
hon p.1 [100%]

749

e-mail: kazuoza＠pharm.showa-u.ac.jp

749YAKUGAKU ZASSHI 129(6) 749―757 (2009)  2009 The Pharmaceutical Society of Japan

―Regular Articles―

Clinical Trial Simulations for Dosage Optimization of Docetaxel in Patients with Liver
Dysfunction, Based on a Log-binominal Regression for Febrile Neutropenia

Kazuhiro OZAWA,,a Hironobu MINAMI,b,c and Hitoshi SATOa

aDepartment of Clinical and Molecular Pharmacokinetics/Pharmacodynamics, School of Pharmaceutical
Sciences, Showa University, 158 Hatanodai, Shinagawa-ku, Tokyo 1428555, Japan, bThe Division

of Oncology/Hematology, National Cancer Center Hospital East, 651 Kashiwa-no-ha,
Kashiwa, Chiba 2770882, Japan and cMedical Oncology, Department of Medicine,

Kobe University Hospital and Graduate School of Medicine, 751 Kusu-cho,
Chuo-ku, Hyogo 6500017, Japan

(Received December 26, 2008; Accepted March 4, 2009; Published online April 17, 2009)

This study was aimed to perform clinical trial simulations to evaluate the dose reduction strategy of docetaxel for
Japanese patients with liver dysfunction, which we previously proposed. For this purpose, a log-binominal regression
(LBR) was performed for febrile neutropenia (FN) induced by docetaxel in these patients. A LBR analysis was con-
ducted using clinical data from cancer patients treated with docetaxel and incorporated in the subsequent trial simula-
tion. Virtual patients with liver dysfunction were randomly assigned to receive the Japanese standard dose (60 mg/m2)

or reduced dose (40 or 50 mg/m2) of docetaxel. The primary endpoint was overall survival of the reduced dose to the
standard dose. The secondary endpoint was the number of patients who experienced FN in response to the two treatment
regimens. From the LBR analysis, the performance status and the area under the plasma concentration-time curve
(AUC) were selected as covariates associated signiˆcantly (p＜0.05) with FN occurrence. From the results of the
present trial simulation, the median proportion of patients who experienced FN was decreased by about 20％ in the
reduced dose arm. Non-inferiority criteria, the reduced dose group to the standard dose group were met in 85.5％ of the
simulated clinical trials with a decrease in the FN frequency. In conclusion, clinical trial simulation models for the e‹ca-
cy (survival) and toxicity (FN) was ˆrst performed in Japanese patients, and the feasibility of docetaxel therapy for
liver-dysfunction patients under the dose reduction strategy was supported.
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INTRODUCTION

Docetaxel has been widely used to treat breast,
non-small-cell lung, ovarian, head and neck, gastric,
esophageal and prostate cancers.110) Docetaxel is
mainly eliminated from the body by the hepatic
metabolism. Population pharmacokinetic (PPK)
models of docetaxel have been developed using data
obtained from patients treated in clinical trials11)

where body surface area (BSA), Albumin (ALB),
age, a1-acid glycoprotein (AGP) and liver function
were found to be the signiˆcant covariates for
docetaxel clearance. Docetaxel clearance was de-
creased in patients with liver dysfunction. It may
therefore be necessary to reduce the dose of docetaxel
for these patients because the frequency of toxic
events may increase.

