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Evaluation of the effect of preoperative 
chemotherapy in bone sarcomas 
99mTc-HMDP scintigraphy in 34 cases 

Yutaka Kobayashi’, Toshifumi Ozaki’, Yoshihiro Takeda2, Akira Kawai’ and 
Hajime Inoue’ 

We quantitatively analyzed images of 99mTc-HMDP 
bone scintigraphy in 34 bone sarcomas before and 
after preoperative chemotherapy. The isotopic up- 
take was calculated as tumor-to-background ratio 
(TBR), and the changes in TBR before and after 
chemotherapy were calculated as the alteration 
ratio. The histological effect of preoperative chemo- 
therapy was classified in 4 grades, according to 
Huvos. We defined good scintigraphic responders 
as cases having decreased uptake after chemother- 
apy, with an alteration ratio 2 60%. 

There was a positive correlation (Rho = 0.76, 
p < 0.001) between the histological effect and the al- 
teration ratio. Of the 17 good histological respond- 
ers, 13 showed a good scintigraphic response. The 
average alteration ratio in 17 cases with good 
response (68%) was higher than that in 17 cases 
showing poor response (-9.9%) (p < 0.001). 3 
patients with pathologic fractures and 1 with prima- 
rily normal uptake showed false negative findings. 
The sensitivity of this method was 100% and the 
specificity was 81 YO. 
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Radionuclide bone scintigraphy with technetium- 
99m (99mTc) methylene diphosphonate (MDP) is very 
sensitive for the detection of primary and metastatic 
lesions of bone (Enneking et al. 1980, Menendez et al. 
1993). However, its value for assessing the effect of 
preoperative chemotherapy remains unknown. In ad- 
dition, no method of quantitative analysis that can 
predict tumor necrosis prior to surgery has yet been 
established. We performed 99mTc-hydroxymethylene 
diphosphonate (HMDP) bone scintigraphy in patients 
with malignant bone tumors before and after preoper- 
ative chemotherapy, in order to evaluate the effects of 
chemotherapy. The images were analyzed quantita- 
tively and compared with the histologic effects of 
treatment. 

Patients and methods 
34 patients with malignant bone tumor, diagnosed be- 
tween 1985 and 1997, were studied with 99mTc- 
HMDP bone scintigraphy before and after preopera- 
tive chemotherapy (Table 1). The study group consist- 
ed of 12 women and 22 men with a median age of 16 
(4-66) years. The diagnoses were osteosarcoma in 25 
patients, Ewing’s sarcoma in 6, and malignant fibrous 

histiocytoma (MFH) in 3. 17 tumors were in the fe- 
mur, 10 in the tibia, 2 in the ilium, 1 in the fibula, 1 in 
the talus, 1 in the clavicle, 1 in the humerus, and 1 in 
the metacarpal bone. All patients had stage IIB tu- 
mors (Enneking et al. 1980) and none of the patients 
had metastases at diagnosis. 4 patients with osteosar- 
coma had a pathological fracture before or during 
chemotherapy. After starting preoperative chemother- 
apy, all patients walked without weight bearing on the 
affected limb. 

25 patients with osteosarcoma and 3 with MFH re- 
ceived chemotherapy consisting of doxorubicin (60 
mg/m2), cisplatin (120 mg/m2), high-dose methotrex- 
ate (10-12 g/m2) with or without ifosfamide (14 g/ 
m2). 6 patients with Ewing’s sarcoma received doxo- 
rubicin (30 mg/m2), cyclophosphamide (1200 mg/ 
m2), actinomycin D (0.5 mg/mz), vincristine (1.5 mg/ 
m2), and methotrexate (30 mg/m2). All drugs were ad- 
ministered intravenously. 1 of the 6 patients with Ew- 
ing’s sarcoma also underwent irradiation, 30 gray, of 
a hand tumor. After the preoperative chemotherapy, 
all patients were operated on. 

