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Abstract

Background Several biologics are now approved in the US as add-on treatments for chronic rhinosinusitus
with nasal polyps (CRSWNP). This cross-sectional, retrospective, real-world study aimed to characterize treatment
patterns and identify predictors of biologic use among patients with CRSwNP.

Methods Adults in the Merative MarketScan Commercial and Medicare Supplemental Databases with medical
claims for CRSWNP were identified June 2018-June 2019 (identification period [IP]). Patient characteristics were
collated in the IP and treatment pattern data during the IP plus the following year (July 2019-June 2020; observation
period [OP]). Data were stratified by sinus surgery and biologic use.

Results Of the 5997 eligible patients identified (58% male, mean age 48.1 years), 10.7% (n=642) used biologics
during the OP. More biologic users had common respiratory conditions than non-users, particularly asthma (89.1%

vs 35.0%; P <0.001). Biologic users had fewer diagnostic services but more drug-related services than non-users. Only
11.6% of patients who had sinus surgery used biologics, with most (56.1%) having their first biologic dose before sinus
surgery and 12.5% < 30 days after. Oral corticosteroid (OCS) use was higher in biologic users than non-users (all
patients: 68.8% vs 42.5%; P <0.001) and in those with/without sinus surgery. Comorbidities, prior OCS/doxycycline
use, and age (< 65 years) increased the odds of biologic use, with asthma increasing the odds 5.46 times (P <0.001).

Conclusions Biologic use was more common before first/next sinus surgery and in patients with high unmet need,
elucidating predictors of biologic use that could be used in clinical practice.
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Background

Chronic rhinosinusitis (CRS), an inflammatory disease
of the sinuses, is estimated to affect 2—-14% of the US
population, with approximately 25-30% of all CRS cases
associated with the presence of nasal polyps (CRSWNP)
[1-5]. Nasal polyps are inflammatory outgrowths on
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the lining of nasal passages and sinuses found most
frequently associated with CRS [2, 6]. Symptoms of
CRSwWNP including nasal congestion, rhinorrhea,
hyposmia, and facial pain/pressure [7-9] have a
substantial negative impact on patients’ health-related
quality of life [10].

Management of CRSWNP aims to treat the underlying
inflammation and symptoms to improve the patient’s
quality of life [8, 9]. Typical first-line standard of
care (SoC) treatments include topical intranasal
corticosteroids and nasal saline irrigation, as well as
antibiotics to address certain types of acute bacterial
exacerbations [9]. Oral corticosteroids (OCS) are a
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short-term option for treating severe symptoms which
persist in patients already receiving first-line options, but
their long-term benefit is limited due to serious adverse
effects [9, 11-13]. If these methods fail to adequately
control CRSwNP, patients may undergo endoscopic
sinus surgery to remove NP, which has been shown
to significantly improve symptoms [8, 9]. However,
recurrence of NP is common following sinus surgery,
with studies showing 40% of patients experiencing
recurrence 18 months after surgery and 37% having
multiple surgeries over a 12-year period [14, 15].

Several biologics have been approved for severe asthma
and since 2018 [16-21]; a number of these agents are
now indicated for treatment of CRSwNP: dupilumab,
omalizumab, and mepolizumab [22-25]. With the recent
approvals of biologics for CRSWNP, precise guidelines on
how to use these treatments to achieve optimal patient
outcomes are evolving. Recent International Consensus
Statement on Allergy and Rhinology (ICAR) 2021
guidelines include recommendations for use of specific
biologics in severe CRSWNP [9].

Understanding real-world treatment patterns is
particularly important as new therapies are approved
to assess how these therapies fit into existing treatment
paradigms. However, to our knowledge, there is currently
no real-world evidence on patterns of biologic use in
patients with CRSwNP or which patients are most
likely to have them prescribed. This real-world study
uses one of the largest US proprietary claims databases
(MarketScan) to assess treatment patterns during a
period when biologics were first approved for CRSWNP
and already in use for patients with asthma and comorbid
CRSwNP. Using these data, the study aimed to provide
an understanding of patterns and predictors of biologic
use among patients with CRSWNP in relation to other
SoC treatment lines in the context of current treatment
recommendations.

Methods

Study design and patient eligibility

This was a cross-sectional, retrospective, real-world
cohort study (GSK ID: 214150) using the Merative
MarketScan Commercial Database and Medicare
Supplemental Database (study period: June 30, 2018, to
June 30, 2020). The MarketScan and Medicare Databases
include medical records of cost, use, and outcomes data
for healthcare services performed in both inpatient and
outpatient settings.

Patients were identified based on their earliest non-
diagnostic medical claim for CRSwNP (index date)
between June 30, 2018, and June 01, 2019 (identification
period). Eligible patients had >2 non-diagnostic
medical claims for CRSWNP >1 day apart during the
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identification period, were >18 years of age on the date
of the first non-diagnostic CRSWNP medical claim, and
were continuously enrolled during the study period.
Non-diagnostic medical claims excluded claims with
procedure codes for lab tests or radiologic procedures
(e.g., magnetic resonance imaging, X-ray, or ultrasound)
used to diagnose or rule out a condition. CRSWNP
medical claims were inferred by NP diagnosis codes (e.g.,
ICD-10-CM J33xx).

Baseline demographics and clinical characteristics
of identified patients were collected during the
identification (June 30, 2018 to June 30, 2019) period
while data on treatment patterns were collected over the
entire study period and assessed during the observation
period, between July 1, 2019, and June 30, 2020 (Fig. 1).

All database records were de-identified and fully
compliant with US patient confidentiality requirements,
including the Health Insurance Portability and
Accountability Act (HIPAA) of 1996. The databases were
evaluated and certified by an independent third party to
follow the HIPAA statistical de-identification standard.

