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Objectives: The concept of disease control incorporates independent disease characteristics that are longitudinally reflec-
tive of disease status and which can be used to make treatment decisions. Chronic rhinosinusitis (CRS) is a chronic condition
for which the determination of disease control by both the patient and the treating physician is important. Our objectives were
to determine CRS disease characteristics that are associated with patient-reported and physician-rated CRS disease control.

Study Type: Cross-sectional.

Methods: A total of 209 participants were prospectively recruited. Participants were asked to rate their global level of CRS
control as “not at all,” “a little,” “somewhat,” “very,” and “completely.” All participants completed a 22-item Sinonasal Outcome Test
(SNOT-22) and also reported the number of sinus infections, CRS-related antibiotic courses taken, CRS-related oral corticosteroid
courses taken, and missed days of work or school due to CRS, all in the last 3 months. Clinical and demographic characteristics were
also collected from each participant. A Lund-Kennedy endoscopy score was calculated for each participant from nasal endoscopy.
Two rhinologists were then given each participant's SNOT-22 score (as well as SNOT-22 nasal, sleep, otologic/facial pain, and emo-
tional subdomain scores), endoscopy score, and the number of sinus infections, CRS-related antibiotics, CRS-related oral corticoste-
roid courses and missed days of work or school due to CRS in the preceding 3 months as reported by the patient. The two
rhinologists were blinded to all other participant characteristics and each rhinologist independently rated every participant’s global
control level as “not at all,” “a little,” “somewhat,” “very,” and “completely.” Associations were sought between CRS disease characteris-
tics (SNOT-22 score, endoscopy score, sinus infections, CRS-related antibiotic usage, CRS-related oral corticosteroid usage, and lost
productivity due to CRS) and patient-reported CRS control as well as mean physician-rated CRS control.

Results: Patient-reported global CRS control was associated only with SNOT-22 (adjusted relative risk [RR] = 0.99, 95%
CI: 0.98-0.99, P < .001) but no other CRS disease characteristic. Patient-reported CRS control was specifically associated only
with nasal symptoms and not extra-nasal symptoms of CRS. Physician-rated CRS control was associated with SNOT-22 score
(adjusted RR [for each 1-unit increase of SNOT-22] = 0.99, 95% CI: 0.98-0.99, P <.001), number of acute bacterial CRS
exacerbations—reflected by number of antibiotic courses taken (or sinus infections)—in the last 3 months (adjusted RR = 0.89,
95% CI: 0.82-0.98, P = .014) and the number of CRS-related oral corticosteroid courses taken in the last 3 months (adjusted
RR = 0.87, 95% CI: 0.78-0.97, P = .012). Nasal, sleep, and otologic/facial pain symptoms were all associated with physician-
rated CRS control. Having used at least one course of antibiotics or oral corticosteroids in the last 3 months was the optimal
threshold for detecting poorly controlled CRS.

Conclusions: Patients and physicians use different criteria to determine the level of CRS control. While both rely on the
burden of CRS symptomatology, patients consider primarily nasal symptoms while physicians include nasal and extra-nasal
symptoms of CRS in determining CRS control. Physicians also independently consider CRS-related antibiotic use, as a reflection
of acute bacterial CRS exacerbations, and CRS-related oral corticosteroid use in the determination of global CRS control.
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Chronic rhinosinusitis (CRS) is an inflammatory dis-
ease of the paranasal sinuses that affects up to 5% of the
US population.! With heterogeneous etiologies,>® CRS
impacts affected individuals by causing a significant
decrease in quality of life (QOL), which is comparable to
that caused by other severe chronic diseases such as
asthma and diabetes.” The decreased QOL experienced by
patients with CRS may be due to chronic symptomatology,
acute CRS exacerbations as well exacerbations of comorbid
pulmonary disease.>'3 These clinical manifestations of
CRS and the resultant QOL decrease lead patients to seek
treatment totaling billions of dollars in direct healthcare
costs every year.'* The clinical manifestations of CRS also
impact affected individuals’ abilities to pursue normal day-
to-day activities, such as the performance of workplace
tasks.'® This lost productivity attributable to CRS also

Sedaghat et al.: Understanding CRS disease control
419


https://orcid.org/0000-0001-6331-2325
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:ahmad_sedaghat@meei.harvard.edu

accounts for billions of dollars in indirect costs. In total,
the direct and indirect costs of CRS exceed 20 billion dol-
lars every year in the United States alone.'® Therefore,
CRS is not only a significant burden on afflicted individ-
uals but also on society as a whole.

The goal of treatment of CRS focuses on reducing the
manifestations of the disease. However, there are many dis-
tinct disease manifestations of CRS that may differentially
influence a patient’s or physician’s assessment of the disease.
The most significant aspects of CRS from the patient’s
and/or treating physician’s perspectives may include chronic
symptomatology (which includes both nasal and extra-nasal
symptoms), objective CRS-related findings on physical exam-
ination (for example, the size of nasal polyps, the severity of
mucosal inflammation or quality of sinonasal drainage), the
frequency of acute CRS exacerbations, the need for systemic
medication usage (including both antibiotics and corticoste-
roids) and lost productivity due to the disease.®%1%1%18 The
magnitude of each of these manifestations of CRS may
therefore influence decisions about treatment. The treatment
of CRS is multifaceted and must be individualized, with
respect to medication choice and dosage, to the needs of each
patient. In the medical management of CRS, the highest
level of evidence supports the use of intranasal saline irriga-
tion and topical intranasal corticosteroids, the frequency and
dosage of which may be titrated to meet patient-specific
needs.’” There is no definitive role for long-term systemic
antibiotics and systemic corticosteroids in maintenance med-
ical management of CRS, although these medications are
often used in certain circumstances such as acute CRS exac-
erbations or sinus infections.'®?° Endoscopic sinus surgery
may also be offered to those patients who are failing appro-
priate medical management.'”'® Escalation, de-escalation or
continuation of a maintenance CRS treatment regimen is
motivated not only by the patient-perceived impact of CRS
disease manifestations but also by the physician-determined
impact of the disease on the patient’s overall health. For
example, a patient may focus on the severity of CRS symp-
toms as the cause of decreased QOL, while a physician may
focus on frequent use of systemic corticosteroids for CRS as
a risk factor for serious medication side effects. In both cases,
escalation of therapy may be warranted but in each case to
address different aspects of the disease. One challenge in
developing uniform treatment plans based on CRS disease
status is that it is still unclear how each of the many disease
characteristics may independently contribute to patients’ or
physicians’ perceptions of CRS status and, therefore, upon
which disease characteristics treatment decisions should
be made.

The notion of disease “control” has been developed for
a number of incurable conditions that must be chronically
managed based on real-time disease status.2%?2 Disease con-
trol is a metric of disease status that incorporates important
but independent longitudinal measures of disease severity
and their impact on patients. Classification of a disease as
well- or poorly controlled is indicative of how well disease
parameters are maintained within certain acceptable limits.
Disease control therefore informs the treatment of chronic
disease: escalate therapy for patients with poor control but
maintain or possibly de-escalate therapy for patients with
well-controlled disease. As an example in clinical practice,
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control is an important metric for standardized treatment
decisions for asthmatics.?® Asthma control incorporates
independent disease characteristics such as the subjective
severity of symptoms (eg, patient complaints about wheez-
ing), interference of the disease with normal day-to-day
activities, as well as objective measures of the disease,
including spirometry, and the utilization of systemic medica-
tions (eg, corticosteroids). Based on how a patient’s asthma
status measures according to these various criteria—how
well- or poorly controlled the asthma is—a standardized
and consensus approach to escalation, de-escalation or
maintenance of asthma therapy has been developed.?

