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Background: The purpose of this prospective study was to identify if F-18-fluorodeoxy-p-glucose positron emission
tomography (F-18-FDG PET) was a reliable noninvasive surrogate of histologic response in determining the efficacy of
neoadjuvant chemotherapy before surgical resection in primary osteosarcoma.

Methods: Between January 2003 and December 2003, 10 patients with primary osteosarcomas were examined using
F-18-FDG PET before neoadjuvant chemotherapy and surgery. The mean age at the time of first intervention was 19 years
(range, 4-47 years). Positive prognostic significance was defined as more than 90% tumor necrosis response following
neoadjuvant chemotherapy. The parameters of FDG uptake were correlated with histologic findings. The intraclass corre-
lation coefficient was used to validate the tumor necrosis rates determined by PET and histology.

Results: The tumor necrosis rate determined by PET was comparable with that determined histologically. The mean
standardized uptake value before and following neoadjuvant chemotherapy were 8.2 and 4.4, respectively. The average
tumor necrosis rate determined by PET was 22%. However, the mean tumor necrosis rate determined histologically was
54.5%. According to the intraclass correlation coefficient models, the intraclass correlation coefficient equaled 0. The
relationship of tumor necrosis rates determined by F-18-FDG PET and histology seems to be statistically insignificant.
Conclusion: In this preliminary study, FDG PET did not seem to be a promising tool for evaluating the response of primary

Introduction

By reducing tumor vascularity, viability, and peri-
tumor edema, neoadjuvant chemotherapy may facili-
tate limb-sparing resections and reduce the number of
amputations. The combination of multiagent chemo-
therapy and surgery has dramatically improved the
prognosis for patients with primary bone and soft tis-
sue sarcoma. Neoadjuvant chemotherapy also allows
histologic assessment of the tumor response. Further-
more, neoadjuvant chemotherapy permits the design
of reconstruction method after surgical resection.

osteosarcoma to neoadjuvant chemotherapy. [J Chin Med Assoc 2006;69(8):372-376]
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Short-term assessment of tumor response gener-
ally 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.'? Also, because osseous lesions, such as
osteosarcoma and Ewing’s sarcoma, frequently do
not change in size in response to chemotherapy,
radiographic evaluation of response by computed
tomography (CT) or magnetic resonance imaging
(MRI) does not discriminate between responding and
nonresponding tumors.? F-18-fluorodeoxy-D-glucose
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positron emission tomography (F-18-FDG PET) is
an alternative imaging modality. PET imaging differs
considerably from conventional imaging modalities
such as MRI, CT, and ultrasonography because it
quantifies the functional activity of tissue by using a
labeled glucose analog, FDG, but not its morpho-
logic abnormality.* Tumor tissues generally show
enhanced glycolysis,> and elevated uptake of FDG
determined by PET has been reported in malignant
mesenchymal tumors in a limited number of stud-
ies.>” FDG-PET has been proposed as a diagnostic
tool for discriminating benign and malignant soft tis-
sue and osseous lesions,®!! for the grading of sarco-
mas,'®12 and for the detection of local recurrence.'3

The aim of the current study was to evaluate the
reliability of FDG-PET in the assessment of neoadju-
vant chemotherapy response in osteosarcoma patients
by correlation with histology.

Methods

Patients

This prospective study was conducted at the Depart-

ment of Orthopedics and Traumatology, Department

of Nuclear Medicine, and Department of Pathology,

Taipei Veterans General Hospital. Patients attending

our outpatient department who met all the following

criteria were included:

1. Biopsy-proven primary osteosarcoma;

2. Newly diagnosed, had not been treated at other
hospitals;

3. Solitary lesion; no other bone or lung metastasis;

4. Allowed and planned to be treated with neoadju-
vant chemotherapy before the definite tumor
resection surgery;

5. No pathologic fracture.

The study was approved by the hospital review board.

