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This study evaluated various quantitative criteria for analysis of
breast imaging with PET using the radiolabeled glucose analog
18F-fluorodeoxyglucose (FDG). Methods: In a prospective study, 73

patients with abnormal mammography or palpable breast masses
scheduled for biopsy were investigated with PET. A total of 97 breast
tumors were evaluated by histology, including 46 benign and 51
malignant tumors. Using a whole-body PET scanner, attenuation-
corrected images were acquired between 40 and 60 min after tracer
injection. For Patlak analysis, dynamic data acquisition was ob
tained in 24 patients. To differentiate between benign and malignant
breast tumors, receiver operating characteristic curves were calcu
lated using incrementally increasing threshold values for tumor/
nontumor ratios based on average and maximum activity values per
region of interest, standardized uptake values (corrected for partial
volume effect, normalized to blood glucose, partial volume effect
and blood glucose, using the lean body mass as well as the body
surface area) and calculating the FDG influx rate (K) assessed by
Patlak analysis. Results: Quantification of FDG uptake in breast
tumors provided objective criteria for differentiation between benign
and malignant tissue with similar diagnostic accuracy as compared
with visual analysis. Applying correction for partial volume effect and
normalization by blood glucose yielded the highest diagnostic
accuracy. Conclusions: These quantitative methods provided ac
curate evaluation of PET data for differentiating benign from malig
nant breast tumors. Quantitative assessment is recommended to
complement visual image interpretation with the potential benefit of
reduced interobserver variability.
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Letabolic imaging with PET and the radiolabeled glucose
analog l8F-fluorodeoxyglucose (FDG) has been introduced as a

promising technique for identification of breast cancer (1-8).

Differentiation between benign and malignant breast abnormal
ities by means of noninvasive diagnostic procedures still re
mains an unsolved problem. Using mammography, sensitive
detection of breast cancer can be achieved only at a high rate of
false-positive results (9). In a previous study including 51
patients, we evaluated the role of PET imaging for differenti
ating between benign and malignant breast abnormalities (8).
By visual image interpretation, FDG uptake in breast tissue was
classified into three categories (negative, probable and definite
positive). Considering only "definite" FDG uptake to represent

malignancy, a sensitivity of 68% and a specificity of 97% was
recorded. Sensitivity increased to 83% and specificity declined
to 84% if "probable" findings were regarded as positive.

Scintigraphic information may be analyzed either by visual
interpretation or by additionally obtaining regional tracer up
take. Depending on the individual experience of the observer,

Received July 26, 1996; revision accepted Jan. 13, 1997.
For correspondence or reprints contact: Dr. Norbert Avril, Nuklearmedizinische Klinik

und Poliklinik, Technical University of Munich, Klinikum rechts der Isar, Ismaningstrasse
22, 81675. Munich, Germany.

visual analysis leads to identification of abnormalities in re
gional tracer distribution. In contrast, quantitative parameters
offer more objective and observer-independent criteria. Several
methods have been suggested for analysis of PET studies in
oncology (10-18). Dose uptake ratios, standardized uptake

value (SUV), standardized uptake ratio, differential uptake ratio
and differential absorption ratio have been introduced to nor
malize tracer uptake to injected dose and body weight
(16,17,19-24). However, there are no generally accepted meth

ods established for quantitative analysis of PET imaging. The
aim of this study was to evaluate the diagnostic accuracy of
various quantitative analysis approaches. Using the region of
interest (ROI) technique, ROIs were placed over histologically
proven breast masses to determine regional FDG uptake.
Receiver operating characteristic (ROC) curves were calculated
using incrementally increasing cutoff values to differentiate
between benign and malignant breast tumors.

MATERIALS AND METHODS

Patients
Seventy-three patients with abnormal mammography or palpable

breast masses, who were scheduled to undergo breast surgery, were
referred for PET imaging. In these patients, a total of 97 breast
tumors were evaluated by histology. Details of the study were
explained by a physician and written informed consent was
obtained from all patients. The study was approved by the
committee for human research at our hospital. Patients were not
included in the study if they were pregnant, had known diabetes or
were younger than 18 yr. Patients with prior therapy within 3 mo,
e.g., chemotherapy and surgery or radiation therapy of the breast,
were also excluded. Mean age was 50 Â±11.4 yr (mean Â±s.d.),
ranging from 18 to 74 yr. Thirty-two patients were premenopausal,
10 perimenopausal and 31 postmenopausal. Patients fasted for at
least 4 hr before PET imaging. The serum glucose level was
measured with blood glucose reagent strips and photometric
measurement. Mean blood glucose level was 75 mg/100 ml (range
44-126).

