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For many years, 32P-chromic phosphate f^P-CP) intraperito-

neal instillations and platinum analogue chemotherapy have
been used to treat disseminated ovarian cancer. To investigate
possible enhancement of 32P-CP irradiation due to the concom

itant administration of chemotherapy, in vitro studies were un
dertaken. Based on those laboratory investigations, a clinical
regimen of combined 32P-CP and platinum analogue chemo

therapy was developed. Methods: In vitro enhancement of
32P-CP cytotoxicity by cisplatin was studied in cultured human

ovarian adenocarcinoma (CHOA) cell lines and in a fibroblast
cell strain. In addition, ovarian cancer cells obtained from the
malignant abdominal asertes and pleural effusions of 10 individ
ual patients were also studied ex vivo. As part of routine clinical
care, 30 patients with disseminated ovarian adenocarcinoma
underwent up to eight monthly cycles of platinum analogue che
motherapy with concomitant intraperitoneal instillation of 5 mCi
of 32P-CP at each monthly chemotherapy cycle. Results: There

was an enhanced and possibly supra-additive effect of cisplatin
on the cytotoxicity from 32P-CP irradiation. For the 30 patients,

the survival rate at 3 yr was 63%. Conclusion: Phosphorus-32
CP low-dose intraperitoneal treatments in conjunction with plat

inum analogue chemotherapy is a promising approach for the
treatment of disseminated intraperitoneal ovarian cancer.
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An the United States there are approximately 22,000 new
cases of ovarian cancer each year (1 ). Unfortunately, only
25%-30% of these patients have tumor confined to the

ovary and pelvis when their disease is first detected. Com
mon routes of tumor spread include extension to other
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pelvic structures, lymphatic spread to regional lymph
nodes with further dissemination to retroperitoneal and
mediastinal lymph nodes and implantation on peritoneal
surfaces throughout the pelvis and abdomen (2). Despite
cytoreductive surgery and newer chemotherapeutic
agents, overall 5-yr survival for patients with ovarian can

cer is slightly less than 39% (1 ). Common patterns of tumor
recurrence include carcinomatosis, lymph node mÃ©tastases
and extension above the diaphragm to produce mediastinal
lymph node mÃ©tastases and malignant pleural effusions.
Ovarian cancer mÃ©tastasesto bone, liver, the lung paren
chyma and the brain rarely occur before patients reach the
near terminal stage. Clearly, there is a need for improved
treatment for this tumor which characteristically dissemi
nates to the peritoneal surfaces of the abdominal cavity.

Instillations of 32P chromic phosphate (32P-CP) have

been used to treat intraperitoneal and pleural space malig
nancies including ovarian cancer for many years (3-22).
Most frequently this treatment has been given as a 10-20-

mCi intraperitoneal injection which may be repeated as
necessary to control malignant ascites and tumor spread.
The goal is to disseminate 32P-CP throughout the abdomi

nal cavity in a distribution similar to the spread of exfoli
ated or ruptured ovarian carcinoma cells. The distribution
of intraperitoneal 32P-CP becomes largely fixed by 24 hr

postinjection. Metastatic deposits directly adjacent to sites
of 32P-CP localization receive therapeutic radiation from
the beta-minus particle emitted during 32P decay (half-life

14.3 days, mean beta-minus energy 0.695 MeV). The av
erage soft-tissue penetration of beta-minus from 32P is 1-4

mm. Clearly, the center of bulky intraperitoneal mÃ©tasta
ses will not receive significant radiation therapy, and in
addition the complications associated with 32P-CP therapy

will be limited to the superficial layers of exposed struc
tures such as the bowel wall.

A previously published review indicated that there are
mostly minor, short-lived complications from 32P-CP ther

apy (e.g., nausea, abdominal pain, vomiting, diarrhea and
low-grade fever) in 21.9% of treated patients (23). The
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frequency of associated major complications, usually tak
ing the form of bowel obstruction or perforation, was 1.5%.
Following 32P-CP therapy, histologie changes within the
bowel wall take the form of "a thickening and hyalinization

of the serosal peritoneum and outer muscularis without
discernable changes in the submucosa or its vasculature"
(10). Using fractionated intraperitoneal 32P-CP therapy,

patients have been reported to receive up to a total of 42
mCi of 32P-CP in six divided weekly doses without devel

oping serious complications (6).
In recent years, the platinum analogues cisplatin and