More recently, a PPK model has been developed
which incorporated liver function as a multi-categori-

cal covariate of docetaxel clearance for Japanese
patients, and dose reduction strategies by 2040％ of
the standard dose (i.e., 60 mg/m2) have been pro-
posed, depending upon the severity of liver dysfunc-
tion.12) In order to evaluate the e‹cacy and safety of
these recommended dose reduction strategies, a clini-
cal trial study needs to be conducted where a su‹cient
number of patients are allocated and the decision for
dose adjustment could be made. However, in real
situations, it is di‹cult to recruit a su‹cient number
of patients with liver dysfunction for clinical trials be-
cause patients with moderate to severe liver dysfunc-
tion are usually excluded. Recently, clinical trial
simulations, which is a Monte Carlo prediction tech-
nique based on population pharmacokinetic/phar-
macodynamic (PPK/PD) models, have been utilized
to estimate the outcome of clinical trials before em-
barking on an expensive clinical trial.13,14) Therefore,
this study carried out, for the ˆrst time, clinical trial
simulations in which the Japanese standard dose of
docetaxel was compared with the reduced dose of the
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drug in cancer patients with liver dysfunction, from
the standpoints of survival and the number of safety
events (e.g., febrile neutropenia (FN)) as the prima-
ry and secondary endpoints, respectively. Several
dose-response models (i.e., time to death, time to
progression, time to drop-out, FN occurrence and
neutropenia occurrence), when combined with
models for the distribution of covariates in a target
population and a particular study design, allow for
the clinical trial simulations for that design.

The simulation process (as a validation step) was
evaluated with the use of the phase II data15) by com-
paring the predicted trial results obtained by the me-
dians of simulation with the actual phase II trial out-
comes. After successful validation, 200 clinical trial
simulations in which a reduced dose (40 or 50 mg/
m2) of docetaxel was compared with the standard
dose (60 mg/m2) of docetaxel in non-small-cell lung
cancer (NSCLC) patients with liver dysfunction were
performed.

PATIENTS AND METHODS

Log-binominal Regression for Febrile Neutropenia
Occurrence Two hundred patients were enrolled
into the present clinical research of docetaxel (as sin-
gle agent or combination chemotherapy) which was
conducted at the hospitals of National Cancer Center
Hospital East in Japan. The eligibility criteria includ-
ed histologically or cytologically conˆrmed solid can-
cers against which docetaxel is active, an age 20
years, an Eastern Cooperative Oncology Group per-
formance status 03, at least 3 weeks since the last
chemotherapy (6 weeks for mitomycin and nitro-
soureas) and adequate hematological values (white
blood cells 3000/ml, platelet count 75000/ml).
The exclusion criteria were active infection, severe
heart disease, uncontrolled hypertension or diabetes
mellitus, pregnant/nursing women, or seropositive
for human immunodeˆciency virus, hepatitis C virus,
hepatitis B surface antigen or syphilis. This study was
approved by the Institutional Review Board of the
National Cancer Center Hospital East, Japan and all
patients gave their written informed consent.
Docetaxel was infused intravenously over 1 h every 3
weeks. Most patients received the approved dose in
Japan of 60 mg/m2, and attending physicians were al-
lowed to reduce the dose depending on liver function,
performance status (PS), or the extent of prior
chemotherapy, and to administer granulocyte-colony

stimulating factors (G-CSF) when patients had fever.
The administration of G-CSF should not aŠect the
occurrence of FN, because G-CSF was given after the
FN event. FN was deˆned as a fever of greater than 38
°C which required antibiotics. The variables included
for a log-binominal regression (LBR) were: PS, AGP
and the area under the plasma concentration-time
curve (AUC). The AUC was calculated as dose/the
systemic docetaxel clearance in each patient. Docetax-
el clearance of each patient was obtained from the
PPK study of docetaxel developed for Japanese can-
cer patients.12) An LBR was performed by a general-
ized linear modeling method with the log link func-
tion and the error term which has a binomial distribu-
tion.

Clinical Trial Simulation in Patients with Liver
Dysfunction Liver dysfunction was deˆned as fol-
lows: alkaline phosphatase (ALP) is grade 1 and
aspartate aminotransferase (AST)/alanine amino-
transferase (ALT) is grade 2. These grades were
categorized according to the National Cancer Center
Institute-Common Toxicity Criteria version 2.

