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In order to improve the therapeutic index of camptothecin (CPT) analogues,
alternative administration of CPT analogues is being evaluated. Topotecan,
irinotecan, rubitecan, lurtotecan and 9-aminocamptothecin have been
administered orally with response rates equivalent to that seen after intrave-
nous administration, where applicable. Oral availability and administration
of some of the newer CPT analogues, including diflomotecan (BN80915) and
grimatecan (ST1481), have also shown promising results. Aerosolisation of
liposomal 9-nitrocamptothecin has been studied in patients with advanced
malignancies involving the lung, demonstrating systemic antitumour activity.
Intrathecal administration of topotecan has been studied in children with
refractory neoplastic meningitis. It is well tolerated and associated with
some antitumour activity. Intraperitoneal administration of topotecan as con-
solidation therapy in patients with ovarian cancer has shown promising
results. Transdermal administration of rubitecan has been studied in mice.
So far, no CPT has been approved for an alternative route of administration.
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1. Introduction

Camptothecin (CPT) and its analogues target the topoisomerase-1 enzyme (topo-I).
Topo-I relaxes DNA by cleaving a single strand of a duplex DNA and allowing pas-
sage of the other strand through the nick before religation. Unwinding of the DNA
is a prerequisite for processing the genetic information. CPT stabilises the normally
transient covalent linkage, also called cleavable complex, between the topo-I and the
DNA strand. As malignant cells often contain greater amounts of topo-I than nor-
mal cells, they are usually more sensitive to the toxic effects of CPT [1,2]. The alka-
loid CPT is the parent compound of topotecan (Hycamtin®, GlaxoSmithKline),
irinotecan (Camptosar®, Pfizer), exatecan (DX8951), lurtotecan (GI147211),
rubitecan (9-nitrocamptothecin [9NC], RFS2000, Orethecin® [SuperGen]), 9-ami-
nocamptothecin (9AC), karenitecan and other analogues [34]. The first four com-
pounds are water-soluble derivatives of CPT, whereas the others are water-insoluble
3.5.6]. Topotecan and irinotecan are commercially available. Exatecan, rubitecan, 9AC,
lurtotecan and gimatecan are currently in Phase II and III studies. Other analogues
and formulations are either in the preclinical stage or in Phase I studies [3,7-11].

CPT and analogues are in a pH-dependent equilibrium between a closed lactone
E-ring and an open carboxylate form. The lactone ring is the active compound
required for binding with the topo-I-DNA complex [12-16. However, at physiological
pH in human serum, most of the CPT is in carboxylate form [17). In human serum,
the area under the curve (AUC) of the lactone form is 0 — 30% of the AUC of both
forms combined. This observation may be the reason for the low therapeutic index
observed with these compounds in humans [18]. The preponderance of preclinical and
clinical data indicates that cytotoxic activity of CPT resides in the E-ring lactone [19].
However, correlations between the degree of neutropenia and plasma
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Table 1. Summary of camptothecin analogue clinical trials.

Delivery Topotecan Irinotecan Rubitecan Diflomotecan Gimatecan Lurtotecan 9AC
Tumour type and references
Oral Ovarian (32-34]  Solid tumours ~ Solid tumours ~ Solid tumours ~ Solid tumours ~ Solid tumours  Solid tumours
SCLC [35], [45,46] (48] [59] (61,62] (58] (55-57]
NSCLC (36] Ovarian cancer Glioma [63,64]
Paediatric solid [49] Colorectal [65]
tumours [37] Pancreatic
Glioma [38] cancer [50-52]
Neurobalstoma Many other
[39] cancer types
Leukaemias [40] (53]
Aerosol Advanced
pulmonary
malignancy
(74,75
Intrathecal Neoplastic
meningitis [84]
Intraperitoneal Solid tumours  Murine models Peritoneal
[86] [90-92] metastases [89]
Ovarian [87,88] ~ Gastric and
colon [92]
Transdermal Murine
models:

see Section 5

9AC: 9-Aminocamptothecin; NSCLC: Non-small-cell lung cancer; SCLC: Small-cell lung cancer.

concentrations of lactone and open-ring forms have
suggested that the open-ring carboxylate may contribute to
myelosuppression [20].

By comparison with other cytotoxic drugs, CPT analogues
are 2 100-times more potent [2]. The question with CPT
analogues is whether these drugs have the capacity to cure the
affected animals when tested against human tumours in nude
mice models? Once tumours have been eradicated, they
usually do not recur. In mice, 50% of the drug present in
serum is in the lactone form versus only ~ 10% in the human
serum. In humans, the therapeutic index falls dramatically
and anticancer responses are observed in < 20% of patients.
There is also a considerable percentage of stable disease that
usually lasts for 6 months. In fact, with the amount of lactone
that reaches the tumour in humans, it is surprising that any
responses are observed. The clinical activity of topotecan and
other new analogues is most likely to be related to the higher
concentration of lactone observed at physiological pH
(~30% for topotecan), but is compounded by the rapid
elimination from the plasma [21,22].

