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FiGURE3. Correlationbetweenuptakeof 11C-methionineandFDGmea
sured as standardized uptake values (r = 0.788, p < 0.01).

detecting recurrent tumors after treatment, however, was similar
with both tracers. Both agents showed a limited diagnostic
sensitivity for small (< I .5 cm) tumors.
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icance in the sensitivity. The tumors were demonstrated better in
FDG studies, which produced higher visual grades (2.1 versus 1.6),
and the tumors showed increasing SUVs with time (from 6.3 to 7.3).
Four of nine patients with positive FDG but negative MlBl scans
failed to respond to multidrug therapy. Conclusion: FDG-PET and
MlBl-SPECT are useful in differentiating active sarcomas from
post-treatment changes and in evaluating therapeutic response.
MIBI-SPECTand FDG-PETfindings should be interpreted in con
junction with CT and/or MRI.FDG-PET shows statistically significant
higher sensitivity than MIBI-SPECT.A positive FDG but negative
MIBIscan might suggest a muttidrugresistance.
Key Words sarcomas; fluorine-i 8-fluorodeoxyglucose; PET; tech
netium-99m-sestamibi; SPECT
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Thediagnosisofresidualorrecurrentboneandsoft-tissue
masses remains a diagnostic dilemma in clinical practice. CT

We comparedthediagnosticaccuracyof r8FJFDGPETand@
MIBISPECT in musculoskeletal sarcomas. Methods: Forty-eight
patients with clinicallysuspected recurrent or residual musculoskel
etal sarcomas were examined with both FDG-PET and MIBI-SPECT
within 2 wk of each study (one follow-up study in nine patients and
two follow-up studies in one patient). Imaging findings were visually
inspected with grading scales in conjunction with CT and/or MRI,
and count-density ratios oflesion-to-contralateral area and standard
uptake values (SUVs)of FDG and MIBIin lesions were also gener
ated. The results were correlated with histologic findings On 51
studies) and/or long-term follow-up evaluations. Results The diag
nostic sensitivitiesand specificitieswere 98% and 90% using FDG,
and 81 .6% and 80% using MIBI,respectively, with statistical signif

Received Sept. 11, 1995; revision accepted Mar. 6, 1996.
Forcorrespondence or reprints contact: E Edmund Kim,MD,Department of Nuclear

Medk*ie,The Universityof Texas M. D. AndersonCancer Center, 1515 Holcombe
Btvd., Box 59, Houston, TX 77030.

1476 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol. 37 . No. 9 . September 1996

Comparison of Fluorine- 18-FDG PET and
Technetium-99m-MIBI SPECT in Evaluation of
Musculoskeletal Sarcomas
Jose R. Garcia, E. Edmund Kim, Franklin C.L. Wong, Melina Korkmaz, Wai-Hoi Wong@David J. Yang and Donald A. Podoloff
Department ofNuclear Medicine, the University of Texas M. D. Anderson Cancer Center, Houston, Texas



TABLE I
Number of Musculoskeletal Sarcomas in Various

Histological Types

Osteogenic sarcoma
Malignantfibroushistiocytoma(MFH)
Ewing'ssarcoma
Chondrosarcoma
Synovialsarcoma
Alveolarsarcoma
Lelomyosarcoma
Neurofibrosarcoma
Ganglioneuroblastoma

Myxoidsarcoma

The numbers in parentheses indicate the patients who underwent more
than one study, and the follow-upstudies were performed within4-11 mo
after the initialstudies.

and MRI are excellent tools for visualizing anatomic detail,
extent of disease and lesion characteristics. However, morpho
logic findings are not sufficiently reliable indicators of active
tumor tissue, malignant or benign, especially during therapy.
Tumor recurrence and post-treatment changes cannot be accu
rately differentiated by these conventional imaging techniques
(1â€”3). In contrast, [â€˜8F]fluorodeoxyglucose (FDG) PET or
99mTc..hexakis(2..methoxyisobutylisonithle) (MIBI) SPECT de
pict the metabolic derangements associated with abnormal
tissues, providing critical information about the biological
activity of musculoskeletal tumors that cannot be obtained with
other modalities. The purpose of our study was to evaluate the
potential of FDG-PET and MIBI-SPECT to distinguish viable
tumor from fibrosis in areas of radiologic abnormalities after
various treatments of musculoskeletal sarcomas and to compare
the sensitivity and specificity of these two agents for the
diagnosis of residual or recurrent musculoskeletal sarcoma.

