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Abstract

Introduction Patients with oropharyngeal or hypopharyng-
eal squamous cell carcinoma (SCC) have a high risk of
having distant metastases or second primary tumors. We
prospectively evaluate the clinical usefulness of '*F-fluoro-
2-deoxyglucose positron emission tomography (‘*F-FDG
PET), extended-field multi-detector computed tomography
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(MDCT), and their side-by-side visual correlation for the
detection of distant malignancies in these two tumors at
presentation.

Materials and methods A total of 160 patients with SCC of
the oropharynx (n=74) or hypopharynx (n=86) underwent
'"®F.FDG PET and extended-field MDCT to detect distant
metastases or second primary tumors. Suspected lesions
were investigated by means of biopsy, clinical, or imaging
follow-up.

Results Twenty-six (16.3%) of our 160 patients were found
to have distant malignancy. Diagnostic yields of '*F-FDG
PET and MDCT were 12.5% and 8.1%, respectively. The
sensitivity of '"®F-FDG PET for detection of distant
malignancies was 1.5-fold higher than that of MDCT
(76.9% vs. 50.0%, P=0.039), while its specificity was
slightly lower (94.0% vs. 97.8%, P=0.125). Side-by-side
visual correlation of MDCT and '*F-FDG PET improved
the sensitivity and specificity up to 80.8% and 98.5%,
respectively, leading to alteration of treatment in 13.1% of
patients. A significant difference in survival rates between
its positive and negative results was observed.

Conclusion '"*F-FDG PET and extended-field MDCT had
acceptable diagnostic yields for detection of distant malig-
nancies in untreated oropharyngeal and hypopharyngeal
SCC. '"8F-FDG PET was 1.5-fold more sensitive than
MDCT, but had more false-positive findings. Their visual
correlation improved the diagnostic accuracy, treatment
planning, and prognosis prediction.

Keywords 2-Fluoro-2-deoxy-D-glucose positron emission

tomography - Computed tomography - Oropharyngeal
carcinoma - Hypopharyngeal carcinoma
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Introduction

The prognosis of patients with head and neck cancer varies
substantially. Survival is the lowest in patients with
oropharyngeal or hypopharyngeal tumors, who are at a
high risk of developing distant metastases and second
primary tumors [1-7]. Thorough physical examination and
endoscopy with biopsy sampling generally serve as the
main diagnostic tools in patients with oropharyngeal and
hypopharyngeal squamous cell carcinoma (SCC). Comput-
ed tomography (CT) or MRI of the head and neck is
routinely done to assess the locoregional status, whereas
chest radiography, liver sonography, and whole-body bone
scanning are performed to exclude the possibility of distant
malignant lesions. However, conventional work-up may be
inadequate for the assessment of small distant lesions,
resulting in misclassification of clinical stage and subse-
quent treatment strategy and prognosis.

Chest and abdominal CT has been shown to have a
higher accuracy than chest radiography and liver sonogra-
phy for detection of lung and liver metastases [7-11].
However, some controversy still exists regarding the
accuracy and utility of screening CT for detecting distant
lesions in patients with head and neck SCC (HNSCC).
These discrepancies are not surprising since head and neck
tumors are a heterogeneous group of neoplasms that display
a wide range of biologic behaviors. In this regard, some
authors have suggested that all patients with HNSCC
should undergo additional CT for accurate staging [7-9].
In contrast, other studies have concluded that CT is not
generally warranted due to diagnostic yields of less than 5%
[11-14]. It has been also suggested that CT should only be
performed in selected high-risk patients. An overall
diagnostic yield of 10.8-37.5% has been reported in this
patient group [3, 6, 10, 15, 16].

With the continuous advancement of CT technology,
multi-detector row computed tomography (MDCT) with
thin collimation (0.5-0.75 mm) has become widely used
in clinical practice. The submillimeter configuration of
MDCT detector allows for multi-planar reformation with
high spatial resolution. Moreover, multiple detector
channels lead to substantial increase in scanning speed
and volume coverage. With the use of MDCT in patients
with head and neck cancer, the scan volume can be
easily extended from head and neck to chest and
abdomen. In patients with oropharyngeal and hypophar-
yngeal SCC, extended-field MDCT can be used to assess
the distant conditions along with the locoregional status
in a single examination. However, the potential clinical
usefulness of this technique in this scenario has not yet
been investigated.