This paper will review novel of CPT
administration that tested clinically and
preclinically (see Table 1 for summary of trials with each

routes
have been
administration route). The primary goals of these novel
administration routes include optimising the bioavailability,
percentage of drug in lactone form, local concentration, and
duration of exposure, and reducing the severity and
frequency of side effects.

2. Oral administration of camptothecins

Initial interest in the oral administration of CPTs stemmed
from data indicating that prolonged exposure to the drugs
resulted in greater antitumour activity [23]. Interest was also
generated by evidence that patients prefer oral dosing in an
out-patient setting to the discomfort and inconvenience of
intravenous administration [24]. In addition, oral administra-
tion may decrease the administrative costs and the morbidity
associated with intravenous dosing (i.e., infection, thrombo-
sis, extravasation) [25]. However, oral administration may
result in inadequate absorption, first-pass elimination and
variability in plasma levels secondary to individual differences
in absorption and metabolism, increasing the risk of both
under- and overdosing [26]. Oral administration has been
studied for topotecan, rubitecan, 9AC, irinotecan, lurtotecan,
gimatecan and diflomotecan.

Topotecan is a water-soluble synthetic CPT, which is
approved for use as a second-line therapy in ovarian cancer.
At pH 6, > 80% of the total topotecan is in the lactone form,
but at physiological pH in the presence of human albumin,
topotecan is rapidly hydrolysed to the carboxylate form [27]. A
progressive loss of the lactone form in plasma is observed
from the start of topotecan infusion. Studies using human
tumour xenografts have indicated that oral topotecan was at
least as active as with intravenous administration [28]. The
oral bioavailability of topotecan is ~ 30 — 40% [29-31].
Coadministration of oral GF120918, a P-glycoprotein and
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breast cancer resistance protein inhibitor, in combination
with topotecan has been shown to increase the systemic expo-
sure of oral topotecan, increasing the apparent bioavailability
from 40 to 97% [30]. A recent population analysis of oral
topotecan administration demonstrated that interindividual
variability in bioavailability was 22% and that interpatient
variability was 22 — 28% [311. In this study, Cockcroft—Gault
creatinine clearance and World Health Organization per-
formance status were significantly correlated to clearance of
the drug. The authors recommended consideration of these
factors in combination with a limited sampling strategy to
monitor the drug and allow for individualised dosing adjust-
ment. Such a strategy may help to reduce dosing concerns
about oral CPT administration.

Several studies have compared the oral and intravenous
administration of topotecan in ovarian epithelial cancer. A
Phase I study in 29 patients with solid tumours showed that
with a dosing schedule of oral topotecan for 5 consecutive
days every 21 days, the recommended Phase II dose was
2.3 mg/m?/day, or a fixed dose of 4 mg/day and the
dose-limiting toxicity (DLT) was grade IV granulocytopenia
(321. A subsequent Phase II trial in patients with advanced
ovarian  cancer needing  second-line  chemotherapy
demonstrated that with the schedule described above at
2.3 mg/m?/day, the response rate was 22%, with similar toxic
effects to those described in the Phase I study of oral adminis-
tration and with intravenous administration 33). A muld-
centre, randomised trial designed to compare efficacy, safety
and tolerability of oral topotecan compared with the standard
intravenous regimen in 266 patients with relapsed ovarian
cancer found that response rates were 13% orally and 20%
intravenously, although this difference was not statistically
significant [34]. There was a small but statistically significant
difference in median survival between the two groups
(51 weeks in the oral arm and 58 weeks in the intravenous
arm, p = 0.033). In addition, the study found that the princi-
pal toxicity, grade IV neutropenia, occurred less frequently in
those receiving oral topotecan (15 versus 51% of cycles). The
decrease in myelosuppression may be due to the lower
maximum concentration (C_ ) and AUC for oral topotecan.

Oral topotecan had also been studied in small-cell lung cancer
(SCLC). A Phase II study of patents with relapsing
chemosensitive SCLC found that those receiving 2.3 mg/m?/day
x 5 every 21 days had a response rate of 23% compared with
15% in the intravenous arm [35]. Grade IV neutropenia occurred
in 35% of patients on oral topotecan and in 67% of patients
with intravenous administration (p = 0.001). A similar Phase III
trial is underway. Oral topotecan has also shown modest activity
in the treatment of non-small-cell lung cancer (NSCLC) [36].