PET Imaging
PET scans were performed using a whole-body PET scanner.

Emission data corrected for randoms, dead time and attenuation
were reconstructed with filtered back-projection (Manning filter
with a cutoff frequency of 0.4 cycle per pixel). In all patients,
transmission scans with Germanium-68 rod sources were per
formed for 15 min, yielding approximately 4 million counts per
slice. FDG was produced by nucleophilic fluorination with a
method modified from the synthesis of Harnacher (25). Isotopie
purity, radiochemical purity, sterility and pyrogenicity were tested
for all FDG doses.

All patients were studied in the prone position with both arms at
their sides. For positioning, a foam cushion on the scanner table
was used with a hole that allows the breasts to be unconstrained. In
24 patients, dynamic data acquisition (12 frames) was obtained for
up to 60 min after intravenous administration of 270-390 MBq
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TABLE 1
Statistical Data for Quantitative Analysis of FDG Uptake in Breast Tumors

T/NT[av]T/NT[max]SUV[av]SUV[av-pv]SUV[av-gic]SUV[av-pv-gic]SUV[max]SUV[max-pv]SUV[max-gic]SUV[max-pv-gic]SUV[av-lean]SUV[av-bsa]Patlak(K)ml/min/100g

(n = 40) Benign breast tumors (n = 46) (n = 12)

Mean Â±s.d. 1.3 Â±0.4 1.5 Â±0.6 1.4 Â±0.5 1.5 Â±0.7 1.0 Â±0.4 1.1 Â±0.6 1.9 Â±0.6 2.0 Â±0.9 1.4 Â±0.5 1.5 Â±0.7 1.3 Â±0.5 3.8 Â±1.4 1.0 Â±1.0
s.d. (%) 31% 40% 36% 50% 40% 58% 32% 43% 36% 51% 37% 35% 100%
Range 0.5-3.0 0.7-2.2 0.3-2.3 0.3-5.2 0.2-2.3 0.2^1.4 0.9-3.1 0.9-6.3 0.6-2.5 0.6-5.4 0.2-2.3 0.7-6.8 0.3-2.0

(n = 43) Breast cancer (n = 51) (n = 23)

Mean Â±s.d. 3.0 Â±2.3 4.0 Â±3.5 3.6 Â±2.5 4.2 Â±2.6 2.7 Â±1.9 3.2 Â±2.0 4.3 Â±3.0 5.1 Â±3.1 3.3 Â±2.3 3.9 Â±2.4 3.0 Â±2.0 9.2 Â±6.0 2.0 Â±1.0
s.d. (%) 77% 88% 71% 60% 70% 62% 70% 61% 70% 62% 65% 66% 50%
Range 1.0-11.2 1.2-17.9 0.4-11.7 0.4-12.7 0.3-9.3 0.3-10.2 0.7-14.1 0.7-15.4 0.6-11.2 0.5-12.4 0.4-9.6 1.1-29.6 0.4-7.0

Malignant tumors had significantly higher values compared to benign lesions (p < 0.01) for all methods tested.

(approximately 10 mCi) [I8F]FDG. In 49 patients, static emission

scans from 40 to 60 min after tracer injection were obtained.
Transmission scans were acquired before or after tracer injection in
dynamic or static imaging protocols, respectively.

