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Diffusion-Weighted Imaging of Prostate Cancer

Ryota Shimofusa, MD,* Hajime Fujimoto, MD,1 Hajime Akamata, MD,} Ken Motoori, MD,*
Seiji Yamamoto, MD,* Takuya Ueda, MD,* and Hisao Ito, MD*

Objective: The purpose of this study was to assess whether T2-
weighted (T2W) imaging with diffusion-weighted (DW) imaging
could improve prostate cancer detection as compared with T2W
imaging alone.

Methods: The subjects consisted of 37 patients with prostate cancer
and 23 without cancer undergoing magnetic resonance (MR ) imaging.
Using a 1.5-T superconducting magnet, all patients underwent T2W
and DW imaging with parallel imaging. Images were independently
reviewed by 3 readers to determine the detectability of prostate cancer.
The detectability of T2W imaging without and with DW imaging was
assessed by means of receiver operating characteristic analysis.

Results: Mean areas under the recciver operating characteristic
curve for T2W imaging alone and for T2ZW imaging with DW imaging
were 0.87 and 0.93, respectively. The receiver operating characteristic
analysis showed that the addition of DW imaging to conventional
T2W imaging significantly improved tumor detection (P = 0.0468)
compared with T2W imaging alone.

Conclusions: The addition of DW imaging to conventional T2W
imaging provides better detection of prostate cancer.

Key Words: magnetic resonance imaging, prostate cancer, diffusion-
weighted imaging, paralle! imaging

(] Comput Assist Tomngr 2005:29:149-153)

he latest estimates of global cancer incidence show that

prostate cancer is the third most common cancer in men,
with half a million new cases each year.' In Japan, mortality
atiributable to prostate cancer is lower than in Western
countries but is increasing rapidly."* Early detection of pros-
tate cancer is vital for reducing mortality.

Recent reports have demonstrated the detectability of
prostate cancer by magnetic resonance (MR) imaging.’* On
T2-weighted (T2W) imaging, regions of prostate cancer show
decreased signal intensity relative to normal peripheral zone
tissue because of increased cell density and a loss of prostatic
ducts.” This finding is nonspecific, however, because other
diseascs such as prostatitis or hyperplasia can also cause low
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signal intensity on T2W imaging.>* Moreover, detection of
prostate cancer in the transition zone, which is present in up to
30% of all prostate cancer, is difficult because this zone is the
site of the origin of benign prostatic hyperplasia, which can
have a heterogeneous appearance.’

Recently, diffusion-weighted (DW) imaging has been
available for abdominal and pelvic lesions such as liver,'™!!
renal,'? and ovarian tumors.'*!* Some preliminary studies'*""’
have indicated that DW imaging can differentiate a malignant
neoplasm from benign prostate tissue because of a significant
difference in the apparent diffusion coefficient value. These
studies did not evaluate the ability to detect human prostate
cancer, however.

When obtaining DW images, susceptibility artifacts on
echo planar imaging sequences often degrade the quality of
images. This was the principal problem when obtaining DW
images of the prostate, which is located adjacent to stool and
gas in the rectum. With a recent technical evolution, a parallel
imaging technique (sensitivity encoding {SENSE]) is now
available, however, Using SENSE, less distorted DW images
of human prostate are available, because susceptibility artifacts
can be significantly reduced.’® The purpose of this study was
to determine the detectability of prostate cancer by T2W
imaging with DW imaging as compared with T2W imaging
alone.

MATERIALS AND METHODS

Patients .

This was a retrospective study conducted at a single
institution. Between February and November 2003, 124 consec-
utive patients with clinically suspected prostate cancer because
of elevated (>>4.0 ng/mL) prostate specific antigen but with no
prior treatment of prostate cancer underwent MR examination,
including DW imaging. Sixty of the 124 patients had a
histopathologic diagnosis proven by surgery or routine biopsy
of 10 sites, including the central gland and peripheral zone.
The other 64 patients were finally excluded from this study. -
Although a biopsy was planned for 30 of these 64 patients, it
was not performed within the period of this study. The
remaining 34 patients did not undergo biopsy at our institution
because of 1) deterioration in general health (n = 12), 2)
multiple metastatic disease (n = 5), 3) the patient’s desire to be
followed up without biopsy (n = 8), and 4) the patient’s desire
to consult another hospital (n = 9). The numbers of patients
with surgically and biopsy-proven prostatic carcinoma were 18
and 19, respectively. Fourteen patients were free of malignancy
on biopsy of 10 sites. Nine patients without cancer and
undergoing transurethral resection because of symptoms of
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benign prostatic hyperplasia were also included. Overall, 37
(62%) of the 60 patients had prostatc canccr. These patients
underwent biopsy and/or surgery within 6 months afier the
MR exawination. The mean patient age was 71 years (range:
54-82 years), and the mean prostate specific antigen value was
21.8 ng/mL (range: 4.5-130 ng/mL). Informed consent was
obtained from all patients before MR imaging,

