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Abstract. Invasive head and neck squamous carcinomas are among the cytogenetically most complex tumors. Perhaps for this
reason, there is little consensus on the prognostic value of specific chromosomal aberrations. Here we present results of CGH
analysis of 56 clinically well-characterized set of head and neck cancers, consisting of larynx and pharynx only. The aim was to
find possible associations with clinical outcome. The major chromosome arms showing gains were (in decreasing order): 3q, 7q,
8q, 5p, 11q13, 17q and 18p, and losses occurred at 3p, 11qter, 4p, 18q, and 5q. The segments most frequently amplified were
3q26-qter, 11q13, 11q22, 3q12–13, 18p11.3, 18q11.2 and 8q24.3. Tumors with stages III and IV, and lymph node positive tumors
had a worse clinical outcome. Surprisingly, no specific chromosomal abnormality correlated with disease-free survival. The only
aberration that correlated to one of the clinico-pathological parameters was amplification 11q13, that occurred solely in lymph
node positive, stage IV tumors. However 11q13 amplification did not correlate with disease-free survival. These results seem to
indicate that genetic alterations at the level of chromosomes have limited prognostic value in patients with invasive larynx and
pharynx squamous cell carcinomas.

1. Introduction

Squamous cell carcinoma (SCC) of the head and
neck is the sixth most common cancer in the Western
world. In Spain the incidence is 10–18 and in the re-
gion of Asturias 24 per 100,000 inhabitants [7,22]. In
the last decades, this incidence has increased due to a
high exposition to risk factors, such as tobacco and al-
cohol, and to increased life expectancy [4,29]. Long-
term exhibition of the epithelium to factors such as to-
bacco and alcohol induces biologic and morphologic
changes, ranging from pre-neoplastic hyperplasia and
dysplasia to carcinoma in situ and invasive carcinoma.

*Corresponding author: Mario A.J.A. Hermsen, Dept. Otolaryn-
gology, Instituto Universitario de Oncología del Principado de As-
turias (IUOPA), Unidad Administrativa del IUOPA, Edificio San-
tiago Gascón, Despacho 2.3, Campus El Cristo B, 33006 Oviedo,
Spain. Tel.: 985 108000, ext. 36549; Fax: 985 10 62 76; E-mail:
mhermsen@hca.es.

This spectrum of changes is accompanied by accumu-
lating chromosomal aberrations.

Several genetic studies on head and neck SCC using
cytogenetic analysis, FISH and comparative genomic
hybridization (CGH), have shown a consistent set of
chromosome regions to be frequently altered: gains on
3q, 5p, 8q and 11q13 and losses on 3p and 9p [3,5,9–
13,27,28,33]. A model of tumorigenesis has been pro-
posed in which deletion of 9p21, the locus of the cell
cycle inhibitor p16, would be the primary event, fol-
lowed by deletion of 17p13 (the p53 locus) and 3p21,
and subsequent deletion of 11q13, 13q21, and 14q32
in an undetermined order [6,8].

Despite this knowledge, there is little consensus on
the prognostic value of specific chromosomal aberra-
tions. Here we present a study on chromosomal aber-
rations in a clinically well-characterized set of head
and neck cancers, consisting of larynx and pharynx
only. The aim was to find possible associations be-
tween recurrent chromosomal changes and clinical
outcome.
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2. Materials and methods

All samples analyzed in the present study were pri-
mary tumors (34 larynx and 22 pharynx squamous
cell carcinomas) from male patients, that were seen in
the Otolaringology Department of the Valle del Nalón
Hospital in Asturias, a coal mining region in Asturias,
Spain. Twenty-nine of the 56 patients were or had been
coal miners or metal and chemistry industry workers.
All patients regularly used tobacco and alcohol. The
mean age was 62 years (range 44–81). All patients
underwent radical surgery (i.e. laryngectomy or pha-
ryngectomy) and in all cases, resection margins were
free of tumor. Snap frozen samples of the primary tu-
mor were obtained from surgical resection specimens
of non-necrotic tumor areas and stored in liquid nitro-
gen. The median disease-free survival was 49 months
(range 0–78). Twenty-two patients received radiother-
apy after surgery. Clinical characteristics are listed in
Table 1. Forty-two tumors of this series have been stud-
ied previously, aiming to find new chromosomal re-
gions with amplification and this work has been pub-
lished [10].