Data Analysis
ROIs were manually placed over all histologically proven breast

lesions to determine regional FDG uptake. For lesions appearing
with focally increased FDG uptake, a ROI was drawn exactly
around the tumor. For lesions that could not be clearly identified by
increased FDG uptake, mammography as well as the surgeon's

report were additionally used for the positioning of the ROI.
Tumor/nontumor ratios were calculated between lesions and

contralateral breast tissue for average (T/NT [av]) and maximum
activity values (T/NT [max]) of each ROI. Ratios were not
obtained in patients with prior breast surgery or additional breast
abnormalities at the contralateral breast. SUVs were calculated by
normalization to injected dose and body weight using average
(SUV [av]) and maximum activity (SUV [max]) values of each
ROI. Partial volume correction was used for lesions with focally
increased FDG uptake. The tumor size was obtained by analysis of
the axial activity profile of the lesions (26). An optimal threshold
for estimating the tumor diameter was found at 70% of the
maximum activity values within a lesion showing a high correla
tion compared with the tumor size obtained by histology (r = 0.91)
(27). Correction factors for partial volume effect have been
measured with phantoms simulating tumor uptake by radioactive
spheres of known dimensions and various background activities
(ranging from 5% to 50%). Based on these data, appropriate
recovery coefficients were used to correct SUVs for partial volume
effect (SUV [av-pv] and SUV [max-pv]). Furthermore, SUV
values were normalized to blood glucose (SUV [av-glc], SUV
[max-glc]), as well as to both partial volume effect and blood
glucose (SUV [av-pv-glc], SUV [max-pv-glc]). Normalization to
blood glucose was performed by multiplying SUVs with the blood
glucose level and using 100 mg/100 ml as reference (SUV [glc]).
Lean SUV values were calculated by normalizing ROI activity
values to injected dose and lean body mass (SUV [av-lean]). The
lean body mass was estimated using the formula [45.5 + 0.91 *
[patient height (cm) - 152]] (14). For SUVs [av-bsa], the body
surface area instead of the patients weight was used [(m2) =
(weight in kg)0425 * (height in cm)0725 * 0.007184] (75). Dynamic

PET studies allow for the assessment of the FDG influx constant
using the Patlak analysis approach (Â¡0).The arterial input function
was obtained with a ROI placed in the left ventricular cavity. The
slope of the linear part of the curve determined the FDG influx
constant (K), expressed as milliliters per min/100 g tissue. Dy

namic data acquisition was available for 35 histologically proven
breast tumors (24 patients).

Statistical Analysis
The ability of FDG-PET to differentiate between benign and

malignant breast tumors was determined by calculating the areas
under ROC curves (28). ROC curve analysis was performed using
the Clabroc-program of Charles E. Metz (Apple Macintoshâ„¢

version, January 1991, Department of Radiology, University of
Chicago) by incrementally increasing the threshold for separating
benign from malignant lesions and recalculating sensitivity and
specificity after each increment. A modified Student's t-test was

used to determine if there were statistically significant differences
between the area under the ROC curves (29). For statistical
evaluation of SUVs in benign and malignant lesions, the Mann-
Whitney U test was used.

RESULTS
Forty-six benign breast masses and 51 malignant breast

tumors were found in histology. Mean size was 2.5 Â±0.9 cm
for benign (range 1.0-5.0 cm) and 2.7 Â±1.7 cm for malignant
tumors (range 0.6-9 cm). Benign breast masses consisted
mainly of fibrocystic or proliferative breast disease (n = 34)
and fibroadenomas (n = 8), as well as one case with inflam
matory breast disease, focal necrosis, a ductal adenoma and a
granular cell tumor. Malignant breast tumors included 33
invasive ductal carcinomas, 11 invasive lobular carcinomas, 2
medullary carcinomas, 1 mucinous carcinoma, as well as 3
ductal in situ carcinomas and 1 lobular in situ carcinoma.

Table 1 shows statistical data (mean Â±s.d. and range) for
various parameters used to analyze the FDG uptake in benign
and malignant breast tumors. Tumor/nontumor ratios were
evaluated in 62 patients with a total of 83 histologically proven
breast tumors. SUVs were calculated for all patients studied (97
breast tumors in 73 patients). All parameters tested showed
statistically significant higher FDG uptake in malignant com
pared with benign tumors (p < 0.01).

Reproducibility of placing ROIs over tumors was tested in a
subset of 20 patients. Obtaining average activity values within
a ROI, intraobserver variability (r = 0.96) and interobserver
variability assessed by two observers (r = 0.91) showed high
reproducibility.