Outcomes

Study outcomes included baseline demographics, clinical
characteristics, and treatment patterns, all of which
were stratified by sinus surgery (sinus surgery and no
sinus surgery) and biologic use (biologic use and no
biologic use). Clinical characteristics included Deyo-
Charlson Comorbidity Index (DCI), clinical conditions,
asthma exacerbations, and CRSwNP-related healthcare
resource utilization (HCRU). Asthma exacerbations were
identified if patients had either an outpatient claim with
a diagnosis of asthma and >1 prescription of systemic
corticosteroids+5 days after the asthma claim, or if
patients had an inpatient hospital claim with a primary
diagnosis of asthma. An exacerbation recorded within
14 days of a previous exacerbation was counted with the
previous exacerbation as a single episode.

Treatment pattern assessments included biologic use
and non-biologic use, and the temporal relationship
between surgery and biologic use. Patients were
identified as receiving sinus surgery based on CPT
or ICD-10-PCS procedure codes (Additional file 1).
Evidence of biologic use (benralizumab, dupilumab,
mepolizumab, omalizumab, and reslizumab), OCS
use for any reason, CRSwNP-related OCS use
(prednisone, betamethasone, cortisone, dexamethasone,
hydrocortisone, = methylprednisolone, prednisolone,
triamcinolone, budesonide, deflazacort, paramethasone,
and fludrocortisone), and other CRSwNP-related
pharmacologic treatment (intranasal corticosteroids and
oral antibiotic use) were identified in patients with >1
pharmacy or medical claim using National Drug Codes
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Study identification period
]
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Study observation period
]

Data start:
June 30, 2018

June 30, 2019 July 01, 2019

Demographic and clinical characteristics
Deyo Charlson Comorbidity Index

Data end:
June 30, 2020

NP surgery
Biologic use
Other NP treatments
(nasal steroids, antibiotics,
asthma medications)

Fig. 1 Study design. All study variables (including those needed for patient selection) were collected from the databases using enroliment records,
and ICD-10-CM, ICS-10-PCS, 4th edition CPT, Healthcare Common Procedure Coding System, and National Drug Codes, as appropriate. Eligible
patients were identified as having sinus surgery if they had a CPT or ICD-10-PCS code for sinus surgery on a medical claim during the observation
period. The duration between biologic use and surgery was assessed before and after surgery. The study period was limited based on the data
available at the time of the study. CRSWNP, chronic rhinosinusitis with nasal polyps

(NDC) or Healthcare Common Procedure Coding
System (HCPCS) codes. Biologic treatment duration
was calculated as the total number of days of supply
or clinical benefit for any biologic used. CRSwNP-
related OCS use was identified in patients with OCS
use in proximity to a CRSwNP-related inpatient claim
(+5 days), a CRSwNP-related outpatient claim without
an asthma claim (+5 days), or a sinus surgery claim
(+30 days). The proximity of biologic use to sinus
surgery was evaluated by calculating the proportion
of patients with earliest biologic use before or on/after
their earliest sinus surgery. Among these patients, the
proportion with first biologic use within 30 days before
or on/after sinus surgery was analyzed, respectively.

A logistic regression model was used to identify
independent predictive factors for biologic use during
the observation period in patients without biologic use
during the identification period. Biologic use during the
identification period and observation period were highly
associated, so only patients without biologic use during
the identification period were included in the model.
Covariates included demographics (age group <65
or >65 vyears, sex), baseline clinical characteristics
(allergic rhinitis, asthma, atopic dermatitis, chronic
rhinosinusitus, and gastroesophageal reflux disease
[GERD]), and prior treatment/diagnostics (doxycycline
use, endoscopy procedure, sinus surgery, OCS use, and
sinus computed tomography [CT] scan).

Statistical analysis

Descriptive analyses were used to describe demographics,
clinical characteristics, HCRU, and biologic and CRSWNP
treatment use. Post hoc analyses were conducted to
describe CRSwNP-related OCS use and presence and
frequency of asthma exacerbations in the identification
and observation periods. Chi-squared tests were used for
categorical variables and t-tests for continuous variables,
and P <0.05 was considered statistically significant. Odds
ratios (ORs) and 95% confidence intervals (Cls) were
calculated to describe the relationship between biologic
use and the independent variables included in the logistic
regression models during the observation period.

Results

Patient population

Of the 12,671 patients identified with CRSwNP, 5997
met the study eligibility criteria (Fig. 2). There were 642
(10.7%) biologic users, 5355 (89.3%) non-biologic users,
475 (7.9%) who had sinus surgery, and 5522 (92.1%) with
no evidence of sinus surgery.

Patient demographics and clinical characteristics

Among the total population, the majority were male
(57.9%) and had a mean (standard deviation [SD]) age
of 48.1 (13.1) years (Table 1). There was a significant
difference in the distribution of patients by age group
between biologic users and non-users (P=0.002). There



Silver et al. Allergy, Asthma & Clinical Immunology (2023) 19:104

Patients with CRSwWNP*
N=12,671

218 years of age*

N=12,113

Continulously enrolled®
N=5997

]

Eligible patient population®
N=5997 (100%)

Use of biologics*
n=642 (10.7%)

No use of biologics*
n=5355 (89.3%)

Evidence of sinus surgery* |No evidence of sinus surgery*
N=475 (7.9%) N=5522 (92.1%)

Use of biologics*
n=587 (10.6%)

Use of biologics*
n=55 (11.6%)

No use of biologics*
n=4935 (89.4%)

No use of biologics*
n=420 (88.4%)

Fig. 2 Patient sample selection. Patients in the Merative MarketScan
Commercial or Medicare Supplemental Databases with >2
non-ruleout (i.e., non-diagnostic) medical claims with a diagnosis

of CRSWNP (as inferred by NP diagnosis codes; e.g., ICD-10-CM J33xx)
in any position > 1 day apart between 6/30/2018 and 6/30/2019.
Reasons for biologic use were not available in the claims database;
therefore, biologics may have been prescribed for conditions other
than CRSwWNP. *During identification period (6/30/2018-6/30/2019);
during the study period (6/30/2018-6/30/2020); *during

the observation period (7/1/2019-6/30/2020). CRSWNP, chronic
rhinosinusitis with nasal polyps

were more biologic users than non-users in the middle-
aged groups (35-44, 45-54, and 55-64 years) for the
total population and those with no sinus surgery. More
biologic users than non-biologic users lived in urban
areas (92.1% vs 88.8%; P=0.021). The proportion of
biologic users covered by commercial insurance was
96.3%, with 11.0% of patients with commercial insurance
receiving biologics; 3.7% of patients had Medicare
supplemental coverage with 6.5% of patients with
Medicare supplemental coverage receiving biologics
(Table 1).

