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Topotecan (SK&F 104864) is a novel antitumor agent
whose mechanism of action is inhibition of the DNA
unwinding protein topoisomerase I. An analog of camp-
tothecin, topotecan was designed to be more water sol-
uble in an effort to decrease the severe and sporadic
toxicities experienced during phase I/l trials of the parent
compound. In this phase | clinical and pharmacological
trial, topotecan was given as a bolus intravenous (i.v.)
infusion over 30 min every 21 days. A total of 42 patients
entered the study, receiving doses ranging from 2.5 to
22.5 mg/m% The maximum tolerated dose (MTD) of to-
potecan given in this schedule was 22.5 mg/m?% Myelo-
suppression, primarily neutropenia, was dose-limiting.
The extent of prior therapy did not predict for more severe
neutropenia. Non-hematologic toxicities were mild and
included low-grade to moderate fever, nausea, vomiting,
alopecia, diarrhea and skin rashes. There were no objec-
tive partial or complete responses, although there was a
suggestion of antitumor activity in three patients. Topote-
can undergoes pH-dependent hydrolysis of the lactone
ring; only the closed, lactone form is active. The lactone
form predominated during infusion, with hydrolysis oc-
curring rapidly following the end of infusion. There were
linear relationships between dose administered and peak
plasma lactone concentrations as well as AUC lactone to

Supported by a grant from SmithKline Beecham Pharmaceuticals and
by NIH training grant CA-094343, NTH grant RR-01346 and by the
VA Research Service. The opinions expressed in this article are solely
those of the authors and not necessarily those of anv Government

agency.

A Corresponding Author

C 1992 Rapid Communications of Oxford Lid

AUC total. The lactone was rapidly cleared from plasma
with a total body clearance of 25.7 (+6.7) I/h/m2 The
plasma lactone concentration declined rapidly with a
harmonic mean terminal half-life of 3.4 ( +1.1) h. Lactone
hydrolysis and renal excretion were the major routes of
elimination. Topotecan given as an i.v. bolus every 21
days proved to be a well-tolerated drug with primarily
hematological toxicity.

Key words:Pharmacokinetic study, phase | trial, topoiso-
merase | inhibitor, topotecan.

Introduction

The DNA topoisomerases are enzymes which relax
supercoiled DNA by transiently breaking either one
or two strands of the double helix, which allows
sufficient uncoiling so that replication and transcrip-
tion can proceed. Two types of topoisomerases are
found in all eukaryotic cells: type I topoisomerase
(Topo I), which produces single-strand breaks, and
type II topoisomerase (Topo II), which produces
double-strand breaks. Together, they facilitate re-
laxation and uncoiling of DNA supercoils by enab-
ling cleavage and then rejoining of the DNA helix
during replication and RNA transcription. By co-
valently binding to DNA, the enzymes form a
‘cleavable complex’ which spans the nick but allows
relative rotation of the broken ends of DNA. The
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break is then resealed after the free strand (or
strands) have passed.’” In view of their intimate
association with DNA replication, Topo I and I1 are
attractive targets for anticancer agents. It is now
known that Topo II is the target for such diverse
drugs as the anthracyclines, anthracenediones, am-
sacrine, actinomycin D, and the epipodophyllotox-
ins, etoposide and teniposide.'* Topo I inhibition
is currently the focus of much attention.

The plant alkaloid camptothecin, a product of the
Asian tree Camptotheca acuminata, was screened in
the 1960s and found to have antitumor activity in
in vitro assays.>® However, hematological, gastro-
intestinal and urinary bladder toxicities were found
to be severe and unpredictable during phase 1 and
IT trials. Despite objective responses in patients
with colorectal cancer, non-small cell lung cancer,
gastric cancer, melanoma and acute non-lymphocy-
tic leukemia, its development was abandoned.” "
When camptothecin was found to be a specific
inhibitor of Topo I,'"'* interest was sparked to
investigate less toxic analogs.