MATERIALS AND METhODS

Patients
The study group included 48 patients (24 women, aged 17â€”68

yr, mean age 41 yr; 24 men, aged 16â€”65yr, mean age 39 yr) with
a variety of bone and soft-tissue sarcomas who have undergone
various treatments (surgery, chemotherapy, and radiotherapy).
Because of suspicion of recurrent or residual sarcomas based on
clinical and/or imaging findings after 1 mo to 8 yr after the last
therapy, FDG-PET and MIBI-SPECT were performed once in all
patients, twice in nine patients and three times in one patient.
Fifty-nine combined studies were analyzed in all. Lesion size
ranged from I .5 to 9.5 cm. The types of sarcoma encountered and
the number of incidences of each type are listed in Table 1. The
anatomic locations of these lesions are listed in Table 2.

In the 39 patients, the final diagnosis was established with
positive PET and SPECT studies as well as in 12 patients with

TABLE 2
Anatomic Locations of Lesions

3 (2twice)
10(2twice)
3 (1twice)

13(2twice)
6 (1twice)

13(1three times, 1 twice)

Numbers in parentheses are the patients who underwent more than one

@1

p

18 (4twice)
7 (2twice)
5
5
4 (2twice)
3 (1three times)
3 (1twice)

â€˜I

C

FIGURE1. MFHoftightchest wall(true-positivescan).AxialimagesofCT(A@
and FDG-PET(B)show marked improvementof the mass lesionwithcentral
necrosis (â€˜)and significantreduction of FOG uptake on follow-upstudies
(bottom). There is no abnormally increased MIBIuptake on follow-up
MIBI-SPECT(C,bottom).Residualtumor was found at surgery.

discordant studies (positive with one tracer and negative with the
other) by histologic examinations within 1 mo after the imaging
studies. The results for the eight patients with negative FDG and
MIBI studies were confirmed by clinical follow-up for at least 6
mo after the two tests.

Imaging
The FDG-PET and MIBI-SPECT studies were obtained in less

than 15 days in all patients. FDG-PET studies were performed
using a scanner that provides a 42-cm vertical and 11-cm axial field
of view. Sensitivity is approximately 120,000 cps/@Ci/ml, and the
reconstructed tranaxial resolution is about 5.8 mm FWHM. After
obtaining an attenuation scan using a 68Ge/67Ga rotating sector
source, 10 MC1 [â€˜8FJFDGwere administered intravenously after at
least 4 hr of fasting. Three consecutive sets of transaxial images
were taken (at 1â€”20mm, 21â€”40mm and 41â€”60mm, respectively),
and coronal and/or sagittal reconstructed images were also ob
tamed. The count-density ratios of the lesion-to-contralateral area
were calculated by placing regions of interest over the peak activity
in the lesion and normal contralateral area. Semiquantitative
evaluation, using standard uptake value (SUV) color-coded im
ages, was made in addition to visual inspection ofthe images. SUV
were obtained as follows:

FIGURE2. MFHof leftforearm(false-positivescan).T2-wsightedaxialimage
of leftforearm(A)shows heterogeneouslyincreased signalintensityinflexor
muscle and subcutaneous lymphedemain medial-posterioraspect. Sagittal
FOG-PETimage (B)shows diffuselyincreased activityinthe volaraspect of
left forearm. Coronal MIBI-SPECTimage (C) shows diffusely increased
activityinthe leftforearm.

I
Head and neck
Thorax
Abdomen
Pelvis
Upper extremity
Lowerextremity
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study.
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2). Patients with false-positive scans also had inflammatory
changes determined histologically. Nine patients had false
negative MIBI scans but true-positive FDG scans (Fig. 3).â€˜ Follow-upstudiesinthesepatientsshowedabetterreflectionof

,r' histological and clinical results with changes in FDG uptake.
Four patients had persistent true-positive FDG scans, but their
Mifil scans were false-negative. These patients had fulminant
courses with resistance to therapy. There was a significantly
higher sensitivity with FDG than with MIBI (98% versus
81.6%; p = 0.015). The specificities with FDG and MIBI were

b 90% and 80%, respectively (p = 1.000). Positive and negative
predictive values with FDG were 98% and 90%, respectively.
Positive and negative predictive values with MIBI were 95.2%
and 87.1%, respectively. There was a statistically significant

C difference (using the Student's t-test) between the results of the
visual analysis for the patients undergoing MIBI and FDG
imaging, with a better detection of active sarcoma with FDG.
The visual scales with FDG and MIBI were 2.103 Â±1.150 and
1.655 Â±1.332, respectively (p = 0.0006). The mean lesion-to
contralateral count-density ratios were 2.57 Â±1.29 for sarcoma
lesions and 1.29 Â± 0.37 for post-treatment changes. The
average SUV in serial images of all patients with positive PET
scans shows increasing FDG uptake in active tumors over time
(average SUV = 6.32, 7.05, and 7.30 on 20, 40, and 60 mm,
respectively). The FDG SUV time-activity curves for patients
with the positive and negative scans shown in Figure 4. Visual
analysis of color-coded SUV FDG images is more accurate in
minimizing false-positives than in the visual inspection of
nonquantitative FDG images.

