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LINICAL INVESTIGATION Head and Neck

IMPACT OF FDG-PET/CT IMAGING ON NODAL STAGING FOR
HEAD-AND-NECK SQUAMOUS CELL CARCINOMA
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Purpose: To evaluate the impact of 18F-fluorodeoxyglucose positron emission tomography/computed tomogra-
phy (FDG-PET/CT) imaging on nodal staging for head-and-neck squamous cell carcinoma (SCC).
Methods and Materials: The study population consisted of 23 patients with head-and-neck SCC who were
evaluated with FDG-PET/CT and went on to neck dissection. Two observers consensually determined the lesion
size and maximum standardized uptake value (SUVmax) and compared the results with pathologic findings on
nodal-level involvement. Two different observers (A and B) independently performed three protocols for clinical
nodal staging. Methods 1, 2, and 3 were based on conventional modalities, additional visual information from
FDG-PET/CT images, and FDG-PET/CT imaging alone with SUV data, respectively.
Results: All primary tumors were visualized with FDG-PET/CT. Pathologically, 19 positive and 93 negative
nodal levels were identified. The SUVmax overlapped in negative and positive nodes <15 mm in diameter.
According to receiver operating characteristics analysis, the size-based SUVmax cutoff values were 1.9, 2.5, and
3.0 for lymph nodes <10 mm, 10–15 mm, and >15 mm, respectively. These cutoff values yielded 79% sensitivity
and 99% specificity for nodal-level staging. For Observer A, the sensitivity and specificity in Methods 1, 2, and
3 were 68% and 94%, 68% and 99%, and 84% and 99%, respectively, and Method 3 yielded significantly higher
accuracy than Method 1 (p � 0.0269). For Observer B, Method 3 yielded the highest sensitivity (84%) and
specificity (99%); however, the difference among the three protocols was not statistically significant.
Conclusion: Imaging with FDG-PET/CT with size-based SUVmax cutoff values is an important modality for
radiation therapy planning. © 2007 Elsevier Inc.
PET/CT imaging, Head-and-neck cancer, Nodal staging, GTV.
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INTRODUCTION

dvances in sophisticated radiotherapy (RT) techniques, nota-
ly three-dimensional conformal RT (3D-CRT) and intensity-
odulated RT (IMRT), render the precise delineation of the

ross tumor volume (GTV) essential for RT planning. This is
articularly important in head-and-neck squamous cell carci-
oma (SCC) where normal and abnormal structures are in
lose proximity. In the interpretation of morphologic imaging
odalities such as computed tomography (CT) and magnetic

esonance imaging (MRI), the GTV boundary is often vague in
he presence of inflammatory changes around the tumor or
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nterference by metal artifacts, and their normal appearance on
hese images renders the detection of metastatic lymph nodes
ifficult. These factors contribute to a marked variability in
TV assessments even among experienced radiation oncolo-
ists, resulting in a possible geographic miss of the tumor or
nnecessary irradiation of normal tissues (1).

Functional imaging with 18F-fluorodeoxyglucose (FDG)-
ositron emission tomography (PET), which provides infor-
ation about glucose metabolism, may improve the consis-

ency of GTV delineation (2–4). 18F-fluorodeoxyglucose
ET and its quantitative parameter, the standardized uptake

rom the Department of Oral and Maxillofacial Surgery and Prof.
iji Yumoto from the Department of Otolaryngology–Head and
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alue (SUV), have been used to evaluate the staging, treat-
ent response, and recurrence detection of a wide range of

olid cancers, including head-and-neck SCC. The sensitivity
nd specificity of FDG-PET for the detection of nodal
nvolvement reportedly were 61–96% and 80–99%, respec-
ively; with CT/MRI they were 53–82% and 71–97% (4–7).
n the other hand, because of the limited anatomic resolu-

ion of FDG-PET, precise tumor localization requires care-
ul correlation with structural images. Imaging with PET/CT
rovides the morphologic information of CT and the func-
ional information of PET (8–12).

