
WO 03/072032 PCT/US03/05154  STERILE IMMUNOGENIC NON-TUMORIGENIC TUMOR CELL
COMPOSITIONS AND METHODS [0001] This application claims the benefit of U.S.
Provisional Application  Serial No. 60/358,431, filed February 22, 2002,
the entire disclosure of which is  incorporated herein by reference. FIELD
OF THE INVENTION [0002] The present invention relates generally to
biological cell  sterilization methods and resulting sterile cell products;
and more particularly, but  not by way of limitation, to cancer vaccines
and methods for preparing sterile  immunogenic and viable but
non-tumorigenic tumor cell compositions. BACKGROUND OF THE INVENTION [0003]
It is difficult to sterilize biological cell compositions for  prophylactic
and therapeutic purposes because the chemical, physical, or  physiological
properties of the cells can be significantly altered by variations in the
cells' surrounding environment. For example, gas sterilization using, for
example,  ethylene oxide, is known to be toxic and also carcinogenic.
Irradiation with about 1- 3 mRads (megarads), while sufficient to kill
microorganisms, can alter the structure  of proteins, DNA, RNA, etc. and
either biologically modify the cells or render the  cells totally inactive
for their intended immunogenic or other biological function.  These
difficulties are exasperated when it is important that any chemical or
physical  means employed achieve not only a high level of sterility but
also substantially no  reduction in the metabolic and immunogenic
properties of the cells. 1 WO 03/072032 PCT/US03/05154  [0004] U.S. Patent
No. 5,484,596 ("the `596 patent") entitled "Active Specific Immunotherapy"
relates to a method for treating human colon cancer  patients with
resectable solid tumors to inhibit recurrence and formation of  



metastases. The method comprises surgically removing colon tumor tissue
from a  human cancer patient, treating the tumor tissue to obtain tumor
cells, irradiating the  tumor cells (with 20,000 rads) to be viable but
non-tumorigenic, preparing a vaccine  comprising viable but non-tumorigenic
tumor cells, and injecting the vaccine  intradermally after the cancer
patient's immune system has recovered from surgery. [0005] By virtue of the
origin of colon tumors within the large bowel,  cancer vaccines produced by
the process of the '596 patent are not sterile. Although  the vaccine
product (OncoVAX(r)) prepared according to that patent has already  been
administered to several hundred human patients, regulatory authorities now
require that such vaccine products must be sterile. To obtain an
immunogenic cell  preparation, the tumor cells must be viable and
metabolically active. Thus any  treatment to render the cells sterile must
not unduly compromise the essential  biological characteristics of the
cells required for efficacy. What is needed is a  process that renders cell
preparations sterile, while maintaining viability and  immunogenicity.
Preferably, such a sterilization process can be easily integrated  into
existing product manufacturing processes. [0006] The present invention is
directed to achieving safe, sterile tumor  cell compositions, without
incurring substantial changes to the immunogenic  properties of the tumor
cells. These goals are not necessarily compatible. For  example,
sterilization can inactivate microbial infection but also can substantially
inactivate mammalian cells; disinfectants kill microbes but can also kill
mammalian  cells; and radiation can render microbial infection inactive but
can also substantially  2 WO 03/072032 PCT/US03/05154  modify the
immunogenic and other properties of mammalian cells. It is therefore
desirable to provide a process for obtaining sterile non-tumorigenic tumor
cell  compositions which does not substantially interfere with essential
metabolic and  immunogenic properties of the cells. 



SUMMARY OF THE INVENTION [0007] The present invention provides a highly
efficacious combination of  chemical and physical means for removing and
inactivating bioburden from tumor  cells to obtain sterile cell
compositions that remain viable and immunogenic for the  production of
therapeutic and prophylactic products. This sterilization treatment  method
is considered useful for a wide variety of cell types; however, it is
considered to be particularly useful for sterilizing solid tumor tissue for
the  preparation of cancer vaccines, including, by way of example, the
autologous colon  cancer vaccine of the `596 patent. [0008] This invention
further relates to methods of treating cancer and  preventing the
recurrence of metastases by administering a sterile vaccine derived  from
solid tumors, including, but not limited to, colon carcinoma, renal
carcinoma,  breast carcinoma, lung carcinoma, and sarcomas, including
osteosarcoma. In one  embodiment, the present invention provides an
integrated multiple step process  beginning with an in situ tumor and
resulting in a sterile tumor cell vaccine  demonstrating no evidence of
microbial growth. [0009] According to a further embodiment, of the
invention, an in situ  colon tumor is forcefully washed with a wash
solution containing saline and a  detergent. Forceful washing may be
achieved by aseptically fitting a sterile port  onto a bag containing the
wash solution and "squirting" such solution over the 3 WO 03/072032
PCT/US03/05154  tumor and surrounding tissue. Suitable detergents include,
e.g., Triton X-100, NP40  and Tween 80. The tumor may then be excised and
transported, under controlled  conditions, to a facility for vaccine
preparation. [0010] The excised tumor is then dissected, treated with a
chemical  disinfectant, and fragmented before digesting to release the
individual tumor cells.  The concentration of disinfectant and duration of
treatment are chosen so as to  



enhance antimicrobial activity while minimizing cytotoxicity. Suitable
disinfectants  include, but are not limited to, Clorpactin(r) (sodium
oxychlorosene) (United- Guardian, Inc.), sodium hypochlorite, and
Oxygene(r) (stabilized chlorine dioxide)  (Oxyfresh Worldwide, Inc. ).
After disinfection, the tumor is fragmented and  digested by use of a
dissociation enzyme, preferably in the presence of antibiotics  and one or
more anti-mycotics. Examples of suitable dissociation enzymes include
collagenase and trypsin. Antibiotics and anti-mycotics for use during
dissociation  include aminoglycoside antibiotics (such as gentamicin),
P-lactam thienamycin  antibiotics (such as Primaxin(r) (imepenem) (Merck &
Co., Inc.)), quinolone  antibiotics (such as Levaquin(r) (levofloxacin)
(Ortho-McNeil)), and anti-mycotics  (such as amphotericin B). [0011] After
dissociation, the suspended tumor cells may be  cryopreserved by controlled
rate freezing at about -1C/minute to a temperature of  about -80C. The
tumor cells, preferably while still frozen, are then irradiated with a
dose sufficient to inactivate microorganisms and tumorigenicity, while not
adversely  affecting the viability, metabolic activity, and immunogenicity
of the cells. The  irradiation dose is about 100,000-200,000 rads of gamma
radiation; preferably a  range of about 150,000-200,000 rads; and more
preferably about 190,000-200,000 4 WO 03/072032 PCT/US03/05154  rads. The
irradiated cells are maintained in a cryogenic state until thawed prior to
administering to a patient. [0012] Patients may be administered the thawed
sterile cells in the form of  a cancer vaccine by intradermal injection,
preferably in an amount of about 107  viable tumor cells per dose to elicit
an immune response and prevent the recurrence  of metastases. The dose
typically contains tumor cells having at least 80% viability  as measured
by Trypan Blue exclusion. The vaccine may be administered to a  patient in
several doses, including one dose per week for a minimum of three weeks.  



Doses may be combined with an adjuvant or immunostimulator in physiological
saline in order to further boost the immune response. Examples of suitable
adjuvants and immunostimulators include BCG (Bacillus of Calmette and
Guerin  (Organon, Inc.)), Corynebacterium parvum (GlaxoSmithKline),
"helper" antigens,  such as KLH (keyhole limpet hemocyanin (Intracel
Corp.)), and lymphokine- cytokines, such as GM-CSF (granulocyte-macrophage
colony-stimulating factor  (Leukine(r)) (Schering-Plough)) and interferon
(Avonex(r) (Biogen, Inc.)). [0013] According to a particularly preferred
embodiment, the sterilization  process of the invention includes: (1)
forceful washing of an in situ colon tumor and  surrounding tissue with
four 500 mL quantities of sterile normal saline, at least one  of the
saline washes containing 1% Triton X-100; (2) transport of the tumor at a
temperature of 0-6C, which permits at least a 48 hour interval between
surgical  excision and the initiation of the dissociation process; (3)
treatment of the tumor  pieces before fragmentation for two minutes with
0.4% Clorpactin(r); (4) dissociation  of the tumor in the presence of
gentamicin, Primaxin(r), Levaquin(r), and  amphotericin B; and (5)
irradiation of the dissociated cells, while frozen, with  200,000 rads. A
bioequivalency study was initiated using the resulting sterile tumor  5 WO
03/072032 PCT/US03/05154  cells. The criterion for positive immunogenicity
was a Delayed Cutaneous  Hypersensitivity ("DCH") response of >_ 5 mm to
the third injection. To date,  twelve patients have been treated. All of
the patients have had DCH responses  (average 14.6 X 13.4 mm) that exceeded
the criterion for a positive immunogenic  response. Depending upon the
diagnostic staging of the cancer, the patients  received a fourth treatment
5-9 months after the first injection. Five of the six  patients to receive
a fourth treatment had an average DCH response of 15.1 x 15.1  mm. These
responses are indicative of the development of long-term immunity to  the
sterilized tumor cells and thus immunity to recurrence of colorectal
carcinoma. 



