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The  Effect of High Intensity  Ultrasonic 
Irradiation on Tumor  Growth 
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Absrruct-High-intensity  ultrasonic irradiation of the  subdermally im- 
planted  Yoshida sarcoma  was performed.  Tumor  placement  was  such 
that  the  lesion  could be pulled  away from the trunk section  for  com- 
plete  and  convenient irradiation. A  focused  ultrasonic irradiating sys- 
tem,  consisting of a 5.5cm diameter 4-MHz quartz transducer  driven 
at  resonance, was employed to provide  a  sound beam  small enough in 
extent to  effectively irradiate the  tumor  without  seriously  affecting 
overlying  tissues.  The  therapeutic  treatment  involved  movement of  
an intense  continuous wave (1600 W/cm2  spatial  peak,  4-second  dura- 
tion) sound beam over  the extent  of the  tumor  volume  in a matrix 
fashion,  since  the beam cross section was smaller than  the  tumor to 
be irradiated. Of 37 animals treated,  about 35 percent  presented non- 
palpable  tumors  up to 120 days  postirradiation.  Among  the  remaining 
animals,  tumor  volume was reduced  by  about 85 percent  over  those 
of  shams  (significance  at p < 0.001). The  results  demonstrate  that a 
dramatic reduction in tumor  growth can be  affected  by such  therapy. 

T 
I. INTRODUCTION 

HE USE of  ultrasound  for  cancer  therapy has  been under 
investigation for  many years [ l ]  , with  most  recent em- 

phasis placed upon  the ultrasonic induction  of  hyperthermia. 
Focused  ultrasound  at  intensity levels generally much greater 
than  those used for  hyperthermia  may also be employed  in 
cancer  therapy to  produce selective, irreversible tissue destruc- 
tion. However,  high intensity ultrasonic irradiation  for cancer 
therapy has received relatively little  attention. 

Most of  the  work  concerning  the biological effects  of high 
intensity ultrasound  has largely dealt with biophysical studies 
where, for  example,  the  identification  of  thresholds  for  irre- 
versible damage [2] , [3]  or investigations of  potential surgical 
applications [4] - [8] in relatively normal tissues have been  con- 
sidered.  Nevertheless, a few studies have examined  the effect 
of high intensity ultrasonic irradiation  on  tumor  growth. Burov 
and Andreevskaya [9] applied  high intensity  (350  W/cmZ CW) 
ultrasonic  therapy to  the  treatment  of  the Brown-Pierce rabbit 
tumor  transplanted  to  the  testes,  and  reported  elimination  of 
not  only  the  treated  tumor,  but also of  nonirradiated  meta- 
static  nodules as well. Mishuna [l l ]  examined  the effect of 
intense focused ultrasound  (944  kHz,  100-1000 W/cmZ , 1-2 
second exposure)  on  implantable gliomas induced  with  20- 
methylcholanthrene.  Tumors  implanted  in  the  abdominal wall 
were irradiated  at 3 weeks postimplantation,  and in the brain 
at  10  days  postimplantation.  The  growth of abdominal  tumors 
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was suppressed at  ultrasonic irradiations of 1000 W/cm2  for 
2 seconds, while 100 W/cm2 at a IO-second treatment proved 
ineffective  in  suppressing growth. Kaketa and Wagai [ 121  ex- 
amined  the  influence of high intensity ultrasonic (1 MHz) ir- 
radiation (5 seconds;  1  kW/cmz)  on  the  growth of Horie’s 
sarcoma transplanted in the marrow of  the  femur  ofthe rat ,and 
of  a sarcoma transplanted in the  femur of the mouse. Signifi- 
cant  reduction in tumor size over those  untreated was ob- 
served six  weeks after  irradiation,  The average survival period 
observed  in 25  irradiated animals was 99.4  days,  compared to  
46.3 days  for  the  25 animals  which constituted  the  untreated 
group. Similar results were reported  in a subcutaneous Horie’s 
tumor  transplant  in  the  rat,  where  the average survival of  the 
animals increased from 56.3 to 81 .l days with  the high inten- 
sity  ultrasound  treatment. Kishi et al. [l31  irradiated  a chemi- 
cally derived glioma transplanted to the abdominal  walls, with 
high intensity  ultrasound  three weeks after  implantation,  when 
the  tumor was about 1 cm3  in size. The  tumors were irradiated 
for 6-30 seconds in  nearly all regions  with 944  kHz  ultrasound 
at intensities  up  to  about 1 kW/cm2.  Tumor masses irradiated 
with  an  intensity  of  at least 1 kW/cm2 were observed to dimin- 
ish  in  size,  and  animals receiving such  treatment  exhlbited  a 
significant prolongation in  life-span over controls.  For  exam- 
ple, the  mean survival time  of  30  control animals was reported 
to  be 74.6 days, while among 30 animals  irradiated with  ultra- 
sound  at  1000 W/cm2 for 3 seconds,  the average survival was 
reported to be 96.7 days. Also, grafts (small blocks of trans- 
plantable glioma) treated  with similar ultrasonic doses were 
observed to exhibit significantly higher rejection rates  after 
implantation  in  the  abdominal walls of mice. Fry  and  Johnson 
[l41  irradiated solid tumors  produced via inoculation  of  the 
hamster  flank  with  hamster  medulloblastoma cells. Tumors 
were irradiated at a  continuous wave (CW) frequency of 907 
kHz and  an  intensity  of 1000 W/cm2 for 7 seconds,  with  a 
small ultrasound beam  moved throughout  the  lateral  extent 
of the  tumor in 2-mm  horizontal and vertical increments until 
the  entire  tumor was treated.  In  order t o  avoid severe skin 
burns resulting from the particular  beam configuration  em- 
ployed,  Fry and Johnson  found it necessary to surgically expose 
the  tumor  for  treatment, a procedure which is clearly unaccept- 
able for clinical application. Nevertheless mean survival of the 
animals treated was significantly higher than  shams,  and  about 
30 percent of the ultrasound  irradiated group  exhibited corn- 
plete  tumor  extinction. 