Several studies of oral topotecan in paediatric tumours have
recently been performed. A Phase I study in paediatric patients
with refractory solid tumours showed that the maximum
tolerated dose (MTD) for oral topotecan was 1.8 mg/m?/day
for 5 days for 2 consecutive weeks, with myelosuppression and
diarrhoea as the dose-limiting effects [37]. Recent Phase I and 1I
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trials of oral topotecan have shown good tolerance and efficacy
in children with progressive high-grade glioma [38]. A recent
retrospective analysis found that oral topotecan had antitumour
activity in a small percentage of patients with relapsed or
refractory neuroblastoma [39).

Oral topotecan has also been studied in a Phase I trial in
haematological malignancies (myelodysplastic syndromes,
myeloproliferative disorders and relapsed acute myelogenous
leukaemia) [401. DLTs included grade III or IV nausea/vomit-
ing at 1.9 mg/m?/day. Haematological-toxicity was also
noted, but was not considered dose limiting. A total of 17%
of patients achieved complete response, whereas 25%
experienced haematological improvement, thus warranting
further investigation.

Oral administration of the water-soluble CPT analogue
irinotecan has also been investigated. Irinotecan is a water-
soluble synthetic CPT first approved in the US for treatment
of advanced colorectal cancer refractory to fluorouracil. The
major metabolite  of SN-38
(7-ethyl-10-hydroxycamptothecin) [411. A carboxylesterase
catalyses the conversion of irinotecan to SN-38 [42.43].
Carboxylesterase activity is usually higher in tumour cells,
including lymphoma, SCLC, endometrial cancer and mes-
othelioma. The carboxylesterase activity correlates with the

active irinotecan  is

antitumour activity [42]. [n vitro studies have indicated that
SN-38 has 100- to 1000-fold greater antitumour activity than
irinotecan itself. SN-38 is inactivated by glucuronidation [44].

Phase I studies of oral administration demonstrated that
the MTD for oral irinotecan was 66 mg/m?/day in patients
<65 years of age and 50 mg/m?/day in patients aged
> 65 years, administered daily for 5 days every 3 weeks [45].
The DLT was diarrhoea, similar to that observed with intrave-
nous administration of the drug. Bioavailability of the drug
after oral administration is low (8%) [46]. Therefore, few Phase
IT trials have investigated oral irinotecan and the drug is
currently administered predominantly intravenously.

Oral administration of rubitecan, a water-insoluble CPT
with broad antitumour activity in animal models, has been
studied extensively. A sampling schedule allowing assessment
of the pharmacokinetic parameters of both INC and its
metabolite 9AC after oral administration has been described
(47. Phase I studies in patients with refractory advanced
cancer estimated the MTD to be 1.5 mg/m?/day for 5 consec-
utive days every week [48]. DLT was haematological, but
significant gastrointestinal and urinary bladder toxicity was
also noted. Pharmacokinetic analysis revealed that the mean
AUC of lactone versus total drug was 14.7% (standard devia-
tion [SD] + 13.4). Phase II trials of oral 9NC have been per-
formed for a wide range of cancers. In patients with refractory
ovarian cancer, 1.5 mg/m?/day for 4 consecutive days every
week was administered with increments of 0.25 mg/day for
patients without significant side effects [49]. The lactone con-
centration was substantially lower than the total drug concen-
tration in the plasma (0 — 20% of total drug concentration). A
7% remission rate was observed and 34% of patients had
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stable disease. Median survival was 8 months. Haematological
toxicity was most prominent. Oral 9NC in pancreatic cancer
has also shown promising results. A Phase II study in patients
with advanced pancreatic cancer demonstrated that oral INC
at 1.5 mg/m?/day for 5 days/week for > 8 weeks resulted in
response rates of 32% in evaluated patients (s0]. DLT was
myelosuppression and interstitial cystitis. A second Phase 11
study in patients with advanced pancreatic cancer demon-
strated similar results, with a 29% objective response to oral
rubitecan in assessable patients [51]. However, a third Phase II
trial using more stringent criteria for response found a
response rate of only 9% in patients with previously treated
pancreatic cancer [52].

Phase II studies of oral 9NC at similar dosing schedules to
those described above have demonstrated little antitumour
activity in breast cancer, colon cancer, advanced/metastatic
urothelial tract tumours, glioblastoma multiform, melanoma,
soft tissue sarcoma, NSCLC and SCLC (see Hewes et 4/. for a
IONC continues to be studied in
combination with numerous other chemotherapeutic agents.

