14

VOLUME 23 -

From tha Division of internal Medicine,
National Cancer Center Hosphal;
Pharmacology Division and Cancer
Information and Epidemiology Division,
National Cancer Center Research
Institute, Yokyo, Japan.

Submitted November 7, 2003: accepted
August 19, 2004,

Supparted in part by a Grant-in-Aid for
Cancer Research (9-25} from the
Ministry of Health, Labor, and Welfare,
Tokyo, Japan.

Presented in part at tha 38th Annual
Meeting of the Ametican Society of
Clinical Oncolegy, May 1821, 2002,
Orlando, FL.

Authors' disclosures of potential con-
flicts of interest are found at the end of
this article.

Address reprint requests to Tomohide
Tamura, MD, Division of Internal
Medicine, National Cancer Centar
Hospital, 5-1-1, Tsukiji, Chuo-ku,
Yokyo, 104-0045, Japan; e-mail:
ttamura@nee.go.jp.

® 2005 by American Society of Clinical
Oncology

0732-183X/05/2306-1061/520.00
DOI: 10.1200/JC0.2005 11.036

NUMBER

6 + FEBRUARY 20 2005

ORIGINAL REPORT -

Randomized Pharmacokinetic and Pharmacodynamic
Study of Docetaxel: Dosing Based on Body-Surface Area
Compared With Individualized Dosing Based on
Cytochrome P450 Activity Estimated Using a Urinary
Metabolite of Exogenous Cortisol

Noboru Yamamoto, Tomohide Tamura, Haruyasu Murakami, Tatsu Shimoyama, Hiroshi Nokihara,
Yutaka Ueda, Tkuo Sekine, Hideo Kunitoh, Yuichiro Ohe, Tetsuro Kodama, Mikiko Shimizu,
Kazuto Nishia, Naoki Ishizuka, and Nagahiroe Saijo

P M. S T TS S Y DRSS TRt

Purpose

Dogetaxer is metabolized by cytochrome P450 (CYP3A4) enzyme, and the area under the
concentration-timne curve [AUC) is corretated with neutropenia. We developed a novel method for
estimating the interpatient variability of CYP3A4 activity by the urinary metabolite of exogenous
cortisol (B-beta-hydroxycortisol [6-8-OHF]). This study was designed to assess whether the
application of our method to individualized dosing could decrease pharmacokinetic (PK) and
pharmacodynamic (PD) variability cormpared with body-surface area (BSA) -based dosing.

Patients and Methods

Fifty-nine patients with advanced non-smail-call lung cancer were randomly assigned to either
the BSA-based arm or individualized arm. In the BSA-based arm, 60 mg/m? of docetaxel was
administered. In the individualized arm, individualized doses of docetaxel were calculated from the
estimated clearance {estimated clearance = 31.177 + [7.655 X 107* X total 6-3-OHF| — [4.02 X
alpha-1 acid glycoprotein] = [0.172 X AST] — [0.125 X age]) and the target AUC of 2.66 mg/L - h.

'

Results
In the individualized arm, individualized doses of docetaxel ranged from 37 4 to 76.4 mg/m?

{mean, 58.1 mg/m?). The mean AUC and standard deviation (SD} were 2.71 {range, 2.02 to
3.40 mg/L - h} and 0.40 mg/L - hin the BSA-based arm, and 2.64 ({range, 2.15ta 3.07 mg/L - h)
and 0.22 mg/L - hin the individualized arm, respectively. The SD of the AUC was significantly
smaller in the individualized arm than in the BSA-based arm [P < .01}. The percentage
decrease in absolute neutrophit count {ANC}) averaged 87.1% (range, 59.0t0 97.7%: SD, 8.7}
in the BSA-based arm, and 87.4% (range, 78.0 to 97.2%; SD, 6.1} in the individualized arm,
suggesting that the interpatient variability in percent decrease in ANC was slightly smalter in
the individualized arm,

Conclusion
The individualized dosing method based on the total amount of urinary 6-8-OHF after cortisol

administration can decrease PK variability of docetaxel.

J Clin Oncol 23:1061-1069. @ 2005 by American Society of Clinical Oncology

Many cytotoxic drugs have narrow thera-
peutic windows despite having a large inter-
patient pharmacokinetic (PK) variability.

The doses of these cytotoxic drugs are usu-
ally calculated on the basis of body-surface
area (BSA). Although several physiologic
functions are proportional to BSA, systemic
exposure to a drug is only partially related to
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this parameter.!® Consequently, a large interpatient PK
variability is seen when doses are based on BSA. This large
interpatient PK variability can result in undertreatment
with inappropriate therapeutic effects in sorne patients, or
in overtreatment with unacceptable severe toxicities in oth-
ers. Understanding interpatient PK variability is important
for optimizing anticancer treatments. Factors that affect PK
variability include drug absorption, metabolism, and excre-
tion. Among these factors, drug metabolism is regarded asa
major factor causing PK variability. Unfortunately, how-
ever, no simple and practical method for estimating the
interpatient variability of drug metabolism is available. If
drug metabolism in each patient could be predicted, indi-
vidualized dosing could be performed to optimize drug
exposure while minimizing unacceptable toxicity.

Docetaxel is a cytotoxic agent that promotes microtu-
bule assembly and inhibits depolymerization to free tubu-
lin, resulting in the blockage of the M phase of the cell
cycle.* Docetaxel has shown promising activity against sev-
eral malignancies, including non-small-cell lung cancer,
and is metabolized by hepatic CYP3A4 enzyme.>'®

Human CYP3A4 is 2 major cytochrome P450 enzyme
that is present abundantly in human liver microsomes and is
involved in the metabolism of alarge number of drugs, includ-
ing anticancer drugs.'®"* This enzyme exhibits a remarkable
interpatient variation in activity as high as 20-fold, which ac-
counts for the large interpatient differences in the disposition
of drugs that are metabolized by this enzyme.'*?* Several
noninvasive in vivo probes for estimating the interpatient vari-
ability of CYP3A4 activity have been reported and include the
erythromycin breath test, the urinary dapsone recovery test,
measurement of midazolam clearance (CL), and measure-
ment of the ratio of endogenous urinary 6-beta-hydroxycortisol
(6-B-OHF) to free-cortisol (FC).2** The erythromycin
breath test and the measurement of midazolam CL are the best
validated, and both have been shown to predict docetaxel CL
in patients.?®? However, neither probe has been used in a
prospective study to validate the correlations observed, or to
test their utility in guiding individualized dosing.

We developed a novel method for estimating the inter-
patient variability of CYP3A4 activity by urinary metabolite
of exogenous cortisol. The total amount of 24-hour urinary
6-B-OHF after cortisol administration (total 6-8-OHF) is
significantly correlated with docetaxel CL, which is metab-
olized by the CYP3A4 enzyme. We also illustrate the possi-
bility that individualized dosing to optimize drug exposure
and decrease interpatient PK variability could be performed
using this method.>

We conducted a prospective, randomized PK and
pharmacodynamic (PD) study of docetaxel comparing
BSA-based dosing and individualized dosing based on the
interpatient variability of CYP3A4 activity, as estimated by a
urinary metabolite of exogenous cortisol. The objective of
this study was to assess whether the application of our
method to individualized dosing could decrease PK and PD
variability of docetaxel compared with BSA-based dosing.

4
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Patient Selection

Patients with histologically or cytologically documented ad-
vanced or metastatic non-small-cell lung cancer were eligible for
this study. Other eligibility criteria included the following: age
= 20 years; Eastern Cooperative Oncology Group performance
status of 0, 1, or 2; 4 weeks of rest since any previous anticancer
therapy; and adequate bone marrow (absolute neutrophil count
[ANC] = 2,000/uL and platelet count = 100,000/uL), renal (se-
rum creatinine level = 1.5 mg/dL), and hepatic (serum total
bilirubin level = 1.5 mg/dL, AST level = 150 U/L, and ALT level
= 150 U/L) function. Written informed consent was obtained
from all patients before enrollment onto the study.

