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We retrospectively investigated the value of PET with fluorine-18
fluorodeoxyglucose (FDG) for preoperative chemotherapy response
in patients with locally advanced breast cancer. Methods: FDG-PET
studies were performed on 16 consecutive patients. All patients had
PET studies before chemotherapy, 13 patients between the end of
the first cycle and at the midpoint of chemotherapy, and 14 patients
before surgery. Visual diagnoses and the standardized uptake
values (SUV) of PET scans were compared with pathology findings
at surgery and with the results of mammography, ultrasonography
(US) or both, which were performed before chemotherapy and
before local surgery for residual disease. Each patient's clinical
course was monitored for up to 3 yr. Results: Sensitivity for
detection of pathologically proven primary lesions was 100%,
62.5% and 87.5% with FDG-PET, mammography and US, respec
tively; and sensitivity for detection of initial nodal involvement was
77%, 70% and 87.5%, respectively. Sensitivity for detection of
residual primary tumor was 75%, 71.4% and 87.5%, respectively;
and sensitivity for detection of residual nodal involvement was
41.6%, 71.4% and 66.6%, respectively. The mean SUV value of
primary lesions was 9.4 (range 2.0-20.7, n = 16), with only two
lesions showing an SUV below 3. Clinical improvement of primary
lesions was seen in all patients; improvement with smaller size and
less FDG uptake was visible as early as the second study in 11
patients (69%). Mean SUV values obtained at the second and third
studies decreased significantly from those obtained in the first study.
In four patients, the disease recurred after breast surgery with high
SUV values. The mammograms and sonograms obtained before
surgery showed a decrease in the diameter of 6 and 12 primary
lesions of the 13 and 14 patients examined, respectively. Conclusion:
FDG-PET is valuable for monitoring the effects of preoperative
chemotherapy in patients with locally advanced breast cancer with
better sensitivity for primary tumor and better specificity for nodal
metastasis in comparison with ultrasonography.
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.L/ocally advanced breast carcinoma (LABC) encompasses a
heterogeneous group of tumors ranging from neglected, rela
tively slow-growing, large primary tumors to small breast
tumors presenting with extensive nodal mÃ©tastases.Patients'
disease can be rated Stage III because of the presence of a T3
or T4 tumor, evidence of advanced regional nodal involvement
(N2 or N3) or both, as determined on initial physical examina
tion. Inflammatory carcinoma is also considered a form of
locally advanced tumor (/ ). Ten percent to 20% of women with
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breast cancer have LABC at diagnosis (2). The treatment of
LABC has evolved into a multidisciplinary delivery of induc
tion chemotherapy, surgery and radiotherapy. Successful inte
gration of these modalities requires accurate staging, effective
chemotherapy regimens and the timely assessment of treatment
responses.
Induction chemotherapy, defined as the administration of
cytotoxic systemic agents before initiating local therapy, is the
most common means of treating LABC at the University of
Texas M.D. Anderson Cancer Center (3). After four to six
cycles of combination chemotherapy with 5-fluorouracil, doxoribicin and cyclophosphamide (FAC), response to treatment is
assessed, and local surgery is then administered. Induction
chemotherapy has two advantages. First, it provides an in vivo
determination of tumor sensitivity to chemotherapy agents.
Patients who respond favorably will also receive the efficacious
regimen postoperatively, while patients who do not respond
may be offered alternate drug strategies. Second, potential
downstaging of the primary tumor may permit breast conser
vation or mastectomy in patients initially considered ineligible
for these options. However, the magnitude of the benefits
derived from induction chemotherapy depends on the ability to
assess residual disease promptly and accurately.
Despite the effectiveness of chemotherapy in breast conser
vations, the selection and delivery of therapeutic modalities
could be improved with more accurate, noninvasive imaging of
the treatment responses. Presently, a patient's response to
treatment may be assessed by physical examination, US and
mammography. Unfortunately, these techniques usually do not
reflect a response until three cycles of therapy are completed.
US appears to be more sensitive than mammography, but US
depends on the skill of the operator and presents difficulty with
the patient's changing position. Although adequate downstag
ing allows for surgical resection in most patients and breast
conservation in 23% (4), more patients might become candi
dates for surgery if a more sensitive assessment of chemother
apy response were possible. In addition, if there was a better
way to detect treatment failure, we could more readily suggest
an alternative regimen. In a multivariate analysis of prognostic
variables in LABC, in vivo response to induction chemotherapy
as measured by physical examination has been identified as an
independent predictor of disease-free and overall survival (5).
A more precise in vivo assessment of tumor metabolic activity
could have a profound impact on prognosis and assist in the
selection and modification of adjuvant therapy.
In contrast to anatomic imaging methods, PET produces
images that reflect the physiological and biochemical processes
of tissues (6-70). The most widely used PET radiopharmaceutical is fluorine-18-fluorodeoxyglucose
(FDG), which is used to
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evaluate the glucose metabolic rates of tissues. Because most
neoplasms have high glycolytic rates, FDG is a suitable PET
imaging agent both for detecting disease and for monitoring
responses to treatment (6-10). Several studies have addressed
the imaging of breast cancer with PET. FDG has been shown to
localize in primary carcinomas, regional lymph nodes and
distant metastatic sites (11-14). In an initial pilot study (75)
conducted at our institution with 13 patients, we showed that
FDG-PET is a reliable method for imaging and staging breast
cancer. To date, only one study has evaluated the sensitivity of
FDG-PET in measuring breast cancer response to induction
chemotherapy (16). No direct comparison between PET results
and pathology findings in patients who underwent breast
surgery following preoperative chemotherapy have been found
in the literature nor have PET results been correlated with
patient prognosis after local treatment for breast cancer.
Our study evaluated how well PET determines tumor re
sponse to chemotherapy before breast surgery in patients with
LABC. PET results were compared with the results of conven
tional imaging methods (mammography and US) and to the
pathological results found at surgery. We also investigated the
prognostic implications of PET on the clinical outcome of these
patients.
MATERIALS

