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with FDG has proven to be a sensitive method with a high
negative predictivevalue for the visualizationofprimary breast
tumors and the detection of metastases, at least if a correction
for attenuation has been made (1â€”6).However, with FDG, one
cannot differentiate between viable tumor tissue and inflamma
tory tissue, which may cause problems in sequential imaging for
treatment evaluation (7,8). Therefore, it would be better to
apply tracerssuch as amino acids that are less avidly metabo
lized by inflammatory cells. In animal studies, carboxyl-labeled
amino acids appeared to be the best amino acids for quantitative
PET (9,10). At our institution, L-[1-' 1C]tyrosine (TYR) is used.
Breast cancer can be visualized with this tracer (11,12). The
uptake of TYR is increased due to a high protein synthesis rate
(PSR) (13), and the PSR can be quantified using the method
described by Willemsen et al. (14). Whereas absolute quantifi
cation may have its advantages, e.g., in treatment evaluation,
quantifying metabolism with PET requires a prolonged study
time to calculatea timeâ€”activitycurve and also requiresarterial
cannulation or arterialized venous cannulation with repeated
blood sampling to obtain the plasma input function. Therefore,
a PET study seems to be cumbersome for most patients. In a
strive for â€œunbloodyPET,â€•many centers have adopted stan
dardized uptake values (SUVs). This value gives a measure of
uptake in the region of interest relative to a uniform distribution
over the body. (15) With the application of SUVs, PET is less
constraining, due to a shorter acquisition time and the omission
of repeat blood sampling. The use of SUVs is widespread,
despite reports of considerable drawbacks in their application
(16,17). The SUV of many tissuesshowsa strongpositive
correlation with weight, because fat has a much lower uptake of
both FDG and TYR (Fig. 1). Consequently, results may not be
comparable if patients do not have the same weight and habits.
When a patient is losing weight during cancer treatment, the
PET results using SUVs after therapy should also be interpreted
with caution. SUVs based on body surface area (BSA) or lean
body mass (LBM) may therefore be preferable to body weight
(BW). A quantitative approach would avoid this problem.

In this study, TYR and FDG were compared for their
usefulness as a tumor tracer in a group ofpatients clinically and
mammographically suspect for breast cancer. Moreover, the

TheaimsofthestudyweretocomparethevalueofL-[1-@CJtyrosine
(TYR)and r8fiuo@o-2-deo@-DiIucose (FDG)as tumor tracers in
patients with breast cancer, to investigatethe correlation between
quantitative values and standardized uptake values (SUVs)and to
estimate the valueof SUVsfor the evaluationof therapy. Methods
Elevenpatients with one or more malignantbreast lesionsand two
patientswithone or morebenignbreasttumorswerestudiedwith
1YR and FDG. Doses of 300 MBq ofTYR and 230 MBq of FDG were
given intravenousiy.,6dIPET sessionswere performed using a
Siemens ECAT951/31 camera. Of 10 malignant tumors and the 3
benignlesions,glucoseconsumptionand proteinsynthesisrate
were quantified.,oJIlesionswere studied usingSUVsbasedon body
weight, body surface area and lean body mass, with and without
correction for plasma glucose or tyrosine levels.Resulta i6Jlrnalig@@
nanttumorswerevisualizedwithbothFDGand1YR, butthevisual
contrast was better with FOG.Increaseduptake of the tracers was
seen in patients with flbrocystic tissue and complicated the visual
assessmentandthe outliningof tumortissue.Uptakeinfibrocystic
diseasewas more prominentwith FDGthan with TYR.No dltference
in tumor/nontumorratiobetweenthe two tracerscouldbe estab
lished.FDGshowed a false-positiveresult inone benign lesion.No
major differencesbetween the SUVsas defined above were found,
althoughthe best correlationbetweenglucoseconsumptionand the
SuvwasobservedwhentheSINwasbasedonbodysurfacearea
and correctedfor plasmaglucoselevel(r = 0.85-0.87). The SUV
based on lean body mass was found to corralate best with protein
synthesisrate (r = 0.83-0.94).Conclusion: In this group of patients,
TYR appears to be a better tracer than FDG for breast cancer
imaging,because of lower uptake in fibrocysticdisease.SUVs
correlate well with quantitative values, but future studies must
determine whether treatment evaluationis also reliablewith SUVs.
Key Words PET; Standardized uptake value; fluormne-18-FDG;
carbon-i 1-tyrosine; breast cancer

