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Used for centuries in traditional Chinese medicine, camptothecin was rediscovered in the 1950s dur-
ing a search for compounds that could be used as a source for steroid synthesis. Due to its limited
water solubility, a sodium salt was used in the early clinical trials. The severe toxicity and erratic
absorption relegated this compound to the research laboratory until the 1980s when the topoisomerase
enzyme was identified as the cellular target of camptothecin, the topoisomerase enzyme was found to
be overexpressed in cancer cells and a structure-activity relationship was determined for campto-
thecin. These new developments brought the camptothecins back to the clinical setting for further
testing. The various analogues that have been most studied to date include: irinotecan (CPT-11), and
its derivative SN-38, topotecan, and 9-aminocamptothecin. Numerous trials have been conducted in
an attempt to establish the efficacy in various tumour types, to determine the dose-limiting toxicity
and to define the optimal schedule of administration. It seems that large doses of these drugs given on
intermittent schedules are not effective. Our hypothesis is that the camptothecins require a prolonged
schedule of administration given continuously at low doses or frequent intermittent dosing schedules
to be most effective. With these schedules, normal haematopoietic cells and mucosal progenitor cells
with low topoisomerase I levels may be spared, while efficacy is preserved. © 1998 Elsevier Science
Ltd. All rights reserved.
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HISTORY
IN 1958, THE extract of the Camptotheca tree was tested by
the National Cancer Institute (NCI). Its antitumour activity
was established in experimental models. Camptothecin was
discovered during the 1950s when thousands of plants were
analysed in a search for a source for steroids that would be
suitable for the synthesis of cortisone.

During this search, Monroe Wall and Mahsukh Wani dis-
covered camptothecin and its natural analogues [1, 2]. Found
in the wood, bark, and fruit of the tree Camprotheca acumi-
nata, it has been used in traditional Chinese medicine in the
treatment of various illnesses including tumours [3]. The
NCI Chemotherapy Programme demonstrated camptothe-
cin’s activity against the experimental tumours L1210 murine
leukaemia and the rat Walker carcinosarcoma.
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S. Horwitz, D. Kessel and other researchers studied the
biochemical actions and showed inhibition of both DNA and
RNA synthesis by camptothecins. When the drug was
removed, the inhibition of RNA synthesis was totally
reversed, whereas DNA synthesis was only partially restored
[4-10,113]. Subsequently, Wall and Horwitz demonstrated
that the lactone form of the drug was responsible for its
activity and that a pH dependent equilibrium existed between
the lactone and carboxylate forms [70].

Camptothecin has limited water solubility, so a water
soluble sodium salt was formulated for use in clinical trials. In
the late 1960s, Gottlieb and Muggia initiated separate phase I
clinical trials at the NCI. The results of these trials and partial
results of some phase II studies were published in the early
1970s [11-14]. Antitumour activity was noted in patients
with GI tumours. Patients experienced neutropenia, throm-
bocytopenia, haemorrhagic cystitis, and GI symptoms with
significant diarrhoea [15-17]. As a result of these findings,
clinical studies with camptothecin sodium came to a halt.
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Table 1. Development of camptothecins (chronology based on published full articles or book chapters)

1966 Active agent 20(S)-camptothecin isolated and its structure established [2]

1966-1970 Extracts from Camprotheca acuminata have antitumour activity [2, 11]

1970-1972 Phase I/II clinical trials of camptothecin sodium salt [12, 14, 15, 18]

1985-1988 20(S)-Camptothecin inhibits DNA topoisomerase I (topo I) [19,43]

1986-1991 Analogues 9-amino-20(S)-camptothecin (9-AC), CPT-11 and topotecan synthesized and tested [20, 42,54, 111]
1988-1989 Topo-1 is elevated in several types of human malignancies [21,22]

1989 Topo-I is inhibited by biologically active analogues [23, 39]

1989-1993 Effectiveness of 9-AC, CPT-11 and topotecan against human cancer xenografts [21,93, 112]

1991-1995 Accelerated clinical development of CPT-11 and topotecan [56, 104, 106-110]

1991-1995 9-AC entered phase I/II clinical trials [56,97, 104]

During the next 20 years, researchers continued to study the
drug in the laboratory (Table 1). In retrospect, it was recog-
nised that the carboxylated form results in insufficient and
erratic amounts of the active form being available. Earlier
observations confirmed the importance of the lactone, closed
ring molecule for drug cytotoxicity.

