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CHAPTER 1

INTRODUCTION TO THE THESIS




Chapter 1

Topoisomerase 1 -3’ is a nuclear enzyme abundantly present in all eukaryotic
cells. Human topoisomerase 1-3° is a monomeric 100kDa polypeptide encoded by a
single copy gene focated on chromosome 20q12-13.2 [1,2]. Topoisomerase 1
becomes covalently bound to the 3’phosphate at the DNA (cleavable complex). The
cleavable complex results in single strand DNA breaks. Topoisomerase I inhibitors
stabilize the cleavable complex and in cells in S-phase cytotoxic effects are seen as
a result of irreversible double strand DNA breaks.

Camptothecin, a plant alkaloid extract from the tree Camptotheca acuminata,
was shown (0 be active against L1210 murine leukemia [3]. Because of
unpredicatable toxicities including myelotoxicity, diarrhea and hemorrhagic cystitis
in phase I-1I studies with watersoluble sodium-camptothecin, further clinical
development was preciuded [4-8]. Years later the antitumor effect of camptothecin
appeared to be related to specific topoisomerase I inhibition by the drug [9,10].
This finding resulted in the development of a new class of antitumor drugs
(topoisomerase I inhibitors), and consequently various camptothecin-derivatives
were developed [L1]. One of the earliest semi-synthetic camptothecin-derivatives
developed was topotecan (SKF 104864, 9-dimethyl-aminomethyl-10-
hydroxycamptothecin, Hycamtin®) which demonstrated broad spectrum antitumor
activity in preclinical studies [12,13]. Phase I-II studies with topotecan administered
intravenously once daily for 5 days every 3 weeks showed brief and non-
cumulative neutropenia being the dose-limiting toxicity. With topotecan i.v. once
daity for 5 days important activity was observed against small-cell lung cancer and
ovarian cancer [14-33]. Preclinical studies with different topoisomerase I inhibitors
skowed more antitmmor efficacy with prolonged low dose exposure to the drugs,
and in anintal medels, low dose prolonged exposure resulted in less toxicity [34-
44].

These preclinical findings were the stimulus for phase I-1I studies with low
dose continuous infusion of topoisomerase I inhibitors in cancer patients [45-47].
Because oral or infragastric administration of topoisomerase 1 inhibitors appeared (o
be effective in animal models studies on oral administration in humans became of
interest [43,48-50].
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This thesis includes clinical and pharmacologic studies. First with topotecan,
focussing on prolonged administration, either by continuous infusion or by oral
administration. The latter became possible in view of an oral bioavailability of
topotecan in humans of 32-44% [51,52}.

Pharmacokinetic-pharmacodynamic analysis is being presented for all studies
with oral administration. Finafly a promising new water-soluble topoisomerase 1
inhibitor ~ GI147211  (7-(methylpiperazinomethylene)-10,11-ethylenedioxy-20-S-
camptothecin) {53,54] was studied in a phase 1 study with a daily x 5 iv.
administration ¢ 21 days, and aiming to develop a useful oral formulation also in a
phase [ oral bioavailability study.
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SUMMARY

Topoisomerase [ inhibitors constitite a new class of anticancer agents.
Recently Topotecan and irinotecan were registered for clinical use in ovarian
cancer and colorectal cancer respectively. Cytotoxicity of topoisomerase I inhibitors
is S-phase specific, and in vitro and in vivo shudies have suggested that for efficacy
prolonged exposure might be more important than short-term exposure to high
concentrations. Clinical develepment of those topoisomerase I ishibitors that have
reached this stage, is also focused on schedules aiming to achieve prolonged
exposure. In this review we summarize all published preclinical studies on this
topic, for topoisomerase I inhibitors in clinical development, namely 20-S-
Camptothecin, 9-Nitro-Camptothecin, 9-Amino-Camptothecin, Topotecan,
Irinotecan and GIH47211. In addition preliminary data on clinical studies
concerning this topic are also reviewed. The data suggest that indeed prolonged
exposure may be relevant for antitumor activity. However the optimal schedule is
yet to be determined. Finally clinical data are yet too immature to draw definitive

conclusions.

INTRODUCTION

Topoisomerase [-3’ is a nuclear enzyme abundantly present in all eukaryotic
cells [1]. Human topoisomerase -3’ is a monomeric 100 kDa polypeptide encoded
by a single copy gene located on chromosome 20q12-13.2 [2]. Like all
topoisomerases, topoisomerase I relaxes torsionally strained (supercoiled) duplex
DNA. A 1yrosine group of topoisomerase I becomes covalently bound to the
3’phosphate at the DNA break site (cleavable complex). To accomplish DNA
relaxation topoisomerase I introduces a single-strand nick in the phosphodiester
backbone of the DNA, allows the intact strand to pass through the nick and then
rejoins the nicked strand. DNA relaxation results from swiveling at this nick and
plays an important role in DNA replication and RNA transcription. The enzyme-
bridged breaks are then resealed by topoisomerase I (religation) [1,3-4].
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Topoisomerase enzymes provide an essential function in solving topologic
problems encountered in DNA replication and DNA transcription. Topoisomerases
may also be involved in recombinational processes and chromatin assembly,
however their roles in these processes are less well defined [4].

Already in the 1970’s camptothecin (CPT), an exiract from the chinese tree
Camptotheca acuminata, showed autitumor activity against several tumors. In
phase I and II studies, however, unpredictable severe toxicities occurred which led
to the discontinvation of further development {5-9]. In the late 1980°’s studies
revealed (hat camptothecin induced single strand DNA breaks in the presence of
topoisomerase 1, thus identifying this enzyme as a major target for the antitumor
effect [10}. The celiular effects of camptothecin can entirely be attributed to its
action on topoisomerase I as has been proven in genetic studies with yeast and
mammalian cells [11-15]. Topoisomerase I cleavable complexes occur
preferentially within expressed genes {4,16].

The lactone form of camptothecin (CPT) and all CPT-analogues appears (o
reversibly stabilise the cleavable complex which results in single strand DNA
breaks and inhibition of religation in the presence of the drug. DNA synthesis is
arrested in the presence of topoisomerasé I inhibitors, religation does not occur
resulting in irreversible inhibition of DNA synthesis with double strand DNA
breaks. These events lead to the arrest of the cell cycle in the S/G, phase and
ultimately cell death [17). A S-phase specific cytotoxicity for topoisomerase I
inhibitors has been observed, because S-phase ceils are up to 1000-fold more
sensitive than G, or G,/M phase cells after brief exposure to the drug [18-20].
Analysis of the distribution of RNA polymerase molecules indicates that CPT-
stabilized cleavable complexes block elongation by impeding the progression of the
RNA polymerase molecules along the transcription unit [21]. Inhibition of RNA
synthesis is rapidly reversible following removal of CPT from cultured cells proba-
bly due to the dissociation of topoisomerase I cleavable complexes from
transcription units. Thus camptothecin demonstrated inhibition of DNA and RNA
synthesis with fragmentation of nuclear DNA but upon removal of the drug nucleic
acid synthesis inhibition and DNA fragmentation were reversible, and only at
higher dose and longer exposure times did these effects become irreversible
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22-25]. Cytotoxicity of topoisomerase 1 drugs in the absence of detectable DNA
synthesis has also been found in some cell lines such as human lymphocytes. The
mechanism of this non-S-phase cytotoxicity is unknown but could be due to
transcription inhibition [26]. Other effects of camptothecin analogues are induction
of maturation in a variety of ieukemia cell lines, expression of protooncogenes, and
endo-nucleolytic DNA damage characteristic of apoptosis [27-33].

Topoisomerase 1 inhibitors were active both in slowly and rapidly
proliferating tumors [34-35]. Sensitivity of tumor cells to these drugs is related to
the topoisomerase I level, topoisomerase I catalytic activity and the interaction
between topoisomerase I and its inhibitor, hence the importance of intraceilular
drug-concentration.

Topoisomerase | is present at relatively high levels in both proliferating and
quiescent cells suggesting that its function may be independent of cellular growth
rate. In proliferating cells topoisomerase 1 mRNA levels were significantly higher
as compared to quiescent cells. However topoisomerase I protein increased much
less, which may be due to a shorter half life of the protein in proliferating cells as
compared to resting cells [36-37]. The catalytic activity of topoisomerase I also
depends on the phosporylation state of the enzyme, and phosphorylation has been
'shown to increase during mitogenic stimulation of quiescent cells {38].

The regulation of topoisomerase I is altered in neoplastic cells. Colon cancer
cells for example, contain a 5-16-fold higher level of topoisomerase 1 than normal
colon mucosa cells [39-40]. B

Despite high levels of topoisomerase I some human tumor cell lines
nevertheless were resistant to topoisomerase I inhibitors which could be attributed
to a low specific activity of this form of topoisomerase I [41-43]. The effect of
topoisomerase [ inhibitors on the enzyme can also be influenced by point-mutations
or deletions within the topoisomerase I genes which affect protein- or enzyme
activity levels [44}. An absolute low level of topoisomerase I is another mechanism
of resistance to topoisomerase I inhibitors [13,15,43,45].

In order to exert inhibitory effects topoisomerase I inhibitors first have to
enter tumor cells, while antitumor activity is only achieved with the lactone form of
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the compounds. This lactone form has a relatively short half life and at physiologic
pH the hydroxyl moiety will predominate. Topoisomerase I inhibitors show readily
reversible interaction with the target enzyme, and do not form an intracellular re-
servoir [46-47]. Therefore exposure of only limited duration of tumor cells to the
active lactone form of topoisomerase I inhibitors will be achieved in dose schedules
with short lasting infusions. Related to cell entry, Ma et al reported an ovarian
cancer cell line which is resistant to topotecan and SN38 because of a decreased in-
flux of the drug [48]. In a CPT-11 multidrug resistant cell line the cellular
concentration of the drug appeared dependent on the plasma transmembrane
potential {49].

P-glycoprotein overexpression does not influence the intra-cellular drug
concentration of camptothecin and many of its noncharged derivatives, MDR-1
overexpressing cells however are more resistant to the positively charged
camplothecine derivative topotecan [18,50-51].

In vitro studies with topoisomerase 1 inhibitors suggest that cytotoxicity
increases upon prolonged exposure to the drug. This review will further summarize
the preclinical and clinical studies of continuous or longterm exposure of topo-iso-
merase I inhibitors in cancer research.

20-8-CAMPTOTHECIN

20-S-Camptothecin (20-S-CPT) has been identified as the active agent in the
extract of the Camptotheca tree [5], 20-5-CPT is water insoluble.
Stereochemistry and the positions of substituents were found to be crucial in CPT
and its analogues for the presence or absence of effects on topoisomerase I,
indicating that the compounds interact with an asymmetrical receptor site on the
enzyme or enzyme-DNA-complex [52]. The R-Camptothecin isomer has little or no
effect on topoisomerase I in contrast to the natural S-isomer which has a single

asymmetrical carbon located at position 20.
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Interaction with the receptor is influenced by configurational alterations
causing little change in general chemical properties of topoisomerase I inhibitors
but producing marked changes in topoisomerase I interaction [52].

The lactone form of the fopoisomerase I inhibitor which predominates at pH < 4.0
is the more potent inhibitor of the enzyme and therefore a much more potent
antitumor agent then the inactive open ring compound.

Preclinical studies

In vivo studies

Antineoplastic and toxic effects in L1210 leukemia of intraperitoneal
administration of the 20-8-CPT-sodium (20-S-CPT-Na*) formulation were found to
vary with the schedule of administration [53]}. An intermittent schedule (day 1,5,9)
of administration appeared superior on the resulting lifespan as compared to any of
the alternative treatment schedules studied being a day 1-9 single daily dosing;
dosing every 3 hours on day 1,5,9; every 3 hours on day I, or dosing with a single
dose on day 1 [54-55].

The sodium salt of 20-S-CPT is not the optimal formulation of administration.
Prolonged administration of waterinsoluble formulations of 20-S-CPT were recently
studied in nude mice bearing human cancer xenografts. To test the efficacy of the
lipophilic moiety 20-S-CPT was dispersed in intralipid 20% and injected
intramuscularly (i.m.) at a dose of ¢,1 mg/ 25 g body weight. The same
formulation was also administered orally and intravenously. Intravenous 20-S-CPT
resulted in toxic deaths without inhibitory effects. Tested against 13 human cancer
xenografts resistant to the most commonly available chemotherapeutic agents 20-S-
CPT given i.m. at a dose of 4 mg/kg twice weekly induced complete regression in
the majority of the animals in 10 ont of 13 xenografts. Only one melanoma and
two colon cancers showed a poor response, Daily oral administration of 20-S-CPT
at a dose of 4-8 mg/kg resulted in complete tumor regression in mice carrying SPA
lung carcinoma. After 6 months of contimous treatment regrowth was observed in
5 of the 7 xenografts, suggesting 20-S-CPT resistance under prolonged treatment
[56]. 20-S-CPT given i.m. at a dose of 4 mg/kg twice daily also induced complete
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regression in BRO melanoma xenografts. In vitro cell proliferation of the same cell
ling was inhibited at a remarkably low concentration of I ng/ml and it was
demonstrated that a period of 20-24 h of drug exposure was required for complete
growth inhibition {57]. In this model 20-S-CPT i.m. (2 mg/kg) appeared fo be the
most effective mode of drug administration to induce tumor inhibition as compared
to i.v or i.p administration. 20-S-CPT at a dose of 2 mg/kg/day x2 intragastrically
followed by one day of rest was more effective in inducing complete tumor
inhibition when compared to 1 mg/kg/day x5 (intragastrically) with two days rest
[58].

Nude mice bearing intracranial human brain tumor xenografts were freated
with intraperitoneal (i.p.) 20-S-CPT in different schedules. Single doses of CPT did
not prolong survival but CPT i.p. 2x/week for 6 weeks or daily oral 20-S-CPT
induced 10 weeks survival in 40% and 60% of animals respectively {59]. In
addition, 20-S-CPT administered infragastrically at an infermittent weeckday
schedule for 10 weeks was well tolerated and induced fumor responses in human
cancer xenografts of malignant melanoma and coloncarcinoma [60]. In order to
bypass the insolubility of 20-8-CPT lactone the compound can also be incorporated
into a liposome-based delivery system for i.m administration. Release studies of
liposomal-20-S-CPT show an initial rapid 50% loss of the drug in 4 hours,
foliowed by a slow leakage of the remaining drug over a period of 20 hours.
Complete tumor regression occurred after a single i.m. injection of this formulation
at 10 mg/kg in nude mice xenografted with CLO breast carcinoma or BRO
melanoma, with minimal host toxicity [61].

Lipid-complexed 20-S-CPT bypasses its insolubility and makes prolonged low
dose exposure possible.

These preclinical studies suggest that intermittent iniraperitoneal or more
convenient daily oral administration of 20-S-CPT for a prolonged period is well
tolerated and may have antitumor effects, Antitumor effects seem dose and
scheduie dependent, Intramuscular or oral administration of camptothecin seem to

enable protracted dose scheduling.
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Clinical studies with camptothecin and prolonged exposure

Daily x5 i.v. administration

I the early 70’s three phase I studies with intravenous administration of the
sodium 20-S-camptothecin (20-S-CPT-Na*) were performed in which 20-S-CPT-
Na* (0,5-10 mg/kg) was administered as single i.v. bolus every 2-4 weeks.
Myelosuppression with leucopenia and thrombocytopenia was the dose limiting
toxic effect. Diarrhea, reversible hemorrhagic cystitis and alopecia were observed
at higher dose levels [6]. Muggia et al. studied i.v. 20-S-CPT-Na™ at a once wee-
kly and daily x5 schedule every 3 weeks. On the weekly schedule dose limiting
toxicities were leuco- and thrombocytopenia, while hemorrhagic cystitis occured in
several patients who recieved multiple doses. Cumulative leuco- and
thrombocytopenia were also dose-limiting with the daily x5 schedule, that resulted
in hemorrhagic cystitis in 3 of 17 patients [7]. Phase II trials with 20-S-CPT-Na*
have been performed in patients with melanoma and advanced gastrointestinal
carcinomas, Melanoma patients were treated with 20-S-CPT-Na* every 2 weeks
[62]. Patients with gastro-intestinal carcinoma were treated with either single dose
20-S-CPT-Na* (90-180 mg/m? every 3 weeks, or a daily x5 schedule (11-55
mg/m?*day) every 4 weeks [8]. Both treatment schedules showed equal toxicity.
Because of severe and unpredictable myelosuppression, hemorrhagic cystitis and di-
arrhea, the sodium salt formulation of camptothecin was then disregarded.

Prolonged exposure

However, results of the above mentioned preclinical studies recently renewed
the interest in new formulations of camptothecin and the drug is again undergoing
phase I evaluation. 20-S-CPT in gelatin capsules administered orally once a day for
21 days followed by one week rest was studied in 52 patients. Doses were
escalated from 0.3 - 15.4 mg/m¥/day [63]. DLT of 20-S-CPT over a three week
period was diarrhea. Loose stools occasionally occurred in all patients at doses
above 6.5 mg/m*/day with a 32% incidence of persistent diarrhea. Anti-diarrheal
medication generally solved this problem. The maximum tolerated dose was 8.7
mg/m*/day. Chemical cystitis, resulting in dysuria and occasional hematuria
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occurred in 20% of patients. It resolved within a week of drug discontinuation but
sometimes reappeared with continved administration. Only two extensively
pretreated patients experienced severe hematologic toxicity recovering within 10-14
days. In 12 patients the oral administration of 20-S-CPT could be continued for 6-
12 months, in 5 patients for more than 1 year. No long term toxicities were
reported. Partial responses occurred in two patients with breast cancer, two patients
with melanoma, and one patient with non-Hodgkin lymphoma achieved a complete
remission.

Thus it is possible to administer orally 20-S-CPT to patients with solid tumors
for a Iong period of time without inducing long term cumulative hematologic or
non-hematologic toxicity. Presently 20-S-Camptothecin has entered a phase II
study.

9-NITRO-CAMPTOTHECIN, 9-AMINO-CAMPTOTHECIN

9-nitro-camptothecin (INC) is a semisynthetic derivative of the natural
product camptothecin, and is water insoluble. 9NC is a precursor required for the
synthesis of 9-amino-camptothecin (9AC) trom CPT. 9NC is chemically more
stable than 9AC, which is oxidized readily, generating toxic degradation products
{58,64]. An additional finding is that 9NC is converted fo 9AC by human cells of
solid tissue origin. Conversion of 9NC is less in hematopoetic cells. Cellular
conversion of the lactone form of 9NC to 9AC is maximal at slightly acidic
environment (pH=26.0) [58,64]). Because of this relationship results of preclinical
and clinical studies of both compounds will be discussed under one heading.

Preclinical studies

In vivo studies
In vivo studies of 9NC and 9AC in the malignant melanoma BRO xenograft

showed, that after 40 days of treatment with i.m. 9NC.or 9AC at 4mg/kg twice a
week, all engrafted mice were timor free and did not experience significant
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toxicity. Growth inhibition of BRO cells in vitro occured at a low 9NC
concentration of 1 ng/ml and was complete after a period of 20-24 h of exposure
[57].

Nude mice inoculated with three tumorigenic breast cancer cell lines
developed complete tumor regression when treated with SNC i.m. at a dose of 4
mg/kg twice a week [65]. No tumor regrowth nor toxicity oceurred during
prolonged 9NC administration. _

Cell cultures of nontumorigenic breast cancer cells (MDA-MB-134) and
tumorigenic cells (MDA-MB-231) were exposed to 9NC. The nontumorigenic cells
accumulated in G,/M without significant changes in S-fraction. Removal of 9NC
from the cultures of nontumorigenic cells after 120 hours resuited in regrowth at a
rate similar to untreated cells. In tumorigenic cells exposed to INC there was a
marked increase in cells containing a reduced DNA content and going into
apoptosis. Removal of 9NC from the cultures of tumorigenic cells after 120 hours
did not result in regrowth after 120 hours [66].

Experiments with 9NC and 9AC at a dose i.m. 4 mg/kg twice weekly in
various human breast cancer xenografts resulted in complete tumor regression but
regardless of 9NC continuation or discontinuation tmmorigenic MDA-MB-231
tumors regrew after a period of 50 days of complete tumor regression [67]. This
indicates that drug resistance occurs.

Protracted i.v. administration of 2AC to mice innoculated with CLO human
breast cancer cells was studied in various schedufes. 9AC i.v./day x3 q 21 days at
dose leveis of (.75 and | mg/kg/day resulted in tumor regression, but with
ultimately regrowth., This i.v. schedule had no inhibitory effect on tumor
progression, unlike the i.m. 9AC lmg/kg administration described earlier. A five
day period of continuous 9AC administration followed by two days rest was highly
effective in tumor inhibition and regression even at a dose of 0.5 mg/kg/day. 9AC
doses of 1 mg/kg/day or above were toxic for the animals. Intragastric
administration of 9NC and 9AC was studied at different doses and schedules in
mice with CLO-xenografts. The optimal 9NC and 9AC dose and schedule was 1
mg/kg/day for 5 days followed by two days rest. The authors conclude that for
practical reasons oral administration is the route of choice for INC [67].
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Intramuscular administration of INC 4mg/kg twice a week was efficacious in
nude mice bearing human 2774 ovarian cancer [68]. Prolonged exposure of
tumorigenic (2774) and nontumorigenic (DUN) ovarian cancer cells in vitro to a
concentration of 1 ng/ml of 9NC resulted in accumulation of nontumorigenic cells
in G,/M and accumulation of tumorigenic cells containing reduced DNA content
and going into apoptosis [69].

In a human melanoma xenograft model intramuscular administration gave the
best antitumor effects of INC, 9AC and CPT . A dose schedule of 2 mg/kg/day x2
with one day rest compared to 1 mg/kg/day x5 with two days rest was more
effacicious for CPT and equally effective for 9NC [58].

Iniragastric application of 9AC on a 5 day/week schedule for 3-6 weeks
induced complete remission in subcutaneous human xenografts of malignant
melanoma and non small cell lung carcinoma and its efficacy was beiter than that
of 20-S-camptothecin {70].

Two observations can be made on these preclinical studies: lower 9NC or
9AC concentrations applied for long periods of treatment are more effective than
higher concentrations for short periods in inducing apoptosis. When 9NC initiates
the process of apoptosis in tumorigenic cells this is not reversible even after
removal of the drug. Non-anmorigenic cells are reversibly inhibited as long as drug

exposure continues.

Route of administration and dose scheduling of 9NC and 9AC seem crucial
for optimal antitumor responses. Prolonged or intermittent administration of a
lower dose of these drugs is most efficacious.

Clinical studies with prolonged or continuous exposure

72-hour infusion

Phase I studies of 9-amino-camptothecin in adult patients with solid tumors
have initially been performed with continnous i.v. infusion over 72 hours (Table
1}. Leukopenia appeared to be the dose limiting toxicity, together with modest
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thrombocytopenia. Nausea and vomiting, alopecia, stomatitis and diarrhea were
less frequently reported [70-72]. Steady-state plasma concentrations increased
lincarly with the dose and ranged from 0.9-10.6 nM and correlated well with
% decrease of granulocyte count [74]. In a similar phase 1 study in children side
effects were comparable but the MTD in children exceeded that in adults [73].

Table 1. Topoisomerase-I-inhibitors continuous/prolonged administration in

solid tumors. (9-AMINO-CAMPTOTHECIN)

Drug Dose No. Cp-ss. MTD. DLT. Refer.
Schedule Pis Year.
mg/im2

9-Amino-CPT  5-59 pg/m¥h 35 pg/m¥h  Neutro.

v, 72h q 14d Dahmt

48 0.9-10.6 nM 1996.
47-74 pplm? 47 pg/m¥h  Neutro.
T2h q 14d Thrombo.
+ G-CSE

9-Amino-CPT -- 19 -- - Neutro. Rubin

i.v. 72h 1994,

9-Amino-CPT 36-62pp/m¥h 18 2.23 ng/ml.  not (yeD) myelosupp.  Langevin

iv. 72h ¢ 14d reached 1996,

9-Amino-CPT  6.2-9.4 19 - > 9.4 pgh®  not yet Hochster

Lv. peimtfh /k reached. 1996,
21d q 28d

9-Amino-CPT 17-25pgh0’/h 20 29+ 1.6 not yet not yet Takimoto

i.v. 120h/wkx3 {17 pg/m¥/h)  reached, reached. 1996.

q dwk

i.v.: intravenous; i.p.: intraperitoneal; p.o: oral; MTD: Maximum Tolerated Dose; DLT: dose
limiting toxicity; Cpss:plasma-concentration steady state; *: chemotherapy-pretreated; **: non-
pretreated; --: not stated; Neutro: neutropenia; Thrombo: thrombopenia

Prolonged exposure

Phase 1 studies with longer infusion durations of 9-AC in adults are ongoing.
A continuous i.v. infusion for 120 h weekly for 3 out of every 4 weeks is feasibie,
with DL T not yet being reached at the dose level of 20 pg/m*/h. The resuiting dose

intensity is already higher than the dose intensity of the recommended phase II
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dose of 35 ug/m?*h over 72 h when given every 2 weeks [74].

The same holds for continuous infusion of 9AC for 21 consecutive days every
28 days [75]. The latter phase I studies suggest that with prolonged infusion a
higher dose intensity of 9AC can be achieved. A phase 1 study with oral 9-NC
given for 5 consecutive days every week revealed hematologic toxicity as dose
limiting. Non-hematologic toxicity was substantial with nausea/vomiting, diarrhea
and hemorrhagic cystitis. An interesting level of antitumor activity was reported
[76].

Further studies on prolonged dosing of oral 9NC and i.v. 9AC are presently
ongoing,

In summary, dose intensities are higher for 9AC when administered with
longer infusion duration. Oral administration of INC for 5 consecutive days gives

substantial non-hematologic toxicity.

TOPOTECAN

Topotecan (TPT: 9-dimethylaminomethyl-10-hydroxycamptothecin) is a water-
soluble potent camptothecin analogue with activity against various tumor types in in
vitro and in vivo studies.

Preclinical studies

In vitro studies

In vitro effects of topotecan against cells from biopsy specimens of colorectal,
breast, lung, ovarian, renal, gastric cancer and cancers of unknown primary origin,
were stadied with 1 hour and with continuous exposure in a human tmor
clonogenic assay. With 1-hour TPT exposure in vitro responses were seen in 10%
and 25% of assessable tumor specimens at TPT concentrations of 1.0 and 10.0
ug/ml respectively. Response rates were 34% aud 76% at concentrations of 0.1 and
1.0 ug/m! TPT with continuous exposure [77], suggesting that TPT was more
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active with long term incubation. Continious exposure of TPT in vitro showed an
initial decrease of the active lactone form of TPT followed by a stable ratio up to
72 hours that corresponded to 19% of the initial value. The fraction of the lactone
form during 1 hour exposure is not known, but nevertheless it is very likely that
the concentration-time product (dose-intensity) is greater for continuous exposure
than for 1 hour [77]. This implies that the time period of exposure to topotecan is
an even greater determinant of eytotoxicity than anticipated.

In vivo studies

Different TPT schedules were studied in female CBA/Cal immune-deprived
mice engrafted with 7 colon carcinoma cell lines, 6 juvenile rhabdomyosarcomas
and 3 osteosarcoma cell lines [78]. Initially TPT was administered intraperitoneally
(i.p.) using a schedule of 4 doses TPT every 4 days (gddxd4 schedule). The
maximum tolerated dose with this schedule was 12.5 mg/kg per administration, and
TPT caused significant regression in 4 of 5 rhabdomyosarcoma xenografis.
Subseqyuently the effect of TPT was smdied as a daily x5 dose given for 3
consecutive weeks by oral gavage (2 mg/kg per administration) or daily x5 for 3
weeks intraperitoneally. Intraperitoneal administration was at least as efficacious as
oral dosing but more toxic [78]. Intraperitoneal TPT 2 mg/kg per dose was lethal
in > 15% of the mice, the MTD with intraperitoneal administration was 1.5-1,75
mg/kg/dose. The effect of prolonged topotecan administration was studied in two
moderately responsive xenografts, Rh 12 rhabdomyosarcoma and VRC; colon
adenocarcinoma. Mice bearing Rh 12 rhabdomyosarcoma xenografts were treated
with TPT 2.0 or 1.75 mg/kg/dose/day x5 for three courses or a lower dose (1.25
mg/kg/dose) for up to twenty courses. The prolonged low dose regimen resulted in
complete remission of all-tumors without regrowth, The same effect was seen at an
even lower dose level of 1.0 mg/kg/dose also without significant toxicity. Mice
with VCR; colon adenocarcinoma showed significant tumor reduction with
prolonged oral administration of TPT at a dose of 1.0 mg/kg/dose x5 for 20 cycles.
However regrowth occurred after 16 weeks,

Additional studies with prolonged exposure schedules in mice bearing xeno-
grafts of colon adenocarcinoma, rhabdomyosarcoma and brain tumors showed less
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toxicity and better antitumor activity than dose intensive short exposure schedules
[79]. These in vivo studies show that oral administration is as efficacious as
parental application, although the AUC is lower with oral administration,
Furthermore prolonged intraperitoneal and oral (p.o.} TPT administration resulted
in responses of xenografts not responsive to a short term parental intermittent high
dose schedule [78-791.

From these preclinical data prolonged exposure (o topofecau seems a
treatment schedule with potential higher benefit with regard to antitumor activity.

Clinical studies with prolonged or continuous exposure

Daily x5 i.v. administration

Phase I studies with single i.v. bolus daily for 5 days repeated every 3-4
weeks, show a maximum tolerated dose of 1.5-2.5 mg/m2/day. The dose limiting
toxicity was myelosuppression, in particular neutropenia [80-82]. Non-hematologic
toxicities were usually mild and reversible and consisted of nausea, vomiting,
fatigue, alopecia, and sometimes diarrhea.

Phase 1I studies with this daity x5 TPT regimen q 21 d showed promising
response rates in patients with small cell lung cancer (10-39%) and in pretreated
patients with ovarian cancer, with response rates ranging from 9.5-25 % [83-89.
Other solid mmors such as melanoma, coloncarcinoma, head and neck cancer,
renal cell carcinoma, cervix- and prostate carcinoma, appear much less sensitive to
tiis regimen [90-99]. In these phase I studies CTC grade III-IV neutropenia (32-
81%) is reported as major toxicity. Thrombocytopenia CTC grade ITI-IV is
infrequent. Anemia greater than CTC grade II was reported in 27-60%.

Prolonged exposure
Continuous infusion of topotecan has been studied in various schedules:-a 24

hour infusion weekly and every 3 weeks; a 72 hour infusion administered weekly,
every 14, and every 21 days; a 120 hour infusion every 3-4 weeks; a 21 day
continuous infusion administered every 28 days. (Table 2).
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Table 2.

Topoisomerase-I-inhibitors continuous/prolonged administration in solid tumors. (TOPOTECAN).