DNA ploidy was measured by flow cytometry as de-
scribed before in detail [24]. In short, fresh/paraffin
embedded tissue was disaggregated mechanically, sus-
pended in citrate-phosphate-buffered solution, and
stained with propidium iodide [30]. Specimens were
measured with the Cytoron flow cytometer (Ortho Di-
agnostic Systems), and results analysed according to
the guidelines for implementation of clinical DNA cy-
tometry [25].

For CGH, tumor DNA was extracted using phe-
nol/chloroform extraction following standard DNA
isolation protocols, and labeled by standard nick trans-
lation reaction with biotin-16-dUTP (Roche Diagnos-
tics, Almere, The Netherlands). Normal DNA was
extracted from normal tissue of a healthy female
donor using the QiAmp Tissue Kit (Qiagen GmbH,
Hilden, Germany) and labeled with digoxigenin-11-
dUTP (Roche Diagnostics, Almere, The Netherlands).
CGH was performed as described by Weiss et al. [32].
The green to red fluorescence ratio along the chromo-
somal axes was calculated by dedicated image analy-
sis software (Cytovision 3.5, Applied Imaging, New-
castle Upon Tyne, United Kingdom). Chromosomal
gain or loss was interpreted when the average ratio
was significantly higher or lower than 1.0, as evalu-
ated by the 95% confidence interval. High level am-
plifications were interpreted as discrete chromosomal
segments showing a ratio significantly higher than 1.5.

Chromosome regions 1pter, 16p and 19 were excluded
from interpretation for reasons of unreliability due to a
high proportion of repetitive sequences.

The statistical analyses was carried out using
Kaplan–Meier statistics, Student’s t-test and the Chi-
square test. P -values < 0.05 were considered signif-
icant. Both the DNA ploidy and CGH results, i.e. to-
tal number of chromosomal aberrations and individ-
ual chromosomal changes, were tested for correlations
with the following histopathological and clinical char-
acteristics: tumor location, patient age, clinical stage
and histological differentiation, lymph node status and
disease-free survival.

3. Results

Eighteen tumors were DNA diploid, 30 were DNA
aneuploid and 8 cases could not be analysed. The mean
DNA index of the 30 aneuploid cases was 1.7, ranging
from 1.4 to 3.0. CGH revealed chromosomal changes
in all cases. DNA diploid and DNA aneuploid cases
showed a comparable high number of chromosomal al-
terations: 19.5 on average, ranging from 1 to 34 alter-
ations. Figures 1a and 1b show representative CGH re-
sults of a diploid and an aneuploid tumor. Gains oc-
curred more frequently than losses, with an average of
11.1 and 8.4, respectively. The most recurrent gains
and losses are presented in Table 2. Thirty-five tumors
(DNA diploid as well as aneuploid) contained high
level amplifications, those occurring in two or more
cases are given in Table 2. An overview of all CGH re-
sults is presented in Fig. 2. Table 1 lists the results of all
cases, together with their clinico-pathological and fol-
low up data. Gains and losses rarely concerned whole
chromosomes, but whole chromosome arm imbalances
were frequently found, up to 36% of all events (Fig. 2).
Moreover, in a substantial number of cases simultane-
ous gain of the one and loss of the other chromosome
arm, indicative of isochromosome formation, was ob-
served: 3p loss/3q gain (24 cases), 5p gain/5q loss
(10 cases), 8p loss/8q gain (13 cases), 9p loss/9q gain
(4 cases), 17p loss/17q gain (6 cases), 18p gain/18q
loss (7 cases).

