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Abstract
Objectives—Few effective options are available for the treatment of unresectable hepatocellular
carcinoma (HCC). Several phase I trials suggest promising activity of a combination of
gemcitabine and docetaxel.

Methods—Patients with unresectable or metastatic HCC were treated with docetaxel 40 mg/m2

(later reduced to 30 mg/m2) and gemcitabine 800 mg/m2 on days 1, 8 every 3 weeks. Twenty-five
patients were enrolled in 26 months. Median age was 64 (range 27-78), 17 were male, 14 had
liver-only disease and, 11 had extrahepatic disease.

Results—Of 25 patients evaluable for the primary endpoint (response), 2 (8%) have a confirmed
partial response. The median TTP is 2.76 months (95% CI 1.84-6.64 months). Median survival
was 12.8 months (95% CI: 5.26-28.00). Two patients died on-study due to adverse events (1
hepatic and 1 renal failure), neither of which were attributed to the study medications. Twenty
patients (81%) have experienced grade 3+ adverse events, including 11 with grade 4+ adverse
events, primarily neutropenia, thrombocytopenia, diarrhea, and fatigue.
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Conclusions—While this combination appears to have potential benefit, as measured by overall
survival, its toxicity and the recent introduction of sorafenib has further limited the use of
chemotherapy. Approaches other than chemotherapy are likely to be of the greatest potential
benefit.

Introduction
Prior trials of chemotherapy for locally advanced or metastatic hepatocellular carcinoma
(HCC) have shown limited benefit. For many years doxorubicin served as a standard of
therapy with a response rates of 10% or less. Until the recent introduction of sorafenib, there
had been on going efforts to identify newer chemotherapy agents with potential activity in
HCC. Gemcitabine has broad activity in a variety of solid tumors including upper
gastrointestinal tumors.1 In preclinical studies gemcitabine has shown strong activity against
liver cancer cell lines.2 However, phase II clinical trials with single agent gemcitabine have
shown limited activity with response rate ranging from 0-20%.3-8

Docetaxel has also shown a wide spectrum of antitumor activity.9 A large number of phase I
and II trials of gemcitabine and docetaxel have been performed, a portion of these trials have
been summarized.9 Several different schedules of administration have been used including
four-week, three-week, and every other week regimens. With the three week regimen
Bhargava et al found a maximum tolerated dose of gemcitabine 800 mg/m2 and docetaxel
40 mg/m2 with both drugs given on days 1 and 8.10 The major limitation to its use in HCC
is based on its liver metabolism. Docetaxel undergoes extensive hepatic metabolism.
Patients with significant hepatic dysfunction will have a reduced clearance of docetaxel.11-13

In one trial a 30% reduction in docetaxel clearance was observed.12

No prior studies have formally assessed the activity of gemcitabine and docetaxel in HCC.
However, in a previously reported phase I trial of this combination a patient with HCC had a
reported response.14 The patient had a 33% reduction in tumor mass and a 90% reduction in
the alpha-fetoprotein. The response was maintained for 8 cycles. Based on broad preclinical
activity of gemcitabine and docetaxel, as well as evidence of activity from a phase I trial, a
phase II trial of this combination was conducted in patients with HCC. This trial also
included an assessment of docetaxel pharmacokinetics given uncertainty of its clearance in
patients receiving gemcitabine.

Methods
Eligibility

Patients with histologic or cytologic confirmation of HCC deemed unresectable and not
candidates for liver transplant were eligible for enrollment in this phase II trial. Patients
were required to be at least 18 years old and to have an Eastern Cooperative Oncology
Group (ECOG) performance score of 0-2. Hematologic and chemistry parameters were to be
in the following ranges: absolute neutrophil count ≥ 1.5 × 109/L, platelets ≥ 100 × 109/L,
total bilirubin ≤ 1.5 times the institutional upper normal limit (UNL), AST ≤ 2.5 times the
UNL, and creatinine ≤ 1.5 times the UNL. Patients also needed to have some evidence of
tumor progression (radiologic changes, biochemical changes, increase in tumor marker) to
be eligible.

Prior use of gemcitabine and prior radiation to >25% of bone marrow were not allowed.
Patients were not allowed to be pregnant or lactating and required to use adequate
contraception methods to prevent pregnancy during treatment. Other contraindications
included a history of brain or other CNS metastases not amenable to local therapy.
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Patients with locally treatable disease were eligible if treatment was completed at least 4
weeks prior and there no evidence of CNS progression. Prior biologic, hormonal, or
immunologic therapy was allowed if greater than 4 weeks of study entry. Any history of
prior malignancy diagnosed within 5 years was not allowed, with the exception of basal or
squamous cell carcinoma or the skin and cervical carcinoma in situ.

