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peratunes, particularly when a lesion is located inside the body.
Under the guidance of either image-intensified fluoroscopy,

ultrasonography, or computerized tomography, fine-needle bi
opsy of lesions in almost every organ of the body has recently
become an accepted radiological procedure to obtain a tissue
diagnosis (5, 7, 19). Every lesion that is visualized by using
one of these modalities can be punctured accurately without
technical difficulties even when the lesion measures less than
1 cm in diameter such as small pulmonary nodules (i 4) or
lymphographic filling defects in normal-sized lymph nodes (9).
Furthermore, fine-needle aspiration under radiological guid
ance has been shown to be a very safe procedure with no life
threatening complication reported as yet (8, 9, 14, 22).

The purpose of this investigation was to evaluate the feasi
bility of developing the fine-needle aspiration biopsy technique
as currently performed under fluoroscopic, ultrasonic, oncom
putenized tomographic guidance to a therapeutic procedure for
the treatment of cancers.

MATERIALS AND METHODS

The investigation was performed in male New Zealand White
rabbits weighing 2.5 to 3.0 kg. They were housed in individual
metal cages and fed ad libitum.

Eight to 12 rabbits at a time were given injections of 0.5 ml
VX2 carcinoma suspension, each ml containing 5 x i 0@tumor
cells. The suspension was injected i.m. with a tuberculin sy
ninge into the left hind leg below the knee. The VX2 strain has
been maintained by serial transfer of the tumor homogenate
into the thigh muscle. Preparation of the tumor cell suspension
was performed using the technique described by Muckle and
Dickson (10).

Tumor treatment and follow-up arteniograms were performed
under general anesthesia with sodium pentobarbital (Nembutal
sodium; Abbott Laboratories, North Chicago, Illinois), 28 mgI
kg i.v., with additional supplements when needed. On the
seventh day after tumor inoculation, the left hind leg of the
anesthetized rabbit was examined by palpation. Rabbits with
similar findings regarding tumor size, location, and mobility
were paired. One of the pair was then selected at random for
the treatment; the other was kept as its own untreated control.
For the treatment, 0.9% NaCI solutions heated to 100Â°were
aspirated into 5-, 10-, or 20-mI plastic syringes equipped with
22-gauge needles. Dosages of 5, 10, or 20 ml heated 0.9%
NaCI solution were then injected p.c. within 2 to 4 sec into the
tumor. During the injections, the needle tip was placed at
different tumor sites in an attempt to obtain a better i.t. heat
distribution. In controls, an equal amount of 0.9% NaCI solution
at room temperature was administered i.t. All animals routinely
received antibiotic coverage with 0.5 ml Penstrep (Merck Inc.,
Rahway, N. J.) i.m. after tumor injection.

Intratumor temperatures during the treatment were moni

ABSTRACT

Percutaneous fine-needle biopsy of lesions in various organs
has recently become an established radiological procedure.
The extension of this diagnostic modality to a therapeutic
modality is the subject of this investigation.

Tumors were produced in the hind leg of New Zealand White
rabbits by i.m. injection of 0.5 ml VX2 carcinoma suspension,
each ml containing 5 x 10@tumor cells. Seven days after
tumor inoculation, the VX2 carcinomas measured approxi
mately 2 x 2 x 3 cm. Half of the animals were treated at that
time by intratumoral injection of 5, i 0, on 20 ml heated 0.9%
NaCI solution, the other half being treated with an equal amount
of 0.9% NaCI at room temperature. All animals were peniodi
cally followed up by physical examinations, radiographs, and
angiograms up to 3 months.

The temperature of the heated 0.9% NaCI at the needle tip
was 85 Â±4Â°(S.D.). The maximum increase in tumor temper
ature 1 and 2 cm from the needle tip was as follows: 5 ml, i 8
Â±3Â°and 3 Â±2Â°;iOml, 25 Â±3Â°and 6 Â±1Â°;2Oml, 29 Â±5Â°
and 9 Â±2Â°.The survival rate increased significantly in all
treated animals compared to their controls. At autopsy, the
following results were found with the heated 0.9% NaCI: 5 ml,
58% no tumor, 42% tumor locally, 17% metastases; i 0 ml,
75% no tumor, 25% tumor locally, 12% metastases; 20 ml,
i 00% neither local tumor nor metastases. Apparently dose
dependent local complications included ulcerations with or
without sinus formations, tibia fractures, and muscle atrophy.
Local neurological damage seemed not to be dose related.

We concludethat thistechniquedeservesfurtherexploration
for the treatment of cancers because it is extremely simple and
could easily be adjusted for clinical use.