In the  present  work,  a  focused  irradiation  system  operating 
at 4 MHz is employed  for  intense ultrasonic treatment of 
subcutaneous solid tumors in vivo without  prior surgical ex- 
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Fig. 1. Irradiation  system  employed  in  the  intense  ultrasonic  treatment 
of subcutaneous  solid  tumors. 

posure. This acoustic beam configuration allows  effective 
irradiation  of  the  tumor  without seriously affecting over- 
lying  skin  surfaces. 

11. METHODS 
The  ultrasonic  irradiation system employed  in  these experi- 

ments,  shown in  Fig. 1 ,  consists of a 5 S-cm  diameter, 4-MHz 
focused quartz  transducer driven at resonance  by  a l-kW  In- 
struments  for  Industry Model 469 wide-band amplifier.  The 
longitudinal  and  lateral 3 dB beam widths of the  transducer 
are 8.4 and  0.75  mm, respectively. A standard  radio-frequency 
(RF) signal generator,  controlled  by a timer,  and whose output 
is monitored  by a frequency  counter  and oscilloscope,provides 
the amplifier drive signal. As the focal  beam  cross section  of 
the  transducer was small compared to  that  of  the  tumor,  the 
animal was moved incrementally  in  the plane orthogonal to 
the  longitudinal axis of  the  transducer  by a  precision coordi- 
nate system. The  tumor was positioned  such  that it was ir- 
radiated  in  prescribed  lateral and vertical increments  until  the 
entire  tumor was treated.  The  longitudinal beam  dimension 
was sufficient to effectively irradiate  the  entire  depth  of  the 
tumor,  when  the  longitudinal  beam  center  corresponded  to 
the  central  longitudinal region of  the  tumor. 

Ultrasonic intensity  determinations were made  by  the steel 
ball radiometer  method [ 151 . For  the present experiments, 
spatial  peak  ultrasonic  intensities  of 708 and 1600 W/cm2 , 
CW, were employed  for a duration  of  2-4 seconds  per  irradia- 
tion  point.  Irradiations were performed  at intervals of  about 
10-20 seconds to ensure  that excessive heating  of  the  trans- 
ducer lens system did not  occur. 

The  tumor  model  employed in this  experiment, provided 
by Eli Lilly & Company, Indianapolis, IN, was the Yoshida 
sarcoma implanted in the  rat.  The  history  and  description 
of  the Yoshida  sarcoma may be found elsewhere [l61 - [l 81 . 
The  tumor was implanted  by 0.5 cm3  subdermal  inoculation 
in the  left  flank of female Holtzman  rats weighing about 160- 
200 grams. The  tumor  implanted in this  manner is rapidly 
growing, and  is generally fatal to the animal in 30-40 days. 
At Day 2 postinoculation  the  tumor size is about 0.8 X 1 X 
1.3 cm  deep,  and is implanted  in  such a  way that  the lesion 
may be  pulled away,  from  the  trunk section of  the  rat,  with 
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Fig. 2. Animal tumor being  positioned  for  ultrasonic  irradiation. Mov- 
able  pointer is  used to  locate  the focal region of the  transducer relative 
to  the tumor to be  treated. 

