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ABSTRACT The term chronic rhinosinusitis (CRS) is an umbrella
term that covers different conditions related with the paranasal sinus
system. In recent years, effort was made to understand the underlying
pathophysiology in terms of detecting its phenotypes and endotypes.
These efforts resulted with the identification of biomarkers that have
an important role in pathophysiology of CRS. CRS is mainly divided
into two phenotypes: CRS without (sine) nasal polyps (CRSsNP) and
CRS with nasal polyps (CRSwNP). CRS with nasal polyposis share
the same mechanisms with allergic rhinitis and asthma in which type
2 inflammation is predominant. Biological monoclonal antibodies
have a long use for treatment of uncontrolled asthma. Based on pre-
vious experience with asthma and allergic diseases, biological treat-
ments started to gain place in management of uncontrolled CRS
which is difficult to treat against maximal treatment effort. Recently;
European Position Paper on Rhinosinusitis and Nasal Polyps (EPOS
2020) was released at the beginning of 2020. For the first time, EPOS
2020 reported the indications of biological products in treatment of
CRS. It is predictable that targeted biological treatments are going to
take place in standard treatment of CRS in ongoing years. Biologi-
cal monoclonal antibodies offer “precision treatment” for various dis-
cases for decades. They offer a new targeted therapy, however their
use in new areas are still under investigation. This review is focused
on available literature related with the use of biologics in treatment of
CRS.
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OZET Kronik rinosiniizit (KRS) terimi, paranazal siniis sistemi ile il-
gili farkli hastaliklar1 kapsayan bir semsiye terimidir. Son yillarda KRS
fizyopatolojisi, KRS fenotip ve endotiplerini saptamak iizerine yapilan
caligmalar artmistir. Calismalar KRS fizyopatolojisi 6nemli rol oynayan
biyobelirteglerin tanimlanmasi ile sonuglanmistir. KRS temel olarak
iki fenotipe ayrilir. Bunlar burun poliplerinin eslik etmedigi KRS ve
burun poliplerinin eslik ettigi KRS’lerdir. Nazal poliplerin eslik ettigi
KRS, tip 2 inflamasyonun baskin oldugu alerjik rinit ve astim ile ayni
mekanizmalar1 paylasir. Biyolojik monoklonal antikorlar, kontrolsiiz
astim tedavisi igin uzun siiredir kullanim alania sahiptir. Astim ve aler-
jik hastaliklarla ilgili 6nceki deneyimlere dayanarak, maksimum tedavi
cabalarina kars1 tedavisi zor olan kontrolsiiz KRS'lerde biyolojik teda-
viler yer almaya baslamistir. En giincel olarak; European Position Paper
on Rhinosinusitis and Nasal Polyps (EPOS 2020) 2020'nin baginda ya-
yinlandi. EPOS 2020 ilk kez KRS tedavisinde biyolojik tiriinlerin en-
dikasyonlarin bildirdi. Hedefli biyolojik tedavilerin, KRS'in standart
tedavisinde devam eden yillarda olacagi dngoriilebilir. Biyolojik mo-
noklonal antikorlar, onlarca yildir ¢esitli hastaliklar i¢in "hassas tedavi"
olanagi sunmaktadir. Yeni bir hedefe yonelik tedavi secenegi sunan bu
ajanlarin, yeni alanlarda kullanimlari halen arastirilmaktadir. Bu der-
leme, KRS tedavisinde biyolojik tirtinlerin kullanimu ile ilgili mevcut li-
teratiirli derlemeyi amaglamistir.

Anahtar Kelimeler: Omalizumab; mepolizumab; dupilumab;
reslizumab; fenotip; monoklonal antikor

Chronic rhinosinusitis (CRS) is an umbrella term
that covers different paranasal sinus pathologies. It is
estimated that CRS can effect up to 12.5% of the pop-
ulation around globe.! However all subtypes of rhi-
nosinusitis are completely different; which single

treatment modality cannot reach a definite treatment
goal.’

