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ABSTRACT

BACKGROUND

Standard chemotherapy for newly diagnosed ovarian cancer is a platinum-taxane
combination. The Gynecologic Oncology Group conducted a randomized, phase 3 trial
that compared intravenous paclitaxel plus cisplatin with intravenous paclitaxel plus
intraperitoneal cisplatin and paclitaxel in patients with stage III ovarian cancer,

METHODS

We randomly assigned patients with stage III ovarian carcinoma or primary perito-
neal carcinoma with no residual mass greater than 1.0 cm to receive 135 mg of intra-
venous paclitaxel per square meter of body-surface area over a 24-hour period followed
by either 75 mg of intravenous cisplatin per square meter on day 2 (intravenous-thera-
py group) or 100 mg of intraperitoneal cisplatin per square meter on day 2 and 60 mg
of intraperitoneal paclitaxel per square meter on day 8 (intraperitoneal-therapy group).
Treatment was given every three weeks for six cycles. Quality of life was assessed.

RESULTS

Of 429 patients who underwent randomization, 415 were eligible, Grade 3 and 4 pain,
fatigue, and hematologic, gastrointestinal, metabolic, and neurologic toxic effects
were more common in the intraperitoneal-therapy group than in the intrave-
nous-therapy group (P<0.001). Only 42 percent of the patients in the intraperitoneal-
therapy group completed six cycles of the assigned therapy, but the median duration
of progression-free survival in the intravenous-therapy and intraperitoneal-therapy
groups was 18.3 and 23.8 months, respectively (P=0.05 by the log-rank test). The
median duration of overall survival in the intravenous-therapy and intraperitoneal-
therapy groups was 49.7 and 65.6 months, respectively (P=0.03 by the log-rank test).
Quality of life was significantly worse in the intraperitoneal-therapy group before
cycle 4 and three to six weeks after treatment but not one year after treatment.

CONCLUSIONS

As compared with intravenous paclitaxel plus cisplatin, intravenous paclitaxel plus
intraperitoneal cisplatin and paclitaxel improves survival in patients with optimally
debulked stage III ovarian cancer.
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INTRAPERITONEAL CISPLATIN AND PACLITAXEL IN OVARIAN CANCER

VARIAN CANCERISTHE LEADING CAUSE

of death from a gynecologic cancer in

the United States.! In most cases, the high
death rate is due to tumor that has spread beyond
the ovary at the time of diagnosis.? In the United
States, the standard chemotherapy for the initial
treatment of ovarian cancer is a combination of a
platinum analogue with paclitaxel.3* With mod-
ern surgical interventions and contemporary che-
motherapy, most patients attain complete clinical
remission.>* The majority of them, however, will
eventually have a relapse and die of the disease.

The peritoneal cavity is the principal site of
disease in ovarian cancer.>¢ Although the inten-
sity of intravenous chemotherapy is limited main-
ly by myelotoxicity, several active drugs can be
administered directly into the peritoneal cavity.
The rationale for intraperitoneal therapy in ovar-
ian cancer is that the peritoneum, the predominant
site of tumor, receives sustained exposure to high
concentrations of antitumor agents while normal
tissues, such as the bone marrow, are relatively
spared.

Two randomized, phase 3 intergroup trials have
compared intraperitoneal with intravenous che-
motherapy in advanced, low-volume ovarian can-
cer.”® The first demonstrated a statistically sig-
nificant survival advantage among patients treated
with intraperitoneal chemotherapy, but the regi-
men did not include paclitaxel.” The second trial
showed a significant difference in progression-
free survival, but the difference in overall survival
was of borderline significance (P=0.05). Further-
more, the intraperitoneal-therapy group included
two cycles of moderately intensive intravenous
carboplatin, which complicated the interpretation
of results and added to the toxicity of the treat-
ment.® Neither of these trials led to widespread
acceptance of intraperitoneal treatment. The re-
luctance of clinicians to embrace intraperitoneal
therapy is due to multiple factors, including its
high cost and toxicity and clinicians’ lack of famil-
larity with peritoneal administration and cathe-
ter-placement techniques. The possibility that
improved outcomes with newer forms of therapy
could replace intraperitoneal treatment has also
been a consideration.?¢

We report the results of a randomized, phase
3 trial in which a regimen of six cycles of treat-
ment with intravenous paclitaxel followed by in-
travenous cisplatin was compared with six cycles
of intravenous paclitaxel followed by intraperito-

neal cisplatin and intraperitoneal paclitaxel in
women with previously untreated stage III ovarian
cancer.

METHODS

PATIENTS
Eligible patients had stage III epithelial ovarian
or peritoneal carcinoma with no residual mass
greater than 1.0 cm in diameter after surgery, a
Gynecologic Oncology Group (GOG) performance
status of 0 to 2 (with 0 being fully active and
4 completely disabled), normal blood counts, and
adequate renal and hepatic function. All cases were
centrally reviewed by the GOG to confirm patients’
surgical and pathological eligibility for enrollment.
This review was not strictly blinded. However, pa-
thology reports, operative notes, and eligibility in-
formation were collected before registration. Pa-
tients who had undergone prior chemotherapy or
radiation for ovarian cancer were not eligible. All
patients gave written informed consent according
to institutional and federal guidelines before en-
rollment. Approval was granted by the institution-
al review board at each participating site.

At registration, participants decided whether
they would undergo a second-look laparotomy at
the completion of chemotherapy. At study entry
and before each treatment, a physical examination
was performed and medical history taking, com-
plete blood count, blood chemical measurements,
and measurement of serum ovarian cancer antigen
125 were carried out. This evaluation was repeated
at the completion of therapy, every 3 months for
24 months, and then every 6 months. Quality-
oflife assessment, with use of the Functional As-
sessment of Cancer Therapy — Ovarian (FACT-O)
instrument,** was performed four times: at reg-
istration, before cycle 4, 3 to 6 weeks after cycle
6, and 12 months after the completion of therapy.
All patients were followed for clinical progression
and death.

TREATMENT PLAN
Patients were randomly assigned to receive either
135 mg of intravenous paclitaxel per square me-
ter of body-surface area over a 24-hour period on
day 1 followed by 75 mg of intravenous cisplatin
per square meter on day 2 (intravenous-therapy
group) or 135 mg of intravenous paclitaxel per
square meter over a 24-hour period on day 1 fol-
lowed by 100 mg of intraperitoneal cisplatin per
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square meter on day 2 and 60 mg of intraperito-
neal paclitaxel per square meter on day 8 (intra-
peritoneal-therapy group). Standard premedica-
tion was given to prevent hypersensitivity reactions
to paclitaxel. Hydration and antiemetic agents
were given before cisplatin was administered. For
intraperitoneal therapy, paclitaxel or cisplatin was
reconstituted in 2 liters of warmed normal saline
and infused as rapidly as possible through an
implantable peritoneal catheter. Treatments were
administered every three weeks for six cycles.

Before they could receive a subsequent cycle of
therapy, patients were required to have an absolute
neutrophil count of 1500 cells per cubic millime-
ter or greater, a platelet count of 100,000 cells per
cubic millimeter or greater, and a creatinine level
of 2.0 mg per deciliter or less. Treatment modifi-
cations for hematologic toxic effects included cycle
delay, dose reduction, and the addition of granu-
locyte colony-stimulating factor (in that sequence).
There was no dose modification if the nadir of
leukopenia was not accompanied by fever. Treat
ment was postponed in the case of grade 3 or 4
peripheral neuropathy, a creatinine level greater
than 2.0 mg per deciliter, or a creatinine clearance
of less than 50 ml per minute. Patients in whom
treatment was delayed for more than three weeks
were removed from the study.

Among patients in the intraperitoneal-therapy
group, the dose of intraperitoneal drug was re-
duced if there was grade 2 abdominal pain, Patients
with grade 3 abdominal pain, recurrent grade 2
abdominal pain after a dose reduction, or compli-
cations involving the intraperitoneal catheter that
prohibited further intraperitoneal therapy received
intravenous chemotherapy for the remaining cy-
cles. The dose of cisplatin was reduced if there was
grade 2 peripheral neuropathy. Women in either
group who had a cisplatin-related toxic effect re-
quiring discontinuation of the protocol treatrment
received intravenous therapy, with carboplatin sub-
stituted for cisplatin.