the skin for  more  convenient  and  complete  irradiation wlule 
avoiding the rib cage. Such tumor  retraction was not severe, 
and is not considered to significantly  alter the  blood  supply to 
the  tumor. During the  irradiation process, the  anesthetized 
(ether followed by Metofane inhalation)  rat is restrained  in 
an  apparatus designed to  allow unimpeded beam approach, 
and is partially  immersed in  an acoustic  coupling medium  con- 
sisting of degassed physiological saline at  37°C. Prior to the 
placement of the animal in  the restraint apparatus,  the region 
around  the  tumor is shaved and  depilated to  permit  better 
acoustic coupling. Fig. 2  shows an animal  being positioned 
for  irradiation, where  a  movable pointer locating the  trans- 
ducer focal  position is aligned with  the  tumor.  The  demarca- 
tion  of  the  tumor  boundary was accomplished by transillumi- 
nation  and  palpation  of  the  extended flank  region. 

The  experimental  protocol  for determining the effect of 
high-intensity  ultrasound  irradiation  on  tumor  growth  con- 
sisted of  random  separation  of sham and  ultrasound  irradiated 
animals on  the  day  the animals  were inoculated, i.e., Day 0 of 
the  protocol,  for  subsequent  ultrasound  or  sham  treatment 
on Day 2. Here,  shams were treated  the  same as irradiated 
animals,  including the animal restraint  and  tumor  retraction 
protocols,  with  the  exception  that  sound  exposure did not 
occur. Successful tumor  implantation was always  evident on 
Day  2 for all animals  in both  the sham and  irradiated groups. 
After  treatment,  tumor  growth was followed for  28  days  post- 
inoculation.  Tumor volume was calculated from  external 
caliper measurements, assuming that  the  tumor  took  the  form 
of  an ellipsoid of  revolution,  at 8 intervals  during the  28-day 
period. The  total  body weight of the  animal was also moni- 
tored to assess qualitatively overall health.  Sham animals and 
ultrasound  irradiated animals in which  tumors were palpated 
on Day 28  postinoculation were then sacrificed, photographed, 
and grossly autopsied  for metastases. The  autopsy consisted 
of  an  examination  for palpable subdermal  metastatic lesions, 
as well as a macroscopic search for  such lesions  in the  thoracic 
and  abdominal cavities and  in  major  organs, including the liver, 
kidney,  intestines, gall bladder,  urinary  bladder,  rectum,  colon, 
lung, and  heart.  The  tumor was then surgically excised and 
measured. Ultrasound irradiated  animals without palpable 
tumors  on Day 28  postinoculation were  followed to  Day 120, 
when  they  too were sacrificed, photographed,  and  examined 
for  proliferation  of metastases. 
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TABLE I 
ULTRASOUND EXPOSURE CONDlTlONS 

Peak Exposure 
Irradiation  Frequency  Intensity  Time Beam  Spacing 

Regime  (MHz) (W/cmZ)  (Sec)  Lat. X Vert. (mm) 

1 4 708 2 1 x 1  
2 4 1600 4 0.5 x 1 
3* 4 1600 4 0.5 X 1 

*Area of irradiation  extended 2 mm  beyond  periphery of the  tumor. 

The specific ultrasound  exposure  conditions  employed  in  the 
present  study are shown in  Table I, where  the peak intensity 
refers to the free-field  spatial  peak ultrasonic power  per unit 
area  in the  focal  plane,  and  the beam  spacing  refers to  the  lat- 
eral and vertical  beam  placement increment  employed  during 
the  irradiation period. For  example, in the single treatment 
session to which the animals in  the  present  study were sub- 
jected (on Day 2 postinoculation), a tumor measuring  1 cm 
laterally  and 1.2 cm vertically would,  under Regime 1 in 
Table I ,  receive about  120 individual ultrasonic  exposures 
spaced by  about 1 mm,  and each  lasting  2  seconds. Using such 
an  irradiation  matrix,  the  entire  tumor is treated while tight 
control  of beam placement is maintained. 

For Regimes 1  and 2,  treatment was confined  within  the dis- 
cernible edges of  the  tumor (as defined by  palpation  and  trans- 
illumination). In Regime 3, the area of irradiation was ex- 
tended 2 mm  beyond  the  periphery  of  the  tumor in order  to 
assure  effective coverage of the mass. 

