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Value of ezrin, maspin and nm23-H1 protein expressions in
predicting outcome of patients with head and neck squamous-
cell carcinoma treated with radical radiotherapy
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Background: Prognostic factors in predicting outcomes in patients with head and neck squamous-cell
carcinoma (HNSCC) are limited to the clinical–pathological parameters, including lymph node metastasis,
location, grade and stage of the disease.
Aim: To determine whether the expression of these proteins has a value in predicting patient outcome.
Methods: Ezrin, maspin and nm23-H1 immunohistochemistry in tissue samples of 120 patients with HNSCC
were evaluated using the microarray technique.
Results: In determining the association among each of the three proteins and the clinical–pathological
parameters, low maspin expression was the only one found to be significantly associated with high tumour
grade (p = 0.007); all others showed no significant associations. In univariate analysis, patients with tumours
expressing high ezrin had a shorter disease-free survival (DFS) of 51% than those with low ezrin expression
(DFS 84%; p = 0.08). In multivariate analysis, tumours with the combination of loss of maspin and low
histological grade had longer DFS (83%) compared with those with high maspin and high histological grade
(DFS 42%; p = 0.08).
Conclusion: Our study is the first to determine the value of ezrin and maspin in HNSCC in a large series of
patients with long follow-up. Ezrin and maspin seem to have a potential prognostic value in patients with
HNSCC but results should be confirmed with further studies.

H
ead and neck squamous-cell carcinoma (HNSCC) is the
fifth most common malignancy worldwide, and it claims
.7800 lives/year in the US alone.1 Despite different

treatment modalities, patients with HNSCC still have a poor
prognosis, with a 5-year disease-free survival (DFS) of about
30–50%.1 The prognostic factors are mostly confined to the
histopathological and clinical parameters such as grade, stage,
pattern of invasion, location and lymph node metastasis.2–5

Recently, new techniques, such as tumour molecular gene
profiling using complementary DNA (cDNA) microarray,
provide us with in-depth knowledge of HNSCC pathogenesis,
where hundreds of oncogenes, tumour suppressor genes, cell-
cycle regulators and cell adhesion proteins have been impli-
cated in tumour progression and responsiveness to radiation
therapy.6 7 Ezrin is one of the genes that is consistently
increased with disease progression of HNSCC. Ezrin is a
member of the ezrin/radixin/moesin family of cytoskeletal
proteins that is involved in the regulation of several cytoske-
letal-related functions such as cell adhesion, cell survival and
cell motility.8 Even though overexpression of ezrin was
associated with aggressive tumour behaviour, including pros-
tate adenocarcinoma, breast cancer, astrocytoma, uvula mela-
noma and malignant soft tissue sarcomas, its value in HNSCC is
widely unknown.9–14 Another good candidate gene in tumor-
igenesis is the tumour suppressor gene maspin (mammary
serine protease inhibitor). Maspin is a tumour suppressor
protein of a serine protease inhibitor family that regulates the
degradation of the extracellular matrix and inhibits tumour
cells from invasion and distant metastasis.15 16 Down regulation
of maspin has been documented in numerous malignancies
including breast and prostate cancers.17–20 Only three scientific
works discussing the value of maspin in HNSCC have been
documented in the literature, two of which were in the oral
cavity.21–23 nm23-H1 is another suppressor gene for tumour

metastasis that has been identified by screening the cDNA
libraries. Deregulation of nm23-H1 expression has been
associated with disease progression and adverse disease out-
come in HNSCC.24–29 However, the value of nm23-H1 is still
controversial, and this study is a good opportunity to shed some
light on this issue.

In this study, we aimed to determine the utility of ezrin,
maspin and nm23-H1 in predicting the outcome of patients
with HNSCC after curative treatment with radiotherapy with or
without chemotherapy.

PATIENTS AND METHODS
Patient population
A retrospective study of patients with HNSCC seen at Geneva
University Hospital, Geneva, Switzerland, covering 9 years
(1992–2000) was conducted. Criteria for inclusion were
patients with no prior treatment, histological diagnosis and
material adequate for analysis. Tumours of a nasopharyngeal
origin were excluded from the study. In all, 120 patients were
identified and selected for the present analysis. Table 1
summarises the patient and tumour characteristics.

After the initial diagnosis, patients were treated with
radical radiotherapy with or without chemotherapy. All
patients were regularly followed up by the otolaryngologist
and the radio-oncologist. Treatment modalities and follow-up
data were retrieved from the registry at the Division of
Radiation Oncology, Geneva University Hospital. The median
(range) follow-up for the surviving patients was 63 (14–
119) months.