In the total population, biologic users had a significantly
higher mean DCI score than non-biologic users (1.2 vs
0.7, P<0.001; Table 2). Also, 62.1% of patients had >3
comorbid conditions, with this proportion significantly
higher for biologic users compared with non-biologic
users (84.7% vs 59.4%; P <0.001). This was independent
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of whether patients had previous sinus surgery (83.6%
vs 66.7%; P <0.023) or not (84.8% vs 58.8%; P <0.001).
In total, 46.0% of the total population had >3 common
respiratory conditions (including acute sinusitis, allergic
rhinitis, asthma, chronic rhinosinusitus, and respiratory
infections), and this proportion was significantly higher
for biologic users compared with non-biologic users
(73.7% vs 42.7%; P<0.001), whether patients had sinus
surgery (78.2% vs 49.8%; P=0.001) or not (73.3% vs
42.1%; P<0.001). Furthermore, a higher proportion of
biologic users compared with non-biologic users had >1
medical claim for asthma (89.1% vs 35.0%; P <0.001) and
had experienced >1 (24.8% vs 18.4%; P=0.001) and >2
asthma exacerbations (26.8% vs 16.8%; P=0.012). Among
all patients, the three most common comorbidities were
chronic rhinosinusitus (76.5%), allergic rhinitis (61.9%),
and asthma (40.8%). The proportion of patients with
these respiratory comorbidities, along with GERD and
COPD, was significantly higher for patients with biologic
use compared with non-biologic use (Fig. 3).

CRSwNP-related HCRU

In the total population, most patients (72.7%) had
CRSwNP-related endoscopies and sinus CT scans
(22.3%). There was a lower rate of endoscopies (60.4%)
among biologic users compared with non-biologic
users (74.1%; P<0.001) and sinus CT scans (13.4% vs
23.4%, respectively; P <0.001; Table 2). A lower rate of
endoscopy and sinus CT scans in biologic users versus
non-biologic users was also observed among patients
both with and without sinus surgery, although the
differences were greater in patients without sinus surgery.
However, compared with non-users, more biologic
users had CRSwNP-related office-administered service
use (32.2% vs 2.3%; P<0.001) and CRSwNP-related
outpatient pharmacy prescriptions (96.0% vs 88.8%;
P <0.001).

Patterns of biologic and CRSwNP-related treatment use

Among the 475 patients who had sinus surgery during
the observation period, 55 (11.6%) had used biologics
at some point during the study period (Fig. 4). Of this
population, 32 (56.1%) had their earliest biologic use
before their earliest sinus surgery, whereas 25 (43.9%)
had their earliest biologic use on or after their earliest
sinus surgery. Four patients (12.5%) had their earliest
biologic use within 30 days before sinus surgery, and six
(24.0%) had earliest biologic use within 30 days on or
after the earliest sinus surgery. During the observation
period, the mean (SD) number of days between first
biologic use and earliest sinus surgery was 277.8 (171.6),
and between earliest sinus surgery and first biologic use
after surgery was 91.4 (64.0). The mean (SD) number



Page 5 of 14

104

(2023) 19

Silver et al. Allergy, Asthma & Clinical Immunology

uoljeIASP pJiepuER)S S ‘uoneziuebio sapiroid pauiayaid ‘Odd ‘@d1AIs
Jo1u10d ‘SO ‘uoneziuebio adueusjulew yieay ‘OWH ‘ueld yiesy a|qnanpap ybiy gHAH ‘uoneziuebio sspiroid aAisn|axd ‘0d3 ‘sdAjod [eseu yiim siISNUISOUILJ J1UOIYD GNMSYHD ‘uejd Yijeay USALIP-I3WNSU0d dHAD

(K19bBans snuis

ou ‘A19buns snuis ‘syuaiied e “3°1) 140Y0d ydea ul ash 2160]01g-uou snsidA 2160]01q 104 s9L10H631ed [eNpIAIPUI UIYLM uosiiedwod 10y §0°0 > d AJubis pjoq ul sanjea-d “(0Z0Z/0€/9-610Z/L/,) pouad uoneassqo ayy buunp
asn 2160j01g-uou pue d160|01q AQ payiiells 3I1aMm sjuailed ‘(6 L0Z/0£/9-810Z/0€/9) porad uonedynuapi uaied ay3 buunp aiep sisoubeip dNMSYD 159114eS 9Y3 UO PaINSeIW 219M ddueINsUl [edIpaw pue soiydesbowaq

