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Abstract. Efforts continue to be made in the field of oncology
to find new and effective chemotherapeutic agents against
cancer. From these efforts the camptothecins have emerged as
a promising group of agents. Camptothecin, first discovered in
1958, was found to be an effective anti-chemotherapeutic
agent, but the toxicities were too great to be used in a clinical
setting. Derivatives of the original camptothecin molecule have
been created by modifying one or more rings in an effort to
improve the pharmacokinetics and toxicity profiles of the
parent compound. This article reviews both the in vivo and in
vitro characteristics of these novel agents.

Camptothecin was originally extracted from a native tree of
Tibet and China called Camptotheca acuminata in latin and
xi shu in chinese. Camptothecin is found in all organs of the
tree and is thought to provide the tree protection against
herbivores. Extracts from the tree were used in traditional
Chinese medicine for a variety of ailments including
psoriasis, viral illnesses and cancer (1). It was not until 1958
that two western scientists, Monroe E. Wall and Manskukh
C. Wani, actually isolated the compound camptothecin as
the active anti-cancer agent (2).

Further investigation of camptothecin led to the
elucidation of its mechanism of action as a topoisomerase I
inhibitor. Topoisomerase I is an enzyme that binds to DNA,
forming a phosphotyrosine bond and causing single strand
cleavage in preparation for DNA synthesis during S-phase
(3). It is thought that camptothecins stabilize the
enzyme/DNA complex, thus inhibiting religation and release
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of the enzyme (4,5). Topoisomerase I levels may be higher
in some tumor cells than in normal cells, which may allow
for some specificity of camptothecins for tumor cells (6,7).

Although camptothecin was shown to be highly effective
in killing cancer cells, it was unsuccessful in clinical trials
due to unpredictable pharmacological properties and severe
toxic effects, including myelosuppression, diarrhea and
hemorrhagic cystitis (8). More recently, modifications have
been made to the parent compound in order to design semi-
synthetic and synthetic analogues with better
pharmacological properties and fewer side-effects.
Topotecan and irinotecan, the first analogues approved by
the FDA, are now widely used as chemotherapeutic agents.
Topotecan has been approved as a second-line agent for
ovarian and small cell lung cancer, while irinotecan has been
approved for metastatic colorectal carcinoma. Irinotecan is
a prodrug that is converted to the active metabolite form
10-hydroxy-7-ethylcamptothecin (SN38). Unfortunately,
several mechanisms of drug resistance to these compounds
have been elucidated, including changes in the
topoisomerase enzyme and increase in efflux proteins such
as multidrug-resistant proteins (MRPs) and breast cancer-
resistant protein (BRCP) (9-11). Scientists continue to
develop analogues in order to improve the pharmaco-
kinetics, drug resistance, clinical efficacy and toxicity
profiles of the original camptothecin molecule. This paper
summarizes some of the modifications that have been made
and the trials that test their efficacy.

Rubitecan

Rubitecan (RFS2000) was created by adding a nitro group
in the nine position of the A-ring of the parent
camptothecin (CPT) molecule. Like CPT, this analog
continues to demonstrate lactone ring instability. The drug
can be administered orally or intravenously. Oral
bioavailability is influenced by food intake, thus the drug
needs to be taken under fasting conditions (12). The

metabolic conversion from the lipophilic prodrug,
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9-nitrocamptothecin (9-NC), into 9-aminocamptothecin
(9-AC), is not well defined or quantified. The cytotoxicity
of 9-NC and 9-AC is not affected by P-glycoprotein, MDR
1, or MDR 2. However, 9-AC but not 9-NC is susceptible
to cellular efflux and resistance associated with BCRP (13).

Despite some susceptibility to resistance, phase I studies
indicated growth inhibition in human tumor xenografts
including lung, colorectal, breast, pancreatic, ovarian,
prostate, stomach, melanoma and leukemia treated with
rubitecan. The maximum tolerated dose (MTD) in mice was
determined to be 1mg/m%day (14). It has also been
demonstrated that 9-NC activates the apoptotic pathway in
a human ovarian cancer cell line (SKOV-3) (15).