[0014] These and other advantages and features of the invention will be
more readily understood from the following detailed description which is
provided  in connection with the accompanying drawings. While the
illustrative examples  below discuss colon tumors and autologous colon
cancer vaccine preparation, the  teachings of the invention are applicable
to any solid tumor cells that are intended to  undergo sterilization and
yet remain viable, metabolically active, non-tumorigenic,  and immunogenic.
BRIEF DESCRIPTION OF THE DRAWINGS [0015] Figure 1 demonstrates the
immunogenic efficacy of vaccine cells,  tested in the experimental model
used to develop OncoVAX(r), prepared according  to the invention, in
comparison to the efficacy of vaccine cells prepared by the  original
non-sterile OncoVAX(r) process. As can be seen, the improved sterilization
process had no negative impact on efficacy. As demonstrated in Example 6,
these  data are confirmed and extended by a study of human patients treated
with  OncoVAX(r) prepared according to the invention. 6 WO 03/072032
PCT/US03/05154  [0016] Figure 2 demonstrates the effect of wash conditions
on the bioburden of biological substances. Fifteen tumors were washed, in
situ, either by  pouring HESS/G on the tumor (P), by squirting the tumor
with saline alone (S) or  with saline in combination with Triton X-100 (T).
The tumor tissue was then  dissociated. The bioburden in the cell
suspension was assayed using the membrane  filtration method and plated on
TSA-SB and SAB plates. The bioburden is expressed  as colony forming units
(CFU) per 107 tumor cells, approximately one dose of  OncoVAX(r). [0017]
Figure 3 demonstrates the effect of the number of tumor wash  cycles, using
only saline, on bioburden. Five tumors were washed five times prior to
dissection using saline. The run-off from each wash was collected
separately and  



assayed for bioburden by plating directly on TSA-SB plates. For each tumor,
the  raw colony counts obtained for each wash were divided by the CFU in
the first  wash, to normalize the data. The mean and the standard
deviations of the  normalized data are plotted. [0018] Figure 4
demonstrates the effect of the number of tumor wash  cycles, using saline
and Triton X-100, on bioburden. Five tumors were washed five  times prior
to dissection. Washes one, two, three, four, and five contained saline.
Wash number two was 1% Triton X-100 in saline. The run-off from each wash
was  collected separately and assayed for bioburden by plating directly on
TSA-SB plates.  For each tumor, the raw colony counts obtained for each
wash were divided by the  colony counts in the first wash, to normalize the
data. The mean and the standard  deviations of the normalized data are
plotted. 7 WO 03/072032 PCT/US03/05154  DETAILED DESCRIPTION OF THE
INVENTION [0019] The word "sterile" or "sterilization" for purposes of this
invention,  is used to indicate that the tissue or cells have been rendered
free of all detectable  bacteria, yeasts and fungi. This is in accordance
with all applicable regulatory  requirements. [0020] Operating room aseptic
procedures can reduce the possibility of  extraneous contamination of
excised tumor cells. With regard to colon tumors,  patient antibiotic
treatment and bowel preparation prior to surgery and colon  resection can
further reduce endogenous bioburden and fecal contamination.  However,
because of the anatomical location and the presence of enteric
microorganisms, such measures, while useful, are only a first step toward
rendering  the tumor sterile as necessary for vaccine development. [0021]
The preferred place for performing the initial pathological  processing of
tumor cells is the aseptic operating room or another controlled  



environment. Here, washing the colon or other organ containing the tumor
and the  in situ tumor can reduce bioburden prior to excision of the tumor
from the colon by  removing residual fecal, mucinous, or other extraneous
material. Forceful washing  is preferred, and can be achieved by washing
the colon, for example, by using a  squirt bottle to project a sterile wash
solution against the surface of the tumor and  surrounding tissue. The wash
solution may be, for example, sterile normal saline  and a detergent. The
detergent must not unduly interfere with subsequent  histological
techniques including immunohistochemistry. Suitable detergents  include
Triton X-100, NP40, and Tween 80, although various others may be used. 8 WO
03/072032 PCT/US03/05154  [0022] For forceful washing of the in situ tumor,
intravenous saline available in 500 mL flexible bags can be aseptically
fitted with a sterile port to  transform the bag into a squirt bottle. The
colon, for example, can be held vertically  or horizontally (with the area
of the colon containing the tumor slightly elevated)  and several 500 mL
washes can be forcefully projected onto the tumor to remove  fecal material
that could further contaminate the tumor during subsequent  dissection.
Various amounts of wash solution and detergent and/or antibiotic may  be
employed using the teachings herein, including different wash conditions
(pouring wash solution versus forceful washing), different numbers of wash
cycles,  and different wash solutions and amounts. We have found that four
500 mL washes  of the in situ tumor by forcefully squirting saline and one
500 mL wash by forcefully  squirting 1% Triton X-100 in saline provide
sufficient removal of bioburden for  subsequent tumor processing. [0023]
After washing the tumor in situ, the pathologist may remove and  dissect
the tumor in the operating room (or other controlled environment) for
subsequent transport to a vaccine manufacturer or other facility for
further  processing. The dissected tumor may be transported by any suitable
method that  



maintains the proper temperature conditions throughout the transport.
Preferably,  an antibiotic such as gentamicin is added to the transport
medium (e.g., Hank's  Balanced Saline Solution (HBSS) containing 50 g
gentamicin per ml (HBSS/G))  prior to tumor transport or storage. We have
found that dissected tumor can be  transported from the surgical hospital
to a distant facility over a period of about 48  hours or more, if an
appropriate antibiotic is added to the medium and the dissected  tumor is
maintained at a temperature in the range of about 0 to 6 C. 9 WO 03/072032
PCT/US03/05154  [0024] A further reduction of surface contamination of the
dissected tumor is achieved by disinfecting the tumor pieces prior to
further fragmentation and  dissociation. Chemical disinfectants, however,
are general acting and therefore do  not discriminate between mammalian and
bacterial (or fungal) cells. Consequently,  unlike treatment with
antibiotics, the use of chemical disinfectants at microbicidal
concentrations on dissociated tumor cells can result in unacceptable levels
of toxicity  for the tumor cells. [0025] Excised tumors typically encompass
several pieces as pathologists  frequently cut the tumor to determine the
deepest margin of penetration. These  pieces may be further dissected,
preferably in the presence of HBSS/G, to remove  any extraneous non-tumor
and necrotic tissue before conducting the disinfection  step. The luminal
surface of colon tumors typically contains the greatest amount of
bioburden. Chemical disinfectants kill any exposed microorganisms together
with  the exposed tumor cells. In this manner, use of a disinfectant can
chemically  "cauterize" the outer portion of the dissected tumor pieces
where the superficial  bioburden is located. Such treatment of the
dissected tumor prior to fragmentation  disinfects the surface of the tumor
pieces, while exposing a minimum surface area to  the disinfectant. The
deeper aspects of the tumor are thus unaffected, and thereby  remain a
source of viable tumor cells. Because of the polypoid nature of colon  



tumors with its multiple invaginations, there are areas where bacteria are
trapped  and protected from the disinfectant. Thus, the inherent bioburden
may be reduced  significantly, but not totally eliminated, by treatment
with an appropriate  disinfectant. [0026] Various disinfectants and amounts
may be used, including Carrel- Dakin solution (buffered 0.5% sodium
hypochlorite) and Clorpactin(r) at various 10 WO 03/072032 PCT/US03/05154
concentrations and exposure times. In one embodiment, dissected tumor
pieces are  exposed to 0.4% Clorpactin(r), for 2 minutes. Disinfection can
be conveniently  carried out by any suitable method, including placing the
dissected tumor pieces  into a flask containing a disinfectant solution
(e.g., about 125 mL of 0.4%  Clorpactin(r)) and then by shaking for about
two minutes at about 200 rpm on a  rotating platform shaker. For colon
tumor pieces, we have found that a single two  minute treatment with about
0.4% Clorpactin(r) provides beneficial results prior to  tumor
fragmentation and dissociation. Normally, after the chemical treatment, the
chemical disinfectant is removed by washing with saline. [0027] The
possibility of re-contamination is reduced by appropriate  aseptic
techniques, such as line clearance and sanitization of biological safety
cabinets (BSC) after tumor disinfection procedures. All steps that may
result in  exposure of the product to the environment should be conducted
in a BSC and all  materials sprayed or wiped with 70% iso-propyl alcohol,
or other appropriate  disinfectant, prior to placing the materials in the
BSC. [0028] The disinfected tumor pieces may then be fragmented by any
suitable method to obtain smaller pieces (such as about 2-4 mm2) for the
dissociation  process. Fragmentation facilitates the dissociation process
by exposing more tumor  surface area to the dissociation enzyme. The
fragments may be rinsed with, e.g.,  HBSS/G and maintained at about 01 to
+6 C in a Kryorack until the tumor has been  



completely fragmented and an appropriate amount, e.g., about 3.0 grams, of
tumor  fragments are obtained for subsequent digestion by a dissociation
enzyme to free  individual tumor cells. 11 WO 03/072032 PCT/US03/05154
[0029] Prior to dissociation, the tumor pieces may be washed with
physiological solution (e.g., HBSS) containing an antibiotic (e.g.,
gentamicin)  (HBSS/G). To carry out the dissociation process, tumor pieces
that have been  trimmed and minced into fragments are transferred to a
flask or other suitable  container and incubated with an enzyme
dissociation medium for a time sufficient to form a suspension of tumor
cells. The duration depends on the concentration and  selection of enzyme,
and the number of dissociation cycles. The enzyme is typically  a
collagenase-DNase solution (e.g., 30-40 ml of 0.14% (200 units/mL)
Collagenase  Type 1 (Advance Biofacture) and 0.1% (500 IKunitz units/ml)
deoxyribonuclease type  1 (Sigma D-0876)) in HBSS, but any suitable
dissociation enzyme solution may be  used. Sterile HBSS together with
gentamicin or another antibiotics may be used to  wash the cell suspension
obtained by enzymatic dissociation. In one embodiment,  the enzyme
dissociation medium (30 mL) is 0.14% collagenase, 0.1% DNase in HBSS  with
gentamicin (HBSS/G). For tumor fragments of about 2-4 mm? we have found
that three dissociation cycles of 35 to 45 minutes at 36-38 C can produce
about 7.2 x  107 tumor cells or more. Following each dissociation cycle,
the cells may be  centrifuged, rinsed, and resuspended in sterile HBSS/G.
[0030] The resulting cell suspension also may be sieved if desired using a
nylon mesh to remove any cell clumps. A closed system, such as pediatric
transfusion kit, may be employed to further reduce any possibility for
contamination. The resulting dissociated cells are then vialed and a random
quality  control sample is retained for testing and release of tested
product for quality  control purposes. 



