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Abstract Purpose: A phase II and pharmacokinetic
study was designed to assess the efficacy and toxicity
profile of an epidophyllotoxin analogue, GL331, in
previously treated Chinese gastric cancer patients, with
concurrent pharmacokinetic evaluation of the drug’s
metabolism. Material and methods: GL331 was given at
200 mg/m*> as a daily 3-h infusion for 5 days every
4 weeks. Results: Enrolled in the study were 15 patients.
One patient died from neutropenic sepsis before evalu-
ation, one patient did not receive the full dose for rea-
sons unrelated to GL331, nine patients had progressive
disease with a median survival of 80 days, and five had
stable disease with a median survival of 240 days. Grade
3 and 4 myelosuppression occurred in 10 of the 15 pa-
tients, with one death from neutropenic sepsis. This
patient’s peak GL331 concentration was 16.8 pg/ml,
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which was high compared to the mean peak drug con-
centration of 6+4.1 pg/ml. The mean systemic GL331
clearance was 12.1+7.2 I/h per m? much lower than
23.3+8.2 1/h per m? found in the phase I trial. Topo-
isomerase Il was determined by immunohistochemistry
and overexpression was detected in 3 of 11 specimens.
Conclusions: GL331 was ineffective at this dose and
schedule in this group of patients in spite of adequate
blood levels of the drug.
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Introduction

Gastric cancer ranks as the sixth most common cancer in
Taiwan with an incidence of 18.7/100,000, and 3093 new
cases in 1996 were reported [6]. These figures are high
compared to the USA incidence rate of 6.7/1000,000 in
the same year [15]. The high local occurrence of gastric
cancer has been attributed mainly to cigarette smoking
[12]. The overall 5-year survival for gastric cancer is only
5-15% because many patients present at a late stage [2].
Therefore it is important to continually explore new
improved therapeutic agents for this cancer.

The most commonly administered single agent,
S-fluorouracil (5-FU), has been reported to have a 21%
overall response rate. Single-agent etoposide has result-
ed in response rates ranging from 10% to 20% [18].
Chemotherapy regimens utilized for gastric cancer often
include the following combinations: 5-FU/high-dose
methotrexate/doxorubicin, etoposide/doxorubicin/cispl-
atin, etoposide/5-FU/leucovorin, epirubicin/cisplatin/
5-FU. Response rates with these regimens range from
25% to 40%, with a median survival of 6-8 months in
patients with metastatic disease [11]. In Japan, 5-FU-
and cisplatin-based combination chemotherapy is pre-
ferred over regimens which incorporate an anthracycline
[17]. In Taiwan, a regimen based on weekly 24-h 5-FU
infusion is usually given up-front with responses ranging
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from 40% to 80% and median survival of 811 months
[4, 5, 13]. Administration of 5-FU by infusion is pre-
ferred since thymidylate synthase inhibition by 5-FU is
significantly greater in patients given 5-FU by continu-
ous infusion than by bolus injection [19].

With infusion 5-FU as a backbone, the challenge lies
in the selection of efficacious agents to be given in
combination. Cisplatin [16], the taxanes [l1], and
camptothecins [3, 11] have all shown promise. New de-
velopments in topoisomerase inhibitors include oral
etoposide [1], but a more efficacious epidophyllotoxin
would be better. GL331 is a new etoposide analogue
whose principle mechanism of action is through inhibi-
tion of topoisomerase Ila (T2a) [8]. Overexpression of
T2a is usually predictive of etoposide responsiveness
[20]. GL331 has the added advantage over etoposide of
having a higher affinity for transport into the cancer cell,
and thus the potential to circumvent drug resistance
attributed to mdrl gene overexpression [9, 10]. A phase
IT and pharmacokinetic (PK) study was initiated to as-
certain the efficacy and toxicity of GL331 in previously
treated Chinese patients, with concomitant determina-
tion of the initial tumor T2« content.

Patients and methods

This study was approved by the Taipei Veterans’ General Hospital
Ethics Committee and the Department of Health of the Republic of
China.

Patients

All patients provided informed consent to the protocol treatment.
Eligibility criteria included: proof of gastric cancer pathology; at
least one bidimensionally measurable lesion; progression after first-
line chemotherapy with a minimum 4-week interval from any prior
treatment; Eastern Cooperative Oncology Group (ECOG) perfor-
mance status < 2 [14]; normal liver function (bilirubin < 1.5 mg/
dl) and renal function (creatinine < 2 mg/dl); adequate absolute
neutrophil count (ANC) (21500/mm’) and platelet count
(>100,000/mm?*). Assessment of response was according to ECOG
criteria, and evaluation of toxicity was according to the common
toxicity criteria [14].

