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Abstract

Background: Cancer of the larynx accounts for 1% to 2.5% of all human neoplasms and is the most common malignan-
cy of the Head and Neck region. The purpose of this study is to analyze epidemiological data of patients with laryngeal
cancer and to point out the geographical variations.

Methods: This is the first systematic recording of the laryngeal cancer epidemiological data in Northern Greece. During
the period 1992-2010 1,638 patients were diagnosed with and treated for malignant head and neck tumors. One thousand
one hundred and four cases (67.4%) were malignant laryngeal tumors, 98.4% of which (1,088 cases) were squamous cell
carcinomas (SCC). Only 16 patients (1.5%) presented with other types of malignancies.

Results: The average age of the SCC patients was 62.1 years. Only 35 patients were women (3.2%). More than 60% of
the patients were farmers or labor workers, 86.9%, were smokers, 43.2% were consuming alcohol on a daily basis and
36.1% had a positive family history of malignancy. Concerning tumor location, 60.2% were glottic cancers. T staging
revealed that 1.2% of the cases were carcinomas in situ, 28% T1 tumors, 19% T2, 32 % T3, and 20% T4. Tumor grading
showed that 43% of the cases were G1, 42.1% were G2, and 11.8% were G3.Hippokratia 2013; 17 (4): 313-318.

Conclusions: The pathogenesis of laryngeal carcinoma is the result of the combined action of endogenous and environmen-
tal factors. The recording and analysis of the epidemiology of the disease is important for its better study and understanding.
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Introduction

Cancer of the larynx is an important entity of oncology.
According to international data it accounts for 30% to 40%
of all malignant head and neck tumors and 1% to 2.5%
of all malignant neoplasms in the human body'?. In terms
of histopathology, 95% to 98% of cancer of the larynx is
of squamous cell origin®. The disease is much more com-
mon in the male gender. The highest incidence of laryn-
geal cancer occurs between the fifth and seventh decade of
life**. As far as pathogenesis is concerned, several predis-
posing factors have been reported, including smoking and
alcohol consumption which are the most important ones.
Other possible risk factors are exposure to carcinogens in
the work environment, nutrition, viral infections with HPV
and EBYV, radiation, gastroesophageal reflux disease and
heredity. The progress of molecular biology in the field of
the analysis and decoding of DNA proved that a number of
genes, called oncogenes, are involved in the mechanism of
carcinogenesis in the larynx®’.

The purpose of this study is to present the epidemiolog-
ical data of patients diagnosed with cancer of the larynx in
our department during the last 19 years. At the same time,

we review the current international literature and compare
our results with those from similar series abroad.

Materials and methods

The data of this study originate from the oncology
records of the 1* University Otolaryngology Department
of Aristotle University of Thessaloniki, in the AHEPA
Teaching hospital and refer to the period 1992-2010.

During this period, 1,638 malignant head and neck
tumors were diagnosed and treated. Among these, 1,104
(67.4%) were situated in the larynx. In 98.5% of these cas-
es (1,088 patients) the histological type of the tumor was
squamous cell carcinoma of the larynx, whereas only 1.5%
(16 patients) were diagnosed with other rare tumors.

Parameters related to the epidemiology and the possi-
ble pathogenesis of laryngeal carcinoma were studied. In
particular, we analyzed patient data such as gender, age,
occupation, tobacco use, alcohol consumption and fam-
ily history. Furthermore, we studied the characteristics of
tumors, mainly in terms of location, staging, presence of
lymph node metastasis and the degree of differentiation.

For the transfer of data and statistical processing we
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used the program SPSS for Windows version 10.0 (SPSS
Inc., Chicago, IL, USA).

Results

Age of patients

The average age of our patients was 62.1 (£ 9.4)
years, with a range from 31 to 90 years. About 70% of
our patients were at the 6™ and 7" decade of life, whereas
only 12 patients (1.1%) were younger than 40 years of
age at the time of diagnosis.

