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Summary

Genetically altered tumor cells expressing the HSV-TK gene have been used as vaccine therapy for multiple cancers,
based on their ability to kill adjacent native cancer cells and activate an antitumor immune response. Our in vitro
studies demonstrate that transduction with the HSV-TK system confers ganciclovir (GCV) susceptibility to cultured
ovarian cancer cells. A murine tumor model was developed using HSV-TK modified ovarian cancer cells to test efficacy
in a preclinical setting. Mice bearing intraperitoneal tumors were injected with gene modified cells and ganciclovir
(GCYV). The mice were evaluated for survival and immune response by analysis of tumor samples collected post
treatment. Murine HSV-TK tumors undergo hemorrhagic tumor necrosis and express a cytokine cascade including
TNF-a, IL-1a, IL-6, IL-2, IFN-y and GM-CSF following GCV treatment. Tumor regression occurs much less
frequently in immune deficient mice than immune competent mice. These studies led to a Phase I trial of
intraperitoneal administration of the vaccine in which 18 patients with recurrent chemotherapy resistant ovarian
cancer were enrolled. The mean survival of patients in the Phase I trial was 11.9 months. 4/18 patients had responses
based on physical findings or CA-125. One patient died of breast cancer with no evidence of ovarian cancer at 24
months. Toxicities include all patients developing grade I or II temperature elevations without other evidence of
infection, seven patients who developed grade I abdominal discomfort or nausea, and one patient with a grade III
elevation of kidney function tests. We conclude that the use of an HSV-TK modified vaccine is associated with tumor
regression in mice, and results in the alteration of the tumor microenvironment, which becomes less
immunosuppressive. The use of the vaccine in humans is technically feasible and associated with minimal toxicity.
Survival in these heavily pretreated patients is similar to that seen using standard cytotoxic chemotherapy.

cancer with standard chemotherapy (usually cis- or carbo-

L. Introduction platin and paclitaxel) often results in an initial response.

Ovarian cancer remains the most lethal female genital However, in most cases the tumor will re-occur within a few
malignancy in the United States. It will occur in months to a few years. The recurrent tumors are frequently
approximately 26,000 women and result in 14,000 deaths in resistant to chemotherapeutic agents, and these patients
1997 (Parker, 1997). Progress in the treatment of ovarian usually succumb to the disease. The cancer generally
cancer has been limited by the inability of physicians to remains confined to the peritoneal cavity, and death most
diagnose the disease at an early stage. Signs and symptoms commonly results from acute or chronic bowel obstruction.

are vague and infrequent, and no effective screening
techniques have been identified. Most cases are therefore
widely metastatic at diagnosis. As a result, long term
survival (20-30%-5 year) in ovarian cancer patients has
improved only minimally since 1980, despite improvements
in surgical techniques and new chemotherapeutic agents
(Morrow, 1993, Venesmaa, 1994). Treatment of ovarian

In recent years, interest in alternative therapies for
ovarian cancer has grown in response to the slow progress
associated with standard therapy. This has been
accompanied by rapid increases in our understanding of the
molecular etiology of the disease. As a result, investigators
have begun to utilize gene transfer techniques in a variety of
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strategies aimed at specific molecular targets. Some of the
most promising approaches include compensation/repair of
mutations of the host genome, augmentation of the host
immune response, and manipulation of drug sensitivity.

A. Compensation/repair of host mutations

A variety of malignant tumors have been associated with
alterations of certain sequences of the host genome known as
oncogenes and anti-oncogenes (or tumor suppressor genes).
Ovarian and breast cancers have been associated with
overexpression of oncogene Her-2/neu, and loss of function
of the tumor suppressor gene p53. In addition, mutations in
the tumor suppressor gene BRCA-1 have been identified in
association with familial breast and ovarian cancers. Efforts
to alter the function of these sequences may be directed at
the level of the DNA, messenger RNA, or the protein
product.

Curiel and Alvarez have developed an adenovirus vector
encoding an anti-erbB-2 sFv directed at abrogating the
expression of erbB-2. This strategy was effective in reducing
tumor burden and increasing survival in a murine model and
is currently being investigated in a human trial (Deshane,
1996).