9AC, a metabolite of INC, is a poorly water-soluble CPT,
which has been studied in several different formulations to
increase absorption. Durations of exposure are believed to be
essential, stimulating interest in oral dosing [23]. One such for-
mulation is 9AC polyethylene glycol (PEG)-1000 capsules [541.
In a Phase I study of 30 patients with solid tumours, adminis-
tered 9AC PEG-1000 capsules 0.25 — 1.1 mg/m?/day x 7 — 14
days every 21 days p.o., the DLT was myelosuppression and
diarrhoea at 1.1 mg/m?/day x 14 day [55]. One partial response
was noted. The majority of the drug absorbed was converted
from the lactone form, with 9AC_, 1, accounting for
90.9 + 3.32% of the total drug. Although intrapatient variabil-
ity was small, interpatient variability was quite large. The AUC
of 9AC,, e Was significantly correlated with the decrease in
white blood cells (p < 0.001). Recommended Phase II dosing
was 0.84 mg/m?/day x 14 days, a dose that achieved the thresh-
old concentration for antitumour effect for several hours on

recent review [53]).

each day of treatment. However, given the interpatient variabil-
ity, the authors recommended further pharmokinetically
guided Phase II studies. 9AC has also been administered orally
as a colloidal dispersion (9ACCD). In 32 patients with solid
tumours, patients received one intravenous dose of 9ACCD
and then 0.2 - 0.7 mg/m?/day p.o. x 4 weeks followed by
2 weeK’s rest [56]. DLT was myelosuppression at 0.7 mg/m?/day.
There was no objective response. Mean total bioavailability was
68.1 £ 36.4%. Mean half-lifes of 9AC,, . and 9AC,, were
6.9 £ 3.2 and 1.2 + 1.2 h, respectively. As in the above study of
9AC PEG-1000, there was high interpatient variability in AUC
and bioavailability. This study confirmed the results of an ear-
lier Phase I trial of 9ACCD [57]. The above trials indicate that
oral 9AC may not be suitable for further clinical development.
Lurtotecan is a water-soluble CPT analogue, which has
been administered orally. In 19 patients with refractory solid
tumours treated with 1.5 — 6 mg/m? x 5 days every 3 weeks,
neutropenia and thrombocytopenia were the major side

effects 58. At 6 mg/m?, T, . (time to C_,) was 0.63 = 0.4 h.

Cax Was 4.02 = 3.57 ng/ml compared with 21.76 + 6.37 ng/ml
with intravenous administration. Absolute bioavailability of the
lactone form of oral lurtotecan was 11.3 + 5.2%, which was
close to the bioavailability of total lurtotecan at 11.8 + 4.5%.
There was wide interpatient variation in bioavailability. Mean
terminal half-life was 6.8 + 3.1 h, again similar to intravenous
administration. Short-lasting stable disease was observed in
seven patients. The authors recommended intravenous
administration in future studies given the wide interpatient
variability. Current research is focused on intravenous
administration of liposomal formulations of lurtotecan.

Oral availability and administration of some of the newer
CPT analogues has been studied. Diflomotecan is an E-ring
modified CPT analogue thought to have greater lactone sta-
bility. In a Phase I trial of oral diflomotecan in adult patients
with solid malignant tumours the mean oral bioavailability
was high but variable (72.24 + 59.2% across all dose levels)
(59). The recommended oral diflomotecan dose for Phase II
studies was a flat dose of 0.27 mg/day x 5 every 3 weeks. The
main toxicity was haematological.

Gimatecan is a lipophilic CPT derivative designed for oral
administration, which has shown antitumour activity against a
large panel of human tumour xenografts [60]. Several Phase I tri-
als address dosing and safety of oral administration. In one
study, 12 patients have been evaluated at doses in the range of
0.26 — 1.32 mg/m?/week [61]. The drug is rapidly absorbed and
slowly eliminated with a mean apparent half-life of 108 + 40 h.
The compound exists in the plasma almost entirely as the
active, intact lactone species. The authors concluded that oral
administration once a week provides continuous exposure to
potentially effective plasma concentrations of the drug. A
second Phase I trial tested three schedules and recommended
Phase II dosing at 4 — 4.5 mg/m?/cycle everyday for 5 days in a
28-day schedule and 5 — 5.6 mg/m?/cycle with 5 days on/
2 days off on weeks 1 and every 2 days in a 28-day schedule
[62]. As in the previous trial, the half-life was long (83 h). DLT
was haematological. Two Phase I trials in patients with
malignant gliomas showed enhanced clearance of gimatecan by
enzyme-inducing antiepileptic drugs (63,64]. The drug was well
tolerated in these trials and showed initial promising results. A
Phase II study has demonstrated tolerability and activity in
metastatic colorectal carcinoma with the 5 and 5.6 mg/m?/cycle
schedule described above [65]. Haematological toxicity was
noted as the 5.6 mg/m?/cycle dose, but was acceptable with
dose reduction to 5 mg/m?/cycle. The study is ongoing.

3. Aerosolised administration of liposomal
rubitecan

Previous works have shown that certain drugs delivered to
the respiratory tract in a liposome formulation may have
advantages including high pulmonary concentrations,
often rapid entry into the systemic circulation, reduced
toxicity and reduced dosage requirement compared with
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oral and parenteral administration [42.43]. Dilauroylphos-
phatidylcholine (DLPC) aerosol formulations of beclom-
ethasone and cyclosporin have already been administered
in the clinical setting [66-69).