carboplatin have been demonstrated to have a broad range
of cytotoxic effects against many epithelial tumors includ
ing ovarian cancer (24). While these agents exert many
effects, the principle mechanism appears to be the forma
tion of lethal platinum-induced cross links between DNA

bases. The principle toxic effects are renal insufficiency,
peripheral neuropathy, ototoxicity and nausea with carbo
platin possibly being better tolerated than cisplatin when
used to treat ovarian cancer (25). Given that the absorbed
radiation dose from 32P-CP is largely confined to the peri

toneal cavity and superficial layers of the bowel wall, there
is no reason to assume that the clinically relevant toxicities
from platinum analogue chemotherapy and 32P-CP would

in any way depend on whether the treatments were given
independently or in combination.

We previously reported in abstract form that cisplatin
enhanced the effect of 32P-CP irradiation on cultured hu

man ovarian carcinoma (CHOA) (26-28). A minimum dose
of 32P-CP was needed to induce this enhancement, and the

effect was significantly greater when cisplatin was added to
CHOA shortly before rather than shortly after the addition
of 32P-CP. Based in part on these laboratory results, we
have defined a protocol for the clinical use of 32P-CP and

cisplatin or carboplatin, all of which are FDA-approved

substances being employed in approved ways, to provide
for continuous low-dose rate intraperitoneal beta-minus

irradiation treatments in conjunction with routine monthly
cycles of platinum analogue chemotherapy. As part of ther
apy planning, ovarian cancer cells from malignant ascitic
fluid or pleural effusions might be incubated with various
combinations of cisplatin and 32P-CP so as to document for

individual patient use the potential efficacy of the planned
therapy.

MATERIALS AND METHODS
In vitro enhancement of 32P-CP cytotoxicity by cisplatin was

tested in triplicate in CHOA cell lines (362-1 or FriM) in addition
to a fibroblast cell strain. Cell line 362-1 is rapidly growing while

FriM is slowly growing. These two cell lines were chosen to
reflect the heterogeneity of growth characteristics found in human
ovarian adenocarcinoma. Each cell system was incubated for
either 7 or 14 days under the following conditions:

1. plain culture media.
2. varying doses of 32P-CP (0.3-6.0 /Â¿Ci/ml).

3. varying doses of cisplatin (0.02-20.00 /*g/ml).

4. LD50 concentrations of cisplatin (as determined from ex
periment 3) and varying doses of 32P-CP (0.5-1.5 /iCi/ml).

Furthermore, once the enhanced cell-killing effect of cisplatin on
32P-CP irradiation was noted, the dependence of this effect upon

the time when therapeutic agents were introduced into tissue
culture (time sequence of cisplatin and 32P-CP administration) was

investigated in three different experiments: LD50 concentration of
cisplatin was added to CHOA cell line 362-1 at 6 hr before, at the
same time and 48 hr after a l-/iCi/ml dose of 32P-CP.

The FriM CHOA cell line, a papillary serous cystadenocarci-

noma, was established in this laboratory. Cells were grown in 50%
Waymouth media MB 752-1, diluted with 30% Gey's balanced salt

solution and supplemented with 20% fetal bovine serum (GIBCO,
Grand Island, NY). The fibroblast cell strain (EICo) was also
established in this laboratory and grown in Waymouth media MB
752-1, supplemented with 10% fetal bovine serum. The 362-1

ovarian cancer cell line was obtained from Dr. Peter Schrier
(University Hospital Leiden, Leiden, The Netherlands). This cell
line was grown in Waymouth media MB 752-1, supplemented with
10% bovine serum, with the addition of 1 mM of L-asparagine

(GIBCO). The continuous cultivation of the cells and all the ex
periments were performed in 25-cm2 T-flasks (Corning, Corning,
NY) and incubated at 37Â°C.For maintaining optimum cell growth

conditions, cells were passaged weekly using 0.5% trypsin, with
5.3 mM of EDTA respectively. The media was changed two times
per week.

Cell growth was assessed at specified intervals using the hemo-

cytometer technique. Cell viability was determined by trypan blue
dye exclusion. Cells in the supernatant were also included. Re
sults are reported as percent of surviving cells after the specified
treatment.

Thermoluminescence dosimetry (TLD) discs were used to ver
ify the delivery of the expected radiation doses to the cells ex
posed to the different /Â¿Ci/mlconcentrations of 32P-CP for the

specified incubation times. TLD discs were taped to the bottom of
the culture flasks so as to be directly opposite the ovarian tumor
cell surfaces throughout the incubations.