Procedure

All patients underwent PET imaging twice with FDG:
first, in the week before initiation of neoadjuvant
chemotherapy; second, in the week after the comple-
tion of neoadjuvant chemotherapy. FDG uptake was
quantitated using average standardized uptake value
(SUV). All data recording FDG uptake were obtained
twice from the 2 PET images. Positive prognostic sig-
nificance was defined as more than 90% tumor necro-
sis response following neoadjuvant chemotherapy. The
neoadjuvant chemotherapy regimens employed con-
tained high-dose methotrexate, doxorubicin, cisplatin,
and ifosfamide, and they generally followed the pro-
tocols employed by the Pediatric Oncology Group.!*
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All data were subjected to Pearson’s correlation coet-
ficient model analysis. SUV, a quantitative index of
tissue uptake of FDG, was computed as follows:

PET activity

SUV =
Injected dose/body weight

The tumor necrosis rate was quantified using tumor-
to-nontumor ratios from PET-2 imaging. Thus, a
region of interest was drawn to follow the contours of
the elevated FDG activity in the axial slice with maxi-
mum tumor activity. An identical region of interest
representing background activity was placed around
comparable unaftected tissue on the contralateral side.
The PET-2 scans were sliced into pixels and compared
with the background activity to quantify the tumor-
to-nontumor ratios. The percentage of nontumor area
was defined as the tumor necrosis rate.

Comparison between tumor necrosis rates, PET and
histology was made with intraclass correlation coeffi-
cient model.

PET scanning

Patients fasted for more than 2 hours before the pro-
cedure. They then signed informed consent forms for
the procedure and received 7-10 mCi of FDG i.v. over
2 minutes. After a 45-minute equilibration period dur-
ing which the patient was at rest, attenuation-corrected
emission images over the tumor were acquired on a
Siemens EXACT HR+PET scanner. Typically, the
tumor extent was captured in 2 adjoining 15 cm fields
of view. Reconstructed attenuation-corrected images
were viewed in the transaxial planes and hand drawn
regions of interest were placed over the tumor for cal-
culation of the SUV. Regions of interest were drawn
to follow the contours of the elevated FDG activity as
compared to normal tissue, contralateral to the tumor
site (Figures 1 and 2). The SUV was generated by the
tomographic software as the ratio mentioned above.

Histologic response to neoadjuvant
chemotherapy

Response to chemotherapy was assessed in the
postchemotherapeutic surgical specimens according
to the well-established and highly reproducible classi-
fication of Salzer-Kuntschik (grades I to VI).1%!¢ The
percentage of vital areas in relation to the entire
tumor area was determined by an experienced pathol-
ogist who examined the slices of the resected speci-
mens independently of clinical or imaging findings.
The area of tumor necrosis was determined by exam-
ining the largest histologic section. A good response
to chemotherapy was defined as less than 10% residual
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vital tumor area; 10% vital tumor area or more indi-
cated a poor response.

Statistical analysis

Comparison between tumor necrosis rates calculated
by different modalities, PET and histology, was made
with the intraclass correlation coefficient model. The
intraclass correlation coefficient, p, ranges from 0 to 1,
with p=0 indicating no correlation at all and p=1
indicating perfect correlation.

Figure 1. The F18-FDG PET study before neoadjuvant chemo-
therapy was performed on a 17-year-old boy (Case 4) with osteo-
sarcoma on his right distal femur.

Figure 2. F-18-FDG PET study after neoadjuvant chemotherapy in
the same patient (Case 4).
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Results

Between January and December 2003, 10 patients
with primary osteosarcomas were examined using FDG
PET before neoadjuvant chemotherapy and surgery.
The mean age at the time of first intervention was
19 years (range, 4—47 years). All patients underwent
PET imaging twice with FDG: before initiation and
after the completion of neoadjuvant chemotherapy.
Eight patients were male, and 2 were female. Four
cases involved the distal femurs, 3 proximal tibias, 1
proximal humerus, 1 proximal fibula, and 1 involved
the proximal femur. Regarding histology type, 7 were
osteoblastic, 1 was fibroblastic, 1 was chondroblastic,
and 1 was of mixed type. The tumor necrosis rate deter-
mined by FDG PET was compared with that deter-
mined histologically. The mean SUV value before
neoadjuvant chemotherapy was 8.2 (1.4-13.6), and
the mean SUV value following neoadjuvant chemo-
therapy was 4.4 (1.7-9.6). The average tumor necro-
sis rates determined by PET and histology were
22% (11-39%) and 54.5% (17.5-100%), respectively
(Table 1). According to the intraclass correlation
coefticient models, the p value was 0 (Table 2). The
relationship of tumor necrosis rate between PET and
histology seemed to be statistically insignificant.