[0031] Microorganisms trapped within tumor invaginations are typically
released during fragmentation and enzymatic dissociation. Enzymatic
dissociation  12 WO 03/072032 PCT/US03/05154  also occurs under conditions
favorable for the growth of enteric microorganisms.  We have found that the
presence of antibiotics during dissociation can reduce  bioburden released
during dissociation and inhibit the further growth of  microorganisms
during dissociation. Antibiotics typically act over an extended  period of
time. Because the dissociation process is of relatively short duration,
however, certain antibiotic/anti-mycotic cocktails are preferred for use
during  incubation with the dissociation enzyme. Preferred antibiotics and
anti-mycotics for  incubation with the enzyme during dissociation include
an antibiotic effective  against anaerobes (such as Primaxin(r)), an
antibiotic effective against gram positive  aerobes (such as an antibiotic
of the quinolone class, e.g., levofloxacin), and an anti- mycotic for its
action on yeasts, which are unaffected by antibiotics. A preferred
anti-mycotic is amphotericin B. In one embodiment, the enzyme dissociation
medium contains 25 g of Levaquin(r), 100 g of Primaxin(r), and 1 g of
amphotericin B, per mL of enzyme dissociation medium. [0032] The
dissociated cell suspensions are then centrifuged for a further  wash prior
to cryopreservation. After centrifugation, the pellet may be resuspended
in biological substance vials in an appropriate volume of HBSS/G together
with  freezing medium (2x freezing medium containing 15% dimethylsulfoxide
(DMSO)  and 1% human serum albumin (HSA)). The cells are placed into
cryovials and  cryopreserved by controlled rate freezing at about -1 C
/minute to a temperature of  about -80 C. The cryopreservation cycle is not
initiated until the vials and the  freezer chamber have been equilibrated
to a temperature of +41 C. The resulting  frozen suspensions may be stored
in, e.g., liquid nitrogen. The cells are typically  maintained in a
cryopreserved state until being thawed for administering to a  



patient. They should be transferred on dry ice as soon as possible from the
13 WO 03/072032 PCT/US03/05154  controlled rate freezer to a liquid
nitrogen storage system. The frozen biological  substance is then released
for irradiation of the frozen vials. [0033] The irradiation dose is
selected to not only render the tumor cells  non-tumorigenic (typically
about 20,000 rads), but also to inactivate any residual  bioburden in the
dissociated cell suspensions. Megarad doses of radiation, however,  are
incompatible with live, metabolically active mammalian cells. A preferred
dose  according to the present invention is about 100,000 to 200,000, more
preferably about  150,000-200,000, and most preferably 190,000-200,000,
rads of gamma radiation. This  provides an adequate microbicidal dose of
radiation of the vials of frozen tumor  cells, that, together with the
other bioburden reducing steps of the process, renders  the cells sterile.
Irradiating tumor cells while frozen also has the advantage of  permitting
the irradiation prior to testing and release of the cells for patient
treatment. This is in contrast to methods of the '596 patent, which applied
20,000  rads to liquid cell suspensions just prior to patient dose
formulation. [0034] In one embodiment of the present invention, the frozen
vials of  dissociated tumor cells are removed from the liquid nitrogen
storage system and  placed on a 2-5 cm bed of dry ice within the
irradiation container of the irradiator.  The vials are then completely
covered with dry ice to fill the irradiation container.  The irradiation
cycle begins and is paused every two hours, if necessary, to refill the
container with dry ice. After 200,000 rads are applied, the vials are
returned to  liquid nitrogen. [0035] Irradiation preferably takes place at
one or more centralized  manufacturing centers. This eliminates the
requirement for an irradiator at each  outpatient site and allows for
process control by the vaccine or other sterile cell 14 



WO 03/072032 PCT/US03/05154  product manufacturer. Various quality control
tests may be performed to ensure  sterile, safe and efficacious vaccine
products. Such tests on randomly selected  quality control samples prior to
product release will typically include sterility, cell  enumeration,
endotoxin, identity, and potency tests. [0036] Final vaccine formulation
can be performed by a pharmacist with  limited facility requirements
because frozen irradiated cells can be transported, after  complete quality
control procedures have been performed, to the pharmacist, patient care
provider, or other final user of the vaccine to administer the product to a
patient in need of treatment. [0037] The first step in vaccine formulation
will typically be thawing the  sterile immunogenic non-tumorigenic tumor
cells. Frozen tumor cells may be  thawed after radiation by any suitable
method including a water bath. A heat block  is preferred to minimize the
possibility of contaminating the tumor cell vials with  water-borne
contaminants. At this point, the thawed cells may be further washed  with
HBSS by successive cycles centrifugation and.resuspension in fresh HBSS.
Various techniques may be selected given the teachings herein to prepare
formulations for administering to patients pursuant to various dosing
regimes, for  example, those disclosed in the '596 patent. In a
particularly preferred embodiment,  107 viable sterile colon tumor cells as
prepared by the above methods are injected  intradermally into the cancer
patient from whom the tumor had been obtained.  Three doses of this
autologous vaccine are injected at weekly intervals. The first two
injections also contain about 107 BCG organisms; the third injection does
not contain  any BCG. Not taught in the '596 patent is the addition of a
fourth booster injection,  comprised of the autologous tumor cells without
any BCG, that is administered five  or more months after the first
treatment. 15 WO 03/072032 PCT/US03/05154  



[0038] The sterile cell suspensions may be readily transported on cold
packs to an outpatient clinic and administered according to specific dosing
and  treatment regimes indicated by the manufacturer and patient care
provider.  EXAMPLE 1 WASHING OF THE COLON AND TUMOR IN SITU PRIOR TO
DISSECTION  [0039] Intravenous normal saline (unlike HBSS) is available in
500 mL  flexible bags. By aseptically fitting a sterile port (for example a
Combi-port) into the  bag, the bag is essentially transformed into a squirt
bottle. By squeezing the bag, a  stream of saline may be squirted with
force and directed on the tumor and  surrounding colonic mucosa. [0040] For
the first wash, the colon was held vertically and washed with  500 mL of
saline beginning with the top and working downwards. In preliminary
experiments, the second 500 mL wash consisted either of normal saline or 1%
Triton  X-100 (in normal saline) and was directed to the tumor and its
immediate adjacent  area. This wash was also performed while the colon was
held vertically. The colon  was then held horizontally with the area of the
colon containing the tumor being  slightly elevated. Additional washes
(2-3), each consisting of 500 mL of saline, were  then directed to the
tumor. The run-off from each wash was collected in a separate  sterile
basin and assayed, providing an indirect measurement of the removal of
bioburden. When available, the tumors were dissociated and the cell
suspension  (prior to cryopreservation) was assayed for bioburden providing
direct evidence of  the efficacy of the procedure. 16 WO 03/072032
PCT/US03/05154  [0041] For the evaluation of the wash method, a direct
determination of  the bioburden was made, that is, the number of
microorganisms in the cell suspension after dissociation was quantified. As
seen in figure 2, higher bioburden  (expressed as colony forming units CFU
per 107 tumor cells) was observed in the cell  



suspensions dissociated from tumors that were washed by pouring HBSS/G over
the  colon and colon tumor than from tumors squirted with saline alone or
with saline in  combination with Triton X-100. Clearly since the volumes
used for the forceful washing procedure were greater (2000 or 2500 mL) than
the poured saline method  (1000 mL) it is not possible to attribute how
much of the decrease is due to volume  or method of application. It is,
however, clear that taken in toto, the newer forceful  washing method
proved to be superior. [0042] The wash procedure occurs prior to
dissection. Since the wash step  is included in the process to remove fecal
material that could further contaminate  the tumor during the dissection
procedure, it would be inappropriate to subdivide  the tumor by dissection
prior to washing to achieve a comparative study of  bioburden in the
dissociated cells. Furthermore, it is not possible to wash half of the
tumor with saline alone and half with Triton X-100 in combination with
saline or  with fewer or more washes in situ. Consequently, it was not
possible to perform a  comparative study on the same patient material. The
determination of bioburden in  the run-off from each wash provides evidence
of the efficacy of the different wash  solutions. The absolute bioburden
levels in each' experiment varied widely because  the amount of fecal flora
varies from patient to patient. To assess the relative  effectiveness of
each wash, the bioburden values of each wash was divided by the  bioburden
in wash # 1 to normalize the data. When saline alone was used (5  tumors),
there was a consistent decrease in the quantity of bioburden in the run-off
17 WO 03/072032 PCT/US03/05154  [0041] For the evaluation of the wash
method, a direct determination of  the bioburden was made, that is, the
number of microorganisms in the cell suspension after dissociation was
quantified. As seen in figure 2, higher bioburden  (expressed as colony
forming units CFU per 107 tumor cells) was observed in the cell
suspensions dissociated from tumors that were washed by pouring HBSS/G over
the  



