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Supraglottic and glottic carcinomas: clinically and
biologically distinct entities?
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Abstract

This study aimed to examine the clinical and biological differences in 198 patients with either T1-T2 local glottic or supraglottic
squamous cell carcinomas. The patients with supraglottic cancer had a poorer prognosis, as well as more advanced and histologi-
cally aggressive tumours than the patients with glottic tumours. They also had lower levels of haemoglobin and a poorer nutritional
and performance status. Expression of a-catenin, hyaluronan, CD44, p53, p21/WAF1 and bcl-2 in the primary tumour were not
associated with the site of the laryngeal carcinoma. In supraglottic tumours, the rate of spontaneous apoptosis and mitotic indices
were significantly higher than in glottic tumours. The results suggest that clinical parameters including the haemoglobin level of the
patient together with the tumour cell kinetics (mitotic and apoptotic rates) may contribute to the aggressive nature of supraglottic

carcinoma. © 2002 Published by Elsevier Science Ltd.
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1. Introduction

In the treatment of localised laryngeal squamous cell
carcinoma (LSCC), the site of the primary tumour has
particular importance. The intricate laryngeal voice box
provides functional uniformity in delicate forms of
speech and swallowing, but it is anatomically divided
into three parts (supraglottis, glottis and subglottis) on
an embryological basis. The supraglottic site has pro-
fuse lymphatics and an easier entrance for invasion,
while elastic layers and sparse lymphatics might hinder
the spread of glottic LSCC. Patients with local TI1-
T2NOMO supraglottic LSCC usually have a worse prog-
nosis than their glottic counterparts due to the afore-
mentioned anatomical reasons [1,2]. Individual LSCC
patients with a similar histology and stage of the pri-
mary tumour may have completely different outcomes
despite adequate treatment. In general, the presence of
anaemia together with chronic diseases, gender, age, use
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of alcohol, tobacco smoking and performance status
may affect patients’ outcome. In addition, a legion of
biological factors associated with cell adhesion, apop-
tosis and cell proliferation, for example, have been
introduced to explain the aggressiveness of the LSCC
tumour phenotype and to provide potential prognostic
value in addition to traditional staging and histological
grading.

An uncontrolled cell proliferation rate is, by defini-
tion, characteristic for malignancy. The rapid cell pro-
liferation rate in LSCC can be determined by means of a
volume corrected mitotic (M/V) index [3,4]. The pro-
gression and outcome of LSCC patients are also asso-
ciated with a disturbed control of the cell cycle and
apoptotic cell death. Many factors associated with these
processes have been studied, for example the involve-
ment of p53 has been examined [3,5-9]. The tumour
suppressor gene p21/WAFI is a downstream factor of
p53 (reviewed in Refs. [6,10,11]), and seems to be
involved in the differentiation of LSCC [10,11]. The
tumour suppressor effects of these genes may result in
cell cycle arrest, DNA repair, and apoptotic cell death.
The intricate pathways of apoptosis, by contrast, may
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be prevented by overexpression of genes such as bcl-2.
The overexpression of the anti-apoptotic protein bcl-2,
commonly detected in follicular B-cell lymphomas, per-
mits the acquisition of genetic alterations by prolonging
cell survival and thus promoting malignant conversion
(reviewed in Refs. [6,8,12,13]). The prognostic sig-
nificance of the bcl-2 protein has been examined in
LSCC [6-9,12].

The adhesive properties of tumour cells can not be
overestimated in the processes of invasion and formation
of metastases. One of the most important cell-cell adhe-
sion molecules is the Calcium-dependent E-cadherin/
catenin complex. The zipper-like E-cadherin/catenin
complex establishes a firm connection between epithelial
cells and a-catenin connects the complex to the cytos-
keleton (reviewed in Refs. [14,15]). Of additional sig-
nificance are the adhesive interactions between the
tumour cells and the extracellular matrix. The ubiqui-
tously expressed glycosaminoglycan hyaluronan is the
major component of the tumour stroma. Hyaluronan,
with its transmembranic receptor CD44, is involved in a
variety of functions such as cell binding to the extra-
cellullar matrix, cell migration, healing wounds and
inflammation (reviewed in Refs. [16,17]). Similar to the
aberrant expression of a-catenin [15], irregular expres-
sion of HA and CD44 has been associated with the
aggressive and metastatic phenotype of LSCC [16].

