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Breast cancer is characterized by elevated glucose consump-
tion resulting in increased uptake of '8F-FDG. However, tracer
uptake varies considerably among tumors imaged with PET.
This study compared histologic and immunohistochemical tis-
sue analysis of breast carcinomas with preoperative FDG up-
take assessed by PET to identify tumor characteristics that
define the degree of tracer accumulation. Methods: FDG up-
take in breast tumors was quantified by calculating standard-
ized uptake values (SUVs) corrected for partial-volume effect
and normalized to blood glucose level at the time of tracer
injection. The histologic sections of 50 invasive and 6 noninva-
sive breast carcinomas were analyzed for histologic type, mi-
croscopic tumor growth pattern, percentage of tumor cells,
presence of inflammatory cells, density of blood vessels, his-
topathologic grading, tumor cell proliferation (mitotic rate and
antibody binding of MIB-1), expression of estrogen and proges-
terone receptors, and expression of the glucose transporter
protein Glut-1. Results: A positive correlation was found be-
tween FDG uptake and histologic tumor type (ductal vs. lobular;
P = 0.003), microscopic tumor growth pattern (nodular vs.
diffuse; P = 0.007), and tumor cell proliferation (MIB-1; P =
0.009). Tumors with diffuse growth patterns had significantly
lower SUVs compared with clearly defined tumors. A weak
relationship was found between FDG uptake and the percent-
age of tumor cells (P = 0.06). Lower densities of blood vessels
corresponded to higher FDG uptakes (P = 0.08). However, even
significant correlations showed poor correlation coefficients. No
relationship was found between FDG uptake and the following:
tumor size; axillary lymph node status; percentage of necrotic,
fibrotic, and cystic compounds; presence of inflammatory cells;
steroid receptor status; and expression of Glut-1. Conclusion:
Histologic and immunohistochemical tissue analysis was un-
able to sufficiently explain the variation of FDG uptake in breast
cancer. The degree of metabolic changes after malignant trans-
formation is most likely explained by a complex interaction
between cellular energy demand and tumoral microenviron-
ment. Therefore, FDG PET imaging may not be used to estimate
tumor biologic behavior of breast cancer such as differentiation,
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histopathologic grading, cell proliferation, or axillary lymph node
status.
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The PET technique enables visualization of metabolic
pathways and therefore offers a unique opportunity for
noninvasive tissue characterizatio®F-FDG has been
shown to be a suitable tracer to study the increased glucose
consumption of malignant tumors. FDG PET imaging was
suggested to improve the diagnostic procedures of patients
with malignant diseases by aiding in differentiating benign
and malignant tumors, assessing the extension of disease,
detecting tumor recurrence, and monitoring the response to
therapy.

Breast cancer is frequently characterized by increased
FDG uptake, and several studies have investigated the di-
agnostic accuracy of breast imaging with PEIF§). The
clinical application of PET is currently restricted by its
limited sensitivity in detecting small breast carcinomas
(stage pT1). However, PET can identify larger tumors with
high accuracy and has shown encouraging results in detect-
ing regional (axillary) lymph node metastases and whole-
body staging. An overview has been publishél (

Breast carcinomas display a considerable variation in
FDG uptake 2—7). Tumor characteristics that explain the
degree of glucose metabolism and subsequent FDG accu-
mulation need to be determined. Therefore, many variables
regarding the cellular level as well as the microenvironment
of tumor masses have to be considered. In vitro studies
revealed that FDG uptake may be determined mainly by the
number of viable tumor cell®f. Nontumoral tissue such as
necrotic and fibrotic tissue may reduce tracer uptake,
whereas the presence of inflammatory cells may result in an
increased FDG accumulatiod,1]). FDG passes the cel-
lular membrane by facilitated transport through glucose
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transporter proteins and is subsequently phosphorylateddignal radioactivity concentration to injected dose and body
intracellular hexokinase. The expression of different typ@_@ight. Partial-volume correction was used for lesions with focally
of glucose transporters and hexokinases has been sugge’§tggased FDG uptake. The correction used appropriate recovery

to determine the level of FDG uptake in cancer tissue. fpefficients derived from phantom studies simulating lesions of

particular, overexpression of the glucose transporterVq"0us sizes and uptake valued).(Furthermore, SUVs were

