severe asthma is defined by the ERS/ATS as ingifticasthma control despite high-dose
inhaled corticosteroid (ICS) therapy and additiocahtroller medication (long-acting beta
agonist (LABA), long-acting muscarinic antagonisAMA), leukotriene-receptor antagonist
(LTRA) or theophylline) or despite long-term oralrtcosteroid (OCS) therapy (2, 3). During
the last decades, better knowledge of asthma playsapogy and the discovery of a type 2
(T2)-signature with soluble mediators like IL5, |LHL13 and IgE has led to the development
of targeted therapies for severe asthma. Anti-lg&inalizumab), anti-IL5- (reslizumab,
mepolizumab) and anti-IL5R -antibodies (benralizumab) have been shown to orgr
asthma control, reduce asthma exacerbations, reatatecorticosteroid medication and for
anti-IL5/Ra-antibodies also to improve lung function (4-9).Wéver, some patients have an
insufficient response to anti-IgE or anti-IL5/atitbRa-therapy. In a study performed by
Drick et al. 24% of patients treated with mepolialmwere classified as non-responders (10).
Further, even if an improvement is observed undmr&in antibody, outcome may be judged
insufficient in some patients e.g. if oral steroahnot be tapered off. Recently, dupilumab, a
novel antibody blocking the-subunit of IL4 receptor and thereby inhibiting liaéd 1L13
signaling has been approved for severe asthma Wsasvdor atopic dermatitis and nasal
polyps (11-15). Dupilumab reduces asthma exacengtimproves lung function, reduces
type 2 biomarkers, and allows OCS tapering in sewsthmatic patients (11, 12, 16-18).
Here, we analyzed the response to dupilumab irmigtithat previously showed insufficient
treatment outcomes under anti-IgE or anti-IL5/db%Ra - therapies.

Methods:

Ethics:

The study was approved by the local ethics come({it&1U Munich).

Inclusion criteria:

Data was retrospectively collected from the sess#hma outpatient units at the Ludwig-
Maximilians-University of Munich and Hanover Medic&chool. Inclusion criteria were
severe asthma as defined by the ERS/ATS consetetesnent (2), former anti-IgE or anti-
IL5/anti-IL5Ra-therapy for a duration of at least three monthg arswitch to dupilumab in
less than six months after discontinuation of &gff-/anti-IL5/anti-IL5Ru-therapy. Further,
for inclusion asthma control test (ACT) score, gigrdose and lung function follow up data

had to be available at 3 to 6 months after intiaf dupilumab.
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All patients fulfiled EMA prescription criteria fotheir previous antibody therapy (anti-IgE
or anti-IL5/anti-IL5Ru-therapy respectively) as well as criteria for dumpiab. Antibody
initiation and switching was performed by the tmgtphysician on an individual basis and
solely on clinical grounds. The reasons for switghwere recorded. In patients eligible for
both anti-lgE and anti-IL5, generally anti-IgE tapy is chosen if clinically allergic triggers
are the main driver of disease despite adequatsuresaof allergen avoidance and anti-I1L5/
Ra is preferentially chosen in patients with late-etrssthma and/or pronounced eosinophilia.
However this was a retrospective study and there weaper protocol decision when to start
which antibody.

Patient data and treatment:

Patient characteristics, including ACT, asthma eraations, pulmonary function tests, IgE
values, blood eosinophil levels were collected asetine (without antibody) and during
previous antibody therapy (first antibody). Valuesth closest proximity, but maximal
interval of three months before the timepoint adcdintinuation of previous antibody were
recorded. Dupilumab therapy was initiated with ading dose of 600mg subcutaneously and
further injections of 300mg every two weeks. Regeoto dupilumab was reevaluated 3-6
months after initiation of therapy. Again, clinicdaboratory and pulmonary function tests
were recorded. Nasal comorbidities (allergic risnithronic sinusitis, nasal polyps) were
recorded as reported by the patient or - if avéelalas documented in sinus imaging and ENT
specialist statement and subjective response dymiegious therapy and under dupilumab
were recorded.

