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Abstract 

Background: Chronic rhinosinusitis (CRS) is an inflammatory disease that may require biological therapy. Omali-
zumab is an anti-IgE biologic that was recently approved by the FDA and Health Canada for use in severe CRS with 
nasal polyps (CRSwNP) recalcitrant to intranasal corticosteroids. Dosing is based on weight and pre-treatment serum 
IgE, with elevated levels of the latter being an indication for biologic treatment according to EPOS and EUFOREA 
guidelines. The goal of this study was to identify variables that predict IgE-high type 2 inflammation and serve as 
indicators for biologic treatment in CRS.

Methods: Patients ≥ 19 yo diagnosed with CRS undergoing functional endoscopic sinus surgery were included 
retrospectively. Demographics, past medical history, preoperative blood work, Lund-Mackay (LM), Lund Kennedy (LK), 
and SNOT-22 scores were extracted. Descriptive statistics and binary logistic regression analyses were conducted. 
Model superiority was based on Nagelkerke R2 scores and receiver operating characteristic curves.
Results: Sixty-five patients, average age 49.96 ± 13.59 years, were included. Sixty-one binary logistic regression 
models for elevated serum IgE were created. Among the top 3 models, the best model had sensitivity, specificity, 
positive predictive value and negative predictive values of 82.1, 69.2, 80.0, and 72.0. All performance measures except 
sensitivity exceeded the Canadian Biologics Guideline model. Serum eosinophils ≥ 300 cell/uL, CRSwNP and LM ≥ 17 
increased the odds of elevated IgE.

Conclusions: IgE-high type-2 inflammation can be predicted by a model that includes eosinophil ≥ 300 cell/uL, 
CRSwNP, LM ≥ 17, asthma diagnosis and SNOT-22 ≥ 40. Patients meeting these parameters have a high pretest prob-
ability for elevated IgE and would benefit from IgE serology to determine qualification for omalizumab. This could 
reduce unwarranted IgE serology in patients with CRSwNP but also target a patient population for further workup 
that will lead to optimization of resource allocation and improve healthcare equity in rural and remote areas within 
Canada.
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Background
Chronic rhinosinusitis (CRS) is an upper airway inflam-
matory disease of the sinuses and nasal cavity that affects 
5.2% of the Canadian population [1]. This disease car-
ries a significant health burden as patients suffer from 
rhinologic and extra-rhinologic symptoms. The former 
includes nasal congestion, purulent drainage, facial pain 
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and anosmia, while the latter includes poor sleep, cog-
nitive dysfunction, poor productivity, depression and 
anxiety [2, 3]. Based on these symptoms, it is understand-
able that in 2007, CRS consumed $8.6 billion in health-
care resources in the US [4]. These resources may have 
reduced the mortality risk of patients with CRS to that 
of the general population [5]. However, CRS is commonly 
classified by phenotype into CRS with nasal polyps 
(CRSwNP) or CRS without nasal polyps (CRSsNP), and 
the former has a 1.38 fold greater risk of mortality than 
the latter [5]. This stresses the importance of optimizing 
CRSwNP management.

CRS management utilizes pharmaceutical and surgical 
interventions to reduce symptoms and complications [4]. 
A subset of patients have symptoms that are refractory 
to treatment. This could be due to an oversimplified sub-
classification of CRS into CRSwNP and CRSsNP which 
has been shown to not accurately predict treatment out-
comes [6]. In response, new classification systems have 
emerged. A now commonly used system categorizes 
patients by inflammatory endotype into non-type 2 (ie. 
non-eosinophilic) or type 2 inflammation (ie. eosino-
philic). This is similar to asthma’s classification into type 
2 high and type 2 low endotypes [7]. Having a similar 
endotype classification system makes it no surprise that 
biologic therapies have been approved for use in both 
type 2 asthma and type 2 CRSwNP [7–9].