The exclusion criteria included the following: pregnancy or
lactation; concomitant radiotherapy for primary or metastatic
sites; concomitant chemotherapy with any other anticancer
agents; treatment with steroids or any other drugs known to
induce or inhibit CYP3A4 enzyme'?; serious pre-existing medical
conditions, such as uncontrolled infections, severe heart disease,
diabetes, or pleural or pericardial effusions requiring drainage;
and a known history of hypersensitivity to polysorbate 80. This
study was approved by the institutional review board of the Na-
tional Cancer Center.

Pretreatment and Follow-Up Evaluation

On enrollment onto the study, a history and physical exam-
ination were performed, and a complete differential blood cell
count (including WBC count, ANC, hemoglobin, and platelets),
and a clinical chemistry analysis (including serum total protein,
albumin [ALB], bilirubin, creatinine, AST, ALT, gamma-
glutamyltransferase, alkaline phosphatase [ALP], and alpha-1 acid
glycoprotein [AAG]) were performed. Blood cell counts and a
chemistry analysis except for AAG were performed at least twice a
week throughout the study. Tumor measurements were performed
every two cycles, and antitumor response was assessed by WHO
standard response criteria. Toxicity was evaluated according to the
National Cancer Institute Common Toxicity Criteria (version 2.0},

Study Design

This study was designed to assess whether the application of
our method to individualized dosing could decrease PX and PD
variability compared with BSA-based dosing., The primary end
point was PK variability and the secondary end point was PD
variability (ie, toxicity). In our previous study involving 29 pa-
tients who received 60 mg/m? of docetaxel, the area under the
concentration-time curve {AUC) was calculated to be 2.66 * 0.91
{mean = standard deviation [SD]} mg/L - h.*® We assumed that
the variability of AUC, represented by the SD, could be reduced by
5096 in the individualized arm compared with that in the BSA-
based arm, and that AUC would be normally distributed. The
required sample size was 25 patients per arm to detect this differ-
ence with a two-sided F test at o = .05 and a power of 0.514.

Patients were randomly assigned to either the BSA-based arm
or individualized arm (Fig 1). In the BSA-based arm, each patient
received a dose of 60 mg/m? of docetaxel. In the individualized
arm, individualized doses of docetaxel were calculated from the
estimated docetaxel CL after cortisol administration and the target
AUC (described in the Docetaxel Administration section}.

Cortisol Administration and Urine Collection
In the individualized arm, 300 mg of hydrocortisone {Banyu
Pharmaceuticals Co, Tokyo, Japan) was diluted in 100 mL of0.9%
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Fig 1. Study flow diagram and adminis-
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netic; AUC, area under the concentration-

Calculate individualized-dose by target AUC

Docetaxel administration (n=29)

time curve; CL, clearance; 6-8-OHF,
& 6-beta-hydroxycortiso!.

h

Dacetaxcl administration (n=30)
(60 mg/m?)

=]

!

30 40 50
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PK sampling (n=30) |
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saline and administered intravenously for 30 minutes at 9 AM on
day 1 in all patients to estimate the interpatient variability of
CYP3A4 activity. After cortisol administration, the urine was col-
lected for 24 hours. Thetotal volume of the 24-hour collection was
recorded, and a 5-mL aliquot was analyzed immediately.

Docetaxel Administration

Docetaxel (Taxotere; Aventis Pharm Ltd, Tokye, Japan) was
obtained commercially as a concentrated sterile solution contain-
ing 80 mg of the drug in 2 mL of polysorbate 80. In the BSA-based
arm, a dose of 60 mg/m? of docetaxel was diluted in 250 mL of 5%
glucose or 0.9% saline and administered by 1-hour intravenous
infusion at 9 am to all patients.

www.jeo.org

In the individualized arm, individualized dose of docetaxel
was calculated from the estimated CL and the target AUC of 2.66
mg/L - h using the following equations:

Estimated CL (L/h/m?) = 31.177 + (7.655 % 10™
X total-6-8-OHF [ug/d]) — (402 X AAG [g/L]) — (0.172
X AST [U/L]) — (0.125 X age [years] )™
Individualized dose of docetaxel (mg/fnz)
= estimated docetaxe] CL (L/h/m®)
X target AUC (2.66 mg/L - h)
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At least 2 days after cortisol administration, individualized doses
of docetaxel were diluted in 250 mL of 5% glucose or 0.9% saline
and administered by 1-hour intravenous infusion at ¢ am to each
patient. The doses of docetaxel in subsequent cycles of treatment
were unchanged, and no prophylactic premedication to protect
against docetaxel-related hypersensitivity reactions was adminis-
tered in either of the treatment arms.

PK Study

Blood samples for PK studies were obtained from all of the
patients during the initial treatment cycle. An indwelling cannula
was inserted in the arm opposite that used for the drug infusion,
and blood samiples were collected into heparinized tubes. Blood
samples were collected before the infusion; 30 minutes after the
start of the infusion; at the end of the infusien; and 15, 30, and 60
minutes and 3, 5, 9, and 24 hours after the end of the infusion, All
blood samples were centrifuged immediately at 4,000 rpm for 10
minutes, after which the plasma was removed and the samples
were placed in polypropylene tubes, labeled, and stored at —20°C
or colder until analysis.

PK parameters were estimated by the nonlinear least squares
regression analysis method (WinNonlin, Version 1.5; Bellkey Sci-
ence Inc, Chiba, Japan) with a weighting factor of 1 per year.?
Individual plasma concentration-time data were fitted to two- and
three-compartment PK models using a zero-order infusion input
and first-order elimination. The model was chosen on the basis of
Akaike's information criteria.*' The peak plasma concentration
(Cprae) was generated directly from the experimental data. AUC
was extrapolated to infinity and determined based on the best-
fitted curve; this measurement was then used to calculate the
absolute CL (L/h}, defined as the ratio of the delivered dosage (in
milligrams) and AUC,

To assess PD effect of docetaxel, the percentage decrease in
ANC was calculated according to the following formula: % de-
crease in ANC = (pretreatment ANC — nadir ANC)/(pretreat-
ment ANC) X 100,

Measurements

The concentration of urinary 6-3-OHF was measured by
reversed phase high-performance liquid chromatography with
UV absorbance detection according to previously published
methods,*™**

Docetaxel concentrations in plasma were alse measured by
solid-phase extraction and reversed phase high-performance lig-
uid chromatography with UV detection according to the previ-
ously published method.*** The detection limit corresponded to
a concentration of 10 ng/mL.

Statistical Analysis

Fisher’s exact test or x° test was used to compare categoric
data, and Student’s ¢ test was used for continuous variables. The
strength of the relationship between the estimated docetaxel CL
and the observed docetaxel CL was assessed by least squares linear
regression analysis. The interpatient variability of AUC for each
arm was evaluated by determining the SD and was compared by F
test, Biases, or the mean AUC value in each arm minus the target
AUC (2.66 mg/L - h), were also compared between the arms by
Student’s ¢ test.

A two-sided P value of = .05 or less was considered to
indicate statistical significance. All statistical analyses were per-
formed using SAS software version 8.02 (SAS Institute, Cary, NC).

1064

Patient Characteristics

Between October 1999 and May 2001, 59 patients were
enrolled onto the study and randomly assigned to either
the BSA-based arm (n = 30) or the individualized arm
(n = 29). All 59 patients were assessable for PK and PD
analyses. The pretreatment characteristics of the 59 patients
are listed in Table 1. The baseline characteristics were well
balanced between the arms except for three laboratory pa-
rameters: ALB, AAG, and ALP. These three parameters were
not included in the eligibility criteria. The majority of pa-
tients (95%) had a performance status of 0 or 1. Twenty
(67%) and 16 (55%) patients had been treated with
platinum-based chemotherapy in the BSA-based arm and
individualized arm, respectively. Only two patients in the
individualized arm had liver metastasis, and most of the
patients had good hepatic functions.

Individualized Dosing of Pocetaxel

In the individualized arm, the total amount of 24-hour
urinary 6-3-OHF after cortisol administration (total 6- -
OHF) was 9,179.6 = 3,057.7 pug/d (mean =+ SD}, which was
similar to the result of our previous study.’” The estimated
docetaxel CL was 21,9 = 3.5 Lth/m? (mean * $D), and
individualized dose of docetaxel ranged from 37.4 to 76.4
mg/m? (mean, 58.1 mg/m? Fig 1).

