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Background: DNA damage caused by platinum agentsisfrequently followed by induction of topoiso-
merase |, providing arationale for use of platinum-based compounds with topoisomerase | inhibitors.
Materials and methods. We studied the effect of a sequential schedule of oxaiplatin on day 1 and
topotecan on days 2-5, in human colon and ovarian cancer cellsin vitro, in nude mice bearing human
cancer xenograftsand finally in cancer patientsin aphasel trid.

Results: We demonstrated a supra-additive effect of this combination on inhibition of colony forma-
tion and induction of apoptosisin vitro. Wethen demonstrated that the two agentsin combination mark-
edly inhibit tumor growth in nude mice. We translated these results into aclinical setting, conducting a
phase | study in cancer patients with oxaliplatin 85 mg/m? on day 1 and topotecan at doses escal ating
from 0.5 to 1.5 mg/m? on days 2-5. Sixty cyclesof treatment were administered to 18 patients affected
prevalently by ovarian and colorectal cancer. Combination with topotecan 1.5 mg/m? caused a dose-
limiting toxicity. Therefore the maximum tolerated dose of topotecan was 1.25 mg/m? at which six
patients experienced a mild hematological and gastrointestinal toxicity. We a so obtained evidence of
clinica activity, particularly in ovarian cancer.

Conclusions; Our results provide a solid biological and clinical rationale for a phase Il tria at the
recommended doses of oxaliplatin 85 mg/m? and topotecan 1.25 mg/m?, possibly in ovarian cancer

patients.
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I ntroduction

Oxaliplatin is a1,2-diamine-cicloesane derivative of cisplatin
exhibiting several peculiar properties as compared to the
parental compound. It isableto cause bulky DNA intrastrand
adducts and conformational distorsions, which prevent the
binding of the mismatch repair protein complex and lead
to apoptosis [1]. Moreover, oxaliplatin is partly non-cross-
resistant to cisplatin and carboplatin, causing a moderate
hematological toxicity and areversible peripheral neurotoxic-
ity. Itisalso activeagainst different types of cancer, including
advanced ovarian and colon cancer [2].

Topotecan is a camptothecin derivative selective for topo-
isomerase| [3], currently used inavariety of tumorsat astand-
ard dose of 1.5 mg/m? for 5 days, including ovarian cancer
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patients who had received failed treatment with platinum
derivatives and paclitaxel [4].

It has been shown that DNA damage produced by platinum
agentsis frequently followed by induction of topoisomerase |-
dependent cleavage activity. In vitro studies have demon-
strated that oxaiplatin induces topoisomerase |-mediated
single strand breaks and that subsequent addition of topotecan
increases DNA damage and cell death [5]. These data repre-
sent the biochemical rationale for the reported cooperative
effect of platinum agentsin combination with topoisomerase |
inhibitors[6, 7]. A phasel clinical trial conducted on thisbasis
(oxaliplatin 85 mg/m? given on day 1 and topotecan 0.5-1 mg/m?
given for 5 days starting on day 1) has shown a severe and
partly unexpected myeotoxicity resulting in the recom-
mendation of careful selection of patients, based on previous
treatment, for future studies[8]. However, theinteresting bio-
logical rationale and the responses observed have led to the
conclusion that further exploration of this combination of
agentsisworthwhile.

With the aim of reducing toxicity whilst preserving poten-
tial antitumor activity, we have studied the effect of oxaiplatin



and topotecan in combination on a sequential schedule from
cell culture to clinical settings. In the present study we first
evauated the activity of the combination on cancer cell pro-
liferation and apoptosis in vitro. Then we confirmed these
data in vivo, in nude mice bearing human tumor xenografts.
Finally, we designed and conducted aphase| study in patients
refractory to standard treatments.

