
in women between the ages of 40 and 55. A number of
factors have been identified that serve as predictors of

prognosis or response to therapy in this disease, the estro
gen receptor (ER) being one of the most important. Estro
gen-receptor-positive cancers not onty have a more favor
able prognosis than do estrogen-receptor-negative cancers
but, additionally, ER status determines the likelihood of
response to hormonal therapy, with the response rate being

roughly proportional to the concentration of ER in the
tumor (1). Because of the importance of ER status in
breast cancer, in vitro ER assays are routinely utilized to
predict tumor response to therapy and patient prognosis.
In clinical practice, however, these assays are imperfect
toots for guiding therapy; only 55%â€”60%of patients with
ER-positive tumors and 8%â€”10%of patients with ER-neg
ative tumors respond to hormonal manipulation. Because
of these limitations, we (2) and others (3,4) have sought to
develop radionuctide imaging methods to help determine
the functional status of the ER in vivo. If successful, such
techniques could be utilized to select the preferred mode of

therapy on an individual basis.
In previous work, we have shown that the ER status of

both primary and metastatic breast cancers can be reliably
evaluated in vivo by PET with the radiolabeled estrogen
analog, 16a-[18F]fluoro-1713-estradiol(FES). We have dem
onstrated that FES uptake in primary breast cancer is
proportional to the ER concentration of the tumor mea

sured by in vitro techniques (5). Furthermore, we have
shown that FES accumulationwithin metastatic lesions of
breast carcinoma is a receptor-mediated process that can
be blocked by antiestrogen therapy (6).

PET has been used to study several other aspects of
breast cancer pathophysiology. The most widely used ra
diopharmaceutical has been [â€˜8F]fluoro-2-deoxy-D-gtucose
(FDG). This radiolabeled glucose analogue has been
broadly applied in PET studies of cancer because of obser
vations that nearly all malignant tumors exhibit increased
uptake of FDG, presumably reflecting an increased rate of
glycolysis in tumor tissue. Clinical studies in patients with
known or suspected breast cancer have shown that FDG

ThepurposeofthisstudywastoassesstheresultsofPETwith
16a-[18F]fluoro-1713-estradiol(FES) and [18Fjfluoro-2-deoxy-D-
glucose (FDG) to validate the concordancebetween tumor es
trogen-receptor(ER) status as determined by FES-PET and in
vitro assays and to assess the relationshipbetweentumor met
abolic activity determined by FDG-PET and tumor ER status,
both of which may provide informationabout tumor aggressive
ness and prognosis. Methods: We studied 32 patients w@
primary breast masses and 21 patientswith dinical or radiolog
icel evidence of recurrent/metastaticbreast carcinoma.A diag
nosis of breast carcinoma was subsequently proven in 43 pa
tients (24 pnmary, 15 metastaticand 4 recurrenttumors). Invitro
assessmentof ER statuswas availablefor 40 malignantlesions
(23 primaryand 17 metastatic/recurrent).The patients under
wentPETwithbothFESandFDG,andtheuptakeofeachtracer
within each lesion was evaluated qualitativelyas well as semi
quantitatively using the standardized-uptake-value (SUV)
method. Results: We found good overall agreement (88%) be
tween in vitro ER assays and FES-PET.This degree of agree
ment is similarto that observedbetweenreplicatein vitro assays
(with discordancesdue to interlaboratory,interassayand spec
menvatiability).Wewere,however,unabletodemonstrateany
significant relationshipbetweentumor FDG uptakeand ER eta
tus or between tumor FDG and tumor FES uptake in these
patients. Conclusion: These results indicate that in vitro ER
assaysand/or FES-PETprovideuniquedirect informationabout
breast cancer ER status that cannot be obtalned indirectly by
FDG-PET.

Key Words: breast cancer; positron emission tomography; es
trogen receptor;fluoroestradiol;fluorodeoxyglucose
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PET is a reliable means for distinguishing benign from
malignant breast masses and for evaluating the locore
gional extent of tumor (7â€”10).FDG-PET also has been
used to assess the response to therapy in patients with
breast cancer; reduction in tumor FDG uptake during the
course of chemotherapy or hormonotherapy indicates a
good response of the tumor to treatment (11).

In a recent experimental study, Wahl et at. showed that
administration of estrogen markedly increased FDG up
take in the ER-rich uterus of immature female rats. These
investigators suggested that FDG uptake could serve, in
some circumstances, as an index of the level of functional
stimulation of tumor ERs (12). In addition, it has been

shown that tumor FDG uptake measured by PET corre
lates welt with the aggressiveness of several types of tu
mors, including primal)! brain tumors (13, 14), malignant
lymphomas (15) and breast cancer (10). In general, low
grade tumors have a better prognosis and lower FDG up
take than do high-grade tumors. Based on these observa
tions, we speculated that there may be a relationship
between the ER status of breast cancers and their FDG
uptake; i.e., ER-positive tumors (with a more favorable
prognosis) would be expected to have lower tumor FDG
uptake than more aggressive ER-negative tumors.

We initiated the present study to determine whether
there is a relationship between the metabolic activity of
breast cancer as reflected by tumor FDG uptake and the
ER status of the cancer as reflectedby tumorFES uptake.
In addition, we sought to reconfirm, in a largernumberof
patients than previously studied, the degree of agreement
between tumor ER status as determined by FES-PET and
by in vitro assays.

