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9-nitrocamptothecin (9NC) is a water-insoluble topoisome-
rase | inhibitor with a broad antitumor activity in animal
models. To determine the maximum tolerated oral dose
(MTD), a phase | study was performed in patients with
advanced cancer refractory to conventional chemotherapy.
9NC was administered orally with escalating doses to
cohorts of five patients beginning at 1 mg/m?day for five
consecutive days every week for 4 weeks. Increments were
0.5 mg/m?/day for each cohort. Toxicity was evaluated in 28
patients diagnosed with various malignancies. Seven pa-
tients received 1 mg/m?/day for 28 weeks; 10 patients,
1.5 mg/m*/day for 68 weeks; and 26 patients, 2 mg/m?/day
for 159 weeks. At 1.5 mg/m%day or higher, the dose-limiting
toxicity was hematologic, with grade 4 anemia in eight (29%);
neutropenia in seven (25%) and thrombocytopenia in five
(18%). Grade 2 or higher toxic effects occurred at each dose
level: nausea and vomiting in 15 (54%), diarrhea in nine
(32%), chemical cystitis in seven (25%), neutropenic sepsis
in six (21%) and weight loss in five (18%) (N=28). Responses
were observed after 2-8 weeks of therapy in five patients
with pancreatic, breast, ovarian and hematologic tumors.
Fourteen patients had a disease stabilization and one patient
received treatment up to 18 months. The MTD of 9NC given
orally has been estimated at 1.5 mg/m%day for five con-
secutive days weekly. 9NC may be tolerated for sustained
periods of time, but has the potential for significant
hematologic, gastrointestinal and urinary bladder toxicity.
Significant antitumor activity was observed, warranting
further clinical investigations. [« 1998 Rapid Science Ltd.]
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Introduction

The topoisomerase 1 (topo I) enzyme is a monomeric
nuclear protein of 100 kDa, that is necessary for DNA
replication and transcription. The binding of topo I to
the DNA forms a non-cleavable topo I-DNA complex
that induces single-strand breaks that are essential for
DNA relaxation, with subsequent rc:ligation.l
Camptothecin, a natural alkaloid extracted from
the leaves and fruits of Camptotheca acuminata, is
a pentacyclic molecular structure related to the
indole alkaloids (Figure 1).> Unique features include
an a-hydroxylactone system in ring E and a pyridone
moiety in ring D. The pentacyclic structure (ring C)
is highly unsaturated.®* Camptothecin has only one
asymetric carbon, C20, that is essential for its
activity. The naturally existing form, 20S, inhibits
the topo I-DNA complex in a reversible manner.*
The 20R stereoisomer is inactive.>”’ Camptothecin
stabilizes this topo [-DNA complex. While DNA
single-strand breaks are induced, DNA religation is
inhibited. This interference in the replication process
leads eventually to cell death because nucleases can
attack the exposed uncoiled strands of DNA.? The
antitumor activity is also dependent on tumor cell
characteristics. Cells in the S phase are about 1000
times more sensitive to the cytotoxic effect of the
topo I inhibitors than are cells in other phases of the
cell cycle.”!® The cytotoxic effect depends on the
activity of polymerase «, which is predominent in
the S phase. Experiments with aphidicolin, an
inhibitor of polymerases a and 7y, have confirmed
these observations.'! The topo I inhibitors induce
apoptosis in DNA-replicating cells.'* However, in the
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Figure 1. Structure of the camptothecin derivatives.

absence of DNA replication, inhibition of the topo I-
DNA complex will be reversible.

The intact lactone form (closed E ring) is probably
responsible for the antineoplastic activity. The carbox-
ylate form (open E ring) has little antitumor activity
and is toxic to normal cells.'® The lactone ring is
hydrolyzed to the carboxylate form in vivo under
neutral or basic conditions.>'*'3 Hydrolysis is accel-
erated by the presence of serum albumin.'*"'® The
carboxylate form of camptothecin binds preferentially
to human albumin. This binding shifts the equilibrium
from the lactone form to the carboxylate form.