These biological therapies seek to control the dis-
ease by mitigating the type 2 inflammatory response by 
targeting its respective cytokines and antibodies. Cur-
rently, biologic treatments have been and are being 
approved for the management of CRSwNP, which is phe-
notypically type 2 disease [10]. These include dupilumab 
(anti-interleukin (IL)4 and anti-IL13), omalizumab (anti-
Immunoglobulin(Ig)E) and mepolizumab (anti-IL5) 
which target different aspects of the type 2 inflammatory 
cascade [9, 11, 12]. Omalizumab was recently approved 
by Health Canada in Sept 2021 as an add-on mainte-
nance treatment with intranasal corticosteroids in adults 
with CRSwNP [13]. Its efficacy in CRSwNP has been con-
firmed by two randomized phase 3 trials, POLYP1 and 
POLYP2 [14]. A meta-analysis by Agache 2021 demon-
strated that dupilumab, omalizumab and mepolizumab 
improved patients sense of smell and quality of life, and 
reduced the need for surgery [15].

The cost-effectiveness of these biologics is important to 
consider, especially in Canada’s single payee healthcare 
system. The annual cost of dupilumab is $25,909 CAD 
for year one and $24,949 CAD for subsequent years [16]. 
Similarly, the annual cost for mepolizumab is $25,269 
CAD [16]. In contrast, the annual cost of omalizumab 
ranges from $3,564 CAD to $66,061 CAD based on dos-
age, which is dictated by baseline serum IgE levels and 

patient weight (kg) [14, 16]. Noteworthy, in the POLYP1 
and POLYP 2 phase III trials the majority (~ 90%) of 
patients were on an every 4  week dosing schedule with 
a weighted average annual cost of approximately $19,000 
to $20,000 (S. Parent (Novartis), personal communica-
tion, May 3, 2022) [14, 16]. It should be noted that these 
annual costs are based on list prices, which may not be 
the price paid by the payer due to confidential agree-
ments between manufacturer and payer (G. Khaira 
(Sanofi), personal communication, May 3, 2022). Despite 
this, a cost-effectiveness analysis of biologics for CRS 
based on use patterns and outcomes in Canada is lacking. 
This explains why the systematic review by Agache 2021 
failed to label one biologic to be superior when consider-
ing the balance of cost-effectiveness, benefits and adverse 
events data [15]. Furthermore, in the era of personalized 
medicine, it is important to keep medical options open 
as certain pharmacological agents may prove to be more 
beneficial for certain patients.

A baseline IgE level is an essential tool for dosing omal-
izumab. This may be a detriment to Canadian rural and 
remote hospitals which have access to basic blood work 
(complete blood count with differential, chemistry, toxi-
cology) but not IgE serology. The latter requires blood 
samples to be sent to the laboratory at the nearest tertiary 
centre. This distance can be considerable in Canada due 
to its population density of 3.9 people per square kilom-
eter with 66% of the population and most tertiary centres 
being located within 100 km of the United States border 
[17]. Shipping blood samples from beyond this distance 
can introduce cost and logistic barriers that could hinder 
omalizumab prescribing and reduce healthcare equity 
in rural and remote Canada. To mitigate this issue, we 
have investigated the use of common preoperative clini-
cal, imaging and laboratory variables to predict elevated 
serum IgE levels and subsequent candidacy for confirma-
tory IgE serology. These variables should be readily avail-
able as the Canadian Rhinology Working Group indicates 
that patients should only be considered for biologic ther-
apy if they are recalcitrant to sinus surgery and medical 
therapy [18].

Methods
Study design
This study was a retrospective chart review. Patients 
diagnosed with CRSwNP or CRSsNP based on clinical 
symptoms and endoscopic or radiographic evidence of 
inflammation were identified between August  1st, 2017 
and December  31st, 2019. Patient data were collected and 
stored on University of British Columbia (UBC) Research 
Electronic Data Capture (REDCap) [19]. Ethics was 
obtained from the UBC Research and Ethics Board.
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Study population
All patients of the senior author who were ≥ 19 years of 
age, with a confirmed diagnosis of CRSwNP or CRSsNP 
who underwent functional endoscopic sinus surgery 
(FESS) and attended clinical visits at St. Paul’s Sinus 
Center between August 1st, 2017 and December 31st, 
2019 were included.