Definition of clinical response to dupilumab:

Patients were classified as responders or non-nelgpse according to changes in ACT, lung
function and OCS reduction. Response to dupilumab defined as at least one positive
response criterion without significant deterioratio any other criterion: 1) An increase in
FEV1 of at least 150ml. This cutoff was chosen dnaadance to the FEV1-changes seen in
the phase 3 LIBERTY ASTHMA QUEST trial (17). 2) Ancrease in ACT of at least 3
points, which was previously suggested as the natnclinical important difference (19,
20). 3) Reduction of OCS dosage of at least 50%iiasvas the median reduction observed in
steroid reduction trials with dupilumab as wellabker biologicals (9, 18, 21). Response of
comorbidity was recorded but not defined as respa@niserion. Significant deterioration was
defined as 1) loss in FEV1 of 150ml or more, 2)rdase of ACT of 3 points or more, 3)
every increase of OCS dose more than two weekacrhase in exacerbations. Exacerbations

were defined as a transient worsening of asthm&rapmecessitating steroid pulse therapy
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for less than two weeks, whereas “increase of O@®dwas defined as an increase in OCS-
dose of more than two weeks. Of note, all criteviere assessed at the same timepoint of
reevaluation and patients who needed an increas®@Gf dose before the reevaluation
timepoint, could have improved ACT score or FEV1hat reevaluation timepoint due to the
increased OCS dose and would still be classifietbaisresponders.

Satistical Analysis

Data are presented as numbers (n) and percentslgess and standard deviation (SD) is
shown in case of normal distribution, otherwise rmedand interquartile range (IQR) is
shown. Paired t-test or Wilcoxon signed-rank testemused as appropriate and specified in
the according figure legend. P-values < 0.05 werssiclered statistically significant. Pearson
R was used for correlation analysis. Statisticalysis was performed with GraphPad Prism 8
(GraphPad Software, San Diego, CA) and SPSS $tatih (IBM SPSS, Armonk, NY).
Results

In a cohort of 454 severe asthma patients treatdd mologics in the participating centers,
we identified a total number of 38 patients thatevewitched from a previous antibody
therapy to dupilumab and fulfilled inclusion criter 32 patients (84%) were switched to
dupilumab from a previous anti-IL5/anti-ILsRherapy (mepolizumab (n=11), reslizumab
(n=2), benralizumab (n=19)). Six patients were smetl to dupilumab from a previous anti-
IgE-therapy (omalizumab (n=6)).

The mean age of the cohort was 55 years, 58% veanalé patients. The median age at
asthma diagnosis was 25 years. Sensitization tmakergens was found in 76% of patients,
and comorbidities were frequent with nasal polypd allergic rhinitis being most frequent
(each 47% of patients) (table 1).

Patients were intensively treated with medium ahkidose ICS/LABA, additional LAMA
and/or LTRA at baseline (without antibody), butcatburing previous antibody therapy with
anti-lgg or anti-IL5 (table 2). At baseline 64% @htients were taking prednisone
continuously and type-2 biomarkers were increaseshedian with FeNO of 52ppb, blood
eosinophils of 0.41G/l and IgE of 333IU/ml (table thdividual patient data shows that 19
out of 38 patients would have been formally eligifdr both anti-IgE and anti-IL5 treatment
according to EMA prescription criteria and biomarkable E1).

Compared to baseline without antibody, previousbadly therapy with anti-lgE or anti-
IL5/R led to an improvement in several clinical graeters most prominently reduction in the
number of patients taking prednisone from 23 tqtable 2 and figure 1). Using responder

criteria defined above, 42% patients classifiedesponders to the previous therapy (table

6
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E2). Yet, outcome was judged insufficient and shiig to dupilumab was performed due to
one or several of the following reasons: insuffitisubjective treatment response (n=32,
84%), insufficient improvement in lung function pareters (n=26, 68%), insufficient
reduction in asthma exacerbations (n=18, 47%) flicgent response of comorbidities (n=11,
29%), especially no improvement of nasal polyps3(r21%), insufficient reduction in oral
corticosteroid dose (n=12, 32%), persistent eosii@p (n=5, 13%), persistent allergic
symptoms (n=2, 5%) and suspected severe side effgmevious antibody (n=1, 3%) (table
3).

