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Abstract
In 1953, Slaughteret al. [D. P. Slaughter et al., Cancer

(Phila.), 6: 963–968, 1953] proposed the concept of field
cancerization in patients with squamous cell carcinoma of
the head and neck (HNSCC) and discussed its clinical sig-
nificance for the development of second primary tumors and
local recurrences. To define the process of field canceriza-
tion and its putative clinical implications, we analyzed ge-
netic aberrations in HNSCC and the accompanying macro-
scopically normal mucosa. In 28 HNSCC patients, loss of
heterozygosity was determined in tumor and five noncontig-
uous mucosal biopsies using eight microsatellite markers at
9p, 3p, and 17p. For patients who showed loss of heterozy-
gosity in their mucosal biopsies, all margins of the surgical
specimen were subsequently analyzed to determine the ex-
tension of the field. In these cases, additional markers at 8p,
13q, and 18q as well asp53 mutations were included to
determine subclonal differences between field and tumor.
Genetically altered fields were detected in 36% (10 of 28) of
the HNSCC patients. The field varied in size between pa-
tients and consisted of genetically different subclones. In 7 of
10 cases, the field extended into the surgical margins. One
particular patient with a genetically altered field in a surgi-
cal margin developed a local recurrence after 28 months of
follow-up. Microsatellite analysis showed that this recur-
rence had more molecular markers in common with the
nonresected premalignant field than with the original tu-
mor, suggesting that this persistent field has progressed
further into a new malignancy. Our data show that geneti-
cally altered mucosa remains after treatment in a significant

proportion of HNSCC patients, which may explain in part
the high frequency of local recurrences and second primary
tumors. Adequate identification and risk assessment of these
genetically altered fields may have profound implications
for future patient management.

Introduction
HNSCC3 comprises about 5% of all newly diagnosed can-

cer cases in the northern and western European countries and the
United States (1). Despite advances in therapy, long-term sur-
vival of HNSCC patients has not improved significantly during
the last 20 years (2). An important reason for this lack of
progress is the relatively high recurrence rates observed in these
patients. Local recurrences occur in about 10–30% of the cases
with advanced tumors, even with histopathologically tumor-free
surgical margins after resection (3). Another reason for this lack
of progress is the development of SPTs in the upper aerodiges-
tive tract (4). The reported incidence of these SPTs varies, but
on average, they develop with a constant rate of 2–3% new cases
per year.

Two theories have been postulated to explain the high
frequency of SPTs: (a) micrometastatic spread of (pre)malig-
nant cells gives rise to genetically related SPTs; or (b) multiple
transforming events give rise to genetically unrelated SPTs. The
theory of micrometastatic spread was proposed by Bediet al.
(5). Other authors also suggested that at least a proportion of
SPTs in HNSCC patients have arisen from one clonal popula-
tion (6, 7).

The second theory is based on the concept of field cancer-
ization. This concept was already proposed in 1953 by Slaughter
et al. (8), who hypothesized that oral carcinomas (including
SPTs) originate by a process of field cancerization, in which an
area of epithelium has been preconditioned by long-term expo-
sure to carcinogens. The authors based their theory on multiple
histopathological observations in a group of 783 patients with
oral cancer. They presented as supporting evidence that: (a) the
surgical margins contained areas of abnormal mucosa; (b) mul-
tiple independent lesions were observed within the same resec-
tion specimen; (c) the incidence of SPTs found in their patient
population was high; (d) the pattern of distribution of the SPTs
was typical because in half of these patients the two separate
tumors occurred in the same anatomical area; and (e) the local
recurrence rate in oral cancer is high, which may be due to
abnormal mucosa that was not excised during treatment of the
primary tumor.

This concept of field cancerization can be interpreted in
various ways to explain the phenomenon of SPTs. In the clas-
sical view, which is most commonly referred to, large areas of
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the aerodigestive tissue are affected by long-term exposure to
carcinogens. In this preconditioned epithelium, multifocal car-
cinomas can develop as a result of independent mutations and
thus would not be genetically related (9, 10). An alternative
view of the field concept may also explain the phenomenon of
SPTs. In this alternative model, a single cell is transformed and
gives rise to one large extended premalignant field by clonal
expansion and gradual replacement of normal mucosa. In this
field of various subclones, two separate tumors can develop
after accumulation of additional genetic alterations. Both tumors
have the same clonal origin and would thus share at least one
early genetic event, which occurred before the initial clonal
expansion. Intriguingly, this model of “expanding fields” could
also explain the high rate of seemingly local recurrences. A
premalignant field that extends beyond surgical margins and
thus is not excised after surgical treatment of the index tumor
could progress further and give rise to a “new” tumor at the
same site.