In the 1980s, there were several developments that
renewed interest in clinical research with camptothecins. The
topoisomerase I enzyme was identified as the cellular target of
camptothecin and its analogues [18,19]. Topoisomerase I
was found to be overexpressed in advanced stages of human
colon adenocarcinoma and other malignancies but not in
normal tissue [20,21]. A structure—activity relationship was
determined for semi-synthetic and totally synthetic camp-
tothecin derivatives [22]. The totally synthetic analogues,
9AC and 10,11-MDC showed unprecedented effectiveness
against human colon adenocarcinoma in immunodeficient
mice [23,24]. At that time, CPT-11 (irinotecan) and topo-
tecan were prepared and tested in experimental and clinical
settings. Both of these drugs, joined later also by 9AC (9-
aminocamptothecin) underwent broad testing in the early
1990s [25, 26].

Topoisomerase 1

Topoisomerase I (Figure 1) is a ubiquitous nuclear
enzyme. Its gene has been isolated to chromosome 20ql12-
13.2 [27-30]. It catalyses relaxation of both positively
charged and negatively charged supercoiled DNA (Figure 2).
This relaxation function probably removes excessive super-
coiling that is generated during replication and transcription
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[31,32]. At the target level, camptothecin’s activity is very
specific. It inhibits the breakage-rejoining reaction of DNA
topoisomerase I. This inhibition is most specific for the
rejoining step, resulting in the accumulation of reversible
intermediate complex known as the cleavable complex which
consists of topoisomerase I+ camptothecin+the DNA as a
ternary complex (Figure 3) [33].

The tyrosine hydroxyl group at site #723 on topoisomerase
I cDNA attacks the phosphate group of the phosphodiester
linkage resulting in an enzyme-linked single-strand DNA
break in which the topoisomerase enzyme is covalently linked
to the broken DNA strand [35]. At this stage, the phospho-
diester linkage opposite the transient breakage site can swivel.
After it swivels, the rejoining reaction starts to take place.
This rejoining is initiated by the 5’ hydroxyl group attacking
the tyrosyl phosphate bond. The tyrosine residue is released
from the phosphate and the single strand break is repaired.
Camptothecin interferes with this reaction by blocking the
rejoining step [36,37]. Camptothecin and all of its analogues
only bind to the topoisomerase I-DNA complex. It does not
bind to the topoisomerase enzyme alone and it does not bind
to the DNA alone. The net result is that camptothecin
causes fragmentation of chromosomal DNA, Kkills cells in
S-phase and causes extensive chromatid exchanges and
chromosomal aberrations [34, 38, 39].

EFFECTS OF SUBSTITUTIONS ON
CAMPTOTHECIN AND ITS ANALOGUES
All camptothecins have a basic five ring structure which is
essential for activity. A tetracyclic camptothecin analogue has

Active site tyrosine
723

3

765

Figure 1. Human DNA topoisomerase I cDNA. The amino acid residues listed represent sites of mutation that can lead to
camptothecin resistance. Reproduced by permission of CRC Press Inc. [34].
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been prepared and was found to be inactive. The alpha-
hydroxylactone at carbon 12 in ring E is an absolute require-
ment for i vitro and in vivo activity of camptothecin and its
analogues. Specific stereochemistry at carbon 20 (S) isomer is
also an absolute necessity for in vivo and in vitro activity. The
(R) isomer is inactive and the racemic mixture has only 50%
of the (S) isomer activity.

Substitutions at carbons 9 and 10 by amino groups lead to
compounds with greater iz vivo activity. 9-amino-20 (s)-CPT,
10-amino-20 (s)-CPT, 9-nitro-20 (s)-CPT and 10-nitro-20
(s)-CPT all possess enhanced activity on topoisomersae I
[41,42]. Monosubstitutions at carbons 11 and 12 lower the
activity and potency of camptothecin derivatives [41-43].
The addition of an amino group at carbon 12 abolishes
activity against topoisomerase I [41,42,44]. Substitutions at
carbons 10 and 11 with methoxy moieties result in an inactive
analogue [45]. However, 10,11-methylene dioxy substitution
in ring A of camptothecin results in remarkable enhancement
of both i vivo and e vitro activity [44, 46,47].