(Glut-1) has been identified in breast carcinombd.( nogr/ngzri?_tgsb:ﬁgdrg!z:eorf;g(suv av-pv-gic) using a level of 100
The aim of this study was to compare the FDG uptake ot
breast cancer with histologic and immunohistochemical tigtjstopathologic Evaluation

sue analysis. Therefore, histologic sections were analyzedll patients underwent surgery of suspected breast tumors.
for histologic tumor type; percentage of tumor cells; presrissue specimens were analyzed using the current World Health
ence of inflammatory cells; necrotic, fibrotic, and cysti©rganization classification for histologic classification. Tumor

compounds; density of blood vessels; tumor grading; tumetaging was based on the greatest dimension using the TNM
cell proliferation (mitotic rate and antibody binding of M|B-classification. Microscopic analysis of tumor tissue was performed

1); estrogen and progesterone receptor expression; and after staining with hematoxylin and eosin. Representative sections
pression of Glut-1 of tumors were visually analyzed for the percentage of tumor cells

and necrotic, fibrotic, and cystic compounds. The presence of

inflammatory cells was graded as), as (+) if only isolated
MATERIALS AND METHODS lymphocytes and granulocytes were present,-as ) for modest
Patients infiltration, and as {++) for relatively high infiltration. The

PET imaging of the breast was performed on women Witﬂensity of blood vessels was visually graded &3, (++), and

abnormal mammography findings or palpable breast masses V\gﬁofﬂ' The shape of -tumors was _class_ified'as -nodula_lr (c!early
were scheduled to undergo surgery. Details of the protocol We\flec,lble tumor borders), irregular, rad_lal (diverging in all dlrec_tlons

explained by a physician, and written informed consent was oB°™ the_c_enter of the tumor), and diffuse growth pattern (V\{'thOUt
tained from all patients. The study protocol was approved by tI;r‘éearly visible tumor borders). The degree of tubule formation by

committee for human research at the Technische Uni\‘/'ersiféfmor cells, nuclear pleomorphism, and mitotic counts were used
Miinchen for the grading of invasive breast cancer as described by Bloom

and Richardsonl@). The monoclonal antibody MIB-1 reacts with

PET Imaging a nuclear cell proliferation—associated antigen that is expressed in

Two whole-body PET scanners (ECAT 951R/31 and ecA®ll active parts of the cell cycle. The results of immunohistochem-
EXACT; Siemens CTI, Knoxville, TN) were used and provided a#try of MIB-1 were expressed as the percentage of tumor cells
axial field of view of 10.5 and 15.8 cm, respective|y’ resumng |NV|th pOSitiVe staining. Mitotic figure counts were assessed as the
31 (47) transverse slices with a slice thickness of 3.4 mm. Patiedi4erage number of mitotic counts per 10 high-power fields. The
fasted for at leat h before PET imaging. The serum glucose levegxpression of estrogen and progesterone receptors in malignant
was measured before the intravenous administration of 240—4g010rs was analyzed immunohistochemically by routine proce-
MBq (~10 mCi) FDG. All patients were studied in the pronedures (4). Quantification was performed using the immunoreac-
position after comfortable positioning on the scanner table withtéye score of Remmele and Stegn#B); The expression of Glut-1
foam rubber support and both arms at their sides. For optin4fs assessed immunohistochemically using the polyclonal anti-
tumor localization, a hole in the foam ensured no deformation §pdy anti-Glut-1 (East Acres Biologicals, Southbridge, MA). The
the breast. Emission scans of the breast, acquired in one Isgentification of staining was accomplished by applying an im-
position, were obtained on all patients 40—60 min after tracgtunoreactive score according to the immunohistologic analysis
injection. Consecutive transmission scans were obtained®§@i used for steroid hormone receptof); Briefly, the tumors were
rod sources (15 min increasing up to 20 min, depending on teategorized by the percentage of tumor cells with positive staining:
activity of the rod sources). Emission data corrected for randod¥0—20% (1), 21%-50% (ll), 51%—-80% (lll), and 81%-100%
events, dead time, and attenuation were reconstructed with filtef®d). The intensity of staining was categorized as weak staining
backprojection (Hanning filter with cutoff frequency of 0.4 cycle(l), medium staining (1l), and intense staining (lll). The immuno-
per bin). The image pixel counts were calibrated to activity corieactive score was calculated by multiplication of the groups,
centration (Bg/mL) and were decay corrected using the time t#sulting in a scale ranging from 1 to 12. To reduce variability in
tracer injection as the reference. The resulting in-plane imadfee staining procedure, all available tumors (frozen in the tumor
resolution of transaxial images was8 mm full width at half bank) were stained on the same day.
maximum (FWHM) with an axial resolution o5 mm FWHM