The CRS covers CRS without (sine) nasal
polyps (CRSsNP), CRS with nasal polyps (CR-
SwNP), allergic fungal rhinosinusitis (AFRS), CRS
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related with aspirin exacerbated respirator disease
(AERD).? Phenotypes differ according to type of
inflammation, need of surgery and recurrence after
appropriate treatment.* These different clinical phe-
notypes have different mechanisms (e.g type 2 in-
flammation is predominant for CRSwNP, AFRS,
and AERD) and even in same phenotype; subtypes
may have different pathophysiology (e.g. nasal
polyps in CRSwNP vs nasal polyps in cystic fibro-
sis). In recent years effort was made to understand
the underlying pathophysiology among these dif-
ferent phenotypes and endotypes of CRS.> These
efforts resulted with the identification of biomark-
ers that have important role in pathophysiology of
CRS.

The main treatment of CRS consists of the use
of antibiotics, local/systemic steroids, saline irriga-
tion and functional endoscopic sinus surgery
(ESS).° Despite all treatment modalities there is a
group of “difficult to treat subjects” in which
symptom control cannot be achieved despite ap-
propriate/maximal use of current treatment modal-
ities. Defined CRS phenotypes and endotypes and
targeted biological treatment allow to plan a more
tailored therapy.’

Chronic rhinosinusitis is mainly divided into
CRSsNP and CRSWNP.” The CRSWNP has a strong
association with asthma and both asthma and CR-
SwNP share some similar characteristics according
to pathophysiology of the disease. The biological
treatment modalities has a long use in treatment of
asthma (15 years). Shared inflammatory pathways
started to guide the biological treatment modalities if
they are useful in rhinosinusitis.*

Targeted biological treatment is the state of art
of the treatment of CRSwNP. This review tended to
define biological treatment, monoclonal antibody
production, present the potential agents, in the light of
literature to discuss the current situation and potential
future applications.

I PHENOTYPES AND ENDOTYPES OF
RHINOSINUSITIS

According to literature, there are 3 inflammatory
pathways.! These are T-helper 1 (Th-1) driven, T-
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helper 2 (Th2) driven and T-helper 17 (Th17) driven
pathways. In CRSsNP, inflammation process is
mainly driven by Thl cells. There are increased
number of myeloperoxidase-related neutrophils.
Levels of interferon (IFN)-c, interleukin (IL)-2, and
tumor necrosis factor (TNFa) were increased in
CRSsNP.

Chronic rhinosinusitis with nasal polyps, AERD
and AFRS share same inflammatory pathway that is
mainly driven by Th2 cells (Th2). T-helper 2 pre-
dominant inflammation often related with increased
level of eosinophils. Type 2 inflammation’s bio-
markers are eosinophilic cationic protein, IL-4, IL-5,
IL-10 and IL-13 of which some are all targets of bi-
ological treatment. In sino-nasal epithelial cells
healthy epithelial barrier function is lost. Ig-E which
is the inducer for eosinophilia are also present in
local polyp tissue and blood in Th2 driven inflam-
mation.’

T-helper 17 driven pathway is another pathway
that is not extensively studied. Previous data demon-
strated that in Asian patients Th17 driven inflamma-
tory pathway is mainly driven from IL-6, IL-17,
IL-22, and TNF-0.}

I MONOCLONAL ANTIBODY PRODUCTION

Monoclonal antibodies are large molecules (normal
size between 150-200,000 Daltons) that have a spe-
cific epitope or antigen target. They are the impor-
tant part of host defense system that evolved over
the past 400 million years among all kind of verte-
brates.” Monoclonal antibodies are highly specific
and they are the future treatment of various dis-
eases.