M aterialsand methods

Cédll cultures

GEO colon and OV CAR-3 ovarianhuman cancer cell lines weregrown in
McCoy medium or in a 1:1 mixture of DMEM and Ham’s-F12 medium,
respectively. All media were purchased from Flow L aboratories (Irvine,

UK) and were supplemented with 10% heat inactivated fetal bovine
serum, 20 mM Hepes pH 7.4, 5 mM glutamine, 100 U/ml penicillin,
100 pug/ml streptomycin (Flow Laboratories). Cells were maintained in a
humidified atmosphere of 95% air and 5% CO, at 37°C. For cell growth
experimentsin soft agar 10* cells/well were seeded in 24 multiwel | cluster
dishes as described previously [9] and treated with different concentra-
tions of drugs as follows: oxaliplatin 0.1, 0.5 or 1 pg/ml on the day of
seeding (day 0) and/or topotecan 1, 5 or 10 nM on days 1-4. Twelve days
after the last trestment cells were stained with nitroblue tetrazolium
(Sigma Chemicals, Milan, Italy) and colonies larger than 0.05 mm were
counted [9].

Flowcytometric analysis of cell cycle

Cells were harvested, fixed in 70% ethanol, stained with a propidium
iodide staining solution and the DNA content analyzed in duplicate by a
FACScan flow-cytometer (Becton and Dickinson, Mountain View, CA,
USA) as described previously [9]. Cell cycle dataanalysis was performed
by aCELL-FIT program (Becton and Dickinson).

Apoptosis

The induction of apoptosis was determined by the Cell Death Detection
ELISA Plus Kit (Roche Molecular Biochemicals, Mannheim, Germany)
which detects cytosolic histone-associated DNA fragments. OVCAR-3
and GEO cdlls (5 x 10* cells/dish) were seeded into 35 mm dishes and
treated with different concentrations of oxaliplatin (0.1 pg/ml on the day
of seeding, day 0) and/or topotecan (1, 5 or 10 nM on days 1-4). On day 5,
cells were washed once with PBS and lysed for 30 min then supernatant
was recovered and assayed for DNA fragments as recommended by the
manufacturer [10]. Each treatment was performed in quadruplicate. The
total number of cells was measured with a hemocytometer in additional
plates receiving an identical treatment. The optical density at 405 nm was
normalized for cell number and the optical density ratio (treated:untreated
cells) was considered an apoptotic index and expressed in arbitrary units
[10].

In vivo studiesin nude mice

Five- to six-week-old femae Balb/c athymic (nu+/nu+) mice were pur-
chased from Charles River Laboratories (Milan, Italy). Mice were main-
tained in accordance to the institutional guidelines of the University of
Naples Animal Care and Use Committee. They were acclimatized to the
University of NaplesMedica School Animal Facility for 1 week prior to
s.C. injection with 10’ GEO cells resuspended in 200 pl of Matrigel
(Collaborative Biomedical Products, Bedford, MA, USA) as described
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previously [11]. After 7 days, when well-established tumors of ~0.2 cm?

were detected, 10 mice per group werei.p. treated with thefollowing doses
and schedul es: oxaliplatin a one (either 10 mg/kg on day 1 every week for

4 weeksor 15 mg/kg onday 1 every 2weeks); topotecan alone (2 mg/kg on
day 1 every week for 4 weeks, or 2 mg/kg on days 1 and 2 every 2 weeks,

or 0.5 mg/kg on days 14 every 2 weeks); oxaliplatin (10 mg/kg on day 1)

in combination with topotecan (0.5 mg/kg on days 2-5) repeated every

2 weeksfor atotal of three cycles of treatment. Tumor size was measured

twice weekly using the formula: (1t/6) x larger diameter x (smaller dia-

meter)2.

Phase | study

Patient selection. Patients enrolled had a histologically confirmed solid
tumor refractory to conventional therapy, no treatment of the malignancy
for 6 weeks before study entry, a minimum life expectancy of 3 months
and were a least 18 years old. Minimum eligibility requirements
included: Eastern Cooperative Oncology Group performance status <2;
neutrophil count >1500/ul; platelet count >100 000/l ; hemoglobin >9.5 g/dl;
serum creatinine <2.0 mg/dl; tota bilirubin <1.5 mg/dl; and aspartate
aminotransferase, alanine aminotransferase and akaline phosphatase
activities <2.5 x the upper limit of normal. Informed, signed consent was
obtained asacondition of patient registration.

Sudy design. Thestudy protocol was approved by theinstitutional Scient-
ific Review Committee. Patients underwent a physical examination and
performance status determination. Electrocardiogram and chest X-ray,
complete blood count with platelet and differentid counts, coagulation
tests, serum chemistry profile and determination of serum tumor markers
were performed within 14 days before initiating therapy and, at indicated
times, during the entire period of study.