CRS is considered to be an incurable inflammatory con-
dition, like asthma, that must be chronically managed with
treatment decisions made based on complex interaction of
the real-time needs of the patient and status of the dis-
ease.l” At present, subjective physician-dependent percep-
tion of CRS is a primary driver of treatment of this disease.
However, epidemiologic data suggests most physician visits
for CRS are to primary care physicians or internists, rather
than subspecialists with specific expertise in CRS.2* A mea-
sure of CRS control that incorporates multiple independent
disease manifestations could be utilized to improve the qual-
ity of patient care by serving as the basis for a standardized
CRS treatment algorithm that may be used independent of
physicians’ experience or expertise with CRS. At present,
however, there is no consensus agreement for what disease
characteristics should be incorporated into the notion of CRS
disease control. Several prior studies have investigated CRS
symptom control®®?® and comprehensively attempted to
develop scales for determining overall CRS disease con-
trol.2%?® These studies, while providing useful insight into
the development of the concept of control for CRS, have been
limited in scope and methodology. In this study, we sought
to establish groundwork for the concept of CRS control by
taking a systematic approach to studying the determinants
of how a large cohort of patients self-rated their global CRS
control as well as how physicians rated these patients’ CRS
control level. We focused on baseline CRS symptomatology,
the frequency of sinus infections, CRS-related antibiotic
usage, CRS-related oral corticosteroid usage, endoscopic
findings and lost productivity due to CRS as potential deter-
minants of global CRS control because these disease mani-
festations have been identified as the most significant with
respect to QOL, objective disease burden and societal cost
burden.'”'® We hypothesized that these disease manifesta-
tions would be differentially associated with CRS control as
determined by patients and by physicians. In order to study
this hypothesis, we first established the independence of
these disease manifestations as distinct entities that could
be used in measuring CRS control and then determined the
degree to which each manifestation was associated with
patients’ and physicians’ ratings of CRS control.

METHODS

Study Participants

This study was approved by the candidate’s institu-
tional review board, which oversaw all research described
in this study. Adult patients of age 18 years or older with
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Grading scheme for overall CRS control level
Not at all A little
1 2 3 4 5

Somewhat| Very |Completely|

Fig. 1. Grading scheme for overall CRS control used by patients
and physicians.

consensus guideline criteria for CRS?® were recruited pro-
spectively and provided informed consent for inclusion in
this study. Exclusion criteria included comorbid diagnoses
of vasculitis, cystic fibrosis, sarcoidosis, and immunodefi-
ciency. Patients with an active acute CRS exacerbation
were excluded so that all study participants’ CRS charac-
teristics would be reflective of their general, baseline
symptomatology. In order to remove the confounding effect
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of recent endoscopic sinus surgery, patients who had endo-
scopic sinus surgery within the last 6 months were also
excluded.

Study Design and Data Collection

This is a cross-sectional study to determine how and
in what manner the SNOT-22 reflects patient-reported
CRS symptom control. All data were collected at enroll-
ment. The age, gender, race, and smoking history of all
participants was requested and recorded. Any participant
who reported current or former tobacco use was consid-
ered a smoker for this study.3® All participants completed
a SNOT-22 survey.?! SNOT-22 subdomain scores were
calculated as previously described.?> The SNOT-22 nasal
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Fig. 2. Histogram plots of participants’ SNOT-22 scores, as well as nasal, sleep, otologic/facial pain and emotional SNOT-22 subdomain

Scores.
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Fig. 3. Histogram plots of participants’ Lund-Kennedy endoscopy
scores and number of missed days of work or school due to CRS
in the last 3 months.

subdomain score was calculated by summing SNOT-22
items 1-6, 21, and 22. The SNOT-22 otologic/facial pain
subdomain score was calculated by summing SNOT-22
items 7—10. The SNOT-22 sleep subdomain score was cal-
culated by summing SNOT-22 items 11-18. The SNOT-
22 emotional subdomain score was calculated by sum-
ming SNOT-22 items 19 and 20. All participants were
asked to recall the number of courses of oral antibiotics
and oral corticosteroids they had taken in the last
3 months for their CRS. Recall of past systemic antibiotic
or corticosteroid use without specifying the exact medica-
tion name or dosing has been previously identified and
used as a meaningful method of assessing patients’ sys-
temic medication usage for both asthma and CRS.2333-35
Patients were also asked to recall the number of sinus
infections they had experienced in the last 3 months.® To
evaluate for CRS-related productivity loss, all partici-
pants were asked how many days of work or school they
missed in the last 3 months due to CRS, as previously
described and validated.?*2® At enrollment, participants
were assessed by the treating rhinologist for a history of
prior sinus surgery, aeroallergen hypersensitivity based
on formal allergy testing, and asthma based on clinical
history?® and prior diagnosis. The treating rhinologist
also performed a nasal endoscopy to evaluate for the pres-
ence or absence of nasal polyps, and from which the
Lund-Kennedy endoscopy score was calculated.?® The
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Lund-Kennedy score reflects the severity of polyps, edema
and discharge, as well as scarring and crusting in the
post-ESS patient, that is seen on nasal endoscopy.>®

Rating of Chronic Rhinosinusitis Control

Using a previously described scale, all participants
were asked to rate the overall level of control of their
CRS as “not at all,” “a little,” “somewhat,” “very,” or
“completely.”*® These levels of CRS control were also
translated to numeric values (1-5) for subsequent ana-
lyses (Fig. 1). Two rhinologists, one of whom was the can-
didate, also independently rated the overall level of
control for each participant’s CRS, using the same scale
as the one the participants used (Fig. 1). These rhinolo-
gists, henceforth referred to as Physician #1 and Physi-
cian #2, were blinded to the participants’ identities when
rating CRS control. The only participant-related informa-
tion that was revealed to the physicians was SNOT-22
score, individual SNOT-22 subdomain scores, the number
of patient-reported sinus infections in the last 3 months,
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Fig. 4. Histogram plots of participants’ number of (A) sinus infec-
tions, (B) CRS-related antibiotic courses, and (C) CRS-related oral
corticosteroid courses, all in the last 3 months.

Sedaghat et al.: Understanding CRS disease control



<

[0

=
\<

S|V 1

=
£ 80- -
©
o
o
S 604
©
Q_ —
ks
S 401
(]
0
S
2 2 H
)
S
O 0 T T
Y £
>
=3

A]9191dwio)

leymMowios +

CRS control level

Fig. 5. Histogram plot of participants’ self-reported level of CRS
control.

the number of patient-reported antibiotic courses for CRS
in the last 3 months, the number of patient-reported oral
corticosteroids for CRS in the last 3 months, and the
number of missed days of work or school due to CRS in
the last 3 months.

