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Clinical diagnosis of skeletal tumors can be difficult, because
such lesions compose a large, heterogeneous group of entities
with different biologic behaviors. The aim of this prospective
study was to assess the value of PET in grading tumors and
tumorlike lesions of bone. Methods: Two hundred two patients
with suspected primary bone tumors were investigated using
FDG PET. Uptake of FDG was evaluated semiquantitatively by
determining the tumor-to-background ratio (T/B). All patients
underwent biopsy, resulting in the histologic detection of 70
high-grade sarcomas, 21 low-grade sarcomas, 40 benign tu-
mors, 47 tumorlike lesions, 6 osseous lymphomas, 6 plasmacyto-
mas, and 12 metastases of an unknown primary tumor. Results:
All lesions, with the exception of 3 benign tumors, were detected
by increased FDG uptake. Although sarcomas showed signifi-
cantly higher T/Bs than did latent or active benign lesions (P <
0.001), aggressive benign lesions could not be distinguished
from sarcomas. Using a T/B cutoff level for malignancy of 3.0, the
sensitivity of FDG PET was 93.0%, the specificity was 66.7%,
and the accuracy was 81.7%. Conclusion: FDG PET provides a
promising tool for estimating the biologic activity of skeletal
lesions, implicating consequences for the choice of surgical
strategy.
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gical approaches. Some lesions require no treatment, some
require biopsy, some curettage, and some en bloc resection
as the primary therapeutic step. Malignant primary bone
tumors such as osteosarcoma or Ewing’s sarcoma typically
occur at younger ages, and curative treatment is possible in
most of these patients. Early detection and precise classifica-
tion of these tumors helps to improve the prognosis.
Misdiagnoses caused by inappropriate imaging techniques
can lead to overtreatment of tumorlike lesions or undertreat-
ment of aggressive or malignant bone tumors, with disas-
trous consequences. In osseous sarcomas, accurate histo-
logic typing and grading determines surgical margins and
the necessity for adjuvant treatment: whereas chondrosarco-
mas require only surgical therapy, high-grade chondroblastic
osteosarcoma can be cured only by combined surgery and
polychemotherapy. The reliability of the histologic diagno-
sis primarily depends on the experience of the pathologist
and the quality and size of the biopsy specimen. Frequently,
misdiagnoses are the result of biopsies taken from a part of
the lesion that is not representative of the entire neoplasm.
With some entities, the diagnosis can be difficult even for
an experienced bone tumor pathologist. For example, distin-
guishing proliferative chondroma from well-differentiated
chondrosarcomal(?), or an aneurysmal bone cyst from
telangiectatic osteosarcona-3), sometimes can be impos-
sible without knowledge of the radiologic appearance.
Diagnosis of central, periosteal, or parosteal osteosarcomas,
which require different treatment strategies, can be estab-

Clinical diagnosis of tumors and tumorlike lesions ofiShed only with the aid of subtle imaging techniqués.

bone can be difficult, because they compose a multitude ofE€vated uptake of FDG as determined by PET has been
entities with heterogeneous biologic behaviors. The potefgPorted for malignant mesenchymal tumors in a few

tial for metastatic spread differs significantly between higtstudies. FDG PET has been proposed as a diagnostic tool for
grade and low-grade sarcomas and even exists for soffigfinguishing benign from malignant soft tissue and osse-

benign tumors such as giant cell tumors or benign chondf@YS 1€sions 4-7), for grading sarcomass(8-10, and for

blastomas 1,2). Furthermore, high local aggressivenesetecting local recurrencesl(13. In addition, FDG PET
occurs in certain stages of benign lesions. has been used for monitoring chemotherapy respordss (