Based on these preclinical results, the drug was tested in
phase I, IT and III trials. Rubitecan, administered at a
starting dose of 0.5 mg/m? along with capcitabine in a phase
I trial, showed no objective response. However, disease was
stabilized in 9 patients (43%) with refractory solid tumors
(16). In phase II trials, rubitecan was ineffective in treating
patients with cutaneas melanoma, uveal melanoma,
glioblastoma multiforme and GI leiomyosarcoma, but
minimally effective in treating other soft-tissue sarcomas
(17-19). In patients with pancreatic cancer treated with 9-
NC, an objective response was demonstrated in 4 patients
(28.6%) and a subjective response (pain control, body
weight and performance status) in 13 patients (92.9%) (20).
Rubitecan was tested against best care (89% alternative
chemotherapy, 11% supportive care) in 309 patients with
refractory pancreatic cancer in a phase III trial. Patients in
the best care group were crossed over to the rubitecan
group at the time of failure. The median survival of 147 days
in the cross-over group was significantly better than 60 days
in the non cross-over group (p<0.0001). Toxicities,
including grade 3/4 neutropenia, anemia, nausea, vomiting
and diarrhea, occurred more frequently in the patients
treated with rubitecan (21).

In addition to the promising results of this phase III trial,
rubitecan has been shown to enhance radiation. A study by
Amorino et al. showed that human NSCL cancer cells
(H460) treated with 5, 10 and 15 nM of RFS-2000 followed
by 2.38 Gy/min resulted in dose enhancement ratios (DER)
of 1.22, 1.54 and 2.0, respectively. In mouse xenograft
models, tumor growth delay was greatest in the tumors
treated with RFS-2000 and radiation with a growth delay
value of 9.2+0.5 days compared to those treated with RFS-
2000 (5.1%0.5 days) alone or radiation alone (2.5+0.4 days).
The mechanism of action for this synergistic effect was
attributed, at least in part, to inhibition of SLD (22).
Human lung carcinoma cells (H460) responded best to
combinations of either RFS-2000 or CPT-11 with etoposide
and radiation therapy, demonstrating the enhancement of
radiation effect when both a topoisomerase I inhibitor and
a topoismerase II inhibitor were used in combination (23).
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Since several aspects, including radiation enhancement,
are promising for the use of rubitecan, further modifications
have been made in an effort to decrease the dose and
increase clinical response. This has led to the development
of an aerosolized liposomal formulation of rubitecan, known
as dilauroylphosphatidylcholine-9-nitro-20(S)-camptothecin
(DLPC-9-NC). Preliminary data showed equivalent tumor
response at lower doses compared to other routes of
administration. The recommended dose was 13.3 ug/kg/day
on a 60-minute exposure 5 days a week for 8 weeks at a
concentration of 0.4 mg/ml in the nebulizer. Out of the 25
patients treated in the study, 2 patients with uterine cancer
had a partial response and 3 patients with primary lung
cancer had stabilized disease. The dose-limiting toxicity was
chemical pharyngitis. Other side-effects included cough, sore
throat, nausea, vomiting, anorexia, dysgeusia, fatigue and
neutropenia. A decrease in pulmonary function tests while
on treatment was observed, but the end of treatment FEV1
value was not significantly different from baseline (24).

Exatecan

Exatecan (DX-8951f ) is a totally synthetic, water soluble
analogue that does not require enzymatic activation like
some of the other prodrugs such as irinotecan. It has
modifications at both the A-ring and B-ring as indicated by
the molecular name 7-(4-methylpiperazinomethylene)-
10,11-ethylenedioxy-20(S)-camptothecin. It is a more potent
inhibitor of topoisomerase I than camptothecin, topotecan
and SN38. The ICs; in murine p388 leukemia cells of DX-
8951f was 0.975 ug/ml, which was superior to SN38 (2.71
ug/ml), topotecan (9.52 pg/ml) and camptothecin (23.5
ug/ml) (25). Exatecan has broad activity in multiple cell
lines and/or xenografts including human breast, gastric,
renal, colon, ovarian, cervical and lung (25,26). Part of the
effectiveness may come from the fact that the efflux pump
P-glycoprotein multidrug transporter does not recognize
exatecan as a substrate. It is equally effective in both human
lung cancer PC-6 and the cell variant that over expresses P-
glycoprotein (27).

