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Abstract This study characterized the VX2 bladder
cancer model in rabbits and tested the feasibility of
treating bladder cancer by extravesical cryosurgery.
After the growth characteristics of the VX2 bladder
tumor model were determined, the VX2 tumor was
inoculated into rabbits at the dome of the bladder. One
week later, three freeze/thaw cycles were followed by
immediate surgical repair. The control group under-
went a sham operation without freezing. When the
VX2 tumor is injected into the bladder wall, invasion
and central necrosis occurred within 1 week, lymphatic
metastases by 2 weeks, and lung metastases by 3 weeks
after inoculation. By 4 weeks, all control rabbits had
large VX2 tumors in their bladders and advanced lung
metastases. Nine of the ten rabbits in the cryosurgical
group had mild to moderate degrees of lung metasta-
ses, and six of them had relatively small local recur-
rences. One rabbit had no tumor in the bladder and
only microscopic lung metastasis. The extravesical ap-
proach to cryosurgery employing bladder inversion is
well tolerated. Cryosurgery exhibits modest efficacy in
treating local tumors and delaying lung metastasis in
this aggressive tumor model.
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Introduction

The choice between cystectomy and bladder sparing
procedures in patients with locally advanced bladder
cancer is controversial [5, 12, 23, 31, 33]. Combined-
modality therapy aimed at organ preservation has been
employed successfully in selected patients [13, 17, 27].
Nevertheless, complete bladder excision by radical cys-
tectomy remains the most common treatment for locally
advanced bladder cancer [10, 19]. Although radical cys-
tectomy has the theoretical advantage of complete
eradication of local disease, it is also associated with
significant morbidity, mortality and functional compro-
mise. Partial cystectomy offers the opportunity for
bladder preservation but is associated with the compli-
cations of tumor seeding, and local recurrences may re-
sult from either residual disease or second primaries [18].

Cryosurgery can provide tissue destruction without
the immediate disruption of the integrity of the treated
tissue [21, 26] and has been used to treat both benign and
malignant diseases [1, 2, 14, 32, 36]. Transvesical cryo-
surgical treatment of bladder cancer has been described
[20, 28], but this open approach carries the risk of tumor
seeding as a result of tumor manipulation in an open
bladder.

In this study, we characterize a rabbit bladder tumor
model using the VX2 tumor and describe an extravesical
cryosurgical approach for the treatment of bladder
cancer. All animals received humane care in accordance
with the requirements of the United States Animal
Welfare Act. The VX2 tumor is a highly malignant
Shope virus-induced squamous cell carcinoma that
consistently produces tumors in the bladders of rabbits
[15, 16, 24, 25]. To prevent delayed bladder rupture fol-
lowing cryosurgery, we used a bladder inversion tech-
nique. This extravesical technique avoids opening the
bladder, thereby minimizing the risk of tumor seeding.
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Materials and methods

Preparation of VX2 tumor cell suspension

The VX2 tumor was obtained from the thighs of New Zealand White
rabbits 14 days after transplantation. The tumor was minced and
treated with 1% collagenase for 1 h. The digested tumor was then
successively passed through 18-gauge, 20-gauge, and 22-gauge nee-
dles. The cells were concentrated by centrifugation and resuspended
at a concentration of 1x107 cells/ml in minimum essential medium
with glutamine, non-essential amino acids, and 10% fetal calf serum.

Tumor model

The rabbits were anesthetized by mask induction of 4% isoflurane
in oxygen using high flow techniques. They were then endotrach-
eally intubated, and anesthesia was maintained with 2-3% isoflu-
rane in oxygen employing a semiclosed system. Isotonic saline was
administered at a rate of 5 ml/kg per hour throughout surgery and
during recovery from anesthesia.

The bladder was exposed through a low midline incision, and
100 pl of VX2 cell suspension (10° cells) was injected into the dome
of the bladder using an extravesical approach with a 22-gauge
needle. A successful injection produced a small bleb at the dome.

