
reast cancer is a major disease afflicting women in
affluent countries (1). The incidence of breast cancer has
been steadily increasing in the U.S. The most common
modality for detecting breast cancer is mammography,
which is very sensitive but has a low positive predictive
value (2). Furthermore, mammography cannot always visu

alize breast tumors in patients with dense breast tissue. A
reliable technique is required to differentiate benign from
malignant breast tumors and to overcome the limitations
imposed by the low positive predictive value of mammogra
phy. One of the most important prognostic factors in patients
with breast cancer is metastasis to axillary lymph nodes (3).
Axillary dissection can locally control such metastasis.

However, because of the widespread use of adjuvant sys
temic therapy, the principal purpose of axillary dissection is

often simply to provide prognostic information (4). In
addition, axillary lymph node dissection is associated with
complications such as wound infection, seroma formation,
shoulder dysfunction and lymphedema of the ipsilateral arm
(5). An effective noninvasive procedure is therefore required

to detect axillary lymph node metastasis.
PET with 18F-fluorodeoxyglucose (FDG) has been used to

detect breast cancer and axillary lymph node metastasis
(6â€”14). The sensitivity of FDG PET for primary breast

cancer varies between 68% and 100%, and that for axillary

lymph node metastasis varies between 79% and 100%. In
some countries, however, the limited number of PET centers
precludes PET studies for all patients with suspicious
lesions. SPECT is one alternative to PET. There are two
techniques for using the SPECT system to image the

5 ll-keV photons ofpositron emitters, one with an ultra-high

energy collimator (UHC) and the other with the SPECT
system in coincidence mode (coincidence gamma camera
imaging). The latter technique has higher spatial resolution
and sensitivity but is degraded by a higher proportion of
scatter and random coincidence events in the reconstructed
images (15). Several studies have demonstrated the useful

ness of FDG SPECT with UHC to visualize malignancies
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(16â€”23).In this study, we compared the abilities of coinci
dence gamma camera imaging and PET to detect primary
breast tumors and axillary nodal metastases.

MATERIALS AND METHODS

Coincidence gamma camera images were obtained with a
dual-head gamma camera (Vertex MCD; ADAC Laboratories,
Milpitas, CA). The in-plane spatial resolution was 4.8 mm full
width at half maximum (FWHM) at the center of the field of view,
with an axial field of view of 38 cm. In the transverse direction, the
spatial resolution was largely constant radially as well as tangen
tially at any distance from the center toward the edge of a
transverse slice. There was a slight (+ 10%) degradation as the
distance from the center increased. In the axial direction, the spatial
resolution (FWHM) was about twice that of the transverse. The
greatest sensitivity of the system was 2.7 cpsfBq/cm3, which was
measured at the center between the two detectors. From the center,
the sensitivity decreased linearly in any direction, axially or
transversely, until it reached zero at points on the planes connecting
the edges ofthe field of view ofthe two detectors. PET images were
obtained with a Shimadzu Headtome V (SET-2000W; Shimadzu
Co., Kyoto, Japan). The PET camera was operated in the two
dimensional mode. It had an in-plane spatial resolution of 4.0 mm
FWHM and an axial resolution of 4.5 mm FWHM at the center of
the field of view. The axial and transverse fields of view were 20
and 51 cm, respectively. The sensitivity was 7.3 cpslBq/cm3. The
spatial resolution and sensitivity of the coincidence gamma camera
and the PET camera were measured according to the standard
National Electrical Manufacturers Association procedure.

Phantom Study
To evaluate the performance of the coincidence gamma camera

imaging and PET, a 20-cm-diameter cylindrical phantom contain
ing six spheres of inside diameters of 1.0â€”3.8cm was imaged. The
axial length of the phantom was 20 cm. The wall thickness of the
spheres was 2 mm. Both the phantom and spheres were filled with a
solution that contained 18F-FDG. Three acquisitions were per
formed with the concentrations adjusted to provide a ratio of
sphere-to-background activity of 5:1, 10:1 or 15: 1. â€˜8F-FDG
activity in the background solution was 4700 Bq/mL. The equiva
lent standardized uptake value (SUV) of the background activity in
a typical patient (60 kg) at 1 h postinjection of 370 MBq was 1.1.
For PET, emission scanning was performed for 20 mm. Subse
quently, the phantom was scanned by the coincidence gamma
camera with a 128 X 128 matrix, 180Â°rotation, 32 steps and an
acquisition time of 50 s per step.