Thirty patients with metastatic ovarian carcinoma were treated
with fractionated low dose intraperitoneal 32P-CP instillations

(plus pleural space instillations for six patients) in conjunction
with up to eight monthly cycles of cisplatin (100 mg/m2) or the
pharmacologically equivalent dose of carboplatin (360 mg/m2). No

patients with multiple malignancies were included in this report.
Patients gave informed consent for these FDA-approved thera
pies. Table 1 describes the International Federation of Gynecol-

ogy and Obstetrics (FIGO) staging of ovarian cancer with Table 2
showing the stage and grade for the 30 patients. Nine of the 30
patients had previously undergone multi-drug chemotherapy.

Based on recent surgical exploration or CT imaging, 16 of the
Stage III or Stage IV patients were known to have residual intra
peritoneal disease measuring greater than 2 cm in greatest diam
eter.

For treatments, patients were hospitalized for 2 days each
month, receiving chemotherapy in the late evening of the first day
and 32P-CP intraperitoneal instillations the next morning. Patients

received premedication consisting of Ativan (lorazepam), Zofran
(ondansetron), Benadryl (diphenhydramine) and prednisone. Zof
ran was administered at 0 hr, 4 hr and 8 hr for emesis control.
Repeated monthly peritoneal cavity access was achieved either by
a subcutaneously placed peritoneal access catheter (placed at the
time of the prior ovarian cancer surgery) or by puncture of the
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TABLE 1
FIGO Staging of Ovarian Cancer

Characteristics

I Growth limited to one ovary.
IA Growth limited to one ovary; no asertes.
IA, No tumor on the external surface; capsule

intact.
IAa Tumor presenton the externalsurface,and/or

capsuleruptured.
IB Growthlimitedto bothovaries;no asertes.
IB, No tumor on the externalsurface;capsules

intact.
182 Tumor presenton the externalsurfaceand/or

capsule(s)ruptured.
1C TumoreitherStage IA or IB, but with asertes

presentor with positiveperitonealwashings.

II Growthinvolvingone or bothovarieswith pelvic
extension.

IIA Extensionand/ormÃ©tastasesto the uterus
and/ortubes.

MB Extensionto other pelvictissues.
IIC TumoreitherStage IIA or Stage MB,but with

ascitespresentor with positiveperitoneal
washings.

III Growthinvolvingone or bothovarieswith
intraperitonealmÃ©tastasesoutsidethe pelvis,
or positiveretroperitonealnodes,or both.
Tumor limitedto the true pelviswith
histologicallyprovenmalignantextensionto
small bowelor omentum.

IV Growthinvolvingone or bothovarieswith
distantmÃ©tastases.If pleuraleffusionis
presentthere must be positivecytologyto
allota patientto Stage IV. Parenchyma!liver
mÃ©tastasesequalsStage IV.

itoneal distribution was not obtained with the initial WmTc-sulfur

colloid injection, additional injections in other quadrants were
performed to find the optimal site for injection of the therapeutic
dose of 5 mCi of 32P-CP. If, however, localizing adhesions pre
vented broad distribution, the 5-mCi 32P-CP dose was divided

before injection into each quadrant. For patients with no evidence
of loculation, intraperitoneal injection of the 32P-CP was followed

by injection of no less than 150 ml and no more than 1,000 ml of
normal saline. This dose of normal saline was titrated based on
presence of ascites and was appropriately divided for injection
into multiple (up to four) quadrants in patients with loculations.

After withdrawal of the angiocath, the patient's abdomen was

vigorously palpated and the patient turned from side to side. The
patient was then rotated at hourly intervals for 24 hr from Tren-
delenburg to Fowler's positions and to right and left lateral decu-

bitus positions. An electronically operated rotating bed was used
for this purpose. Diffused peritoneal distribution of 32P-CP was
confirmed the next day by 32P Bremsstrahlung scanning as previ

ously described (12).
As part of the planning for the above described therapy, incu

bations of ovarian carcinoma cells obtained from the individual
patient's own malignant abdominal ascites or pleural effusions

were carried out for the first 10 patients in this study. The har
vested cancer cells from ascitic or pleural fluids were examined
and counted by a hemocytometer cell count both immediately
after removal from the patient and 14 days following incubation
with LD50 concentrations of cisplatin and 32P-CP (using LD50

concentrations for the 362-1 CHOA cell line).