A phase I trial by Rowinsky et al defined the
pharmacokenetics of exatecan using a starting dose schedule
of 0.1 mg/m%d daily 30-minute intravenous infusion for 5
days in 3-week cycles. The results showed an MTD of 0.3
mg/m?/d for heavily pretreated and 0.5 mg/m?/d for minimally
pretreated patients. Objective tumor response or lack of
progression was noted in 36% of patients with a variety of
tumor types which were resistant to or recurred after prior
treatments with other chemotherapeutic agents (28).

A phase II study showed moderate activity against
previously treated breast cancer patients, with 7.7% partial
response, 10% minor response and 41% with stable disease
(29). Exatecan stabilized disease in patients with ovarian
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cancer that was resistant to platinum, taxanes and topotecan,
but caused significant hematological or GI toxicities in 25%
of patients (30). Exatecan was not successful in untreated
advanced NSCLC or previously treated metastatic colorectal
carcinoma (31-32). A phase III trial has been conducted in
patients with locally advanced or metastatic pancreatic
cancer. The trial showed that exatecan used with gemcitibine
was not superior to gemcitibine alone (33). The dose-limiting
toxicity was myelosuppression, most commonly neutropenia,
but thrombocytopenia and anemia were also commonly
experienced. Nausea, vomiting and diarrhea were usually
grade 1 or 2, which could be managed with medication. Other
less common side-effects included mild to moderate
stomatitis, malaise, weakness, headache, anorexia, elevation
in liver enzymes, altered taste sensation and dizziness (28-33).

DE-310

DE-310 was created by covalently linking a carrier,
carboxymethydextran polyalcohol, to exatecan. This
modification was made in an effort to improve the
biodistribution and reduce the toxicity of exatecan. One
study showed that, in tumor-bearing mice, the concentration
of released DX-8951 from the conjugated form (DE-310)
was 30 times greater in tumor tissue than in plasma. This
suggests there may be some tumor selectivity of the carrier
form (34). In a phase I trial testing the efficacy in a range
of adult solid tumors, DE-310 stabilized disease in five
patients and produced no complete or partial responses.
The terminal half-life of the conjugate form and released
form was 208.8 hours and 175.1 hours, respectively.
Toxicities included grade 3/4 myelosuppression, transient
elevations in liver transaminases, and mild nausea, vomiting
and anorexia. The pharmacokinetics and clinical efficacy of
DE-310 seem promising in these early trials. The results of
ongoing clinical trials will provide more information about
this analogue (35).

Gimatecan

Gimatecan is a lipophilic analogue also known as ST1481,
which has an oxyiminomethyl at position seven of the B-ring
(36). Several features of gimatecan make it superior to
camptothecin and topotecan in laboratory studies. The
lipophilic properties of the molecule allow for oral
administration and increase cellular accumulation, but at
the same time give it a higher affinity for albumin.
Experimental data using non-small cell lung cancer NCI-
H460 and ovarian A2780/DX cells lines showed that the
concentration required for 50% cell growth inhibition (ICs)
of gimatecan (0.01=0.006 uM ) is less than camptothecin
(0.33x0.05 uM), topotecan (1.38%=0.19 uM) and SN38
(0.214 01 uM). In the presence of albumin the potency is

less (0.063+0.004 uM), but was still superior to the other
drugs (37). The lipophilic nature also helps to stabilize the
bond between the analogue and topoisomerase I complex.
After NaCl disruption of the complex the DNA remains
cleaved, indicating that the bond formed by gimatecan is
more stable compared to other camptothecins (38). In
addition to inhibiting topoisomerase I, gimatecan may also
have antiangiogenic effects (39). Another beneficial
property of gimatecan is the ability of the drug to overcome
resistance. In several studies, there was a lack of recognition
of the novel analogue by both the MDR-1 and BCRP
transport systems (36,37,40).

Gimatecan has superior efficacy in mouse models to
topotecan. In both daily and g8-10day cycles, gimatecan
produced a higher CR rate at lower concentrations (0.5
mg/kg and 5-6 mg/kg, respectively) compared to topotecan
(1.2 mg/kg and 18-22 mg/kg, respectively) (37, 41). The
novel analogue not only has improved efficacy, but also has
a lower toxicity. The TI (LD;y/EDyg) is 3 for gimatecan
compared to 1.7 for topotecan. After oral administration in
mice the highest concentrations were seen in the liver, but it
can also be isolated from the brain, indicating a possible
clinical role for liver metastasis and CNS tumors (41).