Data collection
Data were extracted from patients who met inclusion 
criteria. This data included sex, date of birth, date of sur-
gery, and CRSwNP or CRSsNP. Patients with CRSsNP 
were included to assure validity of results and to deter-
mine if CRSsNP predicts IgE high type 2 inflammation 
[20, 21]. Assuring validity of results requires there to be 
little to no multicollinearity among independent varia-
bles. Therefore, including CRSsNP patients enabled CRS 
phenotype dichotomization and subsequent assessment 
of multicollinearity between all independent variables. 
Interestingly, recent studies from the United States and 
Europe have shown that a large proportion of patients 
with CRSsNP have a type 2 inflammatory endotype, but 
to a lesser extent than CRSwNP [20, 22–24]. This propor-
tion in CRSsNP tends to fluctuate with geography. There-
fore, we also included the CRSsNP patient population 
to determine if CRSsNP in Vancouver BC helped pre-
dict IgE high type 2 inflammation. Additional preopera-
tive clinical parameters collected included preoperative 
Lund-MacKay (LM) CT staging score, Lund Kennedy 
(LK) endoscopic score and Sino-nasal Outcome Test-
22 (SNOT-22) questionnaire score. Preoperative blood 
work including blood eosinophils and IgE levels was also 
collected.

Statistical analysis
Descriptive statistics and a binary logistic regression 
were completed using the IBM SPSS® software platform. 
Descriptive statistics were first performed on age (mean, 
standard deviation) and sex (median, standard error) 
data.

Sophisticated variable selection approaches (ex. step-
wise selection) were not required in this study due to 
the small number of predictors (n = 6) being studied. 
Variables used for statistical analysis were chosen based 
on statistical validity and clinical relevance. The former 
involved calculating the Pearson correlation coefficients 
(r) and variance inflation factor (VIF) for all studied vari-
ables. This is important because including highly corre-
lated (r ≥ 0.7) variables in the binary logistic regression 
model can lead to inaccurate parameter estimates which 
reduces the validity of parameter interpretations. Simi-
larly, VIF values need to be calculated to ensure there is 

minimal to no multicollinearity (VIF < 5) among inde-
pendent variables to also improve the validity of results. 
IgE was selected as the response variable because it is the 
clinical variable used in prescribing omalizumab. Cat-
egorical predictors were set as CRSwNP status, serum 
eosinophilia, SNOT-22, asthma diagnosis and preopera-
tive LK and LM scores prior to checking assumptions. 
These were chosen due to their roles as current and 
potential indicators for biological treatment for CRSwNP. 
According to the 2020 European Position Paper on Rhi-
nosinusitis and Nasal Polyps (EPOS) and Canadian 
guidelines, CRSwNP is a requirement for biological treat-
ment [25]. SNOT-22 and elevated serum eosinophils are 
quality of life and type 2 inflammation indicators respec-
tively that are part of the criteria for biological treat-
ment stipulated by 2020 EPOS and Canadian guidelines 
[18, 25]. Endoscopic scores such as LK was chosen due 
to it being used as an indicator for biological treatment 
by the Canadian and European forum for research and 
education (EUFOREA) CRS guidelines [18, 26]. However, 
LM score is currently not a required indicator for bio-
logical treatment and was included due to its potential to 
become an indicator.

These response variables were dichotomized in order 
for a binary logistic regression analysis to be performed. 
Predictor variables were also dichotomized because the 
histograms of their individual scores were skewed or 
non-normal. These cut-off values for dichotomization 
of IgE (≥ 250 ug/L), SNOT-22 (≥ 40) and eosinophilia 
(≥ 300 cells/uL), were based on biologics guidelines from 
EPOS and EUFOREA [25–27]. The cut-off values for the 
modified LK score and LM score were set at ≥ 4 and ≥ 17 
respectively based on current CRS literature on mepoli-
zumab, dupilumab and benralizumab biologics [11, 
28, 29]. Furthermore, the response variable used in the 
model was coded as serum eosinophil levels ≥ 300 cells/
uL and predictor variables were coded as CRSwNP (yes 
or no), asthma (yes or no), IgE levels ≥ 250 ug/L, SNOT-
22 score ≥ 40, LK score ≥ 4 and LM score ≥ 17.