Due to the insolubility of camptothecin lactone,
the drug used in the initial clinical trials (NSC
100880) was the sodium salt of camptothecin, which
was inactive unless in an acid pH environment
where the lactone form was reconstituted. Topote-
can (SK&F 104864), (5)-9-dimethylaminomethyl-
10-hydroxycamptothecin hydrochloride, is a semi-
synthetic analog of camptothecin with improved
water solubility (Figure 1).'*" It incorporates a
stable basic side chain at the 9-position of the A-ring
of 10-hydroxycamptothecin, which provides water
solubility at acidic pH without requiring hydrolysis
of the E-ring lactone. In addition, it has much
reduced binding to plasma proteins. Greater than
99% of camptothecin is bound to human plasma
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Figure 1. Structures of camptothecin and topotecan (SK&F
104864).
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proteins. "'® Topotecan binding to plasma proteins
varies somewhat between species, but in humans
the percent bound (mean +SD) is 21.32 + 1.62."
The water solubility and diminished protein bind-
ing are felt to lessen the risk of cystitis. Topotecan
is known to undergo pH-dependent hydrolysis of
the E-ring lactone; only the closed lactone form of
the drug is active.'*'> At pH levels below 7.0, the
closed form of topotecan predominates. At pH 6.0,
for example, the lactone accounts for more than
80% of the total compound.

Topo I inhibitors cause cytotoxicity by interfer-
ing with enzyme function. Therefore, their activity
is proportional to the amount of enzyme present in
target tissues. Unlike Topo 1I, whose level varies
during the cell cycle, the amount of Topo I appears
to remain constant across the cell cycle.'® However,
Topo I inhibitors are highly cell-cycle specific. Cells
in S phase are 1000-fold more sensitive to camp-
tothecin than cells in G, or G,, when the exposure
time is brief.'”* Recently, assays for Topo 1 in
surgical specimens from patients with colon cancer
have shown an elevated level (up to 14- to 16-fold)
compared with adjacent normal colonic mucosa.?!
This finding suggests a possibility of an improved
therapeutic index beyond that afforded by the activ-
ity predicted against proliferating tissues.

Topotecan is active against a variety of tumors
in animal models.?? It is highly effective against
murine leukemias and such chemorefractory tumors
as colon carcinomas 38 and 51, Lewis lung catcino-
ma, and B16 melanoma. After toxicology studies
demonstrated acceptable toxicity in animals (revers-
ible, dose-related toxicity to proliferating tissues
such as bone marrow and gastrointestinal epitheli-
um), topotecan advanced to phase I trials.” We
describe the phase I experience with topotecan
given as an intravenous (i.v.) bolus over 30 min
every 21 days.

Materials and methods
Patient Selection

All patients had a microscopically confirmed diag-
nosis of metastatic solid tumors refractory to all
known forms of effective therapy, a SWOG perfor-
mance status of 2 or less and an anticipated life
expectancy of at least 12 weeks. Additional elig-
ibility criteria included: white blood cell count of
at least 3000 cells/ul (granulocytes greater than
or equal to 1500 cells/ul), platelets greater than
100 000/ul, hemoglobin greater than 10 g/dl, serum
creatinine 1.5 mg/dl or less and bilirubin 1.5 mg/dl



or less. Patients with a prior history of hemorrhagic
cystitis, prior pelvic irradiation or urinalysis indicat-
ing greater than five red blood cells per high power
field on microscopic examination were excluded.
Patients must have been off previous anticancer
therapy for at least 3 weeks (6 weeks if a nitrosourea
or mitomycin C were used). All patients signed
informed consent documents approved by the In-
stitutional Review Board of the treating institution.

Study design

A minimum of three patients were treated at each
dose level of topotecan. Once WHO grade 2 or
greater toxicity was observed, additional patients
were treated to further define the nature and sever-
ity of the toxicity before progressing to the next
dose level. Patients who tolerated topetocan with-
out serious toxicity continued to receive the drug
without dose escalations or reductions as long as
their tumor remained stable or decreased in size.
Patients with evidence of tumor progression wete
removed from study. Patients experiencing severe
or life-threatening toxicity, defined as WHO grade
4 hematologic or grade 3 non-hematologic toxicity,
were removed from study unless tumor response
status or extenuating concomitant medical condi-
tions allowed for individual decisions regarding
continuation on study.

