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This study was performed on 282 patients with primary head and neck squamous cell carcinomas to
evaluate the prognostic importance of 11q13 amplification. Amplification of the 11q13 DNA markers,
HST-1/FGF-4 and BCL-1, evaluated by Southern and slot blot hybridisation, was detected in 52% of
tumours. 11q13 amplification was associated with tumour site since this alteration occurred in 76% of
tumours arising in the hypopharynx, versus 40% in the other sites (P=0.0007). 11q13 amplification was
also significantly related to the presence of involved neck lymph nodes (P=0.013). The relationship
between 11q13 amplification and risk of progression was studied in two subgroups of head and neck
cancer patients with regard to treatment modalities. The presence of 11q13 amplification in the
tumour was not significantly associated with a shorter event-free survival (P=0.82) and crude survival
(P=0.61) of the 201 patients treated by surgery and postoperative radiotherapy. Similarly, absence of a
relationship was observed for the group of 79 patients treated by surgery alone. These results confirm
that 11q13 amplification is a prominent event in head and neck squamous cell carcinoma, indicating
that it may be a common genetic event in the development of these neoplasms, but is not a reliable

prognostic marker. © 1997 Elsevier Science Ltd.
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INTRODUCTION
HEeAD AND NECK cancer has a worldwide incidence of nearly
400 000 new cases per year. In Western countries, it accounts
for approximately 2-4% of all carcinomas, with a high inci-
dence of the disease in the eastern part of France (60/100 000
men per year) [1]. Head and neck carcinomas, 90% of which
are of the squamous type, are characterised by local tumour
aggressiveness, early recurrence and development of second
primary cancer in 10-20% of cases. Advanced cancer remains
a major therapeutic challenge despite the refinement of treat-
ment strategy. Thus, the long-term prognosis for advanced
head and neck cancer is still unsatisfactory, with an overall
5-year cure rate of 30-35%. The identification of reliable
tumour markers that reflect tumour aggressiveness could be
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of relevance in order to characterise patients who will have a
distinct outcome.

Among the molecular mechanisms which, potentially, could
contribute to tumour development and/or progression of
head and neck squamous cell carcinomas (HNSCC), altera-
tions of the q13 region of chromosome 11 have been repor-
ted. The 11q13 region was originally described as rearranged
in parathyroid adenomas [2], and translocated in B-cell neo-
plasms [3]. Moreover, amplification of the 11q13 region has
been shown to occur, with varying frequency, in human solid
malignancies i.e. 15% in breast cancer [4], 30-50% in
HNSCC [5] or oesophagus [6], 30% in lung cancer [7].
Multiple genes reside in this amplicon, including the onco-
genes HST-1/FGF-4 and INT-2/FGF-3 belonging to the
fibroblast growth factor gene family, as well as the cyclin D1/
PRAD1 and the BCL-! locus breakpoint [8]. The usual
coamplification of these genes strongly suggests their involve-
ment in tumour progression. In fact, protein overexpression
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is restricted to the ¢yclin D1/PRAD1 gene [9] which encodes a
cyclin D type protein playing a major role in G1 phase pro-
gression of the cell cycle [10].

We recently evaluated the amplification status of 11ql13
DNA markers, namely HST-1/FGF-4 oncogene and the
BCL-1 locus in a group of 178 HNSCCs [11]. A significant
correlation was found between 11q13 amplification and usual
prognostic factors such as lymph node involvement or
advanced clinical stage. Clinically, the more relevant question
is whether amplification of the 11ql3 region may distinguish
patients with a worse clinical outcome. Thus, in an attempt
to assess the prognostic significance of 11q13 gene amplifi-
cation, the study is now extended to 282 head and neck can-
cer patients treated in a single institution.