Statistical Analysis

All analyses were performed with the statistical soft-
ware package R (www.r-project.org).*’ A total of 209 par-
ticipants were recruited during the study period (July
1, 2016—June 30, 2017). This recruitment provided
greater than 95% power to detect associations of medium
effect size (r = 0.15) between CRS control level (as the
dependent variable) and CRS disease characteristics
(as the independent variable), while controlling for
14 other covariates—the largest multivariable model
used in this study—at a significance level of 0.05.

In order to determine agreement between CRS con-
trol level as graded by Physician #1 and Physician #2, we
employed several measures of inter-rater agreement. We
determined the overall match between physician-rated
CRS control level by calculating the joint probability of
agreement. Because CRS control level is an ordinal vari-
able, we used Pearson correlation to determine qualita-
tive agreement as well as a two-way intraclass
correlation to determine absolute agreement.

To better understand multicollinearity within our
CRS characteristic data (SNOT-22 score, endoscopy score,
number of sinus infections in the past 3 months, number
of CRS-related antibiotic courses in the last 3 months,
number of CRS-related oral corticosteroid courses in the
last 3 months, and number of days of work or school
missed due to CRS in the last 3 months), we used Pear-
son correlation to determine relationships between the
different CRS disease characteristic and also performed a
principal component analysis (PCA). Determination of
variable loading onto each principal component was
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determined with a varimax rotation on the original PCA
using the principal function of the psych package.

In order to calculate the relationship between the
level of CRS control and CRS disease characteristic, the
levels of symptom control were assigned an integer score
from 1 to 5 and analyzed as 5-level ordinal data (Fig. 1).
In the case of physician-rated CRS control, the mean
value of Physician #1’s and Physician #2’s CRS control
rating—which could obviously take values of 1.5, 2.5, 3.5,
or 4.5—was used and therefore analyzed as 9-level ordi-
nal data ranging from 1 to 5 by increments of 0.5. Associ-
ations between the level of CRS control (as dependent
variable) and CRS disease characteristics (including
SNOT-22 score or SNOT-22 subdomain scores, number of
sinus infections in the preceding 3 months, CRS-related
antibiotic use over the preceding 3 months, CRS-related
oral corticosteroid use in the preceding 3 months, and the
number of missed days of work or school due to CRS in
the preceding 3 months) as the independent variables
were then evaluated using univariate and multivariable
negative binomial regression.

In order to identify as well as characterize the sensi-
tivity and specificity of participants’ CRS characteristics
for identifying patient-reported or physician-determined
poor CRS control (which we define as control levels of
“not at all,” “a little,” or “somewhat”), we analyzed
receiver operating characteristic (ROC) curves with the
pROC package.*? The area under the ROC curve (AUC)
was calculated with the trapezoid rule using the auc func-
tion and the 95% confidence interval of the AUC was cal-
culated by performing 2000 bootstraps of the data with
the ci function. P-value for significance of the ROC curve
was determined by Wilcoxon rank-sum test.

RESULTS

Characteristics of Study Participants

We recruited a total of 209 participants whose demo-
graphic and clinical characteristics are summarized in
Table I. Participants’ CRS-specific characteristics included
a mean SNOT-22 score of 34.1 (standard deviation [SD]:
21.2). The distributions of participants’ SNOT-22 scores
and SNOT-22 subdomain scores (which reflect severity of
nasal, sleep-related, otologic/facial pain, and emotional
symptoms, respectively) are shown in Figure 2. Partici-
pants had a mean Lund-Kennedy endoscopy score of 3.1
(SD: 2.6) and reported missing a mean of 2.0 days (SD:
7.4 days) of work or school in the last 3 months due to
their CRS. Of all participants, 78.0% had at least some
endoscopic findings (endoscopy score greater than 0) and
30.1% reported missing at least one day of work or school
due to their CRS in the last 3 months. The distributions of
participants’ endoscopy scores and lost productivity due to
CRS are shown in Figure 3. As reported by participants, in
the last 3 months the mean number of sinus infections
was 0.6 (SD: 0.8), the mean number of CRS-related antibi-
otic courses taken was 0.5 (SD: 0.9) and the mean number
of CRS-related oral corticosteroid courses taken was 0.3
(SD: 0.8). Of all participants, 47.4% reported having at
least one sinus infection, 34.0% reported using at least one
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TABLE I.
Demographic and Clinical Characteristics of Study Participants

Study participants (N = 209)

Demographics

Age, mean in years, (SD) 54.0 (16.6)
Gender
Male 50.7%
Female 49.3%
Race
White 52.1%
Black of African American 0.5%
Other 4.3%
Declined to respond 43.1%
Smoking 34.9%
Comorbidities
Asthma 27.8%
Aeroallergen hypersensitivity 42.1%
Aspirin sensitivity 5.3%
CRS characteristics
Nasal polyps 46.9%
Previous sinus surgery 45.9%
Intranasal steroid use 47.4%
Endoscopy score, mean (SD) 3.1 (2.6)
SNOT-22 score, mean (SD) 34.1 (21.2)
Missed days of work or school 2.0(7.4)
due to CRS in the last
3 months, mean (SD)
Sinus infections in the last 0.6 (0.8)
3 months, mean (SD)
CRS-related antibiotic courses 0.5(0.9
in the last 3 months, mean (SD)
CRS-related oral corticosteroid courses 0.3 (0.8)

in the last 3 months, mean (SD)

antibiotic course for their CRS, and 20.6% reported using
at least one oral corticosteroid course for their CRS in the
last 3 months. The distributions of participants’ number of
sinus infections as well as CRS-related antibiotic and oral
corticosteroid usage in the 3 months are shown in Figure 4.
The distribution of how the participants self-reported their
level of global CRS control is shown in Figure 5.

Multicollinearity of CRS Disease Characteristics

We next sought to determine how participants’ CRS
disease characteristics might associate with their self-
reported global CRS control level. Previous studies suggest
that the CRS disease characteristics we are studying—
SNOT-22 score, nasal endoscopy score, sinus infection fre-
quency, frequency of systemic antibiotic/oral corticosteroid
usage and productivity loss—may be correlated.®3>*3 Strong
correlation between variables in a multivariable model—
termed multicollinearity—may artificially increase standard
errors and therefore reduce the ability to detect statistical
significance of individual predictor variables amongst the
correlated variables.** We therefore sought correlations
between all of the CRS disease characteristics that we have
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studied here (Fig. 6). Upon examining the correlation matrix
shown in Figure 6, which illustrates a heat map for the coef-
ficients of correlation between CRS disease characteristics,
five distinct variable clusters are apparent reflecting: CRS
symptomatology (SNOT-22 score), acute bacterial CRS exac-
erbations (patient-reported sinus infections and CRS-related
antibiotic use), CRS-related oral corticosteroid use, endos-
copy score and lost productivity.