Larynx and pharynx tumors of comparable clini-
cal stage were found to have similar characteristics
with regard to lymph node status, DNA ploidy and
pattern of chromosomal abnormalities. Therefore, all
cases were grouped together in the statistical analyses.
As expected, tumor stage and lymph node status corre-
lated with disease-free survival (Table 3). No correla-
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(a)

(b)

Fig. 1. (a) Example of a CGH result of a laryngeal squamous cell carcinoma with a diploid DNA histogram. Gains were found at 1q, 2p, 2q, 3q,
4q, 5p, 6p&q, 7p&q, 8q, 10p&q, 11q, 12p, 14q and 20p, and losses at 1p, 2q, 3p, 4p, 5q, 7q, 8p, 11p, 11q, 12q, 15q, 16p, 17p, 17q, 18q, 19p&q,
20q, 21q, 22q and Xp. (b) Example of a CGH result of a laryngeal squamous cell carcinoma with an aneuploid DNA histogram (DI = 1.55).
Gains were found at 1q, 2p, 3q, 5p, 5q, 6p, 7p&q, 8q, 11q, 13q, 14q, 16p&q, 16q, 18q, 19q, 20p&q, and 22q, and losses at 3p, 4p, 4q, 5q, 6q, 8p,
9p, 10p, 11p, 11q, 18q, 21q and X.
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Table 1

Clinicopathological features, clinical outcome and CGH results of all 56 patients

Patient data Tumor data Clinical data Genetic data

Case Site Age Stage TNM Histopat. Lymph
nodes

Radio-
therapy

Follow up
(months)

