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Abstract-Tuo transplanted rat immunocvtomas with diffent degrees of semitillip to .,ingle 
injection of cyclophosphamide (Cu ielere used to assess the reliabili9 of recording oj- the tumoral 
and recta1 temperaturen m<y be useful to evaluate the e&acv of $ostatic druqs against 
experimental rat tumors. With the highb sensitive tumor (ISIS 130), 25 mg/m’ c~f Cf resulted in 
a pronounced tumor inhibition (Treated/Control tumors = 28%): zcith the 1es.c tensitiue (ISIS 
208). a CY dose of 320 mglm’ was necessav to inhibit tumor gro&h to the same extent. The 
more important the decrease in tumor .tiie was, after the administration of the drug. the larger the 
decrease mas in tumoral temperature. Since the recta1 temperature remainedfair- stable, there u’a,\ 
an increase of the Qferenre between the tumoral and recta1 temperaturen. From the comparison 
between the results obtainedjòr the trelo tumors with a wide range of CY d0se.c. it appeared that the 
decrease in tumoral temperature did not correlate zith the drug dose itself, but with the actual 
antitumor cfficacy of the drug in each particular case. 

INTRODUCTION 
THF. HIGH growth ratc and thc increased mctabol- 
ism of tumors in comparison to normal tissues may 
bc associatcd with incrrascd heat production and 
increased tumoral tcmperature [ 1-31. Thus, care- 

ful tumoral tcmperaturc rccording compared to 
basic temperaturc of an organism could bc an 
index of malignancy, and an indirect measuremcnt 
of tumoral mctabolism. Convcrscly, the dccrcasc in 
tumoral metabotism, or thc necrosis induccd by 
cytostatic agcnts could rcsult in tumoral hypothcr- 
mia. If this hypothesis is correct, then measurc- 
ments of thc tumoral tcmperature would bc an 
early and additional mcthod to cvaluatc the activ- 
ity of cytostatic agcnts. 

Our laboratory has studicd the tcmpcrature 
variations of tumors and the response to antinco- 
plastic agents. Thc present paper deals with thc 
prcliminary rcsults obtained with cyctophospha- 
mide (CY) in two subcutancously transplantcd rat 
immunocytomas, onc (ISIS 130) bcing very scnsi- 
tivr to CY, the othcr (ISIS 208) lcss sensitivc. 
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MATERIALS AND METHODS 

Animals and tumors 

I,OU rats from our own substrain (I,OU/dcc) 
were uscd. Groups of four animals wcrc kept in 

plastic cages undcr conventionat housing condi- 
tions and fcd with a commercial pellrtcd dict (typc 
A03; U.A.R., Villemoison-sur-Orgc, Francr) and 
clean water ad libitum. Room tcmpcraturc was 
maintaincd at 21-22”C, and a rcgular diurnal 
lighting cycle (12 hr/day) was providcd. 

Transplanted immunocytomas ISIS 130 and 
ISIS 208 wcrc cstabtishcd in 1964 and 1970, 
rcspectivc’ty. In both cases, thc primary tumor was 
an immunoglobutin-sccrcting, spontancously 
occuring tumor of the ileocccal node in a LOU rat. 
Thc tumor lines have sincc brcn maintaincd by 
scrial transfers of neoplastic ascitcs or by cryo- 

prescrved batches. At thc time whcn this study was 
carricd out. both tumors showcd thc samc micros- 
topic structurc as initially described 14-61. Furth- 
crmorc, sccrction of immunoglobulin (IgG) in 
serum and ascites samples from ISIS 208~bcaring 
rats was confirmcd; ISIS 130, on thc othcr hand, 
has lost its monoclonal component sccrction sincc 
1975 iunpublishcd rcsults). Thc survival timc aftcr 
i.p. inoculation of 5 X 10” tumor cclls was 8-10 
days for ISIS 208, and 13-15 days for ISIS 130. 
After S.C. implantation of 10” tumor cclts, a tumor 
sizc of 1000 mm’ was usually rcachcd by day 9 with 
ISIS 208, and by day 15 with ISIS 130; for a 1000 
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mm2 tumor, the doubling timc was 3.3 and 6.1 
days for ISIS 208 and ISIS 130, rcspcctivcly. 
Subcutancously-implantcd tumors killed 100% of 
the animals in 25 (ISIS 208) or 30 (ISIS 130) days. 