colon and colon tumor than from tumors squirted with saline alone or with
saline in  combination with Triton X-100. Clearly since the volumes used
for the forceful washing procedure were greater (2000 or 2500 mL) than the
poured saline method  (1000 mL) it is not possible to attribute how much of
the decrease is due to volume  or method of application. It is, however,
clear that taken in toto, the newer forceful  washing method proved to be
superior. [0042] The wash procedure occurs prior to dissection. Since the
wash step  is included in the process to remove fecal material that could
further contaminate  the tumor during the dissection procedure, it would be
inappropriate to subdivide  the tumor by dissection prior to washing to
achieve a comparative study of  bioburden in the dissociated cells.
Furthermore, it is not possible to wash half of the  tumor with saline
alone and half with Triton X-100 in combination with saline or  with fewer
or more washes in situ. Consequently, it was not possible to perform a
comparative study on the same patient material. The determination of
bioburden in  the run-off from each wash provides evidence of the efficacy
of the different wash  solutions. The absolute bioburden levels in each
experiment varied widely because  the amount of fecal flora varies from
patient to patient. To assess the relative  effectiveness of each wash, the
bioburden values of each wash was divided by the  bioburden in wash # 1 to
normalize the data. When saline alone was used (5  tumors), there was a
consistent decrease in the quantity of bioburden in the run-off  18 WO
03/072032 PCT/US03/05154  (figure 3). The average for wash #2, was 25% of
the bioburden present in wash #1  (range of 3.6% to 74%). The average
bioburden in wash #3 was 7% of wash #1 (range  0.6 to 13%). By contrast, in
the case of two of the five tumors treated with Triton X- 100, there was
more bioburden present in the second wash containing Triton X-100  (241%
and 513%) than in the first wash (figure 4). The bioburden in the third
wash  was again lower. These data are suggestive of enhanced removal of
bioburden by  



the Triton X-100. We propose to use Triton X-100 at the second wash step.
The  majority of the bioburden that could be removed by washing, was
removed by the  first three washes; there was little contribution by the
fourth or fifth washes. [0043] Based upon the studies described above, we
adopted a washing  procedure of forcefully squirting, rather than pouring,
the wash solutions on the  colon and tumor. There is sufficient support for
the addition of the surfactant Triton  X-100 to one of the wash solutions.
Thus, the preferred pre-dissection processing  includes an initial wash
with 500 mL of saline, followed by 500 mL of 1% Triton X- 100 and concluded
with two addition (500 mL) washes with saline alone. EXAMPLE 2 CHEMICAL
DISINFECTION OF COLON TUMORS PRIOR TO ENZYMATIC  DISSOCIATION  [0044] For
pathological staging purposes, the pathologist cuts the tumor to determine
the deepest margin of penetration. Consequently, the excised tumors are
comprised of several pieces of tumor tissue. The tissue was dissected to
remove  extraneous non-tumor and necrotic tissue. The trimmed tumor pieces
were further  subdivided to achieve homogeneity and divided into two to
four groups for  processing according to the experimental design. The
tissue was divided as evenly 19 WO 03/072032 PCT/US03/05154  as possible
among the samples, taking care to make the tumor pieces in the
experimental groups appear as identical as possible. The trimmed pieces
were  added to a tube containing 40 mL of disinfectant and then treated by
shaking for 2  minutes at 200 rpm on a rotating platform shaker. The
trimmed tumor pieces were  then washed three times with HBSS and then
dissociated. The amount of tumor  dissociated was determined by weighing
the tumor fragments prior to dissociation  and after completion of the
dissociation cycles. After dissociation, the tumor cell  suspension was
sampled for percent tumor cell viability, number of viable tumor  



cells, tumor cell potency and bioburden. The yield was defined as the
number of  viable tumor cells obtained per gram of tumor that was actually
dissociated. The  bioburden was normalized to CFU/107 viable tumor cells,
approximately one dose of  product. [0045] In initial experiments,
concentrations of sodium hypochlorite that  were effective in reducing the
bioburden, also significantly reduced the tumor cell  yield relative to the
control. At the concentrations tested, Clorpactin(r) reduced the  bioburden
in the sample, with a more moderate reduction in tumor cell yield relative
to the control. The treatment of the trimmed tumor pieces with
disinfectants  reduced the bioburden but did not render the tumor cell
suspension sterile. [0046] The original intent of the disinfectant
experiments was, as a single  step, to render the dissociated tumor cells
sterile. The approach was changed to  consider disinfection as part of an
integrated, multi-step process to render the  product sterile. The
disinfection of the tumors prior to dissociation was therefore  revisited
and the initial results obtained with Clorpactin(r) were confirmed and
extended by additional experimental study. In addition, another antiseptic
(chloroxylenol) that operates by a different biological mechanism, was also
20 WO 03/072032 PCT/US03/05154  evaluated. Chloroxylenol, or PCMX, is the
active ingredient of the surgical scrub,  Techni-Care(r) (Care-Tech Labs.,
Inc.). [0047] The results of this study are presented in Table 1. Tumor
sample  500-0051-KNO was washed with saline, a second wash with 1% Triton
X-100 and  followed by three additional saline washes (see Example 1). The
resultant bioburden was below the limit of detection of the assay. In order
to evaluate the  ability of a disinfectant to remove bioburden, one to two
logs of bioburden must be  detectable in the control sample. In order to
maximize the possible bioburden in the  tumors and present a greater
challenge to the disinfectant, the following  



modifications to the procedure were made: the tumors were minimally washed
(one  500 mL quantity) prior to pathological dissection; the dissociations
were performed  in the absence of gentamicin. [0048] Treatment of the
trimmed tumor pieces with Clorpactin(r) resulted  in bioburden reductions
to almost three orders of magnitude with only moderate  losses in cell
yield relative to the control. The control sample for tumor 500-052-EVA
had an unusually low cell yield for the control, and thus aberrantly high
percent  yields (relative to this control) for the experimental samples.
The manufacturer's  recommended dosage of Clorpactin(r) is 0.2%-0.4%. When
used at 0.8% in these  studies, no further reduction in bioburden was
observed; however there was a  further reduction in the yield of viable
tumor cells. For this reason, 0.4%  Clorpactin(r) was selected as the
working concentration for further study. The  occasional higher levels of
bioburden in the 0.8% Clorpactin(r) treated samples was  probably due to
the inherent difficulty in dividing the tumor pieces into equal  portions
that had identical levels of bioburden. Despite little or no microbiocidal
21 WO 03/072032 PCT/US03/05154  effect, PCMX was more cytotoxic than
Clorpactin(r) resulting in a significantly  reduced yield. [0049] The
clinical use of Clorpactin(r) involves flushing the affected area  with
fresh disinfectant. Thus, as the active ingredient, chlorine, is
dissipated, fresh  disinfectant is applied to the area. The final studies
compared two successive two  minute treatments, each with fresh 0.4%
Clorpactin(r), with the normally performed  single two minute treatment. No
advantage for two treatments was observed. [0050] Based on these studies, a
single, two minute treatment of the tumor  pieces with 0.4% Clorpactin(r)
prior to fragmentation and dissociation was  implemented as part of the
preferred integrated, multistep process to render the  tumor cells sterile.
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4 Sri \o 23 WO 03/072032 PCT/US03/05154  EXAMPLE 3 EFFECT OF THE PRESENCE
OF ANTIBIOTICS DURING DISSOCIATION OF  COLON TUMORS [0051] Enteric
microorganisms trapped within invaginations in the colon  tumor are
released during the process of enzymatic dissociation. Furthermore, the
enzymatic dissociation process occurs under conditions (37C) that are
favorable for  the growth of enteric microorganisms. For these reasons, the
effect of the addition of  antibiotics to the dissociation enzyme solution
and the addition of to other process  



solutions was investigated. [0052] Antibiotics are normally used over an
extended period of time. The  first series of experiments was designed to
evaluate the efficacy of various  antibiotics over a short exposure period.
The next series of experiments examined  the effectiveness of the
antibiotics when included in the dissociation enzyme  solution. [0053]
Appropriate test microorganisms were incubated with the  antibiotic for
varying periods of time and at 4C or 37C. "Untreated" controls were
incubated with HBSS. After completion of the treatment, the samples were
assayed  for bioburden by the membrane filtration method on Tryptic Soy
agar containing 5%  sheep blood (TSA-SB) and Sabouraud's dextrose medium
(SAB). The SAB medium  used in these experiments for the detection of fungi
did not contain chloramphenicol  and therefore could also support the
growth of bacteria. [0054] Gentamicin (50 g/mL) was present in all
solutions including the  HBSS used to suspend the cells prior to mixing
(with an equal volume) of  gentamicin-free cryoprotective medium. Three
other antibiotic-antimycotic 24 WO 03/072032 PCT/US03/05154  solutions were
added only to the collagenase-DNase solution used to dissociate the  tumor.
The HBSS used to wash the cell suspension obtained by the enzymatic
dissociation contained only gentamicin. The additional antibiotics used in
these  experiments were imipenem (Primaxin(r)) (100 g/mL), levofloxacin
(Levaquin(r)) (25  g/mL) and amphotericin B (1 g/ml,). These concentrations
were determined on  cultured cells, spiked with test microorganisms,
looking for cytotoxicity and  antimicrobial activity. [0055] Colon tumor
pieces were washed in HBSS containing gentamicin,  trimmed free of
non-tumor or necrotic material and minced into fragments. The  fragments
were equally distributed into three flasks. One replicate of fragments was