Derivatives of camptothecin include the water-
soluble compounds, topotecan and irinotecan, and
the water-insoluble compounds, camptothecin and
9-aminocamptothecin  (9AC). 9-Nitrocamptothecin
(ONC) has a nitro radical in the 9 position and is
water insoluble. Pharmacology studies have shown
that 9NC is partially metabolized in vivo into 9AC."" In
human tumors xenografted in nude mice: (i) the
antitumor activity of 9NC is superior to the activity of
the watersoluble compounds;'®' and (ii) the daily
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intragastric administration vyields results similar to
continuous infusion and is clearly superior to daily
i.v. bolus administration. Mouse plasma levels of 9NC
showed a good enteric absorption with 60% of the
drug in lactone form. Because of this high antitumor
activity of 9NC seen in animal models, a phase I study
was done in patients with advanced tumors refractory
to conventional chemotherapy. Oral administration
was chosen because the compound is water insoluble.
Based on the previous study of camptothecin,®” the
starting dose was 25% of the maximum tolerated dose
(MTD) in dogs.

Patients and methods
Patients

Patients were eligible for this phase I study if they met
the following criteria: (i) a histologically confirmed
diagnosis of cancer refractory to conventional therapy,
(i) a performance status of 3 or less on the Zubrod
scale, (iii) a measurable or evaluable tumor and
documented progression within 2 months before
entry into the study, (iv) a neutrophil count above
1.5 % 10%/1, a platelet count above 100 x 10%/1, a serum
creatinine level below 2 mg/dl, and a serum bilirubin
level below 2 mg/dl, and (v) a signed informed
consent. All patients had to have recovered from any
toxic effects from previous treatments and could not
have a non-neoplastic pre-existing condition of clinical
significance. Patients were excluded if they had had
prior radiotherapy or chemotherapy within 4 weeks
before treatment (6 weeks for nitrosoureas and/or
mitomycin), symptomatic brain metastases and other
malignancies (except for those who had in situ
carcinoma of the cervix uteri who underwent cone
biopsy, or who had received adequate treatment for
basal or squamous cell carcinoma of the skin).

Before entry, a complete medical history was
recorded and a physical examination done. Perfor-
mance status was noted and lesions measured. A
complete blood cell (CBC) count, blood chemistries
and a urine analysis were performed. Chest X-ray and
other studies were done as needed and repeated every
6-12 weeks. Weekly CBC counts were done. Every 4
weeks, a clinical examination, and blood and urine
chemistry surveys were required.

9NC formulation

9NC is manufactured at The Stehlin Foundation for
Cancer Research according to FDA regulations. It is a
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yellow opaque crystalline powder that is stable for 2
months at room temperature (25 C). It is water
insoluble. The powder is encapsulated in color-coded
gelatin capsules of either 1 or 0.25 mg by a registered
pharmacist. The purity is greater than 99% as
measured by HPLC.

Treatment plan

INC was administered orally for five consecutive days
every week for 4 weeks. Y9NC was ingested on an
empty stomach with a glass of citrus fruit juice. One
course was defined as 4 weeks of therapy. The starting
dose was 1 mg/m?/day. The daily dose was rounded to
the nearest 0.25 mg. A cohort of five patients was
treated at each dose level (a total exposure to ONC of
20 weeks). The dose was escalated by 0.5 mg/m°/day
if the cohort was not affected by grade 2 or higher
toxic effects after 4 weeks. Each patient could also be
dose escalated if no toxicity was observed during the
first 4 weeks of treatment. For any grade 3 or higher
hematologic and gastrointestinal (except stomatitis) or
grade 2 or higher toxic effects, the drug administration
was withheld until complete recovery. Granulocyte-
colony stimulating factor (G-CSF) could not be used
during the first 4 weeks on treatment. Symptomatolo-
gic treatment was used to treat gastrointestinal side
effects. After the completion of this phase I, treatment
could be continued for a maximum of 2 years or as
long as it benefited the patient. Afterwards, if the
patient benefited from 9NC administration and was
kept on therapy, G-CSF could be used for neutropenic
episodes according to the recommendations of the
American Society of Clinical Oncology,”’ but not
concomitantly with 9NC. Dose modifications were
allowed in this part of the study. The drug was held as
described above, until full recovery of all side effects.
For hematologic side effects, the dose was decreased
by one level if recovery occured in less than 2 weeks
and by two levels if recovery occured in more than 2
weeks. For gastrointestinal side effects, the days of
administration were reduced to 4 days per week
instead of 5 days.