PATIENTS AND METHODS
Patrients
282 consecutive unselected patients with operable
HNSCC who had undergone primary tumour resection
between February 1989 and June 1993, 178 of whom had

Table 1. Characteristics of patients and treatments

Characteristic Number %
Patients Total number 282 100
Age
Mean (years) 58
Range (years) 24-88
Sex
M 257 91
F 25
Tumours  Size (pathological)
pT1 49 17
pT2 110 39
pT3 90 32
pT4 30 11
PTx 3 1
Nodal status (pathological)
pNO 65 25
pN1 30 11
pN2a,b,c 142 54
pN3 26 10
Unknown 19 —
Differentiation grade
Well 94 34
Moderately 128 46
Poorly 52 19
Undifferentiated 2 1
Unknown 6 —
Localisation
Tongue/oral cavity 49 17
Floor of mouth 43 15
Oropharynx 42 15
Hypopharynx 94 33
Larynx 54 19
Treatment
Surgery alone 79 28
Surgery + RT postoperative 173 61
Surgery + RT + chemotherapy 30 11

RT, radiotherapy.
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been part of our previous study [11], were prospectively
entered into the study. The mean age of the patients, includ-
ing 257 males and 25 females, was 58 years (range 24-88
years). 34 patients presented synchronous primary head and
neck tumours at the time of surgery; none presented distant
metastasis. Patients were first treated with optimal tumour-
reductive surgery. None of the patients had previously
received radio- or chemotherapy. After primary surgery, 203
patients received adjuvant radiotherapy (30 of them had
radiotherapy combined with chemotherapy) according to the
TNM stage of their disease (Table 1). The median follow-up
period of the whole series was 28 months with a maximum
follow-up period of 68 months.

Tumours were classified histologically according to the
UICC classification [12]. The main clinicopathological cha-
racteristics of the cases are listed in Table 1. The local inva-
siveness was scored according to the histologically
determined pattern and extent of infiltration to contiguous
anatormnical structures [13]. Because of the high incidence of
hypopharyngeal tumours in the eastern part of France, tumours
of the hypopharynx, mainly piriform sinus, were predom-
inant, and all other tumour sites were equally represented.

Determination of 11913 amplification

Tissue samples were obtained immediately after tumour
resection and stored in liquid nitrogen until DNA prepara-
tion. They included 282 tumour samples, 144 involved
lymph nodes (116 were matched to the tumour) and 250
normal tissue samples from the same patients.

Amplification of HST-1/FGF-4 and BCL-1 genes was
evaluated by Southern blot analysis and quantified by slot
blot analysis as previously described [11]. Briefly, it consisted
of EcoRI digestion of genomic DNA, electrophoresis and
Southern blot, hybridisation with specific 32P-labelled
probes, i.e. HST-1/FGF4 and BCL-! on 11q13. The control
probes comprised a marker on chromosome 8, C-MOS,
which serves as an index of relative single copy gene number
to ensure uniform DNA loading and two markers on 11q,
distal to the common site of amplification at 11q13, proges-
terone receptor (PgR) and C-ETS-1 at 11q22-23, to rule out
the possibility of multiple copy numbers of chromosome 11.

The levels of HST-1/FGF-4 and BCL-1 gene amplification
were quantified by densitometric analysis (with a BIOCOM
image analyser) of autoradiograms of slot blots of the same
DNA samples serially diluted. Care was taken to correct for
film non-linearity, unequal DNA loading and efficiency of
hybridisation, as previously described [11]. The oncogene
copy number of the tumour tissue samples was determined
according to the normal tissue sample. Gene amplification
was defined as an increase of twice the normal gene dosage.
In cases where amplification was low-level (<3), DNA samples
were analysed on at least three separate blots for confirmation.

DNA probes

HST-1/FGF-4: 0.78 kb EcoRI-Sst1 fragment from the CS1
clone [14], BCL-1: 2.3 kb Sstl fragment from pRc8smR [3],
C-MOS: 2.5 kb EcoRI fragment from pHM2A (HGM 10),
C-ETS-1: 5.4 kb EcoRI fragment from clone pHE 5.4 [15],
PgR: 2.1 kb BamH1-HindIll fragment of pSG5 [16].

Statistical methods
Associations between amplification of the 11q13 DNA
markers, HST-1/FGF-4 and BCL-1 and the clinicopatho-



Prognostic Value of 11q13 Amplification in Head and Neck Carcinomas

logical variables were assessed using the chi-squared test. The
statistical analyses were performed using the BMDP and the
STATXACT statistical software package for exact non-para-
metric inference.

