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Abstract The administration of antineoplastic agents directly into the peritoneal cavity
as treatment of localised cancer is based on sound pharmacokinetic principles.
This unique technique has to the potential to optimise outcome in settings where
preclinical and clinical data suggest that cytotoxicity of a specific drug against a
particular tumour type is enhanced by either increasing the drug concentration or
duration of exposure.

Phase I trials have confirmed the safety and pharmacokinetic advantage for a
number of agents delivered by the intraperitoneal relative to the systemic route,
including cisplatin (10- to 20-fold advantage for regional delivery), carboplatin
(10- to 20-fold advantage), and paclitaxel (1000-fold advantage). In phase II
trials, performed mostly in patients with ovarian cancer, this approach has
achieved objective responses in settings where intravenous drug delivery has not
achieved the desired effect (e.g. surgically documented complete response using
intraperitoneal cisplatin as second-line therapy of ovarian cancer). Phase III trials
employing intraperitoneal cisplatin as initial treatment of small volume advanced
ovarian cancer have demonstrated that regional therapy results in a modest, but
statistically significant, improvement in both progression-free and overall sur-
vival compared to intravenous cisplatin.

Further exploration of this novel method of treatment, including the conduct
of definitive randomised phase III clinical trials, is indicated in ovarian cancer
and in other tumour types where clinical manifestations are principally localised
to the peritoneal cavity.
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The intraperitoneal delivery of antineoplastic
agents as a management strategy for malignant dis-
ease principally confined to the peritoneal cavity
has been explored for more than 4 decades.[1] For-
tunately, over the past 10 years, data have become
available to define patient populations likely to be
reasonable candidates for regional treatment. In ad-
dition, the results of randomised, controlled clini-
cal trials have provided the first evidence that in-
traperitoneal chemotherapy may have a significant
impact on both progression-free and overall sur-
vival in ovarian cancer.

This review briefly highlights the rationale for
intraperitoneal drug delivery, presents data from a
limited number of phase II trials which help to de-
fine future directions for intraperitoneal treatment,
and discusses the results of randomised trials em-
ploying regional chemotherapy in the management
of ovarian and gastrointestinal cancers.

1. Rationale for Intraperitoneal
Antineoplastic Therapy

The basic goal of intraperitoneal antineoplastic
drug delivery is to expose cancer present within the
peritoneal cavity to higher concentrations of drug
for longer periods of time than is possible with sys-
temic treatment.[2] The antineoplastic activity of
some agents against specific cancers has been dem-
onstrated to be enhanced, either in clinical studies
or experimental systems, by increasing the concen-
tration or duration of exposure. For these drugs,
intraperitoneal delivery has the theoretical poten-
tial to improve the extent of tumour cell kill.[3]

Several features of antineoplastic drugs favour
intraperitoneal delivery (table I).[2,4,5] While an an-
tineoplastic agent need not have all of these prop-
erties to be useful after intraperitoneal administra-
tion, selecting a drug which most closely fits the
profile of the ‘ideal agent’ will enhance the chances
of developing an effective therapeutic strategy.

Intraperitoneal drug delivery may be a rational
approach against:

(i) tumours principally confined to the abdomi-
nal cavity for most of their natural history

(ii) tumours where intraperitoneal spread (rather

than metastases to regional lymph nodes or the sys-
temic compartment) is the major route of disease
progression, and

(iii) tumours known to be responsive to effec-
tive and available antineoplastic drugs.

On the basis of these considerations, there can be
little argument that ovarian cancer is ideally suited
to intraperitoneal drug delivery, and most clinical
trials evaluating intraperitoneal therapy have been
conducted in individuals with this tumour type.

2. Phase I Trials

A number of cytotoxic and biological agents
have been examined for their safety and potentially
advantageous pharmacokinetic properties follow-
ing intraperitoneal delivery (table II).[4] The phar-
macokinetic advantage for peritoneal cavity expo-
sure [expressed as the ratio of either peak drug
peritoneal concentration or area under the peritoneal
concentration versus time curve (AUC) relative to the
systemic concentration] for selected agents has ranged
from 20-fold, for cisplatin and carboplatin,[6-9] to
as high as 1000-fold, for paclitaxel.[10,11]

