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Abstract
Topoisomerase inhibitors have been studied using various dose schedules in the treatment of refractory or recurrent gynaecologic cancers.

Response rates are between 13% and 20%. Main toxic effects are haematologic and gastrointestinal. The latter remains problematic.
Radiotherapy, alkylate, platinum analogs and topoisomerase II inhibitors are currently being studied in combination with camptothecins.
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Introduction

Topoisomerases are essential nuclear enzymes with a
multiplicity of cellular functions involving DNA repli-
cation, RNA transcription, mitosis, and chromosome
condensation.1,2 Two classes have been identified: the
class I topoisomerases, named “I” because they induce
single-strand breaks and reunions of the DNA double
helix, and the class II topoisomerases, named “II” be-
cause they induce double-strand breakage and reunion
reactions within the DNA double helix.3 These enzymes
catalyze the interconversion of various topological iso-
mers of DNA.4-6

Type I topoisomerase (topo-I) is a monomeric nuclear
enzyme of about 100 kDa.7 Its gene has been mapped to
chromosome 20q12-13.2.8,9 The topo-I monomer forms a
covalent adduct with the genomic DNA and relaxes the
DNA supercoils by transiently cleaving a single strand
of duplex DNA.10 The formation of covalent complexes
of topo-DNA fragments, called “cleavable complexes”,
induces uncoiling of the DNA molecule, which permits
the polymerase action to replicate the DNA strand.
Subsequent enzymatic DNA reunion is also catalyzed
by topoisomerase-I.11 Recently, topo-I has been also
shown to interact with the TATA-binding protein.12 The
catalysis reaction performed by topo-I does not depend
on additions of adenosine triphosphate. The energy for
the rearrangement is probably derived from the reaction
between the topo-I enzyme and the 3'-phosphoryl end of
the free DNA strand.13

Camptothecin (CPT), an alkaloid from the tree,
camptotheca acuminata (Nyssaceae), is the parent com-

pound of topotecan (TPT), irinotecan (CPT-11), 9
aminocamptothecin (9AC), 9 nitrocamptothecin (9NC),
and other analogs.14 The 2 initial compounds are water
soluble derivatives of camptothecin, and the two latter
ones, are water insoluble. The active forms of the
camptothecins contain a closed lactone ring. The ring
open and closed forms are in equilibrium which is pH
dependent.15 At physiology pH, most of the CPT is in
carboxylate form. In human serum, the area under the
curve (AUC) of the lactone form is between 0% and 16%
of the AUC of both forms combined.16 Current research
is focusing on increasing the stability the lactone form of
newer analogs.

The pre-clinical activity of CPT and its analogs has
been demonstrated in several models including gynae-
cologic tumours. Using a subrenal capsule assay, CPT-
11 tested in two cervical cell lines showed growth
suppressive effects of over 50%.17 CPT analogs also
augmented the activity of cisplatin, 5-fluorouracil and
VP-16 in HST-1, a human squamous cell carcinoma cell
line.18 The synergy seen with cisplatin may be due to a
stabilization of cisplatin DNA adducts.19 These com-
pounds also appear to have radiosensitization proper-
ties in small cell and lung adenocarcinoma cell lines.20,21

The addition of recombinant tumour necrosis factor (rh-
TNF) to CPT-11 in several gynaecologic cancer cell lines
demonstrated synergy.22,23

In addition, some analogs are prodrugs, and need to be
metabolized for optimal activity. For example, SN38 is
the active metabolite of CPT-11. A carboxylesterase
catalyzes the conversion of CPT-11 to SN-38 (7-ethyl-10-
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hydroxycamptothecin). Carboxylesterase activity in 179
fresh human tumours representing 18 different tumour
types ranged from 0.009 to 1.274 with a median value of
0.125 µmol/min/mg protein. The tumour types con-
taining the highest carboxylesterase activity are
lymphoma, small cell lung cancer, endometrial cancer,
and mesothelioma. There was a statistically significant
correlation between tumour carboxylesterase activity
and antitumour activity as determined by the tumour
colony forming unit assay (P <0.05). Carboxylesterase
activity may be an important correlate of CPT-11 cyto-
toxicity.24