If second-look assessment was elected at reg-
istration, it was performed within 8 weeks after
the last cycle of chemotherapy and no later than
29 weels after study entry. Categories of patho-
logical response were defined as follows: negative
(i.e., there was a complete response), positive with
microscopic disease only, or positive with gross-
ly visible persistent disease.

STATISTICAL ANALYSIS

The GOG Statistical and Data Center randomly
assigned patients to one of the two treatment
groups, with stratification according to residual
disease (grossly visible disease vs. no visible dis-
ease) and the second-look surgery option (select-
ed vs. declined), with use of a permuted block con-
taining three assignments for each regimen. A
sample size of 384 eligible patients was set, with
sufficient follow-up to observe 208 recurrences
(and 208 deaths) before final testing of the primary
hypothesis, which was based on the following re-
search question: Does the use of intraperitoneal
cisplatin and paclitaxel improve progression-free
and overall survival as compared with intravenous
cisplatin and paclitaxel? This sample size pro-
vided 90 percent statistical power with the use of
a one-sided log-rank test,*? an alpha level 0£0.05, -
and a hazard ratio (for intravenous vs. intraperi-
toneal administration) of 1.5.1® Projections indi-
cated that 61 percent of the patients in the intra-
venous-therapy group would have died by the time
of the final analysis.

The primary study end points — progression-
free survival and overall survival — were mea-
sured from the date of randomization. Survival
was measured up to the date of death or, for liv-
ing patients, the date of last contact. The dura-
tion of progression-free survival was the time until
progression, death, or the date of last contact,
whichever came first. The planned analyses of
overall survival and progression-free survival in-
cluded only eligible patients (on the basis of the
intention-to-treat principle). All causes of death
were used in the calculation of overall survival,
Estimates of the cumulative proportions of sur-
vival were based on the Kaplan—-Meier procedure.™
Estimates of the relative risk and confidence inter-
vals for treatment effects with respect to progres-
sion and death were generated with use of the
Cox model.*s Primary unadjusted estimates were
calculated with use of the two stratification fac-
tors as covariates. Adjusted estimates were based
on two previously identified additional covari-
ates (age and histologic features).1®

Eligible women who received at least one cy-
cle of treatment were assessed for toxic effects.
Patients in the intraperitoneal-therapy group who
had complications related to the intraperitoneal
catheter were assessed for toxic effects, regardless
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429 Patients enrolled and randomly assigned
to study groups

215 Assigned to intravenous therapy

214 Assigned to intraperitoneal therapy

5 [neligible

9 Ineligible

210 Eligible Patients
Receipt of assigned intravenous therapy
174 Received 6 cycles
4 Received 5 cycles
2 Received 4 cycles
11 Received 3 cycles
9 Received 2 cycles
8 Received 1 cycles
2 Received 0 cycles
189 Received 6 cycles of therapy
174 Received all cycles of assigned intravenous
treatment
15 Received intravenous carboplatin and
paclitaxel for some cycles
21 Received <6 cycles of therapy
4 Died from treatment-related causes

205 Eligible Patients
Receipt of assigned intraperitoneal therapy
86 Received 6 cycles
11 Received 5 cycles
10 Received 4 cycles
14 Received 3 cycles
30 Received 2 cycles
38 Received 1 cycles
16 Received 0 cycles
170 Received 6 cycles of therapy
86 Received all cycles of assigned intraperitoneal
treatment
84 Received intravenous treatment for
some cycles
47 Intravenous cisplatin and paditaxel
37 Intravenous carboplatin and paclitaxel
35 Received <6 cycles of therapy
S Died from treatment-related causes

102 Selected Second-Look Laparotomy
72 Had second-look laparotomy
30 Did not have second-look laparotomy
13 Had early disease progression
14 Refused surgery
3 Had medical contraindication to surgery

100 Selected Second-Look Laparotomy
69 Had second-look laparotomy
31 Did not have second-look laparotomy
12 Had early disease progression
17 Refused surgery
2 Had medical contraindication to surgery

210 Eligible Patients Followed for Recurrence
153 Had recurrence
12 Died without recurrence
45 Alive without recurrence

205 Eligible Patients Followed for Recurrence
134 Had recurrence
15 Died without recurrence
56 Alive without recurrence

210 Eligible Patients Followed for Survival
127 Died
5 Were lost to follow-up
78 Alive

205 Eligible Patients Followed for Survival
101 Died
11 Were lost to follow-up
93 Alive

Figure 1. Study Patients.

N ENGLJ MED 354;1 WWW.NE[M.ORG JANUARY 5, 2006

Downloaded from www.nejm.org at INSTITUTION NAME NOT AVAILABLE on January 5, 2006 .

Copyright © 2006 Massachusetts Medical Society. All rights reserved.

— 180 —




Phe NEW ENGLAND JOURNAL

Table 1. Characteristics of the Patients.*

Characteristic

Second-look laparotorny
Not elected
Elected
Age at diagnosis
21-30yr
31-40yr
41-50 yr
51-60 yr
61-70yr
71-80yr
>80 yr
Race or ethnic group}
Hispanic
Asian or Pacific Islander
Black
White
Other
GOG performance status
0
1
2
Histologic type

Serous adenocarcinoma

Clear-cell carcinoma
Other type
Histologic grades;
1
2
3
Gross residual disease
No
Yes
Disease
Ovarian cancer

Primary peritoneal cancer

Endometrioid adenocarcinoma

Mixed epithelial carcinoma

Intravenous-
Therapy Grou
(N=210)

108 (51)
102 (49)

0
15 (7)
43 (20)
74 (35)
56 (27)
19 (9)
3 (1)

9 (4)
9 (4)
4(2)
187 (89)
1(<1)

90 (43)
112 (53)
3(4)

170 (81)
12 (6)
11(5)

9 (4)
84

18 (9)
33 (40)
106 (50)

75 (36)
135 (64)

183 (87)
27 (13)

Intraperitoneal-
p Therapy Group

no. (%)

{N=205)

105 (51)
100 (49)

4{2)
3(4)
52 (25)
62 (30)
53 (26)
24 (12)
2(1)

94
4(2)
7(3)

185 (90)
0

91 (44)
99 (48)
15 (7)

158 (77)
17 (8)
14 (7)
11 (5)

5(2)

25 (12)
72 (35)
106 (52)

78 (38)
127 (62)

184 (90)
21 (10)

* Because of rounding, not all percentages total 100.

T Race or ethnic group was determined by the investigator or was self-reported

at each site.
I Five cases were not graded.
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of their ability to receive treatment, The Wilcoxon
ranlesum test was used to test the independence
of the risk of severe and life-threatening toxic
effects (grade 0, 1, or 2 vs. grade 3 vs. grade 4) from
the assigned treatment.?”

Quality-of-life assessments from baseline to
follow-up (conducted before the fourth cycle, 3 to
6 weeks after the sixth cycle, and 12 months after
the sixth cycle) were analyzed with linear mod-
els with an unstructured covariance matrix. Pa-
tients’ age, performance status at randomization,
and baseline assessment scores were potential
covariates. The restricted maximum likelihood
was used to estimate the covariance parameters.
Quality of life was a secondary end point. All
P values are two-sided.

RESULTS

PATIENTS

Between March 1998 and January 2001, 429 wom-
en were randomly assigned to the intravenous-
therapy group (215 patients) or the intraperito-
neal-therapy group (214 patients) (Fig. 1). Fourteen
patients were ineligible (five in the intravenous-
therapy group and nine in the intraperitoneal-
therapy group) for the following reasons: stage
other than optimal stage III (three patients), the
presence of a second primary cancer (one patient),
a nonepithelial cell type (five patients), a primary
cancer other than ovarian or peritoneal carcino-
ma (one patient), inadequate surgery (two patients),
or a tumor with low malignant potential (two
patients). Table 1 shows the characteristics of the
415 eligible patients whose data form the basis of
this report.