AND METHODS

Patients

Sixteen consecutive female patients with diagnoses of breast
cancer were included in this study. The mean age was 43.75 yr
(range 31-60 yr). Before the women entered the study, a biopsy
was done by fine needle aspiration to confirm the diagnosis of the
primary tumor, and to establish clinical stage. None of the patients
had a hepatic metastasis on CT examination. Fifteen patients with
LABC were scheduled to receive preoperative induction chemo
therapy of four to six cycles of FAC prior to breast cancer surgery.
No primary breast lesion was found in the other patient. She
received chemotherapy. PET studies were performed on all patients
before the start of chemotherapy, on 13 patients (14 lesions)
between the end of the first cycle and the midpoint of chemother
apy and on 14 patients (15 lesions) right before surgery. Each
patient's clinical course was monitored for up to 3 yr.
PET Imaging

FDG was produced at our institution as previously described
(15,17). Quality control, sterility and pyrogen tests were performed
on the FDG. PET was performed with a tomograph that provides a
42-cm field of view (FOV) and 11 cm axial FOV and simulta
neously acquires 21 slices (5.1 mm slice thick). The reconstructed
transaxial and axial resolutions FWHM were 5.8 and 11.9, respec
tively (18). Sensitivity was approximately 120,000 cps/^Ci/ml.
Image data were acquired with wobbling detectors and transferred
to an independent camera system.
The patients were positioned supine in the device with their arms
raised upward to pull their breasts away from the myocardium and
to facilitate evaluation of the axillae. The camera was centered on
the breasts and axillae. In most patients, the imaging ring was tilted
10Â°,with its top toward the patient's feet to include as much of the
axillae in the FOV as possible. Before the positron tracer was
administered, transmission scans were obtained with 185 MBq (5
mCi) of gallium-68 (approximately 300 million counts in 30 min)
for attenuation correction. Prior to the PET study, patients fasted
for at least 4 hr, and normal blood glucose levels in fasting status
were confirmed for all patients. The patients' blood glucose levels
during the PET study were not measured. After intravenous
injection of 370 MBq (10 mCi) of FDG, either in the opposite arm
using a butterfly needle to prevent extravasation or in a central
932