Under previous antibody asthma control was pooh w&itmean ACT score of 14 (SD 5). 21
patients (55%) reported at least one exacerbatiwimgl the previous antibody therapy. The
calculated annualized number of exacerbations gupirevious antibody therapy was 0.8
(IQR 0.0-2.4). Lung function was obstructive witlEWFL % predicted of 60% (SD 23),
reduced mid-expiratory flow at 25-75% (MEF25-75%j 32% (SD 21). Residual volume
was increased to 144% (SD 34). Under previous edayibtherapy markers of T2 high
inflammation were partly present with a median FeNfO55 ppb (IQR 27-102), blood
eosinophils of 0.20 G/I (IQR 0.16-0.42) in patieots anti-IgE-therapy and an elevated total
IgE of 186 1U/ml (IQR 49-365) in patients on aritblRa - therapies (table 2).

Response to dupilumab was evaluated 3-6 monthstedgment initiation by comparing to
the values during the previous antibody therapye Tiean data of the total cohort are
presented in figure 1, showing significant improesof lung function with increase of
FEV1 of 305ml (SD 426ml, p<0.0001), FVC of 214mD(813, p<0.05) and MEF25-75 of
0.384 I/s (SD 0.652). ACT score increased by 2. (86, p<0.001), annualized
exacerbations decreased by a median of 0.81/ye@x(@1) and the number of patients on
prednisone was reduced from 15 to 12 (figure 1A+Bgparate analysis of patients with
previous anti-IL5/R and anti-IgE therapy respectively, showed simiksults as the total
cohort (figure E1 and figure E2).

Eosinophils increased by a median of 0.17G/I (p&D)Ounder dupilumab (fig 1C). Five
patients developed asymptomatic hypereosinopHhilraare than 1 G/I, to a maximum of 1.43
G/l. FeNO was significantly decreased by -25 ppt0(P001) while serum total IgE levels of
patients without previous anti-IgE therapy decrdasignificantly by a median of -76 IU/ml
(p<0.0001) (figure 1). Few side effects of dupilintaerapy were observed: three patients
developed conjunctivitis, leading to discontinuatiof therapy in one patient. One patient

complained of headaches, one patient experiendetbbs, but both continued therapy.



236 Further, we classified patients into responders aotresponders using a combination of
237 ACT-Score, pulmonary function tests and predniselaosage as described above. 29
238 patients (76%) were classified as responders ofnwl2al patients (63% of total pts.)
239 experienced a significant increase in FEV1, 12 (%btal pts.) had a significant increase in
240 ACT, 7 (47% of previously OCS-dependent pts.) walpée to taper OCS dose more than
241 50%. Additionally, 10 patients (26% of total pt®Xperienced a subjective response of
242 comorbidities (table 4). In the group of non-respens (n=9), 3 patients (8%) had a
243 significant reduction in FEV1, 2 patients (5%) hadeduction in ACT, 4 (27% of OCS-
244 dependent pts.) needed a significant increase iB-G@3age. One patient experienced an
245 increase in exacerbation rate (3%) (table 4). @& n® months after switching from anti-lI5R
246 to anti-IL4AR, one patient deteriorated and requiaeprolonged increase of prednisone dose
247 from 5mg to 50mg/d. At reevaluation after 3 mortties patient displayed improved ACT and
248 FEV1 under 50mg/d prednisone and dupilumab (figRye but was classified as non-
249 responder due to increase of prednisone, as oditim#ne methods.

250 Patients with high FeNCQ=R5ppb) under previous antibody were more likelpéaresponders
251 to dupilumab than patients with low FeNO (tableris dable 6). No other associations of
252 Dbaseline characteristics or biomarkers were fotedal€ 5).

253 Discussion:

254 The present study evaluates treatment responsepituchab in a real-life cohort of severe
255 asthmatic patients that had insufficient outcomadeu a previous antibody therapy. We
256 demonstrated that the majority of patients in tokort improved when switched from anti-
257 IgE or anti-IL5/IL5Ru- to an IL4 Ri- strategy. After 3 to 6 months of dupilumab, respers
258 exhibited better asthma control, improvements ingldunction, reduced exacerbations,
259 response of comorbidities, and reduced T2-biomarkeNO and IgE.

