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Abstract Purpose: Genetically altered cells could become widespread across the epithelium of patients
with oral cancer, often in clinically and histologically normal tissue, and contribute to recurrent
disease.Molecular approaches have begun to yield informationon cancer/risk fields; tissueoptics
could further extendour understanding of alteration to phenotype as a result of molecular change.
Experimental Design:We used a simple hand-held device in the operating room to directly
visualize subclinical field changes around oral cancers, documenting alteration to fluorescence.
A total of 122 oral mucosa biopsies were obtained from 20 surgical specimens with each biopsy
being assessed for location, fluorescence visualization (FV) status, histology, and loss of
heterozygosity (LOH;10 markers on three regions: 3p14, 9p21, and17p13).
Results: All tumors showed FV loss (FVL). For 19 of the 20 tumors, the loss extended in at
least one direction beyond the clinically visible tumor, with the extension varying from 4 to
25 mm. Thirty-two of 36 FVL biopsies showed histologic change (including 7 squamous cell
carcinoma/carcinomas in situ, 10 severe dysplasias, and15 mild/moderate dysplasias) compared
with1of the 66 FV retained (FVR) biopsies. Molecular analysis onmargins with low-grade or no
dysplasia showed a significant association of LOH in FVL biopsies, with LOH at 3p and/or 9p
(previously associated with local tumor recurrence) present in 12 of 19 FVL biopsies compared
with 3 of13 FVR biopsies (P = 0.04).
Conclusions: These data have, for the first time, shown that direct FV can identify subclinical
high-risk fields with cancerous and precancerous changes in the operating room setting.

In 1953, Slaughter published a hallmark article in which he
emphasized the importance of examining the field surrounding
oral cancers for both risk assessment and management of
this disease (1). There has been extensive research in this area
since then, more recently, using molecular technology. It is
becoming increasingly apparent that genetically altered cells
could become widespread across the epithelium of patients
with oral cancer, into clinically and histologically normal
tissue, and that these cells could drive the process of field
cancerization (2, 3). In recognition of this, surgeons try to
remove oral squamous cell carcinomas (SCC) with a significant

width of surrounding normal-looking oral mucosa, if anato-
mically allowed. However, the occult disease varies in size and
a wealth of evidence suggests that it frequently extends beyond
the tumor clearance. This extension may be responsible for
the high rate of recurrence of carcinomas at the primary site
(f10-30% of cases; refs. 4–9). There is a pressing need to
develop new approaches that can be easily used in clinical prac-
tice to facilitate the detection of these clinically occult fields.

One such new approach may involve the use of tissue optics.
The association of cancer development with the loss of normal
tissue autofluorescence has been reported for a number of
tissues and organs (10–15). More recently, visual aids using
optical methods to detect such loss have been shown to reveal
premalignant and malignant lesions that are not detected by
unaided eyes (16–18). We have reported the development of
a simple hand-held device that facilitated the detection of
autofluorescence loss in both visible and occult high-risk
oral lesions through direct fluorescence visualization (FV;
refs. 17, 18). The interaction of light with tissue has generally
been found to highlight changes in the structure and metabolic
activity of the areas optically sampled. Specifically, the loss of
autofluorescence is believed to reflect a complex mixture of
alterations to intrinsic tissue fluorophore distribution, such
as the breakdown of the collagen matrix and a decrease in
flavin adenine dinucleotide concentration due to tissue
remodeling and increased metabolism associated with neo-
plastic development. Correspondingly, structural changes in
tissue morphology associated with neoplastic development
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in both the epithelium and lamina propria (e.g., thickening of
the epithelium, hyperchromatism and increased cellular/
nuclear pleomorphism, or increased microvascularity), lead
to increased absorption and/or scattering of light, which in
turn, reduces and modifies the detectable autofluorescence
(16, 17, 19, 20).

The objective of this study was to investigate the value of
this device in the operating room to delineate field change in
autofluorescence around cancers by determining and compar-
ing the histopathologic and molecular changes of margin
biopsies that retained normal FV with those margin biopsies
that showed a loss of FV. We chose microsatellite analysis for
loss of heterozygosity (LOH) at 3p, 9p, and 17p as the
molecular analysis, a method used by many international
groups to mark clonal spread and possibly predict recurrence
(21). A recent study showed that detection of LOH at 3p and/
or 9p at prior cancer sites (after tumor removal) was strongly
associated with tumor recurrence: samples with such loss had
a 26.3-fold increase in the risk of developing second oral
malignancy at the site compared with those that retained both
of these arms (22). This current study showed a frequent loss
of FV of varying distances (up to 25 mm) in clinically
normal–looking mucosa surrounding the tumors and a strong

concordance between loss of autofluorescence in tumor
margins and the presence of significant histologic change
and molecular risk.