venous line on the opposite side, three consecutive sets of transaxial images were obtained. Each set of images included 21 slices
and took approximately 20 min. Sagittal and/or coronal images
were also reconstructed. Standardized uptake values of the peak
activity on the PET images obtained at 40-60 min following the
FDG injection were calculated pixel-by-pixel for every primary
tumor and for nodal lesions whenever possible. Image pixel size
was 1.7 mm in a 256 X 256 array. The color-coded superimposed
images of SUVs and transmission data were produced on IBM
RS/6000 workstations under the UNIX operating system. The
SUV, a semiquantitative index of tissue uptake of FDG, was
computed as follows: SUV calibrated mean activity/(injected
dose/body weight), with mean activity measured in millicurie per
milliliter, injected dose in millicurie and body weight in grams
(17,19).
Analysis

PET images were interpreted by a physician experienced in
evaluating FDG images (E.E.K.) in conjunction with mammograms and sonograms. All patients had a mammogram and sonogram before starting chemotherapy (baseline studies) and again
prior to surgery. The images obtained at 40-60 min following
FDG injection were routinely displayed for analysis. PET images
were visually inspected, and abnormally increased FDG uptake in
the lesion compared with FDG uptake by surrounding normal
tissue and by the corresponding area in the contralateral breast or
axilla was interpreted as a positive finding. PET results were
correlated with pathology findings at surgery and with mammog
raphy and/or US findings as well as with long-term clinical
follow-ups.
The SUVs of the peak activity in the primary and nodal lesions
were obtained from the SUV color-coded images. SUV <2.0 were
estimated as 2.0 for the convenience of statistical analysis. The
difference in mean SUVs between the three PET studies was
evaluated for statistical significance using the Wilcoxon matched
pairs signed rank Test. A p value <0.05 was considered significant.
RESULTS

In general, FDG uptake was considerably higher in tumors
than in normal tissues, except for the heart. Myocardial uptake
never interfered with the evaluation of the tumor. There were no
adverse reactions from the injected FDG. None of the patients
studied had a known history of diabetes. Table 1 shows the
patient characteristics and the pathology findings at surgery.
Patient 16 presented with bilateral breast cancer, and Patient 2
presented with axillary involvement of poorly differentiated
adenocarcinoma of probable breast origin and no primary lesion
in the breast shown by clinical staging, mammography or PET.
There was no pathological proof of primary tumor in this
patient, and she did not undergo breast surgery after chemo
therapy treatment. Nine lesions were initially staged as IIIA, six
as IIIB and two as IIB. Patient 16 had one stage IIIA tumor as
well as one stage IIIB tumor. On pathological examination at
surgery, all patients showed evidence of residual primary
tumor. There was also axillary nodal involvement present in 14
out of the 17 axillae examined. Whenever possible, Black's
nuclear grade and the size of residual tumor at the primary site
and nodes were obtained. Nuclear grade for Patients 7,9, 14, 15
and 16 was based on diagnostic fine needle aspiration speci
mens because of the marked treatment response seen on the
surgery specimen. Apparent therapy effect was also reported on
surgical specimens from Patients 1, 5, 6, 8, 11 and 12. Patients
6 and 12 underwent bilateral modified radical mastectomy
because of fibrocystic disease and breast implants, respectively.
Diameters of residual tumor in the breasts and nodes ranged
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TABLE 1
Clinical Stagings at Diagnosis, Pathology, Surgery and Clinical Outcome
Patient
no.
(yr)1

findingsPrimaryDuctal

Age

stagingT4N2MOIIIBTON2MOIIIAT3N2MOIIIAT2N2MOIIIAT4N1MOIIIBT3N2MOIIIAT4N1MOIIIBT3N1MOIIIAT3NOMOIIBT3N2MOIIIAT3N1MO
surgeryLMRMLADL
involvement3/173/202
outcomeNEDNEDPPNEDNED
ca.Black
I5.0
cmMedullary
x 5.0 x 4.5