Assessment of toxicity and response

All adverse events were recorded and graded according
to the NCI Common Toxicity Criteria. Secondarily, the
response was assessed according to the World Health
Organization rules if a minimum of 8 weeks of treatment
had been administered.?? Development of an effusion
was considered as progressive disease if substantiated
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by positive cytologic findings. Occurrence of brain
metastases, even in the absence of other signs of
progression, was considered as progressive disease.

Criteria for dose-limiting toxicity and MTD

Dose-limiting toxicity was defined as the dose that
caused a grade 4 hematologic toxic effect or grade 3 or
higher non-hematologic toxic effects. MTD  was
defined as the dose level that preceded the dose for
which two or less of five patients experienced a dose-
limiting toxic effect.

Measurement of 9NC serum levels

Heparinized blood samples were obtained before 9NC
administration and at 30 min, and 1, 2, 4 and 6 h after
9NC ingestion. The samples were immediately cen-
trifuged at 6000 g for 30s. Waters C-8 Sep-Pak
columns preconditioned by vacuuming with methanol
and water were used for 9NC lactone extraction. Two
hundred microliters of plasma were passed through
the column and the carboxylate form was removed
with a water:methanol solvent. The lactone was then
cluted with an acetonitrile:methanol solvent. The total
amount of Y9NC was measured from 100 ul of plasma
acidified by ammonium formate (pH 2). The total drug
was cluted as described above with an acetonitrile:
methanol solvent. 9NC was then converted to 9AC,
which is fluorescent. Fluorescence was measured by
spectrophotometry and compared with a known 9NC
plasma standard.

Results
Patient characteristics

Twenty-cight patients with metastatic cancer refrac-
tory to conventional therapy were diagnosed with the
following tumors: eight ovarian cancers, five breast
cancers, five cervical cancers, three pancreatic cancers
and seven other cancers. The median age was 47 years
(range 25-69 years). The median Zubrod performance
status was 1 (range 0-3). Patient characteristics are
summarized in Table 1.

Initial treatments

Five patients received a starting dose of 1 mg/m°/day
for 4 weeks, five patients (two of them had received



1 mg/m?/day of 9NC for 4 weeks without any toxicity)
received a dose of 1.5 mg/m°/day for 4 weeks and five
other patients received a dose of 2 mg/m?%/day for 4
weeks (Table 2). Because of the activity noted in two
patients, this phase I study was extended on a
compassionate basis and 15 more patients received
2 mg/m?/day as the initial dose.

All treatments

A dose of 1 mg/m?/day for 5 days each week was
administered for a total of 59 weeks to seven patients

Table 1. Patient characteristics (N=28)

Median age (range)

Zubrod performance status
0 8

1 14
1

5

47 (25-69)

2
3

Tumor primary
epithelial ovarian cancer
breast cancer
cervical carcinoma
pancreatic cancer
colon cancer
acute myelogenous leukemia
prostate cancer
endometrial carcinoma
non-small cell lung cancer
basal cell carcinoma

— ek -k - = NWONOT OO

Number of patients who had prior treatments
chemotherapy
hormonotherapy 6
immunotherapy 2
radiotherapy 14
surgery 23

N
w
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(Table 3). None of the five patients who started at
1 mg/m?/day had adverse events. In three patients
(one of them had started at 1 mg/m?%/day, and was
then successively increased to 1.5 and then to 2 mg/
mz/day before dose reduction), this dose was the
result of a dose reduction because of toxicity at higher
doses. These three patients also had their treatment
withheld (while on 1 mg/mz/day) for a total of 7
weeks until side effects resolved.

A dose of 1.5 mg/m?/day for 5 days each week was
given to 10 patients for a total of 68 weeks (median
per patient, 4 weeks; range 2-26* weeks). In three
patients, this dose was the result of a dose reduction
because of toxicity. In one of these patients, another
dose reduction to 1 mg/m?/day was necessary. 9NC
was withheld for a total of 8 weeks (12% of time) in
three patients because of the appearance of hemato-
logic side effects (Table 3).