Recurrence/
metastasis

Status
patient

DNA
index

Gains Losses Amplifi-
cations

1 L 67 I T1bN0 w − − 45 − a nd 16 10 1

2 L 54 I T1bN0 m − + 67 − a 1 5 6 0

3 L 70 I T1N0 m − − 24 − a nd 16 11 5

4 L 63 I T1N0 w − − 78 + dd 1.8 10 8 3

5 L 72 I T1N0 m − − 48 − a 1.9 14 17 3

6 P 65 I T1N0 m − − 51 − a nd 15 18 2

7 L 71 I T1N0 p − − 72 − a 1.8 17 11 2

8 L 67 I T1N0 w − − 41 − a 1 13 16 2

9 L 65 I T1N0 w − − 55 − a nd 6 16 0

10 L 80 II T2N0 w − − 39 − doc 1 6 5 0

11 L 61 II T2N0 p − − 77 − a 1.5 8 4 0

12 L 55 II T2N0 m − − 74 − a 1 15 6 1

13 L 58 II T2N0 m − − 69 − doc 1.5 9 8 0

14 L 70 II T2N0 w − − 72 − a 1.6 14 7 0

15 P 60 II T2N0 w − − 49 − a 1.4 23 7 3

16 L 72 II T2N0 p − − 1 − doc nd 10 12 1

17 L 79 II T2N0 m − − 9 + dd nd 9 17 2

18 L 56 II T2N0 w − − 65 − a 1 9 8 0

19 L 74 II T2N0 w − − 72 − a 1 14 20 6

20 P 54 II T2N0 w − + 28 − doc 1 5 12 0

21 L 44 II T2N0 p − − 20 + dd 1 4 12 0

22 L 46 II T2N0 w − − 37 − a nd 14 11 1

23 L 60 III T2N1 m + − 19 + dd 1.4 11 0 1

24 P 74 III T2N1 m + − 16 + doc 1.5 6 0 1

25 L 74 III T3N0 m − − 7 + dd 1.8 13 10 1

26 P 44 III T3N0 w − − 43 + dd 1.7 11 6 1

27 P 62 III T3N0 m − − 49 − a 1.7 15 11 1

28 L 70 III T3N0 m − + 14 + dd 1.7 14 8 0

29 P 68 III T3N0 m − − 25 − doc 1.6 9 3 1

30 L 52 III T3N1 m + + 13 − doc 1.8 6 2 0

31 P 72 III T3N1 p + + 15 + dd 1 5 2 0

32 L 48 IV T1N2b m + + 67 − a 1 19 14 3

33 P 56 IV T1N2c p + + 14 + dd 1.9 14 10 1

34 P 58 IV T2N2 p + + 19 + dd 1.7 13 8 1

35 P 64 IV T2N2 m + − 0 − doc 1.8 10 1 0

36 P 63 IV T2N2 p + − 18 + dd nd 18 13 2

37 L 67 IV T2N2 m + + 8 + dd 1 14 9 0

38 L 64 IV T2N2a m + − 0 − doc 1.5 17 11 7

39 L 70 IV T2N2b p + + 22 − doc 1.5 6 5 2

40 L 73 IV T2N2b w + + 22 + dd 1 18 9 2

41 L 64 IV T2N2c m + + 33 − doc 1.6 1 10 0

42 L 76 IV T2N2c m + + 68 − a 1.8 15 12 5

43 P 50 IV T2N3 p + + 9 + dd 1 1 0 0

44 L 49 IV T3N2b m + + 13 + dd 1.5 11 10 2
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Table 1

(Continued)

Patient data Tumor data Clinical data Genetic data

Case Site Age Stage TNM Histopat. Lymph
nodes

Radio-
therapy

Follow up
(months)

Recurrence/
metastasis

Status
patient

DNA
index

Gains Losses Amplifi-
cations

45 P 71 IV T3N2b m + + 12 + dd 1.7 6 1 0

46 P 69 IV T3N2b m + − 35 + dd 1.7 11 4 0

47 P 66 IV T3N2c w + − 4 + dd 1 6 5 2

48 L 66 IV T3N3 w + + 6 + dd 1 5 6 0

49 P 64 IV T3N3 w + + 2 + dd 1.7 20 13 3

50 P 61 IV T4N0 w − − 10 + dd 1.7 6 5 0

51 L 48 IV T4N0 m − − 44 − a 1 10 0 0

52 P 57 IV T4N0 m − − 30 − a 1.5 12 6 4

53 L 66 IV T4N2b m + + 19 − doc 1 16 9 4

54 P 50 IV T4N2b m + + 11 + dd 1 8 7 1

55 P 48 IV T4N2b m + + 7 + dd 3.0 18 13 4

56 P 49 IV T4N2c p + − 0 − doc 1.6 6 8 1

L: larynx; P: pharynx; histopat: histopathological degree of differentiation; w: well-differentiated; m: moderately differentiated; p: poorly differ-
entiated; gains: total number of gains detected by CGH; losses: total number of losses detected by CGH; a: alive; dd: died of disease; doc: died
of other causes; nd: not done.

Table 2

Listing of the chromosomal regions most frequently involved in copy number changes