PCA, an analytical technique, can also be used to
detect collinear variables. When PCA is performed on a
set of variables, the most collinear variables will be found
to cluster together on common principal components so
that the primary variables that comprise each principal
component are deemed to be variables that likely reflect
the same underlying process.** In order to confirm collinear-
ity within our data, which we suspected based on the corre-
lation matrix shown in Figure 6, we performed PCA on our
participants’ CRS disease characteristic data. Because we
specifically hypothesized that the CRS disease characteris-
tics, which we studied, reflected five independent variable
clusters based on our findings in Figure 6, we examined the
first five principal components of the PCA. The contribu-
tions (loadings) of each CRS disease characteristic onto the
first five principal components, which account for 95% of
the total variability in the data, most dominantly reflected
CRS symptomatology (SNOT-22 and associated subdomain
scores), acute bacterial CRS exacerbations (patient-reported
sinus infections and CRS-related antibiotic use in the last
3 months), CRS-related oral corticosteroid use in the last
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Fig. 6. Correlation matrix of CRS disease characteristic data,
reflecting SNOT-22 score, endoscopy score, number of sinus infec-
tions in the last 3 months, the number of CRS-related antibiotic
courses in the last 3 months, the number of CRS-related oral corti-
costeroids in the last 3 months, and number of days of missed
work or school due to CRS in the last 3 months. Correlation coeffi-
cients are color-coded on a scale (shown on the right) from 0.0,
representing no correlation, as red to 1.0, representing perfect cor-
relation, as green. Boxes are drawn around variables reflecting
putatively distinct CRS disease characteristics.
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TABLE II.
Loadings of CRS Disease Characteristics on PC

PC1 PC2 PC3 PC4 PC5
SNOT-22 0.27 0.14 0.10 0.17 0.93
Endoscopy score -0.02 0.99 -0.02 0.04 0.11
Sinus infections in the last 3 months 0.88 0.02 0.07 0.10 0.21
CRS-related antibiotics in the last 3 months 0.91 -0.04 0.03 0.14 0.11
CRS-related oral corticosteroids in the last 3 months 0.18 0.04 0.03 0.97 0.16
Missed days of work or school in the last 3 months due to CRS 0.06 -0.02 0.99 0.03 0.09

Loadings that are shown in bold and italics are those that most dominantly influence the correspond principal component.

3 months, endoscopy score and lost productivity due to CRS
(Table II). These results confirmed the suspected pattern of
variable collinearity suggested by Figure 6. These results
also suggest that the number of patient-reported sinus
infections and the number of patient-reported CRS-related
antibiotics are highly correlated and inclusion of both in the
same multivariable model could interfere with detection of
either as a statistically significant predictor for global CRS
control. Henceforth, we utilize patient-reported CRS-related
antibiotic usage in multivariable analyses but for each mul-
tivariable analysis we also checked that our results would
not qualitatively change by using the number of sinus infec-
tions instead.

Factors Associated With Patient-Reported Global
CRS Control

We next determined associations between patient-
reported global CRS control and CRS characteristics of
SNOT-22 score, the number of sinus infections in the last
3 months, the number of CRS-related antibiotic courses in
the last 3 months, the number of CRS-related oral cortico-
steroid courses in the last 3 months, and the number of
missed days of work or school due to CRS in the last
3 months (Table III). We did not consider nasal endoscopy
score as a factor that would be associated with patient-
reported CRS control in a meaningful way since we would
not expect patients to know their nasal endoscopy score. In
other words, we would not expect patients to be fully cogni-
zant of their nasal endoscopy findings, or to consider those
findings in their own assessment of CRS disease control. On
univariate analysis we found that patient-reported CRS

control was significantly associated with SNOT-22 score, the
number of sinus infections in the last 3 months, and the
number of CRS-related antibiotic courses taken in the last
3 months (Table III). However, in a multivariable regression
model that used SNOT-22 score, the number of CRS-related
antibiotic courses, the number of CRS-related oral cortico-
steroid courses, and the number of missed days of work or
school due to CRS as independent variables, only SNOT-22
(RR = 0.99, 95% CI: 0.98-0.99, P < .001) score was signifi-
cantly associated with patient-reported CRS control level
(Table III). This result indicates, for example, that a
26-point SNOT-22 increase would be associated with a 25%
reduction in patient-reported CRS control. We additionally
repeated the multivariable analysis controlling for charac-
teristics that might confound how participants may rate
CRS control level including characteristics of age, gender,
smoking history, comorbid asthma, aeroallergen hypersensi-
tivity, polyps, use of intranasal steroids, and history of prior
sinus surgery. Even after controlling for these covariates,
we still found that only SNOT-22 score was associated with
patient-reported CRS control. Utilizing the number of sinus
infections instead of the number of CRS-related antibiotic
courses used in the last 3 months did not qualitatively
change these results either. These results indicate that
patients most prominently utilize severity of their CRS
symptoms in assessing their global CRS control.

Symptoms of CRS Differentially Associate With
Patient-Reported CRS Control Level

Since we found SNOT-22 score to most dominantly
associate with patient-reported CRS control, we next

TABLE Il
Association Between Patient-Reported CRS Control Level and CRS Disease Characteristics

Univariate analysis Multivariable analysis’

RR? (95% Cl) P value RR? (95% Cl) P value
SNOT-22 score 0.99 (0.98-0.99) < 0.001 0.99 (0.98-0.99) <.001
Number of sinus infection in last 3 months (0.73-0.91) < 0.001 - -
Number of CRS-related antibiotics in last 3 months (0.77-0.95) 0.003 0.94 (0.84-1.05) 294
Number of CRS-related oral corticosteroids in last 3 months (0.81-1.02) 0.116 1.04 (0.92-1.18) 493
Number of days of missed work or school due to CRS in last 0.99 (0.98-1.01) 0.240 1.00 (0.99-1.01) .986

3 months

! Including SNOT-22 score, number of CRS-related antibiotics, number of CRS-related oral corticosteroids and missed days of work or school due to CRS

as independent variables.
2 Relative risk
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TABLE IV.
Association Between Patient-Reported CRS Control Level and SNOT-22 Subdomain Scores

Univariate analysis

Multivariable analysis

RR’ (95% Cl) P value RR' (95% Cl) P value
Nasal subdomain 0.97 (0.96-0.98) <.001 0.98 (0.97-0.99) .006
Sleep subdomain 0.98 (0.97-0.99) <.001 0.99 (0.98-1.01) 224
Otologic/facial pain subdomain 0.96 (0.94-0.98) <.001 0.99 (0.98-1.01) 570
Emotional subdomain 0.92 (0.88-0.97) .001 0.99 (0.93-1.05) 738

’ Relative risk

sought to further define the CRS symptoms that most
associated with patients’ reported level of CRS control. We
therefore sought associations between patient-reported CRS
control and SNOT-22 subdomain scores (Table IV). We found
that all subdomain scores were associated with patient-
reported CRS control on univariate analysis (Table IV). This
result was confirmed and further characterized by finding
that the severity of each symptom represented on the
SNOT-22 was associated with patient-reported CRS control
(Table Al in Appendix). However, in a multivariable regres-
sion model that accounted for all subdomain scores simulta-
neously, only the nasal subdomain score (RR = 0.98, 95% CI
0.97-0.99, P = .006) remained significantly associated with
patient-reported CRS control. This result indicates, for exam-
ple, that a 15-point increase in the nasal subdomain score of
the SNOT-22 is associated with a 25% reduction in
patient-reported CRS control. This association between
patient-reported CRS control and the nasal subdomain
score remained statistically significant (while all other
SNOT-22 subdomains were not significantly associated)
even after controlling for other CRS disease characteris-
tics (CRS-related antibiotic usage or sinus infections,
CRS-related oral corticosteroid usage, and CRS-related
lost productivity) as well as patient characteristics of
age, gender, smoking history, comorbid asthma, aeroal-
lergen hypersensitivity, polyps, use of intranasal ste-
roids, and history of prior sinus surgery, any of which
might potentially influence how patients would perceive
their CRS disease status. These results indicate that the
severities of nasal symptoms, such as obstruction or
drainage, are most prominently associated with patients’
perception of their global CRS control.