We combined oxaliplatin (Eloxatine) 85 mg/m? administeredin 2 hi.v.
on day 1 with topotecan (Hycamtin) at doses ranging from 0.5 mg/nf up
to 1.5 mg/m? in five different dose levels administered in 30 mini.v. on
days 2-5. Each cycle of treatment was repeated every 3 weeks. Patients
were scheduled to receive at least three courses of therapy at the same
dose level. Cohorts of three patientswere schedul ed for entry at each dose
level. Escalation of the dose to the next higher level proceeded after all
three patientsreceived thefirst cycle of therapy and had beenobserved for
at least 21 days without evidence of a dose-limiting toxicity (DLT), as
defined below. Drug-related toxicities were evauated during each cycle
of therapy and graded according to the NCI Common Toxicity Criteria
version 1[12]. A DLT wasdefined as any of the following events: grade 4
neutropenia, grade 4 thrombocytopenia, any drug-related non-hematol ogical
toxicity greater than or equal to grade 3 (except alopecia). At the occur-
rence of a DLT in three patients from any cohort, an additional three
patients were enrolled at the preceding dose level which was considered
the maximum tolerated dose (M TD). Patients experiencing toxicities that
were not dose-limiting could beretreated at the same dose level upon full
recovery. Treatment was discontinued upon occurrence of a DLT or
tumor progression.

Evaluation of response. A basdline assessment of al measurable disease
sites using appropriate radiological techniques was performed within 21
days before thefirst cycle of therapy. Tumor burden was calcul ated as the
sum of the products of thelongest perpendicular diameters of all measur-
able lesions and response was evauated by common criteria [13]. Dur-
ation of response was measured from the date that the response was first
recorded to the date of documented di sease progression.
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Results
Effects on cancer cell growth and apoptosisin vitro

We measured the dose-response effect of oxaliplatin and
topotecan on the soft agar growth of GEO colon and OVCAR-3
ovarian cancer cells, obtaining an 1C;, of ~0.5 ug/ml for
oxaliplatinand 15 nM for topotecan (datanot shown). Thetwo
agents in sequential combination (oxaliplatin on day 0 and
topotecan on days 1-4) caused a marked supra-additive
inhibitory effect in both GEO and OV CAR-3, this is more
evident with lower doses of each agent (Figure 1A and B). The
first of each pair of barsshows, as stacked bars, the individual
effectsof each drug when used alone. Thus, thetotal height of
these stacked bars al so represents the expected total inhibition
if drugs have an additive effect. The second bar of each pair
shows the effect obtained when the drugs were used in com-

bination. Therefore, the comparison between the height of the
first bar and that of the second bar of each pair shows whether
a supra-additive effect is obtained and the magnitude of this
effect.

Cell cycle analysis demonstrated that oxaliplatin (0.5 pg/ml)
alone markedly increased the percentage of cells in G,-M
phase, whiletopotecan (at thelow dose of 5 nM) increased the
S phase aimost 2-fold. The two agentsin combination caused
a3-fold and 6-fold increase in the percentage of cellsin Sphase
and G,-M phase, respectively (datanot shown).

We studied the effect of oxaliplatin and topotecan, alone
and in combination, on theinduction of apoptosisin OVCAR-3
and GEO cdlls. Asshown in Figure 1C, oxaliplatin or topote-
canaloneat thelow dosesof 0.1 ug/ml and 1 nM, respectively,
did not induce apoptosis in ovarian OVCAR-3 cells, as com-
pared with untreated cells. A 2-fold and a 2.3-fold induction
were observed with topotecan aone at the higher doses of
5and 10 nM, respectively. When oxaliplatin was used in com-
bination with topotecan we observed at |east an additive effect
with topotecan 1 and 5 nM and a supra-additive effect with
topotecan 10 nM (Figure 1C). The same doses of the two
agentsalso caused at |east an additive effect in GEO cells(data
not shown).

