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Abstract Purpose: To perform a phase II trial of
pyrazoloacridine (PZA), a novel DNA intercalator, in
patients with metastatic colorectal carcinoma and no
previous therapy. Methods: PZA was administered at a
dose of 750 mg/m? intravenously over 3 h every 21 days.
Pharmacokinetic studies to determine PZA plasma
concentrations were performed. Results: No responses
were seen in 14 response-evaluable patients. Patients
received a median of two cycles of PZA (range 1-6).
Toxicity included neutropenia and neurologic side-
effects, which were > grade IIl in 73% and 14%, re-
spectively. High plasma concentrations of PZA (Cp.x)
correlated with low neutrophil counts (P = 0.04). Con-
clusions: PZA is inactive at this dose and schedule in
colorectal cancer, and produces moderately severe
toxicity.
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Introduction

Colorectal carcinoma represents a leading cause of
cancer-related deaths in the United States, with more
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than 135,000 cases diagnosed annually [4]. In patients
who relapse following initial surgery and/or adjuvant
therapy, or present with metastatic disease, therapy
remains inadequate. The antimetabolite 5-fluorouracil
(5-FU) with leucovorin represents the current standard
therapy for metastatic colorectal cancer. The majority of
responses to this combination are partial, and the overall
response rate is about 20% [9]. A recent meta-analysis of
randomized trials did not indicate improvement in sur-
vival for this combination over 5-FU alone [2]. In view
of these results, new agents are needed for therapy of
patients with this neoplasm.

Novel thymidylate synthase inhibitors such as
Tomudex [21], and fluorouracil prodrugs such as UFT
[18] and capecitabine [16] have been investigated in this
patient population. Although these drugs may be less
toxic, they present the same cytotoxic activity as 5-FU.
The topoisomerase I inhibitor CPT-11 has reported ac-
tivity in 5-FU refractory patients, but has significant
toxicity [8]. The synthetic acridine derivative pyrazolo-
acridine (PZA), as well as other new agents, is of interest
given its preclinical activity against resistant solid tu-
mors and its activity versus tumor cells with the multi-
drug resistance phenotype [20]. The mechanisms of
action of this agent are unknown, but it binds DNA by
intercalation, inhibits both DNA and RNA synthesis,
and produces single and double DNA strand breaks [12].
Antitumor activity in patients with cisplatin-resistant
ovarian cancer and fluorouracil-resistant colon cancer
have been reported [19].

Phase I trials of PZA [6, 15, 19] have been completed
and have utilized several schedules, including daily for 5
days [19], and 3- and 24-h infusions [6]. Dose-limiting
toxicity included myelosuppression and neurologic side-
effects [19]. A single-dose schedule of 750 mg/m?* over
3 h every 3 weeks was recommended from these studies,
owing to the toxicity profile. The present study was
initiated to evaluate the response rate to PZA therapy in
patients with metastatic colorectal carcinoma, further
characterize the toxicity of this agent, and investigate its
pharmacodynamics.
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Materials and methods

The study was initiated on 17 March 1994 and closed to patient
accrual on 1 November 1995. PZA (NSC 366149) was supplied by
the National Cancer Institute (NCI) as a lyophilized formulation
(100- and 500-mg vials) that was reconstituted with sterile water for
injection, USP. PZA was administered at a dose of 750 mg/m? as a
3-h infusion through a central catheter, diluted in 100 ml of 5%
dextrose and water, on day 1, and repeated every 21 days.

Patient eligibility

Patients with histologically confirmed unresectable metastatic col-
orectal carcinoma were eligible. Measurable disease was defined as
one of the following: bidimensionally measurable lung lesions on
chest X-ray or CT scan, palpable lymphadenopathy containing
tumor >2 X 2 cm, abdominal masses or liver lesions >2 x 2 cm
quantifiable by CT scan or MRI, or palpable hepatomegaly with the
liver edge >5 cm below the costal margin accompanied by a CT
scan or MRI consistent with metastatic disease. No prior systemic
therapy for metastatic disease was permitted, and < one prior ad-
juvant chemotherapy regimen was allowed. The following were also
required: ECOG performance status (P.S.) <1, age >18 years, ab-
solute neutrophil count (ANC) >1500/ul, white blood count (WBC)
>3500/ul, platelet count 2100,000/pl, serum creatinine <1.5 mg/dl,
total bilirubin <2.0 mg/dl, and SGOT/alkaline phosphatase
<1.5 times institutional normal values. Exclusion criteria included
the following: brain metastases, history of a seizure disorder re-
quiring anticonvulsants, history of a second malignancy within the
past 5 years (exceptions: cervical carcinoma in situ, basal/squamous
cell carcinoma of the skin), severe cardiac disease (New York Heart
Association Class >I1I), pregnancy, and major surgery within
21 days. Informed consent in accordance with federal and institu-
tional guidelines was obtained, and all sexually active patients were
required to be surgically sterile or practicing contraception.