PET data were reconstructed both with and without geometric
attenuation correction, in a 128 X 128 matrix, with a filter obtained
by multiplying a ramp filter by a Butterworth filter (cutoff
frequency 0.083 cycles/mm). The coincidence gamma camera
imaging data were also reconstructed both with and without
geometric attenuation correction by means of filtered backprojec
tion methods with a Wiener filter (cutoff frequency 0.14 cycles/
mm, order of 1). Circular regions of interest (ROIs), the size of the
smallest sphere, were defined over spheres and over a background
area in attenuation-corrected images for both PET and coincidence
gamma camera imaging, and contrast ratios of measured sphere
counts to background counts were calculated.

Clinical Study
Patients. We studied 30 women out of 84 consecutive patients

(age range 32â€”78y, average age 51 y) who were referred to the

breast cancer clinic of our hospital between April 1997 and April
1998becauseofsuspicionofbreastcancer.Eachbreastlesionwas
detected by physical examination or mammography. Patients were
first selected randomly on the basis of the availability of PET and
coincidence gamma cameras. Then, the patients who gave written,
informed consent were enrolled in this study. PET and coincidence
gamma camera imaging were performed on the same day. Serum
glucose level of the all patients was determined at the time of
â€˜8FpJGinjection. None of the patients had diabetes. All patients
underwent excisional biopsy or mastectomy within 5 d of the
imaging procedures. In addition, all patients with breast cancer
underwent axillary dissection.

Imaging Procedures. All patients fasted for at least 4 h before

the start of the study. For PET, transmission scan was performed for
10mm. Sixty minutes after intravenous administration of370 MBq
IsF4@rJGemission scanning was performed for 20 mm. Approxi
mately 2 h after PET scanning (range I .8â€”2.5h, average 2.1 h),
coincidence gamma camera imaging was performed using a
dual-head gamma camera with a 128 X 128 matrix, with energy
windows of 511 keV Â±15%, 180Â°rotation, 32 steps and an
acquisition time of 50 s per step. PET data were reconstructed both
with and without attenuation correction, in a 128 X 128 matrix,
with a filter obtained by multiplying a ramp filter by a Butterworth
filter (cutoff frequency 0.083 cycles/mm). The coincidence gamma
camera imaging data were reconstructed by filtered backprojection
methods with a Wiener filter (cutoff frequency 0.14 cycles/mm,
order of 1).

The tracer was administered into the antecubital vein of the arm
on the side contralateral to the breast with the suspected tumor.
Patients were scanned in the supine position with their arms above
their heads.

Data Analysis. Tumor images were visually assessed by two
independent observers who had no knowledge of pathological
findings. For visual interpretation, a positive lesion was defined as
any activity above local background. The count ratio of tumor to
that of normal tissue (TIN ratio) was calculated in both PET and
coincidence gamma camera images. The tumor count was mea
sured at the ROI set on the area corresponding to the breast tumor.
The normal count was obtained by setting an ROl on the
contralateral normal breast. In PET images, the SUV was also
calculated (24):

SUv = tissue activity (Bq/g) /

[injected dose (Bq) / body weight (g)].

StatisticalAnalysis. Data are expressed as mean Â±SD. Statisti

cal significance was determined using Student t test for paired data.
P < 0.05 was considered significant.

RESULTS

Phantom Study
Figure 1 shows the phantom images with the hot spheres

at a ratio of 5:1, both with and without geometric attenuation
correction. Measured contrast ratios calculated for the hot
lesions in a warm background are shown in Figure 2. The
result of lesion detection in auenuation-corrected coinci
dence gamma camera images was equal to that in noncor
rected ones. The same was true of PET images. The effect of
attenuation was much greater in coincidence gamma camera
imaging than in PET. Coincidence gamma camera imaging
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significantly better results than those obtained with coincidence
gamma camera imaging (P < 0.005).

Clinical Study
The patient data are summarized in Table 1. Breast cancer

was confirmed in 26 patients, and the other 4 had benign
lesions. Mean size of the primary breast carcinomas was 1.9
cm in diameter (range 0.9â€”3.8cm). Mammography detected
28 breast tumors, of which 9 were indeterminate and 19
were mammographically malignant.

Twenty-two of the breast carcinomas were detected by
coincidence gamma camera imaging, and all 26 carcinomas
were detected by PET. Two benign breast tumors (1
phyllodes tumor and 1 intraductal papilloma) were visual
ized by both modalities. Neither coincidence gamma camera
imaging nor PET visualized the 2 cases of fibrocystic
disease. The result of the blinded visual interpretation of
nonâ€”attenuation-corrected PET images was equal to that of
attenuation-corrected ones. The sensitivity and accuracy of
coincidence gamma camera imaging were 84.6% and 80.0%,
respectively, and those of PET were 100% and 93.3%,
respectively. The specificity, positive predictive value and

negative predictive value were not calculated, because the
number of patients with benign breast lesions (n = 4) was
insufficient. Coincidence gamma camera and attenuation
corrected images of a patient with right breast cancer are
shown (Fig. 3).