Pharmacokinetic studies of liposome acerosols in mice with
CPT showed high concentrations of CPT in the lungs with
rapid diffusion to the liver, tumour, brain and other organs
(701. In a nude mouse model, INC-DLPC liposome aerosol
has demonstrated a favourable therapeutic index (with signifi-
cantly reduced tumour growth rate and tumour shrinkage)
without serious side effects in three different human cancer
xenografts: breast, colon and lung (71. The liposome
formulation may help to keep the E-ring closed for
penetration in tumour cells. In animal models, equivalent
activity of liposomal INC, as compared with the nonlipo-
somated drug, is seen at a fifth or less of the dose. Toxicity
profiles in the mouse indicate a MTD of ~ 4 mg/kg when
given orally; however, the maximum aerosol dose tested so far,
of 307 pg/kg/day, was nontoxic. Such activity was noted in
the absence of weight loss or other evident side effects [721.
9NC-DLPC liposomes have been shown to be nontoxic to
dogs when given for 5 days/week for 8 weeks [73].

Aerosolised liposomal INC-DLPC has been studied in a
Phase I trial in patients with advanced pulmonary malig-
nancies [74.75]. Patients were eligible if they had primary or
metastatic cancer in the lungs, failed standard chemotherapy
regimens for their disease, normal bone marrow function and
normal hepatic and renal functions, no known respiratory
disease other than cancer, and acceptable pulmonary function
defined as forced expiratory volume for 1 s (FEV)), FEV, /force
vital capacity, total lung capacity, and diffusion capacity of car-
bon monoxide all > 50% of predicted values. Treatment in the
feasibility cohort consisted of INC 6.7 pg/kg/day in aerosol
reservoir for 60 min/day for 5 consecutive days/week for 1, 2,
4 or 6 weeks, then observation for 2 weeks. For the Phase I
part of the study, doses were increased stepwise from 6.7 to
26.6 pglkg/day for 5 consecutive days for 8 weeks followed by
2 weeks rest. A total of 25 patients received treatment. DLT
was chemical pharyngitis seen in two of the patients at
26.6 pg/kg/day. At 20 pg/kg/day grade II and III fatigue
required dose reduction in two of four patients. A reversible
decrease in FEV| was also noted in patients treated with the
acrosolised drug. Interestingly, there was no significant
haematological toxicity, although INC plasma levels were sim-
ilar to those observed after oral ingestion. The recommended
dose for Phase II studies was 13.3 pg/kg/day delivered as two
consecutive 30 min nebulisations/day from a nebuliser reser-
voir with 9NC 4 mg in 10 ml water, for 5 consecutive days for
8 weeks every 10 weeks. Partial remissions were observed in
two patients with uterine cancer and stabilisation occurred in
three patients with primary lung cancer. A partial remission of
a liver metastasis was also observed in a patient with endome-
trial cancer, thus demonstrating the systemic potential of aero-
sol delivery. Pharmacokinetic studies demonstrated that total
9NC plasma concentration continued to increase for 2 — 3 h
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from the start of treatment reaching a mean (+ SD) peak con-
centration of 37.7 + 20.2 ng/ml at 2 h. Mean (+ SD) clear-
ance was biphasic with a half-life-ot of 1.9 + 1.4h and a
half-life-B of 16.4 + 10.5 h. The AUC of the lactone form
measured in two patients comprised 3.2 and 3.5% of the total
9NC. INC concentrations in bronchoalveolar lavage fluid
were 4.2- to 10.6-times higher than those measured
concurrently in plasma.

Several recent animal studies have looked at acrosol delivery
of 9NC in combination with other chemotherapeutic agents.
A recent study in mice examined the anticancer properties
of an acetic acid analogue of vitamin E, 2,5,7,8-tetra-
methyl-2R-(4R,8R,12-trimethyltridecyl) chroman-6-yloxy-
acetic acid (a-TEA), and INC against mouse mammary
tumour cells [76]. Combination treatment enhanced antipro-
liferative and pro-apoptotic activities both in cell culture and
when formulated in liposomes by means of aerosolisation to
treat metastatic murine mammary tumour. Of interest, the
combination treatment showed a significant reduction in
tumour volume in comparison with either treatment alone. A
second study examined the growth inhibition of B16-F10
melanoma lung metastases in mice by sequential aerosol
delivery of polyethyleneimine-p53 DNA (PEI-p53) and
INC-DLPC [771. Sequential delivery of both agents acted
additively to inhibit the growth of established tumour metas-
tases and lead to a 30 — 40% increase in mean survival time in
treated mice.