For a number of drugs (e.g. doxorubicin,[12] mi-
toxantrone,[13] mitomycin[14] and paclitaxel[10,11])
examined for possible use as intraperitoneal ther-
apy, the dose-limiting toxicity is abdominal pain
from direct peritoneal irritation. For other agents,
including cisplatin and carboplatin,[6-9] local ad-
verse effects are minimal in most patients after in-

Table I. Features of antineoplastic agents favouring intraperitoneal
delivery in the management of malignant disease

1. Demonstrated activity against the specific tumour type

2. Evidence (in clinical trials or preclinical models) of enhanced
cytotoxicity against the tumour associated with an increase in
either drug concentration or duration of exposure

3. Known hepatic metabolism to non-toxic metabolite(s)
(intraperitoneally administered drugs enter the portal circulation
before entering the systemic compartment)

4. Water soluble (slower exit from the peritoneal cavity)

5. High molecular weight (slower exit from the peritoneal cavity)

6. Not a vesicant (reduces local toxicity to the peritoneal lining)
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traperitoneal administration. Thus, for these latter
drugs, the intraperitoneal concentration can be es-
calated until systemic toxic effects (e.g. bone
marrow suppression) become the dose-limiting
factor.

These findings have important clinical implica-
tions. For example, at the maximally tolerated dose
of intraperitoneal cisplatin, as much of the agent
will reach the systemic compartment (and tumour
by subsequent capillary flow) as if the drug had
been delivered systemically. That is, with the same
degree of systemic toxicity there will almost cer-
tainly be the same degree of tumour exposure to
the drug through systemic blood flow. In fact,
pharmacokinetic studies have confirmed that sys-
temic cisplatin concentrations are similar after
intraperitoneal or intravenous delivery.

In contrast, after intraperitoneal paclitaxel ad-
ministration systemic exposure is less than after
intravenous administration at the maximally toler-
ated dose. Thus, to achieve optimal tumour expo-
sure to this agent it may be necessary to deliver the
drug both systemically and regionally.

3. Phase II Trials

As noted in section 1, most intraperitoneal an-
tineoplastic drug trials conducted over the past 10
to 15 years have focused on ovarian cancer, with
cisplatin being the cornerstone for many of these
studies. Cisplatin was an excellent agent to employ

in these phase II efficacy studies for several rea-
sons.

Firstly, this class of drugs has clearly been shown
to be the most active in the treatment of ovarian
cancer.[15] Secondly, previously reported phase I
studies confirmed both the safety and pharmaco-
kinetic advantage (20-fold ratio) associated with
the intraperitoneal administration of the agent.[6-9]

Finally, as noted in section 2, regional delivery of
cisplatin was shown to not compromise systemic
exposure to the drug.

A number of phase II studies documented the
ability of intraperitoneal cisplatin to produce ob-
jective antineoplastic responses when used as sec-
ond-line treatment of women with advanced ovar-
ian cancer.[4,5] In several series, approximately 20
to 40% of patients with small volume residual
ovarian cancer at the completion of front-line che-
motherapy (documented at second-look laparot-
omy) achieved a surgically-defined complete
response following intraperitoneal cisplatin (con-
firmed at the performance of a third-look surgical
evaluation).

Subsequent retrospective analysis of a number
of these second-line chemotherapy trials has re-
vealed several important clinical features which
appear to be useful in predicting a favourable re-
sponse to the intraperitoneal delivery.[16-18]

Firstly, individuals with the smallest volume of
disease at the initiation of intraperitoneal therapy
achieved the highest (surgically-documented) ob-
jective response rate. This included individuals
with microscopic disease only, or those with only
minimal macroscopic disease (largest tumour nod-
ules < 0.5cm in maximal diameter).

This finding should not come as a surprise, as
earlier preclinical data have documented that the
actual depth of direct penetration of antineoplastic
agents into normal or malignant tissue following
regional delivery is very limited, i.e. from multiple
cell layers to a maximum of perhaps 1 millimetre
from the peritoneal surface.[19-23] Thus, the high
local drug concentrations associated with in-
traperitoneal drug administration (10- to 1000-fold
greater than achieved in the tumour through drug

Table II. Pharmacokinetic advantage for selected antineoplastic
agents when administered by the intraperitoneal route

Agent Ratio of peak peritoneal cavity
concentration/peak systemic
circulation concentration

Cisplatin 20

Carboplatin 18

Doxorubicin 470

Melphalan 80

Paclitaxel 1000

Methotrexate 90

Fluorouracil 300
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delivered by capillary flow) will probably only be
clinically relevant for very thin layers of tumour on
the peritoneal surface.