It is now generally accepted that most solid tumors result
from a multistep process involving the clonal evolution of
abnormal cell populations that gain a selective growth advan-
tage over normal cells by accumulating specific alterations in
two group of genes, the proto-oncogenes and the tumor sup-
pressor genes (11, 12). HNSCC is thought to progress through a
series of well-defined histopathological stages that run parallel
to specific genetic changes. Using microsatellite analysis, sev-
eral chromosomal areas have been identified that are likely to
harbor tumor suppressor genes for HNSCC (13–16). Chromo-
somal loss at 9p, 3p, and 17p is supposed to be an early
transforming event in HNSCC and is therefore an ideal marker
to study the concept of field cancerization (11). Mutations in the
p53 gene as well as chromosomal loss at 13q, 18q, and 8p are
supposed to be late transforming events and are therefore more
suitable to study subclonal differences between field and tumor
(11).

The aim of this study was to determine the frequency,
extension, and persistence of the process of field cancerization
in patients with HNSCC using extensive microsatellite analysis.
Subclonal differences between tumor and field(s) were studied
by microsatellite andp53 mutation analysis. In addition, the
clinical significance of genetically altered mucosa remaining
after treatment was discussed with respect to the development of
SPTs and/or local recurrences.

Materials and Methods
Patients and Biopsies. The field cancerization study was

approved by the Institutional Review Board Vrije Universiteit
Medical Center, and written informed consent was obtained
from all patients. In a pilot study, we enrolled 11 HNSCC
patients to assess whether field cancerization could be detected
at various sites by LOH. In total, two mucosal biopsies were
analyzed from these patients, one, 0.5 cm (F1) and one. 0.5
cm (F5) from the edge of the tumor (Fig. 1). Genetically altered
fields could be detected, but they appeared to be limited in size
and distribution, and we decided to increase the number of
biopsies for analysis to reduce the sampling error. In total, 28
patients who underwent surgical treatment for HNSCC in 1999
were subsequently included. Selection criteria used to include

patients were tumor site (oral cavity and oropharynx) and his-
topathologically tumor-free margins. Selection on site was per-
formed to enable sampling of exfoliated cells during clinical
follow-up. Tumor stages (pTNM) were determined according to
the criteria of the International Union Against Cancer (UICC)
(17): T1N0 (seven patients), T2N0 (eight patients), T2N1 (three
patients), T2N2b (six patients), T3N0 (one patient), T3N1 (one
patient), and T3N2b (two patients). The distribution of the tu-
mors by anatomical site was as follows: 20 tumors were located
in the oral cavity (12 in the tongue, 6 in the floor of mouth, and 2
in the retromolar trigone); and 8 were located in the oropharynx
(1 in the soft palate, 3 in the tonsil, 1 in the base of the tongue,
and 3 in the anterior tonsillar pillar). Fourteen patients were
treated postoperatively with radiotherapy. The age of the
patients ranged from 38–77 years, with an average age of 57
years. In total, 13 patients were male, and 15 were female.
Twenty patients were smokers, and 8 were never-smokers.

Immediately after surgery, the surgical specimen was taken
to the pathology department. In addition to the standard sam-
pling, the specimens were analyzed according to another proto-
col: biopsies of the tumor and of macroscopically normal mu-
cosa were taken from the surgical specimen, four of which
(F1–F4; one per quadrant) were,0.5 cm from the edge of the
tumor, and one of which (F5) was.0.5 cm from the edge of
the tumor (Fig. 1). The distant mucosal biopsy (.0.5 cm from
the edge of the tumor) was taken only when the size of the
surgical specimen was large enough (in 20 of 28 cases). All
samples were directly snap-frozen in liquid nitrogen and stored
at 280°C until further processing. For patients who showed
genetic evidence of field cancerization, the routinely paraffin-
embedded surgical margins (used for histopathological assess-
ment of complete tumor excision) were also analyzed to study
the extension of the field. Moreover, persistence of field can-
cerization was examined in exfoliated cells taken from the scar
during clinical follow-up. Cells were collected using a cytobrush
(Cytobrush Plus; Medscand AB, Malmo¨, Sweden). The brushes
were stirred in 4 ml of PBS, allowing the cells to be released.

Fig. 1 Schematic drawing of the surgical specimen. Biopsies of the
tumor and macroscopically normal mucosa were taken from the surgical
specimens; four biopsies (F1–F4; one per quadrant) were,0.5 cm from
the edge of the tumor, and one biopsy (F5) was.0.5 cm from the edge
of the tumor. The specimen was marked to enable reorientation after
analysis of the biopsies. In patients who showed molecular evidence of
field cancerization, the paraffin-embedded surgical margins (A–C or
A–G,depending on the size of the specimen) were also analyzed to study
the extension of the fields.
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The cells were washed once with PBS, and DNA was isolated
from the pellets according to the protocol described for tissues
(see below).