Imaging Protocol

Magnetic resonance images were obtained with a 1.5-T
MR imaging system (Gyroscan Intera; Philips Medical
Systems, Best, The Netherlands). We used a 4-channel pelvic
phased-array coil. All patients underwent DW imaging in
addition to imaging using a routine prostatic MR protocol.
This routine protocol included transverse, sagittal, and coronal
T2W fast spin echo sequences (3800-4000 milliseconds/120
milliseconds repetition time/echo time, 20-cm X 20-cm field
of view, 256-280 X 512 matrix, echo train length = 16, 3—
4-min slice thickness, 0.5-mm intersection gap, average of 2).

Axial DW images were obtained by the single-shot echo
planar imaging technique using the following imaging param-
eters: 2500 milliseconds/90 milliseconds repetition time/echo
time, 20-cm X 20-cm fleld of view, 128 X 128 matrix, 3-4-mm
slice thickness, 0.5-mm intersection gap, average of 2. Isotro-
pic DW images were obtained by using diffusion gradients
with 2 b-values (0 and 1000 sec/mm?) along 3 directions of
motion-probing gradicuts. We used a SENSE reduction factor
of 2. The SENSE reduction factor is the ratio between the
number of phasc-encoding steps required for full-Fourier
imaging and the number of phase-encoding steps necessary for
an accelerated SENSE scan.

Image Analysis

Images were interpreted by 3 readers (R.S., H.F, and
H.A.) blinded to the results of biopsy or operation.

At first, TZW images alone were interpreted without
knowledge of the results of DW imaging. The criterion for
detecting prostatic cancer was a low-intensity mass relative to
high-intensity background of the normal peripheral zone.* On
the basis of the findings, the presence or absence of prostate
cancer was estimated by the readers using a S-point rating
scale (definitely or almost definitely present = 5, probably
present = 4, possibly present = 3, probably absent = 2, and
definitely or almost definitely absent = 1). On T2W imaging,
we also assessed the presence or absence of benign prostatic
hyperplasia.

More than 2 weeks after the first reading, the 3 readers
reviewed combined T2W and DW imaging. Because anatomic
detail was unclear as the result of a low signal-to-noise ratio on
DW images, we referred to axial T2W images of the same
planes. We determined the diagnostic criteria of DW imaging
as follows: focal hypcrintense (relative to background prostatic
structure) lesions almost definitely present received a score of
5, focal hyperintense lesions probably present received a score
of 4, focal hyperintense lesions possibly present received
a score of 3, focal hyperintense lesions probably absent
received a scorc of 2, and focal hyperintense lesions almost
definitely ‘absent received a score of 1. These criteria were
applied to all prostatic regions, including the central gland.
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For the calculation of sensitivity and specificity, these
results were dichotomized so that scores of 1 through 3 were
rated as cancer absent and scores of 4 and 5 were rated as
cancer present,

Statistical Analysis
Receiver operating characteristic analysis was used to
compare the results of routine T2W imaging alone and T2W

-———maging combined with DW imaging (rating scale range: 1-5).

The area under the receiver operating characteristic curve (Az)
was calculated for each reader and MR sequence. The statis-
tical significance (P < 0.05) of differences in the Az was
determined by means of the unpaired Student ¢ test. Receiver
operating characteristic curves were estimated with the ROCKIT
0.9B beta version program (C. Metz, Chicago, IL). Sensitivity,
specificity, positive predictive value, and negative predictive
value were also calculated.

RESULTS

The Az values, sensitivity, specificity, positive predictive
value, and negative predictive value of the 3 readers are
summarized in Table 1. All readers achieved higher sensitivity
and specificity on combined T2W and DW imaging than on
T2W imaging alone.