Camptothecin probably binds to the cleavable complex on
the face that is proximal to carbons 11 and 12. Hence any
moieties that are substituted in these positions may cause
unfavourable steric or stereo-electric interactions. Substitu-
tions at carbons 9 or 10 are more distant from this region,
thereby causing less steric hindrance. However, bulky sub-
stitutions at carbons 9 and 10 may interfere with the active
site in the C11 and C12 area resulting in decreased binding
to the topoisomerase I-DNA-cleavable complex. 10,11-
dimethoxy is an inactive derivative. Steric repulsion between
the two methoxy moieties at positions 10 and 11 may cause
the methoxy group at carbon 11 to encroach upon the critical
region in the vicinity of position 12. In the 10,11-methylene-
dioxy compound, the substituted atoms are held together in a
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Figure 2. Super-coiled DNA and its relaxation by mammalian
DNA topoisomerase I. Reproduced by permission of CRC
Press Inc. [34].
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coplanar ring form which prevents encroachment on the C12
critical region [40, 49, 50].

IRINOTECAN

Key features

Irinotecan (CPT-11) is a prodrug which possesses limited
antitumour activity. It is converted by the enzyme carbox-
ylesterase to a more active compound, SN 38. SN 38 is
reported to be anywhere from 200 to 1,000 times more
potent than Irinotecan [51]. In a phase I study of CPT-11
performed in San Antonio, serial blood and urine samples
were collected from patients and analysed by high perfor-
mance liquid chromatography [52]. It was found that the
peak plasma concentration of CPT-11 occurred immediately
after the infusion was completed. The peak plasma con-
centration of its active metabolite, SN 38 was more variable,
occurring anywhere from 30 to 90 min after completion of the
infusion. The primary route of clearance for both CPT-11
and SN 38 is biliary excretion. The bile to plasma ratio for
CPT-11 is 60:1 and the bile to plasma ratio for SN 38 is 9:1.
There is also a minor component of renal excretion for both

3

/4
N\

Noncleavable complex

+ camptothecin

5=

3

Reversible cleavable
complex 5

Irreversible replication fork arrest
and fork breakage

G, cell cycle arrest
and cell death

Figure 3. Mechanism of cell killing by camptothecins. Repro-
duced by permission of CRC Press Inc. [34].
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Figure 4. Chemical structure of 20 (S)-camptothecin lactone
and its carboxylate salt.

compounds within the first 48 h. The half-life for the lactone
form of CPT-11 is approximately 6 h whereas the terminal
half-life of SN 38 is about 11-13h [53].

Review of dose scheduling

Phase I trials were first conducted in Japan, followed by the
U.S.A. and Europe. Different routes of administration were
studied and the drug was found to be effective if given intra-
venously (i.v.), intraperitoneally (i.p.) or orally [54,55].

Different schedules of administration were also studied.
The drug was given as an infusion every 3 weeks, as a weekly
infusion for 4 weeks, or as a daily infusion for three consecutive
days every 3 weeks. The most important dose limiting toxicity
(DLT) in the single dose infusions given every 3 weeks was
myelosuppression. The most important DLT with the daily
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x 3 schedule and the weekly x 4 schedule was diarrhoea.
With these modes of administration, antitumour activity was
noted in colorectal, cervical and mammary tumours [56].

In the initial two phase I studies conducted in the U.S.A.,
the Johns Hopkins study gave one i.v. infusion over 90 min
every 3 weeks and the San Antonio study gave one i.v. infu-
sion over 90 min every week for 4 weeks with a 2 week rest
period. A total of 64 patients were entered in these two
trials. There were four objective responses. Three of these
responses were seen in patients with recurrent colorectal
cancer and in 1 patient with cervical cancer. In the
Johns Hopkins trial, the maximum tolerated dose (MTD)
was established at 240mg/m? and DLT included neu-
tropenia, nausea and vomiting and diarrhoea [57,58].
The San Antonio trial consisted of 32 patients, most of
whom had received prior therapy. 2 patients had a partial
response and 11 had stable disease. The MTD was 150 mg/
m?/wk and the DLT was diarrhoea. Myelosuppression was not
a major toxicity and clinically significant granulocytopenia was
very rare. There were no episodes of neutropenic fever [59].