Drug administration

Topotecan was supplied in 2ml (5 mg base/ml)
ampules as a solution with 0.1 M gluconate bufter
at pH 3.0. The drug was diluted in 100 ml of normal
saline (pH 5.6, range 4.5-7.0) and administered i.v.
via an infusion pump over 30 min. In mice the LDy,
was 74.9 mg/m’. However, when the compound
was tested in dogs at 0.1 MELD,,,, marked leukope-
nia occurred. Therefore, the starting dose in this
phase I clinical trial was 2.5 mg/m?, which was 1/30
the MELD,, in mice. Subsequent doses were esca-
lated using a modified Fibonacci scheme. All pa-
tients were hospitalized for at least 24 h after receiv-
ing their first dose of topotecan. Subsequent doses
were given in the outpatient clinic. Patients re-
turned weekly for physictan visits to record history
and phyvsical examinations. Chemistry profiles, he-
mograms, urinalyses and stool specimens for occult
bleeding were checked weekly. Chest X-rays and
electrocardiograms were repeated prior to each
cvcle and tumor measurements were performed
every two cvcles.

Phase I trial of topotecan

Blood sampling and urine collections

Blood and urine specimens for pharmacokinetic
studies were obtained from 17 patients during their
first course of treatment. Urine samples were col-
lected at baseline and every 6 h for 12 h then every
12 h up to 48 h and stored at —20°C until analysis.
Blood samples were collected prior to drug admin-
istration, midway through the 30 min infusion, at
the end of infusion, and 5, 15, 30 min and 1, 2,
3, 4, 6, 8, 12, 16 and 24 h post-infusion. The
blood samples were immediately centrifuged at
5000 r.p.m. for 3 min and the plasma immediately
subjected to solid phase extraction.

Sample preparation

Plasma or bile extraction of topotecan was accom-
plished by adding 1 ml of 0.1 M NH,PO,:1 mM
dioctylsulfosuccinate buffer (pH 6.5) to 0.5 ml of
plasma spiked with a structurally related analog,
SKF105107 ([S)]-9-morpholinomethyl-10-hydroxy-
camptothecin). The mixture was vortexed and
applied to a pre-conditioned C;3 solid phase
extraction cartridge (Fisher PrepSep). The sample
cartridges were pre-conditioned with 2ml of
HPLC grade methanol followed by 1 ml of 0.01 M
NaPO,, pH 6.3, then by 1 ml of the 0.1 M NH,PO,
buffer. Immediately following the addition of the
sample mixture, the column was washed with 1 ml
of the 0.1 M NH,PO, buffer followed by two
additional 1 ml volumes of the 0.01 M NaPQO,. The
absorbed topotecan was eluted with 0.75ml of
methanol, followed by 0.25 ml of the 0.01 M NaPO,
and immediately analyzed by HPLC. The extraction
efficiency of topotecan from plasma was 85.4%.
Urine samples were centrifuged for 10 min at
2000 r.p.m. to separate any insoluble materials and
filtered through a 0.45 um filter.