The Az values for the 3 readers for each T2W imaging
and T2W imaging combined with DW imaging were 0.85
versus 0.93, 0.88 versus 0.96, and 0.87 versus 0.89, respec-
tively. The mean Az value for each T2W imaging and com-
bined T2W and DW imaging was 0.87 versus 0.93 (Fig. 1).
Receiver operating characteristic analysis revealed that the
addition of DW imaging to T2W imaging improved the diag-
nostic performance significantly (P = 0.0468). There were no
significant differences in diagnostic accuracy among the 3
readers (P > 0.03).

Diffusion-weighted imaging clearly depicted prostate
cancer as focal hyperintense areas (Figs. 2, 3). With the en-
hanced contrast between cancer and other prostatic tissue,
T2W imaging with DW imaging resulted in a total 96 (86%) of

TABLE 1. Diagnostic Performance of T2ZW Imaging Alone
and Combined T2W and DW Imaging for the Detection
of Prostate Cancer

Positive
Predictive

Negative

Scnsitivity  Specificity Predictive

(%) (%) Value (%) Value (%) Az
T2W imaging
alone
Reader | 76 74 82 65 0.85
Reader 2 73 83 87 66 0.88
Reader 3 86 74 84 77 0.87
Mean 78 77 B4 69 0.87

Cornbined T2W
and DW imaging

Reader 1 84 83 39 76 0.93
Reader 2 86 91 94 81 0.96
Reader 3 89 78 87 82 0.89
Mean 86 84 90 79 0.93

© 2005 Lippincott Williams & Wilkins
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FIGURE 1. Mean receiver operating characteristic curves
compare the performance of T2-weighted (T2W) imaging
alone and combined T2W and diffusion-weighted (DW)
imaging for detection of prostate cancer. The mean areas
under the receiver operating characteristic curves (Az) of T2W
imaging alone and combined T2W and DW imaging are 0.87
and 0.93, respectively. The difference between the 2 receiver
operating characteristic curves is significant (P = 0.0468).

111 (31 of 37 cases for reader 1, 32 of 37 cases for reader 2,
and 33 of 37 cases for reader 3) reviewed cancerous cases
being judged as positive, although with T2W imaging alone,
87 (78%) of the 111 (28 of 37 cases for reader 1, 27 of 37 cases
for reader 2, and 32 of 37 cases for reader 3) reviewed
cancerous cases were judged as positive. In addition, DW
imaging might assist in detecting prostate cancer involving the
transition zone, which is difficult to discriminate from other
lesions such as benign prostatic hyperplasia on T2W imaging
alone (see Fig. 3). Radical prostatectomy specimens demon-
strated that 8 of 18 patients had cancer foci involving the
transition zone. Diffusion-weighted imaging distinctly de-
picted the cancer in the transition zone as hyperintense (score 4
or 5 by all readers) in 5 (63%) of the 8 patients. On T2W

FIGURE 2. Prostate cancer in a 63-
year-old man. A, Axial T2-weightedfast
spin echo image (4000 milliseconds/
120 milliseconds repetition time/echo
time) shows & 15-mm diameter hypo-
intense tumor (arrow) in the left
peripheral zone. B, Axial imaging—
diffusion-weighted image of the same
plane reveals a focal hyperintense
tumor (arrow). A radical prostatecto-
my specimen revealed moderately
differentiated adenocarcinoma.

© 2005 Lippincont Williams & Wilkins

imaging alone, however, cancer in the transition zone could
be clearly identified only in 1 (13%) of the 8 patients. This
1 patient had a cancer focus continvum involving the periph-
eral zone to the transition zone.

Diffusion-weighted imaging could differentiate between
prostate cancer and some nonspecific hypointense lesions
mimicking cancer on T2W imaging (Fig. 4). Of the total 180
(3 readers with 60 cases each) reviewed cases, there were 16
false-positive cases with T2W imaging alone, a number re-
duced to 11 cases with DW imaging. All readers also achieved
a higher negative predictive value on combined T2W and DW
imaging than on T2W imaging alone. Mean negative predic-
tive values for T2W imaging alone and T2W with DW imaging
were 69% and 79%, respectively.