MATERIALSANDMEThODS

Patients
Fifty-three women (mean age 54 yr; range 26â€”76yr) partici

pated in this study. Two distinctgroupsof patientswere included.
Group 1 consisted of 32 patientswith primarybreast lesions who
either had a suspicious breast mass and were scheduled to un
dergo biopsy (fine.needle aspiration, incisional biopsy or cxci
sional biopsy) or had locally advanced breast carcinoma proven
by biopsy or strongly suggested by clinical findings;24 of these
patients were ultimately proven to have malignant lesions. Group
2 consistedof 21patientswithclinicaland/orradiographiccvi
dence of metastatic or recurrentbreast cancer (which was ulti
mately proven in 19). Histopathologic diagnosis was established
in all Group 1 patients and in 17/21 Group 2 patients. At the time
of the study, noneof the 53patientshad undergonetreatmentfor
their primary or metastatic/recurrent tumors. This investigation
was approved by the Human Studies Committee and the Radio
active Drug Research Committee of Washington University
School of Medicine. Each patient gave informed consent prior to
participating in the study.

Radlopharmaceutical Synthesis
FES was synthesized by a robotic adaptationof a previously

described method (16,17). FES prepared by this method has high
specificactivityand highaffinityforestrogenreceptors(17).FDG

was prepared by a robotic adaptation of standard methods as
previouslydescribed(18).

PET
PETimagingwas performedwith eitherSuperPE'TTIIB (11

patients)or a Siemens(DesPlames,IL) ECATEXACTscanner
(42patients).Thepairedstudiesof anyone subjectwerealways
performedon the samescanner.SuperPETTIIB is a whole-body,
time-of-flight positron tomograph with intrinsic in-plane spatial
resolutionof 4.5 mm FWHM. The scanner was operated in the
14-slicemode, allowing for simultaneous collection of 14overlap
ping sections at an interslice interval of 7 mm over an axial extent
of 10.2cm. Emissiondata were acquired in the low-resolution
mode, and image reconstruction filters were selected to provide
an inplane transaxialresolution of 11 mm FWHM. The Siemens
ECATEXACTis a whole-bodydevicethatacquires47 simulta
neousslicesat a sectionintervalofapproximately3.7mmFWHM
over an axialextent of 16.2cm. This tomographhas a best-case
reconstructed spatial resolution of 5.5 mm FWHM in both the
axial and transaxial directions. Reconstructed spatial resolution
under clinical imaging conditions is approximately 10 mm
FWHM.Withboth scanners, a 10â€”15-mmtransmissionscanwas
performed with a rotating @Gef'@Garod source after each emis
sion scan at each bed position. Transmission images were recon
structed, and backprojectedattenuationfiles were generated for
use in emission scan reconstruction. Images were acquiredat 3
bed positions in 11 patients, 2 bed positions in 22 patients and 1
bed positionin the remaining20patients.The contiguoustwo-or
three-positionimage sets were then added to generate a volume
image and reprojection images (by maximum-pixel-activity vol
ume rendering).

FES-PET and FDG-PET studies were performed in random
sequence on two separate days (34% had the FES study first and
66%had the FDGstudyfirst).In 81%of patients,the two studies
were done within3 days of each other (58%on consecutive days);
the maximumintervalbetween the two studies was 9 days. For
the FES study, 6 mCi (222 MBq) FES was administeredintrave
nously. Approximately 90 mm later, the patient was positioned
supine in the PET scanner so that the field of view included the
lesion(s)of interest(as determinedby physicalexaminationor by
reference to correlative imaging studies). A 30-mm emission scan
was performed for each bed position. Prior to the FDG-PET
study, patients fasted for at least four hours. Ten millicuries(370
MBq) of FDG were administered intravenously and imaging be
ganapproximately30mmlater. Similarbed positionsand imaging
times were used for the FES and FDG studies.

Image Analysis
All PET imageswere evaluatedqualitativelyby at least two

experienced nuclear medicine physicians. Based on the knowl
edgeofnormalbiodistributionofthe radiopharmaceuticals,fociof
abnormal radiotracer accumulation were identified and recorded.
Regions where abnormalities existed on clinical examination or
radiographs were also specifically evaluated. On FDG-PET, all
lesionswere then gradedas definitelyor probablyabnormal(cat
egorizedas representingtumor),equivocal,or normal(inthe case
of an abnormalityidentifiedon radiographyor clinical examina
tion for which no corresponding abnormality was present on
PET). On FES-PET, images were reviewed for the presence (cat
egorized as FES-positive) or absence (categorized as FES-nega
tive) offocally increaseduptake.Ina given patient,FES andFDG
images were reviewed independently. At least one of the observ
ers was blindedto the clinicaland correlativeradiographicfind
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ings. For final interpretation, the PET images were then corre
lated with the clinical, radiographic, and surgical findings and with
the results of the clinical follow-up. There was 100% agreement
between blinded and unblinded observers in PET image interpre
tation.

In additionto the abovesubjectiveanalysis,regionsof interest
(ROIs)were drawnaroundareasof increasedtraceraccumulation
to determine the local tissue accumulationof radiopharmaceuti
cal. A standardized uptake value (SUV) was then calculated for
these areas (19). The SUV is a decay-corrected measurement of
activity per unit volume of tissue (nanocuries per milliliter) ad
justed for administered activity per unit of body weight (nanocu
lies per kilogram). The SUVs for both FDG and FES were mul
tiplied by appropriate recovery coefficients for lesions smaller
than 2.5 cm. Lesion size (for both malignant and benign lesions)
was determined by physical examination or correlative radio
graphic studies. In patients with multiple lesions, only the index
lesion of primary clinical interest and/or that with histopathologic
verification was chosen for semiquantitative analysis. On FES
PET, tumorswithan SUV 1.0werecategorizedas FES-positive
and those with a tumor SUV < 1.0 were categorized as FES
negative.