All monoclonal antibodies have a different
common-mab (Omelizumab) suffix which was
given them to differentiate from other therapeutic
agents. Next nomenclature of the monoclonal an-
tibodies was made according to their origin as fol-
lows: !

u Mouse antibody (-omab)

u Chimeric antibody (-ximab)

m Humanized antibody (-zumab)

u Fully human antibody (-umab)
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Further nomenclature was made according to
target as following:!!

u Tumor (-tu-(m))

u Immune system (-li(m)-)

u Circulation system (-ci/c(ir)-)
m Anti-angiogenic (-anibi-)

m Anti-viral (-vi-)

m Interleukin (-ki(n)-)

m Bone (-0s-)

First creation and production of monoclonal an-
tibodies were made in mouse (murine). Although this
is a useful method for experimental studies; these
monoclonal antibodies include some degree of for-
eign mouse proteins. When used in humans as thera-
peutic agents; these proteins lead to undesired
common immune reactions due to foreign mouse pro-
tein so called human anti-mouse antibody (HAMA).
Current mouse (murine) originated antibody exam-
ples are catumaxomab and ibritumomab tiuxetan
which targeted tumor tissue.

A further humanizing of monoclonal antibodies
was achieved with chimeric mousses. This problem
was partly solved with recombinant DNA technol-
ogy. Chimerisation is the replacement of most mouse
Fc sequences with human Fc.’ By chimerisation 30-
35% mouse/65-70% human derived antibodies can
be achieved.!! However new reactions occurred due
to Human anti-chimeric antibody (HACA) that less
than reactions with HAMA. Example of chimeric an-
tibodies is Cetuximab which targeted tumor.
Chimeric antibodies have more common use than
mouse antibodies and they are in current use for
tumor and diseases effecting the immune and circu-
lation system.!!

Since the reaction in human body is against
mouse (murine) based proteins; attempts were given
to maximize the humanized part of MA (humaniza-
tion). Humanized monoclonal antibodies contains 5-
10% mouse (murine) proteins. For creation of
humanized MA, complementarity determining re-
gions (CDR) of the mouse are incorporated human
antibody.'? This process is called CDR grafting. By
humanization the immunologic reactions are much
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lower however it can be still expected. Humanized
antibodies now have a use in oncology, immune sys-
tem, circulation system, anti-angiogenic purposes
and as anti-viral. Omelizumab is an example for hu-
manized antiboides that further presented in this re-
port.

Final solution comes from genetic engineering
that allowed the creation of fully human monoclonal
antibodies. Two methods were used for this pur-
pose.!® Bacteriophage displayed antibody is the
most common form. For this purpose a bacterio-
phage was infected to an Escheria Coli (EC). The
phages are enlarged and selected. After various
steps desired gene locus was obtained and cloned to
a plasmid. By inoculating the plasmid to bacteria
(e.g E.coli), yeast (e.g. Pichia pastoris) or mammal
(e.g Chinese Hamster Ovary Cell) antibodies can be
produced.”!* Second approach is transgenic mice
approach in which mouse native antibody genes
were replaced with their human counterparts. This
approach is the combination of recombinant DNA
and genetic transfer technology. The production of
antibodies in fully human structure is the most com-
mon and desired way. They have a current use in all
aspects of biological treatment. Dupilumab and
mepolizumab are the examples of fully human mon-
oclonal antibodies that are further presented in this
report.

Future techniques for antibody production are
immortal B-Lymphocyte cell line, immortal myeloma
cell line, single type reverse transcription polymerase
chain reaction (RT-PCR), heterohybridoma etc.!!
Since this part is written to give a brief explanation of
monoclonal antibody production process to the audi-
ence; details of these processes are beyond the topic
of this article.

I ANTI-IGE

Omalizumab is the first anti Ig-E monoclonal anti-
body that used both in allergic rhinitis (AR), asthma
and CRSwNP.2 Omalizumab acts by binding IgE’s
Fc receptor. It blocks the Ig-E mediated inflamma-
tion and decreases the Ig-E concentrations. Omal-
izumab also downregulate the Fc receptors in various
cells and reduce inflammatory mediator release.'*
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Omalizumab have an FDA approval since 2003 for
asthmatic subjects whose symptoms cannot be con-
trolled with inhaled corticosteroids. Recent meta-
analysis from Rivero et al. demonstrated beneficial
effect of anti IgE therapy on poly size reduction in
subjects with severe asthma. '

Omalizumab can be administered to subjects
over the age of 12. The only contraindication of the
treatment is anaphylactic reaction to agent (0.2% of
the treated subjects). The administration route of
omalizumab is subcutaneous injection for every 2 to
4 weeks with weight based dosing. In general, 16
weeks is required to achieve clinical response. When
the omalizumab therapy is ceased; the beneficial ef-
fects ended in a few months.'* There was concern re-
lated with the malignancy, cardiovascular events and
reported side effects are increased upper respiratory
tract infections including pharyngitis sinusitis and in-
jection site reactions.