Study parameters

The following were obtained prior to study entry and every 21
days: history, physical examination, radiographic studies required
for tumor measurements (if CT scan utilized every 6 weeks), car-
cinoembryonic antigen, urinalysis, and biochemical studies (creat-
inine blood urea nitrogen, LDH, SGOT, alkaline phosphatase,
total bilirubin, calcium, phosphorus, albumin, total protein, glu-
cose, uric acid, sodium, potassium, chloride, CO,). Complete blood
counts and differential counts and toxicity evaluations were per-
formed weekly.

Treatment plan

Patients received PZA until evidence of progressive disease or un-
acceptable toxicity was seen. Dose levels of PZA were modified for
hematologic toxicity based on nadir values as follows: ANC 500—
999/ul, or WBC 1000-1999/ul or platelets 25,000-49,000/pl — de-
crease 25%; ANC <500/ul, or WBC <1000/ul, or platelets
<25,000/pl — decrease 50%. Grade III or IV nonhematologic tox-
icity required a 25% decrease in PZA dose. In this situation, therapy
was reinstituted when the toxicity returned to < grade I. Recurrence
of an identical grade III/IV toxicity required removal from study.

Study definitions

Standard response criteria were utilized [17]. NCI common toxicity
criteria (version 1.0) were employed to grade side-effects.

Pharmacokinetic studies

The first 13 patients treated had plasma levels of PZA monitored
during cycle 1 of therapy. One-milliliter aliquots of plasma were

obtained from a peripheral vein at the following time intervals: 0,
1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 6.0, 8.0, 24, 48, 72 and 96 h from the start
of PZA infusion. PZA levels in plasma were measured utilizing
high-performance liquid chromatography (HPLC) analysis by a
previously described method [10]. Blood samples collected in hep-
arinized vacutainer tubes were centrifuged at 1000x g for 10 min at
4 °C and plasma stored at —20 °C. Extraction of plasma was car-
ried out by vortexing 0.5 ml of the plasma with 10 pl of 0.35 mM
amsacrine (internal standard) in 1.5 ml of methanol. The extract
was centrifuged for 10 min at 25,000x g and the supernatant
transferred to an autosampler vial for analysis. Analysis by HPLC
was carried out using a Beckman ultrasphere CN column (5 pm,
15 % 0.46 cm) using isocratic elution with 85% ammonium acetate
buffer:15% acetonitrile at a flow rate of 1.2 m/min. Normal plasma
samples containing known amounts of PZA and internal standard
were used to generate a standard regression line plot of PZA peak
area/amsacrine (internal standard) peak area. The ratio of the PZA
peak area/amsacrine (internal standard) peak area from patient
samples was used to determine the concentration of PZA from the
regression equation generated from the standard calibration plot.
The area under the curve (AUC) was calculated by the trapezoidal
method for the area from time 0 to the time of last blood sample.

Statistical considerations

The study was designed as a two-stage phase II trial. A response
rate of 5% or less was considered uninteresting, and a response of
20% or greater was considered promising. Fourteen eligible and
evaluable patients were to be accrued in the first stage; if one or
more responses were observed, 12 additional patients were to be
accrued in the second stage. If no responses were observed in the
first 14 patients, the study was to be terminated. The significance
level and power of this test were 13% and 90%, respectively.

Pearson’s correlation coefficient [2] was used to assess the re-
lationship between neutrophil nadir and both C,,x and estimated
AUC. Survival was estimated via the Kaplan-Meier method [14].
The Jonckheere-Terpstra test was used to determine whether liver
function or C,,,x was associated with grade of selected toxicities.
All statistical tests were two-sided; P < 0.05 was used to indicate
statistical significance.

Results

A total of 15 patients (11 with colon carcinoma and four
with rectal carcinoma) were treated with PZA, and 14
were evaluable for response. Three individuals had re-
ceived prior adjuvant therapy. The one inevaluable pa-
tient developed bradycardia and hypotension during the
initial administration of PZA and was removed from
study. The majority of individuals were male (n =9).
ECOG P.S. was 0 in eight patients, and 1 in the re-
maining seven. The mean age was 59 years (range 41-71
years). A median of two cycles of PZA were adminis-
tered (range 1-6), and dose reductions for toxicity were
required in 11 patients. In the 14 evaluable patients, no
partial or complete response was noted, and accrual was
terminated. Median survival of the 15 patients receiving
PZA was 15 months.