Classification of skeletal lesions is based on an array %'f]d detecting pulmonary metastases in osteogenic sarcoma

differentiated imaging modalities, implicating different sur(14_)' Howeve_r, ina recent ;tudy of 26 patlent_s with skeletal
lesions, the biologic behavior of the tumors did not correlate

with their glucose metabolism as quantified by FDG PET
(15). The purpose of this study was to determine whether
FDG PET is reliable for grading tumors and tumorlike

lesions of bone.
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MATERIALS AND METHODS were individually defined for each lesion, excluding any areas
without detectable uptake within the tumor. ROIs were defined in
e transaxial section expressing maximum uptake and were larger

. . 2.6 ci h inst . Therefore, the ROI I t
patients (127 males, 75 females; age range, 1-78 y; median 3 an 2.6 cmin each instance. Therefore, the was aways a

28 y) with suspected primary bone tumors were examined by F §st 2 times the minimum resolution of the PET scanner (7 mm).
PET. The study inclusion criterion was radiographic evidence of € neoplas_m was clearly dema!rcateo_l fr_om surrounding tissue, and
osséous lesion suggestive of an active benign (Lodwick IB?;|e l:_)oundanes of the ROl were J.USt. within the apparent hypermet-
. . . . . bolic zone of the tumor. Quantitative assessment of FDG uptake
aggressive benign (Lodwick IC), or malignant primary bong based on transaxial sections exclusively. Tumor-to-back-
neoplasm and, therefore, the necessity for a biopsy. Patients VYPaS asec . Y- . .
had latent lesions with no radiographic signs of activity (Lodwic\:lé 8u_nd ra_tlos_(T/Bs) were calcu_lated using an ROI of |dent|c_al
1A) and without clinical symptoms were excluded, whereas éonf_lguratlon in the analog_ous S|t_e of the contralaf[eral extre_mlty,
’ elvic bone, or chest. In patients with a vertebral lesion, an adjacent

pﬁgirtsevxpggid;nlaog%m: IA’LiS';ZSQ?.Er:ZSEQteixm Igczl piu?naffected vertebral body was used as a reference region. To assess
u W 10PSY. et pai 9€ Welerobserver error, T/Bs were obtained by 2 independent physi-

imposed. All-patients or their parents gave written mformegians without knowledge of the clinical data and were averaged for
consent to be scanned with FDG PET before biopsy. . .
statistical evaluation.

The tumors were localized in the femur €1 56), pelvis (n=
48), humerus (= 32), lower leg (n= 30), thorax (n= 25), spine  Statistical Analysis
(n = 6), forearm (n= 3), or foot (n= 2). The size of the lesions  The Mann-Whitney test was used to compare the T/Bs of
ranged from 2.9 to 78.6 chon transaxial sections. different subgroups, and 95% confidence intervals (Cls) were

Incisional, excisional, or needle biopsy was performed withiga|culated according to Clopper and Pear<fl).(
8 d after PET. All patients with a diagnosis of primary bone

neoplasm underwent tumor resection. The majority of high-gratfngSUL.l.S

sarcomas received neoadjuvant chemotherapy. Definitive histo-

pathologic evaluation of the surgical specimen revealed 115 ma-Of 202 tumors investigated, 1 benign tumor and 2
lignant and 87 benign lesions, comprising 70 high-grade sarcomtignorlike lesions could not be visualized by FDG PET. A
21 low-grade sarcomas, 40 benign tumors, 47 tumorlike lesiorstage 1 osteochondroma of the proximal femoral metaphy-
6 osseous lymphomas, 6 plasmacytomas, and 12 metastasesi®fa sclerotic alteration of a thoracic vertebral body, and an
an unknown primary tumor. Sarcomas were classified as higteonecrotic lesion of the humeral head caused by previous
grade or low grade according to Ennekirigb), including histo- radiotherapy did not express any change in glucose metabo-
logic, radiographic, and clinical criteria. Likewise, benign tUMorgg compared with the reference region. All other lesions
were classified as latent (stage 1), active (stage 2), or aggres%'}s%ld clearly be detected by increased FDG uptake, with
(stage 3)16). T/Bs ranging from 1.1 to 73.0. Interobserver deviation of
FDG PET T/Bs ranged from 2% to 12% (median, 4%).