The relationship between tumor size and T/N ratio is
summarized in Figure 4. All cases of breast cancer (n = 26)
were plotted. Coincidence gamma camera imaging detected
all breast carcinomas > 1.8 cm in diameter. The diameter of
the smallest breast carcinoma detected by coincidence
gamma camera imaging was 0.9 cm. Of 4 breast carcinomas
that were not detected by coincidence gamma camera
imaging, 1 was small ( 1 cm in diameter, Fig. 5), and the
other 3 showed low T/N ratios on PET images (1.30, 1.42
and 1.50). In breast carcinomas detected by both PET and
coincidence gamma camera imaging (n = 22), the T/N ratio
in nonâ€”attenuation-corrected PET (7.12 Â±7. 13) was signifi
cantly higher than that in coincidence gamma camera
imaging (2.90 Â±1.47, P < 0.005). The difference between
the T/N ratio in attenuation-corrected PET (6.09 Â±5.24) and
that in nonâ€”attenuation-corrected PET was not significant.

Of 26 patients with breast cancer, 10 had axillary lymph
node metastasis. Table 2 summarizes the data on axillary
lymph nodes. There were no false-positive results with
either coincidence gamma camera imaging or PET examina
tion in detection of axillary lymph node metastasis. Coinci
dence gamma camera imaging detected 4 of 8 axillary
lymph node metastases that were detected by PET. PET
detected all axillary lymph node metastases when the
diameter of the largest metastatic lymph node was 5 mm.
All of the axillary lymph node metastases 9 mm were
detected by coincidence gamma camera imaging. The diam
eters of the smallest lymph node detected by coincidence
gamma camera imaging and PET were 7 and 5 mm,
respectively. Thus, PET was more sensitive than coinci

A

C D

FIGURE1. Phantomimageswithhotspheresat ratioof5:1.
(A) Coincidence gamma camera (CGC) without attenuation
correction(AC).(B)CGCwithgeometricattenuationcorrection
(GAG).(C) PETwithoutAG. (D) PETwith GAG.18F-FDGactivity
in background solution was 4700 Bq/mL. Equivalent SUV of
backgroundactivityintypicalpatient(60kg)at 1 hpostinjection
of 370 MBq was 1.1.

visualized the smallest sphere (1 .0 cm) at a ratio of 15: 1 but
not at ratios of 5: 1 and 10: 1. The other spheres ( 1.3 cm)
were visualized at all ratios by coincidence gamma camera
imaging. PET visualized all spheres at all ratios, yielding

FIGURE2. Targets(spheres)-to-backgroundratioswithcoinci
dence gamma camera (CGC) and PET are plotted against
diameters of spheres (1 .0â€”3.8cm). Data of both modalities were
reconstructedwithgeometricattenuationcorrection.Activityof
18F.FDG in targets and background was adjusted to provide
ratios of 5:1 , 10:1 and 15:1 . Because smallest sphere (1 .0 cm)
with ratios of 5:1 and 10:1 was not visualized by CGC imaging,
datawere not plotted.
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PatientAgeSizeof lesionGlinicalMammographicCGCPET non-ACPETACPETno.(y)(cm)
Pathology findingsfindingsTINTINTINSUV

CGC= coincidencegammacamera;1/N = tumor-to-normaltissueratio;AG= attenuationcorrection;SUV= standardizeduptakevalue;
ca = carcinoma; PaIp = palpable; Prob = probably; neg = negative scan; â€”= not measurable.

dence gamma camera imaging in detecting axillazy lymph node DISCUSSION
metastases (80.0% and 40.0%, respectively). The specificities In clinical oncology, â€˜8F-FDGimaging has been reported

and positive predictive values of both procedures were 100%. to provide important diagnostic information not obtained by
The accuracies and negative predictive values of coincidence morphological imaging modalities (25). PET imaging is the
ganuna camera imaging were 76.9% and 72.7%, respectively, most suitable means ofacquiring 18F-FDG images. Recently,
and those of PET were 92.3% and 88.9%, respectively. attempts have been made to acquire 18F-FDG images using a

A

FIGURE 3. Coincidencegammacamera(A), nonâ€”attenuation-correctedPET (B) and attenuation-correctedPET (C) imagesof
invasiveductalcarcinomain rightupperouterquadrantof breastof78-y-old woman(patient4).Tumorwas2.4 cm in diameter.SUVof
breastcarcinomawas 2.62. High uptakesof 18F-FDGwere observedin rightbreastcarcinomain all three images.