Cryosurgery

After anesthesia was induced, the bladder was exposed through a
low midline incision. The VX2 bladder tumor was measured in two
dimensions. The bladder was emptied by manual compression and
then filled with 40-50 ml of air using a 25-gauge needle. A total of
three freeze/thaw cycles were performed through an extravesical
approach. The cryoprobe containing liquid nitrogen was directly
applied to the area of the bladder harboring the tumor. A freezing
cycle was completed when the tissue was grossly frozen. Purse
string sutures of 3-0 chromic were used to outline the frozen area
after the first freeze. These sutures were used as a guide to mark the
extent of the subsequent two freezes. After the three freeze/thaw
cycles, the treated portion of the bladder was inverted using the
previously placed purse string suture. The inverted tissue was
reinforced with additional sutures of 3—0 chromic.

Sham operation

In the control rabbits, all the procedures including bladder inver-
sion were the same as for the rabbits receiving cryosurgery except
that the cryoprobe did not contain liquid nitrogen.

Pathological studies

Four New Zealand white rabbits were used to determine the
growth characteristics of the tumor in the VX2 model. The rabbits
were killed at 7, 14, 21, and 28 days after tumor implantation, and
both local tumor growth and distant metastases were evaluated.
Four rabbits were used for acute pathological studies to de-
termine the early effects of cryosurgery. One week after the animals
were inoculated with the VX2 tumor, extravesical cryosurgery was
performed. The rabbits were killed 6 h, 24 h, 48 h and 1 week after
cryosurgery. Detailed pathological changes were investigated.

Evaluation of cryosurgery

Twenty rabbits were inoculated with VX2 tumor cells in the
bladder dome (10° cells/100 pl). The rabbits were randomized into
control and cryosurgery groups (=10 each), and both groups
underwent surgery 7 days after tumor cell implantation. The

animals were killed 4 weeks after tumor implantation and exam-
ined for local and metastatic disease. Bladder tumor volumes were
calculated using the formula of a sphere (4/37 r*). Lung metastases
were estimated using transparent grid paper covering the surface of
the lung. Statistical analysis was by non-paired Student’s z-test.

Results
VX2 bladder tumor model

One week after bladder inoculation, the VX2 tumor cell
suspension formed a 11x8 mm tumor in the dome of the
bladder that invaded the bladder muscle and extended
through the full thickness of the bladder wall. The iliac
lymph nodes were free of metastasis on both gross and
microscopic examination. The liver, kidneys, and lungs
were all normal on gross examination.

Two weeks after bladder inoculation, the bladder
tumor was 16x15 mm in diameter and exhibited central
necrosis and invasion of adjacent tissue. The iliac lymph
nodes were 2x3 mm in diameter and contained VX2
tumor. The liver, spleen, and lung remained grossly free
of metastasis.

Three weeks after bladder inoculation, areas of ne-
crotic tumor were noted along with ascites. Metastases
were seen in the lymph nodes, the small and large in-
testines, the mesentery, and the lungs. The liver and
spleen remained grossly free of disease.

At 4 weeks, the VX2 tumor was easily visible. The
bladder tumor grossly invaded the anterior abdominal
wall and the intestines. Multiple metastases were noted
at the serosal surface of the small and large intestines
and in the omentum. Extensive lung metastases were
seen.

Acute changes after extravesical cryosurgery

Four rabbits were killed 6 h, 24 h, 48 h and 1 week after
cryosurgery to observe acute changes following cryo-
surgery. The acute changes at 6 and 24 h are depicted in
Figs. 1 and 2. Grossly, the infolded portion of the blad-
der appeared dusky within 2 days of cryosurgery and at
7 days was pale white. The reconstructed bladder wall on
top of the inverted tumor appeared viable. Inversion of
the treated part of the bladder resulted in the formation
of a cystic mass within the bladder containing the ne-
crotic VX2 tumor. Blood clots were seen in this necrotic
tissue in some of the rabbits. Histopathologically, con-
gested blood vessels, hemorrhage, and edema were noted
in the areas with coagulative necrosis and in the adjacent
tissue. There was no evidence of viable tumor on multiple
histologic sections. No metastases were seen.