Gender

From 1088 patients with carcinoma of the larynx 1,053
(96.8%) were male and 35 (3.2%) female with a men to
women ratio of 30:1. Further analysis of our data showed
an increasing trend in the proportion of female patients in
the recent years. During the period 1992 to 1994 no fe-
male was treated for cancer of the larynx. The first woman
suffering from laryngeal cancer presented in 1994. Hence
the percentage of female patients rose to 1% and gradually
increased to 7% in 2010 (male: female ratio 15:1).

Occupation

In terms of occupation, 356 of our patients (32.7%) were
farmers and 298 (27.4%) were workers. According to the
General Secretariat of the National Statistical Service of
Greece, in Macedonia and Thrace, where the majority of our
patients come from, the percentage of farmers in the total
population is 17.5% whereas that of workers is 12.3%.

Tobacco Use

In total, 945 patients (86.9%) were active smokers,
82 (7.6%) were ex-smokers and only 61 patients (5.6%)
were non smokers. More specifically, from the group of
smokers, 40 patients (3.7%) smoked 1 to 10 cigarettes
daily, 188 (17.3%) from 11 to 20 cigarettes, 137 (12.6%)
from 21 to 30 cigarettes and finally 580 patients (53.3%)
smoked more than 30 cigarettes per day (Figure 1). Ac-
cording to the WHO, 47% of adult men and 29% of adult
women in Greece are active smokers®.

Alcohol Consumption

Daily alcohol consumption was reported by 470 pa-
tients (43.2%), of which 167 (15.4%) were heavy users.
According to the US National Institute on Alcohol Abuse
and Alcoholism (NIAAA) the definition for “heavy” al-
cohol use is over 5-6 drinks (12 grams of alcohol) per day
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for men and over 3-4 drinks per day for women. Of the
remaining patients, 293 (27%) reported no consumption.

Family History

Positive oncological family history of at least one family
member was noted in 312 patients (28.7%). Among these, 80
patients (7.4% of total number of patients) reported positive
history in several family members. The recording of positive
family history of oncological diseases applied to blood rela-
tives up to 2™ degree (parents, children and siblings).

The lung was the most common location of malig-
nant tumor in the relatives of our patients and concerned
17.7% of the tumors recorded.

It appears that the percentage of positive family his-
tory is higher in patients who do not smoke. More specifi-
cally, positive oncological history of at least one family
member in non-smokers was documented in 45.8% of
patients, whereas in smokers the percentage was 27.8%
and in ex-smokers 25.8%.

Location

Regarding the location of the tumor, we recorded 633
(60.2%) cases of glottic neoplasms, 345 (32.8%) cases
of supraglottic neoplasms, 62 patients (5.9%) with trans-
glottic tumors and only 11 patients (1.1%) with purely
subglottic tumors. In addition, we studied the relation
between the location of the tumor and the consumption
of alcohol. The incidence of supraglottic tumors showed
a gradual increase in proportion to the amount of alcohol
consumed. Thus, in patients with laryngeal cancer who
did not consume any alcohol at all, the frequency of su-
praglottic tumors was 35%. The corresponding figure for
patients who were classified as heavy drinkers was 50%.

Staging

The staging of the tumor according to the TNM sys-
tem, regarding the local extension of the tumor at the time
of diagnosis were as follows: carcinoma in situ in 13 pa-
tients (1.2%), stage T1 in 300 patients (28%), stage T2 in
200 (19%), stage T3 in 341 (32%), and finally, stage T4 in
216 (20%). More specifically, in patients with carcinoma
of the glottis 18 (2.8%) were diagnosed at stage Tis (in
situ carcinoma), 291 (46%) at stage T1, 107 (16.9%) at
stage T2, 155 (24.5%) at stage T3 and 62 (9.8%) at stage
T4. From patients with supraglottic tumor, 8 (2.2%) were
diagnosed at stage T1, 90 (26.2%) at T2, 152 (44.2%) at
T3 and 95 (27.2%) at T4 (Figure 2).
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Figure 1: Use of tobacco in 1,088 laryngeal squamous cell
carcinoma patients.