Systemic Therapy for Refractory Gynaecologic Disease

Chemotherapy for recurrent or refractory gynaeco-
logic cancers usually consists of single agents. Reported
response rates range from 15% to 50% with complete
responses being rare. Cisplatin or carboplatin is consid-
ered the most active single drug. Combination chemo-
therapy has been attempted in numerous trials. High
response rates are documented even in heavily treated
patients. However, the durability of responses is short,
and survival is not improved over single agent treat-
ments. Furthermore, when randomized trials are per-
formed comparing single agent therapy to combination,
the results do not favour combinations. Thus there is a
significant need for newer approaches, such as
topoisomerase-I inhibitors.

Cervical Cancer

Only CPT-11 and TPT have been tested in this disease.

1) Irinotecan (Table I)

There have been 5 trials of CPT-11 as a single agent in
cervical cancer refractory to platinum-based therapy.
The first phase II trial in the United States used a sched-
ule of 125 mg/m2/week for four weeks followed by two
weeks of rest. Forty-two patients, with platinum refrac-
tory cervical cancer aged 24 to 59 years with a median

age of 44 years (range 24 to 59 years), were treated with
a median of two cycles (range 1 to 14). All patients had
failed prior chemotherapy. The response rate was 21%
with a median time to response of 6 weeks and a dura-
tion of 12 weeks. The major dose limiting side-effects
were nausea and vomiting (45%), diarrhoea (24%) and
myelosuppression (36%). Myelosuppression did not sig-
nificantly decrease with dose reduction, whereas
gastrointestinal side-effects did. In this patient popula-
tion, CPT-11 has significant clinical activity.
Haematologic and gastrointestinal side-effects remain
problematic,25 but the drug is worth further evaluation.

In the second trial conducted in the United States by
the Gynecologic Oncology Group (GOG), 54 patients
were treated for recurrent or refractory disease. Most
had received prior radiotherapy and 12 had also re-
ceived chemotherapy. Among 49 evaluable patients, a
14% remission rate, including one complete response,
was observed. Thirty-nine per cent of patients experi-
enced a gastrointestinal toxicity grade 3 or 4. It was
concluded that CPT-11 had modest activity with moder-
ate toxicity and should be studied with cisplatin in the
future.26

The European Organization for Research and Treat-
ment of Cancer (EORTC) has conducted a trial of CPT-
11 in chemotherapy naive patients with cervical cancer.
Patients were stratified according to measurable disease
outside previously irradiated area (Group A) or within
the radiated area (Group B). The dose was 350 mg/m2

given every three weeks. In Group A there was a 24%
response rate, while in Group B there were no responses,
for an overall response rate of 15%. The duration of
response was 6+ months. Two toxic deaths occurred
secondary to myelosuppression, diarrhoea and dehy-
dration. Further studies were recommended to better
define the gastrointestinal side-effects.27

Japanese investigators tested a schedule of 100 mg/m2

weekly for four doses in 24 patients. Five patients (21%)

TABLE I: TRIALS OF IRINOTECAN IN CERVICAL CANCER

CR PR Total Ref.

Dose Schedule Total % (No. Pts.) % (No. Pts.) % (No. Pts.)

125 mg/m2 Weekly x 4 42 2 (1) 19 (8) 21 (9) 25

125 mg/m2 Weekly x 4 49 2 (1) 10 (5) 12 (6) 26

350 mg/m2 Q 3 weeks
Group A 21 5 (1) 19 (4) 24 (5) 27
Group B 13 0  (0) 0 (0) 0 (0)

100 mg/m2 Weekly x 4 24 8 (2) 13 (3) 21 (5) 28

150 mg/m2 Q 2 weeks x 3 31 10 (3) 16 (5) 26 (8) 29

Total 180 4 (8) 14(25) 18(33)

CR: complete remission; PR: partial remission; pts: patients
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responded.28 Among 31 patients entered on a schedule of
150 mg/m2 every 2 weeks for 3 doses, 26% responded.29

The majority of patients in both groups had prior radio-
therapy and chemotherapy. Myelosuppression and
gastrointestinal side-effects were significant and deaths
were reported. No recommendation was made regard-
ing further study. However, chemotherapy combina-
tions with topoisomerase-I inhibitors are currently under
study in Japan.