111. RESULTS AND DISCUSSION 
The effect of high-intensity  ultrasonic irradiation on  tumor 

growth is shown  in Figs. 3-5 for  treatment Regimes 1-3, re- 
spectively,  where the average tumor volume (cm3) is plotted 
as a function  of  time (days postinoculation). These data  are 
also summarized  in  Table 11. In each  figure, the  upper curve 
represents  the  growth progression of  sham  irradiated  tumors, 
while the  lower curve represents  the  growth  of  tumors receiv- 
ing ultrasound.  For Regime 1 (Fig. 3) a reduction in growth 
of  about 30 percent is observed in ultrasound  irradiated  tu- 
mors  compared to shams; however, the  difference is only 
marginally  significant  statistically (Student-t) over the  time 
period over which  the  tumor  growth was monitored (sum- 
marized  in Table 11). A greater  effect is shown  under Regime 
2,  in  which  the  ultrasound  intensity  and  irradiation  density 
were  increased.  Under these  irradiation  conditions,  at Day 28 
the  mean  tumor volume among  irradiated animals is about  16 
percent  of  the  mean  sham value, and  the volume reduction is 
significant ( p  < 0.001) over the  entire  28day period over 
which these  measurements were made. 

extended  the  same  ultrasound  intensity,  exposure  time,  and 
beam placement spacing of Regime 2 to include  an  additional 
2 mm of tissue about  the periphery of  the  tumor as defined  by 
palpation  and  transillumination. This protocol was employed 
in  an  attempt to irradiate viable tumor cells which may have 
escaped irradiation  under Regime 2.  The results of  the  ad- 
ministration  of Regime 3 ,  shown in Fig. 5 ,  are similar to those 

The  final  irradiation regime reported  here, Regime 3 (Fig. 5), 
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Fig. 3. Mean tumor  volume as  a function of the  postinoculation  time; 
Regime 1 exposure-Table I. 
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Fig. 4. Mean tumor volume as  a  function of the  postinoculation  time; 
Regime 2 exposure-Table I. 
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Fig. 5 .  Mean tumor volume  as  a function of the  postinoculation  time; 
Regime 3 exposure-Table I. 

observed in Regime 2 (Fig. 4), with significant reduction of 
tumor  growth over the  entire  28-day period. It  appears  that 
little benefit is gained from  irradiation of the  tumor  periphery. 
The  mean volume of  ultrasound  irradiated  tumors is 21  per- 
cent  of  that  for shams 28  days  postinoculation, similar to  that 
obtained previously under Regime 2. 
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TABLE I1 
EFFECT OF ULTRASOUND  IRRADIATION ON TUMOR GROWTH DATA S U M M A R Y  

Mean  Mean 
Days Sham Volume h a d .  Volume Significance* 

Regime Postinoculation f Std. Dev. (cm3) # Animals f Std. Dev. (cm3) # Animals ( P )  

1  7  5.21 f 1.97  11  2.92 f 0.96  11  <0.01 
14  19.0 f 9.46 10  12.9 t 7.06 11 NS 
21  37.0 f 19.2 10 26.4 t 18.7 10 NS 
28  54.3 f 25.2 8 30.8 f 9.23 8 <0.05 

2  7 3.46 * 1.10 23  0.751 f 0.699 23  <0.001 
14 13.5 f 5.53 23  1.85 f 1.55 23 <0.001 
21 24.7 2 12.6 21  3.54 t 4.16 22 <0.001 
28 33.9 f 16.5 18  5.5 * 8.32 22  <0.001 

3  7 3.00 +_ 0.980 14  0.796 f 0.881 16 <0.001 
14 9.29 f 3.67 14  1.24 t 1.06 16 <0.001 
21 18.4 f 8.37 12  2.58 f 3.01 14 ’ <0.001 
28 28.3 f 16.4 10  6.05 f 7.87 12 <0.01 

* p  > 0.1 considered not significant (NS). 