'8F_Fluorodeoxyglucose positron emission tomography
("*F-FDG PET) is a functional imaging technique that
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provides information about tissue metabolism in the whole
body. Several studies have previously shown that '*F-FDG
PET may add to the diagnostic utility of anatomic imaging
as a screening method for distant metastases in patients
with head and neck cancer. An incremental diagnostic
advantage with a wide range of 1-17% has been reported
[17-23]. Since tumors arising from different sites of the
head and neck area have different clinical behaviors, they
should be analyzed separately to produce comparable
results. Oropharyngeal and hypopharyngeal SCC can be
grouped together because they have the same risk factors,
lymphatic drainage, and are at higher risk for distant
malignancies [1, 4-6]. It follows that detailed imaging
evaluation of distant sites may have a greater clinical
impact of this patient group.

Thus far, no study has specifically compared the
diagnostic yields of '*F-FDG PET and extended-field
MDCT for detection of distant malignancies in patients
with oropharyngeal and hypopharyngeal SCC. Under these
circumstances, we conducted a prospective study to
determine the clinical usefulness of '®F-FDG PET, extend-
ed-field MDCT, and their side-by-side visual correlation for
detection of distant metastases or synchronous second
primary tumors in untreated oropharyngeal and hypophar-
yngeal SCC.

Materials and methods
Patient population

The present study was approved by the Institutional Review
Board of our hospital. Written informed consent was
obtained from all study participants. Between September
2003 and March 2006, a total of 160 patients (148 males
and 12 females; mean age 52.9 years, age range 2687
years) with SCC of the oropharynx or hypopharynx
underwent both MDCT and '"®F-FDG PET for pretreatment
evaluation. The studies were not acquired on the same day
but were performed within 1 week of each other. Inclusion
criteria comprised the following: (1) a pathological diag-
nosis of SCC in the oropharynx or hypopharynx, (2)
negative results from chest radiography, liver sonography,
and whole-body bone scanning, and (3) no prior treatment
to the head or neck region. Exclusion criteria were
pregnancy and poorly controlled diabetes with a fasting
serum glucose level of >200 mg/dL.

'"F-FDG PET and extended-field MDCT
Images were obtained with an ECAT EXACT HR+ scanner

(Siemens/CTI, Knoxville, TN, USA) with an in-plane
spatial resolution of 4.5 mm and a transaxial field of view
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of 15 cm. All patients fasted for at least 6 h before PET
imaging. The serum glucose level was measured before the
intravenous administration of 370 MBq (10 mCi) of FDG.
After intravenous injection of FDG, the patients relaxed in
a quiet room for 40—60 min. The patient was scanned while
lying supine along the central axis of the PET table. Seven
sequential emission images were obtained from the head to
the upper thigh, and transmission scans were obtained with
%8Ge rod sources for attenuation correction. The emission
and transmission scans were obtained in an alternating
sequence per bed position. The reconstruction of transmis-
sion and emission scans used accelerated maximum-
likelihood reconstruction and ordered-subset expectation
maximization.

CT examinations were performed with a 16-detector row
CT scanner (Somatom Sensation 16, Simens, Erlangen,
Germany). Collimation was 16x0.75 mm and gantry
rotation time was 0.5 s. All patients were scanned in the
supine position from the skull base to the lower abdomen
after intravenous administration of 100 mL contrast
medium (Omnipaque, 350 mgl/mL, Amersham Health,
Cork, Ireland). Tube voltage of 120 kVp and mAs.s of
180-250 were used. Both the section thickness and
reconstruction increment were 5 mm. All the images were
electronically sent to a picture archiving and communica-
tion system for interpretation.

Image interpretation

"E_.FDG PET and CT images were interpreted blindly and
independently of each other. Three experienced nuclear
medicine physicians independently interpreted the '*F-FDG
PET images. Apart from being informed about the study
protocol, no information on other imaging results was given
to the nuclear medicine physicians.

Interpretation was based on visual evaluation. Any focus
of FDG activity that was greater than surrounding back-
ground and not attributable to normal FDG biodistribution
was evaluated. A list of potential distant lesions was
recorded. The FDG uptake was evaluated with reference
to normal tissue and scored the intensity of the FDG uptake
on a five-point scale used by Ng et al. [24]: 0, definitely
benign; 1, probably benign; 2, equivocal; 3, probably
malignant; and 4, definite malignant. Both grade 3 and
grade 4 were considered to be positive results. Discrep-
ancies were resolved by consensus. Two experienced
radiologists reviewed separately the CT findings. The
criteria for lung malignancy were solitary lung nodule
greater than or equal 1 cm if well defined, and nodular
lesions >0.5 cm if irregular or multiple. Calcified nodules
and segmental distributed lung disease were considered as
benign process. Distant lymph node was considered
metastatic if its short axial diameter was >1 cm.