(59) 0zE (6¢) €C (09 st CEa (¥r'9) sve (Le)ve (C9) 69¢ [eauawiaddns aiedIpaly
SLO0 (5°€6) 519 (1°96) 95 eo (0¥6) s6¢ (T86) ¥S £00°0 (9°€6) 0L0S (€96) 819 (8'€6) 8795 [eIPIBWWOD
(%) u “19Keq
(6'1) 26 (£1)01 #'1)9 oo (8'1) 86 ©1)olL (8'1)80L umouun/isylo
(8€0)SLLL (ST el (092) 601 (€061 (0+2) ¥8CL (670 Ly1 (6€0) Levl dHAH/dHAD
(T¥1)00L (£¥1)98 (Lel) 5§ (zgl)ol (L'¥1) SS2 (0s1)96 (Trl) 158 OWH
(99) sze (59) 8¢ (09) 5¢ €0y (59) 05¢€ (59) ¥ (59) z6€ uoneuded yum 50d/S0d
(r6v) 8evT (96Y) L6T (8'6¥) 60C (€2¥) 9T (rev) Ly9T (rev) L€ (F'6v) ¥96 0dd/0Od3
1680 (cy) soc (1'5)og 6790 (8€) 9l o €60 (I'p) Lee (£¥) o€ (Ty) 15T Aluwispul/aaisusyaidwo)
(%) u ‘9dKy uejd a>ueinsuj
(#0) 8L 0o onv (00 (¥0) ¢z 00 (¥o) e umoudun
(£01)9¢s 08) v (rzy s €Oy (801) ££5 (62)15 (S01) 829 [einy
00 (0'68) Loty (06) 0¥ 190 (698) 59¢ (£26) 1S 1200 (8'88) 951 (1'26) 165 (C68) LeS ueqin
(%) u ‘@>uaplisay
(¥o) 8l oo oDy o (¥o) zc o (¥o)ze umousun
(9€1) 699 (S¥1) S8 (€€1) 98 002) L (sel) see (0S51) 96 (L€1) 128 159M
(8t €lce (9Tv) 05T (Cov) vl (6:05) 8¢ (6%¥) LOVT (€'ev) 84C (8%¥) G89C Yyinos
Q€0 9Ll (C90) vSL (9€0) 66 (cgL)olL (9€0) zotL (S5O ¥9L (8'€0) 9evl [eusd YUoN
96C0 (Lr1) s (£91) 86 1050 (091) £9 (601)9 €570 (S21)6€6 (@ol)¥ol (1) €v0L 15eayLION
(%) u ‘uoibai d1ydeisboan
900°0 (¥'8S) 88T (5°2S) 80¢ 6600 (£:09) 55T (I'ev) LT 2000 (9'89) LELE (cee) see (6'£8) TLve (%) u ‘s1en
(Fooct (2K 618 o ((gek:14! s (€D 9€L VRS
(0%) L61 ) vl 0) L1 Q1)1 Ov) vl (€ sL (8€) 67T /=59
(60) 6171 (0ze) 88l (0v2) 101 ©@co el (9'82) 0¢S L (€'1¢) 10T (6'80) LeLL 965
(1'80) £8€1 (cog) LL1 (180)8lLL (€061 (1'82) S0S L (6'60) t61 (£'82) £691 S-Sy
(¢02) 666 (8Ca) el (061) 08 (SSO) vl (107) 6201 (1ea) svl (507) Lzl r-G¢
200°0 (€91) €08 (@L1)99 740} (620) 96 (|lacl 200°0 (891) 668 (1ei) s (€91) £L6 €-81
(%) u ‘saeak ‘dnoib aby
6710 (cel) csy L) ey 9880 6€l) LSy L) vsy LZ10 (el o8y (L) 88y (Lel) L'sy (as) uesw ‘sieaf ‘aby
SE6Y=N £89=N 0Zv=N SS=N SSES=N w9=N
anjeA-d asnoibojoiq oN asn oibojoig anjea-4 asn s16ojoiq oN ,asndibojoig anjeA-d asnsibojoiq oN asnoibojoig L66S=N
K1964ns snuis oN £13b4ns snuis sjuaned ||y sjuaned ||y soiydesbowaqg

asn 216ojoIq pue A19bins snuls A payieis solydelbowsp Jualied L ajqelL



Page 6 of 14

(2023) 19:104

Silver et al. Allergy, Asthma & Clinical Immunology

(1'th) 6£0 (€°€L) 0g¥ (8'6) 60T (T8l cv (L) 88te (L€ €Ly (09) 19/C €<
(T'1€) 6€S1 910 (2L (L0g) 6zl o) 6 (1'1€) 899l (T'10) 9¢l (1'0€) 081 14
(0'10) ££01 (8'%) 8¢ 611) 5L (§9) € 800 CLLL @) L€ (L61) €pLL L
L00°0> (£°5) 08T (€0 ¢ L00°0 VA 0o L00°0> (¥'s) /8T (€0 ¢ (8'%) 68 0
(%) u x'suonipuod
K10jeaidsas uowwod jo JaquinN
(8'89) 106¢ (878) 86% (£°99) 08T (9°¢8) o (Fes) L8le (L ¥8) ¥rS (1'79) Sese €<
(€10) L611 (x4 (€61) 18 (Sv1)8 (€0 8Ll (€Tl 6L (970) £5¢51 14
(6€1) 589 60 /1 (9€l) /S @)L (6€l) eyt (8708l (£'T1) 09 L
L00°0> (1e) zsL (o)L €200 (S0 ¢ 0o L00°0> 60 ¥SL (coyt (97) 551 0
(%) u ‘(2r0qe
paisi| ||e Buowe) suolpuod
pigiowod jo JaquinN
L¥90 (o)LL (€0 ¢ L o 0o w90 (co) L1 (€01 ¢ (co €l ERS
TT00 (€60 ¥LLE (962) L9 12,0 (§°68) 65¢ (€/8) 8Y 6100 (1'92) €20 (T08) S1S (5'9/) 885 (d1uoiyp) sisnuisoulyy
LLZ0 (0'€€) 0€91L (9°5€) 60C 6190 (Lob) 1L (9¢h) ¥T 8/10 (9€€) Lo8L  (€9€) €T (6'€€) ¥€0T (21n2e) spisnuisoulyy
6920 1) 8y (S0 € L onvy o 9020 o1 es (S0 € (60) SS Shlye plojewnayy
6000 (1'S0) LTl (T0og) L1 ¥950 (Log) 6Tl (Sre) 6L £00°0 (962 0LEL  (50€) 961 (1'92) 9951 suondayul A1olesidsay
sueblo doeIOYIRIIUI pUR
8510 ¥0) LT o | ony (O €010 (50) 5¢ o (¥'0) 5z A1ojeaidsai Jo wisejdoau Jueubijep
6660 (50€) 505 L (S08) 6.1 0/10 (880 Lzl ©00) LL 6890 (F0£) 9791 (960) 061 (€0€)9lsl uolsuauadAH
L00°0> (s vLL (0€0) sel 1600 (¥'91) 69 (SO L L00°0 > (Lsyevs (e 6l (§91) T66 (eED)
L00'0> (roye Sne6 | 0o o L00'0 > (roye )6 (coyzt vdo3
681°0 (¥0) Lc (60)S | 0o o 1610 (¥0) Lc (80) S (¥'0) 9¢ snibeydoss ojiydouiso]
L160 (5'6) 691 (5'6) 95 6570 (S01) ¥t €Ny 680 (96)€1S (€6) 09 (96) €45 salaqeld
L00°0> (89) 9¢¢ 611) 0L ¥90'0 (9°8) 9¢ o6 L00°0> 9 e (€TL)6L (§0) LSy adod
L00°0> (¥'0) 0C (€%) 5C S00°0 (co)L (59 ¢ L00°0> (¥0) LT (r'v) 8¢ (80) 6 eledN D1yiedolpl JUoIYD
L00'0> (60) o (6¢) €T l (A 0o L00'0 > 1) e€s (9¢) €T €19z shiewlap didoly
L00°0> (8'65) 6v6C L1095y TO0'0 (¥'29) ¢9C (9€8) 9 L00°0> (009) Llce  (T'84) C0S 619 €L siuIy. o1619)|
100°0> (068) 9z/L (6'68) 8 L00'0> (Tse) shl (008) ¥t L00°0> 069 /8L (1'68) TLS (8'0%) ovre ewIyIsy
(%) u ‘suonipuod [edjul|d
100°0> (') 20 onci 34N0) (c1)80 (o)1 100°0> (o onct (rnso (@s) uesw [S¥ ¥i] DA
w9=N
asnoibojoiqoN  asndibojoig asnoibojoiqoN  asndibojoig GGES=N asn
anjead S€6v=N L85=N anjead 0TZr=N SS=N anjen-d asndibojoiqoN  dibojolg L66S=N
£136.uns snuis oN £1364ns snuig syusned |y sjuaned ||y