Microdissection and DNA Extraction. Freshly frozen
tumor and mucosa samples were cut on a cryomicrotome, and
tissue sections (10mm) were mounted on microscopical glass
slides. From the paraffin-embedded surgical margins, 10-mm
sections were obtained, placed on microscopic glass slides, and
subsequently deparaffinized in xylene. In all cases, the first and
last tissue sections were stained with H&E for histological
assessment and to guide microdissection. After consultation of a
pathologist (J. A. K.), the other tissue sections were stained with
1% toluidine blue and 0.2% methylene blue and microdissected
under a stereomicroscope. In the mucosal biopsies, histopatho-
logically normal mucosal epithelium was dissected separately
from histopathologically abnormal mucosal epithelium. All mi-
crodissected samples contained.80% of cells of interest (nor-
mal epithelium, dysplasia, or tumor). Dissected tissues were
treated with 1 mg/ml proteinase K for 24 h at 52°C in a 100-ml
buffer containing 100 mM Tris (pH 9.0), 10 mM NaCl, 1% SDS,
and 5 mM EDTA. The DNA was purified by phenol chloroform
extraction and collected by ethanol precipitation using 2mg of
glycogen as a carrier. The DNA was redissolved in LoTE buffer
[3 mM Tris and 0.2 mM EDTA (pH 7.5)]. Normal DNA was
isolated from blood samples obtained at the time of surgery. The
DNA concentration was measured by microfluorometry with the
Hoefer Dynaquant (Amersham/Pharmacia Benelux NV,
Roosendaal, the Netherlands).

Histopathological Classification. All H&E-stained slides
were examined by a pathologist (J. A. K.) and scored according
to the standard criteria of the WHO international histological
classification of tumors (18). Lesions were classified as: (a)
normal mucosa; (b) mild dysplasia; (c) moderate dysplasia; (d)
severe dysplasia or carcinomain situ; and (e) squamous cell
carcinoma. A representative selection of cases was independ-
ently screened by a second pathologist (Dr. P. J. van Diest). In
the few cases for which there was a discrepancy in classifica-
tion, a final consensus judgement was made. Neither pathologist
had information on clinical and molecular data before screening.

Selection of Chromosomal Loci for Microsatellite Anal-
ysis. To detect the molecular presence of field cancerization,
we examined the status of chromosomes 9p, 3p, and 17p using
eight polymorphic microsatellite markers. The specific markers
used in this study were selected because they identify a minimal
area of loss at putative tumor suppressor gene loci and because
they are lost frequently and early during HNSCC tumorigenesis
(11). The tumor and concordant microdissected mucosal biop-
sies were analyzed using the following eight microsatellite
markers at 3p12 (D3S1284), 3p14 (D3S1766), 3p21 (D3S1029),
3p24 (D3S1293), 9p21 (D9S171), 9p22 (D9S157), 17p11–12
(CHRNB1), and 17p13 (TP53). From patients who showed
LOH in one or more mucosal biopsies, microsatellite markers at
other chromosomal loci were also examined to study the differ-
ences between tumor and genetically altered field in the mucosa.
These markers are proposed to detect late events in the HNSCC
carcinogenesis, based on the frequencies with which these al-
terations are found at different premalignant stages (11, 19). The
additional microsatellite markers used were located at the fol-
lowing chromosomal regions: (a) 8p22 (D8S261); (b) 8p23

(D8S1130); (c) 13q14 (D13S294); (d) 13q31 (D13S170); (e)
18q12 (D18S34 and D18S57); and (f) 18q21 (D18S35). More-
over, in these patients, the routinely paraffin-embedded surgical
margins were also analyzed (with both marker sets) to study the
extension of the field. Primer sequences were obtained from the
Genome Database4 for all of these markers.

Microsatellite Analysis. The analysis of microsatellite
markers was performed with two different methods. The first
experiments were performed by PCR amplification with radio-
actively labeled primers (Isogen Bioscience, Maarssen, the
Netherlands), followed by electrophoretic gel separation. Before
amplification, one primer (5 pmol) was end-labeled with
[g-32P]ATP (0.74 MBq; Amersham, Hertogenbosch, the Neth-
erlands) and T4 polynucleotide kinase (Roche, Almere, the
Netherlands) in a total volume of 10ml. The PCR reactions were
carried out in a final reaction volume of 10ml containing 10 ng
of genomic DNA, 0.5 pmol of labeled primer, and, respectively,
1.5 or 2.0 pmol of each unlabeled primer. The PCR buffer
included 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl2,