In Vitro ER Assays
Quantitative measurement of ER concentrations was per

formed by the conventional ligand-binding (radioreceptor assay)
method on fresh or frozen tumor. A tumor with an ER level > 3
fmole/mg protein was defined as ER-positive; a tumor with ER
level 3 fmole/mg protein was defined as ER-negative. Immuno
histologic assessment of ER status was performed using the avi
din-biotin-peroxidase complex technique (20) on paraffin sec
tions.

The results of assays were known for 23 of the 24 Group 1
patients with pathologically proven primary breast cancers (by
immunohistochemical staining in 13 and by quantitative assays in
10). An ER assay was not performed on the tumor in the remain
ing patient. Information concerning the ER status of at least one
of the lesions was available in 10 of the 19 Group 2 patients who
had metastatic/recurrent breast cancer and of only the original
priinaiy tumor in 7 additionalGroup2 patients.The ER status of
the metastatic/recurrent lesions was assumed to be the same as
that of the primary tumors in these seven patients. In the remain
ing two Group 2 patients, information about tumor ER status was
not available.The ER status of biopsiedmaterialwas determined
by immunohistochemicalstainingin 11patients, by quantitative
assays in 8 and by both in 2.

Statistical Analysis
An unpaired Student's t-test was used to determine whether

there was a significant difference in FDG uptake between ER
positive and ER-negative tumors. The relationship between tumor
FDG uptake and tumor FES uptake was assessed by linear re
gression.

RESULTS

Group I (Primary Breast Masses)
Of the 32 women studied in this group, 24 were found to

have primaty breast carcinoma and 8 had benign breast
lesions. The size of the breast masses ranged from 1.0 to
10.0 cm in maximum diameter. In two patients, the entire

breast was involved. A summary of pertinent data for this
group of patients is shown in Table 1.

On FES-PET, lesions of primaiy breast cancer were
judged to be FES-positive in 6 patients and FES-negative
in 18. The results of FES-PET and in vitro ER assays of
tumor were in agreement in 19 primary breast cancers (13
ER-negativefFES-negative; 6 ER-positive/FES-positive).
There was disagreement in four patients (ER-positivefFES
negative), yielding an agreement rate of 82%. The mean

SUv (Â±s.d.) for ER-positivetumors (includingthe four
patients in whom the FES-PET and in vitro assay results
were in disagreement)was 1.9 Â±1.6 (range 0.5â€”5.2).For
ER-negative tumors, the mean SUV was 0.5 Â±0.2 (range
0.2â€”0.9)(Fig. 1). The tumor with unknown ER status was
FES-negative. No abnormal FES uptake was noted within
the benign breast lesions and the mean SUV for these
lesions was 0.6 Â±0.2 (range 0.5â€”0.7).

On FDG-PET by qualitative analysis, uptake in the pn
mary tumor wasjudged to be definitely abnormal in 14 and
probably abnormal in 8 of the 24 patients with primary
breast cancer. FDG uptake was graded equivocal in the
remaining two patients with breast cancer (patients 19 and
24) and in one patient with a benign breast mass (Patient
30). Lesion uptake was judged to be normal in the remain
ing seven benign breast masses (Table 1). The mean SUV
was 1.05 Â±0.41 (range 0.6â€”1.8)for benign breast lesions
and 4.5 Â±2.8 (range 1.2â€”11.6)for breast cancers (Fig. 1).
By quantitative analysis, with a cutoff SUV value of 2.0
(determined retrospectively), FDG-PET correctly identi
fled 21 of 24 patients with breast cancer and 8 of 8 patients
with benign breast lesions (sensitivity 88% and specificity
100%).

Group 2 (Metastatlc or Recurrent Disease)
Of the 21 women studied in this group, 15were found to

have metastatic disease (confirmedby biopsy in 13 and by
radiographic and clinical assessment in 2); 4 had locally
recurrent breast cancer (confirmed by biopsy in 3 and by
radiographic and clinical assessment in one); and 2 had
benign lesions. Pertinent data in this group of patients are
summarized in Table 2.

On FES-PET, lesions of metastatic/recurrentbreast can
cer were judged to be FES-positive in 11 patients and
FES-negative in 8. There was agreement between the re
sutts of the FES-PET and in vitro ER assays in 16 of 17
lesions (7 ER-negative/FES-negative, 9 ER-positive/FES
positive). There was one disagreement (ER-positive/FES
negative); hence, the rate of agreement was 94% in this

group of patients. The mean SUV in ER-positive metastat
ic/recurrent tumors (including the one instance in which
FES-PET and in vitro results were in disagreement) was
2.3 Â±1.7 (range 0.5â€”6.6). For ER-negative tumors, the
mean SUV was 0.5 Â±0.2 (range 0.2â€”0.8).The tumors with
unknown ER status were both FES-positive (SUVs of 2.0
and 1.2, respectively). No abnormal FES uptake was noted
in the two benign lesions (SUVs of 0.2 and 0.4, respec
tively) (Fig. 1).
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Tumortypeand FOGFES
ERPatient

no. Age(yr) madmumdiameter(cm) Vleual SWVleual SIN status

++ = definftelyabnormal; (â€”) = FES-negative; + = probablyabnormal; NE = notevaluated; (+) = FES-positive; Â±= equiVocal; â€”= normal;

NA= notapplicable.

