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The purpose of this study was to investigate the potential role of
FDG-PET in the monitoring of neoadjuvant therapy of soft-tissue
and musculoskeletal sarcomas. Methods: Nine patients were stud
ied. Neoadjuvant therapy consisted of either chemotherapy or
combined radiotherapy and hyperthermia. The FDG-PET studies
were obtained, when possible, prior to therapy, 1-'3 wk after corn
mencernent of therapy, and prior to surgery after completion of

neoadjuvant therapy. In two patients, all three studies were corn
pleted. The remainder of patients underwent one or two studies at
varying timepoints. Results Intumors treated with combined radio
therapy and hyperthermia, well-defined regions of absent uptake
developed within responsive tumors, correlating pathologically with
necrosis. Followingtreatment, a peripheral rim of FDG accumulation
was found to correlate pathologically with the formation of a fibrous
pseudocapsule. Intumors treated with chemotherapy, FDG accu
mulation decreased more homogeneously throughout the tumor, in
responsive cases. Despite 100% tumor cell kill in some patients,
persistent tumor FDG uptake was observed which correlated

apy is an important prognostic indicator of disease-free survival
rate following treatment of primary musculoskeletal malignant
neoplasms, in particular osteogenic sarcoma and Ewing sarcoma

(7â€”10).
Lessthan90%tumornecrosis
response
followingpresur
gical treatment denotes a poor response and is associated with a
less favorable outcome (9). In soft-tissue sarcomas treated with
chemotherapy and radiation therapy, the percentage of tumor
necrosis has been correlated with disease-free survival, but analo
gous data are not available for soft-tissue sarcomas treated with
radiation therapy and hyperthermia (10). Short-term assessment of
tumor response generally involves the sequential

measurement

of

tumor size either clinically or by imaging. These assessments may
not always reflect the quantity of residual viable tumor cells
because of edema, hemorrhage and necrosis (9, 10). Several

courses oftherapy must be administered over a period ofweeks to

months to determine if the treatment is effective. Response to
treatment may also influence surgical planning and subsequent
pathologically with uptake within benign therapy-related
fibrous
treatment (9). Therefore, a method that is capable of accurately
tissue. Signtficant FDG accumulation was also observed at the site
predicting response early would lead to institution of more effec
of an uncontaminated incisional biopsy. Conclusion: These initial
resutts demonstrate changes in tumor accumulation of FDG during five treatment and would prevent the use of expensive, ineffective
and after neoadjuvant therapy; these changes are dependent on the treatment with its associated morbidity (7,9,10,11).
The evaluation of FDG-PET in the monitoring of the presur
type of neoadjuvant therapy administered. Prominent FDG accumu
lation was observed in benign tissues both within and adjacent to gical therapeutic response ofprimary musculoskeletal sarcomas
the treated tumor.
has been limited. Nieweg et al. (12) describe the development
Key Words sarcoma;therapeuticmonitoring;PET; fluorine-18- of absent FDG uptake within a treated soft-tissue sarcoma of an
fluorodeoxyglucose
extremity, which correlated pathologically with tumor necrosis.
This study investigated the potential role of FDG-PET in the
J Nuci Med 1996;37:1438-1444
monitoring of neoadjuvant therapeutic response of musculo
skeletal sarcomas. An advantage of this study protocol was the
ability to correlate FDG tumor uptake, after therapy, with the
skeletal neoplasms is being defmed. Nitrogen-13-glutamate was
surgical specimen.
shown to accumulate in osteogenic sarcoma and was used to
monitor the effect ofneoadjuvant chemotherapy (1 ). Kern et al. (2)
used FDG-PET to show a correspondence between glucose utili
zation rate (GUR) and lesion grade in five musculoskeletal tumors. MATERIALSAND METhODS
Patients
Adler et al. (3 ) found a significant difference in the differential
Patients referred to Duke University Medical Center (DUMC)
uptake ratio (DUR) of FDG comparing low- and high-grade
for management of suspected sarcomas were considered for enroll
liposarcomas. In a separate report (4), the same authors suggested
that the degree of FDG uptake may be useful in grading muscu
ment. Selection criteria included histologic confirmation of sar
loskeletal tumors. Similarly, Adler et al. (5) found a high correla
coma, planned administration of neoadjuvant therapy and surgical
tion between the DUR of FDG and the tumor grade in 25 resection and written informed consent to undergo FDG-PET
musculoskeletal mass lesions, with high-grade malignancies hay
scanning (DUMC Institutional Review Board protocols #802-93ing a significantly greater uptake of FDG than benign lesions and 6R3 (adults) and #728-93-5R5 (minors)).
low-grade malignancies. Griffeth et al. (6) reported that the DUR
The sarcomas of nine patients (6 men, 3 women; age 15â€”
65 yr)
was able to correctly Separate 10 malignant from 10 benign were studied. All tumors were greater than 5 cm in maximal
musculoskeletal lesions. Histologic response to neoadjuvant ther
diameter (Table 1). Histologic confirmation of sarcoma by fine
needle aspiration was obtained at initial presentation to DUMC,
Received Feb. 14, 1995; revtsion accepted Oct. 10, 1995.
with the exception of Patient 9 who underwent incisional biopsy
For correspondence or reprints contact: David Ned Jones, MD, Staff Specialist
prior
to transfer. The lesions were classified using the National
Radisk@gist,
Departmentof RadiOkgy,DMssonof Imaging,WestmeadHospital,West
Cancer Institute (NCI) grading system (4,5, 7). All decisions, with
mend, New South Wales, 2145, Australia.
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FiGURE3. AxialFDG-PETimage (left)demonstrates absent FDG uptake
withinthe treated malignantfibroushistiocytomaofthe chest wallsuggestive
of necrosis. AxialpostcontrastTi-weightedSE MR image (right)shows
corresponding lack of gadoliniumenhancement. FDGuptake and gadolin
ium enhancement is seen (arrows)in the distributionof the tumor pseudo
capsule. Histologic correlation showed coagulative necrosis within the

