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ABSTRACT

Chronic rhinosinusitis (CRS) is one of the most common chronic inflammatory syndromes reported in the general population, with high

prevalence reported. It is classified in two distinct entities depending on the endotype dominance, either type 2 or non-type 2, — chronic rhi-

nosinusitis with nasal polyps (CRSWNP) and chronic rhinosinusitis without nasal polyps. CRSWNP is described as a type 2 inflammatory disease,

with the implication of T-helper 2 inflammation mechanisms with a secondary increase in the concentration of eosinophils and total Immuno-

globulin E. CRSWNP is characterized by a high recurrence rate even after endoscopic sinus surgery. Considering the challenges associated with

the treatment of CRSWNP, new medical therapies, such as monoclonal antibodies, have been developed over the years.

Biologics with anti-IL-5, anti-IgE, anti-[L4 receptor alpha (IL-4-Ra) action have been developed and tested for the treatment of asthma, eo-

sinophilic dermatitis, and secondarily evaluated and approved for the treatment of chronic rhinosinusitis with nasal polyps.

In this review, we make a synthesis of the monoclonal antibodies available and their efficacy and safety in the treatment of nasal polyposis.

KEYWORDS: nasal polyps, chronic rhinosinusitis, monoclonal antibodies, inflammation.

INTRODUCTION

Chronic rhinosinusitis (CRS) is one of the most com-
mon chronic inflammatory syndromes reported in the
general population, with a prevalence of 11% in Europe'?,
12% in the United States*® and 8-11% in Asia**®. Euro-
pean Position Paper on Rhinosinusitis and Nasal Polyps
2020 (EPOS2020)? defines CRS as the inflammation of
the nose and paranasal sinuses characterized by subjective
and objective criteria for more than 12 weeks. It is classi-
fied in two distinct entities depending on the endotype
dominance, either type 2 or non-type 2, — chronic rhinosi-
nusitis with nasal polyps (CRSWNP) and chronic rhinosi-
nusitis without nasal polyps (CRSsNP). CRSwNP is
described as a type 2 inflammatory disease, with the impli-
cation of T-helper 2 inflammation mechanisms with a sec-
ondary increase in the concentration of eosinophils and
total Immunoglobulin E (IgE)2%8,

It is estimated that up to 4% of the population, 20% in
the United States, suffer of CRSWNP*!°, and in 20-70% of

the cases asthma is associated®'!. The symptoms presented
by the patients with nasal polyposis include nasal obstruc-
tion, anterior and/or posterior rhinorrhea, loss of smell,
each of them of different severity. Current available and
recommended treatment options are represented by oral
and intranasal corticosteroids, saline irrigations, antihista-
mines, long-term antibiotics and surgery®. Even if in most of
the cases symptoms can be managed with medical treat
ment, there are patients in whom nasal surgery is required
even for more than one time*'. Only in the United States,
within 18 months after endoscopic sinus surgery, 40% of
patients presented polyps recurrence according to a study*.

The relapse characteristic of nasal polyposis may be re-
lated to its type 2 endotype. During a type 2 inflammation
response, T helper cells increase the production of type 2
cytokines, such as interleukin (IL) 4, IL-5, IL-9, IL-13, and
promote the activation of IgE antibodies''%; this may also
explain the common association of nasal polyposis and
asthma. Considering the challenges associated with the
treatment of CRSWNP, new medical therapies have been
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developed over the years. Biologics, like monoclonal anti-
bodies, are one of the novel treatment options in case of
refractory CRSWNP?%8, their mechanism of action being
the reduction of type 2 inflammation by targeting specific
molecules, immune cells and pathways: IL-5 who mediates
the eosinophils concentration, IL-4 and IL-3 involved in
IgE production and eosinophils chemotaxis®. As a result,
biologics with anti-IL-5, anti-IgE, anti-Il.4 receptor alpha
(IL4-Ra) action have been developed and tested for the
treatment of asthma, eosinophilic dermatitis, and second-
arily evaluated and approved for the treatment of chronic
rhinosinusitis with nasal polyps.

ANTI-IGE MONOCLONAL ANTIBODIES

Immunoglobulin E (IgE) is an inflammatory mediator
agent, its concentration level being associated with the
presence or absence of an allergic background. It is pro-
duced by the B cells, which are stimulated by the Th2 cells.
The exposure to an allergen leads to a type 2 inflamma-
tion reaction, activation of Th2 cells, with a secondary in-
crease in the IgE concentration and activation of mast
cells. All these reactions lead to a high production of his-
tamines, prostaglandins and leukotrienes'”.

Another explanation for the high concentration of IgE
in the nasal polyps seems to be due to the presence of
Staphylococcus aureus enterotoxin®'®,

Considering the high concentrations of IgE in the nasal
polyp tissue, nasal secretion, blood in the patients with
CRSwNP, the development of an anti-IgE therapeutic
agent was just a matter of time.

Omalizumab is a humanized monoclonal antibody
which binds to free IgE and blocks its adhesion to the IgE
receptors found at the surface of mast cells®. As a second-
ary effect, it decreases the IgE receptors on the dendritic
cells and basophils'®®. It was first approved by the US
Food and Drug Administration in 2003 for the treatment
of severe allergic asthma (Xolair®, Genentech and
Novartis Pharmaceuticals Corporation, USA) and in
2020 received the approval for the treatment of nasal
polyps in adult patients 18 years of age and older with
inadequate response to topic intranasal corticosteroids?'.
It has the authorization for use in the European Union
from the European Medicines Agency (EMA)*. The
dose and frequency of the drug administration (subcuta-
neous) for CRSwNP is determined by baseline IgE (IU/
ml) and body weight (kg); 75 to 600mg of omalizumab
in 1 to 4 injections may be needed for each administra-
tion, every 2 or 4 weeks.

ANTI-IL-5 MONOCLONAL ANTIBODIES

Interleukine-5 (IL-5) is a proinflammatory type 2 cy-
tokine with an important role in eosinophils production,

differentiation and survival. In case of nasal polyps, it has
been shown that in more than 80% of the patients with
this pathology a high concentration of eosinophils is pre-
sent’. Asaresult, the IL-5 levels in these patients are higher
than in healthy controls. The eosinophilic inflammation
and high IL-5 concentrations may be associated with the
nasal polyps’ postsurgical recurrence®.

In case of allergic asthma and eosinophilic dermatitis,
anti-IL-5 treatment reduces the concentration of eosino-
phils in both blood and tissues, by regulating the IL-5
alpha receptor. On the same basis, it seems to be the ac-
tion in case of nasal polyps*!. For the treatment of severe
allergic asthma, there are three anti-IL-5 monoclonal anti-
bodies available: mepolizumab (approved in 2015, from
12 years of age), benralizumab (2017, from 12 years of
age) and reslizumab (2016, from 18 years of age).

For the treatment of nasal polyps, mepolizumab is the
first anti-IL-5 monoclonal antibody approved by the FDA
for adult patients (18 years of age and older) with CRSWNP
in 2021 (Nucala®, GlaxoSmithKline plc), and in 2015 by
EMA%2, Under investigation for approval are benrali-
zumab (Fasenra®, AstraZeneca) and reslizumab; these
drugs are already used with success in patients with allergic
asthma and atopic dermatitis.

ANTI-IL-4 AND IL-13 MONOCLONAL
ANTIBODIES

Interleukin 4 (IL4) is an important cytokine involved
in the allergic inflammation: it increases the expression of
eotaxin-1; induction of VCAM-1 (vascular cell adhesion
molecule) with a secondary migration of T lymphocytes,
monocytes, basophils and eosinophils at the inflammation
site; it inhibits eosinophils apoptosis and of T lymphocytes;
it activates the differentiation of ThO in Th2 lymphocytes
which stimulates the production of IL4, IL-5, IL-9 and IL-
13; it upregulates the expression of cysteinyl leukotriene
receptors presented in the nasal polyps”. An interleukin
with similar actions is IL-13.

