PATHOLOGY ONCOLOGY RESEARCH

Vol 13, No 2, 2007

Article is available online at http://www.webio.hu/por/2007/13/2/0123

ARTICLE

Esthesioneuroblastoma — a Clinicopathologic Study and Role
of DNA Topoisomerase Alpha
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Esthesioneuroblastoma (ENB) differs from adrenal
neuroblastomas in its histopathologic and biologic
characteristics. Hyams grading and Kadish staging
have shown correlation with survival. Scant data
are available on proliferation indices and progno-
sis. We retrospectively reviewed the clinicopatho-
logic characteristics of ENB. Both Kadish and
UCLA staging systems were used. Hyams grading
was simplified into low and high grade. DNA
topoisomerase II alpha labeling index (T2a LI) was
obtained in 8 cases using immunohistochemistry.
Of the 19 cases studied, 14 were males and 5
females. Age range was 2 to 62 years (average 27
years). The mass primarily involved the nose in 12
(63%) and paranasal sinuses in 7 cases (37%).
Patients presented with nose block in 19 (100%),
epistaxis in 10 (53%), proptosis in 9 (47%) and loss
of vision in 6 cases (32%). Bony involvement was
seen in 7 cases (37%), and intracranial spread in one
case (5%). Thirteen (68%) were low-grade tumors
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and 6 were (32%) high-grade. There was no statisti-
cally significant difference between the low- and
high-grade ENB in age (years) (p=0.2882), duration
of symptoms (months) (p=0.5636), and either in the
Kadish (p=0.5456) or the UCLA staging system
(p=0.7771). The difference in DNA topoisomerase
alpha labeling index between the low- and high-
grade ENB (medians: 10.4 and 22.3, respectively)
was not statistically significant (p=0.0714), but it
was suggestive of a positive association. The results
of this study should be interpreted with caution,
because of the limited sample size. Three cases
recurred locally, one each stage A, B and C, but all
low-grade. This preliminary study suggests the
need to combine a simplified histologic grading
with accurate staging in a reasonable attempt to
assess local progression in esthesioneuroblastoma.
Larger studies may clarify the role of T2a LI in
improving histologic grading. (Pathology Oncology
Research Vol 13, No 2, 123-129)

Introduction

Esthesioneuroblastoma (ENB), a rare distinctive malig-
nant tumor of the sinonasal region, deriving from neu-
roendocrine cells of olfactory epithelium, accounts for
about 3-6% of tumors in this region. About 1000 cases
have been described in the literature since its first descrip-
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tion by Berger and Luc in 1924.3%!>13202430 The tumor is

well known for its rarity, variety of symptoms, rapid pro-
gression and delayed detection, making it difficult to reach
a consensus on an ideal staging system, prognostic evalu-
ation and best treatment modalities. Although histologi-
cally similar, ENB differs from neuroblastomas arising in
adrenal or sympathetic nervous system in genetic aspects
such as absence of MYCN amplification, 1p deletion or
neurotrophin receptor and tyrosine hydroxylase expres-
sion.'? The initial claim of a possible genetic relationship
to Ewings/PNET has not been confirmed in recent stud-
ies."?® Thus, even the cell of origin and histopathologic
classification are issues of continuing debate *'*!>!4!
Esthesioneuroblastomas can be usefully graded using a
scheme developed by Hyams, based on histologic features. '
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This system has been found to correlate with prognosis in
most studies. Several staging systems have been developed
with variable prognostic utility.*'? Kadish system has been
the most commonly used staging system with strong prog-
nostic correlation.'® Although proliferation indices have been
used successfully in prognostication of primary central ner-
vous system tumors and systemic cancer, very scant data are
available on esthesioneuroblastomas.'**** Topoisomerase II
alpha, a critical enzyme in DNA replication and maintenance
of genomic stability is required for chromosomal segregation
during mitosis, and is thus used as a marker of cellular pro-
liferation in many tumors such as breast carcinoma, glioblas-
toma and oligodendroglioma.''”* It is also a marker of
chemosensitivity, since it is targeted by many chemothera-
peutic agents. This single institutional study reviews the clin-
icopathologic features of esthesioneuroblastoma, and to the
best of our knowledge for the first time attempts to determine
the usefulness of DNA topoisomerase I alpha (T2a) as a
proliferation marker in ENB.