Inter-Physician Reliability of Rating CRS
Control

We next sought to determine how participants’ CRS
disease characteristics might influence physician-rated CRS
control. However, we first sought to explore the degree of
consistency between the two physicians (Physician #1 and
Physician #2) who independently rated participants’ CRS
control level (Fig. 7). We found that the joint probability of
agreement—the percentage of study participants who were
rated to have the same exact level of CRS control by the
physician graders—was 41.6%. However, we found that
95.7% of participants received CRS control ratings by the
two physician graders that were exactly the same or differed
by one level. We also found that the CRS control ratings by
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Physician #1 and Physician #2 were strongly correlated
(r = 0.85, 95% CI: 0.81-0.88, P < .001). Likewise, we found
excellent agreement with Intraclass Correlation (Intraclass
Correlation Coefficient = 0.75, 95% CI: 0.57-0.84, P < .001).
These results indicate that the rating of CRS control was a
consistent metric between the two physicians who indepen-
dently rated participants’ global CRS control level.

Factors Associated With Physician-Rated Global
CRS Control

Physician-rated CRS control was only moderately corre-
lated with patient-reported CRS control (r = 0.58, 95% CI:
0.48-0.66, P < .001), indicating that there are likely different
factors that may influence physician-rated versus patient-
reported global CRS control. We next sought to characterize
physician-rated CRS control by determining associations
between physician-rated CRS control and CRS characteris-
tics of SNOT-22 score, endoscopy score, the number of CRS-
related antibiotic courses in the last 3 months, the number
of CRS-related oral corticosteroid courses in the last
3 months, and the number of missed days of work or school
due to CRS in the last 3 months (Table V). We found that on
univariate analysis all of these CRS disease characteristics
were associated with physician-rated CRS control (Table V).
However, in a multivariable regression model that used all
of these CRS disease characteristics as independent vari-
ables, only SNOT-22 score (RR =0.99, 95% CI. 0.98-0.99,
P < .001), the number of CRS-related antibiotics (RR = 0.89,

Completely 4 &
& Very 1 o %
C
:8 Somewhat { , % & B
wv
> . o °
£ A little 1e& o ¢
Notatall {ga °
g 2 & 3 9
T 5 3 < 3
=~ o 2 =
= = o
Q 0]
~ <
Physician #1

Fig. 7. Scatter plot of participants’ CRS control level as graded by
Physician #1 vs. Physician #2.
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TABLE V.
Association Between Physician-Rated CRS Control Level and CRS Disease Characteristics

Univariate analysis

Multivariable analysis’

RR? (95% Cl) P value RR? (95% Cl) P value
SNOT-22 score 0.98 (0.97-0.99) <.001 0.99 (0.98-0.99) <.001
Endoscopy score 0.97 (0.95-0.99) .008 1.00 (0.98-1.02) .938
Number of sinus infection in last 3 months 0.71 (0.66-0.78) <.001 - —
Number of CRS-related antibiotics in last 3 months 0.74 (0.69-0.81) <.001 0.89 (0.82-0.98) .014
Number of CRS-related oral corticosteroids in last 3 months 0.70 (0.63-0.78) <.001 0.87 (0.78-0.97) .012
Number of days of missed work or school due to CRS in last 0.96 (0.94-0.98) <.001 0.99 (0.98-1.00) .065

3 months

7 Including SNOT-22 score, number of CRS-related antibiotics, number of CRS-related oral corticosteroids and missed days of work or school due to CRS

as independent variables.
2 Relative risk

95% CI: 0.82-0.98, P = .014) and the number of oral cortico-
steroid courses (RR =0.87, 95% CI. 0.78-0.97, P =.012)
taken in the last 3 months were significantly associated with
physician-rated CRS control level. These results reflect, for
example, that a 25% reduction in physician-reported CRS
control is associated with a 20-point increase in SNOT-22,
two courses of CRS-related antibiotics or two courses of CRS-
related oral corticosteroids in the last 3 months. Missed days
of work or school due to CRS reported by patients trended
towards association (RR = 0.99, 95% CI: 0.98-1.00, P = .065)
while endoscopy score was not at all associated with
physician-rated CRS control (RR =1.00, 0.98-1.02,
P = .938). We did not include any other patient characteris-
tics in our multivariable model since the physician graders
did not have access to any other clinical or demographic
patient data when rating global CRS control. Additionally,
these results did not qualitatively change by using the num-
ber of sinus infections instead of the number of CRS-related
antibiotics courses in the last 3 months in the multivariable
model. These results indicate that the physician graders in
this study considered CRS symptom severity, acute bacterial
CRS exacerbation frequency (reflected by patient-reported
sinus infections or CRS-related antibiotics usage) and CRS-
related oral corticosteroids utilization in assessing partici-
pants’ global CRS control.

Relationship of CRS Symptoms With Physician-
Rated CRS Control Level

Just as we found for patient-reported CRS control, we
also found SNOT-22 score to be strongly associated with
physician-rated CRS control level. Therefore, we next sought

to determine if the severity of particular categories of CRS
symptomatology were differentially associated with
physician-rated CRS control level. Both physician graders in
this study were provided with the participants’ SNOT-22
nasal, sleep, otologic/facial pain and emotional subdomain
scores to consider in their rating of overall CRS control level.
We therefore sought associations between SNOT-22 subdo-
mains scores and physician-rated CRS control level
(Table VI). On univariate analysis, we found that all SNOT-
22 subdomain scores were significantly associated with
physician-rated CRS control (Table VI). Because the physi-
cian graders did not view participants’ SNOT-22 surveys
while grading participants’ global CRS control, we did not
calculate associations between individual SNOT-22 items
scores and physician-rated CRS control. Using a multivari-
able regression model that accounted for all subdomain
scores simultaneously, the nasal (RR =0.98, 95% CI:
0.97-0.99, P < .001), sleep (RR =0.98, 95% CI. 0.97-0.99,
P =.001) and otologic/facial pain (RR =0.98, 95% CI:
0.96-0.99, P = .012) subdomain scores remained significantly
associated with physician-reported CRS control. These
results indicate that the contribution of CRS symptoms to
physician-rated CRS control includes not only the nasal
symptoms classically associated with CRS but also the extra-
nasal symptoms of CRS associated with patients’ functional
status (sleep) and discomfort (ear pressure or facial pain).

