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Background: Endoscopic nasal polyp (NP) surgery is a treatment option for patients with chronic rhinosinusitis with nasal polyps
(CRSwWNP). Previous studies report NP surgery costs of $8000—13,000 and risk of major complications of NP surgery of ~0.1-1%.
Limited contemporary data for costs and complications associated with NP surgery in US clinical practice are available.

Methods: IQVIA PharMetrics Plus claims data were used to identify patients with NP surgery in 2019 with >3 years continuous
baseline health-plan enrollment prior to index date (date of first eligible NP surgery) and >30 days continuous enrollment after index
(follow-up). In this descriptive analysis, total costs of NP surgery were estimated as all medical costs on the index date (or during the
entire hospital stay for patients who received surgery in the inpatient setting). Total medical costs (all-cause) were estimated for all
medical services occurring from the index date to the index date +9 or +29 days (10-day and 30-day). Major complication was defined
as cerebrospinal fluid (CSF) leak, orbital injury, or major hemorrhage within 30 days of index.

Results: Of 6311 patients, median age was 46 years (interquartile range: 34-56); 59.7% were male; 88.2% had no NP surgery in the
prior 3 years; 63.7% had allergic rhinitis, and 37.1% had asthma. Mean (SD) total medical cost of surgery was $14,697 (11,679) and
mean (SD) 10-day total medical cost was $15,401 (11,968). Major complications occurred in 102 (1.7%) patients. Total medical costs
and 10-day costs were higher in patients with major complications than those without ($23,605 [19,264] vs $15,251 [11,741]).
Conclusion: In this descriptive analysis, NP surgery costs and rates of major surgical complications were updated using recent real-
world data in the US. Results indicated that NP surgery complication rates were numerically higher than previously reported.
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Introduction
Chronic rhinosinusitis with nasal polyps (CRSwWNP) is predominantly driven by type 2 inflammation, and is characterized
by symptoms of nasal congestion and/or obstruction, nasal discharge, facial pain and/or pressure, and decreased sense of
smell." In addition to intranasal corticosteroids, treatment for severe CRSWNP has historically included systemic
corticosteroids (SCS); however, a substantial proportion of patients become refractory to SCS therapy.”* Non-
pharmacological treatment options such as endoscopic nasal polyp (NP) surgery may be performed to alleviate symptoms
in patients with more severe CRSWNP, when medical therapy fails to achieve appropriate symptom control.*> However,
in some patients polyp recurrence rates may be as high as 40%,° and surgery may not adequately reverse loss of smell.”*
Previous cost estimates for NP surgery in the US have ranged from approximately $8000-$13,000.”""* However,
because they were derived using data from no later than 2016, these estimates may not reflect current practice patterns.
Previous studies in the UK, Japan and Taiwan have reported that a minority of patients (approximately 0.5%) who
received NP surgery experienced major complications including cerebrospinal fluid (CSF) leak, orbital injury, or major
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hemorrhage; such complications result in additional treatment costs. Another previous study in the US using claims
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data from patients who received endoscopic sinus surgery reported a major complication rate of 1% (CSF leak, 0.17%;
orbital injury, 0.07%; hemorrhage requiring transfusion, 0.76%); however, the study period was 2003—2007 and therefore
may not reflect current clinical practice.'”

Currently, cost estimates of NP surgeries in the literature were variable and limited data exist on the complication
rates following NP surgery in routine clinical care in the US. Real-world evidence on complications and associated costs
are essential inputs for the clinical and economic evaluation of treatment options. To address this data gap, this
retrospective, real-world descriptive analysis evaluated the risk of major complications and total medical costs related

to NP surgery (with or without complications) using data from a large US commercial insurance database.

Methods
Study Design and Data Source

This was a retrospective cohort study using claims data from a nationally representative commercial insurance database
(IQVIA PharMetrics Plus), with over 190 million US enrollees since 2006, and over 30 million patients with >3 years
continuous enrollment. Patients with claims for NP surgery (identified by current procedural terminology [CPT] codes:
see Table S1 for an overview of included procedures) between January 1, 2019 and December 31, 2019 were included
(Figure 1); date of the first eligible NP surgery was the index date. An eligible surgery was defined as one in those
patients who had >3 years continuous enrollment prior to the index date (baseline), during which they had >1 diagnosis
of NP as indicated by International Classification of Diseases, Ninth and Tenth Revisions, Clinical Modification (ICD-
9-CM and ICD-10-CM) codes (Table S1) and had >30 days continuous enrollment after the index date (follow-up), and
were insured by commercial plans on index date. Patients who had NP surgery codes in the 12 weeks preceding index
were excluded, to ensure that the index CPT indicated a new NP surgery, rather than follow-up care or procedures.
IQVIA PharMetrics Plus data are anonymized and are in compliance with Health Insurance Portability and
Accountability Act requirements. As such, research using this dataset does not constitute human subject research, and
therefore no institutional review board approval was sought.