The current study aimed to examine patients with
local LSCC in order to reveal clinical and biological
differences between supraglottic and glottic sites.

2. Patients and methods
2.1. Study population and clinical evaluation

Our study cohort consisted of 198 patients with T1-T2
local supraglottic or glottic LSCC without any evidence
of nodal (NO) or distant metastases (M0). The patients
were diagnosed and treated for primary LSCC in East-
ern Finland between 1975 and 1995. The exact site and
stage of disease were recorded according to the TNM
classification [18]. The performance status of the
patients at the time of diagnosis was evaluated accord-
ing to the scale of Karnofsky and colleagues [19], and
the presence of any chronic diseases was recorded. The
duration of symptoms, use of alcohol and tobacco, and
results of preoperative blood tests were recorded.

2.2. Tumours and (immuno)histochemical stainings

Histopathological differentiation was graded in three
categories according to the World Health Organization
(WHO) classification [20]. All of the staining results
were available from databases that were designed for
previous studies and included all stages of LSCC with a

focus on the prognostic significance of these factors
[3,10,12,15,16].

In brief, primary monoclonal antibodies had been
used as follows: 1:170 for anti-a-catenin (Transduction
LaboratoriesSM, Kensington, KY, USA) [15], 1:100 for
anti-CD44 (Hermes 3, kindly donated by Prof. S. Jalk-
anen, University of Turku, Finland) [16], 1:1000 for
anti-p53 (D O7, Dako, Denmark) [3], 1:20 for anti-
WAF1 (Novocastra Laboratories, UK) [10] and 1:200
for anti-bcl-2 (Clone 124, Dako) [12]. A histochemical
staining using a specific probe for hyaluronan had been
used as described in detail in Ref. [16]. Apoptotic cell
death had been determinated using terminal deoxy-
transferase-mediated  bio-deoxyuridine triphosphate
(dUTP) nick labelling (TUNEL) [12].

The volume corrected mitotic index (M/V) was deter-
mined in sections stained with haematoxylin and eosin
[21]. Similarly, the number of cells positive for TUNEL
together with the apoptotic morphology were counted
using the volume corrected apoptotic index (A/V) uti-
lising the same [21] mathematical formula [12]. Both the
M/V and A/V indices were used as continuous variables
in the analyses. All other staining results available from
the files had been semi-classified into two categories:
For a-catenin, tumours >20% of cells with cytoplasmic
staining were categorised as positive [15]. Focal reduc-
tions in the staining signal for hyaluronan and CD44
were considered as irregular staining patterns [16].
Tumours with >10% positive cells for bcl-2 [12] and
>20% nuclei for p53 [3] were considered to overexpress
these proteins. For p21/WAF1 staining, a histoscore
was counted as the percentage of positive nuclei multi-
plied by the intensity of the staining. Positive were the
tumours with an index =25 [10].

2.3. Statistics and ethics

The statistical tests used are reported in the footnotes
of the corresponding tables. Chi square test for inde-
pendence, Mann—Whitney U test and regression model
were used. The Kaplan—Meier method was used to
evaluate patient survival. Exact tests were used, where
appropriate. The Ethical committee of Kuopio Uni-
versity and Kuopio University Hospital approved the
research plan. Due to the retrospective nature of the
study, the patients or their relatives were not contacted.