J NuciMed1997;38.@692â€”696

Glucosemetabolismofmanymalignanttumorsishigh
comparedto normaltissues. This fact is used in PET with the
glucose analog [â€˜8F}fluoro-2-deoxy-D-glucose (FDG) to visu
alize tumors and to analyze and quantify their metabolism. PET
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PatientSizeBodyweightHeightno.
Tumor(stage) (cm)(kg)(m)

Size represents maximum tumor diameter, measured at histological
examinationafterresectionormammographicalty(Patients1, 11, 12and13).
Thetwometastaseswerenotpalpable(Patient10).InPatients11, 12and13,
malignancy was confirmed by fine needle asj*ation cytology, but no
informationabouthistologicaltype is availablebecausethesepatientsdid
not undergosurgery.

FDG TYROSINE

anterior

4
FiGURE 1. Transaxialview of scanswith
FDGand @y'Rin a woman witha ductal
carcinomaof 4 cm indiameterinthe left
breast (H = FDG uptake in the heart
muscle;B = TYR uptakein the bone
marrow).Notethe relativelyhighuptake R
ofFOGinthecontralateralbreast,andthe
lowuptakeof ViA in fat tissue(arrows).

SUV obtained with TYR and with FDG were compared with
the quantitative value for PSR and glucose consumption,
respectively. SUVs were calculated using BW, BSA and LBM
and a correction for plasma tyrosine and glucose levels. The
value of SUVs for the evaluation of therapy was estimated.

METhODS

P@nta
TYR and FDG were studied in 13 patients with clinically and

mammographically malignant breast lesions. The study protocol
was approved by the Medical Ethics Committee of the Groningen
University Hospital. All patients gave written informed consent.
Eleven patients were ultimately proven to indeed have a malignant
breast lesion. Two patients had a benign lesion, and in one of these
patients two benign lesions were found in the same breast.
Histological examination was performed after PET. In three
patients with locally advanced breast carcinoma, the diagnosis was
confirmed by fine needle aspirationcytology. Patient data are listed
in Table 1. All patients fasted overnight before the PET study and
had normal plasma glucose (range, 3.1â€”5.6mmol/l) and tyrosine
levels (range, 35â€”60nmol/l).

1YR and FDG Production
TYR was produced via a modified microwave-induced BUcherer

Strecker synthesis (18). The radiochemical purity was over 99%. A
mean dose of300 MBq (range, 55â€”375MBq) ofTYR was injected
intravenously. FDG was routinely produced by a robotic system
after the procedure as described by Hamacher et al. (19). The
procedures were protocolized to assure a maximum pharmaceutical
quality. Radiochemical and chemical purity were verified by high
performance liquid chromatography. FDG met the USP XXII
requirements and was given in a mean dose of 230 MBq (range,
120â€”375MBq) intravenously.

Blood Sampling
All quantitative PET sessions included placement ofa catheter in

the radial artery for sampling blood radioactivity. During both
sessions, blood samples were taken at 0.25, 0.50, 0.75, 1.00, 1.25,
1.50, 1.75, 2.25, 2.75, 3.75, 4.75, 7.50, 12.50, 17.50, 25.00, 35.00
and 45.00 mm after injection.