Demographic and Clinical Characteristics

Age, sex, and baseline comorbidities were identified at index. Baseline comorbidities including asthma, atopic dermatitis
(AD), allergic rhinitis, cardiovascular disease (CVD), diabetes, and chronic kidney disease (CKD) were defined as having
>1 ICD-10-CM code of the corresponding disease (at any time in the record). Characteristics of the index surgery,
including inpatient or outpatient (outpatient defined as day case surgery) and type of surgery (first/repeat surgery) were
identified. If the patient had no NP surgery during the 3-year baseline, the index surgery was defined as first surgery; if
a patient had >1 NP surgery during baseline, the index surgery was defined as repeat surgery. Patients were stratified by
the setting of the index surgery, ie, inpatient or outpatient.

Outcome Measures
Total surgery costs were calculated as costs occurring on the index date or throughout the entire stay for patients who
received surgery in the inpatient setting. Total medical costs (10-day and 30-day) were calculated as paid amounts of all
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Figure | Study design.
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services occurring within 10 or 30 days of the index date, respectively. Costs were inflation-adjusted to 2021 US dollars
($). Since the focus of this study was medical costs, pharmacy costs were not included in this analysis. Major
complication was defined as experiencing at least one of following events within 30 days of the index date, without
such an event during the 30 days prior to the index date (see Supplementary Table S1 for specific diagnosis or procedure

codes used): CSF leak, orbital injury, and major hemorrhage requiring inpatient/emergency department (ED) visit or

transfusion.

Statistical Analysis

All analyses were descriptive, and no formal statistical testing was performed. Baseline characteristics were described for
all patients as well as by first/repeat surgery. Risk of major complication was calculated. Total surgery costs and total
medical (all-cause) costs (10-day) were reported for all patients as well as by first/repeat surgery. Total surgery costs and
total medical (all-cause) costs (10-day and 30-day) were also reported separately for patients with and without major
complications. Continuous variables were reported as mean (SD) or median (interquartile range [IQR]), and categorical
variables were reported as count (%).

Results
A total of 6311 eligible patients were included in the data analysis (see Figure 2 for patient attrition).

Demographic and Clinical Characteristics

The median (IQR) age was 46 (34-56) years, and 59.7% of patients were male (Table 1). More than 90% of index
surgeries occurred in the outpatient setting. Baseline allergic rhinitis and asthma were common and affected 63.7% and
37.1% of patients, respectively. Diabetes, cardiovascular diseases, and chronic kidney disease were identified in 10.1%,
6.9%, and 2.0% of patients at baseline, respectively. The majority of patients (88.2%) had no record of NP surgery in the
3 years prior to index; patients who had a record of prior NP surgery generally reported allergic rhinitis (78.7% vs 61.7%)
and asthma (52.3% vs 35.1%) more frequently than patients with no prior surgery (Table 1).

Patients with:

» 21 endoscopic nasal polyp insured by fee-for-service plan between 01/01/2017 and 12/31/2017
« First occurrence as index date

» No prior surgery for nasal polyps during 12 weeks before index date

N = 21,565

23 years’ continuous enrollment before index date (baseline period

n=10,724

=1 diagnosis of nasal polyps during baseline period
n = 2750

4

230 days’ continuous enroliment after index date (follow-up period)

n = 2696

Figure 2 Patient selection.
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Table | Demographic and Clinical Characteristics of Patients with NP Surgery

All Patients with NP No NP Surgery within Previous 3 | >1 NP Surgery within Previous 3

Surgery Years Years

(N=6113) (n=5394) (n=719)
Median age, years (IQR) 46 (34-56) 46 (34-56) 43 (30-56)
Male, n (%) 3652 (59.7) 3311 (61.4) 341 (47.4)
Setting of index NP surgery, n (%)
Outpatient hospital 3254 (53.2) 2866 (53.1) 388 (54.0)
Surgical center 2312 (37.8) 2088 (38.7) 224 (31.2)
Office 285 (4.7) 233 (4.3) 52 (7.2)
Inpatient/ED 236 (3.9) 182 (3.4) 54 (7.5)
Other 26 (0.4) 25 (0.5) <5