Drug Dose schedule mg/m? No. Pts  Cp-ss. MTD DLT Reference, year
Topotecan i.v., 2.5-5.0 24h q 3wk 15 - 4 mg/m2/24h *  Neutro. Recondo, 1991
5 mg/mf/2¢h **  Thrombo.
Topotecan i.v. 2.5-5.0 24k g 3wk 10 4-10 ng/ml - Neutro. Reid, 1592
Topotecan i.v. 2.5-10.5 24h q 3wk 22 20 ng/ml 8.4 mp/m*/24h  Neutro. ten Bokkel Huiniok, 1992
Topotecan i.p. 34 24h q 4wk 12 - 4 mg/m?/24h Neutro. Plaxe, 1993
Topotecan i.v. -/72h q 1wk 12 - 2 mg/m’/72h Neutro. Sabiers, 1993
-/72h q 2wk 7 - 2.6mg/mf/72h  Neuwo.
Topotecan i.v. 10-15 24h g 3wk 13 - 4 mg/m® * Neutro. Abbruzzese, 1993
+ G-CSF 10 mg/m* ** {+G-CSF: Thrombo.)
Topotecan i.v. 2.0-7.5 24h g 3wk 29 18.2 oM 7.5 mg/m* Neutro. Blaney, 1993
+ 3.70M Thrombo.
Topotecan i.v. 1.0-2.0 24h q 1wk 32 4.7-11.4 oM 1.75 mg/mf/24h  Neutro. Haas, 1994
Topotecan i.v. 0.75-1.9/day 72k q 3wk 27 3.1 £ 1.4 ng/ml 1.0 mg/m?/d Neutro. Pratt, 1994
1.3 mg/m?
Topotecan i.v. 0.17-0.68/day 120h q 3wk 14 5.5 ng/ml 0.68 mg/m*day Thrombo. Burris, 1994
0.68-1.6/day 72h q 3wk 32 2.0ng/ml 1.6 mg/m%day  Neutro.
Topotecan i.v. 0.2-0.7 21d ¢ 28d 4 - 0.53 mg/m*/day Thrombo+ Hochster, 1994
Neutro.
Topotecan i.v. 0.6 /day 21d 9 - -- Neutro/ Khater, 1995
Thrombo.
Topotecan i.v. 0.4/day 21d q 28d 16 - - - Hochster, 1996
(phase IT)
Topotecan p.o. 0.8-1.1/day 21d q 28d | 0.8 mg/m*/day  Thrombo. Bowman, 1996
pediatric

i.v.: intravenous; i.p.: intraperitoneal; p.o: oral; MTD: Maximum Tolerated Dose; DLT: dose limiting toxicity; Cpss: plasma-concentration steady
state; *: chemotherapy-pretreated; **: non-pretreated; —: not stated; Neutro: neutropenia; Thrombo: thrombopenia.
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In one study TPT was administered intraperitoneally for 24 hours every 4
weeks [100]. Studies with continuous infusion of topotecan of 72 hours or more
show mild non-hematologic toxicities (nausea, vomiting, alopecia). Dose [imiting
toxicity is always leucocytopenia, more often with associated thrombocytopenia
than with the daily x 5 iv. bolus. Anemia requiring bloodtransfusions and
thrombocytopenia with platelet transfusions are particular problems related to these
schedules. In phase II studies in pediatric patients and adults with acute leukemia
continuous infusion of TPT for 120 hours resulted in severe mucositis as DLT
[101-102].

In a phase I study with continuous intravenous topotecan administration for 21
days every 28 days in 44 patients with solid tumors the MTD was 0.53 mg/m*/day,
with myelosuppression as DLT [75]). The steady state lactone TPT concentration
was low, approximately 4 ng/ml. No consistent relationship was found between
drug level and hematologic toxicity. Partial tumor responses were noted in 2 pa-
tients with ovarian cancer, 1 patient with breast cancer, | patient with renal cell
cancer, and 1 patient with NSCLC [103]. Bloodiransfusions and platelet
transfusions were necessary in 45% and 11% of patients respectively. The authors
concluded that a 21 day infusion of TPT is penerally well tolerated with minimal
non-hematologic toxicity. In a phase II study with this regimen in patients with
progressive ovarian cancer after platinum containing chemotherapy, response rate
was 37% and neutropenia was the major toxicity {31%). Blood transfusions needed
to be given to 50% of patients [104]. Further phase II studies with the 21 day
continuous infusion of TPT are ongoing.

The bioavailability of oral TPT varies from 32%-44% with relatively fimited
intrapatient variation [105-106]. Oral TPT was studied in pediatric patients with
solid mmors in a phase 1 study with 2 different dose schedules. In one dose
schedule TPT was administered orally every day for 21 days q 28 days. In the
second schedule oral TPT was given 5 days on, 2 days off for 15 total doses. In
the 21 day schedule oral bioavailability was 46% + 22% at 0.8 mg/m’ and 34% +
14% at dose level 1.1 mg/m?. DLT of both schedules is thrombocytopenia, and
myelosuppression is well correlated with systemic exposure to oral TPT [107].
Thus, in vitro studies show that time period of exposure fo topotecan is an
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important determinant of cytotoxicity. In vivo studies with human xenografts with
prolonged administration of topotecan show better antitumor activity. In patients
with solid tumors, continuous infusion of TPT is well tolerated and tumor
responses are being reported. Phase 1 studies with an oral formulation TPT in
adult patients with solid tumors are ongoing.

IRINOTECAN (CPT-11)

CPT-11 (7-ethyl-10 [4-(piperidino)-1-piperidinolcarboxyloxy-camptothecin) is a
water-soluble analogue of camptothecin. CPT-11 has little inherent antitumor
activity in vitro, but it is converted to SN-38, a metabolite that is 1000-fold more
potent than the parent compound in vitro [108-109].

Preclinical studies

Int vivo studies

CPT-11 has been studied in human tumor xenografts with chemorefractory
coloncarcinoma, chemo-responsive  rhabdomyosarcoma, and  sublines of
rhabdomyosarcoma with in vivo resistance to vincristine, melphalan, and topotecan,
as well as with 3 pediatﬂc brain tumors [79,110]. As a single i.v. administration at
the maximum tolerated dose {50 mg/kg), CPT-11 had no ichibitory effect on any
coloncarcinoma xenograft, however when administered for one cycle i.v. at a dose
of 10-40 mg/kg/dose/daily x5 for 2 consecutive weeks it demonstrated significant
activity against 5 of 8 coloncarcinoma models, rhabdomyosarcomas and 2 xeno-
grafts (Rh18 rhabdomyosarcoma and VRC, colon adenocarcinoma), resistant in
vivo to topotecan, were also highly responsive to this schedufe [110}. To determine
whether prolonged periods of trestment were more effective CPT-11 was
administered as before as a daily x5 schedule for two weeks but the cycles were
repeated every 21 days for a total of 3 cycles. The MTD was 10 mg/kg/day.
Complete regression of all VRC; colon tumors was achieved at 5-10 mg/kg/dose.
CPT-{1 given as a protracted schedule at 5 mg/kg/day showed greater activity than
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a shorter intense therapy at 40 mg/kg/dose.

A single cycle of CPT-11 was only modestly active at a dose of 40 mg/kg in
4 of 25 Rh12 rhabdomyosarcoma xenogratts whereas 3 cycles of therapy at 10
mg/kg/day, daily x5, resulted in complete regression of 12 of 13 tumors. Similar
results were obtained in colon carcinoma- and human brain tumor xenografts {110].
Thus protracted therapy with fow-dose CPT-11 had increased therapeutic efficacy
as compared to more toxic short terin schedules.

Table 3. Topoisonerase-I-inhibitors continuous/prolonged administration in
solid umors. (CPT-11).

Drug Dose No.  Cp-ss MTD DLT Refer.
Schedule Pis Year.
mg/m?

CPT-11 125-225 20 - = 200 mg/m*  Not yet Rathenberg

iv. every other reached 1996,
wk

CPT-11 33-115/day 46 2034 ng/ml 115 mg/m? Neutro +  Catimel.

i.v. bolus  3d q 3wk diarrhea 1995,

CPT-11 5-40 /day 36 6.8-10.5 ng/ml 40 mg/m’/day  Neutro +  Ote.

iv. 120h q 3wk (SN 38) diarrhea 1992,

i.v.: intravenous; i.p.: intraperitoneal; p.o: oral; MTD: Maximum Tolerated Dose; DLT: dose
limiting toxicity; Cpss: plasma-concentration steady state; *: chemotherapy-pretreated; **: non-
pretreated; --: net stated; Neutro: neutropenia; Thrombo: thrombopenia.

Clinical studies with prolonged or continuous administration

In a phase I study with CPT-11 given as a 5 days continuous infusion every 3
weeks the dose was escalated from 5-40 mg/m?/day {111] (Table 3). Dose limiting
toxicity consisted of CTC grade III-IV diarrhea. Toxic effects greater than CTC-
grade 2 included diarrhea (69%), nausea and vomiting (58%),-leukopenia (25%),
anemia (25%), thrombocytopenia (6%) and hepatic dysfunction (14%). Diarrhea
was dose dependent in contrast to the white blood cell nadir which was not dose
dependent [111]. In another phase I smdy CPT-11 was administered intravenously
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over 30 minutes for 3 consecutive days every three weeks. Both leucopenia and di-
arrhea were dose limiting at a dose of 115 mg/m®/day {112]. In limited studies with
low dose schedules of CPT-11 once daily x 3, once daily x 5 and wice daily x 7
antitumor responses were reported in patients with leukemia and lymphomas [113-
114].

From small studies in ovarian and cervical cancer it was suggested there were
no significant differences between schedules concerning efficacy but clearly these
data need further confirmation [115-116]. Response rates in patients with NSCLC
treated with CPT-11 at a dose of 200 mg/m* every 3-4 weeks or 100 mg/m? weekly
do not seem to ditfer [117-118}. In patients with solid tumors the dose scheduie for
the time being apparently does not seem to be crucial in efficacy of the drug.

However, CPT-11 may have more efficacy when administered at lower doses
for a longer time to patients with malignant lymphoma. An oral formulation of
CPT-11 has been tested on a daily x5 schedule every 3 weeks with diarrhea and
neutropenia as dose limiting toxicities [119].

GI147211

GI147211, (7-( 4-methyl piperazinomethylene)l0,11-ehtylene-dioxy-20-(S)-
camptothecin) is a water soluble analogue of camptothecin. The water solubilizing
groups were introduced on position 7 in the B ring.

Preclinical studies

GI147211 appeared to have antitumor activity in vitro as well as in vivo
studies [120]. In these studies the dose schedule of twice a week administration for
5 teeks did not appear optimal. Recent data demonstrate that GI147211 is more
active when administered at higher doses using an every 4 days schedule for a total
of 3 doses [121]. Again dose scheduling seems important for an optimal antitumor

effect.
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Clinical studies with prolonged or continuous administration

Daily x5 iv administration

Three phase I studies with intravenons GI14721 have been performed, two
studies with a 30 minute GI147211 infusion once daily for five consecutive days
every 3 weeks, a third study with GI147211 given as a 72 hour contimious infusion
{122-124]. In all studies AUC increased with dose in a linear fashion, and dose
limiting toxicity consisted of leucocytopenia as well as thrombocytopenia. Non-
hematologic toxicity was mild and there was no diarrhea or hemorrhagic cystitis.
Preliminary results of phase IT studies show anti-tumor activity in ovarian cancer
and small cell lung cancer [125].

Table 4. Topoisomerase-I-inhibitors continnous/prolonged administration in
solid tumors. (GI147211)

Drug Dose No. Cp-ss MTD DLT Refer,
Schedule Pts Year
mg/m?

GIi47211  0.3-0.5/day 38 0.1-0.35 0.5 mg/m*/d  Neutro+ Khater

i.v. 7-21d q 28d ng/ml x2i Thrombo. 1996
GIi4721t  72h q 28d? 6 - 1.5 mg/m?fd*  myelosupp.  O'Dwyer
iv. 2.0 ig/mlfd** 1995

i.v.: intravencus; i.p.: intraperitoneal; p.o: oral; MTD: Maximum Tolerated Dose; DLT: dose
fimiting toxicity; Cpss: plasma-concentration steady state *: chemotherapy-pretreated; **: non-
pretreated; --: not stated; Neutro: neutropenia; Thrombo: thrombopenia.

Prolonged exposure

A phase I study with continuous infusion of GI147211 has been performed
with doses ranging from 0.3-0.5 mg/m?day for 7,14 and 21 days. DLT reached at
0.5 mg/m*/day consisted of neutropenia and thrombocytopenia. Non-hematologic
toxicities CTC-grade = 2 counsisted of nausea, vomiting, dyspepsia, fatigue and
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diarrhea, Pharmacokinetics of GI147211 showed mean steady-state coticentrations
ranging from 0.1-0.35 ng/ml. The total body clearance was similar to the clearance
with shorter infusions [126] (Table 4).

DISCUSSION AND CONCLUSION

Topoisomerase I inhibitors are a class of drugs with a broad antitumor
activity, even against previously chemotherapy resistant tumors. The issues
concerning drugs scheduling are manyfold and one of the conclusions from all of
the above could be that there is no true consistency in the use of schedules and
models in preclinical studies. It would be worthwhile, to try to achieve this
consistency in the development of drugs such as these. Clearly many of the
relevant questions on scheduling can already be answered in in vitro studies such as
the ones that have been performed with topotecan. With appropriate in vitro
studies, one could easily mimic potential clinical application schedules. Following
in vitro studies, in vivo studies could be performed taking the data from the in
vitro studies into account. Obviously, long-term infusional application in animal
models is difticult to achieve, but on the other hand many of the performed in vivo
studies, because of their diversity, do not result in conclusive evidence. With a
consistent approach in preclinical studies, one could aiso avoid the necessity of
having to perform foo many clinical studies on scheduling. It is also
recommendable to perform the clinical phase I and H smudies with inclusion of
pharmacokinetic/pharmacodynamic relationship studies. A nice example of this can
be found in the yet unpublished study relating levels of topoisomerase 1 inhibitors
to parameters such as decreased cleavable complex formation. Making use of the
appropriate combinations of clinical studies with PK/PD studies, the number of
necessary studies could easily be limited. Also such studies would answer whether
thresholds exist for the effect of topoisomerase I inhibitors in conjunction with
exposure duration, The preliminary results from the above reviewed phase I and
phase II studies indicate that prolonged administration with topoisomerase I
inhibitors is feasible it patients with cancer. However, unfortunately the optimal
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dose and schedule of the various agents available still remains to be elucidated.
Although preliminary results are encouraging and warrant further clinical
exploration, the coneept should still be considered investigational.
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SUMMARY

Purpose: Topotecan is a specific inhibitor of topoisomerase 1. Preclinical data
have indicated that topoisomerase I inhibitors demonstrate more efficacy and have a
greater therapeutic index with prolonged continuous exposure. The feasibility of
this concept in humans using a 21-day continuous infusion of topotecan has been
reported. We conducted a phase II study of this 21-day continuous topotecan
administration schedule in patients with locally advanced, unresectable or metastatic
colorectal cancer.

Patients and Methods: Topotecan, initially applied at a dose of 0.6
mg/m*/day, was administered as a continnous infusion via an ambulatory pump for
21 days repeated every 4 weeks, The starting dose was reduced to 0.5 mg/m¥day
because in 5 of the first 11 patients the second course had to be delayed due to
prolonged myelosuppression. Forty-two patients entered the study; one patient was
ineligible and was excluded from further analyses.

Resuits: The overall response rate was 10%, with I complete and 3 partial
responses. The median response duration was 7 months (range 4-11). With this
schedule, the major toxicity was prolonged cumulative myelosuppression including
a marked inhibition of erythropoiesis. A total of 250 units of erythrocyte
transfusions were needed to keep the hemoglobine level above 6.0 mmol/l. Other
side effects were mild, including alopecia (47%), periodic nausea (40%)/vomiting
(22%) and fatigue (16%). Pharmacokinetic evaluation showed a mean steady-state
plasma concentration (Css) of topotecan of (.62 ng/ml (range 0.33-1.1} with a
significant relationship between the Css of topotecan and CTC-grade of
leukocytopenia.

Conclusion: Topotecan administered as a 21-day contimuous infusion exerts
minor activity as single-agent therapy in patients with metastatic colorectal cancer.

INTRODUCTION

Colorectal cancer is one of the most common malignancies in Western
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countries. The primary treatment is surgical resection, but approximately half of
the patients will eventually die of metastatic disease. Over the last 20 years 5-
fluorouracil (3-FU) has remained the mainstay of systemic treatment in patients
with metastatic colorectal cancer, with reported response rates ranging from 5-
20%, responses usually being of short duration. Biomodulation with folinic acid,
interferons, methotrexate (MTX) or phosphonacetyl-L-aspartate (PALA) induces
higher response rates, but complete responses are rare and the impact on survival is
marginal [1-3].

Thus, the poor progrosis for patients with metastatic colorectal cancer and the
lack of essential progress in this common disorder resuits in researchers striving
new drugs for their activity in this disease,

Topotecan, (S)-9-dimethylaminomethyl-10-hydroxycamptothecin is a water-
soluble analogue of camptothecin [4,5], a plant alkaloid from the deciduous tree
Camptotheca acuminata. Topotecan exerts its cytotoxic activity during the S-phase
of the cell cycle (hrough specific inhibition of the enzyme topoisomerase 1.
Topoisomerase I relaxes the supercoiled DNA by forming a covalent adduct with
DNA, known as the cleavable complex, resulting in transient single-strand breaks
through whicli the intact strand is allowed to pass. DNA relaxation occurs from
swiveling at this nick and so plays an important role in DNA replication and RNA
transcription. The enzyme breaks are then resealed by topoisomerase I (religation).
Binding of topoisomerase I inhibitors to the cleavable complex permifs uncoiling,
but prevents religation in presence of the drug. Cytotoxicity occurs by interaction
of the advancing replication fork with the drug-trapped cleavable complex,
resulting in fork breakage and eventually cell death {6,7].

It has been shown that colon cancer cells contain a fivefold higher level of
topoisomerase I than adjacent normal tissue {8] and preclinical data have indicated
that topoisomerase 1 inhibitors demonstrate greater efficacy and have a greater
therapeutic index with prolonged continuous exposure [9,10]. Hochster et al. [11]
recently reported a phase I study of prolonged exposure to the drug using a 21-day
continuous infusion repeated every 28 days. In pretreated patients, the infusion was
tolerated at a dose of 0.53 mg/m%day. The dose-limiting toxicity was myelo-
suppression, with thrombocytopenia somewhat more profound compared fo
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neutropenia. Responses were reported in tumor types that are usually considered
resistant to chemotherapy.

In view of these data, we conducted a phase II study of topotecan
administered as a 21-day continuous infusion repeated every 28 days in patients

with metastatic colorectal cancer.

PATIENTS AND METHODS

Parients

Patients at least 18 years of age with histologically confirmed, locally
advanced, unresectable, or metastatic colorectal cancer, who had not received any
previous chemotherapy for metastatic disease, were enrolled in the study. All
patients had at least one bidimensional lesion and were suitable and willing to have
a permanent mediport device. A World Health Organization (WHO) performance
status = 2 and a life expectancy of = 3 months was required. In patients who had
received adjuvant chemotherapy, the treatment-free interval had to be a minimum
of 12 months, Prior radiotherapy was allowed if the interval was = 4 weeks.
Eligibility further required adequate bone marrow function (white blood cells
(WBC) = 3.5 x 10°1, grannlocytes = 1.5 x 10%1 and platelets = 100 x 10%1);
creatinine < 135 pmol/l; serum bilirubin < 30 pmol/l, serum ASAT/ALAT < 2x
the upper limit of normal, in presence of liver metastasis < 5x the upper limit.
Informed consent was obtained according to institutional rules before entry into the

study.

Treatment schedule

Topotecan, initially applied at a dose of 0.6 mg/m*/day, was administered as a
21-day continuous infusion repeated every 28 days. Topotecan (Hycamtin®) was
supplied in vials as a light yellow, lyophilized cake. Each lyophilized vial contained
5 mg of the free base. The lyophilized formulation was reconstituted with 2 ml of
bacteriostatic water for injection, preserved with benzyl alcohol. The appropriate
volume of the reconstituted solution was transferred to the cassette. Final dilution
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to a total volume of 50 mi was made at a concentration such that the total daily
dose was contained in every © ml of sohrtion. The cassette was inserted in a
CADD-PLUS ambulatory infusion pump (Pharmacia-Deltec Inc., St. Paul, USA)
adjusted at a flow rate of 6 mi/24 hours and connected to the mediport device.
Stability data for the topotecan solution have been generated for at least 8 days
under the conditions used in the study. The cassette and batteries were changed

every week,

Dose modifications

The next treatment cycle was administered if the granulocytes were = 1.0 x
10°/1 and platelets > 100 x 10°/1. The dosage of topotecan was reduced by 0.1
mg/m?day if myelosuppression persisted beyond day 28 or if the previous cycle of
topotecan was prematurely stopped because of grade 4 myelosuppression. If

toxicity was = grade 2, the dose of topotecan was increased by 0.1 mg/m¥day.

Pretreatinent and follow-up stidy scheme

A history, physical examination and assignment of foxicity, according to the
Common Cytotoxicity Criteria ({CTC) were performed every week [12]. Complete
blood cell counts {(CBC) including differential, were performed twice weekly.
Blood chemistries including electrolytes, renal and liver functions, total protein,
albumin and glucose were obtained weekly. Urinalysis was performed before every
cycle. An ECG was performed before treatment and prior to the second cycle.

Evaluation

Responses were evaluated according to the World Health Organisation (WHO)
criteria [13]. Response duration was defined as the interval between the initiation of
treatment to the first sign of progression. Measurement of the involved lesions by
computed tomographic scan, plain chest X-ray or ultrasonography was performed
every 2 cycles. CEA was not measured routinely and was not (aken as a surrogate
marker for response, since ouly objective remission was considered to be of

relevance,
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Pharmacokinetics
Heparinized blood samples (2.8 ml) were collected during cycle 1 on days 2,

8 and 15 and during cycle 2 on day 8 to determine the steady-state plasma
concentration (Css) of topotecan and the ring-opened product hydroxy acid. After
collection, the blood samples were centrifuged immediately for 5 minutes at 3,500
rprﬁ; 250 gl of the plasma was immediately transferred to a polypropylene tube
containing 750 pl of cold methanol (-20 °C) and mixed on a whirl mixer for 15
seconds. Subsequently, the sample was immediately stored at -80 °C until analysis.
Topotecan and the hydroxy acid were analyzed simultancously with a reverse-phase
HPLC system and fluorescence detection as described by Loos ef al. [14], with a
lower limit of quaniification (LLQ) of 0.1 ng/ml for both compounds. The
Spearman rank correlation coefficient was calculated between the Css and toxicity

paranieters.

RESULTS

A total of 42 patients were entered in the study. One patient was considered
ineligible because there was no histologic confirmation of colorectal cancer. This
patient was excluded from all analyses. Another patient was not evaluable because
of the development of an intra-abdominal abscess and colocutaneous fistula in the
fiest week after initiation of therapy, which led to discontinuation of treatment.
Patient characteristics are summarized in Table 1.

Toxicity

Although a 21-day continuous infusion is rather inconvenient for patients,
treatment was well tolerated. In 4 patients treatment was complicated by thrombosis
of the subclavian vein at the site where the mediport device was inserted. Two
patients experienced a local infection of the mediport device; with an early start of
antibiotics the device was preserved.

Forty patients were assessable for toxicity and response and received a total of
142 courses. The median number of courses given per patient was 3 (range 1-14%).
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Table 1, Patient characteristics

No. of patients

No. patients entered 42
Ne. patients

evaluable 41

ineligible 1
Sex

male 20

female 21
Age

median 57

range 38-69
Performance status

0 14

1 25

2 2
Prior treatment

prior surgery 27

prior surgery and prior radiotherapy 3

prior surgery and adjuvant chemotherapy 3

no prior treatment 8

Metastatic sites

[ung 11
liver 26
lymph nodes i1
miscellancous 12

The starting dose was reduced from 0.6 mg/m*/day to 0.5 mg/m’/day after
the second course had to be delayed in 5 of the first 11 patients because of
prolonged myelosuppression. The main toxicity was myelosuppression, with
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neutropenia grade 3-4 in 20% of the courses with the median nadir ANC observed
on day 25 (range 8-25); Thrombocytopenia was mild, being grade 3-4 in only 8%
of the courses, and the platelet nadir also occurred on day 25 (Table 2). Despite
the mild myelosuppression treatment had to be delayed in 26% of the courses due
to prolonged myelosuppression. Following treatment delays, the protocol mandated
a dose reduction in the subsequent course. Related to this, the mean dosec-intensity
decreased from 2.65 to 1.43 mg/m*week (Figure 1), illustrating that the
myelosuppression was cumulative. In addition, a marked inhibition of the erythro-
poeisis was observed. The hospital policy is to correct the hemoglobin as soon as it
drops below 6.0 mmol/i. A fotal of 250 units of erythrocyte transfusions were
needed to keep the hemoglobin (Hb) > 6.0 mmol/l. The percentage of patients
requiring transfusions for this reason varied from 58% in course 1 to 90% in

course 6.

Mean Dose Intensity (mg/mszeek)

Figure 1. Graph shows the gradually decreasing mean dose-intensity £ SD (mg/m*/wk)
per treaiment course
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Non-hematologic side effects were alopecia (47%) being grade 1 in more than
two thirds of the patients, mild periodic (often only in the first week of treatment)
nausea (40%) and vomiting (22%), asthenia/fatigue (16%) (Table 2). The latter
was partially associated with anemia as symptoms subjectively reduced after

transfusion.

Table 2. Drug related toxicity per course (n = 142)

CTC grade
grade

1 2 3 4 34

%

leucopenia 20 41 22 2 17
neulropenia 26 28 17 11 20
thrombocytopenia 19 24 8 4 8
nauseca 52 5 - - 0
vomiting 25 6 - - 0
fatigue 20 3 - - 0
alopecia (per pt.) 13 ] - - -

Pharmacokinetics

The Css levels of topotecan could be determined in 37 patients and varied
widely, with a mean of 0.62 1 0.17 ng/mi and a range of 0.33-1.1 ng/ml (Table
3). A low but statistically significant correlation was found between Css and CTC
grade of leucocytopenia (R=0.54, p=0.001). There was no correlation between
Css and the absolute dose of topotecan.

Respoiise

Four patients achieved a response (10%; 95% confidence limits 3-23%),
including | complete response lasting for 8 months and 3 partial responses with a
duration {as measured from the initiation of treatment) of respectively, 4, 7 and 11
months, One of these 4 patients started at the dose level off 0.6 mg/m?*/day. The
obtained drug plasma levels of the responding patients where in the same range as
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those of other patients treated. Seventeen patients had stable disease (43%) at
evaluation whereas 19 patients had progression (47%). The median (ime to
progression for the tofal study population was 3 months,

Table 3. Pharmacokinetics of Topotecan and Topotecan plus hydroxy-acid

Pharmacokinetic Topotecan Topotecan + HA

parameter

Cge (ng/mLY’

mean (SD) 0.62 (0.17) 1.94 (0.47)

range 033-1.1 1.23-3.02
CL (I/min)

mean (51) 1.14 (0.33) 0.35 (0.08)

range 0.63-2.04 0.24 - 0.54
‘n =37

HA, hydroxy-acid; Cgs, steady-state plasma concentration; CL, clearance

DISCUSSION

This phase II study in patients with locally, unresectable or metastatic
colorectal cancer was initiated based on previous data of Hochster et al. [11] who
reported favourable responses using a 21-days continuous infusion of topotecan via
an ambulatory pump repeated every 28 days, pursuing the prolonged exposure that
in vitro has shown to possess more cytotoxic activity and may have a greater thera-
peutic index {9,10]. In the heavily pretreated patient population of that phase I
study topotecan was tolerated with a recommended dose of 0.53 mg/m*/day, the
dose-limiting toxicity was myelosuppression with thrombocytopenia somewhat
exceeding leukopenia. Seven objective responses were observed including tumor
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types usually considered chemotherapy resistant. Although no responses were seen
in patients with colorectal cancer this was imputed to the fact that those patients
were mainly entered at the lower dose levels (personal communication).

The starting dose of the presently reported study was 0.6 mg/m?%day as our
patients hardly received prior chemotherapy, but the starting dose had to be
reduced to 0.5 mg/m*/day after in 5 of first 11 patients the second course had to be
delayed. Overall, the magnitude of myelosuppression was less pronounced,
presumably because patients had not received prior chemotherapy, but the recovery
from myelosuppression was delayed and therefore treatment had to be postponed in
26% of the courses. In addition, we demonsirated that the myelosuppression was
cumulative, with a mean dose intensity gradually decreasing from 2.65 to 1.43
mg/m*¥week. The low correlation coefficient of 0.54 between Css and the CTC-
grade of leukocytopenia illusirates that the pharmacokinetic variability is not a
major determinant of this toxicity. Furthermore, we observed a marked inhibition
of erythropoiesis. /r1 vitro data have shown that topoisomerase inhibitors added to
bone marrow cultures impair the formation of early BFU—E_ derived colonies, late
CFU-E derived colonies and mixed hemotopoietic (CFU-GEMM derived) colonies
in a time and concentration dependent fashion [15]. Topoisomerase inhibitors aiso
impair the maturation of erythroblasts by inhibition of the hemoglobinization {15].

In in vivo studies topotecan had shown activity in the mouse coloncarcinomas
38 and 51, and in the human coloncarcinoma xenogratts HT-29 and SW-48 [5,16].
The initial phase I studies with topotecan have been performed using a daily times
five intravenous drug adntinistration by 30 minute infusion. Using this schedule the
in vivo activity could not be confirmed in the human situation, with an obtained
response rate of 0-7% in a total of 76 patients [17,18]. However further in vitro
studies had shown that topoisomerase I inhibitors (including topotecan) demonstrate
a greater efficacy with prolonged continuous exposure [9,10]. Such an éxposure
can be achieved clinically by continuous infusion for instances -for 21 days, the
feasibility of which had been shown by Hochster et al [11], Despite this, and the
known data, that colon cancer cells contain a fivefold higher level op
topoisomerase I than adjacent normal tissue [8], the efficacy of the 21-days infusion
in patients with colorectal cancer was minor with an overall response rate of 10%
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(1 CR and 3 PRs) with a median duration of 7 months (range 4-11).

Clinical studies with irinotecan (CPT-11), another topoisomerase I inhibitor
reveal more promising results in patients with metastatic colorectal cancer. Several
are published administering CPT-11 at a dose of 125 mg/m® every week x4,
followed by a 2 weeks rest, showing a response rate in chemonaive patients of 27-
32% and in 5-FU-pretreated patients of 22-25% [19-22], but severe {grade 3-4)
diarrhea, despite the early and frequent use of loperamide, remains an important
side effect. In view of these results, one might speculate why two different
topotecan regimens did not show activity in colorectal cancer. With a daily times
five regimen relatively high peak plasma levels of topotecan were achieved, and
this regimen does show activity in other diseases. The intrapatient variation in
achieved area under the curve is very limited, but the interpaticnt variation is large
[23]. In colorectal cancer however only minor activity was noted [17,18]. The
completely different approach reported here, using a 21-day continuous infusion did
also not result in activity, possibly because the achieved plasma levels were lower
than concentrations required for in virro cell kill. Differences in drug-target
interactions in colorectal cancer cells may be another, but unproven, reason for the
difference in clinical activity between irinotecan and topotecan, while there also
may be many others.