In most recent Cochrane database review; 3
studies, that evaluated omelizumab in the manage-
ment of CRS WNP, were included. These 3 studies
included 65 subjects and final comment of the
Cochrane review cannot reach to a certainty on use of
omalizumab in CRSwNP.? This is why the study re-
sults are in limited number and conflicting. In 14 sub-
jects Pinto et al. could not find a significant difference
between omalizumab and placebo in terms of endo-
scopic nasal polyp score.'® Gaveart et al. compared
omalizumab with placebo in 24 subjects.!” Subcuta-
neous 4 to 8 doses of omalizumab (n=16) was used in
subjects with nasal polyposis. Endoscopic polyp
scores Lund Mackay
symptom/quality of life scores were improved with

as well as scores,

omalizumab therapy.

Ig-E targeted therapy is also found to be effec-
subjects with subjects with AFRS,
eosinophilic granulomatosis with polyangiitis
(EGPA) and AERD.!* A recent meta-analysis by
Rivero et el. included 5 studies in which omalizumab
was evaluated for treatment of nasal polyposis.'?
Overall, no significant reduction was observed in

tive in

nasal polyp size but a tendency for improvement is
observed. But in post hoc analysis in subjects with
concomitant asthma a significant reduction was ob-
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served in nasal polyp size. Authors support the use of
omelizumab in CRSwNP with concomitant asthma.
Ligelizumab and Quilizumab are the other anti Ig-E
drugs that are under investigation.®

I ANTI-IL-5

Mepolizumab and reslizumab have an FDA approval
since 2015/2016 in asthmatic subjects that have con-
comitant eosinophilia.'’ Mepolizumab blocks TL-5
/IL-5 receptor (IL-5R o) complex binding and neu-
tralize IL-5 signaling. Primary effect is based on the
reduction of eosinophils and previous studies indi-
cated the agent as a potential biologic in treatment of
eosinophilic diseases including CRSwNP.? Bachert et
al. conducted a prospective study in 105 subjects (4
subjects received 750 mg of intravenous (IV)
mepolizumab for every 4 weeks for 6 times-51 sub-
jects received placebo). Mepolizumab significantly
reduced the need for sinus surgery and treatment im-
proved endoscopic nasal polyp score, Visual analog
scales and symptom scores.'®

Gavaert et al. evaluated 30 subjects with
either grade 3/4 nasal polyps or recurrent nasal
polyposis (20 subjects received 750 mg of IV
mepolizumab for every 28 days for two times-10
subjects received placebo). In 12 subjects, nasal
polyp score and CT appearance of nasal polyps im-
proved in mepolizumab group vs 1 subject in
placebo group."

Most recent Cochrane review analysis includes
two studies. Authors commented that they have low
certainty about the beneficial effect of mepolizumab
theraphy in means of symptom severity, risk of sur-
gery, extent of disease, quality of life and serious side
effects.’ Reslizumab (target molecule IL-5R) is also a
new drug that is currently under investigation.* Other
biologics that are related with IL-5 pathway are ben-
ralizumab (target molecule IL-5R o), TPI ASMS (tar-
get molecule IL-5R f).® Benralizumab has a different
mechanism that leads to a depletion of eosinophils.
Hyper sensitivity to drug and anaphylaxis is the com-
mon adverse events of biologics. Increased risk of
malignancy is one of the main concerns. Opportunis-
tic infections also serves a risk of biological treat-
ment."
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I ANTI-IL-4/1L-13