Since there is some variation in  growth  among  the  sham 
groups  employed in the  study, it is difficult to precisely com- 
pare the  effect  of  the  irradiation of Regimes 1-3 on  tumor 
growth.  The  explanation  for differences  in tumor  growth 
among  the  sham  population is not clear,  since the  inoculation 
technique, as well as the  tumor  source  from  which  the  brei 
forming  the  inoculate was derived, was common to all groups. 
Of all of  the animals inoculated  for  this  study,  100  percent 
presented palpable masses two  days  postinoculation.  In  any 
case,  each  irradiation regime examined employed  matched 
sham groups, such that  differences in sham tumor size 
between animals of  the  three  irradiation regimes impact 
most  importantly  on  the  intercomparison  of  treatment  proto- 
cols, and less upon  the assessment of effectiveness of  each  in- 
dependent  treatment regime. Since both  the  intensity  and 
exposure spacing differed between Regime 1 ,  and Regimes 2 
and 3 ,  one  cannot  form a clear-cut dose  response relation- 
ship  from  these  data based upon a particular  exposure variable 
irrespective of differences  in tumor  growth  rate  in  the animal 
population. Nevertheless, one can identify gross trends  in  the 
comparative effectiveness of each exposure,  under  the  con- 
straints previously  described, by  presenting  the  data  for  each 
regime as the normalized  difference between  the  mean  sham 
volume and  the  mean  irradiated  volume, using the expression: 

AV(%) = ~ 

v, - vi x 100%. (1 1 
V, 

Here, V, and Vi are the  mean sham and irradiated tumor vol- 
umes,  respectively, and AV(”/,) is the normalized  difference in 
sham  and irradiated tumor volume. These normalized data are 
plotted as a function  of  time  postinoculation  in Fig. 6.  The 
use of Regime 1 resulted  in an initial 30-40 percent  volume 
reduction over  shams  which  diminished with  time. (The Day 
28  data  point is skewed by  the loss of  two sham and  two  ir- 
radiated  animals just prior to Day 28  due  to massive tumor 
growth.) Regimes4 and 3, however,  are seen to be nearly 
identical  in effectiveness, with  an overall volume reduction 
of  about  85  percent  which persists throughout  the  26-day 
period  following irradiation. Since the  irradiation  conditions 
of Regimes 2 and 3 were identical, with the  exception  of  the 

3 6 Q 1 2  15 1 8   2 1   2 4  27 30 

Time-Days 
Fig. 6. Normalized volume differences between sham  and irradiated tu- 

mors using irradiation Regimes 1-3. 

extra-peripheral  irradiation,  the good  agreement in  thera- 
peutic response between Regimes 2 and 3 observed in Fig. 6 
suggests a  degree of  repeatability  among  the  groups  of ani- 
mals employed in this  study. 

A number  of  irradiated animals exhibited  tumors  which 
could  not be palpated  at Day 28  postinoculation. These ani- 
mals  were not sacrificed on Day 28,  but were monitored  up 
to 120 days postinoculation,  when  the  tumor volume  measure- 
ments  and gross autopsies were performed. No evidence of  the 
primary  tumor was found in these animals, nor  of metastases. 
A summary of these  data is shown  in Table 111 where  it is seen 
that  the animals  exhibiting nonpalpable  tumors were confined 
to  those which received ultrasonic irradiation Regimes 2 and 3. 
No sham  animal under  any regime, or irradiated  animal under 
Regime 1 ,  exhibited  complete  tumor regression. Among 
animals  irradiated under Regimes 2  and 3, however, 30-35 
percent of  the animals exhibited  nonpalpable  tumors at Day 
28,  with  complete  tumor regression confirmed  at 120  days 
postinoculation. 

Another result of the  study concerns the  development  of 
metastases among  the various experimental  groups, summarized 
in  Table N. While there appears to  be a  relatively small but 
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TABLE 111 
INCIDENCE OF COMPLETE TUMOR  REGRESSION  AMONG 

EXPERIMENTAL  ANIMALS 

Experimental Animals 
Group  Employed' Nonpalpable*  Percent 

All shams3 36 0 0 
Regime 1 (irradiated) 8 0 0 
Regime 2  (irradiated) 22  8 36.4 
Regime 3 (irradiated) 12  4  33.3 

'Surviving at  Day 28  postinoculation. 
2No evidence of tumor presence up  to 120 days postinoculation. 
3Combined  shams from Regimes 1-3. 