Response of the 30 patients to treatment was measured by
CA-125 ovarian tumor antigen when positive, CT scan evidence of

tumor status, physical exam and survival time. Toxicity was mea
sured by hÃ©matologieevaluation of complete blood counts includ
ing WBC and platelet nadirs, as well as clinical chemistry re
sponses of liver and kidney functions and clinical evidence of
nausea, vomiting, signs of GI complications including diarrhea or
signs of bowel obstruction by abdominal x-rays when indicated.

peritoneal cavity by introduction of a 20-gauge angiocath needle.

All peritoneal access procedures were performed by an experi
enced gynecologic surgeon (R.A.P.).

After accessing the peritoneal cavity, a minimum of 100 ml of
normal saline was injected followed by 1 mCi of "Tc-sulfur

colloid. For patients without ascites, larger volumes of normal
saline (optimally 1 liter) were used. The patient's abdomen was

gently palpated to induce mixing of the injected imaging dose of
"Tc-sulfur colloid and images were obtained to confirm free

distribution throughout the peritoneal cavity. If a diffuse intraper-

TABLE 2
Ovarian Cancer Stage and Grade for 30 Patients

Numberof
StagepatientsIIIIIIVGrade12351787419

RESULTS
For the 362-1 CHOA cell line, a 32P-CP LD-50 of 1

/Â¿Ci/mland cisplatin LD-50 of 0.4 Â¿Â¿g/mlwas observed

(Figs. 1 and 2). Furthermore, the addition of cisplatin at
LD50 concentration to FriM CHOA cell line enhanced the
32P-CP irradiation effect at the 0.5-/LiCi/ml, 1.0-MCi/ml and

1.5-Â¿tCi/mlconcentrations (p < 0.01) (Fig. 3). This en
hanced 362-1 CHOA cell killing was greater when cisplatin

was added 6 hr before rather than at the same time, or 48
hr after 32P-CP (p < 0.01) (Fig. 4). In addition, there was a

79% or greater survival fraction of the normal fibroblast
cell strain when exposed under these experimental condi
tions to LD-50 doses of 32P-CP and cisplatin either alone or

in combination (Fig. 5). Furthermore, simultaneously stud
ied CHOA FriM showed substantially greater toxicity
when exposed to these same conditions (p < 0.0005)
(Fig. 5).

TLD discs verified the delivery of the expected radiation
doses to the CHOA cell lines that had been exposed to
32P-CP. For these TLD determinations, there was a linear

relationship (R-squared = 0.978) between the /Â¿Ci/mlof
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FIGURE 1. Survivalfractionat 7 and 14 days of CHOA cells
(362-1) in varying concentrations of 32P-CP.LD50 of 32P-CPat 14

days is 1.0 /Â¿Ci/ml.
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FIGURE 3. Survivalfractionat 14 days of CHOA cells (FriM) in
both LD-50 cisplatinand various concentrationsof 32P-CP.I = LD50
cisplatin; II = 0.5 /Â¿Ci/ml32P-CP;III = 1.0 /Â¿Ci/ml32P-CP;IV = 1.5
AiCi/ml32P-CP;V = LD50 cisplatin + 0.5 /tCi/ml 32P-CP;VI = LD50
cisplatin + 1.0 fiCi/ml 32P-CP;and VII = LD50 cisplatin + 1.5
32P-CP.

32P-CP placed in the tissue culture flasks and the TLD

readings.
Results with malignant ascitic and pleural fluid speci

mens obtained from the first 10 patients also demonstrate
an enhanced, and possibly supra-additive, effect between
32P-CP and cisplatin. At the previously determined LD-50
doses of cisplatin and 32P-CP (based on 362-1 CHOA re

sults described above), 17 incubation experiments using
ovarian cancer cells obtained from 10 patients showed that
the cells survived at a rate of 78% Â±22% (mean 1 Â±s.d.)
in the presence of cisplatin alone, 92% Â±26% in the pres
ence of 32P-CP alone, and only 34% Â±18% in the presence
of both cisplatin and 32P-CP (Fig. 6). These results indicate

that when the combination of cisplatin with continuous
low-dose rate beta-minus irradiation from 32P-CP was

used, the cell killing was in the range of eight times greater
than when 32P-CP was used alone. Cell killing was also in

the range of approximately two to three times greater than
when cisplatin was used alone.