482

cm3/102.5
x 1.7 x 1.5

553
ADLMRMR
SM +
324

495
MRMMRMBilateralR
376

377

ca.Black
I1.6
0.6cmDuctal
x 1.4 x
ca.Black
IDuctal
ca.Black
II4.7
cmDuctal
x 4.7 x 2.5
ca.Black
I<1.0cmDuctal

2.07/182.2
x 2.0 x

cm5/111.0cm5/171

mm7/140.9
1.0

ADR
SM +

418
319

4410
4611
5212
4613

6014

5715
3416

31Clinical

ca.Black
IDuctal
MRMLMRMR
ca.Black
II1.1
cmDuctal
ca.Black
IDuctal
ca.Black
MRMRSM
(Multifocal)Ductal
I
ADMRMBilateralR
+
ca.Black
IDuctal
ca.Black
I6.0
mmDuctal
MRMLMRMR
ca.Black
II3.5
cmDuctal
x 0.3 x 2.8
ca.Black
IIDuctal
ADMRMBilateralPathology
SM +
ca.Black
I7.0
mmDuctal
x 4.0
(L)IIIBT3N1MOIIIALocal
ca.Black
IDuctal
ca.Black
INodal
0.5 x 2.0 mm

cm4/80/1018/181/222.0

mm1/340.3
mm0/161/150/2016/192/171
x 0.1

.3 x 0.3 mmClinical

AD = axillary dissection; L = left; MRM = modified radical mastectomy; NED = no evidence of disease on follow-up; P = progression of disease on
follow-up; R = right; SM = segmental mastectomy.

from 4.0 mm to 5.0 cm and 0.1 mm to 2.5 cm, respectively.
Four patients had recurrences from their disease following local
treatment: Patient 3 developed lung mÃ©tastasesfrom breast
cancer 2 yr after the primary diagnosis, and Patients 4 and 7 had
regional recurrences (infraclavicular nodes at 16 mo and supraclavicular nodes at 2 yr, respectively). The remaining patients
were followed for a mean of 15 mo (range 3-36 mo), and no
evidence of disease was found in any of them during this period.
Table 2 shows the results of visual diagnoses and SUV values
of the PET images. All primary lesions were visually identified
on the baseline (PET 1) prechemotherapy study. The generally
high tumor uptake of FDG in this study is reflected by the SUV
values. The mean SUV value of primary lesions was 9.4 (range
2.0-20.7, n = 16), with only two lesions showing SUV value
below 3 and two showing a value equal to 3. Clinical improve
ment of primary lesions was seen in all patients on PET studies.

Decreased size and less FDG uptake were visible on studies
during chemotherapy (PET 2) in 11 patients (69%) and as early
as after the first cycle of chemotherapy was administered
(approximately ten days) in nine patients. The mean SUV
values of 4.8 (range 2.0-10.4, n = 14) obtained during PET 2
and 3.7 (range 2.0-16.0, n = 15) obtained during PET 3
(presurgery) were significantly decreased from the values ob
tained during PET 1 (p < 0.01 ) for both PET 2 and PET 3) (Fig.
1). Five primary lesions were reported to have no significant
visual uptake of FDG on the presurgery study (four falsenegative studies and one true-negative study). When comparing
the PET 3 results with the pathology results at surgery,
sensitivity and specificity for detection of the primary-tumor
were 75% (12/16) and 100% ( 1/1), respectively. The only tumor
diameter available for the false-negative cases was 6.0 mm
(Patient 12). Nodal involvement in the axillae or infraclavicular
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TABLE 3
Changes of Primary and Nodal Masses on Mammography and US

(cm)Lux
(cm)MamoUSMamoUSMamoUSMamoUSMamoUSMamoUSMamoUSMamoUSMamoUSMamoUSMamoUSMamoUSMamoUSMamo
tumor
Patient
no.12345678910111213141516Primary
0.81
2.6NDâ€”2x21.5
x 3x