HPLC analysis

This HPLC method is specific for the lactone
(closed) form of topotecan. The chromatographic
procedure consisted of injecting (U6K, Water As-
sociates, Milford, MA) 10-80 ul of the plasma or
bile extract onto an ODS cartridge column (Ultra-
sphere XL, 75 mm x 4.6 mm, 3u, Beckman) pre-
ceded by a Nova-Pak® C; pre-column (Guard
Pak, Waters Associates). The helium purged
mobile phase consisted of methanol:250 mM di-
octvlsulfosuccinate : 1 M NH, PO, : triethvlamine
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(65:4:2.3:0.3) pH to 6.0 with H;PO4 and pumped
(model 600; Water Associates) at a flow rate of
1.0 ml/min. Fluorescence was monitored with a
Model LS-1 LC fluorescence detector (Perkin-El-
mer, Norwalk, CT) with the excitation wavelength
set at 375 nm and the emission wavelength set at
470 nm. Chromatograms and peak height areas
were stored and analyzed on a Waters 740 data
module (Waters Associates). Retention times for
topotecan and internal standard in plasma were 2.9
and 2.2 min, respectively. The amount of topotecan
in each sample was calculated by comparison of the
peak area ratios with that of the standard curve
analyzed on the same day. Standard curves con-
structed in blank donor plasma were linear
(" > 0.999) over the range of 2-1000 ng/ml. Fol-
lowing quantitation of the lactone, the plasma
extracts were acidified with 2% phosphoric acid and
analyzed by the above HPLC methodology. Acidifi-
cation converts any of the hydrolyzed open form of
topotecan which might be present to the lactone
form and is a measure of the total (lactone plus
carboxylate) of both forms. The chromatographic
system (Waters Associates) for quantitation of topo-
tecan as total in the urine consisted of a model 600
E gradient pump, a model 740 data module, an
automatic sample injector (WISP model 710B) and
a model 470 fluorescence detector. The excitation
and emission wavelengths were set at 385 and
525 nm, respectively. A Novapak® C;5 pre-col-
umn (GuardPak, Waters Associates) preceded the
C,s (Novapak, 3.9 mm X 150 mm, 4y) analytical
column. The helium purged mobile phase consisted
of solvent A, acetonitrile:acetic acid:triethylamine
(98.25%:1%:0.75%) and solvent . B, ultrapure
H,O:acetic acid:triethylamine (98.25%:1%:0.75%).
A linear gradient of an initial concentration of
7%A :93%B to a final concentration of 25%A:75%B
was run at a flow rate of 2.5 ml/min over 15 min.
Retention times for topotecan and the internal
standard were 14 and 17 min, respectively. Samples
were diluted (1:5 to 400) in mobile phase
(7%A:93%B) as needed to produce concentrations
within the linear (#* > 0.99) range (5-500 ng/ml) of
the standard curve.

Pharmacokinetic analysis

The pharmacokinetic parameters were calculated
using model independent methods.** The terminal
rate constant (&) was determined by log-linear re-
gression analysis of the terminal phase of the plasma
concentration—time curves. The terminal plasma
half-lives were calculated by the equation #, =
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0.693/k. The area under the plasma concentration—
time curve (AUC) and the area under the first
moment curve (AUMC) were calculated by the
linear trapezoidal rule up to the last measurable data
points with extrapolation to infinity. Clearance was
calculated by dividing the total dose of topotecan
received by the AUC. The apparent volume of
distribution at steady state (17},) was determined
by the following relationships: @7, = (dose x
AUMC/AUC? — (dose x duration of infusion)/
(2 x AUCQC).

Results
Patient characteristics

A total of 42 patients were enrolled in this trial.
The patient characteristics are outlined in Table 1.
Thirty-six patients had received some form of prior
therapy. Thirty-five patients had a SWOG perfor-
mance status of 0 or 1. All patients were evaluable
for toxicity. A total of 123 courses of therapy were
given; the median number of courses per patient
was two.

Table 1. Patient characteristics

Patients entered 42
Sex
male 33
female 9
Median age, years (range) 61 (32-81)
Performance status
0 11
1 24
2 7
Prior therapy
none 6
chemotherapy 34
radiotherapy 17
Primary tumors
non-small cell lung 16
colorectal 11
pancreas 2
renal cell 2
ovarian 2
adenocarcinoma-unknown 1° 2
small cell lung 1
prostate 1
head and neck 1
melanoma 1
squamous cell of skin 1
cholangiocarcinoma 1
ampulla of vater 1




Table 2. Hematologic toxicities

Phase I trial of topotecan

Topotecan dose (mg/m?)