Despite the rather disappointing results on efficacy in this study, the concept
of continuous exposure should not be refuted. A 21 day exposure may show to be
efficacious in more sensitive tumor types, and for relatively resistant tumor types
such as colorectal cancer a better balance between the necessity of achieving higher
plasma concentrations without coinciding excessive toxicity may be obtained by
shorter infusion durations. In addition, in view of the reported 32% bioavailability
of oral topotecan [24] and the patient convenience related to oral dosing, prolonged
topotecan administration by oral application should further be studied.
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SUMMARY

Purpose: Topotecan is a specific inhibitor of topoisomerase I. Recently
bioavailability of an oral formulation of approximately 30% with [imited variability
was reported. We conducted a phase I and pharmacokinetic study of the oral
formulation of topotecan to characterize the maximum-tolerated dose (MTD),
toxicities, pharmacokinetics and antitimor effects in patients with refractory
malignancies.

Patients and methods: Patients were treated with oral topotecan given twice
daily for 21 days, cycles repeated every 28 days. In subsequent cohorts the dose
was escalated from 0.15 to 0.6 mg/m’ twice daily. Pharmacokinetics were
performed on day I and 8 of the first course using a validated high-performance
liquid chromatographic assay and noncompartmental pharmacokinetic methods.

Results: Thirty-one patients entered the study, one patient was not assessable
for toxicity and response as therapy was prematurely interrupted on request of the
patient who had not experienced toxicity. Thirty patients received a total of 59
courses. The dose-limiting toxicity (DLT) was reached at a dose of (0.6 mg/m?
twice daily and consisted of diarrhea, starting subacutely at a median onset on day
15 (range 12-20) and resolving after a median of 8 days (range 7-16). Other
toxicities were mild, iocluding leucocytopenia, thrombocytopenia, nausea and
vomiting. The MTD was 0.5 mg/m? twice daily. No responses were observed.
Pharmacokinetics showed a substantial variation of the area under the plasma
concentration-time curve at time point "t" (AUC(t)) of topotecan and ring-opened
product hydroxy-acid. A significant correlation was observed between the
percentage of decrease in WBC versus the AUC(t) of topotecan (R=0.75) which
was modeled by a sigmoidal maximal effect concentration (E_,) function,

Conclusion: The DLT in this phase I study for chronic oral topotecan for 21
days was diarthea. The recommended dose for phase II studies is 0.5 mg/m* twice

daily.
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INTRODUCTION

Topotecan, (8)-9-dimethylaminomethyl-10-hydroxycamptothecin, is a water-
soluble semisynthetic analogue of camptothecin (CPT) [1]. Like camptothecin,
topotecan is a specific inhibitor of topoisomerase 1. Topoisomerase I is a nuclear
enzyme that resolves fopological problems of the supercoiled DNA. This is
achieved by forming a covalent adduct between lopoisomerase I and the DNA,
terined the cleavable complex. This catalytic intermediate creates single-strand
breaks, allowing the DNA molecule to rotate around the intact DNA strand at the
cleavage site leading to a relaxation of the DNA molecule. In this way, replication,
transcription, and other DNA functions can proceed. These enzyme-bridged breaks
are then resealed by topoisomerase I. Topoisomerase I inhibitors interfere with the
breakage-reunion process by stabilizing the cleavable complexes and thereby
preventing the resealing of single breaks in the presence of the drug. Cytotoxicity
is specific to the S-phase of the cell, cycle because the double-strand breaks that
occur during this phase are more difficult to repair in the absence of the drug. So,
in the absence of DNA replication or in case of short exposure, topoisomerase. [
inhibitors produce litlle or no cytotoxicity {2,3]. Moreover, preclinical studies
using human colony-forming unifs in vifro, have indicated that prolonged exposure
demonstrates more efficacy and has a greater therapeutic index [4,5].

The feasibility of this concept of prolonged exposure in humans was tested by
Hochster et al. {6] in a phase I stady that used a 21-day continvous infusion repea-
ted every 28 days. Responses were seen in tumor types that are usually considered
chemotherapy-resistant. In pretreated patients, the infusion was tolerated at a dose
of 0.53 mg/m*/day. For patients with no prior treatment, the tolerated dose was 0.7
mg/m*/day. The dose-limiting toxicity (DLT) was myelosuppression, with
thrombocytopenia being somewhat more profound compared with neutropenia.
Recently reported results showed a 32-44% bioévailélhility of the intravenous (i.v.)
formulation of topotecan administered orally [7,8], and thus oral administration
might be a more simple and convenient method for prolonged drug administration.
In view of the relatively short half life of topotecan and in order to mimic as
appropriate as possible the continuous infusion schedule, the oral fonnulation was
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initially tested at a twice-daily administration. We performed a phase I study on
oral fopotecan given twice daily for 21 days repeated every 28 days.

PATIENTS AND METHODS

Patient selection
Patients with a histologically confirmed diagnosis of a malignant solid tumor

refractory to standard forms of therapy were eligible. Other eligibility criteria
included: age between 18-75 years; Eastern Cooperative Oncology Group (ECOG)
performance status = 2; estimated life expectancy = 12 weeks; no previous
anticancer therapy for = 4 weeks (6 weeks for nitrosoureas or mitomycin C),
adequate hematopoictic (WBC = 4x10%1 and platelets = 100x10%1), hepatic
(bilirubin within normal limits, AST, ALT and/or alkaline phosphatase =< 2x
normal), and renal (serum creatinine < 132.6 pmol/l) function. Specific exclusion
criteria included active peptic ulcer or any gastrointestinal condition that could alter
absorption or motility, and patients taking H,-antagonists or proton pump inhibi-
tors. All patients gave written informed consent before entry in the study,

Treatment and dose escalation

Based on the data of Hochster et al. [6] who used topotecan as a 21-day
continuous infusion with a maximum-tolerated dose (MTD) of 0.53 mg/m*day and
given a bioavailability of 32% of oral administration of topotecan [7], the starting
dose for the 21-day oral administration was set at 0.15 mg/m?* twice daily. Courses
were to be repeated every 28 days as tolerated. Dose escalations were based on the
prior dose level {oxicity. For example, if no toxicity was seen in the prior dose,
100% dose escalation was allowed, However, if toxicity was seen, a dose
escalation of 25-50% (which was determined by the worst significant toxicity) was
prescribed. At least four patients were entered at each dose level. The MTD was
defined as one dose level below the dose that induced DLTs, which were defined
as common toxicity criteria (CTC) grade 4 hematologic toxicity and/or
nonhematologic toxicity = CTC grade 3 in more than two of six patients. If
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neufropenia grade 4, thrombocytopenia = grade 3, and/or non-hematologic toxicity
= grade 3 occurred during treatment days, topotecan administration was stopped
immediately. Intrapatient dose escalation was not performed.

Topotecan was supplied as capsules containing topotecan hydrochioride,
equivalent to either 0.2 mg or 0.3 mg of the anhydrous free base. Capsules had to
be stored at a temperature between 2-8°C. Capsules were taken with an interval of
12 hours with a glass of water at least 10 minutes before non-standardized meals.

Patients were treated on & outpatient basis.

Treatment assessmeiit

Before therapy, a complete medical history was taken and a physical
examination was performed. A complete blood cell count (CBC) including WBC
differential, and serum biochemistry which involved sodium, potassium, chloride,
bicarbonate, calcium, phosphorus, magnesium, creatinine, urea, uric acid, bili-
rubin, AST, ALT, alkaline phosphatase, total protein and albumin, were
performed, as were urinalysis, BCG and chest X-ray. Weekly evaluations included
history, physical examination, toxicity assessment according to the CTC criteria
and serum chemistrics. CBC were determined twice weekly, Tumor measurements
were performed after every two courses and evaluated according to the World
Health Organization (WHOQ) criteria for response. Patients were taken off protocol

in case of disease progression.

Pharmacokinetics

For pharmacokinetic analysis, whole-blood samples (2.8 ml) in heparinized
tubes were collected from an indwelling IV canula before dosing, and 15, 30, and
45 minutes, and 1, 1.5, 2.5, 3.5, 4.5, 8.5, and 12 hours after administration of the
morning dose of the drug on days | and 8 of the first conrse. The samples were
immediately prepared and analyzed according to the method described by Loos et
al [9]. The lower limit of quantitation (LLQ) was 0.1 ng/ml for topotecan lactone
as well as for the hydroxyacid.

The within-run precision of the LLQ samples of topotecan lactone was 4.4%
and of the hydroxyacid 9.7% The accuracy was 93.2% and 106.6%, respectively,
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and the between-run precision rates were 7.1% and 5.5%, respectively.

Area under the plasma concentration-time curves (AUC) of topotecan lactone
and hydroxyacid were calculated by noncompartmental analysis (linear-logarithmic
trapezoidal method). The AUC(t) was calcutated up to the last nieasured time point
"t", because in most cases the extrapolated part was =20% of the total AUC. The
terminal half-life was calculated as In2/k, where k is the elimination rate constant
(h'); k was calculated using the decline of the logarithmic-transformed
concentrations versus time in the terminal phase of the curve (an automatic feature
of the Siphar package (SIMED, Creteil, France) when using the lin-log trapezoidal
method). The Auc(t) was fitted to observe the percentage decrease in WBC
calculated as (WBC nadir/WBC baseline) x 100, and absolute neutrophif count
{(ANC) calculated as (ANC nadir/ANC baseline) x 100, using the sigmoidal
maximal effect concentration (B, model [10]. For all calculations, the Siphar
software package release 4.0 was used. For statistical analysis, linear regression
analysis was used to evalvate relationships between dose and dose/m? and AUC(T)
and Pearson correlation coefficients were calculated. Spearman rank-correlation
coefficients were calculated between AUC(t) and the CTC grade leucocytopenia
and thrombocytopenia and diarrhea. For statistical analysis, Statgraphics was used
{(Manngistics, Rockville, MD, USA). The Wilcoxon signed-rank test was used to
compare the AUC(t) values of topotecan lactone on days 1 and 8.

RESULTS

A total of 31 patients entered the study. Patients characteristics are listed in Table
f. All patients were eligible; but one patient with colorectal cancer was considered
not assessable for toxicity and response because upon request of the patient he was
taken off protocol on day 10 of the first course without any notable toxicity at that
time. Therefore, 30 patients were assessable for toxicity and response. The majori-
ty of patients were either asymptomatic or only mildly symptomatic (ECOG perfor-
mance status 0-1). All patients, except one, had received prior therapy.
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Table 1. Patient characteristics

No. of patients

No. patients entered

No. patients evaluable

Age
median
range
Sex
femaie
male

Performance status
median
range

Tumor types
colorectal
oropharynx
ovarian
lung (non-small cell)
melanoma
breast

carcinoma unknown primary

soft tissue sarcoma
gastric
kidney
cervix

Prior treatment
radiotherapy
chemotherapy
radio- and chemotherapy
no prior therapy

31

30

55
33-73

18
i3

i
b —

e,

— e BB RS RO WO R RO
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The most common tumor type was colorectal cancer. The total number of
assessable courses was 59, The median number of courses per patient was 2 (1-10).
Dose levels studied were 0.15, 0.3, 0.4, 0.5 and 0.6 mg/m? twice daily, resulting
in total daily doses of 0.3, 0.6, 0.8, 1.0 and 1.2 mg/m?, respectively.

Hematologic toxicity

Overall, the hematologic toxicities were relatively mild (Table 2), with
leucocytopenia and thrombocytopenia mainly occurring (if at all) during the third
and fourth week of the course and being short-lasting.

Table 2. Hematologic toxicity (worst per patient)

Dose No. pts Leucocytes Granulocytes Platelets
(mg/m*/bi.d.}
CTC grade
i 2 3 491 2 3 411 2 3 4
0.15 4 0 ¢t 0 00 0 0 10 0 0 O
0.3 8 11 1 0|0 ¢ 1L O |0 0O 1 O
0.4 3 o 1 0 o1 0 0 010 0 0 0
0.5 8 0 2 2 2|2 2 0 210 0 0 2
0.6 3 0 1 1t 0 2 0 042 0 0 0

The next treatment course had to be postponed due to prolonged
myelosuppression in 2 courses in patients who experienced grade 3-4 leucopenia.
Grade 3-4 leucopenia was observed in 6 of 59 courses (10.2%), it was complicated
by neutropenic fever in 1 patient. In 3 courses (5%) grade 3-4 thrombocytopenia
was noted, 2 in conjunction with lencocytopenia.

Non-hemartologic toxicity
Diarrhea was the DLT of topotecan at a dose of 0.6 mg/m?® twice daily in this

schedute (Table 3).
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Table 3. Non-hematological toxicity (worst per patient)

Dose No. Nausea Vomiting Diarrhea
(mg/m*b.i.d) pts
CTC grade
i 2 3 411 2 3 4111 2 3 4
0.15 4 2 0 0 013 0 0 010 ¢ 1 0O
0.3 8 4 0 0 0141 0 O 0|3 0 0 O
0.4 8 4 ¢ 0 00 O O O}1 t O 1
0.5 8 34 0 0142 ¢ 0 0|4 1 0 2
0.6 3 1t 0 0|1 0 0 O0;0 0O 0 3

The onset of severe diarrhea was sudden with a median day of onset of day
15 (range 12-20). Diarrhea lasted for a median duration of 8 days (range 7-16
days) and resulted in dehydration requiring hospitalization for parenteral fluid and
electrolyte therapy in all 3 patients at the 0.6 mg/m? (wice daily dose level. One
patient showed a different pattern of diarrhea. Two days after topotecan therapy
was initiated, the patient developed diarrhea which gradually became worse. On
day 17 the treatment was stopped according to protocol and the diarrhea resolved
in 7 days. According to the protocol, topotecan administration was stopped after
the development of severe diarrhea. Vigorous administration of loperamide every 2
hours for treatment of diarrhea was ineffective in reducing its severity in all
patients with this side effect. Stool cultures and examination for fecal feucocytes
were negative in these patients. Endoscopy was performed in two patients,

revealing a mild non-specific colitis.

Prophylactic antiemetics were not routinely used in the study, Mild
intermittent nausea and vomiting (grade 1-2) was observed in 32% and 11.8%,
respectively, of the given courses and could be circumvented with standard
antiemetics. Alopecia occurred in 2 patients. No other toxicities were seen. There
was no stomatitis, hypotension, or liver or renal toxicity.
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Pharmacokinetics and dynamics
Pharmacokinetics were performed in 14 patients and were well distributed

over all dose levels. A representative plasma concentration-time curve of topotecan
and the hydroxyacid on days I and 8 is shown in Figure 1.

—®— TOPO DAY 1

—©— HADAY 1

—8— TOPO DAY B

—&— HADAY 8

PLASMA CONC. (ng/mi)

15

TIME (h)

Figure 1. Representative AUCs of topotecan and hydroxyacid on days 1 and 3.

After oral administration, the percent of AUC which had to be extrapolated
was more than 20% in most patients. Therefore, the AUC(t) was calculated, where
"t" denotes the latest measured point, The pharmacokinetic data are listed in Table
4. In 6 patients, the percentage extrapolated was >20% for topotecan lactone and
in 7 for hydroxy-acid.

The value of { for each patient was 12 hours and very constant (after drug
intake). This cannot be a source of variability. The half-life (which was >3 hours
in 5 of 14 patients) leads to measurable drug levels at the start of the second

administration.

74



Table 4. Pharmacokinetics -

Topotecan Day 1 Hydroxy-acid Day 1 Topotecan Day § Hydroxy-acid Day &
Dose |No.of |AUC(H) t1/2 AUC(H) t1/2 AUCH) t1/2 AUCH 11/2
level | Patients | ng.hr/ml h ng.hr/ml h ng.hr/ml h ng.hr/ml h
mg/m*
0.15 2 1,I§ £052 {226 4+131 1290 4+£302 |35241.16 |2064+105 |353+1.36 5.11 +3.37 |4.39 £ 2.18
0.30 3 430 4+ 254 270 £ 123 |6.88 £4.86 438 £ 1.97 |553 £3.69 |2.65+1.05 9.03 4 6.65 13.23 4+ 0.60
0.40 2 3.16 £2.05 (202 £0.06 |400 244 |2.67 4006 (596 +1.29 {271 +0.11 7.98 + 1.90 {2.53 + 0.13
050 t4 3624+2.19 [1704+062 1758 +289 (373070 (546189 [288 1 0.67 10.77 £ 3.74 [4.19 + 1.69
0.60 3 6.13 £ 209 |3.090 4 1.47 |928 £331 |321 +£008 8.8 + 1.63 [3.89 + 1.30 9.41 4 0.63 [2.71 + 1.65
Al 14 398 £235 2354105 |661 +£3.68 |3.6]1 +1.04 |579+2.82 |[3.06+ 0.91 8.93 +4.00 |3.52 + 1.40
% CV |- 59.1 44.7 55.6 289 46.8 29.6 44.6 399

%CV = coefficient of variation
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This resulted in a smail but detectable accumulation of the drug and in a
higher AUC(t) on day 8; t values on days 1 and § were the same.,
The AUC(t) of topotecan and hydroxyacid showed substantial variation. High
correlation was found between the ratio of the AUC() of topotecan and the AUC(t)
of hydroxyacid on days [ and 8 (R=0.96). The AUC(t) values of topotecan and
hydroxyacid were consistently higher on day 8 compared with day 1 (Figure 2)
(p=0.001). The mean AUC(t) 4+ SD of topotecan on day 8 was 5.79 + 2.83
ng.hw/mi and was 26% higher than the AUC() on day 1, which was 3,98 + 2.35
ng.hi/ml {(p=0.001). The interpatient variability (%CV) values in the AUC(I)
values of topotecan on days 1 and 8 were 59.1% and 46.8%, respectively. The
correlation between dose and AUC(t) of topotecan was relatively low (R=0.44).

AUC(ty TOPOTECAN DAY 8

AUG{) TOPOTECAN DAY 1

Figure 2. Relationship between the AUC(E) of topotecan on day 1 and day 8 of course 1.

There was no significant relationship between the dose of topotecan and the
occurrence of leucocytopenia or thrombocytopenia (R=0.41, p=0.15). There was
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a significant correlation between the AUC(t) of topotecan and percentage of
decrease in WBC count (R=0.75, p=0.003). The latter data could be fitted best
using a sigmoidal E_,, model (Figure 3). The AUC at 50% of the maximal effect
(AUC) in that model was 3.9 ng.h/ml and the slope factor y was 2.6. There also
was a significant correfation between AUC(1) and the CTC grade of ANC
(R=0.69, p=0.02) and of thrombocytopenia (R=0.59, p=0.04),

Finally, while there was a trend towards a significant refationship between the CTC
grade of diarrhea and the administered dose (R=0.51, p=0.08), there was no
correlation between AUC(t) and the CTC grade of diarrhea. However, only 8 of 17
patients with diarrhea had pharmacokinetic studies performed, which limits the
power of this observation,

100 —
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log AUC{) topotecan {ng.hfml)

Figure 3. Percentage decrease in WBC count versus' AUC(t) of topotecan during course
1. Curve is fit to a sigmoidal E_,, model,

Responses
Objective responses have not been observed. Disease stabilization of 11
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months was noted in one patient with colorectal cancer at the dose of 0.3 mg/m?
twice daily.

DISCUSSION

The topoisomerase -1 inhibjtors continue to move rapidly through clinical
development, with their unique mechanism of action and their activity against a
variety of malignancies. Topotecan has been extensively studied vsing different i.v.
dosing schedules and has shown short-lasting noncumulative neutropenia and/or
thrombocytopenia as the DLT [11,12].

The present study on prolonged drug administration was based on the
promising results of preclinical studies on prolonged exposure and the oral
bioavailability of topotecan in humans. In vifro experiments with topotecan using
short-term 1-hour exposure at concentrations of 1.0 and 10 pg/ml showed
responses in 10% and 25% of patients, respectively, In contrast, using continuous
exposure at concentrations of 0.1 and 1.0 pg/ml, responses were seen in 34% and
76%, respectively [3]. Prolonged exposure experiments with topotecan against
xenografts derived from adult and childbood solid tumors also showed significant
activity against several human cancers (rhabdomyosarcoma and colon cancer)
without any toxicity, and indicated that its efficacy may be schedule-dependent [4].
The oral bioavailability using the i.v. formulation given orally was determined at
30% + 7.7% in a study using topotecan at a dose of 1.5 mg/m?, with moderate
interpatient variation (21%-45%) [7]. In another study, the bioavailability was
determined to be 44% using the MTD of the oral (14 mg/m?*) and iv. (17.5
mg/m? routes of administration [8). In contrast to the intravenous route, the DLT
for the twice-daily oral administration for 21 days was diarrhea at the dose of 0.6
mg/m* twice daily. Mostly, diarrhea started in the third week of drug
administration. It was always self-limiting after a median duration of 8 days (range
7-16). At the time the diarrhea occurred, vigorous administration of loperamide
was ineffective in reducing this toxicity. Treatment consisted of supportive care
with the administration of fluids and electrolytes. Diagnostic evaluation (i.e. stool
cultures and biopsies) in several of these patients failed to find a pathogenetic

78



Chapter 4

mechanism for this diarrhea. The pattern and severity of this diarrhea resembles the
severe diarrhea seen in patients treated with irinotecan, another topoisomerase I
inhibitor, particularly when the latter is used in intermittent dosing schedules
employing higher single doses. With irinotecan grade 3-4 delayed diarrhea is
observed in approximately 20% of patients [11-16]. Irinotecan is converted by
endogenous carboxylesterase to its active metabolite SN-38. As diarrhea has never
been reporied as a major side effect with the i.v. route of topotecan administration,
it is speculated that the cause of diarrhea with chronic oral administration may be a
local effect of topotecan on the intestinal mucosa.

Nausea and vomiting were intermittent and mild, and never exceeded grade 2
toxicity, similar to the experience obtained with long-term continuous infusion of
topotecan [11,17]. _

Hematological toxicity was relatively mild. Grade 3-4 hematologic toxicity
was observed in 10.2% of the courses and consisted of leucocytopenia which in 2
of 6 courses occurred in conjunction with thrombocytopenia grade 3-4. In
comparison, the DLT in the phase I study using a 21-day continuous infusion was
hematologic, with thrombocytopenia being somewhat more profound than
leucocytopenia {6). In addition, myelotoxicity was the single relevant side effect in
a phase II study that used long-term continuous infusion of topotecan at a dose of
0.5 mg/m*day in patients with untreated metastatic colorectal cancer. Moreover,
that study revealed that the myclosuppression was prolonged, cumulative and
coincided with a marked inhibition of the erythropoiesis [17].

Pharmacokinetic data from the present study showed a substantial interpatient
variability in the AUC(t) and the AUC(t) on day 8 was consistently higher, which
indicates some (presumably clinically less relevant) accumufation of the drug,.

Nevertheless, in this study, a significant correlation was found between the
systemic exposure and the percentage decrease in the leucocytes (Figure 3).
Topoisomerase I inhibitors are highly S-phase-specific, and, in vitro, cytotoxicity is
a function of exposure time to the drug above some critical concentration [4,5,18}.
Recently, Hochster et al. [19] showed that with continuous infusion of topotecan in
hnmans, progressive depletion of topoisomerase T levels is observed until the end of
the second week. Pursuing such a less protracted exposure time in using the oral
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administration might enable the use of higher doses per day and could resuit in
higher concentrations. Moreover, this way, the troublesome diarrhea may possibly
be circumvented, as in the present study it mainly started in the third week of

treatment.

In conclusion, in this phase I study with oral administration of topotecan given
twice daily for 21 days, the MTD was reached at a daily dose of 0.5 mg/m?, with
diarrhea being the DLT. The concept of prolonged administration via oral
administration remains attractive, but from the experience in the present study, it is
possible that a shortened exposure time might result in better tolerance with a
beiter chance to see antitumor activity. Based on these data, studies are planned to
test 5 and 10 days of oral administration.
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SUMMARY

Background and Purpose: Prolonged exposure to topotecan (TPT) in in vitro
experiments and in vivo studies in animals yielded the highest antitwnour efficacy.
An oral bioavailability of TPT of 32-44% enables convenient prolonged administra-
tion. Because of unpredictable diarrhea in the third week of the b.i.d. 21 day
schedule of orally administered TPT and the finding of optimal downregulation of
topoisomerase 1 level after 10-14 days in mononuclear peripheral blood cells, a
shorter period of administration (10 days) was chosen for phase I and pharma-
cologic studies of oral administration of TPT.

Patients arid Methods: Adult patients with malignant solid fumors refractory to
standard forms of chemotherapy were entered, Two dose schedules were studied:
once daily (0.d.) and twice daily (b.i.d.) xI0 administration every 3 weeks. TPT
o.d. x10 was studied at dose levels 1.0, 1.4, 1.6 mg/m?*/day, and dose levels were
0.5, 0.6, 0.7, 0.8 mg/m* with the b.i.d. x10 schedule. Pharmacokinetics were
performed on day 1 and 8 of the first course using a validated high performauce
liquid chromatographic assay and noncompartmental pharmacokinetic methods.

Results: 19 patients were entered in tﬁe o.d. x10 schedule, with a total of 48
courses given. Dose limiting toxicity (DLT) was reached at 1.6 mg/m?*/day and
consisted of CTC-grade 1V thrombocytopenia and CTC-grade IIT diarrhea. The
maximum tolerated dose (MTD) was 1.4 mg/m¥day. In the b.i.d. x10
administration of TPT a total of 64 courses were studied in 20 patients. DLT was
reached at a dose of 0.8 mg/m* b.id. and consisted of CTC-grade IV
myelosuppression and CTC-grade TV diarthea. MTD was 0.7 mg/m? b.i.d.. Non
hematologic toxicities with both schedules included mild nausea and vomiting,
fatigue and anorexia. Pharmacokinetics revealed a substantial variation of the AUC
of TPT lactone in both schedules. Significant correlations were observed between
the myelotoxicity parameters and the AUC(t) day 1 of TPT lactone o.d.and b.i.d..

Conclusions; DLT of daily x10 administration of oral topotecan every 3
weeks consisted of a combination of myelosuppression and diarrhea for both

schedules studied.
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The recommended dose for phase II studies is 1.4 mg/m*/day x10 for the
once daily administration and 0.7 mg/m? b.i.d. x10 for the twice daily dose

schedule.

INTRODUCTION

Topotecan, 9-dimethylaminomethyl-10-hydroxycamptothecin, is a water
soluble semi-synthetic analogue of camptothecin, and a specific topoisomerase I
inhibitor [1-8}. Topotecan was extensively studied at a daily x 5 i.v. schedule every
3 weeks. These studies showed brief myelosuppression as most important side
effect and promising antitumor effects were reported in patients with small cell
lung cancer and in pretreated patients with ovarian cancer [9-19]. Recently the drug
was registered in Europe and the USA for the latter indication. Cytotoxicity of
topoisomerase 1 inhibitors is more specific to the S-phase of the cell cycle and
preclinical in vitro and in vivo studies indicate that prolonged exposure to low dose
topoisomerase I inhibitors yields higher antitumour efficacy [20-25].

The clinical feasibility of using prolonged exposure to topotecan was initially
reported by Hochster et al. in a phase I study using a 21-day continuous infusion
every 28 days [26]. Myelosuppression was the dose limiting toxicity and antitamor
effects were seen. Recent studies in humans reported a 32-44% bioavailability of
topotecan when given orally {27,28]. We have previously reported a phase I study
with oral topotecan given twice daily for 21 days in a 28 days cycle. Side effects
were mainly diarrhea occurring during the last week of drug administration [29].

Topoisomerase 1 down-regulation in peripheraf blood mono-nuclear cells was
optimal after 2 weeks continuous infusion of .topotecan [30]. In view of the latter
observation it was considered of interest to also study shorter schedules of oral
administration of topotecan than the 21 day schedule. In the present phase I sudy
we investipated once and twice daily oral topotecan given for 10 days every 3

weeks.
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PATIENTS AND METHODS

Patient selection

Patients with a histologicaily confirmed diagnosis of a malignant solid tumor
refractory to standard forms of therapy were cligible. Other eligibility criteria
included: age = 18 years; WHO performance score = 2; an estimated life
expectancy of .= 12 weeks; no anticancer therapy in the preceding 4 weeks (6
weeks for nitrosoureas or mitomycin C); adequate hematopoetic (WBC = 4x10°/1
and platelets = 100x10%1), hepatic (bilirubin within normal limits, AST, ALT
and/or alkaline phosphatase =< 2x upper limit of normal), and renal function
(serum creatinine < 133 pmol/l (2.0 mg/dL)). Specific excluston criteria included:
active peptic ulcer or any gastrointestinal condition which could alter absorpiion or
motility or patients taking H,-antagonists or proton pump inhibitors. All patients

gave written informed consent.

Treatment and dose escalation

Based on the data of Creemers et al. [29] with a MTD of 0.5 mg/m? b.i.d.

for oral topotecan in a 21 days schedule, the starting dose for the twice daily x10
day administration was set at 0.5 mg/m’ b.i.d. and 1.0 mg/m¥day for o.d.
administration. Courses were to be repeated every 21 days as tolerated,
Topotecan was suppiied as capsules containing topotecan-HCL, equivalent to either
0.25 mg, 0.50 mg or 1.0 mg of the anhydrous free base. Capsules had to be stored
between 2-8 -deprees Celsius. Capsules were taken with a glass of water in the
morning on an empty stomach with a 2 hours period of fasting: With twice daily
administration of topotecan the second dose was taken with an interval of 12 hours
with a glass of water at least 10 minutes before meals preferably on an empty
stomach. Patients were treated as outpatients. Dose escalations were based on the
prior dose level toxicity.

The maximum tolerated dose (MTD) was defined as one dose level below the
dose that induced dose limiting toxicities (DLT), which were defined as CTC grade
IV -hematologic toxicity and/or = CTC grade III non-hematologic toxicity during
the first course in more than 2/6 patients. If neutropenia grade IV,
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thrombocytopenia = grade I and/or nomhematologic toxicity = grade III
occurred during treatment days, topotecan administration was stopped immediately.
Intrapatient dose escalation was not allowed.

Treatment assessment

Prior to therapy, a complete medical history was taken and a physical
examination was performed. A complete blood count (CBC) including WBC
differential, and serum chemistry including sodium, potassium, chloride,
bicarbonate, calcium, phosphorus, magnesium, creatinine, urea, uric acid,
bilirubin, AST, ALT, alkaline phosphatase, total protein and albumin was
performed, as were urinalysis, ECG and chest X-ray. Weekly evaluations included
history, physical examination, toxicity assessment according to the CTC criteria
{31] and serum chemistries. CBC was determined twice weekly.
Tumor measurements were performed after every two courses and evaluated accor-
ding to the WHO criteria for response [32]. Patients were taken off protoéol in

case of disease progression,

Pharmacokinetics
For pharmacokinetic analysis, whole blood samples (2.8 ml) in heparinized

tubes were collected from an indwelling i.v. canula, prior to dosing, 15, 30, 45,
minutes and 1, 1.5, 2.5, 3.5, 4.5, 8.5 and 12 hours after administration of the drug
on day 1 and 8 of the first course. For the b.i.d. schedule this was done after the
morning dose. The samples were immediately prepared and analyzed according to
the method previously described {33}. The lower limit of quantitation (LLQ) was
0.1 ng/ml for topotecan lactone as well as for the hydroxy-acid. Area under the
plasma concentration-time curves (AUC) of topotecan lactone and hydroxy-acid
were calcnlated by noncompartmental analysis (linear-logarithmic (trapezoideal
method). The AUC(t) was caleulated up to the last measured time point "t", becau-
se in hatf of the cases with b.i.d. administration the extrapolated part was = 20%
of the total AUC. The terminat half-life was calculated as In2/k, where k is the
elimination rate constant (h'). The AUC(t) was fitted to the observed percentage
decrease in WBC using the sigmoidal E,,, model [34]. For all calculations the
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Siphar software package release 4.0 (Siphar SIMED, Cedex, Creteil, France) was
used. For statistical analysis, linear regression analysis was employed to evaluale
relationships between dose and dose/m? and AUC(t), and Pearson correlation
coefficients were calcutated.