Clinical trials of CPT 11 were also conducted in France.
Three schedules of administration were studied. When the
drug was given for 3 consecutive days every 3 weeks, the
MTD was 115 mg/m? and DLT was neutropenia and diar-
rhoea. When given weekly for 3 weeks, the MTD was
145 mg/m?. When given once every 3 weeks, an MTD of
350 mg/m? was achieved. Diarrhoea was less severe and
myelosuppression became the DLT [60]. In a study con-
ducted in Amsterdam, the drug was given over a prolonged
infusion schedule of 14 days every 3-5 weeks. The study
consisted of 10 heavily pretreated patients. An MTD of
175 mg/m? was achieved, compared with an MTD of 350 mg/
m? which was achieved with shorter infusion schedules. DLT
consisted of both diarrhoea and neutropenia [61].

9-Amino-camptothecin

Gy CHe

Topotecan

Camptothecin-11

Figure 5. Chemical structures of camptothecin derivatives. Reproduced by permission of CRC Press Inc. [34].
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Oral delivery of CPT 11 was addressed in a European
study. Among 28 patients, most of whom had advanced col-
orectal cancer, the drug was given for 5 consecutive days
every 3 weeks. There was an overall response rate, including
partial response and stable disease, of about 78% [62]. A
prolonged schedule of oral administration is currently being
tested by several groups in the U.S.A.

In phase II clinical trials of CPT-11 that were conducted
by Japanese groups, utilising mainly the weekly or every other
week schedules it was found to have a wide range of activities
in solid tumours, leukaemia and lymphoma. These studies
demonstrated significant clinical activity in patients with
small cell lung cancer (RR 37%), non-small cell lung cancer
(NSCLC) (RR 34%), previously treated colorectal cancer
(RR 32%) [64-66], advanced gastric cancer (RR 23%),
previously treated ovarian and cervical cancer (RR 24%),
previously treated non-Hodgkin’s lymphoma (NHL) (RR
45%), adult T-cell leukaemia/lymphoma (RR 50%). The
most noteworthy response rate was that of 32% in previously
treated metastatic colon cancer. In this study, the drug was
given according to both schedules, once every week or once
every 2 weeks and activity was found with either [63].

One of the most troubling side-effects seen in these early
clinical trials was diarrhoea. It was seen more frequently
when CPT-11 was given on an intermittent schedule such as
once a week every week for 4 weeks or when given on a more
prolonged schedule such as 3 days every 3 weeks. The diar-
rhoea can occur early, less than 1 h after the infusion or it can
be more delayed, occurring more than 24 h after the infusion.
The early onset diarrhoea is associated with abdominal
cramping, vomiting, flushing, and diaphoresis. This type of
diarrhoea appears to be mediated by increased cholinergic
activity. Therefore, it is readily reversible with atropine
[67,68]. The delayed diarrhoea is unresponsive to anti-
cholinergic agents. The most effective intervention against
this subacute diarrhoea is early recognition and immediate
treatment with antimotility agents. Loperamide should be
given at the first sign of abdominal cramping or with the first
loose bowel movement. Once grade IV diarrhoea develops, no
measures are effective in reversing the process. At this point
supportive care with i.v. fluids and electrolyte replacement is
all that can be done. The diarrhoea should resolve on its own
within 5-7 days. It is impossible to predict which patients will
develop diarrhoea. Prior chemotherapy or radiation does not
influence the frequency or severity. It has been suggested that
patients who have higher carboxylesterase levels convert more
CPT-11 to SN 38 and thereby are at increased risk of develop-
ing diarrhoea [69]. SN 38 is metabolised by glucoronidation.
Patients who have more effective glucoronidation have less
gastrointestinal (GI) toxicity as the glucoronidated SN 38 is
associated with less diarrhoea [70-72]. Recent attempts at
ameliorating toxicity by inhibiting biliary excretion with cyclo-
sporin have been described and may become useful clinically.