Key comorbidities at baseline, n (%)

Asthma 2271 (37.1) 1895 (35.1) 376 (52.3)
Allergic rhinitis 3892 (63.7) 3326 (61.7) 566 (78.7)
CVD 424 (6.9) 354 (6.6) 70 (9.7)
Diabetes 620 (10.1) 528 (9.8) 92 (12.8)
CKD 121 (2.0) 101 (1.9) 19 (2.6)

Abbreviations: CKD, chronic kidney disease; CVD, cardiovascular disease; ED, emergency department; IQR, interquartile range; SD, standard deviation.

Costs and Outcomes

The mean (SD) total NP surgery cost was $14,697 (11,679), and was comparable for first and repeat surgeries (Table 2).
The mean (SD) respective costs of NP surgery for patients who received surgery in the outpatient and inpatient settings
were $14,418 (10,581) and $35,740 (39,370). The mean (SD) total medical 10-day costs were $15,401 (11,968) overall
and were $15,174 (10,998) for first surgery and $15,511 (16,767) for repeat surgery. Major complications occurred in 102
(1.7%) patients during the 30 days after index NP surgery: 71 patients had major hemorrhage, 19 had orbital injuries, and
13 had CSF leak (one patient had both orbital injury and CSF leak). Of these, 88/5394 (1.6%) patients experienced major
complications with their first surgery and 14/719 (2.0%) with repeat surgery; rates of major hemorrhage, CSF leak, and
orbital injuries were similar with first and multiple surgeries. Half of the complications occurred within 4 days of index
date (median [Q1—Q3] time to major complication: 3.5 [0-8] days). Total medical costs were higher in patients who
experienced major complications compared with those who did not (within 10 days: $23,605 [19,264] vs $15,251
[11,741]; within 30 days: $27,406 [23,064] vs $16,186 [12,325]; Table 3), even after considering differences in surgery
costs between the two groups ($19,762 [15,125] in patients who experienced major complications compared with
$14,604 [11,587] in those who did not).

Discussion

This large, real-world claims analysis of patients with CRSWNP who received NP surgery observed higher costs and
major post-surgical complication rates than previously reported.”'*'® One systematic review reported that the mean total
cost related to NP surgery ranged from $8200-$10,500,” and a more recent US claims-based analysis estimated that the
total medical cost on the day of the NP surgery procedure was approximately $10,500.'® Another study reported mean
disease-related and prescription expenditure within 1 year of NP surgery of $11,166,"" while median (IQR) costs for all
NP surgeries were $13,264 (8032-21,897) using the State Ambulatory Surgery Databases for California, Florida,
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Table 2 Costs and Rate of Major Complications After Index NP Surgery*
All Patients with NP NP Surgery within Previous 3 Years Clinical Setting
Surgery
(N=6113) No Yes Outpatient Inpatient
(n=5394) (n=719) (n=6033) (n=80)
NP surgery cost
Mean, $ (SD) 14,697 (11,679) 14,654 (10,789) 15,017 (16,933) 14,418 (10,581) 35,740 (39,370)

Median, $ (IQR)

11,717 (7549-18,520)

11,851 (7702-18,561)

10,830 (6867—18,314)

11,640 (7521-18,296)

22,452 (15,480-42,855)

Total medical costs (including cost of NP surgery) within 10 days after index

Mean, $ (SD)

15,401 (11,968)

15361 (11,133)

15,703 (16,974)

15,104 (10,834)

37,815 (40,042)

Median, $ (IQR)

12,363 (8049-19,409)

12,457 (8197-19,420)

11,603 (7307-19,151)

12,281 (8026-19,175)

22,635 (16,417-51,657)

Complications within 30 days after index, n (%)

Any major 102 (1.7) 88 (1.6) 14 (2.0) 96 (1.6) 6 (7.5)
complication**

Major hemorrhage 71 (1.2) 64 (1.2) 7 (1.0) 68 (I.1) <5
CSF leak 13 (0.2) 12 (0.2) 1 (0.1) 18 (0.3) <5
Orbital injury 19 (0.3) 13 (0.2) 6 (0.8) 11 (0.2) <5

Notes: *Index surgeries were identified during 2019/01/01-2019/12/31. **One patient had both orbital injury and CSF leak.
Abbreviations: CSF, cerebrospinal fluid; IQR, interquartile range; NP, nasal polyps; SD, standard deviation.