Effect in vivo in hude mice bearing human cancer
xenogr afts

Wetranslated the results obtained in vitro into amodel of nude
mice xenografted with GEO cells. We first studied the anti-
tumor effect of different doses and schedules of oxaliplatin
and topotecan, selecting moderately effective doses of each
single agent. We observed similar effectsfor oxaliplatin either
10 mg/kg once a week for 4 weeks or 15 mg/kg once a week
every 2 weeks (datanot shown). We also demonstrated similar
growth inhibitory effectswith three different doses and sched-
ules of topotecan, including thelow dose 0.5 mg/kg for 4 days
every 2 weeks (Figure 2A). Therefore, to be consistent with
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Figure 1. Effect of oxaliplatin (LOHP) and/or topotecan (TPT) on cancer
cell growth (A), (B), and apoptosis (C). Effect of LOHP and TPT alone
and in combination on the soft agar growth of OVCAR-3 (A) and GEO
(B) cells. LOHP 0.1 pg/ml (a—); 0.5 ug/ml (d—); 1 pg/ml (g—) was
added onday O; TPT 1 nM (a,d, g), 5nM (b, e h), 10nM (c, f, i) was
added on days 1-4. Cells were counted 12 days after seeding. Data are
expressed as a percentage inhibition of colony formation compared to
untreated control cells. The data represent means and standard errors of
triplicate determination of at least two experiments. (C) Effect of LOHP
and TPT, done and in combination, on the induction of apoptosisin
OVCAR-3 cells. Dataare expressed in arbitrary units asrelative increase
compared with untreated cells, considered as 1. Datarepresent meansand
standard errors of quadruplicate determination of three experiments.

the in vitro model, we randomized mice to receive the com-
bination regimen of oxaliplatin 15 mg/kg on day 1 and topo-
tecan 0.5 mg/kg on days 2-5. Each cycle was repeated every
2 weeks for atotal of three cycles of treatment (Figure 2B).
We have shown that oxaiplatin alone was ineffective in
inhibiting tumor growth since by day 35 all oxaliplatin-treated
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Figure 2. Effect of the treatment with topotecan (TPT) and/or oxaliplatin (LOHP) on the growth of GEO tumor xenografts. (A) Effect of different doses
and schedules of administration of TPT. (B) Effect of LOHP and TPT aone and in combination. The schedule of administration of each single agent,
aone or in combination, for the three cycles of treatment were as follows: LOHP 15 mg/kg on days 7, 21, 35; TPT 0.5 mg/kg on days 8-11, 22-25,
36-39 after tumor cell injection (day 0).
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Table 1. Patient demographics and disease characteristics

Patients 18
Age (years)

Median 54

Range 30-71

Sex (m/f) 4/14
Primary site of tumors

Ovarian cancer 10

Colorectal cancer 6

Testis

Lung 1
Prior therapies

Chemotherapy (2 lines) 12

Chemotherapy (3 lines) 5

Chemotherapy (2 lines) + radiotherapy 1
Performance status

0 5

1 10

2 3

mice, as well as mice in the control group, were dead. In the
group treated with topotecan aone we observed a growth
inhibitory effect accompanied by increased mice survival.
A marked inhibitory effect was observed in mice treated with
the two agents in combination. In fact, at 7 weeks following
tumor injection, tumor volume was 90% smaller than that
observed in mice treated with topotecan alone and tumors did
not achieve asize incompatible with normal life until at least
5 weeks after treatment withdrawal (Figure 2B).

Phasel study

Wedesigned aphasel trial based on the results obtained in the
preclinical studies. We combined oxaliplatin 85 mg/m? on day 1
with escalating doses of topotecan on days 2-5. We studied
five dose levels with topotecan escalating from 0.5 mg/m?
(level 1) to 1.5 mg/m? (level V) increasing the dose of topo-
tecan by 0.25 mg/m? at each level. We enrolled 18 patients,
prevalently affected by ovarian and colorectal cancer, who
had failed standard treatments under at least two different
treatment regimens (Table 1). As shown in Table 2 three
patients were treated at each dose level, with three additional
patients (giving a total of six) treated at the MTD, level 1V.
Starting from the second dose level severa patients received
multiple cycles of treatment that were repeated every 3 weeks.
A total of 60 cycles of treatment were administered.