.c.@'

treated tumor, with no viable tumor or benign cells identifiable.
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FIGURE1. (A)SagfttalreformattedEDO-PETimages of a low-gradeliposar
coma demonstrate

relatuvolylow pretreatment

tumor FDG accumulation,

and

developmentof a largewell-definedzone of absent uptake withinthe tumor
after 1 wk of therapy. (B)AxialT2-weightedSE MRimages show increased
signal intensitywithinthe lesion early in therapy, consistent with, but not
specific for, necrosis.

the exception of those in Patient 2, were classified as high-grade
tumors (grade 3). Four patients (Patients 1â€”4,aged 46â€”65yr) with
soft-tissue sarcomas consisting of malignant fibrous histiocytoma
(n = 2), liposarcoma (n = I ) and neurofibrosarcoma (n = 1), were
treated with combined radiation therapy and hyperthermia, receiv
ing 50 Gy oflocal tumor irradiation, administered in 2-Gy fractions
over 5 wk, and one fraction of hyperthermia, weekly, for 4â€”5wk.
Five patients (Patients 5â€”9,aged 15â€”23
yr) with sarcomas consist
ing of osteogenic sarcoma (n = 3), Ewing's sarcoma (n = 1) and
undifferentiated sarcoma (n = I ), received neoadjuvant chemo
therapy (Table 1). Approximately 4â€”6wk following completion of
both forms of neoadjuvant therapy, the tumors were surgically
resected, with the exception of Patients 4 and 7, in whom evidence of
progressive metastatic disease was detected.