A dose of 2 mg/m®/day for 5 days each week was
given to 26 patients for a total of 159 weeks (median
per patient, 5 weeks; range 2-21+ weeks). In 20
patients, this was the initial treatment. In six patients,
it was the result of a dose increase. The treatment was
withheld for 31 weeks (19% of time) in 12 patients.

Table 2. Initial treatment

INC No. of  No. of weeks  No. of weeks
(mg/mz/day x5 patients on treatment treatment held
q week)

1.0 5 21 0

1.5 58 20 0

20 5 20 4 (20%)°

“Two patients were increased from 1 to 1.5 mg/m? and tolerated the
dose increase well.

PAll patients entered at 2 mg/m?/day had never received 9NC before.
Treatment was held for 1 week in two patients and for 2 weeks in
another patient.

Table 3. Length of treatment and number of dose modification

Dose Initial No. of Dose Dose Treatment No. of No. of
[(mg/m?/day (no. days/week))] dose patients  increase® reduction® discontinuation weeks on  weeks
(no. of at this (no. of (no. of  (No. of patients) treatment  held for
patients) dose® patients)  patients) toxicity
(%)
1 (5) 5 7 6 0 0 28 7 (25)
1.5 (5) 5 10 6 1 0 68 8(12)
1.75 (5) 0 2 0 0 1 11 4
2.0 (5) 5+15 26 2 1 6 159 31 (19)
2.25(5) 0 2 0] 0 0 14 0
Any (4) 0 9 1 1 0 13 0

2This is the total number of patients who received the indicated dose, at any time during the study, either as the initial dose or as a result of

dose modification.
bEach patient may have had more than one dose modification.
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The dose was raised to 2.25 mg/m°/day in two
patients and reduced because of toxicity in 11
patients. Drug administration was discontinued be-
cause of toxicity in six patients. Hence, at 2 mg/mz/
day, a total of 17 patients (65%) had a dose change
related to treatment side effects. However, 35% of
patients tolerated this dose level (Table 3).

Patients who benefited from the treatment were
treated until disease progressed. However, the appear-
ance of toxic effects prompted dose reductions which
were achieved in two ways as described above: (i)
reduction of the dose per meter squared per day, with
treatment given for five consecutive days each week
(seven patients) and (ii) maintenance of the daily dose
intensity for four consecutive days per week (seven
patients). A combination of both reduction methods
was used in four patients because an additional dose
reduction was necessary. These modifications were
required later during the study, and were individua-
lized for each patient to account for tumoral growth
stabilization and patient tolerance to the drug.

Toxicity—initial treatments

At doses of 1 and 1.5 mg/mz/day, ONC could be
administered for 4 weeks without significant side
effects. At 2 mg/m°/day, two patients tolerated 4
weeks of treatment without side effects; after 2 weeks
of 9NC administration, one patient developed grade 4
neutropenia and thrombocytopenia which lasted 10
and 15 days, respectively; after 3 weeks of 9NC
administration, one patient developed a grade 3
anemia which lasted 2 days, and another patient grade
3 neutropenia and thrombocytopenia which lasted 5
and 2 days, respectively.

Toxicity—all treatments

All patients could be evaluated for toxicity. No dose-
limiting toxicity was observed at less than 1.5 mg/mz/

Table 4. Hematologic toxicity

day (Table 4). The main toxicity was hematologic,
with 29, 25 and 18% of patients manifesting grade 4
anemia, neutropenia and thrombopenia, respectively.
Except for one patient in whom anemia and neutro-
penia  simultaneously developed at 1.5 mg/m®/day
(this patient had previously been treated with
extensive pelvic radiotherapy), all these patients had
been treated at 2 mg/m*/day. Six episodes (23%) of
neutropenic sepsis were observed in patients treated
at 2 mg/m’/day. Similarly, most grade 3 non-hemato-
logic dose-limiting toxic effects occurred at 2 mg/m?/
day, and included nausea and vomiting (18%), diarrhea
(14%), and chemical cystitis with gross hematuria
(14%) (Table 4). Two cases each of grade 3 hemor-
rhagic chemical cystitis occurred at doses of 1.5 and
2 mg/m*/day at weeks 7, 15, 23 and 30 of treatment,
and were preceded by minor urinary complaints (but
no hematuria) for 2, 7, 9 and 4 weeks, respectively. A
bladder biopsy was performed in one patient. The
pathologic examination was consistent with an acute
hemorrhagic cystitis of chemical origin.