Figure 2: Percentage of T stage of laryngeal squamous cell
carcinomas, according to the site of the tumor.



HIPPOKRATIA 2013, 17, 4 315

Lymph Node Metastasis

The presence of cervical lymph node metastasis was
recorded in 145 (13.3%) of 1088 patients. Sixty five in-
dividuals (45%) were staged N1, 65 (45%) N2 and 15
(10%) N3. Regarding N2 sub-staging, 38 patients were
characterised as N2a, 15 as N2b and 12 as N2c.

The location of the tumor proved to influence decisive-
ly the rates of lymph node metastasis. Among the patients
with glottic neoplasms, 24 (3.8%) showed the presence
of metastatic lymphadenopathy at the time of diagnosis.
The corresponding rates for patients with supraglottic and
transglottic tumors were 28.8% and 27.9% respectively.

The probability of lymph node metastasis was sig-
nificantly higher in tumors of advanced local stage (T3
and T4) compared to early-stage tumors (T1 and T2).
This difference was more significant in supraglottic neo-
plasms. The presence of lymph node metastasis in glottic
carcinomas was 0% for stage T1 tumors, 1.9% for T2 tu-
mors, 8.4% for tumors T3 and 12.9% for stage T4 tumors.
The corresponding rate for supraglottic carcinomas was
12.5% for T1, 12.2% for T2, 31.6% for T3 and 41.5% for
stage T4 tumors (Figure 3).

Differentiation

Study results concerning tumor differentiation were
as follows: 468 tumors (43%) with good differentiation
(stage G1), 458 tumors (42.1%) with moderate differen-
tiation (stage G2) and 128 tumors (11.8%) with poor dif-
ferentiation (stage G3). The remaining 34 patients (3.1%)
had tumors that were carcinomas in situ, microinvasive
and verrucous.

Analysis of the data showed that the location of the
tumor showed a significant correlation with the degree
of histological differentiation. Thus, the majority (52.5%)
of glottic tumors were well differentiated (G1) while the
majority of supraglottic tumors showed moderate (54.2%)
and poor (16.7%) differentiation (Figure 4).

We also studied the degree of tumor differentiation in
relation to the local extension of the tumor (T stage) and
the presence of cervical lymph node metastasis (N stage).
Among the well-differentiated tumors (G1) 39.2% were
in stage T1, 16.2% in T2, 27.2% in T3 and finally, 16.4%
in stage T4. On the contrary, poorly differentiated (G3)

tumors were diagnosed at a more advanced stage, since
9.5% of those were diagnosed at stage T1, 24.8% at stage
T2, 35.2% at T3 and 30.5% at T4.

Finally, as regards the existence of lymph node me-
tastasis the percentage was 4.9% for neoplasms of good
differentiation, 18.3% for tumors of moderate and 31.4%
for tumors of poor differentiation.

Distant metastasis and Second Primary Neoplasms

Only 11 patients (1%) were diagnosed with distant
metastasis, (M1). The presence of second primary neo-
plasms was established in 89 patients (8.18%), 17 (1.56%)
having synchronous and 72 (6.62%) metachronous le-
sions. Respiratory and upper gastrointestinal sites were
primarily affected and staging of the primary was found
to be irrelevant to the incidence of second primaries.

Discussion

The last fifty years we have witnessed a significant
increase in the incidence of laryngeal cancer, especially
in certain countries, as well as a decrease in the rate dif-
ference between men and women. For example, studies
of the past decade indicate that, in Texas the frequency in
men increased from 5.6 to 9.0 per 100,000 inhabitants per
year and in women from 0.5 to 1.5 per 100,000 inhabit-
ants per year’. In Italy cancer rates were doubled in both
genders'’. In Poland the frequency was increased from
7.4 to 11.4 per 100,000 inhabitants per year, while in
Australia no increase was observed®. In the Greek popu-
lation and according to the results of this study, cancer
of the larynx is the most common head and neck tumor,
accounting for 67.4% of all malignant neoplasms in the
anatomic region.