2) Topotecan

Twenty-nine patients with cervical cancer were given
TPT, a semisynthetic analog of camptothecin, by a 30-
min intravenous daily infusion for five consecutive days
at a dose of 1.2 mg/m2/day. All patients had measurable
disease by imaging studies. Seven patients had no prior
chemotherapy, and 22 prior chemotherapy regimens.
Histologic types were squamous cell carcinoma (21 pa-
tients) and adenocarcinoma (4 patients). Four partial
responses (overall response rate, 18%) were observed in
patients with squamous cell carcinoma. The major side-
effects were haematologic with Grade 3 and 4 leukopenia
seen in 70% and 35% of patients, respectively. Grade 3
and 4 thrombocytopenia were seen in 50% and 25% of
patients, respectively, and Grade 3 anaemia in 80% of
patients. All the above haematologic toxic effects were
controllable, and all non-haematologic side-effects were
mild (≤Grade 2), except for Grade 3 anorexia in 5% of the
patients.30

3) Combination with topoisomerase I inhibitors

Sugiyama et al31 performed a dose finding study of
CPT-11 and cisplatin combination. CPT-11 was given on
days 1, 8 and 15. Cisplatin was administered only on day
1. Cycles were repeated every 28 days. The recom-
mended dose for further studies was 60 mg/m2 of
cisplatin and 60 mg/m2 of CPT-11. Among the 17 pa-
tients treated, 6 had a major response. A phase II trial of
the same combination has been presented this year at the
ASCO meeting. A 68% overall response rate has been
reported.32

Ovarian Cancer

Many topoisomerase I inhibitor analogs have been
studied in this disease.
1) Topotecan (Table II)

Topotecan showed activity in platinum refractory
ovarian cancer in phase I studies.39 The first Phase II
study of topotecan in patients with platinum refractory
epithelial ovarian cancer who had no prior taxane treat-
ment has shown a median response rate of 14%, stable
disease in 60% of patients, and an overall survival of 10
months.33 In patients with potentially platinum sensitive
disease, the median response rate was 20%, stable dis-
ease was 50%, and overall survival was 12 months.34

Some patients treated with paclitaxel after failure of
topotecan responded, while others did not. This lead to
the impression that taxanes and topotecan may be non-
cross resistant.33

Once taxanes’ use became widespread topotecan stud-
ies included patients who failed prior taxane therapy.
Interestingly, there was no difference in anticancer ac-
tivity regardless of prior taxane treatment. These prom-
ising results led to a phase III trial, comparing the
activity of topotecan and paclitaxel among patients with
recurrent or refractory ovarian cancer. Topotecan
1.5 mg/m2/day as a 30-min infusion for 5 days every 21
days was compared to paclitaxel 135 mg/m2 infused
over 3-hour every 21 days.40 The response rate was
20.5% in topotecan treated patients and 13.2% in
paclitaxel treated patients (P = 0.138). Among platinum
refractory patients the response rates for topotecan and
paclitaxel were 13.3% and 6.7% (P = 0.303), while among
potentially platinum sensitive the response rates were
28.8% and 20% (P = 0.213) respectively. The median
duration of response to topotecan and paclitaxel was 32
and 20 weeks, respectively (P = 0.222) and median time
to progression was 23 and 14 weeks, respectively
(P = 0.002). The median survival was 61 weeks for
topotecan and 43 weeks for paclitaxel (P = 0.515).
Neutropenia was more frequent in the topotecan treated
patients (79%) versus paclitaxel treated patients (23%).