Abbreviations: DFS, disease-free survival; HNSCC, head and neck
squamous-cell carcinoma; IHC, immunohistochemical analysis.
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Treatment
All patients received the same accelerated radiotherapy
schedule using a concomitant boost technique.30 The planned
total dose was 69.9 Gy, delivered in 41 fractions over a period of
38 days. The basic course was given to a total dose of 50.4 Gy
over 5.5 weeks. The boost to sites of initial macroscopic tumour
involvement consisted of a dose of 19.5 Gy and was given as a
second daily fraction, starting the last day of the second week of
the basic treatment. According to our institutional policy, 14
(12%) patients underwent a planned neck dissection before
radiotherapy; either radical or modified radical, whereas in one
patient, the involved lymph node was excised.31 Otherwise,
surgery was reserved for salvage of locoregional failures.

Chemotherapy was given to 32 (27%) patients, usually for
patients presenting with T3–4 or N2–3 tumours if their medical
condition was judged good enough to tolerate multimodality
treatment. All patients received >1 cycles of cisplatin with or
without 5-fluorouracil-based chemotherapy concomitantly
with radiotherapy.

TISSUE MICROARRAY AND
IMMUNOHISTOCHEMISTRY
The tissues analysed consisted of the initial (pretreatment)
biopsy specimens. Paraffin-wax-embedded tissues from
patients’ samples were used. The tissue microarray was
constructed as described and recommended previously by
Kononen et al.32 After carefully choosing the morphologically
representative region on the chosen individual paraffin-wax-
embedded blocks (donor blocks), a core tissue biopsy specimen
of 0.6 mm was punched and transferred to the donor paraffin-
wax-embedded block (recipient block). One section was stained
with haematoxylin and eosin to evaluate the presence of the
tumour by light microscopy.

From the formalin-fixed, paraffin-wax-embedded tissue
microarray, 4 mm sections were processed for immuno-
histochemical analysis (IHC). Endogenous peroxidase was
blocked with 0.3% hydrogen peroxidase for 5 min. Antigen
retrieval was carried out in citrate buffer for 3 min in a
steamer. Then, sections were incubated with monoclonal
antibodies: ezrin (1:100, BD Pharmingen, California, USA)
maspin Ab-1 (1:50, Labvision, California, USA) and nm23-H1
(1:50, Novocastra, Newcastle, UK) at room temperature. A

subsequent reaction was performed with the biotin-free
horse radish peroxidase-labelled polymer of the Envision
plus detection system (Dakocytomation, California, USA).
Diaminobenzidine complex was used as chromogen. In
negative controls, normal goat serum was used instead of the
primary antibody, resulting in a lack of detectable staining. The
IHC slides were evaluated semiquantitatively by a pathologist
(PM-F) who was not aware of the original histological
diagnosis. The IHC slides were evaluated twice at 3-week
intervals. The individual scores were reviewed, and whenever a
discrepancy was noted between the first and the second
interpretations, the pathologist decided on the final scoring.
Normal squamous mucosa was negative for ezrin and positive
for maspin and nm23-H1. Immunoreactivity was cytoplasmic
for ezrin and nm23-H1, and nuclear and cytoplasmic for
maspin. For the three antibodies, the tumours were divided
into two categories: group I (negative/weak) and group II
(moderate/strong).

STATISTICAL ANALYSIS
Fisher’s exact test was used to compare proportions. The
actuarial overall survival and DFS rates were calculated using
the Kaplan–Meier method. For comparison between curves, the
log rank test was used. Multivariate analyses based on Cox
proportional hazards standard model were used to identify the
most significant factors related to outcomes; p(0.05 was
considered significant. All analyses were performed with the
StatView V.5.0.1 software.

RESULTS
Overall results
At the last follow-up, 42 patients were alive and 78 had died; 45
patients presented with some component of failure (27 with
locoregional disease and 18 with distant metastases either
alone or associated with locoregional failure). At 5 years, the
actuarial DFS was 56% (95% confidence interval (CI) 46% to
66%) and the overall survival was 36% (95% CI 27% to 45%).