Best subsets selection was used to determine the 
best model for IgE high CRS. Model superiority was 
decided based on Nagelkerke  R2  and receiver opera-
tor characteristic (ROC) curve area under the curve 
(AUC) values. Nagelkerke  R2 was used to determine 
the proportion of variance in the outcome that is suc-
cessfully explained by the model (ie. goodness of fit). 
Values closer to 1 indicated a higher quality model. The 
top 10 models were chosen based on higher Nagelkerke 
 R2 values. Following this, the top 3 models were cho-
sen based on their respective AUC values generated 
by the ROC curve. One additional model was included 
to represent current Canadian Biologic Guidelines 
and act as a relevant comparator for the best model 
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in this study. The individual contribution of each vari-
able to the best model is described by their respective 
odds ratio, confidence interval and Wald test signifi-
cance value. Additional performance measures for each 
model are presented, including specificity, sensitivity, 
positive predictive value (PPV) and negative predictive 
value (NPV). Data output interpretation was completed 
through consultation with the University of British 
Columbia Department of Statistics and binary logistic 
regression guidance from the East Carolina University 
Department of Psychology [30].

Results
A total of 65 patients were included in this retrospective 
review, which surpassed the one variable per ten partici-
pants rule for logistic regression analyses [31]. Thirty-five 
patients were diagnosed with CRSwNP and 30 patients 
were diagnosed with CRSsNP. The demographics of this 
sample population, including patient comorbidities asso-
ciated with CRS, can be found in Table 1 [32].

The variables chosen for tentative use in binary logis-
tic regression passed all assumptions. This includes there 
being no independent variable that is highly correlated 
(r ≥ 0.70) with another independent variable used within 
the model (Table  2) [33]. Additionally, no independent 
variable demonstrated multicollinearity as all VIF values 
remained less than 5. Using the confirmed predictor vari-
ables; serum eosinophil, LM, LK, CRSwNP, asthma and 
SNOT-22, a total of 61 models were generated by the best 
subsets selection approach. A shortlist of 10 models were 
chosen based on higher Nagelkerke  R2 scores which are 
listed in Table  3. The ROC curve AUC values for these 
10 models were calculated and used to determine the top 
three models. In hierarchal order, the top 3 models were 
models 3, 1 and 5 with AUC of 0.808, 0.803 and 0.803 
respectively (Table 3, Fig. 1). These scores for the Cana-
dian Guideline for Biologic use in CRS can also be found 
in Tables 2 and 3 and depicted visually in Fig. 1.

Results from the binary logistic regression analysis for 
elevated serum IgE also provided insight into the per-
formance of the top 3 models. Model 3 had the highest 
sensitivity (82.1%) and NPV (72%). Model 5 had the high-
est specificity (73.1%) and PPV (81.5%) (Table 4). Model 
1 and 5 were tied for the lowest sensitivity (79.5%), while 
model 1 had the lowest specificity (69.2%), PPV (79.5%), 
and NPV (69.2%) (Table 4).

Model 3 (variables: Asthma, CRSwNP, Eos, LM and 
SNOT-22) was determined to be the best model for 
predicting elevated serum IgE based on Nagelkerke 
R2 scores and AUC values. Amongst these 5 included 

Table 1 Demographics of the sample population

ASA, Acetylsalicylic acid; COPD, Chronic obstructive pulmonary disease; CRSsNP, 
Chronic rhinosinusitis without nasal polyps; CRSwNP, Chronic rhinosinusitis 
with nasal polyps; F, female; GERD, Gastroesophageal reflux disease; M, Male; N, 
number of people; SD, Standard deviation

Demographic variable CRSsNP CRSwNP

Sample size (n) 30 35

Age (mean ± SD) 54.70 ± 12.19 47.51 ± 14.17

Sex (F:M) 16:14 17:18

Previous sinus surgery (n) 10 9

Previous septum surgery (n) 3 3

Allergy present (n) 12 20

Comorbid conditions (n)

COPD 1 1

Bronchiectasis 0 2

Asthma 12 14

ASA sensitivity 0 3

Allergic rhinitis 0 1

GERD 1 3

Liver disease 1 0

Inflammatory/autoimmune disease 4 1

Psychiatric/neurological disease 2 3

Table 2 Pearson correlation coefficients for dichotomized biomarkers for type 2 Chronic Rhinosinusitis