FDG PET studies were performed as described by Stollfuss et alHistologic diagnoses and the distribution of T/Bs are
(17) with a commercially available scanner (ECAT 931-08-1disted in Table 1. Table 2 correlates FDG uptake with the
Siemens/CTI, Knoxville, TN) that permits simultaneous acquishiologic activity of the investigated tumors. Among the
tion of 15 contiguous sections of 6.75-mm thickness with an axighrcomas, osteosarcomas had a tendency toward higher T/Bs
field of view of 10.1 cm. The minimum resolution was 7 mm fullthan did Ewing’s sarcoma®(< 0.01) and chondrosarcomas
width at half maximum at the center of the field of VieW.(P<0.001).G|ucose metabolism was greaterforhigh_grade
Attenuation was corrected with a rotatifi§Ge-%8Ga source. malignant lesions than for low-grade sarcom@s<( 0.01),
Depending on tumor size, transmission scans with a duration l?Lth no difference was observed in comparisons with aggres-
8 min per bed position were obtained for at least 3 bed positionsﬁve benign tumors. The T/Bs of stage 1 and 2 benign lesions

without overlap, on the same day as and before emission scans.” ~ . ii v | than th ot 3 benian lesi
Thus, repositioning of the patients was necessary using multi;%ere signincantly lower than those of stage s benign Iesions

laser-guided landmarks. The patients fasted for at Basbefore (P < 0-001) and of low-grade sarcomds< 0.001). Benign
the study; normal plasma glucose levels were documented befégftilage tumors showed a lower FDG uptake than did
FDG administration. In accord with a study by Ichiya et 48)( chondrosarcomasP(< 0.01). Among the benign lesions,
semiquantitative assessment of tumoral FDG uptake was basedytmnt cell tumors disclosed a significantly elevated glucose
static emission scans of the tumor site and the correspondimgetabolism P < 0.001).

contralateral area, with 2 or 3 contiguous bed positions, starting noUsing a T/B cutoff level of 3.0 for malignancy (preva-
earlier than 45 min (range, 45-60 min) after intravenous administignce, 56.9%), the sensitivity of FDG PET was 93.0% (Cl,

tion of a body mass—dependent dose of 120-300 MBq FDG. T@?%—96%), the specificity was 66.7% (Cl, 56%—76%), the

acquisition time was 10 min per bed position. Images Welg.., 0y was 81.7% (CI, 77%—-87%), the positive predictive
reconstructed with a multiplicative iterative reconstruction algo- ' '

rithm (19). v_alue was 78.7% (CI, 71%-85%), and the negative predic-
tive value was 87.9% (ClI, 78%—95%).
Data Analysis FDG PET revealed false-negative results for 6 low-grade
The PET scans were evaluated qualitatively and semiquantigarcomas (G 1) and 2 plasmacytomas. No false-negative
tively by analyzing the zones with elevated FDG uptake ofesults occurred among high-grade sarcomas, lymphomas of
transaxial, coronal, and sagittal sections. Regions of interest (ROg)ne, and skeletal metastases. In particular, false-negative

Patients
In a current prospective study initiated in January 1993, 242
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TABLE 1