Crude survival and event-free survival curves, starting from
the date of surgery, were estimated using the Kaplan—Meier
method [17]. The equality of the survival distributions was
tested by the log-rank test [18]. The inter-relationship
between univariate prognostic factors was taken into account
and the remaining independent effects on survival estimated
by a Cox proportional hazards model, allowing for interaction
[19]. Patients who died without evidence of recurrence were
censored at the last follow-up in the analysis of event-free
survival. For all statistical analyses, a P value of <0.05 was
considered statistically significant.
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Figure 1. Southern blot analysis of EcoRI-digested DNAs
from head and neck carcinoma (T), adjacent normal mucosa
(N) and metastatic lymph node (L) sample of the same
patient. Filters were sequentially hybridised with the HST-1/
FGF-4, BCL-1 and C-MOS probes, stripped and hybridised
with the progesterone receptor (PgR) and C-ETS! probes.
Each vertical lane corresponds to the same DNA filter. The
figure shows coamplification (3-fold) of HST-1/FGF-4 (6.0 kb)
and BCL-1 (9.5 kb) for patient 2 in concomitant primary
tumour and lymph node metastasis, for patient 3 in tumour
and absence of amplification for patient 1. The size of the
bands revealed by PgR, ETS-1 and C-MOS probes were,
respectively, 6.0 kb, 6.5 kb and 2.5 kb.

2205

RESULTS

11913 Amplification and tumour characteristics

In this study, amplification of HS7-1/FGF-4 and BCL-1
genes was evaluated in 282 primary tumours by Southern
and slot blots. An example of amplification is shown in
Figure 1. Overall, HST-1/FGF-4 gene amplification was
detected in 52% (146/282) of tumours. The frequency was
lower in the women (8/25 =32%) compared to men (54%)
(P=0.038). The incidence was significantly higher in tumours
arising in the hypopharynx (76%) compared to the other sites
(40%) (Table 2, P=0.0007). The BCL-1I locus was coampli-
fied with HST-1/FGF-4, except for six cases. Amplification of
the cychin D1/PRADI gene analysed in 66 cases was found
coamplified as well, even in those six cases. The degree of
HST-1/BCL-1 amplification ranged from 2- to 18-fold (med-
ian value 4.7-fold). Amplification of the 11q13 DNA markers
was detected in 55.5% of involved lymph nodes. As pre-
viously described [11], the amplification patterns were similar
in the matched involved lymph nodes and primary tumours.

Table 2 shows the relation between HST-1/BCL-1 ampli-
fication and clinicopathological parameters. In accordance
with our previous results, HS7-1/BCL-1 gene amplification
was significantly related to the tumour site (’=0.0007) and
also to neck lymph node involvement (P=0.013). The inci-
dence of 11q13 amplification was higher in patients with nodal
involvement (57%) in comparison with 37% of node-negative
patients. There was a significant association between 11q13
amplification and differentiation status (P=0.02). Moreover,
a significant relationship was found between ampilification of
the HST-1/FGF-4 gene and clinical stage (P=0.015); how-
ever, the relationship was not consistent with increasing clinical

Table 2. Relationship berween HST-1/FGF-4 gene amplification
and disease parameters of the head and neck squamous cell

carcinomas
Disease parameters* Amplified/total (%) P valuet
Tumour localisation
Base of tongue/tongue 21/49 (43)
Floor of the mouth 16/43 (37)
Oropharynx 17/42 (41) 0.0007
Hypopharynx 71/94 (76)
Larynx 21/54 (39)
Neck node status
Negative 24/65 (37) 0.013
Positive 113/198 (57)
Clinical stage
I (T1,NosMo) 9/14 (64)
II (T'2,No,Mo) 8/30 (27) 0.015
III (T3,No,My/ Ty _3,N;,Mp) 21/44 (48)
IV (T4,No_1, M/ T,N3_3,M,) 99/175 (57)
Differentiation
Well 41/94 (44)
Moderate 66/128 (52) 0.02
Poor 37/54 (69)
Local invasiveness
Low 24/54 (44)
Moderate 55/99 (56) 0.33 (NS)
High 53/97 (55)

Numbers in table are numbers of cases; NS, not significant. *See
Patients and Methods for descriptions of the disease parameters.
1P value based on the chi-squared test.
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stage. No relationship with the tumour size, nor with the local
invasiveness pattern of tumours, was found.

