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Abstract
Background Hepatocellular carcinoma (HCC) is a common
cancer in certain portions of the world. Currently no
effective therapies exist for patients with advanced or
metastatic HCC. KW-2189, a DNA minor groove-binding
agent, has shown promising activity against HCC in
preclinical evaluations.
Methods A phase II study was conducted to evaluate the
activity of KW-2189 in patients with histologic or cytologic
confirmed advanced or metastatic HCC who had no prior
systemic therapy. Patients received KW-2189 at a dose of
0.5 mg/m2 administered on day 1 of a 6-week cycle. The
primary endpoint of the trial was objective regression.
Other endpoints included toxicity, disease-free survival, and
overall survival.
Results Due to hematologic toxicity the dose of KW-2189
was reduced to 0.375 mg/m2 after 11 patients had been
enrolled into the trial. Due to continued significant
hematologic toxicity in the next five patients enrolled at
the lower dose the trial was closed to accrual. Two
responses were seen in patients enrolled at the higher dose,
including one sustained CR.
Conclusion KW-2189 showed evidence of anti-tumor ac-
tivity in HCC. However, because of significant and
prolonged hematologic toxicity, when given as a single

dose every 6 weeks, further development of this drug in
HCC is not possible. Further exploration of DNA minor
groove-binding agents in the treatment of HCC appears
warranted.
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Introduction

The majority of patients presenting with hepatocellular
carcinoma (HCC) will have advanced disease at the time of
presentation with only 10–30% having potentially resect-
able disease. [1] Few effective options are available for the
treatment of unresectable disease. Chemotherapy, in partic-
ular, has been of limited benefit for patients with unresect-
able or metastatic HCC. [2] As such there is a need for new
agents with activity in HCC.

The duocarmycins (DUMs) are a new group of anti-
tumor antibiotics produced by Streptomyces. [3–6] The
DUM’s antitumor activity occurs through a sequence-
specific covalent binding to the minor groove of DNA,
which in turn leads to DNA fragmentation. [7, 8] This DNA
binding activity appears to be similar to that seen with other
minor groove-binding agents including CC-1065 and its
analogues. [9] While a variety of DUMs have been
described, their use has been limited by their instability in
aqueous solutions and in serum.

KW-2189 is a semisynthetic, water-soluble, derivative of
DUM B2. [10] Once administered, KW-2189 is enzymat-
ically cleaved by carboxyl esterase to its active metabolite
DU-86. [11] Preclinical studies with KW-2189 and DU-86
suggest that the antitumor activity occurs through S-phase
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arrest rather than DNA fragmentation. [8] DNA fragmen-
tation appears to only occur with prolonged exposure, a
mode of action similar to that observed with CC-1065 and
different from that of the other DUMs. [12]

Preclinical studies of KW-2189 have shown significant
antitumor activity in a variety of murine tumor models and
human tumor xenografts. [11] Based on the promising
activity of KW-2189 in the preclinical setting a phase II
clinical trial was performed in patients with HCC. The dose
of KW-2189 was previously established through phase I
trials. [13, 14] We now report the results of a phase II
clinical trial conducted by the NCCTG.

Methods

Eligibility

Patients with histologic or cytologic confirmation of HCC
deemed unresectable and not candidates for liver transplant
were eligible and were required to be at least 18 years and
to have an Eastern Cooperative Oncology Group (ECOG)
performance score of 0–2. Contraindications included: a
neutrophil count <1,500 cells/mm3; platelet count <100,000
cells/mm3; serum creatinine >0.3 mg/dl above upper limit
of normal (ULN); total bilirubin >0.3 mg/dl above ULN;
aspartate transaminase (AST) >5 times ULN; major surgery
within 4 weeks before registration; known active CNS
metastases, other active malignancy,. Prior chemotherapy,
immunotherapy, biologic therapy, or radiotherapy was not
allowed. Pregnant or lactating women were not eligible.
Women of childbearing potential were to use adequate
contraception. The institutional review boards of all
participating institutions approved this study, and written
informed consent was obtained from each patient before
study entry.

Treatment

Patients received KW-2189 at a dose of 0.5 mg/m2 on day 1
of a 6-week cycle as an intravenous push during 30 to 60 s
via side port free-flowing D5W infusion. Patients who had a
complete disappearance of their tumor on two consecutive
evaluations at least 6 weeks apart could be retreated for an
additional cycle. For those patients whose tumor remained
stable or demonstrated partial response, treatment was
continued until progression.