Follow-up studies

Full blood counts were obtained weekly during the first course to
monitor nadir white cell count and ANC, and blood chemistry
study was done prior to each course of GL331. Tumor marker
studies, coagulation profiles, and imaging studies for measurement
of tumor status were performed every 3—4 weeks during the first
two courses in order to detect any rapidly regressive or progressive
disease, and then after every two courses.

Drug administration

GL331 has a molecular formula of C,7H,4N»Oq. It is formulated in
a vehicle consisting of 8% Tween-80 dissolved in a mixture of 62%
polyethylene glycol 300 and 30% absolute ethanol [8, 10]. The
maximum_tolerated dose determined in the phase I trial was
300 mg/m* as a 3-h infusion for five consecutive days every
34 weeks [8]. Our starting dose was therefore set at 200 mg/m?

given in 2000 ml normal saline (using non-PVC containers and
tubing) in the same schedule, and if tolerable, with rapid escalation
in 20% fractions every subsequent cycle. Premedication was not
advised unless the patient vomited, and subsequent prescription of
oral metoclopramide was considered sufficient. A 20% dose
reduction would be instituted for a nadir ANC < 500/mm® or
platelet count < 50,000/mm?>, and a 20% dose escalation would be
instituted if the nadir ANC was >1000/mm® and platelet count was
>100,000/mm?>. Treatment was to be stopped if progressive disease
occurred, but continued for stable or responsive disease. Overall
survival was counted from the day of initiation of GL331, and
progression-free survival was counted from the day of treatment
until disease progression. Survival was analyzed according to the
Kaplan-Meier method.

Pharmacokinetics

A PK study was performed during the first course of treatment.
High-performance liquid chromatography (HPLC) was performed
using a Hewlett Packard 1100 system with elution peaks at 394 nm.
Blood samples were drawn via an indwelling venous catheter, and
3-ml aliquots were spun down at 800 rpm for 4 min and the plasma
stored at —80°C until analysis. The zero time-point was completion
of the 3-h GL331 infusion on the 5th day of treatment. Blood
samples for the PK study were taken at —48, -24, 0, 1, 2, 3, 4, 6, 8,
12, 48, 60, 84 and 96 h, a total of 16 sampling points. Systemic
clearance, volume of distribution, and parent drug elimination half
life were evaluated using WinNonlin software based on a two-
compartment model.

Immunohistochemistry

Immunohistochemical evaluation of 11 available specimens was
carried out using a T2o antibody (gift from Dr J.L. Huang, Aca-
demia Sinica, Taiwan). Briefly, 4-5 pm thick paraffin sections were
cut, fixed, deparaffinized and stained with the primary T2o anti-
body. A LSAB-2 kit (DAKO, Carpinteria, California) was used for
detection. Overexpression was considered to be present if the
nucleus of the cancer cells showed red staining.

Statistics

Statistical analysis was based on a projected response rate of 20%.
Accepting a 4% rejection error (¢), a minimum of 14 patients
would be needed for the study. Thus, for a true 20% response rate,
the chance of observing 14 consecutive failures would be less than
5% [7].

Results

A total of 15 previously treated gastric cancer patients
were enrolled in this study (Table 1). All had adeno-
carcinoma of the stomach. Pathology was diagnosed by
endoscopic biopsy in 2 patients, and 13 others under-
went laparotomy. One patient had inoperable disease
and all the others received partial or total gastric
resection.

The first patient developed renal insufficiency with
decreased urine output on the 3rd day of treatment for
reasons unrelated to GL331. GL331 was stopped in this
patient but he was still evaluated for response and tox-
icity on an intention to treat basis. A total of 35 courses
were delivered, with one to six courses per patient Ten
patients completed at least two courses, four patients



Table 1. Patient demographics (n=15)

Age (years)

Mean 60.5
Range 38-77
Male/female 12/3 (80%/20%)
Performance status (ECOG)
1 3 (20%)
2 12 (80%)
Local recurrence 2 (13.3%)
Metastatic site
Lung 4 (26.6%)
Bone 2 (13.3%)
Skin 1 (6.7%)
Liver 6 (40%)
Omentum 4 (26.6%)
Retroperitoneum/nodes 5(33.3%)
Other 5(33.3%)
Previous therapy
Surgery (laparotomy) 12 (80%)
Chemotherapy 15 (100%)
Radiotherapy 5(33.3%)

received only one cycle, and patient LO1 received only
40% of the first cycle. All patients received 200 mg/m? as
a starting dose. In subsequent cycles, four patients
required a dose reduction to 160 mg/m?, two patients
were escalated to 240 mg/m>, and four continued at the
same dose.

Response

There were no objective responses. Nine patients had
progressive disease, and five had stable disease, includ-
ing patient LO1 who died from progressive disease
31 days after starting GL331. Patient L07 did not reach
the evaluation time. The median survival for all patients
was 90 days, for those with stable disease 240 days, and
for those with progressive disease only 80 days.