Toxicity related to PZA was moderately severe and is
summarized in Table 1. Grade III or IV neutropenia de-
veloped in 11/15 patients and required dose reductions. In
most patients (n = 10), this was seen during cycle 1 of
treatment. Thrombocytopenia was noted in 4/15 patients,



Table 1 Cumulative toxicity of PZA in 15 patients with colorectal
carcinoma

Type of toxicity Grade
/11 /v
(% patients) (% patients)
Nausea/vomiting 53 -
Hematologic
Anemia 87 7
Neutropenia 13 73
Thrombopenia 27 -
Hepatic:
SGOT elevation 47 -

Alkaline phosphatase elevation 67 -

Neurologic
Neurocortical 47 7
Cerebellar 27 -
Motor 13 7
Mood changes 40 -
Vision 7 -
Hypotension 7 -
Bradycardia 7 -

but was generally mild. Neurologic toxicity was reported
in 13/15 patients and was grade I in the majority. Agita-
tion, irritability, dizziness, and mood alterations were the
most common problems reported. Six individuals devel-
oped grade II or III neurologic toxicity. In the four
individuals with grade II neurologic side-effects, irrita-
bility (z = 1), insomnia (n = 1), dizziness (n = 1), and
confusion (n = 1) were noted. The last-mentioned patient
also developed an unsteady gait related to the PZA
infusion. In the two individuals with grade III neurologic
toxicity, hallucinations were reported by one, and cere-
bellar symptoms including involuntary extremity exten-
sion by the other. In all patients, these toxicities were
transient and resolved completely.

The pharmacokinetics of PZA were investigated in
13 patients. The mean peak plasma level was
2.68 £ 1.26 uM. The absolute nadir neutrophil counts
were then correlated with the peak plasma concentra-
tions of PZA in these patients. Higher C,,,, values were
significantly correlated with lower neutrophil nadirs
(r=-0.57, P=10.04). The estimated AUC showed a
similar correlation with the severity of neutrophil nadirs
(r=-0.62, P=0.10), but data were only available in
eight patients so the correlation, although clinically rel-
evant, is not statistically significant. Abnormalities of
liver function (bilirubin, SGOT, and alkaline phospha-
tase) and the occurrence of neutropenia and neurologic
toxicity were also investigated. No significant associa-
tions were found.

Discussion

The present study again demonstrates that the major
toxicities of PZA when administered as a 3-h infusion
are myelosuppression and neurocortical side-effects.
These findings resemble those reported by other inves-
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tigators utilizing a similar dose and schedule of this
agent [15, 19]. No evidence of antitumor activity in
patients with colorectal cancer was found, similar to
the results reported by Zalupski et al. [22].

In the same dose schedule, PZA has been shown to be
inactive in pancreatic [23] and renal cell cancer [7]. Ad-
ditional phase II trials of PZA are ongoing in lung,
breast, and ovarian cancer.

The hematologic toxicity of PZA consists predomi-
nantly of neutropenia. This was generally short in du-
ration, and was not associated with febrile episodes.
Thrombocytopenia, in contrast, was mild. The severity
of neutropenia significantly correlated with peak con-
centrations of PZA. Neutropenia had a similar correla-
tion with the AUC of PZA, but data were only available
in eight patients, and this correlation did not reach
statistical significance.

The neurologic toxicity resembled that reported by
other investigators [14, 15, 19]. Like the neutropenia,
these side-effects were noted during cycle 1, and in the 13
patients receiving more than one cycle, did not appear
cumulative. The etiology of these side-effects is unclear,
but the findings were transient and reversed completely
after the PZA infusion had been completed. Previous
investigators [19] reported that neurologic toxicity was
correlated with peak PZA levels. In the present trial, this
was not found.

The pharmacokinetics of PZA reported by other in-
vestigators [19] demonstrated significant interpatient
variability. Multiple peaks and troughs in the concen-
tration versus time curves have been noted, and in the
present trial C,,,,, varied from 1.0 to >5.0 puM. These data
are consistent with other studies and may reflect complex
drug sequestration as might occur with enterohepatic re-
circulation [1]. The concentrations achieved in patients
appeared similar to mean ICso values (<£0.38 pM) for a
variety of solid tumor cell lines [13] and those inhibiting
cell growth (=1 pM) and producing DNA damage
(=5 pM) in MCF-o human breast carcinoma cells [11].

In conclusion, PZA has broad activity in solid tumors
in vitro; however, the present study did not demonstrate
antineoplastic activity in patients with previously un-
treated colorectal carcinoma. The toxicity of the 3-h
infusion schedule was moderately severe, and dose re-
ductions were required in 73% of patients. The lack of
activity did not appear related to the type of patient
treated, since all individuals had an ECOG performance
status of 0 or 1, and the majority were previously un-
treated except for 5-FU based adjuvant therapy (n = 3).
Despite the lack of responses, the median survival of this
patient group was 15 months. The two studies in colo-
rectal cancer patients suggest PZA is inactive at the dose
and schedule utilized.
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