The first humanized monoclonal antibody approved
for the treatment of CRWNP was dupilumab (Dupixent®,
Sanofi and Regeneron) which inhibits the signalling of
IL-4 and IL-13 (in 2019 by FDA and EMA). Its molecule
bids to the IL4 alpha receptor. The recommended ad-
ministration is an initial dose of 600mg and then 300mg
every 2 weeks.

MATERIAL AND METHODS

Study design
For this review, the PubMed, Cochrane Library and Mi-

crosoft Academic databases were accessed and researched
in order to identify studies that evaluate the efficacy and
safety of monoclonal antibodies therapy for chronic rhi-
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nosinusitis with nasal polyps (CRSWNP). The literature
research was performed between January 2006 and De-
cember 2021, using the following terms: “rhinosinusitis”,
“nasal polyps”, “dupilumab”, “omalizumab”, “mepoli-
zumab”, “reslizumab”, “anti-IL-5”, “anti-IgE”. In the Pub-
Med search we used the advanced Boolean operator
[AND] and [OR] - rhinosinusitis [OR] nasal polyps
[AND] dupilumab [OR] omalizumab [OR] mepolizumab
[OR] reslizumab [OR] anti-IL-5 [OR] ant-IgE.
Inclusion criteria: adult patients (18+ years); patients
diagnosed with CRSwNP; randomized controlled trials
comparing the therapy with monoclonal antibodies with
placebo/other therapy; full text articles, written in English

language; evaluation made by the CT score, nasal endo-
scopic polyps score, olfaction status, quality of life, nasal
airflow measurement, cellular inflammation.

Exclusion criteria: patients with chronic rhinosinusitis
without nasal polyps; paediatric patients; patients diag-
nosed with allergic fungal rhinosinusitis; patients with
other comorbidities usually associated with nasal polyps,
such as cystic fibrosis, ciliary dyskinesia, Churg-Strauss syn-
drome, Kartagener’s syndrome.

We also searched for eligible clinical trials evaluating
the question of interest on ClinicalTrials.gov website.

Evaluated parameters

From each eligible article the following data was ex-

Table 1. Characteristics of the randomized controlled studies included in the review.

Stud Count No.of  Treatment Placebo Diaanosis Monodlonal Treatment brotocol Follow-up
y & patients group group 9 antibody P period
Gevaert . . S
etal® i‘ﬂgtl:? 2 16 8 CRSWNP (R/e\snlg-ulrLr-]ib) Tmg/kg or 3mg/kgoosreplacebo i.v. single 36 weeks
(2006)
Pinto Anti-la 0.016mg/kg per IU total serum IgE/mLs.c.
etal.® USA 14 7 7 CRSWNP (Omalizugr]nab) at enrolment and every 4 weeks for 6 24 weeks
(2010) months or placebo
Gevaert . -
et al® b 30 2 10 CRSWNP Antl.—IL—S 2 single i.v. injections of 750mg or placebo 48 weeks
(Mepolizumab) (28 days apart)
(2011)
Gevaezzt . CRSWNP Anti-IgE M.ax'lmgm 375mg s.C. (every 2 weeks/8
etal. Belgium 23 15 8 Asthma i) injections in total or every month/4 20 weeks
(2013) injections in total) or placebo
USA .
Bachert Belgium AntilL-4Ra 600mg loading dose s.c. followed by 15
etal® 9 60 30 30 CRSWNP . weekly doses of 300mg and MFNS 100pg in 16 weeks
Spain (Dupilumab) S T
(2016) each nostril twice daily or placebo
Sweden
Bachert Belgium . .
etal®  Netherlands 105 54 51 CRSWNP Antl._IL_S L d.o s G s 25 weeks
(Mepolizumab) mepolizumab 750mg i.v. or placebo
(2017) UK
Sweden
R USA France Anti-IL-4Ra 600mg loading dose followed by 16 weeks
etal . 60 30 300 CRSWNP ) g ‘oading y 16 weeks
2019) Belgium (Dupilumab) of 300mg dupilumab or placebo and MFNS
Germany
L E::gzjuer: Anti-IL-4Ra 300 mg s.c. dupilumab weekly or placebo
etal? 35 16 30 CRSWNP . Gl yore 16 weeks
USA France (Dupilumab) plus MENS for 16 weeks
(2019) .
Spain
Fuiieda 300mg dupilumab every 2 weeks for 52
etJaI 2 Japan 19 3 19 CRSwNP Anti-IL-4Ra weeks, 300mg dupilumab every 2 weeks for 52 weeks
(202'1) p Asthma (Dupilumab) 24 weeks followed by every 4 weeks for 28

weeks or placebo plus MFNS

CRSWNP — chronic rhinosinusitis with nasal polyps; i.v. — intravenous; s.c. — subcutaneous; MFNS — mometasone furoate nasal spray; IgE — immunoglobulin E;

IL-5 — interleukin-5; IL-4Ra — interleukin-4 receptor a subunit; IU — international unit




((@s) ((@s) ((@s) ((as) ((@s) (was

Romanian Journal of Rhinology, Volume 12, No. 48, October - December 2022

Co @) wew)  (9a7)  wew)  (egs)  wew)  (6l)  wew)  (g6l)  ueow e .
6'S L0t (Lst) £0'¢y (9z91) 0s'ty (19°¢L) Y44 (0°LL) 90t (zsl) tiN i i i L 9¢ W o Ll CT10NS
['LE £0°0Y 05°Sy ¢ls ¥y FLY
(U (U (U (abue
nas) n'as) (o n'as) (rosL‘ueau
HMMWV AWWMV ueauw) N N ﬁmmmﬂww ueauw) (S9)z0L \Hmwn—“_mvv Mw%%_v ueaul) aN aN aN N €€l (g7¢L1 4N 4N 4N 11dN
(t'ov) (8199) (19)101 (S'8) €eel -€'€6)
0¢8 8¢'80L 786 £'¢6
(05 o7 (i (05 (o) (was
(F8)zeL (08) Tyl uesw) N N 0L 099) 4N 4N (6'£)9GL  uesw)  (€1-0L)zl  uelpaw) N N 7'§F6l  Fuesw) N N 4N Lisdn
9n€eL } (€8)8Tl (-0l 8TF¢EL
eyl
() () ()
) o4\ 0 (@) (59°9) ueau) (S6°€) ueauw) o3 ({as) Am i uelpaw)
(0g)cLL (6€) L6l ueaw) R (€7h) § o) aN 4N (G'S)£8L  uesw) -€°61) (1z-571) N N N N N N N 2102s 1)-NIW1
(1'6) 0'6L S66L (1474 S8l 9Ly (0'5) 9'8L ol LTSyl
1061 €18l Sl
() ()
@ _ _ _ () () (@ .. (b _
ueaw ueaw 3buel
sugs s waw TV CED OO0 W) s wew @y wpw ougs ww ST e ey 00 TR s
(L'1)9s . . 1)6's (9-1)9 wr1es (€S051
¥6'S 879
ULIR[0JU
91/§ Ly 91/9 61/8 91/§ N N N N 0¢/6 0¢/9 8/ SlL/8 0L/0 07/S aN N N N N upidsy
91/0L [T 9L/l 4N N N N N N 87/0C 97/81 8/9 SL/L (I]¥1% 07/0L N 4N 4N 4N N b1y
al/LL LT 91/8 6L/8 9L/§ 0¢/6L 0¢/9L 16/8¢ vS/vy 0¢/6L 0¢/9L 8/8 SL/SL 0L/ 07/0L L/l L/L 8/9 8/g 8/L ewyisy