2.5 5.0 8.3 10.4 12.5 15.0 17.5 22,5
No. of patients 3 3 7 6 5 6 7 5
WBC nadir? ( x 10° cells/pul)
0 = >4.000 2 3 4 3 3 2 2 1
1 = 3.000-3.999 — — 1 — 1 — 2 1
2 = 2.000-2.999 1 — — 3 — 3 1 —
3 = 1.000-1.999 — — 2 — 1 — 1 2
4 = <1.000 —_ _ J— - — 1 1 1
Neutrophil nadir®
0 = >1500 3 3 5 4 3 3 1
1 =1001-1499 — — — 1 _ 1 . 1
2 = 500-999 — — 1 — — 1 2 —
3 = 250499 — — — 1 — — 1
4 = <250 — — 1 — —_ 1 2 2
Platelet nadir®
0 = >100000 3 3 6 5 5 5 5 3
1 = 75000-99 999 — — — — — 1 — —
2 = 50000-74 999 — — 2 1 — — 1 1
3 = 2500049 999 — — — — — — — —
4 = <25000 — — — — — 1 1
Hemoglobin nadir® (g/dl)
0=>100 1 2 5 4 3 3 4 3
1=9.099 1 1 — 2 1 1 1 —
2=7.089 1 — 1 — 1 2 1 2
3=5069 — — 1 _— — — 1 _
4= <50 — — — — — — —_

2 Nadir value during any course of therapy.

Toxicity

The maximally tolerated dose (MTD) of topote-
can given as an i.v. bolus over 30 min every 21 days
was 22.5 mg/m®. Eight dose levels were evaluated
to reach this dose. Myelosuppression was the major
dose-limiting toxicity. Leukopenia and granulocy-
topenia were observed in some patients at each dose
level above 5 mg/m? but was more significant in the
final two dose levels (Table 2). WHO grade 4
granulocytopenia (absolute granulocyvte count less
than 250 cells/ul) occurred in two of seven patients
treated with 17.5 mg/m” and two of five patients
treated with 22.5mg m>. An additional patient
treated with 22.5 mg m” experienced WHO grade 3
granulocytopenia (granulocvte count between 250
and 500 cells pl). The granulocyte nadirs typically
occurred between davs 10 and 14 of each cvcle and
were of brief duration (3-5 dayvs). Twelve of the 42
patients received four or more courses of topotecan.
In these patients, there was no evidence of cumula-
tive hematologic toxicity during the course of this
trial. Six patients required hospitalization and 1.v.

antibiotics for granulocytopenic fevers. There were
two episodes of documented bacteremia during the
neutropenic episodes. Both patients were success-
fully treated with antibiotics and discharged.

In light of the somewhat sporadic nature of
granulocytopenia, an attempt was made to assess
the possible effect of prior therapy on the incidence
of granulocytopenia. Patients were divided into
three groups depending on the extent of prior
therapy: (i) group 1—no prior anticancer therapy,
(i) group 2—two or fewer chemotherapy regi-
mens, or one chemotherapy regimen plus radio-
therapy to a port encompassing more than 20% of
the bone marrow, and (ii1) group 3- three or more
chemotherapy regimens or two regimens plus
radiotherapy to more than 20% of the bone marrow.
Since granulocvtopenia might be dose-related, an
analvsis of covariance was performed to compare
granulocyvtopenia across the three groups adjusting
for the dose administered. Table 3 presents the
mean granulocvte nadirs (for any course of topote-
can therapy) and their standard errors adjusted for
dose. These adjusted means were not significantly
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Table 3. Comparison of nadir absolute neutrophil counts
(ANCs)

Group N Mean nadir ANC + SE
adjusted for dose
1 6 2624 + 512
2 25 1883 + 246
3 11 2175 + 371
{(p=0.41)

Group 1: no prior treatment

Group 2: two or fewer prior chemotherapy regimens or one
regimen plus radiotherapy to greater than 20% of bone marrow
Group 3: more than two prior chemotherapy regimens or two
regimens plus radiotherapy to greater than 20% of bone marrow

different from one another (p = 0.41). Thus, the
extent of prior treatment did not appear to predict
for the severity of myelosuppression resulting from
topotecan.