Although FDG-PET/CT imaging has been used in the
valuation of head-and-neck SCC, its role in initial staging
as not been fully addressed (13–15). Some studies reported
hat RT planning was changed on the basis of information
ielded on FDG-PET/CT fused images; however, they did
ot provide pathologic confirmation of the imaging findings
16–18). The purpose of this study was to evaluate the
mpact of FDG-PET/CT imaging on nodal staging for head-
nd-neck SCC.

METHODS AND MATERIALS

Written prior informed consent to undergo FDG-PET/CT imag-
ng and receive treatments was obtained from all patients. The
nstitutional review board of our hospital approved this retrospec-
ive study; patient informed consent for inclusion in this study was
aived. To protect patient privacy, we removed all identifiers from
ur records at the completion of our analyses.

atients, diagnosis, and treatment
Between December 2004 and January 2006, 54 patients who had

ndergone pretreatment evaluation at our hospital for head-and-
eck SCC were introduced to an extramural PET center for routine
DG-PET/CT imaging. Of these, 23 (20 men, 3 women; mean age,
6.9 years; age range, 26–82 years) went on to resection of the
rimary tumor (1 laryngeal, 3 mesopharyngeal, 7 hypopharyngeal,
2 oral cavity tumors) with neck dissection and were studied
urther. All patients had undergone preoperative conventional
orkup, including ultrasound, contrast-enhanced CT, and MRI of

he head and neck. On routine radiology reports, the nodal level
I–V), defined by the American Joint Committee on Cancer clas-
ification of cervical lymph nodes and based on their level and
ocation, and the diagnosis of cervical lymph node malignancy
ased on CT or MRI findings, conformed with accepted morpho-
ogic criteria. That is, (1) all level II nodes were �1.5 cm and all
evel I, III, IV, and V and retropharyngeal nodes were �1.0 cm in

aximum axial diameter, (2) all nodes manifested internal central
r peripheral attenuation suggestive of necrosis, (3) there was
xtracapsular extension, and/or (4) obliteration of fat or perivas-
ular soft tissue planes (8, 19).

The decision to perform selective or radical neck dissection was
ade by experienced head-and-neck surgeons and based on clin-

cal TNM stage and patient performance status. Thus, patients with
0 disease underwent selective unilateral dissection, those with
nilateral adenopathy received modified radical unilateral dissec-
ion, and patients with bulky unilateral disease or bilateral ade-
opathy were treated by bilateral selective or radical neck dissec-

ion. Neck dissection specimens were removed en bloc and divided n
nto the nodal levels. Pathologic findings on the lymph nodes were
ecorded at each anatomic level. Retropharyngeal lymph nodes
ere excluded from this study because they were not sampled by
eck dissection.

DG-PET/CT imaging
18F-fluorodeoxyglucose PET and CT scans were obtained on

he same day with the patient supine and the head immobilized
ith a neutral-position head cradle and tape. 18F-fluorodeoxyglu-

ose PET imaging was with a whole-body 3D PET scanner (Al-
egro; Philips Medical Systems, Cleveland, OH) (20). The patients
asted for 4–6 h before receiving the FDG injection, and their
lood glucose levels were recorded. Images from the skull base to
he pelvis were acquired approximately 60 min after the intrave-
ous administration of 5–10 mCi (185–370 MBq) of FDG. To
inimize normal muscle uptake, patients lay in a quiet, dark room.
ransmission images for attenuation correction were acquired with
single 137Cs source that creates CT-like images. The transmis-

ion and emission images were reconstructed using the 3D-
AMLA (row-action maximum likelihood algorithm) iteration

econstruction algorithm; the reconstructed images had a slice
hickness of 4 mm and a matrix of 128 � 128.