PK

Docetaxel PK data were obtained from all 59 patients
during the first cycle of therapy, and PK parameters are
listed in Table 2. Drug levels declined rapidly after infusion
and could be determined to a maximum of 25 hours. The
concentration of docetaxel in plasma was fitted to a biexpo-
nential equation, which was consistent ‘with previous
reports.”®*>-*® The mean alpha and beta half-lives were 9.2
minutes and 5.0 hours in the BSA-based arm and 9.2 min-
utes and 7.4 hours in the individualized arm, respectively.

In the BSA-based arm, docetaxel CL was 22.6 + 3.4
L/h/m? (mean % SD), and AUC averaged 2.71 mg/L - h
{range, 2.02 to 3.40 mg/L - h). In the individualized arm,
docetaxel CL was 22.1 = 3.4 L/h/m?, and AUC averaged
2.64 mg/L-h{range, 2.15t0 3.07 mg/L - h). The least squares
linear regression analysis showed that the observed do-
cetaxel CL was well estimated in the individualized arm
(r* = 0.821; Fig 2).

The SDs of AUC in the BSA-based arm and in the
individualized arm were 0.40 and 0.22, respectively, and the
ratio of SD in the individualized arm to that in the BSA-
based arm was 0.538 {95% CI, 0.369 to 0.782). The biases
from the target AUC in the BSA-based arm and in the
individualized arm were 0.047 (95% CI, —0.104 to 0.198)
and —0.019 (95% CI, —0.102 to 0.064}, respectively, with
no significant difference. The interpatient variability of

JOURNAL OF CLINIEAL ONCoLOGY
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Table 1. Patient Characteristics
BSA-Based Individualized
Arm Arm
No. of No. of
Characteristic Patients % Patients % P
Enrolled 30 29
Eligible 30 100 29 100
Age, years B2
Median 61 62
Range 52.73 . 4573
Sex
Male 25 g3 19 66 .14
Female 5 17 10 34
ECOG PS
0 7 23 1 3 .08
1 22 73 26 90
2 1 3 2 7
Prior treatment
None 4 13 4 14 89
Surgery 1 3?7 9 31 65
Radiotherapy 13 43 10 34 49
Chemotherapy 21 70 18 62 .52
Platinum-based regimens 20 67 16 85 .37
Site of disease
Lung 23 77 28 97 .10
Liver 0 0 2 7 24
Pleura 8 27 12 41 .23
Bone 7 23 - 9 31 N
Extrathoracic lymph nodes o] 33 10 34 93
Laboratory parameters
ALB, g/l .02
Median 38 35
Range 26-45 2444
AAG, gfl .04
Median 1.00 1.25
Range 0.28-2.15 0.64-2.54
AST, UL 67
Median 21 22
Range 10-40 7-41
ALT, UL 88
Median 18 18
Range 6-54 4-45
ALP, U/L .03
Median 249 324
Range 129-540 185-986
Abbreviatiens: ECOG, Eastern Cooperative Oncelogy Group; PS. perfor-
mance status, ALB, serum albumin; AAG, alpha-1-acid glycoprotein; ALP,
serum alkaling phosphatase.

Table 2. Docetaxel PK Parameters
BSA-Based Arm

Individualized Arm

Parameters {n = 30) in =29
Conaxe 2G/ML 0.36-2.70 0.99-2.41
1, alpha*, minutes 92x33 9227
t:z beta”, hours 5048 7417
CL*Lh 376=*63 348=71
CL® Lh/m? 26=>34 22134
AUC

Mean mg/L - h 2.7 2.64
Range mg/L - h 2.02-3.40 2.15-3.07
Median 2.65 266
sD 0.40 0.22

Abbreviations: PK, pharmacokinetic; BSA, body-surface area: CL, clear-
ance; AUC, area under concentration-lime curve; SO, standard deviation.
“Data represent mean = 50D.

Nonhematologic toxicities, such as gastrointestinal and he-
patic toxicities (ie, hyperbilirubinemia, aminotransferase
elevations), were mild in both arms.

PD effects shown as the percentage decrease in ANC are
listed in Table 3. The percentage decrease in ANC for the
BSA-based arm and individualized arm were 87.1% (range,
59.0 to 97.7%; SD, 8.7) and 87.5% (range, 78.0 to 97.2%;
5D, 6.1), respectively, suggesting that the interpatient vari-
ability in the percentage decrease in ANC was slightly
smaller in the individualized arm than in the BSA-based
arm (Fig 4). The response rates between the two arms were
similar; five of 30 (16.7%) and four of 29 (13.8%) patients

AUC was significantly smaller in the individualized arm
than in the BSA-based arm (P < .01; Fig 3).

PD

In both arms, neutropenia was the predominant toxic-
ity related to docetaxel treatment, and 28 of 30 (93%)
patients in the BSA-based arm and 25 of 29 (86%) patients
in the individualized arm had grade 3 or 4 neutropenia.

wwfeo.org
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Fig 2. Correlation between the estimated and observed docetaxel clear-
ance {CL} in the individualized arm (n = 29). (—) Linear regression line
tr? = 0.821); (- - - -) 95% Cls for individual estimates.
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Fig 3. Comparison of area under the concentration-time curve (AUC)
variability between the arms (P < .01; F test). BSA, body-surface area.

achieved a partial response in the BSA-based arm and indi-
vidualized arm, respectively.

p -

In oncology practice, the prescribed dose of most anticancer
drugs is currently calculated from BSA of individual pa-
tients to reduce the interpatient variability of drug expo-
sure. However, PK parameters, such as CL of many
anticancer drugs, are not related to BSA.%*?%? Although PK
parameters of docetaxel are correlated with BSA, individu-
alized dosing based on individual metabolic capacities
could further decrease the interpatient variability.*?
CYP3A4 plays an important role in the metabolism of
many drugs, including anticancer agents such as docetaxel,
paclitaxel, vinorelbine, and gefitinib. This enzyme exhibits a
large interpatient variability in metabolic activity, account-
ing for the large interpatient PK and PD variability. We have
developed a novel method of estirating the interpatient
variability of CYP3A4 activity by urinary metabolite of ex-
ogenous cortisol. That is, the total amount of 24-hour uri-
nary 6-B-OHF after cortisol administration was highly
correlated with docetaxel CL. We conducted a prospective

Tahle 3. Percentage Decrease in ANC
BSA-Based Arm Individualized Arm

Parameters {n = 30) n =29}
Percentage decrease in ANC, %
Mean 87.1 87.4
Range . B9.0-97.7 78.0-97.2
Median 89.7 884
sD ) 8.7 8.1

Abbreviations: ANC, absolute neutrophil count; BSA, body-surface area:
SD, standard deviation.
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Fig 4. Correlation between area under the concentration-time curve (AUC)
and percentage decrease in absolute neutrophil count {ANC) in each arm. (A}
body-surface area-based arm; [8) individuahzed arm.

randomized PK and PD study of docetaxel to evaluate
whether the application of our method to individualized
dosing could decrease PK and PD variability compared with
BSA-based dosing.

The study by Hirth et al*® showed a good correlation
between the result of the erythromycin breath test and
docetaxel CL, and the study by Goh et al*” showed a good
correlation between the midazolam CL and docetaxel CL.
In our study, we prospectively validated the correlation
between docetaxel CL and our previously published
method using the total amount of urinary 6-B-OHF after

JOURNAL OF CLINICAL ONeOLOGY
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cortisol administration in the individuvalized arm. As shown
in Fig 2, the observed docetaxel CL was well estimated, and
the equation for the estimation of docetaxel CL developed
in our previous study was found to be reliable and repro-
ducible. The target AUC in the individualized arm was set at
2.66 mg/L - h. This value was the mean value from our
previous study, in which 29 patients were treated with 60
mg/m? of docetaxel. Individualized doses of docetaxel ranged
from 37.4 to 76.4 mg/m’” and were lower than expected.