Thrombocytopenia was less frequent and less
severe than was neutropenia. One patient at the
17.5 mg/m”® level and one patient at the 22.5 mg/m?’
level experienced WHO grade 4 thrombocytopenia
(platelet count less than 25000/ul). Ten patients
developed WHO grade 2 or greater anemia (he-
moglobin less than 9.0 g/dl). A total of three pa-
tients required transfusion of packed red blood cells
(PRBCs) at some time during their treatment: (i) a
62 year old male with non-small cell lung cancer
who was treated with 8.3 mg/m” developed grade
3 anemia (hemoglobin 6.8 g/dl) during his fourth
cycle of topotecan and received four units of
PRBCs; (i1) a 59 year old male with chest wall
metastases from non-small cell lung cancer who was
treated at the 8.3 mg/m? dose level developed bleed-
ing from the ulcerating chest wall mass and required
seven units of PRBCs; and (iii) a 65 year old male
with non-small cell lung cancer treated with
17.5 mg/m® required transfusions of two units of
PRBCs during his first cycle and four units during
the second cycle. Prior chemotherapy for the lung
cancer had consisted of two cycles of cisplatin and
etoposide. This patient also developed grade 4
neutropenia and grade 4 thrombocytopenia during
each cycle and required platelet transfusions of 10
units of platelets during the nadir period of each
coutse.

Non-myelosuppressive toxicities were mild and
generally not dose related. Mild (WHO grade 1 or
2) nausea and vomiting occurred in 23 patients,
usually limited to the day of drug administration.
Low grade or moderate fevers (99.6-102.0°F) were
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observed in 21 patients. The onset of fever often
followed the drug administration by 6-12 h and the
fever usually resolved before the second day of each
cycle. Thirty-two patients received two or more
courses of topotecan. Only four of these patients
experienced a recurrence of fever in any subsequent
cvcle and none experienced fever with each admin-
istered dose of topotecan. In addition to the fevers,
six patients developed chills on the day of drug
administration. Mild flu-like symptoms (malaise,
myalgias, headache and/or fatigue) were noted by
six patients. Six patients developed mild diarrhea
(WHO grade 1-2) on the day of drug administra-
tion. There was no evidence of gastrointestinal
bleeding. Alopecia was seen at each dose level of
10.4 mg/m’ and higher, including four patients re-
ceiving 17.5 mg/m® and three patients receiving
22.5mg/m” Six patients developed a skin rash
during treatment. This usually consisted of a non-
generalized, maculopapular, erythematous erup-
tion although some patients had evidence of small
pustules giving a more acneiform appearance. One
patient who received topotecan at the 22.5 mg/m?
level developed mucositis, with grade 1 stomatitis
noted during the first week of each of her two
cycles. This patient had been extensively treated
with multiple agents for metastatic ovarian carcino-
ma. She also experienced grade 4 granulocytopenia
and thrombocytopenia during each course of ther-
apy, despite a dose reduction to 15 mg/m? for the
second cycle. Other than this instance, there was no
evidence of gastrointestinal mucosal toxicity as had
been identified in animals during the pre-clinical
evaluation of topotecan. Of note, hematuria or
urinary bladder complaints were not observed dur-
ing this trial. One patient experienced a minor
infiltration of drug around a forearm i.v. catheter
site. She experienced no local symptoms and no soft
tissue injury could be detected on subsequent ex-
aminations.

Although probably not drug-related, it is in-
teresting to note that two patients receiving topote-
can developed Herpes zoster infection, presenting
with the usual dermatomal pattern. Neither patient
developed systemic illness and in both cases the
infection cleared after a typical course. An addi-
tional patient presented during course 6 with com-
plaints of chest pain which prompted admission to
the hospital. The electrocardiogram revealed
changes consistent with an inferior myocardial in-
farction. At the time of the symptoms the patient’s
hemoglobin measured 13.6 g/dl. An echocardio-
gram was normal and a limited graded exercise test
produced no symptoms or electrocardiographic



changes. This event was felt to be unrelated to
topotecan administration.