The randomized trial in patients with liver dysfunc-
tion was simulated using a clinical trial simulation
platform based on the Monte Carlo technique. Simu-
lated patients with liver dysfunction were randomly
assigned centrally in a 1：1 ratio to receive the
Japanese standard dose (60 mg/m2) or a reduced
dose (40 or 50 mg/m2) of docetaxel as a 1 hour-infu-
sion every 3 weeks. 40 mg/m2 applied for patients
with sever liver dysfunction (liver function index
(HEP) grade 3) which described by ALP is grade 1
and AST/ALT is grade 3 and 50 mg/m2 applied for
patients with mild liver dysfunction (HEP2) which
described by ALP is grade 1 and AST/ALT is
grade＝2. All of the patients were followed up for 24
months. FN events were simulated at the end of every
cycle and once an event occurred; a 20％ dose reduc-
tion was applied to the next cycle and thereafter. Af-
ter two dosage reductions, the treatment was stopped.
In addition, the treatment was stopped when progres-
sion occurred.

The primary endpoint was the overall survival and
the secondary endpoint was to compare the number
of patients who experienced FN between the two
treatment regimens. These endpoints were evaluated
every 3 weeks.

The number of patients needed for the study was
based on the results of a previous phase II study.15)
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The study design provided 90％ power to demonstrate
the non-inferiority of the hazard ratio of the Japanese
standard dose of docetaxel to a reduced dose of
docetaxel for the overall survival, assuming a non-in-
feriority criterion of 15 percentage points with a one-
sided 5％ level of signiˆcance. In the result of the
sample size estimate, at least 1000 patients per arm
needed to be enrolled in this study. The hazard ratio
and conˆdential interval were calculated using the
Cox proportional hazard regression. Comparisons of
secondary end points were assessed among treatments
by Pearson's chi-square test with a two-sided 5％ level
of signiˆcance.

The randomized trial in patients with liver dysfunc-
tion was simulated and each simulated trial provided
a value of the test statistic for the analysis and the
number of successful trials (i.e., those in which the
upper limit of hazard ratio conˆdential interval above
1.15 and p-value of Person's chi-square test above
0.05 was rejected) was counted for the power of the
analysis.

Settings of Clinical Trial Simulation Platform
　The models to predict the e‹cacy and safety of
docetaxel were constructed by using the graphic
modeler of Pharsight Trial Simulator (version 2.2,
Pharsight Corp, Mountain View, CA, USA). Patient
characteristics used for simulation were generated ac-
cording to the distributions of various covariates ex-
tracted from Phase II study15) or PPK study12) (Table
1). ALB was found to be negatively correlated with
AGP (r＝0.477, p＝0.01) and positively correlated
with (BSA; r＝0.241, p＝0.01). These correlations
were considered in the covariate generation process of
the simulation. The PPK model of docetaxel deve-
loped for Japanese cancer patients is a 3-compart-
ment model with a ˆrst-order elimination.12) The
pharmacokinetic model was parameterized in terms
of CL (clearance), the volume of distribution of the
central compartment (V1) as well as those of two
peripheral compartments (V2 and V3) and intercom-
partment clearances (Q2 and Q3). A log-normal dis-
tribution was assumed for the inter-individual varia-
bilities of CL, V1, V3 and Q3. For example, the inter-
individual variability of CL was modeled as CLj＝ ÂCL
･exp(hjCL), where CLj and ÂCL are the estimated
values in an individual j and the population mean for
docetaxel clearance, respectively and hjCL is the in-
dividual random perturbation with a mean of zero
and a variance v2

CL. Intra-individual residual variabil-

ity (s2) was also described by a log-normal distribu-
tion model. The covariates (i.e., AGP, ALB, BSA
and HEP) were integrated in the PPK model as fol-
lows:

ÂCL＝u1･(BSA/1.53)u2･(ALB/3.7)u3･(97/AGP)u4

･LIV･EXP(h1) (1)
LIV＝1＋u5･HEP2＋u6･HEP3 (2)

where HEP2 is set to 1 if ALP is grade 1 and AST/
ALT is grade＝2 and to 0 otherwise and HEP3 is set
to 1 if ALP is grade 1 and AST/ALT is grade 3
and to 0 otherwise.

