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Abstract

Objective. Tissue eosinophilia is a hallmark of nasal polyposis.
However, there is no universally accepted definition for
eosinophilic nasal polyp. The aims of this study were to
histologically analyze the inflammatory cell population in the
nasal polyp and propose the concept of eosinophilic allergic
polyp (EAP), a simple and objective concept that would be
clinically and practically valuable.

Study Design. A cohort study with histological analysis of tissue
sections and chart review.

Setting. A tertiary university hospital.

Subjects and Methods. Nasal polyp tissues were harvested
during routine endoscopic sinus surgery from a cohort of
|18 patients. Total number of inflammatory cells, including
eosinophils, was counted. The presence of allergy and asthma
was assessed, which was then correlated with the histologic
findings.To determine a criterion for EAP, a receiver operating
characteristic curve was used to identify the best cutoff point,
which was further validated by comparing the eosinophil
proportion in each group with reference to the clinical
parameters.

Results. Eosinophil accounted for an average of 18.7% of all
inflammatory cells. The proportion of nasal polyps with at
least | or more eosinophil infiltration accounted for 90.7%
of all nasal polyps. When the concept of EAP was applied, a
tissue eosinophil count of | 1% was found to be significant and
clinically most useful. Using this criterion, the proportion of
EAP among nasal polyps was 62.7%.

Conclusion. The authors suggest a tissue eosinophil proportion
of more than 1% as a criterion for EAP, a clinically useful
concept of nasal polyp that bears good correlation with
asthma and allergy.
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asal polyp is a chronic inflammatory condition of the

nasal and paranasal sinus mucosa, characterized by

edematous masses and infiltration of inflammatory
cells. Eosinophils comprise more than 60% of the inflamma-
tory cell population in most of the nasal polyps reported in the
Western world." Clinically, nasal polyp is frequently associ-
ated with asthma and allergy. Together with its propensity for
recurrence, nasal polyp is a challenging clinical entity for the
clinician.

The association with nasal polyps and bronchial asthma is
well established.” More specifically, nasal polyps with eosino-
phil infiltration are known to frequently coexist with asthma.**
Association of allergy in the pathogenesis of nasal polyps is
less clear. However, most polyps, especially those with eosin-
ophilia, have allergic traits characterized by a high local level
of immunoglobulin E (IgE) and histamine and increased inter-
leukin (IL)—4 and IL-5." Several studies suggest that nasal
polyp patients with allergy have a greater recurrence rate after
surgery.’

However, not all nasal polyps are eosinophil dominant.
Based on histological characteristics, polyps may be roughly
classified into 1 of 2 types: eosinophilic nasal polyp and
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noneosinophilic nasal polyp, which is most often neutrophil
dominant.

Classifying and reporting of eosinophilic nasal polyp
greatly varies between researchers.”' Although blood eosino-
philia is clearly defined as more than 5% of eosinophils among
white blood cells, a definition of eosinophilic nasal polyp is ill
defined. Classification of eosinophilic nasal polyp has been
carried out arbitrarily by pathologists relying on individual
experience, which makes the reporting of eosinophilic nasal
polyp more inconsistent. More important, although associa-
tion of eosinophilic nasal polyp with asthma and, to a lesser
extent, allergy is widely accepted, classification schemes to
date bear no clinical correlation.

This study was designed with a straightforward idea of
devising a simple, uniform, and universally applicable term of
eosinophilic nasal polyp based on the most basic parameters.
We histologically analyzed an inflammatory cell population in
nasal polyps to determine a definite criterion for eosinophilic
nasal polyp and its proportion among nasal polyps, with an
emphasis on an association with asthma and allergy. We pro-
pose the term eosinophilic allergic polyp (EAP) for this cate-
gory of nasal polyps.

Materials and Methods

Patients diagnosed as having chronic rhinosinusitis with nasal
polyp were subject to study. A cohort of 118 patients was
enrolled in the study. Data were prospectively collected for 118
consecutive patients who underwent endoscopic sinus surgery
over a 3-year period by a single surgeon at a tertiary referral
center. None of the patients was on antihistamine or systemic
and/or intranasal corticosteroids for at least a month prior to
surgery. The male to female ratio was 65.3% to 34.7%. The
mean age was 40 years old, ranging from 6 to 71 years.

All patients were given a thorough explanation of the study,
and written consent was obtained. Polyp tissue samples were
harvested for histological analysis at the time of surgery. The
study was designed and conducted in accordance with the
guidelines provided by the Institutional Review Board at
Seoul National University Hospital and was subsequently
approved (IRB#C-0602-046-168).