Table 3 Costs After Index NP Surgery in Patients with and without Major Complications

Patients with no Major Complications

(N=6011)

Patients with >1 Major Complication

(n=102)

NP surgery cost

Mean, $ (SD)

14,604 (11,587)

19,762 (15,125)

Median, $ (IQR)

11,655 (7519-18,383)

16,380 (10,200-25,633)

Total medical costs (including cost of NP surgery) within 10 days after

Mean, $ (SD)

15,251 (11,741)

23,605 (19,264)

Median, $ (IQR)

12,307 (8014-19,208)

18,465 (11,661-27,999)

Total medical costs within 30 days after index

Mean, $ (SD)

16,186 (12,325)

27,406 (23,064)

Median, $ (IQR)

13,101 (8626-20,413)

20,892 (13,010-33,451)

Abbreviations: IQR, interquartile range; NP, nasal polyps; SD, standard deviation.

Maryland, and New York (mean costs were not reported).'? In the current study, the cost of NP surgery was defined as all

costs that occurred on the index date for outpatient surgery and all costs that occurred during the entire stay for inpatient

surgery, with the latter including charges that might not be directly related the NP surgery. However, the NP surgery costs

were similar, even when restricting to outpatient surgeries only (mean [SD]: $14,697 [11,679] for all NP surgeries and

$14,418 [10,581] for outpatient surgeries), since the majority of NP surgeries occurred in the outpatient setting. Cost

estimates were similar between patients experiencing their first NP surgery and those receiving repeat NP surgery.
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In this study, 1.7% of patients experienced a major complication in the 30 days after their index NP surgery. This is
numerically higher than rates reported in previous studies in the US (1%),"7 the UK (0.4%),'* Japan (0.1-0.5%),"'>'? and
Taiwan (0.5%). One potential reason for differences in major complication rates reported in this study versus previous
studies may be due to improvements in data quality and coding for services. Additionally, previous studies have reported
data from single-center analyses, and the present study is therefore more likely to reflect routine clinical practice.
Furthermore, there are inter-country differences in clinical practices and healthcare systems that may affect the care
received. The most frequent major complication reported in this study was major hemorrhage, which is consistent with
findings from other studies reporting major complications in NP surgery patients.'>'”

We did not explore potential trends between specific patient characteristics (including comorbidities) at baseline and
risk of major complications with NP surgery (although the risk was shown to be higher in patients receiving revision
surgery [2.0%] versus first surgery [1.6%]) and this will be an important area of research for future studies. The total
medical costs incurred within 30 days by those who did experience complications were numerically higher by
approximately 70% compared with patients with no major complications (mean cost: $27,406 vs $16,186,
respectively).

In this real-world cohort, more than one-third of patients with CRSwNP also had asthma. Asthma has previously been

associated with increased risk of polyp recurrence,?**!

and this was supported by findings from the current study which
showed that more patients with asthma had a prior NP surgery.

A potential limitation of this analysis is that it considered only direct medical expenses incurred by third-party payers,
and did not consider the wider societal perspective, including the impact on productivity or out-of-pocket expenses.
Furthermore, we defined NP surgery costs as all costs that occurred on the date for outpatient surgery or costs occurred
during the entire stay for patients who received surgery in the inpatient setting; it is possible that the costs in the inpatient
setting may include costs unrelated to NP surgery. Additionally, only claims within 30 days of NP surgery were
considered to ensure that complications observed were more likely to be related to the surgical procedure; as such,
cost estimates did not include complications that may have occurred beyond the 30-day window. Major complications
were identified using medical diagnosis and procedure codes; data on sensitivity and specificity of such codes have not
yet been established. However, median (Q1-Q3) time to the onset of complication was as short as 3.5 (0-8) days,
suggesting a high likelihood of association with the NP surgery. Furthermore, the study population was all commercially
fee-for-service-insured and may not be representative of the entire US population; the 3-year baseline enrolment
requirement further limited representativeness. It is possible that patients with an observation of first surgery in our
analysis had actually received surgery prior to the 3-year baseline.

Although the overall cost and complication rate associated with NP surgery ultimately depends on a variety of factors,
such as the case mix and type of surgery performed, this study provides a valuable real-world insight into the estimated
costs of NP surgery and risk of major complications in US clinical practice.

In summary, using recent data in the US, this study indicated that NP surgery-related costs and rate of NP surgery
complications were numerically higher than previously reported.
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