The SD of AUC in the individualized arm was about
46.2% smaller than that in the BSA-based arm, a significant
difference; this result seems to indicate that the application
of our method to individualized dosing can reduce the
interpatient PK variability. Assuming that the variability of
AUC could be decreased 46.2% by individualized dosing
applying our method, overtreatment could be avoided in
14.5% of BSA-dosed patients by using individualized dos-
ing (Fig 5, area A), and undertreatment could be avoided in
another 14.5% of these patients (Fig 5, area B). We consid-
ered that neutropenia could be decreased with patients in
area A by individualized dosing. However, it is unknown
whether the therapeutic effect of docetaxel could be im-
proved in the patients in area B by individualized dosing
because no significant positive correlation has been found
between docetaxel AUC and antitumor response in patients
with non—small-cell lung cancer.** In this study, seven of 30

és AUC disuribution by individualized dosing
/ \1 AUC distribution by BSA-baszd dosing

Number of paticnts

X
LY A
AUC distribution
{area B) (area A)

1- jmin[f,(x), fo(x)Hu=0.145+0.145 = 0.291

_tx-s¥

o) 2(0.538a )

-
L oo

! 1
where.f,(x)—ma ,f:(x)—me

Fig 5. Simulated comparison of area under the concentration-time curve
(AUC) distribution between body-surface area (BSA) ~based dosing and
individualized dosing when the variability of AUC is decreased 46.2% by
individualized desing applied using our method.

WA jeo.org

{23.3%) and two of 30 {6.7%) patients in the BSA-based arm
were included in area A and B, respectively (Figs 3 and 5).

As shown in Figure 4, the percentage decrease in ANC
was well correlated with AUC in both arms, which was
similar to previous reports.®”*? [t was also indicated that the
interpatient variability in the percentage decrease in ANC
was slightly smaller in the individualized arm than in the
BSA-based arim; however, this difference was not signifi-
cant. The response rates between the two arms were similar,
Although the interpatient PK variability could be decreased
by individualized dosing in accordance with our method,
the interpatient PD variability such as toxicity and the anti-
tumor response could not be decreased. Several reasons
could be considered,

With regard to toxicity, the pretreatment characteris-
tics of the patients in this study were highly variable. More
than half of the patients in each arm had previously received
platinum-based chemotherapy, and more than 30% had
received radiotherapy. The laboratory parameters (ie, ALB,
AAG, and ALP) were not balanced across the arms, al-
though they were not included in the eligibility criteria
{Table 1). These variable pretreatment characteristics and
unbalanced laboratory parameters may have influenced the
frequency and severity of the hematologic toxicity as well as
the pharmacokinctic profiles. The antitumor cffect may
have been influenced by the intrinsic sensitivity of tumors,
the variable pretreatment characteristics, and the imbalance
in laboratory parameters. Non-small-cell lung cancer is a
chemotherapy-resistant tumor. The response rate for do-
cetaxel ranges from 18% to 38%,” and no significant posi-
tive correlation between docetaxel AUC and antitumor
responsc has been found. We considered it quite difficult to
control the interpatient PD variability by controlling the
interpatient PK variability alone. Although we did not ob-
serve any outliers in either arm, such as the two outliers with
severe toxicity observed in the study by Hirth et al,”® our
method may be more useful for identifying such outliers. If
we had not excluded patients with more abnormal liver
function or a history of liver disease by the strict eligibility
criteria, the results with the two dosing regimens may have
been more different, and the interpatient PD variability,
such as the percentage decrease in ANC, may have been
smaller in the individualized arm than in the BSA-based
arm. Furthermore, the primary end point of this study was
PK variability, evaluated by the SD of AUC in both arms,
and the sample size was significantly underpowered to eval-
uate whether the application of our method to individual-
ized dosing could decrease PD variability compared with
BSA-based dosing.

For the genotypes of CYP3A4, several genetic poly-
morphisms have been reported (http://www.imm:.ki.se/
CYPalleles/); however, a clear relationship between
genetic polymorphisms and the enzyme activity of
CYP3A4 has not been reported. Our phenotype-based
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individualized dosing using the total amount of urinary
6-3-OHF after cortisol administration produced good
results. However, this method is somewhat complicated,
and a simpler method would be of great use. We analyzed
the expression of CYP3A4 mRNA in the peripheral-

Yamamoto et al

blood mononuclear cells of the 29 patients in the indi-

vidualized arm. No correlation was observed between the
expression level of CYP3A4 mRNA and docetaxel CL or
the total amount of urinary 6-B8-OHF after cortisol ad-

ministration (data not shown).
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n estimated 75,000 new cases
Aof lung cancer were diagnosed

in Japan in 2002. Approxi-
mately 15% of these cases were diag-
nosed as small-cell lung cancer
(SCLC), which is strongly associated
with tobacco use, as is non~small-cell
lung cancer (NSCLC). The clinical
characteristics of SCLC tend to be
more aggressive, but also more sensi-
tive to chemotherapy and radiation
therapy than those of NSCLC. Small-
cell lung cancer is usually staged as
either limited disease (LD) or exten-
sive disease (ED).[1]

Platinum-based chemotherapy re-
mains the mainstay of treatment regi-
mens for ED-SCLC. In a meta-
analysis of 19 randomized trials com-
paring a cisplatin-based regimen with
a non~cisplatin-based regimen, pa-
tients randomized to a regimen con-
taining cisplatin had a significantly
higher probability of response and
survival, with no significant increase
in toxicity.[2] Berghmans et al pre-
sented a detailed analysis of the roles
of etoposide and cisplatin in the treat-
ment of SCLC.[3] Between 1980 and
1998, 36 eligible trials were per-
formed. These trals concluded that

One or two copies of this article for per-
sonal or internal use may be made at no charge.
Copies beyond that number require that a 9¢
per page per copy fee be paid to the Copyright
Clearance Center, 222 Rosewood Drive, Dan-
vers, MA (01970. Specify ISSN 0890-9091. For
further information, contact the CCC at 503-
750-8400. Write publisher for bulk quancities.

Topoisomerase |
Inhibitors in Small-Cell
Lung Cancer

The Japanese Experience

ABSTRACT

Among patients with lung cancer, approximately 15% have small--

cell lung cancer (SCLC). The clinical characteristics of SCLC tend to
be more aggressive, but also more sensitive fo chemotherapy and ra-
diation therapy than those of non-SCLC. Irinotecan ( Camptosar) is a
derivative of camptothecin, an inhibitor of the nuclear enzyme
topoisomerase I. Irinotecan has beenshown to exhibit excellent antitu-
mor activity against SCLC inmonotherapy regimens and in combina-
tion with cisplatin. A phase III trial comparing irinotecan and cisplatin
(IP) with etoposide and cisplatin (EP) in patients with previously un-

treated extensive-stage SCLC (ED-SCLC) was conducted. Patients in’

the IParm responded significantly better than patients in the EP arm.
In the IP arm, the response rate was 84%, and median overall survival
was I2.8 months. A phase I trial of irinotecan, cisplatin, and etoposide
(IPE) administered weekly (arm A) or every 4 weeks (arm B) for ED-
SCLC (JCIG 9902-DI) was also performed. In arm B, the response
rate was 77% and the median overall survival was 12.9 months. A ran-
domized trial comparing IP with IPE administered every 3 weeks in
patients with previously untreated ED-SCLC is presently being per-
formed in Japan.

the use of cisplatin and/or etoposide
offered a significant survival advan-
tage to patients with SCLC.
Irinotecan (Camptosar) has been
semisynthesized as a water-soluble
derivative of camptothecin, an inhibi-
tor of nuclear enzyme topoisomerase
I, in an attempt to reduce its toxicity
and to improve its therapeutic effica-
cy.[4-8] In a phase II trial of irinote-

can for SCLC, the response rate was
47%.[9,10] In preclinical studies,
irinotecan and cisplatin exhibited syn-
ergistic activities. Their toxicity pro-

Finaneial Disclosure: The authors have no
significant financial interest or other relation-
ship with the manufacturers of any products
or providers of any service mentioned in this
article.