TOXICITY
Of the 210 eligible patients assigned to the intrave-
nous-therapy group, 189 (90 percent) completed
six cycles of chemotherapy, and 174 (83 percent)
received all six cycles of the assigned intravenous
therapy (Fig. 1). Of the 205 eligible patients as-
signed to the intraperitoneal-therapy group, 170
(83 percent) completed six cycles of chemothera-
py, and 86 (42 percent) received all six cycles of the
assigned intraperitoneal therapy. For patients in
either group who had intolerable toxic effects re-
lated to cisplatin, that drug was switched to
intravenous carboplatin. The primary reason for
discontinuation of intraperitoneal therapy was
catheter-related complications.*®* There were
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nine treatmentrelated deaths, four in the intrave-
nous-therapy group and five in the intraperito-
neal-therapy group. All nine treatmentrelated
deaths were attributed to infection. Of the five
treatment-related deaths in the intraperitoneal-
therapy group, three were also partially attribut-
ed to the tumor.

Table 2 lists adverse events. Significantly more
patients in the intraperitoneal-therapy group than
in the intravenous-therapy group had severe or
life-threatening (grade 3 or 4) fatigue, pain, or
hematologic, gastrointestinal, metabolic, or neu-
rologic toxic effects (P<0.001).

PATHOLOGICAL RESPONSES AT SECOND-LOOK
LAPAROTOMY

Second-look laparotomy after the completion of
therapy was not mandatory, and the results of
second-look surgery were not an end point of this
study. Of the 415 eligible patients, 202 (49 per-
cent) registered for second-look surgery. The fre-
quency of refusal and the rate of medical contra-
indication to the procedure were similar in the
two groups. The rate of complete pathological re-
sponse was 41 percent in the intravenous group
(35 of 85 patients had such a response) and 57
percent in the intraperitoneal group (46 of 81
patients).

SURVIVAL

The median duration of follow-up was 48.2 months
in the intravenous-therapy group and 52.6 months
in the intraperitoneal-therapy group, with 5 and
11 patients, respectively, lost-to-follow-up. The
median progression-free survival was 18.3 months
in the intravenous-therapy group and 23.8 months
in the intraperitoneal-therapy group (Fig. 2A and
Table 3). The median overall survival was 49.7 and
65.6 months, respectively (Fig. 2B and Table 3).
Table 3 lists relative risks, 95 percent confidence
intervals, and P values for progression-free and
overall survival in the two groups. The adjusted
estimates of the relative risk of recurrence and
death (0.77 and 0.73, respectively, in the intraperi-
toneal-therapy group as compared with the intra-
venous-therapy group) were similar to the primary
estimates (0.80 and 0.75, respectively). There was
no statistical difference in the risk reduction as-
sociated with intraperitoneal therapy between the
subgroup with gross visible residual disease and
the subgroup with no visible residual disease at
initial surgery (Table 3). An analysis that includ-

Table 2. Frequency of Grade 3 or 4 Adverse Events.
Intravenous-  intraperitoneal-
Therapy Group  Therapy Group
Adverse Event (N=210} (N=201)%
no. (%)
Leukopeniaz; 134 (64) 152 (76)
Platelet count 8 (4) 24 (12)
<25,000/mm?
Other hematologic 190 (90) 188 (94)
event
Gastrointestinal event 51 (24) 92 {46)
Renal or genitourinary 5(2) 14 (7)
event
Pulmonary event 5(2) 7(3)
Cardiovascular event 10 (5) 19 (9)
Neurologic event 18 (9) 39 (19)
Cutaneous change 2(1) 2(1)
Event involving 0 3(1)
lymphatic system
Fever 8 (4) 19 {9)
Infection 12 (6) 33 (16)
Fatigue 9 (4) 36 (18)
Metabolic event 15 (7) 55 {27)
Pain 3 Q1) 23 (11)
Hepatic event 1(<1) 6 (3)
Other 1(<1) 6(3)

P Valuet

<0.001
0.002

Q.87

<0.001
0.03

0.50
0.06
0.001
0.96
0.07

0.02
0.001
<0.001
<0.001
<0.001
0.05
0.05

* Four patients did not receive any protocol-based therapy.

1 P values were calculated by the Wilcoxon rank-sum test (grades 0, 1, and 2 vs.

grades 3 and 4).

% A white-cell count below 1000 per cubic millimeter was considered to indicate

teukopenia.

ed all randomly assigned patients (eligible and
ineligible) yielded negligible changes in the rela-
tive-risk estimates.

Before randomization, patients in the intra-
peritoneal-therapy group reported lower FACT-O
{quality-of-life) scores than those in the intra-
venous group. After adjustments were made for
age, performance status, and the baseline FACT-O
score, patients receiving intraperitoneal thera-
py reported worse quality of life before cycle 4
(P<0.001) and three to six weeks after treatment
(P=0.009). There were no significant quality-of-life
differences between the groups one year after
treatment (Table 4). Differences in neurotoxic ef
fects and abdominal discomfort between the two
groups have been reported elsewhere, 19:20
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Figure 2. Progression-free and Overall Survival.

Panel A shows progression-free survival and Panel B overall survival among
the 415 eligible patients with stage Il ovarian cancer who were randomly
assigned to treatment with intravenous paclitaxel and cisplatin or to treat-
ment with intravenous paclitaxel, intraperitoneal cisplatin, and intraperito-
neal paclitaxel. Eighty-five percent of the patients either died or were fol-
lowed for five years. As shown in Panel A, treatment failed in 165 patients
in the intravenous-therapy group: 153 {73 percent) had a recurrence, and
12 died without a documented recurrence. Forty-five patients in the intra-
venous-therapy group had no evidence of disease. Treatment failed in 149
patients in the intraperitoneal-therapy group: 134 (65 percent) had a recur-
rence, and 15 died without a documented recurrence. Fifty-six patients in
the intraperitoneal group had no evidence of disease. As shown in Panel B,
in the intravenous-therapy group, 127 patients (60 percent) died and 5 were
lost to follow-up. Seventy-eight patients in the intravenous-therapy group
were alive. In the intraperitoneal-therapy group, 101 patients {49 percent)
died and 11 were lost to follow-up. Ninety-three patients in the intraperito-
neal-therapy group were alive.
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DISCUSSION

An intensive regimen of intravenous paclitaxel
followed by intraperitoneal cisplatin and pacli-
taxel significantly improved progression-free sur-
vival (P=0.05) and overall survival (P=0.03) among
women with newly diagnosed, optimally debulked
stage III ovarian cancer. As compared with the
intravenous-therapy group, women who received
intraperitoneal treatment had a 25 percent reduc-
tion in the risk of death. Among all randomized
phase 3 trials conducted by the GOG among pa-
tients with advanced ovarian cancer, the current
trial yielded the longest median survival: 65.6
months, in the group of patients who received in-
traperitoneal therapy.

Ovarian cancer commonly spreads within the
peritoneal cavity; there is a reduced likelihood of -
substantial hematogenous or lymphatic dissemi-
nation. Successful tumor cytoreduction with mod-
ern surgical approaches allows chemotherapy to
be administered in the setting of low-volume re-
sidual disease within the peritoneal cavity. The
rationale for intraperitoneal administration is sup-
ported by preclinical and pharmacokinetic data
and, with this study, a growing body of clinical
data. In a previous GOG study, doubling the dose
of intravenous cisplatin and cyclophosphamide
did not improve survival.?* Furthermore, the strat
egy of increasing the dose density or dose inten-
sity of systemic platinum agents is limited by the
nonhematologic toxicity of cisplatin and the lack
of a reliable platelet growth factor to overcome
carboplatin-related thrombocytopenia. These lim-
itations can be overcome, in part, by intraperito-
neal administration.

Patients in the intraperitoneal-therapy group
had more toxic events than women in the intra-
venous-therapy group. These toxic events may be
attributed to the higher dose of cisplatin in the
intraperitoneal-therapy group. The rationale for
increasing the cisplatin dose is that capillary
uptake of cisplatin from peritoneal surfaces is
slow and incomplete, resulting in systemic expo-
sure that is prolonged but lower than that with
intravenous administration.?* The dose of in-
traperitoneal cisplatin used in this study has
previously been given in combination with in-
travenous paclitaxel® and with intravenous cy-
clophosphamide” and in a phase 2 trial of the
same regimen?®? with acceptable toxicity. Alter-
natively, the increased incidence of toxic events
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Table 3. Summary of Comparisons between the Treatment Groups.
Relative Risk
Variable Median Duration No. of Events* {95% Cl}f P Value
Intravenous-  Intraperitoneal- Intravenous-  Intraperitoneal-
Therapy Group  Therapy Group Therapy Group  Therapy Group
mo
Progression-free survival 183 238 165 149 0.80 (0.64-1.00) 0.05
Gross residual disease 154 183 115 105 0.81 {0.62-1.05) 0.97%
No visible residual disease 35.2 376 50 44 0.80 (0.54-1.21)
Overall survival 49.7 65.6 127 101 0.75 (0.58-0.97) 0.03
Gross residual disease 39.1 52.6 95 77 0.77 (0.57-1.04)
No visible residual disease 78.2 NAJ 32 24 0.69 (0.41-1.17) 0.72¢

* Events were a recurrence of disease or death without docurnented recurrence in the analysis of progression-free survival and death regard-

less of cause in the analysis of overall survival.