0L/9 8/6 (474 Ll 116 IL/pl 8L/zl ve/LL Ly/€l IL/pl 8L/zl /14 /e 8/t L9 L/0 1914 9t 1714 9/C  Xos3jew/djewd]

d *(0S 19§ 9d 9§ 9d 9§ 9d 9§ d EM) d EM) d BN 9d s 9d s L9S

(Lzor) (6L00) (6L00) (LL07) (9L07) (€L027) (LL0T) (0L07) (9002)
« Te3a epailny (@19 aLpeg 16839 wejsuof s« [e1oM3peg o eI M3Lpeg pra \2 CRICL/ED) o |69 143RA3D) g 1219 0Juld v 19 M3eAdD

157

*MB3IARA 3} Ul papN|dUl SAIPN]S P3J|043U0D paziwopuel 3y} ul sonsid)deIeyD sid)dweled pajenjeAs pue jediulp auljaseg °z a|qel



158

IS

ith nasal polypos

InosinusItis Wi

Efficacy and safety of monoclonal antibody therapy for chronic rh

Enache et al

"UOIIRIASP PIBPUR)S — (1S ‘ASAINS W04 LIOYS WR)Y|-OF - 9§ ‘1S3] SWODIN() [BSBU-OUIS - 7Z-1ONS ‘Mo} K103eaidsul jeseu yead - 4]Nd ‘153 UOBILRUIP] [PWS
eluBA|ASUUR JO ANSIBAIUN - 1]SdN ‘31035 1) AeYdR|y pun — [)-YINT 2105 dAjod [eseu [e10) — SN “Hun [EUOIIRUIRIUI — 1] ‘G-UDN3|AIU] - G- ‘urdioid d1uoed 1ydouisoa - ¢)3 {|eAlalul DUIPLUD — | {panI0dal Jou -dN ‘S§33Mm 87 10} SYRam
1 £13A3 pUe $}33M {7 10} $¥33M 7 £13A3 Bwigpg qewn|idng - DS ‘syaam 7 £13a3 bwigog qewnjidng - .1 9S ‘dnoib ogade|d — ng ‘bx/bwg qewnziisay yum dnoib Apnis — zos ‘by/6w | qewnziisay yym dnoib Apnis — 1o ‘dnoib Apnis — o

(LLLe (8TLL (99.€ (€0LL (1979 (1w/6d)
N N N N N aN aN aN aN aN aN -L51) -691) dN N N N -L19) -169) -6LL)
DY-§-11 [eseN
66L1 1404 98el 861¢ 19744
. . (8881 ’ (€98  (Lzee (96161
N N N AMH% Awmwv N N N N N T ﬁwme N N N W Th) 8%l -990)  (V6r) ddajesen
66 8743 L'€8C L08¢
O6v) (560 69D  (b008) (€Sl STl (6T6LL) (vST-26)  (S8L-Ly)  (@pl-1)  (0€1-6€) (w/n)
v¥9€ €767 €89 o0tec  el/9l  SLsL oSl i i LOL 8 8 80L o o o o i i o 361 [e303 wn1ag
" i W i i " W W W W W (€Ly-6v0) (2€€-L00) W " W m (95£-901) ﬁm%mw (69-78€) (Twy/6bd)
{74 85 ys sl 9v9 DY-¢-1] wnids
o w w0 w00 e TS e e
9C'LE 8E'GE [43 K3 Lol gel gl
(50)
()
ueipaw w
wo VO g 60w o e wo i
BOL0 G090 €OV oo STO L Ve W w80 o W W W W o) gr0) 0 siudoussoapooig
550 150 670 (00) 760 (70 -599) S ‘M) (869 110 v7°0 -81°0)
70 -570) -€1€) 06€ LC0
9€0
(12%S6)
((@s) (189 uesw)  (£O)TL  (60)0L ((as) =
- . . . . . o YAioutys
(Lorr (90007  uesw) N N N N -05°S) (169  Wd(80) Wd(60) N N (620)gL  uesw) aN N N N N Jopauy
(8091 6L9 -L5°S) LLWY  OLWY (68°0) 5L ’
vC9
(v70) (960) (SL'6 696 (G087 (60T (650) ((qs) ueaw)
90T WoLT (50)LT . . dN N -5'8) -€78)  Wd(50)  Wd(60) N N (¥8:0) 7' . aN aN aN dN dN
€6'C 1yt . . . ; 9 [IpWs J0 sso0]
0L'6 90°6 STV VTN
(Goze (C0ET  (S0)TeT iy 0 0 st HMMM AMMM Q&n_o | Aw&w | N N (00te l621) aN aN aN N N HOS/HES)
mU @l 9L sl . Lot (o 17 OIS feseN
10’8 06°L
Y Y
(was
(8°cs (i) G0l Fuesw)
N N N N dN aN aN aN aN aN N . Uelpaw) N N o . N N aN 9¢-1S
-§'59)0S (Z5-51)8 +9'£9 sl

+819




159 Romanian Journal of Rhinology, Volume 12, No. 48, October - December 2022

tracted: first author name, year of publication, country,
study design, sample study, treatment protocol, follow-
ing period, primary and secondary outcomes, treat-
ment side effects.

For the primary outcomes, a point of interest was the
endoscopic nasal polyp score which was evaluated for
each nostril during every visit performed by the patients
included in the study. The total nasal polyp score (TNPS)
was graded between 0 and 4 and included the sum of
both nostrils: grade 0 — no polyps; grade 1 —small polyps
in the middle meatus, not reaching the inferior border
of the middle turbinate; grade 2 — polyps reaching below
the inferior border of the middle turbinate; grade 3 —
large polyps reaching below the inferior border of the
inferior turbinate / polyps medial to the middle turbi-
nate; grade 4 — large polyps with complete obstruction of
the nasal cavity.

For the second outcome, of interest were: the Lund-
Mackay CT score (evaluates the grade of sinus opacifica-
tion bilaterally from 0 to 2, score range between 0 and 24);
quality of life (QoL)) measured by the Sino-nasal Outcome
Test (SNOT-22; assesses 22 symptoms — nasal symptoms,
sleep quality, otologic symptoms, emotional symptoms,
scored between 0-5), 36-Item Short Form Survey (SF-36),
University of Pennsylvania Smell Identification Test
(UPSIT, 40 items); peak nasal inspiratory flow (PNIF);
serum eosinophils and interleukin E (IgE); serum and
nasal anti-interleukin-5 (anti-IL-5) and eosinophil cationic
protein (ECP).

The safety of monoclonal antibodies treatment was as-

Table 3. Characteristics of the Clinical Trials included in the review.

sessed by identifying the side effects reported in the evalu-
ated studies.

Articles selection

The total search identified a number of 620 publica-
tions. After applying the inclusion criteria, eliminating
duplicates and those articles which presented the results
of the clinical trials, 9 articles remained®*?. In total, there
were 400 patients (37.25% female, 62.75% male), 221 of
them receiving monoclonal antibodies treatment and
179 placebo. Of all the patients included in the study, 264
had asthma (66%; 145 in the study groups and 119 in the
placebo groups), 99 were diagnosed with allergy
(24.75%; 59 in the study groups, 40 in the placebo
groups) and 59 with aspirin intolerance (14.75%; 33 in
the study groups, 26 in placebo). The patients included
in the studies were randomly distributed to receive anti-
IgE treatment with omalizumab in 2 studies®?*, anti-in-
terleukin4 receptor a subunit (anti-IL4Ra) treatment
with dupilumab in 5 studies’™ and anti-IL5 (mepoli-
zumab or reslizumab) in 3 studies®?®. In Table 1, Table 2
are presented the characteristics of the randomized con-
trolled studies included in the review.