4. Intrathecal administration of camptothecins

Neoplastic meningitis remains a significant diagnostic and
treatment challenge for clinical oncologists, and the long-term
outcome for most patients with leptomeningeal metastases
from an underlying solid tumour or recurrent leptomeningeal
leukaemia or lymphoma is poor. Systemic chemotherapy may
be helpful in specific conditions such as gestational tropho-
blastic disease to eradicate brain disease, but is usually of lictle
help because the penetration of most drugs into the cerebros-
pinal fluid (CSF) is limited by the blood-brain barrier. This
may not be true for topotecan. Following systemic adminis-
tration of 10 mg/m? i.v. over 10 min in a nonhuman primate
model, topotecan penetrated the CSF and lactone concentra-
tion reached 30% [78]. Direct intrathecal instillation of anti-
cancer drugs is another approach, which has been used to
circumvent the pharmacological sanctuary imposed by the
blood-brain barrier. As few anticancer agents can safely be
administered by the intrathecal route, the effectiveness of this
form of regional therapy is limited. In recent years the deve-
lopment of several promising new intrathecal agents (e.g.,
diaziquone, mafosfamide and DTC101) [79-81] has been possi-
ble through the use of a unique nonhuman primate model
(82]. Intrathecal topotecan has successfully been tested in this
model. Pharmacokinetic studies performed following a direct
intraventricular dose of 0.1 mg demonstrated that a 450-fold
greater CSF exposure could be achieved with one-hundreth
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the systemic dose [83]. No systemic or neurotoxicity, with the
exception of a transient pleocytosis in 30% of animals, was
observed following intraventricular topotecan administration.
Further studies to evaluate the long-term toxicity of weekly
intralumbar injections of topotecan were performed in three
animals that received topotecan 0.1 mg by means of lumbar
puncture weekly for 4 weeks. This dose was well tolerated,
without evidence of myelosuppression, neurotoxicity or pleo-
cytosis. These preclinical studies served as the basis for a
Phase I study of intrathecal topotecan in patients with
refractory neoplastic meningitis [84].

Intrathecal topotecan was administered twice weekly dur-
ing a 4 — 6 week induction, followed by a consolidation phase
of 4 weekly doses, then a twice-monthly maintenance phase
for 4 months, and monthly thereafter for up to 8 additional
months. Patients with disease progression at any time during
the study were removed. The starting dose was 0.025 mg. In
the first cohort of patients, weekly intrapatient dose escala-
tions to 0.05, 0.1 and 0.2 mg were carried out. Subsequent
cohorts were treated without escalation at 0.2, 0.4 or 0.7 mg.
A total of 29 patients enrolled in the study and 23 patients
were assessable for toxicity and response. The median age was
12 years (range 3 — 63 years). Tumours included medullo-
blastoma/primitive neuroectodermal tumour (nine patients),
gliomatosis [2], ependymoma [1], pineoblastoma [1], acute
lymphoblastic leukaemia (3], retinoblastoma [3], breast cancer
(21 and lung cancer [2]. Chemical arachnoiditis was the DLT in
two of the four patients and a non-DLT in one of the patients
at the 0.7-mg dose level. All resolved with cessation of therapy
and/or decadron treatment. A transient, mild CSF pleocytosis
was observed in two of these patients. Grade III ataxia deve-
loped in one patient treated with the 0.4-mg dose and did not
completely resolve after discontinuation of topotecan.
Non-DLTs included nausea, vomiting, headache and transient
leukopenia. Another adverse event consisted of staring with
myoclonic jerking after the third dose (n = 1).

Mean (+ SD) CSF topotecan levels in patients with
indwelling Ommaya reservoirs treated at the MTD (0.4 mg)
was 28 + 11 pmol/l. In CSF the terminal elimination half-life
was 157 + 54 min. The lactone drug clearance was more rapid
than total drug clearance, although only two patients were
evaluated. Lumbar total drug concentrations were an average
of 15 + 10% of the simultaneously drawn ventricular concen-
trations. One of the three patients with acute lymphoblastic
leukaemia had a complete response to induction therapy. The
other two had clearing or marked reduction of CSF cell
counts, but were removed from the study to receive other
treatments. Three of the patients with primary CNS tumours
(medulloblastoma, gliomatosis and glioblastoma multiform)
also experienced benefit. In summary, intrathecal administra-
tion of topotecan is well tolerated at doses < 0.4 mg and is
associated with some antitumour activity. A Phase II study of
topotecan in children with neoplastic meningitis is planned.