Results of ROC curve analysis for various quantitative
analysis methods to differentiate between benign and malignant
breast tumors are shown in Figure 1 and Table 2. For SUVs, the
area under the ROC curve was larger using average activity
values within a ROI (SUV [av]) compared with maximum

QUANTITATIVEANALYSISOF BREASTIMAGINGWITHFDG-PET â€¢Avril et al. ÃŒ187



0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1-Specificity

FIGURE 1. ROC curves for various quantitative analysis methods used to
differentiate between benign and malignant breast tumors.

activity values (SUV [max]). The difference between these
areas (0.86 Â± 0.04 versus 0.81 Â± 0.04) was statistically
significant (p = 0.03). Using average activity values and

combining correction for partial volume effect and normaliza
tion to blood glucose (SUV [av-pv-glc]) yielded the largest area
under the ROC curve (0.92 Â± 0.03). On the other hand,
unconnected maximum SUV values (SUV [max]) resulted in the

lowest area under the ROC curve (0.81 Â±0.04). Using lean
body mass, body surface area, tumor to nontumor ratios, as well
as calculating the influx constant for FDG (K) provided no
diagnostic advantage. Figure 2 shows an example of a Patlak
analysis plot.

When analyzing the ability to characterize breast tumors as
malignant at a certain specificity, the corresponding sensitivity
was found to be different. Therefore, SUV cutoff values for
differentiation between benign and malignant breast rumors, as
well as corresponding sensitivity values at specificities of 80%
and 90%, are shown in Table 3.

TABLE 2
ROC Curve Analysis for Various Quantitative Analysis Approaches

and Areas Under the ROC Curve

Compared with Compared with
ROC Area Â±s.d. SUV [av] SUV [max]

T/NT[av]T/NT
[max]SUV
[av]SUV
[av-pv]SUV
[av-glc]SUV
[av-pv-glc]SUV
[av-lean]SUV
[av-bsa]SUV

[max]SUV
[max-pv]SUV
[max-glc]SUV
[max-pv-glc]Patlak

(K)0.88

Â±0.040.86
Â±0.040.86
Â±0.040.91
Â±0.030.87
Â±0.040.92
Â±0.030.85
Â±0.040.87
Â±0.040.81
Â±0.040.87
Â±0.040.85
Â±0.040.87
Â±0.040.87
Â±0.06nsnsâ€”nsnsnsnsnsp<0.03ndndndnsndndp

<0.03ndndndndndâ€”p

<0.01nsp

<0.01nd

The SUV [av] and the SUV [max] areas were used as reference to test for
statistically significant differences between the areas.

ns = not significant; nd = not done.
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FIGURE 2. Example of a Patlak analysis plot of an invasive ductal breast
carcinoma. Arterial input function was derived from the left ventricular cavity.
Solid line shows linear regression (r = 0.96). Ctiss (t), tissue tracer concen
tration (Bo/g) at time t. Cb (t), blood tracer concentration (Bq/g) at time t. K,
FDG influx rate (ml/min/g).

DISCUSSION
This study compared the ability of various quantitative

analysis methods to differentiate between benign and malignant
breast tumors using FDG-PET. ROC curves showed that
maximum activity values (SUV [max]) within a user-defined
ROI resulted in significantly lower diagnostic accuracy (p <
0.03) than using average activity values (SUV [av]). Because of
higher statistical noise of SUV [max] values in benign lesions,
differentiation of malignant breast tumors was less accurate
(Table 3). This result is important, because it is easier to obtain
maximum activity values, since it is not necessary to draw ROIs
exactly around the tumor. Comparing all correction and nor
malization methods tested, average SUVs, corrected for partial
volume effect and normalized to blood glucose (SUV [av-pv-
glc]) yielded the highest diagnostic accuracy (at a specificity of
90%, the corresponding sensitivity was 85%). However, com
pared with SUV [av] values, there was no statistically signifi
cant difference. Using SUVs, correction for partial volume
effect resulted in the most pronounced improvement in diag
nostic accuracy. On the other hand, normalization to blood
glucose level, using lean body mass or body surface area
yielded no diagnostic advantage. Tumor/nontumor ratios pro
vided diagnostic accuracy similar to calculating SUVs. This
may be explained by relatively low and stable background
activity in normal breast tissue that was used to define the