dissociated in the absence of all antibiotics to reproduce the conditions
used to  produce the vaccines used in earlier studies. The cells were
subsequently washed  with HBSS that was free of any gentamicin. The second
set of fragments was  dissociated in the presence of gentamicin. The HBSS
used to- wash the dissociated  cells contained gentamicin. The third
replicate was dissociated in the presence of  gentamicin and the other test
antibiotics. After completion of each dissociation  cycle, the cells were
resuspended and washed with HBSS that contained only  gentamicin. [0056]
For the first four tumors processed, a portion of the cell suspension
dissociated in the presence of gentamicin or gentamicin with other
antibiotics was  also incubated for an additional hour (after completion of
the dissociation) with the  same antibiotic(s). This additional incubation
was evaluated for increased reduction  of bioburden. 25 WO 03/072032
PCT/US03/05154  [0057] Gentamicin, because of its heat stability and broad
anti-bacterial  spectrum, is preferred for use during tumor transport and
in wash solutions. Gentamicin is also included in the enzyme dissociation
solution. Additional  antibiotics were therefore selected on the basis of
being complementary to  gentamicin. [0058] Anaerobes are the predominant
microorganisms in the colon.  Flagyl (2.5 and 5 g/ml,) was tested against
Bacteriodes vulgatus and was found to  be ineffectual under the aerobic
incubation conditions used in these experiments.  Lincomycin (Lincocin
hydrochloride) (Sigma-Aldrich Co.) and Primaxin(r) were then  tested
against this anaerobe. When incubated either overnight (4C) or with an
added incubation (i.e., 40 minutes at 37C, 4C for 60 minutes followed by an
additional 60 minutes at 37C), Primaxin(r) exhibited greater effectiveness
than  lincomycin. At 4C, Primaxin(r) (100 g/mL) induced a one log
reduction, while  



lincomycin (up to 150 g/ml,) had no effect. When incubated under the
extended  conditions, Primaxin(r) induced a two log reduction while
lincomycin induced a one  log reduction. [0059] Two members of the
quinolone class of antibiotics norfloxacin  (Noroxin(r) (Merck & Co.,
Inc.)) and levofloxacin (Levaquin(r) (Ortho-McNeil)) also  were evaluated.
In preliminary experiments, norfloxacin was tested against  Enterococcus
faecalis and Pseudomonas aeruginosa. Norfloxacin (12.5 to 50 g/ml,)
incubated for one hour at 37C was highly effective against P. aeruginosa
but was  ineffectual against E. faecalis. When tested against E. faecalis,
levofloxacin exhibited  a minor but reproducible inhibition. 26 WO
03/072032 PCT/US03/05154  [0060] Amphotericin B was selected for action on
yeasts and mold. Marked reduction in colonies of Candida albicans were
observed one day after  treatment with amphotericin B (0.5 to 1.0 g/ml,).
This effect was, however,  mycostatic rather than mycocidal; when observed
after 8 days in culture, there was  only slight inhibition at the higher
concentration. [0061] Thus, three antibiotics/anti-mycotics, in addition to
gentamicin,  were selected based upon their different spectra of sensitive
microorganisms and  were initially tested on laboratory strains. Imipenem
(Primaxin(r) (Merck)) is a  thienamycin antibiotic of the beta lactam
class. It complements gentamicin  particularly for anaerobes. Levofloxacin
(Levaquin(r) (Ortho-McNeil)) is a member  of the quinolone class of
antibiotics. It complements both gentamicin and imipenem  for gram positive
aerobes. Finally, the anti-mycotic amphotericin B was included for  its
action on yeast, which are unaffected by antibiotics. [0062] Seven tumors
were dissociated by the regimen described above. As  seen in Table 2, in
all instances, the microbial bioburden was reduced, as detected by  at
least one of the test media, when the tumors were dissociated in the
presence of  



gentamicin. [0063] Four of the tumors dissociated in the presence of
gentamicin had  residual bioburden. Three of the cell suspensions
(ROC-99-0035, ROC-99-0038,  ROC-99-0039) produced from these four tumors in
the presence of the complete  panel of antibiotics had further, albeit
small, reductions in bioburden. The  bioburden in the fourth tumor cell
suspension (ROC-99-0036 [SAB]) was unchanged.  Inexplicably, in the case of
a fifth tumor (ROC-99-0041 [TSA]), the bioburden was 27 WO 03/072032
PCT/US03/05154  higher in the cell suspension produced in the presence of
all of the antibiotics than in  the presence of gentamicin alone. [0064] As
seen in Table 3, an additional incubation with gentamicin  resulted in a
minor further reduction in bioburden in two tumor preparations.  Although
an 80% reduction in CFU was detected on SAB (ROC-99-0035), this tumor cell
suspension had greater than a three-fold increase in CFU when plated on TSA
plates. A substantial increase in CFU on TSA plates was also observed with
tumor  cell suspension ROC-99-0036. Thus, a further incubation with
gentamicin alone  appears to be more detrimental than helpful. Further
incubation with all of the  antibiotics had, with the exception of
ROC-99-0036 tested on SAB, no effect upon the  bioburden. A significant
reduction in bioburden was observed with this single  sample. [0065] The
addition of gentamicin to the dissociation enzyme and post- dissociation
process solutions results in a consistent reduction in endogenous
bioburden present in colon tumors. There were further reductions in
bioburden in  some, but not all, of the tumors dissociated in the presence
of the additional  antibiotics. 28 WO 03/072032 PCT/US03/05154  



Table 2 Effect of Antibiotics During Enzymatic Dissociation Bioburden
(CFU/107 Cells) and Percent Reduction of  Bioburden Tumor ID Medium No
Antibiotics Gentamicin Only All Antibiotics  ROC-99-0035 TSA 1.0 x 103 5 9
(>_99%) 9 (>_99%)  SAB 6.0 x 102 90 (85%) 36 (94%) ROC-99-0036 TSA 5.0 x
103 <_10 (>_99) <_10 (?99) SAB 1.7 x 103 2.4 x 102 (86%) 2.0 x 102 (88%)
ROC-99-0037 TSA 30 6 (>_80%) 6 (>_80%)  SAB 45 6 (>_87%) 5 6 (>87%)
ROC-99-0038 TSA 5.4 x 102 1.4 x 102 (74%) 23 (8%)  SAB 61 1.1 x 102 (0%) 56
(92%) TSA >_3.5 x 104 1.2 x 104 (>_66%) 3.0 x 103 (>_91%)  ROC-99-0039 SAB
>3.5 x 104 1.8 x 104 (>_49%) 4.1 x 103 >88%)  ROC-99-0040 TSA 1.0 x 102
<_12 (>_88%) <_12 (>_88%) SAB <9 524 <_12  TSA 1.6 x 103 <_20 (>_98%) 5.1 x
102 (68%)  ROC-99-0041 SAB 1.1 x 103 <_20 (>98%) <_18 (>98%) 29 WO
03/072032 PCT/US03/05154  >~ 0  44 44 -C~  O p A  VI cc) VIN VI VI c'  ono 
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30 WO 03/072032 PCT/US03/05154  EXAMPLE 4 IRRADIATION OF DISSOCIATED TUMOR
CELLS [0066] To assess the feasibility of increasing the radiation dose,
vials of  cryopreserved dissociated tumor cells were irradiated while
frozen (on dry ice) to a  dose of 20,000 rads (approximately one hour) or
200,000 rads (approximately 10  hours). The cells were returned to liquid
nitrogen storage until assaying. The vials  were then quick thawed and the
cells were assayed for viability; potency; and,  depending upon the
previously tested bioburden, sterility, bioburden or both. No  differences
in viability or potency were observed between the cells irradiated at
different radiation doses (data not shown). [0067] As may be seen from
Table 4, with one exception, the bioburden  was significantly reduced
following irradiation at 200,000 rads. Of the five tumors  that were
tested, three were rendered sterile by the higher dose of irradiation. The
other two tumors showed a marked reduction in bioburden. Inexplicably, one
sample (patient ROC-00-0013) irradiated for 200,000 rads had a higher
bioburden (40  CFU) than the sample that had received 20,000 rads (8 CFU);
by contrast, the  number of colonies of anaerobic bacteria was dramatically
lower (<_ 2 CFU) at  200,000 rads than at 20,000 rads (168 CFU). [0068]
Although in vitro studies have demonstrated that no discernible
differences in the essential biological characteristics exist between cells
exposed to  the two radiation doses and processed by the multistep process,
to confirm this we  assessed the effect upon the immunogenicity of the
irradiated cells in the guinea pig  hepatocarcinoma model that served as
the foundation for clinical studies (Example  5). The interim results of a
bioequivalence phase I-II study are provided in Example  6. 31 
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EFFICACY OF LINE 10 VACCINE CELLS PREPARED BY THE STERILE  ONCOVAX(r)
PROCESS INVENTION TO PROTECT GUINEA PIGS FROM A  TUMOR CELL CHALLENGE
[0069] The purpose of this study was to determine whether the  preferred
process designed to render human colon tumor vaccines sterile results  in
an efficacious product. This experiment presents the methods and the
results  of a study designed to evaluate the effect of the sterilization
process of the present invention upon the ability of the dissociated,
irradiated cells to protect  guinea pigs from a fatal dose of transplanted
L-10 cells. In contrast to the  historical method of tumor cell
preparation, the improved process included  washing tumors with 1% Triton
X-100, disinfecting them with 0.4% Clorpactin(r),  performing the enzymatic
dissociation in the presence of antibiotics/anti-mycotic  drugs
(gentamicin, Primaxin(r), Levaquin(r), and amphotericin B), and irradiation
with 200,000 rads. The impact of these process changes upon vaccine
efficacy  was assessed in the same guinea pig active-specific immunotherapy
model that  was used for all of the pre-clinical studies that resulted in
the development of the  OncoVAX(r) product. [0070] Two types of test
materials were generated to perform this  