The most relevant toxic effects observed were neutropenia,
thrombocytopenia and diarrhea (Table 3). Combination with
topotecan at 1.5 mg/m? (dose level V) caused aDLT in each
of the three patients studied who suffered febrile or grade 4

Table 2. Total number of patients and cycles administered

Level Topotecan dose (mg/m?)?  Patients No. of cycles
| 0.5 3 3
I 0.75 3 12
11 1 3 12
v 1.25 6 30
\ 15 3 3

Al patients also received oxaliplatin 85 mg/m? in each cycle.

neutropenia, grade 2 diarrheaand mucositis at the first cycle
of treatment (Table 3).

In the combination with topotecan, a dose of 1.25 mg/m?
was considered the MTD. At this dose level three patients
received four cycles of treatment and three received six cycles,
experiencing a moderate toxicity. Neutropenia and thrombo-
cytopenia appeared after the first cycle with an average onset
time of 7 days, while diarrhea had a comparatively early onset
occurring in thefirst week of treatment in most cases. Neutro-
peniaand diarrheawere of short duration and only afew cases
required medical support, such as G-CSF and loperamide,
respectively. Two patients who had previously received
severely myelotoxic regimens experienced grade 3 neutro-

Table 3. Toxicity according to WHO criteria

Level 117 Level lII* Level IV? Level V2

Neutropenia

Grade 3 1(18) 2(12) 7 (30) -

Grade 4 - 1(12) 1(30) 2(3)

Febrile neutropenia — - - 13
Thrombocytopenia

Grade 3 1(18) - 3(30) 2(3)

Grade 4 - - - 1(3)
Anemia

Grade 3 - - 2 (30) -

Grade 4 - - - -
Vomiting

Grade 3 - - 4 (30) 1(3

Grade 4 - - - 1(3)
Diarrhea

Grade 1 - 1(12) 7 (30) -

Grade 2 - - 1(30) 2(3)
Mucositis

Grade 1 - - 3(30) -

Grade 2 - - - 23

#Numbers refer to patients experiencing toxicity. Figuresin parenthesis
indi cate the total number of cycles administered at that dose level.



penia, thrombocytopeniaand anemia, while in only one cycle
out of 30 was grade 4 neutropenia experienced. Interestingly,
no peripheral neurotoxicity was observed in spite of the fact
that >50% of patients had previoudy received platinum agents.
In general, side effects at this dose level were manageable.
Patients receiving multiple cycles of treatment did not show
signsof cumulativetoxicity.

We obtained evidence of the clinical activity of this regi-
men, particularly in ovarian cancer, athough dl patients had
already received treatment with paclitaxel and a platinum
agent. In fact, we observed a complete response maintained
for >9 months in two stage |V ovarian cancer patients and
stabilization of diseasein two patientswith ovarian cancer and
two patients with metastatic colorectal cancer. Moreover,
most ovarian cancer patients also obtained a reduction of
serum CA 125 levelsat the lower dose levels.

Discussion

A rational approach to cancer treatment is based on the com-
bination of non-cross-resi stant agents interfering with selected
molecular targets, possibly functionally related to each other,
inorder to exploit apotential cooperativeeffect. The combina-
tion of platinum derivatives, which cause DNA damage and
can induce topoisomerase | enzyme, with specific topoiso-
merase |-selective agents might have relevant therapeutic
implications. Oxaliplatin exhibits peculiar biochemical proper-
ties, partial non-cross-resistance and a different toxicity
profile compared with cisplatin and carboplatin, which make
it a suitable candidate for combination with topoisomerase |
drugs [1]. In this regard, preclinical studies have shown that
oxaliplatin has an additive effect with SN-38, a metabolite of
irinotecan [14], and an additive or synergistic effect with
topotecan [5]. A phase| clinical study in which topotecan was
given for 5 days, starting the same day as oxaiplatin, has
demonstrated severe toxicity in a subgroup of patients [8].
Therefore, we decided to evaluate the effect of these two
agents in combination using a sequential schedule, giving
oxaliplatin on the first day and topotecan on the following
4 days. We conducted studies in apreclinical setting, in vitro
and in animal models, and in aclinical context with a phase |
tria in cancer patientsrefractory to standard treatments.