Protein expressions and clinicopathological
associations
Ezrin was strongly expressed in 93 cases and decreased and/or
lost in 15 cases. Maspin was strongly expressed in 65 cases and
decreased and/or lost in 54 cases. nm23-H1 was strongly
expressed in 60 cases and was decreased in 53 cases. Figure 1A–
E shows examples of strong and weak expressions of ezrin,
maspin and nm23-H1. Loss and/or decrease of maspin
expression was seen in 42/77 high-grade HNSCC (G2–G3)
and 12/42 low-grade HNSCC (fig 1). Among all three proteins,
maspin was the only one found to have a significant association
with histological grade (p = 0.007). Meaning that poorly
differentiated tumours are more likely to show a loss or
decrease of maspin expression, in comparison to those low-
grade or well-differentiated tumours. There was no association
between ezrin, maspin and nm23-H1 markers, and any of the
other clinical parameters, including tumour sublocation, T and
N classification.

Univariate and multivariate analyses
In the univariate analysis, advanced T (p = 0.06) and N
categories (p = 0.002) were associated with a trend or a
significantly lower 5-year DFS. Patients with tumours expres-
sing a high level of ezrin tend to have worse prognosis than
those with loss and/or decrease of ezrin expression (DFS rate
51% v 84%, respectively; p = 0.08). If we take subcategories of
patients, such as patients with tumours, showing a combina-
tion of loss of maspin and low histological grade, then these

Table 1 Summary of patient population and tumour
characteristics

Median age (years) 60 (range 35–82)
Sex (M:F) 96:24

Tumour sublocation
Oral cavity 3 (2.5)
Oropharynx 80 (66.7)
Hypopharynx 21 (17.5)
Larynx 16 (13.3)

TN classification and stages (UICC, 1997)
T1–2 48 (40)
T3–4 72 (60)
N0 53 (44.2)
N+ 67 (55.8)
Stages I–II 24 (20)
Stages III–IV 96 (80)

Histological grading
Well differentiated (G1) 43 (35.8)
Moderately differentiated (G2) 59 (49.2)
Poorly differentiated (G3) 18 (15)

F, female; M, male; TN, tumour–node; UICC, international union against
cancer.
Values are n (%) unless otherwise mentioned.
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patients seemed to have longer DFS than those having the
inverse (83% v 43%, respectively; figs 1 and 2).

In the multivariate analysis, we constructed models in which
each protein was introduced individually along with the main

clinical factors (T and N classification) stratified by histological
grade to observe their effect on DFS (table 2). When maspin
was introduced, a trend to significant effect was observed
(p = 0.06), whereas N and T categories retained their signifi-
cance with p = 0.009 and p = 0.05, respectively. When ezrin was
introduced, only the N category retained its significant effect
(p = 0.004), whereas a trend to significant effect was observed
for ezrin (p = 0.069). The T category failed to retain any
significance, with p = 0.11. When nm23-H1 was introduced,
only the N category retained its significance (p = 0.002),
whereas the effects of nm23-H1 and the T category were not
significant (p = 0.89 and p = 0.14, respectively).

DISCUSSION
Ezrin is involved in signalling events that regulate cell survival,
proliferation and migration. The literature determining the
value of ezrin in patients with HNSCC is lacking, which makes
the comparison of our results to others unfeasible. In our study,
ezrin protein expression was not associated with tumour grade,
stage or lymph node status in patients with HNSCC. The same
results were seen in soft tissue tumours, where no correlation
was found between ezrin protein expression and the clinical or
histological parameters.14 Further, in this study, low ezrin
expression was strongly associated with significantly better
DFS in univariate analysis, but ezrin did not maintain its value
in multivariate analysis. Similar findings were found in
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Figure 1 (A) Tumour cells showing strong
immunoreactivity in a cytoplasmic pattern.
(B) Tumour cells showing loss of ezrin
reactivity. (C) Tumour cells showing strong
maspin reactivity with a cytoplasmic and
nuclear pattern. (D) Tumour cells showing a
total loss of maspin immunoreactivity. (E)
nm23-H1 is strongly positive in tumour cells
with a cytoplasmic pattern. (F) An example
of a case with nm23-H1-negative
expression.
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Figure 2 Disease-free survival according to expression of maspin and
histological grade.
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cutaneous melanoma and ovarian serous carcinoma, where a
strong association of ezrin expression with better patients’
survival was only seen in univariate analysis.12 13 Ezrin was
found to be essential for metastasis in breast cancer cell lines,
and ezrin expression was higher in metastasis tumours in
comparison to the matching primary tumours. The above data
are strong evidence of the role ezrin has in the late process of
tumour progression and metastasis.9 In our study, we did not
evaluate this issue, but it will be of interest to study the
difference between ezrin expression in primary tumours and
their matching metastasis in future work.