DISCUSSION

Magnetic resonance imaging is widely used for de-
termination of prostatic disease. Because of the similarity in
signal intensity between prostate cancer and other benign
lesions such as benign prostatic hyperplasia on T2W imaging,
however, conventional MR imaging has good sensitivity
(78%-83%) but low specificity (50%—55%) in detccting and
localizing prostate cancer.*” Additional procedures, such as
MR spectroscopy, have been applied to achieve a more specific
diagnosis and localization of prostate cancer.!®?° Combined
MR imaging and spectroscopy indicated the presence of tumor
with high sensitivity (95%) and high specificity (91%).%
Magnetic resonance spectroscopy is not routinely used with
commercially available MR systems, however. Some reports
suggest that dynamic contrast-enhanced MR imaging can
discriminate prostate cancer from normal prostatic tissue.”!
The reported sensitivity (74%) and specificity (81%) of the
dynamic contrast-enhanced study for tumor detection are
lower than those of MR spectroscopy, however, and are not
significantly different from the values of conventional fast spin
echo images.”! )

Diffusion-weighted imaging offers another solution for
identifying cancer in the prostate. Because of the many tightly
packed glandular elements with little central space for mucin
or fluid storage in prostate cancer, apparent diffusion

151



Shimofusa et al

J Comput Assist Tomogr « Volume 29, Number 2, March/April 2005

FIGURE 3. Prostate cancer in a 72-
year-old man. A, Axial TZ-weighted
image (3880 milliseconds/120 milki-
seconds repetition time/echo time)
shows a 20-mm diamefer hvbojntense
area in the left central gland (arrow-
heads). Discrimination of . prostate
cancer from other benign lesions,
such as a benign prostatic hyperplastic
nodule, is difficult. B, Axial imaging—
diffusion-weighted image of the same
plane clearly demonstrates a focal
hyperintense lesion (arrowheads). A
radical prostatectomy specimen re-
vealed moderately differentiated ade-
nocarcinoma.

coefficient values, which correspond to the restriction of water
displaccment, are reportedly significantly lower than in normal
prostate.'® Compared with MR spectroscopy, pelvic DW im-
aging is more easily performed on most MR scanners without
additional software, although every system has several limi-
tations. Without parallel imaging, however, DW imaging of the
prostate is not performed as part of routine clinical MR
imaging, mainly because of susceptibility artifacts that de-
grade the image and make it difficult to localize the tumor.
Applying parallel imaging, the accumulating phase that causes
susceptibility artifacts 1s decreased because of a reduction in
the train of gradient echoes and sampling time. Shortened
imaging times with parallel imaging also contribute to the
suppression of motion artifacts.

To our knowledge, this is the first clinical study to apply
DW imaging with parallel imaging and with a high b-value
(b=1000) to the detection of prostate cancer. On DW imaging,
prostate cancer was depicted as a hyperintense focal lesion
with markedly enhanced contrast compared with T2W imag-
ing (see Fig. 2). Thercfore, we could diffcrentiate cancers from
noncancerous lesions with greater confidence. In addition, DW
imaging has the capability of revealing prostate cancer not
only in the peripheral zone but in the transition zone (see Fig. 3).
The capability of detecting cancer in the transition zone gives

FIGURE 4. A 72-year-old man without
prostate cancer. A, Axial T2-weighted
image (3900 milliseconds/120 milli-
seconds repetition time/echo time)
shows an enlarged prostatic gland as
a result of benign prostatic hyperpla-
sia. A small hypointense focus is
detected in the left peripheral zone
(arrow). Prostate cancer cannot be
excluded on the basis of this appear-
ance. B, Axial diffusion-weighted im-
age of the same plane demonstrates
no focal hyperintense lesion relative to
other regions of the prostate. Biopsies
of 10 sites, including the left periph-
eral zone, did not reveal a malignant
focus.
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DW imaging a great advantage over conventional T2W
imaging and MR spectroscopic imaging. The vesult of higher
performance in the detection of prostate cancer was
particularly related to this capability. Although there were
differences in the patient populations, sensitivity (86%) and
specificity (84%) on T2W imaging with DW imaging in our
study without an endorectal coil were higher than those of
former studies (sensitivity: 74%-83%, specificity: 50%~81%)
with an endorectal coil*® and a dynamic study.”’