SUPPLEMENT -+ JUNE 2004 « ONCOLOGY 11



Irinotecan plus cisplatin

Etoposide plus
cisplatin

Arm A (weekly regimen)

Drugs

Cisplatin 25 mg/m?, d1
Irinotecan 90 mgfm?, d1
Etoposide 60 mg/m2, d1-3
G-CSF :

Arm B (4-week based regimen)
Week

Drugs 1 5 9 13
Cisplatin 60 mg/m2, dt @ @ [ (<)
Irinotecan 60mg/mz,d1,8,15 49 ¢ ¢ ¢ ¢ ¢4 & ¢ $ 6
Etoposide 50 mg/m2, d1-3 £
G-CSF
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Figure 1: Progression-Free Sur-
vival—Progression-free survival of
patients with extensive smali-cell lung
cancer who were assigned {o treat-
ment with irinotecan plus cisplatin or
etoposide plus cisplatin (JCOG 8511).

Figure 2: Overall Survival—Overall
survival of patients with extensive
small-cell lung cancer who were as-
signed to treatment with irinotecan plus
cisplatin or etoposide plus cisplatin
{JCOG 9511).

Figure 3: Study JCOG 9902-DI—
Treatment schema of arm A {weekly
regimen) and arm B (4-week regimen).
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files also showed a minimal over-
lap.[11-16] In a phase II trial of irino-
tecan and cisplatin, the response rate
was 86%.[17] In these trials, the prin-
cipal toxicities were neutropenia and
diarrhea.

Phase III Trial Comparing

Irinotecan and Cisplatin With
Cisplatin and Etoposide

Based on the results of the phase I
trial, the Japan Clinical Oncology
Group (JCOG) conducted a multi-
institutional randomized phase I tri-
al (JCOG-9511) comparing irinote-
can and cisplatin (IP) with cisplatin
and etoposide (EP) in patients with
previously untreated ED-SCLC.[18]
The patient characteristics in this trial
included an Eastern Cooperative On-
cology Group (ECOG) performance
status of 0-2 and age < 70 years.
Patients with symptomatic central ner-
vous system metastases requiring ra-
diation or corticosteroid treatment
were excluded from the trial. The ex-
perimental arm consisted of irinote-
can at 60 mg/m? administered on days
1, 8, and 15 of each 4-week cycle,
along with cisplatin at 60 mg/m? ad-
ministered on day 1 for a total of four
4-week cycles (IP). This treatment reg-
imen was compared with a regimen
of etoposide at 100 mg/m* adminis-
tered on the first 3 days of ‘each
3-week cycle along with cisplatin at
80 mg/m?® administered on day 1 for a
total of four 3-week cycles (EP).

The principal end point was over-
all survival. The projected accrual for
this trial was 230 patients (115 pa-
tients per arm). An interim analysis
conducted after 77 patients had been
accrued in each arm showed a signif-
icant survival advantage for the IP
arm. Therefore, further enrollment in
the trial was discontinued.

The response rate was significant-
ly higher in the JP arm than in the EP
arm (84% vs 68%; P = .02). Addi-
tionally, the TP arm showed a statisti-
cally significant improvement in both
progression-free survival (6.9 vs 4.8
months; P =.003) (Figure 1) and me-
dian overall survival (12.8 vs 9.4
months; P =.002) (Figure 2).

The results of this trial were the
most exciting to be seen in patients

with previously untreated SCLC. The
IP regimen is thus another platinum-
based combination that should be con-
sidered for the treatment of ED-SCLC.
Appropriately, the combination of cis-
platin and irinotecan has become the
new standard treatment for patients
with ED-SCLC in Japan. However,

several points must be examined be-
fore the IP regimen can be fully es-
tablished as the new standard
treatment for ED-SCLC. Three ran-
domized controlled trials comparing
the EP regimen with the IP regimen
are presently under way in Europe
and the United States.

Tabte 1

Patient Charactelristics InJCOG 9902-DI

Arm A (n =30)

Arm B (n = 30)

Number

of Patients Percentage

Number
of Patlents Percentage

Sex
Female 3 10% 3 10%
Male 27 90% 27 90%
Median age (range) 64 yr (47-70yr) 63 yr {4668 yr)
Performance status .
0 2 7% 3 10%
1 25 83% 25 83%
2 3 10% 2 7%
Body weight loss
. <5% _ 23 © 7% 21 70%
5%-10% 5] 20% 8 27%
o= 10% 1 3% k 1 3%
Table 2

Number of Chemotherépy Cycles Delivered in JCOG 9902-DI

Arm A Arm B
Number Number Number Number
of Cycles  of Patients Percentage of Cycles of Patients Percentage
9 22 73% 4 21 70%
8 4 13% 3 5 - 17%
L 1 3% 2 2 7%
4 1 © 3% 1 2 7%
2 1 3%
1 1 3%
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Table3d

Total Administered Dosage and Dose Intensity Delivered in JCOG 9902-DI

Arm A

AmB

Median (Range} Total Dosage

240 mg/m? (60—-240 mg/m?)
563 mg/m? {60720 mg/m?)
600 mg/m? (150-600 mg/m?)

Median (Range) Dose Intensity

15 mg/m?hwk (12-15 mg/m2wk)
35 mo/m?/wk (1545 mg/m?fwk)
37 mg/mwk (28-38 ma/me/wk)

Cisplatin 225 mg/m? {25-225 mg/m?)
Irinotecan 450 mg/m? (90450 mg/m?)
Etoposide 720 mg/m? (0-720 mg/m?)
Cisplatin 21 mg/m?/wk (13-25 mg/m? wk)
Irinotecan 40 mg/mfwk (21-90 mg/m2/wk)
Etoposide 68 mg/m¥wk (0-80 mg/m?/wk)
Table 4

Toxicity in JCOG 9902-DI

Arm A (n =30) ArmB (n=30)
Number Number

Toxleity (Grade 3/4) of Patients Percentage of Patients Percentage
Leukocytopenia 15 50% 16 53%
Neutropenia 17 57% 26 87%
Anemia 13 43% 14 47%
Thrombocytopenia 8 27% 3 10%
Infection 2 7% 4 1_3%
Diarrhea 2 7% 3 10%
Hyponatremia 4 13% 6 ©20%
CRN elevation 1 3% 1 3%
Treatment-related death 1 3% 0 0%

CRN = ¢reatinine.

Phase I Trial of Cisplatin,
Irinotecan, and Etoposide
Administered Weekly or
Every 4 Weeks

JCOG 9511 showed that the IP reg-
imen was significantly better than the
EP regimen, However, because eto-
poside was still considered to be a

14

key drug in the treatment of SCLC, a
combination of these three drugs—
irinotecan, cisplatin, and etoposide
(IPE)—seemed to be a promising
strategy for the treatment of ED-
SCLC. The recommended weekly
doses (JCOG 9507) and the dosages
for each 4-week cycle (JCOG 9512)
for IPE were decided using dose-es-

ONCOLOGY + VOLUME 18 *+ NUMBER 7 » SUPPLEMENT

calation trials. For these reasons, a
phase II trial of irinotecan, cisplatin,
and etoposide administered weekly or
every 4 weeks for ED-SCLC (JCOG
9902-DI) was performed.[19]

The purpose of this trial was to
evaluate the toxicity and antitumor
effect of the combination of irinote-
can, cisplatin, and etopeside adrninis-
tered according to two schedules,
weekly (arm A) and every 4 weeks
(arm B), for the treatment of previ-
ously untreated ED-SCLC, and to se-
lect the appropriate arm for use in
phase II trials. Patients were enrolled
in this trial if they met the following
criteria: (1)} a histologic or cytological
diagnosis of SCLC; (2) no prior treat-
ment; (3) measurable disease; (4) ex-
tensive disease, defined as distant
metastasis or contralateral hilar lymph
node metastasis; (5) performance sta-
tus of O to 2 on the ECOG scale; (6) a
life expectancy of 3 months or long-
er; (7) age between 20 and 70 years;
(8) adequate organ function; and (9)
written informed consent.