3. Results

The origin of glottic tumours (n=136; 69% of the
patients) was the vocal cords in 95% of the patients,
while the anterior commissure was the origin in the
other 5% of the cases. The primary origin of supraglot-
tic tumours (n=1062; 31% of the patients) was epiglottis
in 52%, arytenoids in 14% and false vocal cords in 34%
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of the cases. The median and mean age of the patients
was 63 years (range 31-85 years). 14 (7%) patients were
female. The treatment of the patients according to sub-
site and stage was as follows: for glottic Tis-T1 patients,
89% received radical radiotherapy, 8% surgery and 3%
of the cases surgery with adjuvant radiotherapy. Similar
percentages were 51, 21 and 28% for the glottic T2
tumours, 55, 15 and 30% for the Tis-T1 supraglottic,
and 38, 12 and 45% for the T2 supraglottic tumours,
respectively. In addition, chemotherapy was given to 2
patients with supraglottic T2 tumours. All the patients
with supraglottic tumours were smokers, while 9% of
patients with glottic tumours were non-smokers
(P=0.04). There was no difference in the consumption
of alcohol (P=0.7), duration of symptoms (P=0.3), age
(P=0.6) or the presence of chronic diseases (P=0.1)
between the patient groups. Patients with supraglottic
tumours had a poorer performance status and a lower
body mass index (BMI) than patients with glottic
tumours (P=0.01 and P=0.005, respectively). The
results are summarised in Table 1.

Table 1
Clinical parameters of patients and laryngeal tumours

The patients with supraglottic tumours had lower
haemoglobin values (P=0.01) and lower erythrocyte
mean cell volumes (P=0.03) than patients with glottic
tumours. The difference in haemoglobin values was
further demonstrated in a multivariate analysis after
adjustment for tumour extent (P=0.007 for site; multi-
ple regression model). This difference in the haemoglo-
bin values stratified by tumour extent is illustrated in
Fig. 1.

In general, supraglottic tumours were of a more
advanced stage (P <0.0005) and were histologically less
differentiated (P=0.002) than glottic tumours. Mitotic
(M/V) indices were higher in supraglottic than in glottic
tumours (P=0.001). This difference in the M/V indices
was observed even after adjustment for tumour extent in
a multivariate analysis (P=0.03 for site; multiple
regression model), and is illustrated in Fig. 2. Similarly,
apoptotic (A/V) indices were lower in glottic tumours
than in supraglottic tumours (P=0.02). Due to the
small number of cases available with an A/V index, no
multivariate analysis was performed. The expression of

Variable Number of cases (%)
Glottic Supraglottic Significance
Extent of primary tumour (T) P <0.0005*
T in situ and T1 97 (71) 20 (32)
T2 39 (29) 42 (68)
Recurrence of laryngeal cancer P <0.0005*
Local 27 (87) 9 (43)
Neck 1(3) 11 (52)
Distant 3 (10) 1 (5)
Karnofsky performance status of patients? P=0.01*
Poor (70 or less) 84 (64) 49 (82)
Good (80 or more) 48 (36) 11 (18)
Use of alcohol¢ P=0.7%b
Non-users/moderate users 9 (15) 29
Heavy users 51 (85) 21 (91
Smoking habits P=0.04>b
Non-smokers 11 (9) 0
Smokers 117 (91) 50 (100)
Histological differentiation grade of the tumours? P=0.002*
1 well (in situ) 64 (62) 17 (35)
IT moderate 34 (33) 21 (44)
111 poor 6 (6) 10 (21)
Median duration of symptoms (range) in months 4.0 (0-200) n=132 3.0 (0-120) n=158 P=0.3¢
Median body mass index (range) kg/m? 25.1 (17.6-37.0) n=91 23.4 (17.5-32.9) n=40 P=0.005°
Median haemoglobin level (range) g/l 145 (105-184) n=92 138 (83-166) n=35 P=0.01¢
Median erythrocyte cellular volume (range) fl 92.0 (82-107) n=92 89.5 (73-99) n=34 P=0.03¢

n, number of cases.
4 Chi square test for independence.
® Exact test.
¢ Mann-Whitney U test.
d Data is missing for some patients in these categories.
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Fig. 1. Distribution of haemoglobin levels grouped by site and tumour
(T) category of laryngeal cancer. n, number of cases.
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Fig. 2. Distributions of volume corrected mitotic (M/V) indices stra-
tified by site and tumour (T) category of laryngeal cancer. n, number
of cases.

a-catenin  (P=0.1), hyaluronan (P=0.6), CD44
(P=0.1), p53 (P=0.6), bcl-2 (P=0.9) and p21/WAF
(P=0.2) showed no statistically significant differences
between glottic and supraglottic tumours. The results
are summarised in Table 2.