1.1â€”3.2
x 1.3 x
2.83X31.7x2.2â€”2x
X 3.0 X

1DB2
X 1.5 x

0.6ND2.5
.0 x 0.8 x
2.11.5
x 2.3 x
1.72.1 x
1.9x1.5â€”1
x

1.68x72.8x2.8x1.6ND1.2X1.4X0.1NDâ€”5x6â€”3x2.55x4x27X4E2x21.7
x 1.9 x
1.61.2
1.8 x
0.8ND1.1
x 0.9 x

x2.28
2.8 x
7.5EDB2.5
x

1.01.8 x
1.01.2
x 1.1 x
1.01.2X1.0X0.8ND1.0x0.8
x

2.0DB3.9
X 2.2 X

1.0x0.8ND1
x

0.6NDâ€”1.0x0.9â€”â€”â€”â€”1.0x0.9x
.0 x 0.8 x

25x62.9x2.6x1.85x4.56.6
x 2.8 x

0.61.0x0.91x
0.6â€”1
.0 x 0.8 x

3.09X4.5EDB2.5
x 3.5 x

2.0â€”3.7
X 2.3 x

1.3â€”1.2X0.5X0.72.5
x 1.5 x

2.32.8
x 5x
2.53.6 x
2.55x43
x 2.8 x

2.53.5 x
2.52x1.51.7
x 2.7 x

2.64.5X55.5
x 2.8 x

1.33x2.52.6x2.1
x 1.5 x

.0 0.71.3
x 0.8 X
1.21 x
.0 0.81.3
x 0.9 x
1.21.3 x
1.0ND1
x 1.1 x
0.8â€”â€”â€”1.0x0.8x0.7ND1.0x
.6 x 0.9 x

X3.4DBDBH-m-Presurgery3x55
5.2 x
1.5â€”â€”ND
x

NDNodal1.5x11.5

x 0.3â€”â€”â€”â€”â€”â€”NDNDND
0.5 X

0.8 x
0.6â€”NOinvolvement

ND

Marno = mammography; ND = not done; - = negative; DB = dense breast; E = extensive masses.

2.0-14.0, n = 15). There was a significant decrease of SUV
when comparing PET 1 to PET 2 only (mean 3.7, range 2-9,
n = 12, p < 0.05). Seven nodal sites were reported as visually
negative on the PET 3 scan (five false-negative, two truenegative). When compared with results of pathology at breast
surgery, our sensitivity for the detection of nodal involvement
on the PET 3 decreased to 41.6% (5/12) with the same
specificity (100%; 2/2). The diameter of tumor in nodes of
false-negative cases ranged from 0.3 mm to 1.3 cm. Results of
visual examination of FDG uptake generally matched the SUV
values, except for Patient 3, whose SUV values on primary
tumor and nodal invasion increased with time but who had no
significant worsening of PET images by visual inspection. Two
of the remaining three patients (Patients 4 and 9) had disease
recurrence at follow-up and a high SUV value at the primary
lesion on the PET 3 study.
Table 3 summarizes the mammography and US findings. On
the mammogram performed at the same time as the PET 1
study, six primary lesions were not visualized (false-negative
cases) because of dense breasts in five patients. Findings in two
of the patients with dense breasts (Patients 1 and 16 [left
breast]) and a breast implant in one patient were suspicious for
malignancy. Thus, sensitivity for initial breast lesion detection
was 62.5% (10/16), with a specificity of 100% (1/1). The mean
maximum diameter of primary lesions was 5.5 cm (range 2-10