Materials andMethods

Patients. Twenty consecutive patients with biopsy-confirmed pri-

mary cancer of the oral cavity were accrued to the study as they
presented at the British Columbia Cancer Agency between July 2004

and February 2005. Eligibility criteria included the presence of early
stage disease (T0-T2) scheduled for surgical excision with intent to cure.

All the patients were >18 years of age and provided informed consent.

Of the 20 cases in this study, 65% were male, 65% had a smoking
history, and 75% were Caucasian. The average age was 58 (36-80 years).

Tumor staging was determined from surgical specimens using American

Joint Committee on Cancer Staging criteria (23): eight carcinomas
in situ (CIS, stage 0) and five stage I and seven stage II invasive SCCs

(Table 1). Nine of the SCCs were well to moderately well differentiated
with the remaining three poorly differentiated. The majority of the

tumors were from the tongue (17 of 20, 85%), with one case from the

floor of the mouth, and two from the gum.
The FV device. A description of the research FV device and its use is

given in Lane et al. (17). Briefly, it consists of a bench-top light source
coupled to a hand-held unit for direct visualization. Lesions were

Table 1. Demographics of patients and description of FVL margin biopsies

Patient ID Tumor stage Demographics Histology* and distance to tumor boundary (mm)c

Age Gender Ever smoke Anterior Medial Posterior Lateral

1 0 51 M Y 11 11 11

2 0 78 M Y 5

3 0 57 M Y 12 5

4 0 78 M Y 8

5 0 37 F N 5 5

6 0 52 F Y 11 3

7 0 74 M Y 25 7

8 0 45 F N 5

9 I 74 M N

10 I 62 M Y 3 8

11 I 44 F N 8 8

12 I 58 M Y 11

13 I 57 M N 4

14 II 77 M Y 22 4

15 II 40 F N 5 12

16 II 80 F Y 4 8 4 4

17 II 66 M Y 3 10 12

18 II 44 M Y 16

19 II 50 F N 8 12

20 II 36 M Y 4 9

*Histology: Cancer (light blue), high-grade dysplasia (red), low-grade dysplasia (yellow), no dysplasia or cancer (green), not applicable (gray),
no extension of FVL beyond clinical tumor.
cDistance: values reflect the distance from the boundary of clinically apparent tumor to the FVL boundary (mm).
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illuminated by this blue/violet light source and then directly visualized
through long pass and notch filters, which allow the passage of green
and red autofluorescence.

Under direct FV, the normal oral mucosa emits various shades of
pale green autofluorescence. Clinical lesions that retained the normal
green autofluorescence under FV were defined as FV retained (FVR).
Tissue which showed a reduction in the normal pale green and
appeared as dark patches were classified as FV loss (FVL; see example in
Fig. 1C; ref. 18). This distinction involved a comparison of the lesion
site with both adjacent tissue and, as an anatomic control, with tissue
on the contralateral side.

Photographs of tissue fluorescence were acquired using illumination
from the FV device and a digital single lens reflex camera (Fuji FinePix
S2 Pro, Fujifilm, Odawara, Japan) with a long-pass filter (Schott
GG475-3, Howard Glass, Worcester, MA). The single lens reflex camera
was equipped with a 105 mm f/2.8 macro lens (Nikkor-Micro, Nikon,
Tokyo, Japan) and a ring flash (Nikon Macro Speedlight SB-29s, Tokyo,
Japan) for white-light images.