The apparent diffusion coefficient value was not quanti-
fied in the present study. Because we used a high b-value (b =
1000) to enhance the contrast between normal and cancerous
prostate, the signal-to-noise ratio was reduced and an adequate
region of interest was not ensured in corrclation with the patho-
logic specimen in the present study. This is usually the case for
small lesions. Regardless of whether the precise apparent
diffusion coefficient value is calculated or not, b-values of 400
t0 500 as used in liver DW imaging'®"' may be more appro-
priate for a balance between the signal-to-noise ratio and dif-
fusion weighting. Even when using high b-values, it might be
possible to improve the signal-to-noise ratio with increased
averaging'® and/or with the use of an endorectal coil modified
for echo planar imaging by being inflated with liquid."” The
most appropriate b-value for DW imaging of the prostate is

© 2005 Lippincott Williams & Wilkins
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still to be established. Further studies with various b-values,
larger patient populations, and imaging sequence modifica-
tions are needed.

In conclusion, our results demonstrate the potential

valuc of prostatic DW imaging in clinical practice. Diffusion-
weighted imaging combined with T2W imaging provides
a higher detection rate of prostate cancer.

o
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ORIGINAL ARTICLE

Diagnostic Value of FDG PET and Salivary Gland
Scintigraphy for Parotid Tumors

Yoshitaka Uchida, MD, PhD,* Satoshi Minoshima, 1 Tetsuya Kawata,* Ken Motoori, *
Koichi Nakano,} Toshiki Kazama,§ Takashi Uno,* Yoshitaka Okamoto,|| and Hisao Ito*

Purpose: The purpose of this study was to examine the diagnostic
value of the combination of F-18 fluorodeoxyglucose (FDG) PET
and Tc-99m pertechnetate salivary gland scintigraphy in parotid
tumors.

Materials and Metheds: Seventy-two patients with benign parotid
gland tumors (n = 52), malignant parotid tumors (n = 12), and
inflammation (n = 8) underwent both FDG PET and salivary gland
scintigraphy within 1 week, and 66 of the patients also underwent
gallium scintigraphy. All paticnts were negative on their first fine-
needle aspiration (FNA).

Results: Malignant parotid tumors shawed significantly higher FDG
uptake (standard uptake values [SUVs]) than both benign tumors and
inflammation, except in Warthin’s tumor (5.82 + 3.95 vs. 2.07 * 1.33;
P <0.01). Although the SUV values of Warthin’s tumor and malig-
nant parotid tumors overlapped somewhat, Warthin’s tumor did
demonstrate increased radiotracer uptake, and it was reliably distin-
guished from other parotid gland tumors by the use of salivary gland
scintigraphy. Considering a SUV value >3 as being positive for
mulignancy and excluding Warthin’s tumor on the basis of salivary
gland scintigraphy, sensitivity and specificity of FDG PET were
75% and 80%, respectively. These results were superior to those of
gallium scintigraphy (58% and 72%, respectively).

Conclusions: Although the diagnostic value of FDG PET in the
differentiation of malignant from benign parotid gland tumors was
limited because of the high FDG uptake in some benign tumors, and
particularly pleomorphic adenomas, combining salivary gland scin-
tigraphy with FDG PET may help to negate this drawback, and this
combination may be a more promising approach for differentiation
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of various parotid gland tumors in patients compared with nondiag-
nostic needle aspiration.

ey Words: parotid tumor, F-18 FDG PET, salivary grand
scintigraphy, diagnosis, sensitivity

(Clin Nucl Med 2005;30: 170-176)

dentification of the different types of primary parotid tu-

mors is essential for selecting among the various treat-
ments—resection or preservation of the facial nerve, ex-
tended radical or superficial parotidectomy, and possibly
additional radical neck dissection. Presurgical evaluation of
primary parotid tumors relies on clinical and radiologic
workup. Gallium-67 scintigraphy, sialograms, computed to-
mography (CT), and magnetic resonance imaging (MRI)
have all been used in the diagnosis of parotid tumors, but they
are not necessarily specific 1o the types of tumors.”? Fine-
needlc aspiration (FNA) is also commonly used, but its
accuracy (sensitivity and specificity) is not so consistent and
1s also considered to possibly be responsible for postresection
recurrence.”® Alternative methods are desired for better pre-
surgical evaluation of parotid tumors.

Pasitron emission tomography (PET) with F-18 fluoro-
deoxyglucose (FDG) has been used for diagnosing malignant
tumors of various regions.>”” A few investigators previously
reported that the use of FDG PET in the evaluation of parotid
tumors 1s limited because of a relatively high false-positive
rate (approximately 30%).% In a previous study, however, we
found that a common cause of false-positives is the high FDG
uptake in Warthin’s tumors.” Because it is known that War-
thin’s tumors tend to show increased radiotracer uptake on
salivary gland scintigraphy'® as well, we hypothesized that a
combination of FDG PET and salivary gland scintigraphy
would better characterize parotid tumors. The present study
was conducted prospectively ta examine the diagnostic value
of FDG PET and salivary gland scintigraphy in parotid
tumors, including a comparison with gallium scintigraphy.