No other CPTs have been administered intrathecally. How-
ever, a plasma and CSF pharmacokinetics study of intravenous

9AC and irinotecan in a nonhuman primate model has been
performed (85]. 9AC at two dose levels (4 and 10 mg/m?) was
infused intravenously over 15 min and irinotecan (96 and
225 mg/m?) was infused over 30 min. Plasma and CSF samples
were obtained at frequent intervals over 24 h. Lactone and total
drug forms of 9AC, irinotecan and the active metabolite of iri-
notecan, SN-38, were then quantified. The CSF penetration of
9AC lactone was limited with an area under the CSF concen-
tration curve (AUCcgp):area under the plasma concentration
curve (AUC,) of only 3.5 + 2.1%. For irinotecan, the
AUCg:AUC, ratio for irinotecan lactone was 14 + 3%.
SN-38 lactone could not be measured in CSE. CSF penetration
of 9AC and SN-38 is substantially less than that of topotecan,
which has an AUC4z:AUC,, ratio of 32%.

Further study of intrathecal CPT is warranted in an
attempt to identify effective new agents that will expand the
limited armamentarium of anticancer agents that are available
for intrathecal administration.

5. Intraperitoneal administration of
camptothecins

Intraperitoneal administration of topoisomerase inhibitors may
have pharmacological benefits over intravenous administration,
especially for topo-I inhibitor-sensitive malignancies confined to
the peritoneal cavity. Persistence of the active lactone form in the
peritoneal cavity would be a definite advantage.

Two Phase I studies have been looking at one administration
of topotecan (either over 24 or 1 h) every 3 weeks. The maxi-
mum tolerated doses were 3 and 20 mg/m?, respectively. In the
first Phase I trial 15% of the total dose was given as an intra-
peritoneal bolus in 2 litres of 5% dextrose in water and the
remainder was given as a continuous intraperitoneal infusion
over 24 h (8s]. DLT was neutropenia. Other toxicities included
leukopenia, anaemia, emesis, fever and abdominal pain. No
objective responses were achieved, although 5 of 10 patients
with ascites had a decrease in fluid accumulation with admin-
istration of intraperitoneal topotecan. Elimination of topote-
can from the peritoneal cavity followed second-order kinetics
with first- and second-phase half-life of 0.49 and 2.7 h,
respectively. Plasma pharmacokinetic fitted first-order kinetics
with a half-life of 3.9 h. The area under the peritoneal
concentration curve (AUC, ;o) AUCy ratio was 31.2.

The second study was in patients with advanced recurrent
ovarian cancer not previously treated with CPTs [87]. Topote-
can was administered intraperitoneally with 1 litre of normal
saline (pH = 4) over 1 h. The projected dose steps of topote-
can were 5 — 30 mg/m?/day i.p. in three patients on each
dose level. Cycles were repeated every 3 weeks to a maximum
of eight. DLT was skin rash and fever with hypotension in
one patient at 30 mg/m?. Thus, MTD was 20 mg/m?. A sec-
ond patient had similar symptoms plus grade IIT — IV haema-
tological toxicity at 15 mg/m2 However, in general,
haematological toxicity was grade II or less. Other toxicities
included nausea, vomiting and abdominal pain. The
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Table 2. Transdermal administration of CPT and rubitecan in a nude mouse model.

Treatment

Dose (mg/kg of CPT) Dose (mg/kg of

Number of animals Days to maximum

twice a week rubitecan) surviving tumour inhibition
Controls 0 0 3/27 (rubitecan) None
4/20 (CPT)
Intragastric 2 2 3/4 (CPT) 30
2/4 (rubitecan)
Transdermal 5-10 5-10 24/24 (rubitecan) 30 for rubitecan
27/33 (CPT) 40 for CPT
Transdermal vaseline carrier 6and 7.5 1114 28
Transdermal cotton seed oil carrier 5,6and7.5 14/16 28
Transdermal 20% DMSO carrier 7.5 3/4 28

CPT: Camptothecin; DMSO: Dimethyl sulfoxide.

peritoneal lactone/total topotecan AUC ratio was 15 — 52%,
median 29% and the peritoneal to plasma AUC ratio for
total topotecan was 54 + 34. Total topotecan was cleared
from the peritoneal cavity with a half-life = 2.7 + 1.7 h. The
plasma AUC ratio of lactone versus total topotecan
increased with dose from 16 to 55%. Plasma half-life was
3.7 = 1.3 h. Pharmacokinetic data were in agreement with
the other Phase I study described above (8s]. The authors
noted that plasma topotecan concentrations required for
cytotoxicity in vitro were reached from the 15-mg/m? dose
onward. No complete clinical responses were observed. Par-
tial response, defined as a > 50% decrease in cancer antigen
125 (CA125) levels were observed in 6 of 13 patients. Pro-
gressive disease was observed in six patients. The low levels
of haematological toxicity observed in this study may allow
multiagent therapy with intraperitoneal topotecan and
active intravenous doses of other cytotoxic drugs including
paclitaxel and platinum compounds while
intolerable haematological side effects [87).

avoiding

A Phase II study of intraperitoneal topotecan as
consolidation therapy in patients with ovarian cancer
showed promising results (8s]. Patients with stage III/IV
ovarian cancer in clinical complete response after surgical
cytoreduction and intravenous chemotherapy with negative
macroscopic disease at second-look surgery were eligible.
Intraperitoneal topotecan 20 mg/m? in 1 litre normal saline
was infused into the peritoneum once every 21 days for four
to six cycles. Major toxicity was haematological. All
10 patients have remained in complete remission for a
median of 14 months.