FOG-PETScanning
Seventeen of the FDG-PET studies were performed using a
General Electric Advance Tomograph consisting of 18 detector
rings, an axial field of view (FOV) of 15.2 cm, an axial sampling
interval of 4.25 mm and 35 image planes. The spatial resolution is
approximately 5â€”6mm. Measured attenuation correction using a
rotating 68Ge/'@8Gasource was used, with the transmission scan
performed prior to FDG administration. One FDG-PET study
(Patient 6) was performed using a Siemens ECAT 3 tomograph.
The patients fasted for 4 hr prior to the study, with plasma-glucose
levels obtained at the time ofradiopharmaceutical administration to
document normal plasma glucose levels. Emission scans of the
primary tumor were started 40 mm after intravenous administration
of FDG (370 MBq (10 mCi) adult dose; 5.29 MBq/kg (0.143
mCi/kg) pediatric dose) and data were collected over the next 20
mm. In Patient 5, dynamic emission scanning was performed for 60
mm following FDG administration.
FDG-PET scans were obtained, when possible, before therapy
(pretherapy scan), after completion of one course of chemotherapy,
or combined radiation therapy/hyperthermia, i.e. approximately 1â€”3
wk after diagnosis (early therapy scan), and after completion of
neoadjuvant therapy and as close as possible to the date of surgery
(post-therapy, presurgery scan). Completion of all three temporal
studies was only possible in two patients (Patients 5 and 9) who had
osteogenic sarcomas. The post-therapy, presurgeiy scan only was
patient
5
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TABLE I
HIStOkgIC,Thera@c

Pa@ent1FherapyAgeHistokg,cgroup(yr)
Sex

and Scirmgraphic Data

Sarcoma typeLocation

grade (1â€”3)

Adjuvanttherapy

Rad@therapy/
hyperthermia
47

M

Malignant fibrous

Fbghtanterior thest wall

3

histiocytoma

2

59

M

Uposarcoma

PosteÃ±or/distalleft thigh

1

3

65

M

Malignant
fibrous
h@bocytoma

Leftcalf

3

4

46

M

Neurofibrosarcoma

RIghtCaII

3

23

M

Osteogenic
sarcoma

Proximal right tibia

3

Chemotherapy

5

Etoposide
Ifosfamide

6

19

F

Osteogenic
sarcoma

Proximal hght tibia

3

Adnamycin
Methotrexate
Cisp@tinum

7

15

F

Undifferentiated
sarcoma

Proximal left femur

3

Malphalan

8

16

F

Ewing'ssarcoma

Distal right radius

3

Adriamycin
Vincsistine
Cyc@@am@e

9

19

M

Osteogenicsarcoma

Distal nght femur

3

Adriamycin
Cisplatinum

â€¢Mj@ therapy COnsistedof 50 Gy of localtumor irradiationIn2 = Gyfractions over 5 wk@
and one localhyperthermiatherapy weeWyfor 4â€”S
wk.
performed in Patients 1 and 6. The remaining patients underwent the

pretherapyand early therapyscans, but not the post-therapy,presur
get)' study. A total of 18 PET scans were available for interpretation.

Data Analysis
All PET images were correlated with corresponding MR studies.
Variable regions of interest (ROIs) were drawn manually around
each tumor, excluding areas of absent uptake within the tumor, if
present. The tumor was readily demarcated from surrounding
tissue, and the edges of the ROI were just within the boundary of
the apparent metabolic zone of tumor. The average and peak
activity within each tumor was then corrected for radioactive decay
and normalized for patient weight. The standardized uptake value
(SUV) was then calculated

metabolic rate (GMR) using arterial or arterialized venous sam
pling was not performed in this study due to its relative invasive
ness (the majority ofpatients underwent more than one PET study),
and also because the majority of the previously published studies
on this particularsubject had used and validated the semiquantita
tive SUV as a useful measure (2,5, 7). However, GMR was used by
Kern et al. (2) in their study.
For Patient 6, the SUV could not be calculated because of
technical factors, but a tumor-to-background ratio (TBR) was obtained
by comparisonwith a correspondingROI on the contralateralextrem
ity. In Patient 5, emission scanning was performed from 0-60 mm,
and dynamic tumor time-activity curves were generated.