Evaluation of cryosurgery

At the time of treatment, mean tumor sizes in the
experimental and control groups were 6.9+0.2 and
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Fig. 1 Cross section of inverted bladder tumor 6 h after cryosur-
gery

Fig. 2 Cross section of inverted bladder tumor 24 h after cryosur-
gery

6.7+0.2 mm, respectively. These measurements were
transformed into tumor volume with the assumption
that the tumor was spherical. There were no operative
deaths. Hematuria was common in the acute postoper-
ative period. The pathologic findings 28 days after
cryosurgery are summarized in Table 1.

Of the ten rabbits that underwent cryosurgery, four
had no tumor remaining in the bladder. One of these four
had microscopic lung metastasis and the other three had
gross lung metastases. The remaining six rabbits had
both bladder tumor recurrences and lung metastases.
Peritoneal and abdominal wall seeding were noted in
four rabbits all of which also had lung metastases, and all
but one had local recurrences in the bladder. Bladder
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stones were noted in six of ten rabbits and in two of these
rabbits the stones were attached to a recurrent tumor.

All ten rabbits in the control group had large tumors
protruding into the bladder and moderate to extensive
lung metastases. One control rabbit died several hours
before it was due to be killed because of extensive lung
metastases. Peritoneal and abdominal wall seeding was
not noted in this group, and bladder stones did not
occur.

Discussion

The VX2 tumor is a highly malignant rabbit squamous
cell carcinoma. A 1-h digestion of VX2 tumor with 1%
collagenase resulted in a high yield of viable tumor cells,
and injection of 10° cells consistently resulted in a tumor
mass within 1 week. At 2 weeks, the VX2 tumor was
found in lymphatic vessels and in the regional lymph
nodes. Early invasive and metastatic growth are likely to
be critical factors responsible for the failure of localized
treatment in this model. At 1 week, there was gross local
disease without obvious metastases. However, because
of the propensity for local invasion, the margin of
treatment will need to be wider than that dictated by the
gross appearance.

The lung is the most common site of metastasis and
was responsible for the death of animals in a previous
report [25]. The interval between tumor implantation
into the bladder and the demonstration of multiple lung
metastases has been reported to be 3—4 weeks. Rabbits
seldom survive more than 40 days after bladder im-
plantation of the VX2 tumor. Lymph node metastases
have been reported to occur 3 weeks after implantation
[25]. In our studies, lymph node metastases occurred as
early as 2 weeks after implantation, and lung metastases
were seen 1 week later. This early and aggressive growth
may result from the high proportion of viable cells in
our tumor preparation.

Prior studies evaluating aggressive local therapy for
bladder cancer have been associated with bladder per-
foration due to necrosis of the bladder wall, with re-
sultant limitations on the treatment because of concern
for bladder perforation [3, 9]. Microwave hyperthermia,
laser cauterization, electrocauterization, shock wave
treatment, piezoelectric treatment, and cryotherapy
have been evaluated as definitive therapies for local
bladder cancer [3, 7, 9, 11, 15, 20, 22, 28, 30, 35]. Be-
cause the bladder wall is thin and because relatively
high pressures occur during voiding, full thickness
bladder wall necrosis can lead to bladder perforation.