Phase I trials confirmed that, in humans, gimatecan
maintained its properties of rapid absorption and slow
elimination. These trials indicate that the analogue has
some activity in recurrent malignant glioma, melanoma and
metastatic colorectal cancer (42,43). In an ongoing phase 11
trial of patients with metastatic colorectal cancer, there has
been 1 complete response and 3 stabilized disease (44).
Toxicities in these early trials included myelosuppression,
mild diarrhea and mucositis (42-44). It will be interesting to
see if the promising results of the preclinical trials translate
into a significant clinical benefit.

Belotecan

Belotecan, or CKD-602, is a novel water soluble
camptothecin analog with the molecular name (7-[2-(N-
isopropylamino)ethyl]-(20S)-camptothecin). The stability of
the molecule has been confirmed in both plasma and
methanol for at least 3 months (45). Conversion from the
lactone to carboxylate form occurs and is dependent on pH.
This can be considered an unfavorable characteristic
because the conversion is enzyme-dependent, which can be
variable from patient to patient (46). In xenograft models,
CKD-602 induced regression of 88% in SKOV-3 ovarian
tumor, 87% in MX-1 breast tumor and 67% in LX-1 lung
tumor. In HT-29, WIDR and CX-1 colon tumors, the
regression rate was 80%, 94% and 76%, respectively (47).
The results of human phase I and II trials have also been
promising. In a phase I trial, CKD-602 was found to be
effective against gastric and ovarian tumors at a MTD of 0.7
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mg/m?/day. The fractionated renal clearance was determined
to be 33-50% (48). Two phase II trials were completed
testing CKD-602 at a starting dose of 0.5mg/m?/day for 5
days every 3 weeks, one in patients with ovarian cancer and
the other in patients with small cell lung cancer (SCLC). The
overall response rate in the ovarian cancer patients was 45%
(9/20) with 4 patients experiencing partial response and 5
patients experiencing a CA125 response. Another 5 patients
had stable disease. In the patients with SCLC, there was 1
complete responder and 8 partial responders. In all these
trials, the DLT was neutropenia. In the studies, 75-100% of
the patients experienced grade 3/4 neutropenia and 16.7-
30% experienced thrombocytopenia. Grade 3/4 GI toxicity
was very uncommon (49,50).

Karenitecin

This analogue, also known as BNP1350, is a modification of
the 7 position of the B-ring with the molecular name (7-[(2-
trimethylsilyl)ethyl]-20(S)-camptothecin. Karenitecin and the
silitecan class of derivatives are highly lipophilic, remain in
the lactone form under physiological conditions, and do not
require hepatic conversion. The drug can be administered
intravenously or orally with good oral bioavailability seen in
mice (51). Penetration into the central nervous system of
non human primates was found to be low with the ratio of
cerebral spinal fluid area under the curve (AUC) to the
plasma AUC being less than 5% (0.4%-3.0%) (52).

In preliminary trials, karenitecin was found to be
cytotoxic to pediatric cell lines as well as adult lung,
prostate, pancreatic, breast, colon, ovarian and head and
neck cell lines (53, 54). The antiproliferative effects of
karenitecin on human ovarian and colon cancer (SW1398,
WiDr) cell lines were superior to SN-38 and topotecan (55,
51). Treatment of colon cancer xenograft models with
karenitecin resulted in =50% growth inhibition. Tumor
growth inhibition of 3 ovarian cancer xenografts ranged
from 81-91%, which was significantly (p<0.05) superior to
the results produced by topotecan (51). The silitecan in
general have been shown to inhibit tumor growth in U87
glioma xenografts (56). Karenitecin was not a substrate for
p-glycoprotein, multidrug-resistant protein, or lung-resistant
protein (51). In addition, it was not susceptible to cellular
efflux by BCRP, but did induce the overexpression of the
protein (55).