(2)

MRI

(SUV = activity (nanocuries/milliliter)

This semiquantitative technique is similar to that used by Griffeth

As partof the routine clinical management of these patients, and
enrollment of some of the patients in a pre-existing MR study at
DUMC, MR images obtained before, during and after completion
of neoadjuvant therapy, were available for comparison. However,

(6) and Adler (3,5) in their studies. Determination

MRI was not an integral component of this particular study.

x weight/dose
(gram/nanocuries)).
of glucose
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TABLE I
Continued
FDG-PET

@Surgery%

TumorPretherapyPost-therapyscanE&y
killCommentsNot
therapy scanpresurgery

performedNot

performedAbsent

T2WIV100Peak

central
uptake; peÃ±pheral
nmuptakeAbsent

central enhancement
peri@ nm enhancement
HighSI centrallyon

SUV2.6Moderate
extension
T2WIV40Ave.
of intratumoralNot
SUV1.2region
of absent
uptakePeak

pertormedDevelopment

SIN 12.0Moderate extension
radiOgraphAve. of intratumoralNot
SIN 6.1regiOn
of absent
uptakePeak
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of high
intratumoralSI on T2W1Y>95Pulmonary

SUV5.1Small extension of
dutingAve.
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SUV4.0regiOn
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uptaketherapyPeak

performedNot
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performedNot
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performedFDG
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enhancement of
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duringPeak

SUV1.5@â€˜Â°â€œ

SUV3.9Peak
ofV>95%Ave.
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@
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@Â°

SUV2.3Gadolinium
SUV1.8@Â°I'
SIN 3.4of

enhancement
tO and

Path@aI
Assessment
The interpretationand grading ofthe tumor prior to therapy, and
the assessment ofpathologic response to neoadjuvanttherapy,includ
ing determination of percentage tumor cell kill, was performed by an
experienced pathologist The surgical specimens, obtained following
completion of neoadjuvant therapy, were evaluated in a uniform,

grade 3 (high-grade) sarcomas was: peak SUV 2.0-12.0 (mean
5.8), average SUV 1.7â€”6.1 (mean 3.6). The one grade 1

prospective fashion, with the pathologist unaware of the PET scan
results. The gross, bihalved specimen was photographed and sections
taken from multiple blocks. Differing anatomic locations within the
specimen were evaluated histologically for persistent tumor cells, and
an estimation of percentage tumor cell kill was determined. The
surgical margin and any biopsy tracts were also assessed.

Neoadjuvant Treatment
FDG-PET scans performed after one course of combined
radiotherapy and hyperthermia (Patients 2, 3, 4) revealed
development of well-defined intratumoral regions of absent
FDG uptake (Figs. 1, 2). A post-therapy, presurgery FDG-PET
scan only was performed in the case of Patient 1. This
demonstrated absent FDG uptake within most of the tumor, but
a thin rim of accumulation was noted at the periphery of the
lesion (Fig. 3), with an SUV of3.7. Pathologic correlation with
the surgical specimens showed that the intratumoral region of
absent uptake corresponded with widespread necrosis, with no
viable cells (either benign or malignant) identifiable. The
peripheral rim of FDG accumulation surrounding the necrotic
tumor corresponded with a pseudocapsule, consisting of benign
fibrous tissue, with no viable tumor cells found.

RESULTS
Table 1 documents the tumors studied, the neoadjuvant
therapy administered, FDG-PET scan and MRI findings, and
the pathologic response following neoadjuvant therapy.

Bassirne FOG-PET Sb@dies
All tumors imaged at diagnosis (n = 7), and before neoad
juvant therapy, demonstrated increased FDG accumulation
relative to adjacent normal soft tissue. The SUV range ofthe six

(low-grade) sarcoma studied (Patient 2) had a peak SUV of 2.6
and average SUV of 1.2.