0.2 mM deoxynucleotide triphosphate, and 0.5 unit of Taq DNA
polymerase (AmpliTaq; Perkin-Elmer, Gouda, the Netherlands).
PCR amplification was performed for 35 cycles consisting of
denaturation at 94°C for 1 min, annealing at 55°C to 65°C
(depending on the primer set) for 1 min, and extension at 72°C
for 2 min. One-third of the PCR product was separated electro-
phoretically on 6% urea-formamide-polyacrylamide gels and
visualized by autoradiography. All PCR products were quanti-
fied by scanning densitometry and ImageQuant software (ver-
sion 3.1; Molecular Dynamics). Allelic loss was defined when
(Sn/Ln)/(St/Lt) was,0.5 or.2.0. Sn and St are the densitomet-
ric signals from the small allele of the normal and tumor DNA,
respectively, and Ln and Lt are the densitometric signals from
the large allele of the normal and tumor DNA, respectively.
When the alleles differed in size by only 2 or 4 bp, a stutter band
from the large allele often comigrated with the full-length prod-
uct amplified from the smaller allele. In these cases, stutter
correction was used. For a particular marker, the relative con-
tribution to the stutter bands is calculated from a noninformative
sample and used to calculate the relative abundance of the
second allele to the first stutter band of the first allele (20).

Later experiments were carried out on an automated ABI
PRISM sequencer (310 Genetic Analyzer; PE Applied Biosys-
tems, Nieuwerkerk a/d IJssel, the Netherlands). One primer of
each marker was end-labeled with one of the fluorescent dyes
(FAM, HEX, or NED; PE Applied Biosystems). Microsatellites
(10 ng) were amplified by multiplex PCR (involving two or
three markers) in a total volume of 10ml containing 2 pmol of
each labeled and unlabeled primer. Details of the multiplex PCR
are available on request. PCR buffer and PCR conditions were
the same as those described above. The amplified product was
diluted in sterilized water, usually five times. For analysis, 12ml
of deionized formamide were combined with 0.5ml of Gene-
scan-350 (ROX) size standard (PE Applied Biosystems) and 1
ml of diluted PCR product in a Genetic Analyzer sample tube.
The samples were loaded on an ABI PRISM 310 Genetic

4 http://gdbwww.gdb.org/.
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Analyzer and run following the supplier’s protocol. The data
were analyzed with GeneScan Analysis software (version 1.2;
PE Applied Biosystems). LOH was scored using the formula
described above when necessary after stutter correction.

p53 Sequencing and Plaque Assay.For patients whose
mucosal biopsies showed genetic evidence of field canceriza-
tion, tumor DNA was analyzed forp53 mutations. When a
mutation was detected, DNA of the genetically altered fields
were subsequently sequenced. Sequencing was performed as
described previously (21). In short, a 1.8-kb fragment of thep53
gene encompassing the exons 5–9 was amplified from the DNA
of microdissected tissue specimens. Purified PCR products were
sequenced directly by exon-specific primers using the radioac-
tive dideoxynucleotide method (AmpliCycle Sequencing Kit;
Perkin-Elmer, Norwalk, CT; Ref. 21). Primer sequences and
reaction conditions are available on request. Plaque assays were
performed onp53exon fragments amplified from exfoliated cell
DNA as described by Van Houtenet al. (20). In short, the
amplimers were digested withEcoRI, cloned in 56l GT11
vector arms, packagedin vitro, and plated onEscherichia coli
K12 LE392. Approximately 5000 plaques were hybridized dif-
ferentially with either an end-labeled mutant or wild-type oli-
gonucleotide as probe. After autoradiography, the number of
mutant/wild-type plaques was calculated.

Results
Molecular Evidence for Field Cancerization. In the

pilot study of 11 patients, we analyzed two mucosal biopsies,
one, 0.5 cm (F1) and one. 0.5 cm (F5) from the edge of the
tumor (Fig. 1). In 2 of 11 patients, genetic alterations were
detected in both mucosal biopsies. In the first patient, the field
also extended into the margins of the surgical specimen,
whereas in the second patient the field appeared to be limited in
size because it did not reach the resection margins. Based on
these observations, we concluded that analysis of biopsies taken
in only a single quadrant adjacent to the tumor could result in an
underestimation of the number of patients with genetically al-
tered fields. For the 28 patients subsequently enrolled, we there-
fore analyzed the tumor and four adjacent mucosal biopsies
surrounding the tumor (one per quadrant;, 0.5 cm from the
edge of the tumor) and, when available, one distant mucosal
biopsy (.0.5 cm from the edge of the tumor).

The tumors and the mucosal epithelium of the biopsies
were microdissected and analyzed for LOH. When present,
histologically abnormal mucosal epithelium was microdissected
separately from the histologically normal mucosal epithelium.
In the tumors of these 28 patients, LOH was scored in at least
one chromosomal locus (Table 1). In 10 of 28 (36%) patients, at
least one mucosal biopsy showed LOH in one or more micro-

satellite marker(s). Fig. 2 shows the summary of the microsat-
ellite analysis of these 10 patients. The number of mucosal
biopsies with genetic alterations varied from one to three per
patient (Fig. 2). In the 10 patients who showed genetic evidence
of field cancerization, the paraffin-embedded surgical margins
were also analyzed to study the extension of the field. In 7 of 10
patients, the surgical margins showed LOH in one or more
microsatellite marker(s) (Fig. 2). In all cases, the localization of
the surgical margins that showed genetic alterations corre-
sponded to that of the mucosal biopsy or biopsies with LOH,
strongly suggesting that these genetically altered fields were
connected. The number of surgical margins that showed genetic
alterations varied from one to two per patient (Fig. 2). Hence,
the size of the field varies considerably between patients and can
extend beyond the surgical margins.