Outcome measures and data analysis

The head-and-neck cancer research team of our hospital
(nuclear medicine physicians, radiologists, radiation oncol-
ogists, otolaryngologists, and medical oncologists) met
weekly to view 'F-FDG PET and MDCT images side-by-
side. The combined result was then made by discussing
each case, and any disagreements were resolved by
consensus. In the presence of suspected malignant lesions,
biopsy was performed when possible. If a biopsy was not
feasible or yielded negative results in patients with
suspected imaging findings, close clinical and imaging
follow-up was pursued. All patients were followed up for at
least 12 months or until death. A minimum 12-month
follow-up time was chosen since the majority of distant
metastases become evident within this period [25]. Patients
with negative imaging results at presentation who devel-
oped distant metastases within the subsequent 12-month
period were considered as false negatives. Malignant lung
lesions that cannot be distinguished between primary
lesions or metastasis by histologic means were classified
as distant metastases if appeared they as multiple, well-
defined, or peripherally located masses. On the other hand,
they were classified as second primary lung cancer if they
appeared as a solitary, speculated, or centrally located mass
[16, 22, 26].

We applied univariate and multivariate analyses to assess
the relationship of the clinical characteristics and the
occurrence of distant malignancies in patients with oropha-
ryngeal and hypopharyngeal SCC. We also calculated the
sensitivity, specificity, accuracy, positive predictive value,
and negative predictive value of extended-field MDCT, '®F-
FDG PET, and their visual correlation. Differences in
sensitivity and specificity among these methods were
assessed using the McNemar’s test. Follow-up was contin-
ued until August 2007 in order to evaluate the predictive
potential of '*F-FDG PET and MDCT on patient outcome
and survival. Survival time was recorded as the interval
from the date of diagnosis to the date of death or last
follow-up. Cumulative survival rate was calculated by
using the Kaplan—Meier survival method. Differences in
survival between patients with positive and negative results
of different imaging methods were determined by means of
the log-rank test.

Results

In 74 (46.3%) of our 160 patients, the tumors originated in
the oropharynx, whereas in the remaining 86 (53.7%)
patients, the tumors originated in the hypopharynx. T stages
of the primary tumors were as follows: eight patients (5%)
with T1, 39 patients (24.4%) with T2, 30 patients (18.8%)
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Fig. 1 Synchronous thoracic N
esophageal SCC (arrow) was
disclosed by both "*F-FDG PET
(a) and MDCT (b)

with T3, and 83 patients (51.8%) with T4. N stages of our
patients were as follows: 29 patients (18.1%) with NO, 23
(14.4%) patients with N1, 92 (57.5%) patients with N2, and
16 (10%) patients with N3. Advanced nodal stage (N2—-N3)
occurred in 63 (73.3%) of 86 patients with hypopharyngeal
SCC and in 45 (60.8%) of 74 patients with oropharyngeal
SCC.

In the entire study cohort, a total of 26 patients (16.3%)
were found to have distant malignant lesions. Specifically,
half of them had distant metastases and another half had
distant second primary tumors. Out of the 26 patients with
distant malignancies, the diagnosis was confirmed patho-
logically in 18 individuals, whereas in the remaining eight
patients definite progression was seen in follow-up imaging
studies. A total of 27 distant sites were evident (14 distant

metastases and 13 distant second primary tumors). The
distant metastatic sites were lung (n==8), mediastinal lymph
nodes (n=3), bone (n=2), and liver (n=1). The most
common distant synchronous primary tumor was esopha-
geal SCC (Fig. 1) that occurred in eight patients (seven
patients with hypopharyngeal SCC and one patient with
oropharyngeal SCC). Other distant primary tumors com-
prised colon adenocarcinoma (two patients with hypophar-
yngeal SCC), lung carcinoma (two patients with
oropharyngeal SCC), and hepatocellular carcinoma (one
patient with hypopharyngeal SCC).

The association between different variables (age, sex,
location, T stage, and N stage) and the occurrence of
synchronous distant malignancy in patients with orophar-
ynx SCC and hypopharyngeal SCC is presented in Table 1.