The above PPK model then was used to simulate
drug exposure (AUC and the maximum unbound
drug concentration in plasma, Cmax,u), using model
parameters summarized in Table 1. The logistic
model of grade 4 neutropenia previously discussed
was used to demonstrate the exposure to severe
toxicity.16) Accordingly, the logistic model was speci-
ˆed as follows:

log [ P
1－P]＝

n

∑
i＝1

ui･Xi(t) (3)

in which u＝(u1, u2, ..., un) is a vector of parameters
and X is a vector of covariates and the parameters of
this logistic model are summarized in Table 1. Both of
these models were based on data obtained after the
ˆrst course of treatment, but the assumption was
made for the simulations that both models were ap-
plicable to the entire time course of treatment. A
Weibull model was employed to express the time to
death, time to progression and time to drop-out, as
previously reported,17) and thus the log hazard for
these 3 events was speciˆed as:

log (l(t,u))＝u1＋u2･log(t)＋
n

∑
i＝3

ui･Xi(t) (4)

in which u＝(u1, u2, ..., un) is a vector of the
parameters and X is a vector of covariates. The
parameters of these models are summarized in Table
1. In details, cumulative AUC, AGP and disease sites
(1 in the presence of metastasis, otherwise 0) were
employed for the prediction of time to progression
and time to death, but were not considered for the
prediction of time to drop-out, as previously
reported,17) Cmax,u and the cumulative AUC calcu-
lated from the PPK model were the inputs to the
models for safety and survival, respectively.

Evaluation of the Clinical Trial Simulation Plat-
form Using Phase II Study Data In order to
evaluate the settings of the clinical trial simulation
platform, time courses of death and summary statis-
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Table 1. Distribution of Covariates PK/PD Parameters Used in the Simulation

Parameter and Characteristic Mean and range SD ％ Value

Covariates
Albumin (g/dl) 3.68(1.34.6) 0.464
a1-Acid glycoprotein (mg/dl)

HEP1 106(19259) 43.4
HEP2 or HEP3 127(82228) 47.4

Body surface area (m2) 1.54(1.171.99) 0.16
HEP1 91
HEP2 5
HEP3 4

Disease sites
Yes (1) 27
No (0) 73

Population PK model a)

CL (l/h)
u1 29.3
u2 1.11
u3 2
u4 0.251
u5 0.776
u6 0.623
uV1 (l) 7.75
uQ2 (l/h) 5.46
uV2 (l) 8.69
uQ3 (l/h) 19
uV3 (l) 660
vCL (CV, ％) 31
vV1 (CV, ％) 19
vQ3 (CV, ％) 31
vV3 (CV, ％) 38

s (CV, ％) 29
Logistic regression model for grade 4 neutropenia

u1 (Cmax of unbound docetaxel (ng/ml)) 9.1×10－3

u2 ((a1-Acid glycoprotein (mg/dl)) －14.8×10－3

Log-binominal regression for febrile neutropenia occurrence
u1 (AUC(mgh/l)) 0.495a)

u2 (Performance status) 1.62a)

u3 (a1-Acid glycoprotein (mg/dl)) －0.004a)

u4 (Intercept) －4.27a)

Time to progression model
u1 －3.44
u2 0.762
u3 (Cumulative AUC (ugh/l)) －0.0395
u4 (a1-Acid glycoprotein (g/l)) 1.21
u5 (2 disease sites) 0.739

Time to death model
u1 －4.94
u2 0.368
u3 (Cumulative AUC (ugh/l)) －0.0745
u4 (a1-Acid glycoprotein (g/l)) 0.891
u5 (2 disease sites) 0.938

Time to death model
u1 －5.76
u2 1.05

a) Table 2 log transformation. SD; Standard deviation. HEP1 is set to 1 if ALP is grade＜1 and AST/ALT is grade1, and to 0 otherwise. HEP2 is set to 1 if
ALP is grade1 and AST/ALT is grade＝2, and to 0 otherwise. HEP3 is set to 1 if ALP is grade1 and AST/ALT is grade3, and to 0 otherwise.