Surgical field assessment of FV status. The protocol involved the
examination of the surgical site of each patient under both regular
operating room illumination and with direct FV, in a stepwise fashion
as shown in Fig. 1. All procedures were done while the patient was
under general anesthesia and each step was photographed for
documentation. The steps included an initial assessment under regular
operating room light (Fig. 1A, step 1), demarcation of the boundary of
the clinical tumor using a blue marker (Devon skin marker, Ludlow
Company, Chicopee, MA) as judged by the surgeon (D.W. Anderson or
J.S. Durham; Fig. 1B, step 2), followed by assessment of the site for

altered fluorescence using direct FV (Fig. 1C, step 3). The latter
examination was done with the light turned off, using the FV device.
Areas showing loss of normal green fluorescence were outlined,
demarcating FVL boundaries (Sharpie green marker, Sanford, Oak
Brook, IL; Fig. 1D, step 4). Then the light was turned back on, the
distances between the clinically visible tumor under white light and FVL
boundaries were ascertained using a flexible ruler (Devon skin marker,
Ludlow) in four directions: anterior, posterior, medial (to the sagittal
plane or dorsum tongue), and lateral (to the sagittal plane or floor of
mouth margin). Finally, an electroknife was used to outline the surgical
boundary (Fig. 1E, step 5).

Tissue sampling and histologic assessment. After resection, a total of
122 punch biopsies (5 mm) were taken from the tumor and from the
tumor margins with at least one margin biopsy from each of the four
directions (Fig. 1F, step 6 and Fig. 2). All biopsies were fixed in
formalin and submitted for histopathologic evaluation by study
pathologists without knowledge of FV status (L. Zhang, R.W. Priddy,
and K.W. Berean).

Microsatellite analysis of tumor margins. All FVL biopsies from the
tumor margins with a histologic diagnosis of low-grade dysplasia
(15 biopsies) or no dysplasia (4 biopsies) were microdissected and
analyzed for LOH (Fig. 2, see LOH analysis). As a control, an additional
13 biopsies were analyzed from FVR margins. The protocols for
digestion and extraction of samples, LOH analysis, and scoring are
described in Zhang et al. (13). All samples were coded so that LOH
analysis was done without knowledge of diagnosis or FV status.
Microsatellite markers that were used mapped to the following
10 regions: 3p14.2 (D3S1234, D3S1228, and D3S1300), 9p21

Fig. 1. Stepwise protocol used for
assessing surgical field. A, in the operating
room, initial assessment under white light of
an ill-defined SCC at right ventrolateral
tongue; B, clinically apparent tumor outlined
in blue; C, assessment of field using FV in
the dark;D, FVL area outlined in green in the
dark; E, boundary of surgical specimen
(red); F, blocking of surgical specimen,
showing location of punch biopsy sites from
clinically visible tumor (red circle), from
tissue showing FVL, placeddirectly abutting
FVL boundary (green circle), and, from
tissue showing FVR, placed directly
abutting the boundary of surgical specimen
(blue circle).
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(IFNA, D9S171, D9S1748, and D9S1751), and 17p11.2 (CHRNB1)
and 17p13.1 (tp53 and D17S786). These were markers used in
previous studies to predict cancer risk of oral premalignant lesions
(8, 22, 24–28).

Statistical analysis. Differences and associations between groups
were examined using either Fisher’s exact test for categorical variables
or t test for continuous variables. All tests were two-sided. P < 0.05 was
considered to be statistically significant.

Results

A total of 122 oral mucosa biopsies were obtained from
the 20 tumors, 20 from the clinical tumor itself and 102 from
the tumor margins. Figure 2 shows the study design and
summarizes biopsy-specific data obtained for location, FV
status, histology, and LOH. For each surgical sample, there were
three boundaries: the boundary of the clinically apparent
tumor (Fig. 1B), the FVL boundary (Fig. 1D), and the surgical
boundary (Fig. 1E). Thirty-six margin biopsies were obtained
from FVL tissue and these were placed adjacent to the FVL
boundary. The 66 FVR margin biopsies were placed adjacent to
the surgical boundary (Fig. 1F).
Novel FVL fields extend beyond the clinical boundary. All

tumors showed a loss of fluorescence (FVL), regardless of tumor
stage and grade of differentiation. In 19 of 20 tumors, FVL
boundaries extended beyond the clinically apparent lesion
(Table 1). The extent of this subclinical FVL extension varied
considerably, ranging from 4 to 25 mm (mean, 10.3 F 5.7 mm),
with 10 tumors showing a >10-mm FVL extension in one or
more directions. It is important to note that FVL extension was
never evenly distributed around any given tumor. For example,
the tumor in Fig. 1 showed subclinical FVL extension primarily
in the posterior direction; in contrast, most of the extension in
the tumor in Fig. 3 was in the anterior and lateral directions,
with minimal extension in the medial and posterior directions.