Secondly, individuals receiving intraperitoneal
cisplatin with small volume disease at the initiation
of the second-line regimen who had failed to
demonstrate objective evidence of tumour regres-
sion after previous systemic chemotherapy did not
exhibit a response to the regional treatment pro-
gramme (surgical complete response rate<10%).[16-18]

This finding was in sharp contrast to what was ob-
served in women who had achieved at least a par-
tial response to initial therapy, but who had persistent
microscopic or small volume residual macroscopic
disease at the time of a second-look laparotomy
(surgical complete response rate 30 to 40%).

This experience strongly supports the concept
that antineoplastic agents in concentrations achiev-
able within the peritoneal cavity following regional
therapy can overcome relative, but not absolute,
drug resistance. If an individual tumour has not
responded to systemic therapy, even 10-fold or
higher increases in drug concentration will not
have a clinically relevant impact on further tumour
cell kill.

Intraperitoneal paclitaxel has also been exam-
ined in a multicentre phase II trial as a treatment
strategy for women with persistent ovarian cancer
following initial chemotherapy.[24] A high surgi-
cally-documented response rate was demonstrated
in this study. However, these responses were ob-
served only in patients with microscopic disease
(complete response rate: 60%). Patients with any
macroscopic residual cancer at the initiation of in-
traperitoneal drug delivery experienced a much
lower surgically-defined complete response rate
(<10%). These data support previously noted
preclinical and clinical data suggesting the lim-
ited depth of penetration of this large molecular
weight drug, and the known low level of systemic
exposure to paclitaxel following regional deliv-
ery.[10,11]

Several biological agents, including interferon
(IFN)-α,[25] IFN-γ,[26] and interleukin-2,[27] have
been examined for intraperitoneal administration

in the phase II setting as therapy of persistent small
volume residual ovarian cancer following initial
systemic chemotherapy. Objective responses (in-
cluding surgically-defined complete responses)
and prolonged survival for a subset of patients
treated in this manner have been observed.

Phase II trials using regional antineoplastic drug
delivery have been conducted in patients with other
malignancies involving the peritoneal cavity, in-
cluding gastric and colon cancer,[28] peritoneal meso-
thelioma,[29,30] and pseudomyxoma peritonei.[31]

Unfortunately, in contrast to ovarian cancer, there
are several major limitations to the development of
an effective regional therapy strategy in these clin-
ical settings.

Such limitations include the lack of highly ef-
fective antineoplastic agents in these malignancies
(for example, compared to cisplatin in ovarian can-
cer) and patterns of tumour progression other than
direct peritoneal spread.

In addition, the natural history of disease in some
patients with these tumour types (e.g. pseudo-
myxoma peritonei from a low grade carcinoma of
the appendix) can be highly heterogeneous, and
surgical resection alone may be a reasonably effec-
tive palliative approach. In this setting it remains
unclear what role regional antineoplastic drug ther-
apy may play in standard patient management.

Despite these concerns, if future drug develop-
ment programmes in these malignancies identify
effective antineoplastic agents with properties ap-
propriate for intraperitoneal delivery, additional
investigations into regional delivery clearly will be
justified.

4. Impact on Survival

Despite the theoretical appeal of regional anti-
neoplastic drug delivery in certain clinical settings,
until relatively recently there remained no data
from well-designed, randomised phase III trials to
demonstrate a favourable impact of such therapy
on survival.

In the case of ovarian cancer, long term evalua-
tion of patients treated with cisplatin-based sec-
ond-line intraperitoneal therapy in several phase II
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trials suggested the potential for prolonged sur-
vival.[32-34] However, it remained unclear whether
this outcome resulted from a direct influence of the
regional therapeutic strategy, or simply reflected
the well recognised (but poorly understood) fa-
vourable natural history of disease in a subset of
women with persistent or recurrent ovarian cancer
following initial systemic chemotherapy.