Table 1 Clinical characteris-

tics of oropharyngeal SCC and Characteristic All patients  Distance Second All distant Univariate Multivariate
hypopharyngeal SCC patients metastases primary malignancies P value P value®
and incidence of distant malig- (%) tumor (%) (%)
nancies.
Mean age (years) 52.95+11.0 56.84+11.53 54.92+12.86 55.88+12.01 0.138° 0.160
Sex 0.692° 0.635
Male 148 12 (8.1%) 13 (8.8%) 25 (16.9%)
Female 12 1 (8.3%) 0 (0%) 1 (8.3%)
Location 0.031¢ 0.035
Oropharynx 74 4 (5.4%) 3 (4.1%) 7 (9.5%)
Hypopharynx 86 9 (10.5%) 10 (11.6%) 19 (22.1%)
T stage 0.521¢ 0.222
T1-T2 47 5 (10.6%) 4 (8.5%) 9 (19.1%)
T3-T4 113 8 (7.1%) 9 (8%) 17 (15%)
*Logistic regression N stage 0.042° 0.069
blndependent samples ¢ test NO-N1 51 1 (2%) 3 (5.9%) 4 (7.8%)
¢ Fisher’s exact test N2-N3 109 12 (11%) 10 (9.2%) 22 (20.2%)

4 Pearson’s 2
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Univariate analysis showed that the risk of distant malig-
nancies was significantly higher in patients with hypophar-
yngeal SCC or advanced nodal disease. The incidence of
distant malignancy was 2.3-fold higher in patients with
hypopharyngeal SCC compared to those with oropharyn-
geal SCC (22.1% vs. 9.5%, P=0.031). On the other hand,
the incidence of distant malignancy in patients with
advanced N stage was 2.6-fold higher compared to those
with early N stage (NO-N1; 20.2% vs. 7.8%, P=0.042).
Age, gender, and T stage were not significantly associated
with risk of distant malignancy. After multivariate analysis
with the logistic regression method, only hypopharyngeal
location (hazard ratio 2.714, 95% confidence interval
1.071-6.882, P=0.035) was the independent factor for
distant malignancy.

Out of 160 study participants, 26 patients (16.3%) had
distant malignancy. Diagnostic yields of '*F-FDG PET and
MDCT were 12.5% (20 of 160 patients) and 8.1% (13 of
160 patients), respectively. As shown in Table 2, the
patient-based sensitivity of '*F-FDG PET for detection of
distant malignancies was 1.5-fold higher than that of
MDCT (76.9% vs. 50.0%, P=0.039), while the patient-
based specificity of '*F-FDG PET was slightly lower than
that of MDCT (94.0% vs. 97.8%, P=0.125). The sensitivity
and specificity of the side-by-side visual correlation of '*F-
FDG PET and MDCT were 3.9% and 4.5% greater than
those of 'F-FDG PET alone, respectively (80.8% vs.
76.9%, P=1; 98.5% vs. 94.0%, P=0.031, respectively).
Among 20 patients with distant malignancies disclosed by
"®E_.FDG PET, 8 had false-negative findings on MDCT. Out

Table 2 Results of '®F-FDG PET and MDCT in oropharyngeal SCC and hypopharyngeal SCC patients for distant malignancies.

FN TP TN FP Sensitivity (%)

Specificity (%)

Accuracy (%)

PPV (%)

NPV (%)

Patient basis

MDCT 13 13 131 3 50.0 (29.9-70.1) 97.8 (93.6-99.5)
8F_FDG PET 6 20 126 8 76.9 (56.4-91.0) 94.0 (88.6-97.4)
MDCT + "F-FDG PET 5 21 132 2 80.8 (60.6-93.4) 98.5 (94.7-99.8)
Location basis

Lung

MDCT 6 4 149 1 40.0 (12.2-73.8) 99.3 (96.3—-100)
8E_FDG PET 5 5 148 2 50.0 (18.7-81.3) 98.7 (95.3-99.8)
MDCT + "®F-FDGPET 4 6 150 0 60.0 (26.2-87.8) 100
Esophagus

MDCT 3 5 152 0 625 (24.5-91.5) 100

8E_FDG PET 1 7 152 0 87.5(47.3-99.7) 100
MDCT + F-FDGPET 1 7 152 0 87.5(47.3-99.7) 100
Mediastinal node

MDCT 1 2 155 2 66.7(9.4992) 98.7(95.5-99.8)
"8E-FDG PET 0 3 151 6 100 96.2 (91.9-98.6)
MDCT + BF-FDGPET 0 3 155 2 100 98.7 (95.5-99.8)
Liver

MDCT 1 1 158 0 50.0(1.3-98.7) 100

8E_FDG PET 0 2 158 0 100 100
MDCT + BF-FDGPET 0 2 158 0 100 100

Colon

MDCT 1 1 158 0 50.0(1.3-98.7) 100

8E_FDG PET 0 2 158 0 100 100
MDCT + F-FDGPET 0 2 158 0 100 100

Bone

MDCT 2 0 158 0 0 100

8E_FDG PET 0 2 158 0 100 100
MDCT + ®F-FDGPET 0 2 158 0 100 100
Abdominal node

MDCT 0 0 160 0 - 100

"F-FDG PET 0 0 158 2 - 98.8 (95.6-99.8)
MDCT + BF-FDGPET 0 0 160 0 - 100

90.0 (84.3-94.2)
91.3 (85.8-95.1)
95.6 (91.2-98.2)