Due to the success of karenitecin against pediatric tumors
and a variety of adult tumors in phase I trials, it was tested
in a phase II trial. In this trial, 1mg/m?/day for 5 days over 3
weeks of karenitecin was delivered intravenously to patients
with metastatic melanoma. There was one complete
response, no partial responses and 33% disease stabilization
(57). Other phase II trials are currently underway to define
the role of karenitecin in other tumor types.
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Lurtotecan

Lurtotecan (GI-147211) was created by the addition of
an N-methyl piperazinomethylene group at the C7
position of the B-ring and an ethylenedioxy group to the
A-ring. The modification does not protect against the
hydrolysis of the lactone ring into its inactive form in the
serum. Given as an oral medication the bioavailability
was found to be low, thus intravenous administration was
recommended (58). In preclinical studies, lurtotecan was
found to be more water soluble and have a higher
affinity for topoisomerase than topotecan. It also had
superior potency to topotecan in melanoma, colon
cancer, breast cancer and ovarian cancer cell lines. Even
in the SKVLB multidrug-resistant ovarian cell line,
lurtotecan with an IC5y of 99 nM had superior potency
to topotecan with an ICsy of 149 nM. When tested on
HT-29 and SW-48 human colon xenografts, lurtotecan
produced tumor regression, while topotecan only slowed
tumor growth compared to controls (59). In phase I
trials, responses were seen in patients with breast,
ovarian, colon and liver neoplasms (60, 61). In a phase
II trial, lurtotecan administered as 1.2 mg/m?/day for 5
days every 3 weeks produced 3 partial responses in
patients with breast cancer and 2 partial responses in
patients with non-small cell carcinoma (62). Lurtotecan
was tested in two groups of patients with small cell lung
cancer, one group with refractory disease and one group
with chemosensitive disease. The drug was administered
at 1.2 mg/m%/day as a 30-minute infusion for 5
consecutive days every 3 weeks. Only partial responses
were seen. The response rate was 16.6% in the refractory
group and 21.1% in the chemosensitive group. The major
toxicities included neutropenia, thrombocytopenia,
nausea, vomiting, fatigue and anorexia (60-62).

Modifications of the original lurtotecan molecule
produced a liposomal form called OSI-211 (formerly known
as NX211) with the hope of improving the therapeutic
index by decreasing clearance and allowing for
accumulation of the drug in tumor cells. This hypothesis
was supported by a KB xenograft model that showed that
the therapeutic index of NX211, lurtotecan and topotecan
was 0.5, 1 and 2.9, respectively. The maximum plasma
concentration (Cmax) of NX211 was 20.1 pg/ml, which was
122-fold higher than the Cmax of lurtotecan. The area
under the curve (AUC) was 127 pg-h/ml for NX211 and
0.0672 for lurtotecan (63). A phase I trial showed a partial
response in one patient with breast cancer and in one
patient with ovarian cancer. In humans renal clearance was
low, as the main route of elimination is biliary. In one study
the DLTs were neutropenia and thrombocytopenia;
however, in another study the DLTs were stomatitis,
esophagitis and diarrhea (64, 65).
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DRF-1042

DRF-1042  [5(RS)-(2-hydroxyethoxy)-20(S)-CPT] s
somewhat water soluble and has an affinity for protein. The
analogue is susceptible to reversible pH-dependent
hydrolysis converting the lactone ring into the inactive
carboxylate form (66). Preclinical studies confirmed good
oral bioavailability and stability in human plasma (67).

A phase I trial using the analogue in patients with a
variety of solid tumors demonstrated a therapeutic response
in 67% (8/12) patients, 2 with a CR, 2 with a PR and 4 with
stabilized disease. The tumors that responded included
osteosarcoma, renal cell carcinoma and breast carcinoma.
The half-life was 8.8 hours for the lactone form and 21.1
hours for the total form. The MTD was 120 mg/m?/day
given orally for 5 days over 2 consecutive weeks every 3
weeks and the recommended dose for phase II trials was 80
mg/m?/day. The DLTs were myelosuppression, especially
neutropenia and diarrhea (66).

Diflomotecan

Diflomotecan (BN 80915) is a member of a group called the
homocamptothecins. It 1is distinguished from other
homocamptothecins because it is fluorinated at the 9 and 10
positions of the A-ring. Homocamptothecins have an
ethylene spacer between the alcohol moiety and the
carboxyl group on the E-ring of camptothecin, creating a 7-
membered lactone ring that is more stable in the plasma
compared to other camptothecin analogues. The six-
membered ring, characteristic of most camptothecin
analogues, undergoes an equilibrium reaction through
hydrolysis which results in an inactive carboxylate form in
the serum. Acidic environments reverse this process thus
activating the six-member ring, which can lead to
hemorrhagic cystitis. In the seven-member ring analogues,
the hydrolysis is irreversible even under acidic conditions
(68, 69). Thus, diflomotecan is more stable in the serum and
is potentially less toxic, but still maintains a high affinity for
topoisomerase I.