Materials and Methods
Histopathology and grading

In the present study, we retrospectively reviewed the
cases of esthesioneuroblastoma diagnosed at the pathology
department at the All India Institute of medical Sciences,
New Delhi, from 1989 to 2002. H&E-stained sections
were studied and reviewed with particular emphasis on the
histologic criteria proposed by Hyams' in his grading
scheme (Table 1). Hyams grading was modified to divide
cases into low- and high-grade ones, putting maximum
emphasis on necrosis and nuclear atypia.

Immunohistochemical staining

Immunohistochemical staining was performed using
streptavidin-biotin technique. Main steps included antigen
retrieval where applicable, hydrogen peroxide blocking in
methanol, overnight incubation with primary antibody,
followed by about 30-minute incubations with the biotiny-
lated secondary antibody and streptavidin, followed by
developing the chromogen (DAB), light counterstaining
with hematoxylin, dehydration, clearing and mounting.
Appropriate neuronal (synaptophysin, chromogranin,
NSE, MIC2), epithelial (cytokeratin AE1/AE3) and mes-
enchymal markers (actin, desmin, S100) were studied as
applicable to individual cases. In addition, immunostain-
ing for DNA topoisomerase II alpha (M/S DAKO, 1:100),
a proliferation-associated nuclear antigen, was obtained in
8 cases in which paraffin blocks were available and con-
tained sufficient representative tissue for evaluation.
Microwave antigen retrieval was performed for DNA
topoisomerase II alpha using Tris-EDTA buffer at pH 8.9
for 30 minutes prior to incubation with the primary anti-

body. The rest of the method was the same as above. DNA
topoisomerase II alpha labeling index (T2a LI) was
obtained by visual counting of the positively stained nuclei
in the most densely stained areas (hotspots) and calculat-
ing their percentage.

Clinical staging

Staging was obtained using data from histopathologic
evaluations as well as from clinical records wherever
available. Each case was allotted a stage according to both
Kadish (modified by Morita) '** and UCLA systems
(Table 1). Follow-up data was obtained from the clinical
records at our Institute.

Statistical analysis

The endpoint of interest in this study was DNA topoiso-
merase II alpha labeling index (T2o LI). We analyzed the
effect of grade on DNA topoisomerase T2a LI, age (years),
sex, duration of symptoms (months), presence of epistaxis,
proptosis (or loss of vision), clinical diagnoses (malignant
vs. benign), bone involvement, brain involvement, Kadish
stage (4 groups), and UCLA stage (4 groups).

Due to the limited sample size, the exact Wilcoxon non-
parametric test was used for comparing the distribution of
DNA topoisomerase II alpha labeling indices between the

Table 1. Summary of criteria for Hyams histologic grad-
ing, Morita modification of Kadish staging and UCLA
staging systems

Histologic criteria Grade I Grade Il Grade IIl Grade IV

Lobular architecture — ++ + - —

Neuropil (stroma ++ + +/— _
and islands)

Rosettes +/- +/— +/- _

Necrosis - - + ++

Nuclear pleomorphism - + ++ 4+

Stage A — tumor involving nasal cavity

Stage B — tumor involving paranasal sinuses

Stage C — tumor extending beyond nasal and paranasal
sinuses to involve cribriform plate, skull base, orbit or
intracranial cavity

Stage D (Morita modification) — tumor metastatic to cer-
vical lymph nodes or distant sites

T1 — tumor involving nasal cavity and/or paranasal
sinuses (excluding the sphenoid and sparing the most
superior ethmoidal cells)

T2 - T1 including sphenoid, extending or eroding the
cribriform plate

T3 — tumor extending to orbit or protruding into anterior
cranial fossa

T4 — tumor involving the brain
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Table 2. Age and symptom duration in cases of low- and high-grade esthe-

sioneuroblastoma (results of two-sample t-test)

majority of tumor cells. Staining
for S100 and chromogranin

showed focal reactivity. MIC2

Variables Low-grade High-grade p-value and cytokeratin were negative
(N=13) (N=6)

(except one case each). Strong

Age (years): Range 15.0-62.0 2.0-35.0 nuclear immunoreactivity for

MeantSD  29.8+143  223+123 02882 DNA topoisomerase II alpha

Symptom duration (months): Range 1.0-24.0 2.0-48.0 0.5636 was noted in both low-grade

Mean+SD 7.2+6.4 11.8+17.8 ’ (Fig. 2a) and high-grade (Fig.