cm, n = 8). When comparing the initial results with the
presurgery findings, mammograms showed a decrease in tumor
size in six of thirteen examined. Sensitivity of the presurgery
mammogram for detection of tumor at surgery was 71.4%
(10/14), with no false-positive cases seen. The mean maximum
diameter of lesions decreased to 4.2 cm (range 2-8 cm, n = 5).
For initial nodal involvement, sensitivity was 70% (7/10), and
specificity was 100% (2/2). The maximum diameter of the only
lesion measured was 3 cm. The sensitivity and specificity were
71.4% (5/7) and 100% (3/3), respectively, for findings at
surgery. The maximum diameter of the only lesion available on
the presurgery study was 1.5 cm.
On the baseline US studies, sensitivity and specificity for
detection of primary tumors were 87.5% (14/16) and 100%
(1/1), respectively. The mean maximum diameter of primary
lesions was 4.13 cm (range 1.7-9 cm, n = 12). Prior to
chemotherapy, Patient 10 showed diffuse carcinoma, and Pa
tient 16 (right breast) showed no mass. Presurgery US also
showed improvement in size of primary lesions in 12 of 14
patients where comparison was available. The mean maximum
tumor diameter on presurgery sonograms was 2.5 cm (range
1.2-5 cm, n = 9). Sensitivity and specificity for presurgery
tumor detection were 87.5% (12/14) and 100% (1/1), respec
tively. Decreasing nodal diameter was detected in 13 of the 14
sites where comparison was available. The mean maximum
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TABLE 4
Sensitivity and Specificity of PET, Mammogram and Ultrasonography for the Diagnosis of Primary (Residual) and
Metastatic (Axillary) Breast Cancer
Sensitivity

Specificity

Primary
tumor16PET
(residual)
-,-=

â€”
=1610
â€”=
[16rIO62.5%
=râ€”

Mammogram14US

100%=
100%

-=

100%1rl-=
100% [-=

1287.5%
â€”
=16r12100% â€”=-71.4%]-rl

100% 100%[l
-=

Axillary (residual) metastasis
PFT
137Mammogram1277%

10

41.6%]r570%
[â€”=

3~22

- 71r8
=

87.5% [-

tumor diameter in nodes was 2.05 cm on the baseline study
(range 1-3.2 cm, n = 7) and decreased to 1.7 cm (range 0.5-2.5
cm, n = 3). Sensitivity for nodal invasion on the baseline study
was 87.5% (12/14) and specificity decreased to 50% (1/2)
because a false-positive case was reported (Patient 15). For
detection of nodal invasion on the presurgery study, sensitivity
dropped to 66.6% (8/12) (Table 4).
All 4 patients who had recurrent disease after surgery showed
some degree of tumor response to preoperative chemotherapy

=66.6%13

on the mammogram or US studies performed before local
surgery. A representative case is illustrated in Figure 3.
DISCUSSION
Our findings are consistent with those of previous reports
(Â¡1-16) that the detection of breast cancer and lymph node
mÃ©tastasesis feasible with PET using the glucose analog FDG.
Our patient population included 14 patients with stage III
LABC and two with stage IIB LABC as defined by the