Separately, we reviewed the results of 6 completed
clinical trials performed for dupilumab (SINUS-52,
NCT02898454, and SINUS-24, NCT02912468)%"%,
omalizumab (POLYP 1, NCT03280550, and POLYP 2,
NCT03280537)%4 mepolizumab (SYNAPSE,
NCT03085797)*", benralizumab (OSTRO,
NCT03401229)*. All six clinical trials included 1806
patients, 985 of them receiving the treatment with a

Clinical Tr!als. Nt?.of Age Treatment  Placebo Diagosi Mon?donal Treatment protocol FoIIo\fv-up
govIdentifier  patients group group antibody period

N(;[ﬁj?;:)?f 276 ;::5 8 - CRSWP U[\):Ellllirzaz) Dupilumab 300mgs.c. every2we&l;sN f;)r24 weeks + MFNS vs placebo + 52 weeks
N(gﬁjgg;‘;)ff w8 ;;; 25 153 CRowNP (K:E"I‘E":;Z) v?:eﬂ"ufﬁrvﬁfﬂgfﬁmfsvﬁeuﬂffufﬁsvégfnk;tshf"efg";%fevfk? fir S2weels

52 weeks + MFNS vs placebo + MFNS

N(cgga{zs?;go 138 1;;:55 7 66 CRSWNP Om't'lz‘:g'gb %T,l"nzﬂ."n"stéiﬁefﬂﬁffovtiﬁgzﬂﬁakg%fmg -ef ﬁéﬁ(s’s@ﬁaffgf E; 2Bweeks
Nggifggiﬂ 7 1;;:55 62 65 CRowNP Omt'lzll‘g"gb %T,f!'ﬁﬂf:;ﬂiZefﬂﬁfgt:ylgzﬁvavﬁatﬁ%;ﬁ.ygﬁg -e: ﬁéggsviﬁa?gg;n E; 2Bweeks
N((S'\[((;ii)sssg)? 07 ;;Jrrs 206 201 \P M(e;{):tliijli_n;;b Mepolizumab s.c. 100mgF/)?;|c.eebvoez :A\/Fv'jgksto week 52 +MFNSvs 5 weeks
N(;([)OS_’;:{(:;)AZ? 0 1;3ea :SS 207 0 Bizftlllzllin;)ab Benralizumab 30mg s.i e,\;eFr'zl S4 vvsv:le:cset:: Er:\; F3’\Idsoses and every 8 weeks 56 weeks

CRSWNP — chronic rhinosinusitis with nasal polyps; s.c. — subcutaneous; MENS — mometasone furoate nasal spray; IgE —immunoglobulin E; IL-5 — interleukin-5; IL-4Ra — interleukin-4 receptor a

subunit; NP —nasal polyps; vs — versus.
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monoclonal antibody and 821 placebo. Also, we found
an ongoing study on benralizumab (NAPPREB,
NCT04185012) which estimated completion date on
July 30, 2022%. In Table 3 are presented the character-
istics of the clinical trials included in the review.

THE INFLUENCE OF MONOCLONAL
ANTIBODY THERAPY ON TOTAL NASAL
ENDOSCOPIC POLYP SCORE

Nasal endoscopy is a reliable tool in the evaluation of
the clinical local status of the rhinosinusal disease, includ-
ing in the treatment of nasal polyposis. The total nasal
endoscopic polyp score (TNPS) was an important param-
eter for the primary outcomes in all nine randomized con-
trolled studies and all six clinical trials, being considered
the most important indicator for the efficacy of the treat-
ment with monoclonal antibodies.

An important reduction in TNPS values was observed
in all evaluated studies and clinical trials compared to
baseline (Table 4, Table 5), except Pinto et al.*® who re-
ported no significant difference between the study group
and placebo in the case of omalizumab treatment (p=.58)
and Jonstram et al.* in the case of dupilumab (p=.3391).

Evaluating the treatment with reslizumab, Gevaert et
al.** (2006) compared placebo with 1mg/kg and 3mg/kg
reslizamab. They reported an improvement in the total
nasal endoscopic polyp score from baseline to week 12 in
5/12 patients who received 1mg/kg and in 4/8 at 4 weeks
in patients with 3mg/kg. However, at 12 weeks of treat-
ment, in those cases who received 3mg/kg reslizumab,
there was no change in 3/8 patients, improvementin 1/8
patients and worse in 4/8 patients. In the placebo group,
3 patients felt better and 3 had worse TNPS and 2 patients
required nasal surgery.

In the case of mepolizumab, another anti-IL-5 antibody
treatment, Gevaert et al.* (2011) identified a significant
difference compared to baseline (p = .028) and between
the two groups at 8 weeks, with 60% improvement in the
TNPS in the study group compared to 10% in the placebo
cases (p=.018). For the same monoclonal antibody, Bach-
ertetal® (2017) and the SYNAPSE* clinical trial reported
the same significant decrease (p=.031 in week 9, p=.025
in week 25%, and p < .001 respectively*).

The OSTRO clinical trial evaluated another anti-IL-5
antibody, benralizumab, its effect on TNPS being statisti-
cally significantly different between the two groups up to
40 weeks and 56 weeks of treatment (p < .0001 and p =
.0048 respectively)** (Table 5).

For omalizumab, while Pinto et al.*® showed no sig-
nificant difference between the study and the placebo
group at week 24, Gevaert et al.* (2013) reported a sta-
tistically important reduction in the TNPS in the study
group compared to the placebo from baseline to week 16
(the study group -2.67, p = .001; placebo group -0.12, p=

.99). Between the two groups, the difference became sta-
tistically significant from the eighth week of treatment,
with p = .03 at 8 weeks and p = .005 at 16 weeks®. The
positive impact of omalizumab on the total nasal endo-
scopic polyp score is also sustained by POLYP 1 and
POLYP 2 clinical trials (Table 5), with p <.0001 and p =
.0140, from baseline to week 24%94,

Concerning dupilumab, Jonstam et al.*! did not show
any significant change between treatment group and
placebo (p=.3391) from baseline to week 16. The im-
portant influence of dupilumab on TNPS reduction is
sustained by Bachert et al.** (2016) (p < .001), Bachert
etal® (2019) (p < .001) and Fujieda et al.®® (p=.0011
in those patients who received 300mg dupilumab every
2 weeks for 52 weeks, and p = .0002 in dupilumab
300mg every 2 weeks for 24 weeks and every 4 weeks for
28 weeks) (Table 4).

Comparing the reported effects of all three types of
monoclonal antibodies on the evolution of TNPS, one can
see that all clinical trials (performed on a higher number
of patients compared to the randomized-controlled stud-
ies) report a statistically significant improvement in the
nasal total endoscopic polyp score in the treatment groups
(compared to baseline and placebo groups) 2.

THE INFLUENCE OF MONOCLONAL
ANTIBODY THERAPY ON THE CT SCORE

The Lund-Mackay CT (LMK-CT) score is used for the
radiologic staging of chronic rhinosinusitis by evaluating
the paranasal sinuses (0 —no abnormality, 1 —partial opaci-
fication, 2 — complete opacification) and the ostiomeatal
complex (0 — not obstructed, 2 — obstructed). A score of
up to 24 can be obtained*.

For the evaluation of the efficacy of monoclonal anti-
body therapy in nasal polyposis, the changes from baseline
in LMK-CT scores was a second outcome parameter. Also,
the status of sinus mucosa inflammation as seen on the CT
scans was evaluated. Tables 4 and 5 summarize the changes
in this parameter.