Genetic Comparison between Field and Tumor. In 2
of 10 cases, the tumor and field showed similar genetic alter-
ations (patients 7 and 17; Fig. 2). In 6 of 10 cases, the tumor
showed additional losses, indicative of progression (patients 1,
2, 10, 11, 16, and 28; Fig. 2). In another 4 of 10 patients
(patients 2, 11, 16, and 26), the field showed losses that were not
present in the tumor, suggesting that these losses occurred after
the divergence of two subclones, one of which progressed into
invasive carcinoma. In some patients, the various mucosal bi-
opsies showed the same genetic alterations, suggesting expan-
sion of one clone. However, in 6 of 10 patients (patients 7, 10,
11, 16, 26, and 28), the various biopsies showed differences in
the LOH pattern suggesting the expansion of different subclones
within the field. Fig. 3 shows the genetic differences between
the tumor and the various field subclones of patient 26. At
chromosome 13q, the tumor and field samples showed the same
losses. However, at chromosome 8p, the alternative allele is lost
in the field samples as compared with the tumor. Moreover, at

Fig. 2 Results of the 10 patients who showed genetic evidence of field cancerization.F1–F5represent the five mucosal biopsies taken of the surgical
specimen (see Fig. 1), andA–G represent the surgical margins (see Fig. 1). The p53 mutations are indicated asNEG (negative) andPOS(positive).
The codon and type of mutation are listed in Table 2. In all cases, the surgical margins that showed genetic alterations corresponded to the localization
of the mucosal biopsy (or biopsies) with LOH, making it likely that these genetically altered fields were connected. Please note that the margins were
randomly coded by the pathologist, independent of the coding that was used for the mucosal biopsies. Therefore, each patient has a unique orientation
of the mucosal biopsies with respect to the surgical margins (unlike the one that is presented in Fig. 1). For example, in one case,F1 is located
proximal toA, and in another case,F1 is located proximal toC, and so forth.

Table 1 Frequency of LOH in HNSCCa

Locus Map positionb LOH (%)c

D3S1284 3p12 17/21 (81)
D3S1766 3p14 18/23 (78)
D3S1029 3p21 13/22 (59)
D3S1293 3p24.3 16/22 (73)
D9S171 9p21 20/21 (95)
D9S157 9p22 20/25 (80)
CHRNB1 17p11-12 15/21 (71)
TP53 17p13.1 16/24 (67)

a Results were generated from analysis of tumor DNA from 28
patients.

b The map positions are based on the Genome Database.4

c Number of tumors with LOH/total number of informative pa-
tients.
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chromosome 18q, there are also genetic differences between the
different field samples, clearly demonstrating the existence of
various subclones.

p53 Mutation Analysis of Field and Tumor. In all 10
patients with genetically altered fields, the tumors were se-
quenced forp53 mutations in exons 5–9. In 8 of 10 patients, a
p53 mutation was found in the tumor (Table 2). To detect
differences between the field and tumor, the DNA of the field
was also sequenced to confirm the mutation of the tumor. In six
of eight patients, the field had the same mutation as the tumor,
whereas in two of eight patients, the field lacked the mutation
found in the tumor.

Persistence of Field Cancerization. In 7 of 10 patients,
the field extended beyond the surgical margins (Fig. 2). In six of
seven patients, ap53 mutation was found in the tumor, and in
three of six patients (patients 2, 16, and 26), thep53 mutation
could be confirmed in the resection margin (Table 2). Exfoliated
cells taken from the scars of these three patients at 3 and 6
months after surgery were analyzed to follow the persistence of
field cancerization. The exfoliated cells were analyzed for mu-
tated DNA by the plaque assay usingp53mutations as a marker.
Patient 2 clearly showedp53-mutated cells at 3 and 6 months
(0.17% and 0.56% of the screened plaques, respectively) after

excision of the tumor (data not shown). However, patients 16
and 26 did not showp53-mutated cells in the exfoliated cell
samples.