During a median follow-up of 76.5 (range 1.7-258.6)
months, 52 (26%) patients relapsed and 27 (14%)
patients died due to LSCC. Glottic tumours were more
prone to local recurrence, while the neck was the most
common site of recurrence for supraglottic tumours
(P<0.0005). The curves for overall cumulative cor-
rected survival rates, stratified by site and extent of the
tumour, are presented in Fig. 3. The patients with
supraglottic tumours were more likely to relapse and die
(P=0.004 and P=0.001, respectively; Kaplan—Meier)
due to LSCC than patients with glottic carcinomas.

4. Discussion
This study was introduced to explore the clinical and

biological differences between local supraglottic and
glottic LSCC. In addition to a more advanced stage and

histologically poorer differentiation grade of the
tumours, the patients with supraglottic disease had
clinical indicators commonly associated with a poor
prognosis such as poorer performance status, lower
haemoglobin levels and body mass indices. However,
the expression of a-catenin, hyaluronan, CD44, p53,
p21/WAFI1 and bcl-2 were not statistically different
between the two groups of LSCC patients. Nevertheless,
supraglottic tumours had significantly higher apoptotic
and mitotic rates than glottic tumours.

The prognosis of patients with glottic T2 tumours was
nearly comparable to patients with supraglottic T1
tumours, while patients with glottic T1 tumours had a
favourable survival and patients with supraglottic T2
tumours had a relatively poor survival (Fig. 3). This
observation reflects the appropriate recording of clinical
data. In this study, only 29% of glottic tumours were
T2, in comparison to 68% of the supraglottic tumours.
The more extended stage of the supraglottic LSCC
might have affected the results. However, in the regres-
sion models, higher M/V indices and lower haemoglo-
bin levels in the supraglottic LSCC were independent of
the tumour extent.

In this study, the duration of symptoms was not dif-
ferent between the sites of LSCC. Glottic LSCC usually
presents early with hoarseness, whereas dysphagia and
sore throat may be symptoms for supraglottic LSCC
[1,2]. This might provide a simple explanation for the
clinical condition of patients with supraglottic tumours
who were slimmer with a poorer performance status at
presentation than patients with glottic LSCC. Although
the small number of non-smokers and moderate users of
alcohol limited definitive conclusions in our study, it is
of importance to note that none of the patients with
supraglottic disease were non-smokers. Indeed, glottic
lesions have been more common in patients without a
history of tobacco and alcohol [22]. In addition, the use
of alcohol has been associated with supraglottic LSCC
in particular [1], but the current study failed to show
any correlation in the site of LSCC and the heavy con-
sumption of alcohol.

Anaemia and disturbances in blood values are fre-
quently seen in cancer patients. There seemed to be a
trend towards microcytic anaemia in patients with
supraglottic LSCC in our study. Haemoglobin levels
may have a prognostic value for patients with irradiated
LSCC [23-25], and patients with LSCC can have hypo-
chromic microcytic anaemia during radiotherapy [23].
These aforementioned symptoms for supraglottic LSCC
may explain the current observation, because the body
mass index showed a correlation with the haemoglobin
level (P=0.02). Patients with LSCC and low hae-
moglobin levels may have additional confounding med-
ical problems [26], but in our study the presence of
chronic diseases was not associated with haemoglobin
levels (P=0.9). The biological associations between
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Table 2