For dupilumab, a reduction in the LMK-CT scores was
identified by several studies®* (Table 4). Fujieda et al.*®
compared the efficacy of dupilumab administered every 2
weeks for 52 weeks (Arm A) and every 2 weeks for 24
weeks and every 4 weeks for the subsequent 28 weeks
(Arm B). They reported a significant improvement in
sinus LMK-CT score at all times in patients who received
300mg every 2 weeks for 52 weeks (p < .0001 Arm A, p=
.0371 Arm B) (Table 4).

Gevaert etal.* (2011) admitted an improvement in CT
scan scores in more than 50% of patients who received
mepolizumab and less than 20% of the placebos com-
pared to baseline (results according to three observers: A
with p=.058, B with p=.024, C with p=.049). The same
significant improvement was reported by Gevaert et al.*
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Table 4. Randomized controlled studies results.

Study TNPS Lund-Mackay CT score SNOT-22 SF-36 PNIF
Gevaertetal® SG1 - decrease n 5/8 patients up to 12w;
(2006) 5G2 - decrease n 4/ patients up to 4w A i i A
g . Nosignificant - .
Pintoctal® S " Slgglﬁcan; |[n;)|10vgmgﬁrlt in SG (;]1 ?’SG) difference SGvs PG No 5|gnr2éant ;iﬁlfference
(2010) osignificant difference SGvs PG (p = 58) and not clinically significant in the (0> 05) exceptvitlity vs
(0.20)SGvsPGp<0.78 ! (p=47)
(p<.05)
% Significant decrease at 8w compared to baseline - . Bettervaluesinthe
Ge“‘(*ze('f]ﬁt)a" SG-130(50,1.72)wsPGO00ISD 094 (p=029),  "Pementinmue b ekfthe R R SGusPG
Improvement of 60% vs 10% (p=.018) ° (p=.095)
2 From baseline tow16 SG17.61013.6,p=.02 _
Gev?;&gt)a" $6-264,p= 001 PG 17810183, p=10 AR ggp: % AR
PG-0.12,p=99 SGvsPGp=.04 p=.
33.1/min
Bachertetal® § i -8.8[95%,-11.1 -18.195%1,-25.6 ;
206) 1.695%0, -24t0-0.7]p < 001 t0-66]p< 007 t0-106]p< 001 NR 95%dl, 1:i t?)g;j L/min]
Significant difference
Bachertetal Significant reductionin SGvs PGw9 R Significant improvementin R SGvsPG
(2017) (OR,5.6; p=031) tow25 (OR, 6.6; p=025) SGvs PG (p=.005) (mean 26.7;95%(,3.1-50.2;
p=.027)
Jonstam etal 0 _ -10.62[95%0,-14.70t0-6.54] -31.52[95%(,-55.12t0-7.91] 57.25[95%(,-2.05t0 116.54]
2019 -1.06[95%(, 3430 1.31]p= 3391 p= 0005 b= 0177 NR D= 0568
2
Badz;(r)‘;egt)al. Improvement SGvs PGp < .001 Improvementin SGvs PGp <.001 Improvement in SGvs PGp < .001 NR NR
SG1*vsPG SG1*vsPG SG1*vsPG
W24-3.1[95%(), -43to-1.8] p <.0001 W24-5.1[95%(|,-8.2t0-2.0]p=10005  w24-16.1[95%(l, -25.8t0-6.5] p=.0011
Fujiedaetal W52-2.1[95%(l,-3.40.08] p=.0011 W52-7.5[95%(,-1.9t0-4.0]p<.0001  w52-18.9[95%l,-29.1t0-8.8] p=.0002 R R
(2021) SG2*vsPG SG2*vsPG $62*vsPG
W24-3.5[95%(),-4.8t0-2.3] p <.0001 W24-2.8[95%(|,-5.9t003]p=.0425  w24-11.4[95%,-20.8t0-1.9] p=.0186
W52-24[95%(,-3.7t0-1.1] p=.0002 W52-36[95%0,-7.1t0-02]p=10371  w52-11.5[95%(, -21.4t0-1.6]p=.0077
Study UPSIT Total blood eosinophils Serum IL-5-Ra Serum ECP Nasal IL-5-Ra Nasal ECP
Significant decreasein SG1 G2
Gevaertetal R compared to PG up to 8w; retumned to Significant decrease up to 4w of treatment Significant decrease up to 8w of treatment
(2006) baseline values at 12w; rebound at 24w compared to placebo compared to placebo
inSG1and 32win SG2
Pintoetal ® Nosignificant difference SGvs PG
(2010) (0=231) NR NR NR NR NR
Gevaertetal * \R Decrease SGvs PG Decrease SGvs PG Decrease SGvs PG Decrease SGvs PG Decrease SGvs PG
(2011) atdwp<.001 at8wp<.001 at8wp=.022 at8wp=.010 at8wp=.260
2
e R R R R R R
Bachertetal® 14.8[95%(,109t018.7] § i _
(2016) p< 001 4.4[95%(,-36.1t027.2] p=.78 NR NR NR NR
Bachertetal ® Decrease from 500 cells/pl at baseline
(2017) LB t050 cells/plat 25winthe SG L Lb = L
Jonstam etal" 12.11[95%(, 1.74t0 22.48] -0.07[95%C1,-0.38100.24]
(2019) b= 0277 D= 5199 L L L o0
Bachertetal R 0.09[95%(1,-0.34100.51] \R 21.25[95%(,-3.70to R 9.55[95%C,-35.84
(2019) p=.682 46.20]p=.09%4 1016801 p= 472
SGT*vsPG
w2412.7[95%0I, 7.5t0 17.9] p < .0001
Fujiedaetal® W52 12.7[95%CI, 7.8t0 17.7] p < .0001 Negative median percentage change R R R R

(2021)

SG2*vs PG
W247.6[95%(, 24t012.7]p=.0038
w528.5[95%(, 3.6t 13.4] p=.0006

byw52inthe SG

SG—study group; SG1—study group with Reslizumab Tmg/kg; G2 — study group with Reslizumab 3mg/kg; PG — placebo group; SG1* - Dupilumab 300mg every 2 weeks;
$G2* - Dupilumab 300mg every 2 weeks for 24 weeks and every 4 weeks for 28 weeks; NP- not reported; I - confidence interval; ECP - eosinophil cationic protein; IL-5 - Interleukin-5;
U - international unit; TNPS — total nasal polyp score; LMK-CT — Lund Mackay CT score; UPSIT - University of Pennsylvania Smell Identification Test; PNIF - peak nasal inspiratory flow;

SNOT-22 - Sino-nasal Qutcome Test; SF-36 - 36-Item Short Form Survey; SD — standard deviation; w — week
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Table 5. Clinical Trials results.
NCT02912468 NCT02898454 NCT03280550 NCT03280537 NCT03085797 NCT03401229
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CRSWNP - chronic thinosinusitis with nasal polyps; i.v. — intravenous; s.c. — subcutaneous; MFNS — mometasone furoate nasal spray; IgE —immunoglobulin E; IL-5 — interleukin-5; IL-4Ra— interleukin- receptor a subunit; IU
—intenational unit
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(2013) in the case of omalizumab in the study group (p =
.02) and between the two groups (p = .04) compared to
baseline and week 16. However, in the placebo groups, the
CT scan images worsened (p=.10). The significant reduc-
tion of inflammation was found also by Pinto et al.*® in the
omalizumab-treated group (p<.043). They compared the
changes across treatment groups and the difference was
notsignificant from the statistical point of view (p<.391)%,

The Lund-Mackay CT score was one of the second out-
come parameters evaluated in 3 Clinical Trials included in
this review?*# In the case of dupilumab (SINUS-24,
SINUS-52)%7%, the evaluation performed after 16 weeks of
treatment revealed a statistically significant improvement
in LMK-CT score in the study group versus placebo (p <
.001); 59% for dupilumab-treated patients and only 3%
for placebo®. Better results were identified in total bilat-
eral scores and for each sinus. As for the ostiomeatal ob-
struction, it was present more than 81% in the patients
who received placebo and more than 40% in dupilumab-
treated patients*.