Spearman rank correlation coefficients were calculated between AUC(H) and
the percentage of decrease of leucocytes, granulocyts and platelets.

Table 1, Patient characteristics.

Drug administration

0.D. B.LD,

Number patients entered 19 20
Number patients evaluable 19 18
Age

median 53 55

range 19-85 41-69
Sex

female 8 7

male 11 13
WHO performance

0 12 12

I 7 7

11 0 1
Tumour types

colorectai 4 11

ovarian 4 3

SCLC 3 1

NSCLC 2 1

miscellaneous 0 4
Prior treatment

chemotherapy 11 14

radiotherapy 1 1

both 5 1

immunotherapy 0 1

none 2 3
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RESULTS

A total of 39 patients entered on study (Table 1). All patients were eligible
and 37 were fully evaluable for toxicity and response. Two patients with b.i.d.
administration withdrew from the study during the first course, one patient after 3
days because of nausea and the second patient after 9 days because of abdominal
cramping and weakness.

Most patients had prior chemotherapy. Dose levels studied were 0.5, 0.6, 0.7,
0.8 mg/m?® b.i.d., and 1.0, 1.4, 1,6 mg/n’/day o.d.. The total number of evaluable
courses was 48 for o.d. and 64 for b.i.d. administration. The median number of

courses per patient was 2 (range: 1-17).

Hematologic toxicity

O.D.schedule: Overall, haematologic toxicity was mild. CTC-grade II-IV
leucopenia and granulocytopenia was observed in 3 (6.2%) and 2 (4.2%) out of 48
courses respectively (Table 2), with a day of onset for both on day 12, 14 and 19
and a duration of 8, 10 and 12 days. One patient had neutropenic fever lasting for
2 days.

Treatment delay was necessary in 2 patients because of slow recovery from
grade 1 and grade [l leucopenia, respectively.

One patient treated at 1.6 mg/m?¥day had CTC grade 1V thrombocytopenia as
DLT. In 4 courses (8.3%) CTC-grade III-IV thrombocytopenia was noted, twice in
conjunction with leucopenia. The onset of thrombocytopenia CTC-grade III-IV was
on day 12 in 3 patients and day 14 in 1 patient. Duration of thrombocytopenia was
8 and 12 days in the 2 patients with complete hematologic follow up. Five platelet
transfusions were given in 2 (10.5%) patients. Anemia CTC-grade = II occurred
in 15 of 48 courses (31.2%), twenty three units of red blood cells were given to 7
(36.8%) patients to keep their hemoglobin = 6.0 mMol/L.

B.I.D. schedule: CTC-grade II-IV ieucocytopenia and granmlocytopenia were
both observed in 3 (4.7%) out of 64 courses (Table 2),
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Table 2. Hematologic toxicity in 10 day administration of oral Topotecan. (CTC grades: worst per course)

Dose level Number Number Leucocytes Leucocytes  Grapulocytes Granulocytes Platelets Platelets
mg/m’ patients courses IH v o v 141 v
1.0 o.d. 7 (3)* 17 (9)* 0 0 0 0 1 0
1.4 o.d. 9 (1y* 18 (1)* 0 2 0 2 0 2
1.6 0.d. 7 13 1 0 0 0 0 1
Yotal 19 43

0.5 b.id. 3 26 0 0 0 0 0 0
0.6 b.i.d. 7 21 0 0 0 0 0 0
0.7 b.i.d. 6 15 0 1 0 1 0 ' 1
0.8 b.i.d. 2 2 0 2 0 2 1 0
Total 18 64

*: number between brackets is the number of patients also studied at this dose level but previously treated at a higher dose level.
o.d. = once daily administration. bid= twice daily administration.
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The day of onset of leucopenia and granulocytopenta III-IV were similar and
was day 8, 10 and 14, respectively. Duration of granulocytopenia was & and 14
days in the two patients with complete follow up. Granulocytopenia was
complicated by fever in 3 patients, alf were treated with empiric broad spectrum
antibiotics. Both patients treated at DLT (0.8 mg/m? b.i.d.) had granulopenic fever,
one patient died from pneumnonia with sepsis. The third patient with granulopenic
fever was treated at 0.7 mg/m? b.i.d..

Thrombocytopenia CTC-grade III-IV was noted in 2 courses (3.3%), with
nadirs on day 12 and 14, both events occurring in conjunction with
granulocytopenia requiring platelet transfusion (5 units in total).

Treatment never had to be delayed due to slow recovery from myelo-
suppression.

Anemia CTC-grade = II occwrred in 11 (17.2%) courses and 24 units of red
blood cell transfusions were required in 7 (38.8%) patients.

Non-hematologic toxicity

0.D. schedule: Diarrhea was dose limiting toxicity in patients treated at 1.6
mg/m?*/day o.d. Two patients developed CTC grade TH diarrhea in the first course
with day of onset day 8 and day 9 and a duration of 5 and 3 days, respectively.
Another patient at this dose level had CTC grade IV thrombocytopenia as DLT.

Further dose escalation was not considered possible.

Diarrhea CTC-grade = II was observed in a (otal of in 7 patients, with a median
day of onset on day 9 (range 7-13) and a median duration of 4 days (range 1-7).
Two patients treated at 1.4 mg/m*/day had CTC grade III diarrhea One patient had
diarrhea in the first course and was hospitalized because of concomittant nausea
and vomiting. The second patient treated at .4 mg/m% day developed CTC grade
II diarrhea in the second course (1 day) and in the third course (4 days). Diarrhea
did respond poorly to administration of loperamide. Other non-hematologic toxici-
ties were mild. Mild nansea and vomiting could easily be circumvented with stand-
ard dopamine antagonists. CTC-grade 1II nausea and CTC-grade III vomiting each

onty occurred in 1 (2.1%) course.
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Table 3. Non-hematologic toxicity in 10 day administration of oral topotecan. (CTC grades; worst per course).

Dose level | Number | Number Nausea Vomiting Diarrhea Fatigue Arnorexia | Abd. discomfort

-

mg/m* patients courses

I &I I I o m I a m 1 I Ii I 1§

1.0 o.d. 73 17 (G g8 2 0 3 1 0 0 g 0 0 g g 6 8 1 2
1.4 c.d. 9 (1)* 18 (1)* 2 2 1 1 2 1 0 4 3 3 0 3 2 5 0 5
1.6 0.d. 7 13 5 1 0 3 1 0 0 3 1 2 0 3 2 1 1 1

Total 19 48
0.5 bid 3 26 6 ¢ 6 3 1 0 0 3 0 0 8 8 0 0 0 3
0.6 bid 7 21 9 1 1 4 0 0 Z 5 2 1 1 14 1 2 ¢ 4
0.7 bd 6 15 8 0 1 3 1 0 0 2 3 1 1 7 1 3 0 )
0.8 bid 2 2 1 0 1 2 0 G C 0 0 0 2 0 0 1 0 0
Total 16 64

*: mumber between brackets is the number of patients also studied at this dose Ievel but previously treated at a higher dose level. o.d.: once daily administration. bid:
twice daily administration.



Table 4.

Pharmacokinetics in 10 day administration of oral administration of oral topotecan. (median + (standard deviation}).

Dose level TFopotecan lactone day 1 Topotecan hydroxy-acid day 1 Topotecan lactone day § Topotecan hydroxy-acid day 8
mg/m*
AUCH ti4 AUCH thh AUC(E) tha AUCH 37
ng.b/mi (b} (ng.h/ml) ) (ng.h/ml) ) (ng.b/ml} (&)
1.00d. |6.87 (161|313 ©ID) 16.79 2.57) 435 0.44) | 9.46 (3.70) | 4.63 @39 | 1809 635 1421 (118
n=3
140d |13.17 238 |346 (.14 28.15 (6.73) 3.91  (0.48) |21.02 (7.56) |2.34 079 {3292 (5.63) | 371 0.6
n=3
1.60d. |14.58 (5.68) 1337 (116 |2119 (10000 |3.36 (.04 |12.88 (3.82) | 2.93 ©.74) | 19.82 &7 333 057
n=4
0.5 bid. |2.62 1.20 5.74 3.2 5.55 6.91 9.27 2.93
n=1
0.6b.id. |5.12 (248 |2.09 Qo7 8.38 4.34) 322 (0.47) | 7.64 (3.06) {2.03 (1.00) | 15.04 (7.76) |2.81  (0.81)
n=4
0.7b.id. | 5.64 (239|335 (©.79) 10.57 6.18) 548 (1.02) |7.34 (3.50) | 324 077 | 12.85 (10.00) | 318 (1.16)
n=4
0.8 biid. | 16.73 3.17 31.56 - - - - -
n=1
AUC() = area under the plasmaconcentration curve; OD = once daily administration ;BID= twice daily administration.
tY2 = half life hours (h)
() = standard deviation
n = pumber of patients per dose level
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Anorexia and fatigne was reported in 16 (33%) and 24 (50%) courses re-
spectively (Table 3). Fatigue was mainly experienced during topotecan intake and
subsided after a few days. It occurred in 6 (32%) patients. One patient withdrew
from the study after 7 courses because of progressive fatigue and malaise. Other
non-hematologic toxicities reported were: abdominal discomfort (16.7%), headache
(4.2%) of courses, and alopecia CTC-grade 1 in 4 patients (21%). B.L.D. schedule:
Diarrhea CTC grade IV in combination with CTC grade IV granulocytopenia
occurred in both patients treated at 0.8 mg/m* b.i.d. Thus DLT also consisted of a
combination of diarrhea and granulocytopenia. Diarrhea CTC-grade = II occurred
in a total of 9 patients, was always self limiting, had a median day of onset on day
10 (range 6-17) and had a median duration of 3 days (range 1-12).

Other nou-hematologic toxicities were usually mild, Nausea and vomiting,
CTC grade I-If, were observed in 25 (39.1%) and 14 courses (21.9 %.),
respectively (Table 3). CTC-grade 11l nausea and CTC grade 1V vomiting occurred
in 3 4.7%) and 2 (3.1%) courses. Other toxicities reported were: abdominal
discomfort (18.7%), and headache (7.8%). Two patients developed alopecia CTC-
grade I and 1 patient grade II. Skin rash, hematuria, cardiac, pulmonary, renal,
hepatic or neurologic toxicity were not observed in both dose schedules studied.

Pharmacokinetics and dynamics

Pharmacokinetics were performed in 10 patients in each schedule of admi-
nistration (Table 4). The AUC(t) of {opotecan lactone was consistently higher on
day 8 as compared to day 1, but for the once daily administration this did not reach
statistical significance, while for the b.i.d. x10 administration it was significant
(p< 0.05) (Table 4). The mean AUC(t) on day 8 of topotecan lactone once daily
x10 was 14.0 £ 7.1 ng.W/ml and was 21.0% higher than the AUC(t) day 1 which
was 11.6 & 4.7 ng./ml. In the b.i.d.x10 schedule the mean AUC() day 8 was 8.0
+ 3.0 ng.hW/ml which was 37.0% higher than the AUC(t) day 1 of 5.9 & 4.3
ng.v/ml.

The mterpatient variability (%CV) in AUC®) of topotecan lactone on day 1
was 40.1% and 73.4 % for once daily and twice daily x10 administration
respectively. (Figure 1). For both schedules of administration no significant
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correlation was found between the dose (mg), dose level (mg/m2) and AUC(t) day
1 of topotecan lactone,

For both 10 days scheduies the relation between AUC(t) day 1 versus
percentage decrease of leucocytes was sigmoidal. The correlation coefficients of the
AUC(t) day 1 of topotecan lactone and the percentage of decrease of leucocytes
were R=0.61 (p=0.06) for o.d. x10 and R= 0.69 (p=0.03) for b.id.
administration. The correlation between the AUC(f) day 1 of topotecan lactone and
the percentage decrease of granulocytes was R=0.64 (p=0.08) for o.d. and R=0.-
70 (p=0.03) for b.i.d. A significant correlation between the AUC(t) of topotecan
lactone and the percentage decrease in platelets was observed in both dose
schedules with R=0.83 (p=0.008) for o.d. x10 and R= 0.78 (p=0.03) for b.i.d.
x10, respectively.
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Figure 1., Imterpatient variation of AUC day 1 versus AUC day 8 of Topotecan
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Responses
No complete or partial responses were noted. At the b.i.d x10 dose schedule,

I patient with ovarian carcinoma had stable disease and was treated for 17 courses
(51 weeks) at the dose level of 0.5 mg/m?, and 2 patients with colorectal cancer
had stable discase for 18 and 24 wecks. With the once daily administration, 1
patient with SCLC and 1 patient with carcinoma of unknown primary origin had
stable disease for 18 and 21 weeks, respectively.

DISCUSSION

Topoisomerase [ inhibitors have shown activity against a variety of
malignancies and their clinical developement is rapidly progressing. Topotecan has
extensively been studied using different schedules of intravenous dosing, revealing
shortlasting non-cumulative neutro-penia and/or thrombocytopenia as the dose-
limiting toxicity [35,36]. In vitro experiments and in vivo studies with human
xenografts revealed a better anti-tumour effect with prolonged exposure to topoiso-
merase I inhibitors [20-25]; this dose scheduling of topoisomerase 1 inhibitors
might be of importance in humans as well.

In a phase I stdy 21 days of continmous infusion (c.i.v.) of topotecan was
well tolerated and some aniitumor effecis were seen [26]. The tolerability was
confirmed in a recent phase I study in colorectal cancer although unfortunally the
response rate was disappointing [37]. Continuous infusion is incovenient for
patients and sometimes leads to complications of the central venous catheters
[25,37]. Oral topotecan with a bioavailability of 32-44% and a moderate intra-
patient variation may be more convenient for prolonged administration in patients,
It a previous study with oral topotecan for 21-days out of every 28 days, diarrhea
apppeared to be dose limiting with relatively mild hematologic toxicities [29].
Diarrhea occurred mainly after day 14. Because of this and in view of the fact that
topoisomerase 1 down-regulation appeared to be optimal after 10-14 days [26], we
studied the presently reported 10 day dosing schedules,
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DLT consisted of diarrhea and myelosuppression and occurred at 1.6 mg/m?
o.d.and at 0.8 mg/m® b.i.d. In the previously reported 21 days of b.i.d. oral
topotecan diarrhea was the only DLT. Through all studies, diarrhea was always
self limiting.

Diarrhea is a well known side effect of camptothecin and its derivatives, but
the types of diarrhtea appear to differ. CPT-11 adminstered intravenously induced
detayed onset diarrhea with a median day of onset on day 5 and had a median
duration of 5 days and. was severe in 12 % of courses requiring hospitalisation
[38]. This diarrhea can be treated by vigorous administration of loperamide to
prevent hospitalisation. CPT-11 also induced acute onset early diarrhea on day 1
that can be treated by atropine [38]). Oral 20-S-camptothecin for 21 days q 28 days
and oral 9-nitro-camptothecin for 5 days a week induced severe diarrhea in 40%
and 33% of patients, respectively [39,40]. Diarrhea from these drugs apparently
could be controlled easier. With 21 days c.i.v. topotecan diarrhea occurred in
13.6.% of patients {26]. 20-S-camptothecin and CPT-11 were shown to induce
intestinal mucosal destruction in animal models [39,41]. The CPT-11 delayed onset
diarrhea is relaied to the biliary excretion of the glucuronated SN-38 metabolite.
The biliary index of SN-38 predicts the risk on delayed onset diarrhea of CPT-11
[42]. Thus local intestinal effects of camptothecin and its derivatives are responsi-
ble for the diarrhea. In our study on 21 days of oral topotecan b.i.d. diarrhea
occurred in 23 % of patients with a median day of onset on day 15 and a duration
of 8 days (range: 7-16) while vigorous adminisiration of loperamide had no effect
on the diarrhea [29]. With 10 days of oral topotecan diarrhea seems to last shorter
with a median duration of 4 days (range 1-12). Although diarrhea from oral topote-
can may be due to local efects to the intestinal mucosa, the exact mechanism of di-
arrhea is yet unknown. These findings suggest that the duration of diarrhea is
related to the duration of oral topotecan administration.

Myelosuppression, in particular neutropenia, is a well known toxicity with the
daily x 5 intravenous administration of topotecan with the nadir of granulocytes
occurring between day 8 and 15 days, and myelosuppression reported to be brief
(3-10 days) [9-12]. With 21 days c.i.v. administration of topotecan, WBC nadir
occurred on day 18 (range:12-28) and platelet nadir on day 22 (range:11-28) [26].
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In the present studies granutocytopenia nadirs occurred at day 12-19 (0.d.) and day
8-14 (b.i.d.), while cumulative myelotoxicity was not observed. Latter findings are
consistent with previous reports of daily x5 administration of topotecan. In contrast
cumulative myelotoxicity requiring dose reductions were reported for 21 days c.i.v.
[26,37].

Anemia is a well documented side effect of i.v. topotecan [9,12-15,26,37]. In
our present studies with the two 10 day schedules of oral topotecan anemia =
CTC-grade II occurred in 31.2% and 17.2% of courses, respectively. Marked
inhibition of erythropoesis appears to occur in all intravenous and oral schedules of
topotecan administration. Apart from diarrhea and similar to the experience with
i.v. topotecan, other non-hematologic toxicities were mainly mild.

Pharmacokinetic analysis of topotecan o.d. x10 showed that at MTD level
AUC(t) was twice as high as the AUC(f) of topotecan b.i.d. x10. Mean half lifes
were similar and are in concordance with the half lifes of intravenous daily x5
administration. As in previous studies with topotecan a significant correfation of the
AUC(t) day 1 topotecan and percentage decrease of leucocytes was found for both
10 days dose schedules, and a sigmoidal relationship (data not shown) could be
established.

In conclusion: orally administered topotecan for 10 days every 21 days is
feasible with DLT consisting of a combination of myelosuppression and diarrhea.
The recommended phase II doses are 0.7 mg/m? b.i.d. and 1.4 mg/m?® o.d..
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ABSTRACT

Background and Purpose: Topotecan is a specific inhibitor of topoisomerase I.

An oral formulation of topotecan is available with a bioavailability of 32-44% in
humans,
A phase 1 and pharmacologic study of the oral formuiation of topotecan administe-
red daily for 5 days every 21 days was performed as a next step in defining the
optimal oral dosing, moving from 21 days to 10 days (o.d. and b.i.d.) to 5 days in
adult patients with solid tumors to determine the MTD.

Patients and Methods: Adult patients with a WHO performance stats < 2,
adequate hematologic, hepatic and renal functions, with malignant solid tumors
refractory to standard forms were entered. Pharmacokinetics were performed on
day I and 4 of the first course using a validated high performance liquid chromato-
graphic assay.

Results: 29 patients entered the study, all patients were evaluable for toxicity

and response. Doses studied in 29 patients were 1.2, 1.8, 2.3, 2.7 mg/m*/day and
a fixed dose of 4 mé/day without surface area adjustment. A total of 109 courses
were given. Dose limiting toxicity (DLT) was reached at a dose of 2.7 mg/m%day
and consisted of CTC grade IV granulocytopenia. The maximum tolerated dose
(MTD) was 2.3 mg/m*/day. The regimen was well tolerated. Non hematologic
toxicities were mild including fatigue, anorexia, nausea, vomiting and diarrhea.
A significant correlation was observed between the percentage decrease in WBC
versus the AUC(E) of topotecan Jactone (R=0.76 p< 0.01) which was maodelled by
a sigmoidal B, function. The correlation coefficient between the absolute topote-
can dose administered and AUC() was R=0.52 (p=0.04). Pharmacokinetics of the
fixed dose of 4 mg/day were comparable to the 2.3 mg/m*/day dose.

Conclusions: Dose limiting toxicity in this phase [ study of daily x5 oral
topotecan every 21 days was granulocytopenia. The recommended dose for phase 11
studies is 2.3 mg/m?/day or alternatively, a fixed dose of 4 mg/day,
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INTRODUCTION

Topotecan, 9-dimethylaminomethyl-10-hydroxycamptothecin, is a water
soluble semi-synthetic analogue of camptothecin {1]. Like camptothecin, topotecan
is a specific inkibitor of topoisomerase 1. Topoisomerase I is a nuclear enzyme that
resolves topological problems of torsionally strained {supercoiled) DNA. This is
achieved by forming a covalent adduct between topoisomerase I and DNA, termed
the cleavable compiex. This catalytic intermediate creates single strand breaks,
allowing the DNA molecule to rotate around the intact DNA strand at the cleavage
site leading to a relaxation of the DNA molecule and in this way replication, trans-
cription and other DNA functions can proceed. These enzyme-bridged breaks are
then resealed by topoisomerase I [2-6].

Topoisomerase I inhibitors interfere with the breakage-reunion process by
stabilizing the cleavable complexes thereby preventing the resealing of single strand
DNA breaks in the presence of the drug. Cytotoxicity is more specific to the S-
phase of the cell cycle in which double strand breaks occur due prolonged
stabilisation of the cleavable complexes [7,8]). .

Phase 1 studies with single i,v. bolus daily for 5 days every 3 to 4 weeks,
show a maximum folerated dose of 1.5 mg/m*/day. with myelosuppression, in
particular neutropenia, as the dose limiting toxicity [9-12]. Non hematologic
toxicities were usually mild and reversible. Phase II studies with this regimen given
every 21 days showed promising results in patients with small cell lung cancer and
in pretreated patients with ovarian cancer [13-19]. Recently the drug was registered
for the latter indication. Other solid tumors appear much less sensitive to this
regimen [20-29]. Daily intravenous administration of topotecan is inconvenient to
patients, and oral adminisiration would be a more convenient method of drug
adminstration.

Recent studies in humans using oral administration of the i.v. formulation
revealed a 32-44% bioavailability of oral topotecan {30,31]. No relationship was
found between bioavailability of topotecan and age, gender, performance score and
presence of liver metastasis [31]. We present a phase 1 study of oral topotecan once
daily x5 every 3 weeks, a dose schedule comparable to the daily x5 intravenous
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administration,

PATIENTS AND METHODS

Patient selection

Patients with a histologically confirmed diagnosis of malignant solid tumor
refractory (o standard forms of therapy were eligible. Other eligibility criteria
included: age = 18 years; Eastern Cooperative Oncology Group (ECOG)
performance status < 2; an estimated life expectancy of = 12 weeks; no previous
anticancer therapy = 4 weeks (6 weeks for nitroso-ureas or mitomycine C);
adequate hematopoetic (WBC = 4x10°1 and platelets = 100x10°/1), hepatic
(bilirubin within normal limits, AST ALT and/or alkaline phosphatase =< 2x
normal), and renal function (serum creatinine < 133 pmol/1 (2.0 mg/dl}). Specific
exclusion criteria included: active peptic ulcer or any gastrointestinal condition
which could alter absorption or motility; patients taking H,-antagonists or proton
pump inhibitors. All patients gave written informed consent before entry in the

study.

Treatment and dose escalation

Based on our previous data {32} using topotecan for 10 days once daily and
given the human bioavailability data [30,31] the starting dose for the 5 day oral
administration was set at 1.2 mg/m*day once daily. Courses were to be repeated
every 21 days as tolerated. Dose escalations were based on the foxicity seen at the
prior dose level. If no toxicity was seen in the prior dose, < 100% dose escalation
was allowed. However, if toxicity was seen, a dose escalation of 25-50% was
prescribed, Three patients were to be entered at the lowest dose level, 6 or more
patients were to be accrued on the higher dose levels.

The maximum tolerated dose (MTD) was defined as one dose level below the
dose that induced dose limiting toxicities (DLT), which were defined as CTC grade
IV hematologic toxicity and/or non-hematologic toxicity = CTC grade III during
the first course in more than 2/6 patients. If neutropenia grade IV, throm-
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bocytopenia = grade IIl and/or nonhematologic toxicity = grade I occurred
during treatment days, topotecan administration was stopped immediately.
Intrapatient dose escalation was not allowed.

For a patient with an average body surface area of 1.75 m? an absolute dose
of 4 mg/day could be calculated at the achieved MTD dose level. Six patients with
different body surface areas were to be studied, including pharmacokinetics, at this
fixed dose to see whether dosing on a mg/m?*/day basis offered any advantage over
the easier fixed dose.

Topotecan was supplied as capsules containing topotecan HCL, equivalent to
either 0.25, 0.50 mg or 1.00 mg of the anhydrous free base. Capsules had fo be
stored between 2-8 degrees Celsius. Capsules were taken with a glass of water in
the morning on an empty stomach with a period of 2 hours fasting thereafter. Pa-

tients were treated as outpatients.

Treatment assessment

Prior to therapy, complete medical history was ftaken and physical
examination was performed. A complete blood count (CBC) including WBC
differential, and serum biochemistry involving sodium, potassium, chloride,
bicarbonate, calcium, phosphorus, magnesium, creatinine, urea, uric acid,
bilirnbin, AST, ALT, alkaline phosphatase, total protein and albumin were perfor-
med, as were urinalysis, ECG and chest X-ray. Weekly evaluations included
history, physical examination, serum chemistry and toxicity assessment according
to the CTC criteria [33]. CBC was determined twice weekly. Tumor measurements
were performed after every two courses and evaluated according to the WHO
criteria for response [34]. Patients were taken off protocol in case of disease

progression.

Pharmacokinetics

For pharmacokinetic analysis, whole blood samples (2.8 ml) in heparinized
tubes were collected from an indwelling i.v. canula, prior to dosing, 15, 30, 435,
minutes and 1, 1.5, 2.5, 3.5, 4.5, 8.5 and 12 hours after administration of the drug
on day 1 and 4 of the first course. The sampies were processed and analyzed
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according to the method previously described [35]. The lower limit of quantitation
(LLQ) was 0.1 ng/ml for topotecan lactone as well as for the ring-opened hydroxy-
acid. Area under the plasma concentration-time curves (AUC), ., Of topotecan
lactone and hydroxy-acid were calculated by noncompartmental analysis (linear-
logarithmic trapezoideal method). The terminal half-life was calculated as In2/k,
where k js the elimination rate constant {(h'Y), The AUC was fitted to the observed
percentage decrease in WBC using the sigmoidal E_, model [36]. For all
calculations the Siphar software package release 4.0 (Siphar SIMED, Cedex,
Creteil, France) was used. For statistical analysis, linear regression analysis was
employed to evaluate relationships between dose and dose/m? and AUC, and
Pearson correlation coefficients were calculated. Spearman rank correlation
coefficients were calculated between AUC and the percentage of decrease of

leucocytes, granulocytes and platelets.

RESULTS

A total of 29 patients entered on the study. Patient characteristics are given in
Table 1. All patients were eligible and evaluable for toxicity and response. The
total number of evaluable courses was 109, The median number of courses given
per patient was 2 (range: 1-14).

Dose levels studied were 1.2, 1.8, 2.3, 2.7 mg/m*/day and an additional dose level
of 4 mg/day fixed dose.

Hematologic toxicity
CTC grade III-1V leucopenia and granulocytopenia were observed in 13 {11.9%)

and 23 (21.1%) out of 109 courses, respectively (Table 2). Myelosuppression was
dose limiting at 2.7 mg/m?*/day with both granulocytopenia and thrombocytopenia.
CTC grade III-1V granulocytopenia occurred in all 7 patients at the dose level of
2.7 mg/m?day, 3 patients had concommitant CTC grade III-IV thrombocy(openia.
Granulocytopenia CTC-grade IV was complicated in 1 patient by neutropenic fever
lasting for 2 days,
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Table 1. Patient characteristics

No. patients entered
No, patients evaluable

Age (years)
Median
Range

Sex
Female
Male

WHO Performance Status
Median
Range

Prior treatment
Chemotherapy
Radio- and chemotherapy
No prior therapy

Tumor types
Colorectal
Ovarian
Hepatocellular
Breast
NSCLC
SCLC
Miscellaneous

29
29

53
27-72

16
13

0-1

—
> N W

Co bR NW

CTC grade HI-IV myelosuppression occurred in 4 out of 15 courses in 4 out
of 8 patients treated with 2.3 mg/m%day, two of these patients were heavily

pretreated with three prior chemotherapy regimens. The median day of onset of

leucopenia CTC grade II-IV was day 12 (range: 9-15) with a median duration of
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5.5 days (range: 3-10). CTC grade I1I-IV granulocytopenia occurred at a median of
11 days (range: 8-15) and its median duration was 6.5 days (range: 2-12).
In 8 courses (7.3%) CTC grade IIL-IV thrombocytopenia was observed, 7 times in
conjunction with CTC grade II-IV granulocytopenia. Thrombocytopenia CTC
grade II-IV occurred on day 14 (range: 10-15) and its median duration was 7 days
(range: 2-12 days). In view of these side effects 2.3 mg/m*/day topotecan for 5
days was considered to be the maximum tolerated dose.

Treatment delay due to prolonged myelosuppression occurred in 8 patients.
One patient treated at the 4 mg/day dose level had treatment delays of | week in 3
out of 10 courses because of CTC grade II granuloeytopenia on day 21. In 7
patients treatment delay of 1 week occurred after the first course because of slow
recovery from CTC grade II-IV granuiocytopenia, Anemia = CTC grade II
occurred in 37 (33.9%) of 109 courses in 17 patients (58.6%). A total of 54 units
of packed cells were given to 14 patients over 27 (24.8%) courses. Platelet
transfusions were given in 4 (3.7%) courses to 4 (13.8%) patients.

Table 2. Hematologic toxicities (CTC grades; worst per course)

Dose No No Leucocytes  Granulocyfes Platelets
level patients courses

mg/m? I v el v 1 v
1.2 40" 19 0 0 0 0 0 0
1.8 10(5)° 31 2 0 4 | 2 1
2.3 8 15 2 3 1 3 0 2
2.7 7 10 5 i 4 4 1 2

4 mg flat 6 34 0 0 6 0 0 0

Total 29 109

' number between brackets is the number of patients also studied at this dose level
but previously treated at a higher dose level.
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Table 3. Non-hematologic toxicities (worst per course) (CTC grade)

Dose level No. courses Nausea Vomiting Diarrhea Fatigue | Amorexia | Abd.dis
comfort
I 0T mi{ 1 XX m IV o m viIl I I I

1.2 19 3 0 1 4 0 O 1 0 0 0 4 0 1 1 0

1.8 31 17 0 1 6 0 1 0 1 0 0 5 2 1 0 0

2.3 15 6 1 2 5 1 0 27 2 0 0 6 0 3 1 4

2.7 10 6 1 1 5 2 0 0 I 0 1§ 3 3 4 0 3

4 mg flat 34 23 0 0 10 2 0 0 3 0 0 7 0 1 0 3

Total 109

*: In both patients relationship to TPT possible
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In the patients treated with the 4 mg/day fixed dose no clinically relevant
myelosuppression was seen, 6 courses with uncomplicated CTC grade III
granulocytopenia occurred. In 1 patient treatment delays for one week occurred
related to persistent CTC grade II granulocytopenia on day 21 in 3 out of 10
treatment cycles,

Non-hematologic toxicity

Non-hematologic toxicity was mild. The most frequent of these side effects
are listed in Table 3. Nausea CTC grade III and vomiting CTC grade HI-IV were
observed in 5 (4.6%) and 4 (3.7%) of all courses respectively. Mild nausea and
vomiting could be circumvented with standard antiemetics (peripheral dopamine
antagonists).