11q13 Amplification and relatrion with clinical outcome

Given that survival of head and neck cancer patients is
dependent on treatment modalities, we analysed two distinct
groups of patients which are homogeneous with regard to
their respective treatments. Thus, out of 282 patients, 203
were treated by surgery followed by radiotherapy while the
remaining 79 patients were treated by surgery only.

Two of the 203 patients who had received radiotherapy
after surgery were lost to follow-up. The clinical character-
istics of this group of 201 patients are noted in Table 3. In
this group, 11q13 amplification in tumours was observed in
116 cases (57%).

During the follow-up period, 94 patients had no evidence
of progression. Among the 107 patients with progressive dis-
ease, 15 (14%) presented local relapse, 28 (26%) lymph node
involvement and 31 (29%) distant metastasis, as first progres-
sion event. Metastases occurred mostly in the lung (r = 7),
bone (n=19) or were multiple (n=10). Second primary
tumours were observed in 33 cases (31%). As illustrated by
the Kaplan—Meier curve gFigure 2a), no significant difference
in event-free survival was observed between patients with and
without 11ql3 amplification in tumour (log-rank test
P=0.82). Similarly, as shown in Figure 2b, the 3-year crude
survival rates of the 11ql3 amplified and non-amplified
groups were 48% and 52%, respectively. The log-rank test
did not demonstrate significant association between 11ql3
amplification and crude survival (P=0.61).

As expected, the multivariate analysis of our series, using
Cox’s proportional hazard model, showed tumour size and

Table 3. Characteristics of the 201 HNSCC patients included in
the survival analysis

Characteristic Number (%) Number
of cases amplified
Patients Total number 201  (100) 116
Tumours Size (pathological)
pT1 29 14) 19
pT2 73 36) 39
pT3 73 (36) 42
pT4 25 12) 15
Unknown 1 —
Nodal status (pathological)
pNO 23 (1D 11
pN1 27 (13) 18
pN2a,b,c 129 (64) 70
pN3 19 (O] 15
Unknown 3 —
Localisation
Tongue/oral cavity 32 (16) i5
Floor of mouth 29 (14) 13
Oropharynx 35 an 16
Hypopharynx 80 (40) 59
Larynx 25 (12) 13
Outcome
Dead 85 (42) 51
Progression 107 (53) 63
Without progression 94 47 53
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node status to be independent prognostic determinants of the
relapse-free and crude survival (Table 4).

In the selected subgroup of 79 patients treated by surgery
without adjuvant therapy, the incidence of 11q13 amplication
in tumours was much lower than in the whole series of
patients (35% versus 52%), probably due to the lower fre-
quency of hypopharyngeal tumours (20%). The univariate
analysis revealed no significant difference in event-free survi-
val (Figure 3a) or crude survival (Figure 3b) between patients
with tumours with or without HST-1/BCL-1 amplification,
although survival was slightly shorter for patients with ampli-
fied tumours.

Since tumour location is considered to be an independent
predictor of survival of head and neck cancer patients, we
analysed the survival of patients with hypopharyngeal
tumours, which was the largest tumour site group in our
series (n = 80). Crude survival of this subset of patients was
not different to the crude survival of the whole group of
patients. Additionally, with regard to 11ql13 amplification,
the 3-year survival rates of the patients with hypopharyngeal
tumours were not significantly different (data not shown).