In the OSTRO clinical trial* and in the articles related
to it*”*® benralizumab treatment determined a reduction
in LMK-CT scores versus placebo, but the difference be-
tween groups was not significant (p = .2375).

THE INFLUENCE OF MONOCLONAL
ANTIBODY THERAPY ON SYMPTOMS

Parameters such as nasal congestion/obstruction, rhi-
norrhea, sense of smell, were symptoms evaluated in al-
most all randomized-controlled studies and clinical trials
included in this review (Table 4, Table 5). They are usually
associated with CRSWNP. The symptoms were assessed as
entity scores, but also with different types of objective tests.
Olfaction was evaluated by UPSIT?%31% and the nasal ob-
struction by the nasal airflow measured by the peak nasal
inspiratory flow (PNIF)2*%1%5:3_ UPSIT (University of
Pennsylvania Smell Identification Test), one of the most
used smell identification tests for the assessment of the
olfactory function, is a 40-item subjective smell test able to
identify different grades of smell disorders®. PNIF is a
rapid, inexpensive test, which objectively measures the
maximum nasal airflow.

Evaluating the influence of omalizumab treatment
upon CRSwWNP symptoms, one can see a significant de-
crease in symptom intensity in both randomized-con-
trolled studies (nasal congestion p = .002, rhinorrhea p =
.003, loss of smell p =.004)* and clinical trials***. In
POLYP 1 (NCT03280550)* and POLYP 2
(NCT03280537)% trials, performed on 138 subjects and
127 respectively, nasal symptoms significantly improved
when comparing baseline with week 24 (Table 5). The
same results were seen when evaluating the evolution of
TNSP (omalizumab versus placebo — POLYP 1 with p =
.0001, and POLYP 2 with p<.0001).

Analysing the results of UPSIT, an improvement was
seen in the sense of smell in both clinical trials (p=.0024
in POLYP 1%, p=.0011 in POLYP 2%).

The study performed by Pinto et al.*® showed no sig-
nificant difference between the study groups and placebo
in UPSIT (p < .31), PNIF (p < .31), total nasal symptoms
score (p < .21) (Table 5). Their results might be influ-
enced by the small number of patients included in the
study (n = 14 patients).

The positive influence of the monoclonal antibody
therapy upon CRSWNP symptoms can be corelated with
the significant improvement the treatment has also upon
the total nasal endoscopic polyp scores and Lund-Mackay
CT scores.

THE INFLUENCE OF MONOCLONAL
ANTIBODY THERAPY ON PATIENTS’
QUALITY OF LIFE

A very important parameter in evaluating the efficacy
of any treatment is the patients’ quality of life (QoL). Dif-
ferent questionnaires can be used.

In most of the statistics we reviewed, the following scor-
ing methods were used: SNOT-22, SF-36, the 31-item Rhi-
nosinusitis Outcome Measuring Instrument (RSOM-31),
Asthma Quality of Life Questionnaire (AQLQ), b-item
Asthma Control Questionnaire (ACG-5).

Analysing all the results, one can conclude that after the
treatment with dupilumab®*3*%¥% and mepolizumab®*, the
SNOT-22 scores improved significantly (Table 4, Table 5).
For omalizumab, both Clinical Trials (POLYP 1, POLYP 2),
conducted on a clinical and scientifical significant number
of patients, identified an important improvement in SNOT-
22 values after treatment in the omalizumab group versus
placebo (p<.0001)**. However, Pinto et al.® showed that
although omalizumab improved the SNOT-22 scores in the
study group (-1.05) and no important change in the pla-
cebo (-0.20) (Table 4), the difference between the two
groups at the end of the treatment was not statistically sig-
nificant (p<.78). The same observation can be made in the
case of SF-36 (p > .05), except the vitality parameter (p <
.05). Gevaert et al.? (2013) concluded that omalizumab
changed in better the SF-36 of physical health for the pa-
tients who received the monoclonal antibody (p= .02 versus
p=.75), in the RSOM-31 (sleep with p = .03, general symp-
toms with p=.01) and for AQLQ) scores (p=.003).

The ACQ-5 for dupilumab presented a clinically impor-
tant improvement (p < .001)%2.

MONOCLONAL ANTIBODY THERAPY AND
SEROLOGIC AND NASAL MARKERS

The monoclonal antibody therapies are directed to-
wards specific biomarkers, such as IgE, IL-5, I1-4, IL-13,
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type 2 inflammation agents®®'. Blocking one of these
markers, the biologic agents reduce the concentration
of eosinophils, ECP, IL-5-Ra or serum and nasal secre-
tions IgE.

Omalizumab

As an IgE blocker, reducing the free IgE, omalizumab
produces no significant difference after treatment in any
serum and nasal secretion of the evaluated parameters™®
(Table 4).

Reslizumab, mepolizumab

For reslizumab, it has been seen a significant decrease
in serum eosinophils in the treatment group versus pla-
cebo at 8 weeks, with a return to baseline values at week
123, However, a rebound was reported at week 24 after
receiving 1mg/kg treatment and at week 32 after 3mg/kg
treatment™. Also, there was a significant decrease in nasal
and serum IL-5-Ra and ECP at 8 weeks of treatment and 4
weeks, respectively, compared to placebo.

The treatment with mepolizumab gave a significant de-
crease in the total blood eosinophil count compared to
the placebo group (p<.001)*7, with no signs of rebound.
The same effect was seen on the level of nasal (p=.010)
and serum (p<.001) IL-5-Ra and serum (p=.022) ECP®.
An exception was the nasal ECP with p=.260.

Dupilumab

The patients treated with dupilumab showed an impor-
tant decrease in the levels of total serum IgE, eotaxin-3
and ECP compared to baseline. In the case of eotaxin-3,
the decrease was seen as early as the second week and re-
mained reduced until the end of the treatment (p <
.001)*. A valuable information is that the low levels of IgE
progressed over the 16 treatment weeks, according to
Bachert et al.* in 2016.

The blood eosinophils presented no significant varia-
tion in both groups at week 16 compared to baseline®.

Evaluating the influence of dupilumab upon both
nasal and serum inflammatory markers, one can conclude
that this monoclonal antibody acts on organ and systemic
type 2 inflammation.

MONOCLONAL ANTIBODY THERAPY AND
THE NEED FOR RESCUE TREATMENT

An essential information in the benefit of monoclonal
antibodies is the need for nasal polyps’ surgery in patients
who receive biologic treatment. The reviewed Clinical Tii-
als indicated the need for rescue treatment (medication
and/or surgery) in all treated patients, no matter the used
biologic®™.

Omalizumab

POLYP 1 clinical trial® evaluated the need for rescue
medication, systemic corticosteroids, for more than 3 con-
secutive days through week 24. 3 patients in the placebo
group (4.5%) and 2 patients in the omalizumab-treated
group (2.8%) received systemic corticotherapy, with no

difference from a statistical point of view between the
groups (p=.6716). The need for nasal polyp surgery up to
week 24 was identified in 1 patient who received placebo
treatment. No patients included in the study group
needed surgical intervention, but there was no difference
between the two groups (p = .4815).