Discussion

The histologic response to neoadjuvant chemotherapy
is an important prognostic indicator of disease-free sur-
vival following treatment of primary musculoskeletal
malignant neoplasms, in particular osteogenic sarcoma
and Ewing’s sarcoma.!>1718 Furthermore, we also
used the histologic response following neoadjuvant
chemotherapy to guide the selection of alternative

Table 1. Details of the 10 patients in the current study

Necrosis rate

Patient Sex Tumor site Suvl Suv2
n PET (%) Histology (%)

1 47 F Proximal femur 7.3 5.0 26 38
2 15 M Proximal tibia 11.7 9.6 30 50
3 18 M Proximal tibia 9.3 3.2 20 100
4 17 M Distal femur 12.6 5.4 20 33
5 4 M Proximal tibia 9.4 6.7 24 15

6 24 M Proximal fibular 2.7 2.5 16 75

7 19 M Distal femur 13.6 2.2 17 100
8 5 M Proximal humerus 1.4 1.7 11 66
9 26 M Distal femur 9.0 4.8 17 17.5
10 15 F Distal femur 5.4 2.5 39 50

SUV =standardized uptake value; PET = positron emission tomography.
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Table 2. Comparison between tumor necrosis rates by PET and
histology

Necrosis rate

PET Histology
Number 10 10
Mean +SD 22.0+8.1 54.5+30.5
Median (range) 20 (11, 39) 50 (15, 100)
Intraclass correlation 0

coefficient (p)

PET = positron emission tomography.

postoperative chemotherapy in an attempt to improve
event-free survival rate.}”1%20 Less than 90% tumor
necrosis response following presurgical treatment
denotes a poor response and is associated with a less
favorable outcome.! Given the surgical and prognostic
implication of adequate histologic response, a reliable
noninvasive surrogate marker of histologic response
would be valuable in determining the efficacy of
neoadjuvant chemotherapy before surgical resection.

Recently, PET was shown to be valuable in assessing
the therapeutic response in various malignant condi-
tions.?1?? Additionally, the ability of PET to detect and
grade musculoskeletal sarcomas and their recurrence
has been shown in several studies.*®” Nieweg et al”
described the absence of FDG uptake within a treated
soft tissue sarcoma, which correlated histologically with
tumor necrosis. Shulkin et al?® reported decreasing
FDG accumulation in a responding Ewing’s sarcoma
during chemotherapy and radiation. The potential role
of FDG PET in monitoring response to therapy has
been shown by Jones et al>* in a small, heterogeneous
group of patients with soft tissue and bone tumors.
Another study from the Netherlands showed substantial
decreases in the glucose metabolism of soft tissue sar-
comas, with a pathologically complete response after
a hyperthermic isolated limb perfusion.?®

It is anticipated that tumor activity will be decreased
after neoadjuvant chemotherapy. Our results demon-
strated the fact that, of our 10 patients, in only 1
(patient 8) was the SUV2 larger than SUV1. We attrib-
ute this exception to excess inflammatory process that
could also increase glucose uptake. This may occur in
some patients after chemotherapy. With regard to the
tumor necrosis rate, the necrosis rates calculated by
PET were smaller than those by histology in 9 of 10
patients. We ascribe this to PET tending to have a
false-positive evaluation, which is supported by other
studies.?62”

Our results showed that the correlation between
PET and histology in determining the tumor necrosis
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rate was statistically insignificant. We attribute this to 2
reasons: the first being the relatively small case number
and the other is that the regions of interest might
be positioned in a different plane. Conventionally, our
pathologists examined the largest histologic section
for calculating the tumor necrosis rate. However, the
selected plane might be transaxial, coronal, or sagittal
and might, frequently, not be the same plane as that
used by PET. These 2 factors also contribute to the
major drawbacks of the current study.