TABLE 1
Summary of Data on Breast Masses

PaIp
PaIp
Palp
PaIp
PaIp
PaIp
PaIp
PaIp
PaIp
PaIp
PaIp
PaIp
Palp
PaIp
PaIp
PaIp
PaIp
PaIp
PaIp
PaIp
PaIp
PaIp
PaIp
PaIp
PaIp
Paip
PaIp
PaIp
Nonpalp
PaIp

1 52 3.8 Invasive ductal ca
2 55 3.0 Invasiveductalca
3 42 2.9 Invasiveductal ca
4 78 2.4 Invasiveductal ca
5 47 2.3 Invasiveductal Ca
6 38 2.3 Invasive ductal ca
7 43 2.2 Invasive ductal Ca
8 49 2.2 Invasiveductalca
9 69 2.1 Invasive ductal ca

10 32 2.1 Invasive ductal ca
11 50 1.8 Invasive ductal ca
12 54 1.8 Invasive ductal ca
13 58 1.7 Invasive ductal Ca
14 41 1.6 Invasiveductal ca
15 74 1.6 InvasiveductalCa
16 72 1.5 Invasiveductal ca
17 33 1.4 Invasive ductal ca
18 65 1.4 Invasiveductalca
19 42 1.4 Invasive ductal ca
20 60 1.2 Invasive ductal ca
21 46 1.1 Invasive ductal ca
22 46 1.1 Invasiveductal ca
23 66 1.0 Invasiveductalca
24 53 0.9 Invasiveductalca
25 50 1.8 Medullary ca
26 50 1.7 Invasive lobularca
27 37 3.7 Phyllodes tumor
28 47 1.1 Intraductalpapilloma
29 44 â€” Fibrocysticdisease
30 33 â€” Fibrocysticdisease

Probmalignant 1.82
Probmalignant 4.91
Indeterminate 4.06
Probmalignant 3.30
Probmalignant 1.99
Probmalignant 2.88
Prob malignant 4.33
Prob malignant 2.51
Probmalignant 6.07
Prob malignant 3.45
Indeterminate 1.41
Probmalignant 2.12
Indeterminate 6.37
Probmalignant 1.55
Prob malignant 1.41
Indeterminate neg
Probmalignant 2.69
Indeterminate 1.96
Indeterminate 1.36
Probmalignant 4.10
Prob malignant 1.99
Probmalignant 2.11
Probmalignant neg
Nolesion 1.31
Probmalignant neg
Nolesion neg
Indeterminate 3.03
Indeterminate 1.81
Probmalignant neg
Indeterminate neg

2.66
4.58

13.21
6.82
2.11
4.34
6.83
3.27

22.81
14.71
2.62
4.32

30.27
3.91
2.27
2.58
4.82
2.22
1.56

11.01
4.98
4.20
4.04
3.11
1.82
2.85
4.22
5.08
neg
neg

2.08 1.09
7.71 2.59

10.89 3.07
5.62 2.62
3.27 1.58
4.56 1.64
5.78 5.90
5.60 2.85

19.91 5.78
7.04 2.61
1.65 1.36
4.24 1.96

20.23 0.66
3.06 2.11
1.83 0.98
1.42 1.09
4.74 2.12
2.61 1.70
1.61 1.04

12.76 2.44
2.83 1.48
4.02 2.14
3.44 1.50
2.02 0.96
1.30 0.70
1.50 1.07
3.31 1.81
4.70 2.28
neg â€”
neg â€”

B C
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FIGURE 4. Relationshipbetweentumor size and T/N ratio. Circlesand crossesrepresentpositiveand negativefindings,
respectively.(A)Coincidencegammacamera(CGC) imaging.(B) PETwithoutattenuationcorrection(AC). (C) PETwithAC.

SPECTcamera.Accordingto previousreports,FDGSPECT
with UHC may not be able to detect tumors <2 cm
(18â€”21,23). Holle et al. (20) reported that FDG SPECT with
UHC accurately detected all breast carcinomas >2.3 cm,
and the smallest FDG-positive lesion was 1.4 cm. For
tumors <2 cm, they showed that FDG SPECT with UHC
accurately detected 4 of 11 breast carcinomas (36.4%). In
this study, all breast carcinomas > 1.8 cm were detected by
coincidence gamma camera imaging, and the smallest
true-positive lesion was 0.9 cm. Moreover, coincidence
gamma camera imaging detected 12 of 16 breast carcinomas
(75.0%) <2 cm. These results indicate that coincidence
gamma camera imaging may be superior to SPECT with
UHC in the detection of breast cancer.