Intraperitoneal administration of 9AC has also been looked
at in a Phase I study in patients with minimal disease of the
peritoneal cavity (89]. The study employed a dose-escalation
design with levels in the range of 1.25 — 13.5 mg/m?/cycle.
Treatment was given over 2 weeks followed by a 2-week rest in
a 4-week cycle. The AUC, ;e AUC; ratio was in the range
of 7.6 — 16.5. Different DLTs were noted in three of four
patients at the highest dose (13.5 mg/m?), including grade 4

haematologic toxicity, elevation of liver function studies and
aseptic peritonitis. A dose of 9 mg/m? was recommended for
Phase II studies. Of the seven evaluable patients, two patients
had objective evidence of clinical benefit and one had
progressive disease.

Intraperitoneal irinotecan has been studied in mouse
models and compared with intravenous and oral administra-
tion. Oral administration resulted in greater tumour inhibi-
tion than via the intraperitoneal route [(90]. In comparison,
intravenous administration was worse than intraperitoneal
administration both in terms of survival of the animals and
pharmacokinetics. Peritoneal clearance of irinotecan was
10-fold lower after intraperitoneal versus intravenous admin-
istration, resulting in a longer exposure to irinotecan after
intraperitoneal administration [(91]. A second animal study
demonstrated that intraperitoneal administration of irinote-
can was more effective than intravenous administration of
irinotecan for both peritoneal seeding and liver metastases [92].
In four human patients with peritoneal seeding of gastric and
colonic cancer, intraperitoneal irinotecan was effective for the
control of malignant ascites [921. However, the active SN-38
form of the drug was present in equal levels in plasma and
peritoneal fluid, implying that there may be no direct
biotransformation of irinotecan to SN-38 by cancer cells on
the peritoneal surface, making this route of administration no
more beneficial.

Interestingly, intraperitoneal 20(s)-CPT has been shown to
significantly reduce parasite load in a murine model of visceral
leishmaniasis, with efficient delivery of the drug to both the
liver and spleen [93].

6. Transdermal and intramuscular
administration of camptothecins

Transdermal administration has been tested in nude mice bear-
ing different human tumours. The drugs tested were CPT and
9NC. Drugs were formulated in patches, or used with a lipo-
soluble vehicle. The vehicles used were vaseline, cotton-seed oil
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or 20% dimethyl sulphoxide. A human topo-I inhibitor-
sensitive breast cancer was extensively tested (Table 2). Results
show that transdermal administration is as good as oral adminis-
tration. Patches were selected for further studies. Other human
tumours tested with INC patches included colon, melanoma
and lung. Patches of INC were applied twice a week on the skin
until the tumours disappeared. The dose of INC for the patches
was 7.5 mg/kg twice a week. Antitumour activity was compara-
ble to oral doses (through direct intragastric injections) of INC
1.5 mg/kg for 3 days every 4 days.

Weekly intramuscular injections were tested at low doses of
INC (0.75 — 1 mg/kg) either as a liposome or mixed with
cotton seed oil. The best tumour inhibition was seen with
9NC in cotton seed oil.

7. Expert opinion

CPTs are drugs that are well suited for various modes of
administration. In animal models, longer exposures seem to
produce more antitumour activity. The CPTs are absorbed sys-
temically through the gastrointestinal tract, the lungs and the

skin. When administered through the peritoneal cavity or the
intrathecal space, systemic absorption is present, but reduced,
leaving high concentration of drugs in these bodily cavities.

The main problem that remains to be solved is the
equilibrium of the lactone versus the carboxylate forms, which
in humans favours the inactive (carboxylate) form. Until now,
alternative administrations of CPT have not been shown to
significantly help shift the equilibrium to the lactone form.
However, activity is seen and may be similar to that observed
after intravenous administration. No CPT has yet been
approved for an alternative route of administration. In the
future, new delivery systems such as liposomes, polyethylene
glycol esters or polymers, as well as new derivatives, need to be
studied in an attempt to stabilise the lactone form.

The main future for CPTs will probably be the further
development of intrathecal and aerosol delivery, as CPTs
are very well tolerated when administered in these ways.
Further studies of intraperitoneal administration may
benefit from a change in formulation and pH to improve
the lactone/carboxylate equilibrium and retention in this
body cavity.
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