DISCUSSION

Gene amplification is one of the mechanisms for activating
oncogenes by increasing the copy number of the genes
potentially involved in tumour progression. The majority of
head and neck tumours show coamplification of the INT-2/
FGF-3, HST-1/FGF-4 and BCL-1 genes which are closely
linked to the CCND1 gene, which is presumed to have an
oncogenic role since it is found overexpressed in tumour tis-
sues [10,20]. Thus, amplification of the HST-! gene and
BCL-1 gene may be regarded as markers indicative of possi-
ble amplification of any one of the genes of the 11ql3
amplicon. To some extent, our results, which update our
previous report on 11gl3 gene amplification in human head
and neck tumours [11] and investigate its significance in
clinical outcome, strengthen the possible implication of genes
of the 11q13 region in malignant disease.

In this large study, 11q13 amplification in head and neck
tumours occurred in 52% of cases with a range of 37-76%
depending on the tumour site. The highest incidence, as well
as level of 11q13 amplification, was predominantly observed
in the hypopharyngeal tumours, in agreement with two other
studies [21,22]. An incidence of 35% has generally been
reported in other data [21,23,24] consistent with the inci-
dence of 11q13 amplification we observed in the tumours of
sites other than the hypopharynx. Incidences as low as 7%
[25] or 12.5% [26] have also been reported. The criteria used
to define amplification (hybridisation probes, controls to
correct for polysomy and DNA loading, etc.) as well as the
different sites of the tumours studied may account for the
variability of the reported prevalences. Thus, in HNSCCS,
11q13 amplification is a prominent genetic alteration similar
to the tumours of the oesophagus where 11q13 amplification
incidence was 30-40% [6,27], while the incidence was 15—
25% in breast cancers [4, 28], 3% in ovarian cancers [29] and
in any colorectal carcinomas [30].

This study confirms, together with the correlation between
11q13 amplification and tumour site, the strong positive
relationship between 11ql3 amplification and lymph node
status, found in our previous study [11]. These results are
also in agreement with two published reports with a lower
number of patients [23,24] (Table 5). Our data confirmed a



Prognostic Value of 11q13 Amplification in Head and Neck Carcinomas

relationship with tumour differentiation [5], but did not
confirm the correlation of 11q13 amplification with high local
invasiveness [21, 23]. The localisation of the tumours studied
in larynx [23] as well as the criteria used to evaluate the pat-
tern of invasiveness may explain the lack of consensus. 11q13
amplification can be considered as the hallmark of potentially
aggressive head and neck tumours. This prominent event
occurring frequently in head and neck tumours may con-
tribute to the emergence of aggressive tumours, probably by
conferring a growth-selective advantage and clonal expression
capabilities to cells. This hypothesis is supported by the
observation that matched primary tumours and involved
lymph nodes present similar 11q13 alterations, suggesting that
the 11q13 amplification pattern acquired by a primary tumour
is maintained throughout head and neck cancer dissemination
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[11]. However, amplification of 11q13 DNA markers was
found to be of no predictive value for loco-regional recurrence,
which is the major progressive feature of head and neck cancer
patients. Moreover, due to continuous exposure to the main
known risk factors tobacco and alcohol, head and neck cancer
patients have the propensity to develop multiple primary
cancers either synchronous or metachronous [31], as well as
second primary cancers in the same site or in others. In one
study [32], 11gl3 alterations have been related to tumours
with multiple localisations. In our study, this association was
also observed, but without reaching statistical significance.
Nevertheless, 11913 amplification was of no prognostic value
with regard to the occurrence of second primary cancer.

The clinical outcome of head and neck cancer patients is
thought to be dependent on treatment modalities whch may
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Figure 2. Survival curves (Kaplan-Meier) of 201 head and neck cancer patients, treated by surgery and postoperative radio-
therapy, with (HST >2) and without (HST<2) amplification of HST-1 /| BCL-1 genes. No significant differences were found for
(a) event-free survival rates (log-rank test, P=0.82) and (b) crude survival rates (log-rank test, P=0.61).
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Table 4. Multivariate analysis of crude survival in 201 head and
neck cancer patients