study: ascites cells and solid tumors. The ascites cells were used to
generate solid  tumors for the comparative immunization study. The ascites
cells were also used  to challenge the immunized animals. Solid tumors were
produced by  intramuscular injection of Line 10 (L-10) ascites cells. The
resulta nt solid tumors  were excised, processed and dissociated by either
the original or improved sterile  manufacturing process. The cells were
then cryopreserved by controlled rate  freezing. The cells were irradiated
with either 20,000 or 200,000 rads. Ten strain  33 WO 03/072032
PCT/US03/05154  2 guinea pigs (five male and five female) were immunized
twice (on a weekly  basis) by the intradermal route with one of the
following: 1. Cells produced by the original method, irradiated with
20,000 rads and admixed with BCG, or 2. Cells produced by the revised
sterile method, irradiated with  200,000 rads and admixed with BCG, or 3.
BCG alone. [0071] Three weeks after completion of the immunization regimen,
the  animals were challenged intradermally with 107 non-irradiated L-10
ascites cells.  This highly tumorigenic dose was selected in order to more
fully challenge the  animals' anti-tumor responses and thereby demonstrate
any differences between  the two methods of vaccine preparation. The nodule
diameter at each challenge  injection site Was measured and tumor
progression was consequently  determined. At 22 days after challenge, the
animals treated with BCG had  nodules that measured 20 mm in diameter.
These animals were euthanized,  together with all animals whose tumors had
definitively progressed or regressed.  There were four animals whose tumor
progression/regression was equivocal.  These animals were observed until
day 28. [0072] All of the animals that were immunized with BCG alone  



developed tumors that progressed unabated. Tumors progressed in one of ten
animals previously immunized with cells produced and irradiated according
to  both the original and improved methods. Thus, the improved sterile
production  method did not affect the ability of the vaccine cells to
confer protection from  tumor challenge and hence did not adversely affect
the immunogenicity of the L- 10 guinea pig hepatocarcinoma cells. Based
upon these results, it is our  conclusion that the new sterile process
designed to render human colon tumors  34 WO 03/072032 PCT/US03/05154
sterile will produce vaccines that are as efficacious as the vaccines
manufactured  by the original OncoVAX(r) process. [0073] Two L-10 tumor
cell preparations were used for the conduct of  this study: ascites cells
and solid tumors. The ascites cells were used to generate  solid tumors for
vaccination and to challenge the immunized animals with a  tumor burden.
Solid tumors were produced by intramuscular injection of L-10  ascites
cells. The solid tumors were processed and dissociated by either the
original or revised manufacturing process. The cells were irradiated with
either  20,000 or 200,000 rads. [0074] L-10 ascites cells were thawed and
washed. Three guinea pigs  (4 weeks old) were inoculated by the
intraperitoneal route with 5 x 106 cells. In  addition, four guinea pigs
(4-9 weeks old) were injected subcutaneously with L- 10 cells (5 x 106
cells/site, 4 sites/animal). Animals were injected by the subcutaneous
route to generate solid tumors for processing as it was believed  that the
tumors would grow locally with less of the discomfort that potentially
accompanies intramuscular tumors. Furthermore, it was conjectured that
fewer  animals would be required to produce the quantity of tumors required
for these  studies. Unexpectedly, the animals that were subcutaneously
injected with  tumor cells developed pleural effusions and/or peritoneal
ascites rather than  



localized tumors. These animals were subsequently euthanized without any
tumor material being obtained. Ten days later, the animals that had been
inoculated by the intraperitoneal route were euthanized, the ascites fluid
was  harvested and the cells were cryopreserved by controlled rate
freezing. These  freshly cryopreserved ascites cells were stored for future
use to generate solid  tumors for vaccine processing as well as for the
tumor challenge phase of the  studies 35 WO 03/072032 PCT/US03/05154
[0075] Since the injection by the subcutaneous route was not satisfactory
for the production of solid tumors for vaccine processing, the
intramuscular route was used. L-10 cells were thawed and washed. Thirteen
guinea pigs were injected intramuscularly, with 5 x 106 L-10 cells, in each
thigh.  Seventeen days later, the animals were euthanized. Eighteen tumors
from 9  animals were excised (total weight 109.2 grams) and dissociated by
the original  procedure and eight tumors from four animals were excised
(63.5 grams) and  dissociated by the new sterile method. [0076] The
original procedure was as follows: [0077] Each tumor was washed in situ
with four 10-mL changes of  sterile normal saline. The saline was squirted
forcefully with a 25-ml, pipette.  The tumors were then excised, weighed
and transported to the tumor-processing  laboratory in HBSS containing
gentamicin (50 g/mL) (HBSS/G). The tumors  were then processed by the
original process used to produce the vaccines used in  the phase III study.
The tumors were rinsed with three changes of HBSS/G and  trimmed free of
non-tumor and necrotic material. The tumor pieces were  fragmented and
rinsed again with three changes of HBSS/G. The tumor  fragments were
weighed and subjected to three cycles of enzymatic dissociation  in the
absence of all antibiotics. None of the process solutions used after the  



dissociation step contained any gentamicin. The resulting cell viability
was 96%  and 90 vials at 1.2 x 107 cells/vial were obtained. The
dissociated tumor cells were  then cryopreserved. [0078] The preferred new
procedure was as follows: [0079] Each tumor was washed four times in situ,
each with 10 mL of  fluid dispensed forcefully with a 25-mL pipette. The
first, third and fourth  washes consisted of sterile normal saline. The
second wash consisted of sterile 36 WO 03/072032 PCT/US03/05154  1% Triton
X-100 prepared in normal saline. The tumors were then excised,  weighed and
transported to the tumor-processing laboratory in HBSS/G. The  tumors were
then processed by the revised sterile method. The tumors were  rinsed with
three changes of HBSS/G and trimmed free of non-tumor and  necrotic
material. The trimmed tumor pieces were treated (on an orbital shaker  at
200 RPM) with 0.4% Clorpactin(r) (prepared in normal saline) for two
minutes  at room temperature and then rinsed with three changes of HBSS/G.
The tumor  pieces were then fragmented, rinsed three times with HBSS/G,
weighed, and  subjected to three cycles of enzymatic dissociation. The
enzyme dissociation  solution contained gentamicin, Primaxin(r),
Levaquin(r) and amphotericin B. The  resulting cell viability was 94% and
50 vials at 1.2 x 10' cells/vial were obtained.  The cells were
cryopreserved. [0080] The frozen vials of cells were then irradiated. Cells
obtained by  the original dissociation process were irradiated with 20,000
rads. Cells obtained  by the revised dissociation process were irradiated
with 200,000 rads. After irradiation, red identification liners were
inserted into the caps of vials that were  irradiated with 200,000 rads.
Vials irradiated with 20,000 rads were fitted with  yellow identification
cap liners. [0081] As the Line 10 hepatocarcinoma cells are syngeneic with
Sewall- 



Wright strain 2 guinea pigs, all of the test animals were of this strain.
Each  guinea pig received its first immunization (0.2 mL) administered
intradermally  above and behind the right axillary area. Each group was
comprised of 10  animals (5 females and 5 males). Animals in group C were
injected with cells  produced by the original method, irradiated with
20,000 rads and admixed with  BCG (1 x 10' CFU). Group E animals were
injected with cells produced by the  new method, irradiated with 200,000
rads and admixed with BCG (1 x 107 CFU).  Finally, the guinea pigs in group
F were injected with BCG (1x107 CFU) alone. 37 WO 03/072032 PCT/US03/05154
Six days later, the induration at each vaccination site was measured (in
two  diameters) with a calibrated caliper (Tables). [0082] The guinea pigs
received the second immunization which was  identical to the first
immunization with the exception that it was administered  above and behind
the left axillary area. Six days later, the induration at each of  the
second vaccination sites was measured (in two diameters) with a calibrated
caliper (Table 5). [0083] All of the animals were challenged with viable,
non-irradiated,  L-10 cells obtained from ascites tumors. The challenge
injection was given 21  days after the second immunization and was
comprised of 1 x 107 non-irradiated  cells (in 0.2 mL) administered
intradermally. Forty hours later, the induration at  the challenge
injection site was measured (two diameters) with a calibrated  caliper
(Table 6). [0084] The guinea pigs were observed daily for mortality and
moribundity. Following the injection with non-irradiated tumor cells, the
challenge injection sites were measured, twice weekly (two diameters), with
a  calibrated caliper. The Bonferroni Test (one-way Analysis of Variance
[ANOVA])  was used to evaluate the statistical significance of any
differences in the  



treatment groups. [0085] As seen in Table 5, no significant differences
were observed in  the magnitude of induration measured six days after each
immunization with the  various preparations of cells admixed with BCG or
with BCG alone. By contrast,  the animals that had been vaccinated with
tumor cells admixed with BCG had  significantly greater responses to the
challenge injection of non-irradiated tumor  cells (induration measured 48
hours later) than did the animals vaccinated with  BCG alone (Table 6).
This indication of the development of cellular immunity to  38 WO 03/072032
PCT/US03/05154  the tumor cells was borne out by the fate of the animals
challenged with tumor  cells (Table 6, Figure 1). All of the ten animals
that had been injected with BCG  alone (group F) developed tumors that
progressed unabated during the three  week observation period; none were
able to reject the challenge tumor cells.  When measured 22 days after
challenge injection, the average diameter of the  tumors in animals in
group F (18.8 mm [ 1.05 mm]) was significantly larger than  the nodules in
the vaccine-treated groups. The average tumor size in animals in  this
group was also significantly larger than the other three groups when
measured on days 11 and 18. One of ten guinea pigs vaccinated with BCG
admixed with either L-10 cells dissociated by the original process and
irradiated  with (20,000 rads) (group C) or L-10 cells dissociated by the
new method and  irradiated with (200,000 rads) (group E) had a progressing
tumor. The other nine  animals in each of these two groups were able to
reject the challenge of 107  non-irradiated tumor cells. At day 22, the
average diameters of nodules at the  challenge site were 1.3 mm (4.1mm) and
3.6 mm ( 6.1 mm) for groups C and E,  respectively. This difference in
tumor size was not significant; furthermore, no  significant differences
between groups C and E were observed at the other time  points. On day 22,
the study had met one of the protocol criteria for termination  