Histologic Diagnosis and Distribution of T/B Values for 202 Skeletal Lesions

Diagnosis n Range Mean SD Median P*
Osteosarcoma 44 3.3-33.2 111 7.2 9.1 <0.001
Ewing’s sarcoma 14 4.0-31.0 7.1 7.0 51 <0.001
Chondrosarcoma 14 1.4-11.8 5.2 3.2 5.3 <0.01
Malignant fibrous histiocytoma 6 3.3-26.0 13.0 8.6 14.6 <0.001
Angiosarcoma 4 3.5-31.0 16.2 13.6 15.2 <0.01
Leiomyosarcoma 2 27.2-73.0
Other sarcomas 2 15.9-20.5
Chordoma 5 3.6-12.5 6.9 3.6 6.6 <0.01
Giant cell tumor 5 10.1-35.0 20.4 9.9 19.1 <0.001
Aneurysmatic bone cyst 15 1.1-59 3.0 15 2.3 NS
Simple bone cyst 9 1.0-35 1.7 0.7 15 NS
Chondroma 9 14-2.8 2.3 0.5 2.3 NS
Osteochondroma 8 1.0-2.9 21 0.6 21 NS
Fibrous dysplasia 4 5.2-11.5 7.4 2.8 6.5 <0.01
Nonossifying fibroma 6 1.2-18.6 6.8 6.9 45 NS
Desmoplastic fibroma 2 2.2-7.0
Chondroblastoma 2 6.5-33.6
Osteoid osteoma 2 2.4-2.9
Chondromyxoid fibroma 1 3.0
Osteofibrous dysplasia 1 2.8
Eosinophilic granuloma 2 45-4.7
Parathyroid osteopathy 1 5.1
Osteomyelitis 11 1.1-24.1 5.6 7.3 2.4 NS
Other tumorlike lesions 9 1.0-2.3 1.6 0.6 1.7 NS
Bone metastasis 12 4.6-34.0 15.2 8.6 14.2 <0.001
Malignant lymphoma 6 3.5-49.2 219 16.5 18.7 <0.001
Plasmacytoma 6 1.3-15.1 8.4 5.6 9.5 <0.05

*Calculated by comparison with stage 1 and 2 benign lesions.
NS = not significant.

results were found for 6 patients with low-grade chondrosal), and parathyroid osteopathy € 1); 6 of 15 cases of
coma (n= 12), among them 1 woman with Ollier's diseaseaneurysmatic bone cyst; 3 of 6 cases of nonossifying
in which malignant transformation of a chondroma hafiboroma; 1 simple bone cyst complicated by pathologic
occurred. However, both patients with high-grade chondréracture; and 3 of 10 cases of hematogenous osteomyelitis.
sarcoma had markedly elevated glucose metabolism. e far as the biologic activity of benign tumors is concerned,
false-negative findings occurred for patients with osteosd&ET revealed false-positive results for all stage 3 aggressive
coma (n= 44; Fig. 1), Ewing’s sarcoma (1 14), malignant lesions (n= 12), 13 of 43 stage 2 active lesions (30.2%), and
fibrous histiocytoma of bone (& 6), or angiosarcoma of no stage 1 latent lesions ¢a11).
bone (n= 3). Because PET offered better spatial resolution than did
Using a T/B cutoff level of 3.0, malignancy was falselyconventional bone scanning, the topographic information
predicted for 29 benign lesions, including all cases of giaptovided could contribute to the differential diagnosis in
cell tumor (n = 5; Fig. 2), fibrous dysplasia (== 3), several cases. For example, in a patient with a low-grade
eosinophilic granuloma (& 2), chondroblastoma (& 2), periosteal osteosarcoma, which characteristically does not
chondromyxoid fibroma (i 1), desmoplastic fiboroma @  affect the medullary cavity, PET clearly showed a high FDG

TABLE 2
Distribution of T/B Values for Skeletal Lesions of Different Biologic Activity
Diagnosis n Range Mean SD Median P*
High-grade sarcoma 70 3.3-73.0 11.9 10.6 8.1 <0.001
Low-grade sarcoma 21 1.4-31.0 6.8 6.4 5.4 <0.001
Stage 3 benign lesions 12 3.0-35.0 14.0 115 8.6 <0.001
Stage 1 and 2 benign lesions 54 1.0-18.6 3.2 3.0 2.3

*Calculated by comparison with stage 1 and 2 benign lesions.
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FIGURE 1. A 14-y-old boy with thoracic
high-grade chondroblastic osteosarcoma.
(A) Radiograph shows osteolytic destruc-
tion of seventh rib. (B) MR image shows
inhomogeneous uptake of gadolinium—
diethylenetriaminepentaacetic acid within
primary lesion and highly vascularized tu-
mor satellite adjacent to diaphragm. (C)
PET image before neoadjuvant chemother-
apy shows inhomogeneous FDG uptake in
primary lesion (T/B, 10.3) and homoge-
neous hypermetabolism of satellite (T/B,
11.7).