Cancer of the larynx is a predominantly male dis-
ease. The male to female ratio varies internationally from
30:1 to 5:1. In Europe, the ratio is 7:1'7. In recent years
however, we have noted a significant increase in the per-
centage of women with laryngeal cancer. In the U.S. the
ratio of men to women was 15:1 in 1950 and it was re-
duced to 4:1 in the late nineties. Wynder et al observed
a reduction in the ratio of men to women between the
60s and 80s from 14.9:1 to 4.6:1 as well as an increasing
frequency of supraglottic carcinomas in women®. The in-
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Figure 3: Percentage of lymph node metastasis according to
T stage and site of the tumor.
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Figure 4: Degree of differentiation of carcinomas of the lar-
ynx in relation to the site of the tumor.

SCC: squamous cell carcinoma, Gl: well differentiated, G2:
moderately differentiated, G3: poorly differentiated.
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creasing proportion of women is mainly attributed to the
increased tobacco and alcohol consumption. In our study
the male to female ratio is significantly higher (30:1).
Further analysis of the epidemiological data of our study,
per year, shows a clear upward trend in the proportion of
women with the disease. Thus, in 1994, the percentage
of women in our series was only 1% to increase to 7% in
2005. This difference may be explained by the fact that in
previous decades, pathogenetic factors of laryngeal carci-
noma, such as tobacco and alcohol consumption were not
as widespread in the Greek female population compared
to the rest of Europe. It is also possible that gender hor-
mones may play a significant role in the male predomi-
nance of cancer of the larynx'!.

Tobacco is evidently the most important risk factor for
the development of laryngeal carcinoma. It is commonly
accepted that the risk is associated with the duration of
exposure to this habit, but also the total intake dose of
tobacco'?. According to data from the international litera-
ture, smoking is associated with 95% of carcinomas of the
larynx and is especially related to glottic cancer®. In our
study, from a total of 1,088 patients with laryngeal cancer,
86.8% were smokers, 5.6% non-smokers and 7.6% ex-
smokers. From the histopathological point of view, it has
been proved that derivatives of the burning cigarette, and
particularly nitrosamines and polycyclic aromatic hydro-
carbons act as carcinogens in the laryngeal epithelium. In
particular, they cause mutations in the DNA and disrupt
the normal division and proliferation of cells, triggering
the mechanism of carcinogenesis®. A study by Tuyns et
al concerning central Europe showed that the risk for de-
veloping cancer of the larynx is 16 times greater in heavy
smokers than in non-smokers'®. Smoking of black (air-
cured) tobacco has been associated with greater risk due
to the higher exposure to carcinogens'.

Alcohol has been implicated as well, as an important
risk factor in the pathogenesis of laryngeal cancer. In-
deed, the relation between alcohol consumption and the
development of laryngeal carcinoma is proportional to the
dose and duration of exposure's. Chronic inflammation of
the lining of the larynx from ethanol causes a series of
mutations at gene level that disturb cell proliferation and
promote carcinogenesis. The precise mechanism of can-
cer development is not fully defined. Ethyl alcohol is not
considered a carcinogen, but acts as a co-factor which af-
fects the local or systemic carcinogenesis through differ-
ent mechanisms and at different stages, especially during
initiation or promotion of carcinogenesis'®. Furthermore,
chronic alcoholism is associated with poor diet, changes
in the immunoglobulins levels and vitamin deficiencies,
particularly vitamin A and E, which are known to be
important antioxidant anticancer agents*''8. A german
study reports that from all patients with cancer of the
larynx, daily alcohol consumption was noted in 85.1%,
while another study shows that 76.3% of the patients con-
sumed more than 25 gr of ethanol daily®. In our study, in a
total of 1088 patients with laryngeal cancer, daily alcohol
consumption was observed in 43.2% of the patients. Al-

cohol consumption is mainly related to the development
of cancer in the supraglottic part of the larynx and the
hypopharynx. A study on the population of New York for
the period 1985 -1990 indicates that the risk for devel-
oping supraglottic cancer in heavy drinkers (more than
207 ml of ethanol a day) is 10 times greater than that of
developing a glottic cancer'. In our series the frequency
of supraglottic tumors was 35% in patients who did not
consume alcohol, whereas this percentage was 50% in
heavy drinkers

Smoking and alcohol consumption are considered to
act synergistically. The exact mechanism of this action
has yet to be clarified®. According to data from published
studies, the reduction of tobacco and alcohol use will
contribute to the prevention of cancer of the larynx and
their cessation will reduce the disease by 90%".