TOPOTECAN

Key features

This camptothecin analogue was made water soluble by the
presence of a stable, basic side-chain at carbon 9 of the A
ring. In preclinical studies, topotecan showed antitumour
activity i vitro and i vivo. The drug was active when given
i.v., 1.p., subcutaneously (s.c.) and orally against various
human cancer cell lines carried as xenografts in nude mice
[73,74]. Greater responses were seen when the drug was
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given with more frequent and prolonged administration.
Continuous infusion was found to be more active compared
with intermittent infusions. With the intermittent schedules
of administration, DLT was neutropenia, whereas thrombo-
cytopenia was the DLT with the more prolonged infusions
and the continuous i.v. infusion. Its non-haematological
toxicities such as nausea, vomiting, diarrhoea, fever, rash,
fatigue and alopecia are mild and infrequent. Central nervous
system (CNS) penetration has been demonstrated. Its cerebro-
spinal fluid (CSF) level is 32% of its simultaneous plasma levels
[75]. Renal elimination is the primary route of excretion of the
drug. Forty per cent of the drug can be recovered in the urine
during the first 24 h after infusion. The half-life is 3-3.5h [76].

Review of dose-scheduling

Many schedules of administration have been studied.
These include; a 30 min infusion every 3 weeks; a 30 min
infusion for 5 consecutive days every 3 weeks; a 24 h infusion
every week; a 24 h infusion every 3 weeks; continuous infu-
sion for 72h every 3 weeks; and as a continuous infusion for
120h every 3 weeks. More responses were seen in patients
who were treated with more frequent dosing or with more
prolonged administration. Responses have been seen in
patients with small cell NSCLC, platinum refractory ovarian
cancer, various GI tumours, breast cancer and leukaemia.
Topotecan could be given up to ten cycles without any evi-
dence of cumulative myelosuppression suggesting that it is
non-toxic to haematopoietic stem cells. With a 30 min infu-
sion given every 3 weeks, the San Antonio group achieved an
MTD of 22.5mg/m? with DLT being neutropenia [77]. At
Johns Hopkins, patients were treated with a 30 min infusion
on 5 consecutive days every 3 weeks. The same treatment
schedule was studied by another institution with similar con-
clusions. The average MTD was around 1.5-2 mg/m?/day
and DLT was neutropenia [78]. Using the same schedule, a
phase I study conducted in Copenhagen showed three partial
responses and stable disease in 24 patients among the 48
patients who entered the trial [79]. At Fox Chase, patients
were treated with a 24 h infusion every week. The MTD was
2 mg/m?/wk for up to 3 weeks. This corresponded to a dose
intensity of 1.5mg/m?wk. The schedule of a 24 h infusion
given every 3 weeks was studied at two separate institutions.
With this schedule, a MTD of 5-10mg/m? was achieved,
producing a dose intensity of 2-3 mg/m?/wk. DLT was neu-
tropenia [80,81]. In a phase I study conducted in
Amsterdam, there was no tumour response among 26
patients treated on this schedule [79]. Topotecan as a 120 h
continuous infusion was studied by several groups. With this
schedule, a very low MTD of 0.68mg/m?/day could be
delivered. DLTs were thrombocytopenia, neutropenia and
severe mucositis. Subsequent studies reduced the continuous
infusion schedule to 72h every 2-3 weeks and were able to
achieve an MTD of 1.60 mg/m?/d. Preclinical studies in mice
conducted at NYU showed greater antitumour activity with
continuous infusion schedules. Based on these results, a
phase I, 21-day continuous infusion protocol was developed.
Dosing was started at 0.2 mg/m?d. The infusion was first
increased by time up to 21 days and was then increased by a
dose up to 0.7 mg/m?/d. All patients had received prior treat-
ment. With this protocol, the major DLT was thrombocyto-
penia, more so than neutropenia. Most patients who received
multiple cycles, required red blood cell transfusions. Non-
haematological toxicity was very mild. Responses were seen
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in breast, renal cell, ovarian and NSCLC cancers. The 21-day
prolonged infusion schedule achieved a dose intensity that
exceeded all other schedules. This proves that such a schedule
is safe, feasible, well-tolerated and active [82]. More recently,
the results of a randomised phase II study were presented at
the American Society of Clinical Oncology annual meeting.
This Canadian trial randomised previously treated epithelial
ovarian cancer patients to topotecan given every day for 5
days every 3 weeks versus a 24-h infusion given once a week
for 4 weeks with a 2 week break. The response rate in the
weekly administration arm was only 3%, whereas the
response rate in the dailyx5 schedule was 24% [83].