Clinical Nuclear Medicine o Volume 30, Number 3, March 2005
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MATERIALS AND METHODS

Seventy-two patients with benign parotid tumors (n =
52), primary malignant parotid tumors (n = 12), and inflam-
mation (n = 8) were recruited in this study. All patients had
a negative diagnosis on their first FNA. The patients con-
sisted of 33 females and 39 males (mean age, 52 years; range,
10— 84 years). Salivary gland scintigraphy was performed on
all patients, and 66 patients also underwent gallium scintig-
raphy. The diagnoses of all patients were confirmed his-
topathologically (Table ). Informed consent was obtained
from all patients before PET scanning.

F-18 and FDG were synthesized using a CYPRIS and
CUPID system {Sumitomo Heavy Industry, Tokyo, Japan).
PET imaging was performed with a SET-110W (Shimadzu,
Kyoto, Japan). All patients fasted for at least 6 hours before
the procedure. A transmission scan was performed and used
for attenuation correction. FDG PET images were obtained
60 minutes after intravenous injection of 185 MBq (5mCi)
FDG. Nine slices, each 5.5 mm thick, were acquired simul-
taneously. PET slice levels were determined according to a
skin marker placed over the tumor under ultrasonographic
guidance. The in-plane spatial resolution of reconstructed
PET images was 104 mm FWHM. Rcgions-of-interest
(ROIs) were placed on PET images at the peak of tumor
uptake. Tumor uptake was identificd by a comparison with
ultrasonographic findings and MRI images. Metabolic activ-
ity was convcrted to a standard uptake value (SUV) according
to the formula for body weight by dividing tissue volume

TABLE 1. Histopathologic confirmation of parotid tumors

Adenoid cystic carcinoma
Adenocarcinoma

Salivary duct carcinoma
Undifferentiated carcinoma
Squamous cell carcinoma
Mucoepidermoid carcinoma
Renal cell carcinoma (meta)
Plecomorphic adenoma
Warthin’s tumor

Basal cell adenoma
Lymphoepithelial cyst
Follicular hyperplasia
Eosinophilic granuloma

— o — = B o W2

— )
<

00 — e — 0NN R R

Lymphangioma
Bronchogenic cyst
Ductal cyst
Monomorphic adenoma
Atypical lymphocyte
Oncocytoma
Inflammation

© 2005 Lippincott Williams & Wilkins

(MBg/mL) by activity injected per body weight (MBq/g).
Student ¢ test was uscd to asscss differences in FDG uptake
among tumors.

Salivary gland scintigraphy and gallium scintigraphy
were performed using a2 PRISM 2000 camera (Shimadzu),
Images were obtained after intravenous injection of 185 MBq
(5 mCi) Tc-99m sodium pertechnetate or 111 MBq (3 mCi)
gallium-67 citrate. Salivary gland scintigraphy was obtained
with both pre- and postoral citne acid stimulation. Tumor
uptake in the 2 scintigraphies was interpreted visually.

RESULTS

The mean SUV of malignant parotid turmors was sig-
nificantly greater than that of benign tumors when excluding
Warthin’s tumors from the analysis (5.82 = 3.95 vs, 2.07 =
1.33; P <0.01). The SUV of Warthin’s tumor was greater
than that of other benign tumors (7.06 = 3.99 vs. 2.07 +
1.33; P <0.001) and overlapped with that of malignant
tumors (Fig. 1).

On salivary gland scintigraphy, all Warthin’s tumors and
1 oncocytoma showed retention of Tc-99m sodium pertechne-
tate after oral acid stimulation. Because other parotid gland
tumors in this study showed cold defects or were equivocal on
salivary gland scintigraphy, we could distinguish Warthin’s
tumor and oncocytoma from other parotid gland tumors.