The efficacy of diflomotecan has been proven in various
studies. In preclinical studies, BN80915 was shown to have
a higher affinity for topoisomerase I, more DNA cleavage
sites and increased tumor cytoxicity compared to
camptothecin (70,71). Difomotecan was found to be a
potent inducer of apoptosis in HL-60 human
promyelocytic cells, thought to be partially due to
increased activation of caspase-3 and 8 (69). Results show
that BN-80915, with an ICs; of 1.5+0.8 nM, has stronger
antiproliferative effects compared to topotecan (7020
nM) and SN-38 (80=20 nM) at 6 hours in HT-29 human
colon cancer cells. This same pattern was seen in other
colon cancer cell lines including CaCo-2 and HCT-116. In

addition, the multidrug-resistant cell lines HL-60/Vinc and
HL-60/AR did not show cross resistance toward BN 80915
(70). However, in humans, the ABCG2 421C>A genotype
was found to adversely affect the pharmacokinetics of
diflomotecan efflux from cells thus increasing the plasma
levels of the drug (72).

In a phase I trial, involving patients with adult solid
tumors, the mean oral bioavailability was 72.24+59.2% and
there was a low rate of urinary excretion. After two cycles 6
out of 22 patients had stabilization of disease. The
recommended phase II dose schedule was determined to be
0.27 mg/day for 5 days every 3 weeks. Toxicities were mainly
hematological, although patients also experienced alopecia,
gastrointestinal toxicity and fatigue (73).

Prothecan

Prothecan is a water soluble, stable prodrug which was
developed through the conjugation of camptothecin-(20)
O-glycinate with polyethelene glycol (PEG). PEG-
camptothecin (CPT) is released when it is hydrolyzed to
CPT in human tissues. It is thought that the high
molecular weight of this molecule may allow for better
vascular permeation, intravascular retention and, possibly,
selective tumor distribution (74, 75). PEG-alpha-CPT has
been tested in a colorectal xenograft model and was found
to reduce tumor burden by 90% without severe toxicity
(75). Conover et al. further conjugated PEG-CPT with
different amino acids and found that the specific amino
acids influenced the pharmacokinetics and tumor
efficacies of the conjugates. PEG-alanine-CPT in
particular had moderate activity against a range of human
cells lines and significant antitumor activity in xenograft
models of lung, breast, prostate, colon, ovarian and
pancreatic cancers (76).

In a phase I trial, the MTD was determined to be
7,000 mg/m? in both heavily and minimally pretreated
patients with solid tumors. Three patients, one with lung
cancer, one with peritoneal carcinomatosis of unknown
primary, and one with osteosarcoma, experienced a
partial response to treatment. The half-life value of
PEG-CPT was 77.46+36.77 hours and the fractional
excretion of CPT in urine was 1.29% +0.67% at 48 hours.
Toxicities included myelosuppression, with neutropenia
being the dose-limiting toxicity, cystitis, nausea,
vomiting, diarrhea and alopecia. Cystitis occurred in
35% of patients and was mild in the majority of cases,
consisting of isolated microscopic hematuria. The study
did not show a relationship between the severity of side-
effects and dose of PEG-CPT or exposure to CPT, thus
there may be variability in the lactone ring opening. This
would be a down-side to this analog compared to some
of the others (74).
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MAG-CPT