CRSwNP: CRS with nasal polyps; Eos: Serum eosinophil; IgE: Serum Immunoglobulin E; LK: Lund Kennedy, LM: Lund Mackay; SNOT-22: Sino-nasal Outcome Test 22

Pearson correlation coefficient (r)

Total IgE (ug/L) Eosinophils 
(10*9/L)

LK score SNOT-22 LM score CRSwNP Asthma

IgE – 0.457* 0.178 − 0.164 0.224 0.252* − 0.103

Eosinophils 0.457* – 0.318* − 0.145 0.335* 0.369* − 0.140

LK score 0.178 0.318* – 0.094 0.476* 0.566* 0.013

SNOT-22 − 0.164 − 0.145 0.094 – 0.198 0.162 − 0.025

LM 0.224 0.335* 0.476* 0.198 – 0.434* − 0.149

CRSwNP 0.252* 0.369* 0.566* 0.162 0.434* – 0.000

Asthma − 0.103 − 0.140 0.013 − 0.025 − 0.149 0.000 –
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variables only CRSwNP, Eosinophilia and Lund McKay 
increased the odds of elevated serum IgE with odds ratio 
values of 1.905, 7.477 and 2.038 respectively (Table  5). 
However, serum eosinophilia (p = 0.004) was the only 
variable to significantly contribute to the model.

Discussion
Biological treatments are indicated for uncontrolled 
severe type 2 CRSwNP [25–27]. The results of this study 
indicate that comorbid asthma, high serum eosinophil 
levels (≥ 300 cells/uL), CRSwNP phenotype, SNOT-
22 ≥ 40 and LM scores ≥ 17 in combination provide an 
effective means of predicting IgE high type 2 inflam-
mation. All five variables are intuitive markers for IgE 
high type 2 CRS for the following reasons. Variable one, 
asthma, has demonstrated a mutual type 2 inflammatory 
interaction with CRS when comparing upper and lower 
airway inflammatory endotypes [34, 35]. Variable 2, 
serum eosinophilia, has been shown to present concomi-
tantly with elevated serum IgE levels in CRS [36, 37]. 
Together, eosinophils and IgE stimulate the production 
of type 2 inflammatory cytokines which results in polyp 
formation by suppressing tissue plasminogen activator 
and enabling fibrin crosslinking [38]. As expected, the 
next variable for type 2 inflammation was the end prod-
uct—CRSwNP. Interestingly, multiple studies have identi-
fied type 2 inflammation in a large proportion of patients 
with CRSsNP, creating the possibility of expanding Cana-
dian CRS biologic guidelines to include this population 
[20, 22–24]. However, the current study demonstrated 
that CRSsNP was not a suitable predictor for IgE high 
type 2 inflammation, which may reflect the geographical 
variability in CRSsNP endotypes [20, 21]. The subjective 
symptoms of an IgE high type 2 CRS can be accurately 

quantified as severe by SNOT-22 (variable 4) [18, 39]. 
Lastly, Hopkins 2017 and Rai 2019 indicated that vari-
able 5—LM score—can be used to accurately assess polyp 
load, global sinus mucosal inflammation and CRS sever-
ity [40, 41].

Predicting IgE high type 2 CRSwNP using this bio-
marker model could optimize healthcare spending, 
improve healthcare equity and reduce social costs 
accrued by patients with CRS in rural and remote areas 
within Canada. According to phase 3 clinical trials 
(POLYP 1 and POLYP 2), patient weight (kg) and serum 
IgE levels are required to determine omalizumab dos-
ing [14]. The IgE requirement should not be a barrier to 
treatment in tertiary centers as they tend to order more 
laboratory investigations than community hospitals [42]. 
However, this could be a barrier for community hospi-
tals in rural and remote settings, where labs are limited 
to basic blood work and must send blood samples to the 
nearest tertiary centre for quantitative IgE serology. The 
estimated associated costs can range from $176,226.15 
to $922,487.77 CAD per year for the greater than 7,000 
rural Canadians who could be considered for omali-
zumab treatment (Fig. 2) [17, 18, 26, 43–46]. Through the 
use of this biomarker model, otolaryngologists in rural 
and remote settings can determine which patients have 
a high pretest probability for elevated serum IgE and are 
thus suitable for confirmatory IgE serology. This would 
improve healthcare resource allocation in the cost-inten-
sive otolaryngology specialty, reduce the probability of 
laboratory error and make omalizumab more accessible 
[47, 48].