In the present study, we used the intraclass corre-
lation coefficient model to verify the relationship of
the necrosis rates determined by 2 different methods,
histology and PDG PET. However, the p value was 0.
The relationship of tumor necrosis rate between FDG
PET and histology seemed to be statistically insignifi-
cant. Because the case numbers of this preliminary
study were relatively small, they may be insufficient to
make such a conclusion. We look forward to larger
series to evaluate the clinical significance of FDG PET
in osteosarcoma patients.

References

1. Feltcher BD. Response of osteosarcoma and Ewing sarcoma to
chemotherapy: imaging evaluation. AJR 1991;157:825-33.

2. Sostman HD, Prescott DM, Dewhrist MW, Dodge RK, Thrall
DE, Page RL, Tucker JA, et al. MR imaging and spectroscopy
for prognostic evaluation in soft tissue sarcomas. Radiology
1994;190:269-75.

3. Murphy WA. Imaging bone tumors in the 1990’s. Cancer
1991;67:1169-76.

4. Adler LP, Blair HF, Makley JT, Williams RP, Joyce M], Leisure
G, al-Kaisi N, et al. Noninvasive grading of musculoskeletal
tumors using PET. J Nucl Med 1991;32:1508-12.

5. Weber G. Biochemical strategy of cancer cells and the design of
chemotherapy: G.H.A. Clowes Memorial Lecture. Cancer Res
1983;43:3466-92.

6. Garcia JR, Kim EE, Wong FCL, Korkmaz M, Wong WH, Yang
WDJ, Podoloff DA. Comparison of fluorine-18-FDG PET,
technetium-99m-MIBI SPECT in evaluation of musculoskele-
tal sarcomas. | Nucl Med 1996;37:1476-9.

7. Nieweg OE, Pruim J, van Ginkel RJ, Hoekstra HJ, Paans AM,
Molenaar WM, Koops HS, et al. Fluorine-18-fluorodeoxyglu-
cose PET imaging of soft-tissue sarcoma. J Nucl Med 1996,
37:257-61.

8. Dechdashti F, Siegel BA, Griffeth LK, Fusselman M]J, Trask
DD, McGuire AH, McGuire DJ. Benign versus malignant
intraosseous lesions: discrimination by means of PET with 2-
[18FDG] fluoro-2-deoxy-D-glucose. Radiology 1996;200:
243-7.

9. Griffeth LK, Dehdashti F, McGuire AH, McGuire D], Perry
DJ, Moerlein SM, Siegel BA. PET evaluation of soft-tissue
masses with fluoro-2-deoxy-p-glucose. Radiology 1992;182:
185-94.

10. Nieweg OE, Pruim J, Van Ginkel R], Hockstra HJ, Paans AM,
Molenaar WM, Koops HS, et al. Fluorine-18-fluorodeoxyglu-
cose PET imaging of soft-tissue sarcoma. J Nucl Med 1996,
200:243-7.

375



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Schulte M, Brecht-krauss D, Heymer B, Guhlmann A,
Hartwig E, Sarkar MR, Diederichs CG, et al. Fluorodeoxyglu-
cose positron emission tomography of soft tissue tumours: is a
non-invasive determination of biological activity possible? Eur
J Nucl Med 1999;26:599-605.

Kern KA, Brunetti A, Norton JA, Chang AE, Malawer M,
Lack E, Finn RD, et al. Metabolic imaging of human extremity
musculoskeletal tumors by PET. | Nucl Med 1988;29:181-6.
Kole AC, Nieweg OE, van Ginkel RJ, Pruim J, Hoekstra HJ,
Paans AM, Vaalburg W, et al. Detection of local recurrence of
soft-tissue sarcoma with positron emission tomography using
[18F] fluorodeoxyglucose. Ann Surg Oncol 1997;4:57-63.
Link MP, Goorin AM, Miser AN, Green AA, Pratt CB, Belasco
JB, Pritchard J, et al. The effect of adjuvant chemotherapy on
relapse free survival in patients with osteosarcoma of the
extremity. N Engl ] Med 1986;314:1600-6.