TABLE 3
Corresponding Sensitivity Values at Specificities of 80% and 90%

for Various Analysis Methods Tested

SUV[av]SUV
[av-pv]SUV
[av-glc]SUV
[av-pv-glc]SUV
[av-lean]SUV
[av-bsa]SUV

[max]SUV
[max-pv]SUV
[max-glc]SUV

[max-pv-glc]90%

Specificity
SUV (sensitivity,%)2.1

(69)2.1
(81)1.5(74)1.5(85)2.0

(66)5.6(71)2.8

(66)2.9(77)2.0

(72)2.0
(82)80%

Specificity
SUV (sensitivity,%)1.8(75)1.8(85)1.3(78)1.3(90)1.7(76)5.1

(75)2.4(71)2.4

(86)1.7(78)1.7(87)
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"nontumor" ROI. Nevertheless, this method is limited, since all

patients with additional abnormalities at the contralateral breast
were not included in the tumor/nontumor ratio analysis.

Tracer Kinetics
Quantitative analysis of PET studies in oncology is affected

by biological and technical factors, i.e., tracer kinetics, compo
sition of tumor tissue, data acquisition and data analysis.
Depending on the time-after-tracer injection, the PET signal
represents initially intravascular [18F]FDG activity followed by

extracellular FDG equilibration during the first minutes. At later
time points, the majority of the I8F signal reflects intracellular

FDG-6-phosphate (30). However, the lumped constant (LC),
which allows calculation of glucose metabolism based on FDG
uptake, has not been well investigated in tumor tissues. This
parameter relates the steady-state phosphorylation rate of FDG
to that of glucose and was determined first for brain tissue by
means of the [14C]2-deoxyglucose method (31). It was found to

be different in other tissues such as the myocardium, but the LC
was also not uniform among different brain regions, i.e., the
hippocampus and cerebellum. Furthermore, the LC is increased
in ischemie and postischemic tissue, and also dependent on blood
glucose and insulin concentration (32,33). Therefore, it cannot be
expected that tumors or mÃ©tastaseseven in the same patients have
the same lumped constant. Hence, FDG data may not be extrap
olated to quantitative aspects of tumor glucose metabolism.

Another source of inaccuracy is the distribution of FDG in
different body compartments. Fat, for example, has a lower
FDG uptake than other tissues. Therefore, FDG uptake in
tumors will be overestimated in heavy patients. Zasadny and
Wahl have proposed the use of the lean body mass and Kim et
al. suggested the use of the body surface area for correction of
this effect (14,15). However, applying this correction method to
our study population was not superior to other SUVs in order to
differentiate benign from malignant breast tissue. These meth
ods may be more helpful in patients who are significantly
under- or overweight.

For comparison of tracer uptake in tumors of different
patients, it is important to image during the plateau phase of
tracer retention. Hamberg and colleagues showed that FDG
uptake values varied widely with time in lung cancer patients
(16). In this study, SUVs from breast tumors were obtained at
40-60 min after tracer injection. Assessment of dynamic data
showed that the plateau phase was reached in 18 of 23
malignant breast tumors. However, some tumors showed in
creasing FDG accumulation up to 60 min after tracer injection.
Since these tumors displayed high SUVs at this time window,
no effect on the diagnostic accuracy to differentiate benign from
malignant lesions has been observed. On the other hand, when
comparing tracer uptake in the same patient, e.g., in therapy
monitoring studies, increasing FDG accumulation over time re
quires careful timing of static PET imaging after tracer injection.

Effect of Blood Glucose Level
Due to the competition between the transport of endogenous

glucose and FDG molecules into the cell, FDG uptake in cancer
is sensitive to variation in blood glucose levels. Langen et al.
investigated 15 patients with lung cancer and reported markedly
decreased FDG uptake (41.8% Â± 15%) when after glucose
infusion plasma glucose levels were about double compared
with those of fasting conditions (23). Wahl et al. also found that
FDG uptake in breast cancer in rats was significantly reduced
by continuous glucose infusion (34). However, the relationship
between blood glucose level and FDG uptake in tumors is not
yet fully known. For normalization of SUVs to blood glucose
concentrations we assumed a linear relationship. Despite the

fact that all patients fasted for at least 4 hr, blood glucose levels
ranged from 44-126 mg/dl. However, none of these patients

had diabetes and most had blood glucose levels close to the
mean value. This may be one reason for the relatively small
changes in diagnostic accuracy after applying blood glucose
normalization.