Histology. All tumor and mucosa samples were reviewed
and histopathologically classified and compared with the ge-
netic analysis. In 12 patients, all mucosal biopsies were classi-
fied as normal mucosa, and in 16 patients, one or more mucosal
biopsies were classified as mild, moderate, or severe dysplasia.
The results of the genetic analysis and the histology of the 10
patients who showed genetic evidence of field cancerization are
summarized in Table 3. The comparison between histological
assessment and microsatellite analysis of all mucosal biopsies is
depicted in Table 4A. In total, 132 mucosal biopsies were
analyzed; 103 were classified as normal mucosa, 19 were clas-
sified as mild dysplasia, 8 were classified as moderate dysplasia,
and 2 were classified as severe dysplasia. The presence of
genetic alterations coincided in most cases with the results of the
histopathological assessment; of the 17 mucosal biopsies that
showed LOH, 14 were dysplastic, and 3 were normal. Con-
versely, the presence of dysplasia agreed less with the results of
LOH analysis; 6 of the 19 mild dysplasias and 6 of the 8
moderate dysplasias showed LOH. For the 10 patients who
showed genetic evidence of field cancerization, the paraffin-
embedded margins were also reviewed and classified. The re-
sults of histological assessment and microsatellite analysis are
shown in Table 4B. In this material, the presence of genetic
alterations was completely concordant with the histopathologi-
cal assessment: all 9 margins that showed LOH were classified
as dysplastic. The presence of dysplasia coincided well with
LOH analysis in this selected group; four of the eight mildly
dysplastic, all three moderately dysplastic, and both severely
dysplastic margins showed LOH.

Clinical Implications. The clinical significance of the
persistent fields could not be established in this study, mainly
because the number of analyzed patients is rather small and,
more importantly, because the follow-up period is rather short
(range, 8–18 months; average follow-up, 12 months). To date,
none of the seven patients whose surgical margins showed
genetic alterations have developed a local recurrence or SPT.
However, in the small pilot group in which only two biopsies
adjacent to the tumor were analyzed, one patient did show a
local recurrence in a field. This patient presented initially with
a T1N0 floor of the mouth carcinoma and developed a clinically
defined local recurrence at 1.5 cm from the scar after 28 months
of follow-up. The results of the microsatellite analysis of the
tumors as well as the intervening resection margins (additional
markers at 9p and 13q were used) are shown in Fig. 4. The
results strongly suggest that the local recurrence developed in a
genetically altered field that had not been resected when the
primary tumor was treated surgically. All biopsies shared the
same genetic alterations at markers D9S1748 and D9S1751.
Mucosal biopsy F5, surgical margin D of tumor 1, and local
recurrence and surgical margin A as well as B (of tumor 2)
showed the same additional hit at marker D13S158, which was
not present in the first tumor. In fact, there were no differences
in microsatellite alterations between the local recurrence (tumor
2) and surgical margin D of tumor 1. Mucosal biopsy F1 was
classified as mild dysplasia, whereas mucosal biopsy F5 and all
surgical margins [D (T1), A (T2), and B (T2)] were classified as

Fig. 3 Results of microsatellite analysis of markers D13S170 (13q31),
D8S1130 (8p23), and D18S35 (18q21) of patient 26 (see Fig. 2).
Highlighted peaksshow the two alleles that were used for calculation of
LOH, as compared with normal DNA (-N). Results of marker D13S170
showed that the tumor samples (T), F4, F5,andC (see Fig. 1) were all
scored as LOH2 (loss of smaller allele) and thatF1–F3andA, B, Dwere
scored as having no loss. Results of marker D8S1130 show genetic
differences between tumor and field. The tumor showed loss of the
larger allele (LOH1), whereas mucosal samplesF4, F5, and marginC
showed loss of the smaller allele (LOH2). Results of marker D18S35
show different subclones and genetic heterogeneity. Tumor and mucosal
sampleF4 showed LOH1; however, mucosal sampleF5 showed loss of
the other allele (LOH2), whereas marginC showed no loss at all.
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moderate dysplasia.p53mutations were not detected in either of
the tumors (T1 andT2, Fig. 4).

Discussion
The present genetic analysis of macroscopically normal

mucosa surrounding HNSCC has revealed a molecular basis for
the process of field cancerization. There is molecular evidence
for field cancerization in 36% (10 of 28) patients with HNSCC.
The size of the field varies considerably between patients, and in
70% (7 of 10) of the patients, the field extended beyond the
surgical margins.

The presence of genetic alterations in the mucosa samples
and surgical margins was found to be associated with his-
topathological changes (Table 4). The majority of the geneti-
cally altered fields were classified as dysplastic, and in a few
cases, genetic alterations were detected in histopathological
normal mucosa, as also shown previously (22). The presence of
dysplasia in the mucosal epithelium, however, was not always
associated with genetic alterations because approximately half
of the dysplastic lesions did not show LOH (Table 4). A possible
explanation for this finding could be the difficulties of his-
topathological assessment of freshly frozen tissues because the

histopathological classification of the paraffin-embedded sam-
ples was more concordant with genetic analysis. Moreover,
interobserver variability in the scoring/grading of mild dysplasia
could play a role (23) because the most cases without genetic
alterations were observed in the mild dysplasia group. A third
explanation is that mild dysplastic lesions harbor genetic alter-
ations that have not been investigated. However, the markers
used in this study are supposed to reflect the early transforming
events in HNSCC (11).