To investigate the possibility that the advent of invasion is
accompanied by a more aggressive lateral/horizontal subclin-
ical FVL spread, we compared the margin mapping data in the
8 preinvasive high-grade lesions (CIS) with the 12 invasive
SCCs. The average width for subclinical FVL extension beyond
the clinical boundary was similar for CIS and invasive SCCs
(10.4 F 6.7 versus 10.2 F 5.6 mm; P = 0.79).

FV identifies the majority of histologic risks. As shown in
Fig. 2, among the 36 FVL margins, there were 7 (19%) cancers
(CIS/SCC), 10 (28%) high-grade dysplasias, 15 (42%) low-
grade dysplasias, and 4 (11%) cases with no dysplasia. In
contrast, only 1 of the 66 FVR margins was dysplastic. In other
words, FVL identified 32 of the 33 cancerous or dysplastic
biopsies in the 102 margin biopsies, including all of the
cancerous and high-grade dysplasias. There was a significant
correlation between the presence of high-grade dysplasia and
above with loss of FV (P < 0.0001).

Of the 10 tumors showing >10-mm FVL extension at one
or several directions of the tumor margins, 6 tumors showed
histologic changes of high-grade dysplasia and above in
biopsies taken from FVL regions >10 mm from the clinical
tumor boundaries (Table 1: cases 1, 12, 14, 15, 17, and 19).

Molecular risk assessment of low-grade lesions. Because
histology is a poor indicator of outcome for margins with little
(low-grade) or no histologic change, we used molecular
analysis to further define risk for FVL and FVR margins. An
example of this combined analysis and its value in assessing
FVL margins is shown for case 10 (Fig. 3).

Microsatellite analysis of LOH at 3p, 9p, and 17p was done
for 32 biopsies, consisting of all 19 FVL margins showing low-
grade dysplasia or no dysplasia, and 13 FVR margin biopsies:
the single case with mild dysplasia and 12 randomly chosen
cases with no dysplasia (Fig. 2). As shown in Fig. 4A,
consistently higher rates of LOH in all categories of compar-
isons were observed in FVL margins as compared with FVR
margins. Such higher rates were significant at 9p (53% versus
8%, P = 0.01), for >1 arm lost (37% versus 0%, P = 0.03), for
LOH at 3p and/or 9p only (63% versus 23%, P = 0.04), and for
3p and/or 9p plus 17p (37% versus 0%, P = 0.03; Table 2).
Strikingly, of the four FVL margins with no dysplasia, two
showed LOH at 3p and/or 9p plus 17p, and one showed LOH
at 3p (Fig. 2). Of the 13 FVR margins, 3 also showed LOH at 3p
and/or 9p, including the single mild dysplasia that was FVR.

As mentioned above, six tumors showed histologic changes
of high-grade dysplasia and above in biopsies taken from FVL
regions >10 mm from the clinical tumor boundaries. Molecular
assessment showed an additional two cases with molecular risk
in biopsies taken from FVL regions >10 mm from the clinical
tumor boundaries (Table 1, cases 3 and 6).

Fig. 2. Study design showing results of
analysis for122 biopsies. Each biopsy is
described with respect to location (tumors,
margin), FV status (FVR, FVL); histology
[SCC, CIS, high-grade dysplasia (HGD),
low-grade dysplasia (LGD); no dysplasia],
and LOH analysis [presence of patterns
previously associated with recurrence;
ref. (22): MR1, no LOH at 3p and 9p; MR2,
LOH at 3p and/or 9p]. *, 12 cases were
randomly selected from FVR margins
without dysplasia for LOH analysis.
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Discussion

Molecular technology has begun to shed new light on the
definition of ‘‘field-at-risk’’ in patients with oral cancer. In this
study of fluorescence field changes, we show that the
development of new optical techniques that enable us to
visualize spectral alterations associated with oral cancer could
add a further dimension to these developing paradigms
regarding the concept of cancer/risk field.

Our data indicate strongly that the field of FV alterations
(FVL) within or beyond the clinically apparent tumor area is
associated with morphologic high-grade and molecular high-
risk tissue change. All the 20 tumors in this study displayed
FVL. All but 1 of the 36 margin biopsies from the subclinical
FVL field had either histologic dysplasia/cancer and/or genetic
alterations associated with molecular risk. Seventeen of the 36
cases (47%) had cancer or severe dysplasia and 15 cases (42%)
had low-grade dysplasia. Nine of the 15 latter cases showed
LOH at 3p and/or 9p, a molecular pattern associated with a
26-fold increase in relative cancer risk for tumor recurrence
(29). Only 4 of the 36 (11%) FVL margins were not dysplastic;
however, three of the four biopsies showed LOH at 3p and/or
9p when assessed molecularly. In contrast, only 1 of the 66
FVR margins was dysplastic (low-grade) and 3 of the 13 FVR
margins analyzed for LOH showed molecular risk (includes the
dysplastic case).