B. Augmentation of host immune response

The ability of tumors to develop mechanisms of escape
from immune surveillance appears to be an important part of
malignant transformation. Immunotherapy has therefore
been considered as an alternative to cytotoxic chemotherapy,
but preliminary trials have yielded disappointing results
(Gall, 1986, Berek, 1985). This relative immunoresistance
appears to result from genetic changes in the tumor which
allow neoplastic cells to escape from immune surveillance
(Whartenby, 1995, Becker, 1993). Genetic manipulations
have been utilized in two ways to augment the host immune
response to tumors. Tumor infiltrating lymphocytes can be
isolated and genetically modified to produce specific
cytokines that induce a more effective antitumor response.
These lymphocytes can, then, be reintroduced to the patient
as passive (or adoptive) immunotherapy. In the second
approach, a form of active immunotherapy, tumor cells
themselves are genetically modified to express cytokines or
co-stimulatory molecules that lead to increased recognition
and killing by the host.

Rosenberg and associates have developed a human trial
based on the use of T-lymphocytes modified to express the
MOv-y receptor. This receptor is derived from a monoclonal
antibody that recognizes an antigen highly expressed in
ovarian cancer. The modified T-lymphocytes are then
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introduced to the patient (Hwu, 1995). Berchuck and Lyerly
(1995) have developed a active immunotherapy trial using
IL-2 modified tumor cells. Tumor is collected at surgery,
modified to express IL-2, and reintroduced to the patient.

C. Manipulation of drug sensitivity

Drug sensitivity in tumor cells can be manipulated to
induce selective toxicity of tumor cells to an agent produced
within the cell or to an introduced agent. In addition, the
multi-drug resistance gene (MDR1) has been used in gene
transfer experiments. This gene, identified in a number of
tumors  treated  with  chemotherapy, confers a
chemoprotective effect when transferred to hematopoietic
cells, allowing higher, presumably more effective doses of
chemotherapy to be used (Champlin, 1994).

The trial described in the current report combines the
concepts of drug sensitivity manipulation and augmentation
of immune function. Gene transfer techniques using the
Herpes Simplex Virus-Thymidine Kinase (HSV-TK) gene as
a so-called “suicide gene,” have previously been used to
augment immune response in a variety of tumor types
(Hasegawa, 1993, Caruso, 1993). Cells carrying this gene
are susceptible to the anti-viral drug ganciclovir (GCV), and
appear to initiate the “bystander effect,” in which nearby
unmodified tumor cells are killed as well. Ovarian cancer
would appear to be an appropriate target for this type of
therapy, as the disease is generally confined to the peritoneal
cavity, allowing for effective use of an agent with a
local/regional therapeutic effect.

This report describes the in vitro and murine studies and
subsequent Phase I human trial of a gene-modified vaccine
using the HSV-TK suicide gene concept for ovarian cancer.
In the murine model, soluble factors associated with the
immune response are reported, and tumor response to
treatment is described. Toxicity and survival data are
presented from the human trial and possible mechanisms of
action are discussed.

II. Results

A. In vitro studies

The KBALB (murine fibrosarcoma), SKOV-3, and PA-1
(both human ovarian tumor) cell lines were used in this
study. The retroviral vector LNL6 (Miller and Rosman,
1990) was transduced into the KBALB line, which was then
referred to as KBALB-LNL. The retroviral vector STK
(Moolten and Wells, 1990) was constructed from the LNL
vector and contains an SV40 promoted HSV-TK gene. This
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Figure 1. Colony Formation in cell lines SKOV-3-STK and PA-1-STK exposed to various concentrations of ganciclovir.

vector was transduced into all cell lines, which were
designated as KBALB-STK, SKOV-3-STK, and PA-1-STK.
Colony counts were performed 10-14 days following
exposure of plated SKOV-3, SKOV-3-STK, and PA-1-STK
cells to varying concentrations of GCV as described below.
Additional cells from these lines were plated concurrently
but not exposed to GCV in order to serve as controls. The
number of live colonies was expressed as a percentage of
maximal colony formation. The maximal toxic effect on the
SKOV-3-STK and PA-1-STK cells was similar, and
occurred at a GCV concentration of 5 uM. (Figure 1).