Noncontrast-enhanced CT images were obtained on a four-
hannel multidetector row CT scanner (Robusto; Hitachi Medico
echnology, Chiba, Japan); the slice thickness was 3.75 mm, the
atrix 512 � 512. Computed tomography data were transferred to

he PET system, and image registration was performed using
yntegra software (Philips Medical Systems). The CT and 137Cs

ransmission images were registered, and then FDG-PET/CT fused
mages were obtained by exchanging the 137Cs transmission im-
ges with FDG-PET images. Registration was with a combination
f automatic and manual methods.
The SUV, an index of glucose metabolism on FDG-PET im-

ges, is the ratio between the measured and expected uptake if
DG were distributed evenly throughout the body; thus, SUV �
DG uptake in each voxel/(injected dose/body weight). The max-

mum value of SUV (SUVmax) in the region of interest (ROI) was
sed for evaluation. On routine clinical radiology reports, the
riteria for FDG-PET identification of malignancy were (1) tracer
ptake judged visually to be greater than in surrounding normal
oft tissue, and (2) SUVmax �2.5 (4).

DG-PET/CT data reviews
Two observers, a radiation oncologist (R.M.) and a nuclear
edicine/radiation oncology specialist (H.U.) with 15 and 23 years

f experience in diagnosing and treating head-and-neck malignan-
ies, respectively, consensually reviewed lymph node findings on
DG-PET/CT images. The maximum axial diameter and SUVmax

f a represented lymph node and the area of the largest SUV were
ecorded at each nodal level (I–V) and compared with pathologic
ndings on nodal-level involvement. For nodal levels without
etected lymph nodes, the SUVmax was scaled in the anatomic area
nd the diameter was considered �10 mm. The maximum axial
iameter and the SUVmax of primary lesions were also recorded.

linical nodal staging
Two different observers independently performed three proto-

ols for clinical nodal staging. Observer A (T.H.) was a radiologist
nd Observer B (R.N.) a radiation oncologist with 16 and 20 years
f experience, respectively, in diagnosing and treating head-and-

eck malignancies.
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Method 1 (conventional modalities) consisted of clinical nodal
taging based on conventional modalities (routine physical and
ndoscopic examinations, CT and MRI studies with routine clin-
cal radiology reports) without information from FDG-PET/CT
maging.

Method 2 (additional FDG-PET/CT) consisted of clinical nodal
taging based on conventional modalities and additional visual
nformation from FDG-PET/CT images with routine clinical radi-
logy reports.
Method 3 (FDG-PET/CT alone) consisted of clinical nodal

taging based on FDG-PET/CT imaging alone with SUV data. The
bservers could reference not only the size and SUVmax of lymph
odes but also their level and laterality and the site and size of the
rimary tumor. Each observer performed Method 3 at least 6
onths after performing Methods 1 and 2.
With each method, each nodal level on either side of the neck

as classified as involved or not involved. Clinical nodal staging
as compared with pathologic findings by one of the authors

R.M.).

tatistical analysis
In FDG-PET/CT data reviews, receiver operating characteristics

nalysis was used to determine the SUVmax cutoff value for lymph
ode involvement. To evaluate the statistical significance of dif-
erences in the pathologic accuracy of clinical nodal level staging,

ethods 2 and 3 were compared with Method 1, applying McNe-
ar’s test to each observer. Statistical analyses were carried out
ith StatFlex Version 5.0 (Artec; Osaka, Japan). Values of p �
.05 were considered to denote significant differences.

RESULTS

Dissection was performed at 35 neck sites; of the 23
atients, 11 underwent unilateral and 12 bilateral dissec-
ions; 28 positive and 529 negative lymph nodes were
athologically isolated from 112 nodal levels, of which 19
ere positive and 93 negative. Pathologically, 1 patient had
1, 6 had T2, 9 had T3, and 7 had T4 tumors; nodal

nvolvement was N0 in 8, N1 in 8, N2b in 6, and N2c in 1
atient.
In all 23 primary tumors, FDG-PET/CT fused images

ig. 1. Scatter plot of maximum standardized uptake values
SUVmax) with respect to nodal size at 112 nodal levels.
emonstrated FDG accumulation. Based on FDG-PET/CT s
ata reviews, the median SUVmax of the primary tumors
as 8.91 (range, 2.39–21.00), and the median axial diam-

ter was 29.8 mm (range, 8.1–56.8 mm). The SUVmax was
.39 in the smallest primary tumor (diameter 8.1 mm) and
3.0 in the other 22 tumors, all of which were �15 mm in