Camera
PET imaging was performedwith an ECAT 951/31 camera

(Siemens/CT!, Knoxville, 1'N). A 20-mm transmission scan was
obtained immediately before the emission scan to correct for
photon attenuation by the body tissues. Seven patients underwent a
TYR study and an FDG study subsequently, using only one
transmission scan for attenuation correction. FDG was injected 80

L â€˜ t

mm after TYR. Both tracerswere administered as a 1-mm bolus via
an infusion pump. These seven patients did not leave the camera
between the TYR and FDG studies. The other six patients under
went both studies on successive days, and separate transmission
scans were obtained. Dynamic images at the level of the tumor
were acquired from the time of injection of the tracer through 50
mm after injection: 10 30-sec images, 3 5-mm images and 3 10-mm
images. The same camera protocol was used for both tracers.

Quan@ve Ana@
PET images were displayed applying standard ECAT software.

To obtain the average metabolic rate of glucose consumption
(MRglc), the tumor has to be defined in all relevant planes of the
study. In the literature, this is done by placing (multiple) regions of
interest (ROIs) in each plane. The tissue timeâ€”activitycurves
obtained from these ROIs is summed and the average MRglc is
calculated. As this method is quite laborious, an alternative method
was developed as reported previously (12, 14). In brief, using the
same activity threshold as used for definition ofthe ROl, all voxels

TABLE I
PatientData

1 Cyst(benign)
2 Fibroadenoma

atypicald@a
3 Comedoffl)
4 Lobular(Ti)
5 Ductalff2)
6 Ductal(F2)
7 Duotalfr2)
8 Ductalfr2)
9 Ductal(F2)

10 Ductal(12)
two metastases

ii (@4)
12 (p4)
13 (p4)

5.0
1.0
1.0
2.0
1.2
2.5
3.5
3.5
4.0
4.0
4.0

70 1.70
83 1.70

67 1.66
75 1.63
90 1.74
54 1.50
70 1.65
75 1.60
84 1.74
89 1.74

4.0 70 1.65
5.0 90 1.70

10.0 62 1.59
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PSR(nmollmllmin) MRgIc(mmo
0.81/100
mI/mm)00.660.420

0
04.8

00.2

2
V

0.0

noFD0

2

0
FD noFDFD

FOGTYRSuvBw

(av9)3.89(0.88-7.19)3.05(0.92â€”5.46)SUVBSA
(avg)0.92 (0.21â€”1.62)0.72(0.22â€”1.27)SUVLBM
(avg)2.34(0.46-4.17)1.76(0.40-2.86)SLJvBw

(max)6.32(2.52â€”12.24)5.05(1.64â€”10.55)SUVBSA
(max)1.50(0.60-2.75)1.18(0.39â€”2.45)SUVLBM
(@x)3.68 (1.31â€”7.09)2.88(0.71â€”5.39)SUVBW

(@Â°n)0.90 (0.34â€”2.11)0.65(0.20-0.98)SUVBSA
(con)0.21(0.08-0.49)0.16(0.05-0.25)SUVLBM
(cÂ°n)0.55(0.18-1.36)0.36(0.09-0.53)Mean

and rangevaluesare shown.

that were above this threshold were selected after masking the
study for nontumor tissue with a high activity (e.g., liver and
pancreas). The corresponding activity was summed and the average
timeâ€”activitycurve was obtained. The advantage of this approach
is that the analysis of the whole tumor is performed quickly and
simply, while giving identical results as the ROI method (Willem
sen ATM, personal communication). Combining these averaged
timeâ€”activitydata with the plasma glucose level (the plasma input
data), the average MRglc (in @mol/100ml of tumor tissue/mm)
was calculated for both tumor and contralateralbreast tissue, using
the Patlak analysis. Because the lumped constant for FDG in breast
and tumor tissue is not known, a lumped constant of 0.42 was
assumed(20,21).