Tumor transplantation and tumor treatment 

Threc days later at 12 o’clock (day 4), a single 
dosc of CY (Endoxan; Cilag-Chemie, Herentals, 
Belgium) was administercd by i.v. injection (tail 

For thc purpose of this study, after demonstra- 

vcin) undcr ether anaesthesia. Because of thc 

tion of thcir viability by trypan blut staining, 
canccr cclls obtaincd from thc peritoneal cavity of 
an ascitic tumor-bearing rat wcrc suspended in 

variations in body weight among the rats to be 

physiological salinc (2 X 10” cclls/ml) and graftcd 
subcutancously in the right flank of young adult 

trcatcd, the dose was adjusted for each rat accord- 

male rats (10” cclls/rat). Ninc days later (in thc 
case of ISIS 208) or 15 days later (in the case of 

ing to body surface area rather than body weight. 

ISIS 130), thc rats were anacsthetized with a 2% 
2,2,2-tribromocthanol solution and the hair in thc 

Individual body surfacc arcas were estimated 

region of the tumor was removcd with the aid of a 
lab-made dcpilating-cream. Arbitrarily, the depila- 

according to the following formula: 

tion day was dchncd as day 1 of the experiment. 

s = 0.1 x w’l” 

where S represents surface area expressed in m2 
and W is the body weight in kg [7]. Because ISIS 
130 is much more sensitive to chcmotherapy than 
ISIS 208 [6, 81, thc ISIS 130-bearing rats received 
CY at a dose of 2.5, 5, 15, 25, 50, or 100 mg/m’, 
whereas those rats with ISIS 208 tumors reccived 
highcr doses (25, 50, 70, 100, 150, 220 or 320 
mg/m’). The highest dose used in this study corres- 
ponded to approximately one half of the dose 
inducing a lcthality rate of 50% in non-canccrous 
LOU/dec rats (unpublished results). Depilatcd 
tumor-bearing rats receiving under ether anaesthe- 
sia an i.v. injection of physiological saline on day 4 
constituted the control groups. Each treated or 
untreatcd group included 12 animals. 

Beginning on day 1, the tumor size was esti- 
mated daily by mcasuring the longest and shortest 
tumor diameters with calipers. The tumor size data 
prcsented in this paper refer to the product (mm’) 
of these two dimcnsions. Bcginning on day 2, both 
thc tumor surfacc tcmperature (TT) and thc recta1 
temperaturc (RT) were measurcd at 7 a.m. and 6 
p.m. daily. TT was measured by applying a stain- 
less steel ‘banjo’ surfacc probc (YSI model 408; 
Yellow Springs Instrument Co., Ohio, U.S.A.) to 
the same place on the depilated tumor for 30 sec. 
Immediately after measuring TT, RT was mca- 

sured on the samc rat by inscrting a smal1 flcxible 
vinyl probc (YSI model 402) 2 cm into the rectum 
for 20 sec. Thc two probes were uscd with a 
multi-Channel elcctronic thermometer (YSI model 
47 TA) which delivered direct tempcrature 
measurcments in the range of 20-42°C with 0.1% 
accuracy. The instrument pcrmitted continuous 
recording of al1 temperaturc data on a BD 401 
recorder (Kipp & Zonen, Holland). Due to thc fact 
that the tumoral and recta1 probcs could bc oper- 
ated altcrnately without thermometer recalibra- 
tion, it took under 1 min to measure TT and RT on 
onc rat. 

Thc diffcrencc betwcen the tumoral and recta1 
temperatures (ut = TT-RT, in “C) was used as a 
parameter for assessing the thcrmic rcsponsc of the 
tumors to therapy. 

RESULTS 
Whatever the tumor or the CY dose we tested, 

negative or zero Dt were observed al1 through these 
experiments (in the range -GO%), indicating that 
TT was constantly inferior or equal to RT. It 
should be noted that any fa11 of the Dt lines (Figs. 1 
and 2) resulted from a dccreasc in TT and not from 
an increase in RT; actually, no tendcncy for RT to 
increase significantly was observed in any rat 
group in these assays. 