Loss Gain Amplification

3p13–24 44 cases, 79% 3q25–27 48 cases, 86% 3q26-qter 20 cases, 35%

11q23–25 25 cases, 45% 7q21–31 38 cases, 68% 11q13 7 cases, 13%

4p15–16 16 cases, 38% 8q11-qter 34 cases, 61% 11q22 5 cases, 9%

18q21–23 16 cases, 38% 5p12–14 30 cases, 54% 3q12–13 5 cases, 9%

5q31–35 21 cases, 36% 11q11–13 28 cases, 50% 18p11.3 5 cases, 9%

8p21–22 19 cases, 34% 2q24–32 24 cases, 43% 18q11.2 5 cases, 9%

21q22 19 cases, 34% 12p11–12 24 cases, 43% 8q24.3 3 cases, 5%

17p12–13 18 cases, 32% 17q11–23 23 cases, 41% 1p31 2 cases, 4%

4q31–34 17 cases, 30% 6q12–15 21 cases, 38% 2q32–33 2 cases, 4%

9p21–23 17 cases, 30% 4q12–13 20 cases, 36% 4q11–13 2 cases, 4%

18p11-pter 20 cases, 36% 5p11–14 2 cases, 4%

8p11 2 cases, 4%

13q33–34 2 cases, 4%

22q13 2 cases, 4%

tion was found between DNA ploidy and disease-free
survival, clinical stage or lymph node status. More sur-
prisingly, neither of the chromosomal regions recur-
rently involved in loss, gain or a high level amplifica-
tion were related to disease-free survival. We looked
separately at 35 patients that had not received radio-
therapy and 21 patients that had, but again we could
not find correlations between disease-free survival and
DNA ploidy or specific chromosomal amplifications,
gains or losses.

Amplification 11q13 was related to clinical stage; all
six amplifications 11q13 occurred in stage IV tumors

(Pearson Chi2, p = 0.04), and all six cases were lymph
node positive (Fisher exact, p = 0.007). Amplification
of 18p11.3 occurred in four of five cases in stage IV
tumors and in lymph node positive cases, but this did
not reach significance.

4. Discussion

In this paper we investigated the prognostic value
of genetic aberrations in larynx and pharynx squamous
cell carcinomas detected by CGH. First we confirmed
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Fig. 2. Overview of CGH results of all 56 larynx and pharynx squamous cell carcinomas. Bars to the right of the ideograms represent gains and
bars to the left represent losses. Amplifications are shown by bold bars.

Table 3

Clinical and genetic characteristics in relation to disease-free survival

Disease-free Reccurrence/metastasis p-value

Stage I 8 1 Stage 1,2 vs 3,4:

Stage II 11 2 0.0001

Stage III 4 5 (log rank 20.9)

Stage IV 10 15

Lymph node negative neanenegative 23 7 0.0001

Lymph node positive 9 17 (log rank 24.9)

DNA diploid 10 8 0.8891

DNA aneuploid 16 14 (log rank 0.02)

Amp 11q13: no 23 21 0.7068

Amp 11q13: yes 4 3 (log rank 0.14)

Amp 18p11.3 : no 28 23 0.5754

Amp 18p11.3: yes 4 1 (log rank 0.31)

Statistical evaluation was done by Kaplan–Meier analysis. This table shows that only the tumor stage (when
comparing stages 1 and 2 versus 3 and 4), and the lymph node status were significantly correlated to disease-free
survival, and none of the genetical characteristics of the tumor.
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that our series of cases showed the general pattern of
chromosomal abnormalities, as described in literature,
i.e. losses at 3p, 8p, 11qter, 17p, 18q, and gains at 3q,
5p, 7q, 8q, 11q13, 18p (Fig. 1). Next we checked if our
cases were representative of larynx/pharynx cancers
as a whole in terms of established prognostic factors
like lymph nodes status and clinical stage. We found
that these two clinical features correlated strongly with
disease-free survival (Table 3), as was expected from
literature data.

However, when evaluating the recurrent chromoso-
mal abnormalities as detected by CGH, no statisti-
cal correlation to disease-free survival could be found.
Moreover, neither of the gains and losses correlated to
clinical stage or lymph node status. Only 11q13 am-
plification correlated to a high clinical stage and posi-
tive lymph node status (all six amplifications 11q13 oc-
curred in stage IV tumors, and all six cases were lymph
node positive).

This was a surprising result. In the literature, a num-
ber of chromosomal loci involved in losses have been
proposed to have prognostic value for head and neck
cancers. Partridge et al. [19] studying mainly stage
I and II tumors, found prognostic value for LOH on
3p24–26, 3p13 and 9p21, i.e. the same regions found
to be of importance for progression from premalignant
tumor to invasive carcinoma [16,31]. Other investiga-
tors proposed LOH on 8p23 and 18q21 [21,26], and
CGH losses on 3p, 4q, and gains on 9q [15] to be
related to clinical outcome. In addition, CGH losses
on 3p, 5q, and 18q [14] and CGH losses on 10q and
11p [2] have been reported to occur more frequently
in lymph node metastasizing tumors compared to non-
metastasizing tumors.