TABLE I
Summary of Clinicaland Imaging Data for Group 1 Patients

0.7 NegatIve
02 NegatIve

0.2 NegatIve

0.6 NegatIve
0.4 NegatIve

0.3 NegatIve

0.5 NE
0.8 NegatIve

5.2 PositIve

1.9 PositIve

0.5 PositIve

0.5 NegatIve

1.5 PosItive
0.7 NegatIve

4.0 PositIve

2

3

4
5

6

7

8

9

10

11

12

13
14

15

16
17
18
19

20

21
22
23

24
25
26
27
28
29
30
31
32

60 Mucinousadenoca (5.0)
44 Inflammatoryductalca

(Entirebreast)
49 InflammatoryductalCa

(Entirebreast)
65 Poorlydlfferentftedadenoca (6.0)
58 Inflammatoryductalca

(Entirebreast)
71 Inflammatoryductalca

(Entirebreast)
62 Malignantcell(2.5)
39 MOderatelydiffereiThated

adenoca (3.8)
65 Inflammatoryductalca

(Entirebreast)
68 Inflammatoryductalca

(Entirebreast)
45 InflammatoryductalCa

(ErÃ¼ebreast)
76 Inflammatoryduc@alca

(Entire breast)
67 Lobularca (5.0)
33 ModeratelydIfferen@ated

adenoca (4.0)
71 Inflammatoryductalca

(Entirebreast)
36 Ductalca (4.0)
56 Adenoca (3.0)
57 Invasivelobtiarca (7.0)
56 Inflammatoryductalca

(Entirebreast)
45 InflammatoryductalCa

(Entirebreast)
40 Adenoca(1.5)
34 Dtdal Ca(5.0)
58 Inflammatorydu@alca

(Entirebreast)
67 Moderatelydifferentiatedca(1.5)
43 Fibroadenoma(1.2)
53 Fibroadenoma(1.5)
68 Fibroadenoma(1.0)
26 Nomalignancy(2.0)
48 Fibroadenoma(3.0)
45 lntraductalpapiloma(2.5)
35 FIbrOCYStICchanges(1.0)
75 Fibrocystlcchangesand

chronicinflammation(2.0)

++ 32 (â€”)

+ 2.2 (â€”)

+ 2.7 (â€”)

++ 10.6 (â€”)

++ 5.4 (â€”)

++ 3.2 (â€”)

+ 2.9 (â€”)

++ 5.0 (â€”)

+4 8.3 (+)

++ 4.0 (+)

+ 2.7 (â€”)

++ 4.8 (â€”)

(+)
(â€”)

++ 6.0 (+)

+ 2.4 (â€”)

++ 3.8 (+)

+ 2.6 (+)

Â± 1.2 (â€”)

+ 1.7

++ 11.6

0.7 PositIve
1.8 PositIve
2.5 PositIve
0.5 NegatIve

+ 2.0 (â€”) 0.2 NegatIve

Ã·+ 4.3 (â€”) 0.5 PositIve
++ 6.0 (â€”) 0.5 PositIve

++ 9.7 (â€”) 0.9 NegatIve

Â± 1.5 (â€”) 0.5 NegatIve

â€” 1.0 (â€”) 0.3 NA

â€” 1.0 (â€”) 0.2 NA

â€” 0.6 (â€”) 0.9 NA

â€” 0.6 (â€”) 0.5 NA

â€” 0.9 (â€”) 0.8 NA

Â± 1.8 (â€”) 0.8 NA

â€” 1.0 (â€”) 0.5 NA

â€” 1.5 (â€”) 0.7 NA

In 13 of the 19 patients with metastatic/recurrentdis
ease, multiplesiteswere evaluatedon FES-PET.A totalof
45fociwere evaluatedin these 13patients.Although42of
these different sites demonstrated concordant results of
FES-PET (i.e., all FES-positive or all FES-negative), one
site in one patient (Patient 34) and two sites in another
patient (Patient40) were discordantwith the other lesions

in those patients. Thus, within-patientdiscordance of FES
uptake was demonstrated in 2 of the 13 women (15%).

On FDG-PET by qualitative analysis, tumor uptake was
judged to be definitelyabnormalin 12 and probablyabnor
mal in 7, which is consistent with breast cancer. The stud
ies of two patients (Patients 45 and 51), categorized as
probably abnormal, had lesions with SUVs in the benign
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â€¢
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Malignant Benign

>
C,,FiGURE 1. Semiquantitativeresults (ex

pressed as SIN) for lesional FDG (left)and
FESuptake(iight).Scatterplotontheleft
showsthe lack of relationshipbetweentu
morFDGuptakeandERstatus,designated
as positive (+), negative (â€”)or indetermi
nate (?). Scatter plot on the right shows
good separationbetweenER-positiveand
ER-negativecancersby FES-PET.

range. No abnormally increased FDG uptake was seen
withinthe two benignbreast lesions(SUVsof 0.4 and 0.6,
respectively). The mean SUVwas 3.7 Â±1.8 (range1.7â€”9.5)
for metastatic/recurrentbreast cancer lesions. The sensi
tivityand specificityofFDG-PETfordifferentiatinglesions
of metastatic/recurrentbreast carcinoma from benign le
sions (considering only the 21 lesions subjected to quanti
tative analysis that were histopathologically confirmed or
were of primaryclinical interest), with a cutoff SUV value
of 2.0, were 89%and 100%,respectively.