2b) cases.

low- and high-grade ENB. Fisher’s exact test was used to
examine differences between low-grade and high-grade
ENB for each categorical variable, because the assump-
tions for the chi-square test were violated. Two-sample t-
test was used for continuous variables. Statistical signifi-
cance was assessed using an alpha level of 0.05. Statistical
analyses were performed using SAS 9.1.3.

Results
Clinical data

Nineteen cases with adequate clinical and pathologic data
were identified. The age range was 2 to 62 years with an
average of 27 years (Table 2). There were 14 males and 5
females. The duration of symptoms ranged from 1 to 48
months with an average of 9 months (Table 2). All cases of
ENB were clinically thought to be malignant, except one
case that was thought to be an inflammatory mass. The mass
primarily involved the nose in 12 cases (63%) and paranasal
sinuses in 7 cases (37%). Patients commonly presented with
nose block in 19 (100%), epistaxis in 10 (53%), proptosis in
9 (47%), loss of vision in 6 (32%) and headache in 8 cases
(40%). Bony involvement was seen in 7 cases (37%), and
one (5%) had intracranial involvement radiologically (Table
3). The patients were staged using both the conventional
Kadish'* as well as the UCLA® staging systems (Table 3).

Histopathology and grading

Thirteen tumors were low-grade (Hyams grade I and II)
(Fig. Ic), and six were high-grade (Hyams grade III and
IV). Low-grade cases had a relatively well-formed lobular
architecture, fibrillary background, with relatively well-
formed neuropil islands both within and at the periphery of
the lobules (Fig. /a). Mitoses were occasional and a few
rosettes were seen. No necrosis was identified. All high-
grade cases showed tumor necrosis (Fig. /b), in addition to
nuclear atypia and high mitotic rate, along with sparse fib-
rillary background, rosettes and neuropil islands. A majori-
ty of the low-grade cases showed less than 5 mitoses per 10
high-power fields, in contrast to high-grade cases. Expres-
sion of neuronal markers was heterogeneous, with neuron-
specific enolase and synaptophysin being positive in the
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Clinicopathologic correlation

High-grade tumors occurred at a slightly younger age,
although the difference was not statistically significant
(Table 2). There was no statistically significantly differ-
ence between the low- and high grade ENB in the duration
of symptoms either (Table 2). The common symptoms
were proportionately distributed in the two groups (Table
3). The majority of cases in Kadish stage C and UCLA
stages T3 and T4 were low-grade cases, however, there
was no statistically significant difference between low-
and high-grade ENB for either the Kadish or the UCLA
staging system (Table 3).

DNA topoisomerase

Nuclear positivity was detected in all the limited subset
of cases studied, with appropriate controls (Fig. 2a,b).
The difference between the low-grade (median=10.4) and
high-grade ENB (median=22.3) for DNA topoisomerase
alpha labeling index was not statistically significant
(p=0.0714) (Table 4), but was suggestive of a positive

Table 3. Sex, epistaxis, proptosis (or loss of vision), bone
or brain involvement, Kadish and UCLA stage in cases
of low- and high-grade esthesioneuroblastoma (results
of Fisher’s exact test)

Variables Low-grade  High-grade
(N=13) (N=6) p-value
Sex: male (vs. female) 10 (3) 4(2) 1.0000
Epistaxis (yes) 5 5 0.1409
Proptosis (yes) or <vision 7 2 0.6285
Bone involvement (yes) 6 1 0.3331
Brain involvement (yes) 1 0 1.0000
Kadish stage: A 3 3
B 2 1 0.5456
C 8 2
D 0 0
UCLA stage: T1 3 3
T2 2 1 0.7771
T3 7 2
T4 1 0
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Figure 1. (a) Low-grade ENB; two lobules of tumor separated by a thin fibrovascular septum. Well-formed neuropil-like fine fib-
rillary islands are seen within the tumor, both inside the lobules as well as at the periphery of the lobules (H&E, x100). (b) High-
grade ENB; tumor showing greater cellularity, moderately pleomorphic focally overlapping nuclei with coarse chromatin. The fine
fibrillary background is seen in focal areas. Necrosis is noted within the lobules (H&E, x200)

association. It should be pointed out that the results in this
study should be interpreted with caution, because of the
limited sample size.

Follow-up

Limited follow-up data are available on 6 patients for up to
5 years. Three cases showed recurrence at 3, 6 and 6 months
following initial diagnosis and treatment. The case with
recurrence at 3 months had involvement of both orbits and
left frontal lobe at presentation. One case with first recurrence
at 6 months showed a second recurrence at 18 months inter-
val. All the cases that have recurred so far have been low-
grade on histology but one each in Kadish stages A, B and C.