Amplification of 11q13 has been associated with
poor survival in several studies [1,17,20,23]. How-
ever, in other studies this association could not be con-
firmed [13,18]. Our data on 11q13 amplification seem
to be intermediate: there was a correlation with prog-
nosticators as lymph node status and clinical stage, but
there was no direct correlation with disease-free sur-
vival (Table 2). In a recent study using conventional
cytogenetic analysis, Jin et al. [13] did not find any re-
lation between overall karyotypic complexity or spe-
cific recurrent changes and tumor stage or differentia-
tion (data on clinical outcome were not given). This is
in agreement with our findings.

An explanation for this lack of prognostic value is
difficult to find. One possibility is that the progression
step from premalignant tumor to invasive cancer is ac-
companied by the immediate acquisition of a multi-

tude of at random chromosomal abnormalities. Sup-
port for this idea may come from the observation in
this study that stage I tumors harbour as many chro-
mosomal abnormalities, including high level amplifi-
cations, as stage IV tumors. Preliminary data of one
case of carcinoma in situ and one case with severe dys-
plasia (unpublished results) also revealed a large num-
ber of chromosomal abnormalities. We intend to con-
tinue these studies on premalignant tumors in order to
increase our knowledge on the process of chromoso-
mal instability in the progression of larynx and phar-
ynx squamous cell carcinoma, and the possible impli-
cations for clinical decision-making.

Acknowledgement

This work was supported by grant PI020831 from
the Fondo de Investigaciones Sanitarias, Madrid, Spain.

References

[1] J.A. Akervall, Y. Jin, J.P. Wennerberg, U.K. Zatterstrom, E.
Kjellen, F. Mertens, R. Willen, N. Mandahl, S. Heim and F.
Mitelman, Chromosomal abnormalities involving 11q13 are
associated with poor prognosis in patients with squamous cell
carcinoma of the head and neck, Cancer 76 (1995), 853–859.

[2] U. Bockmuhl, S. Petersen, S. Schmidt, G. Wolf, V. Jahnke,
M. Dietel and I. Petersen, Patterns of chromosomal alterations
in metastasizing and nonmetastasizing primary head and neck
carcinomas, Cancer Res. 57 (1997), 5213–5216.

[3] U. Bockmuhl, A. Schwendel, M. Dietel and I. Petersen, Dis-
tinct patterns of chromosomal alterations in high- and low-
grade head and neck squamous cell carcinomas, Cancer Res.
56 (1996), 5325–5329.

[4] C.C. Boring, T.S. Squires and C.W. Health, Jr., Cancer statistics
for African Americans, CA Cancer J. Clin. 42 (1992), 7–17.

[5] P.M. Brzoska, N.A. Levin, K.K. Fu, M.J. Kaplan, M.I. Singer,
J.W. Gray and M.F. Christman, Frequent novel DNA copy
number increase in squamous cell head and neck tumors, Can-
cer Res. 55 (1995), 3055–3059.

[6] J. Califano, P. Van der Riet, W. Westra, H. Nawroz, G. Clay-
man, S. Piantadosi, R. Corio, D. Lee, B. Greenberg, W. Koch
and D. Sidransky, Genetic progression model for head and neck
cancer: Implications for field cancerization, Cancer Res. 56
(1996), 2488–2492.

[7] A. Cañada Martínez and V. Rodríguez Suárez, Atlas de Inci-
dencia por cáncer en Asturias 1982–1993: Mapas municipales
y evolución temporal, Consejería de Salud y Servicios Sani-
tarios y Servicio de Publicaciones del Principado de Asturias,
2000, pp. 54–57.

[8] A. Forastiere, W. Koch, A. Trotti and D. Sidransky, Head and
neck cancer, N. Engl. J. Med. 345 (2001), 1890–1900.