Several epidemiological studies indicate a correlation
between malignancy in the larynx and the socioconomic
profile of patients. It is considered that the incidence of
the disease is higher in lower-income and low education-
al level population. The majority of patients with cancer
of the larynx are unemployed or unskilled workers and
farmers without basic education®*??. A study from Ger-
many, stated that from a total of 162 patients with cancer
of the larynx 10.1% had basic education, 8.2% had higher
and university education, while the remaining 81.7 were
illiterate or had elementary skills training. Furthermore,
among these, 20.3% lived below the poverty line®. The
increased incidence of tobacco use and alcohol consump-
tion, poor nutritional diet, lack of preventive strategies
and poor sanitation are among the factors that character-
ize the low social level population and justify the high
rates of laryngeal cancer®???*, In accordance with the
above the majority of our patients were farmers and un-
skilled workers, of low educational and socioeconomic
level.

Cancer of the larynx has been associated with inhaled
carcinogens in the workplace, but this is not completely
documented as with other cancer locations in the head
and neck area. The majority of patients with cancer of
the larynx are workers in chemical industries and farm-
ers. Cement dust, fertilizers, petroleum derivatives and
polycyclic aromatic hydrocarbons, wood and metal dust,
varnish etc have been implicated as risk factors at work
environment>'*?. A german study indicated that 23.2%
of patients with this disease have worked in manufactur-
ing industries with the above materials for a period of
more than 10 years®. The results from a recent large mul-
ticenter study for southern Europe show that exposure to
formaldehyde, asbestos dust and chemical solvents in the
workplace is associated with increased risk for develop-
ing laryngeal carcinoma. More specifically, exposure to
chemical solvents doubles the risk for laryngeal tumor
and even acts synergistically with other pathogenic fac-
tors such as smoking and alcohol?.

According to the epidemiology of cancer of the lar-
ynx, a small number of patients (5%), develop the tumor
with no history of exposure to any of the known exog-
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enous pathogenetic factors, thereby, other endogenous
mechanisms such as inheritance are incriminated. Stud-
ies show that there is an inherited predisposition to laryn-
geal cancer’?”. The risk for this neoplasm is higher when
there is a family history of cancer in a first-degree relative
and is increased when the tumor is located in the head
and neck region?’. These patients were found to have
specific histocompatibility antigens, metabolic changes
and chromosomal abnormalities such as duplications or
extinctions of parts of chromosomes, thus reinforcing the
hypothesis of the influence of heredity?®. Our study shows
that from the total of 1088 patients with laryngeal carci-
noma, 312 patients had positive oncology inheritance his-
tory in at least one family member (28.7%). Furthermore,
a result of this study that is worthy of remark, is the high
proportion of non-smoking patients with positive history
of malignancy. It seems, therefore, that about half of our
non-smoking patients, who lacked a significant risk fac-
tor such as smoking, had another one: heredity.

Significant differences are observed in the percent-
age of the anatomical position of the site of cancer in the
larynx. The data of the international literature indicate
the glottis as the most frequent location, while tumors
found in the subglottis are considered extremely rare'-’.
The frequency of the location however, varies consider-
ably among countries. In a study in Uruguay, one of the
countries with the highest rates in tumors of the larynx,
the percentage of the supraglottic carcinomas was 60%
versus 30% of the glottic ones®. In Italy the percentage
is 50% for the glottis and 50% for the supraglottis. On
the contrary, in Scandinavian countries and France there
is a clear preponderance of glottic carcinomas at rates
85% and 65% respectively. Finally, in U.S.A., the rate
of glottic tumors is 30-40%?>". According to our data, the
percentage of glottic carcinomas is significantly higher
in Greece, almost double from that of supraglottic ones
(60.2 to 32.8). Linking glottic carcinomas with smoking
and supraglottic ones with the combination of alcohol and
smoking may partly justify these differences, depending
on the habits in each region.