260 Clinical characteristics did not differ significhhbetween responders and non-responders to
261 dupilumab. However, our data indicates that higN®emight be a predictor of response to
262 dupilumab. This is in line with RCTs of dupilumafetapy that have shown a response in
263 patients with FeN©&25ppb as opposed to patients with FeNO<25ppb H@)ever, it should
264 be noted that the EMA prescription criteria for dumab require at least one elevated
265 biomarker FeN@25ppb or eosinophils>150/ul, and thus the numbepaifents with low
266 FeNO of <25ppb in this study was small.

267 Targeted anti-IgE and anti-IL5/IL5Rtherapies have revolutionized the treatment okesev
268 asthmatics. Yet, prediction of a therapeutic respdo a certain biologic remains challenging,
269 as seen in a study with mepolizumab, in which adoone quarter of patients with the

8
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indication for an anti-IL5 antibody did not showfftient response to therapy (10). It should
be noted that insufficient outcome in this studgsimot mean no response: patients had a
benefit from the previous biologic with 46% classif as responders but still outcome was
judged insufficient i.a. because asthma control i@ poor or prednisone could not be
tapered off completely.

If response to a biologic is not sufficient, cutréBINA report suggests switching to a
different type 2-targeted therapy (21). Howevertade support this approach is scarce.
Importantly, for patients that remain uncontrollelliring biological therapy, reliable
predictors for a successful switch towards othéibadies have not been defined so far. Here,
we provide first data showing a switch to dupilumsieffective in patients with insufficient
outcomes under previous biologic.

Interestingly, our cohort of uncontrolled, seversthenatics displayed increased T2-
biomarkers despite maximum asthma therapy includami-IgE or anti-IL5/IL5R:-
antibodies: blood eosinophils were increased duanti-IgE therapy, total serum IgE was
increased in patients during anti-IL%/R therapies and FeNO was increased in the overall
cohort. A complicating factor for biomarker analy/sluring treatment is their alteration by
biologics; e.g. total serum IgE as measured bydstahassays increases during omalizumab
due to the formation of IgE-omalizumab complexe®),(&hile the more relevant marker free
serum IgE cannot be measured in routine. Furthiegdbeosinophil counts are usually
suppressed during anti-IL5/IL5Rbut this may not always reflect the situatiorthia airways
(24). However, anti-IgE and anti-IL5/IL3Rtreatment do not affect FeNO values and thus
this marker reflects IL13-signaling even duringsdiological therapies (25, 26). We found
that increased FeNO under previous antibody wasceded to a response to dupilumab.
Therefore, we suggest taking FeNO values into atcioupatients with insufficient outcome
under biologics when switching is considered.

Other predictors of response could not be idewtifiédowever, it is noticeable, that about % of
the patients in this cohort had any nasal comanpind nearly half had nasal polyps. This
percentage is higher than what is found in cohoirteecent RCTs in severe asthma (around
20% CRSWNP) (17), but similar to numbers reportexinf the Italian registry for severe
asthma (>40% CRSwNP) (27). In that registry a highenber of exacerbations and higher
OCS use was found in patients with nasal polyp$. (27s possible that patients with severe
asthma and CRSwNP are more frequently among thage imsufficient outcomes, even
under biologics. Further, a switch to dupilumab nha@ye been chosen more frequently in

patients with nasal polyps, as it is also effectwvel approved for this indication (13) and

9
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favorable outcomes for patients with nasal polypd asthma have been reported (28, 29). In
20% of patients in this cohort a lack of respons€RSWNP was stated among the reasons
for switching. Moreover, a recent study also foungbrovement of allergic rhinitis under
dupilumab in patients with asthma and allergic itigr{30).

Interestingly, many patients in this cohort maydescribed as “mixed” phenotype at baseline
with presence of allergies as well as eosinophfig.dupilumab has pleiotropic effects on
type-2 inflammation acting on eosinophils as walraducing IgE production and FeNO,
such “mixed” phenotype might be a characteristieofang dupilumab that needs further
study.

