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Malignant Bone and Soft Tissue Tumors with
201TI Scintigraphy
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Abbteviations : ATCC, American Type Culture Collection; CDDP,A cis-diamminedichloroplatinum [ T ] ;
X-CT, X-ray computed tomography; MRI, magnetic resonance imaging; PBS, phosphate-buffered saline;

SPECT, single photon emmision computed tomography
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FUKRBROER~ v AYER LEELRFHE, 10%6R &~
N2 ) VKRR TRBEBEBEEE~~IFY VDY - = F OV
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ARC360 THIE L.
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mT| 74-148MBq WL, I55H X W 2AGEEBEL, KT
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T S EO MR X OEEOREkSEHRER 1R
+. MEOMKEEEE OT] HEEE, B0 % TTREBTHED
L, LI#81204 ¥ TOMTORMADINER TR » 1o, —77, BED
HBHEEI P SR 104 £ TIRRABIC LR LE o m bt X
DWETEBETH-.

2. CDDP # 550 JEaEARNE LRI BT 2 5
CDDP 5meg/ke #51, 2, 3, 7 B# THREL -EEER
O H E $BEEACTINRBEELE L CEEOEMRE BIER
EDEIEY, BHBOERLEYRDILH > 7. CDDP 5mg/
kg BEBI2ADORBIC R ULEREL L5 L Bbh 2 ER
ERB O R R BIEREDIEN D AHRTEL. ZORKATIIN
BRLOBEBEECEREDORILN T,

3. HE~ Y A ET B Tl OEERNS T
ABORBOTI OHFirE LITRT. "TIHRE0FETD
EE~OEBRKHEIRBET 0.75£017%D/g, BRE
CDDP #EBIcR\WTIx, %1, 3, 12BDERTE A
1.04%0.54, 1.0240.28, 0.68£0.20TH v, £FOMCEER
TRER BB, 7. BT R G305 TOEE~OERBEEIL
WEBEECL.15+£0.35, BEE 1, S HBETRE41.11£0.21,
1.31+0.56 TI2ABTIX0.70+0. 13 EE (p<0.05) w{ETL
fo. BT 2 5.3055 & 104 T O BBER KHEE O I (30418/105)
) I BRETL.53£0.34TH - 7oAy, BEIC X BRI
4 L128 CiE1.0320. 13& SBBICHA~THE (p<0.001) 72 (B
FTaRRELE (K2). ok, FRORBYESRIAIK X 548%
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o
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Time after injection (min)

