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drinking increased the risk of lung cancer compared
with nondrinkers who never smoked, particularly the
OR for heavy smokers (>37 pack-years) and drinkers,
which was 8.4 (95% CI, 2.3-30.2; P =.0012) in the
light drinkers and 7.0 (95% Cl, 2.1-23.4) in the heavy
drinkers (data not shown).

The involvement of alcohol in lung cancer etiol-
ogy has been controversial, although many epide-
" miologic studies have suggested positive associations
between different parameters of alcohol consump-
tion and lung cancer risk. In the current study, we
have demonstrated that drinking is a strong risk
factor for lung cancer that is dose-dependent and
is stronger in men than in women. This same tend-
ency was observed even in the genotype analysis,
but none of the results indicated a significant asso-
ciation between lung cancer and drinking in women.
Furthermore, no associations were observed bet-
ween peripheral lung adenocarcinoma, drinking, and
genotypes of alcohol metabolite-related enzymes in
women.

The question of ethnicity in the distribution of
the polymorphisms of these alcohol metabolite-
related enzyme genes always must be considered.
The ADH? allele is present in almost 60% of whites
but is far more rare (5-10%) in Japanese. In contrast,
the ALDHZ allele is found only in Asians. The
CYP2E1 c2 allele is present in 35% to 56% of Japa-
nese and Chinese, and in 2% to 5% of whites. In the
current study, the frequency of variant alleles of each
polymorphism was 9.9% for ADHj, 40.5% for ALDH,,
and 41.3% for CYP2EI. This is consistent with previ-
ous studies in Japanese and other Asians.

We observed that the risk for lung cancer was
increased significantly by alcohol consumption in a
dose-dependent fashion in individuals with the
ALDH? alleles. Previously, some Japanese studies
also showed a strong genetic and environmental
interaction between ALDH? and alcohol intake for
the risk of developing esophageal and upper aerodi-
gestive tract cancer.'®?! In contrast, for individuals
with the ALDHJ™! genotype, there was an inverse
association between alcohol consumption and the
risk of lung cancer. These results suggest that
increased acetaldehyde concentrations from a reduc-
tion in acetaldehyde oxidation caused by the pre-
sence of the ALDHZ allele contribute to the
development of lung cancer. Significantly higher
blood acetaldehyde concentrations after drinking in
individuals with the ADH} or ALDH? allele have
been reported compared with the concentrations
in individuals who lacked these alleles,'"?® and it
has been demonstrated that breath acetaldehyde
levels are proportional to blood acetaldehyde levels.

Indeed, Muto et al®* and Jones®'.observed signifi-
cantly higher acetaldehyde levels in the breath from
individuals with the ALDH? allele than in those with-
out that allele. Therefore, exposure to higher concen-
trations of acetaldehyde in the lower respiratory tract
may play a critical role in alcohol-related carcinogen-
esis. Regarding the influence of smoking, when
adjusted for age, sex, and amount of alcohol con-

sumed, the risks for developing lung cancer in cur-

rent smokers were 1.5-fold greater for those with the
inactive ALDH, genotype (data not shown) compared
with nonsmokers. The lung cancer risk for indivi-

duals with the ALDH3 allele was not increased fur-

ther by smoking.
Although there have been some reports of a sig-
nificant association between the ADHj allele and