FIGURE 3. Right breast cancer and axil
lary metastasis. (A) Mammogram shows
a possible mass lesion in the center of
dense right breast. Note right axillary
lymph nodes. (B) Selected ultrasound im
ages show hypoechoic masses (') in the
right breast (upper) and axilla (lower) be
fore (left) and 3 mo after (right) chemo
therapy. Note difficulty to outline margins
of lesions. (C) Selected axial images of
breast PET using 18[F]FDG show abnor
mally increased FDG uptakes in right
breast (closed arrow) and axilla (open
arrow). Note decreasing activities at one
(middle) and 3 mo (right) after the preop
erative chemotherapy. Note also focal
activities remaining in the catheter in front
of left breast (right).
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UICC-AJCC system (20). The baseline PET study appeared to
be more sensitive for primary tumor detection (100%) than
were the mammogram (62.5%) and US (87.5%) results; how
ever, presurgery US showed a higher sensitivity (87.5%) for
residual tumor detection than PET did (75%). Initial nodal
involvement as assessed by PET (sensitivity of 77%) was also
superior to mammography (70%), with US showing better
sensitivity (87.5%) but lower specificity (50%). PET results for
nodal involvement were consistent with previous reports that
showed a conservative estimate of 75% for sensitivity (with a
specificity of 90%) (21 ). The false-negative results detected on
the presurgery study (four primary tumors and five nodal
lesions) may have been due to the fact that residual tumors were
not metabolically active after chemotherapy, but the small
diameter of the lesions also may have accounted for the
limitation in their detection by PET. The limited FOV of our
camera (11 cm) precluded simultaneous imaging of the entire
breast and axillae in some cases. The specificity (true-negative
rate) of PET or mammogram for diagnosing primary cancer and
axillary metastasis appears unrealistically high (100%), proba
bly due to a small number of histologically proven cases
without cancer cells and also limited resolution of current
imaging system in detection of microscopic cancers.
Our study also demonstrated a substantial decrement in the
tumor glucose metabolism of primary breast cancer, as assessed
by FDG-PET, that occurred early in the course of effective
chemotherapy, as has been reported by others (16). We did not,
however, generate absolute metabolic rates, although our results
showed the higher sensitivity of PET in determining tumor
response to preoperative chemotherapy compared with mam
mography and US. The improvement by visual examination
that was reported in all patients studied did not correlate with
the same favorable clinical outcome for every patient after local
breast surgery was performed.
The decreases in tumor glucose metabolism after chemother
apy are concordant with observations regarding deoxyglucose
uptake. There are in vitro and animal data suggesting that FDG
uptake in tumors is reasonably well correlated with the number
of viable cancer cells present in the tumor and possibly also
related to the tumor proliferation rate (22-27). Unlike the
findings of Wahl et al. (76), however, which indicate that
tumors that have a continuing decline in FDG uptakes with
successive treatments will most likely have a complete patho
logical response, our results revealed that although all our
patients responded well to therapy, active residual disease (with
even multifocal distribution in one case) was found at surgery.
All patients had ductal invasive carcinoma with undifferentiated
or moderately undifferentiated nuclear grade (Black's nuclear
grade I and II, respectively). Also, a marked therapeutic effect
was evident in the pathology specimens, which supports the
finding that less than 50% of patients who have a complete
clinical or radiographie response also have a complete patho
logical response (3). Paradoxically, these patients are more
likely to have a mastectomy rather than breast conservation
surgery because the location and extent of the residual tumor is
uncertain. This was the case in our patient population. Some
authors have suggested that breast cancer, in contrast to other
types of cancer, such as brain tumors (28), metabolizes sugar at
rates that do not correlate with the histological type or differ
entiation in humans (29).
The findings from PET studies generally reflect overall
biological response to therapy with limitations in evaluating
microscopic residual cancers, as shown in our study. However,
PET is definitely better than mammography or US in evaluating
therapeutic response. There was a significant decrease of

primary breast cancer in size after the first cycle of chemother
apy in most cases. Because of changing geometry and illdefined margins of small glandular masses, the US appears to
be limited to detecting relatively significant changes of tumor
size, especially after the first cycle of chemotherapy. US also
cannot differentiate between benign and malignant masses.
Mammography has also been limited in examining the breasts
of young women and women undergoing estrogen therapy.
These drawbacks suggest that mammography and US may have
an unclear role in assessing chemotherapeutic response and
patient prognosis.
Our study shows the potential use of PET for assessing
patient prognosis before local treatment is delivered. An ele
vated semiquantitative index before surgery, irrespective of
visual improvement of lesions, is correlated with a poor clinical
outcome, and, therefore a particular patient population at high
risk for recurrence is selected that may need more drastic
treatment and closer follow-ups.
CONCLUSION

FDG-PET is more useful than mammography or US in
evaluating response to preoperative chemotherapy for LABC.
The main role of FDG-PET may be related to establishing
important prognostic implications regarding subsequent devel
opment of recurrence. Further study is warranted to confirm
these encouraging results.
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Assessment of Mediastinal Involvement in Lung
Cancer with Technetium-99m-Sestamibi SPECT
Arturo Chili, Lorenzo S. Maffioli, Maurizio Infante, Giacomo Grasselli, Matteo Incarbone, Massimo D. Gasparini,
Giordano Savelli and Emilio Bombardieri
Divisions of Nuclear Medicine and Thoracic Surgery, National Institute of Cancer Research, Milan, Italy