This study was approved by the Mayo Institutional Review Board (IRB) and by the IRBs of
the individual memberships of the NCCTG that elected to participate in this study. A signed
written informed consent was obtained from all patients prior to initiating therapy. This
study was funded through the NCCTG grant from the National Cancer Institute. There was
no direct industrial funding of this study.

Treatment
One 3-week course of treatment involved the administration of dexamethasone, docetaxel
(provided by sanofi-aventis Pharmaceuticals), and gemcitabine (provided by Eli Lilly and
Company) given on days 1 and 8. Dexamethasone 10 mg was given intravenously (IV) over
30 minutes prior to docetaxel. An initial dose of docetaxel 40 mg/m2 was used in this trial.
However, after excessive toxicity was observed in the first seven patients the dose was
reduced. For the remainder of the trial docetaxel 30 mg/m2 was administered over 60-
minutes in 250 mL D5W or normal saline followed by gemcitabine 800 mg/m2 over 30-
minutes in 250 ml solution of normal saline. Cycles were repeated every 3 weeks if patients
met criteria for further therapy. Dose adjustments were made as per a study defined dose
modification table depending on the type and severity of treatment related toxicities.
Treatment was given until progression, intolerance, or patient's request to discontinue.

Patient Evaluation
Within 14 days prior to enrollment, patients were required to undergo a complete history,
physical exam, serum pregnancy test, and tumor assessment via computer tomography (CT)
or magnetic resonance imaging (MRI). A chest x-ray was required within 28 days prior to
enrollment. Blood chemistries collected included: creatinine, AST, alkaline phosphatase,
and total and direct bilirubin. Hemoglobin, platelets, differential, and white blood counts
were also recorded.

During the course of treatment, hematologic parameters were collected weekly. Prior to the
next course of treatment, a history of adverse events experienced was collected and blood
chemistries were repeated. Adverse events were collected using the National Cancer
Institute's Common Toxicity Criteria Version 2.0 (NCI CTC V2.0,
http://ctep.cancer.gov/reporting/ctc.html). Unless noted otherwise, all adverse events are
reported, regardless of attribution to study treatment. Tumor measurements were repeated at
6 and 12 weeks, then every 6-12 weeks unless more frequent assessments were needed to
document response. A chest x-ray was to be performed as clinically indicated during
treatment. Following the discontinuation of study treatment, patients were observed for
disease progression every 3 months for 1 year, then every 6 months for up to 4 years past
their registration date. At the time of disease progression, patients were monitored for their
status for a maximum of 4 years post-registration.

Disease Assessment
A measurable indicator lesion was defined as a tumor mass with clearly defined
bidimensional measurements whose minimum size is at least 1.0 cm on chest radiograph or
at least 2.0 cm on computed tomography scan, magnetic resonance imaging, or ultrasound.
An assessable indicator lesion was 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
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in two dimensions. Response was defined as any one or more of the following: total
disappearance of tumor (complete response [CR]), 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]). Confirmed response was defined as two consecutive evaluations at least 6 weeks
apart showing one of these reponses (CR, PR, REG). Progression was defined as the
appearance of new lesions; 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.

Patients were also considered to have progressed in cases of significant clinical deterioration
that could not be attributed to study treatment or other medical conditions. These conditions
included worsening of tumor-related symptoms, ≥ 10% weight loss, or a decline in PS of > 1
level. Subsequent treatment was at the treating physician's discretion.

Duration of response was calculated from the first date of a patient's objective status of
either a complete response (CR) or partial response (PR) to the date of disease progression
(or last tumor assessment). Time to disease progression is calculated from the date of
registration to the date of disease progression (or last tumor assessment). Time to death is
calculated from the date of registration to the date of death (or last contact). Patients having
been lost to follow-up were counted as having no progression (alive) on their date of last
tumor assessment (contact).

Statistical Considerations
The primary endpoint of this trial was confirmed response within the first 6 cycles. A
confirmed tumor response was defined to be either a CR or PR noted as the objective status
on 2 consecutive evaluations at least 6 weeks apart. The two-stage Simon design was sized
to give 90% power, and a significance of 0.04, when testing for a 20% response rate versus a
5% response rate for standard care. The first stage enrolled 22 patients and if 2 or more
responses were seen the second stage would have enrolled an additional 18 patients.