for both scanners. Statistical Analysis
The Kruskal-Wallis test was used to test differences between
Quantitative Image Analysis SUVs and histologic type, tumor shape, tumor stage, infiltration of

Circular regions of interest (ROIs) were placed manually ovdymphocytes, density of microvessels, and tumor grading. The
the breast carcinomas by one observer. ROIs were drawn exadflgnn—WhitneyU test examined differences between SUVs and
around the tumor using images normalized by parametric standaadilary lymph node status, between invasive lobular and ductal
ized uptake values (SUVs). These images were displayed on tegcinomas, between grade 2 and grade 3 breast carcinomas, and in
monitor screen in a linear gray scale and scaled from an SUV of@roid receptor status. Regression analysis was used to determine
to 5. The ROI value used for this analysis was the average SU®lationships between SUVs and tumor size, mitotic counts, im-
within the ROI. SUVs were calculated by normalization of remunohistochemistry of MIB-1, and the percentage of tumor cells.
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FIGURE 1. Comparison between SUVs of breast carcinomas and histologic tumor type (A), tumor size (B), tumor growth pattern
(C), percentage of tumor cells (D), presence of inflammatory cells (E), and density of tumor capillaries (F). DCIS = ductal carcinoma
in situ; IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma; LCIS = lobular carcinoma in situ.

RESULTS Twenty-three of 49 tumors available for analysis (47%)

Fifty invasive breast carcinomas and 6 noninvasive catttowed a nodular growth pattern with clearly visible tumor
cinomas from 46 patients were analyzed. Tumors consiste@rders, 4 (8%) exhibited diffuse infiltration of surrounding
of 36 invasive ductal carcinomas, 14 invasive lobular cafiSsue, 6 (12%) had radial tumor growth, and 16 (33%) were
cinomas, 4 noninvasive ductal carcinomas, and 2 noninvgegularly shaped but had clearly visible tumor borders
sive lobular carcinomas. The mean patient age was 51.0(Fig. 1C). Significantly higher SUVs were found for nodular
8 y. Sixteen patients were premenopausal, 9 were pdmors than for tumors with a diffuse growth pattefh=

menopausal, and 21 were postmenopausal. The mean bl8d¥7). . .
glucose level at the time of tracer injection was 75.36.2 ~ On average, breast carcinomas consisted of 30%9%