accumulation around the diaphyseal cortex and inconspi@graphy, 3-phase bone scintigraphy, CT, and contrast-

ous uptake within the medullary cavity (Fig. 3). enhanced dynamic MR2(). Although conventional radiog-
raphy remains the mainstay in the evaluation of any bone
DISCUSSION lesion and allows reliable assessment of lesion aggressive-

Established imaging modalities for distinguishing benigness, this imaging method often does not permit a determina-
from malignant skeletal lesions comprise conventional radien of whether a lesion is malignant; on radiographs, some

FIGURE 2. A 32-y-old woman with stage
3 giant cell tumor of tibial head. (A) Radio-
graph shows radiolucent, ill-defined lesion
located eccentrically in epiphysis and adja-
cent metaphyseal region with destruction of
dorsomedial cortex. (B) MR image shows
homogeneous uptake of gadolinium—diethy-
lenetriaminepentaacetic acid within lesion
and tumoral infiltration of popliteus muscle.
(C) PET image shows highly hypermeta-
bolic lesion suggestive of malignant tumor
(T/B, 35.0). (D) Gross specimen shows
subchondral extension, cortical destruction, §
and typical hemorrhagic aspect of giant cell
tumor.
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FIGURE 3. A 10-y-old girl with low-grade
periosteal osteosarcoma of femur. (A) Angio-
gram shows moderate vascularization, sau-
cerization of adjacent cortex, and radiating
spicules. (B) MR image shows tumor lo-
cated at external surface of bone without
involvement of marrow cavity. (C) Bone
scintigram shows hypermetabolic diaphy-
seal lesion without anatomic details. (D)
PET image shows that tumor is surrounding
femur (T/B, 6.1) and that medullary cavity is
without elevated uptake, enabling definitive
exclusion of classic central osteosarcoma.
(E) Gross specimen shows lesion limited to
external surface of bone, without medullary
penetration.

malignant lesions appear nonaggressive and some berdgteoblastic activity in the bone tissue surrounding the
lesions appear highly aggressive. Bone scintigraphy tismor, whereas the accumulation of FDG is associated with
highly sensitive for detecting intraosseous lesions but gendre metabolic activity of the tumor itsel24). The high