This study evaluated the clinical role of SPECT with sestamibi versus
CT in the presurgical staging of lung cancer. Methods: Forty-seven
consecutive patients (44 men, 3 women; mean age 63.3 yr, range
49-82 yr) with clinical and radiological suspicion of lung cancer were
enrolled in this study. Staging procedures included radiography, CT,
fiberoptic bronchoscopy and sestamibi SPECT of the thorax.
Radionuclide imaging was performed after intravenous injection of
740-925 MBq of sestamibi. In 36 patients a histological diagnosis
was made, and these patients were evaluated for the study of
mediastinal lymph node involvement. Results: Mediastinal lymph
node involvement was demonstrated in 11 of the 36 patients
evaluated. Sestamibi SPECT correctly staged 10 of 11 patients with
and 21 of 25 without mediastinal nodes, showing a diagnostic
sensitivity of 91 % and a specificity of 84%. Computed tomography
gave 8 true-positive and 15 true-negative results, with a sensitivity of
73% and a specificity of 60%. Sestamibi SPECT results were also
better than those of CT with regard to positive and negative
predictive values and accuracy. Conclusion: The clinical role of
sestamibi SPECT can be fully appreciated when the technique is
used in selected patients, combined with CT or MRI, or both, to
assess mediastinal involvement and avoid any invasive staging
procedures.
Key Words: lung cancer; mediastinal lymph nodes; technetium99m-sestamibi
J NucÃ-Med 1996; 37:938-942

JLechnetium-99m-hexakis-2-methoxy-isobutyl-isonitrile
(ses
tamibi) is a lipophilic cation widely used in clinical practice as
a myocardial perfusion imaging agent (1,2). Several studies
have used sestamibi as an oncologie tracer for a variety of
malignancies, such as tumors of the thyroid, brain, breast and
bone (3-10). Several reports have also described the possible
application of this radiopharmaceutical for bronchogenic carci
noma in clinical practice (11-16).
Nuclear medicine procedures using SPECT are currently
being assessed with the aim of improving lesion detection (17).
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These techniques have proved to have a higher specificity than
planar acquisition. Moreover, new instrumentation has made it
possible to acquire and reconstruct SPECT images rapidly,
making it a useful tool in clinical practice.
The most useful and commonly applied histopathological
classification of lung cancer differentiates this frequent disease
into four main types: epidermoid or squamous cell carcinoma,
large-cell anaplastic carcinoma, adenocarcinoma and small-cell
lung cancer (/#).
In non-small-cell lung cancer, surgery offers the greatest
chance of obtaining complete remissions if performed at the
very early stages of the disease (UICC stages I and II).
Unfortunately, less than 30% of patients are eligible for curative
resection. Radiotherapy and chemotherapy can be used as
palliative treatment in patients with advanced disease (UICC
stages Illb and IV) (18,19).
The therapeutic approach is completely different in patients
with small-cell lung cancer. For this carcinoma, combination
chemotherapy is the first-line therapy because the role of
additional irradiation or surgery is still controversial (20).
The stage of the tumor at the time of surgery is the most
important determinant for prognosis and therapeutic strategy.
Accurate imaging of primary lung cancer can be obtained with
transmission CT and MRI, whereas the preoperative assessment
of mediastinal lymph nodes with radiological procedures is still
a matter of debate. In fact, the disadvantage of these imaging
techniques is that the only useful criterion for determining
metastatic involvement of mediastinal lymph nodes is based on
evaluation of their size (21-23). Recent studies have demon
strated that up to 40% of mediastinal lymph node mÃ©tastasesare
not visualized by CT or MRI but use surgical staging as the
standard (24,25).
At present, the most accurate technique is doubtless mediastinoscopy, which is a surgical, invasive procedure. Thus, the
aim of the present study was to assess the diagnostic contribu
tion of sestamibi SPECT to the presurgical staging of lung
cancer, so that mediastinoscopy could be avoided, with no
decrease in sensitivity.
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