In this study, coincidence gamma camera imaging de
tected all ofthe breast carcinomas 2 cm (n = 10) and 12 of
16 carcinomas <2 cm, whereas PET detected all 26
carcinomas. These results suggest that coincidence gamma
camera imaging is useful in detecting breast cancer 2 cm
but is not reliable for breast cancer <2 cm in diameter
because of the high rate of false-negatives. On the other
hand, only half of the axillary lymph node metastases
detected by FDG PET were detected by coincidence gamma
camera imaging. As shown in Tables 1 and 2, the axillary
lymph node metastases were clearly smaller than breast
tumors. Of 9 axillary lymph node metastases <1.0 cm, PET

and coincidence gamma camera imaging detected 7 (77.8%)
and 3 (33.3%), respectively. Coincidence gamma camera
imaging may be useless or even dangerous in the detection
of axillary lymph node metastasis.

The TIN ratios in both phantom and clinical studies were
significantly greater in PET than in coincidence gamma
camera imaging. Because coincidence gamma camera imag
ing operates in a three-dimensional mode, substantial non
true coincidences occur because of the increase in both
random and scatter coincidence (26). Moreover, the count
ing rate capability of the gamma camera in coincidence
mode is limited. These factors may chiefly contribute to the
lower T/N ratios in coincidence gamma camera images.

The effect of attenuation is much greater in coincidence
images than in PET images without attenuation correction,
meaning that it may be difficult to differentiate a pathologi
cal uptake from a physiologic one in some cases (15).
Therefore, coincidence gamma camera images without
attenuation correction should be evaluated with caution. In
this study, there was no difference in lesion detection
between attenuation-corrected PET and uncorrected PET.
Some investigators have reported similar observations
(27,28). Thus, it is not clear whether addition of attenuation

correction to coincidence images increases diagnostic accu
racy in the detection of malignancies.

A â€˜ B C

FIGURE5. Coincidencegammacamera(CGC)(A),nonâ€”attenuation-correctedPET(B)andattenuation-correctedPET(C) images
of invasiveductal carcinomain right upper outer quadrantof breast of 66-y-oldwoman (patient23). Tumor was 1.0 cm in diameter.
suvofbreastcarcinomawas1.50.Uptakeof18F-FDGinrightbreastcarcinomawasclearlyvisualizedbybothattenuation-corrected
and uncorrectedPET(arrow),but CGC imagingcould notdetectuptake.
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CGC = coincidencegammacamera;Palp = palpable;Pos =
positivescan; Neg = negative scan.

In this study, a coincidence image was obtained approxi
mately 2 h after PET scanning, because the counting rate
capabifity of coincidence gamma camera imaging was limited
(15). If we perform both examinations at the same time after
administration of 18F-FDG, a 2-d protocol is needed and the

patient exposure is increased. The â€˜8F-FDGuptake ratio of 16
tumor to background tissue has been reported to increase over
time (29). Therefore, this study protocol might give coincidence
gamma camera imaging an advantage over PET imaging.

CONCLUSION

Twenty-two of 26 breast carcinomas detected by PET
were also detected by coincidence gamma camera imaging.
Coincidence gamma camera imaging detected all ofthe carcino
mas 2 cm in diameter (n = 10) and 12 of 16 carcinomas
<2 cm. The TIN ratio in PET was significantlygreaterthan
that in coincidence gamma camera imaging in both phantom
and clinical studies. Four of 8 axillary lymph node metasta
ses detected by PET were detected by coincidence gamma

camera imaging. Of 9 axillary lymph node metastases <1.0
cm, 7 and 3 were detected by PET and coincidence gamma
camera imaging, respectively. These results indicate that
coincidence gamma camera imaging is useful in detecting
breast carcinomas 2 cm in diameter but is not reliable for
breast carcinomas <2 cm in diameter. Coincidence gamma
camera imaging may be useless or even dangerous in the
detection of axillary lymph node metastasis.
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TABLE 2
Summary ofAxillary Lymph Nodes in Patients

with Metastasis

218137PaIpPosPos31
519NonpalpPosPos41

037NonpalpNegPos61835NonpalpNegPos81929PaIpPosPos121

313PaIpNegNeg1318216NonpalpPosPos162898PaIpNegPos201915NonpalpNegPos261

344NonpalpNegNeg
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