7 The relative risk is the risk of recurrence or death in the intraperitoneal-therapy group as compared with that in the intravenous-therapy
group. The primary estimate for the entire study group included the covariates of residual-disease status and the second-look surgery option.

4 The P value was calculated by a test for the homogeneity of relative risk between the two categories of residual-disease status.

§ NA denotes not applicable because the medians for survival had not yet been reached,

in the intraperitoneal-therapy group may be due
to the intraperitoneal paclitaxel. Paclitaxel per-
sists in the peritoneum for one week after intra-
peritoneal administration, suggesting that peri-
toneal clearance is very slow.* Nevertheless,
with the dose used in this study, paclitaxel is
detectable in the plasma after intraperitoneal
administration.® It is possible that peritoneal
clearance of paclitaxel is altered when the drug
is given after intraperitoneal cisplatin, as it was
in this study, or that even low blood levels of
paclitaxel one week after the administration of
intravenous paclitaxel and intra-peritoneal cis-
platin can increase toxicity. Careful monitoring
of toxicity and the use of contemporary sup-
portive care measures might improve the toler-
ability of the regimen we used. However, it is
not known whether altering the intraperitoneal
regimen to decrease toxicity will affect its ef
ficacy.

Given the increased toxicity associated with
intraperitoneal therapy, an important secondary
outcome of this study was the quality of life, Pa-
tients in the intraperitoneal-therapy group report-
ed worse quality of life before cycle 4 and three to
six weeks after treatment was completed than
did those in the intravenous-therapy group. These
differences were not observed one year after treat
ment was completed, at which time quality-of-life
scores had improved relative to baseline in both
groups.
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A substantial portion of patients in the intra-
peritoneal-therapy group had toxic effects and
treatment intolerance related to the catheter re-
quired for intraperitoneal administration. In this
group, 48 percent received three or fewer cycles
of intraperitoneal treatment, and only 42 percent
received all six assigned cycles of intraperitoneal
therapy. The type of catheter and the timing of
catheter placement were not specified in the
study design. A separate, detailed evaluation of
intraperitoneal catheter—related outcomes in this
study showed that patients who had a left co-
lonic or rectosigmoid resection at the time of ini-
tial surgery were less likely to receive all planned
doses of intraperitoneal therapy.'® The single-lu-
men venous-access catheter attached to an im-
planted subcutaneous port has been reported to
be superior to the fenestrated catheter designed
for intraperitoneal use, with minimal fibrous-
sheath formation and a markedly reduced risk of
small-bowel obstruction or perforation.?s Thus,
standardization of the device to be used and the
technique and timing of port implantation could
improve the success of intraperitoneal therapy.

Although fewer than half the patients assigned
to the intraperitoneal group received six cycles of
intraperitoneal treatment, the group as a whole
had a significant improvement in survival as com-
pared with the intravenous group. It is possible
that most of the benefit of intraperitoneal ther-
apy occurs early, during the initial cycles, or that
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Table 4. Mean FACT-O Quality-of-Life Scores in the Two Groups at Each Assessment Point.*

tntravenous-Therapy Intraperitoneal-Therapy Mean Difference
Assessment Point Group Group (95% Clyy P Value

No. of No. of

Patients Score Patients Score

Before randomization 201 111.9£19.3 198 106.41£20.5 5.0(1.2t08.8) 0.03:
Before fourth cycle 172 114.7+18.6 148 103.3+19.2 8.9 (5.3 to 12.5) <0.001§
3-6 Wk after sixth cycle 171 118.4219.2 159 110.5+21.0 5.2{13t09.1) 0.009§
12 Mo after sixth cycle 140 127.2¢19.1 139 125.5%19.2 1.2 {(-5.1t0 2.3) 0.56§

* Plus—minus values are means +SD. Lower Functional Assessment of Cancer Therapy — Ovarian (FACT-O) scores
(ranging from 0 to 156) indicate poorer quality of life. Cf denotes confidence interval.

1 The mean difference is the estimated adjusted mean value in the intravenous-therapy group minus the corresponding
mean value in the intraperitoneal-therapy group.

1 The P value was calculated with use of the general linear model, with adjustment for age and performance status at
randomization.

§ The P value was calculated with use of the linear mixed model, with adjustment for age, performance status, and base-
line FACT-O score.

the benefit of intraperitoneal therapy may be
greater if more patients can successfully complete
six cycles of treatment. This study was not de-
signed to address the effect of the duration of
treatment on clinical outcome, and retrospective
analysis of this variable has the potential for bias.
Possible means of improving the tolerability of
intraperitoneal treatment include identification
and exclusion of patients at risk for poor toler-
ance, modification of the dose of drug used, al-
teration of the administration schedule, and use
of less toxic chemotherapeutic agents. Studies
of intraperitoneal carboplatin,? of weekly in-
traperitoneal paclitaxel, and of combinations of
intravenous paclitaxel and intraperitoneal docetax-
el may identify regimens with improved tolerance.
Since modifications that improve tolerability may
decrease antitumor efficacy, these approaches will

require rigorous testing in randomized trials be-
fore they can be recommended.

Including this study, there are now three ran-
domized trials showing that intraperitoneal che-
motherapy has a clinical advantage in the treat-
ment of ovarian cancer. Although this advantage
comes at the expense of increased toxicity and
reduced quality of life during treatment, these re-
sults should encourage the use of intraperitoneal
chemotherapy in patients with advanced ovarian

cancer.
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APPENDIX

The following Gynecologic Oncology Group member institutions participated in this study: the University of Alabama at Birming-
ham, Duke University Medical Center, Abington Memorial Hospital, Walter Reed Army Medical Center, Wayne State University, the
University of Minnesota Medical School, the University of Mississippi Medical Center, the Colorado Foundation for Medical Care, the
University of California Medical Center at Los Angeles, the University of Washington Medical Center, the Hospital of the University of
Pennsylvania, the Milton S. Hershey School of Medicine of the Pennsylvania State University, the University of Cincinnati College of
Medicine, the University of North Carolina School of Medicine, the University of Iowa Hospitals and Clinics, the University of Texas
Southwestern Medical Center at Dallas, Indiana University Schoo! of Medicine, Wake Porest University School of Medicine, the Univer-
sity of California, Irvine, Medical Center, Tufts New England Medical Center, Rush—Presbyterian-St. Luke’s Medical Center, the Univer-
sity of Kentucky, National Cancer Institute—-Community Clinical Oncology Program, the Cleveland Clinic Foundation, State University of
New York at Stony Brook, Washington University School of Medicine, Columbus Cancer Council, the University of Massachusetts
Medical Center, the Women’s Cancer Center of California, University of Oklahoma, the University of Virginia, the University of Chicago,
Tacoma General Hospital, Thomas Jefferson University Hospital, the Mayo Clinic, Case Western Reserve University, Tampa Bay Cancer
Consortium, North Shore University Hospital, Brookview Research, and Ellis Fischel Cancer Center.
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Abstract

Objective. To clarify the pharmacological advantage of carboplatin-based intraperitoneal chemotherapy using the three-compartment
mathematical model.

Methods. Eleven consecutive patients in one institution underwent intraperitoneal administration of carboplatin, and [ | consecutive patients
in another institution received intravenous administration. Carboplatin (AUC = 6 mg X min/m!) was diluted in 500 ml 5% glucose and
administered either as an intraperitoneal bolus infusion or intravenous drip infusion during [ h. Patients undergoing intravenous injection also
received an infusion of 500 ml 5% glucose to obtain intraperitoneal samples, Intraperitoneal fluid and blood samples were obtained, immediately
and 1, 2,4, 8, 12, and 24 h after administration. The mathematical model consisting of a three-compartment model was applied to analyze the
pharmacokinetics. The model was created with simultaneous differential equations and was solved by the Runge —Kutta method.