SUV LS.
15 1 p <0,01 p <0.001
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FIGURE 1. SUV of FDG in parotid tumors. A mean SUV of
malignant parotid tumors was significantly greater than that of
benign tumors, except Warthin's tumor. SUV of Warthin’s
tumor was greater than that of other benign tumors and
overlapped with that of malignant tumors.
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When excluding Warthin’s tumors and oncocytoma
based on salivary gland scintigraphic findings and then con-
sidering an SUV above 3 as “positive” for malignancy,
sensitivity and specificity of FDG PET were 75% and 80%,
respectively (Table 2; Figs. 2 and 3). False-negative cases
were found in 1 salivary duct carcinoma (SUV 2.01), 1
mucoepidermoid carcinoma (SUV 2.07), and | metastatic
tumot of renal cell carcinoma (SUV 2.24). Tumor size of all
false-negative cases was small (10 mm, {7 mm, and 20 mm,
respectively). False-positives were found in 5 pleomorphic
adenomas (Fig. 4), 2 inflammations, 1 basal cell adenoma,
and 1 monomorphic adenoma.

By visual interpretation, sensitivity (58%;) and specific-
ity (72%) of Ga-67 scintigraphy were inferior to FDG PET
(Table 2). False-negatives were found in 2 adenoid cystic
carcinomas, | salivary duct carcinoma, 1 adenocarcinoma,
and 1 undifferentiated carcinoma. False-positives were found
in 4 pleomorphic adenomas, 4 inflammations, 1 basal cell
adenoma, 1 lymphoepithelial cyst, 1 atypical lymphocyte,
and 1 monomorphic adenoma.

Mean tumor size measured by ultrasonography (US)
did not differ significantly among malignant (26 * 9 mm),
Warthin's (27 = 6 mm), and other benign (23 * 1| mm)
tumors in this study.

DISCUSSION

Parotid tumors are not rare. Preoperative distinction
between malignant and benign tumors is important clinically
for surgical planning in terms of the possible necessity for
resection of lymph nodes and the facial nerve. However, none
of the physical examination tindings, FNA, laboratory data,
sialography, gallium scan, CT, US, or MRI is necessarily
specific to the histopathology of parotid tumors.

All patients had a negative diagnosis on their first FNA
in this study. FNA is cost-effective compared with imaging
studies, and it can be performed without many complications.
Recent studies have reported that the sensitivity of FNA is
64% to 92% and the specificity 75% to 100%.>''™'* How-

ever, there have been some disadvantages reported concern-
ing FNA. The accuracy of FNA depends on the location of
the tumor, tumor size, and the experience of physicians and
cytopathologists. Therefore, a tumor may not always be
benign when the results of FNA show no malignancy. In
addition, there is agreement that enucleation of parotid tu-
mors, defined as opening the capsule of the tumor followed
by repeat aspiration of its contents, can lead to a high
recurrence rate.*'* '® Surgical exposure of the tumor or the
tumor capsule, including FNA, also risks spillage and dra-
matically incrcascs the risk of recurrence.®'# ¢

Several studies have demonstrated the potential use of
FDG PET in the evaluation of head and neck tumors. Jabour
and colleagues'” as well as Nowak and colleagues'® demon-
strated thal PET was slightly more sensitive than MRI in the
detection of both primary squamous cell tumors and nodal
metastases. Adams and coworkers'® revealed that PET has
the highest sensitivity and specificity for detecting lymph
node metastases of head and neck cancers in comparison to
CT/MRI/US.

Recently, some studies have reported the usefulness of
FDG PET for parotid glands.”® Keyes and colleagues® as well
as McGuirt and colleagues’’ reported a high sensitivity of
FDG PET in the detection of malignant parotid tumors, but a
relatively high false-positive rate (approximately 30%). Al-
though the reason is not yet clear, a high FDG uptake in
Warthin’s tumor is in part responsible for a common cause of
a relatively high false-positive rate by PET. In this study, 11
of 14 patients with Warthin’s tumors showed increased FDG
uptake (SUV >3). which could be misinterpreted as being a
malignant tumor only by the use of PET. The sensitivity and
specificity to differentiate malignant versus benign parotid
tumors only with the use of PET were 75% and 67%,
respectively. To improve the false-positive rate of FDG PET,
the use of salivary gland scintigraphy before PET was found
to be very useful. All patients with Warthin’s tumors and
oncocytomas in this study showed retention of Te-99m so-
dium pertechnetate after oral acid stimulation. After exclud-

TABLE 2. Results of Tc-99m pertechnetate salivary gland scintigraphy, FDG PET, and gallium scintigraphy in parotid tumors

Tec-99m pertechnetate
salivary gland

scintigraphy FDG PET Gallium scintigraphy*

Positive Negative Positive’ Negative Positive Negative
Malignant tumor (n = 12) 0 12 9 3 7 5
Warthin’s tumor and oncocytoma (n = 15} 15 0 11 4 1 10
Benign tumor*(n = 45) 0 45 9 36 12 31

*Txcluding Warthin’s tumor.
'SUV above 3 considered “positive.”