Standard hematoxylin and eosin stain was applied on all
polyp tissue. Two blinded investigators were assigned to per-
form a manual inflammatory cell count in 4 different sections
at high-power fields (x400). Complete cell count and inflam-
matory cell population proportion of the polyp tissue were
obtained and calculated. No significant difference in cell pop-
ulation among investigators was observed.

Clinical parameters for each patient were also collected.
The multiple allergen simultaneous test (MAST) and skin
prick test (SPT) were performed to test allergy. Asthma was
diagnosed on the basis of clinical criteria, medical history, and
positive methacholine bronchial provocation test. Positive
MAST and/or SPT results accounted for 27.5% of all patients.
Thirty-five patients had asthma, which accounted for 29.7%
of all cases.

Statistical analysis was performed to determine an adequate
cutoff point for the best correlation between tissue eosinophil
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Figure |.Typical nasal polyp tissue with (A) marked eosinophil
infiltration consistent with eosinophilic allergic polyp and (B) little
eosinophil infiltration.
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proportion and the clinical parameters. The cutoff value was
calculated using a receiver operating characteristic (ROC)
curve. To further validate the cutoff value, nasal polyps were
divided into 2 groups at a certain percentage: a group of nasal
polyps with a lower tissue eosinophil count than the particular
percentage and another group with a higher tissue eosinophil
count. The 2 groups were then compared using the chi-square
test for the presence of asthma and allergy to find out whether
the 2 groups differed from each other. The P value at a given
percentage was recorded and plotted from 0% to 40% at 1%
intervals. The Kolmogorov-Smirnov test was used to assess the
normality of distribution. SPSS 12.0 software (SPSS, Inc, an
IBM Company, Chicago, Illinois) was used for the analysis.

Results

Mean + SD proportion of eosinophils accounted for 18.7% =+
15.5% of all inflammatory cells. The range of eosinophil propor-
tion in each nasal polyp varied from 0% to 74.0%, showing the
wide range of eosinophil proportion. The proportion of nasal
polyps with at least 1 or more eosinophil infiltrations accounted
for 90.7% of all nasal polyps. A typical example of nasal polyp
tissue with marked eosinophil infiltration and little eosinophil
infiltration, which clearly shows contrast, is shown in Figure I.

The distribution for eosinophil proportion showed a nor-
mal distribution (P > .05, Kolmogorov-Smirnov test), which
was not suitable for clustering into groups based solely on the
distribution pattern itself (Figure 2).

Statistical analysis was performed to determine a feasible
and clinically useful criterion for EAP. An ROC curve obtained
to identify the cutoff point for asthma and allergy is depicted
in Figure 3. The best cutoff value for asthma was at 11.6%,
with a sensitivity of 74% and specificity of 47%, and that of
allergy was at 10.7%, with a sensitivity of 89% and specificity
of 38%.

To further validate the cutoff value, P values were plotted
as mentioned previously, which is shown in Figure 4. The
figure shows that P values for all clinical parameters are sta-
tistically significant at a tissue eosinophil count of 11%
(asthma, P = .035; allergy, P = .027), which is in agreement
with the cutoff value obtained from the ROC curve. EAP com-
prised 62.7% of nasal polyps according to this definition. Cell
population in nasal polyps according to this definition is
shown in Table I.
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Figure 2. Distribution of tissue eosinophil proportion.A specific
cutoff point cannot be inferred from the distribution pattern alone.

Discussion

Because of the histologic diversity of nasal polyps, there have
been several attempts at classifying them. One such classical
classification scheme was proposed by Mygind,13 who classi-
fied nasal polyps into 4 categories based on histological find-
ings: eosinophilic edematous type, chronic inflammatory or
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fibrotic type, seromucinous gland type, and atypical stromal
type.

Hellquist'* also classified nasal polyps into 4 groups: aller-
gic (edematous, eosinophilic) polyp, fibroinflammatory polyp,
polyp with pronounced hyperplasia of seromucinous glands,
and polyp with atypical stroma. On the basis of this classifica-
tion, Hellquist reported that allergic (eosinophilic) polyp
accounted for 86% of 107 cases of nasal polyps reviewed.
Another study reported eosinophilic nasal polyp with a mere
presence of eosinophils, regardless of their absolute count, pro-
portion, and other cell proportions.'> According to this report,
eosinophil-infiltrated polyps accounted for 92.3% of nasal pol-
yps, which is comparable to 90.7% in our study.

The major drawback of these classification methods is that
they do not take into consideration the clinical aspects of nasal
polyps, which differ with changing proportions of the inflam-
matory cells. The classification system is purely of a patholo-
gist’s interest, but not that of a clinician, because the
classification itself does not reveal any clinical information
regarding the possibility of associated asthma or allergy.