95.6 (91.2-98.2)
95.6 (91.2-98.2)
97.5 (93.7-99.3)

98.1 (94.6-99.6)
99.4 (96.6-100)
99.4 (96.6-100.0)

98.1 (94.6-99.6)
96.3 (92.0-98.6)
98.8 (95.6-99.8)

99.4 (96.6-100)
100
100

99.4 (96.6-100)
100
100

98.8 (95.6-99.8)
100
100

100
98.8 (95.6-99.8)
100

81.3 (54.4-96.0)
71.4 (51.3-86.8)
91.3 (72.0-98.9)

80.0 (28.4-99.5)
71.4 (29.0-96.3)
100

100
100
100

50.0 (6.8-93.2)
33.3 (7.5-70.1)
60.0 (14.7-94.7)

100
100
100

100
100
100

100
100

91.0 (85.1-95.1)
95.5 (90.4-98.3)
96.4 (91.7-98.8)

96.1 (91.8-98.6)
96.7 (92.5-98.9)
97.4 (93.5-99.3)

98.1 (94.4-99.6)
99.3 (96.4-100)
99.3 (96.4-100.0)

99.4 (96.5-100)
100
100

99.4 (96.5-100)
100
100

99.4 (96.5-100)
100
100

98.8 (95.6-99.8)
100
100

100
100
100

Ranges in parentheses indicate 95% confidence intervals.
FN False negative, TP true positive, TN true negative, F/P false positive, PPV positive predictive value, NPV negative predictive value
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Fig. 2 Synchronous colon ade-
nocarcinoma (arrow) in the
descending colon was disclosed
by '"®*F-FDG PET (a) due to high
FDG uptake, but was initially '
overlooked on MDCT (b)

of these eight patients, five had synchronous second
primary tumors (two thoracic esophageal SCCs, two lung
carcinomas, and one colon adenocarcinoma, Fig. 2). On
MDCT, the esophageal and colon lesions appeared as subtle
wall thickening and were initially overlooked. One of the
lung carcinomas manifested as a reticulonodular infiltrate in
the left lower lobe, while the other manifested as two
peripheral masses with focal pleural thickening in the right
upper lobe and the left upper lobe, respectively. These lung
lesions were initially interpreted as granulomatous inflam-
matory disease (score 2). On '*F-FDG PET, these lesions
showed avid FDG uptake suggestive of malignancy (score
4). The remaining three patients had metastatic tumors (one
bone metastasis, one mediastinal nodal metastasis, and one
both liver and bone metastases, Fig. 3).

On the other hand, '®F-FDG PET missed distant
malignancies in six patients (five patients with metastatic
lung lesions and one patient with thoracic esophageal SCC).
Out of these six patients, MDCT provided true-positive
results in a single case. In this patient, an irregular nodule of
4.4x57 mm in size in the periphery of the lung was
evident. The lung lesions in the remaining four patients were
not visible on MDCT at presentation, but became visible on
subsequent imaging after 3, 5, 6, and 7 months, respectively.
Both '"®*F-FDG PET and MDCT missed an esophageal SCC
disclosed as mucosal thickening by endoscopy. Table 2 also
showed that the location-based sensitivity of '*F-FDG PET
was highest in the colon, liver, bone, and mediastinum,
followed by the esophagus and the lung.

In our series, both "®F-FDG PET and MDCT yielded
false-positive results in two patients with enlarged medias-

Fig. 3 Liver metastases
(arrows) were correctly identi-
fied by '®*F-FDG PET (a) due to
multiple areas of high FDG
uptake. The lesion was misin-
terpreted as a liver cyst on
MDCT (b)

@ Springer

tinal nodes. In addition, '*F-FDG PET produced eight false-
positive results in other six patients (four lesions were
reactive hyperplastic mediastinum lymph nodes, two lesions
were due to pulmonary inflammatory disease (Fig. 4), and
the remaining two lesions were misinterpretation of the
ureters as abdominal metastatic nodes). The location-based
specificity of "®F-FDG PET was the lowest in the medias-
tinum. On the other hand, MDCT produced a false-positive
result in one patient with a granulomatous nodular lesion in
the lung. This lesion was correctly classified as true-negative
by '"®F-FDG PET due to low FDG uptake.