One patient with a very bulky ovarian cancer died of
undetermined cause while still in remission after 8
weeks of treatment. She probably had an internal
hemorrhage causing hypovolemic shock and death
before any surgical intervention could be attempted.
Authorization for autopsy was not granted. A relation-
ship between her death and 9NC is possible, but not
probable.

Overall, grade 2 or higher toxic effects were
observed at each dose level and are listed in Table 5.
Nausea and vomiting, and diarrhea were experienced
by 54 and 32% of patients, respectively, and were
observed commonly at 1.5 and 2 mg/m’/day. The
nausea was prominent especially on the fifth weekly
day of treatment, and accompanied with anorexia and
weight loss in 18% of patients (1-11 kg; median 4 kg).
Grade 2 or higher chemical cystitis occurred in 25% of
patients. Fifteen patients complained of a burning
sensation on urination, but only 10 had hematuria
(three grade 1, three grade 2 and four grade 3).
Alopecia was seen only in patients who experienced

Dose level Total no. of Neutropenia Thrombocytopenia Anemia
(mg/m®/day) patients (WHO grade) (WHO grade) (WHO grade)

2 3 4 2 3 4 2 3 4
1 7 1 0 0 0 1 0 0 3 0
1.5 10 3 0 1 0 1 0 1 1 1
2 26 3 5 6 2 5 5 4 10 7
225 2 0 0 0 0 0 0 0 1 0
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grade 4 neutropenia. Other observed toxic effects
included minor eczematoid skin changes on the hands
and hemorrhagic colitis with guaiac positive stools. A
colonoscopy showed punctiform ulcerations. No
biopsy was done. These ulcerations resolved in 2 days
after discontinuation of therapy.

Response

One complete response (CR) was observed by
abdominal CT scan in a patient with pancreatic cancer
treated at a dose of 1.0 mg/m°/day. The main lesion
was the primary tumor. The onset of partial response
(PR) was seen after 8 weeks of therapy and the onset
of CR after 21 weeks. The patient has remained on
treatment for 12 months. 9NC was then discontinued
and the patient has remained free of clinical disease
until today, more than 5 months after the end of the
treatment. Four PRs were observed in two patients
with ovarian carcinoma treated at 2 mg/mz/day (one
patient had a greater than 50% decrease in the size of
the abdominal mass by CT scan with a 90% decrease of
serum CA-125, and the other patient had a 50%
decrease of the abdominal mass by physical examina-
tion and a 50% decrease of CA-125), one patient with
acute myelogenous leukemia treated at 2 mg/m°/day
(normalization of peripheral blood counts) and one
patient with breast cancer treated at 1 then 1.5 mg/
m’/day (disappearance of all but one skin lesion
around the mastectomy scar, which was the sole site
of recurrence). The onset of response was observed at
2 and 5 weeks for the ovarian cancers, at 3 weeks for
the acute myelogenous leukemia, and at 4 weeks for
the breast cancer. The patient with acute myelogenous
leukemia had a hematologic remission for 2 months
but relapsed when the treatment was discontinued
because of chemical cystitis. One ovarian cancer
patient died of undetermined cause while in remission,
and the other ovarian cancer patient was maintained
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on therapy for 9 months with partial remission and
died of a non-neutropenic septic shock with a Gram-
negative organism. Her death was felt to be unrelated
to 9NC treatment. The breast cancer patient remained
on therapy for more than 8 months. Fourteen patients
had a minor response or stable disease while on
treatment. Of these, seven patients remain on therapy
3-12 months later. Disease progressed in six patients
while on therapy. Three patients are inevaluable for
response.