Quantitative CRS Disease Characteristics
Accurately Detect Poorly Controlled CRS

We next sought to determine if CRS disease charac-
teristics could be used to detect poorly controlled CRS,

TABLE VI.
Association Between Physician-Rated CRS Control Level and SNOT-22 Subdomain Scores

Univariate analysis

Multivariable analysis

RR’ (95% Cl) P value RR' (95% CI) P value
Nasal subdomain 0.96 (0.95-0.97) <.001 0.98 (0.97-0.99) <.001
Sleep subdomain 0.97 (0.96-0.98) <.001 0.98 (0.97-0.99) .001
Otologic/facial pain subdomain 0.93 (0.92-0.94) <.001 0.98 (0.96-0.99) .012
Emotional subdomain 0.86 (0.83-0.89) <.001 0.97 (0.92-1.01) 151

’ Relative risk
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Fig. 8. ROC curves to detect patient-reported poorly controlled
CRS using independent variables of (A) SNOT-22 score, (B) number
of sinus infections in last 3 months, (C) CRS-related antibiotics
courses in last 3 months, (D) CRS-related oral corticosteroids
courses in the last 3 months, and (E) number of missed days of
work or school due to CRS in last 3 months. The points reflecting
the optimal cut-off for each statistically significant independent var-
iable, which are summarized in Table VIl and maximized the sum of
sensitivity and specificity, are marked in each panel.

which we define as control levels of “not at all,” “a little,”
or “somewhat” as previously described, using ROC analy-
sis.*> We first evaluated whether threshold values for any
of the CRS disease characteristics that we studied here
could be used to detect participants who rated their CRS
as poorly controlled. We found that all characteristics
(excluding endoscopy score, which we felt was not mean-
ingful for patient-reported CRS control) could be used to
accurately detect patient-reported poor CRS control
(Table VII). The ROC curves of all CRS disease character-
istics in detecting patient-determined poor CRS control
are shown in Figure 8. We likewise found that all of the
same CRS disease characteristics could be used to accu-
rately detect physician-rated poor CRS control (which we
defined as a mean physician control score of < 3.5)
(Table VIII). The ROC curves of all CRS disease characteris-
tics in detecting physician-determined poor CRS control are
shown in Figure 9. By comparing the results in Table VII
and Table VIII, it is apparent that utilizing at least one
course of CRS-related antibiotic or oral corticosteroid in the
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last 3 months, reporting at least one sinus infection or miss-
ing at least one day of work or school due to CRS in the last
3 months, all served as optimal thresholds for detecting
patient-reported or physician-rated poor CRS control.
Additionally, a similar level of CRS symptom severity
(as reflected by SNOT-22) was associated with poor disease
control as rated by both patients and physicians. We like-
wise found similar thresholds of CRS disease characteris-
tics for detecting patients whose CRS disease control was
rated as poor by both the patient and physician (Table A2
and Figure Al in the Appendix).

DISCUSSION

CRS is a highly prevalent disease that imparts a sig-
nificant QOL detriment on afflicted individuals as well as
a significant cost burden on society as a whole. A stan-
dardized approach to treatment of CRS could lead to sig-
nificant improvements in patient outcomes and reduction
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Fig. 9. ROC curves to detect physician-determined poorly con-
trolled CRS using independent variables of (A) SNOT-22 score,
(B) endoscopy score, (C) number of sinus infections in last
3 months, (D) CRS-related antibiotics courses in last 3 months,
(E) CRS-related oral corticosteroids courses in the last 3 months,
and (F) number of missed days of work or school due to CRS in last
3 months. The points reflecting the optimal cut-off for each statisti-
cally significant independent variable, which are summarized in
Table VIII and maximized the sum of sensitivity and specificity, are
marked in each panel.
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TABLE VII.
Accuracy of CRS Disease Characteristics to Detect Patient-Reported Poorly Controlled CRS

P value AUC (95% Cl) Optimal cut-off value’ Sensitivity Specificity
SNOT-22 score <.001 0.87 (0.81-0.92) >20 85.7% 72.7%
No. of sinus infections? <.001 0.76 (0.70-0.81) >0 60.4% 89.1%
No. of CRS-related antibiotics? <.001 0.67 (0.62-0.73) >0 42.9% 90.9%
No. of CRS-related oral corticosteroids? <.001 0.61 (0.57-0.66) >0 26.6% 96.4%
No. of missed days or work or school due to CRS? <.001 0.68 (0.64-0.73) >0 39.6% 96.4%

’ Maximizes the sum of sensitivity and specificity
2 In the last 3 months

in the overall impact of this disease by providing all
patients a minimum level of high quality care, indepen-
dent of care provider experience with or expertise in CRS.
For chronic incurable diseases, the concept of control is
often used and translated into a comprehensive quantita-
tive metric of disease status upon which treatment deci-
sions can be made in real-time. The concept of disease
control incorporates important but independent longitudi-
nal measures of disease severity and their impacts on
patients. The clinical utility of defining disease control
has been illustrated in the care of asthmatics where a
standardized definition of asthma control now serves as
the foundation upon which long term therapy is titrated
in a standardized manner.?"?* One way in which CRS dif-
fers from asthma is that the subjective perception of CRS
by patients is a primary driver of treatment in addition to
physicians’ evaluation of patients’ disease. Although clinical
decisions regarding titration of therapy for CRS are made
every day based on patients’ and physicians’ implicit assess-
ment of CRS control level, currently there is no formal defi-
nition of CRS control. In this study, we used a top-down
approach to understanding CRS control from the perspec-
tives of patients and physicians. We asked a large cohort of
CRS patients to rate their own level of global CRS control.
Two rhinologists also independently rated these patients’
global CRS control level with knowledge of only six CRS dis-
ease characteristics for each patient: SNOT-22 score, nasal
endoscopy score, and in the last 3 months: the number of
sinus infections, CRS-related antibiotic courses used, CRS-
related oral corticosteroid courses used and missed days of
work or school due to CRS. We found that the only disease
characteristic that independently associated with patients’
rating of their global CRS control was the SNOT-22 score

(most prominently, the nasal subdomain score of the SNOT-
22). In comparison, we found that physician-rated CRS con-
trol was associated with the SNOT-22 score (including nasal
and extra-nasal symptom subdomains) as well as the num-
ber of CRS-related antibiotics (likely a reflection of acute
bacterial CRS exacerbations) and the number of CRS-
related oral corticosteroid courses taken in the last
3 months.

Previous work has sought to develop a definition of
CRS control. The 2012 European Position Paper on Rhino-
sinusitis and Nasal Polyps (EPOS) proposed a staging sys-
tem for disease control in CRS as a metric that could be
used longitudinally to assess improvements in patients’
CRS symptoms and the health of their sinonasal mucosa
(eg, reduction of edema, inflammation or mucopurulent
drainage), upon which decisions could be made for titra-
tion of treatment.'® The EPOS staging system for CRS
control was based on symptoms (nasal obstruction, rhinor-
rhea, facial pain, hyposmia/anosmia, and sleep distur-
bance), nasal endoscopy and the need for any systemic
antibiotics or corticosteroids in the last 3 months. Based
on how much each of these disease characteristics posed a
problem to the patient, the EPOS staging system recom-
mended a rating of “controlled,” “partly controlled,” or
“uncontrolled.” The major limitation of this staging sys-
tem, which was acknowledged by the 2012 EPOS, was
that this staging system was not data driven but, instead,
was designed based solely on expert opinion. This staging
system was developed based on criteria that experts in the
field thought they would use to assess a patient’s CRS con-
trol without determining whether this standard was being
employed in actual practice. In addition, this staging sys-
tem did not consider patient perception of CRS control.