Comparison of the spectrum of genetic alterations in pre-
malignant field lesions provides insight into the carcinogenesis
of HNSCC. In six of eight patients, the field had the samep53
mutation as the tumor, strongly indicating a clonal relationship
between the surrounding field(s) and tumor. Despite this clonal
relationship, there were differences in most patients in the
genetic alterations between field and tumor. In 6 of 10 patients,
the tumor showed additional microsatellite alterations, and in 2
of 8 patients,p53 mutations present in the tumor were not
detected in the field. These additional genetic alterations are
indicative of progression of the tumor according to the multistep

Table 2 Mutations of thep53 gene in patients with field cancerization

Tumor Field

Patient Mutation Exon Change Codon
Amino acid

change Mutationa

1 1 6 1-bp ins 220–221 Frameshift Id. (F2)
2 1 7 G3A 238 Cys3Tyr Id. (F1, F2, F4, A, B)
7 2

10 1 8 G3T 298 Glu3Stop Neg. (F4, B)
11 1 5 G3A 175 Arg3His Neg. (F5, D, E)
16 1 8 C3G 283 Arg3Gly Id. (F3, C); Neg. (F2, F5)
17 1 5 G3A 141 Cys3Tyr Id. (F1)
25 1 8 1-bp del 280 Frameshift Id. (F4)
26 1 7 C3T 248 Arg3Trp Id. (F4, F5, C)
28 2

a Id. means that the p53 mutation of the tumor was identical to the mutation of the field samples listed in parentheses. Neg. means that the
mutation of the tumor was not confirmed in the field samples listed in parentheses. Confirmation was established by sequencing. ins, insertion; del,
deletion.

Table 3 Comparison between histology and genetic alterations in the
patients with field cancerization

Patient
no. F1 F2 F3 F4 F5

1 N/2a Mild/1 N/2 N/2
2 Mod/1 Mod/1 N/2 Mod/1
7 Sev/1 N/2 N/2 Sev/1 N/2

10 N/2 N/2 N/2 Mod/1
11 N/2 N/2 N/2 N/2 Mod/1
16 N/2 N/1b Mild/1 N/2 N/1
17 Mod/1 N/2 N/2 N/2 N/2
25 N/2 N/2 N/2 Mild/1 N/2
26 N/2 Mild/ 2 N/2 Mild/1 Mild/1
28 N/2 N/1 Mild/ 2 Mild/1 Mod/2
a N, normal mucosa; Mild, mild dysplasia; Mod, moderate dyspla-

sia; Sev, severe dysplasia.2, no LOH; 1, LOH.
b Bold values represent an apparent lack of association between

histology and genetic analysis.

Table 4 Comparison between histology and genetic alterations in 28
HNSCC patients

In A, the comparison between histological assessment (degree of
dysplasia) and LOH analysis of the 132 frozen mucosal biopsies ob-
tained from all 28 patients is depicted. In B, the same comparison is
shown of the 43 paraffin-embedded surgical margins obtained from the
10 field patients.

A. Comparison of 132 frozen mucosal biopsies

Normal Mild Moderate Severe

1 LOH 3 6 6 2 17
2 LOH 100 13 2 0 115
Total 103 19 8 2 132

B. Comparison of 43 paraffin-embedded surgical margins

Normal Mild Moderate Severe

1 LOH 0 4 3 2 9
2 LOH 30 4 0 0 34
Total 30 8 3 2 43
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model (11, 12). In contrast, in 4 of 10 patients, the field showed
microsatellite alterations that were not present in the tumor. The
picture emerges that all lesions share a common initiating event
and that progression leads to the evolution of related subclones
and genetic heterogeneity. One subclone eventually progresses
into a tumor. The presence of different subclones throughout the
field supports this hypothesis (Fig. 2). Other authors have de-
scribed comparable findings (24, 25). The presented data sup-
port the following interpretation of the field cancerization con-
cept: a single cell is genetically altered and gives rise to a large
premalignant field that extends by clonal expansion and gradu-
ally replaces the normal mucosa. Subsequent progression of the
different but related subclones in the field leads to the develop-
ment of (multiple) tumor(s).