To obtain the tumor PSR, the averaged time-activity data were
combined with the plasma tyrosine level and the plasma input data,
corrected for â€˜1C02 and@ â€˜Cproteins. The average PSR (in nmol/ml
of tumor tissue/mm) was calculated. To allow comparison with the
SUV analysis, the maximum MRglc and PSR within the malignant
tumors were calculated using the same method, but with a
threshold of95%. The absolute maximum pixel value was not used
because the statistical variation ofthe value ofa single pixel would
have made the result less reliable.

For each tracer, two ratios were calculated, because different
tracers cannot easily be compared due to different metabolisms: the
ratio of average uptake in tumor and contralateral tissue, and the
ratio of maximum uptake in tumor and contralateral tissue. Tech
nical problems (low injected dose, occlusion of arterial ca.nnula)
prevented quantification of metabolism in three patients. In one
patient, two axillary metastases were in the field of view. Thus, a
total of 13 malignant and 3 benign tumors was studied with both
FDG and TYR. Eight primarybreast tumors, two occult metastases
and three benign lesions were observed in a quantitative manner.

SW Ana@
The metabolism of all malignant breast tumors was calculated

using the SUV analysis. For this calculation, the last two frames of
the dynamic study were summed to create the equivalent of one
static scan. Thus, the SUVs were calculated from a 20 mm scan
starting 30 mm after injection and were based on BW (SUVBw),
BSA (SUVBSA) or on LBM (SUVLBM), using the following
empirical equations (22,23):

tissue concentration [MBq/g]

SUV = ID (MBq)/patient BW (g)V@5@[m2] * 10000 VLBM(g)

LBM = weight[kg]

weight (kg)
I.2 * (height)2(cm2)@ 0.23 * age (yrâ€” 10.8 (ifmaleâ€” 5.4

BSA =

FIGURE2. PSRandMAgICinthecontralateralbreastin10patientswith
suspected breast carcinomawho were studied with both tr@ers quantita
tively.FD= fibrocysticdisease.

RESULTS
All malignant tumors, including the two metastases, were

visualized with both FDG and TYR, although visual contrast
was somewhat better with FDG. An example ofboth radiophar
maceuticals is shown in Figure 1. Of the three benign lesions,
the cyst was visualized as a cold spot with both tracers. The
other two benign lesions, both in the same patient, were not
visualized with TYR. However, a hot spot was seen with FDG.
Due to the fact that these lesions were located close to each
other (<0.5 cm) in the same breast, it could not be concluded
which lesion gave the positive result with FDG.

The mean MRglc was 15.4 @mol/l00mL/min(range, 6.4â€”
26.0) with a maximum of 24.3 (7.5â€”46.3)for the malignant
tumors and 3.1 (0.8â€”6.9) for the contralateral breast. The mean
PSR was 1.17 nmol/ml/min (range 0.27â€”2.92)with a maximum
of 1.56 (0.32â€”3.43)for the malignant tumors and 0.23 (0.07â€”
0.42) for the contralateralbreast.Comparisonofthe two tracers
showed similar ratios.

The contralateral breast tissue, which served as control,
showed higher uptake in patients with fibrocystic tissue (Fig. 2).
Because fibrocystic disease is bilateral, the visual assessment
and the outlining of tumor tissue was complicated. The higher
uptake oftracer in fibrocystic disease was more prominent with
FDG than with TYR.

Meanvalues andrangesof SUVs are listed in Table 2. SINs
for FDG were generally higher than for TYR. This was
observed in tumors and even more pronounced in contralateral
breast tissue. SIN ratios tended to be somewhat higher with
TYR although no significant difference was reached.

The correlation between quantitative values and SINs is
shown in Table 3. Although differences between the SUV
calculation methods were small, for FDG the best correlation

TABLE 2
Average Maamum and Control SUV Based on BW, BSA and

LBM in Patients with Malignant Breast Tumors

100

/height (cm * weight (kg)

3600

All SUVs were calculated for average tumor activity (avg),
maximum tumor activity (max) and contralateral breast tissue
(con). For both tracers and all SUV calculation methods, ratios for
average uptake in tumor and contralateraltissue and for maximum
uptake in tumor and contralateral tissue were calculated. Correction
for individual variations in plasma glucose level and plasma
tyrosine level was applied by multiplying the SUV with the
standardized plasma level, because a high plasma level can induce
a low SUV (24,25).