198 M. Hermsen et al. / Chromosomal changes in larynx/pharynx carcinomas

[9] M.A.J.A. Hermsen, H. Joenje, F. Arwert, B.J.M. Braakhuis,
J.P.A. Baak, A. Westerveld and R. Slater, Assessment of chro-
mosomal gains and losses in oral squamous cell carcinoma by
comparative genomic hybridization, Oral Oncol. Eur. J. Can-
cer 33 (1997), 414–418.

[10] M.A.J.A. Hermsen, M. Alonso Guervos, G.A. Meijer, J.P.A.
Baak, P.J. van Diest, C.A. Marcos and A. Sampedro, New chro-
mosomal regions with high-level amplifications in squamous
cell carcinomas of the larynx and pharynx, identified by com-
parative genomic hybridization, J. Pathol. 194 (2001), 177–
182.

[11] Y.S. Jin and F. Mertens, Chromosome abnormalities in oral
squamous cell carcinomas, Eur. J. Cancer Oral Oncol. 29B
(1993), 257–263.

[12] Y.S. Jin, F. Mertens, N. Mandahl, S. Heim, C. Olegard, J. Wen-
nerberg, A. Biorklund and F. Mitelman, Chromosome abnor-
malities in 83 head and neck squamous cell carcinomas. Influ-
ence of culture conditions on karyotypic pattern, Cancer Res.
53 (1995), 2140–2146.

[13] C. Jin, Y. Jin, J. Wennerberg, M. Dictor and F. Mertens,
Nonrandom pattern of cytogenetic abnormalities in squamous
cell carcinoma of the larynx, Genes Chromosomes Cancer 28
(2000), 66–76.

[14] M. Kujawski, M. Sarlomo-Rikala, A. Gabriel, K. Szyfter and
S. Knuutila, Recurrent DNA copy number losses associated
with metastasis of larynx carcinoma, Genes Chromosomes
Cancer 26 (1999), 253–257.

[15] S.C. Lin, Y.J. Chen, S.Y. Kao, M.T. Hsu, C.H. Lin, S.C. Yang,
T.Y. Liu and K.W. Chang, Chromosomal changes in betel-
associated oral squamous cell carcinomas and their relationship
to clinical parameters, Oral Oncol. 38 (2002), 266–273.

[16] L. Mao, J.S. Lee, Y.H. Fan, J.Y. Ro, J.G. Batsakis and S. Lipp-
man, W. Hittelman and W.K. Hong, Frequent microsatellite al-
terations at chromosomes 9p21 and 3p14 in oral premalignant
lesions and their value in cancer risk assessment, Nat. Med. 2
(1996), 682–685.

[17] S.D. Meredith, P.A. Levine, J.A. Burns, M.J. Gaffey, J.C. Boyd,
L.M. Weiss, N.L. Erickson and M.E. Williams, Chromosome
11q13 amplification in head and neck squamous cell carci-
noma. Association with poor prognosis, Arch. Otolaryngol.
Head Neck Surg. 121 (1995), 790–794.

[18] D. Muller, R. Millon, M. Velten, G. Bronner, G. Jung, A. En-
gelmann, H. Flesch, M. Eber, G. Methlin and J. Abecassis, Am-
plification of 11q13 DNA markers in head and neck squamous
cell carcinomas: correlation with clinical outcome, Eur. J. Can-
cer 33 (1997), 2203–2210.

[19] M. Partridge, G. Emilion, S. Pateromichelakis, R. A’Hern,
G.Lee, E. Phillips and J. Langdon, The prognostic significance
of allelic imbalance at key chromosomal loci in oral cancer, Br.
J. Cancer 79 (1999), 1821–1827.

[20] A.M. Patel, L.S. Incognito, G.L. Schechter, W.J. Wasilenko and
K.D. Somers, Amplification and expression of EMS-1 (cor-
tactin) in head and neck squamous cell carcinoma cell lines,
Oncogene 12 (1996), 31–35.