For example, one of the most provocative re-
ports of the clinical use of intraperitoneal cisplatin
was provided by investigators from the Memorial
Sloan-Kettering Cancer Center (New York, NY,
USA).[35] In a phase II trial conducted over several
years, patients with advanced ovarian cancer (stages
2 to 4) who achieved a surgically-documented
complete response to initial systemic chemother-
apy were offered treatment with a ‘consolidation
chemotherapy programme’. This included 3
courses of cisplatin-based intraperitoneal chemo-
therapy. The authors subsequently compared the
recurrence rate in this patient population with the
rate in a concurrent (not randomised) group of
patients treated at their institution during the
same time period by the same surgeons, but who
did not receive the intraperitoneal consolidation
strategy.

In their analysis, the investigators demonstrated
that the control population (no consolidation treat-
ment) would have been predicted to be at a lower
risk for the subsequent development of recurrence
based on known clinical features of disease (e.g.
fewer patients with suboptimal stage 3 disease at
the initiation of systemic chemotherapy), com-
pared with the women treated with the consolida-
tion strategy. However, there was a statistically
significant (p = 0.03) reduced risk of recurrence in
the individuals who received the regional therapy
approach.[35]

Unfortunately, while these data are of interest,
they cannot replace the results of well-designed
randomised trials undertaken without recognised
or unrecognised patient selection bias.

5. Phase III Trials

5.1 Ovarian Cancer

The publication of a landmark paper in 1996[36]

for the first time demonstrated that regional ther-
apy of ovarian cancer had the potential to have a
major impact on survival. In this study, invol-
ving >600 women with small volume advanced
ovarian cancer, patients were randomised to re-
ceive either intravenous or intraperitoneal cisplatin
100 mg/m2. All individuals participating in this
trial also received intravenous cyclophosphamide
600 mg/m2.

As anticipated, more patients had abdominal
discomfort in the group receiving the regional
treatment programme, although few discontinued
therapy because of this adverse effect. Of note,
there was a statistically significant reduction in
both neutropenia and ototoxicity associated with
the intraperitoneal rather than the intravenous
route of drug delivery.

However, of greatest importance, there was a
statistically significant improvement in median
overall survival associated with intraperitoneal
cisplatin therapy (49 vs 41 months, p = 0.02). The
relative reduction in the risk of death was approx-
imately 22%, comparable to the benefits achieved
with the use of adjuvant tamoxifen therapy for
women with node-positive breast cancer.[37]

Unfortunately, this randomised study was initi-
ated before the important role played by paclitaxel
in the management of advanced ovarian cancer be-
came apparent.[38] Therefore, it remained unknown
whether intraperitoneal therapy provided an ad-
vantage relative to the substitution of paclitaxel for
cyclophosphamide in the treatment of small vol-
ume residual advanced disease.

However, a report of a second multicentre,
randomised trial[39] has provided further evidence
that intraperitoneal delivery of cisplatin may in-
crease survival, even when systemic paclitaxel is
included in the treatment programme.

In this study, patients received either systemi-
cally delivered cisplatin and paclitaxel or an exper-
imental programme of 2 courses of moderately
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high dose carboplatin (AUC 9) followed by in-
traperitoneal cisplatin and intravenous pacli-
taxel.[39] The initial 2 carboplatin cycles were ad-
ministered in an effort to ‘chemically debulk’ the
tumour, prior to intraperitoneal drug delivery, to
optimise the effect of high local drug concentra-
tions associated with regional treatment.[40]

Patients randomised to the experimental arm of
this study experienced a 19% reduction in the risk
of death, an outcome strikingly similar to results of
the previously noted randomised phase III in-
traperitoneal cisplatin trial.[36] Both progression-
free survival (28 vs 22 months, p = 0.01) and over-
all survival (63 vs 52 months, p = 0.05) were
improved in the experimental therapy arm. Of note,
survival was increased in the intraperitoneal arm
even though 20% of these patients received ≤2
courses of the regional therapy. Treatment was
withheld principally because of excessive throm-
bocytopenia associated with the 2 high-dose car-
boplatin cycles.[39]

Based on the results of these 2 well-designed
and -conducted multicentre phase III trials, and the
favourable pharmacokinetics and clinical results
associated with intraperitoneal paclitaxel delivery,
the Gynecologic Oncology Group initiated a third
randomised trial of regional therapy. This trial
examined a regimen of intravenous cisplatin and
paclitaxel compared with an experimental pro-
gramme of intraperitoneal cisplatin plus both in-
traperitoneal and intravenous paclitaxel. The re-
sults of this study, which should be available
within the next several years, are awaited with in-
terest.