Scintigraphy 
740 MBq 99mTc-HMDP was administered intrave- 
nously, and images were obtained after 3 hours. Scin- 
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Table 1. Comparison of scintigraphic and histologc results after chemotherapy 

Tumor Alteration 
Histologic Tumor necrosis Histologic ratio Abnormal 

No. Age Sex diagnosis site (%) grade (%) uptake Site 

Other 
clinical 
findings 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

14 M 
21 M 
21 F 
66 F 
14 F 
24 F 
13 F 
15 M 
57 M 
48 M 
21 M 
21 M 
16 M 
14 M 
17 F 
23 M 
16 F 
11 M 
15 M 
14 M 
17 M 
16 M 
11 F 
10 F 
28 M 
28 M 
13 F 
4 M  

10 M 
19 M 
9 M  

25 M 
11 F 
10 F 

osteosarcoma 
osteosarcoma 
Ewing's sarcoma 
osteosarcoma 
osteosarcoma 
osteosarcnma 
osteosarcoma 
osteosarcoma 
MFH 
osteosarcoma 
Ewing's sarcoma 
osteosarcoma 
osteosarcoma 
osteosarcoma 
osteosarcoma 
osteosarcoma 
osteosarcoma 
osteosarcoma 
osteosarcoma 
osteosarcoma 
osteosarcoma 
osteosarcoma 
osteosarcoma 
osleosarcoma 
MFH 
MFH 
Ewing's sarcoma 
Ewing's sarcoma 
Ewing's sarcoma 
osteosarcoma 
osteosarcoma 
osteosarcoma 
osteosarcoma 
Ewing's sarcoma 

femur 
fibula 
clavicle 
tibia 
tibia 
femur 
femur 
tibia 
femur 
femur 
ilium 
femur 
femur 
femur 
tibia 
tibia 
femur 
femur 
tibia 
femur 
femur 
tibia 
femur 
femur 
tibia 
femur 
metacarpal 
tibia 
humerus 
femur 
tibia 
ilium 
femur 
talus 

0 
30 
0 
0 
0 
0 
0 
0 

10 
0 
0 

40 
0 

20 
85 
70 
70 
90 
95 
95 
90 
98 
95 
90 
95 
95 

100 
100 
100 
100 
100 
100 
100 
100 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I I  
II 

111 
Ill 
I l l  
111 
1 1 1  
111 
111 
111 
111 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 

-1 34 
-72 
-62 
-50 
-42 
-18 
-10 

-8 
-7 
5 
7 

20 
30 
31 
40 
49 
54 
20 
43 
44 
64 
75 
76 
93 
94 
96 

-30 
62 
65 
81 
82 
88 
92 

110 

tibal shaft 

talus 

distal tibia, talus 

distal femur, distal tibia, talus 
talus, distal tibia 

distal femur 
distal tibia, talus 

talus, calcaneus 
femur shaft 
ilium 

Pf 
Pf 
nf 

Pf 

distal tibia, talus 

MFH malignant fibrous histiocytoma, pf pathologcal fracture 

tigraphic images were printed on film and then im- 
ported to a computer using an image scanner. Images 
before and after chemotherapy were analyzed with 
NIH IMAGE, an image analysis program (National 
Institute of Health, Bethesda, MD, USA) (Ma et al. 
1997) as follows: 2 regions of interest (ROI) that were 
equal in size were placed on each image, the first ROI 
was placed on the tumor and the second one on the 
corresponding site on the contralateral side of the 
body to check the background. The position and size 
of the ROIs in each patient were kept identical before 
and after preoperative chemotherapy. For each ROI, 
the average density per pixel was calculated. The ini- 
tial scintigraphy was done before treatment and the 
second was done at the end of preoperative treat- 
ment: at 3 months after the initiation of treatment 
and 3 weeks after the last administration of antitu- 
mor drugs. 

The tumor-to-background ratio (TBR) was calcu- 
lated by dividing the average density per pixel of the 
tumor (T) by that of the background (BG). Excluding 

background activity, the TBR was determined as fol- 
lows: TBR = (T-BG)/BG. We compared the TBR be- 
fore chemotherapy (TBR1) with that after chemother- 
apy (TBR2), and the change was defined as the alter- 
ation ratio: alteration ratio (%) = (TBRl-TBR2)/ 
TBRl x 100 (Ohtomo et al. 1996, Imbriaco et al. 
1997). We defined a good scintigraphic response as an 
alteration ratio 2 60%, because this gave the fewest 
false positives and no false negatives. 