These results suggest a supra-additive effect between
continuous low dose rate beta-minus radiation and cispla

tin. Particularly, assuming independent action of cisplatin
and beta-minus irradiation, the expected surviving fraction

for this combination should be the product of the surviving
fractions for 32P-CP alone (0.92) and cisplatin alone (0.78).

This would yield an expected surviving fraction for the
combination of 32P-CP and cisplatin of 0.72. The observed

surviving fraction of 0.34 suggests a supra-additive effect
(29-31 ). However, in absence of proof that dose-response

curves are linear or can be made linear with a mathematical
transformation, claims for a supra-additive effect with

combined chemotherapy and irradiation are difficult to es
tablish. In fact, as has been pointed out by Steel, "It would

not be unreasonable in this situation to maintain that since
the agents are not additive with themselves, one has no
basis for expecting them to be additive in combination"

(29). All 10 patients initially studied by incubation of their
own malignant ascitic or pleural fluid tumors showed evi
dence of this cisplatin-induced enhancement of 32P-CP cy-

totoxicity.
Once ovarian cancer cells from the first 10 patients had
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FIGURE 2. Survivalfractionat 7 days of CHOA cells (362-1) in
varying concentrations of cisplatin. LD50 of cisplatin at 7 days is 0.4
/Â¿g/ml.
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FIGURE 4. Dependenceof the survivalfractionat 14 days of
CHOA cells (362-1) on time sequence of cisplatin and 32P-CPad
ministration. I = cisplatin 48 hr after 32P-CP; II = simultaneous
administration; and III = cisplatin 6 hr before 32P-CP (II and III are

significantly different, p < 0.01).
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TABLE 3
Therapeutic Response for 30 Ovarian Cancer Patients

FIGURE 5. Survivalfractionat 14daysofbotha normalfibroblast
cell strain and CHOA cells (FriM) in LD50 concentrations of cisplatin
and/or 32P-CP.I vs IV in LD50 cisplatin (p < 0.0005); II vs V in LD50
32P-CP (p < 0.0005); and III vs VI in LD50 cisplatin and LD50

(p < 0.01).

shown the expected enhanced response to combined cis
platin and 32P-CP therapy, an additional 20 patients were
treated at a standard dose of 100 mg/m2 of cisplatin or 360
mg/m2 of carboplatin and 5 mCi of 32P-CP at each monthly

chemotherapy cycle. Stage IV ovarian cancer patients re
ceived up to eight treatments. However, in the presence of
loculations, fewer treatments might be given with the pa
tients continuing on chemotherapy alone. With a particu
larly favorable initial clinical response, some patients did
not complete the full course of treatments. The goal for
these patients was six 32P-CP treatments with two addi

tional treatments if disease persisted and the presence of
abdominal loculations did not severely limit the distribu
tion of the therapeutic radionuclide.

For Stage II and III ovarian cancer patients, the treat
ment protocol was similar except that the goal for these
patients was six combined platinum analogue chemother
apy and 32P-CP treatments with no provision for additional
32P-CP treatments. Nine of the 30 patients received six or
more 32P-CP treatments.

For 25 of the 30 patients, peritoneoscintigraphy per-

0.2

CISPLATIN P-32CP CISPLATIN +
P-32CP

FIGURE 6. Survival fraction of ovarian cancer cells harvested
from 10 individual patients. Concentrations of 32P-CP and cisplatin

are 1 /Â¿Ciand 0.4 /Â¿g/mlrespectively.

Stage

IV Total

Number ofpatientsComplete
responsePartial
responseNo

response540117610184223014124100474013

formed at the time of the 32P-CP therapies showed free

distribution throughout the peritoneal cavity. Three pa
tients had at least one image showing a radionuclide distri
bution limited to approximately half of the peritoneal cav
ity and two patients had at least one image showing a very
limited distribution typical of loculation in a small space.

The results of the total clinical experience with 30 ovar
ian cancer patients showed a complete response in 14 of
the patients (no evidence of disease); partial response in 12
(50% or greater reduction of measurable disease on CT or
50% or greater decrease in CA-125 antigen) and no re
sponse in 4 (Table 3). Beta-minus irradiation from 32P-CP,

combined with platinum analogue chemotherapy was as
sociated with nausea and vomiting (at least one episode for
16 of 30 patients); WBC nadirs below 3,000/mm3 (18 pa
tients); and platelets less than 100,000/mm3 (9 patients).