Relationship between Tumor ER Status
andFDGUptake

Comparison of the SUVs for FDG in malignant lesions
showed no significant relationship with tumor ER status
(Fig. 1). The mean SUV for FDG in ER-positive tumors
was 4.0 Â±2.1 and for ER-negative tumors was 4.5 Â±3.0
(p < 0.65). These results indicate that the ER status of
breast cancer cannot be predictedby assessing tumorFDG
uptake. Additionally, we found no significant correlation
between tumor FDG uptake and tumor FES uptake in 43

malignant lesions subjected to quantitative analysis (r =
0.15; p = ns) (Fig. 2).

Representative paired FES-PET and FDG-PET of pa
tients with ER-positive and ER-negative primary and met
astatic breast cancer are shown in Figures 3â€”5.

DiSCUSSION

In breast cancer, the hormone-receptor status of the
tumor defines not only the likelihood of response to hor
monal therapy, but prognosis as well. Hormone-sensitive
breast cancer is a tess-aggressive disease than hormone
resistant cancer; it occurs more commonly in postmeno
pausat women and is characterizedby longer disease-free
intervals and survival. Overall, the median survival in pa
tients with ER-positive tumors is several times longer than
for patients with ER-negative breast cancer.

Currently, the ER status of breast cancer is assessed by
in vitro assays (quantitativeor qualitative). These assays,
however, have limitations:Only 55%â€”60%of ER-positive
tumors identifiedby these assays respond to hormonal

therapy and, conversely, approximately 8%â€”10%of ER
negative cancers show a favorable response to hormonal
therapy. The conventional ligand-binding (quantitative)
method requires a sample of fresh or fresh-frozen tissue of
adequatesize and adequatetumorcell density. This is very
important, as breast cancer has a wide degree of epithelial
cellularity, and this results in heterogeneous receptor ex
pression within the tumor. In addition, hormone receptors
are not reliably determined by this assay in biopsies of
osseous metastatic lesions or in samples of bone marrow,

ascitic fluid or pleural fluid (21,22). The assay results may
be false-negative due to high blood levels of estrogen hor
mones (in premenopausal women or those on estrogen
replacement therapy) and the presence of hemorrhage or
necrosis in the sample. The immunohistochemicat assay is

tess dependent on sample size and is able to determine ER
status of tumor cells in bone biopsy specimens and malig
nant effusions.As typicallyperformed, however, this as
say is only qualitative and has limitedvalue in patients on
therapy, because the receptor may be identified irrespec
tive of whether the lesion is still hormone responsive (23).
Both types of assays also suffer from interlaboratory van
abilitydue to differencesin methodologyand the lack of
uniformly accepted cutoff values for discriminating ER
positive from ER-negative tumors.

The accuracy of ER status determination by the quanti
tative (ligand-binding)or qualitative (immunohistochemi
cal) methods is comparable. Studies comparing immuno
histochemicat methods with ligand-binding techniques
have found concordant results in 80%â€”95%of specimens
(24). Neither of the receptor assays, however, completely
predicts the response to hormonal manipulationin breast
cancers.

In 1988, we reported a noninvasive in vivo technique
with potential utility for assessing ER status in patients
with breast cancer. We found an excellent quantitative
correlation (r = 0.97) between the ER concentration mea
sured in vitro and FES uptake determined in vivo by PET
(5). Subsequently,we demonstratedthat FES-PEThas a
high sensitivity (93%) for detecting lesions of ER-positive
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PatientFDGFESER statusofMno.
Age(yr) Indexlesion(Mdltlonallesions) Lesiontype Visual SIN Visual SINor A/primary

r a0.1$.psN$$>

@4.

S@ â€¢:@@@ :@@â€¢:;
FDG-SUV

TABLE 2
Summaryof Clinicaland Imaging Data for Group 2 Patients

33 58 Breast
34 41 Chestwall

(softtissue,a@y and
supradavicularLNs)

35 37 A,dlla
(mediastinalandsupr@aviculerLNs)

36 58 Chestwall
(humerus,soft-tissuemass,

@ andmed@tInalLNs)
37 45 Supraclavlcularnode

(contralateralsu@viculer LNs)
38 59 PeMs

39 45 Pleura
40 46 Pleura

(ribs,mediastlnalLNs,lung,spine)
41 66 Lung

42 59 Lung
(hilum,spine)

43 50 Lung
(hilum)

44 53 Pleura
(spine,lung)

45 69 PeMs
46 47 Spine

(chestwall,medlastinalLNs)
47 42 Chestwall

(pieu@spine,medlastinalLNs)
48 61 Chestwall
49 49 Breast

(axOla)
50 57 Breast
51 46 Breast

(axilla,intramammaryLNs)
52 50 Lung

53 44 SpIne

A
A

++ 3.6 (â€”) 0.2 NegatIve

++ 3.4 *(@) 12

M ++ 6.6 (â€”) 0.3 NegatIve

R ++ 4.0 (â€”) 0.8 NegatIve

M + 1.7 (+) 1.4 PositIve

M + 2.3 (â€”) 0.5 NegatIve

++ 4.1 (+) 1.6 PositIve

++ 3.7 (+) 1.3 NE/POSItIVe

M ++ 3.7 (â€”) 0.9 PositIve

M + 2.7 (+) 2.8 NE/POSItIVe

M + 2.7 (â€”) 0.4 NE/NegatIve

M ++ 6.0 (+) 3.7 NE/POSItIve

Granulomatous
disease

No
malignancy

M
M

++ 9.5 (+)