These findings add to the growing evidence that supports the
use of FV to detect cancers and high-risk lesions (16, 30–32),
including occult or nonapparent lesions/areas (18). The closest
report existing in the literature to our present study is that of
Svistun et al. (16) in which the authors evaluate a similar visual
analysis system on excised oral cancer tissue and surrounding
tissue ex vivo . The best subset of the illumination and detection
wavelengths found in their study is identical to the ones used
by the FV device in the present study. Although they had a small
number of cases (four), their limited results indicated a corre-

spondence between pathology and abnormal fluorescence.
A limitation of the study, however, was the use of excised tissue
and the identification of areas of altered fluorescence by a
surgeon using pictures of this tissue under different conditions.

One of the most difficult and contentious issues with respect
to treatment of oral cancers involves the decision on the width
of clinically normal tissue that should be removed in addition
to the tumor. In an effort to remove occult high-risk field
change, surgeons frequently remove an arbitrary 10 mm or
more of normal-looking mucosal margin when excising oral
cancer, if anatomically possible. Unfortunately, this approach
still fails to completely remove the occult high-risk field
changes in many patients, resulting in a high-rate of tumor
recurrence. Our data showed that such occult change is a
frequent event (found in 19 of the 20 tumors), and that
the width of this subclinical extension varies considerably
(4-25 mm), frequently extending in at least one direction by

Fig. 3. Presence of high-grade histology or molecular clones in FVL margins outside of clinically apparent tumor. A, mapping of surgical field showing three boundaries:
clinically apparent tumor (blue), FVL boundary (green), and boundary of surgical specimen (red). B, photomicrograph of FVL margin (red circle) showing high-grade
dysplasia. C, photomicrograph and LOH images of FVL margin (yellow circle) showing mild dysplasia with LOH at D3S1300, D91751, and tp53. D, photomicrograph and
LOH images of FVR margin (green circle) showing no dysplasia and heterozygosity (no LOH) at D3S1234, D9INFA, and tp53. Magnification, �100.

Fig. 4. LOH status of FVL and FVR margin biopsies. Relative frequencies of
two molecular patterns previously associated with recurrence (22): MR1, no LOH
at 3p and 9p (open columns); MR2, LOH at 3p and/or 9p (solid columns ;
see Fig. 2).
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>10 mm (Table 1). If a 10-mm clearance of clinical tumor was
used arbitrarily in this sample set, half of the 20 tumors in this
study would have cancer or dysplasia at the surgical margin,
with six cases (30%) showing severe dysplasia or CIS . These six
tumors would have a high chance of tumor recurrence because
of the inadequate removal.

The present study is the first description of an FV-character-
ized field as ascertained directly in a clinical surgical setting. As
such, the data represents a new phenotype that could contribute
significantly to our concept of cancer/risk field. More research is
required to further define it biologically and clinically. In
addition to histology, this report has integrated FV status with
molecular changes to assess the cancer/risk field. There was a
strong association of LOH with FVL; however, this molecular
change was also present in 3 of 12 FVR margins. These data
illustrate the complexity of the cancer field and support the need
for a multiparameter assessment of such change. Optical devices

and molecular techniques could complement each other. For
example, surgical margins of oral cancer have been examined
intraoperatively using quantitative methylation-specific PCR
and methylation-positive margins have been identified (33).
Optical devices could enhance this molecular mapping. In turn,
the assessment of FVL boundaries for such molecular change or
others (e.g., p53 mutation with mutation-specific plaque
hybridization assay; ref. 5) would improve our understanding
of the nature of this new phenotype. It should be noted that the
need for multiparameter assessment of the cancer field also
includes the development of new approaches to assessing the
depth of cancer extension in vivo , as the current device assesses
mainly lateral cancer spread.

Finally, our data found no difference between CIS and
invasive SCC in terms of the FV field expansion. The
information is important because the usual recommendation
for preinvasive high-grade lesions tend to be more conservative
with smaller margins of normal-looking mucosa. The study
results suggest that a subgroup of these preinvasive lesions may
have extensive lateral fields, some occult, and as such, would
require a more aggressive therapy.