asn o160ojoiq pue A126Ins Ag paynens gNMSYD Yiim suanied Jo NYDH pue soistisideleyd [ediuld) g ajqeL



Page 7 of 14

(2023) 19:104

Silver et al. Allergy, Asthma & Clinical Immunology

snsojeway3fia sndn| d1w3sAs ‘375 {UOIIRIASP plepuels ‘JS ‘UOIIeZI|IIN 92IN0SaJ 1edyl|eay ‘NYDH ‘seasip xnyal |eabeydosaoiiseb ‘qy3n
‘siibuekjod yum sisojewojnuesb d1jiydoulsos ‘ydo3 xapu| Alpiqiowo) uosjieyd-o4aq ‘[0 ‘Aydesbowol paindwod ‘] ) ‘sdAjod |eseu yum siisnuIsoulys d1UOIYD gNMSY)D ‘@seasip Aleuow|nd 9A132N13SCO D1UOIYD ‘GdOD

aposida uoieqadexa 3|6uls e 4o Jied se uoIIRAIIIEXD SNOIASIM SU} Y}M PIJUNOD SeM UO[}eqI30eX3 SNOIASA B JO SABp {| UIYIM PIPI0daI UoLegIadexs uy ‘sisoubelip

Krewnd e se ewyise Jo sisoubelp e yum suolssiwpe [eydsoy juairedul Jo 193UNodUd dY} J31ye sAep G F SPI0Ia3S0D11I0d dIWRISAS Jo Buisuadsip | S NV wyise Jo sisoubelp e yum 1siA Juswiledap Aousbiawa 4o yuairedino
19U 2I9M BLIB}LID BUIMO||0f 3Y3 JO JBYIID JI PAYIIUSP! 213M SUOIIRCISIEXS BUIYISE, 'SUOIIIUl K10jelidsal pue ‘sijisnuls 93nde ‘ewylse ‘siulys J161][e ‘sn3snuISouIyl J1U0IYd SPpN|pul SUOIIPUOD Alojelidsal uowwo) |

(K196ans snuis ou ‘A1a6ans snuis

‘syualed ||e “9°1) 14040 U2ea Ul 9sh 2160]01g-UoU SNSIAA 3160[01q 10} sa110631ed [enpIAIpUl UM uosLedwod 1oy 500 > d AJubis pjog ul senjea-d *(020Z/0€/9-610¢/1/L) pouad uoneasasqo ay) buunp asn s160jo1g-uou
pue >160|01q Aq paylieils a1am spudlled '(6102/0€/9-8102/0€/9) pouad uonedyiuapl Juaited ay) bulnp a1ep sisoubelp JNMSYD 15911483 3y} UO PaINSEIW I9M UOIIRZI|IIN 92IN0S3I 21eDY}eaY PUe SJIS1S3dRIRYD [DIUID