TABLE II: STUDIES OF TOPOTECAN IN RECURRENT OVARIAN CANCER

Evaluable pts. Platinum Taxane Response Stable disease Median Ref.
refractory (%) pre-treated (%) rate (%) (%) survival (mo)

Prior platinum and no prior taxane
Kudelka et al 28 100 0 14 60 10 33
Creemers et al 92 67 0 16.3 21 NR 34
Armstrong et al 16 90 0 25 56 NR 35
Eisenhauer et al 33 NR 0 12 NR NR 36

Prior platinum and prior taxane
Swisher et al 28 93 93 14 36 6 37
Gordon et al 200 NR 100 13.5 NR 10 38

NR: not reported
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After progression with the original drug some of the
patients received the alternative one. Five of 53 patients
achieved a partial response with topotecan (9.4%) after
failing paclitaxel and one of 37 patients achieved a
complete response with paclitaxel (2.7%) after failing
topotecan. However, one does wonder why in this study
the response rate to paclitaxel was so poor and the
neutropenia so mild.41

Pharmacokinetic studies of iv TPT have demonstrated
rapid plasma clearance. Therefore, there may be a sig-
nificant pharmacologic advantage to administer TPT
into the peritoneal cavity. A Phase I trial of ip topotecan
given as a 24-hour infusion in D5W at pH 3.5 was
performed with treatments repeated every 28 days when
feasible. Ten patients with platinum-refractory ovarian
cancer were treated starting at a dose of 3 mg/m2. Dose-
limiting toxicity was grade IV neutropenia which oc-
curred in 2 of 6 cycles given at the MTD of 4 mg/m2.
Other observed toxicities included grade 4 anaemia and
grade 3 thrombocytopenia. All 5 patients with clinically
evident ascites had a reduction of ascites with sympto-
matic relief lasting up to 3 months. The recommended
phase II dose was 3 mg/m2.42

2) Irinotecan

The experience with irinotecan in ovarian cancer is
less extensive then that of topotecan. An early phase II
study showed 21% response rate among 14 patients with
ovarian cancer.28 In a late phase II study the investigator
noted a response rate of 23% (12/52).29 The schedules
used were 100 mg/m2 once weekly and 150 mg/m2

every other week. Both were felt by the investigators to
be clinically useful.

3) GG211

GG211 is a water-soluble totally synthetic camptothecin
analog with broad pre-clinical antitumour activity. It
was administered by a 72-hour continuous infusion
every 3 weeks at doses ranging from 0.25 to 2.0 mg/m2/
day (phase I study). Activity was observed in a patient
with ovarian cancer at the 0.5 mg/m2/day dose. The
response lasted 13 weeks. Furthermore, decreases in CA
125 levels were noted in additional patients. Phlebitis
occurred with peripheral infusions making the use of
central venous catheters necessary. Otherwise the drug
was well tolerated with other toxicities including mild
nausea and vomiting, fatigue, headache, and alopecia.
Myelosuppression was observed at all dose levels, and
correlated with the dose. Severe side-effects were mainly
observed in patients who had received extensive prior
therapy.43

4) 9NC

Another analog that has been tested in a phase II study
is 9NC. 9NC is a water-insoluble derivative of CPT

which had demonstrated activity against ovarian cancer
in a phase I study.44 Phase I 9NC was administered orally
at a dose of 1.5 mg/m2/day for 4 consecutive days every
week in a follow up phase II study. A response rate of 7%
was observed in a highly refractory population of pa-
tients with epithelial ovarian cancer. Disease stabilization
occurred in 30% of patients and lasted for a median of 22
weeks. The main side-effects were gastrointestinal and
haematologic, rendering prolonged administration
difficult.45

5) 9AC

Phase II studies of 9AC are currently under way.
Preliminary results are similar to those reported with
other analogs.

Uterine Cancer

There are no published studies of topoisomerase-I
inhibitors in this disease.