Correlation coefficients between SUVs and quantitative values
were calculated with using the two-tailed Pearson. A level of p@
0.01 was considered to be significant.
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SUVBWSUVBSASUVLBMCorrected

for plasmaglucose andtyrosinesuvawSUVBSASUV,@MMAgIc

(avg)0.84k0.8r0.82k0.900.910.88*MAgic
(max)0.83k0.86*O.8l@0.90k0.92*0.8@MAgIC
(con)O.82@0.85*0.7fl0.86*0.88*0.84*PSR
(avg)0.8r0.89k0.93k0.570.600.65PSR
(max)0.93k0.94k0.940.71O.74@O.78@PSR

(con)O.80@079@0.83*0.550.580.60*p

0.001.tp
0.01.

TABLE 3
CorrelationCoefficientsfor QuantitativeValuesand SUVs

was seen with SUVs based on BSA (r = 0.85â€”0.87),and for
TYR the best correlation was seen with SUVs based on LBM
(r = 0.83â€”0.94). The correlation with FDG increased after
correcting the SUV for plasma glucose (r = 0.87â€”0.92), but
with TYR, correlationcoefficients decreased drastically when
the SIN was corrected for plasma tyrosine (r = 0.7 1â€”0.78).
The correlation coefficients for FDG when using SUVBSA
corrected for plasma glucose and for TYR using SUVLBM
indicate an explained variance (r@)between 0.77 and 0.85 for
FDG and 0.69 and 0.88 for TYR. As a result, 12â€”31%of the
variance of the SINs is not explained by the correlation.

DISCUSSION
This study demonstrates the potential value of TYR in

patients with breast cancer. In this limited group ofpatients, the
visibility of the tumors with TYR was equal to visibility with
FDG. TYR uptake was shown to be lower in normal breast
tissue (Fig. 2). The use of a SIN analysis appeared to be
reliable, although the SIN based on body weight, which is the
most frequently used, showed the lowest correlation with the
quantitativevalues.

The vast majority ofPET studies with amino acids have been
performed with L-[methyl-' â€˜C]methionine(MET), which visu
alizes amino acid transport rather than protein synthesis (26).
Kubota et al. (27) investigated the uptake of MET and FDG in
a mammary tumor model and found that FDG uptake, in
contrast to MET, is enhanced because of tumor-associated
macrophages and granulation tissue. In general, an inflamma
tory reaction is enhanced by chemotherapyand radiotherapy.
Therefore, MET may be more suitable for treatment evaluation
than FDG (27). Jansson et al. (28) compared the accuracy of
MET and FDG in the visualization of primary breast cancers
and found that in five out of the seven patients examined with
both tracers, MET showed a higher contrast between tumor and
surrounding tissue, with the contralateral breast serving as
surrounding tissue. Fibrocystic disease is a wastebasket term
including a variety of changes such as cysts, stromal fibrosis
and proliferative lesions, and is present in at least 50% of
women (29). These findings support the hypothesis that, even
though FDG uptake in experimental tumors may be higher than
MET uptake, other factors in the human breast, of which
fibrocystic disease may be an important one, play a disturbing
role for FDG. Exact data for TYR are not available, but are
expected to show more resemblance to MET than to FDG.