As shown in Table 3, detection of distant malignancy by
BE_FDG PET, MDCT, or both at initial presentation led to
positive clinical impact by altering clinical management in
13.1% (21/160) of our patients. Accordingly, patients with
metastatic lesions were primarily treated with chemothera-
py while most patients with second tumors underwent
additional treatment for distant primary tumors. Table 4 lists
the results of different imaging techniques and their
corresponding survival rates at 0.5, 1, 1.5, and 2 years.
Patients with positive '*F-FDG PET results or positive
MDCT results had a poorer survival than those with
negative results, albeit the differences failed to reach
statistical significance. A significant difference in survival
rates was observed between positive and negative results of
visual correlation of '*F-FDG PET and MDCT (P=0.017).
Overall survival rates of patients with positive results of
such visual correlation were 43% at 1 year and 32% at 2
years, while those with negative results were 72% at 1 year
and 55% at 2 years. Figure 5 shows the Kaplan—Meier
curves of survival according to imaging results.
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Fig. 4 Right lower lung inflam-

matory disease was (arrows) a
incorrectly interpreted as lung
metastases by BE_FDG PET (b)

due to high FDG uptake, but

was correctly diagnosed by

MDCT (a) ' \ i

Discussion

distant metastases at presentation is between 1.6% and 29%
[7,9-11, 15, 16, 26]. The incidence of distant metastases of

Distant metastases and second primary tumors are impor-  the head and neck tumors is influenced by the location of
tant prognosticators in patients with HNSCC [1, 2,4, 5,27—  the primary tumor and N stage of the neoplasm. The
29]. Among HNSCC patients, the reported incidence of  influence of T stage of the neoplasm, however, remains

a b
1.0
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= MDCT(-)
$ 064 18F-FDG PET(-) 2067
= 3
5 ++ - [ 7]
Z g
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L —+
0.2 0.2
Time(Month) Time(Month)
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(o
1.0
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T 064 18F-FDG PET + MDCT(-)
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a
g
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]
0.4+ 18F-FDG PET + MDCT(+)
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0.0 T T | l T T
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Fig. 5 Kaplan-Meier curves for cumulative (Cum) survival rates in patients with positive and negative results of '*F-FDG PET (a), MDCT (b),

and their visual correlation (c)
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Table 3 Effects of clinical management from diagnostic yield of "*F-FDG PET and MDCT.

Patient no./age/sex  Primary site N Distant malignancy Positive modality ~ Effect on clinical management

1/73/M Hypopharynx  T4N2b Colon adenocarcinoma "8E_-FDG PET Additional hemicolectomy

2/55/M Hypopharynx ~T4aN2c  Mediastinal nodal metastasis '*F-FDG PET Palliative chemotherapy

3/59/M Oropharynx T2NO Lung adenocarcinoma F-FDG PET Palliative chemotherapy

4/38/M Hypopharynx  T4aN2c¢  Esophagus SCC "8F-FDG PET Additional CCRT to esophageal tumor
5/49/M Oropharynx T3N1 Second lung carcinoma "8E.FDG PET Additional chemotherapy

6/53/M Hypopharynx  T4aN2c  Bone and liver metastases 8E.FDG PET Palliative chemotherapy

7/87/M Hypopharynx T2N2b  Esophagus SCC "8E.FDG PET Palliative chemotherapy

8/47M Oropharynx T4bN3 Bone metastasis "8F-FDG PET Additional chemotherapy

9/44/M Oropharynx T4aN2c  Lung metastasis MDCT Palliative chemotherapy

10/53/M Hypopharynx  T3N2b Esophagus SCC Both Additional CCRT to esophageal tumor
11/65/M Hypopharynx T4aN2b  Lung metastasis Both Palliative chemotherapy

12/42/M Hypopharynx  T4bN2b  Hepatocellular carcinoma Both Additional transarterial liver embolization
13/53/M Hypopharynx  T2N2c Esophagus SCC Both Additional CCRT to esophageal tumor
14/47/M Hypopharynx T3N2b  Esophagus SCC Both Additional CCRT to esophageal tumor
15/57/M Hypopharynx  T4bN3 Colon adenocarcinoma Both Additional hemicolectomy

16/50/M Hypopharynx ~ T2N3 Esophagus SCC Both Additional CCRT to esophageal tumor
17/56/M Hypopharynx  T4aN2b  Esophagus SCC Both Additional CCRT to esophageal tumor
18/58/M Hypopharynx  T4aN2b  Mediastinal nodal metastasis Both Palliative chemotherapy

19/62/M Oropharynx T2N3 Lung metastasis Both Palliative chemotherapy

20/46/M Hypopharynx  T3N2c Lung metastasis Both Palliative chemotherapy

21/72/M Hypopharynx  T2N1 Mediastinal nodal metastasis  Both Palliative chemotherapy