TABLE VIII.
Accuracy of CRS Disease Characteristics to Detect Physician-Reported Poorly Controlled CRS
P value AUC (95%Cl) Optimal cut-off value’ Sensitivity Specificity
SNOT-22 score <.001 0.97 (0.94-0.99) >25 88.9% 93.2%
Endoscopy score .025 0.59 (0.51-0.67) >0 83.7% 32.4%
No. of sinus infections? <.001 0.75 (0.70-0.81) >0 64.4% 83.8%
No. of CRS-related antibiotics® <.001 0.71 (0.66-0.76) >0 48.1% 91.9%
No. of CRS-related oral corticosteroids? <.001 0.63 (0.59-0.67) >0 29.6% 95.9%
No. of missed days or work or school due to CRS? <.001 0.72 (0.67-0.76) >0 45.2% 97.3%

! Maximizes the sum of sensitivity and specificity
2 In the last 3 months
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A subsequent study by Snidvongs et al. sought to
evaluate the predicative efficacy of the EPOS staging sys-
tem for CRS control.2” The authors analyzed data from
106 patients who had undergone endoscopic sinus surgery
(ESS) and who were followed longitudinally at 6- and
12-month time points after ESS. Physician-rated CRS
disease control was assessed by one of the authors who
used the same “controlled,” “partly controlled,” or “uncon-
trolled” scale as the EPOS staging system but used a pre-
defined set of criteria that was similar but distinct from
the EPOS staging system. Patients were asked to rate
their degree of improvement or deterioration of nasal
function after ESS using a 13-point Likert scale ranging
from -6 (significant deterioration) to + 6 (significant
improvement), which the authors referred to as the global
anchor score. The authors then categorized patients’ level
of CRS control based on the global anchor score. CRS dis-
ease characteristic data, including CRS-related systemic
medication usage, SNOT-22 scores, and endoscopy score,
were collected from each participant. In this study, only
nasal obstruction symptoms associated with patient-
reported CRS control while only endoscopic findings asso-
ciated with the physician-rated CRS control level. Based
on these findings, the authors developed a simplified stag-
ing system that solely incorporated nasal obstruction
symptomatology and endoscopic findings. The authors
also recommended using systemic medication usage in
their staging system since these medications can artifi-
cially improve symptomatology and endoscopy score, and
must therefore be accounted for in any measure of con-
trol. The authors found that this simple scale, based on
nasal symptomatology, endoscopy score, and systemic
medication usage, outperformed the EPOS staging system
in associating with patient- and physician-rated CRS con-
trol for their cohort. This study by Snidvongs et al. was the
first to take a systematic approach to understanding CRS
disease control. However, this study also suffers from sev-
eral limitations. As this study was conducted in postsurgi-
cal patients, patient-reported control is based on a global
anchor score that was assessed by asking patients how
their nasal function improved or deteriorated and thus the
authors’ measure of patient-reported CRS control was
more reflective of improvement in nasal function after sur-
gery rather than a global assessment of patients’ CRS.
Moreover, because the authors’ metric for patient-reported
CRS control was derived from a question that specifically
asked patients about nasal symptoms, a significant bias
may have been introduced that could explain why the
authors’ metric for patient-reported CRS control was only
associated with the severity of nasal obstruction, but no
other symptom represented on the SNOT-22. The authors
also considered the frequency of systemic medication by
assessing for at least one course of either an antibiotic or
oral corticosteroid in the last 3 months with no evidence-
based justification for this threshold of antibiotic or oral
corticosteroid use. Finally, the physician-rated CRS control
determination was performed by a single physician, which
itself could lead to measurement (experimenter) bias.
Additionally, the predefined criteria for how the physician
grader would rate CRS control was dominated by endo-
scopic findings. For example, complete CRS control was
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determined by “normal mucosa on endoscopy ... regardless
of symptomatology.” This inherent bias towards endoscopic
findings in the a priori criteria for physician-rated CRS
control level may explain why only endoscopy score, and
no other CRS disease characteristic, was associated with
physician-rated CRS control level.

A more recent study by Banglawala et al. sought to
develop greater understanding of global CRS control.?®
Banglawala et al. used a comprehensive approach to iden-
tifying disease characteristics that would associate with
patient- and physician-rated CRS control. Through litera-
ture review, a moderated focus group interview with
20 patients, and a multidisciplinary working group of
11 experts in the field of rhinosinusitis, allergy, pediat-
rics, and primary care who were invited to participate, a
preliminary set of 12 CRS disease characteristics were
chosen as reflective of global CRS control, including CRS-
related symptomatology (nasal obstruction, nasal dis-
charge, facial pain, hyposmia/anosmia, sneezing, cough,
headache), lost productivity, impact on daily activities,
use of any systemic antibiotics or corticosteroids, escala-
tion of maintenance medical therapy and patient-reported
CRS symptom control. Moreover the authors chose to
assess these criteria over a two-week period. A total of
50 patients were enrolled, and they were asked to rate
their level of CRS disease control as “not at all,” “a little,”
“somewhat,” “very well,” or “completely.” For each
patient, the treating physician rated the patient’s global
CRS disease control on the same three-level scale used by
EPOS and Snidvongs et al. (“controlled,” “partly
controlled,” or “uncontrolled”), based on history, nasal
endoscopy, and computed tomography (if available). By
seeking association between patient-reported and
physician-rated global CRS disease control and scores for
each of their 12 preliminary CRS disease characteristics,
Banglawala et al. were able to reduce their preliminary
12 control-related CRS characteristics to a final set of
four CRS disease characteristics relating to nasal obstruc-
tion, nasal discharge, lost productivity and systemic med-
ication use for CRS in the last 2 weeks. The authors
found that the severity of nasal obstruction and need for
systemic medications due to CRS was associated with
physician-rated CRS disease control while the severity of
nasal discharge and lost productivity due to CRS was
associated with patient-reported CRS disease control.
This work by Banglawala et al.,?® which has been further
assessed by Kohli et al.,*® is a notable first step toward
the development of a global CRS assessment tool. How-
ever, this work was limited in several ways. Although the
authors designed their survey based on the input of
experts across different medical specialties, all patients’
CRS control was assessed by a single physician (the treat-
ing physician). Thus although multiple otolaryngologists
were involved in this study, each patient’s CRS control
was assessed by one physician. Noise and variability that
is introduced into the data by rating CRS control levels of
subsets (of the already small number) of participants by
different physicians, each of whom may have used differ-
ent physician-specific criteria, may have reduced the
power to detect other disease characteristics associated
with physician-rated CRS disease control. Additionally,
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physician-rated CRS disease control was not assessed in
a standardized manner. Although it is a strength of this
study that physician-rated CRS control was not based on
predefined criteria, which could bias associations between
disease characteristics and physician-rated CRS control,
it is unclear if the patient histories contained uniform
information for the physician graders to evaluate. There-
fore the physician graders in this study may have had dif-
ferent information from which to assess patients’ global
CRS control level, which could have introduced additional
noise or variability in the data. This study also included
only 50 patients, which was a sample size chosen by the
authors to meet previous recommendations for develop-
ment of patient-reported outcome measures. However,
because the authors used multivariable regression to
detect CRS disease characteristics associated with patient-
reported or physician-rated CRS disease control, it is possi-
ble that this study was underpowered to detect all of the
CRS disease characteristics that could be associated with
CRS control. The authors also used a time frame of two
weeks over which to assess CRS control. The utilization of
a uniform time frame over which to assess CRS control is
a strength of the study, however, it is possible that this
time frame is too short to assess several disease manifesta-
tions such as the need for systemic antibiotics or cortico-
steroids or lost productivity. In our cohort, for example,
20% to 34% reported missing work or school, or using a
systemic antibiotic or corticosteroid due to CRS in the last
3 months—a time scale that is six times longer than that
assessed by Banglawala et al. Although it is impossible to
know how many patients responded affirmatively to any of
these metrics over the preceding two-week period, it is
likely considerably smaller than 20% to 34%, which could
lead to difficulty in detecting association between these
metrics and patient-reported or physician-rated CRS con-
trol. Finally, like Snidvongs et al., Banglawala et al. did
not differentiate between antibiotic usage and oral cortico-
steroid usage, nor did they consider the absolute number
of courses of these medications taken by the patients.