DISCUSSION
The development of radical surgical techniques combined with

chemotherapy, radiotherapy and reconstructive surgery resulted in
the need for accurate postoperative follow-up studies. Despite
advances in CT and MRI, current technology remains unsatisfac
tory, particularly in differentiating viable tumor from necrosis after
treatment because ofchanges in normal anatomy and the distortion
ofnormal tissue planes (1â€”3).Various radiopharmaceuticals have
been proposed as bone and soft-tissue tumor imaging agents. The
use 6@ which has poor physical characteristics, has
been limited because it necessitates long waiting periods after
injection and because of its lack of specificity. Although @Tc
methylenediphosphonate (MDP) can localize primary and meta
static sites oftumors in the skeletal system, it is a nonspecific agent
that also demonstrates the healing process. Thallium-201-chloride
has been proposed for detection of active bone and soft-tissue
tumors, yet its long biological half-life limits the administered
dose, frequently resulting in long imaging times and poor image
quality (4,5).

MIBI belongs to a class oflipophilic cationic agents that were
introduced as myocardial perfusion imaging agents in the l970s
and approved by the FDA in the 1990s. Technetium-99m-MIBI
has biological properties similar to 201Tl,which has proved to
be of value in evaluating tumor activity. Despite the higher
photon flux of99m@Fc@MIBI,there was no statistically significant
difference between these two agents (6â€”8).The mechanism of
MIBI uptake in the tumors is uncertain, but it appears to be
related to mitochondrial activity and plasma membrane poten
tial. Technetium-99m-MIBI is also delivered by normal blood
flow, so the vascular supply to the tumor site must be intact (9).
Regardless of the radionuclide uptake mechanism, MIBI has
been useful in the detection of musculoskeletal sarcomas
(10,11). FDG as an indicator ofregional glucose metabolic rate
has been effective in clinical oncology.

.

.
B

FIGURE3. Osteosarcoma of left ear canal (hue-positiveFDGand false
negative MIBI).Ax@ CT image of skull base@ shows a nodular mass () in
the left ear canal. Adal FDG-PET images of lower head (B)show markedly
increased actMty in the area of left ear canal (arrow),indicating metabolically
active recurrenttumor, whichwas confirmedsurgically.Adal MIBI-SPECT
images(C)at comparablelevelsshow no abnormallyincreasedactivityinthe
area of left ear canal. Note markedly increased actMty (arrow) in the right
parotid gland.

Tissue concentration (mCi/g)

Injected dose (mCi)/body weight (g)@

Whole-body imaging was performed at 30â€”60mm after intrave
nous injection of 15 mCi 9@'Tc-MIBI using a dual-detector gamma
camera with an ultra high-resolution collimator. SPECT images of
abnormal areas were also obtained at 90â€”180mm after injection,
using a triple-detector gamma-camera with an ultra high-resolution
collimator (64 x 64, 40 sec/stop, 40 stop). The MIBI and FDG
images were visually interpreted and carefully correlated with
contemporaneous CT and/or MM studies. Simple qualitative anal
ysis of all images was performed by two nuclear medicine
physicians, and consensus was then reached for fmal diagnosis of
active tumor or post-treatment changes. The diagnostic sensitivity
and specificity with [â€˜8F]FDGand @Tc-MIBIwere obtained and
compared using Fisher's exact test. We graded uptakes of both
tracers by visual inspection according to the following scale: 0 =
negative, 1 = mild, 2 = moderate and 3 = marked. Visual scales
with FDG and MIBI were compared using Student's t-test.

RESULTS
For the 39 patients with true-positive results (Fig. 1) and the

8 with true-negative results, the FDG-PET and MIBI-SPECT
images were in agreement. The true-positive and true-negative
results were related to the presence and absence of active
tumors, respectively. Two patients had false-negative Mifil
studies, one of whom also had a false-positive FDG study (Fig.

SUV =

A:, .@ -.,.@@ A@I..1@

TT'} , 1,'..@iM1.it'@rFs

FiGURE4i FDG SUVtime-activitycurves for patients with positive and
negativestudies.