INTRODUCTION

Heat in the form of red-hot iron was used in ancient times for
the treatment of cancer (21). Myriad techniques have been
used over the years to heat tumors locally including electro
coagulation (18), heating with fomentation (12), water bath
immersion (2), shortwave and microwave diathermy (3, i i,
13), ultrasound (20), laser (6), and hyperthenmic perfusion (i,
15, 16). In spite of ample evidence attesting that heat can
adversely influence tumor growth, local hyperthermia has been
slow to gain recognition as a possible modality for the arma
mentanium of the cancer therapist. A major reason for this
appears to be the fact that a simple and reliable technique is
not yet available for selective generation of elevated i.t.4 tem
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tored in i 8 additional experiments with thermistor and then
mocouple needle probes (Yellow Springs Instruments, Yellow
Springs, Ohio) connected to a Hewlett-Packard digital meter.
In these animals, the tumor was dissected for accurate place
ment of the needle sensors at i and 2 cm off the needle tip of
the syringe to be used for the heated 0.9% NaCI solution
injection. In additional experiments, the temperature of the
heated 0.9% NaCI solution was determined when it came out
of the needle tip. The animals used for i.t. temperature mea
surements were sacrificed at the termination of these expeni
ments.

The treated and control animals were followed up with daily
inspections and periodic plain-film radiography and arteniog
raphy in intervals of 2 to 3 weeks up to 3 months. Femonal
arteniography was performed by introducing a straight 4.i
French nadiopaque polyethylene catheter (Cook Inc., Bloom
ington, Ind.) by cutdown into the right femonal artery on a
common carotid artery and placing the tip under fluoroscopic
control into the distal abdominal aorta. Arteniograms were
performed by hand injection of 4 ml Renografmn76: 66%
methylglucamine diatnizoate and i 0% sodium diatnizoate
(Squibb and Sons, Princeton, N. J.) over approximately a 2-
sec period.

Three months after tumor inoculation, all surviving rabbits
appeared to be in good health, although in some animals a
localized mass was still palpable in the left hind leg. They were
then sacrificed with an overdose of sodium pentobanbital.

A last radiograph of the left hind leg was taken in all rabbits
at the time of their death. A complete autopsy was performed
in all animals with the exception of the brain. Specimens of the
tumor area in the left hind leg and all abnormal-appearing
organs were taken for histological examination. They were
fixed in i 0% formalin and embedded in paraffin wax. Five-@sm
sections were made and stained with hematoxylin and eosin.

When appropriate, the data were expressed as mean Â±S.D.
Statistical analysis was performed using the Wilcoxon test for
paired data with p < 0.05 considered to be a significant
difference.

RESULTS

In each of 18 rabbits used for i.t. temperature determinations,
the VX2 carcinoma in the left hind leg measured approximately
2 x 2 x 3 cm at 7 days after tumor inoculation. At that time, the
tumor had not become cystic in its center, and no metastases
were found at autopsy. Microscopically extensive cell lysis,
karyorrhexis, pyknosis, and interstitial swelling were found in
the VX2 carcinomas of the animals that were sacrificed within
i hr after the injection of the heated 0.9% NaCI solution.

The temperature of the heated 0.9% NaCI solution was 85Â°
Â± 4Â° when injected into the tumor (i 8 measurements). The

tumor temperature before treatment was 36,5_38.00. With the
injection of heated 0.9% NaCI solution, a maximum increase in
tumor temperature was found at the end of the injection. A
rapid initial decrease in tumor temperature was followed by a
more gradual decrease, so that i 5 mm after injection the
temperature in the center of the tumor remained i â€”3Â°above
pretreatment level. With the injection of 5 ml heated 0.9% NaCI
solution, a maximum increase in tumor temperature of i 8 Â±3Â°
and 3 Â±2Â°was found at i and 2 cm, respectively, from the
needle tip through which the 0.9% NaCI solution was admin
istered (6 experiments). When 10 ml heated 0.9% NaCIsolution

were used, the tumor temperature increased maximally 25 Â±
3Â°and 6 Â± Â°at i and 2 cm from the site of injection (6
experiments). With 20 ml heated 0.9% NaCI solution, a maxi
mum tumor temperature increase of 29 Â±5Â°and 9 Â±2Â°was
found at i and 2 cm distant from the site of injection (6
experiments). Body temperatures were not measured.

In the first week following i.t. injection, the lesion in the left
hind leg seemed to increase in both the treated and control
animals as assessed by palpation. After that, a gradual de
crease of the tumor size was found during the following 2
months in successfully treated animals.