Mild anorexia and mild fatigue were reported in 8 (27.6%) and 14 (48.3%)
patients, moderate anorexia and fatigue occurred in 2 (6.9%) and 3 (10.3%)
patients respectively.

Fatigue was experienced during topotecan intake or in the first week there
after and subsided within a few days. In 1 patient (dose level 2.7 mg/m*day)
fatipue was reason for 1 week delay of the next course. Alopecia CTC grade II
occurred in 4 patients at the higher dose levels. Diarthea = CTC grade II was
seen in 6 patients (20.7%) at all dose levels except 1.2 mg/m*/day. Five patients
had CTC grade II diarrhea which was self limiting and lasted 1-6 days. One patient
who had disease progression of a peritoneal carcinomatosis of colon cancer
developed CTC-grade 1V diarrhea. Other mild non-hematologic toxicities reported
were: upper abdominal discomfort (10 courses), headache during topotecan intake
(2 courses) and CTC grade I stomatitis (2 courses).

At the 4 mg/day fixed dose level studied, 5 patients experienced only mild
nausea, vomiting and mild fatigue, 1 patient CTC grade II diarrhea, and 1 patient
CTC grade II alopecia. Skin rash, hematuria, liver or renal toxicity were not
observed with topotecan administration,
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Table 4. Pharmacokinetics of oral topotecan once daily x5 (median + (S.D.)).

Dose level Dose Topotecan lactone Hydroxy acid Topotecan lactone Hydroxy-acid
mg/m’ g day 1 day 1 day 4 day 4
n=Ng¢ pts

AUC 112 AUC t1/2 AUC t1/2 AUC t1/2

ng.h/ml h ng.h/mi h ng.h/ml h ng.h/ml h

1.20 2.25 16.65 4,22 34.83 3.99 15.46 2.17 27.17 3.65
(n=3) (0.14) (4.58) (1.17) (6.28) (2.43) (4.31) (1.57) (11.20) (0.63)
1.80 3.00 19.39 2.07 37.75 2.62 21.92 2.91 46.05 3.35
(n=3) {0.38) (3.57 (1.19) (8.07) {1.23) (2.99) 0.12) (11.17 0.19)
2.30 3.95 20.93 3.80 35.51 3.23 28.70 3.58 39.46 4.23
(n=6) (0.25) (7.15) (1.09) (11.04) (0.64) (10.87) (1.36) (20.29) (1.27)
2.70 5.20 37.01 2.73 62.36 2.70 47 44 4.03 79.81 4.31
n=4) {0.45) (13.90) (0.60) (26.70) (1.11) (11.90) {0.46) (41.31) {0.34)
4 mg
flat 4.00 23.80 3.24 46.60 4.00 25.19 4.51 43.33 3.87
{(n=6) (8.81) (2.7%) (14.95) (0.50) (6.65) (2.37) (10.20) (0.88)

SD = standard deviation; N = No of patients studied at dose level; t1/2 = half life in hours;
AUC = Total area under the curve
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Pharmacokinetics and dynamics

Pharmacokinetics were performed in 22 patients (Table 4). The AUC of
topatecan lactone and hydroxy-acid showed substantial variation, The mean AUC
of topotecan lactone for all patients on day 4 (27.7 + 11.8 ng.b/ml) is similar to
the AUC on day 1 (23.4 + 9.7 ng.h/ml) (N.S.). The interpatient variation (%CV)
in AUC of topotecan lactone on day 1 was 41.5% and the intrapatient variation
was 18.5%. There was a low but significant correlation between doselevel and
AUC of topotecan lactone day 1 (R=0.59 p=0.02). The correlation coefficient was
R=0.52 (p=0.04) between the absohite dose of topotecan and AUC of topotecan

lactone.
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Fignure I, Sigmoidal relationship AUC topotecan and percentage decrease leucocytes

The correlation between the AUC of topotecan lactone and the percentage of
decrease of granulocytes and platelets was significant with R=0.85 (p<0.01) and
R=0.66 (P<0.01), respectively. A sigmoidal relationship (gamma of the slope:
3.06) was found between the AUC day | and percentage of decrease of leucocytes
(Figure 1).
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Finally the fixed dose of 4 mg/day topotecan for 5 days was studied in 3
female and 3 male patients of different height and weight and thus body surface
area. Pharmacokinetic analysis of the 4 mg/day dose level revealed similar AUC
and Ty, as compared to the dose of 2.3 mg/m*/day (N.S.) (Table 4). At the 4
mg/day dose level the mean AUC of topotecan lactone was 22.8 + 8.8 ng.h/ml
and 23.0 + 7.1 at the 2.3 mg/m?*/day dose level.

Responses
A minor response (40% tumor reduction) was seen in 1 patient with liver

metastasis of galibladder cancer lasting for 30 weeks. Stable disease was noted in 5
patients for a median duration of 30 weeks (tange: 18 t0 52 weeks).

DISCUSSION

Intravenous administration of topotecan daily for 5 days every 3 weeks has
shortlasting non-cumulative neutropenia and/or thromboecytopenia as dose limiting
toxicity [9-12]. The daily x5 intravenous administration of topotecan has shown
antitumor activity in a variety of malignancies such as ovarian cancer and SCLC,
and was recently registered in Furope and USA for the second line treatment of
patienis with ovarian cancer [13-19].

A Dbioavailability of 32-44% of oral topotecan with moderate intrapatient
variation creates the opportunity to study different dose schedules for oral
administration.

In the present study topotecan was adminstered daily for 5 days every 3
weeks similar to the most frequently studied and recently registered schedule of i.v.
administration [13-29].

DLT with oral topotecan daily x5 every 3 weeks was myelosuppression which
is comparable to the i.v daily x5 schedule. The nadirs of leucopenia and
granulocytopenia were at day 12 and 11 and lasted 5.5 and 6.5 days respectively.
The day of onset of granulocytopenia is in concordance with previous studies of
i.v. topotecan daily x5 in which the nadir of granulocytes was reported between
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day 8 and 15. The median duration of granulocytopenia was 6.5 days (range: 2-12
days) with orally administered topotecan, the duration was reported 3-5 days in the
studies with intravenous administration [9-12].

DLT was reached at 2.7 mg/m*day and MTD was determined as 2.3
mg/m*/day. At 2.3 mg/m*day ultimatcly 8 patients were included, in 4 patients
CTC grade WI-IV uncomplicated neutropenia occurred. However, 2 of these 4
patients were heavily pretreated with three prior chemotherapy regimens. We
considered the 2.3 mg/m*day dose level as MTD,

Assuming an average body surface area of 1.75 m® an average fixed dose of 4
mg/day was calculated at the MTD of 2.3 mg/m?/day. Although this flat dose was
only studied for pharmacokinetic purposes, it is remarkable that myelotoxicity of
topotecan seemed limited to uncomplicated granuiocytopenia grade III. However at
this dose level 2 out of 6 patients studied had been pretreated with two prior che-
motherapy regimens in contrast to 4 out of 8 patients treated at the 2.3 mg/m*day
dose level who were pretreated with = 2 chemotherapy regimens. In other words
patient selection might explain the difference in toxicity, as discussed later,
pharmacokinetics were not dissimilar.

Anemia = CTC grade 1T occurred in 17 patients (58.6%) in 24.8% of
courses. Anemia is a well documented toxicity occurring in 11-37% of phase I-1I
studies with i.v. administration of TPT [13-15,19,22]). Similar to daily x5 i.v.
topotecan, non-hematologic toxicities with the oral formulation were mild and
consisted mostly of nausea and vomiting which could be easily controlied with
conventional antiemetics. Other non-hematologic toxicities consisted of fatigue,
anorexia, upper abdominal discomfort. In contrast to the i.v. daily x5 administrati-
on were diarrhoea if occuring is always CTC grade < 1, diarrhoea = CTC grade
IT occurred in 20.7% of patients with oral administration of topotecan. Diarrhoea
was mild in the majority of cases and always self limiting.

In a phase 1 study with oral administration of topotecan twice daily for 21
days every 28 days DLT consisted of diarrhea with a median day of onset on day
15 and a median duration of 8 days (range 7-16) [37]. Prolonged daily oral
administration appears to have more intestinal side effects with more vigorous
diarrhea of longer duration. Diarrhea = CTC grade II has been reported as severe
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toxicity in patients treated with oral administration of 20-S-camptothecin (40%) and
9-nitro-camptothecin (38%) [38,39]. In patients treated with intravenous CPT-11
and 20-S-camptothecin diarrhea had been reported as severe toxicity [40-42]. In
view of the difference between results from oral and i.v. topotecan, one possibility
is that diarrhea of oral topotecan is due to local effects at the intestinal mucosa.
However the exact mechanism of the cause diarrhea is unknown, but oral exposure
of topotecan of limited duration seems feasible and should certainly be considered.

Pharmacokinetic analysis were performed at all dose levels showing a low but
significant correlation between the dose levels and the area under the plasma curve
of the lactone form of topotecan. Pharmacokinetics were studied at a fixed dose of
4 mg/day in order to see if dosing on a mg/m? basis offered any advantage over the
easier fixed dose. Pharmacokinetics showed no differences between patients treated
with 4 mg/day and patients treated at the 2.3 mg/m*/day dose level, AUC and {,,
were similar, Non-hematologic toxicities observed were comparable. Differences in
myelotoxicity with the two dosages compared could be explained from differences
in levels of prefreatment of patients as stated previously. Significant sigmoidal
relationships were established between AUC of topotecan lactone and the percenta-
ge of decrease of leucocytes, granulocytes and platelets. Compared to the daily x 5
i.v. administration, oral topotecan resulted in a lower systemic exposure of the
drug.

Since the side effects are nevertheless similar, an appropriate explanation for
the difference is lacking, However since oral topotecan showed significant
myelotoxocity and data on a dose-response relationship are lacking from studies
with the i.v. formulation of topotecan, systemic exposure from oral administration
may still be sufficient to induce anti-tumor effects. Six patients in our study with
stable disease were treated for 6 to 14 courses with topotecan, no cumulative
hematologic or non-hematologic toxicity occurred.

In conclusion: orally administered TPT given daily for 5 days every 3 weeks
has myelosuppression as DLT. The recommended dose for phase II stdies is 2.3
mg/m¥day, or alternatively a fixed dose of 4 mg/day. Further studies are needed to
fully explore the potential of oral topotecan as an antitumor agent.
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Studies comparing daily x5 i.v to daily x5 oral as well as a phase I study of oral
topotecan combined with i,v. cisplatinum are ongoing.
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Chapter 7

SUMMARY

Background and Purpose: Prolonged exposure to topotecan in in vitro and in
vivo experiments yielded the highest antitumor efficacy. An oral formulation of
topotecan with a bioavailability of 32-44% in humans enables convenient prolonged
administration, Pharmacokinetic/pharmacodynamic relationships from 4 phase I
studies with different schedules of administration of oral topotecan in adult patients
with solid mimors were compared.

Patients and Methods: 99 patients with malignant solid tumors refractory to
standard forms of chemotherapy were entered on 4 phase I studies. Topotecan was
administered: once daily (0.d.) x5 q 21 days (29 pts), o.d. x10 g 21 days (19 pts),
twice daily (b.i.d.) x10 q 21 days (20 pts) and b.i.d. x21 q 28 days (31 pts). -
Pharmacokinetic analysis was performed in 55 patients using a validated high
performance liquid chromatographic assay and non-compartmental pharmacokinetic
methods.

Results: A total of 109 (0.d.x5), 48 (o.d.x10), 64 (b.i.d.x10) and 59
(b.i.d.x21) courses were given. Dose [imiting toxicity (DLT) consisted of
granulocytopenia (0.d.x5), a combination of myelosuppression and diarrhea in both
10 day schedules, and diartitea only in the 21 day schedule. Pharmacokinetics
revealed a substantial variation of the AUC of topotecan lactone in all dose
schedules with a mean intrapatient variation of 25.4 4 31.0% (o.d. x5), 34.5 +
25.0% (o.d. xi0}, 96.5 + 70.1% (b.i.d. xi0) and 59.5 + 51.0% (b.i.d. x21).
Significant correlations were observed between myelotoxicity parameters and
AUC() day 1 and AUC(f) per course of topotecan lactone. In all studies similar
sigmoidal relationships could be established between AUC() per course and the
percentage decrease of WBC. At MTD dose level, no significant difference in
AUC(t) per course was found: AUC(t) per course was 107.4 + 33.7 ng.h/ml
(0.d.x5), 145.3 + 23.8 ng.i/ml (0.d.x10), 100.0 + 41.5 ng.h/ml (b.f.d.x 10), and
164.9 + 92.2 ng.h/ml (b.i.d.x21), respectively.

Conclusions: For oral topotecan, schedule rather than AUC() per course
appeared to be related to the type of toxicity. Prolonged oral administration results
in intestinal side effects as DLT, short term administration results in
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granulocytopenia.
Based upon this pharmacokinetic study no schedule preference could be expressed.
Based upon patient convenience the once daily x5 administration could be favoured.

INTRODUCTION

Topotecan, 9-dimethylaminomethyl-10-hydroxycamptothecin, is a water

soluble semisynthetic analogue of camptothecin [1]. Like camptothecin, topotecan
is a specific inhibitor of topoisomerase 1. Topotecan administered daily by 30
minutes infusion on 5 subsequent days every 3 weeks results in brief
myelosuppression as the most important side effect [2-5]. Antitumor activity was
reported in patients with small cell lung cancer [6,7] and in pretreated patients with
ovarian cancer [8-12]. Recently topotecan was registered in Europe and the USA
for the latter indication. Cytotoxicity of topoisomerase [ inhibitors is more specific
to the S-phase of the cell cycie in which double strand breaks occur [$3-19].
Preclinical in vitro and in vivo studies indicate that prolonged exposure to low dose
topoisomerase I inhibitors is most efficacious [20-25]. The feasibility of the concept
of prolonged exposure to topotecan in humans was initially reported by Hochster et
alina phase T study using a 21-days continuous infusion [26]. Myelosuppression
was the dose limiting toxicity and antitumor activity was seen. Continucus infusion
though is relatively patient inconvenient. Recent studies in humans reported a 32-
44% bioavailability of the intravenous formulation of topotecan when given orally
[27,28]. Oral administration would be a more simple and perhaps a more
convenient method to achieve prolonged exposure.
We performed 4 phase I and pharmacologic studies with different schedules of oral
administration of topotecan in adult patients. The present analysis was performed to
see if from a pharmacokinetic/pharmacodynamic point of view there was a
preference for a particular schedule to be taken forward for further development.
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PATIENTS AND METHODS

FPatient selection
Patients with a histologically confirmed diagnosis of malignant solid tumor

refractory to standard forms of therapy were eligible. Eligibility criteria included:
age = 18 years; WHO performance status < 2; an estimated life expectancy of =
12 weeks; no previous anticancer therapy = 4 weeks (6 weeks for nitroso-ureas or
mitomycin C); adequate hematopoetic (WBC = 4x10%1 and platelets = 100x10°
/), hepatic (bilirubin within normai limits, AST,ALT and/or alkaline phosphatase
= 2x normal), and renal function (serum creatinine < 133 pmol/l (2.0 mg/dl).
Specific exclusion criteria included: active peptic ulcer or any gastro-intestinal
condition which could alter absorption or motility; patients taking H,-antagonists or
proton pump inhibitors. All patients gave written informed consent.

Treatment and dose escalation

Oral administration of topotecan was studied in 4 phase I studies: twice daily
for 21 days every 28 days, once or twice daily for 10 days every 21 days, and
once daily for 5 days every 21 days. The 21 day administration was studied based
on the 21 days continuous intravenous administration [26,29,30]. In view of the
relatively short half-life of topotecan the twice daily dosing was given. Dose levels
studied were 0.15, 0.3, 0.4, 0.5 and 0.6 mg/m? twice daily, resulting in total daily
doses of 0.3, 0.6, 0.8, 1.0 and 1.2 mg/m?, respectively. The 10 day schedules
were studied because of severe diarrhea occurring in the third week of the 21 day
administration of oral topotecan, and the finding that topoisomerase I down-
regulation was optimal after 10-14 days with continuous infusion of topotecan
[26,30,31]. Dose levels smdied with the 10 days administration were 0.5, 0.6, 0.7,
0.8 mg/m?® b.i.d., and 1.0, 1.4, 1.6 mg/m¥day o.d. The reduction from 2 to 1
administration per day was intended to reduce gastrointestinal toxicities. A daily x5
q 21 days administration was based on the daily x5 i.v. administration, with dose
levels being 1.2, 1.8, 2.3 and 2.7 mg/n?/day.

Dose escalations were based on the toxicity seen at the prior dose level. If no
toxicity was seen in the prior dose, <100% dose escalation was allowed.

126



Chapter 7

However, if toxicity was seen, a dose escalation of 25-50% was prescribed.
The maximum tolerated dose (MTD) was defined as one dose level below the dose
that induced dose limiting toxicities (DLT), which were defined as CTC grade IV
hematologic toxicity and/or non-hematologic toxicity = CTC grade III during the
first course in more than 2/6 patients. Intrapatient dose escalation was not allowed,
Topotecan was supplied as capsules which were taken with a glass of water on an
empty stomach with a 2 hours period of fasting. With twice daily administration an
interval of 12 hours was chosen and for the second daily dose capsules were taken
with a glass of water at least 10 minutes before meals, preferably on an empty
stomach. Patients were treated as outpatients,

Treatnent assessment

Prior to therapy and weekly during therapy, evaluations were performed
including history, physical examination, toxicity assessment according to the CTC
criteria and serum chemistries [32]. CBC were determined twice weekly. Tumor
measurements were performed after every two courses and evalvated according to
the WHO criteria for response [33]. Patients were taken off protocol in case of

disease progression,

Pharmacokinetics

For pharmacokinetic analysis, whole blood samples (2.8 ml) in heparinized
tubes were collected during the first course, prior to dosing, 15, 30, 45 minutes
and 1, 1.5, 2.5, 3.5, 4.5, 8.5 and 12 hours after administration of the drug on day
1 and on day 4 (o.d. x5), or day 8 (x10 and x21 schedules). For the twice daily
dosing schedules pharmacokinetic samples were taken following the morning dose.
The samples were immediately processed and analyzed according to a method
previously described [34].

Area under the plasma concentration-time curves (AUC) of topotecan lactone
and hydroxy-acid were calculated by noncompartmental agalysis (linear-logarithmic
trapezoidal method). Because >20% extrapolation was needed to calculate the total
AUC of topotecan lactone in most cases of the b.id. x21 and b.id x10
administration, pharmacokinetic-pharmacodynamic analysis was carried out with
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AUC() in all studies. AUC(t) was calculated up to the last measured time point
"t". In all patients samples were obtained up to 12 hours after drug intake. The
terminal half-life was calculated as In2/k, where k is the elimination rate constant
(hh. The AUC(t) day 1 and AUC (t) per course were fitted to the observed
percentage decrease in WBC using the sigmoidat E,,, model [32]. The AUC(t) per
course was calculated by multiplying the AUC(t) day I with the number of doses
per course. For all calculations the Siphar software package release 4.0 (Siphar
SIMED, Cedex, Creteil, France)} was used. Spearman rank correlation coefficients
were calculated between AUC(E) day 1 and AUC(H) per course and the percentage
of decrease of WBC, granulocytes and platelets.

Two way analysis of variance was used to compare AUC(t) per course for the
different schedules at MTD dose level. Analysis of variance was used for analysis
on difference in myelotoxicity, diarrhea, C,, day 1, and intrapatient variation,

Intrapatient variation was calculated as follows:

AUC day 1 - AUC day 48 ¥ 100%
AUC day 1

Cytotoxicity of topoisomerase 1 inhibitors is cell cycle specific. Duration of
exposure scems important for antitumour effects. In vitro experiments with
continuous exposure of topotecan were performed with a minimum concentration of
100 ng/ml [23], and steady state plasma concentrations were 0.62 and 4.4 ng/ml in
studies in humans with 21 day continuous infusion [26,29]. An arbitrary threshold
plasma concentration of >1 ng/ml was chosen to study the differences in duration
of exposure in the schedules used. Duration of time of topotecan >1 ng/ml per
course was calculated from the duration measured on day 1 multiplied with the

number of doses per course.

RESULTS

A total of 99 eligible patients were entered into the studies of whom 96 were
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evaluable for toxicity. Pharmacokinetic analysis could be performed in 55 patients.
The patient characteristics are given in Table 1. The median WHO performance
status of patients was: 0 (range 0-2). The majority of patients recieved prior

chemotherapy.

Table 1, Patient characteristics oral topotecan

Once Daily Once Dailty Twice Daily Twice Daily
x5 x10 x10 x21
Number pts
entered: 29 19 20 31
evaluable: 29 19 18 30
Age
median (range) 53 (27-72) 53 (19-85) 55 (41-69) 55 (33-73)
WHO performan-
ce 0 (0D 0 ©D 0 (0D 0 (0-B)
median {(range)
Tumor types 10 4 11 i2
colorectal 3 4 3 3
ovarian 2 2 2 2
NSCLC 2 3 i 0
SCLC 2 0 0 2
breast 2 1 0 0
Hepatoceliular 8 5 3 12
miscellaneous
Prior therapy 19 11 14 4
chemotherapy 0 i 1 2
radiotherapy 3 5 { 14
both 7 2 3 1
none 0 0 1 ¢
immunotherapy
N° of courses 10 48 64 59
median (range) 9 (1-14) 2 (-1 2 (-1 2 (1-10)
2

pis == patients; No = number; (N)SCLC = (Non) Small Cell Lung Cancer.
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Table 2. Toxicities in patients treated with oral topotecan (CTC grades. Worst per course.)

Schedule Dose levels* Nopts  No courses Leucocytes | Granulocytes Platelets Nausea Vomiting Diarrhea
m v m v it v I m vV lm v
Once dajly ~All 29 109 9 4 15 8 3 5 5 1 3 0 1
x5 MTD g 15 2 3 1 3 0 2 2 0 2%k 0 0
Once daily All 19 48 1 2 0 2 1 3 1 1 0 5 0
x10 MTD oy 18 (1) 0 2 0 2 0 2 1 1 0 3 0
Twice dailly Al 18 64 ¢ 3 ¢ 3 1 1 3 0 2 2 3
x10 MTD 6 15 0 1 0 1 0 1 0 0 1 1
Twice dajly Al 30 59 4 2 1 2 1 2 0 0 0 1 6
x21 MTD 8 7 2 2 0 2 0 2 0 0 0 2

*  All = pts studied at all dose levels
MTD = pts studied at MTD dose level

** in both patients relationship to topotecan possible

! number between brackets is the number of patients also studied at this dose Ievel but previously treated at a higher dose level
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Hematologic toxicity

Occurrence of CTC-grade III-IV leucocytopenia and granulocytopenia with the
various schedules is listed in Table 2. They were observed in 11.9% and 21.1%, of
courses at the daily x5 administration, 6.2% and 4.2% of courses of o.d. x10, both
4.6% of courses with b.i.d. xI0, and 10.2% and 5.1% of courses for b.i.d. x21,
respectively.

Granulocytopenia was significantly (p< 0.001) more frequent in the daily x5
administration as compared to the other schedules, for leucocytopenia this was not
different.

At MTD, granulocytopenia was more frequent with the daily x5 administration,
were the median duration was 6.5 days (range: 2-12 days), while it was never
complicated by fever. At MTD, granulocytopenia was relatively mild in the b.i.d.
x21 and o.d. x10 schedules. Granulocytopenia was complicated by fever in one
patient treated at MTD with the b.i.d. x10 administration.

CTC-grade III-TV thrombocytopenia was noted in 8 (7.3%), 4 (8.3%), 2 (3.1%)
and 3 (5.1%) courses of the o.d.x5, o0.d.x10, b.i.d.x]10 and b.id.x21
administration (N.S.), most often in conjunction with CTC grade III-I1V

leucocytopenia.

Non-hematologic toxicity

Diarrhea CTC-grade IH-IV was seen in 1.0% of courses 0.d.x5, 10.5% of
courses 0.d.x10, 7.8% of courses at b.i.d.x 10, and 11.9% of courses with
b.i.d.x21 (p=0.03). Other non-hematologic toxicities were infrequent and usually
mild with all schedules studied (Table 2).

Diarrhea was the only DLT at 0.6 mg/m? b.i.d for the 21 day administration.
DLT consisted of a combination of myelosuppression and diarrhea at 0.8 mg/m?
b.i.d. x10 and 1.6 mg/m?* o.d. x10. Granulocytopenia was DLT at 2.7 mg/m? o.d.
x5. At MTD, no CTC-grade II-IV diarthea occurred with the daily x5
administration. CTC-grade 1V diarrhea was seen in 2/8 patients treated at MTD
with the 21 day schedule. For the different schedules of administration MTDs were
0.5 mg/m® b.id. x21, 0.7 mg/m* b.i.d. x10, 1.4 mg/m*day x10 and 2.3
mg/m*/day x5.
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Table 3. Pharmacokinetics after oral administration of topotecan in patients treated at MTD
(Median (range); SD = standard deviation)

Schedule ‘No pts at MTD AUC(t) Topotecan AUC(t) Topotecan AUC(t) Topotecan Ce Topotecan
(MTD, mg/m*/day) day 1 (ng.h/ml) per course per week day 1 (og/ml)

o.d. x5 n==6 19.6 97.%9 32.6 8.4

q 3 weeks (2.3) T (13.1-33.0) (65.7-165.0) {21.9-35.0) (4.6-11.1)
SD: 6.7 SD: 33.7 SD: 11.2 SD: 2.2

o.d. x10 n=23 13.2 1317 43.9 3.3

q 3 weeks (1.4) (13.1-17.3) {131.4-172.8) (43.8-57.6) (3.0-6.8)
SD: 2.4 SD: 23.8 SD: 7.9 SD: 3.3

b.i.d. x10 n=4 5.6 111.1 37.2 1.3

q 3 weeks {L.4 (2.2-6.6) (44.20-132.8) (14.7-44.3) (0.7-2.4)
SD: 2.1 SD: 41.5 SD: 13.8 SD: 0.7

b.i.d. x21 n=4 4.1 172.6 43.1 1.6

q 4 weeks (1.0) (1.6-5.9) (68.5-246.1) (17.1-61.5) (0.9-2.4)

SD: 2.2 SD: 92.2 SD: 23.1 8D: 0.6
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Pharmacokinetics and dynamics

The AUC(t) of topotecan lactone was consistently higher on day 4 (o.d. x5)

and day 8 (10 and 21 day schedules) compared to day 1. Significant correlations
were found between AUC(t) day 1 and day 4/8 with R=0.81 (p==0.001) (0.d. x5),
R=0.76 (p=0.01) (o.d.x10), R=0.74 (p=0.02) (b.i.d. x10) and R=0.95
{(p=0.001) (b.i.d. x21). In the b.i.d. x10 schedule AUC(t) day 8 was significantly
higher compared to day 1 (p< 0.05). Thus, limited cumulation of topotecan
occurred in this schedule. Bearing this in mind, the mean intrapatient variation of
AUC(t) topotecan lactone was 25.4% 1 31.0% (0.d.x5)(n=22), 34.5% + 25.0%
(0.d.x10) (n=10), 96.5% + 70.1% (b.i.d.x10) (a=10) and 59.5 4 51.0% (b.i.d.
x21) (n=13), respectively. Intrapaticnt variation appeared lower in the o.d. dose
schedules because of a more limited increase of AUC() topotecan lacfone as
compared to the b.i.d. schedules. Interpatient variation (% CV) was 43.1%
(0.d.x5), 40.1% (o.d. x10), 73.4% (b.i.d.x10) and 59.1% (b.i.d. x21).
Con Was correlated to percentage of decrease of granulocytes (R=0.55; p=0.02)
for o.d. x5, and (R=0.72; p=0.02) for b.i.d. x21. C_,, did not correlate with
other myelotoxicity parameters. T,,, and t,, were of similar magnitude for all 4
dose schedules (N.S.)

The AUC per course at MTD was not significantly different between the 4
schedules of oral administration (Table 3). The resulting mean AUC per course at
MTD was 107.4 + 33.7 ng.h/ml for o.d. x5, 145.3 + 23.8 ng.h/mi for o.d. x10,
100.0 4 41.5 ng.h/ml for b.i.d. x10 and 164.9 4+ 92.2 ag.h/ml for b.i.d. x21
(N.S.). The mean AUC per week at MTD dose level, a measure for dose intensity,
was 35.8 + 11.2 ng.h/ml (o.d. x5), 48.4 + 7.9 ng.h/mi (o.d. x10), 33.3 + 13.8
ng.h/ml (b.i.d. x10) and 41.2 + 23.1 ng.h/ml (b.i.d. x21), respectively. (Table 3)
(N.S.).

Calculating AUC per course at MTD from AUC(t) day 4/8 resulted in.an AUC per
course of 124.8 + 50.2 ng.h/mi (o.d. x5), 217.2 + 75.6 ng.Wml {(o.d. x10),

164.1 + 70.0 ng.b/ml (b.i.d. x10) and 229.4 + 79.5 ng.h/ml (b.i.d, x21),

respectively (N.S.).
Duration of time of topotecan lactone >1 ng/ml per course was lowest in the

0.d x5 administration with a mean duration of 20.1 + 7.9 h/course. Duration of
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topotecan >1 ng/ml per course was 26.5 £ 13.6 h (0.d.x10), 47.9 + 492 h
(b.i.d.x10) and 44.6 + 12.2 h (b.i.d. x21), respectively., Duration of time of
topotecan lactone > 1 ng/ml per course was significantly lower (p=0.006) for the 5
day o.d, schedule compared to the 10 and 21 b.i.d. schedules.

The correlation between topotecan lacione >1 ngf/ml per course with the
percentage of decrease of leucocytes was low for o.d. x5 (R=0.44 p=0.04), but
higher in the 10 day schedules with R=0.74 p=0.02 (0.d. x10) and R=0.99

p=0.0001 (b.i.d. x10).
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Figure I, Sigmoidal relationship between AUC day | and percentage decrease of
leucocytes {all oral studies).

The correlation for the 21 day schedule could not be calculated reliably. The
correlation between the AUC(t) day 1 of topotecan and the percentage of decrease
of leucocytes is significant in 3 schedules of administration with correlation
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coefficients of R=0.76 (p= 0.001) (0.d. x5), R= 0.69 (p=0.03) (b.i.d. x10) and
R=0.66 (p=0.03) for b.i.d.x21 administration. The correlation between AUC(L)
day 1 topotecan and percentage decrease of leucocytes showed a same trend for the
0.d. x10 administration (R=:0.61 p=0.06). The relationship between the AUC(t)
day 1 of topotecan lactone and the percentage of decrease of leucocytes could be
fitted best using a sigmoidal E_, model (Figure 1).

A significant correlation between the AUC(t) of topotecan lactone and the
percentage decrease of platelets was observed in the 10 day dose schedules with
R= 0.78 (p=0.03) b.i.d. and R= 0.83 (p=0.01) o.d. and in the 5 day schedule
(R=0.60 p=0.004). Thus, significant correlations with myelotoxicity parameters
are found with all schedules.

When plotting AUC day 1 and day4/8 per course against the percentage
decrease of leucocytes all the sigmoidal curves showed a similar pattern (Figure 2

a+h).
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Figyre 2a. Sigmoidal relationship between AUC (day 1) per course and
percentage decrease of leucocytes (all orat studies),
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Figure 2b. Sigmoidal relationship between AUC (day 4/8) per course and percen-
tage decrease of leucocytes (alt oral studies).