Conclusions

The topoisomerase-I inhibitors have not been exten-
sively studied in some gynaecologic cancers. Single
agent activity is definite but modest with all analogs of
the first generation. Most investigators recommend com-
bination studies with cisplatin, and such studies are
underway. Preliminary results show greater efficacy but
toxic effects are also increased. Laboratory data show
potentially interesting interactions with radiotherapy
and cytokines. Such findings need further refinement
with the conduct of correlative clinical studies.

The second generation of CPT derivatives includes
compounds that maintain a high lactone profile in hu-
man plasma. Examples of such compound include
DX895IF46 and esters of CPT.47 These compounds are
currently tested in phase I trials.

REFERENCES

1. Wang J C. Recent studies of DNA topoisomerases. Biochim Biophys Acta
1987; 909:1.

2. Uemura T, Ohkura H, Adachi Y, et al. DNA topoisomerase II is required for
condensation and separation of mitotic chromosomesin S. pombe. Cell
1986; 50:917-25.

3. Pommier Y. Review: DNA topoisomerase I and II in cancer chemotherapy:
update and perspectives. Can Chemother Pharmacol 1993; 32:103-8.

4. Muller M T, Pfund W P, Mehta V B, Trask D K. Eukaryotic type I topisomerase
is enriched in the nucleolus and catlytically active on ribosomal DNA.
EMBO J 1985; 4:1237-43.

5. Fleischmann G, Pflugfelder G, Steiner E K, et al. Drosophila DNA
topoisomerase I is associated with transcriptionally active regions of the
genome. Proc Natl Acad Sci USA 1984; 81:6958-62.

6. Garg L C, DiAngelo S, Jacob S T. Role of DNA topoisomerase I in the
transcription of supercoiled rDNA gene. Proc Natl Acad Sci USA
1987; 84:3185-8.

7. Schneider E, Hsiang Y H, Liu L. DNA topoisomerase as anticancer drug
targets. Adv Pharmacol 1990; 21:149-83.



September 1998, Vol. 27 No. 5

687Topo-I Inhibitors in Gynaecology Oncology—C F Verschraegen et al

8. D’Arpa P, Machlin P S, Ratrie H, Rothfield N F, Cleveland D W, Earnshaw
W C. cDNA cloning of human DNA topoisomerase I: catalytic activity of a
67.7-kDa carboxyl-terminal fragment. Proc Natl Acad Sci USA 1988; 85:2543-
7.

9. Juan C C, Hwang J, Liu A A, et al. Human DNA topoisomerase I is encoded
by a single-copy gene that maps to chromosome region 20q12-13.2. Proc
Natl Acad Sci USA 1988; 85:8910-3.

10. Wang J C. DNA topoisomeraes: why so many? J Biol Chem 1991; 6:6659-62.

11. Champoux J. Evidence for an intermediate with a single-strand break in the
reaction catalyzed by the DNA untwisting enzyme. Proc Natl Acad Sci USA
1976; 73:3488-91.

12. Lynn R M, Bjornsti M A, Caron P R, Wang J C. Peptide sequencing and site-
directed mutagenesis identify tyrosine-727 as the active site tyrosin of
Sacchaomyces cerevisiae DNA topoisomerase-I. Proc Natl Acad Sci USA
1989; 86:3559-63.

13. Liu L F, D’Arpa P. Topoisomerase-targeting antitumor drugs: mechanisms
of cyotoxicity and resistance. Important Adv Oncol 1992:79-89.

14. Wall M E, Wani M C, Cooke E T, et al. Plant antitumor agents. The isolation
and structure of camptothecin, a novel alkaloidal leukemia and tumor
inhibitor from camptotheca acuminata. J Am Chem Soc 1996; 88:3888-90.

15. Giovanella B C, Hinz H R, Kozielski A J, et al. Complete growth inhibition
of human cancer xenografts in nude mice by treatment with 20(S)-
camptothecin. Cancer Res 1991; 51:3052-5.

16. Verschraegen C, Harris N, Steger M, Kavanagh J, Kudelka A, Giovanella B.
Pharmacology study of multiple oral doses of 9-Nitrocamptothecin (9NC).
Proc Am Assoc Can Res 1997; 38:A502.

