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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.

Keywords Chronic rhinosinusitis, Corticosteroid use, FESS, Immunotherapy, Sinus surgery, Therapeutics

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 

the lining of nasal passages and sinuses found most 
frequently associated with CRS [2, 6]. Symptoms of 
CRSwNP 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 

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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(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 years, 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 (CIs) 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 

NP surgery
Biologic use

Other NP treatments
(nasal steroids, antibiotics,

asthma medications)

Demographic and clinical characteristics
Deyo Charlson Comorbidity Index

Data start:
June 30, 2018

Data end:
June 30, 2020

June 30, 2019

Study identification  ydutSdoirep observation period

July 01, 2019

Fig. 1 Study design. All study variables (including those needed for patient selection) were collected from the databases using enrollment 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
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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 

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 

Patients with CRSwNP*
N=12,671

Continulously enrolled†

N=5997

Use of biologics‡

n=642 (10.7%)

No use of biologics‡

n=5355 (89.3%)

Eligible patient population†

N=5997 (100%)

Evidence of sinus surgery‡

N=475 (7.9%)
No evidence of sinus surgery‡

N=5522 (92.1%)

≥18 years of age*
N=12,113

Use of biologics‡

n=587 (10.6%)

No use of biologics‡

n=4935 (89.4%)

Use of biologics‡

n=55 (11.6%)

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 CRSwNP. *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
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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.

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 

8421521.05260.0 52.0 5.0
Odds ratio (95% CI) for biologic use predictors 

Demographics:
≥65 years of age (comparator: <65)
Female (comparator: male)

Clinical characteristics (comparator: without)
Asthma
Atopic dermatitis
Chronic sinusitus
GERD
Allergic rhinitis

Prior treatment/diagnostics (comparator: no use)
OCS use*
Doxycycline use
Sinus surgery
Sinus CT scan
Endoscopy procedure

0.45 (0.23, 0.9)
0.79 (0.61, 1.02)

5.46 (4.06, 7.33)
1.94 (0.84, 4.49)
1.92 (1.31, 2.80)
1.62 (1.21, 2.17)
1.38 (1.04, 1.85)

2.25 (1.54, 3.28)
1.37 (1.03, 1.82)
0.83 (0.62, 1.12)

0.8 (0.58, 1.11)
0.75 (0.56, 1.01)

Odds ratio
(95% CI)

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. CI, 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 

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 CRSwNP, 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 

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 CRSwNP-
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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