[21] R.P. Pearlstein, M.S. Benninger, T.E. Carey, R.J. Zarbo, F.X.
Torres, B.A. Rybicki and D.L. Dyke, Loss of 18q predicts poor

survival of patients with squamous cell carcinoma of the head
and neck, Genes Chromosomes Cancer 21 (1998), 333–339.

[22] M. Quer Agustí and V. Burgués, Evaluación clínica y evolu-
ción de los tumores de la laringe, in: Tratado de Otorrino-
laringología y Cirugía de Cabeza y Cuello, C. Suárez, ed.,
Proyectos Médicos SL, Madrid, 1999, pp. 3010–30024.

[23] J.P. Rodrigo, L.A. Garcia, S. Ramos, P.S. Lazo and C. Suarez,
EMS1 gene amplification correlates with poor prognosis in
squamous cell carcinomas of the head and neck, Clin. Cancer
Res. 6 (2000), 3177–3182.

[24] A. Sampedro, C. Alvarez, J.A. Martinez, C. Suarez, M.A.
Guervos and J.R. Toyos, Cell proliferation activity and kinetic
profile in the prognosis and therapeutic management of carci-
noma of the pharynx and larynx, Otolaryngol. Head Neck Surg.
121 (1999), 476–481.

[25] T.V. Sankey, P.S. Rabinovitsch and B. Bagwell, Guidelines
for implementation of clinical DNA cytometry, Cytometry 14
(1993), 472–477.

[26] S.B. Scholnick, B.H. Haughey, J.B. Sunwoo, S.K. el Mofty,
J.D. Baty, J.F. Piccirillo and M.R. Zequeira, Chromosome 8 al-
lelic loss and the outcome of patients with squamous cell carci-
noma of the supraglottic larynx, J. Natl. Cancer Inst. 88 (1996),
1676–1682.

[27] A.I. Soder, A.H.N. Hopman, F.C.S. Ramaekers, C. Conradt and
F.X. Bosch, Distinct nonrandom patterns of chromosomal aber-
rations in the progression of squamous cell carcinoma of the
head and neck, Cancer Res. 55 (1995), 5030–5037.

[28] M.R. Speicher, C. Howe, P. Crotty, S. Du Manoir, J. Costa and
D.C. Ward, Comparative genomic hybridization detects novel
deletions and amplifications in head and neck squamous cell
carcinomas, Cancer Res. 55 (1995), 3055–3059.

[29] D.J. Trigg, M. Lait and B.L. Wenig, Influence of tobacco and
alcohol of the stage of laryngeal cancer al diagnosis, Laryngo-
scope 110 (2000), 408–411.

[30] L.L. Vindelöv and I.J. Christensen, Detergent and proteolytic
enzyme-based techniques for nuclear isolation and DNA con-
tent analysis, in: Flow Cytometry, 2nd edn, Z. Darzynkiewicz,
J.P. Robinson and H.A. Crissman, eds, Academic Press, San
Diego, 1994, pp. 219–229.

[31] R.G. Weber, M. Scheer, A. Born, S. Joon, L. Cobbers,
C. Hofele, G. Reifenberger, J.E. Zoller and P. Lichter, Recur-
rent chromosomal imbalances detected in biopsy material from
oral premalignant and malignant lesions by combined tissue
microdissection, universal DNA amplification, and compara-
tive genomic hybridization, Am. J. Pathol. 153 (1998), 295–
303.

[32] M.M. Weiss, M.A.J.A. Hermsen, N. van Grieken, G.A. Meijer,
J.P.A. Baak, E. Kuipers and P.J. van Diest, Comparative Ge-
nomic hybridization, Mol. Pathol. 52 (1999), 243–251.

[33] E. Wolff, S. Girod, T. Liehr, U. Vorderwulbecke, J. Ries,
H. Steininger and E. Gebhart, Oral carcinomas are character-
ized by a rather uniform pattern of genomic imbalances de-
tected by comparative genomic hybridization, Oral Oncol. Eur.
J. Cancer 34 (1998), 186–190.