Combined RadietherapyMyperthermie

FDG-PET MONITORiNG
OF S@aCot@ii@
â€¢
Jones et al.
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FIGURE5. Axial(top) and coronal (bottom)FDG-PETimages through a
proximal right tibial osteosarcoma, followingeffective treatment (100%
tumor cell kilO.Significant FDG uptake is present at the tumor site, with tumor

to backgroundratioof 6:1. HistologiccorrelatiOn
of the tumorfollowing
treatment showed ingrowthof granulationtissue and fibrosiswithno tumor
cells identified.
@

@

@

@

@

Chemotherapy Neoadjuvant Treatment
Two patients (5 and 9), treated with neoadjuvant chemother
apy, underwent all three planned FDG-PET studies. The tumors
were responsive to treatment with greater than or equal to 90%
tumor cell kill achieved. The post-therapy PET studies demon
strated a generalized reduction of FDG uptake throughout the
tumor, compared to the baseline study (Patient 5 had a 50% and
Patient 9 had a 25% reduction of average tumor SUV) (Fig. 4).
This reduction in SUV was first apparent on the early therapy
study performed after completion of the first cycle of chemo
therapy. However, no intratumoral regions of absent uptake
were seen. Pathologic correlation revealed tumor cell kills of
90% and >95%, respectively. Infiltration of the tumor site by
granulation tissue and fibrosis was found, consistent with a
reparative process associated with chemotherapy. In Patient 6, a
post-therapy presurgical PET study only was performed. This
revealed significant FDG uptake within the tumor following
completion ofthe chemotherapy, with the tumor-to-background
count ratio measuring 6: 1 (Fig. 5). Pathologic examination
showed 100% tumor cell kill and infiltration of the tumor site
by granulation tissue and fibrosis.
In Patient 5, dynamic emission scanning and ROl analysis
demonstrated an absolute reduction in peak and average tumor
SUV at 60 mm and a trend of reduced rate of tumor FDG
accumulation, between 10 and 60 mm both during and after
therapy. No change was seen in adjacent normal soft-tissue
SUV with treatment.

@ent9
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Incisional Biopsy-Related FDG Uptake
Patient 9 underwent incisional biopsy of the distal right
femoral tumor approximately 7 days prior to transfer to DUMC.
On all three PET studies, FDG uptake was seen at the site of
incisional biopsy and in the distribution of the adjacent perios
teum which had been interrupted at surgery (Fig. 6). The
maximal SUV associated with the incisional biopsy site oc
curred on the early therapy study (approximately 2 1 days
following biopsy) and measured 4.0. Pathologic correlation
revealed benign penosteal reaction and no extension of tumor
beyond the intramedullary compartment (Fig. 6C).

t:

:

:@

: @E1FF

I

MRI Correlation
MRI and FDG-PET correlation was performed when MR
images were available. Dynamic gadolinium-DTPA enhanced
imaging, quantitative T2 measurements, and spectroscopy were
not used in this study. Areas of absent FDG uptake (i.e.,
necrosis) occurring within the tumors treated with combined
radiotherapy/hyperthermia, correlated with high-signal inten-

all three patients who had available MR studies for correla
tion (Patients 1, 2, 3) (Fig. 1B). These areas also correlated
with absent gadolinium enhancement (Fig. 3). Gadolinium
enhancement was noted corresponding to the tumor pseudo

sity on the T2-weighted conventional spin echo MR images in

capsule (Fig. 3), to granulation tissue and fibrosis within the
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treated tumor (Fig. 6D), and also to the site of incisional
biopsy (Fig. 6D).

DISCUSSION

@
@

Anatomic imaging and clinical assessment are currently used
to assess adjuvant therapy response in sarcomas and reliance is
largely placed on tumor volume changes (9). A study of
extremity osteosarcoma reported that the radiologic studies
used were of limited use in predicting poor response to
chemotherapy or a poor outcome and were not useful in
predicting a good response or outcome (13). Angiography has
also been used to assess therapy-induced reduction of tumor
vascularity (9). Other methodologies dependent, to some de
gree, on therapy induced metabolic or physiologic alterations,
have been proposed and include 31P magnetic resonance spec
troscopy @14â€”16),
dynamic and static contrast enhanced MRI
(1
Â°1Tl-chloride imaging (20,21 ), 67Ga-citrate imaging
(21 ),
Tc-MDP bone scanning (21 ) and color Doppler flow
imaging (22).
FDG-PET scanning has been shown to be of some value in
assessing therapeutic response in a variety of malignancies
(23â€”29).This study reports the results ofFDG-PET scanning in
the monitoring of neoadjuvant therapy response of soft-tissue
and osseous sarcomas.