Toxicity

Toxicities were moderate (see Table 2). Ten patients had
grade 3 or 4 neutropenia, with three developing neu-
tropenic fever requiring hospitalization, and one dying
of septic shock. Nine patients had grade 3 or 4 anemia,
often exacerbated by chronic bleeding from the rem-
nant/recurrent gastric cancer. Nausea and vomiting was
mild. Mucositis was uncommon. Many patients com-
plained of asthenia. Three patients lost over 10% of
their on-study weight. Anorexia was noted starting on
day 3 or 4 of drug administration.

Pharmacokinetics

PK study was performed in patients L02-L15. Patient
L07 had grade 4 leukopenia and thrombocytopenia, and
a very high peak GL331 blood level of 16.8 pg/ml. Five
other patients experiencing grade 4 neutropenia had
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Table 2. Toxicity profile according to the common toxicity criteria
for 15 patients (values are percent of patients)

Toxicity Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
Leucopenia 13.3 6.7 13.3 26.7 40
Anemia 6.7 0 333 533 6.7
Anorexia 26.7 20 40 13.3 0
Asthenia 53.3 26.7 13.3 0 6.7
Nausea 53.3 26.7 20 0 0
Vomiting 80 6.7 13.3 0 0
Thrombocytopenia 60 26.7 0 6.7 6.7
Stomatitis 67.7 20 13.3 0 0
Fever 80 0 0 13.3 6.7
Infection 80 0 0 13.3 6.7

peak levels of 1.6, 5.2, 4.8, 8.6 and 9 pg/ml. The mean
peak parent drug concentration was 6+4.1 pg/ml, the
mean systemic clearance was 12.1+7.2 1/h per m?, the
volume of distribution was 66.9 1/m?, and the median
elimination half-life (t1/2f) of the parent drug was 7.3 h
(2.2-13.9 h). In the initial phase I study, in which
GL331 was given at 162-375 mg/m? per day over 2-3 h
daily for five consecutive days, the mean peak parent
drug concentration was 4.7+ 1.8 ug/ml, the mean sys-
temic clearance was 23.3+8.2 1/h per m?, the volume of
distribution was 57.8 I/m?, and the median elimination
half-life of the parent drug was 1.75 h (1.6-16.9 h) [8].

Overexpression of T2« was detected in 3 of 11 spec-
imens. The mean survival of these patients was 763 days,
whereas it was only 523 days in those without T2a
overexpression.

Discussion

GL331 given at a dose of 200 mg/m? as a short daily
infusion for five consecutive days every 3 weeks in pre-
viously treated gastric cancer patients resulted in no
objective responses. In addition, ten patients experienced
grade 3 or 4 neutropenia, with one death from septic
shock. After patient L07 had died, close questioning of
his children revealed that he had been taking Chinese
herbal medication in spite of adamant denials previ-
ously, so the high serum GL331 level of 16.8 pg/ml may
have been a consequence of uncertain drug interactions,
or of a direct contribution to the concentration of
GL331 drug from herbal components, since it was much
higher than the peak GL331 concentration of
4.7+ 1.8 pg/ml found in the phase I study. Of the minor
toxicities, asthenia was not serious but was a frequent
complaint, and adversely affected quality of life.
Comparison of the PK data from the phase I study
and the present study revealed that Chinese patients
clear GL331 more slowly than Caucasian patients
(12.1£7.2 vs 23.3+8.2 1/h per m?) [8], so that the t1/2 of
the parent drug was 7.3 h in this study, but only 1.75 h
in the initial study [8]. However, the HPLC analyses for
the two trials were performed in different laboratories.
Further PK studies may be needed to confirm this ap-
parent ethnic difference in drug metabolism, and also to
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ascertain whether this can be extrapolated to other
epidophyllotoxins.

Even though GL331 was administered at an adequate
dose to our patients as determined from the PK study, it
caused major toxicity and resulted in no objective re-
sponses. It was therefore pertinent to ascertain the
presence of the main drug target, T2a. T2o was over-
expressed in 3 of 11 specimens. Two of these patients
had stable disease and one progressed after two cycles of
treatment. These three patients enjoyed a longer survival
than patients without T2o overexpression, but the
numbers were too small to draw a meaningful conclu-
sion. The drawback of the specimen sampling is that the
assay was performed on the initial tumor since sampling
tumor after relapse was technically challenging.

GL331 was ineffective at this dose and in this
schedule in refractory gastric cancer patients in spite of
attaining adequate drug levels. The PK data from this
group of Chinese patients hint at ethnic differences in the
metabolism of epidophyllotoxins which require further
studies for confirmation.
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