752 Vol. 129 (2009)
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Table 2. Log-binominal Regression for the Occurrence of
Febrile Neutropenia (n＝200)

Variable Relative risk (95％
Conˆdence interval) p

Area under the plasma con-
centration vs. time curve
(AUC; mgh/l)

1.64(1.122.40) 0.011

Performance status(0 for
PS 0/1 or 1 for PS 2/3) 5.06(1.4417.8) 0.011

a1-Acid glycoprotein (mg/dl) 0.996(0.9821.010) 0.553

Intercept 0.014(0.0030.082) ＜0.001

753No. 6

tics (i.e., the median overall survival time and the me-
dian percentage of patients who experienced grade 4
neutropenia and FN) were compared between the
results of the observed phase II study and simulation
outcomes. These endpoints were evaluated every 3
weeks. Two hundred complete trials were stochasti-
cally simulated using the Monte Carlo technique. A
total of 75 patients without liver dysfunction were en-
rolled and 60 mg/m2 docetaxel was continuously ad-
ministered as a 1 hour-infusion once every three
weeks during the time the patient was participating in
this phase II clinical trial simulation. All of the
patients were followed up for 18 months. Grade 4
neutropenia events were simulated at the end of every
cycle and once an event occurred; a 20％ dose reduc-
tion was applied to the next cycle and thereafter. Af-
ter two dosage reductions, the treatment was stopped.
In addition, the treatment was stopped when progres-
sion occurred. Kaplan-Meier analyses were per-
formed on each simulated trial. The value of several
diŠerent statistics (i.e., median survival time, 1-year
survival, number of cycles per patient and the number
of patients who experienced grade 4 neutropenia and
FN) computed on the observed data sets described
below, was referenced to the distribution of the simi-
lar statistics computed on the simulated trials.

The observed data sets for 75 Japanese patients
were obtained from open, multi-center, nonran-
domized, phase II trials conducted in Japan to evalu-
ate the e‹cacy and safety of docetaxel, without liver
dysfunction and prior therapy, in patients with
NSCLC. The detailed protocols and eligibility criteria
of these studies are presented elsewhere.15) The start-
ing dose of docetaxel was either 60 mg/m2 given as a 1
to 2 hour-infusion every 3 to 4 weeks. The overall me-
dian survival time was 297 days (10.6 months), with a
1-year survival rate of 41％. A progression of disease
according to the World Health Organization (WHO)
criteria was seen in 31％ of the patients. Grade 3 or 4
neutropenia was seen in 88％ of the patients.

Statistical Analyses Statistical analyses were
performed using statistical software programs, SPSS
(version 15J, SPSS Japan Corporation, Tokyo,
Japan), S-plus Professional Edition (version 6.2, In-
sightful Corporation, WA, USA) and a sample size
calculator, PASS (version 2008, NCSS, UT, USA).

RESULTS

Log-binominal Regression for Febrile Neutropenia
Occurrence FN occurred in 9 patients. Almost 90
％ of the patients had good PS (0 or 1) and 14％
previously received chemotherapy of more than 3
regimens. The Japanese standard dose of docetaxel is
60 mg/m2, but some patients received reduced doses
because of poor PS, liver dysfunction, or extensive
prior treatments.

Table 2 shows the result of LBR. The AUC (p＝
0.011) and performance status factor (PS; p＝
0.011), which is set to 1 if PS is 2 or 3 and to 0 other-
wise, were detected at a two sided 5％ signiˆcance lev-
el as signiˆcant risk factors associated with FN occur-
rence, with a relative risk of 1.64 (95％ conˆdence in-
terval, 1.122.40) and 5.06 (95％ conˆdence interval,
1.4417.8), respectively.