This algorithm could be seamlessly integrated into the 
care of patients with CRS who are recalcitrant to sur-
gery and medical therapy as most variables are ordered 

Table 3 Nagelkerke R square, AUC scores and significance value for logistic regression models 1 to 10 and current Canadian 
Guidelines

a Closer to 1 the Nagelkerke R square is the better the goodness of fit

CRSwNP, CRS with nasal polyps; Eos, Serum eosinophilia; IgE, I 18mmunoglobulin E; LK, Lund Kennedy; LM, Lund Mackay; SNOT-22, Sino-nasal Outcome Test 22

Model Variables Included Nagelkerke R  Squarea AUC p value

Model 1 Asthma, CRSwNP, Eos, LK, LM, SNOT-22 0.355 0.803 0.000

Model 2 Eos, LK, LM, SNOT-22, CRSwNP 0.353 0.795 0.000

Model 3 Asthma, CRSwNP, Eos, LM, SNOT-22 0.353 0.808 0.000

Model 4 CRSwNP, Eos, LM, SNOT-22 0.350 0.796 0.000

Model 5 Asthma, CRSwNP, Eos, SNOT-22 0.343 0.803 0.000

Model 6 Asthma, CRSwNP, Eos, LK, SNOT-22 0.343 0.798 0.000

Model 7 Eos, SNOT-22, CRSwNP, LK 0.341 0.791 0.000

Model 8 Eos, SNOT-22, CRSwNP 0.340 0.795 0.000

Model 9 Asthma, Eos, LM, SNOT-22 0.339 0.799 0.000

Model 10 Asthma, Eos, LK, LM, SNOT-22 0.339 0.800 0.000

Canadian Guidelines SNOT-22, CRSwNP, LK 0.145 0.691 0.009
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preoperatively or during medical therapy [49]. If the 
eosinophil threshold for this algorithm was reduced 
to the mepolizumab threshold of > 150 cells/uL as per 
Ortega et  al. 2014 an additional 13 patients would be 
considered ‘eosinophilic’ [50]. This reduced IgE model 
sensitivity to 76.9%, specificity to 42.3%, PPV to 66.7%, 
NPV to 55% and AUC to 0.714. Furthermore, utiliz-
ing eosinophilia thresholds specific to mepolizumab 

was shown to be less effective in predicting elevated 
IgE levels, which provides support for there being dif-
ferent patient populations suitable for mepolizumab 
and omalizumab. Therefore, with biomarker model 
3 having a sensitivity of 82.1%, if the patient does not 
meet model 3 criteria they can both bypass IgE serol-
ogy and be considered for dupilumab or mepolizumab 
treatment.

Fig. 1 Top 3 model and Canadian Guideline model ROC curves
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There could be additional benefits to this approach, 
however, more research is required to substantiate 
these assertions. One, understanding which patients 
have elevated serum IgE levels could indicate if they are 
to respond better or worse to omalizumab treatment. 
Phase 3 randomized studies–POLYP 1 and 2–pre-
scribed omalizumab at doses that were based on weight 
(kg) and baseline IgE levels ranging from 72 to 3120 ng/
mL. It is intuitive to believe that patients with elevated 
serum IgE are more likely to have a significant change 
in objective treatment outcomes due to the mecha-
nism of action of omalizumab. Currently, there is one 
omalizumab study that demonstrated no significant 
impact of baseline serum IgE levels on the nasal polyp 
size and SNOT-22 score [51]. However, this study was 

limited by its small population (n = 23) which caused 
their regression analysis to not follow the one in ten 
rule [51]. Additional research is needed to confirm the 
impact of baseline IgE serology on omalizumab efficacy. 
Furthermore, the combination of study results and the 
need for IgE serology to dose omalizumab are likely to 
alter Canadian biologic guidelines to become more spe-
cific to each biologic type.