The treatment schedule is shown
in Figure 3. In arm A, cisplatin at 25
mg/m?* was administered intravenous-
ly (IV) over 60 minutes on day 1 and
at 1-week intervals for 9 weeks; irino-
tecan at 90 mg/m? was administered
IV over 90 minutes on day 1 on weeks
1, 3, 5,7, and 9; and etoposide at 60
mg/m? was administered by IV over
60 minutes on days 1 to 3 of weeks 2,
4,6, and 8. Granulocyte colony-stim-
ulating factor (G-CSF) was adminis-
tered prophylactically on the days
when a cytotoxic drug was not given,
unless the white 'blood cell (WBC)
count exceeded 10.0 x 10°%/L.

In arm B, cisplatin at 60 mg/m?
was administered by IV over 60 min-
utes on day 1, irinotecan at 60 mg/m?
was administered by I'V over 90 min-
utes on days 1, §, and 15; and etopo-
side at 50 mg/m?® was administersd by
IV over 60 minutes on days 1 to 3.
G-CSF was injected subcutaneously
from day 5 until the day when the
WBC count exceeded 10.0 x 10°%L.
This treatment was repeated every 4
weeks for a total of four cycles.

Patient characteristics are listed in
Table 1. Between August 1999 and
October 2000, 30 patients were en-
tered in each arm. The last follow-up




examination was performed in Febru-
ary 2002. All enrolled patients were
included in the toxicity, tumor re-
sponse, and patient survival analyses.
No differences in any of the listed
characteristics were observed between
the two arms.

Treatment delivery is listed in Ta-
ble 2. Of the 30 patients in each arm,
22 (73%) and 21 (70%) patients in
arms A and B, respectively, received
full cycles of chemotherapy (nine cy-
cles in arm A and four cycles in amm
B). Therapy was stopped because of
toxicity in four (13%) patients in arm
A and in six (20%) patients in arm B.
Therapy was stopped because of tu-
mor progression in three (10%) pa-
tients in each arm. The need for
treatment delay in arm A and treat-
ment skipping in arm B, however,
was significant. Only eight (27%) pa-
tients in arm A completed the treat-
ment without delay, and only seven
(23%) patients in arm B received all
the planned doses. A total of 105 che-
motherapy cycles were administered to
30 patients in arm B, but eight (8%)
doses of irinotecan on day 8, and 33
(31%) doses of irinotecan on day 13
were omitted because of toxicity, ac-
cording to criteria in the protocol.

The median total dosages of cis-

platin and etoposide administered per |

patient were maintained at the planned

dosage levels in both arms (Table 3). |
The median total dosage of irinotecan |

as a percentage of the scheduled dos-
age (the relative total dosage) was

100% in arm A, but only 78% in arm |
B, reflecting the doses of irinotecan |:

that were skipped on days 8 and 15.

Dose intensity was evaluated in 29 |

patients in arm A and 28 patients in
arm B (Table 3). The median relative
dosage intensity was well maintained
at a level of 80% or higher, except
that of irinotecan in arm B (77%).
The median actual dosage intensity
of etoposide was 70 mg/m*/wk in arm
A and 37 mg/m?wk in arm B.

Address all comespondence to:
Nagahiro Saijo, MD, PhD
Division of Internal Medicine
National Cancer Center Hospital
Tsukiji 5-1-1

Chuo-ku, Tokye 104-0045
Japan

Tabfe 5

Antitumor Responses in JCOG 9902-DI

Arm A {n = 30) Arm B {n = 30)
Number Number
Responses of Patients Percentage of Patients  Percentage
Complete 2 7% 5 17%
Partial 23 - T7% 18 60%
No change 1 3% 0 0‘;/0
Progressive disease 3 10% 4 ,13%
No effect i 3% 3 10%

Response rate

B83% (95% Cl = 65%—94%)

77% {95% Cl = 58%~-90%}

Figure 4: Study JCOG 9902-D1—Survival in treatment arms.

Toxicity was evaluated in all pa-
tients. ‘The incidences of grade 3/4
neutropenia, anemia, thrombocytope-
nia, infection, and diarrhea in arm A
were 57%, 43%, 27%, 7%, and 7%,
respectively, and 87%, 47%, 10%,
13%, and 10%, respectively, in arm
B. A treatment-related death occurred
in one patient in arm A (Table 4).

Two complete responses (CRs) and
23 partial responses (PRs) were ob-
tained in arm A, resulting in an over-
all clinical response rate of 83%,
whereas five CRs and 18 PRs were
obtained in arm B, resulting in an
overall response rate of 77% (Table
5). The median time to survival and
1-year survival rate in arm A were 8.9
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months and 40%, respectively, and
12.9 months and 57%, respectively,
in arm B (Figure 4).

In this trial, the two IPE schedules
were both effective against ED-SCLC
and had an acceptable toxicity level.
Arm B was adopted as the investiga-
tional arm in phase T trials.

Conclusion

The combination of cisplatin and
irinotecan has become the new stan-
dard treatment for patients with ED-
SCLC in Japan. However, SCLC is
rarely cured, although the response
rate has been improved and the sur-
vival time extended through the use
of chemotherapy. Based on the re-
sults of JCOG 9511 and ICOG 9902-
DI, a randomized trial comparing IP
with IPE administered every 3 weeks
in patients with previously untreated
ED-SCLC is now being performed in
Japan.
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: n estimated 75,000 new cases
Aof lung cancer were diagnosed
in Japan in the year 2002, and
approximately 15% of these cases
were small-cell lung cancer (SCLC).

Like non-small-cell lung cancer,
SCLC is strengly associated with to-

baceo use. Left untreated, SCLC is a-

rapidly proliferating tumor with a poor
prognosis, but response rates to che-
motherapy and radiotherapy are high.
SCLC is usnally staged as either limit-
ed or extensive disease. The standard
treatment for extensive disease is che-
motherapy, and for limited disease is
| chemotherapy plus radiotherapy.

" Nearly one-third of patients with
SCLC present with limited disease,
which is defined as discase confined
to one hemithorax, without pericar-
dial or pleural effusion, that can be
encompassed by a single radjothera-

py port.[1] Limited disease is a poten-

tially more curable form of SCLC than
extensive disease, and yet, before the
use of chemotherapy, patients diag-
nosed with limited-stage SCLC sur-
vived an average of only 3 months.

History of Chemotherapy

for SCLC

In the 19605 and 1970s, when cy-
clophosphamide (Cytoxan, Neosar)
therapy was shown to be superior to
best supportive care, the CAV regi-
men (cyclophosphamide/doxorubicin
[Adriamycin]/vincristine) became
standard treatment for SCLC, In the
late 1970s, the effectiveness of EP

Small-Cell Lung Cancer:

Current Therapy and
Novel Agents

ABSTRACT

Among patients with lung cancer, approximately 15% have small-

cell lung cancer (SCLC). Although, without therapy, untreated SCLC
is a rapidly proliferating tumor with a poor prognosis, response rates to
chemotherapy and radiotherapy are high. SCLC is usually staged as
either limited disease or extensive disease. Extensive disease is treated
primarily with chemotherapy. A recent Japanese randomized trial com-
pared IP (irinotecan {Camptosar]/cisplatin [Platinol]) with EP
(etoposide/cisplatin). Patients in the IP arm had significantly better
outcomes than patients in the EP arm. In the IP arm, the response rate
was 84%, and the median overall survival period was 12.8 months.
Limited disease is usually treated with concurrent chemotherapy and
accelerated radiation therapy, and approximately 20% of patients are
cured. Further investigations to improve local control and inhibit distant
metastasis are clearly warranted, The dose-rate escalation in radio-
therapy (administered concurrently with chemotherapy) is important
in improving local control, and the introduction of molecular-targeting

agents is necessary to inhibit distant metastasis.

chemotherapy (etoposide/cisplatin
{Platinol]) was demonstrated in pa-
tients resistant to cyclophosphamide,
and in the 1980s, EP becarne the stand-
ard rather than cyclophosphamide-
based therapy. Given its mild side
effects, the combination of radiother-
apy and EP (without the need for drug
dose reductions) subsequently became
the standard approach.