Analysis of Dynamic PET Studies
Patlak and Blasberg introduced a theoretical model of blood-

brain exchange for the analysis of multiple-time tissue uptake
data (10). This approach is general and also valid in tumors if
an unidirectional tracer transfer process predominates during
the PET data acquisition period. Dynamic data acquisition for
the assessment of time activity curves over the tumor and
measurement of the tracer input function is necessary to
calculate the tracer influx constant (K). Results of this study
showed that using the FDG influx constant (K) did not improve
the differentiation between benign and malignant breast tumors
as compared with calculating SUV values. High s.d. in the
Patlak analysis of benign tumors (Table 1) is most likely due to
the small number of lesions (n = 12) and the flat slope of tracer

uptake in benign tumors. On the other hand, the potential
advantage of the Patlak analysis is that the determination of the
influx constant does not require PET scanning at time of the
plateau phase of tracer accumulation in tumors. Furthermore, if
the input function is obtained from arterial blood pool in PET
images, the Patlak analysis is not affected by scanner cross-
calibration.

Effect of Tissue Heterogeneity
Relative contribution of malignant rumors range from a few

transformed cells up to more than 90% of malignant cells. Due
to the limited spatial resolution of PET imaging, the 18F signal

in tumors represents an average of FDG uptake in all tumor
components. Kubota et al. showed higher FDG uptake in
inflammatory cells than in malignant tumor cells using autora-
diographic studies of rumors (35). On the other hand, nonmeta-
bolic active components, i.e., necrotic tissue, fibrotic scar or
mucine may reduce FDG uptake in tumors. To address this
issue, several investigations have introduced methods that take
into account FDG uptake in different components (36). How
ever, metabolic analysis of radiotracer activity requires proper
mathematical models. Thus far, there is no analysis method
available to exactly describe FDG biokinetics in tumors.

Data Acquisition and Data Analysis
Concerning data acquisition and data analysis, attenuation of the

emitted annihilation gamma rays, partial volume effect, patient
movement during the PET scanning procedure as well as the
placement of ROIs are the most relevant sources of inaccuracy in
the evaluation of regional tracer uptake. Attenuation correction is
necessary to obtain quantitative data in PET images. Furthermore,
lack of attenuation correction leads to overestimation of tracer
accumulation at the body surface and distortion in shape (37).

Partial volume effects caused by limited sampling and
resolution results in underestimation of regional tracer uptake,
predominantly in tumors smaller than twice the resolution of the
imaging system (38). For appropriate correction, the necessary
recovery coefficients are determined from phantom studies. In
this study, spherical geometry of breast carcinomas was as
sumed because most of them showed circular, focally increased
tracer uptake. However, this approach introduces biased results
in nonspherical tumors. Furthermore, the assumption of homo
geneous tumor tissue in such a correction may result in an
undercorrection of partial volume effects. Information on tumor
size is also necessary to perform partial volume correction.
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Using an automated approach, the tumor size was obtained by
analysis of the axial plane activity profile of the lesion resulting
in a close correlation to the size from histology (26,27).
However, using this software, object size can be determined
only in axial dimension, leading to false results in nonspherical
tumors, as discussed above. On the other hand, automatic
assessment of tumor size for subsequent partial volume correc
tion may circumvent the need to obtain tumor size from other
imaging modalities. Nevertheless, the major problem in breast
imaging with PET is the detection of small tumors. Breast
carcinomas smaller than 1 cm in diameter often cannot be
visualized, and it is important to note that tumors without
focally increased tracer uptake do not allow correction for
partial volume effect using the imaging based correction fac
tors.

Motion artifacts during the PET scanning procedure are
another cause of error. In supine position, the chest wall
movement is dependent on the patients respiration. Therefore,
we studied the patients in prone position on a comfortable foam
rubber support. A hole in the foam ensured that breasts could
hang freely. This procedure reduced motion of the breast and
optimized the evaluation of regional tracer uptake.