During dupilumab, we observed a reduction of FeN@l #otal serum IgE, but rising
eosinophil levels similar to other studies (13,.18)phase 11l trials of dupilumab in asthma,
transient hypereosinophilia was observed in 4% &A% of patients, respectively. This
increase was rarely associated with clinical symgst@nd led to the discontinuation of the
drug in only a very few cases (13, 19). Increasnginophil levels during dupilumab were
observed in all but one patient of our cohort, heevethe previous discontinuation of anti-
IL5/antilL5Ra-antibodies may also have contributed to this phesmon. It is hypothesized
that dupilumab blocks the transition of eosinopHilem bloodstream into tissues, and
hypereosinophilia therefore remains mostly asymptrand transient (31).

In the phase 3 Liberty Asthma Quest trial, Castral.eshowed that dupilumab improved lung
function in moderate-to-severe asthma with an FHMiease of around 350ml, FVC-
increase of around 330ml and MEF25-75 increase3#f s after 3 months of therapy. These
improvements were greater when only a specific etubSpatients with higher FeNO and/or
higher eosinophil levels was analyzed (17).

Our study demonstrated significant improvementuofyl function changes during dupilumab,
with marked increases in FEV1, FVC, MEF25-75 anduotion of RV. Remarkably, these
improvements are in the range of the Liberty Asth@neest trial of dupilumab, even though
we used status under previous biologic as compardtos might indicate that severe
asthmatics in the present cohort were pet se less responsive to targeted therapy, but
suggests that subphenotypes of severe T2 high asthth different main pathophysiologic
drivers may exist that could cause differentiahtneent responses to biologics.

We recognize the limitations of our study with &roepective design and a moderate cohort
size of 38 patients. Further, the timeframe fronitiation of dupilumab therapy to

reevaluation after 3-6 months is short, which resdmalysis of exacerbations prone to error.

10
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Finally, it should be noted that this study does aim to compare different biologics, but to

provide data for the practical approach of switghiantibodies if outcome is judged

insufficient. With this retrospective analysis wanoot answer the important question how to
choose the optimal biologic initially, as this wikkquire prospective interventional trials

comparing different treatments in the future.

Altogether, our data indicates that dupilumab caralsafe and effective treatment option for
severe asthmatic patients with insufficient outcodespite other biological therapies. As
differential predictive biomarkers and comparativials are currently lacking, therapeutic

trials of antibody switching are justified in thgsatients.
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Tables and Figures

Figure legends:

Figure 1: Lung function parameters (A), clinical paameters (B) and biomarkers (C)
before antibody therapy, during previous antibody herapy, and after 3-6 months of
dupilumab therapy. All graphs in(A) and ACT from (B) display mean+/-SD; rest of (B)
(C) median+/-IQR. Statistics of previous antiboaysus dupilumab (A) + ACT by paired t-
test and rest of (B) + (C) by Wilcoxon matched-paigned rank test: * p<0.05, ** p<0.01,
***n<0.001, ****p<0.0001;

Figure 2: Individual analysis of lung function parameters (A), clinical parameters (B)
and biomarkers (C) during previous antibody therapy, and after 3-6 months of
dupilumab therapy. Left graph patients classified as responders {plught graph patients
classified as responders (red). Statistics of nedes comparing previous antibody versus
dupilumab:

(A) + ACT by paired t-test and rest of (B) + (C) Wilcoxon matched-pairs signed rank test:
* p<0.05, ** p<0.01, **p<0.001, ****p<0.0001,
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498 Table 1: Clinical characteristics of the study poptation.

499
500

Baseline characteristics of study

_ n=38
population
Age, mean (SD) years 55 (12)
Female, n (%) 22 (58%)
Male, n (%) 16 (42%)
BMI, median (IQR) kg/rh 25 (22-31)
Age at asthma diagnosis, median (IQR
J 4 J ( 2)5 (10-47)

years
Time since asthma diagnosis, median

27 (10-42)
(IQR), years’
Allergies, n (%) 29 (76%)
Polysensitization, n (%) 19 (50%)
Former smokers, n (%) 10 (26%)
Comorbidities
ENT-comorbidities, n (%) 28 (74%)
Nasal polyposis, n (%) 18 (47%)
Allergic rhinitis, n (%) 18 (47%)
Chronic sinusitis without nasal polyps, n

10 (26%)
(%)
Atopic dermatitis, n (%) 12 (32%)
Aspirin intolerance, n (%) 7 (18%)
Steroid induced side effects, n (%) 16 (42%)

Abbreviations: BMI body mass index, ENT ear nogeah n=36
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501
502
503

Table 2: Medication, lung function and biomarkers wthout antibody and during

previous antibody therapy.