For instance, current Canadian biologic guidelines 
indicate that “patients with CRSwNP do not need 
another Type 2 inflammatory condition such as asthma 
to be considered for biologic therapy” [18]. This state-
ment was supported by trials that focused on dupilumab, 
which at the time was the only biologic therapy approved 
by Health Canada for use in severe CRSwNP [52, 53]. 
Since this time, omalizumab has been approved [13]. 
Two randomized controlled trials demonstrated omali-
zumab’s efficacy in patients diagnosed with CRSwNP and 
comorbid severe asthma [54, 55]. However, POLYP 1 and 
2 phase 3 trials indicated that mild to moderate asthma 
comorbidity was not a significant predictor of response 
to omalizumab treatment [14]. The current retrospec-
tive chart review did not include asthma severity in the 
binary logistic regression analysis, but the results sup-
port asthma diagnosis as an indicator for IgE high type 
2 CRSwNP. This could also be integrated into future 
studies.

This study had limitations. First, age was recorded in 
this study but not included in statistical analysis because 
it was difficult to dichotomize this variable into high and 
low due to the stratiform pattern that arises when graph-
ing type 2 inflammatory marker concentration to age in 
patients with type 2 CRSwNP [56]. This omission of age 
could have impacted results because type 2 cytokines 
tend to increase with age [56]. Allergen hypersensitivity 
status also could not be included as a confounder covari-
ate due to the sample size preventing additional variables 
from being studied as per the one in ten rule [31]. Patient 
cytokine profiles also vary by geographic location, thus by 
only including patients from British Columbia the gener-
alizability of this study’s findings could be reduced [21]. 

Table 4 Sensitivity, specificity, negative predictive value and positive predictive value for the top 3 models of elevated serum IgE

PPV, Positive predictive value; NPV, Negative predictive value; AUC, area under the curve

*p value < 0.05 is statistically significant

Order of Superiority Model Sensitivity Specificity PPV NPV AUC p value

1 3 82.1 69.2 80.0 72.0 0.808 0.000

2 1 79.5 69.2 79.5 69.2 0.803 0.000

3 5 79.5 73.1 81.5 70.3 0.803 0.000

Canadian Guide-
lines

87.2 34.2 66.7 64.3 0.691 0.009

Table 5 Significance value, odds ratio and confidence interval 
data for Model 3 variables

CI, Confidence interval; OR, Odds ratio

*p value < 0.05 is statistically significant

Variable P2-value OR 95% CI for OR

Lower Upper

Asthma 0.667 0.711 0.235 2.523

CRSwNP 0.343 1.905 0.503 7.220

Eos 0.004 7.477 1.924 29.060

LM 0.427 2.038 0.352 11.808

SNOT-22 0.053 0.272 0.073 1.015

X = (a)(b)(c)(d)(e) = (0.00083)(38,650,136)(0.5)(0.44)($24.97)= $176,226.15

Y = (a)(b)(c)(d)(f) = (0.00083)(38,650,136)(0.5)(0.44)($130.71)= $922,487.77 

Fig. 2 Calculations for estimating the yearly cost of IgE serology 
for rural Canadians. a = Incidence of CRSwNP per year: 0.00083 [43]; 
b = Proportion of patients with CRSwNP who experience disease 
recurrence after sinus surgery: 0.5 [26]; c = 2022 Canadian population: 
38,650,136 [44]; d = Proportion of Canadians living in rural locations: 
0.44 [17]; e = Low cost per sample: $24.97 [45, 46]; f = High cost per 
sample: $130.71 [45, 46]; X = Low cost of quantitative IgE serology per 
year; Y = High cost of quantitative IgE serology per year
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Future studies should be encouraged to recruit a larger 
sample population, randomly select patients and involve 
multiple centres to allow for allergen hypersensitivity and 
geography to be included as study variables.

Conclusion
CRS is a chronic and debilitating inflammatory disease 
that can greatly reduce a patient’s quality of life. IgE high 
type 2 CRS can be accurately predicted by a biomarker 
model consisting of eosinophils ≥ 300 cell/uL, CRSwNP, 
LM ≥ 17, comorbid asthma and SNOT-22 ≥ 40. Utilizing 
this model to triage IgE serology could improve resource 
allocation and reduce social costs. Additional high-qual-
ity research is required to determine if baseline serum 
IgE levels impact the efficacy of omalizumab.
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