Fig.1. Time course of radioactivities of the blood () and
tumor (@) in human Ewing's sarcoma bearing Balb/c mice
injected intravenously with TI-201-chloride. The blood
samples were obtained from the orbital sinus and tumor
samples were obtained by aspiration biopsy. The data in
this figure are expressed as the mean values for 4 mice at
each time point. Each bar represents standard devia-
tion. % ID/g; percent injected dose per gram.
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Table 1. Biodistribution of TI-201 in human Ewing’s sarcoma bearing mice
- ‘ Biodistribution of TI1-201 (% injected dose/g, meanzS. D. of 5-7 mice)
Organ sal::Trl;'i:e Control Low dose treatment group” High dose treatment group”
(min) Day 1¢ Day 39 Day 19 Day 39 Day 129
Blood 10 0.61+0.08 0.63£0.17 0.5040.03 0.49+0.09 0.37+0.05 0.52+0.12
30 0.25:40.05 0.32%0.04 0.39+0.07 0.29£0.02 0.27+0.06 0.36%0.05
Tumor 10 0.75+0.17 1.00+0.20 0.85+0.12 1.04:+0.54 1.02+0.28 0.68+0.20
30 1.15+0.35 0.96+0.11 1.12+0.34 1.11£0.21 1.31+0.56 0.70+0.13*
Muscle 10 3.38+1.28 3.70+0.61 3.28+0.59 4.60%£1.73 3.99+1.07 3.6510.50
30 3.48+1.01 4.61+1.35 5.51+1.95 3.91+0.97 4,07+1.58 3.92+1.22
Bone 10 2.41%0.59 3.32+1.05 3.13%0.55 2.91+0.50 2.27+0.19 2.79+0.34
30 2.421+0.52 3.711+0.25 4.30+1.31 3.30+0.72 2.55+0.59 2.87+0.44
Liver 10 4.69+0.78 5.87+0.41 5.01+0.67 5.31+0.87 4.47+0.64 6.04+1.08
30 6.10£1.02 5.46+£2.20 6.66+0.41 6.2410.56 4,49+1.09 8.92+1.43
Spleen 10 7.69+£1.89 8.13+0.64 6.46+1.05 5.86+0.72 6.23+1.01 5.02+1.77
30 5.24+0.83 5.66+0.75 7.4310.85 5.8940.53 5.53%=1.24 5.16+0.90
Kidney 10 42.52+7.52 54.13+9.23 49.73+4.63 41.93+2.98 34.03+4.89 54.02+5.27
30 48.84+5.26 47.421+4.61 57.12+13.4 51.32+8.64 33.51+5.49 61.31+4.22
Lung 10 12.94+0.71 9.73+1.78 10.13+0.83 10.41+0.65 9.43+1.36 8.60+£2.82
30 5.50%=1.10 6.37+0.55 8.06:2.08 6.43+0.88 5.42+0.86 4.20+0.52
Heart 10 28.83+2.03 27.21+3.11 27.93+2.34 24.52+1.74 20.33+0.97 27.33%3.77
30 13.51+1.61 15.13+1.38 21.2113.60 14.61£2.23 12.71+£2.20 12.721+0.86

a) 1 mg/kg of cis-diamminedichloroplatinum [I] was injected.
b) 5 mg/kg of cis-diamminedichloroplatinum [Il] was injected.

¢) cis-diamminedichiloroplatinum [I] was injected 1, 3, and 12 days before TI1-201 injection.

d) * p<0.05 versus control by unpaired t test.

3.0
K
2.5 I * |
2.0
"\-'
3,5 }
RO
0.5 T T T 1
Control Day 1 Day3 Day12
Time after CDDP injection
Fig.2. The change of the D/E over time after chemother-

apy. D/E, ratio of %ID/g tumor at 30 min to 10 min
after TI-201 injection; CDDP, cis-diamminedichloroplati-
num [ 1] ; ** p<0.001 by unpaired t test.

EHEBEEOABLEMRBD bhishof.

4. BER LD 5 OT] OMBEASH

MRS EEE X b RDEBERS L OB BRI 3
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1. Tl EBBER D EMIFE

(LR O OT] v v 25 7 4 TRI9FIPITH QUFE S

19R%) B2 TEFEIBERE S hz. AR SPECT A4
AT XN IFITIILBITBRE TH e, EFBTEED 246
12 SPECT TiBMTH H, FORFIZ L FANTIERR 27
4THY, $5 LAY TIEHEA=T 1 ThHo1e.
B R EEE (B CD - & > {LBZREDOH R
FU—FIENGHI6HEE, v — F2ENTHIRE, 7
V- F1IBENLIFLIREE, 7V FORRSBISRETH-
fo. (LB & B LS TOFHRIC BT 5 VT £K
A 27Ot tibbHRBEYR AIRT. 7LV — FIFTR
2.00+0.89, 'V — F 2ETI21.33+0.47, Zv—F1lBI
ZL—FOBTIZ0.17TH0.69TH -7, {LEEREFME TO
OT| EEA T ORBEEOREL S V- F3FEL S V-
BIOZ V- FOBROBEIBKIL-F 2L V-V 1L
U7 V- FOBOMCERLEYRD L (p<0.05). {LBREH
BTOTI A2 T7ORBEL I LE Y v+ 7574
IAMETESE LABE, BRADH (Frv—Y28XI07
L—F3) LEHP (Vv —F ORIV ZL—F 1) BRI RT
BOT vva 737 4 2FBTOREXIN0%, HEER
66.7%, E2Fi290.5% Thotc. KEEEL X-CT a1
MRI &z L BB/ & O—HFRITT9.0% T, MEEFTO
EERBORD & D—BEITM. 7% TH -7z, {LFREEDH
D TEEBEI s~ AR "TI v vF257 4 2177 -
TEFNEZ v — F3BENR3H, V- F2BERIBITH-T.
COBETOOT E£BA T 7 OHEE D FEII(LERERT
BObDLEERERRDOAh ol (R5). ¥t
32— ARTE, 8IOBERIEL (LREER TR COERA =
7 ORI b READFHE AR ERRD .