SINs and quantitative values showed a good correlation for
both tracers. No major differences were found between the
SUVs calculated by the different methods, although SUVLBM
gave the highest correlation coefficients for TYR and SUVBSA
for FDG. The widely used SUVBW seemed to be almost equal
to the other calculation methods. Schomburg et al. (30) also

found that for FDG the SUVBSA was clearly superior to SUVBW
and SUVLBM, while calculating the SINs in normal lung and
liver tissue. However, because normal tissues may show sub
stantial variations over different regions and between patients,
comparing the SINs to the corresponding quantitative values
seems absolutely necessary (31). Plasma glucose levels ap
peared to play a more important role in the correction of the
SIN for FDG than plasma tyrosine levels did for TYR. This is
in concordance with the findings of Lindholm et al. (24,25) for
FDG and MET. High plasma glucose levels may be responsible
for lower SINs, whereas the influence of the plasma amino
acid level appears to be more subtle. A linear correction for the
plasma tyrosine level implies equal importance of the plasma
tyrosine level in TYR calculations and the plasma glucose level
in FDG calculations. This is evidently not the case.

The use of SINs is not without criticism, because there is a
variability that cannot be controlled or even has been consid
ered in most reported studies (16, 17). Keyes (1 7) stated the
following: â€œoneshould standardize the time between tracer
administrationand data acquisition. Due to recovery coeffi
cients and partial volume effects, the SIN method is not
suitable for tumors smaller than 2 cm. The ROl technique
should only be used to calculate the maximum pixel value
within a ROI.â€•With these restrictions as described for FDG,
the SIN can be of value (1 7). In this study, all but one of these
restrictions were encountered: two patients with a tumor smaller
than 2 cm in diameter were also studied. One of these patients
had two benign lesions, which gave a false-positive signal with
FDG. The other patient had a malignant lesion of 1.2 cm in
diameter, and both tracers gave a lower signal than was
expected. The partial volume effect induced a lower signal in
this patient. Instead of calculating the maximum pixel value,
which would be unreliable due to statistical variance, we
calculated the maximum 5% value.

According to Fischman et al. (32), the major problem using
SUVs for FDG studies is that the FDG uptake does not reach a
plateau within 90 mm after injection and therefore is susceptible
to interpretation errors. However, the good correlation coeffi
cients between quantitative values and SINs for FDG obtained
30 mm after injection suggest that this problem is not of
practical importance. Anyhow, with TYR this problem is
avoided, because TYR uptake reaches its plateau after 20 mm.

Yoshida et al. (33) found a good correlation (r = 0.88)
between quantitative values and SUVs for MET in seven
patients. In 22 patients with various type of tumors, a correla
tion coefficient between SUVBW and PSR of 0.76 was found
(12).

PET is well positioned to play an important role in the
management of patients with breast cancer. For imaging non
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palpable breast tumors with a higher specificity than conven
tional mammography, positron emission mammography has
recently been introduced (34,35). Considering the high mci
dence of fibrocystic disease, amino acids such as TYR are more
likely to fulfill the specificity expectations.

The use of preoperative chemotherapy for breast cancer is
increasingly common. Potentially, PET can predict the outcome
of such treatment in an early phase in a noninvasive way. From
this study, it was calculated that 69â€”88%of the variance of
SINs is explained by the correlation with quantitative values. It
should be determined in future studies whether this is sufficient
to monitor therapy, because the unexplained variance may be
larger than the measurable effect oftreatment. MET has already
been investigated using SINs for evaluation of chemotherapy
in limited groups of patients with breast carcinoma, showing
promising results (28,36).

CONCLUSION
In this group of patients, FDG and TYR both visualized

breast cancer. An important disadvantage ofFDG above the use
of TYR is the relatively high uptake in the frequently encoun
tered fibrocystic disease.

High correlations between quantitative values and SINs
were established with both tracers, while no major differences
between SINs based on BW, BSA or LBM were observed.
With SINs, emission scanning time can be shortened and
calculations are less technically and mathematically intensive.
PET can be performed without assessment ofthe input function
and with reliable results. Future studies are needed to determine
whether reliable treatment evaluation is also possible with this
noninvasive method.
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