iameter.
The median SUVmax of pathologically positive node lev-

ls was 2.90 (range, 1.57–10.07). The SUVmax overlapped
n negative and positive nodes �15 mm in diameter (Fig. 1).
eceiver operating characteristics analysis of the SUVmax of
odal sizes suggested that the size-based cutoff value was
.9 for nodes �10 mm in diameter, 2.5 for those 10–15
m, and 3.0 for �15 mm. These cutoff values yielded 79%

ensitivity (15 of 19) and 99% specificity (92 of 93) for
odal-level staging (Table 1, Figs. 2 and 3). In Method 3 for
odal staging, two independent observers (T.H. and R.N.)
onsulted on the size-based SUVmax cutoff values.

Compared with conventional modalities (Method 1), the
ddition of FDG-PET/CT fused images (Method 2) in-
reased pathologically correct lymph node staging from 14
61%) to 17 (74%) and from 17 (74%) to 19 (83%) for each
bserver. Among the three protocols, FDG-PET/CT imag-
ng with SUV data (Method 3) yielded the most correct
ymph node staging: 19 (83%) and 20 (87%) of the patients
ere correctly staged by each observer (Table 2). For nodal-

evel staging, the sensitivity and specificity of Methods 1, 2,
nd 3 were 68% and 94%, 68% and 99%, and 84% and
9%, respectively, for Observer A; Method 3 yielded sig-
ificantly higher accuracy than Method 1 (p � 0.0269). For
bserver B, sensitivity and specificity were greatest with
ethod 3 (84% and 99%, respectively); however, the dif-

Table 1. Diagnostic accuracy of SUVmax cutoff values for
nodal levels

Nodal size
(mm)

Cutoff
value

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

�10 1.9 67 (6/9) 100 (77/77) 97 (83/86)
2.5 22 (2/9) 100 (77/77) 92 (79/86)
3.0 11 (1/9) 100 (77/77) 91 (78/86)

10–15 1.9 100 (5/5) 38 (5/13) 56 (10/18)
2.5 80 (4/5) 92 (12/13) 89 (16/18)
3.0 60 (3/5) 100 (13/13) 89 (16/18)

�15 1.9 100 (5/5) 0 (0/3) 63 (5/8)
2.5 100 (5/5) 67 (2/3) 88 (7/8)
3.0 100 (5/5) 100 (3/3) 100 (8/8)

Total 1.9 84 (16/19) 88 (82/93) 88 (98/112)
2.5 58 (11/19) 98 (91/93) 91 (102/112)
3.0 47 (9/19) 100 (93/93) 91 (102/112)

Grading
values

79 (15/19) 99 (92/93) 96 (107/112)

Abbreviation: SUVmax � maximum standardized uptake value.
Note: Data in parentheses are the numbers used to calculate the

ercentage. Based on receiver operating characteristics analysis,
he size-based SUVmax cutoff values were 1.9, 2.5, and 3.0 for
ymph nodes �10 mm, 10–15 mm, and �15 mm in diameter,
espectively. These cutoff values yielded 79% sensitivity and 99%

pecificity.
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erence among the three protocols was not statistically sig-
ificant (Table 3).

DISCUSSION

18F-fluorodeoxyglucose PET, a functional imaging
ethodology that provides information about tissue glu-

ose metabolism, has been used for the evaluation of head-
nd-neck SCC. In our study, FDG-PET/CT fused images
emonstrated FDG accumulation in all of the 23 primary
umors we examined. Among three protocols for nodal
taging, FDG-PET/CT imaging with SUV data (Method 3)
ielded the most correct lymph node staging for each ob-
erver. Previous studies of nodal staging with FDG-PET
lone reported 61–96% sensitivity and 80–99% specificity
4–7). However, they used different methods to calculate
hese parameters and based their results on the number of
atients, the neck side, neck level, or lymph nodes. Evalu-
tion based on the number of lymph nodes tends to favor
pecificity, owing to the presence of a large number of
egative nodes (5). The limited resolution of FDG-PET may
ender it difficult to estimate the number of positive nodes.
f FDG-PET yields different results at different sites on the
ame side of the neck or for the same patient, its sensi-
ivity and specificity cannot be defined accurately. Han-