B. Murine studies

Tumors were established subcutaneously (s.c.) in mice
by injecting 1x10° KBALB-LNL or KBALB-STK tumor
cells alone or in combination. After three days, the mice
were randomly assigned to study (treatment) or control
groups. Mice receiving treatment were injected with GCV.
Murine tumors derived from KBALB-STK cells were
harvested at varying time intervals (1, 2, and 4 days) after
treatment with GCV for analysis by RT-PCR. Multiple
cytokines, including tumor necrosis factor-alpha (TNFa),
interleukin (IL)-1a, IL-6, granulocyte macrophage-colony
stimulating factor (GM-CSF), and interferon-gamma(IFN-y)
were detected. (Table 2). These factors were expressed
sequentially in the following pattern: IL-1, TNF, and IL-6-
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day 1 through day 4; GM-CSF- days 2 and 4; IFN-day 4
only.

The ability of the animals to manifest the bystander
effect was then tested in relation to immune competency.
Immune competent (Balb/C) and immune deficient (nude)
mice were injected with subcutaneous tumors consisting of
various ratios of HSV-TK gene-modified tumor cells and
nonmodified tumor cells (0, 50, or 100%). After three days
the tumors measured approximately 10 mm?. The animals
were then treated with GCV and tumor size was measured.
Regression occurred in immune competent mice when the
tumor was composed of only 50% HSV-TK gene-modified
cells. However, regression occurred in only 25% of immune
deficient mice with tumors consisting of 100% HSV-TK
gene-modified cells, and no regression was seen with tumors
consisting of 50% HSV-TK gene-modified tumor cells
(Table 1)

C. Phase I human trial

Eighteen patients were enrolled to the trial. The mean
age of the patients was 57.3 years. 15 patients were
Caucasian and three were African-American. 17 had Stage
IIT disease at diagnosis, and one had stage II disease. All
patients had received either cis- or carboplatin and
paclitaxel. Many received a variety of other cytotoxic agents
as well. Entry demographic and clinical characteristics of the
patients are summarized in Table 1.



Robinson et al: Vaccine therapy for ovarian cancer

% KBALB-STK Immune Immune
Competent Deficient

100% (a) 100% 25%

50% (b) 100% 0%

0% 0% 0%

(a) Mice Injected with 100% KBALB-STK tumor cells

(b) Mice Injected with 50% KBALB-STK tumor cells and 50% KBALB tumor cells

(c) Mice Injected with 100% KBALB tumor cells

Table 1. Regression of KBALB-STK tumor in Immune-Competent vs. Immune Deficient Mice Treated with Ganciclovir.

No patients were removed from therapy for treatment-
related toxicity. All patients had temperature elevations
during treatment, including 10 grade II and 7 grade I fevers.
These episodes occurred within 36 hours of receiving the
intraperitoneal vaccine and were not accompanied by other
symptoms.  All  temperature  elevations  resolved
spontaneously with the use of oral acetaminophen. No
delayed fevers or other signs of infection or sepsis were
noted. Seven patients had grade I abdominal discomfort
and/or nausea. This occurred within 30 minutes to one hour
of administration of the vaccine, and was usually described
as a feeling of bloating. These symptoms resolved
spontaneously within 2-3 hours. All patients tolerated a
minimum of 1.5 total liters of fluid given through the port to
optimize distribution.

One patient developed grade I shortness of breath, and
one patient developed grade I anemia. Both of these findings
resolved spontaneously. One patient developed a grade III
renal toxicity based on elevations of her kidney function
tests. This patient had a long history of hypertensive disease
and mild kidney dysfunction prior to therapy. She was
apprehensive about abdominal discomfort during the
treatment and had minimal oral intake during the first 1-2
days of treatment as a result. Her serum creatinine rose to
3.5 mg/dl during this time. Following slow intravenous fluid
administration, her serum creatinine fell to 1.1 mg/dl over
the next 2-3 days. Her urine output remained stable
throughout this episode (Table 2).