SPECT #MfFEhiz108l0oRFIL 7 v— P3RS Hl, 7
V- F2BLF, YV—-FOFLIHITHS. SPECT Lk 5L
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expressed as a percentage of the total radioactivity for all the fractions. Mean values for 2 mice.
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Subcellular distribution of T1-201 radioactivity in the tumors (A) and the heart (B) of tumor-bearing mice. Values were

B, Nuclear fraction; 4,

Mitochondrial fraction ; [, Microsomal fraction; R4, Supernatant fraction.
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Criteria of histopathological
improvement after chemotherapy

The improvement in the T1-201 tumor uptake score
after chemotherapy compared with that at initial study.
The improvement in the TI-201 tumor uptake score was
significantly better in the grade 3 or 2 group than in the
grade 0 to 1 group. TI-201 tumor uptake scores were
defined as follows, 0=background activity (equal to bone
or muscle), 1=slight increase, 2=definite activity, but less
than heart, 3=definite activity equal to heart, 4=definite
activity in tumor greater than heart. Histopathological
response after chemotherapy was determined by the
proportion of viable tumor cells in post-chemotherapy
surgical specimen, and was graded on a scale of 0-3, with
O0=viable tumor cells were observed 50-100% in the
specimen, 1=viable tumor cells were observed 10-50% in
the specimen, 2=viable tumor cells were observed less
than 10% in the specimen, 3=no viable tumor cells were
observed in the specimen. *, p<0.05 by Wilcoxon rank
sum test.

£2 3.0,
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g® 251

Eo

w.x

3 2.0 g
&= 154

Degree of

1.0

0.5-

TI-201 tumor upta

0.0

Mid-course Post-treatment

Time at TI-201 scintigraphy

Fig.5. Improvement in score compared with the initial
TI-201 scintigraphy on the planar images obtained in the
mid-course of chemotherapy and after the final chemo-
therapy (typically 5 courses and 1 or 2 courses for poor
responders). [, 3 patients whose surgical specimens
histologically showed grade 3 response to chemotherapy;
@, 5 patients whose surgical specimens showed grade 2
response ; A; 2 patients whose surgical specimens showed
grade 0 or 1 response. Each value represents the
mean=+S.D.. There were no significant differences
between 3 groups.
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Fig.6. A case of 17-yr-old male with osteosarcoma in the left fibula. Before chemotherapy, TI-201 scintigraphy (A)
demonstrated an area of intense uptake to the tumor (score3) which is depicted well on MRI (T1 weighted image) (D). On the
2nd TI-201 scintigraphy (B) performed after the 3rd course of the therapy, the tumor T1-201 uptake became inappreciable
(score0), indicating the favourable tumor response for the therapy. On the 3rd T1-201 scintigraphy (C) after the final course of
the therapy, the tumor TI-201 uptake completely disappeared (score0). MRI (E) also showed the marked decrease in tumor
size.