suondudsaid

L00°0> (5°88) 99t (6'56) €95 1950 (l'e6) L6€ (¥'96) €5 L00°0> (8'88) LSL¥ (096) 919 (9°68) €££5 Aoewueyd usnedinQ
S92IAISS BNIp paiejal
L00°0> co Ll (7'ze) 061 L00°0> (FooL (60£) L1 L00°0> (€01l (cee) Lot (5°9) gce ~dNMSYD paisisiulupe-ao40
L000> FTO oLl (€ceL 90 (059) L (TS vl L000> (¥eo) 1seL (rel) 98 (€T0) L£€L SODIAISS UedS | 3 snUlS
L00°0> (1'72) 959¢ (5'65) 6¥€ 6€5°0 ChZahdRs (602) 6€ L00°0> (L'¥2) 0L6€  (#09) 88€ (L2L) 8sev sa21AI3s Adodsopus
(%) U ‘NYDH P31e|21-dNMSYHD
900°0 (Lvl) vy (0so) e 8/6'0 Fy) vl 679 9 Lo (891) 89 (8'97) 8¢ (L61) 96 suoljeqiedexs ewyise ¢<
90 ¢ (€0 € 00 0o (90 ¢ (1oe oS G<
(€0) L (1rev (19 ¢ 0o (60) € 80y 1)L ¥
©06 (S9) L ¢ L o 0ol 1)L (Se) L1 €
(€ol) ce (1) 8l (€€9) L1 (67v) 9 (sc) ey (691) ¥¢ (8€1) L9 4
ZLoo (6'58) 89¢ (0s2) %6 Gl60 @196l (1298 8t0°0 (ces) L8 (TEL) V0L (€08) L6€ l
suoljeqIadexa Jo JaquinN
2000 (rgLecie ((azok:14} 610 (€T0) €€ 819 ¥l 1000 (8l sve  (8¥0) vl ©61) /87 UONEQUDEXS BUILISE | <
L00°0> (0s€) 9zl (6'68) 8¢S L00°0> (Ts) syl (008) v L00°0> Ose) v/l (1'68) TLS (8°0%) oviC ewiyise Joj wied [esIpaly
1(9%) U ‘suonequadexs ewyisy
v9=N
asnoibojoiqoN  asnodibojoig asnoibojoiqoN  asndibojoig GSES=N asn
snjeA-d SE6v=N L8S=N anjeA-4 0Z¥=N SS=N anjea-d4 asnsibojoiqoN  dibojoig £L66S=N
£136uns snuis oN £13bans snuis syuaned ||y sjuaned ||y

(panunuod) g ajqel



Silver et al. Allergy, Asthma & Clinical Immunology ~ (2023) 19:104 Page 8 of 14
M Biologic use M No biologic use
100 - P<0.001
90 89.1% P<0.05 P<0.001
80.2%
_ 804 76.1% '0:2%
S
P 70 -
S 60.0%
£ 60 - o’
o
(e
o 504
c
L
£ 40 -
g 35.0% P<0.001
a 30 4
232% P<0.001
20 A 0
157% oo P<0.001  P<0.001  pco oo
10 A 6.9% o o N
n= n= n= n= n= n= = n= n= n= 44& 0.4% 3-6% 1OA) 14_A) 0.1%
0 4 5721874 515 4073 502 l3211 149 843 79 @372 W28 n=21 57k Nn=53 n=9 n=3

Sinusitis
(chronic)

Allergic
rhinitis

GERD
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Fig. 3 Proportion of patients with comorbid conditions for biologic and non-biologic users. Clinical characteristics were measured on the earliest
CRSwNP diagnosis date during the study identification period. In addition to the comorbid conditions shown, significantly more biologic users
had respiratory infections than non-biologic users. COPD, chronic obstructive pulmonary disease; CRSWNP, chronic rhinosinusitis with nasal polyps;
EGPA, eosinophilic granulomatosis with polyangiitis; GERD, gastroesophageal reflux disease

Biologic use
(n=55, 11.6%)

Sinus surgery during
the observation period
(N=475)

No biologic use
(n=420, 88.4%)

Earliest use prior
to sinus surgery
(n=32, 56.1%)

Earliest use
after sinus surgery
(n=25, 43.9%)

Fig. 4 First biologic use before and after surgery. “Patients with biologic use”was measured at any point during the study period among patients
with sinus surgery during the observation period. Complete patient history before the study period was not available in the database; therefore,
patients recorded as having no biologic use or sinus surgery may have received these before the study period

of biologic claims was similar between patients with
sinus surgery (8.0 [7.0]) and those without surgery (8.6
[5.8]). Biologic users with sinus surgery had fewer mean
(SD) days on biologic therapy (152.6 [118.0]) than those
without sinus surgery (182.5 [116.2]).

Among the total population, 865 patients (14.4%)
had CRSwNP-related OCS use and 1992 (33.2%) used
intranasal corticosteroids during the observation period

(Table 3). Among the total population, the proportion
of patients using OCS was higher in biologic users
compared with non-users (68.8% vs 42.5%; P<0.001).
Similarly, use of OCS was also higher among biologic
users versus non-users in those with sinus surgery (87.3%
vs 72.9%, respectively; P<0.021) and those without
sinus surgery (67.1% vs 39.9%, respectively; P <0.001).
Similar differences were also observed between biologic
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and non-biologic users for CRSwNP-related OCS use
during the observation period, but the difference was
not significant in the sinus surgery cohort (67.3% vs
59.0%, respectively; P=0.242). In the 30 days before
earliest sinus surgery, OCS (49.1% vs 30.9%, respectively;
P=0.007) and intranasal corticosteroids (20.0% vs 10.2%,
respectively; P=0.032) were used more frequently
in biologic users than non-users. Conversely, in the
30 days after earliest sinus surgery, OCS and intranasal
corticosteroid use did not significantly differ between
these cohorts.

Predictors of biologic use

Logistic regression analysis of patients without biologic
use during the identification period found that the
presence versus non-presence of comorbid asthma at
baseline increased the odds of using biologic therapy
5.46 times (P<0.0001; Fig. 5). Other predictive factors
associated with significantly higher odds of biologic use
included prior OCS use (OR 2.25), chronic rhinosinusitus
(OR 1.92), GERD (OR 1.62), prior doxycycline use (OR
1.37), and allergic rhinitis (OR 1.38). Patients >65
versus <65 years of age had an OR of 0.45 of using
biologics.

Page 10 of 14

Discussion

This cross-sectional, retrospective, real-world study,
conducted in one of the largest claims databases in
the US, provides valuable insights into the use of
Although asthma severity biologic therapies in patients
with CRSWNP during a focused point in time when
biologics were first gaining US approval for CRSWNP.
Retrospective evaluation of treatment patterns during
such a time is particularly useful as this is when new
paradigms of care often emerge, allowing assessment of
how newly approved biologics begin to fit into everyday
clinical practice. Furthermore, these early observations
provide the opportunity for the medical community to
understand how onsite practice patterns compare with
current treatment guidelines.