The mean survival for all patients was 11.9 (range 2-26)
months. Kaplan-Meier analysis of survival is plotted in
Figure 2. Eight patients (BP, ES1, TA, ES2, JS, MH, RC,
DM) had evidence of disease progression during or within
one month of treatment. Three patients developed pleural
effusions, three had rising serum CA-125 levels, and two
developed abdominal tumor masses. The remaining ten
patients had no evidence of disease progression during
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treatment. Three (SV, PN, PA) of these patients had mildly
elevated CA-125 levels that remained stable during
treatment, but rose approximately 3 months later. Three
other patients had CA-125 levels <35 at the beginning of
treatment. One (EB) died of breast cancer 24 months
following treatment. Another (GR) had laparoscopy
performed four months after treatment for symptoms of
abdominal bloating and was found to have ascites with small
volume disease, and the third (MG) has had slowly rising
CA-125 levels but remains asymptomatic after 7 months.

Four patients had resolution of physical findings or
decreases in CA-125 levels while receiving treatment. One
patient (MM), whose CA-125 levels were consistently <10,
had resolution of abdominal bloating and ascites during
therapy. She remained asymptomatic for one year before
relapsing and dying of disease at 23 months. Two patients
had falls in CA-125 levels and died of other causes
(myocardial infarction (LI) and pulmonary embolus (CM))
approximately 4-6 months following therapy. The final
patient (SK) experienced a fall in CA-125 levels initially
followed by a rebound three months after therapy. The CA-
125 levels are summarized in Table 3.

III. Discussion

Ovarian cancer, like many other malignancies, appears to
result from a complex interaction of acquired (and some
inherited) genetic rearrangements. Traditional therapies,
including surgery and cytotoxic chemotherapy, are directed
at cellular reproduction in a very broad manner. This results
in significant toxicity to normal tissues and a variable degree
of therapeutic benefit, depending on the type and stage of
tumor. Gene transfer technology using viral vectors has been
greatly refined in the last decade, allowing for much more
precisely directed antitumor effects. In view of the limited
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Stage at Max. Dose Admin.
Initials Race Age Diagnosis Histology Toxicity (# of cells)
CM W 50 IlIb endometriod | fever, gr. II 3x10°

PA W 43 IlIc *pap. serous | fever, gr. 11 3x10°

BP W 65 IIIc *pap. serous | fever, gr. | 10°
nausea, gr. I

EB W 74 1IIb *pap. serous | fever, gr. | 10°

ESI 4 66 IIIc *pap. serous | fever, gr. II 3x10°
abd. dis., gr. I**

Y W 50 IIIc *pap. serous | fever, gr. .11 10°

LI W 73 1Ib *pap. serous | fever, gr. | 10°
S.0.B.***

TA w 50 IlIc *mucinous fever, gr. | 3x10°
abd. dis., gr. I**

ES2 B 49 IIIc *pap. serous | fever, gr. II 10°

PN W 67 IIIc *pap. serous | renal tox., gr. 3x10°
I
fever, gr. |

MM B 51 IlIc *pap. serous | fever, gr. 11 3x10°

JS W 55 IIIc *pap. serous | fever, gr. | 10°
abd. dis., gr. I**

MH W 71 IIIc *pap. serous | fever, gr. | 3x10°
nausea, gr. [

GR W 42 IIIc *pap. Serous | fever, gr.Il 3x10°
anemia, gr. |

SK W 63 IIIc *pap. Serous | fever, gr. | 10"
nausea, gr. [

MG W 60 1IIb *pap. serous | fever, gr. 11 10"
abd. dis., gr. I**

RC W 49 IIIc *pap. serous | fever, gr. | 10°

DM B 54 IlIc *pap. serous | fever, gr. 11 3x10°

*  papillary serous
** abdominal discomfort
*** shortness of breath

Table 2. Patient characteristics and toxicities.
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Figure 2. Kaplan-Meier analysis of survival of patients treated with PA-1-STK gene-modified vaccine.

therapeutic benefit associated with current treatments,
ovarian cancer would appear to be an appropriate target for
clinical trials of the introduction of therapeutic genetic
material.