TABLE IV 
FRACTION OF ANIMALS  EXHIBITING METASTASES __ 

Irradiation Total Shams with Total Irradiated 
Regime Shams' Metastases Percent  Irradiated'  with Metastases Percent 

1 11 1 9 11 1 9 
2  23 10 43.5 23  6 26 
3  14 6  42.8 16 4 25 

'At Day 2 postinoculation. 

equal  incidence  of  irradiated and  sham  animals with metastases 
associated with  experimental Regime 1 ,  the  fraction  of ir- 
radiated animals  in experimental Regimes 2 and 3 exhibiting 
metastases  were about 60 percent  of  the  fraction  of shams  in 
whxh metastases  were  observed. This effect  could  be asso- 
ciated  with  the  dramatic  reduction in primary  tumor  growth 
produced  by  irradiation Regimes 2 and 3 ,  or  possibly with 
some form  of systemic  response of  the animal brought  about 
by  the massive amount  of  tumor  destruction  produced  by 
the  high-intensity  ultrasonic  irradiation over  a relatively short 
span of time, 

Another  interesting  observation  concerns  the  growth  pro- 
gression of  sham  and  irradiated  tumors over the  course of the 
experiment. Fig. 7 shows a log-log plot  of  tumor volume ver- 
sus time  postinoculation,  where  it is evident that  the  sham 
irradiated group  exhibits  an essentially power volume growth 
with  time  from Day 2 to Day 28. The  growth  of  irradiated 
tumors is somewhat  different, however. When the  growth 
data of tumors  irradiated  under Regimes 2 and 3 are  sepa- 
rated  according  to  whether a  palpable mass could be  detected 
at  the  point  of original tumor  implantation 28 days  postinocu- 
lation  (palpable  and  nonpalpable in Fig. 7), the  growth  pro- 
gression of irradiated tumors which go to eventual  extinction 
can be  retrospectively compared to  the  growth  of  those which 
were  palpable  at the end of  the observation  period.  Referring 
to Fig. 7, it is clear that  up  until  about 6-8 days postinocula- 
tion,  the average growth  of  both  tumor  groups  (palpable  and 
nonpalpable),  under  either  irradiation regime, exhibits a  simi- 
lar pattern.  After  that  time, however, the  nonpalpable  tumor 
groups  under  either  irradiation regime digress in  growth  to  ex- 
tinction,  with a "peak" in  growth occurring 6-10 days  post- 
inoculation, while the remainder of  tumors  continue  to grow 
at a rate  comparable to those of the sham group. It is not 
clear what mechanism is responsible for  this  growth behavior. 
The  growth  rates  of eventual  palpable and  nonpalpable masses 
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Fig. 7. Logarithmic plot of  mean tumor volume as a function of time, 
for irradiation Regimes 2  and 3. Here, the  growth of irradiated tu- 
mors which digressed to extinction are  separated from  those  tumors 
still palpable in the animal on Day 28 postinoculation. 

were similar for  about  one week postirradiation  and were sig- 
nificantly less than  those  for  the  corresponding  sham groups. 

No attempt was made  to measure temperature rise in the 
tumor mass in  this  study.  From  other  studies involving tissue 
irradiation,  it is apparent  that  the  temperature rise is quite 
high [ 191 . The  upper limit to  temperature rise at 1600 W/cm2, 
4-second exposure  duration, can be estimted  by  the following 
calculation, assuming temperature  equilibrium will not  be 
reached  during the  short  exposure: 

2aZ  2 (0.03) (1 600) A T = - A t +  (4) 96"C, 
PCJ 4 

where A T  is the  temperature rise in "C, a is the pressure ab- 
sorption coefficient  in cm-' , I is the  acoustic  intensity in 
W/cmZ, PC is the  heat  capacity per unit volume in cal OC/cm3, 
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J i s   t h e  mechanical  eauivalent of  heat in J/cal. and A r  is the [ 121 K. Kaketa and  T. Wagai, “Destruction  of malignant tumor  by 
irradiation  time in  seconds. 

After cessation of  exposure,  the  temperature  drop is quite 
rapid,  and we presume that  in  the 10-1 5 second interval be- 
tween each irradiation  the  temperature  has reached its  normal 
value. 

. I  

IV. SUMMARY 
The results of  the high-intensity  ultrasonic treatment  of  the 

Yoshida  sarcoma complement  the earlier studies in the  medul- 
loblastoma (HM) of  the  hamster  [14], as well as with  other 
earlier studies [ 1  1 ] - [ 131 , and  demonstrate  that  dramatic 
reduction  of  tumor  growth can be  effected  by  such  treatment. 

At a spatial  peak intensity of 1600 W/cmZ (4-second dura- 
tion per exposure applied every 0.5 mm laterally and l mm 
vertically over the  extent  of  the  tumor),  tumor volume of ul- 
trasound  irradiated animals was reduced to 85 percent  of 
the volume found  in shams. Complete  tumor  ablation, mea- 
sured by  the  absence  of  a palpable mass 120  days  postinocula- 
tion, was effected in 35 percent  of  the animals treated. 
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