*Six patients (4 Warthin's tumors and 2 pleomorphic adenomas) did not have gallium scintigraphy performed.
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Lo Jéiﬂ‘t lateral view &

FIGURE 2. A 46-year-old woman with Warthin's tumor. (A)
Increased FDG uptake in the tumor is seen, whereas (B) Tc-
99m salivary gland scintigraphy (postoral citric acid stimula-
tion) shows increased radioactivity. In this case, we could rule
out malignancy by performing Tc-99m salivary gland scintig-
raphy first and avoid the false-positive result by FDG PET.

€ 2005 Lippincott Williams & Wilking

ing patients with Warthin’s tumors and oncocytomas by
salivary gland scintigraphy, the false-posilive rate of FDG
PET was lowered, and its diagnostic value was improved, ie,
the specificity rising from 67% to 80%. No fturther examina-
tion is necessary for patients who are positive with salivary
scintigraphy. However, for negative cases, FDG PET is
essential in the in vivo noninvasive diagnostic workup for
parotid tumors.

Specificity was still lower compared with that reported
for FNA. The cause of the high false-positive rate in this
study could be atiributed to 5 cases (25%) of plcomorphic
adenomas. The highest SUV rate of pleomorphic adenomas
was 5.08, and their mean SUV was greater than that of other
benign tumors and inflammation (2.33 * 1.32 vs. 1.836 &
1.32). Matsuda and coworkers reported that accumulation of
FDG in patients with pleomorphic adenomas did not differ
significantly among histologic types but did reflect tumor
growth capacity.”” Because most pleomorphic adenomas
grow gradually, it appeared to be difficult to distinguish
between malignant parotid tumors and pleomorphic adeno-
inas completely only on the basis of FDG PET.

Sensitivity in this study was also lower compared with
previous studies.®?%?! This may be attributed to the size of
the tumors and metabolic activity. In all false-negative cases,
tumor size was smaller than average size (26 mm) of malignant
tumors and they were negative on the first FNA. Although 2 of
the false-negative cases had a size above the resolution level of
the equipment, their metabolic activity was too low to be
detected. We considered these cases needed to have additional
examinations performed such as dynamic MRL%

Gallium scintigraphy is known to be useful in evaluat-
ing parotid gland tumors. In this study, the sensitivity and
specificity of gallium scintigraphy were inferior to FDG PET.
Two cases with high accumulation of FDG (adenocarcinoma
and undifferentiated carcinoma) showed no accumulation by
gallium scintigraphy, and there were 2 inflammation cases
which were negative with FDG that had high accumulation
on gallium scintigraphy. Because there is a difference be-
tween semiquantitative analysis and visual interpretation, if a
nuclear medicine technique is deemed necessary for diagnos-
ing a parotid tumor, we consider FDG PET to be superior to
gallium scintigraphy.

CONCLUSIONS

To diagnose parotid tumors, Tc-99m pertechnetate sal-
ivary gland scintigraphy should be performed first for War-
thin's tumor, which usually shows positive accumulation. In
cases negalive with Tc-99m, FDG PET should be performed
as a next step to distinguish malignant from benign parotid
tumors. It should be noted that some malignant tumors with
small size or low mctabolism can be false-negative and
further studies are necessary to improve the specificity and
sensitivity of FDG PET.
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is high (13.5). (B) No accumulation is seen on gallium scintigraphy, and (C) T¢-99m salivary scintigraphy (postoral citric acid
stimulation) indicates a cold defect (arrow).
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Diagnostic Value of FDG PET and Salivary Gland Scintigraphy

left lateral view
OBy ‘_x F s

FIGURE 4. A 52.year-old man with pleomorphic adenoma. Both (A) gallium scintigraphy and (B) Tc-99m salivary scintigraphy
show no accumulation. However, (C) increased FDG uptake in the tumor is seen and the SUV value is high (5.08).
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