Table 1 Gross findings in
rabbits 3 weeks after

cryosurgery or sham surgery

Cryosurgery Sham operation P value
Beginning bladder tumor volume (ml) 0.24+0.28 0.19+0.16 P=0.88
Final bladder tumor volume (ml) 3.20+8.00 11.79 £4.88 P=0.003
Lung metastases at 4 weeks 4% 85% P=0.001

(median % involved with tumor)
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We employed a novel method to perform aggressive
tumor destruction while maintaining bladder wall in-
tegrity. By inverting the treated area into the bladder
lumen, we could apply aggressive local therapy without
concern for bladder disruption. This strategy worked
well. Despite evidence of extensive necrosis from the
cryosurgery, no bladder perforations occurred. This
strategy of immediate local repair is crucial for this
model of aggressive administration of local therapy in
the treatment of bladder cancer. While we evaluated this
treatment in an open surgical model, it is just as ap-
plicable to a minimally invasive technique through a
laparoscope.

In both the cryosurgery and control groups, a portion
of the bladder was inverted and secured with a purse
string suture and reinforcement sutures. The recon-
structed bladders were completely healed within
4 weeks. Cryosurgery resulted in full thickness necrosis
of the treated area. At 4 weeks, six rabbits had bladder
stones replacing the inverted tissue, and the remaining
four rabbits showed complete disappearance of the in-
verted, frozen tumor. The inversion technique that we
used avoided bladder perforation despite complete
necrosis and absorption of the treated tissue.

The acute pathological changes associated with
cryosurgery were coagulative necrosis with vascular
congestion, hemorrhage, and edema. No viable tumor
was observed in the bladder after cryosurgical treatment
in the acute studies. One week after bladder inoculation,
the primary tumors had grown to a size of 4-12 mm
(6.9+£2.4 mm) in diameter and were easily palpable. We
have observed early tumor infiltration, seeding, and tu-
mor emboli distant from the primary site in the bladder
VX2 tumor model. Therefore, in this study cryosurgery
was performed to encompass the gross tumor with a
1 cm margin of normal bladder. Despite this extra
margin of therapy and microscopic documentation of
efficacy in the acute experiments, locally recurrent tumor
and metastases were noted. Local bladder recurrences
occurred in six of ten rabbits in the experimental cryo-
surgery group.

Local recurrence can occur because of microscopic
tumor infiltration of the grossly normal bladder outside
of the treatment area or because of treated tumor that
may have survived the freeze/thaw cycles. This latter
occurrence is most likely at the periphery of the frozen
tumor ice ball [4, 6, 8, 29, 34]. The complete area of cell
killing is smaller that the gross area of freezing. A mean
diameter of 3.2+£0.4 cm of gross freezing area was used
to kill the tumor (mean diameter 0.7+0.2 cm). Al-
though, no viable tumor cells were found in the acute
pathological studies, local recurrence (persistent primary
tumor) was seen in six of ten rabbits. Additional modi-
fications in the delivery of cryotherapy may be required
to achieve complete cell killing. In addition to the size of
the ice ball and number of freeze/thaw cycles, factors
such as the velocity of freeze and the end freeze tem-
perature will also be considered in future studies to im-
prove the efficacy of cryosurgery [4, 29, 34].

Peritoneal and abdominal wall metastases were seen
in the cryosurgery treated group but not in the control
group. This finding may reflect altered lymphatic and
vascular changes following cryosurgery or occult ex-
travasation of viable tumor as a result of the bladder
wall freezing.

The incidence of lung metastases in both the cryo-
surgery group (90%) and the control group (100%) was
high. However, control rabbits had more extensive
metastases. Lung metastases can result from early dis-
semination that occurred prior to the cryosurgery or
from recurrent tumor after failure of local treatment.
The fact that four rabbits with successful local treatment
had lung metastases supports the hypothesis that lung
metastases occurred before the cryosurgery. Local re-
currences may have also contributed to the extent of the
lung metastases.

The extent of lung metastases was significantly lower
in the cryosurgical group than the control group,
P=0.001. This phenomenon may have resulted from
two mechanisms. First, the destruction of the primary
tumor may have either decreased or delayed the occur-
rence of lung metastases. Second, the cryosurgery may
have induced an immunological response that decreased
the growth of the lung metastases.