Pharmacokinetics

Fourteen patients had plasma levels of total drug and
lactone form measured by HPLC on the first day of
9NC administration. Time points at which drug plasma
levels were measured allow a very preliminary
evaluation of the pharmacology profile. (A long-term
pharmacology study is currently ongoing in association
with a phase II study.) Four patients had levels
remeasured after 8, 18, 34 and 45 days of continuous
administration of 9NC and four patients had levels
measured for the first time while on treatment at days
8, 21, 28 or 56 (Table 6). On the first day of treatment,
the median peak level (Cyax) of the lactone form,
occurred at a median of 1 h (range 0.5-6h) and was
15.5 ng/ml (range 2.8-70 ng/ml). The median Cy,x of
the total drug occurred at a median of 4 h (range 2-
6 h) and was 111 ng/ml (range 6.4-517 ng/ml). The
mean percentage of the area under the curve (AUC)
(truncated at 6 h) of the lactone form versus the AUC
of the total drug was 14.7% (SD=14.3). Plasma levels of
9NC measured in patients on treatment (days 8-56)
were similar to those observed in naive patients, with a
median peak level of lactone of 10 ng/ml (range 1.8-
74 ng/ml). There is at least a second peak around 6-
8 h after drug administration that may be related to an
enterohepatic cycle. This observation has been con-
firmed in the long-term pharmacology study currently

Table 5. Number of patients presenting with grade 2 or higher non-hematologic toxicity

Dose (mg/m?/day) WHO grade 2 WHO grade 3
1.5 2 225 1.5 2 225

Nausea and vomiting 3 5 2 0 5 0
Diarrhea 1 4 0 1 3 0
Weight loss 2 3 0 0 0 0
Chemical cystitis 0 3 0 2 2 0
Colitis 0 2 0 0 0 0
Dermmatitis 0 0 0 0 0 0
Total no. of patients 10 26 2 10 26 2
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Table 6. Plasma drug levels

Patient Day of 9NC dose Crnax Crnaxypy me AUC  actone/
pharmacology (mg/m?/day) (ng/ml) (ng/mi) AUCroal ane
time (h)] [time (h)] (%)
1 1 1 17 [0.5] 131 [4] 58
2 1 1 2.8 6] 58 [6] 38
3 1 1 281 37 [2] 36
4 1 1 3.3[1] 227 [2) 7.9
5 1 1 3.5[6) 6.4 [2] 57.8
6 1 2 70 [2) 517 [6] 16.4
7 1 2 16 [1] 301 [4] 28
8 1 2 14 [1] 251 [4] 5.6
9 1 2 15.5 [1] 111 (4] 12.1
10 1 2 13 [3] 73 [3] 21
11 1 2 55 [2] 55.8 [4] 8.4
12 1 2 15 [0.5] 53 [6] 13
13 1 2 6.3 [0.5] 34.3 [4] 14
14 1 2 82 26 [4] 33
2 18 1 1.8 [5] 74.6 [4] 26
6 34 1 492 106 [6] 47
3 45 15 13.8 (8] 170 [8] 5.7
6 8 2 74 [4] 209 [4] 336
15 8 2 12 2] 78 [6] 10.6
16 21 2 9[1] 128 [2] 5.2
17 28 2 10 [1] 160 [4] 3.75
18 56 2.25 8.1[2] 50 [4] 17

under investigation.”® The pharmacokinetics of INC
appear to be non-linear.