Results of immunohisto/cytochemical stainings by site of laryngeal tumours

Staining Number of cases (%)
Glottic Supraglottic Significance
Staining patterns for a-catenind P=0.1*
Membranous 40 (77) 14 (58)
Cytoplasmic 12 (23) 10 (42)
Staining patterns for CD444 P=0.12
Normal 38 (76) 14 (58)
Irregular 12 (24) 10 (42)
Staining patterns for hyaluronan? P=0.6*
Normal 39 (76) 17 (71)
Irregular 12 (24) 7 (29)
Expression of p53 proteind P=0.6*
Normal 14 (26) 5(20)
Overexpression 40 (74) 20 (80)
Expression of bcl-2 protein? P=0.9*
Normal 41 (75) 19 (73)
Overexpression 14 (25) 7 (27)
p21/WAF1 indexd P=0.2%b
Low 8 (17) 7(33)
High 38 (83) 14 (67)
Volume corrected mitotic (M/V) index median count P=0.001¢
(range) 9.9 (0-61.2) n="56 19.5 (1.3-103.9) n=26
Volume corrected apoptotic (A/V) index median count P=0.02¢
(range) 7.0 (0-58.8) n=25 18.4 (5.7-61.8) n=11
n, number of cases.
2 Chi square test for independence.
b Exact test.
¢ Mann—Whitney U test.
4 Data is missing for some patients in these categories.
haemoglobin levels, tissue oxygenation and neoangio- < 107
genetic factors in LSCC form a complex integrity far < _!:\"'Th Glottic Tis&T1
.. . . 1
beyond the context of these clinical observations. 2 00 . '
The cell proliferative activity of LSCC, measured by g ' L-—| tommms ' i Glottic T2
counting mitotic indices [3,4,13,27] or by means of 2 I : :
. . . D H H 1
P P = 0.8 . Tersasmaserafrrnanmas
1mmunohlstqch§mlstry ‘[3,5,7,14,27], may have some g T Supraglotiic T T Lo
prognostic significance in LSCC [3-5,13], even though g i
this is not supported by all reports in the literature 207 _!_.j
[7,9,27]. In the current study, the M/V indices were s SupraglotticT2 ¢
higher in supraglottic than in glottic tumours after §
adjustment for T stage. In our clinical experience 065 24 48 72 26 120

tumours with profuse proliferative activity may have a
good primary response to radiotherapy, while the final
outcome of the patient remains poor. In LSCC, a high
cell proliferation rate has been associated with a high
risk of occult neck metastases [14], which supports
the current observation of high mitotic rates in supra-
glottic tumours with frequent recurrences into the
cervical lymph nodes. High cell proliferative rates in
supraglottic LSCC may also be associated with an
aggressive phenotype and partly explain the poorer
patient survival.

Time (months)

Fig. 3. Curves of disease-specific overall survival of the patients with
laryngeal cancer. The patients are grouped by site and tumour (T)
category (Kaplan—Meier analysis P=0.001).

In LSCC, increased rates of spontaneous apoptosis
have been associated with a poor survival [5,12],
although this has not been consistently demonstrated
[9]. The higher A/V indices noted in the supraglottic
tumours may be associated with the aggressive beha-
viour of LSCC. It is likely that cells in malignant
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tumours with a stressful micro-environment have only
few mechanisms for survival, which results in aggressive
features, including increased rates of apoptosis and cel-
lular proliferation. The overexpression of the anti-
apoptotic protein bcl-2 has been more frequently
observed in supraglottic than glottic tumours [8,13]. In
the current study, however, the expression of bcl-2 and
regulator proteins p53 and p21/WAF1 were not differ-
ent in supraglottic and glottic LSCCs. The current
observation of more frequent spontaneous apoptosis in
supraglottic LSCC should be examined further, since it
might be one of the fundamental biological factors
associated with treatment outcome.

Disturbances in the expression of E-cadherin/catenin
complex, as well as the tumour-associated hyaluronan
and its receptor, CD44, have been associated with the
behaviour of LSCC [7,14-16]. Despite this, supraglottic
and glottic LSCC showed no difference in the expres-
sion pattern of these antigens in our study. Molecules
associated with cell adhesion are numerous and the
expression of syndecan-1 has been correlated with the
site of LSCC [27]. In the present study, relapses in cer-
vical lymph nodes were more commonly associated with
a supraglottic site of the primary tumour. In fact, the
aberrant expression of currently studied adhesion mole-
cules may be associated with an increased capability to
form cervical lymph node metastases [14—16].

The currently studied biological factors constitute
only a few of the molecules associated with cancer, but
are of importance in trying to phenotype LSCCs. Many
of the observations in this study including the survival
advantage of glottic tumours, are explained by anato-
mical structures and the more advanced stage of the
supraglottic LSCCs. However, our patients with supra-
glottic tumours also had dismal clinical parameters such
as higher mitotic and apoptotic rates and these param-
eters may have an additional value in determining the
aggressive nature of supraglottic tumours.
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