At the time of retreatment, patients who experienced a
severe (NCI Common Toxicity Criteria Version 2.0 grade
III or IV) nonhematologic toxicity had treatment held until
the severity of the toxicity was less than grade III, and then
retreated at half their previous dose. If the toxicity persisted
for more than 3 weeks, treatment was discontinued. If the

neutrophil count was <1,500 cells/mm3 or platelet counts
were >75,000 cells/mm3 at the time of retreatment,
treatment was to be held until the counts rose above these
levels and then the patient was to be retreated at 75% of
their previous dose. Dose reductions to a level of 50% of
the starting dose were permitted before a patient was
discontinued from study therapy. Use of G-CSF was not
permitted.

Evaluation

Patients underwent evaluation within 14 days before
registration, before subsequent retreatments, and at the
end of treatment. This involved a complete medical
examination, measurement of the indicator lesion, hemato-
logic and chemistry group readings, tumor assessment, and
toxicity monitoring. At the time of study entry and at end of
treatment, the patients also underwent a serum pregnancy
test if of childbearing potential, urinalysis, and an electro-
cardiogram. After treatment was terminated, the patients
entered an observational phase where they underwent a
complete physician examination, tumor assessment, and
toxicity monitoring every 3 months for the first year after
registration and then every 6 months in years 2 to 5 after
registration.

Disease Assessment

A measurable indicator lesion is defined as a tumor mass
with clearly defined bidimensional measurements whose
minimum size is at least 1.0 cm on chest radiograph or ruler
or at least 2.0 cm on computed tomography scan, magnetic
resonance imaging, or ultrasound. An assessable indicator
lesion is defined as a tumor mass on physical examination
or imaging study that can be assessed as to its changes in
size but cannot be clearly measured in two dimensions. A
patient is said to have responded to treatment if on two
consecutive evaluations at least 6 weeks apart, there is a
total disappearance of tumor [complete response (CR)] or a
reduction of at least 50% in the sum of the products of the
perpendicular diameters of a measurable lesion [partial
response (PR)] or definite clinical evidence of a decrease in
the size of an assessable lesion [regression (REG)].
Progression is defined as the appearance of new lesions;
significant clinical deterioration not attributable to treat-
ment or other medical conditions; a 25% or greater
increase (definite increase) in the size of the indicator
lesion from its smallest size for those patients who
achieved a PR (REG); or a 25% or greater increase
(definite increase) in the size of the indicator lesion from
its pretreatment size for those patients who did not achieve
a PR (REG). Stable disease is the failure to meet the
criteria for response or progression.
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Statistical Considerations

The primary endpoint of this trial was objective regression
rate (CR, PR) which was defined as the number of patients
whose tumor meets this criteria on two consecutive evalua-
tions at least 37–45 days apart. A patient is considered
evaluable if they met all eligibility criteria and initiated
treatment. A two-stage phase II design was used with a
significance level of 0.048 and power of 0.80 to test whether
the true objective regression rate was at most 10% when the
true objective regression rate is at least 25%. [15, 16]

Secondary endpoints were disease-free survival and
overall survival. All the patients who met the eligibility
criteria, signed a consent form, and had begun treatment
were considered assessable for objective regression rate,
distribution of progression-free survival, and distribution of
overall survival. Confidence intervals for the true objective
regression rate were constructed using the Duffy-Santner
approach. The duration of treatment response was defined as
time from the first of the two evaluations qualifying the
patient as responder (PR or CR) until the date at which
disease progression was noted. Time to progression is
defined as the time from registration to disease progression.
The patients who died without documentation of progression
were considered to have had tumor progression on the date
of death unless documented evidence clearly indicated that
no progression occurred. Survival time was defined as the
time from registration to death. Times to event distributions
were estimated using the Kaplan-Meier method.

Results

Accrual to this trial was suspended after 11 patients with
HCC treated at the 0.5 mg/m2 level due to severe
myleosuppression that persisted in subsequent treatment
cycles. The study was reopened to accrual at a starting dose
of 0.375 mg/m2, and five additional patients were enrolled.
Since the toxicity profile in these five patients was similar
to that seen at the higher dose level, the study was
permanently closed to accrual. The pretreatment character-
istics of all eligible patients are shown in Table 1.