D. Muller ez al.

have different effects on improving long-term survival. This
analysis of the largest group of patients so far reported (201

cases) treated in a single institution by well-standardised

Parameters RR (95%CD* P Value curative protocols, i.e. surgery and postoperative radio-
Tumour size therapy, did not demonstrate any prognostic value of 11gq13
pTs versus pT1-T, 2.2 (1.4-3.6) 0.0001 amplification. This absence of a relationship between 11q13
pT, versus pT,-T, 3.5 (1.9-6.3) amplification and patients’ survival was also observed in the
surgically treated group, and whatever the site of the tumour

Nodal status . 23 (0.9-5.6) 0.04 considered. These results contrast with two recent conflicting
(positive versus negative) reports [34,35]. In one of these studies, amplification of the
HST-1 amplification 1.0 (0.7-1.6) 0.89 cyclin D1 gene found in 17% of 51 primary laryngeal cancers

(negative versus positive) was related to shortened overall survival, but not event-free
survival [34]. The second study [35] described amplification

of 11q13 DNA markers in 39% of 56 HNSCCs and a

*Hazard rate ratio with 95% confidence interval.
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Figure 3. Kaplan-Meier life table analysis for (a) event-free survival; and (b) crude survival of 79 head and neck carcinoma
patients without postsurgical treatment with regard to 11q13 amplification.
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Table 5. Amplification of 11q13 genes in primary human head and neck cancers

Reference No. of cases studied % Amplification Significant clinical correlation with 11g13 alteration
[22] 47 64*
(cyelin D1) Tumour site, overall and event-free survival
(79% hypopharynx)
23] 46 37
(larynx) (cyclin D1) Local invasiveness, lymph node involvement, advanced stage
[24] 32 34
(larynx) (cyclin D1) Proliferative index, lymph node involvement
[26] 40 12.5
(hst, bcl 1) Advanced stage
[32]) 51 54
(cyclin D) Small size, multiple primary tumours
[34] 51 17.6
(larynx) (cyclin D1) Opverall survival
[21,35) 56 39
(hst-1, bel-1, cyclin D1) Local invasiveness, tumour site, incidence of recurrence
(68% hypopharynx) or persistence of disease, overall survival
[37] 64 44*
(cyclin D1) Tumour site, no relation with survival
Present study 282 52

(hst-1, bel-1)
(78% hypopharynx)

Tumour site, lymph node involvement, no relation with survival

*Immunochistochemical study.

significant relationship between this amplification and event-
free and overall survival. The clinical course of this rather
small cohort did not correlate with the established clinical risk
factors such as lymph node status or tumour size. Moreover,
it included patients who were given various types of treatment
such as surgery or radiotherapy or a combination of both,
which cannot exclude introduction of a bias in the estimation
of survival. Two other reports in which ¢yclin D1 protein
overexpression was examined immunochistochemically, also
produced conflicting results. In a retrospective study of 47
selected HNSCCS patients, cyclin D1 overexpression was
related to the hypopharyngeal tumour site and to reduced
event-free survival and overall survival [22] whilst, in con-
trast, the other reported an absence of correlation [36].
Similar contradictory data have been reported for cancer of
the oesophagus [37-39] and breast [28,40,41] although no
prognostic significance of cyclin D1 gene has been demon-
strated in two large breast cancer studies [41,42] and in pri-
mary non-small cell lung cancer {43].

The mechanism by which ¢yclin DI might contribute to the
progression of tumours, if any, still remains unknown. Com-
pelling evidence of interaction between D-type cyclins and
the retinoblastoma gene, a negative regulator of cell pro-
liferation [44] or the tumor suppressor gene P53 [45] sug-
gests the involvement of ¢yelin DI in complex pathways, such
as apoptosis. Additionally, deregulation of transitions through
key checkpoints of the eukaryotic cell cycle might contribute
to malignant transformation/proliferation [46]. Recently, the
existence of two forms of cyclin DI mRNA have been
demonstrated, suggesting a splicing mechanism between
exon 4 and exon 5 modulated by a polymorphism in the
splice donor region [47]. Interestingly, preliminary results

have reported that one of the variants was correlated with a
greater risk of local relapse in lung tumour patients. [47]
Investigation of this alternative spliced form may be a rele-
vant target in the study of head and neck cancer progression.
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