We demonstrated that oxaliplatin and topotecan used in
sequential combination cause a supra-additive inhibition of
growth in human GEO colon and OVCAR-3 ovarian cancer
cells, expecially evident with lower doses of each agent. These
effects were associated with enhancement of apoptosis and
perturbation of cell cycle distribution with increased accumula-
tion of cellsin Sand G,-M phases.

We confirmed these findings in vivo, in nude mice bearing
GEO tumor xenografts, using different doses and schedul es of
the two agents aone, then selecting the doses to be used in
combination with the same sequential schedule used in vitro.
Animalsreceived three cyclesof treatment. All mice untreated
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or treated with oxaliplatin alone were dead 5 weeks after
tumor injection. Treatment with topotecan alone caused ~60%
inhibition of growth at the end of treatment as compared with
the previous groups. However, 2 weeks following treatment
withdrawal all topotecan-treated mice were dead. Conversely,
at the same time point, animals receiving oxdiplatin and
topotecan in combination were al alive and had a tumor
volume 90% smaller than mice treated with topotecan alone.
In addition, once the tumors recovered their growth they did
not cause the death of the mice before 5 weeksfollowing treat-
ment withdrawal. No signs of acute or delayed toxicity were
observed in treated mice.

On this basis, we designed and conducted a phase | study.
We used oxaliplatin on day 1 at 85 mg/m?, a dose commonly
used and well tolerated in combination regimens [2] and
topotecan on days 2-5 at five different dose levels ranging
from 0.5 to 1.5 mg/m?. We administered 60 cycles of treat-
ment to 18 patients. The treatment regimen was generally well
tolerated and toxic effects were mainly hematol ogical (neutro-
penia and thrombocytopenia) and gastrointestinal (mucositis
and diarrhea). The DLT was attained in the combination with
topotecan at 1.5 mg/m?. Three patients affected by ovarian
cancer and three by colon cancer received atota of 30 cycles
of treatment at the MTD, with topotecan 1.25 mg/m?,
Although patients at this dose level had been pretreated with
drugs responsible for hematological toxicity and diarrhea,
they experienced only manageable side effects during the
study, with moderate bone marrow and gastrointestinal toxic-
ity, except for one case of grade 4 neutropenia. Several
patients received multiple cycles of treatment, up to six, with-
out signs of cumulative toxicity. Interestingly, we have not
observed neurotoxicity, a peculiar toxicity attributed to oxali-
platin, even in patients who had previously received platinum
derivatives and taxanes.

Both topotecan and oxdiplatin have been widely studied in
combination regimenswith different agents. Inthe majority of
studiesthe relative recommended doses have been between 85
and 100 mg/m?, onday 1, for oxaliplatin and up to 1 mg/m?for
5 days for topotecan [2, 3]. The schedule used in our study
allows the administration of approximately two-thirds of the
standard dose of topotecan as asingle agent.

Topotecan is used as a single agent to treat various types of
cancer, including ovarian cancer [3, 4]. At the standard dose
of 1.5 mg/m? it induces an average response rate of 14% in
ovarian cancer patients, varying between 12% and 20% in
those refractory or sensitive to cisplatin, respectively [4, 15].
However, in other types of cancer, such as those of the gastro-
intestinal tract, the percentage of responses is relatively poor
[16].

We obtained evidence of clinical activity of this combin-
ation regimen, particularly in ovarian cancer patients. In fact,
we observed complete responses, maintained for >9 months,
in two heavily pretreated stage IV ovarian cancer patients.
Like al the other ovarian cancer patients enrolled, both had
previoudly received paclitaxel and a platinum agent, also one
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of them had an early relapse after two different treatment regi-
mens. Two other ovarian patients obtained a stabilization of
the disease, while the majority of them experienced a reduc-
tion of serum CA 125 levels, even at thelower doselevels. We
have al so reported a stabilization of the diseasein two patients
with metastatic colorectal cancer.

For these reasons our results are encouraging and support
further exploration of such a combination regimen in a phase
1 study at the recommended doses of oxaliplatin 85 mg/nf on
day 1 and topotecan 1.25 mg/m? on days 2-5, in early relapsed
or refractory ovarian cancer patients.
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