++ 3.2 (â€”)

+ 2.6 (+)

+ 2.7 (+)

+ 3.2 (+)

M
M

M

A
M

M
M

2.7 PositIve
0.7 NE/NegatIVe

2.0 NE

6.6 PositIve
1.2 NE

+ 1.8 (+) 12 PositIve

++ 3.2 (â€”) 0.8 NE/NegatIVe

â€” 0.4 (â€”)

â€” 0.6 (â€”)

0.2 NA

0.4 NA

*D@ lesion.
R = recurrentdisease; ++ = definitelyabnormal;(â€”)= FES-negative;(+) = FES-positive;NE = not eveluated;M = metastaticdisease; + =

probablyabnormal;â€”= normal;NA = notapplicable.

metastaticbreast cancer. In addition,we showed that FES
uptake in metastatic breast cancer is likely to be a receptor
mediated process because it is blocked by antiestrogen
therapy (6).

In the current study, we have confirmed in a larger
number of patients that FES-PET is a reliable in vivo
technique for evaluating the ER status of breast cancer
(primary, recurrent or metastatic). The results of FES-PET
correlated well with those of conventional in vitro ER
assays (Fig. 1). The overall rate of agreement between the

results of in vitro ER assays and the results of FES-PET
was 88%, which is similar to that observed with in vitro
assays (with disagreements explained by such factors as

FiGURE2. Scatterdiagram
demonstrateslack of corrala
lion between SUVs for FDG
and FES in 43 malignantIa
slons subjected to quantitative
an@.
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FiGURE3. Mteriorandleftlateralvolume-renderedma,dmum
activity-reprojectionFDGandFESimagesfroma patientwithlocally
advancedbreastcancerdemonstrateconcordantlocalizationofboth
tracersin this ER-positivetumor.Thereis uptakein the primaryleft
breastmass(4.5cmdiameter),in leftaxillarynodalmetastasesand
ininternalmammarynodalmetastases(arrows).

interlaboratory variability, interassay variability, and spec
imen variability). The ER status of alt five patients with
apparent false-negative results of FES-PET was deter
mined by the qualitative immunohistochemical method.
Only one of these patients was treated with hormonal ther
apy and she did not respond (based on clinical follow-up
for 13mo after initiation of hormonal therapy). In addition,
when multiple tumor sites were assessed in a given patient,
concordance was present in 85% of the lesions. This is
comparable to the level of concordance identified by in
vitro ER determinations,when multiple sites in a singie
patient have been biopsied for quantitative receptor anal
ysis (24). This confirms our earlier observations that FES

FiGURE 4. Mtenor and rightlateralvolume-renderedmadmum
actMty-reprojectionFDGandFESimagesfroma patientwithlocally
advancedbreastcancerdemonstratediscordantlocalizationof both
tracersin this ER-negativetumor.There is FDG uptakein the pn
mary fungatingright breast mass (8.0 cm diameter)and in right
axillarynodalmetastases(arrows)butno FESuptakein eithersite.

FIGURE 5. Anteriorand rightposteriorobliquevolume-rendered
maximum-activtty-reprojectionFDGand FESimagesfroma patient
with breastcancermetastaticto bonedemonstrateconcordantlo
calizalion of both tracers in this ER-positive tumor in innumerable
skeletalmetastaticfoci, particularlyin the vertebraeand nbs.Mod
eratelyintenseFDG uptakein myocardiumwas ViSUalIzedin this
patientdespiteherfastingstate.Renalexcretionof FDGand hepa
tobiliaryexcretionof FESare demonstrated.The FES imagesalso
visualizeactivityalongthe courseof proximalleftarmveinsconse
quentto tracerinjectionon this side.

PET is a reliable method for assessing the ER status of
breast cancers.

An in vivo technique, such as FES-PET, has several
potential advantages compared with in vitro assays. Not
only can the ER status of the primary cancer be assessed,
but that of regional or distant metastatic lesions (some of
which may be relatively inaccessible) can be determined
with this technique obviatingbiopsy of each lesion. This is
information of potential clinical importance, because dis
cordance between the primary and metastatic lesions in
individual patients has been reported, reflecting the heter
ogeneous nature of breast cancer. FES-PET, unlike in
vitro assays, assesses the entire tumor volume rather than
a single piece of the tumor. In addition, this in vivo tech
nique has the ability to address, at least in part, the heter
ogeneity of receptor expression within individual lesions
and to detect regions with low ligand binding because of
hemorrhage or necrosis. Given the fact that there may be
significant intratumoral ER heterogeneity, undersampling
can be a significant problem in determining true ER status
by in vitro assays. These advantages suggest that FES
PET should reveal the actual biological availability of tu
mor ERs for interaction with antiestrogen agents. Accord
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ingly, FES-PET may be a useful adjunct to guide systemic
therapy in patients with breast cancer.