SW andTumorGrade
The SUV range of the seven sarcomas studied at diagnosis is
consistent with previous findings (5), in which sarcomas with
average SUV > 1.6 represented high-grade (Grade 2 or 3)
tumor, and low-grade tumor or benign lesions were associated
with average SUV < 1.6. Our results are consistent with the
concept that lesion SUV can be used to predict tumor grade,
although we studied only one low-grade tumor.
Pattern of FDG Uptake During Neoadjuvant Therapy
Differing patterns of tumor FDG accumulation were seen in
sarcomas treated with combined radiation/hyperthermia com
pared to those with chemotherapy. This presumably relates to
differing mechanisms of action, with effective radiation/hyper
thermia therapy apparently resulting in early development of
large macroscopic regions of necrosis within the tumor, with
pancellular death. On the other hand, chemotherapy results in
tumor cell kill but also appears to be associated with concomitant

infiltration of granulation tissue and fibrosis into the tumor bed.
In tumors treated with combined radiation and hyperthermia,
it seems possible to gauge the degree of tumor necrosis by
assessing the size of the regions of absent FDG uptake. In the
tumors treated with chemotherapy, responsive tumors showed a
generalized reduction ofFDG uptake throughout the lesion, and
this was apparent on the early therapy study. A similar early
reduction in tumor SUV was reported in primary breast cancers
after effective treatment was initiated (23).
The tumor SUV increased on the early therapy study,
compared to baseline, in Patient 7, and progressive metastatic
disease was detected during and after therapy. The possible
significance of this finding requires further investigation.

Dynamic emission scanning was performed in Patient 5 who
was treated with chemotherapy which resulted in 90% tumor
cell kill. The findings of reduction in absolute tumor SUV and
rate of tumor FDG accumulation, with effective treatment, are
consistent with previous findings (29).
FDG

Uptake

In

Benign

Tissues

Patient 6, treated effectively with chemotherapy, was found
to have accumulation of FDG in the tumor following comple
tion of therapy, despite a finding of 100% tumor cell kill on
pathologic evaluation. While a tumor SUV was not available,

the tumor-to-background count ratio was 6: 1, which is in the

range of high-grade tumor (5). FDG activity in the tumor bed
site is presumably related to cellular uptake within the granu
lation and fibrotic tissue.
Other evidence of FDG uptake within benign tissue, with SUV

in the range seen of high-grade tumor, is demonstrated by uptake
in the distribution of the fibrous pseudocapsule of a treated tumor
and uptake at an incisional biopsy site. In sarcomas treated with

neoadjuvant chemotherapy, this finding may be of particular
importance, as the resultant SUV of a tumor, at a particular point
in therapy, may be determined by the balance between a reduction
in FDG accumulation resulting from tumor cell kill and FDG
accumulation resulting from therapy induced infiltration of benign
tissue in the tumor site. Indeed, FDG accumulation by inflamma

tory cells has previously been reported (5,6,26,30,31).
MR

Correlation

While MR correlation was limited in this study, the findings
agree with previous reports. An increase in signal intensity on
the T2-weighted images, occurring within the tumors treated
with combined radiation/hyperthermia, is consistent with, but
not specific for, tumor necrosis (16,32). Regions of absent
gadolinium enhancement, indicative of absent tissue perfusion,
did appear to correlate with necrosis (18). In contrast, demon
stration of absent FDG uptake, indicative of absent glucose
metabolism, would appear to represent a more specific finding
for necrosis. Gadolinium enhancement of immature scar tissue
and of the tumor pseudocapsule was seen, consistent with
previously reported enhancement of nonmalignant reactive
tissue (9,18). Thus, both MR and FDG-PET studies may
identify non-neoplastic tissue, and tend to overestimate the
amount

of residual

viable tumor.