Results. The rate constants of platinum diffusion from the peritoneal cavity to serum, serum to peritoneal cavity, serum to peripheral space,
peripheral space to serum, and elimination were 0.94 + 0.79 (mean * SD), 1.28 + 2.50, 16.50 £ 9.26, 0.99 + 0.62, and 4.14 + 1.45 (™),
respectively. When the theoretical pharmacological concentration of platinum was calculated using this mathematical model, 24-h platinum
AUC in the serum was exactly the same regardless of intraperitoneal or intravenous administration of carboplatin, However, the 24-h platinum
AUC in the peritoneal cavity was approximately 17 times higher when carboplatin was administered by the intraperitoneal route.

Conclusion. The present pharmacological analysis suggests that intraperitoneal infusion of carboplatin is feasible not only as an
intraperitoneal regional therapy but also as a more reasonable route for systemic chemotherapy.
© 2005 Elsevier Inc. All rights reserved.

Keywords: Intraperitoneal chemotherapy; Intravenous chemotherapy: Carboplatin; Pharmacokinetics; Mathematical model; Ovarian cancer

Introduction

The most characteristic feature of ovarian cancer is an

intraperitoneal spread of the disease in its early stages.

# Corresponding author. Fax: +81 86 462 1199, Therefore, intraperitoneal chemotherapy appears to be a
E-mail address: fujiwara@med.kawasaki-m.ac jp (K. Fujiwara). reasonable therapeutical approach, and it has been
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investigated for many years. Recently, three large
randomized trials have shown survival advantages of
intraperitoneal over intravenous cisplatin-based chemo-
therapy in epithelial ovarian cancer patients [1-3].
Despite this survival benefit of intraperitoneal chemo-
therapy, intraperitoneal cisplatin-based chemotherapy has
not become a standard therapy, mainly because of
excessive toxicities of the intraperitoneal arm in two of
the abovementioned three randomized trials. Recently, the
less toxic platinum agent, carboplatin, became a standard
platinum compound for epithelial ovarian cancer with
equivalent efficacy to that of cisplatin for intravenous
administration [4.5]. However, the experience with intra-
peritoneal carboplatin therapy is limited. We recently
reported an excellent survival of ovarian cancer patients
who underwent first-line intraperitoneal carboplatin-based
chemotherapy with 400 mg/m® or more carboplatin [6].
As shown by the results of this retrospective analysis,
carboplatin is now becoming an agent of great interest for
intraperitoneal chemotherapy. The Gynecologic Oncology
Group started a phase I trial of intraperitoneal carboplatin
in combination with intravenous paclitaxel.

The pharmacological advantage of intraperitoneal che-
motherapy is an exposure of the intraperitoneal disease to
extremely high concentrations of anticancer drug while
minimizing systemic toxicity. Therefore, a number of drugs
have been investigated in order to measure their peritoneurm/
plasma ratios at peak concentrations and/or the area under
the curve (AUC), when these agents were administered into
the peritoneal cavity [7.8]. However, a pharmacological
study has not been performed to measure the drug
concentration in the peritoneal cavity after intravenous
administration of anticancer drugs.

We felt it was important to measure the pharmacological
parameters to further evaluate the true advantage of intra-
peritoneal carboplatin administration. In this study, we
compare the pharmacokinetics of platinum in the intra-
peritoneal and intravenous spaces after intraperitoneal or
intravenous administration of carboplatin. We also created an
original theoretical three-compartment mathematical model,
and we evaluated the feasibility of this model by using these
pharmacological data.

Patients and methods
Patients

Patients eligible for this study were those with epithelial
ovarian cancer who underwent laparotomy for staging or
debulking purposes. At the conclusion of the operation,
either an implantable port system or a #6 nutrition silicon
tabe was placed. In order to minimize the possible
selection bias, all patients in Tottori University received
intravenous carboplatin administration and all patients in
Kawasaki Medical School received intraperitoneal carbo-

platin infusion. All patients must be confirmed to be free
of obvious ascites, detectable by abdominal ultrasonogram,
when the first chemotherapy was administered after
surgery. The patients must not have received prior
chemotherapy or abdominopelvic radiation therapy. This
study was approved by the institutional ethical review
committees and written informed consent was obtained
from each patient.

The mean ages of patients in the intraperitoneal and
intravenous groups were 55 £ 12 years and 55 + 10 years,
respectively. The mean heights of patients in the intra-
peritoneal and intravenous groups were 152 £ 5.6 cm and
153 + 7.5 cm, respectively, and the body weights were 49 + 7
kg and 51 + 11 kg, respectively. The performance status of
the patients must be 0 to 2; there was no difference between
the intraperitoneal and intravenous groups. The distribution
of clinical stages was not different between patients who
received intraperitoneal or intravenous administration of
carboplatin. Therefore, the patient characteristics did not
differ between the two groups.

Chemotherapy

All patients underwent intravenous administration of
paclitaxel, immediately followed by intravenous or intra-
peritoneal carboplatin infusion. The dose of paclitaxel was
175 mg/m?. Paclitaxel was dissolved in 500 ml of 5%
dextrose and administered over 3 h. The dose of carboplatin
was at an AUC of 6, calculated by the Calvert formula [9].
The glomerular filtration rate was substituted by creatinine
clearance in the calculation using the Cockcroft—Gault
formula [10]. For intravenous infusion, carboplatin was
diluted in 500 ml 5% dextrose and administered over 1 h. For
intraperitoneal infusion, 500 ml dextrose was infused
through an intraperitoneal catheter, and then the designated
dose of carboplatin solution was infused as a bolus.

Carboplatin is most commonly given as a 30-min
intravenous infusion in the US. In this study, the pharma-
cokinetics of intravenous carboplatin were studied using {-h
infusion, because 1-h intravenous infusion is a most
common infusion time in Japan. Since the platinum agent
is recognized as a linear drug in terms of pharmacokinetics,
the infusion time does not affect the rate constants of the
model in this study theoretically.

Pharmacological analysis of platinum

Sampling

For the pharmacological analysis, both serum and
intraperitoneal fluid were obtained from all patients in
both intravenous and intraperitoneal groups. For the
patients in the intravenous group, 500 ml 5% dextrose
was infused before intravenous carboplatin administration
in order to obtain an intraperitoneal fluid collection. For
both groups, intraperitoneal fluid and blood samples were
obtained immediately and 1, 2, 4, 8, 12, and 24 h after
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Fig. 1. The scheme of the three-compartment model of intravenous
infusion (a, upper panel) or intraperitoneal administration (b, lower panel)
of carboplatin (CBDCA).

carboplatin infusion. Intraperitoneal fluid and blood
samples were centrifuged immediately at 1000 rpm for
10 min to remove cellular elements and then were
centrifuged through Amicon Centrifo Cf-25 filter cones
(25 kDa molecular cutoff, Amicon Corp., Lexington,
MA) at 3000 rpm for 30 min to collect platinum in the
filtrate. The samples were stored at —20°C until all the
sample collections were completed. The platinum con-
centration was measured by flameless atomic absorption
spectrometry according to the method of LeRoy et al.

[

Mathematical model and analysis

The mathematical model of the pharmacokinetics of
carboplatin was created by using differential equations. The
theoretical three-compartment model is shown in Figs. la
and b for intravenous and intraperitoneal carboplatin
administration, respectively. The equations for these models
are shown as follows.