In the evaluation of the clinical trial simulation
platform, the median number of patients who ex-
perienced FN was 5 higher in the simulation than in
the phase II study (20 vs. 15, respectively). However,
the observed value was included in the range of simu-
lated values. Therefore, this model was considered to
be an eŠective one with a good ability to discriminate
between patients with and without fever.

Evaluation of the Clinical Trial Simulation Plat-
form Using Phase II Study Data As shown in Ta-
ble 3, the observed values in the phase II study of the
median number of treatment cycles administered, me-
dian cumulative dose and the number of patients that
experienced FN were always included in the range of
simulated values. The median number of patients
who experienced grade 4 neutropenia was slightly
higher in the simulation than in the phase II study.
Nevertheless, the median overall survival time and 1-
year survival rate were similar in the simulation and in
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Table 3. Evaluation of the Simulation (200 trials); Summary
Statistics for Exposure, Toxicity Events, and Overall Sur-
vival for 75 Patients

Phase Ⅱ Simulation

Treatment received
Total cycles administered 210 227(176269)

Median 2(17) 3(18)

Median cumulative dose 130(60420) 161(59480)

Overall survival
Median survival time

(month) 10.6 11.25(8.2516.5)

1-year survival K-M
estimate (％) 41 46.7(28.865.6)

Toxicity

Number of patients that
experienced grade
4 neutropenia

42 52(4364)

Number of patients that
experienced FN 15 20(930)

K-M, Kaplan-Meier. Data are presented as median (range).

Table 4. Simulation of the Phase III Trial; Summary Statistics for Exposure, Toxicity Events, and Overall Survival in 2000 Patients
with HEP2 or HEP3 Hepatic Dysfunction

Simulation (200 trials)

reduced dose arm standard dose arm

(40 mg/m2 or 50 mg/m2) (60 mg/m2)

Treatment received
Total cycles administered 3677(34623888) 3518(33203751)

Median 3(119) 3(119)

Median cumulative dose 120(35760) 168(531128)

Overall survival
Median survival time (month) 11.25(9.7512.75) 11.25(9.7512.75)

1-year survival K-M estimate (％) 46.1(42.651.3) 46.3(42.150.8)

Toxicity
Number of patients that experienced grade 4 neutropenia 649(610692) 718(671754)

Number of patients that experienced FN 281(240329) 467(431514)

Proportion of trials above each non-inferiority limit (NIL) (％)

NIL＜1.10 51
1.10NIL1.15 34.5

NIL＞1.15 0.15

K-M, Kaplan-Meier. Data are presented as medina (range). Signiˆcant diŠerence (p＜0.05) as assessed by Person's chi-square test in each trial simulation.

Fig. 1. Evaluation of the Simulation and Ability of the Simu-
lation to Predict Survival in the Phase II Patients

Solid line, the Kaplan-Meier estimate of the cumulative probability of
survival in the phase II patients (n＝75). Dotted lines, the median, 5th (P5),
and 95th (P95) percentiles of 200 Kaplan-Meier survival curves obtained
from simulations of the phase II patients.

754 Vol. 129 (2009)

the phase II study. Figure 1 demonstrates that a simi-
lar time course of death was observed in the Kaplan-
Meier plots of the simulations and the phase II data.