5.2 Other Types of Cancer

To date, there have been few randomised trials
of intraperitoneal therapy in other tumour types. In
a study conducted at the National Cancer Institute
(Bethesda, Maryland, USA), patients with local-
ised colon cancer and a high risk of recurrence were
randomised to receive adjuvant therapy with either
systemic or intraperitoneal fluorouracil.[41] Al-
though the overall survival was not different in the
2 study arms, patients receiving local therapy had

a lower incidence of peritoneal cavity recurrence.
These results support the concept that high local
concentrations of fluorouracil can influence tu-
mour growth. However, the limited overall activity
of the agent, as well as direct tumour spread to the
liver (through the portal circulation) and regional
lymph nodes, prevents this measurable regional ef-
fect from being translated into genuine clinical
benefit.

In another randomised trial, investigators in Ja-
pan examined the intraperitoneal administration of
carbon-absorbed mitomycin as an adjuvant strat-
egy in patients with gastric cancer.[42] Compared with
an untreated control population (surgical treatment
only), individuals receiving intraperitoneal mito-
mycin showed superior responses (statistically sig-
nificant difference; p < 0.01). Unfortunately, a sec-
ond trial conducted in Austria which examined this
novel treatment strategy failed to confirm a favour-
able impact on survival and noted a significant
incidence of postoperative complications with the
local approach.[43]

However, results of a third trial examining early
postoperative intraperitoneal mitomycin and fluo-
rouracil delivered following resection of gastric
cancer (stage II or III) suggest a survival advantage
for the subset of individuals with stage III disease
receiving the regional treatment programme.[44]

These results require confirmation.

6. Future Directions

While the basic principles and limitations of the
intraperitoneal administration of antineoplastic
agents are reasonably well established, few defin-
itive randomised trials have been conducted to crit-
ically define a role for this unique treatment strat-
egy in standard clinical practice. Settings where
intraperitoneal antineoplastic drug delivery is a ra-
tional therapeutic option are outlined in table III.

It must be emphasised that while preclinical
data, anatomical considerations, and the results of
limited phase II trials may provide strong support
for a role for intraperitoneal therapy in patient man-
agement, none of the settings suggested for re-
gional treatment (table III) can be considered
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‘standard-of-care’ in the absence of data from
well-designed and -conducted randomised clinical
trials.

In the case of ovarian cancer, it is important to
explore further the use of carboplatin- rather than
cisplatin-based intraperitoneal therapy, because of
the former’s superior systemic toxicity profile.
While preclinical data,[45] and a small retrospective
analysis of the results of nonrandomised phase II
trials,[46] have suggested the intratumour concen-
trations of carboplatin following intraperitoneal
delivery may be somewhat inferior to cisplatin,
comparative trials have not been conducted.

However, it is reasonable to speculate that on-
cologists will be less likely to consider, and pa-
tients will be less willing to receive, therapy asso-
ciated with greater systemic toxicity, even if a
definite (but modest) increase in progression-free
and overall survival is gained. Thus, it will be im-
portant to determine if the survival benefit with
intraperitoneal cisplatin administration in patients
with small volume residual advanced ovarian can-
cer can be achieved with carboplatin, with its an-

ticipated reduction in treatment-related emesis,
nephrotoxicity and neurotoxicity.

Finally, it is also possible that the clinical utility
of the intraperitoneal delivery of cytotoxic agents
may be improved though attention to important
technical limitations of the procedure. For exam-
ple, preclinical modelling has suggested that, while
increased penetration of drugs directly into tumour
tissue will be difficult to achieve, methods to im-
prove mixing within the peritoneal cavity may en-
hance antineoplastic efficacy.[47]

References
1. Weisberger AS, Levine B, Storaasli JP. Use of nitrogen mustard

in treatment of serous effusions of neoplastic origin. J Am
Med Assoc 1955; 159: 1704-7

2. Dedrick RL, Myers CE, Bungay PM, et al. Pharmacokinetic
rationale for peritoneal drug administration in the treatment
of ovarian cancer. Cancer Treat Rep 1978; 62: 1-9