Angiographically the VX2 carcinoma appeared as a hypen
vascular mass with numerous pathological vessels, arteniove
nous shunting, and an abnormal blush (Fig. iA). With time and
increase in size, the tumor center became necrotic; this was
demonstrated by angiography. In successfully treated animals,
both mass and pathological vessels regressed slowly with time
so that the angiographic findings returned almost to normal
approximately 2 months posttneatment. At that time, the find
ings on angiognaphy differed from a normal rabbit only in that
the small arterial branches were somewhat more curled (Fig.
1B).

The highly malignant character of the VX2 carcinoma was
also apparent from radiognaphsof the left hind leg. If the control
animals survived long enough, the tumor normally invaded and
destroyed the adjacent bone (Fig. 2A). In successfully treated
animals, there was occasionally a suggestion of an increased
soft tissue density in the area of the previous tumor which was
possibly due to dystrophic calcification. The adjacent tibia,
however, appeared to be completely normal (Fig. 28).

Compared to their controls, the survival rate was significantly
greaten in all treated animals (Chart i ). Two rabbits treated with
5 ml and another 2 treated with i 0 ml heated 0.9% NaCI
solution died of tumor within 80 days (Chart i , A and B).
However, of the i 0 rabbits treated with 20 ml heated 0.9%
NaCI solution, only 5 were alive at 80 days (Chart i C). Two of
them died following an arteniognam,presumably because of an
inadvertent sodium pentobanbital overdose. The third rabbit
died of pneumonia. Finally, 2 rabbits of this group had to be
sacrificed early because one became paraplegic following an
arteniogram and the other developed an open fracture of the
left tibia that became infected. No evidence of local tumor or
metastases could, however, be found at autopsy in those 5
animals that died or were sacrificed early. Their premature
death, however, might not be purely coincidental but might
possibly be related in part to the treatment. Four controls died
following the i.t. injection of room-temperature 0.9% NaCI
solution (2 with 5 ml and 2 with 20 ml) presumably also from
an anesthetic overdose (Chart i , A and C).

In the 4 rabbits that died on the seventh day following the
room-temperature 0.9% NaCI injection, only a local VX2 car
cinoma was found. Autopsy in the remaining 26 control rabbits
revealed a local tumor in 24 and metastases in 23 animals.
Depending on the survival time, the local tumor varied greatly
in size extending up to the pelvis in the most advanced cases.
Central tumor necrosis was almost invariably present and
seemed to correlate with tumor size. Ingumnaland/or iliac lymph
node metastases were found 20 times, lung metastases iS
times, and liver and kidney metastases 4 times each. Since the
primary tumor commonly extended beyond the knee, meta
static involvement of the left popliteal lymph node could not be
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Chart 1. Survival time (days) of all treated and control rabbits in which on Day
a,25 x 106VX2carcinomacellswereinjectedl.m.intothelefthindleg.Onthe
seventh day, rabbits received an It. injection of 0.9% NaCIsolution heated to 85
Â± 4Â° (treated) or an equal amount of 0.9% NaCI solution at room temperature

â€”J@ @1 (controls). A, after 5 ml 0.9% NaCI solution heated to 85 Â± 4Â° (treated) or at

40 60 80 roomtemperature(controls);B,after10 ml0.9%NacIsolutionheatedto85 Â±
40(treated)or at roomtemperature(controls);c. after20ml0.9%NaCIsolution

DAYS heatedto85 Â±4Â°(treated)oratroomtemperature(controls).
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evaluated. Two controls, in which a local VX2 carcinoma had
grown by clinical examination and angiography, appeared to
be completely free of tumor 3 months later when they were
sacrificed and autopsied. It is assumed that a spontaneous
tumor regression had occurred in these 2 cases.

Of the i 2 animals treated with 5 ml heated 0.9% NaCI
solution, local VX2 carcinoma was found at autopsy 5 times
and lymph node metastases were found 2 times. In the 8
rabbits treated with 10 ml heated 0.9% NaCI solution, local
VX2 carcinomawas present at autopsy in 2 animalsand lung
metastases in one animal. When the rabbits were treated with
20 ml heated 0.9% NaCI solution, neither local nor metastatic
VX2 carcinomawas found in any animal.