CONCLUSION
This study showed that various quantitative analysis methods

provided stable parameters for differentiation of benign and
malignant breast tumors. Visual image interpretation can be
improved using quantitative standardization of data. Figure 3 in
our manuscript simulated variable ways to display PET images
of the breast for visual analysis by using different SUV ranges.
One may clearly identify the carcinoma in the left breast using
the gray scale ranging from 0-5 SUV (middle row). Using a
display from 0-10 SUV, one may classify this tumor only as
probable malignant, and using a display raging from 0-3 SUV

one may report a suspicious breast mass at the contralateral
breast. This example demonstrates the advantage of using
quantitative data to compare regional FDG uptake in different
patients with variable background activities. Quantitative data
can be easily obtained and, therefore, quantitative assessment is

Range:

0-10 SUV

Range:

0 - 5 SUV

Range:

0 - 3 SUV

FIGURE 3. PET images demonstrating
focally increased FDG uptake in the left
breast, histologically proven as an inva
sive breast carcinoma. The display is nor
malized to SUVs using a linear gray scale
of different ranges, simulating variability
of visual image interpretation without
quantitative data.

recommended to complement image interpretation with the
potential benefit of reduced interobserver variability.
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Clinical Significance of Hepatic Visualization on
Iodine-131 Whole-Body Scan in Patients with
Thyroid Carcinoma
June-Key Chung, Yong Jin Lee, Jae Min Jeong, Dong Soo Lee, Myung Chul Lee, Bo Yeon Cho and Chang-Soon Koh

Departments of Nuclear Medicine and Internal Medicine, Seoul National University Hospital, Seoul, Korea

The purpose of this study was to evaluate the frequency and clinical
significance of diffuse hepatic uptake on 131Iwhole-body scan in
399 patients (53 males, 346 females) with well-differentiated adeno-
carcinomas of the thyroid. Methods: Two hundred and ninety-one
diagnostic scans were performed 2 days after the administration of
74-370 MBq (2-10 mCi) 131I,and 824 post-therapy scans were
done 3-5 days after the administration of 1.11-7.4 GBq (30-200
mCi) 131I. There was no evidence of liver metastasis in these
patients. Liver and thyroid visualization on each 131I scan were
graded from 0-4. To evaluate the incorporation of radioiodine to
thyroglobulin and thyroid hormones, a patient's serum was ex

tracted by 80% ethanol/20% trichloroacetic acid solution and ana
lyzed by silica gel thin-layer chromatography. Results: Diffuse
hepatic uptake (>Grade 2) was definitely seen in 239 of 399 (59.9%)
of the patients and 397 of 1115 (35.6%) of the studies. In the
diagnostic scans, 36 (12.0%) showed uptake in the liver. In post-
therapy scans, however, the incidence of liver uptake increased
according to increased doses of1311(39.1% with 1.11 GBq, 61.5%
with 2.775-3.7 GBq and 71.3% with 5.55-7.4 GBq). The more that
uptake appeared in the residual thyroid, the more it appeared in the
liver. There were 13 patients whose scans showed metastatic and
liver uptake without any thyroid uptake. Fifteen patients showed
diffuse liver uptake without uptake by the thyroid or metastasis.
Follow-up studies of seven of these patients revealed metastatic
lesions. Liver uptake on scan related to the fraction of 131l-labeled

thyroglobulin in the serum. Conclusion: Diffuse liver uptake indi
cated functioning thyroid remnant or metastasis. In a few cases, liver
uptake without uptake by the thyroid or metastasis on whole-body
scans suggests hidden mÃ©tastases.

Key Words: liver; iodine-131 whole-body scan; thyroid caneen
metastasis
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\\nole-body I31I scan has been used to evaluate patients with

well-differentiated thyroid adenocarcinomas after operation and
ablation therapy. Normally, radioactive iodine accumulates in
organs, including residual thyroid tissue, the stomach, intestine,
salivary gland and urinary bladder that secrete and concentrate
iodide (7). Several studies have been published reporting
diffuse liver uptake of 13ll in thyroid carcinomas after surgery,

detected either during diagnostic procedures or after the admin
istration of ablative doses of I3ll (2-6). Pochin suggested that

diffuse liver uptake was mainly due to the metabolism of
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FIGURE 1. Scheme and interpretation of patient's serum analysis.
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