3. Alberts DS, Young L, Mason N, et al. In vitro evaluation of
anticancer drugs against ovarian cancer at concentrations
achievable by intraperitoneal administration. Semin Oncol
1985; 12 (3 Suppl. 4): 38-42

4. Markman M. Intraperitoneal therapy for treatment of malignant
disease principally confined to the peritoneal cavity. Crit Rev
Oncol Hematol 1993; 14: 15-28

5. Markman M. Intraperitoneal chemotherapy. Crit Rev Oncol
Hematol 1999; 31: 239-46

6. Howell SB, Pfeifle CE, Wung WE, et al. Intraperitoneal cis-
platin with systemic thiosulfate protection. Ann Intern Med
1982; 97: 845-51

7. Casper ES, Kelsen DP, Alcock NW, et al. Ip cisplatin in patients
with malignant ascites: pharmacokinetics evaluation and
comparison with the iv route. Cancer Treat Rep 1983; 67:
325-38

8. DeGregorio MW, Lum BL, Holleran WM, et al. Preliminary
observations of intraperitoneal carboplatin pharmacokinetics
during a phase I study of the Northern California Oncology
Group. Cancer Chemother Pharmacol 1986; 18: 235-38

9. Elferink F, van der Vijgh WJF, ten Bokkel Huinink WW, et al.
Pharmacokinetics of carboplatin after intraperitoneal admin-
istration. Cancer Chemother Pharmacol 1988; 21: 57-60

10. Markman M, Rowinsky E, Hakes T, et al. Phase 1 trial of in-
traperitoneal taxol: a Gynecologic Oncology Group Study. J
Clin Oncol 1992; 10: 1485-91

11. Francis P, Rowinsky E, Schneider J, et al. Phase 1 feasibility
and pharmacologic study of weekly intraperitoneal
paclitaxel: a Gynecologic Oncology Group pilot study. J Clin
Oncol 1995; 13: 2961-7

12. Ozols RF, Young RC, Speyer JL, et al. Phase 1 and pharmaco-
logical studies of adriamycin administered intraperitoneally
to patients with ovarian cancer. Cancer Res 1982; 42: 4265-9

Table III. Clinical settings where intraperitoneal antineoplastic drug
administration is a rational management strategy

1. Initial chemotherapy of small volume residual advanced
(stage 3) ovarian cancer (e.g. microscopic or largest residual
macroscopic tumour <1cm in maximum diameter following initial
surgical cytoreduction) (supported by results of randomised trials)

2. Initial chemotherapy of ‘early stage’ ovarian cancer with a high
risk for disease recurrence (e.g. stage 1, grade 3 disease)

3. Consolidation therapy of advanced ovarian cancer following a
negative second-look laparotomy

4. Second-line chemotherapy of ovarian cancer in the presence
of microscopic or very small volume residual macroscopic
disease (maximum tumour diameter <0.5cm) in patients with a
documented response to initial systemic chemotherapy

5. Adjuvant chemotherapy of gastric cancer

6. Adjuvant therapy of colon cancer with high risk of recurrence

7. Initial chemotherapy of peritoneal mesothelioma following
surgical resection of all gross residual disease or with persistent
very small volume residual macroscopic disease (maximum
tumour diameter <0.5cm)

Intraperitoneal Antineoplastic Drug Delivery 1063

  Adis International Limited. All rights reserved. Drugs 2001; 61 (8)



13. Markman M, George M, Hakes T, et al. Phase 2 trial of in-
traperitoneal mitoxantrone in the management of refractory
ovarian carcinoma. J Clin Oncol 1990; 8: 146-50

14. Monk BJ, Surwit EA, Alberts DS, et al. Intraperitoneal mito-
mycin C in the treatment of peritoneal carcinomatosis follow-
ing second-look surgery. Semin Oncol 1988; 15: 27-31

15. Cannistra SA. Cancer of the ovary. N Engl J Med 1993; 329:
1550-9

16. Markman M, Reichman B, Hakes T, et al. Responses to second-
line cisplatin-based intraperitoneal therapy in ovarian cancer:
influence of a prior response to intravenous cisplatin. J Clin
Oncol 1991; 9: 1801-5

17. Markman M, Berek JS, Blessing JA, et al. Characteristics of
patients with small-volume residual ovarian cancer unrespon-
sive to cisplatin-based IP chemotherapy: lessons learned from
a Gynecologic Oncology Group phase II trial of IP cisplatin
and recombinant alpha-interferon. Gynecol Oncol 1992; 45:
3-8