17. Wang Y, et al. Preclinical evaluation of a new camptothecin derivative,
CPT-11, on the subrenal capsule assay. Jpn J Cancer Chemother 1987;
14:1264.

18. Masumoto N, Nakano S, Esaki T, et al. Sequence dependent modulation of
anticancer drug activities by 7-ethyl-10-hydroxycamptothecin in an HST-1
human squamous carcinoma cell line. Anticancer Res 1995; 15:405-9.

19. Masumoto N, Nakano S, Esaki T, et al. Inhibition of cis-
diamminedichloroplatinum (II)-induced DNA interstrand cross-link re-
moval by 7-ethyl-10-hydroxy-camptothecin in HST-1 human squamous
cell carcinoma cells. Int J Cancer 1995; 62:70-5.

20. Tamura K, Takada M, Masuda N, et al. Radiosensitization effect of CPT-11
against human lung tumor xenografts. Proc Am Assoc Cancer Res
1995; 36:A605.

21. Watanabe A, Nishiwaki K, Hasegawa Y, et al. Effects of taxotere (docetaxel)
and irinotecan (CPT-11) combined with radiation on lung cancer cell lines.
Proc Am Soc Clin Oncol 1995; 14:A494.

22. Mori H, Sawairi M, Itoh N, et al. Augmentation of antiproliferative activity
of CPT-11, a new derivative of camptothecin, by tumor necrosis factor
against proliferation of gynecologic tumor cell lines. Anticancer Drugs
1991; 2:469-74.

23. Valenti M, Morgavi P, Russo P, Pommier Y. Relationship between p53
expression, cell cycle and camptothecins- or TNF-sensitivity [abstract].
Proc Annu Meet Am Assoc Cancer Res 1995; 36:A2660.

24. Chen S F, Rothenberg M L, Clark G, Degen D, Wajima M, Barton D, et al.
Human tumor carboxylesterase activity correlates with CPT-11 cytotoxicity
in vitro [abstract]. Proc Annu Meet Am Assoc Cancer Res 1995; 35:A2174.

25. Verschraegen C F, Levy T, Kudelka A P, et al. Phase II study of irinotecan
in prior chemotherapy-treated squamous cell carcinoma of the cervix. J Clin
Oncol 1997; 15:625-31.

26. Look K Y, Blessing J A, Levenback C, Kohler M F, Chafe W E, Roman L D,
et al. A Phase II trial of CPT-11 in chemotherapy-naive patients with
recurrent squamous carcinoma of the cervix (SCC): A Gynecologic Oncol-
ogy Group (GOG) Study. Soc Gynecol Oncol 1998; A134.

27. Chevallier B, Lhomme C, Dieras V, et al. Phase II trial of CPT-11 in advanced
cervical carcinoma. EORTC Early Drug Development Meeting, June 21-24,
1995, Corfu Greece, 1995:92.

28. Takeuchi S, et al. An early phase II study of CPT-11 for gynecologic cancer.
Jpn J Cancer Chemother 1991; 18:579.

29. Takeuchi S, et al. A late phase II study of CPT-11 on uterine cervical cancer
and ovarian cancer. Jpn J Cancer Chemother 1991; 18:1681.

30. Noda K, Sasaki H, Yamamoto K, Yamamoto T, Nishimura R, Sugiyama T,
et al. Phase II trial of topotecan for cervical cancer of the uterus [abstract].
Proc Annu Meet Am Soc Clin Oncol 1996; 15:A754.

31. Sugiyama T, Takeushi S, Yakushiji M. Phase I study of irinotecan (CPT-11)
in combination with cisplatin (CDDP) on cervical carcinoma. Proc Annu
Meet Am Soc Clin Oncol 1994; 13:A856.