In line with current treatment guidelines on biologic
intervention, this study identified asthma and prior OCS/
doxycycline treatment as predictive factors of biologic
use. [7, 9, 26]. The other predictive factors identified
(allergic rhinitis, chronic rhinosinusitus, GERD, and
age <65 years) extend the profile of patients likely to use
biologics. To the best of our knowledge, this is the first
study to provide predictors of biologic use in patients
with CRSWNP in a quantitative fashion using real-
world data from clinical practice. To date, literature

Odds ratio

Demographics: (95% CI)
265 years of age (comparator: <65) L 0.45 (0.23, 0.9)
Female (comparator: male) —— 0.79 (0.61, 1.02)
Clinical characteristics (comparator: without)
Asthma ———— 5.46 (4.06, 7.33)
Atopic dermatitis B 1.94 (0.84, 4.49)
Chronic sinusitus — 1.92 (1.31, 2.80)
GERD — 1.62 (1.21, 2.17)
Allergic rhinitis —a— 1.38 (1.04, 1.85)
Prior treatment/diagnostics (comparator: no use)
OCS use* — 2.25 (1.54, 3.28)
Doxycycline use —— 1.37 (1.03, 1.82)
Sinus surgery T 0.83 (0.62, 1.12)
Sinus CT scan — 0.8 (0.58, 1.11)
Endoscopy procedure —a— 0.75 (0.56, 1.01)

0.0é25 O.1l25 0.I25 0.I5 1 2I :1 é

Odds ratio (95% CI) for biologic use predictors

Fig.5 Predictors of biologic use among patients without biologic use during the identification period (N=5610). All covariates with P <0.05
for entry into the model using stepwise regression are shown. Covariates and odds ratios in bold and blue text signify P <0.05 from the regression
model. *OCS use based on patients with > 1 pharmacy claim for OCS. Cl, confidence interval; CT, computed tomography; GERD, gastroesophageal

reflux disease; OCS, oral corticosteroid
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that includes patient markers has largely focused on
understanding those that predicted response to biologics,
rather than biologic use [27-29]. Publications that refer
to markers in terms of patient suitability for receiving
biologics do so qualitatively [30, 31]. Therefore, this
study provides a unique perspective on the clinical use
of biologics in CRSwNP, which may help clinicians
better understand their patients’ therapeutic needs
and the likelihood of them requiring biologics later in
their treatment pathway. This could facilitate earlier
determination of the appropriate multidisciplinary team
input and treatment, monitoring and communication
strategy required for patients with high unmet needs.

Patient demographics were similar to other database
and clinical trials involving patients with CRSwNP [1,
10, 32-35]. There were a number of key demographic
differences between biologic users and non-users.
Patients under 65 years of age were over 50% more
likely to use biologics than those aged over 65 years,
and patients with Medicare Supplemental coverage
had approximately 40% lower use of biologics than
patients with commercial coverage, which could reflect
caution from physicians in prescribing biologics to
older patients[36] or differences in insurance coverage
of medications in the Medicare Supplemental and
Commercial populations. These differences may also
explain why biologic users were more likely to live in
urban areas and have claims captured in the Commercial
database. For example, urban areas in the US frequently
contain a greater proportion of people under 65 years
of age than rural areas, while the Commercial database
includes the under-65 working population versus
Medicare, which includes retirees [37, 38]. Potential
disparities in access to biologics within urban versus non-
urban settings may also be a contributing factor [39].

In this study, biologic users more commonly had
comorbid asthma and other clinical conditions than
non-biologic users. Indeed, patients with comorbid
asthma without biologic use during the study
identification period were over fivefold more likely to
receive biologics than those without comorbid asthma.
This is in accordance with European Position Paper
on Rhinosinusitis and Nasal Polyps (EPOS) 2020, and
ICAR 2021 criteria for biologic selection, which suggest
consideration of the use of biologics in patients with
comorbid asthma [7, 9, 26]. In addition, comorbid
asthma could possibly be the primary indication for
which patients were receiving the biologic, since the
biologics included in this study are approved to treat
one or more conditions, including severe asthma [16,
18-21]. Although asthma severity was not recorded
in this study, the proportion of patients who had >2
asthma exacerbations provides an estimate of those with
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severe asthma, as per European Respiratory Society/
American Thoracic Society guidelines, which include
exacerbation criteria in their definition of severe asthma
[40, 41]. As such, only 27% of biologic users had >2
asthma exacerbations, suggesting most biologic use was
not for severe asthma. Beyond asthma, GERD was also
identified as a predictor of biologic use, possibly relating
to increased likelihood of type 2 inflammation (i.e.,
eosinophilia and high levels of interleukin-4/5/13) and
therefore biologic selection, in patients with CRSwNP
and GERD [7, 8, 42].

Biologic users more commonly used OCS and other
CRSwNP-related treatments as well as drug-related
services than non-biologic users; however, use of diagnostic
services (e.g., endoscopy and sinus CT scan services) was
lower in biologic users than non-users. OCS response can
indicate the presence of type 2 inflammation and thus the
likelihood of response to biologics which target the type 2
pathway (i.e., immunoglobulin E, interleukin-4/5/13) [7,
8, 26]. Furthermore, as per treatment paradigm/guidance
recommendations, advancing to biologic treatment requires
a confirmed diagnosis of uncontrolled severe disease for
which a patient has received systemic corticosteroids in
the previous 2 years [7, 26]. Greater diagnostic service
utilization in non-biologic users versus biologic users could
be related to more recent CRSwNP diagnosis requiring
more frequent monitoring, such as value judgment [9].
Also, biologic users may have reduced need for diagnostics
due to clinical response. Greater use of drug-related
services in biologic users compared with non-users is
potentially related to associated biologic prescriptions
and administrations. Use of OCS and doxycycline, which
were predictive factors of biologic use, indicates more
severe disease, higher disease burden, and unmet need
in biologic users. This aligns with ICAR 2021 guidelines
that recommend use of biologics in severe CRSWNP in
circumstances when other treatment options have failed,
which would include OCS and doxycycline as short-term
early interventions before considering biologics [9].