Clinical Trial Simulation in Patients with Liver
Dysfunction Table 4 shows the result of the simu-
lation of phase III trial in 2000 patients with ``liver
function index (HEP) 2 or 3'' liver dysfunction (i.e.,
HEP2 is set to 1 if alkaline phosphatase (ALP) is

grade 1 and aspartate aminotransferase (AST)/
alanine aminotransferase (ALT) is grade ＝2 and to 0
otherwise and HEP3 is set to 1 if ALP is grade 1
and AST/ALT is grade 3 and to 0 otherwise). Both
treatment arms were well balanced in the 200 simulat-
ed trials with respect to the baseline characteristics.
The median number of treatment cycles was similar in
both arms (3 cycles; range, 1 to 19). The median
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proportion of patients who experienced FN was 28.1
％ and 46.7％ in the reduced dose arm and the stan-
dard dose arm, respectively, and that at a two sided 5
％ signiˆcance level, dose reductions due to FN were
fewer in the reduced dose arm than the standard arm
in all simulated clinical trials. Patients were able to
receive a median cumulative dose of 168 mg/m2 and
120 mg/m2 in the arm with the standard dose and the
arm with reduced dose, respectively; therefore, the
reduced dose arm experienced an approximately 30％
decrease in dose intensity, despite the lower toxicity
rate and the resulting lower number of dose reduc-
tions. Nevertheless, the median overall survival time
in the group that received the reduced dose of
docetaxel was similar to the group that received the
standard dose of docetaxel and the median 1-year sur-
vival rate was also similar in both docetaxel treatment
groups. The non-inferiority limit, a 1.15 of hazard ra-
tio of the reduced dose group to the standard dose
group were met in 85.5％ in the simulated clinical tri-
als (totally 200 trials).

DISCUSSION

This study was aimed to perform clinical trial simu-
lations to evaluate the dose reduction strategy of
docetaxel for Japanese patients with liver dysfunc-
tion, which we previously proposed.12) For this pur-
pose, an LBR was performed for FN induced by
docetaxel in these patients.

Fever occurring in neutropenic patients remains a
common life-threatening complication of cancer
chemotherapy.18) FN requires treatment with broad-
spectrum antibiotics19,20) and the standard setting of
care has required patient hospitalization with close
monitoring until fever resolution and recovery from
neutropenia. Therefore, FN is recognized to be a
dose-limiting factor (DLF) of cancer chemotherapy
and, is usually used as a criterion to drive dosage
reduction in the clinical situation. In this sense, FN is
more suitable as a criterion of dosage reduction than
grade 4 neutropenia. Therefore, to drive dosage
reduction by FN occurrence and to estimate each rela-
tive risk of risk factor in clinical settings, a model to
predict FN occurrence was developed in this study. In
the result of the present LBR, the relative risk of
AUC was determined to be 1.64. This indicates that
the risk of FN for cancer patients was increased 1.39
times as the AUC increases by 1 mgh/l. The median
cumulative AUC in the patients without liver dys-

function which received the standard dose (60 mg/
m2) was 8.58 mgh/l, whereas the cumulative AUC
in the patients with liver dysfunction, HEP2 and
HEP3 which received the standard dose was simulat-
ed to be 13.3 mgh/l and 15.9 mgh/l respectively.
An increase of median cumulative AUC in the
patients with liver dysfunction was 1.551.85 in com-
parison with patients without liver dysfunction. In
other words, the risk of FN occurrence may at least be
doubled in the presence of liver dysfunction.

Bruno et al.21) reported that AGP and docetaxel
clearance are the signiˆcant covariates associated with
FN occurrence, based on a stepwise logistic regression
analysis for subjects enrolled in Phase II studies in
Europe and United State. The odds ratio of each risk
factor was calculated from the coe‹cients of a logis-
tic regression model. However, the relative risk can-
not be directly estimated from the results of a logistic
regression analysis. In contrast, a log-binomial model
produces an unbiased estimate of the adjusted relative
risk.22,23) Relative risk is clinically more intuitive than
odds ratio for a measure of association between the
exposure and the disease outcome. Therefore, in this
study, an LBR was conducted using clinical data from
Japanese cancer patients treated with docetaxel to de-
velop a model of FN occurrence, and to estimate the
relative risk of each factor to FN occurrence. The de-
veloped LBR model, which described the probability
of FN occurrence, was used as a criterion to achieve a
dosage reduction in a subsequent clinical trial simula-
tion.