In the late 1990s, the antitumor
activities of new drugs such as pacli-
taxel, irinotecan (Camptosar), topo-
tecan (Hycamtin), and amrubicin

JANUARY 2005 » ONCOLOGY

(investigationsl in the United States)
were demonstrated in SCLC. Ongo-
ing investigations are exploring the
use of these agents, and the possibili-
ty that they might be more effective
than EP.

One or two copies of this article for per-
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Copies beyond that number require that a 9¢
per page per copy fes be paid to the Copyright
Clearance Center, 222 Rosewood Diive, Dan-
vers, MA 01970. Specify ISSN 0890-50%1, For
further information, contact the CCC at 508-
750-8400. Write publisher for bulk quantities.
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Table 1

New Agents for the Treatment of Small-Cell Lung Cancer

Authors Drug
Negoro et al, 1981[5] Irinctecan
Irinotecan
Masuda et al, 1992(8] Irinctecan
Smyth et al, 1994[7] Docetaxel
Cormier et al, 1994[8] Gemcitabine
Ettinger et &l, 1992[9] lfostamide
Ettinger et &l, 1995[10] Paclitaxel
Kirschling et al, 1994[11]  Paclitaxel
Ardizzonl et al, 1897[12}  Topotecan
Schiller et al, 199é[13] Topotecan
Jassem et al, 1993[14] Vinorelbine
Furuse et al, 1996[15] Vinorelbine

Number of Prior Response
Patients Therapy  Rate
27 Yes 33%

8 No 50%
15 Yes 47%
28 Yes 25%
26 No 27%
43 No 49%
32 No 34%
37 No 1%
47 Yes 6.4%
48 No 39%
25 Yes 16%
24 Yes 12.5%

In comparing state-of-the-art ther-
apies for extensive and limited SCLC
from 1981 and 2003, both median
survival and 3-year survival rates have
shown improvement. In this dataset,
patient selection bias would presum-
ably be a significant factor, but progress
in therapy is critical to such improve-
ment. The incorporation of new agents
has been crucial in the establishment of
more effective therapy.

Treatment of
Extensive-Stage SCLC

Cisplatin and Etoposide
Platinum-based chemotherapy is
the mainstay of treatment regimens
for extensive disease. In a meta-anal-
ysis of 19 randomized trials compar-
ing a cisplatin-based regimen with a
non—cisplatin-based regimen, patients
randomized to the regimen contain-
ing eisplatin had a significantly high-
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er probability of response and surviv-
al, with no significant increase in tox-
icity.[2] Berghmans et al presented a
detailed analysis of the roles of eto-
poside and cisplatin in the treatment
of SCLC.[3] Thirty-six eligible trials
were performed between 1980 and
1998; 1 trial compared cisplatin with
no cisplatin, 17 compared etoposide
with no etoposide, 9 compared cis-
platin plus etoposide with no cisplatin
plus etoposide, and 9 compared cis-
platin plus etoposide with etoposide
alone. These trials concluded that the
use of cisplatin and/or etoposide of-
fered a significant survival advantage
to patients with SCLC.

In another meta-analysis, Chute et
al evaluated all 21 cooperative group
phase Il trials performed in North
America between 1972 and 1993.[4]
Patients with extensive disease who
were treated during a similar time in-
terval and were listed in the Surveil-
lance, Epidemiology, and End Results
(SEER) database were also included
in the analysis. The median survival
time of patients in the control arms of
the phase III trials initiated between
1972 and 1981 was 7.0 months; for
those enrolled in control arms between
1982 and 1990, the median survival

ONCOLOGY + VOLUME 19 + NUMBER 1

was 8.9 months (P = .001). Trends in
the number of trials and the survival
periods of patients over time were
examined. A modest 2-month prolon-
gation in median survival was dem-
onstrated in patients with extensive
disease, This improvement in surviv-
al was independently associated with
both a cisplatin-based regimen and
improvement in best supportive care
measures.

Several other agents with signifi-
cant activity in SCLC were studied in
the 1990s (Table 1).[5-15]

Irinotecan

Irinotecan is a derivative of camp-
tothecin, an inhibitor of nuclear
enzyme topoisomerase 1. Topoisom-
erase I creates single-strand breaksin
DNA during DNA replication. Two
trials have evaluated the use of irino-
tecan in patients with SCLC.[5,6] Ne-
goro et al evaluated 35 patients, 27 of
whom had received prior treatment. [5]
Responses were seen in 9 of the 27
previously treated patients and 4 of
the 8 previously untreated patients.
The principal toxicities were neutro-
penia and diarrhea. Masuda et al stud-
ied 16 previously treated patients with
SCLC.[6] Irinotecan (100 mg/m?) was
administered weekly, with dosages
adjusted for toxicity. Responses were
seen in 7 of the 15 evaluable patients,
producing an overall response rate of
47%. The principal toxicities were di-
arrhea and neutropenia. Two patients
suffered from grade 3 or 4 pulmonary
toxicity, and one of these patients sub-
sequently died.

Irinotecan’s mechanism of action
is complementary to that of cisplatin.
Studies in preclinical models have
shown that these two agents exhibit
synergistic activities, and their toxici-
ty profiles also show minimal over-
lap. For these reasons, irinotecan was
an ideal drug for clinical trials with
cisplatin as a first-line combined
therapy.[16-18]

A phase II trial of cisplatin plus
irinotecan as first-line combined ther-
apy in patients with SCLC (including
35 patients with extensive disease)
was conducted by the West Japan Tho-
racic Oncology Group. In this trial,
both agents were administered at a
dose of 60 mg/m?; irinotecan was ad-
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ministered on days 1, &, and 15 of
each 28-day cycle, and cisplatin was
administered on day 1.[19] For patients
with extensive disease, the overall re-
sponse rate was 80%, with 29% of pa-
tients achieving complete responses.
The median survival was 13.0 months,
with a 2-year survival rate of 17.5%.

Based on the results of this phase I
trial, the Japan Clinical Oncology
Group (JCOG) conducted a multi-in-
stitutional randomized phase ITI trial
(JCOG-9511), comparing IP with EP
in patients with previously untreated
extensive disease.[20] The patient
characteristics in this trial included an
Eastern Cooperative Oncology Group
(ECOG) performance status of 0 to 2
and an age of 70 years or less. Pa-
tients with symptomatic central net-
vous system metastases requiring
radiation or corticosteroid treatment
were excluded from the study. The
experimental arm consisted of irino-
tecan (60 mg/m") administered on
days 1, 8, and 15 of each 4-week
cycle, with cisplatin (60 mg/m?) ad-
ministered on day 1 for a total of four
4-week cycles (IP). This treatment reg-
imen was compared with a regimen
of etoposide (100 mg/m?) adminis-
tered on the first 3 days of each 3-week
cycle, with cisplatin (80 mg/m?) ad-
ministered on day 1 for a total of
four 3-week cycles (EP). The princi-.
pal end point was overall survival.

The projected accrual for this trial
was 230 patients (115 patients per
arm). An interim analysis conducted
after 77 patients had been accrued in
each arm showed a significant sur-
vival advantage for the IP arm. There-
fore, further enrollment in the trial
was discontinued. The response rate
was significantly higher in the IP arm
than in the EP arm (84% v 68%;
P = .02). Additionally, the IP arm
showed a statistically significant
improvement in progression-free
survival (6.9 vs 4.8 mo; P = .003)
and median overall survival (12.8 vs
9.4 mo; P = .002; Figure 1).

The results of JCOG 9511 were
the most provocative ever seen in pa-
tients with previously untreated
SCLC. The IPregimen is thus another
platinum-based combination that
should be considered for the treatment
of extensive disease. Appropriately,

Figure 1: Overall Survival of Patients In JCOG 9511 Trial—Overall survival

of patients with extensive small-cell lung cancer assigned to treatment with
irinotecan plus cisplatin (IP) or etoposide plus cisplatin (EP). JCOG = Japan

Clinical Oncology Group.

the combination of cisplatin and irino-
tecan has become the new standard
treatment for patients with extensive
disease in Japan.