SCC Squamous cell carcinoma, CCRT concomitant chemoradiotherapy

controversial [1, 4, 6, 28-30]. The reported incidence of
synchronous second primary tumors in patients with
HNSCC is between 2.3% and 12% [5, 7, 27, 30-32]. The
risk of development of a second primary tumor in patients
with HNSCC is 10- to 30-fold higher than in the general
population. Notably, half of second primary tumors occur
outside the head and neck area [5, 30, 33, 34]. In this
prospective study of 160 patients with oropharyngeal or
hypopharyngeal SCC, males accounted for the vast major-
ity (>90%). The plausible explanation was that only a very
small female population in Taiwan has heavy tobacco and
alcohol consumption, which are the recognized major
factors for the development of oropharyngeal or hypophar-

Table 4 Relationship between survival and imaging results.

Survival (%) by year P value
0.5 1 1.5 2
3£ FDG PET 0.119
Positive (1=28) 89 50 46 41
Negative (n=132) 89 72 63 54
MDCT 0.069
Positive (n=16) 88 49 42 32
Negative (n=144) 89 70 62 54
8E_FDG PET + MDCT 0.017
Positive (n=23) 91 43 38 32
Negative (n=137) 88 72 64 55

@ Springer

yngeal SCC. The incidence of distant malignancy at initial
presentation was 16%. Specifically, the rate of distant
metastases was 8%, whereas the frequency of second
primary tumors was also 8%. Univariate analysis of our
results showed that tumor location and nodal stage were
significantly associated with the occurrence of distant
malignancy. Multivariate analysis demonstrated that hypo-
pharyngeal location was the independent risk factor for
distant malignancy. This result suggests that the whole-
body imaging technique may be more feasible in hypo-
pharyngeal SCC.

Lung, liver, bone, and mediastinal nodes are the most
frequent sites of distant metastasis in patients with HNSCC
[4, 15, 28, 29]. In contrast, lung and esophagus are the most
frequent sites of synchronous primary tumors outside the
head and neck region [30, 31, 35]. In this study, a total of
27 distant malignancy sites were identified among our 26
patients with distant malignancies. The lung was the most
frequent site, followed by the esophagus, mediastinal
nodes, colon, bone, and liver. Nine of these 27 distant
malignancies, including all the two bone lesions, one of the
two liver lesions, one of the two colon lesions, one of three
mediastinal nodal lesions, two of the eight esophageal
lesions, and two of the ten lung lesions, were missed by
MDCT but correctly identified by '*F-FDG PET. These
findings might reflect the superiority of '*F-FDG PET over
MDCT for identification of malignant lesions in the bone,
colon, liver, mediastinum, esophageal, and, to a lesser
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extent, the lung. Although it is commonly thought that '*F-
FDG PET is less sensitive than CT for the detection of
small lung mass, '*F-FDG PET may be helpful to identify
some lung malignancies with vivid FDG uptake but with
atypical CT appearance, as seen in our two cases.

In this study, '"®F-FDG PET missed distant malignancies
in six patients (five patients with metastatic lung lesions
and one patient with thoracic esophageal SCC). Among
them, one patient with a small, irregular peripherally lung
lesion was identified by MDCT. Side-by-side visual
correlation of '®F-FDG PET with MDCT revised this
false-negative result. Although our study showed no
significant increment in sensitivity of visual correlation
'""F-FDG PET and MDCT over 18F-FDG PET alone, this
should not strictly imply that such visual correlation would
not fare better. As shown in this case, the combined
information helped disclose a small lung metastasis and
subsequently led to spare fruitless aggressive local treat-
ment. The remaining four pulmonary metastatic lesions were
also false negative on initial MDCT and became visible on
subsequent post-treatment images during the 12-month
follow-up. These metastases were presumably present
subclinically as micrometastases at initial presentation. The
occurrence of such false-negative lesions is likely due to
technical limitation of '*F-FDG PET. Specifically, since the
threshold spatial resolution of PET is about 5 mm, it is
possible that lesions with smaller size could be missed [36,
37]. Our study provides evidence that '*F-FDG PET, even
when visually correlated with MDCT, is unable to detect all
distant malignancies. The occurrence of lung micrometa-
stases is the main shortcoming and occurred in 2.5% (4/
160) of our patients. The presence of early superficial lesion
is another pitfall. In this regard, a small second primary
esophageal tumor was missed by both "*F-FDG PET and
MDCT in one patient. Because early esophageal tumors can
be cured, the precocious identification of these lesions may
have great clinical relevance. Since the esophagus was the
most common site of synchronous second primary tumors
in our study, we suggest that negative '*F-FDG PET results
cannot obviate the need for panendoscopy in patients who
are treated with curative intent.

