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Fig.1. Relative tumor volume changes of 4 groups :
untreated (N=4), radiation alone (N=7), hyperther-
mia alone (N=7), radiation and hyperthermia com-
bined therapy (N=6). Mean volume of each group
was assumed to be 100 at pretreatment. The longest
period of growth retardation was observed in the
group of radiotherapy combined with hyperthermia,
whereas no growth retardation was visible in hyper-
thermia alone group.
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Table 1, Metabolites ratios and pH (NMR) after
radiotherapy. Values are Mean+SD.

Days post Pi/B-NTP H (NMR) PDE/PME
treatment
control (n=4) Pre 0.95:+0.24 7.11+0.07 0.90+0.18
treated (n=7) 0.97+0.21 7.11£0.09 0.64+0.20
ns ns ns
control (n=4) 6hours 1.004+0.23 7.11+0.07 0.80+0.25
treated (n=7) 0.81+0.17 7.114+0.09 0.68+0.11
ns ns ns
control (n=4) lday 1.0240.27 7.11+0.04 0.90+0.18
treated (n=7) 0.81+0.15 7.21£0.05 0.76+0.19
ns % ns
control (n=4) 3day 1.154+0.25 7.10+0.05 0.69+0.06
treated (n=7) 0.604+0.15 7.23+0.05 0.77+0.09
* % * 3k ns
control (n=4) 6day 0.98+0.19 7.06+0.12 0.60+0.11
treated (n=7) 0.5440.14 7.30+0.07 0.914+0.19
%k %k k *
control (n=4) 10day 1.28+0.33 6.95+0.06 0.544-0.04
treated (n=7) 0.714+0.22 7.15+0.10 1.01+0.14
* * * %
control (n=4) 15day 1.6640.23 6.87+0.06 0.63+0.09
treated (n=7) 0.964+0.38 7.14+0.06 0.67+0.13
¥ * sk ns
control (n=4) 20day 1.984-0.39 6.83+0.10 0.62+0.14
treated (n=7) 1.06+0.35 7.1440.08 0.64+0.14
¥ % * % ns

(Significant differences : ns, not significant ; %, P<0.05; * %, p<0.01)
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Table 2, Metabolites ratio and pH (NMR) after
hyperthermia. Values are Mean+SD.

Days post Pi/p-NTP pH (NMR) PDE/PME
treatment

control (n=4) Pre 0.95+0.24 7.1140.07 0.90+0.18

treated (n=7) 1.07+0.25 7.1540.08 0.74£0.07
ns ns ns

control (n=4) 6hours 1.00+0.23 7.11+0.07 0.80+0.25

treated (n=7) 4.00+0.80 6.81+0.07 0.68+0.19
*k 3k *k 3k ns

control (n=4) lday 1.02+£0.27 7.11+0.04 0.90--0.18

treated (n=7) 3.20+0.40 6.93+0.09 0.60£0.12
3k ok 3k %k ns

control (n=4) 3day 1.16+0.25 7.1040.05 0.69+0.06

treated (n=7) 2.13-£0.42 7.13+0.06 1.0940.12
ns ns *k 3k

control (n=4) 6day 0.98+0.19 7.06+0.12 0.60+0.11

treated (n=7) 1.21+0.57 7.10+0.07 0.97+0.29
ns ns ns

control (n=4) 10day 1.28+0.33 6.954-0.06 0.540.04

treated (n=7) 1.20+0.57 7.10£0.11 0.75+0.19
ns *k ns

control (n=4) 15day 1.66+0.23 6.8740.06 0.6340.09

treated (n=7) 1.62+0.71 6.9940.08 0.65+0.17
ns ns ns

control (n=4) 20day 1.98+0.39 6.83£0.10 . 0.62£0.14

treated (n=7) 1.70+0.46 6.80+0.08 0.5240.15
ns ns ns

(Significant differences : ns, not significant ; %, P<0.05; * %, p<0.01)

Table 3, Metabolites ratios and pH (NMR) following radiation
combined with hyperthermia. Values are Mean+SD.