Pharmacokinetic results

The pharmacokinetic results are summarized in
Table 4. A plasma concentration versus time profile
for a representative individual patient at 22.5 mg/m?
is shown in Figure 2. The average maximum plasma
lactone concentration was 581 ng/ml at 22.5 mg/m’
occurring at the end of infusion. The lactone was
the predominant form during the infusion. Fifteen
minutes into the infusion and at the end of the
infusion, the lactone concentration represented 83%
and 69% of the total concentration, respectively.
Hydrolysis of the lactone ring occurred rapidly
following a 30 min infusion. Within 15 min post-
infusion, 50% of the topotecan had been converted
to the inactive carboxylate form. There was a linear
relationship between peak plasma lactone concen-
trations versus dose (72 = 0.94, p < 0.002). Like-
wise, the AUC lactone to AUC total ratio remained
relatively constant over the entire dosage range.
The plasma lactone concentration declined rapidly
with a harmonic mean terminal half-life of 3.4
(+1.1) h. The mean apparent volume of distribu-
tion at steady state was 76.4 (4 18.5) 1/m® and the
mean total body clearance was 25.7 (£6.7) 1/h/m?.
An average of 40% (range 22-60%) of the total dose
of topotecan was excreted unchanged in urine over
24 h, with greater than 90% of the excreted amount
appearing within the first 12 h of urine collection.

A patient with colon cancer metastatic to the liver
had an internal stent in place for common bile duct

Phase I trial of topotecan
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Figure 2. Plasma concentration versus time profile for a
representative individual patient receiving 22.5 mg/m?.

involvement. Ten days following his first course of
topotecan (17.5 mg/m?®) he developed biliary ob-
struction (total bilirubin 3.8 mg/dl) necessitating
that the internal stent be replaced with an externally-
draining stent. Upon receiving his second course
of topotecan, abbreviated pharmacokinetic studies
including concomitant plasma and bile samples
were obtained as an outpatient. His total bilirubin
and the pH of the bile at the time of sample
collection were 1.5 and 7, respectively. Plasma
concentrations of total topotecan were similar for
his first and second course, C,p.x 645.04 and
566.7 ng/ml, respectively. Considerable concentra-
tions of topotecan were detected in the bile com-
pared to the plasma (Figure 3). Not only was there
a residual baseline level from the first course, but
the peak bile concentration was 1.5 times higher
than that of the peak plasma concentration.

Table 4. Topotecan pharmacokinetic parameters (single dose scheduie)

No. of Dose Peak concentration Clearance AUC AUC
patients (mg/m?) (ng/ml) Half-lives (h) (I/h/m?) Ve (1/M?) (ug h/ml) lactone:
AUC total®
lactone total® lactone total® lactone total® lactone total® lactone total?

n=1 25 130 185 2.4 5.5 11.6 3.9 30.2 19.9 0.22 0.64 0.34

n=2 5.0 160 237 40 5.1 23.7 6.1 859 35.7 0.22 0.82 0.26

n=3 8.3 194 298 2.6 2.7 27.6 8.6 69.2 324 0.31 1.00 0.31

n=2 10.4 271 345 3.1 45 30.8 10.5 815 439 0.35 1.02 0.34

n=2 125 253 365 3.0 49 33.2 1.3 89.3 51.8 0.38 1.1 0.34

n=3 15.0 417 567 3.8 45 22.8 8.0 71.2 36.0 0.67 1.91 0.35

n=2 17.5 455 636 37 5.3 29.0 10.2 78.8 48.4 0.61 1.74 0.35

n=2 22.5 581 778 55 57 20.4 6.9 87.8 431 1.17 3.38 0.34
Mean (SD)

n=17 3.4° 43° 25.7 8.0 76.4 395 0.33

(1.1) (1.8) (6.7) (3.1) (18.5) (9.8) (0.44)

2 Total = lactone + carboxylate.
® Harmonic mean.
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Figure 3. Concentration versus time profiles for bile and
plasma in a patient receiving 17.5 mg/m?2.