Based on promising animal studies, there is increased
interest in oral formulations using prolonged administration
schedules. In murine models, the drug showed good oral
bioavailability. In preliminary phase I testing of oral topote-
can in humans, the bioavailability was about 32%. These
phase I studies are ongoing [84, 85].

AMINO-CAMPTOTHECIN (9-AC)

Key features

When 9-AC was given to mice as an i.v. bolus, s.c. or
intramuscular (i.m.) the drug was rapidly absorbed, followed
by a high plasma level of the active lactone form. There was
rapid drug elimination with a half-life of less than 2 h. This
form of administration was toxic and produced only partial
responses. At the same doses, when 9-AC suspension was
injected s.c., a depot was established with a gradual release
into the bloodstream. There was a low peak in the 9-AC
plasma lactone level and gradual elimination with a half-life
greater than 17h. There was little to no toxicity and some
complete responses were noted in addition to partial responses.
These results suggest that a low plasma lactone level, below a
toxic threshold and sustained over an extended time, is
essential for optimal therapeutic efficacy. The tapered-off
plasma level of the 9-AC lactone form with short intervals
between treatments may markedly decrease the DLT to nor-
mal tissue which have lower topoisomerase I levels, whilst at
the same time preserving cytotoxicity against tumour tissue
which overexpresses topoisomerase I [56]. 9-AC has effective
anticancer activity in mice with small tumours, less than
0.25 cm, as well as in mice with bulky tumours, 2.5-8 cm in
size. 9-AC enters cells rapidly and the level of cell-associated
drug remains elevated for 6-24h over drug levels in tissue
culture media. The lactone form becomes intercalated in the
acyl side-chains in the cell membrane. This region of the cell
membrane is hydrophobic and helps to preserve the active
lactone form [86-89]. Given via the GI tract, 9-AC is fully
active and at higher doses induces complete remissions of
human cancer carried as xenografts in nude mice [90,91].

Preclinical studies in mice demonstrated the effectiveness
of 9-AC in colon cancer cell lines that had a high expression
of MDR. 9-AC injected s.c. or i.m. at 4 mg/kg twice a week,
induced complete remissions in s.c. implanted tumours
which were resistant to several clinical anticancer agents [92].
Some of these remissions lasted the entire lifespan of the
experimental animal. In mice with liver metastases from a
primary colon cancer, compared with treatment with
standard 5-FU, 9-AC prolonged the survival of these
mice significantly [93-95]. The drug was also found to be
effective against melanoma with CNS and adrenal meta-
stases. It was also effective against lung cancer with CNS
metastases.
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As with all the other camptothecin analogues, poor water
solubility produced a major obstacle to the introduction of
9-AC into clinical trials. To increase the solubility of 9-AC, it
had to be formulated in dimethylacetamide (DMA) and a
special diluent composed of polyethylene glycol and phos-
phoric acid [96,97]. This 9-AC/DMA formulation was used
in most phase I and II studies. However, this formulation is
not compatible with aqueous solutions, requires glass syringes
for handling and is toxic. More recently, 9-AC has been
formulated as colloidal dispersion (CD) responses were
reported in patients with colorectal cancer, ovarian cancer
and NSCLC. In both trials, the DLT was neutropenia. Some
thrombocytopenia was also seen. In every 2 week schedule given
at the NCI, anaemia requiring transfusion was common [99].

Based on the Dana Farber (Boston, Massachusetts,
U.S.A.) and NCI results, a dose of 59 pg/m?/h was recom-
mended for phase II evaluation of the 72h continuous infu-
sion schedule given every 2 weeks with G-CSF support. This
dosing was associated with excessive toxicity with a high
incidence of grade 4 febrile neutropenia and thrombocytope-
nia despite G-CSF support. Therefore, the recommended
dose for phase II trials was lowered to 35 ug/m?/h given as a
72 h infusion every 2 weeks without G-CSF support [97].