In control ISIS 130-bearing rats, there was a 
continuous increase in tumor size; no growth in- 
hibition was observed at a dose of 2.5 mg/m’ of CY 
but the tumor growth inhibition was evident in thc 
25 mg/m’-group (Fig. 1). Moreover, the dose of 2.5 
mg/m’ did not induce any significant Dt differcnce 
between the treated and untreated rats, whcreas at 
25 mg/m’, tumor temperaturc was significantly 
lower in the treated rats than in the control rats, 
resulting in a statistically significant (PcO.01) 
differente in Dt (Fig. 1). In the 25 mg/m’ group, 
the tumors began to shrink rapidly from the second 
day after injection; at the samc time, the Dt lint of 
the treated group began to divergc significantly 
from that of the control group. In comparison, this 
“tumoral thermic response” was not observed in 
the group receiving 2.5 mg/m’. In general, similar 
results were obtained with the CY-less scnsitive 
ISIS 208 tumor. In this case, a CY dosc of 25 
mg/m’ failed to affect cither the tumor size of Dt 
significantly, whereas 220 mg/m’ had a pro- 
nounced effect on both of these parameters (Fig. 2). 
With ISIS 208, thc decrease in tumor size was only 
transitory; even after being givcn 150 or 220 mg/ 
m2, prompt tumor regrowth took place within 5 
days after injection. It is worth noting that, as thc 
tumor rcgrew, the Dt diffcrcnce between thc tre- 
ated and untreated rats bccame Icss significant and 
then disappeared. This phenomenon is shown in 
Fig. 2 for thc 220 mg/m2 dosc. 
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Thc 25 mg/m’ dose, which was active against 
ISIS 130 but not activc against ISIS 208, induccd a 
thcrmic response of the formcr tumor but no 
response of the latter (Figs. 1 and 2). 

For each CY dosc tested, thc thcrmic response 
was thcn cstimated by computing thc area bctwccn 
the Dt lines of the trcatcd and untrcatcd rats (from 
day 4 onward); a similar calculation was made for 
evaluating thc antitumor cffcct (area bctwcen thc 
tumor-sizc lincs), and these parameters were plot- 
tcd against the CY dosc (Fig. 3). Although it was 
clcarly drpendent on thc drug dosc in both tumor 
systems, thc tumoral thcrmic response provcd to bc 
proportional to thc actual antitumor effect of thc 
drug rathcr than to the drug dosc itsclf. In thc case 
of ISIS 130, the corrclation bctwcen thc tumoral 
thermic rcsponsc and the antitumor effect of r was 
statistically significant (PsO.01). In the case of 

ISIS 208, the corrclation was also significant 
(PGO.02). 

DISCUSSION 
Two subcutancously transplantcd immunocyto- 

mas of the rat wcrc uscd as an experimental model 
to study thc thermic rcsponsc of’ tumors to chc- 
mothcrapy. In the treated rats, any significant 
dccrcasc in tumor sizc was accompanied with a 
decrcase in TT. Convcrscly, TT rose as the tumor 
rcgrcw. 

In thc untreatcd ISIS 130-bcaring rats, TT did 
not vary significantly as timc elapscd (trom day t 
to day 11). Accordingly, we might have uscd TT 
instcad of L)/ as a basis for asscssing thc thrrmic 
rcsponsc of ISIS 130 (by simpty comparing TT of 
thc treatcd and untrcated rats). In thr case of thc 
untreatcd ISIS 208-bcaring rats, on thc ether 
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hand, there was a tcndency for TT to decreasc as 
the tumor size increased, especially at the end of 
the experiment. This phenomcnon was most likely 
to bc dut to thc prescnce of morc importaBt 
hemorrhagic and necrotic componcnts in this 

tumor, compared to ISIS 130 [8]. This decrcasc in 
control TT, however, was accompanied by a de- 
crcase in control RT most likely to rcsult from thc 
altercd health status of the rats dut to thc higher 
malignancy of ISIS 208; as a rcsult, thc diffcrcncc 
(Ut) between TT and RT was stablc cnough to 
serve for thc comparison with the treatcd rats. 
Thcrcfore, thc tumoral thermic response of ISIS 
208 was asscssed by comparing the Dts of thc 
trcated and untreated rats. 

Based on thcsc Dt mcasurcmcnts, consistent 
tumoral thermic responses to CY one-injcction 
therapy were found for both thc CY-scnsitivc ISIS 
130 and CY-less sensitive ISIS 208 tumors. In both 
cases, a close corrclation bctwecn thc tumor 

growth inhibition and the tumoral thermic re- 
sponse was observcd, within a widc range of CY 
doses. Moreovcr, from thc comparison betwccn the 
results obtained for the two tumors, it was clear 
that the tumoral thcrmic response did not correlate 
with thc drug dosc itsclf, but correlatcd with the 
actual antitumor cfficacy the drug had in cach 
particular case. 

Thc rcsults dcscribed suggest that Dt or TT may 
be uscful as a new physiopathologic parameter to 
study thc sensitivity of tumors to anticanccr agents. 
It is hopcd that continuous rccording of tumor 
tempcraturc with surfacc or intra-tumoral probcs 
may permit US to asscss the thcrmic behavior of 
various tumors, such as primary tumors, lymph 
nodes and metastascs. Further studies with other 
cxpcrimcntal tumors and other drugs, as wcll as 
mctabolic and histopathologie invcstigations, wil1 
contributc to a bcttcr undcrstanding of the biolo- 
gical significancc of thcsc thcrmic phcnomenons. 
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