In our study, we performed a systematic study of
CRS disease characteristics that are most associated with
patient-reported and physician-rated global CRS control.
Our study design included asking patients to rate their
own CRS control and then asking two rhinologists, blinded
to every patient attribute except the six disease character-
istics that we studied, to independently rate the patients’
global CRS control. Although similar to past studies by
determining associations between global CRS control level
and CRS disease characteristics,?”?® our study design
included some improvements over previous studies. For
example, we used the same scale for grading CRS disease
control by patients and physicians so that any associations
with patient-reported and physician-rated control would
be comparable. We also enrolled a large number of study
participants,>” which provided sufficient power to detect
associations between CRS control and CRS disease charac-
teristics while controlling for multiple confounding vari-
ables. Two rhinologists independently graded every study
participant’s global CRS control using the same standard-
ized patient data, which we believed would reduce the
impact of idiosyncratic biases of either of the physician
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graders. After compiling our list of CRS disease character-
istics that could potentially influence perception of CRS
control, we performed a PCA to determine which of those
characteristics were distinct and independent CRS disease
characteristics so that unnecessary noise and variability,
which could reduce our power to detect statistically signifi-
cant associations, would not be introduced into our multivari-
able models. Finally, our study design allowed consideration
for the number of antibiotic or oral corticosteroid courses that
patients took in the determination of physician-rated CRS
control. Moreover, rather than using a predetermined cri-
teria for systemic medication usage, we used ROC analysis
to determine optimal thresholds of CRS-related systemic
medication usage for poor- versus well-controlled CRS.

Our results showed that the dominant (and only) fac-
tor associated with patient-reported global CRS control
was symptom severity. By further dissecting this associa-
tion, we found that only the severity of nasal symptoms
was associated with patient-reported global CRS control,
while none of the extra-nasal symptoms of CRS were
associated. In comparison, physician-rated global CRS
control was also associated with symptom severity but
this association was with the severities of nasal symp-
toms as well as symptoms related to poor sleep and oto-
logic or facial pain symptoms. Moreover, physician-rated
CRS control was associated with antibiotics usage and
oral corticosteroids usage, independent of each other.
Based on our PCA analysis, physician-rated CRS control
associated with antibiotics is likely related to consider-
ation for the frequency of acute bacterial CRS exacerba-
tions while the association with oral corticosteroids may
be related to nonbacterial exacerbations or progression of
disease. In both cases, we found that having used one or
more courses of CRS-related antibiotics or CRS-related
oral corticosteroids was most optimal for detecting poorly
controlled versus well-controlled CRS.

Our results, derived through the systematic top-down
study of patient-reported and physician-rated CRS control,
are largely supportive of previous recommendations and
findings.'®?"?8 For example, like Snidvongs et al. and
Banglawala et al., we found that nasal symptoms are most
strongly associated with patient-reported global CRS con-
trol.2"28 Similar to the EPOS proposed staging system, we
also found that severity of sleep and facial pain symptoms
are used in the determination of physician-rated CRS con-
trol. Additionally, similar to recommendations by EPOS
and Snidvongs et al., we find that the use of at least one
course of systemic antibiotics or oral corticosteroids in the
past 3 months was most associated with poorly controlled
versus well-controlled CRS. However, our medication
usage results differ from previous studies not only through
our data-driven derivation for usage thresholds, but also
in our finding that antibiotic usage and oral corticosteroids
usage are independent predictors of physician-rated CRS
control and should therefore be considered separately. In
contrast to other studies, we also do not find any associa-
tion between lost productivity due to CRS or endoscopy
scores with patient-reported or physician-rated CRS con-
trol (although we did not seek association between endos-
copy score and patient-reported CRS control). That we find
no association between CRS control and lost productivity
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or endoscopy score is not surprising given that previous
work has found lost productivity due to CRS to be primar-
ily associated with emotional symptoms,*3*” which were
not associated with CRS control in our study, and endos-
copy score has traditionally been found to be weakly asso-
ciated with patients’ sinonasal QOL,*® which we find to be
the primary determinant of global CRS control.

Although we studied six well-established CRS dis-
ease characteristics that may influence perception of
global CRS control and are consistent with previous stud-
ies of CRS control, interpretation of our study is limited
to these characteristics as there may be other CRS dis-
ease characteristics that influence the associations we
have determined here. Additionally, while we feel that
the rating of all participants’ global CRS control by two
physicians is a strength, it may be viewed as a limitation
that participants’ CRS control was judged based on only
six data points rather than an overall clinical picture,
which may be apparent to a treating physician in the
clinic setting. For example, CRS control in an asthmatic
or polyp patient may be judged differently than in a non-
asthmatic or non-polyp CRS patient.*® It is possible that
each of the associations we have found, in particular
those associations with physician-rated CRS disease con-
trol, may pertain primarily to one CRS variant or another
(eg, those patients with polyps or those without polyps)
and future work may certainly seek to determine whether
disease control is perceived differently for different CRS
variants. However, evaluation of CRS control in such a
standardized way may be optimally suited to future
development of treatment algorithms for escalation, de-
escalation or maintenance of therapy, which should be
developed based on standardized criteria and not a treating
physician’s intuition or “gut feeling.” Moreover, although we
use the same 3-month time scale for CRS-related systemic
medication usage, sinus infections and CRS-related lost pro-
ductivity, we did not specifically query patients about prob-
lems related to their CRS symptoms over the same 3-month
time scale. However, because we only included patients who
were at their baseline CRS state (not in the midst of an
acute exacerbation) it is likely that participants’ CRS symp-
tomatology as reflected by the SNOT-22 at the time of
enrollment was representative of symptoms over the pre-
ceding 3 months. Nevertheless, further characterization of
CRS control should ideally include assessment of CRS dis-
ease characteristics over a uniform time period. Addition-
ally, our measure of lost productivity only included missed
days of work or school but did not include any measure of
“presenteeism” (going to work or school but having less pro-
ductivity there). Finally, although our study participants’
CRS control level was graded by two physicians, it is possi-
ble that personal or idiosyncratic biases in the physicians’
grading impacted our measures of physician-rated CRS con-
trol. Future work should seek to study physician-rated CRS
control amongst many physicians who grade global CRS
control of the same patient populations, while using the
same data points in order to identify a comprehensive set of
disease characteristics that can be used to define CRS con-
trol. At the same time, it will ultimately be important to
consider and weigh the clinical relevance of CRS disease
characteristics against physician biases for characteristics
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that determine control. An ideal measure of CRS control
will incorporate CRS disease characteristics that are not
only important to a broad range of expert practitioners but
also shown to be of clinical relevance in CRS.
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