In summary, the current study is an important step in the
development of a potential integration of optical technology
into the management of patients with oral cancer. The device
will need to be integrated with information from other
sources, both histologic and molecular, and experience with
the device will have to be associated with clinical outcome
before its clinical value can be established. However, as a
proof-of-principle, our data has, for the first time, shown that
direct FV can identify subclinical high-risk fields with
cancerous and precancerous changes in the operating room
setting.

Table 2. Frequencies of occurrence of other LOH
patterns

FVL (%) FVR (%) P

No. of margin biopsies 19 13
LOH at individual arms
at 3p 5 of 19 (26) 2 of 13 (15) 0.67
at 9p 10 of 19 (53) 1 of 13 (8) 0.01
at 17p 7 of 19 (37) 1 of 13 (8) 0.1

Any loss 12 of 19 (63) 4 of 13 (31) 0.15
>1 loss (as z2 loss) 7 of 19 (37) 0 of 13 (0) 0.03
LOH at 3p and/or 9p 12 of 19 (63) 3 of 13 (23) 0.04
LOH at 3p and/or 9p
plus 17p

7 of 19 (37) 0 of 13 (0) 0.03

FluorescenceAlterations inTumorMargins

www.aacrjournals.org Clin Cancer Res 2006;12(22) November15, 20066721

References
1. Slaughter DP, Southwick HW, Smejkal W. Field
cancerization in oral stratified squamous epithelium;
clinical implications of multicentric origin. Cancer
1953;6:963^8.

2. Braakhuis BJ,Tabor MP, Kummer JA, Leemans CR,
Brakenhoff RH. A genetic explanation of Slaughter’s
concept of field cancerization: evidence and clinical
implications. Cancer Res 2003;63:1727^30.

3. van Houten VM, Leemans CR, Kummer JA, et al.
Molecular diagnosis of surgical margins and local
recurrence in head and neck cancer patients: a pro-
spective study. Clin Cancer Res 2004;10:3614^20.

4. Leemans CR, Tiwari R, Nauta JJ, van der Waal I,
Snow GB. Recurrence at the primary site in head and
neck cancer and the significance of neck lymph node
metastases as a prognostic factor. Cancer 1994;73:
187^90.

5. Brennan JA, Mao L, Hruban RH, et al. Molecular
assessment of histopathological staging in squa-
mous-cell carcinoma of the head and neck. N Engl
JMed1995;332:429^35.

6. Hittelman WN, Kim HJ, Lee JS, et al. Detection of
chromosome instability of tissue fields at risk :
in situ hybridization. J Cell Biochem Suppl 1996;
25:57^62.

7. Tabor MP, Brakenhoff RH, van Houten VM, et al.
Persistence of genetically altered fields in head and
neck cancer patients: biological and clinical implica-
tions. Clin Cancer Res 2001;7:1523^32.

8. Partridge M, Pateromichelakis S, Phillips E, Emilion
GG, A’Hern RP, Langdon JD. A case-control study
confirms that microsatellite assay can identify patients
at risk of developing oral squamous cell carcinoma
within a field of cancerization. Cancer Res 2000;60:
3893^8.

9. Tabor MP, Brakenhoff RH, Ruijter-Schippers HJ,
Kummer JA, Leemans CR, Braakhuis BJ. Genetically
altered fields as origin of locally recurrent head and
neck cancer: a retrospective study. Clin Cancer Res
2004;10:3607^13.

10. Lam S, MacAulay C, Hung J, LeRiche J, Profio AE,
Palcic B. Detection of dysplasia and carcinoma in situ
with a lung imaging fluorescence endoscope device.
J Thorac Cardiovasc Surg 1993;105:1035^40.

11. Ramanujam N, Mitchell MF, Mahadevan A, et al.
In vivo diagnosis of cervical intraepithelial neo-
plasia using 337-nm-excited laser-induced fluo-
rescence. Proc Natl Acad Sci U S A 1994;91:
10193^7.

12. Gillenwater A, Jacob R, Ganeshappa R, et al.
Noninvasive diagnosis of oralneoplasia basedon fluo-
rescence spectroscopy and native tissue autofluores-
cence. Arch Otolaryngol Head Neck Surg 1998;124:
1251^8.