Fig. 7.
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Fig.7. A case of 15-yr-old male with osteosarcoma in the right fibula. TI-201 scintigraphy before the chemotherapy (A)
demonstrated prominent tumor uptake (score 3). MRI (T1 weighted image) (C) depicted the large tumor mass extending over
the surrounding soft tissue. After the therapy, the tumor TI-201 uptake became imperceptible (score 0) (B). This finding was
compatible with MRI (D) which demonstrated remarkable shrinkage of the tumor. Pathological examination revealed that the
large part of the tumor (E) became necrotic (F) (HE stain, x100).
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Fig.8. A case of 57-yr-old male with chondrosarcoma in the right femur. TI-201 scintigraphy before the therapy (A) showed
the uptake in the marginal portion of the tumor. After the first chemotherapy, the uptake was persistent as before (B),
indicating the tumor resistance against the therapy. Tumor uptake didn't disappear after final chemotherapy (C). Remarkable
tumor shrinkage was observed on MRI (D and E). The digital angiogram demonstrated the decrease in the tumor size stain (F

and G). Biopsy was performed prior to chemotherapy.

Islands of cartilage containing anaplastic cells are observed in the

biopsy specimen (H). The pathological examination of the surgical specimen (I) revealed the nest of the viable tumor cells,
which was in consistent with the TI-201 finding. (HE stain, x40) D and F, pre-treatment study; E and G, post-treatment

study.
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Early Prediction and Judgement of Chemotherapeutic Effects on the Viability of Malignant Bone and Soft Tissue
Tumors with *'TI Scintigraphy Tsutomu Miyauchi, Department of Nuclear Medicine, School of Medicine, Kanazawa
University, Kanazawa 920—1J. Juzen Med Soc., 103, 453 — 464 (1994)
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Abstract

It is crucial to accurately judge the chemotherapeutic response of malignant bone and soft tissue tumors, when the
decision for cessation or continuation of the treatment has to be made. Moreover, prediction of the effect at an early stage in
the course of the therapy could have profound effects on the patients' quality of life. *'TI is known to accrue in viable cells
of vascularized malignant tumors through the ATPase dependent Na*-K* pump. Thus, ®'Tl scintigraphy was tested to
determine the cell viability of the malignant bone and soft tissue tumors before and after the course of chemotherapy. Asa
preclinical study, the nude mouse model bearing human Ewing's sarcoma was used to analyze the kinetics. *'T1 was rapidly
taken up by the tumor, depending on the blood flow. Tumor uptake of *'Tl was significantly reduced by effective
chemotherapy with cis-diamminedichloroplatinum [II ] (CDDP) as compared to the control group with no treatment
(p<0.05). On the other hand, by 12 days after CDDP injection, the tumor volume was not affected. Therefore, **T1 tumor
uptake was thought to be a more sensitive indicator for tumor cell activity. In 19 patients with 21 lesions of bone and soft
tissue tumors, tumor accumulation of ***T1 was graded into 5 levels and compared before and after the course of
chemotherapy. Tl scintigraphy was in good agreement with histopathological findings of the surgical specimens; 6 lesions
with remarkable chemotherapeutic effect demonstrated improvement in the level of 2.00+0.89 and 9 lesions with moderate
effect, 1.3310.47. These are significantly greater than that of 0.1740.69 found in the 6 lesions with inappreciable effects
(p<0.05). The observation confirmed the feasibility of accurate judgement for cell viability utilizing **T1 scintigraphy. In 10
cases, moreover, when *'T1 scintigraphy was additionally performed in the middle of the course, the outcome of the therapy
could be directly predicted. The radiological findings from X-ray computed tomography (X-CT) or magnetic resonance
imaging (MRI) matched with the results of *'T1 scintigraphy in 79.0% of the patients thereby; *'Tl scintigraphy could
provide different information on tumor cell biology than morphological diagnostic modalities. In conclusion, since *'T!
scintigraphy reflected tumor cell activity, early prediction and precise judgement of the consequence of the chemotherapy
was possible with this imaging technique. This would result in improvements in the management of treatment of patients
with a malignant tumor.
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