The intravenous infusion model was as Egs. (1)-(4)

dx()
= — _k 1
N, 0
d_
dit] = ko — kypxy — kaxy — kiexy 4+ kaxa + kapxs, (2)
dx,
—= = kpaxy — ko1xn 3
o kiaxy — kypxa, . 3)
dx
—d73 = /C]3X] - ](31,\?3. (4)

The intraperitoneal infusion model was as Egs. (5)—(7)

d,\‘1

rr —kiaxy — kisxy — kiexr + ki + kg, (%)

dx
= =k — (6)
%%3‘ = /q_;x, — 1631,\‘3 (7)

in which kg is the rate constant from the infusion bottle to
the serum, k, the rate constant from the serum to the
intraperitoneal cavity, k5 the rate constant from the serum
to the peripheral space, k. the elimination rate constant
from the serum, k,; the rate constant from the intra-
peritoneal cavity to the serum, ks; the rate constant from
the peripheral space to the serum, x, the amount of fiee
platinum in the infusion bottle, x; the amount of free
platinum in the serum, x, the amount of free platinum in the
peritoneal cavity, x; the amount of free platinum in the
peripheral space.

This model was solved by using the Runge-Kutta
method with an original program using Mathematica
software (Wolfram Research, Inc., Champaign, IL, USA)
on a Macintosh computer. The rate constants were
determined using the least square method to fit the sample
data with the program.

Table |
The measured area under the time concentration curve (AUC) of free
platinum (Pt) for each patient

Case Route AUC AUC
(freePt in (freePt in serum)
peritoneal cavity) {mg x min/ml)
(mmg x min/ml)

1 P 113.00 279
2 i 157.10 4.23
3 1P 21.60 3.87
4 P 37.70 2.84
5 P 61.86 2.51
6 P 40.39 4.51
7 P 25.24 2.44
8 P 37.53 2.89
9 P 43,22 2.27
10 w 33.90 1.65
it P 14.90 1.50

IP-mean 53.31 2.86

1P-SD 43.38 0.98
12 v 2.37 275
13 v 3.57 248
14 v 0.47 2.34
15 v 0.67 1.91
16 v 0.84 2.48
17 v 4.66 2.76
18 v 3.75 1.76
19 I\Y 5.64 3.56
20 v 2.82 1.98
21 v 4,58 2.86
22 v 4,72 1.57

IV-mean 310 2.40

V-SD 1.81 0.58

The value of the AUC in the serum is not statistically different between
intraperitoneal administration (IP) and intravenous administration (IV). On
the other hand, the value of the AUC in the peritoneal cavity is statistically
higher by IP than by [V,
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Results

Actual measurement of filtrated platinum AUC in the
intraperitoneal and intravenous spaces after intraperitoneal
or intravenous carboplatin administration

The actual filtrated platinum AUC of each patient in the
intraperitoneal and intravenous spaces after intraperitoneal
or intravenous carboplatin administration is summarized in
Table 1. The mean intraperitoneal space AUC after intra-
peritoneal administration of carboplatin was approximately
17 times higher than that after intravenous administration
(53.31 + 43.38 mg x min/ml for intraperitoneal vs. 3.10 &
1.81 mg x min/ml for intravenous, respectively). On the
other hand, the filtrated platinum AUC in the intravenous
space was not different after intraperitoneal administration
or intravenous administration (2.86 + 0.98 mg x min/ml and
240 £ 0.58 mg x min/ml, respectively). The reason of
lower value of serum AUC of filtrated platinum even after
intravenous administration of carboplatin at AUC of 6
appeared to be because of the lower molecular weight of
filtrated platinum (195.09) that is approximately half of

carboplatin (371.25). Therefore, measured mean value of
filtrated platinum AUC of 3.10 mg x min/ml is reasonable
after carboplatin was intravenously administered at the
target AUC of 6 mg x ml/min.

Mathematical model analysis

The calculated rate constants (kay, k2, ki3, k31, and k)
and AUC of filtrated platinum in the intraperitoneal and
intravenous spaces for each patient after intraperitoneal or
intravenous carboplatin administration are listed in Table 2.
The means and standard deviations of rate constants and
AUC are also shown. The mean calculated AUC of the
filtrated platinum in the intraperitoneal space after intra-
peritoneal administration of carboplatin was 57.10 + 17.45
mg x min/ml and 3.65 £2.95 mg x min/ml after intravenous
administration. The mean calculated AUC of the filtrated
platinum in the intravenous space after intraperitoneal or
intravenous carboplatin administration was 2,92 + 0.97 and
2.52 £ 0.80 mg x min/ml, respectively. These values were
comparable with the measured values summarized in Table 1,
and the calculated curves were fitted well with sampling

Table 2
The calculated rate constants and calculated area under the time concentration curve (AUC) in the peritoneal cavity and in the serum for each patient
Case Route Body weight CBDCA ka1 kiz ki ks kie AUC (freePt in AUC
kg) {(mg/body) Y ") N ) L) peritoneal cavity) (freePt in serum)
(mg x min/ml) (mg x min/ml)
1 P 42.0 563 0.85 0.55 16.5 1.3 34 48.51 2.76
2 P 425 602 0.60 0.55 2.5 0.5 2.5 77.18 3.97
3 1P 58.5 763 1.35 0.55 2.5 0.5 2.2 44.54 4.15
4 Ip 58.0 706 0.85 0.55 4.5 0.5 4.0 59.57 2.13
5 Ip 515 779 0.60 0.05 2.5 0.3 4.3 82.82 2.46
6 P 49.4 693 0.60 0.05 6.5 0.9 22 74.48 4.65
7 P 49.0 671 1.10 0.55 0.5 0.1 34 44.64 2.80
8 P 48.5 538 0.85 0.55 24.5 2.9 25 48.69 3.1
9 i3 52.0 878 2.10 7.55 8.5 0.3 4.6 68.67 2.52
10 i3 52.0 838 2.10 7.55 20.5 0.7 6.4 54.73 1.76
i1 p 41.1 510 3.35 7.55 125 0.5 49 24.28 1.76
{P-mean 49.5 685.5 1.3 2.4 9.2 0.8 3.7 57.1 2.9
1P-SD 5.9 122.6 0.9 3.3 8.2 0.8 1.3 17.5 1.0
12 v 30.0 336 0.35 0.05 245 1.9 22 1.36 3.55
13 v 54.0 754 0.10 0.05 24.5 1.t 4.6 4.34 2.12
14 v 44.0 803 0.60 0.05 245 0.9 5.8 0.73 2.20
15 v 62.0 699 0.60 0.05 24.5 1.1 49 0.75 1.61
16 v 57.0 888 0.85 0.55 24.5 1.1 5.2 6.96 2.10
17 v 49.0 940 0.35 0.05 24.5 1.9 3.7 2.29 3.63
i8 v 48.2 887 0.35 0.05 24.5 1.1 5.8 1.38 2.22
19 v 68.0 865 0.10 0.05 16.5 0.7 2.5 9.36 342
20 1A% 52.0 1001 0.35 0.05 24.5 1.3 58 1.55 2.32
21 v 59.0 841 2.10 0.55 24.5 1.3 3.1 4.45 3.20
22 v 59.0 784 0.60 0.55 24.5 0.9 7.0 6.46 1.33
TV-mean 52.9 799.8 0.6 0.2 23.8 1.2 4.6 36 2.5
IV-SD 10.2 175.8 0.6 0.2 2.4 0.4 1.5 3.0 0.8

These constants in the simultaneous different equations were solved by the Runge—Kutta method to fit to the sample data. The AUC was calculated using the
mathematical model by integrating until the time of the final sampling of each patient. The calculated AUC are not statistically different from the measured
AUC shown in Table |. As the measured data shown in Table 1, the value of the AUC in the seram is not statistically different between intraperitoneal
administration (IP) and intravenous administration (1V). The value of the AUC in the peritoneal cavity is statistically higher by IP than by IV. (ky,, rate constant
from the serum to the intraperitoneal cavity; &3, rate constant from the serum to the peripheral space; ky., elimination rate constant from the serum; k-, rate
constant from the intraperitoneal cavity to the serum; 45, rate constant from the peripheral space to the serum.)
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Fig. 2. Cases of intravenous administration (upper panel) and of intra-
peritoneal administration (lower panel) of carboplatin. The concentration of
the filtrated platinum in the serum (left panel) and in the peritoneal cavity
(right panel) is shown. The sampling data shown in closed circles are fit
well by a combination of rate constants of the differential equations.

points of each patient as shown in Fig. 2. Therefore, it could
be suggested that the mathematical model we proposed in this
study can estimate the intraperitoneal AUC of the filtrated
platinum after intraperitoneal or intravenous administration
of carboplatin, when the patient’s weight and total carboplatin
dose were known.