Suicide gene therapy, as used in this trial, refers to a
process in which chemotherapy-resistant tumor cells are
modified to express a gene that renders a new drug
sensitivity phenotype to the tumor and under appropriate
circumstances will be lethal to tumor cells.

It has been previously demonstrated that tumor cells
transfected with the HSV-TK gene and exposed to GCV can
be killed in vitro (Moolten, 1986). Studies of tumor-bearing
animals inoculated with HSV-TK-positive cells and treated
with GCV showed tumor regression as well (Moolten,
1990). The mechanism by which HSV-TK cells cause cell
death is phosphorylation of GCV into a toxic nucleotide
analogue which functions as a DNA chain terminator by
interfering with DNA polymerase activity.

In the preclinical data from the current report, we
confirm these findings by demonstrating that tumor
regression occurred when tumors were genetically modified
to express the Herpes Simplex virus thymidine kinase gene
(HSV-TK) and treated with the anti-viral pro-drug
ganciclovir. This anti-tumor effect occurred when only a
fraction of the tumor expressed the HSV-TK gene. This is
the basis of the “bystander effect,” a complex biological
process consisting of three interrelated phases: (i)
chemosensitization of some tumor cells, (ii) hemorrhagic
tumor necrosis caused by release of soluble factors from the

A

dying HSV-TK gene-modified tumor cells, and (iii)

generation of an anti-tumor immune response.

In phase 1, the transfer of the HSV-TK gene to tumor
cells chemosensitizes the tumor cell to GCV. This is
accomplished in the human trial by the intraperitoneal
administration of non-native tumor cells that have been
transduced with HSV-TK. We have previously demonstrated
the ability of tumor cells, introduced to the peritoneal cavity,
to “home to” native tumor deposits (Freeman, 1994). The
introduced cells in effect become part of the native tumor by
their proximity, and thereby sensitize the tumor to GCV.
This initiates phase 2, the generation of a generalized
hemorrhagic tumor necrosis (HTN) produced by the release
of soluble factors from the dying HSV-TK gene-modified
tumor cells. The HTN leads to disruption of the tumor blood
supply, and thus loss of nutrients which leads to killing of
the majority of tumor cells. The final phase of this process,
cytokine production by the dying HSV-TK cells, appears to
result in the death of any remaining tumor cells by initiating
a host immune response. We have previously demonstrated
that HTN stimulates a cellular immune response, leading to
a lymphocytic infiltration of the tumor (Freeman, 1994), and
results in upregulation of a variety of co-stimulatory
molecules including ICAM-1, B7-1, and B7-2 (Ramesh, in
press).

To summarize, we hypothesize that cytokine production
by the HSV-TK cells results in the transformation of the
tumor microenvironment from immunoresistant to immuno-
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During | Completion
Patient | Initial | Therapy | of Therapy

CM 163 35 31

PA 120 112 114
BP 385 446 1,588
EB 10 7 12
ES1 1,357 2,710 -

SV 308 349 473

LI 119 73 35
TA 79 90 398
ES2 81 50 60
PH 67 72 57
MM 17 20 15

JS 144 237 -

MH 600 609 749
GR 11 11 7

SK 311 158 103
MG 25 17 24
RC 23 34 26
DM 497 1,282 -

Table 3. CA-125 levels during therapy with a gene-
modified vaccine.

stimulatory, allowing tumor infiltrating lymphocytes,
generated by HTN, to have a lethal effect on any remaining
viable tumor cells. Thus, a chemotherapy-resistant tumor can
undergo complete regression if only a fraction expresses the
HSV-TK gene because the augmented host immune
response acquires the ability to eradicate any residual cells.