Days post Pi/g-NTP pH (NMR) PDE/PME
treatment

control (n=4) Pre 0.95+0.24 7.1140.07 0.9040.18

treated (n=6) 0.7840.27 7.09+0.09 0.79+0.19
ns ns ns

control (n=4) 6hours 1.00+0.23 7.1140.07 0.80+0.25

treated (n=6) 2.10+0.55 6.86+0.12 0.93+0.22
k 3k ns ns

control (n=4) lday 1.02+0.27 7.1140.04 0.904+0.18

treated (n=6) 2.134+0.65 6.98+0.10 0.83+0.12
* ns ns

control (n=4) 3day 1.15+0.25 7.10+0.05 0.69+0.06

treated (n=6) 0.88+0.13 7.21+0.11 1.06:£0.17
ns ns 3k sk

control (n=4) 6day 0.98+0.19 7.06+0.12 0.60+0.11

treated (n=6) 0.58+40.19 7.30+0.09 1.17+0.15
* * * ok

control (n=4) 10day 1.28+0.33 6.95+0.06 0.5440.04

treated (n=6) 0.724+0.26 7.1940.05 1.15+0.32
% %k * ok

control (n=4) 15day 1.6640.22 6.87+0.06 0.63+0.09

treated (n=6) 0.9840.20 7.05+£0.17 0.8040.22
EES ns ns

control (n=4) 20day 1.980.39 6.83+0.10 0.6240.14

treated (n=6) 1.30+0.29 7.04£0.09 0.63+0.11
* ns ns

(Significant differdnces : ns, not significant ; %, P<0.05; % %, p<0.01)
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Fig. 3. MR images of tumors with Gd-DTPA enhancement. Panel A : untreated tumor, Panel B
: 1 Day after hyperthermia. Tumor treated by hyperthermia revealed relatively slow signal

intensity decay and stasis of high signal intensity at later phase. ROI (region of interrest) on the

last frame indicated the area for the washout curves.
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Fig. 4. Washout curves of signal intensities of tumors
before, 1 day after hyperthermia and 6 days after
radiation. Values are Mean+SD on each time. Signal
intensities of phantom (0.0lmmol/1 Gd-DTPA) were
normalized to be 100. Tumor treated with hyperther-
mia showed relatively slower signal intensity decay
than that of untreated tumor.
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Fig. 5. Relationship between Pi/S-NTP and regional
blood flow after radiotherapy combined with hyper-
thermia. Each value of 3 groups is plotted with
Mean+SD : Pretreatment (O, N=8), on day 1 ([,
N=5) andday 6 (A, N=6) following the treatment,
respectively. Dashed line are linear regression of the
relationship (R=—0.49, P<0.05).
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$IP-MRS Study for the Assessment of Tumor Response
after Radiotherapy and/or Hyperthermia

Hirohiko KIMURA,  Satoshi ITHO,  Sigekazu NAKATSUGAWA,
Masayuki MAEDA,  Toshiko IwASAKI, Kazutaka YAMAMOTO,
Yasushi ISHIT

Department of Radiology, Fukui Medical School
23 Shimoaizuki, Matsuoka-cho, Yoshida-gun, Fukui 910-11

The metabolic changes of human lung cancer implanted in nude mice were studied by the use
of i vivo *'P nuclear magnetic resonance spectroscopy (**P-MRS) after radiotherapy, hyper-
thermia or the combined therapy of radiation and hyperthermia.

$IP-MRS of the tumors showed increased Pi/S-NTP ratio and acidic pH value on 1 day after
hyperthermia, that indicated metabolic decline caused by hyperthermia. On the other hand,
lower Pi/B-NTP ratios during 3 to 10 days after irradiation suggested metabolic activation of
the tumors. In the tumors treated with the combined therapy, **P-MRS revealed increase of Pi/
[-NTP ratio within 1 day and its decrease subsequent 6 to 10 days after treatment, that
indicated additive bi-phasic changes induced by radiation and hyperthermia, respectively.

Since Pi/B-NTP ratio had significant correlation to the tumor blood perfusion measured by
hydrogen gas clearance studies, these bi-phasic changes were considered to correspond to two
different physiological states, namely, ischemic and reperfused states.

#1P-MRS obtained from tumors could be useful to asses the physiological consequence follow-
ing radiation, hyperthermia or the combined therapy.
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