In the case of patients included in POLYP 2 clinical
trial®’, up to week 24, 6 patients needed rescue medication
(1 patient in the study group (7.7%), 5 patients in the
placebo group (1.6%); p=.1594) and 1 patient who re-
ceived placebo needed nasal polyps’ surgery.

Mepolizumab, benralizumab

SYNAPSE clinical trial* evaluating the effect of mepoli-
zumab in severe bilateral nasal polyps showed that, up to
week 52 of treatment, 37 patients who received placebo
and 25 patients who received 100 mg mepolizumab
needed at least one course of systemic corticosteroids (p=
.020). The percentage of participants with nasal surgery
over time increased from week 8 (placebo: 1.0, 95%CI 0.3
to 3.9; mepolizumab: 0.5, 95%CI 0.1 to 3.4) to week 52
(placebo: 23.6, 95%CI 18.3 to 30.3; mepolizumab: 9.2,
95%CI 5.9 to 14.2) (p=.003).

While analysing the efficacy and safety of benralizumab
for nasal polyposis treatment, the OSTRO clinical trial*
concluded that 70 patients needed nasal surgery for nasal
polyposis and 118 patients needed systemic corticosteroids
up to week 56. From the patients needing surgery, 33 pa-
tients received benralizumab (15.9%) and 37 were pla-
cebo patients (18.2%); a parameter with no statistical
importance, with p = .5419. Systemic corticosteroids were
given to 52 patients (25.1%) from the benralizumab
group and 66 patients (32.5%) from the placebo group,
with a p=.0913 between groups. Counting the time from
baseline to the first rescue treatment (in months), in the
study group, the time for the first surgery was 16.6 months
and for corticosteroids and/or surgery 35.5 months. In
the placebo-treated patients, the time to the first nasal sur-
gery was 19.5 months and for corticotherapy and/or sur-
gery 46.5 months.

Dupilumab

SINUS-24 clinical trial® evaluated the need for surgery
and/or systemic corticosteroids up to week 24 and week
48. The percentage of subjects who needed nasal polyps’
surgery up to week 24 was of 7.5 (95%CI, 3.7 to 13.2) in
the placebo patients and 2.1 (95%CI, 0.6 to 5.6) in the
study group. Regarding systemic corticosteroids, the per-
centage was 18.9 (95%CIL, 12.7 to 26.0) in the placebo
group and 6.5 (95%, 3.2 to 11.5) in the dupilumab group.
Evaluating the same parameters up to week 48, the results
were as follows: for the study group — need for surgery 6.3
(95%CI, 2.9 to 11.4), need for corticosteroids 21.4
(95%ClI, 15.0 to 28.5); for placebo — need for surgery 12.5
(95%ClI, 7.5 to 18.9), systemic corticosteroids 28.8 (95%CI,
21.4t0 36.7).

SINUS-52 clinical trial*”” concluded that, up to week 52
of treatment, the percentage of subjects who needed nasal
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polyp surgery was 28.3 (95%CI, 21.2 to 35.7) in the pla-
cebo group and 5.5 (95%CI, 2.9 to 9.4) in the dupilumab
group, while the need for systemic corticosteroids was of
42.5 (95%CI, 34.5 to 50.2) in the placebo group and 13.1
(95%CI, 9.0 to 18.0) in the dupilumab group.

Reslizumab

In the case of reslizumab, the randomized-controlled
study who evaluated its effect upon nasal polyposis re-
ported that nasal surgery was needed in 2 patients from
the placebo group during week 2 and week 8, respectively.
In their cases, the total nasal polyp score compared to
baseline worsened™.

SAFETY OF MONOCLONAL ANTIBODY
NASAL POLYP THERAPY

An important parameter in evaluating a new drug is the
evaluation of its safety and adverse events.

For all three types of monoclonal antibodies, a variety
of adverse events were reported by the Clinical Trials**
(Table 6). Only in the case of dupilumab, there was re-
ported one case of mortality (SINUS52 clinical trial)®’.

Serious adverse events were defined as medical events
which put the patient in danger or require medical and/
or surgical intervention to prevent patient’s death, are not
life-threatening or do not require hospitalization®™*.

Table 6. Reported adverse events in the Clinical Trials.

These types of adverse events were reported in both evalu-
ated groups. Omalizumab treatment led to 3 severe ad-
verse reactions (2.22%), the most frequent being fractures
(hand) (0.74%)%* (Table 6). 2 patients (1.53%) from the
placebo group presented cardiac disorders (1 patient,
0.77%) and pneumonia (1 patient, 0.77%).

In the case of dupilumab, 26 patients (5.91%) from the
study group and 35 patients (12.41%) from placebo pre-
sented serious adverse events**. The most frequent were
infections such as pneumonia, sinusitis, diverticulitis (du-
pilumab group vs placebo, 1.36% vs 1.77%), gastrointesti-
nal disorders (0.91% vs 0.35%), injuries (fractures)
(1.13% vs 1.77%), nervous system disorders (0.22% vs
1.06%) (Table 6).

Twenty-five benralizumab-treated patients (12.08%)
presented serious adverse effects, the most frequently re-
ported being gastrointestinal disorders (3.38%), infec-
tions (bronchitis, pneumonia, sinusitis) (1.93%), nervous
system disorders (1.45%)* (Table 6), while 12 patients
(5.83%) treated with mepolizumab* presented cardiac
disorders (angina pectoris, coronary artery stenosis, myo-
cardial infarction, myocardial ischaemia) (2.91%), inju-
ries (contusions, fractures) (2.42%) or nervous system
disorders (1.45%) (Table 6).

The incidence of neoplasms, benign or malignant, was
low for all four biologics, with no statistically significant differ-
ence compared to placebo: 0.22% versus 0.35% for dupil-

Adverse events

(study group/ Omalizumab*4 Dupilumab?”* Benralizumab® Mepolizumah"
pIacebz gatieFr)]ts) (LBl (440/282) (207/203) (206/201)
All-cause 0/0 1(0.23%) /0 0/0 0/0
mortality

25(12.08%) /19 (9.36%)

Serious adverse

3(2.22%) /2 (1.53%)

Most frequent:
(ardiac disorders

26 (5.91%) / 35 (12.41%)

Most frequent:
Infections (1.36% / 1.77%)
Gastrointestinal disorders

Most frequent:
Blood and lymphatic system

disorders (0.96% / 0.98%)
Gastrointestinal disorders

12 (5.83%) / 14 (6.97%)

Most frequent:
Cardiac disorders (2.91%/ 0)

Nervous system disorders (1.45% /

0 0 0,
events (0/0.77%) (0.979% /0.35%) (3.38%/0) . .0'4%)
) Neoplasms (0.22% / 0.35%) Injuries (2.42% / 0)
Pneumonia (0/0.77%) B Neoplasms (0.96% / 0.98%) L
Injuries (1.13% / 1.77%) . Gastrointestinal disorders
Fracture (0.74%/ 0) . Nervous system disorders
Nervous system disorders (145% /0) (0.97%/0.99)
0, 0 ) 0, 0,
(0.22% / 1.06%) Infections (1.93% / 1.979%) Neoplasms (0.48% / 0.49%)
0 0, 0, 0
29(21.48%) /36 (27.69%) “ (54|;/5I:sf2r/eq1 Z(Zen(té&99 i > (67r.\;l1§sﬁriq1 3:3n(t701 "
g - < 0, 0, £
.M(.)stfr.e uent.. Injection site reaction 64(30.92%) /83 (40.89%) Nasopharynaitis (25.24% / 22.89%)
Other (not Injection site reaction Most frequent: L
. (9.54% /9.22%) o Sinusitis (4.85% /10.95%)
serious) adverse (3.70% / 1.54%) Nasopharyngitis (18.86% / 20.56%) Nasopharyngitis (17.87% / Headache (17.96%/ 21.89%)
events Headache (8.14% / 5.38%) LG L e 21.18%) SRS S