Supporting the role of the host immune system in this
mechanism, the current data demonstrates that immune
deficient mice had some anti-tumor effect following
treatment with the HSV-TK system, but far less than
immune competent mice. We have also demonstrated in the
current data that the killing effect of GCV can be achieved in
vitro at a concentration of 5.0 uM. Human pharmacokinetic
data show that intravenous administration of GCV at the
recommended therapeutic dose of Smg/kg easily exceeds
this level (Faulds and Heel, 1990).
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The results of the human trial reported here demonstrate
that intraperitoneal vaccine therapy is technically feasible in
this setting. Administration of the vaccine was tolerated by
all patients, and no technical problems with the use of the
intraperitoneal ports were encountered. The only
consistently seen toxicity was fever, which occurred in all
patients, but was mild and well tolerated. Nausea and
abdominal discomfort associated with infusion of the
vaccine diluent were seen in approximately one third of the
patients. We found that mild sedation with a benzodiazepene
such as Ativan or Valium immediately prior to infusion
eliminated these symptoms.

As would be expected, survival in these heavily
pretreated, presumed chemotherapy-resistant patients was
poor. Objective response data was difficult to interpret, as
we did not require post treatment histologic verification of
the presence of tumor. Most of these patients had undergone
multiple surgical procedures and were understandably
reluctant to agree to additional operative intervention.
Estimation of tumor response was therefore based on
physical findings and CA-125 results. 4/18 patients had
some evidence of response, based on these criteria, with a
mean survival of just under one year. We feel this is
consistent with results from studies of cytotoxic
chemotherapy in the salvage setting (Vergote, 1992,
Eisenhauer, 1994, Creemers, 1996).

In summary, suicide gene therapy as described here
results in significant tumor regression in vitro and in murine
studies. The mechanism of action appears applicable to
human ovarian cancer based on these studies as well. A
Phase I human trial demonstrates that this method of therapy
is feasible and well tolerated. Patient survival is similar to
that seen using standard cytotoxic chemotherapy. A Phase II
trial is indicated to more accurately estimate disease
response.

IV. Material and methods

A. Cell lines and retroviral vectors

The KBALB, (murine fibrosarcoma) SKOV-3, and PA-1
(both human ovarian tumor) cell lines were used in this
study. They were obtained from American Type Culture
Collection (ATCC, Rockville, MD) and maintained as
described elsewhere (Freeman, 1993). The retroviral vector
LNL6 (Miller and Rosman, 1990) was transduced into the
KBALB line, which was then referred to as KBALB-LNL.
The retroviral vector STK (Moolten and Wells, 1990) was
constructed from the LNL vector and contained an SV40-
promoted HSV-TK gene. This vector was transduced into all
cell lines, which were designated as KBALB-STK,
SKOV-3-STK, and PA-1-STK.

To determine the in vitro sensitivity of these cell lines to
GCV, 10° cells from lines SKOV-3, SKOV-3-STK, and PA-
1-STK were plated separately and exposed to concentrations
of GCV of either 0, 0.005, 0.05, 0.5, 5.0, or 50 uM. 10-14
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days later the plates were stained with methylene blue and
colonies were counted.

B. Murine studies

Female BALB/c mice (Charles River Laboratories,
Wilmington, MA) obtained at 5-6 weeks of age were
maintained  pathogen-free according to established
guidelines. BALB/C athymic nude mice (nu/nu) were also
obtained from the same source. Tumors were established
subcutaneously (s.c.) in all mice by injecting 1x10°
KBALB-LNL or KBALB-STK tumor cells alone or in
combination using a 26-gauge needle. After three days, the
mice were randomly assigned to study (treatment) or control
groups. Mice receiving treatment were injected with GCV
twice a day, for 5-10 doses (150 mg/Kg). Animals not used
for survival studies were sacrificed on days 1, 2 and 4 after
initiation of GCV treatment. Visible tumors were isolated
aseptically under sterile conditions, snap frozen, and stored
at -70°C. Reverse transcriptase polymerase chain reaction
(RT-PCR) was then performed using RNA extracted from
the tumors as described elsewhere (Freeman, 1995a) using
RNAzol B (Biotecx Laboratories, Houston, TX). The final
concentration of the extracted RNA was adjusted to 1mg/ml.
First strand complimentary DNA (cDNA) was synthesized
from total RNA by reverse transcription using 50 picomoles
of 3' downstream primer (antisense) for each of the
cytokines (TNF, IL-1, IL-2, IL-4, IL-6, IL-10, IFN-y and
GM-CSF) tested and PCR performed (Freeman, 1995a). The
amplified PCR product was detected by agarose gel
electrophoresis and confirmed by Southern hybridization.