Conclusions

The VX2 bladder tumor model reliably produces blad-
der tumors within 1 week, with metastases occurring by
week 2. Local cryosurgery with immediate bladder re-
construction was evaluated in this model. This technique
has the potential benefit of bladder preservation through
the application of aggressive local therapy while main-
taining bladder integrity. However, high rates of local
recurrence and lung metastases were noted, which likely
reflect the aggressive biological behavior of the VX2
tumor and the technical problems in targeting the tu-
mor. Immediate bladder reconstruction through bladder
inversion provides effective protection from bladder
disruption in the setting of aggressive local therapy.
Future experiments will need to address early surgical
intervention to avoid distant metastasis or widespread
infiltration, a larger treatment area, and modifications of
the cryosurgical technique to improve cell killing and
provide a better therapeutic outcome.

References

1. Adam R, Akpinar E, Johann M, Kunstlinger F, Majno P,
Bismuth H (1997) Place of cryosurgery in the treatment of
malignant liver tumors. Ann Surg 225: 39

2. Bahn DK, Lee F, Solomon MH, Gontina H, Klionsky DL, Lee
FTJr (1995) Prostate cancer: US-guided percutaneous cryoab-
lation. Work in progress. Radiology 194: 551

3. Beer M, Jocham D, Beer A, Stachler G (1989) Adjuvant laser
treatment of bladder cancer: 8 years’ experience with the Nd-
YAG laser 1064 nm. Br J Urol 63: 476



10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

. Bischof JC, Smith D, Pazhayannur PV, Manivel C, Hulbert J,

Roberts KP (1997) Cryosurgery of dunning AT-1 rat prostate
tumor: thermal, biophysical, and viability response at the cel-
lular and tissue level. Cryobiology 34: 42

. Feneley MR, Schoenberg M (2000) Bladder-sparing strategies

for transitional cell carcinoma. Urology 56: 549

. Ferris DG (1994) Lethal tissue temperature during cervical

cryotherapy with a small flat cryoprobe. J Fam Pract 38: 153

. Gerber GS, Chodak GW, Rukstalis DB (1995) Combined lapa-

roscopic and transurethral neodymium: yttrium-aluminum-gar-
net laser treatment of invasive bladder cancer. Urology 45: 230

. Grampsas SA, Miller GJ, Crawford ED (1995) Salvage radical

prostatectomy after failed transperineal cryotherapy: histologic
findings from prostate whole-mount specimens correlated with
intraoperative transrectal ultrasound images. Urology 45: 936

. Greskovich FJ 3rd, von Eschenbach AC (1991) Bladder per-

foration resulting from the use of the neodymium:YAG laser.
Lasers Surg Med 11: 5

Hall CM, Dinney CP (1996) Radical cystectomy for stage T3b
bladder cancer. Semin Urol Oncol 14: 73

Harada T, Koh D, Kigure T, Tsuchida S, Issa MM (1992)
Microwave coagulation therapy on VX-2 carcinoma implanted
in rabbit urinary bladders. Urol Int 49: 104

Herr HW (2001) Transurethral resection of muscle-invasive
bladder cancer: 10-year outcome. J Clin Oncol 19: 89

Herr HW, Scher HI (1994) Neoadjuvant chemotherapy and
partial cystectomy for invasive bladder cancer. J Clin Oncol 12:
975

Hocutt JEJr (1993) Skin cryosurgery for the family physician.
Am Fam Physician 48: 445

Hoshi S, Orikasa S, Kuwahara M, Suzuki K, Yoshikawa K,
Saitoh S, Ohyama C, Satoh M, Kawamura S, Nose M (1991)
High energy underwater shock wave treatment on implanted
urinary bladder cancer in rabbits. J Urol 146: 439

Kato T, Nemoto R, Mori H, Abe R, Unno K, Goto A, Murota
H, Harada M, Homma M (1984) Magnetic microcapsules for
targeted delivery of anticancer drugs. Appl Biochem Biotechnol
10: 199