ig. 2. A 79-year-old man with supraglottic squamous cell carci-
oma (pT3N2c). The 18F-fluorodeoxyglucose positron emission
omography/computed tomography image shows the 35-mm diam-
ter primary tumor (P) with a maximum standardized uptake value
SUVmax) of 11.7. Pathologically confirmed positive lymph nodes
re also demonstrated at the right level II (diameter � 6 mm;
UVmax � 2.4) (arrowhead) and left level II (diameter � 13 mm;
UVmax � 6.9) (arrow).
ah et al. (7) demonstrated that the sensitivity of FDG- (
ET/CT imaging based on neck levels and patients was
1% and 82%, respectively, suggesting that sensitivity
nd specificity calculations that are based on the neck
evel represent a better method for nodal staging (6, 8,
4). We consider nodal-level staging an appropriate
ethod for RT planning in patients with head-and-neck
CC because we must select nodal levels that are in-
luded in the irradiated volume.

Ng et al. (6), who evaluated nodal-level staging with
DG-PET in 124 patients with oral cavity carcinoma,
eported that sensitivity and specificity were 75% and
3%, respectively. They also showed that sensitivity and
pecificity increased somewhat upon visual fusion of
DG-PET and CT/MRI compared with FDG-PET alone,
lthough the improvement was not statistically signifi-
ant. Dammann et al. (14) reported that FDG-PET facil-
tated the correction of overdiagnosis by CT or MRI,
lthough without statistical significance. Although FDG-
ET/CT imaging may provide additional information for
odal staging, its role in the evaluation of normally sized
ymph nodes is controversial, and its major advantage
ay lie in the easier differentiation of normal from

bnormal FDG accumulations (13–15, 21).
Because it measures metabolic activity, FDG-PET is

aluable for characterizing the nature of a lesion. Malig-
ant cells actively metabolize glucose; consequently,
hey manifest high FDG accumulation on PET images.

aximum standardized uptake cutoff values ranging be-
ween 2.0 and 3.0 are used to differentiate between
alignant and benign lesions (3, 4, 9, 22). However,
DG is not a tumor-specific tracer. Various inflammatory
rocesses can lead to increased FDG uptake and poten-
ially return false-positive results. Conversely, three fac-
ors (the presence of small lesions, low tumor metabolic
ctivity, and hyperglycemia) may yield false-negative

ig. 3. A 70-year-old man with right maxillary squamous cell
arcinoma (pT3N0). The 18F-fluorodeoxyglucose positron emis-
ion tomography/computed tomography image shows a patholog-
cally confirmed negative lymph node at the right level IV (diam-
ter � 23 mm; maximum standardized uptake value � 2.6)

arrow).
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DG-PET results (4, 22). In the evaluation of small
esions, the sensitivity of FDG-PET decreases with their
ecreasing size (9, 13). Because several factors affect the
UV, a diagnosis based purely on the SUV is inappro-
riate (5, 9). Our study demonstrated that although the
UVmax accurately characterized lymph nodes �15 mm

n diameter, it was not reliable with respect to nodes �15
m, probably because of the partial volume effect attrib-

table to the limited resolution of PET images. Underes-
imation of the true concentration activity is suspected in le-
ions whose diameter is less than twice the resolution of the
ET scanner at full-width at half-maximum (FWHM). Using
hantoms, the resolution of our scanner was 5.5 mm at
WHM; however, actual spatial resolution is lower because of
atient movement, scatter, and noise (20).

As a potentially more accurate method to correct the

Table 2. Clinical nodal staging

Method 1

Pathology N0 N1 N2b N2c

Observer A
N0 (n � 8) 6 2
N1 (n � 8) 1 4 2 1
N2b (n � 6) 1 1 4
N2c (n � 1) 1

Observer B
N0 (n � 8) 6 2
N1 (n � 8) 1 6 1
N2b (n � 6) 1 5
N2c (n � 1) 1

Note: Data are number of patients. Obse
oncologist. Methods 1, 2, and 3 for clinical no
additional visual information from 18F-fluoro
puted tomography (FDG-PET/CT) images, a
uptake value data, respectively.