Alpha (o) chain of IL-4R a is a common receptor for
IL-4 and IL-13 which has an important effect on nasal
polyp formation. Dupilumab acts as anti-IL-4 mAb.>
Dupilumab is the only approved drug by Food and
Drug Administration (FDA) for treatment of patients
with CRSwNP. Literary data about the use of
dupilumab have strongest evidence level for now in
subjects with CRSwNP. Most recent Cochrane re-
view includes 784 subjects from different studies.’
The results are almost clear that dupilumab show a
superiority in extent of disease, need for surgery, dis-
ease severity quality of life and side effect profile.?
In the setting of 8.9 points clinically important dif-
ference subjects receiving dupilumab have a 19.6
points better values than placebo. The VAS scores
lowered 3.0. A large effect size (7.0) was observed
for Lund Mackay scores. Pitrakinra and AMG 317 is
another IL-4Ra antagonist that is under investiga-
tion.”” IL-4 antagonists that are currently under in-
vestigation are Quilizumab, Pascolizumab and
Altrakincept.?

Although mentioned biomarkers were re-
viewed extensively, we need to note that there are
other biologics that are currently investigated. Tar-
geted biomarkers (biological treatment) for 1L-13
are Lebrikizumab and Tralokinumab Anruk-
inzumab and GSK679586. Other biomarkers that
are currently investigated are IL-9 (MEDI-528), IL-
17a (Secukinumab) Siglec-8 (AK001) IL-4/IL-13
(SAR156597) TSLP (Tezepeluma) OX40LG (Ox-
elumab).?’

I INDICATIONS FOR BIOLOGICAL
TREATMENT FOR SINUSITIS

In EPOS 2020, the indications for biological treat-
ment in rhinosinusitis took place for the first time.
The indication is limited to CRSWNP with bilateral
nasal polyps who had endoscopic sinus surgery.
Three out of 5 indications are needed to start biolog-
ical treatment. These indications are

m Presence of comorbid asthma that requires
regular inhaled corticosteroids

m Presence of anosmia on smell test
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m Significant impairment of quality of life scores
(Sinonasal outcome test-22 score (SNOT-22) over
40)

m Contraindication for systemic steroid use or
need for systemic steroid use >2 courses/year or need
of low dose need for systemic steroid use for more
than 3 months.

m Presence of biochemical evidence of type 2 in-
flammation (total IgE >100 or blood eosinophilia
>250 or tissue eosinophilia >10/high power field
(x400)

EPOS 2020 also reported the evaluation
process after biological treatment. First evaluation
needs to be done 16 weeks after therapy. Response
was evaluated also with 5 parameters according to
nasal polyp size, need for systemic steroids, quality
of life, smell quality and reduction in comorbid dis-
eases. Response needs to be categorized as excel-
lent (5 criteria), moderate (3-4 criteria), poor (1-2
criteria) and no response, and the treatment ceased
if no response was detected If any response was de-
tected after 16 weeks, the subject is evaluated after
1 year therapy.

I DISCUSSION

Chronic rhinosinusitis is an important health prob-
lem that has direct and indirect consequences. CRS
covers different disecases as CRSsNP, CRSwNP,
AFRS, CRSwWNP with asthma and AERD. Subjects
with CRSwWNP almost all needed a long term ther-
apy no single modality exists to eliminate the dis-
case.?’ General success rate of available medical
treatments are around 50%.'* and sinus surgery re-
vision rates will be up to 15%.% In contrast with the
optimal use if available therapeutic options a degree
of subjects disease cannot be controlled. Difficult to
treat subjects are candidates for second line treat-
ment modalities including macrolides, leukotriene
receptor antagonists, topical antibiotics and biolog-
ical treatment.*

One disease one airway concept accepted that all
airway system is a single unit that shares same prop-
erties.”” There is a well demonstrated clinical con-
nection with the allergic rhinitis, rhinosinusitis and
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asthma. The comorbidity and overlapping situation
with AR and asthma is widely seen in CRSWNP and
presence of one condition complicate the overall con-
trol of disease. The Ig-E is the key inflammatory
marker which has been widely implicated in the
pathogenesis of airway related diseases. The number
of eosinophils as well as IL-5 is widely shown in
nasal polyp pathogenesis. In asthma and atopic der-
matitis, Ig-E and TH2 targeted biological treatments
improve clincal success rates.