In the 23 treated rabbits that were completely free of tumor
at autopsy, no sequelae of a successfully treated tumor could
be found locally in 12 animals. A benign thin-walled cyst
containing completely homogeneous whitish to yellowish
creamy material and varying in diameter from 3 mm up to 4 cm
was found in 8 animals.Necrotictissuewas seen in the animal
dying of pneumonia on the 27th day. Benign cystic changes
were foundonce in an inguinalnode and 6 timesin iliac lymph

nodes that were normal sized or slightly enlarged, up to 2 cm
in their longest diameter. They contained the same homoge
neous whitish yellowish material as occasionally seen at the
site of the successfully heated primary lesion.

Local complications are summarized in Table i . Skin ulcer
ations with or without fistula formation, tibia fractures, and
muscle atrophy in the left hind leg seemed to correlate with the
injected heated 0.9% NaCI solution dose. Ulcerations in the
controls were caused by the tumor itself breaking through the
skin. Compared to the controls, the treated animals more often
began to chew on the toes of their left hind leg. However, this
finding did not appear to correlate with the dose of heated
0.9% NaCI solution and was interpreted as evidence of local
neurological damage.

DISCUSSION

The VX2 carcinoma is a highly malignant anaplastic squa
mous cell carcinoma that developed as the result of a sponta
neous transformation of a virus-induced skin papilloma in a
domestic rabbit (17). The tumor has many characteristics sim
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Local complications, encountered in all treated and controlanimalsRabbits
chewing on their left hind leg toes were considered to have neurolog

ical damage.%

of localcomplications5

ml 0.9% 10 ml 0.9% 20 ml0.9%NaCI
solution NaCIsolution NaCIsolutionLocal

complications Ta C T C TCUlceration-fistula

a 20 13 38 3825Fractured
tibia 0 0 0 0 2513Muscle

atrophy 0 0 0 0 380Neurological
damage 20 10 13 0 38 0

F. A. Burgener and Z. L. Barbaric

Table 1 plications. Estimating an average tumor volume of 6.3 cu cm at
the time of treatment (assuming an oval lesion of 2 x 2 x 3 cm)
and concluding that the i 0-mI dose was overall best when both
treatment effect and local complication rate are considered, it
would appear that the tumor volume/heated 0.9% NaCI solu
tion dose ratio in the investigated temperature range of 80â€”90Â°
should be approximately i /2. Although it is by far too early to
advocate this new modality to produce local hyperthermia for
clinical use, we believe that this technique has great potential
and definitely deserves further exploration.
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a T, treated (it. injection of 0.9% NaCI solution at 85 Â±4Â°. (S.D.); C, controls
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ilar to those of human cancer (4). Although a spontaneous
tumor regression has occurred in 2 of 30 rabbits, our investi
gation indicates that the VX2 carcinoma can be effectively
treated with an i.t. injection of a heated 0.9% NaCI solution at
80-90Â°.

The technique of i.t. injection of heated 0.9% NaCI solution
can be considered as a modification of tumor electrocoagula
tion that was extensively investigated by Strauss (i 8). He found
in animal experiments and humans that electrocoagulation of
a primary tumor is effective not only for the treatment of the
local lesion but also for the treatment of distant metastases.
Strauss hypothesized that, following electrical heating of tu
mors, necrotic cancer cells were absorbed and acted as an
antigen, increasing the immunity of the tumor-beaning host with
subsequent destruction of distant metastases. More recently,
Shah and Dickson (13) showed that curative local heating of
VX2 carcinoma in rabbits generates an immune response that
is involved in the regression of the primary tumor as well as in
the destruction of metastases. It could be speculated that in
our experiments such a response might have occurred also in
the rabbits successfully treated with VX2 carcinomas.

Electrocoagulation is best suited for use under direct vision
and in sites that can be reached endoscopically (4). Compared
to this therapeutic modality, i.t. injection of a heated 0.9% NaCI
solution requires only fine-needle puncture of the lesion that
can be attained under proper radiological guidance in virtually
every organ of the body (5, 7â€”9,i 9, 22). However, a potential
hazard of this procedure exists in the possibility of dislodging
cancer cells into the blood by i.t. injection. Compared to other
less invasive techniques to produce local hyperthermia, e.g.,
shortwave or microwave diathermy, i.t. injection of heated
0.9% NaCI solution does not require any other equipment than
what is currently available in every up-to-date X-ray depart
ment. Furthermore, the same technique is widely used by
radiologists to obtain tissue samples for histological diagnoses
(5, 7â€”9,i9, 22).

In our investigation, we did not determine the optimum tem
penatureof the 0.9% NaCI solution regarding eradication of the
local lesion, stimulation of an immune response, and compli
cation rate. Lower temperatures than we used might well be as
effective for the treatment with the benefit of fewer local com
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