However, several points must be
examined before the IP regimen is
established as standard therapy world-
wide. Clinical studies have been initi-
ated to confirm these promising results
by three groups: Pfizer, the South-
west Oncology Group (SWOG), and
Aventis. The Pfizer group reported
the interim results of this study as a
Neorth American study at ASCO
2003.[21] These investigators ob-
served superior compliance and low-
er toxicity, as compared to the findings
of JCOG 9511.

Amrubicin

Another excellent antitumor agent
developed in Japan is amrubicin. In
single-agent therapy, this drug pro-
duced a high response rate of 75.8%
in extensive disease {median surviv-
al: 11.7 mo).[22] A phase I study of
amrubicin plus cisplatin demonstrat-
ed a response rate of 86.8%.[23)

Etoposide/Cisplatin-Based
Combinations

Another approach to improving
efficacy is the addition of new agents
to EP therapy. Phase I studies of

a regimen known as PET (cisplatin,
etoposide, paclitaxel {Taxol]) have
been performed in the United States.
In a phase II study with 80 patients,
the response rate was 57%, median
survival was 11 months, and tredt-
ment-related death was 14%.[24] The
results of a controlled study compar-
ing EP with PET in 372 patients
showed a slightly superior complete
respense rate in the PET arm, but
there was no difference in median
survival or the l-year survival rate
between the two therapy arms, More-
over, grade 5 toxicity was higher in
the PET arm.[25].

A phase If trial of irinotecan/
¢isplatin/etoposide (IPE) adminis-
tered weekly (arm A} or every
4 weeks (arm B) for extensive dis-
ease (JCOG 9902-DI) was als¢ per-
formed. In arm B, the response rate
was 77%, and median survival was
12.9 months.[26] A randomized trial
comparing IP with IPE administered
every 3 weeks in patients with previ-
ously untreated extensive disease is
currently being conducted in Japan.

Firancial Disclosure: The authors have no
significant financial interest or other relation-
ship with the manufacturers of any products
or providers of any service mentioned in this

article.
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Molecular-Targeted Therapy

weekly chemotherapy with non—cross-
resistant altemative chemotherapy,
solid data have yet to be obtained.
Molecular-targeted therapy has also
been investigated in SCLC, but at this
time, no agents in this class have prov-
en effective against the disease.
There are no reported cases of are-
sponse to either a farnesyl transferase
inhibitor among previously treated
SCLC patients, or to imatinib mesy-
late (Gleevec) among untreated SCLC
patients. A controlled study compar-
ing marimastat (investigational in the
United States) after four cycles of EP
with a placebo showed no difference
in survival and significantly greater
toxicity in the marimastat arm.[27] At

oblimersen sodium {Genasense), an
investigational Bcl-2 inhibitor, was
evaluated in combination therapy with
etoposide and carboplatin (Paraplatin).

- Although there are many controlled
studies comparing dose-inténsive

ASCO 2003, the optimal dose of

_A randomized trial to assess the com-
bination of oblimersen, etoposide, and
carboplatin in SCLC will be conducted
by the Cancer and Leukemia Group B
(CALGB).[28] Furthermore, neither
vascular endothelial growth factor
(VEGF) nor cyclooxygenase (COX)-2
expression is reportedly a significant
prognostic factor in SCLC.[29]

Recurrent Disease

Most SCLC patients are destined
to relapse, and the prognosis of these
relapsed patients is poor. No standard
therapy for patients with recurrent
SCLC after a complete response has
been established, Patients who relapse
less than 3 months after first-line
therapy are commonly called refrac-
tory, and those who relapse at least
3 months after therapy are called sen-
sitive. Sensitive cases may be re-freat-
ed with the same induction’ regimen
used initially. Refractory patients who
are in satisfactory clinical condition
should be offered a second-line regi-
men. Such patients are usually regis-

tered in a phase I or phase I study of

| new antitumor agents, such as topote-

can, irinotecan, or paclitaxel.[30-32]

Elderly Patients

The proportion of elderly patients
among all lung cancer cases is rapidly
increasing with the aging of society.
In many of these cases, general che-
motherapy is not feasible due to un-
satisfactory performance status, and
treatment of such patients shouldbe a
focus of future research. Although
there is no difference in survival be-
tween elderly and other populations,
the death rate due to toxicity is high
in the elderly population. A trial of
oral etoposide among patients who
did not respond to CAV was reported
(and its use in elderly patients was
anticipated), but a later controlled
study revealed higher toxicity and less
efficacy with the oral agent, compared
to standard chemotherapy.{33,34]
Recently, oral etoposide has not been
used as a single agent.

Treaiment of

Limited-Stage SCLC

SCLC has long been recognized to
be clinically responsive to radiation
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therapy, and in vitro irradiation of
SCLC cell lines has shown that they
often have a greater intrinsic radiosen-
sitivity than adenocarcinomas or squa-
mous cell Iung cancer cell lines,
Consequently, many early trials com-
bining radiation therapy with chemo-
therapy in patients with SCL.C used
low total radiation dosages.

A number of trials conducted in
the 1970s and 1980s compared che-
motherapy alone with chemotherapy
and thoracic radiation therapy in pa-
tients with limited disease. These tri-
als varied with regard to the radiation
dosage, timing, and choice of chemo-
therapeutic agents used. Warde and
Payne analyzed these trials and found
that the addition of thoracic radiation
therapy improved local control and
survival rates.[35] Pignon et al ob-
tained individual patient data from
these trials and updated the analyses
after their original publication.[36]}
They found that the addition of-tho-
racic radiation therapy increased the
3.year survival rate from 8.9% to
14.3%—an absolute improvement of
5% and a relative improvement of
nearly 50%. .

. In the 1990s, several trials exam-
ined whether radiation therapy and
chemotherapy should be administered
concurrently or sequentially and
whether radiation therapy should be
administered early or late in the over-
all course of treatment. Murray and
Coldman performed a meta-analysis
of trials that combined chemotherapy
and thoracic radiation therapy, using
3-year progression-free survival as a
surrogate end point for long-term sur-
vival.[37] The best results were seen
when thoracic radiatien therapy was
administered 3 to 5 weeks after the
start of chemotherapy. When radia-
tion therapy was further delayed, the
survival benefit decreased and ap-
proached that seen with chemothera-
py alone. ‘ :

The rapid growth of many SCLC
cell lines encouraged the exploration
of accelerated radiation treatment
schedules, with two fractions admin-
istered per day and a modest reduc-
tion in fraction size from the usual
1.8-2.0 Gy to 1.5 Gy. Two prospec-
tive trials compared this approach with
conventional daily fractionation. Tur-




risi et al compared 45-Gy doses ad-
ministered in 25 fractions for more
than 5 weeks with 45-Gy doses ad-
ministered in 30 fractions for more
than 3 weeks. The chemotherapy reg-
imen in this study consisted of four
cycles of cisplatin plus etoposide. The
accelerated regimen resulted in an
improved local control rate (intratho-
racic failure in the accelerated therapy
artn was 36%; in the standard therapy
arm, 52%) and 5-year survival rate
(twice-daily regimen: 26%; standard
regimen: 16%). Although an increased
incidence of grade 3 esophagitis (26%
vs 11%, respectively) was observed,
no other significant differences in tox-
icity were seen.[38]

Conclusions

The incidence of SCLC has been
decreasing. In 1998, SCLC reported-
ly accounted for only 13.8% of ail
lung cancers. A two-tiered staging
systemn is generally utilized for diag-
nosis. Platinum-based chemotherapy
is the standard treatment for exten-
sive disease. The cisplatinfirinotecan
combination has become the nmew
standard treatment for patients with
extensive disease in Japan. Limited
disease is treated with concurrent che-
motherapy and accelerated radiation
therapy, enabling approximately 20%
of all patients to be cured.

" Future investigation of strategies
to improve local control and inhibit
distant metastasis is warranted. To
improve local control, researchers
need to explore dose-rate escalation
of radiotherapy administered concur-
rently with chemotherapy, and for
inhibiting distant metastasis, molecu-
lar-targeting agents are an important
approach. '

This article is reviewed on
pages 52, 55, and 57.
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