Docetaxel Analysis
Non-linear mixed effects modeling of the plasma concentration data was performed using
NONMEM (version VI).15 The data were fit to a three-compartment population
pharmacokinetic model for docetaxel in 280 cancer patients developed by Bruno et al.16

Modeling of the plasma concentration data was performed essentially as previously
described by Adjei et al.17 The structural model from this study was fitted to the data from
the eleven patients who received docetaxel and gemcitabine using the ADVAN 5
(TRANS=1) subroutine in NONMEM. AUC and half-life estimates were calculated as
secondary parameters for each individual. The data were first analyzed using a naïve
approach in which the observed plasma concentrations from the eleven patients in this study
were fitted to the model assuming no prior knowledge of the pharmacokinetic parameter
estimates. The influence of dose level and body surface area (BSA) on individual parameter
estimates were tested using generalized additive models (GAM) implemented in Xpose
(version 3.1).18 To determine the influence of co-administration of gemcitabine on the
pharmacokinetics of docetaxel, twenty data sets were simulated in NONMEM using the
model parameters developed by Bruno et al,16 and the sampling times and doses from the
patients in this study. This data which simulated the effect of administration of docetaxel
alone on 220 patients was combined with the observed data from the eleven patients in this
study and then analyzed by NONMEM using the structural model mentioned above.
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Gemcitabine was included as a categorical covariate and tested against all of the
pharmacokinetic parameters using forward inclusion and backward elimination.19 During
forward inclusion the influence of gemcitabine was evaluated using the likelihood ratio test
in which the change in the objective function value (-2 log-likelihood difference [-2 LLD])
approximates the Chi-squared distribution (χ2[1, 0.05]>3.8). Gemcitabine effect was then
eliminated as a covariate from each parameter one at a time, and evaluated again using the
likelihood ratio test, but using more stringent statistical conditions (χ2[1, 0.01]>6.63).

Results
Patient Characteristics and Outcomes

Between October 23, 2001, and November 26, 2003, 25 patients were enrolled to this trial at
the time it was stopped for slow accrual and an interim analysis. The median age of enrolled
patients was 64, with approximately two-thirds of the patients being male and two-thirds
being Caucasian (Table 1). Limited information was available on pre-existing liver disease.
In patients where information was available 9 patients had a clinical history of cirrhosis. Six
patients had chronic viral hepatitis, 3 had alcoholic cirrhosis, and 1 had hemochromatosis.
The HCC was restricted to the liver in 14 patients.

At the time of this analysis in March 2008, of the 25 patients enrolled in the trial 23 patients
have died. Two patients remain alive and both these patients have completed protocol
defined follow-up. Eighteen patients discontinued treatment due to disease progression, 4
due to an adverse event, 1 had alternate treatment, 1 died on study, and 1 completed
treatment per protocol. Twenty-four patients progressed while 1 patient died seven days
after going on study without evidence of progression.

All 25 patients are considered evaluable for response. The overall confirmed response rate,
consisting of two partial responses, was 8% (95% CI: 1.0, 26.0). The duration of responses
for these two patients were 4.4 and 14.7 months, respectively. An additional 11 patients had
stable disease.

Ninety-two percent (23/25) of patients have died and 96% (24/25) have progressed. One
patient died on study without clinical evidence of progression. The follow-up for the 2
surviving patients was 54.8 and 59.3 months, respectively, at the time of the last analysis.
Median overall survival and time-to-progression was 12.8 months (95% CI: 5.26-28.00) and
2.76 months (95% CI: 1.84-6.64), respectively (Figure 1).

Drug Administration
The trial was temporarily closed on January 31, 2002, for an evaluation of toxicity due to a
death on study. The study was re-opened on June 28, 2002, with a revised dose of 30mg/m2

for docetaxel. The original dose of docetaxel of 40mg/m2 was administered to seven
patients. Patients received a median of 3 cycles (range 1-16) of treatment. One patient
received approximately 20% more than the intended dose of docetaxel for cycles 1 and 2
because of an error in the calculation of the dose. Only 6 patients received at least 6 cycles
of treatment, while 8 patients received only one cycle of treatment. A summary of the first 6
cycles of docetaxel and gemcitabine for percent of target dose is in Table 2. The percentage
of dose delivered did not differ between patients at the two different dose levels of
docetaxel.