Camptothecin (CPT) can be covalently conjugated to
methacryloylglycinamide (MAG) with an amino acid spacer
at the C-20 position to make it water soluble. CPT is released
into the plasma through an enzyme- and pH-dependent
process. In one study, 10 patients with colorectal cancer
received 60 mg/m? of MAG-CPT for 24 hours, 3 days or 1
week prior to surgery. At the time of surgery, tumor, plasma
and adjacent normal tissue samples were collected
simultaneously. Contrary to previous xenografts studies, which
showed preferential delivery of CPT into tumor tissue, the
results of this study showed that the ratios of MAG-CPT to
CPT were equal in plasma and in tumor tissue from 24 hours
to 7 days after dosing (77). In a phase I trial, MAG-CPT was
given as a 30-minute infusion over 3 days every 4 weeks in
patients with solid tumors and showed no activity in the small
number of evaluable patients. The DLT was bladder toxicity,
presenting in some cases as prolonged hemorrhagic cystitis.
Pharmacokinetic studies indicated that the free CPT was
dependent on the release rate of the carrier due to equal half-
lives of 11.2 hours (78). In another trial, MAG-CPT was given
to adult patients with solid tumors as a weekly intravenous
schedule 3 weeks every 4 weeks. The conclusion of the trial
was that MAG-CPT should not be given in a weekly schedule
because of variable CPT urinary excretion and severe bladder
toxicity (79). Adding a carrier molecule to CPT does appear
to improve the pharmacokinetic properties, but the bladder
toxicity remains severe.

T-0128

T-0128 is another analogue created by the addition of a
carrier molecule linked by amino acids to CPT. One study
showed that the release of the carboxymethyl dextran carrier
from T2513 (7-ethyl-10-aminopropyloxy-CPT) may be
dependent on the macrophage concentration since the efficacy
of T-0128 was improved in the presence of macrophages (80).
Another study suggested that the release was facilitated by
lysosomal enzymes and that the triple glycine linker allows for
slow liberation of T-0128. When this analogue was tested in
mouse xenografts, it had maximum efficacy against MX-1
human mammary tumors (81). One study compared the
plasma half-life of T-0128 in rats with and without tumor. The
results showed that the plasma half-life was reduced in rats
bearing tumor, suggesting a preferential uptake by tumor cells
(82). In Walker-256 carcinoma, T-0128 shrunk the tumor by
50% with an EDs, of 2.3mg/kg, which was 10 times less than
the EDs, of T-2513. The therapeutic index (TI = ED5y/MTD)
of T-0128 was 43, which was superior to the TI of T-2513(2.6),
CPT-11(1.4) and topotecan (4.6). T-0128 was also found to be
more effective than CPT-11 and topotecan in refractory
xenograft models (83).
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BAY 38-3441

Another prodrug, BAY 38-3441, created by
conjugating camptothecin to a carbohydrate moiety with a
peptide spacer. The purpose of the conjugate was to
stabilize the lactone ring allowing for prolonged exposure
of cells to the active form. In preclinical studies, BAY 38-
3441 was found to inhibit tumor growth in xenograft
models of MX-1 breast, LXFL529 lung, CXF280 and
HT29 colon cancer cell lines (84). A phase I trial testing a
variety of dose schedules concluded that 320 mg/m?/day as
30-minute infusions given daily for 3 days every 3 weeks
would be the best schedule to use in phase II trials. The
major toxicities produced by this schedule were diarrhea
and thrombocytopenia (85). In another phase I study, the
dose-limiting toxicity was elevated serum creatinine levels
related to the Cmax (86).

was

Oxyalkanoic Acid Esters

Only preclinical studies have been done on novel
oxyalkanoic acid esters of camptothecin. The hypothesis
behind this modification on the E-ring was that it would
stabilize the lactone ring, thereby decreasing toxicity and
increasing tumor cell death. Several of these derivatives
were tested in multiple cancer cell lines and the results
were compared to camptothecin, irinotecan and taxol. The
results indicated the antitumor activity was improved in
the derivatives that had shorter carbon chains between the
carbonyl and oxygen. The antitumor effects were similar
to camptothecin, but superior to irinotecan and taxol,
even in MDRI1-expressing cells. Further trials are
currently underway to confirm the properties of these
novel agents (87).

Conclusion

The camptothecin analogues are emerging as a promising
group of chemotherapeutic agents. The analogues were
created by modifying the different rings of the original
camptothecin molecule, giving each analogue unique
properties. These modifications have resulted in various
improvements in the parent molecule, including changes in
bioavailability, stabilization of the lactone ring, and/or a
decrease in the substrate recognition by drug-resistant
proteins. These changes have translated into greater
tumoricidal effects with improvements in the toxicity profile
in preclinical studies. In some cases, the preclinical success
translated into moderate response rates in clinical trials, while
in other cases it did not. As a better understanding of these
analogues develops through these clinical trials, progress is
being made toward creating more effective and less toxic
chemotherapeutic agents.
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