DISCUSSION

In vitro experiments and in vivo studies with human xenografts revealed that
prolonged exposure rather than concentration was relevant to achieve antitumor
activity with topoisomerase I inhibitors [20-25]. Based upon these studies
scheduling of administration of topoisomerase I inhibitors in clinical studies
appeared to be important.

In a phase I smdy 21 days of continuous topotecan infusion was well tolerated
and antitumor effects were seen [26]. Continuous infusion is inconvenient for pa-
tients and sometimes leads to complications of the central venous catheters [26,29].
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Oral administration of topofecan might perhaps be more convenient in patients and
was considered worthwhile testing in view of a bioavailability of 32-44% of the
i.v, formulation when given orally [27,28].

Both for oral and intravenous topotecan administered on 5 consecutive days
every 3 weeks myelosuppression was dose limiting. No clinically important
diarrhea was seen in the daily x5 administration. In contrast, for the twice daily
x21 administration of oral topotecan uncontrollable diarrhea was the single dose
limiting side effect, while it was myelotoxicity in studies on 21 days continuous
infusion. The latter studies did not report severe diarrhea. Diarrhea is a well
known side effect of camptothecin and its derivatives, but the types of diarrhea
appear to differ,

CPT-11 administered intravenously causes acute onset diarthea on day 1
responding to atropine and delayed onset diarrhea starting around day 5 and
controllable by vigorous administration of loperamide [36}. CPT-11 delayed onset
diarrhea is related to the biliary excretion of the glucuronated SN-38 metabolite and
the biliary index of SN-38 predicts the risk of delayed onset diarrhea of CPT-11.
Oral administration of camptothecin for 21 days q 28 days and 9-nitro-camptothecin
for 5 days a week resulted in severe diarrhea in 40% and 33% of patients,
respectively [37,38]. Camptothecin and CPT-11 induce intestinal mucosal de-
struction in studies with animal models {37,39]. Thus local intestinal effects of
camptothecin and its derivatives appear responsible for diarrhea. Diarrhea induced
by oral topotecan was always self-limiting but did not respond to loperamide
administration.

Taking into account the bioavailability of topotecan DLT in the § day oral
schedule was approximately 30% lower as compared to the i.v. administration. For
the 21 days schedules it was approximately 70% lower. These data might suggest
local infestinal exposure as an inducing factor for the observed diarrhea. The exact
mechanism of topotecan induced diarrhea is unknown. DLT consisted of a
combination of both myelotoxicity and diarrhea in the studies with 10 day
administration of oral topotecan. Thus with oral administration of topotecan, the
toxicity profile appeared to change gradually from granulocytopenia to diarrhea

when administration was prolonged.
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Neutropenia is the major side effect of daily x 5 intravenous topotecan, with
the nadir of granulocytes -being reported between day 8 and 15 (2-5). The
continuous i.v. administration of topotecan for 21 days q 28 days showed a
granulocyte nadir on day 18 (range:12-28) [26]. Granulocytes nadirs of the daily x5
administration of oral or Lv. topotecar were similar, as were those of
myelotoxicity of the o.d. x10 (day 12 and 16) and b.i.d. x10 _(day 8-14) oral
schedules. In none of the schedules of oral administration of topotecan was mye-
lotoxicity cumulative. These findings are consistent with previous reports on daily
x5 administration of topotecan. Neutropenia had a median duration of 6.5 days
(range: 2-12 days) and was uncomplicated in the daily x5 administration of oral
topotecan. In contrast cimulative myelotoxicity requiring dose reductions was seen
int schedules with 21 days continuous infusion [26,29].

With the 21 days oral administration plasma concentrations of topotecan
lactone >1 ng/ml never lasted for more than 3 hours per administration. In con-
trast, 20 (91%) out of the 22 patients analyzed in the daily x5 study had a plasma
concentration of topotecan lactone > 1 ng/ml lasting for more than 3 hours, as did
5 patients (50%) on o.d. x10 and 1 patient (10%) with b.i.d. administration. The
duration of topotecan lactone plasma-concentration >1 ng/ml per course however
was highest with the 21 day schedule, and lowest for o.d.x5. Since
granulocytopenia was significantly more frequent in the o.d. x5 administration,
myelotoxicity appears (o be related to plasma concentration per administration
rather than duration of exposure to > 1 ng/mi topotecan per course.

Compared to oral administration o.d. x5, AUC(t) of topotecan lactone is
substantially higher with i.v. administration, and neutropenia more pronounced [40-
44]. Furthermore, mild myelotoxicity was the major side effect of 21 days
comdinuous infusion of topotecan with achieved mean steady state topotecan lactone
plasma-concentrations varying from 0.62 + 0.17 [29] and 4.4 + 0.99 ng/ml [26].
Together with the finding of mild myelotoxicity i the b.id., x21 oral
administration, with a low mean C,,. of 1.40 + 0.74, myelotoxicity might be
related to topotecan plasma level rather than time of duration of exposure to the
drug. Systemic exposure from low dose prolonged administration of camptothecin
and its derivatives 9-amino-campthotecin and 9-nitro-camptothecin showed more
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efficacy in tumor reduction in studies with human xenoprafts [21,22} and these
schedules were tolerated better than the intravenous schedules with higher doses.
Apperently myelotoxicity can be circumvented by prolonged administration of low
dose topoisomerase [ inhibitors. _

Pharmacokinetic-pharmacodynamic analysis of oral topotecan showed that half

lifes are similar for all schedules and in concordance with those of i.v.
administration. '
Interpatient and (especially) intrapatient variation appeared to be most limited with
o.d. x5 oral administration. As in previous studies with i.v. topotecan a significant
correlation of the AUC(ty day 1 topotecan and percentage decrease of leucocytes
was found with all schedules. When AUC(t) per course is plotted against the
percentage of decrease of leucocytes similar sigmoidal curves are found. At MTD,
AUC per course and AUC per week, were similar for all oral schedules. Thus,
AUC per week, as a measure of dose intensity, was not significantly different in
the 4 schedules studied. '

Oral administration of topotecan, especially in the o.d x5 day schedule, is
safe, with uncomplicated granulocytopenia as the main side effect, limited
intrapatient variation and similar dose intensity as compared to the other schedules
of oral administration. The 10 day and especially the 21 day administrations can
result in unpredictable and sometimes clinically severe uncontrollable diarrhea. For
the reasons mentioned above, and because a 5 day schedule is more convenient to
patients, the once daily x5 oral administration of topotecan is preferred for future
studies. .

Further studies of orally administered topotecan either as a single agent or in
combinations with other chemotherapeutics are ongoing.
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SUMMARY

Purpose: Topoisomerase I inhibitors are interesting anti-cancer agents with a
novel mechanism of action. We performed a phase I study with intravenous
Gl147211, a new semisynthetic camptothecin analogue, using a daily x5 schedule
administered every 3 weeks, to evaluate the side effects and pharmacokinetics of
the agent,

Patients and methods: Patients with a histologically confirmed diagnosis of a
solid tumor refractory to standard forms of therapy were eligible for the study.
GI147211 was given as a 30 minute intravenous infusion daily for 5 consecutive
days, repeated every 3 weeks. In subsequent patient cohorts the dose was escalated
from 0.3 to 1.5 mg/m?*/day. Pharmacokinetics analysis was performed on days 1
and 4 of the first course using a validated high performance liquid chromatographic
assay and non-compartmental niethods,

Resuits: A total of 19 patients were entered into the study, one patient was not
evaluable for toxicity because only one drug administration was given. Eighteen
patients received a total of 67 courses through four dose levels. The dose-limiting
toxicities were neutropenia and thrombocytopenia at the dose of 1.5 mg/m¥day.
Nadirs occurred on day 15 and day 15, respectively. Other toxicities were mild and
infrequent and included nausea/vomiting, headache and alopecia. The maximal
tolerated dose was 1.2 mg/m*/day. One partial response was observed in a patient
with colorectal cancer. The total plasma clearance was 999 + 184 ml/min (range
640-1329). The volume of distribution was 190 + 46 1/m® and the terminal half-life
was 3.7 +£1.2 h. The AUC increased linearly with the administered dose. A steep
and significant sigmoid relationship was established between the AUC and the %
decrease of ANC.

Conclusions: GI147211 is a new topoisomerase I inhibitor that induced dose-
limiting neutropenia and thrombocyfopenia in this phase I study. The recommended
dose for phase II studies with this schedule is 1.2 mg/m® x5 every 3 weeks.
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INTRODUCTION -

GI147211,  (7-(methylpiperazinomethyiene)-10,11-ethylenedioxy-20(S)
camptothecin dihydrochloride, is a water-soluble semisynthetic analogue of camp-
tothecin (CPT). Early clinical trials with CPT in the late 1960s showed hints of
activity of this plant alkaloid in a variety of solid tumors [1-3]. Its further develop-
ment was stopped because of unpredictable and severe myelosuppression, gastroin-
testinal toxicity and hemorrhagic cystitis.

In the late 1980s two discoveries brought a renewal of interest in CPT; firstly,
topoisomerase I was identified as the single cellular target of CPT [4,5}], and,
secondly, an overexpression of topoisomerase I was found in various tumor celi
lines but not in normal tissues [6-8], Topoisomerase I is a nuclear enzyme that
resolves topological problems of the torsionally strained (supercoiled) DNA [9].
This is achieved by forming a covalent adduct between topoisomerase I and the
DNA, termed the cleavable complex. This catalytic intermediate creates single-
strand DNA breaks, allowing the DNA molecule to rotate around the intact DNA
strand at the cleavage site, leading to a relaxation of the DNA molecule and in this
way replica-tion, ftranscription and othetr DNA functions can proceed. These
enzyme-bridged breaks are then resealed by topoisomerase I. CPT stabilises the
cleavable complexes, thereby preventing resealing of single-strand DNA breaks in
the presence of the drug [10-12]. Cytotoxicity is specific to the S-phase of the cell
cycle because the double-strand breaks that occur during this phase are more
difficult to repair in the presence of the drug [13].

Recently, several semisynthetic CPT analogues [14,15] have been developed,
aiming at reduced toxicity and sustained or improved activity.

One of these apalogues, GI147211, demonsirated significant cytotoxicity
against several xemografts of human cancers including HT-29 and SW-48 colon,
PC-3 prostate, MX-1 breast, H460 lung, SKOV3 ovarian and KB epidermoid
carcinomas [16-18). The relative effect on fumor growth was dose-schedule
dependent with a greater reduction in tumor volume achieved by prolonged dosing.
LD, in mice was 75 mg/m? (20 mg/kg) given as a single bolus injection. Animal
toxicology studies by the intravenous route showed that myelosuppression was the
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main toxicity and was dose-limiting.
We performed a phase I and pharmacologic study with intravenous GI147211 on 2
daily x5 regimen, repeated every 3 weeks, in patients with solid tumors,

PATIENTS AND METHODS

Patient selection

Patients with a histologically confirmed diagnosis of a solid tumor refractory
to standard forms of therapy were eligible for this study. Other cligibility criferia
included: (1) age = 18 years; (2) an Fastern Cooperative Oncology Group
(ECOG) performance status < 2; (3) a predicted life expectancy of at least 3
months; (4) no previous anti-cancer therapy for at least 3 weeks (6 weeks for
previous nitrosoureas or mitomycin C); (5) adequate hematopoietic (WBC =
3x10%1, ANC = 1.5x10%1 and platelets 100x10%1), hepatic (bilirubin within
normal limits, AST, ALT and/or alkaline phospliatase =< 2.0x normal), and renal

{(serum creatinine =< 130 umol/l) functions. All patients gave written informed

consent.

Treanment and dose escalation

It the published phase I studies [19,20] using topotecan on a daily x5 schedu-
le, the starting dose was 1/30th of the murine LD, level because of the significant
interspecies differences in toxicity. By rough estimate the murine LD, for GIi147-
211 was equivalent to topoltecan. However, the in vitro and in vive plharmacology
suggested that topotecan is 2.2-fold less potent than GI 147211 [15-16). Therefore
it was felt that a safe starting dose for GI1147211 should be less than 1/30 of the
mouse LDy,; 0.3 mg/m*/day given as a 30 minute infusion for 5 consecutive days
was selected. Courses were o be repeated every 3 weeks as tolerated. Dose
escalations were based on the prior dose level toxicity., For example if no toxicity
was seen in the prior dose, = 100% dose escalation was allowed. However, if
toxicity was seen, a dose escalation of 25-50%, which was determined by the worst
significant toxicity, was prescribed. At least three patients were entered at each

148



Chapter 8§

dose level. The maximum tolerated dose (MTD) was defined as one dose level
below the dose that induced dose-limiting toxicities (DLTs), which were defined as
at least one of the following: (1) ANC < 0.5x10%1 or platelets < 50x10%/1 for
more than 5 days; (2) ANC < 0.5 x10%] with fever requiring parenteral antibio-
tics, and/or non-hematologic toxicity = CTC grade 3 in more than one-third of
(G1147211 naive patients (at least two of a maxinmm of six patients). Intrapatient
dose escalation was not performed.

GI147211 was supplied by Glaxo as a clear solution in vials of 2,0 ml. The
vials contained a mixture of 0.5 mg GI147211 and 100 mg dextrose. The pH was
adjusted to 3.5 with sodinm hydroxide or hydrochloric acid. GI147211 was diluted
in DSW. The infusion bag (GI147211 -+ D5W) contained 100 ml exactly.

During the first course patients were hospitalised, all other courses were given

at the outpatient clinic.

Treatment assessment

Before therapy medical history was taken and complete physical examination,
complete blood celi (CBC) count, serum chemistries including sodium, potassium,
chloride, bicarbonate, calcium, phosphorus, creatinine, urea, uric acid, glicose,
total protein, albumin, bilirubin, alkaline phosphatase, AST, ALT, were perfor-
med, as were urinalysis, coagulation parameters (APTT, PT), BCG and chest X-
ray. Weekly evaluations between the courses included history, physical examinati-
on, toxicity assessment according to the CTC criteria [21] and serum chemistries.
CBC and urinalysis were determined twice weekly, Tumor measurements were per-
formed after every two courses and evaivated according to the WHO criteria for
response {22]; patients were taken off protocol in case of disease progression.

Pharmacokinetics

For pharmacokinetic analysis whole blood samples (7 mi} in heparinised tubes
were collected from an indwelling i.v. canula, placed in the arm contralateral to
that receiving the drug, before infusion and at 15, 25, 45 minutes and 1, 1.5, 2, 4,
6, 8, 10, 12 hours after the initiation of the infusion on days 1 and 4 of the first
course. Urine was collected within a two hour interval prior to the dosing and over
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the intervals; 0-4, 4-8, 8-12 and 12-24 hours. Both blood and urine samples were
analysed for the lactone form using a validated chromatographic assay, according
to a method published by Stafford CG et al. [23]. The AUC was calculated using
the trapezoidal method with extrapolation of the curve to infinity on day I and
extrapolated to 24 hrs. on day 4. The terminal half-life was calculated as In2/A
where A is the elimination rate constant, the total plasma clearance {Cl) as do-
se/AUC and the apparent volume of distribution at steady state (Vdss) as

Dose . AUMC  Dose (0.5)
Auct 2 AUC

Sigma Plot for Windows (velease 2.0, Jandel scientific) and PCNONLIN
(release 4.0, SCI software) were used for pharmacological data analysis, The
sigmoid E_,, model (Hill equation) was used to explore relationships between
pharmacokinetic parameters and % decrease ANC and % decrease thrombocytes.
The Gauss-Newton algorithm was used without weighing factor. The concentration
of the drug in the infusion bags was also quantitated by high-performance liquid

chromatography (HPLC).

RESULTS

A total of 19 patients eniered the study. Patient characteristics are given in
Table 1. All patients were eligible but 1 patient with NSCLC was considered not
evaluable for toxicity and response because the patient was taken off study afier the
first drug administration, because of development of bronche-cesophageal fistula.
In total 18 patients were evaluable for toxicity and response. The total number of
evaluable courses was 67. The median number of courses per patient was 4 (range
4-10), Dose levels studied were 0.3, 0.6, 1.2 and 1.5 mg/m?/day.
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Table 1. Patient characteristics

No. of patients 19
Sex (male/female) 10/9
Median age (range) 59 (34-74)
Median performance score (ECOG)
0 il
i 8
2
Prior therapy
chemotherapy
radiotherapy
both
none
Tumor types
NSCILC
colorectal cancer

W~ = N

sarcoma
unknown primary
pancreastic cancer
breast cancer
mesothelioma

Lot T R L 7S IV I 6

oropharyngeal cancer

Hematologic toxicity

Neutropenia and thrombocytopenia were the dose-limiting toxicities of GI
147211 on this schedule (Table 2). No myelotoxicity was observed at the first two
dose levels. At the third dose level (1.2 mg/m¥/day), grade 3-4 neufropenia and
thrombocytopenia were seen in 7/15 and 6/15 of the courses respectively. The
median ANC nadir at this dose level was 1.29 x 10%1 (range 0.08-5.6), for
platelets it was 74 x 10%1 (range 33-379).
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Table 2. Hematological toxicity

Dose No. No.Eval. Leucocytes Neutrophils Plateiets
(mg/m* day) Pis. Courses CTC grades
i 2 3 4 1 2 3 4 I 2 3 4
0.3 3 10 0 0 0 0 c 0 0 0 0 o0 0 0
0.6 3 18 8§ 0 0 O 4 1 0 0 1 0 0 ¢
0.9 3 9 31 1 0 0 4 1 0 4 2 1 0
1.2 6 15 1 1 4 2 2 2 1 6 0 1 6 0
1.5 6 15 0 9 3 3 2 0 211 2 6 4 3
Table 3. Neutropenia and thrombocytopenia at the two highest dose levels
Median day of occurrence Day nadir Median no. days median day of Day nadir median no.
grade 3-4 thrombocytopenia from grade 3-4 to occurrence days from
recovery = grade 2 | grade 34 grade 3-4 to
thrombocytopenia neutropenia TECOVETY =
grade 2
neutropenia
1.2 mg/m®/day 15 (15-15) 15 (10-19) 7 (2-8) 15 (10-19) 22 (13-22) 10 (1-10}
N=6 N=7
1.5 mg/m%/day 15 (10-15) 15 (13-15) 8 (5-12) 10 (5-25) 15 (13-22) 11 (4-25)
N=7 N = 13
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The median duration of severe myelosuppression, expressed as the number of
days between the first occurrence of grade 3-4 toxicity and recovery to < grade 2
toxicity, was 10 days for neutropenia and 7 days for thrombocytopenia (Table 3).
In three of six patients first receiving 1.2 mg/m?%day, the dose was subsequently
reduced to 0.9 mg/m?/day; in two of the patients because of slow recovery from
myelosuppression (with retreatment being permitted on day 28 and day 35 respecti-
vely); and in one patient because of febrile neutropenia with sepsis during the first
course. At 1.5 mg/m?/day the dose-limiting toxicity was reached (Figure 1).

Neutropenia

Platelets
L]
(=]
o0

1 5 8 10 15 19 22
Time (days}

Figure I,  Comparison of the median ANC (a) and median platelet (b) counts of all
given courses at the dose of 1.2 and 1.5 mg/m®/day
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Grade 3-4 neutropenia was noted in 13/15 courses (86%). The median ANC
nadir was 0.09 x10%1 (range 0.01-1.7). The median number of days (o recover
from grade 3-4 neutropenia was 11 days (range 4-25). Three infectious complicati-
ons were observed, two of them were life-threatening septic complications caused
by gram-negative bacteria. In addition, thrombocytopenia grade 3-4 was seen in
7/15 courses (46%). At this dose of 1.5 mg/m*day the median platelet nadir was
62 x10%1 (range 10-116).

The recovery of grade 3-4 thrombocytopenia occurred in 8 days (range 5-12).
Thrombocytopenia was complicated by gastrointestinal bleeding in two patients.
Anaemia occurred frequently but was never severe. Regularly, subsequent courses
had to be postponed, due to delayed recovery of myelosuppression. At the dose of
1.2 mg/m2/day a treatment delay of 1 week was required in 4 courses and a delay
of 2 weeks was required in 2 courses. At 1.5 mg/mn*day a treatment delay of 1
week was necessary 3 courses and a delay of 2 weeks in 2 courses.

Cumulative myelotoxicity was not observed. The pattern of myelosuppression
during the first course predicted the pattern in all subsequent courses (Figure 2).

Platelets
ANC

0

1
456 78910111213141561617181920
Time (weeks)

Graph showing course of ANC and platelets during subsequent cycles with

Figure 2.
(1147211 of patient 16 at the dose of 1.5 mg/m’/day
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Table 4. Pharmacokinetic data after i.v. administration of GI147211 on day 1 of the first course

Patient Dose Day AUC,, Co - t12 MRT Clearance Vs
number (mg/m’) (ng/ol/b) (ng/ml) &) () () (rol/min/m*) {m
1 0.3 1 4.93 3.63 0.42 2.96 2.89 1014 161
2 0.3 1 4.04 4.27 0.42 1.99 1.66 1238 104
3 0.3 1 4.77 3.73 0.42 2.63 3.33 1648 154
Mean 4.58 3.88 0.42 2.52 2.63 1100 153
4 0.6 1 10.10 8.16 0.42 3.35 4.01 990 223
5 0.6 1 15.63 9.41 0.42 2.81 3.74 640 134
6 0.6 1 14.00 11.46 0.42 2.80 3.52 714 140
Mean 13.25 16.01 0.42 2.98 3.76 781 166
7 1.2 1 17.57 17.33 0.42 3.62 3.01 1138 189
8 12 1 24.95 11.97 0.42 4.04 5.18 802 237
9 1.2 1 16.70 15.99 0.42 2.54 2.94 1198 193
10 1.2 1 15.05 12.83 0.42 2.40 3.04 1329 223
11 1.2 1 19.86 14.11 0.25 5.10 3.98 1007 225
12 1.2 1 19.42 17.65 0.42 2.97 2.66 1030 149
Mean 18.93 14.98 0.39 3.45 3.47 1084 203
13 1.5 1 24.66 15.08 0.25 4.98 5.11 1014 296
14 1.5 1 - 27.47 0.42 - - - -
15 1.5 1 24.39 19.21 0.42 4.62 3.57 1025 204
16 1.5 1 23.32 19.53 0.25 4.37 3.32 1072 157
17 1.5 1 22.64 18.91 0.25 4.61 3.65 1104 225
18 1.5 1 28.37 15.90 0.75 4.42 3.78 381 186
Mean 24.68 19.35 0.39 4.60 3.89 1019 222

AUC,: AUC after extrapolation to infinity; Cp,,: maximal plasma concentration; t..: time to maximal plasma concentration; t'%: elimination half-life;
clearance: total plasma clearance; V@ apparant volume of distribution at steady state; MRT: mean residence time



Table 5. Pharmacokinetic data after i.v. administration of GI147211 on day 4 of the first course

Patient Dose ‘Day AUC,,; Cox | - t¥4 MRT Clearance Vs
number (mg/m’) (ng/ml/h) (ng/ml) (h) (b) () (ml/min/m’) (/m?
1 0.3 4 6.19 4,73 0.25 4.82 4.62 808 207
2 0.3 4 6.79 4.30 0.25 2.34 4.73 736 199
3 0.3 4 7.46 5.11 0.42 3.81 3.30 670 199

Mean 6.81 4.71 0.31 3.65 4.88 738 202
4 0.6 4 11.21 7.60 0.42 3.42 4.89 892 246
5 0.6 4 15.10 8.13 0.42 3.78 5.38 662 203
6 0.6 4 15.94 9.29 0.25 4,15 6.35 627 224

Mean 14.08 8.34 0.36 3.78 5.54 727 224
7 1.2 4 20.59 18.66 0.25 3.02 3.06 971 163
8 1.2 4 37.83 20.03 0.42 4.07 5.62 529 167
9 1.2 4 21.10 16.21 0.42 2.70 3.47 948 182
10 1.2 4 14.84 9.62 0.42 2.20 3.96 1348 299
11 1.2 4 26.62 12.74 0.42 6.99 7.06 802 307
12 12 4 16.96 11.63 0.42 4.99 4.44 1179 291

Mean 22.99 14.82 0.39 3.99 4.60 963 235
13 1.5 4 26.92 20.02 0.42 4.95 5.06 929 261
14 1.5 4 29.51 23.81 G.42 3.44 2.56 847 117
15 1.5 4 30.85 25.41 0.25 4,35 3.04 810 144
16 1.5 4 34.51 32.19 042 5.62 4.47 724 178
17 1.5 4 24.85 21.18 0.25 5.82 5.95 1006 319
18 1.5 4 52.70 28.25 0.42 4.43 4,74 474 126

Mean 33.22 25.14 0.36 4.47 4.27 798 191

AUC,: AUC afiter extrapolation to infinity; Cp,: maximal plasma concentration; t..,: time to maximal plasma concentration; t': elimination half-life;
clearance: total plasma clearance; V,: apparant volume of distribution at steady state; MRT: mean residence time
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Non-hematologic toxicity

Overall, non-haematologic toxicities were relatively mild. Nausea and
vomiting were not dose-related and occurred in respectively 30 (44%) and 15
(22%) of the given courses respectively and were never worse than grade 1-2.
These symptoms were only present during the period of drug administrations and
could easily be circumvented by the prophylactic use of standard anti-emetics.

Alopecia was dose related, alopecia grade 1 was observed in 3 patients at the
highest two dose levels. Mild headache was not dose-dependent and occurred in 8
courses (12%). Prophylactic use of analgetics such as paracetamol during the days
of drug administration prevented this symptom. No other toxicities were seen.
There was no diarrhea, mucositis, liver or renal toxicity.

Table 6. Pharmacokinetic data after i.v. administration of GI147211 on days 1
and 4 of the first course

Patient Day fe Clr Cir Day fe Cir Cir
number (ml/min) : (ml/min) (ml/min/m?
i 1 0.114 232 116 4 0.109 175 88
2 1 0.081 184 01 4 0.095 128 70
3 1 0.212 333 222 4 0.428 430 287
4 1 0.115 231 115 4 - - -
5 1 0.156 161 101 4 0.181 192 120
6 1 0.149 194 107 4 0.197 225 123
7 1 0.106 201 122 4 0.122 196 119
8 1 0.101 151 84 4 0.219 212 118
9 1 0.088 203 107 4 0.133 241 127
10 1 0.085 226 113 4 (0.128 344 172
i1 1 0.116 208 119 4 0.239 314 179
2 1 0.347 663 358 4 0.210 459 T 248
13 i - - - 4 - - -
14 i 0.191 “ - 4 - - -
15 1 0.135 280 150 4 - - -
16 1 - - - 4 0.171 218 128
17 1 - - - 4 0.090 182 91
18 1 - - - 4 0.125 101 59
Mean 0.143 251 140 0.0175 244 138
s.d, 0.070 133 74 0.087 106 64
CV (%) 49 53 53 50 43 47

fe: fraction of the drug excreted unchanged; Clr: renal clearance

157



Chapter 8

Pharmacokinetics and kinetic-dynamic relationships

Complete plasma sampling was obtained from all 18 patients on days 1 and 4
during the first course.

The pharmacokinetic data are sumimarized in Tables 4, 5 and 6. The AUC
was linearly related to the dose (Figure 3). Total plasma clearance, determined on
day 1, was 1014 3+ 177.0 ml/min/m, (mean + SD), V,, was 193 + 459 I/m?
(mean + SD), t, was 3.54 + 0.99 (mean + SD) and Mean Residence Time
(MRT) was 3.53 1 0.93 h (mean + SD).

Significant sigmoid relationships were observed between the AUC on day 4 of
treatment and the % decrease ANC (Figure 4). No significant influence of pretreat-
ment on these relationships were observed (Figure 5).

The fraction of the drug excreted unchanged in the urine (fe) on day 1 was 0.14 +
0.07 and the renal clearance was 140 + 74 ml/min/m® (Table 4).
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Figure 3. Relationship between the dose/m? and the area under the curve (AUC) of GI
147211 determined on day 4 of course one.
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Figure 4. Relationship between the AUC of GI 147211 determined on day 4 of the first
course and the % decrease in AUC. The sigmoid E_,, model was applied.

Responses

One partial response was seen in a patient with metastatic colorectal cancer,
His tumor had previously been shown to be resistant to 5-FU/folinic acid. The
remission achieved by GI147221 lasted 6 weeks. A minor response was observed
after 2 courses in a patient with liver metastasis of a lejomyosarcoma of the
stomach, previously progressive after 2 courses of doxorubicin/ifosfamide. The
patient refused further treatment because the second course was complicated by a
non-drug-related upper gastrointestinal bleeding. Stable disease was seen in 10
patients,
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Figure 5. Relationship between the AUC of GI 147211 determined of
day 4 of the first course and the % decrease in AUC, in
minimally and heavily pretreated patients.

DISCUSSION

The characterisation of the inhibition of topoisomerase I as the mechanism of
action of CPT has resulted in the development of several semisynthetic CPT
analogues, of which some are under extensive clinical investigation. This is the
first report of a clinical phase I study with GI147211.

The dose-limiting toxicity of GI147211 administered as a 30 minute i.v
infusion for 5 consccutive days in patients with solid tumors was neutropenia in
conjunction with thrombocytopenia. The dose of 1.2 mg/m%day was considered the
maximally tolerated dose. At this dose the onset of neutropenia grade 3-4 occurred
between days 10 and 19, with a median ANC nadir of 1.29 x10%/1 {range 0.08-
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5.6). The median day of the platelet nadir and the first day of grade 3-4 toxicity
was day 15. The median number of days to recovery was 7 (range 2-8). The
recovery of neutropenia was even more prolonged, it lasted 10 days (range 1-10).
Due to this prolonged myelosuppression subsequent courses had to be postponed in
6/15 courses at this dose level of 1.2 mg/m?%day. At the dose of 1.5 mg/m*/day the
dose-limiting toxicity was reached. At this dose the grade 3-4 neutropenia already
was noticed on day 10 (range 5-25) and lasted for 11 days (4-25) with a median
ANC nadir of 0.09 x10%/1 (range 0.01-1.7). This deep and prolonged recovery
from neutropenia was complicated by 3 septic episodes, and resulted in treatment
delay in 5 of the 15 courses given at this dose level. Allthough the depth, the time
of occurrence and recovery from thrombocytopenia at this dose level was equal to
the dose of 1.2 mg/m?*/day, at this dose the thrombocytopenia was complicated in 2
courses by gastrointestinal bleeding,

As only one patient was heavily pretreated (10 coures of anthracyclin-con-
taining chemotherapy) at the higher dose levels, these treaiment delays were not
related to prior myelosuppressive therapies. There were no indications of cumulati-
ve myelosuppression, the pattern of myelosuppression in subsequent courses was
equal (see Figure 2). The use of hematopoeitic growth factors might be wseful in
preventing infections, but will be of limited value in further dose escalation of
GI147211, since dose-limiting thrombocytopenia occurred in conjunction with
neutropenia,

The pharmacokinetics reveal moderate interpatient variability. The pharmaco-
kinefic data, obtained days ! and 4 of course one, demonstrate limited intrapatient
variability. There was a linear relationship between the AUC and the administered
dose. A steep sigmoid relationship was observed between the AUC on day 4 and
% decrease ANC, indicating that the AUC is predictive for the myelosuppression,

In this study one short-lasting partial response was noted in a patient with
metastatic colorectal cancer. This fits with the observations of activity of GI147211
in preclinical models against colorectal cancer. In addition, it is of interest that we
observed a minor response in a patient with leiomyosarcoma. In a recently reported
phase II study in metastatic soft tissue sarcoma the topoisomerase I inhibitor
topotecan only showed responses in patients with leiomyosarcoma [24].
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In phase I studies with daily x5 of topotecan the dose-limiting toxicity was
also myelosuppression, predominantly severe neutropenia of brief duration not
necessitating  treatment delays [19,20]. Thrombocytopenia mainly occurred in
prolonged continuous regimens and the myelosuppresion was not cumulative [25].
As the daily x5 schedule appeared to be most active in early phase [ studies many
different phase II studies were iniated with this scheme. Although a randomised
comparison is obviously lacking, GI147211 seems to induce more prolonged
myelosuppression than topotecan. Presumably related to this, in contrast to topote-
can, GI147211 administration necessitated relatively frequent delays of retreatment.
These human data therefore confirm preclinical studies in bone marrow cultures
where GI147211 was found to be more myelotoxic than topotecan. In preclinical
studies this increased myelotoxicity of GI147211 seems to coincide with more anti-
tumor activity [18].