There were no instances of bowel perforation or obstruc
tion attributed to 32P-CP. One bowel obstruction and per

foration secondary to cancer recurrence was due to tumor
penetration through the colon wall.

There were no significant prolonged temperature eleva
tions and there were no other bowel obstructions which
required surgical intervention. Six patients underwent lap-

arotomy or laparoscopy after therapy. Random peritoneal
biopsies showed only minor fibrosis with no significant
toxic radiation changes. Of the 30 patients treated, 9 died of
their disease and two died of other causes (Table 4). Nine
teen of the 30 patients remain alive, 11 with no evidence of
disease and 8 with disease under continuing salvage che
motherapy. At 3 yr, 63% survival is observed with a mean
survival time of 17.1 mo (Table 5). For the 16 patients with
residual disease measuring greater than 2 cm in greatest
diameter, the median survival at 3 yr of 18.8 mo was not
significantly different from the 15.2 mo median survival at
3 yr experienced by the 14 other patients in this study.

TABLE 4
Survival for 30 Ovarian Cancer Patients

Number ofpatientsNo
evidence ofdiseaseAlive

withdiseaseDied
ofdiseaseDied
other causeII54010StageIII175561IV82321Total3011892
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TABLE 5
Survival for 30 Ovarian Cancer Patients at Three Years*

StageII

III
IV
All stagesPatients

surviving4

of 5
10 of 17
5 of 8
19 of 30Percent

surviving80%

59%
63%
63%

'Median survival 17.1 mo.

DISCUSSION
The goal of combined 32P-CP and platinum analogue

chemotherapy is to achieve an enhancement in ovarian
cancer cell kill without increasing the clinically significant
toxicity for the patient. Prior in vitro, animal model and
human studies, which combined cisplatin with various
forms of radiation, observed enhancement in cell kill rang
ing from none to marked (30,32-41 ). DNA is thought to be

the most important target for both radiation and cisplatin,
and a theoretical model examining the probability of inter
actions occurring between cisplatin-induced DNA lesions
and radiation-induced DNA lesions has been proposed

(41). As has been pointed out by Fu (42), possible mech
anisms and interactions between chemotherapy and radio
therapy which result in enhanced cell kill include:

1. changes in the slope of the dose-response curve;
2. decreased accumulation or inhibition of repair of sub-

lethal damage;
3. decreased recovery from potentially lethal damage;
4. perturbation of cell kinetics with an increased portion

of cells in the sensitive cell cycle and proliferative
state;

5. decreased tumor bulk and improved blood supply
leading to reoxygenation and recruitment and in
creased radiosensitivity and chemosensitivity; and

6. increased drug delivery and uptake.

It is particularly likely that cisplatin increases the slope of
radiation dose-response curves in mammalian cells (42).
Working with continuous low-dose rate irradiation and

concurrent infusion of chemotherapeutic drugs in murine
models, researchers have reported a cisplatin-induced en

hancement of radiation effects (30,42). A variety of other
factors which might influence this enhancement include the
time sequence for drug and radiation administration and
the radiation dose/fractionation schedule (36).

This investigation reports that cisplatin enhances the
tumor cell killing effect of 32P-CP both for CHOA cell lines

and for ovarian carcinoma cells isolated from individual
patients undergoing therapy planning. In theory, such en
hancement might be additive, subadditive or supra-addi-

tive (29). As described in the Results section, the magni
tude of cell kill for this therapeutic combination for ovarian
carcinoma cells from individual patients is greater than
would be expected if the effects of cisplatin and 32P-CP

were additive and independent: this implies a supra-addi-

tive form of enhancement.
This investigation also found that the effect of 32P-CP on

the 362-1 CHOA cell line was greater when cisplatin was

added 6 hr before rather than at the same time or 48 hr after
32P-CP. It is known that cisplatin-DNA adducts may take

several hours before reaching a maximum concentration
and, furthermore, that the cisplatin-induced DNA lesions
can remain present for several days (41,43-45). If it is
assumed that both cisplatin-DNA adducts and radiation-

induced DNA breaks must be present simultaneously for
enhancement to occur, it then follows that adding cisplatin
to the tissue culture flasks approximately 6 hr before ex
posing 362-1 CHOA to 32P-CP would increase the enhance

ment effect.
In clinical practice, we used fractionated 5-mCi intraper-

itoneal doses of 32P-CP up to a total after eight treatment

cycles of 40 mCi. To account for the intraperitoneal vol
ume and uneven distribution, the l-Â¿iCi/mlflask dose (the