The available options mostly include medical
treatment that includes severe systemic steroid treat-
ment and endoscopic sinus surgery.® Glucocorticoid
receptor-b expression and neutrophil accumulation in
nasal polyp tissue are related with steroid insensitiv-
ity.” Main treatment failure is possible and observed
in certain group of subjects. Presence of nasal poly-
posis, presence of diffuse high endoscopic scored
nasal polyps, comorbid disease like asthma and
AERD/AFRS are the main failure-related factors.'*
In 36 subjects, Van Zele et al. reported that Ig-E lev-
els, presence of Staphylococcus aureus enterotoxin
specific IgE (SE-Ig-E), eosinophilic cationic protein
(ECP), and high IL-5 levels were significantly high in
recurrent cases.’!' In the same study, asthma and as-
pirin intolerance were also associated with recur-
rence.

Biological products are monoclonal antibodies
that target specific part of any diseases pathophysi-
ology. Their production in years significantly im-
proved and now they are the mainstay treatment of
various diseases. Their advantages are offering a
more biologic, precise treatment by eliminating the
possible side effects of conventional therapies. In any
disease treatment as oncologic, immunologic ones
there are always a number of difficult to threat sub-
jects and these therapies also offered a new way for
such diseases.”” In general 69 biologic agents are
under investigation for Th1, Th2 and Th-17 mediated
inflammation and the number is increasing.”’ A lim-
ited number of these agents are also suggested for
treatment of CRS. The initial indication of biological
treatments are on CRSWNP because of its close re-
lation to asthma but it seems to expand to the subjects
with eosinophilic CRS.
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On the basis of previous experience with
asthma, atopic dermatitis etc. CRSWNP a new a po-
tential CRS subgroup in which biologics are indi-
cated. There are a few number of studies in which
the dupilimab seems effective biological agent.’
However the studies will increase in number and
quality in ongoing years. Besides a continuous work
was done to better identify endotypes and pheno-
types and new biomarkers continuously identifies
and defining as a potential for targeted biological
treatment.

The main points related to a biological product
use is cost effectiveness and especially long term side
effects. The direct annual cost of biological product
use can be between 10000 and 40000 dollars.* Most
of the biological products are in markets for a few
years. Specific contraindications as well as ideal
dosage, ideal timing are missing. A major concern is
the interaction with human immune system in means
of decreasing resistance to infections and may be re-
sulted with long term cancer development.

CRS is mainly divided into two phenotypes as
CRSsNP and CRSwNP as mentioned. These two
forms are completely different from another since
the biomarker type of inflammation treatment
modality and effectiveness differ. Besides defined
phenotypes, there also different cluster subjects even
in the CRS subjects. Liao et al. evaluated 246 sub-
jects with CRS with at least 1 year follow up. Sub-
jects were evaluated according to 28 clinical and 39
molecular/cellular variables. In summary, these re-
sults indicated 7 different clusters in CRS. Previous
studies found 5 to 10 clusters according to number of
parameters.?

Targeted biological treatment currently takes po-
sition in European Position Paper on Rhinosinusitis
and Nasal Polyps 2020.° The EPOS 2020 now pres-
ents an indication scale for biological treatment
modalities and showed how the treatment will be
evaluated.

I CONCLUSION

Biological agents are state of art treatment options
for controlling airway diseases. Recent studies on
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endotypes and phenotypes of rhinosinusitis resulted
with detection of useful biomarkers which lead to de-
velop targeted biological treatment. Now these treat-
ments come into clinical applications with the
suggestion of EPOS 2020 and faster use of biologi-
cal products will be expected for forthcoming years.
Research for new biomarkers and new target mole-
cules are the future of precision treatment. Upon use
of each product, future clinical studies will clarify
their efficiency.
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