To assess the effect of preoperative chemotherapy, 
the largest plane of longitudinal sections of the speci- 
men was examined microscopically. We classified the 
histological response after preoperative chemothera- 
py in 4 grades, according to Huvos et al. (1977): grade 
I, necrosis < 50%; grade 11, 50% I necrosis < 90%; 
grade 111, necrosis 2 90%; and grade IV, 100% necro- 
sis. Grade 111 or IV was defined as a good response. 

The relation between the histological effect and the 
alteration ratio on the bone scan was evaluated by the 
Spearman rank correlation test. Differences between 
proportions were evaluated by the chi-square test with 
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Fisher’s correction. The differences in the mean rank 
between 2 continuous variables were evaluated by the 
Mann-Whitney U-test. A p-value of less than 0.05 
was considered significant. 

Results 
There was no clear difference in isotope uptake be- 
tween osteosarcoma, Ewing’s sarcoma, and MFHs. 
There were no remarkable differences between the 
peripheral and central areas of the tumors before 
treatment; however, the difference became slightly 
clearer after chemotherapy. 

10 of 34 patients were classified as grade I histolog- 
ic response (average scintigraphic alteration ratio: - 
22% (SE 12)), 3 as grade I1 (average alteration ratio: 
48% (SE 4. l)), 9 as grade I11 (average alteration ratio: 
68% (SE 8.9)), and 8 as grade IV (average alteration 

Figure 2. Case 33. An 1 I-year-old girl with osteosarcoma of the left distal femur. 

A. Plain radiogram showing an osteoblastic area with periosteal reaction in the femur. 
B. Bone scan before preoperative chemotherapy showed abnormal high uptake in the same region. 
C. After preoperative chemotherapy, abnormally high uptake disappeared and it was at almost the same level as that on the 
opposite limb. Note that there was slight diffuse uptake in the left foot and distal growth plate of the distal tibia, but no abnormali- 
ties were detected on the plain radiograph. 
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ratio: 69% (SE 15)) (Table 1; Figure 1). There was a 
strong positive correlation (Rho = 0.76, p < 0.001) 
between the histological effect and the alteration ratio 
(Figure 1). 

Among the 17 good histological responders, 13 
cases showed a good scintigraphic response (alter- 
ation ratio 2 60%). The average alteration ratio in 
cases with a good histologic response (68%) was 
(Figure 2) higher than that in cases with poor re- 
sponse (-9.9%) (p < 0.001) (Figure 3). 4 patients with 
good chemotherapy response showed an alteration ra- 
tio < 60% (Table 2). 3 of these 4 patients had a patho- 
logic fracture during preoperative chemotherapy. The 
fourth patient with a fracture did not show abnormally 
high uptake before preoperative chemotherapy, but 
uptake increased slightly after chemotherapy. The 
sensitivity as regards identification of a good chemo- 

Table 2. Summary of results 

Chemotherapy effect Poor Good 

Group 1 (C 60%) 17 4 
Group 2 (2 60%) 0 13 

therapy response of this method was 76.5% and the 
specificity was 100%. 

11 patients showed heterogeneous isotope uptake 
in the primary lesion before and/or after preoperative 
chemotherapy. 8 cases showed higher uptake in the 
region distal to the affected site (Figures 2 and 3), 
while 3 showed higher uptake proximal to the affect- 
ed site (Table 1). MR imaging of these areas revealed 
no abnormalities. 

Figure 3. Case 1. A 14-year-old boy with osteosarcoma of the right distal femur. 