Baseline characteristics and biomarkers beforedamicig anti-1L-5/anti-IgE therapy

During previous

n=38 Without antibody antibody
(anti-IgE, anti-IL5)
Medication
ICS/LABA (high), n (%) 27 (75%)* 31 (82%)
ICS/LABA (medium), n (%) 9 (25%)* 7 (18%)
LAMA, n (%) 29 (81%)* 33 (87%)
LTRA, n (%) 22 (61%)* 23 (61%)
Number of pts. with OCS, n (%) 23 (64%)* 15 (39%)
Dose of prednisolone in mg, median
10 (5-15) 4 (0-10)

(IQR) in patients with baseline OCS
Previous biologic -
Mepolizumab, n (%) - 11 (29%)
Benralizumab, n (%) - 19 (50%)
Reslizumab, n (%) - 2 (5%)
Omalizumab, n (%) - 6 (16%)
Duration of previous biological therapy,
median (IQR), months 10(714)
Asthma Control and exacerbations
ACT-Score, mean (SD) 12 (5)% 14 (5)*
Number of pts. with exacerbations

_ _ _ 23 (60%)" 21 (55%)
before/ during previous antibody, n (%)
Calculated number of annualized
exacerbations during previous antibody, 2 (1-4) 0.8 (0.0-2.4)
median (IQR)
Lung function
FEV1 in |, mean (SD) 1.90 (0.70) * 1.89 (0.87)
FEV1 % predicted, mean (SD) 62% (20) * 60% (22)
FVC in |, mean (SD) 3.00(0.89) * 3.08(1.2)
FVC % predicted, mean (SD) 80.3% (18) * 81% (20)
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504
505
506
507
508
509

510
511

RV in |, mean (SD)

RV % predicted, mean (SD)

TLC in |, mean (SD)

TLC % predicted, mean (SD)
FEV1/FVC

MEF25-75 in I/s, mean (SD)
MEF25-75 % predicted, mean (SD)
Reff in kPa*s/l, mean (SD)

Reff % predicted, mean (SD)
Biomarker

FeNO in ppb, median (IQR)
Eosinophils in G/I, median (IQR)- all pts
Eosinophils in G/I, in pts. with anti-
IL5/IL5Ra therapy -median (IQR¥*
Eosinophils in G/I, median (IQR) in pts.
with anti-IgE therapV’

IgE in IU/ml, median (IQR)- all pts

IgE in IU/ml, in pts. with anti-IL5/IL5R
therapy -median (IQR)

IgE in IU/ml, in pts. with anti-IgE
therapy -median (IQR)

3.17 (1.23) *
158% (58) *
6.38 (1.37)
107 (20)
0.62 (0.12)
1.02 (0.70) *
33% (29) *
NA
NA

52 (30-129)
0.41 (D-2.62)

0.48 (0.23-0.68)

0.21 (0.15-0.62)
333 (53-534)

148 (52-496)

344 (55-4340)

3.06 (0.86)
144% (34)
6.34 (1.34)
105 (14)
0.60 (0.12)
1.08 (0.73) *
32% (21) *
0.50 (0.35)*
163% (115)”

55 (29-99)'
0.04 (0.00-0.18)

0.0 (0.0-0.13)

0.2 (0.16-0.42)

186 (49; 365)

Abbreviations: ICS inhaled corticosteroidLABA long-acting beta-agonist, AMA long-acting muscarinic
antagonistLTRA leukotriene receptor antagoni€dCS oral corticosteroid ACT asthma control tesEEV1
forced expiratory volume in 1 secorfelyC forced vital capacityRV residual volumeMEF25-75 maximum
expiratory flow at 25-75% of forced vital capaciBeff specific airway resistanc€eNO fraction of exhaled
NO, IgE Immunoglobulin E*n=37, *n=36,"n=35; ** n=29,"n=6,""n=27; §n=24, §§n=19 .

Table 3: Indications for switch to dupilumab.