mg/100 mL. viable tumor cells, 35%*- 17% connective tissue, 12%

As shown in Figure 1A, invasive ductal carcinomas exl2% fat tissue, 7%+ 10% necrotic areas, and 5% 5%
hibited significantly higher FDG uptaké® (= 0.003) than cystic areas. The percentage of tumor cells within breast
did invasive lobular carcinomas (SUV 37 2.2 vs. 2.1+ carcinomas did not correlate with FDG uptake (Fig. 1D).
1.4). The number of in situ carcinomas was too small forhe presence of inflammatory cells was5% in most
statistical analysis; however, the bar graphs show a simitamors. Of 50 breast carcinomas, no inflammatory cells
pattern for ductal and lobular in situ carcinomas. The meayere found in 11 (22%), isolated lymphocytes and granu-
tumor diameter was 2.4 1.5 cm, and no relationship waslocytes (+) were present in 13 (26%), modest infiltration
found between tumor size (Fig. 1B) and FDG uptake=( (++) of inflammatory cells was found in 18 (36%), and
0.06;P = 0.5). Therefore, no positive correlation betweerelatively high infiltration ¢+ +) was found in 8 (16%).
SUV and tumor stageP(= 0.36) was observed. The degredrigure 1E shows no significant difference among the
of FDG accumulation in primary breast carcinomas did ngroups. Visual analysis of vascularization revealed 40 tu-
depend on the axillary lymph node statu8 & 0.29). mors with a low density of capillariesH), 6 with a medium
However, primary tumors with axillary lymph node metasedensity (++), and 4 with a high densityf++) (Fig. 1F).
tases (n= 20) had slightly higher FDG uptake (38 2.1 No significant relationship was observed between the FDG
vs. 2.9 = 2.1) than did tumors that did not metastasizaptake and the infiltration of inflammatory cells or the
(n = 26). density of tumor capillaries. However, an indicatidh €
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FIGURE 2. Comparison between SUVs of breast carcinomas and histopathologic grading (A), mitotic figure counts (B), staining
with MIB-1 antibody (C), estrogen receptor status (D), progesterone receptor status (E), and immunohistochemistry for Glut-1 (F).
HPF = high-power field; IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma.

0.08) of an inverse relationship was seen between the Sthéthods account for variation in tracer concentration de-
and the number of microvessels. pending on injected dose and the patient’s body weight, thus
With regard to histopathologic grading, 1 tumor wagnabling comparison of regional tracer uptake in different
classified as grade 1, 26 were grade 2, and 23 were gradea&ients. Previously, we found a good correlation of SUVs
The bar graphs in Figure 2A show no significant differenogith more sophisticated dynamic measurement of the tracer
between the groups. The number of mitotic figure countsput function and calculation of the tracer influx constant
(Fig. 2B) did not correlate with FDG uptaké (= 0.2), (4). However, SUV measurements are greatly affected by
whereas the staining with MIB-1 (Fig. 2C) revealed a sigrartial-volume effects, the duration of tracer uptake, and the
nificant correlation between FDG uptake and cell prolifer-
ation (P = 0.009). The immunoreactive score of the estro-
gen (Fig. 2D) and progesterone receptor status (Fig. 2E) did
not correlate with the intensity of FDG uptake as well as
Glut-1 (Fig. 2F). Table 1 summarizes the results of the Parameter P rn
statistical analysis of the relationship between SUVs and tke

TABLE 1
Relationship Between SUVs and Various Parameters

various parameters discussed. Histology (ductal vs. lobular) 0.003* 50
P Axillary lymph node status 0.29 50

Tumor size 0.7 0.06 50

DISCUSSION Tumor growth pattern (nodular vs. diffuse) 0.007* 49
The accumulation of FDG in breast cancer depended ofereentage of tumor cells 0.06 027 50
histologic type (ductal vs. lobular), microscopic tumorpresence of inflammatory cells 0.74 %0
9 yp . ! ; p . 7" Density of tumor capillaries 0.08 50
growth pattern (nodular vs. diffuse), and immunoreactivityistopathologic grading 0.69 50
with the monoclonal antibody MIB-1 reflecting tumor cell Mitotic figure counts 0.2 0.18 50

proliferation. However, SUVs showed no correlation withMIB-1 staining 0.009" 0.41 40

axillary lymph node status, tumor size, percentage of tumoStrogen receptor status 0.47 42
cells, presence of inflammatory cells, histopathologic radE)rogeswrone receptor status 0.29 42
P y , p 9IC 9rafg yt-1 staining 021 02 45

ing, steroid receptor status, and expression of Glut-1.
Dose uptake ratios and SUVs are widely used for quan=