(when tumors reached 2 cm in diameter). At this point, the fate of the
tumors in  all of the animals, but two, could be unequivocally determined
and the majority  of the animals were euthanized. The two guinea pigs in
question (group E #684,  #689) had tumors that were either static or that
were regressing very slowly.  These animals were observed until day 28 (the
second protocol criterion for study  termination). On day 25, the tumor
that had been regressing very slowly (animal  #689) had disappeared
entirely; the other animal's (#684) tumor continued to be  arrested and
non-progressing. When examined on day 28, the tumor (animal  E#684) had
also been rejected completely. 39 WO 03/072032 PCT/US03/05154  [0086] The
animals in this study were challenged with a high dose of viable
non-irradiated L-10 cells to detect potentially small differences in the
immunogenicity of the vaccine cells. Although a dose response curve was not
included in this study, historically, when 106 L-10 cells were injected
intradermally into naive strain 2 guinea pigs 100% of the animals died in
60-90  days because of metastases to vital organs. In this study, the
challenge dose was  10-fold higher. Regardless of the process used, all of
the L-10 vaccines conferred  statistically significant protection, as
compared to BCG alone, against a  subsequent tumor cell challenge. No
differences were observed in tumor  progression in animals treated with
vaccines produced by either the original  (group C) or revised (group E)
procedures. [0087] In summary, the original manufacturing process was
modified  at several steps to reduce the concentration of enteric
microorganisms  endogenous to colon tumors and therefore render the
autologous vaccines sterile.  While in vitro studies (such as viability,
identity and potency) have their value  and have not demonstrated any
differences between cells obtained by the two  manufacturing processes, it
is the immunogenicity of the vaccine cells that is the  



critical criterion for efficacy. As determined by the protection from a
high dose of  L-10 tumor cells, there were no differences in the
immunogenicity of L-10 cells  isolated and treated by either the original
or improved sterilization processes.  Inasmuch as the L-10 hepatocarcinoma-
Strain 2 guinea pig model was the  pre-clinical foundation for the clinical
application of OncoVAX(r), it is our  conclusion that human colon tumors
processed by the new method will be  equally efficacious. 40 WO 03/072032
PCT/US03/05154  N Ln ~n i1) in N N N N  to 'd+ I' :t to u to if) dt m  ai H
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EXAMPLE 6 IMPACT OF THE STERILE PROCESS UPON VACCINE QUALITY AND  CLINICAL
EFFICACY 



Interim Results of a Phase I/II Bioequivalence Study [0088] A
bio-equivalence study was initiated. To date, twelve (12) patients  have
been treated with OncoVAX(r) that was manufactured by the improved sterile
process. [0089] The critical factors for vaccine efficacy are the absolute
number of  viable tumor cells and the condition of the cells. The cells
must be able to persist at  the vaccination site during a critical period
for the development of the immune  response. Consequently, the cells must
be viable and metabolically active. These  critical parameters serve the
framework for the acceptance specifications (Table 7).  Additionally, an
identity assay to ensure that the cells are of adenocarcinoma origin  is
part of the panel of QC tests. Safety is assured by testing for endotoxin
and  sterility. [0090] Several of these specifications were made more
stringent after the  introduction of the sterilization process. The
specification for viability was increased  from >_ 70% to >_ 80%, the
specification for potency was increased from >_ 70% to 90% and the
specification for sterility was changed from "for information" to no
growth. [0091] Thirty-two colon tumors were treated as described in the
Examples  above and, when tested for sterility by a duly validated
sterility assay, twenty-six of  the preparations were sterile (81%). Based
upon previous data, it would be expected  that had these tumors been
processed by the original procedures of the `596 patent,  none of the 26
tumors would have resulted in sterile OncoVAX(r) preparations. 44 WO
03/072032 PCT/US03/05154  [0092] The third and fourth vaccinations are
comprised of irradiated, viable sterile, autologous tumor cells
administered without the addition of the  adjuvant BCG. As a consequence,
any delayed cutaneous hypersensitivity (DCH)  reactions (induration) are
indicative of the patients' cellular immune responses to  



the vaccine cells. Data obtained from the phase III study indicated a
correlation  between size of the induration and clinical outcome. A
positive clinical outcome  was associated with induration measuring >_ 5 mm
in diameter observed at the site  of the third (or fourth) injection 48
hours after injection. This criterion was accepted  by the United States
Food and Drug Administration for the performance of the bio- equivalence
study of sterile OncoVAX(r) vaccines. [0093] Twelve of these sterile
vaccine lots have been administered to  patients, all of whom have received
at least three treatments. None of the enrolled  patients dropped out of
the study once the first injection had been administered.  The age of the
patients ranged from 38-88, with a median age of 65.5. Five of the  twelve
patients were diagnosed with stage III colon cancer; the remaining seven
patients were stage II. The specified range for the dosage is 0.7-1.3 x107
viable tumor  cells. The doses ranged from 0.76 x107 to 1.3 x107 viable
tumor cells with an average  dose of 0.99 x107 (median =0.98x107). [0094]
The sites of the third and fourth injections (dissociated tumor cells
administered without BCG) were measured for induration (as well as for
erythema)  two days after inoculation. As is described in Table 8, all
twelve patients that have  received three vaccinations exhibited delayed
cutaneous hypersensitivity (DCH)  reactions to the third vaccination (tumor
cells without BCG) that exceeded the  criterion of >_ 5mm. Ninety-two
percent (11 out of 12) had responses of at least one  dimension of greater
or equal to 10mm. The average response was 14.6 x 13.4 mm. 45 WO 03/072032
PCT/US03/05154  This is of note when it is compared to a previous phase III
trial with 128 OncoVAX(r)  treated patients where sterility of the product
was rarely accomplished. In that  trial, the majority of the vaccines had
gastrointestinal microflora contamination.  There was a DCH response
>_10mm, measured 48 hours after the third vaccination,  in 86.7% with an
average induration of 17.3 x 18.0mm. Thus, the present results  



indicate that sterile vaccines are immunogenic and that the immunogenicity
is not  primarily associated with microbial contaminants but rather is
associated with  tumor associated antigens. [0095] Patients with stage II
colon cancer receive the fourth treatment, on  average, 20 weeks after the
first inoculation. Stage III colon cancer patients were to  receive the
fourth vaccine approximately one month after completing chemotherapy. The
two stage III patients treated thus far received the fourth  immunization
32-36 weeks after the first treatment. Seven of the twelve patients
described above have reached the time point for the fourth treatment. One
of the  seven patients did not receive a fourth treatment. Five of the six
patients that have  received four treatments exhibited significant DCH
responses. Two of these highly  responsive patients had stage III disease.
Their responses were unaffected by the  intervening course of chemotherapy
and the 12-16 week delay in administration of  the vaccine. The average
response of these five to the fourth vaccination was 15.1 x  15.1 mm. The
remaining patient, 568-003, had no demonstrable DCH reaction to the  fourth
vaccine. This stage II patient was younger (53) than average, received one
of  the highest vaccine doses (1.24 X107 viable tumor cells) and exhibited
one of the  strongest DCH reactions to the third vaccine (14.6mm x 16.1mm).
There is no  plausible reason for the lack of responsiveness by this
patient other than perhaps  poor technique by the clinician administering
the fourth vaccine. 46 WO 03/072032 PCT/US03/05154  [0096] The improved
sterilization process, which includes treatment of the in situ colon tumor
with detergent, disinfection of the dissected tumor with a  disinfectant
prior to digestion with a dissociation enzyme, exposure to antibiotics
during dissociation, and irradiation with about 200,000 rads, had no
negative impact  on the essential biological characteristics previously
shown to be critical for vaccine  efficacy. Vaccine cells produced by the
sterilization process were capable of eliciting  



an immune response exceeding the minimum specification that is correlated
with a  positive clinical outcome in every patient. Table 7. Biological
Product Release Tests Test Type Test Method Specification  Tumor cell
Viability/Metabolic 80%  Activity Viable Tumor Cell Number >_ 3.5 x 106
viable tumor  Potency cells/ vial Cellular esterase activity/ potency >_
90% of Trypan Blue  assay excluding cells have  intracellular esterase
activity Histopathology Pathological  confirmation of stage II  Identity or
stage III adenocarcinoma of the  colon Immunofluorescence with 88BV59
Positive for tumor cells  tumor marker Endotoxin Kinetic Chromogenic Method
5150 EU/vial  Sterility 21 CFR 610.12 Negative for growth  47 WO 03/072032
PCT/US03/05154  0 Q 00 (r)c`! iri cri  X H N a\ r-i o r-l  cz -15 \6 C:5 CD
> r.-~Nr~Zr-q or-1ZZZZZ  
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mm Lmr) If) w Z Z  48 WO 03/072032 PCT/US03/05154  [0097] All patents and
publications cited herein are incorporated by reference. It should be
readily understood that the invention is not limited to the  specific
embodiments described and illustrated above. Rather, the invention can be
modified to incorporate any number of tumor cell types, cell dissociation
techniques,  disinfectants and washing procedures, antibiotics, and other
variations, alterations,  substitutions or equivalent arrangements not
heretofore described, which are commensurate with the spirit and scope of
the invention. For example, although the  