"E_.FDG PET lacks precise anatomical resolution and
may overdiagnose some inflammatory conditions. By virtue
of its high spatial resolution, MDCT may serve as a cross-
sectional imaging tool complementary to '*F-FDG PET in
the evaluation of distant malignancies in patients with
oropharyngeal and hypopharyngeal SCC. In this study,
MDCT produced true-negative results in 80% of '*F-FDG
PET false-positive findings. Accordingly, we found that
visual correlation of PET with MDCT may be of aid to
identify the exact nature of FDG avid areas at distant sites.
Accordingly, it disclosed the presence of hilar fat in benign
mediastinal nodes in FDG avid nodal hyperplasia, as well

as the presence of segmental pulmonary infiltration in FDG
avid inflammatory lung disease. It also corrected the
misinterpretation of the ureter as abdominal metastatic
lymph nodes due to spatial error. Notably, the specificity
of visual correlation of '®F-FDG PET and MDCT was
significantly higher than 'F-FDG PET alone.

This study had some potential limitations. First, slice
thickness of our PET scanner was 4.5 mm; therefore, some
small lesions might be missed due to the partial volume
effect. Application of the new generation scanners of
reduced slice thickness may raise the sensitivity for lesion
detection. Second, we used a slice thickness of 5 mm in
MDCT and the size criteria of lung malignancy of >1 cm in
well-defined, solitary nodule and of >0.5 cm if irregular or
multiple. It follows that metastases smaller than 0.5 cm
might be underdiagnosed. Currently, such small lesions can
be detected with thin-slice MDCT, although the higher
detection rate of small metastases has to be evaluated from
a clinical perspective about the expanse of more false-
positive results. Finally, the protocol for contrast material
injection on MDCT affects detection of metastases, and it is
recognized that multi-phase CT is more accurate than
single-phase CT in the detection of liver metastasis. Since
single-phase enhanced CT was performed to detect distant
malignancy in this study, one might be concerned that such
technique might not be optimal for the evaluation of liver
malignancies. Nonetheless, our approach reflects the daily
practice in most institutions. In this large prospective study,
"E_.FDG PET and MDCT showed a diagnostic yield for
distant malignancy in 12.5% and 8.1% of our patients,
respectively. The visual correlation between '*F-FDG PET
and MDCT led to a positive clinical impact by altering
treatment in 13.1% of patients. Patients with distant
metastases were offered systemic chemotherapy, whereas
most patients with second primary tumors underwent
additional surgery, chemoradiotherapy, or transarterial
embolization. On the other hand, patients with positive
imaging results had a poorer survival rate compared with
patients with negative results. It is thus concluded that
imaging results had prognostic implications. In the light of
these findings, the use of these imaging methods to detect
distant malignancy of oropharyngeal and hypopharyngeal
SCC can be justified. '®F-FDG PET produced a 4.4%
higher diagnostic yield than extended-field MDCT and thus
should be preferred when available. Visual correlation of
"F-FDG PET with MDCT is highly recommended when-
ever available because this technique has a higher accuracy
than PET alone [37-39]. This diagnostic advantage may
facilitate the clinical management as well as the assessment
of survival rates, as shown in our study.

In recent years, dual modality PET/CT has been used to
provide accurately fused functional PET and morphological
CT data in a single examination. Such hybrid machines
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may overcome the inherent limitations of PET due to poor
anatomical resolution and has also been reported to have
significantly better diagnostic accuracy than PET alone in
the evaluation of HNSCC [40—42]. Thus far, however, no
large-scale prospective study on the potential usefulness of
PET/CT for pretreatment evaluation of distant sites has
been conducted in patients with oropharyngeal or hypo-
pharyngeal SCC. Our findings suggest that PET-CT would
have a significant diagnostic yield in this clinical setting but
a large designed prospective study is needed to confirm
this. To our knowledge in this study we have examined the
largest series of untreated oropharyngeal and hypopharyng-
eal SCC patients undergoing both 'F-FDG PET and
MDCT. Specifically, our data may provide the basis for
future comparisons of PET/CT with these imaging techni-
ques for detection of distant metastases and second primary
tumors in this patient group.

Conclusion

"E_.FDG PET and extended-field MDCT appeared to have
acceptable diagnostic yield for detection of distant malig-
nancies in patients with newly diagnosed oropharyngeal
and hypopharyngeal SCC. '|F-FDG PET was more
sensitive but slightly less specific than MDCT. Visual
correlation of 'F-FDG PET with MDCT improved the
diagnostic accuracy of imaging findings, thereby facilitat-
ing treatment planning and prognosis prediction.
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