ally does not enable discrimination between benign arspecificity of PET, compared with bone scintigraphy, im-
malignant causes of increased uptake of radiopharmaceptieves estimates of biologic behavior and enables a more
cal (22). The principal role of bone scintigraphy in evaluatprecise assessment of tumor topography. CT and MRI reveal
ing osseous lesions is determining whether the processeicellent anatomic detail for primary bone tumors and allow
monostotic or polyostotic or, less frequently, whether accurate preoperative local staging. In addition, these tech-
tumor is aggressive or nonaggressi2a)( Evaluation of the niques permit assessment of the intramedullary extent of the
arterial blood supply of an osseous lesion using the firdisease and soft-tissue involvement, particularly the relation-
phase of the bone scan suggests the aggressivenessshipl between the tumor mass and major neurovascular
prognosis of the lesion, whereas an increase®ific- structures 25). Additionally, dynamic MRI enhanced by
phophate compounds seen on delayed bone scans igadolinium—diethylenetriaminepentaacetic acid (DTPA) pro-
nonspecific finding Z3). Methylene diphosphonate reflectsides information about the grading of primary bone tumors,
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with a degree of overlap between benign and malignaBeveral active or aggressive stage 2 or 3 benign lesions, such
tumors @6). In general, the ability of CT and MRI to as giant cell tumors and some aneurysmatic bone cysts,
distinguish between certain benign and malignant osseamild not be distinguished from malignant tumors using
lesions is limited 27). FDG PET. Interestingly, dynamic gadolinium-DTPA—
In planning surgical strategy, one has to consider not ordppnhanced MRI of aggressive benign bone tumors such as
the grade of malignancy but also local aggressiveneggant cell tumors, for which histologic evaluation of biologic
which may occur both in malignant and in benign lesion®ehavior is difficult even for experienced pathologists,
Therefore, we primarily attempted to evaluate the biologighowed a pattern of increased signal intensity similar to that
activity of osseous tumors and tumorlike lesions using FD@& malignant tumors 46). Nevertheless, in a case of
PET. The parameters for quantification of FDG uptake atelangiectatic osteosarcoma, PET revealed a higher FDG
standardized uptake values and T/Bs. For practicability abgtake (T/B, 6.6) for the malignancy than for aneurysmatic
independence of transmission scanning, we used T/Bgne cysts (maximal T/B, 5.9). However, why skeletal
instead of standardized uptake values. Studies on gradiagions with moderate biologic activity, such as fibrous
soft-tissue tumors7) and predicting the response of osteosaflysplasia or osteofibrous dysplasia, appear strongly hyper-
comas to neoadjuvant chemotheraf)(have shown that metabolic remains unclear. Malignant transformation is
the exclusive use of T/Bs estimates the biologic activity dfown to occur in approximately 1% of fibrous dysplasia
skeletal lesions with great accuracy. cases1,2). We observed a patient with rhabdomyosarcoma
Sarcomas and aggressive benign tumors, both of whiehthe innominate bone that disclosed a markedly increased
require resection with wide surgical margins, showed PG uptake (T/B, 15.9). Some years ago, this patient
markedly elevated glucose metabolism compared with latefitderwent several surgeries because of histologically proven
and active benign lesions. Therefore, preoperative analyfyous dysplasia at the same location.
of glucose metabolism can help in choosing the best surgicaA general problem with FDG PET in tumor diagnosis is
procedure for benign tumors with inconclusive radiologi#e known accumulation of the glucose analog FDG not only
findings. In the identification of skeletal lesions for whicin tumor cells but also in macrophages and granulation
curative treatment requires wide surgical excision, analydigsues 28) and in inflammation, such as osteomyelitis
of glucose metabolism can improve the diagnostic value 6%.29- We observed 3 false-positive results caused by
FDG PET with a sensitivity of 93.7% (CI, 86%-98%), dnflammatory processes.
specificity of 76.3% (Cl, 65%—-85%), an accuracy of 87.1%
(Cl, 82%—-91%), and a positive predictive value of 86.89%ONCLUSION
(Cl, 80%—-91%). PET is valuable for assessing osseous lesions in several
Grading mesenchymal skeletal lesions using FDG PEsftuations. If the character of an asymptomatic bone lesion as
can be helpful for equivocal tumors, particularly lesions fashown on standard radiographs is questionable, the level of
which a discrepancy exists between histopathologic diagnoetabolic activity can be used to decide whether a histologic
sis and clinical findings. If, in a lesion described as harmlessaluation is required, particularly if biopsy would be
by the pathologist, FDG uptake is high, a bone tumadlifficult, as for the pelvis. PET also is useful in cases of
specialist should reevaluate the biopsy specimen, or—if thescrepancy between the histologic diagnosis and the imag-
biopsy specimen is considered nonrepresentative—a secorglor clinical data. Finally, the high sensitivity of PET in
biopsy should be obtained. Alternatively, the tumor may baetecting malignant skeletal primary tumors implies that it
resected with extended surgical margins, if such a resectiwnuld be useful for diagnosing skip lesions as well as occult
is possible without major risks or functional loss. If FDGskeletal, lung, and visceral metastases. This aspect of tumor
uptake is low in a lesion histologically characterized astaging deserves further evaluation.
malignant, the specimen should be reevaluated carefully,
especially if mutilating surgical procedures or chemotheragy\CKNOWLEDGMENT
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