32. Sugiyama T, Noda K, Yakushiji M. Multicenter phase II trial of irinotecan
(CPT-11) and cisplatin as first-line chemotherapy in recurrent or advanced
cervical cancer: Japan CPT-11 study group trial. Proc Annu Meet Am Soc
Clin Oncol 1998; 17:A1360.

33. Kudelka A P, Winn R, Edwards C L, et al. An update of a phase II study of
paclitaxel in advanced or recurrent squamous cell cancer of the cervix.
Anticancer Drugs 1997; 8:657-61.

34. Creemers G J, Bolis G, Scarfone G, et al. Topotecan, an active drug in the
second-line treatment of epithelial ovarian cancer: results of a large Euro-
pean phase II study. J Clin Oncol 1996; 14:3056-61.

35. Armstrong D, Rowinsky E, Donehower R, et al. A phase II trial of topotecan
as salvage therapy in epithelial ovarian cancer. Proc Annu Meet Am Soc
Clin Oncol 1995; 14:A769.

36. Eisenhauer E, Hoskins P, Beare S, et al. Randomized phase II study of two
schedules of topotecan epithelial ovarian cancer (EOC). Proc Annu Meet
Soc Clin Oncol 1997; 16:1249.

37. Swisher E M, Mutch D G, Rader J S, et al. Topotecan ion platinum- and
paclitaxel-resistant ovarian cancer. Gynecol Oncol 1997; 66:480-6.

38. Gordon A, ten Bokkel, Huinink W, Gore M, Malmstrom H, Krebs J B, et al.
Pooled analysis of patients (pts) with recurrent ovarian cancer (ROC) who
were treated with topotecan (T) after progression or failure on first- or
second-line platinum (PLAT) and paclitaxel (P). Proc Annu Meet Am Soc
Clin Oncol 1997; 16:A1319.

39. Rowinsky E K, Grochow L B, Hendricks C B, et al. Phase I and pharmaco-
logic study of topotecan: a novel topoisomerase I inhibitor. J Clin Oncol
1992; 10:647-56.

40. ten Bokel Huinink W, Gore M, Carmichael J, et al. Topotecan versus
paclitaxel for the treatment of recurrent epithelial ovarian cancer. J Clin
Oncol 1997; 15:2183-93.

41. Trimble E L, Adams J D, Vena D, et al. Paclitaxel for platinum-refractory
ovarian cancer: results from the first 1,000 patients registered to
National Cancer Institute Treatment Referral Center 9103. J Clin Oncol
1993; 11: 2405-10.

42. Plaxe S, Christen R, O’Quigley J, Braly P, Freddo J, McClay E, et al. Phase I
trial of IP topotecan. Proc Annu Meet Am Soc Clin Oncol 1993; 12:A360.

43. Phase I clinical and pharmacokinetic study of a new topoisomerase inhibi-
tor, GG211, given as a 72-hour continuous infusion. Br J Cancer 1994;
71(Suppl 24):10.

44. Verschraegen C F, Natelson E A, Giovanella B C, Kavanagh J J, Kudelka A
P, Freedman R S, et al. A phase I clinical and pharmacological study of oral
9-nitrocamptothecin, a novel water-insoluble topoisomerase I inhibitor.
Anticancer Drugs 1998; 9:36-44.

45. Verschraegen C, Giovanella B, Armstrong K, Kavanagh J, Kudelka A,
Steger M, et al. Phase II study of oral administration of 9-nitrocamptothecin
in refractory ovarian cancer. Proc Am Soc Clin Oncol, 1997:A1356.

46. Mitsui I, Kumazawa E, Hirota Y, Aonuma M, Sugimori M, Ohsuki S, et al.
A new water-soluble camptothecin derivative, DX-8951f, exhibits potent
antitumor activity against human tumors in vitro and in vivo. Jpn J Cancer
Res 1995; 86:776-82.

47. Cao Z, Harris N, Mendoza J, Early J,  Kozielski A, Varderman D, et al. Alkyl
esters 9-nitrocamptothecin: Synthesis, toxicity and anti-tumor activity.
Proc Am Assoc Cancer Res 1998; 39:A2859.