invention has been described with regard to certain preferred embodiments
for  carrying out the invention with regard to the sterile manufacture of
colon tumor cell  vaccines and the like, the invention may also be used to
manufacture sterile renal  carcinoma, lung carcinoma, and other solid tumor
cell preparations that must be  sterile, viable and non-tumorigenic.
Accordingly, the invention is not limited by the  foregoing description,
but is only limited by the scope of the appended claims. 49 WO 03/072032
PCT/US03/05154  CLAIMS 1. A method for eliciting an immune response to
prevent the recurrence of  metastases, comprising excising solid tumor
tissue from a cancer patient,  processing the tumor tissue to reduce
endogenous bioburden,  digesting the tumor tissue with an enzyme to obtain
dissociated tumor  cells, applying a dose of radiation to said dissociated
tumor cells to render said  tumor cells non-tumorigenic and sterile,
administering to said patient said sterile non-tumorigenic cells in a dose
and a regimen sufficient to elicit an immune response to prevent recurrence
of  metastases. 2. The method of claim 1, wherein said dose of radiation is
in an amount  sufficient to inactivate microorganisms and yet preserve the
viability, metabolic activity  and immunogenicity of said tumor cells. 3.
The method of claim 1, wherein said dose comprises about 107 viable tumor
cells and is comprised of a tumor cell population which is at least 80%
viable. 4. The method of claim 3, wherein said treatment regimen begins 4-5
weeks after  removal of the tumor and is comprised of at least three doses
given at weekly intervals.  50 WO 03/072032 PCT/US03/05154  



5. The method of claim 4, wherein the first two of said three doses is
combined  with an adjuvant or immunostimulator. 6. The method of claim 4,
wherein the patient is injected with a fourth dose five  or more months
after the first injection. 7. The method of claim 1, further comprising
forceful washing of said tumor  with a physiological solution prior to
excision. 8. The method of claim 7, further comprising washing said tumor
with at least  one change of physiological solution containing a detergent
to reduce bioburden prior  to excision. 9. The method of claim 8, wherein
the detergent is selected from the group  consisting of Triton X-100, NP40
and Tween 80. 10. The method of claim 1, further comprising the transport
of said excised  tumor in a physiological solution with antibiotics at a
temperature of 0 to 6C. 51 WO 03/072032 PCT/US03/05154  11. The method of
claim 1, further comprising treatment of the tumor, before dissociation,
with a disinfectant solution at a concentration and for a duration that
provides anti-microbial activity while minimizing cytotoxicity. 12. The
method of claim 11, wherein the disinfectant is selected from the group
consisting of sodium oxychlorosene, sodium hypochlorite and stabilized
chlorine  dioxide. 13. The method of claim 1, wherein the dissociation
enzyme is collagenase. 14. The method of claim 1, wherein the dissociation
is performed in the presence  of antibiotics and anti-mycotic agents to
reduce bioburden. 15. The method of claim 1, wherein the tumor cells are
cryopreserved after  digestion by controlled rate freezing at about
-1C/minute to a temperature of about - 80C and maintained in a cryogenic
state until thawed prior to administering to the  patient. 



16. The method of claim 2, wherein the tumor cells are irradiated while
frozen.  17. The method of claim 2, wherein the radiation dose is about
200,000 rads.  52 WO 03/072032 PCT/US03/05154  18. The method of claim 5,
wherein the adjuvant or immunostimulator  comprises an
inflammation-inducer. 19. The method of claim 18, wherein said
inflammation-inducer is Bacillus of  Calmette and Guerin or Corynebacterium
ap rvum. 20. The method of claim 5, wherein said adjuvant or
immunostimulator is an  immunogenic helper antigen. 21. The method of claim
20, wherein the immunogenic helper antigen is keyhole  limpet hemocyanin.
22. The method of claim 5, wherein the adjuvant or immunostimulator is a
lymphokine-cytokine. 23. The method of claim 22, wherein the
lymphokine-cytokine is granulocyte- macrophage colony-stimulating factor or
interferon. 24. The method of claim 5, wherein adjuvants, helper antigens
or  immunostimulators are administered in combination with each other. 25.
An injectable vaccine composition for providing an immunogenic response  in
a human colon cancer patient, comprising about 10' dissociated colon tumor
cells in a  pharmaceutically acceptable carrier, wherein said tumor cells
are sterile, non 53 WO 03/072032 PCT/US03/05154  tumorigenic, autologous to
said patient, and have at least 80% viability as measured by  Trypan Blue
exclusion, and wherein said composition gives rise to an immunogenic
response when administered via intradermal injection into said patient. 26.
The composition of claim 25, wherein said composition also comprises an
adjuvant or immunostimulator. 



27. The composition of claim 26, wherein the adjuvant or immunostimulator
is  selected from the group consisting of Bacillus of Calmette and Guerin,
Corynebacterium  ap rvum' keyhole limpet hemocyanin, granulocyte-macrophage
colony-stimulating  factor, and interferon. 28. The composition of claim
26, wherein the adjuvant or immunostimulator is  Bacillus of Calmette and
Guerin. 29. The composition of claim 26, wherein the ratio of adjuvant or
immunostimulator to tumor cells is about 1:1. 30. A method for preparing a
sterile non-tumorigenic composition of viable  tumor cells, comprising:
obtaining tumor tissue; treating the tumor tissue with a disinfectant to
reduce microbial  contamination of the tissue; 54 WO 03/072032
PCT/US03/05154  digesting the tissue with an enzyme to obtain dissociated
tumor cells;  freezing the dissociated tumor cells; applying a dose of
irradiation to the frozen cells in an amount sufficient to  inactivate
microorganisms and tumorigenicity and preserve the viability of the cells
to  obtain sterile non-tumorigenic tumor cells; and wherein the sterile
non-tumorigenic tumor cells have at least 80% viability as  measured by
Trypan Blue exclusion. 31. The method of claim 30, wherein the sterile
non-tumorigenic tumor cells are  immunogenic. 32. The method of claim 30,
wherein obtaining the tumor tissue further  comprises washing the tissue
with a physiological solution containing a detergent.  33. The method of
claim 32, wherein the detergent is selected from the group consisting of
Triton X-100, NP40, and Tween 80. 



34. The method of claim 30, wherein treating the tumor with a disinfectant
further comprises treatment of the tumor tissue before dissociation with a
disinfectant  selected from the group consisting of sodium oxychlorosene,
sodium hypochlorite, and  stabilized chlorine dioxide. 35. The method of
claim 30, wherein the dissociation enzyme is collagenase.  55 WO 03/072032
PCT/US03/05154  36. The method of claim 30, wherein the dissociation is
performed in the presence of at least one antibiotic and one anti-mycotic.
37. The method of claim 30, wherein the tumor cells are cryopreserved after
dissociation by controlled rate freezing at about -1C/minute to a
temperature of about  -30 C and maintained in a cryogenic state until
thawed prior to administering to the  patient. 38. The method of claim 30,
wherein the radiation dose is in the range of about  190,000 to 200,000
rads. 39. The method of claim 36, wherein the antibiotic is selected from
the group  consisting of gentamicin, imepenem, and levofloxacin. 40. The
method of claim 30, wherein the tumor tissue is a colon tumor. 41. A
composition comprising sterile non-tumorigenic tumor cells prepared by  the
method of claim 30. 42. A method for preparing an injectable immunogenic
dose of sterile non- tumorigenic colon tumor cells, comprising: washing
colon tumor tissue with a wash solution containing a detergent;  56 WO
03/072032 PCT/US03/05154  excising the washed tumor tissue from a colon
cancer patient; treating the excised tumor tissue with a disinfectant to
reduce microbial  contamination of the tissue; 



digesting the tumor tissue with a dissociation enzyme, in the presence of
at  least one antibiotic and an anti-mycotic, to obtain at least about 10'
dissociated tumor  cells; freezing the dissociated tumor cells; applying a
dose of about 150,000-200,000 rads of gamma radiation to the  frozen tumor
cells to render the tumor cells sterile and non-tumorigenic;  combining the
tumor cells with a pharmaceutically acceptable carrier for intradermal
injection to prepare an injectable dose containing at least about 107
dissociated tumor cells; and wherein the dose contains sterile
non-tumorigenic tumor cells having at least  80% viability as measured by
Trypan Blue exclusion and elicits an immunogenic  response when injected
into a patient. 43. The method of claim 42, wherein said detergent is
Triton X-100. 44. The method of claim 42, wherein said disinfectant is
sodium oxychlorosene.  45. The method of claim 42, wherein said tissue is
digested in the presence of at  least one antibiotic or anti-mycotic
selected from the group consisting of gentamicin,  imepenem, levofloxacin,
and amphotericin B. 57 WO 03/072032 PCT/US03/05154  46. The method of claim
42, wherein said digested tissue is cryopreserved by  controlled rate
freezing at about -1C/minute to a temperature of about -80C. 47. The method
of claim 42, wherein said dose of radiation is about 190,000- 200,000 rads.
48. The method of claim 42 further comprising administering to said patient
at  least three of said doses in a treatment regimen sufficient to elicit
an immune response  to prevent recurrence of metastases. 49. The method of
claim 48 wherein said doses are administered at weekly  intervals beginning
about 4 to 5 weeks after removal of the colon tumor from the  



patient. 50. The method of claim 49 further comprising administering a
fourth dose  about five or more months after the first injection. 58 