Table 3. Clinical nodal level staging with three protocols
at 112 levels

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

bserver A
Method 1 13/19 (68) 87/93 (94) 100/112 (89)
Method 2 13/19 (68) 92/93 (99) 105/112 (94)
Method 3 16/19 (84) 92/93 (99) 108/112 (96)*

bserver B
Method 1 15/19 (79) 89/93 (96) 104/112 (93)
Method 2 15/19 (79) 92/93 (99) 107/112 (96)
Method 3 16/19 (84) 92/93 (99) 108/112 (96)

Note: Data in parentheses are the numbers used to calculate the
ercentage. Observer A was a radiologist, Observer B a radiation
ncologist. Methods 1, 2, and 3 for clinical nodal level staging
ere based on conventional modalities, additional visual informa-

ion from 18F-fluorodeoxyglucose positron emission tomography/
omputed tomography (FDG-PET/CT) images, and FDG-PET/CT
maging alone with SUV data, respectively.

* According to McNemar’s test, Method 3 was significantly

tuperior to method 1 (p � 0.0269).
UV for the partial volume effect, Hickeson et al. (22)
roposed determining the lesion volume on CT and the
umber of counts throughout the entire volume of the
rea showing increased FDG uptake, and correcting for
ackground. We considered the size-based grading SU-

max cutoff values for lymph nodes; they were 1.9 for
odes �10 mm in diameter, 2.5 for those 10 –15 mm, and
.0 for nodes �15 mm. These values yielded 79% sen-
itivity and 99% specificity and were comparable to rates
btained by experienced observers using visual evalua-
ion, including ultrasound, contrast-enhanced CT, MRI,
nd FDG-PET/CT images (Method 2). Practically, FDG-
ET/CT imaging including SUV data and the size-based
rading SUVmax cutoff values (Method 3) may yield
igher accuracy because observers can reference the level
nd laterality of the lymph nodes and the site and size of
he primary tumor. Additional investigations are cur-
ently underway to obtain prospective results regarding
he SUVmax cutoff values.

The size-based grading SUVmax cutoff values for
ymph nodes may apply to primary tumors. However, the
utoff value is one method to distinguish malignant from
enign lesions, and other methods for quantitative GTV
elineation using FDG-PET/CT imaging await develop-
ent. Furthermore, the appropriate cutoff values must be

etermined for each PET scanner and for each institution.
Although we used software fusion, FDG-PET/CT

used images can be obtained by three means—visual (6),
oftware (8, 16), and hardware fusion (10, 11). In hard-
are fusion, the PET and CT images are acquired during
ne imaging procedure on a combined PET/CT scanner
10). Such hybrid instruments reportedly yield signifi-
antly better diagnostic accuracy in lung cancer than does
isual fusion of FDG-PET and CT (11). Radiotherapy
lanning based on a combined PET/CT simulator has
een introduced, and it is worthwhile to evaluate whether

three protocols in 23 patients

Method 2 Method 3

N1 N2b N2c N0 N1 N2b N2c

1 8
6 1 6 2
1 4 2 4

1 1

8
6 1 7 1
1 5 2 4
1 1

was a radiologist, Observer B a radiation
ging were based on conventional modalities,
glucose positron emission tomography/com-
G-PET/CT imaging alone with standardized
with

N0

7
1
1

8
1

rver A
dal sta
deoxy

nd FD
his cutting-edge equipment provides advantages for



n
n
a
u
i

g
s
t

1

1

382 I. J. Radiation Oncology ● Biology ● Physics Volume 68, Number 2, 2007
odal staging and RT planning in patients with head-and-
eck SCC (17, 23). It is also worth considering whether
ll of the currently used radiologic examinations, such as
ltrasound, contrast-enhanced CT, MRI, and FDG-PET/CT

maging, are necessary to diagnose head-and-neck SCC. d
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