The other topoisomerase-l inhibitor in a well-advanced stage of clinical
development, Trinotecan (CPT-11), induces neutropenia in addition to diarrhea.
Diarrhea was not observed at all for GI147211. Unlike GI147211, which is the
active compound, CPT-11 is a prodrug. CPT-11 has to be converted to the active
metabolite SN-38. It has been hypothesised that the conversion in the intestinal
mucosa might be responsible for the diarrhea. The fact that such a conversion is
not required for GI147211 may result in relatively low intestinal mucosal drug
levels as compared to SN-38, and thereby less mucosal damage.

Preclinical data have indicated that topoisomerase I inbibitors, like topoiso-
merase IT inhibitors, demonstrate more efficacy with prolonged continuous exposu-
re [26, 6, 27]. Therefore, future development of GI147211 will be focussed on
prolonged infu-sions, and the apparent bioavailability of oral administration will be
determined.

The recommended dose for phase Il studies with a daily x5 intravenous
schedule is 1.2 mg/m¥/day repeated every 3 weeks. Phase II studies in various
fumor types have recently been initiated.
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SUMMARY

Puirpose: Topoisomerase I inhibitors are new compounds of interest for cancer
chemotherapy. We performed a study with GI147211, a new semisynthetic
camptothecin analogue, to determine the absolute bioavailability of the drug given
orally.

Patients and Metheds: Patients with a histologically confirmed diagnosis of a
solid tumor refractory to standard forms of therapy were eligible for the study.
GI147211 was given orally on day 1 and as a 30 minute infusion daily on day 2-5.
The treatment course was repeated every three weeks. In subsequent patient cohorts
the dose of the oral formulation was escalated from 1.5 mg/m? to 6.0 mg/m? the
dose for i,v. administration was fixed at 1.2 mg/m*. Plasma pharmacokinetics were
performed on day 1 and 2 of the first course and on day 1 of the second course
using a validated high performance liquid chromatographic assay.

Results: 19 patients were entered on study, one patient was not evaluable
because the treatment course was stopped prematurely. Eighteen patients recieved a
total of 47 treatment courses. The absolute bioavailability of GI147211 averaged
11.3% + 5.2%. Drug appeared quickly in plasma with a median T, at 0.5 hours.
Fasting or fed state had no significant influence on the bioavailability of GI147211.
The terminal hati-life after administration of oral GI147211 was 6.85 4+ 3.13 h,
comparable to the half-life after intravenous administration. The major toxicities
were neutropenia and thrombocytopenia. Nadirs for neutropenia and thrombocyope-
nia occurred on day 8 and day 15 respectively. Other toxicities predominantly
consisted of mild and infrequent nausea and vomiting, and fatigue.

Conclusions: The oral administration of the drug is well tolerated. Oral
administration of topoisomerase I inhibitor GI147211 results in a low bioavailabiiity
with relatively wide interpatient variation. The intravenous route of administration
is advised for further development of this promising topoisomerase-1 inhibitor.

INTRODUCTION

GI147211, (7-(methylpiperazinomethylene)-10,11-cthylenedioxy-20(S)-
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camptothecin dihydrochloride, is a water soluble semisynthetic analogue of camp-
tothecin (CPT). Early clinical trials with CPT in the late 1960s showed activity of
this plant alkaloid in a variety of solid tumors, Its further development was stopped
because of unpredictable and severe myelosuppression, gastrointestinal toxicity and
hemorrhagic cystitis [1-3].

The interest in CPT was renewed in the 1980s, because topoisomerase I was
identified as the single cellular target of CPT [4-5], and an overexpression of
topoisomerase 1 was found in various fumor cell lines but not in normal tissues
[6-7]. Topoisomerase ] is a nuclear enzyme that resolves topological problems of
the torsionally strained (supercoiled) DNA by forming a covalent adduct between
topoisomerase I and the DNA, termed the cleavable complex. This catalytic
intermediate creates single strand DNA breaks, allowing the DNA molecule to
rotate around the intact DNA strand at the cleavage site leading to a relaxation of
the DNA molecule and in this way replication, transcription and other DNA
functions can proceed. These enzyme-bridged breaks are then resealed by topoiso-
merase I [8-11],

The sensitivity of malignant cells to topoisomerase I inhibitors has been
correlated positively with topoisomerase I activity [6,12-17]. It has been documen-
ted that camptothecin (CPT) interferes with the breakage-reunion process of
topoisomerase [ by stabilizing the enzyme-DNA cleavable complexes [18]. Formati-
on of these complexes results in various effects, including inhibition of DNA
replication, termination of RNA transcription at sites of complex formation,
induction of expression of early-response genes, induction of differentiation and
ultimately internucleosomal DNA fragmentation, a characteristic of programmed
cell death or apoptosis [19-24].

Recently several semisynthetic CPT analogues {25-27] have been developed,
aiming at reduced toxicity and sustained or improved activity. One of these
analogues, GI147211, demonstrated significant cytotoxicity against several xeno-
grafts of human cancers including HT-29 and SW-48 colon, PC-3 prostate, MX-1
breast, H460 lung, SKOV3 ovarian and KB epidermoid carcinomas [28-29].

The relative effect on twmor growth was dose-schedule dependent with a
greater reduction in tumor volume achieved by prolonged dosing. Animal toxicolo-
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gy studies by intravenous route showed that myelosuppression was the main
toxicity and was dose-limiting.

Previously we reported myelosuppression as main toxicity of GI147211
administered intravenously to adult patients with solid tumors on a daily x5
schedule every 3 weeks [30]. Here we present a bioavailability study in patients
with solid tumors using oral administration of GI147211 on day 1 followed by i.v.
infusion on day 2-5, courses repeated every 3 weeks.

PATIENTS AND METHODS

Patient selection

Patients with a histologically confirmed diagnosis of a solid fumor refractory
to standard forms of therapy were eligible to this study. Other eligibility criteria
inctuded: (1) age = 18 years; (2) an Eastern Cooperative Oncology Group
(ECOG) performance status =< 2; (3) an estimated life expectancy of at least 3
months; (4) no previous anti-cancer therapy for at least 4 weeks (3 months for
previous nitrosourcas or mitomycin C); (5} adequate hematopoetic (WBC =
4x10°/1, ANC = 1.5x10°%1, platelets 120x10%1, and Hgb >6.0 mMol/l), hepatic
(bilirubin within normal limits; AST, ALT < 2.0x normal), and renal (serum
creatinine < 140 pmol/l) functions; (6) no known brain and/or leptomeningeal
disease, no symptomatic peripheral nenropathy, All patients gave written informed
consent. Patients with prior gastric of upper gastrointestinal surgery were excluded.

Treanment and dose escalation

Patients were to be freated with GI147211 on a daily times-5 schedule every
three weeks. The first two courses patients recieved GI147211 orally on day 1.
GI147211 was given by infusion on day 2-5 of the first two courses, and for 5 days
in subsequent courses.

The anticipated oral bioavailability of GI147211 was around 15%. Thus
compared to an intravenous bicavailability of 100% a higher oral dose would
produce much less systemic exposure, To provide a safe administration of the drug
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the starting dose was set at 1.5 mg/m®. Dose escalations of the oral administration
were based on the prior dose level toxicity and pharmacokinetic profile. If no
toxicity was seen in the prior dose, = 100% dose escalation of the oral dose was
allowed. However, if toxicity was seen, a maximum dose escalation of 33- 66%
was allowed, determined by the worst significant toxicity.

At least three patients were entered at each dose level. At the highest oral
dose, bioavailability of oral GI147211 was studied in half of the patients after an
overnight fast during the first course and in a fed state during the second course.
The i.v. dose of GI147211 was fixed at 1.2 mg/m*/day according to the recommen-
ded dose for phase II studies [30]. Intrapatient dose escalation was not performed.
The maximum tolerated dose (MTD) was defined as one dose level below the dose
that induced dose-limiting toxicities (DLT), which were defined as at least one of
the following: (1) ANC < 0.5x10%1 or platelets =< 50x10%1 for more than 5 days;
(2) ANC = 0.5 x10%1 with fever requiring parenteral antibiotics, and/or nonhema-
tologic toxicity = CTC grade 3 in more than one third GI147211 naive patients (at
least two of a maximum of six patients).

GI147211 was supplied by Glaxo Inc. as a clear solution in vials of 2.0 ml,
The vials contained a mixture of 0.5 mg GI147211 and 100 mg dextrose. The pH
was adjusted to 3.5. GI147211 was diluted in 5% dextrose. GI147211 for oral
intake was mixed with 50 ml 5% dextrose in a plastic dosing container, and
consumed within one minute after which an additional 50 ml of 5% dextrose was
used. The infusion bag (GI147211 4+ 5% dextrose} exactly contained 100 ml and
was administred as a 30 minute infusion on days 2.5,

Treatment assessmeitt

Prior to therapy medical history was taken and complete physical examinati-
on, complete blood cell (CBC) count, serum chemistries including sodium, potassi-
um, chioride, bicarborate, calcium, phosphorus, creatinine, urea, uric acid,
glucose, total protein, albumin, bilirubin, alkaline phosphatase, AST, ALT, were
performed, as were urinalysis, coagulation parameters (APTT, PT), ECG and chest
X-ray. Weekly evaluations between the courses included history, physical examina-
tion, hematology and serum chemistries and toxicity assessment according to the
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CTC criteria [31]. Tumor measurements were performed after every two courses
and evaluated according to the WHO criteria for response [32]; patients were taken
off protocol in case of disease progression.

Pharmacokinetics

For pharmacokinetic analysis whole blood samples (7 ml) were collected in
heparinized tubes from an indwelling i.v. canula, placed in the arm contralateral to
that receiving the drug, prior to dosing and at 15, 30, 45 minutes and 1, 1.5, 2, 3,
4, 6, 8, 10, 12 and 24 hours post-dosing on day 1 and 2 of the first course. Blood
samples for the second course were only obtained during day 1. Plasma was
harvested from blood. Blood samples were analyzed for the lactone and total
GI147211 using a validated chromatographic assay, according to the method
published by Stafford et al. [33]. The area under the plasma concentration-time
curve [AUC] was calculated by non-compartimental analysis using the trapezoidal
method with extrapolation of the curve (o infinity on day I. The absolute bioavaila-
bility was calculated as the ratio of the AUC afier oral and intravenous dosing.

F- x AUC oral X Dose iv x 100%

AUC iv Dose oral

The intrapatient variability of the absclute oral bioavailability was calculated

according

Fy-F,
— x 100%
Fi
F, is absolute bicavailability during the first course,
F, is bioavailability during the second course.
The terminal half-life was calculated as In2/\ where A\ is the elimination rate
constant.
The effect of feeding on oral bioavailability was tested with a standard meal
(breakfast) in 8 patients at the highest oral dose level.
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Statistical methods
The paired t-test and Wilcoxon signed-rank test were used for statistical

analysis on T,,,., t;, and AUC.

Table 1. Patient characteristics

No. of patients 19
Sex (male/temale) 7712
Median age (range) 55 (21-67)
Median performance score (ECOG)
0 16
1 3
2 0
Prior therapy
chemotherapy 9
radiotherapy 0
both 5
none 5

Tumor types
ovarian cancer
colorectal cancer
sarcoma
unknown primary
breast cancer
NSCLC

o RGO

RESULTS

A total of 19 patients entered the study. Patient characteristics are given in
Table 1. One patient requested to be taken off study after three days of drug
administration. In another patient tumor response could not be evaluated since only
one course was given because of toxicity. The total number of evaluable courses
was 47,

In iotal 17 patients were evaluable for response. The median number of
courses per patient was 2 (range 1-6). Seven patients received 3 or more treatment
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courses, Dose levels studied for the oral dosing of GI147211 were 1.5 mg/m?, 3.0
mg/m?, 6.0 mg/m?. In order to study the influence of a fed versus fasting state on
pharmacokinetics of orally administered GI147211 a number of 8 additional
patients were recruited at the highest dose level.

Hematologic toxicity

Neutropenia and thrombocytopenia were major side effects observed. Myelo-
toxicity was not observed at the first two dose levels. At the third oral dose level
(6.0 mg/m* CTC-grade II-IV granulocytopenia and thrombocytopenia were seen
in respectively 5/30 and 4/30 of the courses. The ANC nadir at this dose level was
0.09 x10%1 in the one case with CTC-grade IV and 0.73-0.98 x10°/1 in the 2 cases
with CTC grade IIT granulocytopenia. Three patients devefoped CTC-grade III-IV
thrombocytopenia with a median platelet count of 25x10°/1 (range 4-40x10°/1). The
median duration of severe myelosuppression, expressed as the number of days
between the first occurrence and recovery to CTC-grade II toxicity was 7 days
(range 7-19 days) for granulocytopenia and 8 days for thrombocytopenia (range: 3-
16 days).

CTC-grade I-II anemia occurred regularly, erythrocyte transfusions were
given in 24/47 courses. Mild leucopenia CTC-grade I-II occurred in 17 (36.2%) of
47 courses. Treatmen{ delay because of slow recovery of mild leacopenia occurred
in 6 patients, 5 patients had a delay of | week, 1 patient had 2 weeks delay. Treat-
ment delay occurred in 5 patients on dose level 6.0 mg/m?® and in 1 patient at dose

level 3.0 mg/m?.

Non-hematologic toxicity
Overall, non-hematologic toxicities were relatively mild (Table 2). Nausea

and vomiting occurred in respectively 24 (51.6%) and 9 (19.1%) of 47 courses and
were CTC-grade 1. Vomiting CTC-grade II was present in 2 (4.2%) cycles. Nausea
and vomiting after oral administration was not different compared to intravenous
dosing of the drug. Nausea and vomiting were only present during the period of
drug administration and could easily be circumivented by the prophylactic use of
standard antiemetics.
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Patients (34 %) frequently complained of mild fatigue. Abdominal discomfort,
mostly cramping, occurred in 6 (13%) courses. Alopecia grade I was observed in 3
patients (17%). Mild headache was not dose-dependent and occurred in 2 courses
(4.2%), reversible CTC grade I peripheral neuropathy was reported in 1 patient
(2.1%). Mild stomatitis occurred in 2 patients, and 1 patient developed mild
diarrhea grade L.

Renal and liver toxicity were not reported. Neutropenic sepsis in 1 patient was the
main serious adverse event during administration of GI147211.

Table 2. Drug related non-hematologic toxicity per course. (n=47). (All toxicities
CTC-grade T).

Dose level

1.5 mg/m? 3.0 mg/m? 6.0 mg/m? TOTAL

Nausea® 4 4 16 24
Vomiting** 2 2 7 11
Fatigne®** 4 2 10 16
Diarrhea 0 0 1 1
Stomatitis 0 { 1 2
Abd.dys. 0 3 3 6

*; No difference between oral and intravenous administration.
*%; 2 courses vomiting CTC-grade I

¥5x; 4 courses fatigue CTC-grade Il

Abd.dys.: Abdominal dyscomfort.

Pharmacokinetics

At the dose level of 6.0 mg/m? plasma concentration-time curves of oral
lactone and total GI147211 could be measured wp to 12 hours after administration
in 68% of courses,
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Table 3. Pharmacokinetic data of 19 patients after oral dosing (day 1) and after intravenous administration (day 2-35) of
GI147211. Bicavailability of Lactone and Total GI147211.

Patient IVDose IVAUC IVT% OralDose OralC,, Oral T, Oral AUC Lactone  Oral AUC Total Oral T% Absolute bioavailability

wgm)  @gbm) G wgm) @ ®) (ng /i) (ogh/m) ® o Towl

1 1.2 12,29 6.2 L5 1.01 0.25 225 3.12 2.5 8.1 6.7

2 12 26.37 6.0 1.5 2.15 0.25 747 11.16 4.0 22.7 12.5

3 1.2 56.04 4.3 3 2.06 15 16.28 70.82 122 11.6 22.4

4 1.2 28,17 6.2 3 1.73 0.5 6.93 12.81 7.7 9.8 11.3

5 12 68.73 3.6 6 17.45 2 83.40 157.68 42 243 17.2

<1 12 23.51 6.7 3 1.82 0.25 4.07 i5.21 9.5 6.9 8.9
3 (C2) 1.51 0.75 5.25 2.0 8.5

7 1.2 33.80 7.0 6 343 0.75 16.56 30.60 4.5 2.8 9.8
6 (C2) 5.26 0.5 16.05 7.8 9.5

8 1.2 31.28 3.2 3 2.43 0.25 9.84 24.05 5.1 12.6 15.7
3(C2) 4.25 0.25 16.72 11.7 214

9 1.2 32.71 9.5 6 4.79 Q0.5 24.00 36.73 4.3 14.7 1.1
6 (fed} 6.44 035 31.78 8.7 19.4

10 1.2 40,11 10.9 & 1.54 1 10.80 39.35- 6.1 5.4 8.2
6 (C2) 2.85 0.75 17.84 7.2 8.9

11 1.2 34.40 10.5 6 9.04 0.25 29.32 55.59 10.4 17.¢ 17.0
6 (fed) 5.74 0.75 24.80 6.0 14.4

12 12 24.41 8.9 6 1.63 0.25 10.39 .76 9.7 8.5 9.5
6 (fed) 2 1 7.14 8.2 5.8

13 1.2 30.29 6.8 6 1.75 035 8.12 13.89 7.8 5.4 5.1

14 1.2 27.12 4.5 6 4.40 0.3 13.07 28.78 6.2 11.1 12.0
6 {fed) 2.08 0.75 14.26 il.1 10.5

15 12 40.73 186 6 3.45 05 18.82 30.71 13.0 9.2 9.4
6 (fed) 2.45 1 9.68 iLg 4.8

16 12 30.03 14.6 & 6.08 0.5 22.88 40.52 6.7 15.2 15.1

17 1.2 20,75 72 ] 2.45 0.25 10.70 40.50 4.3 10.3 14.0
6 (fed) 3.07 1 12.37 4.1 1.8

18 12 15.03 19 6 (fed) 0.65 025 362 14.69 34 4.8 6.0
6 0.77 G.5 6.78 5.0 9.0
19 12 19.11 4.9 6 1.77 1 7.53 3.7 7.8
6 (fed) 3.38 0.5 9.07 35 9.5

Mean 31.84 8.18 3.53 0.63 15.48 36.33 6.85 11.3 11.8

Std Dev 12.82 4.09 321 0.40 14.66 34,63 3.13 5.2 4.5

% CV 40 50 91 64 95 95 46 46 38

CZ: second course., C,,. Maximum concentration. AUC: aréa under the CUIve. 1., lime (0 maximum cOncentration. 1otal=Lactone plus
acid concentrations. FED: after breakfast.



Table 4. Pharmacokinetic parameters of GI147211 Lactone in 13 patients recieving 6.0 mg/m® oral solution doses in fasted state and fed
state. 8 patients amalyzed in fasted and fed state.

Patient IV Dose IV AUC IV T4 Oral Dose Qral Tmax Oral AUC Oral T4 Absolute bicavalability
(mg/m®  (ngh/ml) ()

Fasted Fed Fasted  Fed Fasted Fed Fasted Fed Fasted (%) Feeding. (%)

5 1.2 68.73 5.6 6 - 2 - 83.40 - 4.2 - 243

7 1.2 35.80 7.0 6 - 0.75 - 16.56 - 4.5 - 9.8

9 1.2 32.71 9.5 6 fed 0.5 0.5 24.00 31.78 4.3 8.7 14.7 194
10 1.2 40.11 10.9 6 - 1 - 10.80 - 6.1 - 5.4

11 1.2 34.40 10.5 6 fed 0.25 0.75 25.52 24.80 10.4 6.0 17.0 4.4
i2 1.2 2441 8.9 [ fed 0.25 Q.75 10.39 24.80 8.7 8.0 8.5 14.4
i3 12 30.29 6.8 6 u 0.5 - 8.12 - 7.8 B 5.4

14 12 2712 4.5 & fed 0.5 0.75 15.07 14.26 6.2 1i.1 11.1 10.5
15 1.2 40.73 186 ] fed 0.5 1 18.82 5.68 13.0 11.9 9.2 4.8
16 1.2 30.03 14.6 6 - 0.3 - 22.88 - 6.7 - 152

17 1.2 20.75 72 5 fed 0.25 1 10.70 12.37 4.3 4.1 10.3 11.9
18 i2 15.03 1.9 6 fed 0.5 0235 6.78 3.62 5.0 3.4 9.0 4.8
19 1.2 19.11 4.9 6 fed 1 0.5 7.53 9.07 3.7 3.5 7.9 9.5
Mean 32.09 8.53 0.65 0.69 20.34 16.30 6.61 6.84 11.4 11.2
Sid Dev 13.45 4.45 0.47 0.26 20.21 9.71 2.87 3.36 5.2 50
% CV 42 52 T2 38 99 60 43 49 46 44

Fasted: fasted state. Fed: after breakfast. AUC: Area under the curve.
Coxe Maximum concentration. T, Time to maximum concentration
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Plasma concentrations could be measured at 24 hours in 21% of courses of
oral GI147211 administration.

T,... was < 0,5 hours in 13 of 19 cases. Mean T, after oral dosing was 0.63 +
0.40 h (Table 3). At the dose level of 6.0 mg/m?® T, after oral administration was
not significantly influenced by a fed or fasted state (p=0.17) (Table 4).

The mean maximal plasma concentration (C,,) at the 6.0 mg/m* dose level
was 4.02 + 3.57 ng/ml after oral and 21.76 mg/ml 4 6.37 ng/ml after intravenous
dosing. The mean AUC of lactone GI147211 after oral dosing at the 6.0 mg/m?
dose level was 20.3 + 20.2 ng.h/ml and 32.1 + 13.5 ng.h/ml after intravenous
administration of 1.2 mg/m?,

The absclute biocavailabitity of GliI47211 lactone was 11.3% + 5.2%.
Absolute bioavailability ranged from 4.8 to 24.3%. Absolute bioavailability based
on total GI1472:1 (lactone plus acid) was similar to the one observed with lactone
alone, Absolute bioavailability from lactone is 11.3% 1 5.2% compared to an
absolute bioavailability of 11.8% + 4.5% for total GI147211 (Table 3). The ratio
of lactone to total GI147211 after intravenous dosing was comparable with the ratio
after oral administration. The median intrapatient variability of the absolute
bivavailability was 31% (range 3-88%).

At the highest dose level of 6.0 mg/m? the influence of fasted or fed state in
absorption of the drug was studied in 8 patients. The AUC after fasting was 15.3
4+ 8.1 ng.h/ml and after a breakfast 16.3 4+ 9.7 ng.h/ml (p= .36 N.S.).

After oral administration the terminal haif-life of GI147211 lactone ranged from
2.0 to 13.0 hours (mean: 6.8 + 3.1 h) and were of the same magnitude as after
intravenous administration (mean:8.1 + 4.1 h) (p=0.04),

Responses

Tumor responses were evaluable in 17 patients. In 2 patients tumor response
could not be analysed because of early withdrawal. Best response to freatment was
stable disease in 7 patients. Short lasting stable disease occurred in five patients
with colon cancer, in one patient with adenocarcinoma of unknown primary, and

one patient with sarcoma.
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DISCUSSION

The characterization of the inhibition of topoisomerase I as the mechanism of
action of CPT has resulted in the development of several semisynthetic CPT
analogues, of which some are under extensive clinical investigation. This is the
first clinical bicavailability study of orally administered GI147211.

In preclinical studies absolute bioavailability of GI14721 was 2-5% in mice
and 16% in dogs. In the present study in humans the absolute bioavailability
averaged 11.3% + 5.2%. In comparison bioavailability studies of topotecan
showed a variable systemic exposure of 32% and 44%, which is higher than the
bioavailability of oral GI147211 [34-35]. The bioavailability after oral administrati-
on of GI1147211 showed wide interpatient variability ranging from 4.8 to 24.3 %.
Intrapatient variability however was more limited.

There was littte difference in the ratio of lactone to total GI147211 between
oral and intravenous dosing indicating that the acid metabolite is not formated
during first pass.

T, Of oral GI147211 was 0.5 hours or less in 13 of 19 cases indicating rapid
absorption which was not influenced by ‘the presence of food. Oral dosing of
(1147211 appeared to have comparable blood half-lives as the intravenous formula-
tion indicating no prolonged absorption of the oral drug. In conclusion, the absolute
bioavailability after administration of an oral solution of GI147211 was low and
showed wide interpatient variability. Oral GI147211 biocavailability was not dose
dependent, and was not affected by the presence of food. It was not possible in this
study to determine the contributions of first-pass metabolism versus incomplete
absorption to GI147211 bioavailability.

At an oral dose of 6.0 mg/m*/day GI147211 on day 1 followed by injection of
the drug at the dose of 1.2 mg/m?*/day on days 2-5 the onset of neutropenia CTC-
grade ITI-IV occurred between day 7 and 19, with a nadir count ranging from 0.09-
0.98 x10%1. The day of the platelet nadir was 8 days ranging from day 3-16 and
the value of CTC-grade IH-IV thrombocytopenia ranged from 4-40x10°/1. In
contrast to the findings in our phase I study on intravenous GI147211 the current
study shows CTC-grade III-IV myelotoxicity occurring in patients who have been
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heavily pretreated [30],

In other patients mild leucopenia (CTC-grade I-II) with slow recovery
frequently occurred and subsequent courses had to be postponed for 1 week in
10/30 courses at the dose level of 6.0 mg/m® irrespective of pretreatment of
patients. Treatment courses with CTC-grade IHI-IV myelosuppression were all
uneventfill except for one patient with septicaentia.

In topotecan studies dose limiting toxicity also was non cumulative myelosup-
pression, predominantly a severe newtropenia of brief duration not necessitating
treatment delays {36-37]. Thrombocytopenia and anaemia occurred mainly in
regimens with prolonged intravenous topotecan administration [38-39].

A single oral administration of GI147211 did not result in diarrhea. No
human data are available on effects on the intestinal mucosa with repeated oral
Gl147211.

Unlike GI1147211, which is the active compound, CPT-11 is a prodrug, CPT-
11 has to be converted to the active metabolite SN-38. It has been hypothesized
that biliary excretion of SN-38 induces diarrhea due to a secretory and exudative
mechanism. With oral 9-nitro-camptothecin administration 33% of patients develo-
ped CTC-grade = 1I diarrhea {40].

Preclinical data have indicated that topoisomerase I inhibitors, like topoiso-
merase II inhibiters, demonstrate more efficacy with prolonged continuous exposu-
re [41]. An oral administration would be most convenient for prolonged dosing.
Because of the low absolute bicavailability of GI147211 and the wide range in the
interpatient variation, resulting in a non predictable level of individual drug
exposure, development of an oral formulation seems unattractive. The intravenous
route is advised for further development of this active and promising new topoiso-

merase-I inhibitor.
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SUMMARY

This thesis includes phase 1 and pharmacologic studies on topoisomerase I
inhibitors focussing on prolonged administration of the drug.

Chapter 2 sumunarizes the available data on the potential relevance of prolonged
exposure to topoisomerase [ inhibitors, a new class of anticancer agents.
Cytotoxicity of topoisomerase I inhibitors is S-phase specific, and in vitro and in
vivo studies have suggested that for antitumor efficacy prolonged exposure might
be more important than short-term exposure to high concentrations. Findings from
preclinical studies and preliminary data on clinical studies are presented of 20-S-
camptothecin, 9-nitro-camptothecin, 9-amino-camptothecin, topotecan, irinotecan
and GI147211.

Intramuscular {twice weekly) or intragastric ( two days followed by one day rest)
administration of 20-S-camptothecin dispersed in intralipid 20% showed inhibitory
effects in studies with human cancer xenografts. In humans 20-S-camptothecin in
gelatin capsules administered orally once a day for 21 days q 28 days induced
diarrhea as dose limiting toxicity.

Protracted inframuscular administration of 9-nitro-camptothecin and 9-amino-
camptothecin twice a week was effective in nude mice bearing melanoma, breast
cancer and ovarian cancer xenografts. Intragastric application of 9-amino-
camptothecin on a 5 day/week schedue for 3-6 weeks induced complete remission
in human xenografts of malignant melanoma and non-smail cell [ung cancer. In
bumans continvous infravenous 9-amino-camptothecin for 5 days every 3 out of 4
weeks, and continuous i.v. administration for 21 days every 28 days, result in
higher dose intensities than the recommended phase IF 72 hour infusion every 2
weeks. Oral 9-nitro-camptothecin for 5 days every week in adult patients revealed
hematologic toxicity as dose limiting.

In vitro inhibitory effects were marked with long term incubation with low dose
topotecar.

In studies on human xenografts with prolonged oral or intraperitoneal
administration of topotecan, the inhibitory effects were as efficacious as similar
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parental application schedules and more efficacious than high-dose short exposure
schedules. Continuous infusion of topotecan has been studied in various schedules
in man: a 24 hour infusion weekly q 3 weeks; 72 hour infusion weekly every 2,
and every 3 weeks;120 hour infusion every 3-4 weeks, and 21 day continuous
infusion g 28 days. All continuous infusion schedules showed leucocytopenia,
frequently combined with thrombocytopenia, as dose limiting toxicity. Protracted
preclinical scheduling of irinotecan showed greater antitwmor activity than shorter
intense courses. For clinical studies it is to early to suggest differences in antitumor
effects between different dose schedules,

Thus the preclinical studies with the various topoisomerase I inhibitors all show
that drug scheduling is more active while limited clinical studies have shown the
feasibility of this approach.