1478 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol. 37 â€¢No. 9 . September 1996



Tumor imaging with FDG is based on the hypothesis that the
rate of anaerobic glycolysis increases with differentiation of
tumor cells and with an increasing grade of malignancy (12).
Several different neoplasms have been imaged with FDG since
the first demonstration of its ability to localize cerebral gliomas
(13). FDG-PET has shown potential in helping to distinguish
malignant lesions from metabolically inactive tissue and in
providing unique information about the distribution of active
tumor relative to necrotic or nonmalignant tissue stroma or to
inflammatory or postoperative change (14). Malignant tissues
(dedifferentiation of tumor cells and an increased grade of
malignancy) have an increased rate of anaerobic glycolysis.
FDG is transported into tissues and cells by the same carrier
mediated mechanisms responsible for the transport of glucose.
Once in the cell, FDG is rapidly phosphorylated by intracellular
hexokinase. As a deoxyglucose analog, FDG competes with
natural glucose for transport and phosphorylation. Once in the
cell, it is transformed into fluorodeoxyglucose-6-phosphate and
becomes trapped without further metabolism. Visual analysis of
PET images as well as semiquantitative evaluation using SUVs
of FDG accumulation with contemporaneous CT or MRI
studies may offer unique information about the nature of tumor
lesions. This metabolic information may prove valuable in
many patients and may influence decisions on intervention
versus close clinical observation oflesions. It also can guide the
surgeon to the most metabolically active tissue sites for biopsy,
especially in lesions in which there is regional heterogeneity.

PET imaging of musculoskeletal masses does have certain
pitfalls given its limited resolution (8,15). There must also be
some concern about the natural variability of FDG accumula
tion in benign or malignant processes, since numerous factors
(i.e., blood flow, plasma glucose concentration and tissue
hexokinase activities) in addition to glucose metabolic rate
determine FDG accumulation.

In our study, the use of SUVs differentiated active sarcomas
(>3 SUV) from post-treatment changes (<3 SUV). As whole
body imaging becomes more readily available, it will be
possible to search for missed lesions or distant metastases as
well. Our study also demonstrates that the treatment signifi
cantly inhibits MIBI uptake and thus may be used to evaluate
the effectiveness oftherapy. In nine patients, MIBI studies were
false-negative despite the presence of active sarcoma histolog
ically. Follow-up studies in these patients continued to result in
true-positive FDG scans, but four patients also had false
negative MIBI studies. These patients had fulminant courses
that were resistant to therapy. The multidrug-resistant P-glyco
protein (Pgp) encoded by the mammalian multidrug resistance
gene (MDR1) appears to function as an energy-dependent
efflux pump. Many drugs interacting with Pgp are lipophilic
and cationic at physiologic pH.

Piwnica-Worms et al. (16) have demonstrated enhanced
extrusion of 99mTcses@ibi by Pgp-enriched cells as well as
enhanced uptake of 9@Tc-sestamibi by multidrug-resistant
reversal agents such as verapamil and cyclosporin A in a nude
mouse tumor model. Their results indicate that @â€œ@Tc-sestamibi
is a transport substrate recognized by Pgp and ultimately
provides a means to direct patients to specific cancer therapies.
Although our four patients with negative MIBI but positive
FDG scans were drug-resistant, more patient studies are needed
to differentiate drug resistance from decreased membrane

permeability of active tumor cells since our five other patients
with decreasing MIBI uptake demonstrated good responses to
chemotherapy. Lastly, it appears relatively difficult to evaluate
MIBI and FDG uptake in tumors located near the heart, kidney
and bladder since normal activities in the gastrointestinal and
urinary tracts might obscure underlying abnormalities, espe
cially with MIBI. Normal MIBI uptake in skeletal muscle,
salivary gland, nasopharyngeal mucosa, pituitary gland and
choroidal plexus could potentially limit the detection of tumors
in these organs. These difficulties are partially solved with the
use ofthree-dimensional display and serial imaging and through
correlation with morpholic studies such as CT and MRI.

CONCLUSION
FDG-PET and MIBI-SPECT are useful adjunct tools in the

evaluation of musculoskeletal sarcomas, particularly in distin
guishing between benign and malignant tissue components and
in distinguishing sarcoma from post-therapeutic changes. FDG
PET appears to be more sensitive in detecting active musculo
skeletal sarcomas than MIBI-SPECT. However, negative MIBI
but positive FDG scans might suggest a multidrug-resistant
condition. We propose a strategy in which these techniques are
used to monitor patients who are undergoing cancer treatment.
Ifthere is clinical or histological evidence of recurrence but the
MIBI-SPECT is negative, a more expensive FDG-PET scan is
recommended to investigate possible drug-resistance or, in case
of a positive FDG scan, biopsy for active sarcoma.
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