13. Zhang L, Michelsen C, Cheng X, et al. Molecular
analysis of oral lichen planus. A premalignant lesion?
AmJPathol 1997;151:323^7.

14. Schantz SP, Kolli V, Savage HE, et al. In vivo native
cellular fluorescence and histological characteristics
of head and neck cancer. Clin Cancer Res 1998;4:
1177^82.

15. Ingrams DR, Dhingra JK, Roy K, et al. Autofluores-
cence characteristics of oral mucosa. Head Neck
1997;19:27^32.

16. Svistun E, Alizadeh-Naderi R, El-NaggarA, Jacob R,
Gillenwater A, Richards-Kortum R. Vision enhance-
ment system for detection of oral cavity neoplasia
based on autofluorescence. Head Neck 2004;26:
205^15.

17. Lane PM, GilhulyT,Whitehead P, et al. Simple device

for the direct visualizationof oral-cavity tissue fluores-
cence. JBiomed Opt 2006;11:24006.

18. Poh CF, Ng SP,Williams PM, et al. Direct Fluores-
cence visualization of clinically occult high-risk oral
premalignant disease using a simple hand-held de-
vice. Head Neck 2006 Sept. 18 on-line publication.

19. Qu J, MacAulay C, Lam S, Palcic B. Laser induced
fluorescence spectroscopy at endoscopy: tissue
optics; Monte Carlo modeling and in vivo measure-
ments. Optical Eng1995;34:3334^43.

20.MullerMG, Valdez TA, Georgakoudi I, et al. Spectro-
scopic detection and evaluation of morphologic and
biochemical changes in early human oral carcinoma.
Cancer 2003;97:1681^92.

21. Lippman SM, Lee JJ. Reducing the ‘‘risk’’ of che-
moprevention: defining and targeting high risk-
2005 AACR Cancer Research and Prevention
Foundation Award Lecture. Cancer Res 2006;66:
2893^903.

22. Zhang L,Williams M, Poh CF, et al. Toluidine blue
staining identifies high-risk primary oral premalignant
lesions with poor outcome. Cancer Res 2005;65:
8017^21.

23. Greene FL, Page DL, Fleming ID, et al., editors.
AJCC cancer staging manual. 6th ed. NewYork (NY):
Springer; 2002.

24.Mao L. Canmolecular assessment improve classifi-
cation of head and neck premalignancy? Clin Cancer
Res 2000;6:321^2.

25. Califano J, van der Riet P, Westra W, et al. Gene-
tic progression model for head and neck cancer:
implications for field cancerization. Cancer Res
1996;56:2488^92.

26.Mao L, LeeJS, FanYH, et al. Frequent microsatellite
alterations at chromosomes 9p21 and 3p14 in oral



premalignant lesions and their value in cancer risk as-
sessment. Nat Med1996;2:682^5.

27. Rosin MP, Cheng X, Poh C, et al. Use of allelic
loss to predict malignant risk for low-grade oral
epithelial dysplasia. Clin Cancer Res 2000;6:
357^62.

28. Lee JJ, HongWK, HittelmanWN, et al. Predicting
cancer development in oral leukoplakia: ten years of
translational research. Clin Cancer Res 2000;6:
1702^10.

29.RosinMP, LamWL, PohC, et al. 3p14 and 9p21loss
is a simple tool for predicting second oral malignancy
at previously treated oral cancer sites. Cancer Res
2002;62:6447^50.

30. Betz CS, Mehlmann M, Rick K, et al. Autofluores-
cence imaging and spectroscopy of normal andmalig-
nant mucosa in patients with head and neck cancer.
Lasers Surg Med1999;25:323^34.

31. Heintzelman DL, Utzinger U, Fuchs H, et al. Optimal
excitation wavelengths for in vivo detection of oral

neoplasia using fluorescence spectroscopy. Photo-
chem Photobiol 2000;72:103^13.

32. Andersson-Engels S, Klinteberg C, Svanberg
K, Svanberg S. In vivo fluorescence imaging
for tissue diagnostics. Phys Med Biol 1997;42:
815^24.

33. Goldenberg D, Harden S, Masayesva BG, et al.
Intraoperative molecular margin analysis in head and
neck cancer. Arch Otolaryngol Head Neck Surg
2004;130:39^44.

Imaging, Diagnosis, Prognosis

www.aacrjournals.orgClin Cancer Res 2006;12(22) November15, 2006 6722