Salzer-Kuntschik M, Brand G, Delling G. Bestimmung des
morphologischen Regressionsgrades nach Chemotherapie bei
malignen Knochentumoren. Pathologe 1983;4:135.
Salzer-Kuntschik M. Current classification of primary malig-
nant bone tumors. Z Orthop Ihre Grenzgeb 1992;130:257-8.
Meyers PA, Heller G, Healey J, Huvos A, Lane J, Marcove R,
Applewhite A, et al. Chemotherapy for nonmetastatic osteogenic
sarcoma: the Memorial Sloan-Kettering experience. J Clin Oncol
1992;10:5-15.

Picci P, Rougartf BT, Bacci G, Neff JR, Sangiorgi L, Cazzola A,
Baldini N, et al. Prognostic significance of histopathologic
response to chemotherapy in nonmetastatic Ewing’s sarcoma
of the extremities. J Clin Oncol 1993;11:1763-9.

Provisor AJ, Ettinger L], Nachman JB, Krailo MD, Makley JT,
Yunis EJ, Huvos AG, et al. Treatment of non-metastatic
osteosarcoma of the extremity with preoperative and post-
operative chemotherapy: a report from the Children’s Cancer
Group. J Clin Oncol 1997;15:76-84.

Bacci G, Picci P, Ferrari S, Ruggieri P, Casadei R, Tienghi A,
Brach del Prever A, et al. Primary chemotherapy and delayed

376

T.L. Huang, et al

21

22.

23.

24.

25.

26.

27.

surgery for nonmetastatic oestosarcoma of the extremities:
results in 164 patients preoperatively treated with high doses of
methotrexate followed by cisplatin and doxorubicin. Cancer
1993;72:3227-38.

. Haberkorn U, Strauss LG, Dimitrakopoulou A, Engenhart R,

Oberdorfer F, Ostertag H, Romahn J, et al. PET studies of
fluorodeoxyglucose metabolism in patients with recurrent col-
orectal tumors receiving radiotherapy. J Nucl Med 1991;32:
1485-90.

Findlay M, Young H, Cunningham D, Iveson A, Cronin B,
Hickish T, Pratt B, et al. Noninvasive monitoring of tumor
metabolism using fluorodeoxyglucose and positron emission
tomography in colorectal cancer liver metastases: correlation
with tumor response to fluorouracil. J Clin Oncol 1996;14:
700-8.

Shulkin BL, Michell DS, Ungar DR, Prakash D, Dole MG,
Castle VP, Hernandez RJ, et al. Neoplasms in a pediatric popula-
tion: 2-(F-18)-fluoro-2-deoxy-p-glucose PET studies. Radiology
1995;194:495-500.

Jones DN, McCowage GB, Sostman HD, Brizel DM, Layfield
L, Charles HC, Dewhirst MW, et al. Monitoring of neoadju-
vant therapy response of soft-tissue and musculoskeletal sar-
coma using fluorine-18-FDG PET. ] Nucl Med 1996;37:
1438-44.

van Ginkel R]J, Hoekstra HJ, Pruim ], Nieweg OE, Molenaar
WM, Paans AM, Willemsen AT, et al. FDG-PET to evaluate
response to hyperthermic isolated limb perfusion for locally
advanced soft-tissue sarcoma. J Nucl Med 1996;37:984-90.
Utech CI, Young CS, Winter PE. Prospective evaluation of
fluorine-18 fluorodeoxyglucose positron emission tomography
in breast cancer for staging of the axilla related to surgery and
immunocytochemistry. Eur | Nucl Med 1996;23:1588-93.
Bender H, Kirst J, Palmedo H, Schomburg A, Wagner U,
Ruhlmann J, Biersack HJ. Value of 18-fluoro-deoxyglucose
positron emission tomography in the staging of recurrent
breast cancer. Anticancer Res 1997;17:1687-92.

] Chin Med Assoc ® August 2006 ¢ Vol 69 ¢ No 8