. . . - . * isti 9 ignifi
tification of regional tracer uptake in PET imaging. These All statistical tests were performed at 5% level of significance.
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blood glucose level at the time of tracer injection. Tabolic activity—namely, cells containing substantial
account for these effects, we standardized the measurensnbunts of mucine, connective tissue, and necrotic areas—
of SUVs from 40 to 60 min after tracer administrationmay reduce the total FDG uptake in tumors, resulting in
applied appropriate recovery coefficients, and normalizéalse-negative PET resultd). We found only a weak
SUVs to individual blood glucose level (SUV av-pv-glc) atelationship between FDG uptake and the percentage of
the time of tracer injection. Other factors affecting the SUWmor cells (Fig. 1D). This finding contradicts in vitro
measurements, such as the lean body mass or the betlydies that suggested that FDG uptake in tumors reflects
surface area, have not been taken into account becausepneglominantly the number of viable tumor celB).(Our
previously did not find a significant improvement in diagebservation suggests that the number of tumor cells may
nostic accuracy in quantitative image analysis of breaghin substantial importance only if the percentage of tumor
imaging. Various comparisons of SUV and tumor biologicells is low 30%); above this level, the PET signal
characteristics reported in the literature apply only partiabtained from tumors reflects primarily the metabolic ac-
corrections or none. tivity rather than the number of malignant cells. Figure 1D,
PET imaging has been reported to provide a low sen$or example, shows an invasive lobular carcinoma consist-
tivity to detect small breast carcinom&®.(Partial-volume ing of 20% tumor cells, it was classified as false-negative
effects play an important role, but an increase in metabolilespite a tumor size of 4 cm in diameter. Generally, breast
activity with tumor growth may also occur. However, wecarcinomas consisting of only scattered distributed malig-
did not recognize a relationship between FDG accumulatioiant cells are difficult to identify in PET imageg)( Animal
and tumor size (Fig. 1B). The same observation has besmdies have shown that inflammatory cells may signifi-
reported for pancreatic carcinoma6(17. On the other cantly contribute to FDG uptake in tumors. Using a mouse
hand, we found a significant difference in FDG uptakaumor model, Kubota et al1Q) found up to 29% of FDG
depending on the microscopic growth pattern of breasptake in nontumoral tissue. Newly formed granulation
cancer (Fig. 1C). Nodular tumors with clearly visible tumotissue around the tumor, as well as macrophages located
borders had a higher FDG uptake than did breast carcinpmedominantly in the margins of necrotic areas, contributed
mas with diffuse infiltration of surrounding tissue (SUMo that finding. However, Brown et all{) studied mam-
4.1 = 2.3 vs. 0.8% 0.2). Tumors with radial growth and mary cancers grown in immunocompetent female Lewis
irregularly shaped tumor borders exhibited lower SUV valats and found macrophages accounting for only 0.5% of the
ues; however, because their FDG uptake varied widely, ttaal cancer cells. Cellular infiltrates of lymphocytes and
difference was not significant. A potential explanation magranulocytes have also been found in human breast cancer
be that nonnodular tumors are more influenced by partig®1). However, the extent of infiltration is considerably
volume effects predominantly in the border area of thdifferent from that of experimental animal mode®2). Of
tumor. However, four of five tumors with a diffuse growthb0 breast carcinomas, we found almost no inflammatory
pattern consisted of lobular carcinomas. Invasive lobulaells present in 11 (22%), few lymphocytes and granulo-
carcinomas had significantly lower FDG uptake (Fig. 1Agytes (+) in 13 (26%), modest infiltration +) of inflam-
compared with invasive ductal carcinomas. This result ieatory cells in 18 (36%), and relatively high infiltration
consistent with a previous report from Crippa et 6), vho (+++) in 8 (16%). No relationship was found between the