Responses

Although this was a phase I dose-seeking study and
measurable disease was not required as an entry
criterion, 16 patients had measurable tumors and
received at least two cycles of treatment, making
them eligible for evaluation of tumor response. No
patients met the standard criteria for partial or
complete response. Some suggestion of anticancer
activity was observed in three patients. One patient
with squamous cell carcinoma of the lung metastatic
to a palpable supraclavicular lymph node exper-
ienced a decrease in bi-dimensional area of greater
than 50% of 3 weeks duration. Another patient with
metastatic squamous cell carcinoma of the skin
experienced a greater than 50% regtession of tumor
area of 3 weeks duration. A third patient with
metastatic renal cell carcinoma had a dramatic de-
crease in height of a subcutaneous scalp metastatic
nodule, although the cross-sectional measurement
as recorded at the initiation of therapy did not allow
for the description of the regression as a partial
response. Minor responses and periods of disease
stabilization were seen in other patients as well.
Twelve patients received at least four cycles of
therapy, with a maximum duration of treatment of
10 cycles. Of the 12 patients receiving at least four
courses of therapy, five patients had manifested
clearly progressive disease prior to beginning ther-
apy with topotecan, hinting at some anticancer
activity.

Discussion

When given as a 30 min infusion every 21 days,
topotecan proved to be a well-tolerated compound.
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Its major toxicity was myelosuppression, predo-
minantly granulocytopenia, which was of brief
duration. Severe anemia and thrombocytopenia
were infrequently observed but two patients
developed WHO grade 4 thrombocytopenia and
required platelet transfusions. A total of 10 patients
experienced anemia of WHO grade 2 or greater
severity (hemoglobin less than 9.0 g/dl) with three
patients receiving transfusion of PRBCs. Non-
hematologic toxicities were mild and easily
managed. The gastrointestinal and urinary bladder
toxicities seen during the initial trials of camptothe-
cin were not observed during this trial with topote-
can.

Topotecan undergoes pH-dependent reversible
hydrolysis yielding an «,8 dihydroxycarboxylic acid
functionality (open form). The closed lactone form
of the drug is biochemically and pharmacologically
active. The lactone was rapidly cleared from the
plasma with a total body plasma clearance of
251/h/m* The mean terminal half-life was 3.4 h
with a range from 2.4 to 5.5 h. The only pharmaco-
dynamic relationship noted was the correlation be-
tween the grade of leukopenia (WHO grade) and
the AUC (r = 0.6, p < 0.05) for both the lactone
and total, as well as peak plasma concentrations
(r=0.6, p <0.02). A relationship between con-
centration (AUC or peak plasma concentration) and
neutropenia was not found, perhaps because only
four of the 17 patients evaluated with pharmacoki-

netic analysis experienced a grade 1 or greater neu-

tropenia. Lactone hydrolysis and renal excretion
appear to be the major routes of elimination for
topotecan. Finding detectable levels of topotecan in
bile suggests the possibility of biliary excretion as
another route of elimination. No metabolites of
topotecan other than the hydrolyzed form were
detected in plasma or urine with the analytical
conditions described.

Topotecan has been administered in three addi-
tional phase I trials, utilizing a different schedule of
administration. Recondo ¢f a/.* gave topotecan as
a 24 h continuous infusion every 21 days. Hemato-
logic toxicity predominated using this schedule.
The MTD in heavily pretreated patients was de-
termined to be 4 mg/m® No responses were ob-
served in the 15 patients described in their initial
report. Rowinsky es a/* and Sirott et /%’ both
described their experience using topotecan admin-
istered as a 30 min infusion on five consecutive days
every 21 days. Dose-limiting neutropenia was seen
at doses of 1-1.5 mg/m? Rowinsky ef 4/ accrued
29 patients and described partial responses in three
patients with non-small cell lung cancer and one



patient with ovarian cancer. Sirott e a/.?’ enrolled
16 patients and observed one partial response at the
1.5 mg/m? dose level. In each study, non-hematolo-
gic toxicity was described as mild to moderate and
did not prove to be dose-limiting.

In our phase I trial, topotecan proved to be a
well-tolerated drug with somewhat sporadic but
generally dose-related myelosuppression. We were
unable to demonstrate that prior treatment with
chemotherapy was associated with an increased risk
of hematologic toxicity. While some tumor regres-
sion was observed, objective partial or complete
remissions were not seen. In light of the short
duration of the active lactone form after a bolus
administration of topotecan, the lack of tumor
remissions is not unexpected. To capitalize on the
short half-life of the active compound, we have
initiated a trial utilizing a continuous infusion of
topotecan for 72 or 120 h.
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