LD50 dose at which enhancement occurred in vitro) was
extrapolated to a total dose of 5 mCi for patients. The
5-mCi dose also is less than the 10-20 mCi single intraper

itoneal instillations commonly used elsewhere in current
clinical practice. After eight 32P-CP and cisplatin chemo

therapy cycles, the maximum total cumulative dose of 40
mCi of 32P-CP is less than the maximum doses reported in

the scientific literature (6).
The observed toxicities for the 30 patients in this study

are similar to what has been reported with platinum ana
logue chemotherapy alone: nausea and vomiting (16 pa
tients), WBC nadirs below 3000/mm3 (18 patients) and
platelets less than 100,000/mm3 (9 patients). Among the 30

patients, the one instance of bowel obstruction and perfo
ration was secondary to cancer recurrence with tumor
penetration through the colon wall. We also note that all 30
patients had prior surgery, with 9 patients having prior
multiple drug chemotherapy. It is difficult to determine
with certainty which portion of the observed toxicities was
(1) due to prior surgery or chemotherapy; (2) would have
occurred with platinum analogue chemotherapy alone; (3)
would have occurred with 32P-CP therapy alone; or (4)

should be ascribed to the combined use of platinum ana
logue chemotherapy and 32P-CP. Because prior experience
with 32P-CP indicates that the bone marrow receives a

clinically insignificant radiation exposure (3,46-48), one

can argue that the observed hÃ©matologietoxicities would
have occurred with platinum analogue chemotherapy
alone. Finally, while only six patients underwent laparos-
copy or laparotomy after combined 32P-CP and platinum

analogue chemotherapy, it is worth noting that random
peritoneal biopsies showed only minor fibrosis with no
significant radiation changes.

Careful attention to instillation of 32P-CP within the peri

toneal cavity so as to avoid loculation may have been
responsible for the apparent absence of clinically signifi
cant 32P-CP toxicities in this series. Others have previously

reported that the use of peritoneoscintigraphy, introduc-
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tion of fluid volumes sufficient to produce a free and diffuse
radionuclide distribution throughout the peritoneal cavity
(particularly important in patients without ascites) and vig
orous palpation of the abdomen with changes in patient
positioning can contribute to a 32P-CP distribution through

out the peritoneal cavity and a lower incidence of compli
cations (12,49-55). We also note that all of our peritoneal

access procedures were performed by an experienced gy
necological surgeon (R.A.P.). For a single 5-mCi 32P-CP

therapy, patients would receive as many as four punctures
of the peritoneal cavity with a 20-gauge angiocath needle in

an attempt to find either an optimal site for injection or to
divide the 32P-CP dose between loculated intraperitoneal
spaces. This technique for instillation of 32P-CP in this

series should be compared with prior clinical practice in
which 10-20 mCi of 32P-CP was often injected at one site.
Clearly, the risk of injecting a larger dose of 32P-CP into a

loculated space, a procedure which has been associated
with complications, was minimized by our treatment pro
tocol and procedures.

A majority (70%-75%) of ovarian cancer cases are ad

vanced when first diagnosed. In one study, Stage III and
Stage IV patients with residual disease of 2 cm or greater
after surgical debulking had only a 15% survival at 4 yr and
an 8% survival at 5 yr when treated with a cisplatin-based

regimen (56). In this study, the authors present a survival
curve indicating that for patients with advanced ovarian
adenocarcinoma treated in this fashion, survival at 36 mo
was between 25% and 30%. Two subsequent studies re
spectively found 20% and 18% survivals at 5 yr for patients
with advanced ovarian carcinoma treated with similar cis
platin-based regimens (57,58). The survival rate of 63% at

3 yr in the current study of advanced stage patients receiv
ing 32P-CP and platinum analogue chemotherapy is encour

aging.
Based on these initial laboratory investigations and lim

ited clinical findings, we conclude that 32P-CP fractionated

low-dose intraperitoneal treatments in conjunction with

cisplatin or carboplatin chemotherapy is a promising ap
proach for the treatment of disseminated intraperitoneal
ovarian carcinoma. This combination may be more effec
tive than 32P-CP alone as a single agent for consolidation

therapy (21 ). Prospective controlled clinical trials of this
combined 32P-CP and platinum analogue chemotherapy ap

proach to ovarian cancer are being developed.
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