found a median SUV of 5.6 for invasive ductal carcinompresence of inflammatory cells and the intensity of FDG
versus 3.8 for invasive lobular carcinoma. This finding is afptake, supporting the hypothesis that the PET signal re-
particular importance in the clinical application of PETlects predominantly the metabolic activity of malignant
because lobular carcinomas have been found to accountdelis.
a higher rate of false-negative resul®.(In general, inva- A weak inverse relationship was found between FDG
sive lobular carcinoma is more difficult to diagnose thanptake and the density of microvessels (Fig. 1F). Under
invasive ductal carcinoma by imaging procedures includiranpaerobic conditions, most malignant tumors metabolize
mammography, sonography, and MR182Q. To our glucose primarily to lactate, which results in higher utiliza-
knowledge, a biologic explanation for the lower glucosgon rates for glucose molecules. When studying the effects
metabolism of lobular differentiated carcinomas has nof hypoxia on cellular tracer uptake in vitro, Clavo and
been identified. Wahl (23) found a significant increase in FDG accumulation
Tissue heterogeneity is an important factor contributingnder moderately hypoxic conditions. Hypoxia is present in
to the total FDG uptake in tumors. The relative compositiotumor tissue beyond 100—2Q0m of functional blood sup-
of malignant tumors ranges from a few transformed cells fily and is commonly found in solid tumorg4). On the
>90% of malignant cells. Because of the limited spatialther hand, Oshida et aR%) reported a positive correlation
resolution of PET scanners, the signal derived from tumobgtween SUV and microvessel density in 70 patients with
represents an average FDG uptake in all tumor componereast cancer. We cannot offer a conclusive explanation for
Using animal autoradiographic studies, Kubota et &) ( these contradictions; however, different techniques used to
showed higher FDG uptake in granulation tissue than assess microvessel density may have contributed to them.
malignant tumor cells. However, components with low meBshida et al. applied immunohistochemistry using a factor
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Vlll-related polyclonal antibody and selected areas fdout found comparable proliferative activity assessed with
guantification that were considered to have the highddw cytometry. In the group with high FDG uptake, the
vascularization, whereas we graded the entire tissue sectilagree of tracer accumulation was correlated significantly
visually for the density of blood vessels. Studies with- with the proliferation rate, but this relationship was not
labeled water in human squamous cell carcinomas of tfeund in the group with low FDG uptake. Moreover, the
head and neck revealed no correlation between tumor psiepe of the regression function was flat because large
fusion and FDG uptake2g). differences in proliferation rate resulted in only moderate
Pathologic grade is used to describe the differentiation dfianges in FDG uptake. In vitro studies indicate that glu-
tumor tissue reflecting the degree of malignancy. In 1982pse consumption may not be regulated directly by the
Di Chiro et al. 7) reported a positive correlation betweemeeds for DNA synthesis. Higashi et @) gtudied a human
FDG uptake and the pathologic grade of gliomas. The meawarian adenocarcinoma cell line at different proliferation
survival time of patients with tumors exhibiting high glu-rates and observed no correlation with FDG uptake. The
cose utilization was significantly shorter than that of pgositive but weak correlation that we and others observed
tients with gliomas exhibiting lower glucose utilizationbetween FDG uptake and the fraction of proliferating cells
(28). However, other groups did not observe such a correr human tumors more likely reflects the aggressiveness of
lation (29). Several reports found a strong positive correldumors, which is associated secondarily with the prolifera-
tion between FDG uptake and pathologic grade in bone atide activity. This explanation is supported by a recent study
soft-tissue sarcomas3@,31). Similarly, in breast cancer of Oshida et al. Z5), who reported a better overall and
patients, Adler et al.q) found that FDG uptake correlatedrelapse-free survival of breast cancer patients with low FDG