Toxicity
Toxicities are summarized in Table 3. Twenty patients experienced at least one grade 3+
adverse event. Eleven patients experienced a grade 4+ adverse event. The most common
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severe adverse events (grade 3+) were neutropenia (52%), thrombocytopenia (28%), fatigue
(16%), and diarrhea (16%). Six patients experienced a grade 4 neutropenia. Two grade 5
events were observed for patients on treatment. The first death was due to hepatic failure
and was unlikely to be related to study treatment. The second death was due to renal failure
and was not felt to be related to study treatment by the treating physician.

Docetaxel Pharmacokinetics
Naïve fitting of the plasma concentration data from the eleven patients that received
docetaxel and gemcitabine to the three compartment model reported by Bruno et al16

showed no significant relationship between either BSA or dose on any of the population
pharmacokinetic parameters. Combining simulated data from 220 patients receiving
docetaxel alone with the observed data from eleven patients who received docetaxel and
gemcitabine allows direct testing of the influence of gemcitabine on the pharmacokinetics of
docetaxel. Population pharmacokinetic parameter estimates from this analysis are shown in
Table 4, alongside the estimates from Bruno et al.16 Clearance of docetaxel from the central
compartment was estimated to be 36.7 L/hr (95%CI, 34.3 to 39.2 L/hr). This is very similar
to the estimated for clearance of docetaxel of 38.5 L/hr (95% CI, 36.2 to 38.7 L/hr) reported
by Bruno et al in 280 patients (Table 4).16 The influence of gemcitabine as a categorical
covariate is not significant on clearance or volume of distribution for the central
compartment. However, co-administration of gemcitabine does appear to cause a 211%
increase (p<0.01) in the intercompartmental rate constant k21.

Discussion
Until the recent introduction of sorafenib as a potential therapeutic option for patients with
advanced HCC, chemotherapy had remained as the primary form of treatment for patients
with disease not amenable to local modalities of therapy. While doxorubicin had been
viewed as a standard of care, it has limited efficacy. Objective responses to doxorubicin
have generally been around 10% with an associated short median survival.20-22 A variety of
phase II studies using an anthracycline combined with another agent have not shown
consistent improvement in outcome compared to single agent trials.23 Based on the limited
activity of doxorubicin a variety of other chemotherapy agents have been evaluated.

Gemcitabine used alone is of limited benefit.3-8 However, gemcitabine combinations have
shown more promising results. The combination of gemcitabine and doxorubicin was
evaluated in a phase I-II trial.24 Of the 34 evaluable patients in this trial, a partial response
rate of 12% was observed. Overall, 56% of patients had stable or responsive disease. The
median survival was 4.6 months. A trial using the combination of gemcitabine and
oxaliplatin has also been reported. Using a two-day schedule every two weeks of this
combination resulted in an 18% response rate together with a disease stabilization rate of
58%.25. The median survival was 11.5 months.

In our trial the combination of gemcitabine and docetaxel had moderately severe toxicity.
The overall response rate was 8% and disease stabilization rate was 12% with a median
survival of 12.8 months. While the response rate was lower than that reported for
gemcitabine and oxaliplatin, the overall survival appears similar. While the use of response
rates has served as a surrogate marker for clinical trials in oncology, its use in trials for HCC
is of less certain significance given the increased difficulty of accurately measuring a mass
within a cirrhotic liver. Overall survival remains as the most important endpoint.26 While
the survival data in our trial appear promising, it is important to consider the characteristics
of the patients enrolled relative to other trials. The proportion of patients in our trial with
liver-only disease (44%) was lowered compared to patients enrolled in the trial with
gemcitabine and oxaliplatin (50%). While the indolent nature of some HCC tumors may
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have also influenced the outcome, our trial did require evidence of progressive disease prior
to enrollment.

The combination of gemcitabine and docetaxel did not appear to cause a meaningful
alteration in the clearance or volume of distribution of docetaxel based on the
pharmacokinetic studies performed. The dose of docetaxel was reduced part way through
this trial, in part related to events were of uncertain relationship to the use of the
chemotherapy regimen used in this trial. Pending further validation of the doses for this
combination, when used in patients with HCC, it is recommended that the lower dose of
gemcitabine 800 mg/m2 and docetaxel 30 mg/m2 be used. While this combination appears to
have some potential benefit, the recent introduction of sorafenib has further limited the use
of chemotherapy in HCC.
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Figure 1.
Overall Survival (OS) and Time to Progression (TTP) (N=25)
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