Treatment Course

The median number of treatment cycles administered among
the 11 high-dose patients was 3 (range 1–9). Severe (grade
3–4) hematologic toxicities reported among these patients
included thrombocytopenia (82%), neutropenia (82%),
leukopenia (64%), and anemia (36%). Neutropenia and
thrombocytopenia led to dose reductions in seven of eight
patients who received more than one cycle of treatment.
Severe nonhematologic toxicities included bleeding, nausea,

and vomiting, each occurring in 9% of patients. Among the
five patients entered at the lower starting dose, the median
number of cycles received was 1 (range: 1–4). The severe
(grade 3–4) hematologic toxicities included neutropenia
(60%), leukopenia (40%), and thrombocytopenia (20%).
Thrombocytopenia and neutropenia led to dose reductions in
the two patients who received more than one cycle of
treatment. Severe nonhematologic toxicities included jaun-
dice and abdominal pain, each occurring in 20% of patients.

Clinical Outcomes

Two of the eleven patients treated at the higher dose had an
objective response (1 CR, 1 PR). The patient with a CR had
a response after one cycle of treatment and received a total
of four cycles of therapy after presenting with upper
abdominal seeding from a ruptured tumor. This patient
required a 25% dose reduction after each cycle of therapy
due to severe neutropenia and thrombocytopenia. Treatment
was discontinued after the fourth cycle due to toxicity. This
patient continues in a CR more than 7 years after
completing treatment. The second patient had a dose
reduction of 25% after the first cycle of therapy due to
neutropenia. A response was noted after two cycles at the
reduced dose and continued to receive treatment for another
six cycles despite three additional dose reductions for
neutropenia. The duration of this patient’s response lasted
12 months. None of the patients at the lower dose level had
a response. The median progression-free survival time is
20 weeks among those starting at the higher dose and
6.6 weeks in those starting at the lower dose. The median
survival time is 11.4 and 9 months for those receiving the
higher and lower starting doses, respectively.

Table 1 Characteristics of Patients Receiving KW-2189 for HCC

Characteristic 0.5 mg/m2 (n=11) 0.375 mg/m2 (n=5)

Median age (range) 56 (21–78) 52 (37–69)
Gender
Male 9 (82%) 4 (80%)
Female 2 (18%) 1 (20%)
Race
White 10 (91%) 5 (100%)
Hispanic 1 (9%)
ECOG performance status
0 7 (64%) 2 (40%)
1 3 (27%) 3 (60%)
2 1 (9%)
Disease site
Extrahepatic 8 (73%) 2 (40%)
Hepatic 3 (27%) 3 (60%)
History of
Cirrhosis 3 (27%) 1 (20%)
Hepatitis 1 (9%) 1 (20%)
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Discussion

KW-2189, a novel antitumor antibiotic derived from
Streptomyces, has shown promising activity in preclinical
models of HCC. This paper reports the first results of a
clinical trial of KW-2189 in patients with HCC. Two
responses were seen in the 16 patients enrolled in this trial,
including one patient with a sustained CR. Despite initial
evidence of potential benefit the trial was closed early due
to significant and prolonged hematologic toxicity.

Only a limited number of clinical trials with DNA minor
groove-binding agents have been reported. Preclinical
studies with CC-1065 showed it to be extremely potent
and to have lethal delayed toxicity limiting further
development of the agent. Subsequently analogs of CC-
1065, including adozelesin, bizelesin, and carzelesin, were
developed and have been evaluated in phase I-II clinical
trials. [17–25] Hematologic toxicity, particularly neutrope-
nia and thrombocytopenia, was dose limiting in the phase I
trials. [18, 19, 21, 22, 24, 25] The onset of hematologic
toxicity tends to be delayed and prolonged. Similar findings
were noted in the phase I trials with KW-2189. [13, 14] In the
current trial of patients with HCC, grade 3–4 neutropenia
and thrombocytopenia resulted in a dose reduction, but
continued to be a problem at the lower dose. The trial was
therefore closed before completion of the planned accrual
with problems noted in other phase II trials of KW-2189 and
CC-1065 analogs. [17, 23, 26, 27] As with other phase I and
II trials, nonhematologic toxicity was uncommon.

Based on the results of this clinical trial, it appears there
may be a potential role for DNA minor groove-binding
agents in the treatment of HCC. However, the toxicity of
KW-2189, when given based on the schedule used this trial,
precludes further trials of this agent. The preclinical activity
of KW-2189 and other DNA minor-groove-binding agents
suggest that this class of agents may have promising
activity if their hematologic toxicity can be appropriately
managed.
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