Sinusitis (7.5% / 11.70%)

Epistaxis (8.25% / 8.96%)

iti 0, 0,
ga;gg/“jfgggg; Headache (8.63% / 10.28%) Headache (3.38% /7. 88%) S e ngeal pain (7.77% /4.95%)
ATRIDIED Epistaxis (7.27% / 8.51%) Back pain (7.28% / 6.97%)
Total number 31/38 266/207 89/83 1517155
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umab (anal cancer in 1 placebo patient, 1 patient with nasal
benign tumor in the treated group)®, 0.96% versus 0.98%
for benralizumab (2 patients in the benralizumab group —ap-
pendix adenocarcinoma, salivary gland mucoepidermoid
carcinoma; 2 patients treated with placebo —lymphoma, uter-
ine leiomyoma)*, 0.48% versus 0.49% for mepolizumab (1
patient in the study group with benign valvular tumor; 1 pa-
tientin the placebo group with rectal adenoma)*'. In the case
of mepolizumab, the 6-month follow-up performed after the
treatment revealed zero neoplasms incidence for all subjects
included in the clinical trial.

The Clinical Trial evaluating the omalizumab treat-
ment reported not a single case of benign or malignant
tumors as adverse events®*.

Any other (not serious) adverse event was defined as
event that “does not result in death, is not life-threatening,
does not require inpatient hospitalization or extend a cur-
rent hospital day, does not result in an ongoing or signifi-
cant incapacity or interfere substantially with normal life
functions, and does not cause a congenital anomaly or
birth defect; il also does not put the participant in danger
and does not require medical or surgical intervention to
prevent one of the results listed above™™#. The number of
adverse events was higher compared to serious adverse
reactions: 29 patients (21.48%) for omalizumab (36 pa-
tient, 27.69%, in placebo group)**, 240 patients (54.54%)
for dupilumab (172 patients, 60.99%, in placebo
group)*"*, 64 patients (30.92%) for benralizumab (83 pa-
tients, 40.89%;, in placebo group)*, 139 patients (67.48%)
for mepolizumab (141, 70.15%, in placebo group)*'. The
most frequently reported were nasopharyngitis, headache
and injection site reactions (Table 6).

For reslizamab, Gevaert et al.** (2006) reported that 23
(95.8%) of the 24 subjects included in the study presented
at least 1 adverse reaction. The most frequent adverse
event reported was upper respiratory tract infection in 14
patients (58.3%, 10 in the reslizumab-treated group and 4
in the placebo group). Only one patient who received
300mg/kg of reslizumab did not have an adverse reaction
to the treatment.

DISCUSSIONS

The management of chronic rhinosinusitis with nasal
polyps refractory to both medical and surgical treatment
is a challenge for every ENT specialist.

The development and approval of humanized mono-
clonal antibodies for the treatment of CRSWNP represent
an important step in treating these patients by improving
their quality of life, avoiding high rates of recurrence and
the need for surgery.

In 2018, the European Forum for Research and Educa-
tion in Allergy and Airway Disease (EUFOREA) released
the indications for the use of biologics in patients with
CRSwNP with and without comorbid asthma. Later, in

2020, the European Position paper on Rhinosinusitis and
Nasal Polyps (EPOS) elaborated a revised guideline.

According to EUFOREA and EPOS2020, the treatment
with biologics is indicated in CRSWNP patients with bilat-
eral nasal polyposis, who had an endoscopic sinus surgery
or had contraindication for surgery, plus three of the fol-
lowing criteria®®:

v Evidence of type 2 inflammation (tissue eosinophils
210/hpf OR blood eosinophils 225u/1 OR total
IgE>1000IU/ml

v" Need for systemic corticosteroids or contraindica-
tion to systemic steroids (22 courses per year OR
long term (more than 3 months) low dose steroids

v’ Significantly impaired QoL (SNOT-22 > 40)

v’ Significant loss of smell (anosmic on smell test)

v’ Diagnosis of comorbid asthma (asthma needing
regular inhaled corticosteroids).

Also, there have been established criteria for the re-
sponse to monoclonal antibody therapy: reduced nasal
polyp size, reduced need for systemic corticosteroids, im-
proved QoL, improved sense of smell and reduced impact
of co-morbidities*®. Three categories of response will be
registered at 16 weeks and 1 year of treatment: excellent
(5 criteria), moderate (34 criteria), poor (1-2 criteria), no
response (0 criteria)?®. If no response in any criteria dur-
ing the follow-up, the treatment is stopped.

All clinical trials included in this review guided the fol-
low-up according to all above mentioned criteria.

EPOS2020 provides a grade of recommendation and
level of evidence for the biologic treatment of CRSWNP
patients®. Anti-IL5 and anti-IgE have a level of evidence Ib
and they should be used when approved. Anti-IL4/11-13
(dupilumab) should be used in all patients fulfilling the
criteria for treatment with monoclonal antibodies, with an
Ia level of evidence.

All trials identified a certain percentage of adverse ef-
fects, most of them being no serious adverse events:
21.48% for omalizumab®*, 54.54% for dupilumab®,
30.92% for benralizumab*, 67.48% for mepolizumab*'.
The long-term safety profile is an aspect which needs fur-
ther investigations.

Another aspect which needs attention is the cost-bene-
fit of the biologic treatment, which seems to be in favour
of nasal surgery. Several reports state that in the US the cost
for endoscopic sinus surgery ranged between $8200 and
$10,500, while for biologics between $30,000 and $40,000
depending on the type used®*™. In Romania, there are 3
biologicals available, 2 of them (dupilumab and omali-
zumab) indicated also for CRSWNP, and benralizumab indi-
cated only for asthma and dermatitis. Considering the cost
of the treatment, only one administration costs between
323€ and 1,979¢€, considering that none of them is compen-
sated by the Ministry of Health and the National Health
Insurance House for nasal polyposis.

Due to the continuous research, new potential biolog-
ics are studied for the treatment of nasal polyposis: anti-
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I1-33 and ant-TSLP®. I1-33 is part of the IL-1 cytokines
family, being expressed in epithelial cells, dendritic cells,
macrophages, endothelial cells. It activates the production
of Th2 cells, eosinophils, mast cells and basophils, leading
to an inflammation response®. At the same time, IL-33 has
an important role in the production of IL-5 and IL-3.
TSLP (thymic stromal lymphopoietin) is an epithelial cell-
derived cytokine which regulates Th2 inflammation,
being involved in some inflammatory diseases, among
which nasal polyposis, atopic dermatitis””. For both biolog-
ics, there are level 3b of evidence studies which evaluated
their treatment efficacy in patients with CRSWNP*®, but
future randomized clinical trials are needed in order to
evaluate and understand the role of anti-IL-33 and anti-
TSLP drugs in CRSWNP.

CONCLUSIONS

Based on the available data, monoclonal antibody ther-
apy seems to be beneficial for the patients diagnosed with
chronic rhinosinusitis with nasal polyps and with or with-
out comorbid asthma. The approval of two biologics with
different mechanism of action raises patients’ accessibility
to the treatment.

The development of new treatments challenges the
otorhinolaryngologists to carefully identify the patients
who meet the criteria for the initiation of monoclonal an-
tibody therapy.

Nonetheless, further studies are needed regarding the
log-time effect of this drugs and their integration in the
CRSwWNP treatment algorithm.
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