In another phase I trial conducted at New York University
Medical Center (New York, NY, U.S.A.), 9-AC was given as
a 21 day continuous infusion. A low-dose infusion was first
escalated by time from 7 to 21 days and then escalated by
dose. Based on a study that showed an MTD of 59 ug/m?h
for a 72 h infusion over a 4 week period, this same dose was
prorated over the 21 day period to establish a starting dose of
6.2 ug/m?h. This regimen was well-tolerated with a lower
toxicity profile whilst at the same time increasing the dose
intensity by 50%. DLT was leucopenia and thrombocytope-
nia. Among 17 patients with ovarian cancer, 1 patient had a
complete response, 4 had partial responses and 4 had stable
disease for an overall response rate of 52.9%.

4/12 patients with colon adenocarcinoma had stable dis-
ease. An overall response rate of 42.8% was seen in 7 patients
with breast cancer. The overall response rate among 47 eval-
uable patients was 38.3% [100-102].

There is an ongoing phase I trial investigating the oral
route of delivery. From preclinical studies, it has been deter-
mined that 9-AC has good oral bioavailability. Oral delivery
achieves 45210% of the i.v. dose. In this trial, there are two
schedules of administration. The drug is given daily for 5
days every 2 weeks or it is given daily for 5 days for 3 or 4
weeks with further continuation determined by the occur-
rence of DLT. These studies are being conducted in Chicago
and in Europe. In a phase I study of 15 patients treated with
oral 9-AC at the University of Chicago, no objective respon-
ses have been seen thus far. They conclude that the CD
formulation of 9-AC has poor oral bioavailability and is not
suitable for further clinical development [103].

DISCUSSION

Camptothecins had a very inauspicious beginning. In the
early 1970s, they were deemed inappropriate for further
clinical investigation due to low antitumour activity and
severe toxicity of the sodium salt which had been prepared for
patient administration. They were reintroduced into the
clinical arena in the early 1990s with the development of new
camptothecin analogues with a lower toxicity profile and
demonstrated unprecedented effectiveness against human
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cancer in xenografts. Dozens of clinical trials are being con-
ducted world-wide with broad application against a wide
variety of tumours. Numerous trials have been conducted in
an attempt to establish the optimal schedule of administra-
tion. It seems that large doses of these drugs given at large
intervals are not greatly effective. The camptothecins require
a prolonged schedule of administration given continuously at
low doses or frequently fractionated dosing schedules to be
most effective. With these schedules, normal haematopoietic
and mucosal progenitor cells with low topoisomerase I levels
may be somewhat spared but more importantly antitumour
effects are maintained. These are quite independent of prior
treatment, unlike many other drugs. Prolonged drug expo-
sure can also be achieved with the oral route of delivery.
There are several ongoing clinical trials studying this mode of
administration. Intra-arterial hepatic perfusion and intra-
peritoneal application or administration will undergo
testing, because one may more safely combine these drugs
without compromising or even enhancing exposure of the
tumour.

Most recently, camptothecins are being combined with
other chemotherapeutic agents and other therapeutic mod-
alities. Preclinical experimental studies suggest that when
combined with other agents or when combined with radia-
tion, camptothecins may demonstrate synergistic antitumour
activity. Topotecan has been studied in combination with
cisplatin, carboplatin, cyclophosphamide, paclitaxel, etopo-
side, doxorubicin and cytosine arabinoside in phase I trials.
CPT-11 has been studied in combination with cisplatin, vin-
desine, cisplatin and vindesine, and etoposide in SCLC and
NSCLC in phase I/II trials. Although combination che-
motherapy with camptothecins is still novel, some pre-
liminary results appear to be very promising, but at the cost of
enhanced and often DLT. Once again the optimal schedules
of administration in combination therapy will need to be
worked out, with particular attention to the sequence of
administration of the different agents. Preclinical studies have
demonstrated the radiosensitising effects of CPT-11 and
9-AC. Several phase I studies are currently addressing this
issue but it remains a very active area for the development of
new clinical trials.
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