18. Markman M, Blessing JA, Major F, et al. Salvage intra-
peritoneal therapy of ovarian cancer employing cisplatin and
etoposide: a Gynecologic Oncology Group Study. Gynecol
Oncol 1993; 50: 191-5

19. West GW, Weichselbau R, Little JB. Limited penetration of
methotrexate into human osteosarcoma spheroids as a pro-
posed model for solid tumor resistance to adjuvant chemo-
therapy. Cancer Res 1980; 40: 3665-8

20. Durand RE. Flow cytometry studies of intracellular adriamycin
in multicell spheroids in vitro. Cancer Res 1981; 41: 3495-8

21. Ozols RF, Locker GY, Doroshow JH, et al. Pharmacokinetics
of adriamycin and tissue penetration in murine ovarian can-
cer. Cancer Res 1979; 39: 3209-14

22. Nederman T, Carlsson J. Penetration and binding of vinblastine
and 5-fluorouracil in cellular spheroids. Cancer Chemother
Pharmacol 1984; 13: 131-5

23. Los G, Mutsaers PHA, van der Vijgh WJF, et al. Direct diffu-
sion of cis-diamminedichloroplatinum(II) in intraperitoneal
rat tumors after intraperitoneal chemotherapy: a comparison
with systemic chemotherapy. Cancer Res 1989; 49: 3380-4

24. Markman M, Brady MF, Spirtos NM, et al. Phase II trial of
intraperitoneal paclitaxel in carcinoma of the ovary, tube, and
peritoneum: a Gynecologic Oncology Group Study. J Clin
Oncol 1998; 16: 2620-4

25. Berek JS, Markman M, Stonebraker B, et al. Intraperitoneal
interferon-a in residual ovarian carcinoma: a phase II Gy-
necologic Oncology Group Study. Gynecol Oncol 1999;
75: 10-14

26. Pujade-Lauraine E, Guastalla J-P, Colombo N, et al. Intra-
peritoneal recombinant interferon gamma in ovarian cancer
patients with residual disease at second-look laparotomy. J
Clin Oncol 1996; 14: 343-50

27. Edwards RP, Gooding W, Lembersky BC, et al. Comparison of
toxicity and survival following intraperitoneal recombinant
interleukin-2 for persistent ovarian cancer after platinum:
twenty-four-hour versus 7-day infusion. J Clin Oncol 1997;
15: 3399-3407

28. Markman M. Is there a role for intraperitoneal therapy in the
management of gastrointestinal malignancies? Cancer Invest
1995; 13 (6): 625-8

29. Markman M, Cleary S, Pfeifle CE, et al. Cisplatin administered
by the intracavitary route as treatment for malignant meso-
thelioma. Cancer 1986; 58: 18-21

30. Markman M, Kelsen D. Efficacy of cisplatin-based in-
traperitoneal chemotherapy as treatment of malignant perito-
neal mesothelioma. J Cancer Res Clin Oncol 1992; 118:
547-50

31. Sugarbaker PH, Zhu B-W, Sese GB, et al. Peritoneal carcino-
matosis from appendiceal cancer: results in 69 patients treated
by cytoreductive surgery and intraperitoneal chemotherapy.
Dis Colon Rectum 1993; 36: 323-9

32. Howell SB, Zimm S, Markman M, et al. Long term survival of
advanced refractory ovarian carcinoma patients with small-
volume disease treated with intraperitoneal chemotherapy. J
Clin Oncol 1987; 5: 1607-12

33. Markman M, Reichman B, Hakes T, et al. Impact on survival
of surgically-defined favorable responses to salvage intra-
peritoneal chemotherapy in small volume residual ovarian
cancer. J Clin Oncol 1992; 10: 1479-84

34. Piver MS, Recio FO, Baker TR, et al. Evaluation of survival
after second-line intraperitoneal cisplatin-based chemother-
apy for advanced ovarian cancer. Cancer 1994; 73: 1693-8

35. Barakat RR, Almadrones L, Venkatraman ES, et al. A phase II
trial of intraperitoneal cisplatin and etoposide as consolida-
tion therapy in patients with stage II-IV epithelial ovarian
cancer following negative surgical assessment. Gynecol
Oncol 1998; 69: 17-22