Chapter 3 describes a phase Il study performed with topotecan administered as a
21 day continuous infusion every 28 days at a dose of 0.5-0.6 mg/m*/day in
patients with locally advanced, irresectable or metastatic colorectal cancer. The
overall response rate was 10% (1CR, 3PRs). The major side effect was prolonged
and cumulative myelosuppression and a marked inhibition of the erythropoiesis.
Pharmacokinetics revealed a significant correlation (R=0.54} between the CTC
grade of leucopenia and the steady state plasma concentration of topotecan. It is
concluded that this schedule, which is inconvenient for patients, exerts only modest
activity in patients with colorectal cancer. Because of the inconvenience of
continuous infusion, the oral formulation known to have a bioavailability of 32-
44% in man, was further used,

In chapter 4 a phase [ and pharmacologic study is presented of topotecan
administered orally in capsules twice daily for 21 days every 28 days to adult
patients with solid tumors. '

Thirty patients were evaluable for toxicity and response. The dose limiting toxicity
was reached at a dose of 0.6 mg/m? b.i.d. and consisted of diarrhea starting at a
median on day 15 (range: 12-20), which was self-limiting after a median of 8 days
(range: 7-16). Other toxicities were mild and included leuco- and

185



Chapter 10

thrombocytopenia, nausea and vomiting,

The maximum tolerated dose and recommended dose for phase 1 studies is 0.5
mg/m? b.i.d.. Pharmacokinetics revealed substantial variation of the AUC(t) of
topotecan. A significant correlation was seen between the percentage of decrease in '
WBC and the AUC(t) of topotecan lactone. At that time data became available
from a study with contimwous infusion of topoteéan in humans that showed a
progressive depletion of topoisomerase I levels in peripheral mononuclear blood
cells with maximal effects reached after 2 weeks. In view of this, and the onset of
diarrhea in our study on day 15 we postulated that the optimal concentration-time
relationship of topotecan might be less than 3 weeks. For the oral administration a
shorter schedule might enable higher doses per day resulting in higher plasma

concentrations,

These findings were the basis for a phase 1 and pharmacologic study of 10 day
administration of oral topotecan described in chapter 5, In view of the relatively
short half life of topotecan two dose schedules were studied: a once daily (o.d) and
a twice daily (b.i.d.) administration for 10 days every 21 days. Nineteen adult
patients were studied on the 0.d.x10 schedule with a total of 48 courses. Dose
limiting toxicity was reached at 1.6 mg/m?*/day add consisted of thrombocytopenia
in 1 patient and diarthea in 2 patients, The maximum tolerated dose was 1.4
mg/m?*/day.

Twenty patients were studied on the b.i.d. x10 administration of topotecan with a
total of 64 courses. Dose limiting toxicity was reached at 0.8 mg/m? b.i.d. and
consisted of a combination of myelosuppression and diarrhea. The maximum
tolerated dose was 0.7 mg/m? b.i.d. Other non-hematologic toxicities were mild
and consisted of nausea, vomiting, diarrhea and fatigue.Pharmacokinetics revealed
a substantial variation of the AUC(t) of topotecan lactone in both dose schedules.
Significant correlations were observed between AUC(t) and myelotoxicity
parameters. The relation between AUC(t) topotecan lactone and the percentage of
decrease of leucocytes was modeiled by a sigmoidal E,,, function.

Chapter 6. A phase 1 and pharmacologic study was performed with orally
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administered topotecan once daily for 5 days every 21 days similar to the i.v.
administration for which the drug has been registered recently, Twenty-nine
patients entered on study and 109 courses were administered. Dose limiting toxicity
was reached at 2.7 mg/m¥/day and consisted of granulocytopenia. The day of onset
and duration of granulocytopenia were comparable to the findings from the i.v.
daily x5 administration. The maximum tolerated dose and recommended phase Il
dose was 2.3 mg/m%/day. Non-hematologic toxicities were mild with nausea,
vomiting, fatigue and anorexia.

The difference in pharmacokinetics were studied in patients with an administered
dose calculated in milligram per square meter and patients treated with a flat dose
level. .

At the MTD dose of 2.3 mg/m*/day an adult patient with an average body surface
of 1.75 m* would recieve 4 mg topotecan as an absolute dose. Pharmacokinetics
were studied in 6 patients with varying body surface areas treated with a flat dose
of 4 mg/day, and these parameters were compared to the parameters of patients
treated with 2.3 mg/m?*day, and no differences were found. Dosing oral topotecan
at a flat dose level of 4 mg/day is as accurate as dosing at milligram per square
meter.

Pharmacodynamic analysis showed a significant correlation between total AUC of
topotecan lactone and the percentage of decrease of leucocytes (R=0.79) and
platelets (R==0.83), and a sigmoidal relationship was found with the decrease of
WBC.

In chapter 7 the pharmacokinetic-pharmacodynamic relationship was studied for all
4 different schedules of administration of oral topotecan. A iotal of 99 adult
patients with malignant solid tumors had entered the above mentioned studies:
0.d.x5 q 21 days, o.d. x10 q 21 days, b.i.d.x10 q 21 days, and b.i.d. x21 q 28
days. A total of 109 (o.d. x5), 48 (0.d. x10), 64 (b.i.d. x10) and 59 (b.i.d.x21)
courses were given, Dose limiting toxicity differed with the schedules used with
granulocytopenia with o.d. x5 administration, combined myelosuppression and
diarrhea in both x10 schedules, and diarthea with 21 day oral administration.
Intrapatient variation was lowest in the o.d. x5 administration.
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In all studies significant correlations were observed between myelotoxicity
parameters and AUC() day | and AUC() per course of topotecan lactone, and
sigmoidal relationships between AUC(t) per course and the percentage of decrease
of WBC were similar for all schedules. At the maximum tolerated dose no
significant difference in AUC(f) lactone per course was found between the
schedules; AUC(t) per course was 107.4 + 33.7 (0.d.x5), 145.3 +23.8 (o.d. x10),
100.0 + 41.5 (b.i.d, x10) and 164.9 + 92.2 (b.i.d. x21), respectively.

AUC() per week, as a measure of dose intensity, was also not significantly
different for the 4 studies. While prolonged oral administration scheduies in
humans may result in intractable diarrhea the granulocytopenia resulting from o.d,
x5 oral administration of topotecan is uncomplicated in almost ait cases. If anti-
tumor effects are related to dose intensity, no preference can be made for one of
the schedules, since there was no difference in exposure to topotecan lactone in the
4 dose schedules. But because of uncomplicated toxicity and comparable dose
intensity per course,the o.d. x5 administration of oral topotecan is preferred for

patient convenience.

Chapter 8. A phase I and pharmacological study was performed with a new
watersoluble topoisomerase I inhibitor GI147211, using a daily x 5 30 min, i.v.
administration every 3 weeks. In subsequent cohorts the dose was escalated from
0.3 t0 1.5 mg/m*/day in a total of 18 adult patients with solid tumors. A total of 67
courses were given through 4 dose levels. The dose limiting toxicities were
leucocytopenia and thrombocytopenia at the dose of 1.5 mg/m2/day. Other
toxicities were mild and infrequent and included nausea/vomiting, headache and
alopecia. The maximum tolerated dose was 1.2mg/m*day. The total plasma
clearance was 999 + 184 mi/min (range: 640-1329). The volume of distibution
was 190 + 46 1/m2 and the terminal half life was 3.7 + 1.2 h. The AUC
increased linearly with the administered dose. A steep and significant sigmoidal
relationship was established between AUC and the percentage of decrease of ANC.
The recommended dose for phase II studies with this schedule is 1.2 mg/m? x5

every 3 weeks.
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Chapter 9. Again aiming at the potential of prolonged administration, subsequently
the oral bioavailability of GI147211 was studied. Nineteen adult patients entered on
study and GI147211 was given orally on day 1 and as 30 min infusion daily on day
2-5 q 3 weeks.

The dose of the oral formulation was escalated from 1.5 fo 6.0 mg/m? in
subsequent patient cohorts, the i.v. dose was fixed at the recommended phase II
dose of 1.2 mg/m*/day. Pharmacokinetics were performed on day 1 and 2,
Eighteen evaluable patients received 47 freatment courses. The absolute
bioavailability of orally administered GI147211 was 11.3 + 5.2%. The drug
appeared quickly in plasma with a median T, at 0.5 hours. Fasting or fed state of
patients had no influence on the bicavailability of GI147211. The terminal half-life
after administration of oral GI147211 was 6.85 + 3.13 h, comparable to the half-
life after intravenous administration. The major toxicities were neutropenia and
thrombocytopenia. Other toxicities predominantly consisted of mild nausea and
vomiting, and fatigue. In view of the relatively low bioavailability and relatively
high variation, further development of this formulation was not recommended.

Future Perspectives. The topoisomerase I inhibitors are certainly active drugs. The
issue of i.v. scheduling of topotecan has not yet fully been resolved. For the oral
administration further studies should focus on the o.d. x5 schedule. We are
presenily performing a study with this schedule in combination with intravenous
cisplatin, In view of the inappropriate bioavailability of GI 147211 and the side
effects found by ofhers using more prolonged infusion, the daily x5 i.v. schedule is
to be preferred for further development.
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SAMENVATTING

In dit proefschrift worden de resultaten besproken van onderzoekingen verricht met

2 topoisomerase I remmers, topotecan en GI147211.

In Hoofdstuk 2 worden de beschikbare literatuur gegevens samengevat betreffende
in vitro en in vivo onderzoekingen die wijzen op het mogelijke belang van
langdurig blootstelling aan topoisomerase I remmers voor het grootste rendement in
tumorreductie.

De resultaten worden besproken voor die topoisomerase 1 remmers welke thans in
klinische ontwikkeling zijn: 20-S-camptothecine, 9-nitro-camptothecine, 9-amino-
camptothecine, topotecan, irinotecan en GI147211.

Intragastrische (dagelijks x2 met een dag rust) of intramusculaire toediening ( twee-
maal/week) van 20-S-camptothecine geformuleerd in intralipid 20% had bij
proefdieren een remmende werking op de groei van implantaten van humaan
tumorweefsel. Bij patienten bleek diarree de dosis beperkende bijwerking van 20-S-
camptothecine bij eenmaal daagse inname gedurende 21 dagen.

Langdurige intramusculaire foediening van 9-nitro-camptothecine en 9-amino-
camptothecine, bleek effectief bij geimplanteerde humane tuvmoren in iuizen.
Toediening van 9-amino-camptothecine via de maag gedurende 3-6 weken
induceerde complete remissie van humane wmor transplantaten, Continue infusie
van %-amino-camptothecine gedurende 5 dagen en gedurende 21 dagen elke 4
weken, geeft een hogere dosis-intensiteit dan die van de aanbevolen fase II infusie-
duur van 72 wur. Inpame van 9-pitro-camptothecine eenmaal daags gedurende 5
dagen/week had hij patienten beenmergsuppressie als dosis beperkende bijwerking.
In vitro onderzoekingent tnet langdurige blootstelling aan lage concentraties
topotecan iaten een uitgesproken remming zien van de groei van tumorcetlen.
Langdurige orale of intraperitoneale toediening van relatief lage doseringen aan
proef-dieren was duidelijk effectiever dan kortdurende expositie aan hogere doses.
De klinische onderzoekingen met verschillende duur van continue intraveneuze
toediening van topotecan laten zien dat leucocytopenic de dosis beperkende
bijwerking is. Tumor responsen in fase I onderzoeken werden met name gezien bij
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21 daagse continu infusic van topotecan.

Hoewel in vitro en in vivo proeven wijzen op een grotere antitumor activiteit bij
langdurige toediening van lage doseringen irinotecan, zijn de gegevens hierover bij
de mens ontoereikend voor conclusies. Ook voor GI147211 was in preklinische
modellen langdurige blootstelling het meest effectief. In klinische onderzoekingen
met GI147211 contine intraveneus toegediend, is beenmergsuppressie de dosis
limiterende bijwerking.

Hoofdstuk 3. Het effect van verlengde expositie bij patienten met een inoperabel
of gemetastaseerd coloncarcinoom werd bestudeerd in een fase I onderzoek met 21
dagen continu infusie van topotecan. Topotecan werd toegediend in een dagelijkse
dosis van 0,5-0,6 mg/m’ en de belangrijkste bijwerking was langdurige en
cumulatieve myelosuppressie, met cen opvallende remming van de erythropoiese.
Het bereikte respons percentage was slechts 10% (1CR, 3 PRs). Er bestond een
significante correlatie (R= 0,54) tussen de "steady state” plasmacencentratie en de
mate van lencopenie. 21 daagse continu infusie heeft beperkte therapeuntische
activiteit bij colorectale fumoren en is belastend voor patienten. Aangezien bekend
raakte dat de orale biologische beschikbaarheid van topotecan relatief hoog was,
werd vervolgens orale toediening bij patienten onderzocht,

Hoofdstuk 4. De resultaten worden besproken van een fase @ studie waarin
topotecan tweemaal per dag oraal werd toegediend gedurende 21 dagen aan 30
patienten met solide tumoren. De dosis beperkende bijwerking werd bereikt bij een
dosis van 0,6 mg/m? 2dd en bestond uit diarree, welke mediaan optrad op dag 15
(spreiding: 12-20) en een mediane duur had van 8 dagen (spreiding: 7-16). Andere
bijwerkingen waren leuco- en thrombocytopenie, misselijkheid en braken. De
geadviseerde dosis voor fase II onderzoek is 0,5 mg/m* 2dd. Er was cen
substanticle interpatient variatie in de AUC(t) van topotecan. Er werd een signi-
ficante correlatie (R= 0,75) vastgesteld tussen de AUC(t) van topotecan en de
procentuele daling van de leucocyten.

Hoofdstuk 5. Bij continue infusie van topotecan treedt daling op van topoisomerase
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I spiegels in monomucleaire cellen welke optimaal is na 2 weken. De optimale
concentratie-tijdsrelatic van topotecan lijkt derhalve korter dan 21 dagen, en gezien
het optreden van diarrhee rond dag 15 in bovengenoemd schema hebben wij de
orale toediening van topotecan vervolgens bestudeerd in twee 10 daagse schema’s,
waarbij het middel eenmaal daags of tweemaal daags werd ingenomen. Er werden
48 kuren gegeven met eenmaal daagse toediening van topotecan, en bij de dosis
van 1,6 mg/m*/dag bestond de dosis limiterende bijwerking uit een combinatie van
thrombocytopenie en diarree. Myelumsuppressie en diarree waren ook de dosis
beperkende bijwerkingen in het onderzoek met de tweemaal daags toediening, en
deze traden op bij de dosis van 0,8 mg/m? 2dd. De maximaal getolereerde en
geadviseerde dosis voor fase II studies waren respectievelijk 1,4 mg/m?/dag
cenmmaal daags en 0,7 mg/m? tweemaal daags. Andere niet-hematologische
bijwerkingen waren gering en bestonden met name uit misselijkheid, braken,
diarree en moeheid.

De AUC(t) van topofecan toonde substantiele intrapatient variatic in beide
doseringsschema’s.  Significante correlaties werden vastgesteld mssen AUC(H)
topotecan en parameters van myelumsuppressie.

Hoofdstuk 6. Intravenueze toediening van topotecan is geregistrecrd voor
dagelijkse toediening gedurende 5 dagen elke 3 weken. Analoog aan dit schema
werd een studie verricht met eenmaal daags oraal toegediend topotecan gedurende 5
dagen, bij 29 patienten waaraan in totaal 109 kuren werden toegediend. Bij de
dosis van 2,7 mg/m*dag was granulocytopenie de dosis beperkende bijwerking.
Het optreden en de duur van granulocytopenie was vergelijkbaar met die van de
intraveneuze 5-daagse schema’s. De geadviseerde fase II dosis is 2,3 mg/m?*dag.
De niet-hematologische toxiciteit was gering en bestond uit misselijkheid, braken,
mocheid en anorexie. Farmacokinetisch onderzoek werd verricht bij patienten die
een vaste dosis per dag (mg/dag) kregen, en deze gegevens werden vergeleken met
patienten bij wie de dosis was berekend op basis van met milligram per vierkante
meter (mg/m*). Voor patienten met cen gemiddeld lichaamsoppervlak van 1,75 m?
kan een absolute dosis van 4 mg worden berekend bij de geadviseerde dosis van
2,3 mg/m¥dag. De farmacokinetische parameters van de 6 patienfen met
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verschillend lichaamsopperviak die met 4 mg/dag waren behandeld, bleken niet te
verschillen van de patienten behandeld met 2,3 mg/m?*/dag. Farmacodynamisch
onderzoek laat een significante correlatie zien van de AUC(t) dag 1 topotecan
lacton met de procentuele daling van leucocyten (R=0,79) en thrombocyten (R=
0,83). Dagelijks orale toediening van topotecan gedurende 5 dagen bleek goed
haalbaar met granulocytopenie als dosis beperkende bijwerking.

Hoofdstuk 7. In dit hoofdstuk wordt de farmacokinetisch-farmacodynamische
analyse beschreven van de 4 bestudeerde schema’s van toediening van oraal
topotecan.

In totaal participeerden 99 patienten aan deze studies met de schema’s: 1dd x5, ldd
x10, 2dd x10 en 2 dd x21. Het tofaal aantal toegediende kuren bedroeg 109 (1dd
x3), 48 (Idd x10}, 64 (2dd x10) en 59 (2dd x21). Dosis beperkende bijwerkingen
blijken af te hangen van het gehanteerde toedieningsschema: granulocytopenie bij 5
daagse toediening, een combinatic van diarree en beenmergsuppressie in beide 10
daagse schema’s en diarrhee bij 21 daagse toediening. De intrapatient variatie
bedroeg gemiddeld 47,9 + 49,2% en de interpatient variatie 53.9% + 15,4%. De
intrapatient variatie was het geringst bij de 5 daagse toediening. In alle studies
werden significante correlaties gevonden tussen de AUC() van topotecan en
parameters voor myelotoxiciteit en kon een sigmoidale relatie worden vastgesteld
tussen de AUC(t) per kuur en de procentuele daling van leucocyten. De AUCK)
per kuur was niet significant verschillend tussen de schema’s bij de patienten die
werden behandeld met de maximaal getolereerde dosis. Deze AUC(t) per kuur was:
107,4 + 33,7 (1dd x5), 145,3 & 23,8 (1dd x10), 100 + 41,5 (2dd x10) en 164,9
+ 92,2 (2dd x21). De AUC(t) per week, als maat voor de dosis intensiteit, was
niet significant veschillend tussen de 4 schema’s.

Op grond van deze farmacokinetische bevindingen kan geen voorkeur worden
uitgesproken voor een bepaald schema. Aangezien het 5 daagse schema slechts
ongecompliceerde granulocytopenie als belangrijkste bijwerking heeft, en een
vergelijkbare dosis intensiteit bereikt als de andere schema’s, wordt gezien het
relatieve gemak van dit schema voor patienten cen voorkeur uitgesproken voor dit

schema voor verdere studies.
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Hoofdstuk 8. De nieuwe, wateroplosbare topoisomerase I remmer GI147211 werd
bestudeerd in een eenmaal daagse intravenueze toediening gedurende 5 dagen elke
3 weken, Dosis escalatic vond plaats van 0,3 tot 1,5 mg/m?/dag bij 18 patienten.
De dosis beperkende bijwerking bestond uvit leuco- en thrombocytopenie en werd
bereikt bij een dosis van 1,5 mg/m?*dag. Andere bijwerkingen waren weinig
frequent en gering en bestonden uit misselijkheid, braken, hoofdpijn en haaruitval.
De maximaal getolereerde dosis en geadviseerde dosis voor fase II studies was 1,2
mg/m*/dag. De totale plasmaklaring was 999 + 184 mi/min.(spreiding 640-1329).
Het distributie volume was 190 + 46 I/m2 en de terminale half waarde tijd was 3,7
+ 1,2 uwur. Er werd een significante sigmoidale relatie vastgesteld tussen AUC en
de procentuele daling van granulocyten.

Hoofdstuk 9. Aangezien ook van GI14721 gegevens bestonden dat langdurige
expositic aan lage doseringen in modellen effectiever waren dan kortdurende
exposities aan hoge doseringen werd vervolgense van GI147211 de biologische
beschikbaarheid bepaald na orale toediening., Bij de eerste kuur werd GI147211
oraal toegediend op dag 1 en intraveneus op dag 2-5 dagelijks via een 30 min.
durende infusie. Farmacologisch onderzoek werd zowel op dag 1 als op dag 2
verricht. Bij de volgende kuren werd GI147211 dagelijks x 5 i.v gegeven elke 3
weken. De orale dosis kon worden opgevoerd van 1,5 tot 6,0 mg/m®,

Achtien patienten participeerden aan deze studie en kregen in totaal 47 kuren
toegediend. De absolute biologische beschikbaarheid van oraal toegediend
GI147211 was 11,3 + 5,2%. Het middel werd snel opgenomen met een mediane
T,.. van 0,5 uur. De half waarde tijd van oraal GI147211 was met 6,85 + 3,13
uur vergelijkbaar met de halfwaarde tijd na intraveneuze toediening, De biologische
beschikbaarheid via orale toediening werd niet beinvloed door het feit of patienten
nuchter waren of een maaltijd hadden gebruike, De belangrijkste bijwerking in dit
onderzoek was beenmergsuppressie overeen komend met de resultaten van de fase I
studie met dit middel. Eenmalige orale toediening van oraal GI147211 resulteerde
niet in het ontstaan van diarree. Gezien deze lage biologische beschikbaarheid en
de relatief grote interpatient variatic werd geadviseerd de orale toediening van
GI147211 niet verder te ontwikkelen.
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Conclusies en vooruitzichten, De topoisomerase I remmers vormen een groep van
actieve antikanker middelen. De verrichte onderzoeken geven nog geen eenduidig
antwoord op de vraag wat het meest effectieve schema van toediening is. Wel is
duidelijk dat voor de orale formulering verdere ontwikkeling van het 5-daagse
schema kan worden aanbevolen. Momenteel bestuderen we dit schema in
combinatic met infraveneus cisplatin. Gezien de beperkingen in de biologische
beschikbaarheid van GII47211 en de door anderen gevonden bijwerkingen
gerelateerd aan langdurige infusies, kan dit middel slechts verder ontwikkeld
worden in intraveneuze 5-daagse schema’s.

195






Dankwoord

DANKWOORD

Heel veel dank ben ik verschuldigd aan allen die op enigerlei wijze een bijdrage
hebben geleverd aan het tot stand komen van dit proefschrift.

Prof.dr. G. Stoter, promotor. Gerrit, jouw manier om de essenfie van ecen
onderwerp naar voren te brengen, hebben veel indruk op mij gemaakt.

Dr. J. Verweij, co-promotor. Beste Jaap, jouw begeleiding bij het schrijven van het
proefschrift was kritisch, voortvarend, inspirerend en vooral plezierig.

Dr. J. Schellens. Jan, gesprekken met jou over farmacokinetiek en de interpretatie
van laboratoriumgegevens waren voor mij leerzaam en stimulerend.

Dr. G.J. Creemers. Beste Geert-Jan, dankzij jouw pionierswerk werd het
promotiepad voor de "juniors" geéffend voor dit proefschrift. Dank voor je inzet.

Dank aan alle stafleden van de afdeling medische oncologie, en de internisten in
opleiding in het aandachtsgebied, voor de goede werksfeer, en het nauwgezet
vervolgen van de patiénten van de verscheidene fase [ studies.

Dank aan de research-verpleegkundigen en data-managers voor hun tomeloze inzet
en accurate werk,

De mensen van het farmacologie laboratorium dank ik voor hun enthousiasme en
gastvrijheid tijdens mijn bezoekjes aan hun lab.

Verpleegkundigen van de afdelingen BO en Bl dank ik voor het tijdig bellen voor
ket "afdraaien van monsters”,

Tenslotte wil ik Petra Bos hartelijk danken voor de technische verzorging, de
opmaak en lay-out van dit proefschrift. Petra, chapeaun.

197






Cwiriculum vitae

CURRICULUM VITAE

Cornelis Johannes Hendricus Gerrits werd op 1 april 1957 geboren te Escharen. Na
het behalen van het Atheneum diploma en een "parkeer-jaar" Scheikunde begon hij
in 1978 aan de studie geneeskunde aan de Katholieke Universiteit van Nijmegen.,
Het arts examen werd in maart 1985 behaald.

Aansluitend startte hij met de opleiding in de inwendige geneeskunde aan het
Canisius-Wilhelmina Ziekenhuis te Nijmegen (opleider: Dr. I.LH. Go). In 1989
werd de opleiding voorigezet in het Radboud Ziekenhuis te Nijmegen (opleider:
Prof.dr. A. van ’t. Laar). Vanaf februari 1991 is hij geregistreerd als algemeen
internist.

De opleiding in het aandachtsgebied Hematologie werd gestart in april 1991 in het
Academisch Ziekenhuis "Dijkzigt" te Roiterdam. In de periode 1992 tot en met
maart 1994 werd de opleiding voortgezet in de Dir. Danie! den Hoed Kliniek
(opleider: Prof.dr. B. Lowenberg). Aansluitend startte hij met de opleiding in het
aandachtsgebied Medische Oncologie in het zelfde instituut (opleider: Prof.dr. G.
Stoter). In deze periode kwam dit proefschrift tot stand.

Sinds 14 april 1997 werkt hij als algemeen internist met hematologische en
oncologische belangstelling in het Streekziekenhuis "Midden-Twente" te Hengelo.

199






Publications

PUBLICATIONS

Gerrits CIH, Enneking JHJ, de Koning RW.

Evaluatie van de diagnostieck bij 400 maligniteiten van de proximale tractus
digestivus.

Ned. Tijdschr, Geneeskd., 50, 134, 1990.

van de Leur JIIPM, Gerrits CTH.
Abnormalities of liver enzymes in subacute thyroiditis.
Eyr. J. Intern, Med., 4, 319-322, 1993,

Gerrits CJH, van Overhagen H, van Lom K, Adriaansen HJ, Lowenberg B.
Ultrasound examination of pathological cervical lymphnodes in patients with
non-Hodgkin’s tymphoma and Hodgkin’s disease.

Br. J. Hematol,, 88, 626-628, 1994,

Gerrits CJH, Michels JJ,
Chronische lymfocyten- en prolymfocytenleukemie.
Ned. Tijdschr, Geneeskd., 139, nr 16, biz 826-830, 1995.

v.d. Anker-Lugtenburg PJ, Krenning EP, Oci HY, van Hagen MP, Gerrits
CJH, Reubi JC, Lamberts SWJ, Lowenberg B.

Somatostatin receptor scintigraphy in the initial staging of Hodgkin's disease.
Br. J. Hematol., 93, 96-103, 1996.

Creemers GJ, Gerrits CJH, Schellens JHM, Planting ASTh, van der Burg
MEL, van Beurden VM, de Boer-Dennert M, Harteveld M, Loos W, Hudson
I, Stoter G, Verweij J.

Phase II and pharinacologic study on topotecan administered as a 21-days
continuous infusion to patients with colorectal cancer.

J. Clin. Oncol., 9, 2540-2545, 1996,

201



Publications

7.

10.

11.

Gerrits CJH, Creemers GJ, Schellens JHM, Wissel P, Planting ASTh, Kunka
R, Selinger K, de Boer-Dennert M, Marijnen Y, Harteveld M, Verweij J.
Phase 1 and pharmacologic study of the new topoisomerase-I-inhibitor
G1147211, using a daily x5 intravenous administration.

Br. J. Cancer, 73, '144-750, 1996.

Creemers GJ, Gerrits CIH, Eckardt JR, Schellens JHM, Burris HA, Planting
ASTh, Rodriguez GI, Loos WI, Hudson I, Broom C, Verweij J, Von Hoff
DD.

Phase I and pharmacofogic study of oral topotecan administered twice daily
for 21-days to adult patients with solid tumors,

J. Clin. Oncol,, 15, 1087-1093, 1997,

Gerrits CJH, Jonge de MJA, Schellens JHM, Stoter G, Verweij J.
Topoeisonterase 1 inhibitors: the relevance of prolonged exposure for presemt,
clinical development,

Br. J. Cancer, in press, 1997,

Gerrits CIH, Schellens JHM, Creemers GJ, Wissel P, Planting ASTh,
Pritchard JF, DePee S, de Boer-Dennert M, Harteveld M, Verweij J.

The biocavailability of oral GI147211 (GG211), a new topoisomerase I
inhibitor,

Br. J. Cancer, in press, 1997,

Gerrits CJH, Schellens JHM, Burris H, Eckardt JR, Planting AST, van der
Burg MEL, Rodriguez GI, Loos WJ, van Beurden V, Hudson I, Von Hoff
DD, Verweij I.

A comparison of clinical pharmacodynamics of different administration
schedules of oral topotecan (Hycamtin®),

J. Natl. Cancer Inst., submitted, 1997,

202



Publications

12.

13.

Gerrits CTH, Burris H, Schellens JHM, Eckardt JR, Planting AST, van der
Burg MEL, Rodriguez GI, Loos WJ, van Beurden V, Hudson I, Fields S,
Von Hoff DD, Verweij J.

Ten days once daily and twice daily dosing of oral topotecan: a phase I and
pharmacology study in aduit patients with solid tumors.

Clin. Cancer Res., submitted, 1997,

Gerrits CIH, Burris H, Schellens JHM, Planting ASTh, van der Burg, MEL,
Rodriguez GI, van Beurden V, Loos WI, Hudson I, Fields S, Verweij J, Von
Hoff DD.

Five days of oral topotecan (Hycamtin®), a phase I and pharmacologic study
in adult patients with solid fumors,

J. Clin. Oncol, 1997; submitted.

203






	PROLONGED TUMOR EXPOSURE TO TOPOISOMERASE I INIllBITOR = LANGDURIGE BLOOTSTELLING VAN TUMOREN AAN TOPOISOMERASE-I REMMERS
	CONTENTS
	CHAPTER 1INTRODUCTION TO THE THESIS
	CHAPTER 2 - Topoisomerase I inhibitors: the relevance of prolonged exposure for present clinical development.
IN: 

Br J Cancer. 1997;76(7):952-62. Review.PMID: 9328159 [PubMed - indexed for MEDLINE]
	CHAPTER 3 - Phase II and pharmacologic study of topotecan administered as a 21-day continuous infusion to patients with colorectal cancer. - IN: 

J Clin Oncol. 1996 Sep;14(9):2540-5.PMID: 8823333 [PubMed - indexed for MEDLINE]
	CHAPTER 4 - Phase I and pharmacologic study of oral topotecan administered twice daily for 21 days to adult patients with solid tumors. - IN: 
J Clin Oncol. 1997 Mar;15(3):1087-93.PMID: 9060549 [PubMed - indexed for MEDLINE]
	CHAPTER 5 - Oral topotecan given once or twice daily for ten days: a phase I pharmacology study in adult patients with solid tumors. - IN: 
Clin Cancer Res. 1998 May;4(5):1153-8.PMID: 9607572 [PubMed - indexed for MEDLINE]
	CHAPTER 6 - Five days of oral topotecan (Hycamtin), a phase I and pharmacological study in adult patients with solid tumours. - IN: 
Eur J Cancer. 1998 Jun;34(7):1030-5.PMID: 9849451 [PubMed - indexed for MEDLINE]
	CHAPTER 7 - A comparison of clinical pharmacodynamics of different administration schedules of oral topotecan (Hycamtin) - IN: 
Clin Cancer Res. 1999 Jan;5(1):69-75.PMID: 9918204 [PubMed - indexed for MEDLINE]
	CHAPTER 8 - Phase I and pharmacological study of the new topoisomerase I inhibitor GI147211, using a daily x 5 intravenous administration. - IN: 
Br J Cancer. 1996 Mar;73(6):744-50.PMID: 8611374 [PubMed - indexed for MEDLINE]
	CHAPTER 9 - The bioavailability of oral GI147211 (GG211), a new topoisomerase I inhibitor. - IN: 
Br J Cancer. 1997;76(7):946-51.PMID: 9328158 [PubMed - indexed for MEDLINE]
	CHAPTER 10
	SUMMARY
	NEDERLANDSE SAMENVATTING

	DANKWOORD
	CURRICULUM VITAE
	PUBLICATIONS