Maspin is a tumour suppressor protein that seemed to be
down regulated in numerous types of cancer, including HNSCC,
prostate and breast cancers, and up regulated in pancreatic and
gastric adenocarcinomas. Considering head and neck carci-
noma, there are three reports evaluating maspin: two of them
focused on squamous-cell carcinoma of the oral cavity and the
third on squamous-cell carcinoma of the larynx.21–23 We found
an association between loss of maspin protein expression and
high tumour grade. However, maspin was not associated with
any of the remaining clinical and pathological parameters,
including age, sex, lymph node status, tumour-node-metastasis
staging and tumour location. The same results were also seen in
a study by Yasumatu et al,21 where loss of maspin was only
associated with tumour grade in lingual carcinoma, and that by
Marioni et al23 on laryngeal carcinoma, where a significant trend
was also observed. Our result is somewhat different from that
of Xia et al,22 who found an association between maspin and
lymph node status in oral carcinoma but not with any of the
other parameters. As for patients’ prognosis, in our study, the
combination of maspin loss and low histological grade was
associated with longer DFS in univariate and multivariate
analyses. Our results are in accordance with those of lingual
and oral carcinoma, but in those studies no multivariate
analysis was performed. Marioni et al23 reported that maspin
nuclear staining correlated with shorter DFS. We did not have
any case with only nuclear pattern, but all our cases showed
cytoplasmic and nuclear staining. Thus, we could not confirm
or disagree with Marioni et al’s results, but maspin nuclear
expression was not mentioned in the two other studies on
HNSCC.21 22 Notably, the maspin pattern of expression (cyto-
plasmic and nuclear) was confirmed by the in vitro study.19

Finally, it is pertinent to mention that the study by Marioni
et al was small as only 21 patients were evaluated, and these
results could be of interest if confirmed with a larger group of
patients.

The nm23-H1 gene (NME1) is a metastasis suppressor gene.
Down regulation of nm23-H1 has been seen in bladder, liver,
breast, stomach and ovarian carcinomas. In head and neck
carcinoma, loss of nm23-H1 was associated with tumour grade,
increased incidence of lymph node metastasis and distant
metastasis, and thus poor prognosis.24 25 28 In addition, previous
studies showed no association between the loss of nm23-H1
expression age, sex and stage, and no correlation between the
loss of nm23-H1 protein expression and DFS in multivariate
analysis was identified.25 27 28 In our study, we did not find a
correlation between nm23-H1 expression and clinical–histolo-
gical parameters. Finally, nm23-H1 had no effect on patients’
prognosis in univariate and multivariate analyses. It has been
suggested that nm23-H1 expression might increase cisplatin
chemosensitivity and improve survival in patients with
oesophageal squamous-cell carcinoma.33 However, this was
not the case in our study.

In summary, evaluating the three tumour and metastasis
suppressor proteins (ezrin, maspin and nm23-H1) in HNSCC,
we found that ezrin and maspin could have a potential use in
predicting patients’ outcome after treatment. Patients with
tumours expressing a high ezrin protein level are more likely to
have shorter DFS. On the other hand, in multivariate analysis,
patients with tumours showing loss of maspin and low
histological grade have better DFS. Our study is a preliminary
one and should be confirmed with further studies, but it is still
important in showing the potential use of these proteins in the
management of patients with HNSCC.
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Table 2 Multivariate analysis of the value of ezrin, maspin and nm23-H1 protein expressions
in predicting patients’ outcome

Variables

DFS

RR 95% CI p Value

Model 1
T category: T1–2/T3–4 0.528 0.276 to 1.009 0.053
N category: N0/N1–3 0.409 0.208 to 0.806 0.0097
Maspin: absent or present 0.552 0.297 to 1.027 0.06

Model 2
T category: T1–2/T3–4 0.59 0.306 to 1.138 0.11
N category: N0/N1–3 0.356 0.17 to 0.717 0.0039
Ezrin: absent or present 0.266 0.63 to 1.111 0.069

Model 3
T category: T1–2/T3–4 0.61 0.316 to 1.117 0.14
N category: N0/N1–3 0.337 0.167 to 0.68 0.0024
nm23-H1: absent or present 0.961 0.524 to 1.765 0.899

DFS, disease-free survival; N, nodal status; T, tumour size.
All models have been constructed by stratifying by histological grade (1 v 2–3)

Take-home message

Ezrin and Mapin seemed to have predictive values in
HNSCC and further studies are warranted.
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