Discussion

Phase I trials of chemotherapy agents administered
orally are extraordinarily difficult to implement for
various reasons, especially if the compound demon-
strates anticancer activity. One complete and four
partial responses were observed after treatment with
9ONC in patients with refractory cancers. More
interestingly, half of the patients had either a minor
remission or stabilization of their tumor during
therapy. Prolonged stabilization of disease has also
been observed with other derivatives of camptothe-
cin. Topotecan has been active against various
refractory tumors>*** and prolonged exposure seems
to increase the response rate.’® An oral form is
currently under study. The bioavailability of an oral
dose of topotecan is 32%.%” The equilibrium between
carboxylate and lactone forms is maintained after oral
administration.”” The main toxic effect of topotecan
is neutropenia.?’ Irinotecan also has a wide range of
antitumor activity’™*' The dose-limiting toxic effects
are either neutropenia or diarrhea, which are not
directly related to plasma drug concentration. %
Irinotecan is not yet available in an oral form for
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clinical use. Intravenous formulations of topotecan
and irinotecan are commercially available. Camp-
tothecin and 9AC have both been studied in phase I
trials. 24435 Camptothecin administered orally in-
duced some remission in refractory tumors.”’ The
main side effects observed with both compounds
were hematological for 9AC and gastrointestinal for
camptothecin (32% diarrhea). Hemorrhagic cystitis
occurred in 20% of patients treated with camptothe-
cin. No clinical responses were observed with a 72 h
continuous i.v. infusion of 9AC.>' However, in a
phase I study of protracted i.v. administration,
antitumor activity was observed.®® Further studies of
9AC are ongoing.

One-third of patients treated with 2 mg/m?%/day of
9NC experienced a dose-limiting toxicity. Toxic effects
of clinical importance included neutropenia, anemia,
thrombocytopenia, hemorrhagic cystitis and gastro-
intestinal toxicity (mainly nausea and anorexia, and
less frequently vomiting, diarrhea and weight loss).
Weight loss was associated with severe anorexia and
nausea secondary to treatment. Except for gastro-
intestinal intolerance, grade 2 toxic effects progressed
in severity if treatment was not interrupted. Anemia
was managed by transfusion of blood products. G-CSF
was used for neutropenic episodes while treatment
was held. The appearance of a grade 2 thrombocyto-
penia prompted treatment interruption until complete



hematologic recovery. Hemorrhagic cystitis was worri-
some and led to treatment discontinuation in two
patients. Preliminary urine analyses showed that about
half the drug is excreted over the first 24 h and that
the lactone form is present as 50% of the total drug
amount. Whether the lactone form or a metabolite(s)
of 9NC is responsible for these symptoms is not clear.
Cystitis may be the result of a cumulative chemical
toxicity. We were able to resume 9NC administration
in patients who had developed cystitis by increasing
their daily fluid intake to a minimum of 3 l/day. The
occurrence of toxic effects prompted interruption of
the continuous administration, often causing a quick
reversal of the observed tumor growth inhibition.

To prove that the drug was absorbed orally, plasma
levels were measured in volunteering patients; how-
ever, the pharmacokinetic data obtained are very
preliminary. There seems to be two or three peaks of
drug in plasma after oral ingestion of one dose of 9NC,
suggesting the existence of an enterohepatic cycle.
Further studies of 9NC pharmacokinetics are ongoing.
No direct correlation of pharmacologic parameters
could be made with toxicity or response to 9NC and
interpatient variability was significant. These findings
are similar to those observed in different trials of other
camptothecin derivatives.***” In particular, no correla-
tion could be established between a steady-state
concentration of CPT-11 or topotecan and response
rate. Interpatient variability was observed with 9AC,
which is also water insoluble.>* 9NC is mainly bound
to protein in the plasma.'® Furthermore, because of
the lipophilic nature of 9NC, the compound is retained
intracellularly, especially in red blood cells (data not
shown). This intracellular pool of 9NC constitutes a
reserve of drug, that is slowly released into the
plasma.*® This phenomenon may also contribute to
the toxicity of 9NC.* Therefore, the biological activity
of 9NC may depend on factors other than drug plasma
concentration.

Conclusion

Because of the antitumor activity observed in this trial,
further studies of 9NC are warranted. The hematologic
toxicity is predictable and measurable. However, the
non-hematologic toxicities, particularly the gastro-
intestinal toxic effects, need further clarification. More
clinical research is needed to understand the pharma-
cology and pharmacodynamics of this class of drugs.
This information may help improve the therapeutic
index. Alternative schedules of continuous exposure
to 9INC need to be explored further. The data from this
tral indicate that 1.5 mg/m?/day given for five

Phase I study of oral 9-nitrocamptotbecin

consecutive days each week is the MTD in previously
treated patients. We recommend that this dose be
used in future phase II trials. A provision for dose
increase after 4 weeks of therapy may be considered if
no toxic effects are encountered at this starting level.
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