A more commonly used method of grouping the nasal pol-
yps is to grade the infiltration of eosinophils in the nasal polyp
tissue into several categories. Many authors have described
the scoring system in a similar manner as the following: grade
0, no eosinophil; grade 1, slight infiltration; grade 2, moderate
infiltration; and grade 3, marked infiltration.®'*!?

The biggest shortcoming of the grading method is that it
involves a subjective judgment of the pathologist. This implies
that when the tissue is examined by a different pathologist, the
judgment may become different, putting the same nasal polyp
into a different category. Also, this method is not different
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Figure 3. A receiver operating characteristic (ROC) curve for tissue eosinophil proportion.The best cutoff value for asthma was at |1.6%,
with a sensitivity of 74% and specificity of 47% (A), and for allergy at 10.7%, with a sensitivity of 89% and specificity of 38% (B).
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Figure 4. Plotting of P values for verification of cutoff value for
eosinophilic allergic polyp. Using the chi-square test, statistical
significance was tested at each cutoff point for 2 clinical parameters:
asthma and allergy. Cutoff value of 1% is in best correlation with
both clinical conditions, which is in agreement with the results from
the receiver operating characteristic curve.

Table I. Inflammatory Cell Proportion in Nasal Polyp Tissue

EAP Non-EAP Overall
No. of cases 74 44 118
Eosinophil, % 26.8 5.1 18.7
Neutrophil, % 26.1 30.8 27.9
Lymphocyte, % 35.0 49.5 40.4
Plasma cell, % 12.2 14.7 13.1

Abbreviation: EAP, eosinophilic allergic polyp. Eosinophils account for an
average of 18.7% of all inflammatory cells in the nasal polyp.

from the aforementioned classification schemes in that it does
not reflect the clinician’s interest.

More recently, Kountakis and his colleagues'' proposed a
severity classification system for chronic rhinosinusitis (CRS),
which included tissue eosinophilia and the presence of nasal
polyp as criteria. In this study, they counted the number of
eosinophils per high-power field (HPF) and designated tissues
with more than 5 eosinophils per HPF as eosinophilic. Some
authors also adopted this method of manually counting the
absolute number of eosinophils per microscopic field.'"*'” A
similar method was used in another study but in a slightly dif-
ferent manner. In one study, the infiltrate density of eosino-
phils was divided into less than 10, 10 to 20, and more than 20
eosinophils per HPF.”' In another, a grading scale from 0 to 3
was applied, with 0 representing no positive cells, score 1:
<10, score 2: 10 to 100, and score 3: >100 positive cells per
field."

This classification proposes a more practical and clinically
oriented approach than the previously mentioned methods.
The method bears more objectiveness in that a specific cell
population is quantified and also is simple and more intuitive.
However, using 5 eosinophils as a cutoff point is purely arbi-
trary. As seen in the aforementioned studies, different authors
use a different number of eosinophils for their own use; hence,

the designation of “eosinophilia” has not reached any consen-
sus among researchers.

Some technical aspects also should be considered. Counting
the absolute number of eosinophils poses another problem of
choosing which field to examine. A microscopic field that
contains a certain number of eosinophils may contain an abun-
dant number of other inflammatory cell populations, whereas
another microscopic field may not have any at all. Also, as
correctly pointed out by Bhattacharyya and colleagues,'’ the
absolute count may show a wide range of variability depend-
ing on the thickness of the tissue fixed in the pathology slide.

Few studies expressed eosinophilia as a proportion of
eosinophil cell count in comparison to the rest of the cell pop-
ulation.****' The method of recording eosinophils in propor-
tion to other cells minimizes some of the disadvantages of the
methods discussed above. The observation is more objective
compared to the grading system. Variable thickness should not
be as much of a problem when the counting is done relative to
other cells. Nevertheless, the cutoff values used in these stud-
ies differed from study to study, were arbitrarily determined,
and had no clinical implications.

Eosinophil infiltration is a hallmark of nasal polyposis.
Eosinophil infiltration in local tissue plays an important role
in the pathogenesis of nasal polyposis. Nasal polyp tissue is
characterized by T, 2-driven eosinophilic inflammation with
high concentrations of eosinophilic cationic protein (ECP),
eotaxin, and IL-5.” Eosinophilia is also associated with clini-
cal conditions such as asthma and allergy.

The association between nasal polyposis and asthma is
well recognized, ranging from 7% to 20%."* Patients with
asthma have worse sinus disease, a higher incidence of pol-
yps, and poorer outcomes than nonasthmatics.'" There is an
argument as to whether allergy is associated with nasal pol-
yposis.*'"!" However, studies favoring the allergic origin of
nasal polyps have been reported continuously.”**** A poten-
tial local allergy in the nasal mucosa caused by increased total
and specific IgE in polyps has also been suggested.”
Associated allergy has also been found to be a cause of recur-
rence of nasal polyps." Therefore, we cannot overlook the
association between nasal polyposis and allergy.