In this study, not only was the presence of genetically
altered fields established, but the persistence during clinical
follow-up using the plaque assay. Microsatellite analysis is an
insensitive molecular assay for tumor (or premalignant) cell
detection, and a clinical sample should at least contain more
than 50% aberrant cells to score LOH (see the formula in
“Materials and Methods”). In all patients, the clinical aspect of
the mucosa around the scar appeared normal after surgery.
Therefore, it was not possible to select an area with a high
percentage of genetically altered cells by visual inspection. The
plaque assay is a highly specific and sensitive methodology for
the identification of rare tumor (or premalignant) cells in clinical
samples based on the detection of mutatedp53 (20). As an
example, the exfoliated cells of patient 2 were analyzed for
mutated DNA. This patient clearly showedp53-mutated cells at
3 and 6 months (0.17% and 0.56% of the screened plaques,
respectively) after excision of the tumor (data not shown),
indicating that these genetically altered fields can persist for at
least half a year after removal of the tumor. In patients 16 and
26, however, we could not detectp53-mutated cells during
clinical follow-up, although the mucosal biopsy as well as the
resection margin showed the samep53 mutation as seen in the
tumor. An explanation could be that the fields remaining in
these two patients were too small to be detected by the plaque
assay. Only a small part of the single positive margins of
patients 16 and 26 consisted of genetically altered cells, whereas
the two resection margins of patient 2 consisted completely of
genetically altered cells. Another even more interesting expla-
nation could be that not all fields persist over time, but some
might regress and disappear spontaneously [a phenomenon that
is also observed in other premalignant lesions in the upper
aerodigestive tract such as oral leukoplakia (26)].

A nonresected field could (in part) explain the high rate of
local recurrence of HNSCC. A field that extends beyond surgi-
cal margins and thus has not been excised can progress after
treatment into a new tumor at the same site. Such an example
was seen in a patient of the pilot study (Fig. 4). This patient was
surgically treated for a T1N0 tumor in the floor of the mouth and
developed a local recurrence after 28 months. The results of the
microsatellite analysis strongly suggest that the local recurrence
developed in a genetically altered field that had not been re-
sected when the primary tumor was treated surgically. Accord-
ing to the presently used clinical criteria, this new tumor in the
field was classified as a local recurrence; however, the issue of

Fig. 4 Field analysis of a patient with a T1N0 floor of the mouth
carcinoma (T1) who developed a (clinically) local recurrence (T2) 1.5
cm from the scar after 28 months of follow-up.A, schematic drawing of
the orientation of the surgical specimens. Biopsies of both tumors and
intervening mucosa were taken from the surgical specimen [one (F1) ,
0.5 cm and one (F5) . 0.5 cm from the edge of the tumor]. Also, the
paraffin-embedded resection margins of both surgical specimens [D
(T1), A (T2), andB (T2)] were analyzed to study the extension of the
field. B, the results of the microsatellite analysis suggest that the local
recurrence has developed in the persistent field. All biopsies share the
same genetic alterations at markers D9S1748 (9p21) and D9S1751
(9p21). Mucosal biopsy F1, surgical margin D of tumor 1, and local
recurrence (T2) and surgical margin A and B of tumor 2 show the same
additional hit at marker D13S158 (13q32), which was not present in the
index tumor (T1). For an explanation of the other symbols, see Fig. 2.
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whether it should be defined as a SPT can be discussed based on
the molecular criteria.

Persistence of fields could also explain a subgroup of the
clinically defined SPTs. Hypothetically, a persistent genetically
altered field could extend into a large area of the mucosa. A new
tumor developing in this field would then clinically be classified
as a SPT, based on the distance (.2 cm) to the index tumor (27).
Califano et al. (28) suggested that two tumors (T1, hypophar-
ynx; T2, lower esophagus) that were separated by 40 cm of
normal-appearing mucosa but showed identical genetic alter-
ations apparently originated by a process of clonal expansion of
a single progenitor cell. The same notion was also reported by
Worshamet al. (6) for two synchronous tumors of the floor of
the mouth and pyriform sinus that were separated by 4–6 cm.
However, the presence of genetic alterations in the intervening
mucosa was not confirmed in these studies.

A number of parameters may determine whether a field
develops into a new tumor. A very important factor might be the
follow-up period because a premalignant field may need a
longer time to progress into a new tumor than a tumor that
develops from remaining tumor cells. The follow-up time of the
seven field patients varied from 8–18 months, with an average
of 12 months, and to date, no new tumors have been observed.
Mao et al. (29) and Rosinet al. (30) have shown that oral
premalignant lesions might need up to 67 or 96 months, respec-
tively, to progress to invasive cancer.

In addition, the pattern of LOH of the persistent fields
might also play an important role in the progression to cancer
(30). Rosinet al. (30) showed that patients with oral premalig-
nant lesions with LOH at 3p and/or 9p had a 3.8-fold increased
relative risk of developing cancer. In contrast, patients with
additional losses of other chromosomes (4q, 8p, 11q, or 17p)
showed up to a 33-fold increase in relative cancer risk. In our
study, the surgical margins of some patients showed almost an
identical LOH pattern as the tumor (Fig. 2).

In summary, our study provides the molecular basis for
expanding fields and the presence of various genetically distin-
guishable subclones therein. Additional studies are needed to
monitor the clinical implications of these persistent fields. Ad-
equately identifying the extension of genetically altered fields
and their risk for progression may have profound implications
for future patient management.
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