Clinical trial simulations were utilized by Veyrat-
Follet et al.17) for dosage optimization in NSCLC
patients with high AGP. In this study clinical trial
simulations were performed to evaluate alternative
dosage regimens for liver dysfunction NSCLC
patients treated with docetaxel. Reliable models were
incorporated to predict toxicity (grade 4 neutrope-
nia), time to progression (stop treatment) and drop-
out, which were reported by Veyrat-Follet et al.17)

and Minami et al.16) ``Posterior predictive assess-
ment,''24) in which the percentiles and graphics of the
posterior distributions of key statistics were reported
after simulations, were used to validate the model.
Using this approach, the overall simulation process
was evaluated. To evaluate the simulation process,
covariates (i.e., AGP, ALB, BSA, HEP and disease
sites), the dose intensity and the survival and toxic
event (grade 4 neutropenia) were simulated. As the
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result of the evaluation of the simulation process,
similar time courses of death were observed in the
Kaplan-Meier plots of the simulations and the ob-
served phase II data (Fig. 1). The median number of
patients who experienced grade 4 neutropenia was
slightly higher in the simulation than in the phase II
study, but the median overall survival time and 1-year
survival rate were similar in the simulation and in the
phase II study. The clinical trial simulation produced
data patterns similar to the actual pattern, although
the simulation process did not take into account all of
the features of the phase II studies such as treatment
delay and toxicities other than hematology (i.e.,
nausea/vomiting, or alopecia).

The selection of the optimal dose of docetaxel for
patients with liver dysfunction (HEP2 or HEP3)
poses a challenge, because liver dysfunction is one of
the dose-limiting toxicity of the anti-tumor drug. The
simulation of safety endpoints enabled an evaluation
of the possible doses for patients with liver dysfunc-
tion. The results of the trial simulation suggested that
the arms with dose reductions of 50 mg/m2 in patients
with HEP2 and 40 mg/m2 in patients with HEP3 may
show the lower toxicity rates by 28.1％ and 46.7％,
respectively, than the arm with the standard dose. On
the other hand, although there was an approximately
30％ decrease in dose intensity in the reduced dose
arm, the simulated trial showed a median overall sur-
vival time (11.25 months) in the dose reduction arm
similar to the standard regimen of 60 mg/m2 and the
non-inferiority criteria of the hazard ratio of reduced
dose group to the standard dose group were met in
85.5％ cases of the simulated clinical trials. This im-
plies that it may be possible to decrease toxicity,
without loss of e‹cacy, by reducing the docetaxel
dose in patients with liver dysfunction. Furthermore,
clinical trial simulations may be useful to provide evi-
dence of safety and e‹cacy and to quantitatively
evaluate diŠerent scenarios of drug administration
protocol when it is di‹cult to conduct a real clinical
study.

In our clinical oncology practice with a short period
(3-week), we did not observe the patients' survival.
Therefore, the simulation model for the survival was
adopted from Veyral-Follet et al.,17) and therefore,
the external validation of survival model was only
performed by comparing between the simulated and
the actual survival data of the clinical phase II trial in
Japan, which showed reasonably overlapping pat-

terns. The lack of robust validation, therefore, is the
major limitation of this study, and further validation
should be required to conˆrm the survival estimation
in a long-term clinical monitoring. However, if it is
possible for the physicians to appropriately reduce the
docetaxel dose based on our proposed strategy to get
the same AUC, the overall survival of the patients
may not be signiˆcantly changed between the patients
with normal and failed liver functions.

In conclusion, a model was developed to predict
FN occurrence in Japanese cancer patients treated
with docetaxel and clinical trial simulations were con-
ducted for the ˆrst time to predict clinical outcomes
of docetaxel for liver dysfunction patients and the
results of this simulation study support the strategy
that we had proposed to reduce the dose of docetaxel
according to the extent of liver dysfunction.
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