Discussion

To the best of our knowledge, this is the first
pharmacological study that compared the pharmacokinetic
parameters of filtrated platinum and AUC in both intra-
venous and intraperitoneal spaces after intraperitoneal or
intravenous administration of carboplatin. Several studies
have suggested the advantage of intraperitoneal adminis-
tration of carboplatin by measuring pharmacokinetics in
peritoneal fluid and plasma only after intraperitoneal
administration [12,13]. As shown in this study, the AUC
of filtrated platinum in the intravenous space had the same
value regardless of whether the intraperitoneal or intra-
venous administration routes of carboplatin were used.
This result is an important message suggesting that
intraperitoneal carboplatin therapy is not only suitable for
the regional intraperitoneal therapy but also is one of the
routes for systemic chemotherapy that can maintain the
same AUC of filtrated platinum while providing a 17 times
higher level of filtrated platinum AUC in the intraper-
itoneal cavity.

Usually, the advantage of the intraperitoneal chemo-
therapy has been described as an intraperitoneal regional

therapy that could potentially reduce the systemic toxicities
by maintaining extremely high intraperitoneal cavity/plasma
ratio of the drug [7]. For example, the peak peritoneum/
plasma concentration ratio of paclitaxel after intraperitoneal
paclitaxel infusion is approximately 1000 [8], whereas the
peritoneal/plasma ratio of AUC of carboplatin after intra-
peritoneal carboplatin infusion is approximately 30 [7].
Therefore, carboplatin is not an optimal drug for intra-
peritoneal chemotherapy if intraperitoneal chemotherapy is
considered to be a regional therapy inside the intraperitoneal
cavity. However, the present study suggests that intra-
peritoneal administration of carboplatin may be better than
intravenous administration if the antitumor activity of
carboplatin is based on its AUC, because intraperitoneal
carboplatin administration provides a higher intraperitoneal
platinum AUC while attaining the same intravenous
platinum AUC as that obtained with intravenous carboplatin
administration. .

This pharmacological characteristic also suggests that
intraperitoneal carboplatin administration may be as effec-
tive as or better than intravenous administration for patients
with large volume residual disease, although intraperitoneal
chemotherapy is usually indicated only for small size
residual disease because the penetration of the agent is
limited to a few millimeters. In fact, Fujiwara et al. reported
a response rate of approximately 66% in their retrospective
analysis of intraperitoneal carboplatin-based treatment,
mostly combined with cyclophosphamide, in ovarian cancer
[6]. This issue also must be confirmed in a prospective
manner.

Another important issue to be considered in the future
study is the status of intraperitoneal cavity. In this study, a
wide variability was observed in the carboplatin pharmaco-
kinetics of infraperitoneal space. This was probably because
of the difference of intraperitoneal disease status such as
degree of peritoneal carcinomatosis and/or volume of
residual tumors. Information regarding status of intrape-
ritoneal space should be included in the future clinical and
pharmacological studies, idealistically by quantifying those
parameters, so that identification of patient population that
is truly benefited by the IP carboplatin treatment becomes
possible.

In the present study, we created a mathematical model
that enables us to describe the pharmacokinetics after
administration of carboplatin intravenously or intraperito-
neally. According to the computer simulation using this
model, it was confirmed that platinum AUC in the serum
after intraperitoneal carboplatin administration was the same
as that after intravenous administration, when the same dose
of carboplatin per kilogram was given,

The model can provide unique pharmacological infor-
mation, such as the value of the AUC in the peripheral
compartment or the platinum profile in each compartment as
a function of time. Those calculated data can also be
compared with clinical data of the patients, such as cytocidal
effects and side effects. The analysis of the relationship
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between the calculated data and the clinical data might bring
us novel pharmacological information about chemotherapy.
Thus, theoretically, the simulation using the model seems to
allow the development of more adequate administration
methods, which will be useful for patients and also for
creating more reasonable chemotherapy regimens in clinical
studies.

In conclusion, the present pharmacological analysis
suggests that intraperitoneal infusion of carboplatin may
be as effective as intravenous therapy for systemic disease,
and also may be more effective for intraperitoneal disease
such as ovarian, peritoneal, or fallopian tube cancer. This
hypothesis must be confirmed by the future clinical
randomized trial testing the efficacy of IP versus IV
carboplatin administration. The mathematical mode! that
we created may be useful to analyze the pharmacokinetic
behavior of different types of anticancer agents that are
administered intraperitoneally or intravenously.
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Abstract

Objective. Currently, no long-term follow-up data are available on intraperitoneal (IP) carboplatin-based chemotherapy for ovarian
carcinoma. In this study we evaluated retrospectively the survival and recurrence of a retrospective cohort of patients with epithelial ovarian
cancer treated with first-line IP carboplatin-based therapy.

Methods. Records were reviewed of 174 patients with epithelial ovarian cancer who received IP carboplatin-based therapy between 1990 and
2000. All patients underwent surgical staging, and implantable port systems were placed regardless of residual tumor size. The pathological slides
were submitted and reviewed, and then nine patients were excluded because of borderline malignancies (n = 8), and wrong histology (n = 1).
Therefore, the records of 165 patients were analyzed for survival. Tumor grade was determined by the Universal grading system. Statistical analysis
included tests for association between potential prognostic factors, and between prognostic factors and survival. Survival probabilities were
estimated by Kaplan-Meier methods, and prognostic factors for survival were evaluated by a Cox regression model.

Results. The mean age of the patients was 53.7 years (range 21—83). The median follow-up was 41 months. The distribution by stage and histology
was as follows: high risk (grade 2/3, clear cell, capsule rupture) stage I, 54; 11, 21; I, 72; IV, 18; and serous, 75; clear cell, 30; mucinous, 27; endometrioid,
20; others, 13. The chemotherapy regimen was either carboplatin alone (» = 22) or in combination with cyclophosphamide (» = 116) or paclitaxel (n
= 27). Catheter-related complications occurred in 16 (9.7%) cases. The chemotherapeutic response in 54 patients with measurable disease was 66.4%.
The 5-year survival was 94.4% for stage I, and 87.9% for stage I. The median survival for optimal and suboptimal stage IIVIV patients was 51 months
and 34 months, respectively. The median survival of patients with stage II/IV disease was 51 months with carboplatin doses of 400 mg/m? or more, but
it was only 25 months with carboplatin doses smaller than 400 mg/m?. Poor prognostic factors, determined by Cox regression multivariate analysis, were
clear cell histology (P < 0.001) and a carboplatin dose smaller than 400 mg/m?® (P = 0.002).

Conclusions. Survival of patients who underwent carboplatin-based IP chemotherapy was excellent when the dose of carboplatin was
higher than 400 mg/m?. A prospective evaluation of IP carboplatin therapy with modern combination is warranted.
© 2003 Elsevier Inc. All rights reserved.

Keywords: Intraperitoneal chemotherapy; Ovarian cancer; Carboplatin; Cyclophosphamide; Paclitaxel

Introduction Therefore, theoretically, IP chemotherapy is a reasonable
The most characteristic feature of ovarian cancer is the approach in the treatment of ovarian cancer. In fact, there
intraperitoneal (IP) spread of disease at its early stages. have been three large randomized phase III studies compar-

ing IP to intravenous (IV) cisplatin-based chemotherapy in

* Cormresponding author. Department of Obstetrics and Gynecology the Umted. States. The.ﬁrSt .tnal was published in 199.6’
Kawasaki Medical School, 577 Matsushima, Kurashiki-City 701-0192, demonstrating that IP cisplatin-based therapy was superior
Japan. Fax: +81-86-462-1199. to IV therapy in terms of survival and toxicity in optimally
E-mail address: fujiwara@med kawasaki-m.ac jp (K. Fujiwara). debulked stage III ovarian cancer patients [1]. The second
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and third trials conducted by the Gynecologic Oncology
Group also showed the survival advantage of the IP cispla-
tin-based regimen [2,3]. In spite of these favorable survival
results for IP arms, the IP cisplatin-based chemotherapy has
not been accepted as a standard treatment for ovarian can-
cer. Although the first trial demonstrated an improvement of
both survival and toxicity in the IP arm, toxicities of IP arms
in the second and third trials were significantly worse than
for the IV arm. Additionally it appears that the complexity
of the trial design of these two studies made it difficult to
make a simple comparison of IP vs IV administration of
cisplatin.