CONCLUSION

This initial evaluation suggests that FDG-PET scanning may
be of benefit in the monitoring of sarcoma response to neoad
juvant therapy, but larger studies are required to fully define the
role of FDG-PET scanning in this clinical setting. Additionally,
the possibility ofincorporating whole-body FDG-PET scanning
in this patient population may prove to be very fruitful in
providing evidence of occult regional or distant metastatic
disease. The type ofneoadjuvant therapy administered alters the
pattern of FDG uptake seen within the tumor during and after
treatment. Prominent FDG accumulation may occur in benign,
reactive tissue both within and adjacent to the treated tumor,
and this finding should be taken into consideration when
interpreting the FDG-PET study.
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Thallium-201 Scintigraphy to Assess Effect of
Chemotherapy in Osteosarcoma
Katsuyuki Ohtomo, Shoji Terui, Ryohei Yokoyama, Hiroyuki Abe, Takashi Terauchi, Go Maeda, Yasuo Beppu and
Hisatoshi Fukuma
Divisions ofNuclear Medicine and Orthopedic Surgery, National Cancer Center Hospital, Tokyo, Japan; and Adviser for
Bone Tumor Pathology in the Committee ofMusculoskeletal Tumor, Japanese Orthopaedic Association, Tokyo, Japan

Imaging resutts in patients with high-grade osteosarcoma of the
extremities were reviewed to determine whether scintigraphk@ap

pearance correlated with histologicresponse to preoperative che
motherapy. Methods Histologically, the percent tumor necrosis in
specimens from 30 patients were classified into three grades: grade
1 = necrosis less than 60%, grade 2 = 60%â€”89%necrosis and
grade 3 = diffuse necrosis greater than 90% based upon whole
transverse sections. Scintigraphically, we analyzed @Â°@T1
uptake
before and after preoperative chemotherapy. The changes in the
tumor-to-background ratio were defined by an alteration ratio.
Results Of the 11 patients with a grade 1 response, the ratio
showed -67.1 % Â±45.4% (mean Â±s.d.). Of the 9 patients wfth a
grade 2 response, the ratio showed 37.9% Â±29.9% ofthe 10 patients

with a grade 3 response the ratio showed 105.5% Â±12.4%. The
ratioscorrelatedwellwiththe histologk@
grades (p < 0.0001; anatysis
of variance).Conclusion: Thallium-201scintigraphyaccurately as

sesses the effectof chemotherapyon osteosarcoma
Key Words thallium-201-chloride; osteosarcoma
motherapy
J NucI Med 1996;37:1444-1448

preoperative the

since intensive chemotherapy was introduced (1â€”4).In addition to
postoperative adjuvant chemotherapy, neoadjuvant chemotherapy,
adopted as a combination ofpre- and postoperative chemotherapy,

has recenfly been commonly used to treat patients with primary
osteosarcoma (4). Although whether the neoadjuvant chemother
apy itself has further impmved the survival rate is controversial,
the 5-yr survival rate for patients with osteosarcoma receiving this
therapy has reached approximately 60%-70% (4-7).
Recent reports indicate that the degree of tumor necrosis
following preoperative chemotherapy is likely to be an indicator
of the prognosis for patients with primary osteosarcoma (7â€”9).
It is now accepted that the patients whose tumors have more
than 90% necrosis have a better prognosis than those with less
than 90% necrosis (6,8â€”11). A means of quantitative analysis
of tumor necrosis prior to surgery, however, has not yet been
established. To evaluate the effects of chemotherapy, we
performed 201Tl-cMoride scintigraphy in patients with osteosar

coma both before and after preoperative chemotherapy and ana
lyzed the images. We evaluated correlations among scintigraphic
appearance, histologic degree of tumor necrosis and prognosis.

Thesurvival
rate
ofpatients
with
high-grade
osteosarcoma
ofthe
extremities during the past two decades has dramatically improved
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MATERIALSAND METhODS
Patients
From June 1983 to September 1994, 30 patients diagnosed with
high-grade osteosarcoma ofthe extremities were studied with 201Tl
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