Warburg was the first to suggest that many malignant
tumors have a higher rate of anaerobic glycolysis com
pared with normal tissues (25). FDG is a glucose analog
that is now widely used to evaluate regional glucose me
tabolism in a variety of cancers. With specific reference to
breast cancer, FDG-PET appears to have considerable util
ity for differentiating benign from malignant breast lesions,
for evaluating the locoregional and distant extent of breast
cancer, and for assessing the efficacy of therapy in patients
with breast cancer (7â€”10).Althoughnot a primaryfocusof
the current study, our results confirm that FDG-PET is
able to differentiate benign and malignant breast masses
with a high degree of accuracy (sensitivity 88%,specificity
100%). These results are similar to those reported by Adler
et al., Nieweg et al. andTse et al. (8â€”10).We also observed
axillaiy and internal mammary nodal uptake of FDG in
many of our patients with primarybreast cancer (Figs. 2
and 3), but this study was not designed to assess the reli
ability of FDG-PET in the detection of nodal metastases.

Wahl et al. (12) demonstrated increased uterine FDG
accumulation in association with an increase in uterine size

following estrogen administration to immature female rats,
suggesting that increased cell proliferationand augmented
glucose metabolism were mediated through an ER-re
sponse pathway in this ER-rich organ. They concluded that
FDG may be a suitable tracer for detecting the metabolic
effects of ER stimulation or repression and, thus, for as
sessing receptor function in tumors, such as breast can

cers, where receptor function influences the behavior of
the lesion. A relationshipbetween tumor FDG uptake as
sessed by PET and tumor grade and aggressiveness has
been demonstrated for several different types of tumors
(10,13â€”15).Specifically,inthecaseofbreastcancer,Adler
et al. have shown that FDG accumulation is correlated
with the pathologic grade of the tumor (10). These obser
vations, in conjunction with the well-established relation
ship between breast cancer aggressiveness and tumor ER
status, led us to hypothesize that there may be a relation
ship between glucose metabolism and ER status in breast
cancers: patients with ER-negative breast cancer would be
expected to have higher tumor FDG uptake than patients
with ER-positivebreast cancer. If this were true, tumor
FDG uptake could be used as a surrogate marker of ER
status or of the functionalstate of ER stimulationin breast
cancer. To test this hypothesis, we compared tumor FDG
uptake with tumor ER status (assessed both by in vitro

assay and FES-PET) in patients with advanced breast can
cer priorto initiationof systemic therapy. We were unable
to demonstrate any significant difference in tumor FDG
uptake between ER-positive and ER-negative tumors in
these patients (Fig. 1). Moreover, there was no significant
correlation between tumor FDG uptake and tumor FES
uptake (Fig. 2). These results suggest that in vitro ER
assays and/orFES-PET provide unique direct information

about breast cancer ER status that cannot be obtained
indirectlyby FDG-PET.

CONCLUSION

In this largerpatient series, we have confirmedour ear
her observation that FES-PET reliably assesses the ER
status of breast carcinoma lesions. We found good agree
mentbetween the resultsof invitro assays andthose of this
in vivo technique. We have further demonstrated that there
is no discernible relationship between tumor FDG uptake
and ER status in this group of untreatedpatients. As sug
gested by the experimental animal study of Wahi et al.
(11), it ispossiblethattherewillbechangesinFDGuptake
following hormonaltherapy in ER-positive tumorthat can
be used to assess tumorresponse to therapy. This hypoth
esis needs investigation, and we have initiated studies at
our institution to evaluate this problem in patients with
breast cancer.

ACKNOWLEDGMENTS

This work was supported by DOE grant DE-FGO2-84ER60218
and National Institutes of Health grant CA 48286.The authors
thank Andrea Sykes for her assistance in the preparation of this
manuscript and greatly appreciate the technical assistance of
ReneeJ. Burney,CNMTandMartinA. Schmitt,CNMT.

REFERENCES
1. Vollenweider-ZerarguiL, BarreletL, WongY, Lemarchand-BeraudT,

Gomez F. The predictive value of estrogen and progesterone receptors'
concentrationson the clinicalbehaviorof breast cancer in women:clinical
correlation on 547 patients. Cancer 1986;57:1171â€”1180.

2. MathiasCi,WelchMi, KatzenellenbogenJA,etal.Characterizationofthe
uptake of 16a.['F]fluom-17@.estradiol in DMBA-induced mammaiy tu
mors. Intl Radi4ppl Instiwn [B] 1987;14:15â€”25.

3. PrestonDF,SpicerJA,BaranczukRA,etal.Invivoimagingofestrogen
receptorsby extremelyhighspecificactivity16.alpha1.123iodoestradiol-17
beta.Radiology1986;161:403.

4. Schober0, ScheidhauerK, JackischC, et al. Breast cancer imagingwith
radiolodinatedoestradiol.Lancet 1990;335:1522.

5. Mintun MA, Welch Mi, Siegel BA, et al. Breast cancer: PET imaging of
estrogen receptors. Radiologj' 1988;169:45â€”48.

6. McGuireAR, DehdashtiF, SiegelBA, et al. Positrontomographicassess
mentof 16a.['89fluoro-17@.estradioluptakein metastaticbreastcard
noma.JNucl Med 1991;32:1526â€”1531.

7. WahlRL,CodyRL,HutchinsGD,MudgettEE.Primaryandmetastatic
breast carcinoma: initial clinical evaluation with PET with the radiolabeled
glucose analogue2-[F-181.fluom-2-deoxy-D-glucose.RadioIogj@1991;179:
765â€”770.