A. Plain radiogram showing osteosclerotic and osteolytic findings, with a small osteolytic area. Periosteal reaction was noted. 
Even after multidrug chemotherapy, the tumor showed evident malignant progression. 
B. Bone scan before preoperative chemotherapy, with abnormally high uptake in the right femur. 
C. Bone scan after preoperative chemotherapy. Abnormal uptake was increased. The alteration ratio was -134% (group 1). Histo- 
logic analysis showed that remnants of viable tumor were widespread in both the intra- and extramedullary tumor components. 
This patient was classified as a grade I response. 
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Discussion 
For diagnosis, evaluation of treatment, and postopera- 
tive follow-up of patients with bone sarcoma, several 
imaging methods are used, such as conventional radio- 
graphs, CT (Welligs et al. 1994), MRI (Erlmann et al. 
1989, Sanchez et al. 1990, Fletcher et al. 1992), angiog- 
raphy (Carrasco et al. 1989), scintigraphy with 201T1 
(Menendez et al. 1993, Rosen et al. 1993, Ohtomo et al. 
1996, Imbriaco et al. 1997), or 99mTc-HMDP (Simon 
and Kirchner 1980, Sommer et al. 1987, h o p  et al. 
1990, Hicks 1997). MRI can clearly show the change in 
the tumor size and is useful for evaluating the extent of 
tumor, but this technique is of less value for estimating 
the effect of treatment (de Baere et al. 1992, Hanna et 
al. 1992, Holscher et al. 1992, Ozaki et al. 1992). Con- 
trast-enhanced MRI can detect residual viable tumor af- 
ter chemothrapy (van der Woude et a1.1994, van der 
Woude et al. 1995). Angiography can assess tumor vas- 
cularity, but treatment effect cannot be quantified by 
vascularity (Carrasco et al. 1989). 

Thallium-201 (20'T1) is a potassium analogue that 
accumulates in tumor cells and its uptake reflects 
blood flow, capillary permeability, ATPase activity in 
the cell membrane, and the number of viable tumor 
cells. A few articles reported that the alteration ratio 
between before and after treatment correlated well 
with the histologic response of the osteosarcoma (Me- 
nendez et al. 1993, Ohtomo et al. 1996, Imbriaco et al. 
1997). The mechanism of 99mTc-HMDP accumula- 
tion in bone imaging differs from that of 201T1 scintig- 
raphy. 

Uptake in bone after intravenous administration of 
99mTc-HMDP is based on both blood flow and ion ex- 
change (a chemical rather than metabolic process), 
which occurs on the bone surface in contact with the 
circulating fluids (Genant et al. 1974, Siege1 et al. 
1976). Areas of increased uptake correspond to areas 
of accelerated bone turnover (Rosenthall and Lisbona 
1982, Seeger et al. 1991). 

In our study, we defined a good scintigraphic re- 
sponse as an alteration ratio 2 60%, because this cut- 
off minimized the number of false positive or negative 
cases. 4 patients had false negative findings on bone 
scan. In patients with pathological fracture or primary 
normal uptakes, the scintigraphic assessment of che- 
motherapy may not be suitable. When remodeling of 
bone becomes evident after preoperative chemothera- 
py, uptake will increase as a consequence of activat- 
ing bone turnover. Therefore, we anticipated that the 
timing of the second scanning by 99mTc-HMDP may 
be important for precise evaluation of treatment ef- 
fect, but in this study, the 4 false negative cases were 
related to other factors. A cut-off value of 60% is 

thought to be an appropriate alteration ratio for evalu- 
ating the effect of chemotherapy by 99mTc-HMDP 
bone scan. 

The increase in 99mTc-HMDP uptakes observed in 
areas outside the tumor in the affected extremities was 
not always the result of tumor extension. This was 
most frequently observed around the ankle. Such an 
extended pattern of uptake has not been definitively 
elucidated (Thrall et al. 1975). One of the reasons 
may be related to increased blood flow on the affected 
side, produced by the tumor (Goldman and Braun- 
stein 1975). In addition, increased blood flow caused 
by an inflammatory response and an increased turn- 
over of bone, due to acute osteoporosis, may be relat- 
ed to each other (Thrall et al. 1975). If these findings 
are noted on bone scintigraphy, further MR study 
should be performed, to evaluate the possibility of tu- 
mor extension. 
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