Discussion

The prognosis of esthesioneuroblastomas is generally
determined by a combination of clinical and pathologic
factors. The factors that have a negatively impact on prog-
nosis include advanced stage, younger age, high grade of
differentiation, positivity of resection margins, regional
nodal and distant metastases, high proliferation indices,
pS3 overexpression, and a recently described deletion of
chromosome 11 and gain on 1p.**'>!%?*% The present
study reviews the clinicopathologic features of esthe-
sioneuroblastoma and attempts to determine the usefulness
of DNA topoisomerase II alpha (T2a) as a proliferation
marker in ENB.

Histologic grading
Hyams developed a histologic grading system of esthe-

sioneuroblastoma,'® using 4 grades based upon lobular
architecture, fibrillary matrix, rosettes, calcification,

mitoses and necrosis. It was found that grade I patients had
a uniformly good outcome whereas grade IV behaved con-
siderably worse.”” Grade I and II are well-differentiated
tumors and are relatively easily identified, whereas grade
IIT and IV are sometimes difficult to differentiate from
other high-grade tumors of the sinonasal tract such as
sinonasal undifferentiated carcinoma (SNUC) or sinonasal
neuroendocrine carcinoma (SNEC), thereby affecting the
number of patients in different grades.'™'®* It is, however,
important to differentiate ENB from non-ENB neuroen-
docrine tumors of the sinonasal region because of better
overall survival and local control of the former.* About
half of the cases of ENB are generally high-grade.’ In the
series by Levine et al from the University of Virginia, 80%
of tumors were low-grade, possibly because some of the
grade-IV esthesioneuroblastomas were classified as
SNUC."® They did not advocate the Hyams grading, but
preferred Kadish staging system, an observation also noted
in other studies.>’” In another series, only 28% of cases
were low-grade.”

Several authors have found that Hyams grading corre-
lates with survival and may even predict the utility of
chemotherapy.*>?*?3! In one study, the degree of
histopathologic differentiation was the most important and
the only significant risk factor for development of recur-
rence in esthesioneuroblastoma, with high-grade tumors

Table 4. DNA topoisomerase alpha labeling indices in
cases of low- and high-grade esthesioneuroblastoma
(results of exact Wilcoxon non-parametric test)

N Range Median  p-value
Low-grade 6 6.5-16.2 10.4 0.0714
High-grade 2 20.2-24.3 223
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exhibiting a significantly reduced 10-year survival (40%)
compared to patients with low-grade tumors (100%).*
Morita et al described a significantly higher 5-year sur-
vival of 80% for low-grade tumors as opposed to 40% for
high-grade ones.”’ In other studies the difference was not
so striking, such as in a study from Brazil that reported 5-
year disease-free survival rate of 64% and 43% for the
low- and high-grade tumors, respectively.” In the present
series, using a slight modification of the Hyams grading by
dividing the cases into 2 categories of low- and high-grade,
we found that the grade distribution in our study was sim-
ilar to that of the University of Virginia series.'®

Staging

The best known and most widely used method is the
clinically oriented staging system developed by Kadish,'
and modified by Morita,”’ in order to separately identify
cases with tumor metastases to cervical lymph nodes or
distant organs as stage D.** A recent study found the
modified Kadish staging system, lymph node status,
treatment modality and age useful predictors of survival
in patients with esthesioneuroblastoma.'> Among classifi-
cations associated with UICC staging, a system proposed
by Dulguerov at UCLA is based on invasion of the eth-
moid plate, orbit, anterior cranial fossa and dura to facil-
itate early identification of cases.® The present study uti-
lizes both Kadish and the UCLA staging systems. In the
present study, cases that showed recurrence included
advanced stage, but were all low-grade. Moreover, no
case with regional or distant metastasis was noted. This
can be explained in part with the long duration of symp-
toms from onset to first management (average 9 months,
range 1-48 months). Similar findings have been noted in
the literature. In one study, average duration from symp-
tom onset to management was 6 months with a range of
0-18 months." It was also noted that 13 of 21 patients

presented in advanced stages (T3 and T4),'? quite similar
to the present study in which 10 of 19 cases belonged to
stages T3 and T4. In the reported study, 5-year survival
for early stage (T1, T2) was 38.1% as opposed to 9.1%
for advanced stage (T3,T4) cases,'? which is worse than
in many other published studies, **'®*7 probably because
the majority of patients presented in advanced stages."”
Levine et al managed to obtain a 80.4% 8-year survival
rate using aggressive combined modality therapy
(surgery, radiotherapy and/or chemotherapy), even
though 62.9% of their patients presented with advanced
stage C disease and 37.1% developed metastatic dis-
ease.'® Staging is particularly important since the com-
pleteness of primary tumor excision has repeatedly been
shown to be the single best measure for treatment effec-
tiveness."”