Therefore, it is necessary to create a simple and less toxic
trial design to test the role of IP platinum agents. The
platimum agent that is most likely to reduce the toxicity is
carboplatin. However, despite the fact that many studies
have shown that IV administration of carboplatin was as
efficacious as cisplatin but less toxic [4-7], it has not
become a standard agent for IP treatment. The reason for
this is based on two studies. One of them was an animal
experiment showing that approximately 10 times more car-
boplatin than cisplatin was required to obtain equivalent
tissue platinum concentrations [8]. Based on this result,
Markman et al. retrospectively analyzed their clinical data
and showed that the response rate was better in cisplatin-
based regimens [9]. Although they implied the necessity of
performing a prospective randomized trial, to our knowl-
edge it has never been tried. We felt that it was not reason-
able to conclude that carboplatin is less effective than cis-
platin based on the Markman study because: (1) this study
was small and retrospective, and (2) the dose of carboplatin
was too low (200300 mg/m?) compared to a large dose of
cisplatin (100 mg/m?). As our pharmacological data sug-
gested that more than 2/3 of free platinum entered into the
systemic circulation [10], we believed that IP carboplatin
should produce reasonable responses if an appropriate dose
was administered. In addition, it was theoretically justified
that IP carboplatin therapy could be used as a route of
systemic chemotherapy in patients with large residual tu-
mors while exposing the tumor surface with extremely high
concentration of carboplatin. Therefore, based on these the-
oretical considerations, routine administration of IP carbo-
platin has been our choice of therapy since 1990 for epithe-
lial ovarian cancer patients regardless of residual tumor size.

This study aimed to evaluate retrospectively the survival
and recurrence of a cohort of patients with epithelial ovarian
cancer treated with first-line IP carboplatin-based therapy.

Patients and methods
Patients

In the three institutions, Kawasaki Medical School, Hok-
kaido University, and Hiroshima City Hospital, records

were reviewed for those patients with epithelial ovarian
cancer who had undergone primary surgery followed by
placement of intraperitoneal port systems (IPS) and IP car-
boplatin-based chemotherapy. In these institutions, the phy-
sicians explained the potential benefit of IP carboplatin
administration and the written consents have been obtained
prior to the surgery. We identified 174 patients who were
eligible for this study. Pathological slides of these patients
were reviewed again, and nine of them were excluded: eight
of them were borderline malignancies, and one had wrong
histology (immature teratoma). Therefore, 165 cases (43,
48, and 74 cases in the three institutions, respectively) were
eligible to be analyzed.

Statistical analysis

Statistical analysis included tests for associations be-
tween potential prognostic factors and between prognostic
factors and overall survival or progression-free survival.
The time to treatment failure after IP therapy was calculated
from the time of initiation of primary surgery to radio-
graphic or clinical evidence of recurrence. Survival proba-
bilities were estimated by Kaplan-Meier methods [11]. For
the factor analysis, univariate analyses were performed us-
ing the log-rank test [12], and multivariate analyses were
performed using the Cox regression model [13].

Results
Patient characteristics

Patient characteristics, such as clinical stage, histology,
tumor grade, the percentages of patients who had residual
disease smaller or larger than 2 cm, respectively in stage
III/IV patients, and chemotherapeutic regimen and course
number, are summarized in Table 1. The mean age of
patients was 54 years (range 21-83). More than half of the
patients were FIGO stage III or IV and 32.7% of patients
had high-risk (capsule rupture, grade 2/3, and/or clear cell
histology) stage I disease. Serous histology was the most
predominant (45.5%), and clear cell carcinomas comprised
18.2% of the cases. Most cases (74%) had moderately or
poorly differentiated disease. In the 90 stage III or IV cases,
58.9% of them had residual disease =2 cm.

The median number of chemotherapy cycles was six and
the median number of IP cycles was five, suggesting that TP
therapy was well tolerated. Most patients underwent com-
bination therapy with cyclophosphamide because paclitaxel
was not commercially available in Japan until 1998. The
choice between using carboplatin alone or combination
therapy was made by the physician, mainly based on the
stage and/or status of residual disease.
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Table 1
Patient characteristics
Age Mean 53.7 Range 21-83
Performance status Number Percentage
0 80 48.5%
1 72 43.6%
2 13 7.9%
Stage Number Percentage
1 54 32.7%
! 21 12.7%
m 72 43.6%
1A% 18 11.0%
Histology Number Percentage
Serous 75 45.5%
Mucinous 27 16.4%
Endometrioid 20 12.1%
Clear cell 30 182%
Adenocarcinoma 5 3.0%
Undifferentiated 7 4.2%
Mixed i 0.6%
Tumor grade
1 43 26%
2 59 36%
3 63 38%
Stage ITV/IV
Residual disease (n = 90)
<2cm 37 41.1%
=2cm 53 58.9%
Chemotherapy course Median Range
Total 6 1-35
IP chemotherapy 5 1-18
Chemotherapy regimen
1P carboplatin alone 22 13.3%
With cyclophosphamide 116 70.3%
With paclitaxel 27 16.4%

Drug administrations

IP carboplatin was administered either as a drip infusion
or bolus infusion depending on the institution. When given
as a drip infusion, carboplatin was diluted in 500 — 1000 ml
5% glucose or saline solution and administered as 2-3 h
infusion. When given as a bolus infusion, 500 — 1000 ml
glucose or saline solution was administered before bolus
carboplatin was given. Dose of carboplatin was determined
by the institutions’ policy, either calculated based on body
surface area, or Calvert formula, or simply using a fixed
dose for every patient in the institution.

When cyclophosphamide was combined it was adminis-
tered as a 1-2 h intravenous drip infusion after IP carbo-
platin administration. When paclitaxel was combined, it was
administered as a 3 h intravenous drip infusion before IP
carboplatin was administered. The median dose of cyclo-
phosphamide in this study was 500 mg/m* and median dose
of paclitaxel was 175 mg/m?.

All treatments were repeated with 3—4 weeks interval
when adverse events were acceptable.

Adverse events

Adverse events are summarized in Table 2. Overall bone
marrow toxicities were acceptable. Incident of grade 3/4
neutropenia was not different between carboplatin dose
<400 mg/m? and =400 mg/m’. However, platelet toxicity
was significantly related to the dose of carboplatin.

IP chemotherapy was terminated in 24 out of 165 pa-
tients (14.5%), but IP catheter-related cessation was less
than 10%. At the time cathter-related complication oc-
curred, IP cathter was removed and IP therapy was termi-
nated and converted to intravenous therapy.

Second look surgery

There were 18 patients who underwent second look sur-
gery. The purpose of second look surgery in this study was
to confirm chemotherapeutic response either because there
were no measurable disease at the conclusion of initial
surgeries (n = 11) or because the tumor =2 cm at the
conclusion of initial surgery became too small to measure
after chemotherapy (n = 7). The residual disease status at
the conclusion of initial surgery was microscopic in eight of
the former 11 patients and three patients had macroscopic
residual disease measuring <2 cm. In the eight patients with
microscopic residual disease, six patients became negative
for second look. Two of three patients with residual disease
<2 cm became negative for second look findings. In the
latter seven patients with residual tumors >2 cm at the
conclusion of initial surgery, four patients became negative
for second look, two had microscopic disease, and one
patient had tumors measuring 1.5 cm.

Survival

Table 3 summarizes the comparison of median progres-
sion-free survival (PFS) and median overall survival (OS)
by various factors. The clinical stage was a significant
prognostic factor on PFS and OS, as shown in Fig. 1 (P <
0.0001). Because the number of events in stage I/II patients
was limited, we did not perform the factorial comparison in
this population except for histological differences.

In this series, neither PFS nor OS showed statistically
significant differences in relation to the size of residual
disease in stage III/IV patients, although PFS and OS were
worse in patients with larger residual disease.

A comparison of the survival in relation to the adminis-
tered dose of carboplatin showed that there was no differ-
ence in stages I or II patients between those who received
carboplatin <400 mg/m?® or =400 mg/m? (P = 0.2485).
However, in stages III/IV, cases, survival was significantly
better in patients who received carboplatin =400 mg/m?*
(median survival = 51 months) than in those receiving <
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