36. Alberts DS, Liu PY, Hannigan EV, et al. Intraperitoneal cis-
platin plus intravenous cyclophosphamide versus intravenous
cisplatin plus intravenous cyclophosphamide for stage III
ovarian cancer. N Engl J Med 1996; 335: 1950-5

37. Early Breast Cancer Trialists’ Collaborative Group. Tamoxifen
for early breast cancer: an overview of the randomised trials.
Lancet 1998; 351: 1451-67

38. McGuire WP, Hoskins WJ, Brady MF, et al. Cyclophosphamide
and cisplatin compared with paclitaxel and cisplatin in pa-
tients with stage III and stage IV ovarian cancer. N Engl J Med
1996; 334: 1-6

39. Markman M, Bundy BN, Alberts DS, et al. Randomized phase
III trial of standard-dose intravenous cisplatin plus paclitaxel
versus moderately high dose carboplatin followed by intrave-
nous paclitaxel and intraperitoneal cisplatin in small-volume
small III ovarian carcinoma: an intergroup study of the Gyne-
cologic Oncology Group, Southwestern Oncology Group,
and Eastern Cooperative Oncology Group. J Clin Oncol 2001;
19: 1001-7

40. Shapiro F, Schneider J, Markman M, et al. High-intensity intra-
venous cyclophosphamide and cisplatin, interim surgical
debulking, and intraperitoneal cisplatin in advanced ovarian
carcinoma: a pilot trial with ten-year follow-up. Gynecol
Oncol 1997; 67: 39-45

41. Sugarbaker PH, Gianola FJ, Speyer JC, et al. Prospective, ran-
domized trial of intravenous versus intraperitoneal 5-fluoro-

1064 Markman

  Adis International Limited. All rights reserved. Drugs 2001; 61 (8)



uracil in patients with advanced primary colon or rectal can-
cer. Surgery 1985; 98: 414-21

42. Hagiwara A, Takahashi T, Kojima O, et al. Prophylaxis with
carbon-adsorbed mitomycin against peritoneal recurrence of

gastric cancer. Lancet 1992; 339: 629-31
43. Rosen HR, Jatzko G, Repse S, et al. Adjuvant intraperitoneal

chemotherapy with carbon-adsorbed mitomycin in patients
with gastric cancer: results of a randomized multicenter trial

of the Austrian Working Group for Surgical Oncology. J Clin
Oncol 1998; 16: 2733-38

44. Wansik Y, Whang I, Suh I, et al. Prospective randomized trial

of early postoperative intraperitoneal chemotherapy as an
adjuvant to resectable gastric cancer. Ann Surg 1998; 228:
347-54

45. Los G, Verdegaal EME, Mutsaers PHA, et al. Pentetration of
carboplatin and cisplatin into rat peritoneal tumor nodules

after intraperitoneal chemotherapy. Cancer Chemother Phar-
macol 1991; 28: 159-65

46. Markman M, Reichman B, Hakes T, et al. Evidence supporting
the superiority of intraperitoneal cisplatin compared to in-
traperitoneal carboplatin for salvage therapy of small volume
residual ovarian cancer. Gynecol Oncol 1993; 50: 100-4

47. Dedrick RL, Flessner MF. Pharmacokinetic problems in peri-
toneal drug administration: tissue penetration and surface ex-
posure. J Natl Cancer Inst 1997; 89: 480-7

Correspondence and offprints: Dr Maurie Markman, De-
partment of Hematology/Medical Oncology, The Cleve-
land Clinic Foundation, 9500 Euclid Avenue, Cleveland,
Ohio 44195, USA.
E-mail: markmam@ccf.org

Intraperitoneal Antineoplastic Drug Delivery 1065

  Adis International Limited. All rights reserved. Drugs 2001; 61 (8)


	Contents 1057
	Abstract 1057
	1. Rationale for Intraperitoneal Antineoplastic Therapy 1058
	2. Phase I Trials 1058
	3. Phase II Trials 1059
	4. Impact on Survival 1060
	5. Phase III Trials 1061
	5.1 Ovarian Cancer 1061
	5.2 Other Types of Cancer 1062

	6. Future Directions 1062
	References 1063
	Correspondence and offprints 1065
	E-mail 1065