Kaufman DS, Shipley WU, Griffin PP, Heney NM, Althausen
AF, Efird JT (1993) Selective bladder preservation by combi-
nation treatment of invasive bladder cancer. N Engl J Med 329:
1377

Kinouchi T, Hanafusa T, Kuroda M, Usami M, Kotake T
(1995) Ossified cystic metastasis of bladder tumor to abdominal
wound after partial cystectomy. J Urol 153: 1049

Lerner SP, Skinner E, Skinner DG (1992) Radical cystectomy in
regionally advanced bladder cancer. Urol Clin North Am 19: 713
Mackenzie AR (1972) Cryotherapy of the bladder for cancer.
J Urol 107: 387

21

22.

23.
24.

25.

26.

27.

28.

29.

30.

31

33.
34.

35.

36.

349

. McLoughlin RF, Saliken JF, McKinnon G, Wiseman D,

Temple W (1995) CT of the liver after cryotherapy of he-
patic metastases: imaging findings. AJR Am J Roentgenol
165: 329

McPhee MS, Arnfield MR, Tulip J, Lakey WH (1988) Neo-
dymium:YAG laser therapy for infiltrating bladder cancer.
J Urol 140: 44

Montie JE (1999) Against bladder sparing: Surgery. J Urol 162:
452

Nakada T (1988) Hyperbaric oxygenation for experimental
bladder tumor. I. Tissue oxygen tension of the rabbit bladder
during hyperbaric oxygenation. Eur Urol 14: 145

Nemoto R, Mori H, Iwata K, Kato T, Abe R, Harada M
(1981) Experimental studies on regional therapy of urinary
bladder cancer. 1. A model of urinary bladder carcinoma in the
rabbit using transplantable V2 carcinoma. Nippon Hinyokika
Gakkai Zasshi 72: 1113

Onik GM, Atkinson D, Zemel R, Weaver ML (1993) Cryo-
surgery of liver cancer. Semin Surg Oncol 9: 309

Pernot M, Hubert J, Guillemin F, Six A, Hoffstetter S, Peiffert
D, Verhaeghe J, Luporsi E (1996) Combined surgery and
brachytherapy in the treatment of some cancers of the bladder
(partial cystectomy and interstitial iridium-192). Radiother
Oncol 38: 115

Rigondet G (1984) Cryotherapy in bladder tumours. Prog Clin
Biol Res 162B: 355

Rivoire ML, Voiglio EJ, Kaemmerlen P, Molina G, Treilleux I,
Finzy J, Delay E, Gory F (1996) Hepatic cryosurgery precision:
evaluation of ultrasonography, thermometry, and impedance-
metry in a pig model. J Surg Oncol 61: 242

See WA, Chapman WH (1987) Tumor cell implantation fol-
lowing neodymium-YAG bladder injury: a comparison to
electrocautery injury. J Urol 137: 1266

Stein JP (2000) Indications for early cystectomy. Semin Urol
Oncol 18: 289

. Stewart GJ, Preketes A, Horton M, Ross WB, Morris DL

(1995) Hepatic cryotherapy: double-freeze cycles achieve
greater hepatocellular injury in man. Cryobiology 32: 215
Sweeney P, Kursh ED, Resnick MI (1992) Partial cystectomy.
Urol Clin North Am 19: 701

Tatsutani K, Rubinsky B, Onik G, Dahiya R (1996) Effect of
thermal variables on frozen human primary prostatic adeno-
carcinoma cells. Urology 48: 441

Vallancien G, Chartier-Kastler E, Chopin D, Veillon B, Brisset
JM, Andre-Bougaran J (1991) Focussed extracorporeal pyro-
therapy: experimental results. Eur Urol 20: 211

Wake RW, Hollabaugh RSJr, Bond KH (1996) Cryosurgical
ablation of the prostate for localized adenocarcinoma: a pre-
liminary experience. J Urol 155: 1663