C. The phase I human trial

All patients had a histologically proven diagnosis of
ovarian cancer with clinical evidence of recurrent,
progressive or residual disease confined to the peritoneal
cavity following treatment with combination chemotherapy
to include cis-platin or carboplatin and paclitaxel. Southwest
Oncology Group (SWOG) performance status for all patients
was 0-1. At least six weeks had to have passed since the
most recent exposure to chemotherapy, and patients could
not have tumor masses larger than 2 cm prior to treatment.
Tumor size and location were determined by surgery and/or
imaging study. The Tulane Instituitional Review Board and
the Food and Drug Administration reviewed and approved
this trial. All federal, state and institutional regulations
regarding consent were fulfilled.

All patients underwent placement of an intraperitoneal
port-a-cath type device. The reservoir of the port was placed
in the subcutaneous fat on the chest wall below the breast
and secured with permanent sutures. The silicon tubing was
tunneled through the subcutaneous tissue of the abdominal
wall and inserted through the fascia and peritoneum
approximately 3 cm lateral to the umbilicus. The tubing was
secured to the abdominal wall fascia with absorbable suture
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at this point. The intraperitoneal portion of the tubing,
including the fenestrated section, was directed into the
pelvis. Complete access to the peritoneal cavity was verified
at this time. Any adhesions which obstructed access were
dissected.

The gene-modified human ovarian cancer cell line PA-1-
STK was selected for use as the vaccine and tested for
contaminants including bacteria, fungi, and viruses. PA-1-
STK cells were lethally irradiated prior to administration to
eliminate any intrinsic oncogenic potential of the vaccine.
The survival of the irradiated vaccine cells was 3-4 days in
vitro. The PA-1-STK cells were also tested for and found to
be free of replication-competent virus prior to administration
(Freeman, 1995b).

1. Study design

This Phase I study was designed as an escalating dose
trial to determine the maximally tolerated dose (MTD) of
use of the PA-1-STK cell line as a vaccine for ovarian
cancer. The objectives were: (i) to evaluate the safety and
side effects of the treatment, (ii) to determine the technical
feasibility of intraperitoneal vaccine administration activated
by intravenous ganciclovir, and (iii) to observe for clinical
effects on the cancer. All toxicities were graded according to
the National Cancer Institute common toxicity criteria.
Disease status was documented using physical examination
and serum CA-125 levels. Patients were followed until death
and survival was plotted using a Kaplan-Meier survival
curve.

2. Treatment plan

The maximum cell dose each patient received is listed in
Table 1. Treatments were planned on 21 day cycles for three
total treatments. The dose escalated with each treatment
unless any grade 3 or higher toxicity occurred. For grade 3
or 4 toxicity, the dose was not elevated If these grade 3 or 4
toxicities did not resolve within one week, the patient was
taken off study. If more than one grade 3 or 4 toxicity
occurred in any group, the next lower dose level would be
considered the MTD.

The PA-1-STK cells were suspended in 500 cc of normal
saline and administered through the intraperitoneal port.
Additional normal saline (maximum-1500 cc) was then
administered to patient tolerance through the port to assure
optimal distribution.  Ganciclovir was administered
intravenously beginning no more than one hour following
administration of the vaccine at a dose of 5mg/kg in patients
with a creatinine clearance (CrCl) >80. Patients whose CrCl
was 50-79 received 2.5mg/kg, and those with CrCI <50 were
excluded. Ganciclovir was given twice daily for seven days
following each treatment with the vaccine.
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