8. NiewegOE,KimEE,WongWH,etal.Positronemissiontomographywith
fluorine-18-deoxyglucose in the detection and staging of breast cancer.
Cancer 1993;71:3920-3925.

9. TseNY, HohCX, HawkinsRA,etal.Theapplicationofpositronemission
tomographic imaging with fluorodeoxyglucose to the evaluation of breast
disease.Ann Surg 1992;216:27-34.

10. Adler LP, Crowe JP, Al-Kaisi NK, Sunshine JL. Evaluationof breast
masses and axillaiy lymph nodes with [F.18J2-deoxy-2-fluoro-D-glucose
PET.RadiOlOgy1993;187:743â€”750.

11. WahI RI, ZasadnyK, Helvie M, HutchinsGD, WeberB, Cody R. Mets
bolic monitoring of breast cancer chemohormonotherapy using positron
emission tomography: initial evaluation. I Clin Oncol 1993;11:2101â€”2111.

12. WahI RL, Cody R, Fisher S. FDG uptake before and afterestrogen receptor
stimulation: feasibility studies for functional receptor imaging. I Nuci Med
1991;32:1011.

13. DiChirOG. Positronemissiontomographyusing['8Flfluorodeoxyglucosein
brain tumors: a powerful diagnosticand prognostic tool. Invest Radio!
1986;22:360â€”371.

FES-PETandFDG-PETinBreastCancerâ€¢Dehdashtietat. 1773



14.AlaviJB,AlaviA, ChawlukJ, Ctal.Positronemissiontomographyin
patients with glioma: a predictor of prognosis. Cancer 1988;62:1074â€”1078.

15.OkadaJ,YoshikawaK, ImazekiK, etal.TheuseofFDG-PETinthe
detection and management of malignant lymphoma: correlation of uptake
with prognosis.J Nuc!Med 1991;32:686-691.

16. BrodackJW, KilboumMR, WelchMi, KatzenellenbogenJA. Application
of roboticsto radiopharmaceuticalpreparation:controlledsynthesisof flu
orine-18 16a-fluoroestradiol-17@. JNuc!Med 1986;27:714â€”721.

17. Brodack JW, Kilbourn MR. Welch Mi, Katzenellenbogen JA. NCA 16a-
[â€˜8Fjfluoroestradiol-17$:theeffectofreactionvesselonfluorine-18resolu
biization, product yield and effective specilic activity. mt i Radiat App!
Instnsm [A] 1986;37:217â€”221.

18. MoerleinSM, BrodackJW, SiegelBA, WelchMJ. Eliminationof contain
inantkryptoflx2.2.2. in the routineproductionof 2.['8Fjfluoro.2.deoxy.D.
glucose.IntlRadApp!Instrwn [A] 1989;40:741â€”743.

19.KubotaK, MatsuzawaT, ItoM, etal.Lungtumorimagingbypositron
emissiontomographyusingC.!! L.methionine.JNuc!Med 1985;26:37-42.

20. Hsu SM, Raine L, Fanger H. Use of avidin-biotin.peroxidasecomplex

(continuedfrom page 9A)

(ABC)in immunoperoxidasetechniques: comparisonbetween ABC and
unlabeled antibody(PAP) procedures.Jllistochem Cytochem 1981;29:577â€”
580.

21.ThompsonEW,MartinMB,SacedaM,etal.Regulationofbreastcancer
cellsby hormonesandgrowthfactors:effectson proliferationandbasement
membraneinvasiveness.Horm Res 1989;32(suppl1):242â€”249.

22.PowellBL,DcLaGarzaM,ClarkGM,McGuireWL.Estrogenreceptor
measurement in low-protein breast cancer cytosols: a modified charcoal
technique. Breast CancerRes Treat 1981;1:33â€”35.

23.Andersen.1.Determinationofestrogenreceptorsinparaffin-embeddedtis
sue.Acta Oncol1992;31:611â€”627.

24.ReinerA, ReinerG,SponaJ,SchemperM, HolznerJH.Histopathologic
characterizationof humanbreast cancer in correlationwithestrogenrecap
tor status: a comparisonof immunocytochemicalandbiochemicalanalysis.
Cancer1988;61:1149â€”1154.

25.Warburg0. Themetabolismoftumors.London:ArnoldConstable;1930:
75â€”327.

â€˜1

1774 The Journal of Nuclear Medicineâ€¢Vol. 36 â€¢No. 10 â€¢October 1995

FIRST IMPRESSIONS:
OSTEOGENIC SARCOMA INVOLVING THE HIP REGION

PURPOSE
A 19-yr-oldwomanpresentedwith a 1-yrhistoryof
increasing pain and swelling in the left hip. A biopsy from
the head ofthe left femur, which was taken at
presentation, indicated a benign tumor (i.e.,
chondroblastoma). Planar whole-body images (Fig. 1)
showmarkedlyextensivetraceruptakein the left
hemipelvis and hip region. The first impression was
presence ofan artifact: radioactive contamination.
HistologicexaminationconfIrmedosteogenicsarcoma
involving the bone and soft tissue.

TRACER
Technetium-99m-methylene diphosphonate, 24 mCi

ROUTE OF ADMINISTRATION
Intravenous

TIME AFTER INJECTION
Four hours

INSTRUMENTATION
ElscintHelix(dual-head)SPECTcamera
CONTRIBUTORS
Zohar Keidar and Ora Israel, Rambam Medical Center,
Haifa, Israel
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