significantly with the pathologic grade. Two well-differen-uptake (SUV<3) compared with patients with higher FDG
tiated tumors had a dose uptake ratio of .9.4 compared uptake. Prognostic information obtained from noninvasive
with 10.8 £ 5.7 (h = 10) for moderately differentiated FDG PET is potentially important because it could be used
tumors and 16.2t 11.1 ( = 13) for poorly differentiated for risk stratification and determination of adjuvant therapy.
tumors. Crippa et al.6) studied 86 breast cancer patientslowever, we emphasize that no difference was found in
and found significantly higher SUVs in grade 3 tumor§DG uptake of breast carcinomas regarding axillary lymph
(median SUV, 6.2) than in grade 1-2 tumors (SUV, 4.9nhode status. This result has also been observed in the study
We also observed less differentiated tumors exhibitingf Crippa et al. and may limit the use of FDG PET to assess
higher FDG uptake; however, the differences between themor aggressiveness.
groups were not significant (Fig. 2A). The studies men- We found no correlation between the expression of es-
tioned here showed a wide overlap between the groupsgen (Fig. 2D) and progesterone receptors (Fig. 2E) and
suggesting that FDG uptake does not allow direct assetise level of FDG uptake. Similar results were previously
ment of the degree of differentiation and the pathologieported 6,34). Dehdashti et al. 34) studied 43 patients
grade in individual breast cancer patients. with primary, recurrent, or metastatic breast carcinoma us-
Malignant tumors are characterized by a capacity famng '8F-labeled estradiol and FDG and were unable to show
progressive growth. With higher growth rates, the numbany significant relationship between tumor FDG uptake and
of cells in the S phase is relatively higher and more mitosestrogen status or between FDG and estradiol uptake.
are present in histologic sections. Keshgegian and Cnaamhe presence of glucose transporter proteins (Glut) is
(32) compared mitotic figure counts, S-phase fraction hyecessary to facilitate glucose transport through the cellular
flow cytometry, Ki-67, MIB-1, and proliferating cell nu- membrane. High levels of Glut-1 have been reported for
clear antigen positivity in 135 breast carcinomas and idewarious malignant tumors, including breast cancer
tified the best proliferation markers as being mitotic figurél2,35,3¢. In pancreatic cancer, a close relationship was
counting or MIB-1 positivity. We found a significant cor-observed between FDG accumulation and immunohisto-
relation between FDG uptake and the immunoreactivighemical levels of Glut-1 or the content of messenger RNA
with MIB-1 but found no correlation with the mitotic figure (35,39. However, Higashi et al.36) found an enormous
counts. The monoclonal antibody MIB-1 reacts with a nuange of SUV within the high Glut-1 level group. On the
clear cell proliferation—associated antigen that is expresdeasis of the percentage and intensity of stained tumor cells,
in all active parts of the cell cycle. Cells that undergave used an immunoreactive score for grading Glut-1 levels
division may be characterized by a higher energy demariijt were unable to show a positive correlation between
resulting in an increased FDG accumulation in tumors witBlut-1 expression and FDG uptake (Fig. 2F). The rate-
high growth rates. A positive correlation with cell prolifer-limiting step for glucose metabolism of tumor cells is still
ation has been reported in lymphomas, although the numhbmknown. In the brain, the rate of glucose transport exceeds
of patients studied was relatively smah & 23) 33). the rate of glucose utilization, and, therefore, hexokinase
Crippa et al. §) compared the thymidine labeling index andactivity is considered to be the rate-limiting step. However,
SUV in 53 breast cancer patients and found no significaimt muscle cells, Glut-1 and Glut-4 are stored in cytoplasmic
correlation. In human head and neck tumors, Haberkornraicrosomes and are translocated into the cellular mem-
al. (26) identified two groups with low and high FDG uptakebrane, depending on the energy demasig.(In our study,
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