Aside from differences in additional treatments
between biologic users and non-users, there were also
variations in biologic use between patients with versus
without sinus surgery. Although the mean number of
biologic claims was similar between these two groups,
patients with surgery had fewer days on biologic therapy,
suggesting sufficient symptomatic relief and/or enhanced
disease control compared with those without surgery.
During the observation period less than 10% of all
patients received sinus surgery, and only 12% of those
that did used biologics. The low frequency of surgery
observed may primarily reflect the limited observation
period in this study; capturing only recent surgeries
represents those with a more current and active burden
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of disease. This low incidence of surgery combined with
low biologic use might suggest that when biologics were
first being used for CRSwWNP, they were less likely to be
used in patients with a disease burden high enough
to necessitate surgery, or that “salvage surgery under
biological protection” was not routinely considered due
to lack of empirical evidence to support this approach
[7]. For patients who used biologics after surgery, they
did so within a relatively short time (~3 months). This
potentially reflects a failure of surgery, or early attempts
to combine therapies. Therefore, biologic use within
6 months after surgery might mean these patients
were having reoccurrence of NP, which is common in
CRSwNP [15], or they are simply receiving biologics as an
add-on maintenance therapy for inadequately controlled
CRSwNP [18-20]. For non-biologic treatments, OCS
and intranasal corticosteroid use were higher in biologic
users versus non-users in the 30 days before surgery but
not in the 30 days after surgery. Preoperative OCS use
might have been a more common approach in biologic
users versus non-users, possibly due to the higher
disease burden that biologic users likely represent [8, 13].
Together, these findings suggest biologics are frequently
used alongside OCS but less commonly with sinus
surgery. In the cases where biologics and surgery were
used together, biologics were used soon after surgical
intervention, which could indicate a more aggressive
approach to care.

This study had some limitations. Several relate to
the use of databases, such as data entry errors and
therefore potential underestimates, although provider
reimbursement schemes minimize this risk. Similarly, the
results are subject to data coding limitations, which might
explain why the percentage of patients with chronic
rhinosinusitus is low, considering NP without CRS is
rare. Categorizing both acute and chronic respiratory
conditions together when assessing the proportion of
patients with multiple common respiratory conditions
may have overestimated the proportion of patients with
overlapping conditions, compared with if overlapping
chronic inflammatory conditions had been assessed
separately. There was an absence of patient data before
the identification period, so patients recorded as having
‘no’ or ‘earliest’ biologic use, sinus surgery, or other
CRSwNP treatments may have received these before
the study period; a longer pre-study observation period
would have allowed for the capture of these records.
The source population receives private insurance, which
may not reflect the general population in the US. There
were no data on lifestyle factors or CRSWNP symptoms
that might have influenced treatment decisions. Beyond
database-related limitations, the exact reasons for
biologic use were mostly unknown as several biologics
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reported in this study were not approved for CRSWNP
during the study period. Despite this, biologics were likely
prescribed for one of the comorbid conditions and less so
for chronic idiopathic urticaria, atopic dermatitis, and
Eosinophilic granulomatosis with polyangiitis (EGPA)
that had low patient numbers. A similar limitation would
apply to the CRSwNP-related OCS use, although we
used a robust surrogate assessment to identify CRSwWNP-
related OCS use (e.g., OCS claims must be within + 5 days
CRSwNP-related inpatient claim) it is possible that some
claims may have been inaccurately identified. In addition,
the use of over-the-counter treatments, such as intranasal
corticosteroids, was likely underestimated [43, 44]. A
longer study period would have provided greater insights
towards the relationship between biologics and SoC. As
this study covered a time period close to the first approval
of biologics for the treatment of CRSWNP, market factors,
such as payer policies, may have influenced the study
findings. However, it is worth noting that more recent
data would potentially be subject to confounding from
the COVID-19 pandemic; biologic use may have changed
since the period described in this study.

Conclusions

In conclusion, these results suggest that during an early
period of biologic introduction for patients with CRSwNP,
biologic therapy was prescribed mostly to those with
severe disease, as indicated by an increased number of
comorbidities and common OCS use compared with
non-users. These findings suggest that the early treatment
paradigm reserved biologic use for those with the highest
unmet need, an approach consistent with current clinical
recommendations. A range of predictive factors of biologic
use related to patient characteristics were identified These
may help clinicians better understand the treatment needs
of their patients and facilitate earlier identification of those
who may require biologic therapy, ultimately helping
to establish a tailored, personalized plan for individual
patient monitoring and care among the multidisciplinary
team. Combined use of sinus surgery and biologics was
uncommon, which may reflect clinicians’ reluctance to
use both options, low biologic use in patients with disease
burden sufficient to necessitate surgery, or limitations of
the dataset/analysis which may not capture, for example,
all recent historical surgery. The rationale for the treatment
patterns described here is speculative, and future studies
are required to have a more complete understanding
of long-term treatment patterns and clinical outcomes
of biologic use in CRSWNP beyond the early biologic
approval period. Furthermore, reassessment of real-world
biologic use over time will be important to see how the
care model for CRSWNP evolves.
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Abbreviations

CRSWNP  Chronic rhinosinusitus with nasal polyps

CRS Chronic rhinosinusitis

SoC Standard of care

0cs Oral corticosteroids

NP Nasal polyps

ICAR International Consensus Statement on Allergy and Rhinology
HIPAA Health Insurance Portability and Accountability Act

DCl Included Deyo-Charlson Comorbidity Index

HCRU Healthcare resource utilization

NDC National Drug Codes

GERD Gastroesophageal reflux disease

cT Computerized tomography

Cls Confidence intervals

EPOS European Position Paper on Rhinosinusitis and Nasal Polyps
EGPA Eosinophilic granulomatosis with polyangiitis
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