From this perspective, we sought to devise a simple and
objective classification method for analysis of eosinophilia
that could be applied in a routine clinical setting as part of the
standardized diagnostic regimen for nasal polyp. Most of the
previous reports divided the patients into atopic/nonatopic or
asthmatic/nonasthmatic groups and then looked at different
levels of tissue eosinophilia. We approached this in a reverse
manner; that is, we grouped the nasal polyps into eosinophilic
and noneosinophilic groups first and then investigated if each
group had a correlation with allergy and asthma.

To do so, we implemented 2 elements. First, we manually
counted all the inflammatory cells in the histologic specimen
for simple and objective judgment appraisal. As mentioned
previously, the eosinophil count was determined in proportion
to the whole cell population. Second, we correlated the tissue
eosinophil count with clinical conditions—asthma and allergy.
By doing so, it was possible to calculate a cutoff point for EAP
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that would be clinically valuable. It should be mentioned that
the best cutoff value for asthma was determined at the second
maximum point of deflection because for the purpose of cut-
off determination, the sensitivity could not be compromised,
although sensitivity itself in this study was not the main issue.

By using this method, we found that 11% is the best cutoff
point for the diagnosis of EAP. In other words, nasal polyp
patients with a tissue eosinophil count equal to or greater than
11% had a significantly higher incidence of asthma and allergy
than those with a tissue eosinophil count of less than 11%.
When we applied the 11% criterion, the proportion of EAP
among nasal polyps in the Korean population was 67.2%.

Determining EAP in this manner has a number of advan-
tages. First, it is simple and is the most widely adopted way of
assessing nasal polyp tissue. It requires no special tools or
instruments and no expertise or vast experience in pathology.
Therefore, the method is applicable in any clinical setting.
This is especially important because many small- to medium-
sized hospitals perform surgery for nasal polyps, but they are
not equipped with sophisticated diagnostic tools. Most of
them are capable of only the standard staining procedure and
assessing tissue morphology under light microscopes.
Although activated eosinophils and cytokines may be of aca-
demic interest, the criteria must be widely acceptable and
practically applicable.

Second, this method bears good reproducibility, which
eliminates time-to-time, person-to-person variability in
assessing the nasal polyp. Proportionate counting can over-
come the variability due to the difference in the thickness of
the histology slides. Because this method is simple, it allows
ease in communication between researchers.

Most important, by diagnosing EAP using this criterion,
we can correlate the tissue finding with clinical parameters.
As stated previously, classifying nasal polyps based on histo-
logic examination has no clinical significance. However,
when a patient is diagnosed as having EAP according to this
criterion, the patient may be expected to have higher chances
of asthma and allergy, dictating a need for workup for these
clinical conditions. The diagnosis of EAP based on this crite-
rion may also suggest that medical treatment with corticoste-
roids may have a larger impact on the particular patient.

In the current study, it is noteworthy to mention that the
distribution of eosinophil proportion of each nasal polyp
showed a normal distribution. This pattern of normal distribu-
tion was also illustrated in a study by Bonfils and colleagues.”
This, once again, is evidence that for most of the nasal polyps,
it should be difficult to decide into which category they would
belong just by histologic examination, even for an experi-
enced pathologist.

Another notable finding in this study is the correlation
between tissue eosinophilia and allergy. As discussed earlier,
some reports favor an association between allergy and nasal
polyps, but others do not. Our study shows that the discrepan-
cies may have risen because the criterion for eosinophilia was
inconsistent from one report to another. This necessitates fur-
ther studies using this criterion to determine whether a constant
association between tissue eosinophilia and allergy exists.

One point we must consider is the fact that the rate of EAP
is known to be lower in the Asian population than in the
Western population.””?” Our previous findings are also in
accordance with these reports.®® There are certain observa-
tions that there has been a rise in eosinophil-infiltrated polyps
in Asians."> Nevertheless, although the figure 62.7% could be
applied to the Asian population, it may not be directly appli-
cable to the Western population. Therefore, there is a need for
an analysis of nasal polyps using this criterion in the Western
population for a valid comparison.

In conclusion, we suggest a tissue eosinophil proportion
equal to or over 11% as a criterion for EAP, a clinically useful
concept of nasal polyp that correlates well with asthma and
allergy. Using this criterion, the proportion of EAP among
nasal polyps in the Korean population is 62.7%.
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