It is also known that, depending on the degree of dif-
ferentiation of cancer cells, carcinoma of the larynx is
classified as highly, moderately and poorly differentiated.
Tumors with lower differentiation have poorer prognosis,
because of the greater risk of recurrence or metastasis?%.
This is demonstrated in our study, by the fact that the neo-
plasms with good differentiation had a lower percentage
of cervical metastasis (4.9%) compared with the tumors
with low degree of differentiation, where the percentage
was 31.4%.

The mortality from laryngeal cancer also varies de-
pending on the region, with an increasing trend world-
wide. For the year 2004, 89,000 deaths from cancer of
the larynx in men and 12,000 in women are reported
worldwide. In southern Europe the incidence is 6.5 to 7.5
deaths per 100,000 persons per year. High mortality rates
also occur in South America and particularly in Uruguay
and southern Brazil'*’. However, in Italy, while an in-

crease of 22% in cancer of the larynx has been observed
in the last 30 years, mortality rates from the disease have
been reduced by 13% for the same period. This was at-
tributed mainly to the increased awareness and preven-
tion measures, thus diagnosing the disease at an earlier
stage'’.

Although the incidence of cancer of the larynx and
mortality rates are increasing, the percentage of healing
is still one of the highest. Regardless of the stage, the
type of treatment and the location, five-year survival is
around 60%. In particular, in Europe the past 20 years
the five-year survival was increased from 58% to 63%**
30 Conditions associated with decreased survival are re-
gional or distant metastasis, advanced local disease, old
age of the patient and supraglottic or subglottic location
of the tumor. Depending on the stage of the disease it
seems that five-year survival rates for T1 and T2 tumors
are approaching 90%, while in advanced stages, they are
decreasing to 30% to 50%%-°. It is proven by numerous
studies that prognosis of supraglottic and subglottic car-
cinomas are clearly worse than the glottic ones. This is
mainly due to late diagnosis and the early metastatic po-
tential, especially in the neck?-!. More specifically, with
regard to the glottic carcinomas five-year survival rates
for T1 and T2 tumors is 85% to 95%, while the presence
of lymph node metastasis is associated with reduction of
this percentage to 60%. For T3 tumors the five-year sur-
vival rate is 65% and is reduced to 50% with the presence
of lymph node metastasis. Finally, for the glottic T4 tu-
mors that percentage is 40% and decreases to 10-30% in
the presence of metastatic lymph nodes**32. In supraglot-
tic carcinomas five-year survival rates are substantially
lower. In T1 and T2 tumors, the rate is 75%, in T3 50%
and in T4 less than 30%. It is also characteristic that at
the time of diagnosis 40% of patients have already me-
tastases in the neck®®?!. Jakobsen et al reported in their
study that the rate of lymph node metastasis at the time
of diagnosis for the glottic and supraglottic carcinomas
were 1% and 29% respectively®. In accordance with
that, the results of our study show that the majority of pa-
tients with glottic tumors were diagnosed at early stages:
65.7% of these patients were in stage Tis, T1 and T2, in
contrast with the patients who had supraglottic tumors of
whom 71.4% belonged to stages T3 and T4. Moreover,
the percentage of lymph node metastasis in the neck was
3.8% for the glottic tumors while it was 28.8% for the
supraglottic ones. Finally, in relation to the biological
behavior of tumor, most of the glottic carcinomas were
well differentiated, while the majority of the supraglot-
tic tumors showed moderate or poor differentiation.

Conclusions

The pathogenesis of laryngeal carcinoma is multifac-
torial. More specifically, it is the result of the combined
action of endogenous and environmental factors. The re-
cording and analysis of the epidemiology of a disease is
important for its better study and understanding, particu-
larly for laryngeal cancer.
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