Proliferation indices

Limited data are available on proliferation indices in
esthesioneuroblastoma. Ki67 labeling indices were gen-
erally high, varying between 3-42% with an average of
16% in one study’' and between 20-40% in another.
Ki67 labeling showed a correlation with postoperative
outcome, although this was not statistically significant in
one study.* However, other authors have proposed that a
high proliferation index along with the presence of necro-
sis and diffuse growth pattern were equally significant
prognostic factors." Ours is the first study in the litera-
ture that tests the role of DNA topoisomerase II alpha in
esthesioneuroblastoma. The difference between the low-
grade and high-grade ENB for DNA topoisomerase alpha
labeling index was not statistically significant, but was
suggestive of a positive association. Because of the limit-
ed sample size, the results in this study should be inter-
preted with caution. Larger studies are needed to clarify
the role of T2a LI in improving histologic grading.

Figure 2. (a) Low-grade ENB; intense nuclear immunopositivity for DNA topoisomerase 11 alpha (x400). (b) High-grade ENB;
intense nuclear immunopositivity for DNA topoisomerase 11 alpha (x400)
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Future studies may also address its role as a potential
marker of chemosensitivity and chemoresponse in unre-
sectable esthesioneuroblastomas.

Clinicopathologic correlation

Esthesioneuroblastomas are typically located intranasal-
ly, and in advanced stages, extend to the ethmoid plate and
sinus, sphenoid sinus, orbit and anterior cranial fossa. In
keeping with this pattern of progression, the most common
symptoms in the present study were nasal block (100%),
epistaxis (53%), proptosis and reduced vision (47%) and
headache (40%), similarly to the observations of Hwang et
al."? The age range was 2 to 62 years with an average of 27
years, similar to that in the literature. However, the
patients were fairly well distributed across all age groups,
and the bimodal peak (teens and sixth decade) observed in
the literature®®***’” was not seen in this study. The male to
female ratio was 14:5 in our study unlike the literature
where roughly equal distribution is observed, with one
study describing a 13:8 ratio'*.

This study also analyzed the distribution of clinical para-
meters in patients with modified Hyams low- and high-
grade tumors. High-grade tumors occurred at a slightly
younger age, but the difference was not statistically signif-
icant. There was no statistically significant difference
between low- and high-grade tumors in duration of symp-
toms either. Younger patients have previously been shown
to have higher distant metastasis rate and poorer progno-
sis.'” The majority of cases in Kadish stage C and UCLA
stages T3 and T4 were low-grade cases, however, there
was no statistically significant difference between the low-
and high-grade ENB for either the Kadish or the UCLA
staging system.

The absence of MIC2 immunoexpression in this study is
in keeping with the recent literature that ENB does not
belong to the Ewing’s/PNET group."*

Recurrence

Tumor recurrences are seen in 27% to 62% of ENB
cases and are mostly loco-regional.*** As many as 70% to
80% of these recurrences occur within the first 2 years of
diagnosis, however, delayed recurrences are also known,
necessitating long-term follow-up.*® In a recent study by
Loy et al, mean time to recurrence was 6 years, with dis-
tant relapses occurring sooner.”’ In the study by Levine et
al, the average time for first metastasis after therapy was
74.8 months, which is longer than that for most head and
neck malignancies.”® In a recent study, ENB showed a
superior overall 5-year survival and local control at 5 years
as compared to non-ENB sinonasal malignancies,™ there-
by emphasizing the need for an early and accurate
histopathologic diagnosis. Unlike most sinonasal malig-

nancies, surgical salvage is possible.'>'"**** Based on a
very limited follow-up, the few cases in this study that
recurred were all low-grade but included high stage cases
as well.

To summarize, this preliminary study suggests the need
to combine a simplified histologic grading with accurate
staging in a reasonable attempt to assess local progression
in esthesioneuroblastomas. Larger studies may clarify the
role of T2 LI in improving histologic grading. The results
in this study, however, should be interpreted with caution,
because of the limited sample size.
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