Indication for switch to dupilumab

Insufficient subjective response, n (%)
Insufficient reduction in exacerbations
Insufficient change in lung function

Insufficient response of comorbidities

n=38

32 (84%)
18 (47%)
26 (68%)
11 (29%)
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Insufficient change in symptoms of nasal 8 (21%)

polyposis

Insufficient reduction of OCS 12 (32%)
Persistent eosinophilia 5 (13%)
Persistent allergic symptoms 2 (5%)
Side effect of previous antibody 1 (3%)

512 Abbreviations:OCS oral corticosteroid. n=38
513

514 Table 4: Classification of responders and non-respalers to dupilumab.
Classification of response to dupilumab

n=38
Responder group n=29 (76%)
ACT-increase &3 points), n (% of all patients) 12 (32%)
FEV1-increase £150ml), n (% of all patients) 24 (63%)
OCS-reduction & 50%), n (% of OCS dep. patients) 7 (47%)
Response of comorbidities, n (% of all patients) 10 (26%)
Non-responder group n=9 (24%)
ACT-reduction (23 points), n (% of all patients) 2 (5%)
FEV1-reduction (=150ml), n (% of all patients) 3 (8%)
OCS-increase (> 50%), n (86 OCS dep. patient} 4 (27%)
Increase in exacerbatio(® of all patients) 1 (3%)

515 Response to dupilumab was defined as at least osgive response criterion without

516 significant deterioration in any other criterion} hcrease in FEV1 of at least 150ml. 2)
517 Increase in ACT of at least 3 points. 3) .Reductdb®CS dosage of at least 50%. Significant
518 deterioration was defined as 1) loss in FEV1 ofrib®r more, 2) decrease of ACT of 3

519 points or more, 3) every increase of OCS dose ntbam two weeks, 4) increase in

520 exacerbations.

521

522
523
524
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525 Table 5: Contingency table analyses of clinical chacteristic, biomarkers during
526 previous therapy and response to dupilumab.

P
Clinical characteristics
Age 0.286
Sex 0.254
Early onset asthma (<12y) (Y/N) 1.0
ENT comorbidities (Y/N)* 0.56
OCS therapy during previous thezapy Lo
(Y/N)
Biomarkers during previous therapy
FeNO (high/low) 0.015
Eosinophil count (high/low] 0.121
IgE (high/low)’ 0.635

527  “FeNO high”>25ppb, “eosinophil count high#0.15 G/I, “IgE high”=100 IU/ml. *n=38"n=37, °n=35.
528  Statistics: for age: Chi-Square-Test; for sex, early onset asthma, late onset asthma, OCS therapy:
529  Fishers-Exact test (two-sided); for biomarkers and ENT comorbidities: Fishers-Exact test (one-sided)

530
531 Table 6: Contingency Table of Responder status angeNO catetgory

Non-Responder Responder Tota
FeNO> 25ppl 4 23 27
FeNO < 25ppp 5 3 8
Tota 9 26 35
532 n=35; in 3 patients FeNO under previous ab wasvailable.

533
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Repository Figure L egends:

Figure E1: Patients with anti-IL5 as previous antibody (n=32). Lung function parameters
(A), clinical parameters (B) and biomarkers (C) before antibody therapy, during previous
antibody therapy, and after 3-6 months of dupilumab therapy. All graphsin (A) and ACT
from (B) display mean+/-SD; rest of (B) + (C) median+/-IQR. Statistics of previous antibody
versus dupilumab (A) + ACT by paired t-test and rest of (B) + (C) by Wilcoxon matched-pairs
signed rank test: * p<0.05, ** p<0.01, ***p<0.001, ****p<0.0001;

Figure E2: Patientswith anti-IgE as previous antibody (n=6) L ung function parameters
(A), clinical parameters (B) and biomarkers (C) befor e antibody therapy, during previous
antibody therapy, and after 3-6 months of dupilumab therapy. All graphsin (A) and ACT
from (B) display mean+/-SD; rest of (B) + (C) median+/-IQR. Statistics of previous antibody
versus dupilumab (A) + ACT by paired t-test and rest of (B) + (C) by Wilcoxon matched-pairs
signed rank test: * p<0.05, ** p<0.01, ***p<0.001, ****p<0.0001;