-some types of upper aerodigestive tract cancer, this

association has been controversial.'®17*2-¢ We failed
to observe an association between ADH; gene poly-
morphisms and the development of lung cancer,
most likely because of the limited statistical power
from the low frequency of the variant allele in the
Japanese population. ,
Several investigations®**'2%3¢ have indicated that
the CYP2E1 c2 aliele is associated with susceptibility
to some types of cancer. However, other investigators
reported that carriers of the c2 allele had decreased .
susceptibility to a number of cancers®>?’?? and
reported no association between CYP2EI genotypes
and cancer.?>?%38 Dijscrepancies among these results
may be caused by several factors, including differ-
ences in study design, sample size, and the popula-
tions’ ethnicity. Statistical power usually is very
limited in studies of the white population because of
the extreme rarity of variant genotypes. Although
CYP2E1 enzyme activity is induced by certain chemi-
cals, such as ethanol, large interindividual variation
has been observed in its constitutive activity as well
as after induction. Watanabe et al.** and Hayashi
et al.'® reported that the Rsal variant c2 allele pro-
duced higher enzyme activity than the cl/cl geno-
type in Japanese individuals, although this finding is
itself controversial.®"*?> Highly activated CYP2El
induced by alcohol may play a more important role
in the metabolic activation of several tobacco-speci-
fic procarcinogens, including various nitrosamines. It
has been suggested that these low-molecular-weight
carcinogens are associated with the development of
peripheral adenocarcinoma. This finding is consist-
ent with the results from our analysis of CYP2E] pre-
sented in Table 5. However, the CYP2El c2/c2
genotype is not in Hardy-Weinberg equilibrium in
the control population, the observed frequencies
most likely are underestimates, and these findings of



an association with histologic type most likely are
false-positive results. In our analysis of ALDH,, the
incidence of adenocarcinoma was high among indi-
viduals who had the wild-type genotype. Although a
high incidence of squamous cell carcinoma was not
observed, this result may imply that carcinogenesis
caused by acetaldehyde occurs more in cancers other
than adenocarcinoma as well as in esophageal and
upper aerodigestive tract cancers.

A previous hospital-based study that was con-
ducted in Japan failed to identify any association
between the Rsal polymorphism and lung cancer,
even when the analysis was stratified according to
different histologic type.?® A more recent study indi-
cated that there was a significant decrease in overall
lung cancer risk associated with the possession of
at least 1 copy of the CYP2El Rsal variant allele,
whereas there was no association between the
CYP2E1 Rsal polymorphism and the histologic type
of lung cancer.?’” However, none of the previous stu-
dies had adjusted for risk according to alcohol con-
sumption levels, which strongly influence the activity
of this enzyme. In the current study, we demon-
strated that there is a difference between individuals
who have the CYP2EI Rsal c2/c2 genotype compared
with individuals who have the common cl/cl geno-
type, with an adjusted OR of 4.66 (95% ClI, 1.36-16.0)
for the former group. Because of the low incidence
of homozygosity in controls, the genotype distribu-
tion was not in Hardy-Weinberg equilibrium in our
control population. The increased .lung cancer risk
among individuals with the CYP2El1 c2/c2 genotype
likely was a false-positive result.

A correlation between the amount of alcohol
consumed, genetic polymorphisms in the alcohol
metabolite-related enzymes, and the stage of lung
cancer was not observed in the current study, and
we could not confirm that these factors were related
to the aggressiveness of lung cancer. Furthermore, no
associations were identified between the location of
the primary cancer, the amount of alcohol con-
sumed, and the genotype of these enzymes or
between the risk for lung cancer and the type of
alcoholic beverage consumed.

In summary, we report a significant association
between amounts of alcohol consumed and suscepti-
bility to lung cancer and that the risk of lung cancer
in individuals with ALDH, variant alleles, but not
with ADH3; or CYP2El variant alleles, apparently
was enhanced more by alcohol intake than in indivi-
duals with common genotypes. Moreover, to our
knowledge, this is the first report documenting an
association between lung cancer and genetic poly-
morphisms of alcohol metabolite-related enzymes.
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Because the sample size was relatively small for the
investigation of effects stratified by each genotype,
the current findings should be confirmed in large-
scale studies with greater statistical power.

REFERENCES
1.

Bandera EV, Freudenheim JL, Vena JE. Alcohol consump-
tion and lung cancer: a review of the epidemiologic evi-
dence. Cancer Epidemiol Biomarkers Prev. 2001;10:813-821.

2. Glade MJ. Food, Nutrition and the Prevention of Cancer. A
Global Perspective. American Institute for Cancer Research.
Nutrition. 1999;6:523-526. :

3. Bagnardi V, Blangiardo M, La Vecchia C, Corrao G. A meta-
analysis of alcohol drinking and cancer risk. Br J Cancer.
2001;85:1700-1705.

4. Intemational Agency for Research on Cancer. Allyl com-
pounds, aldehyde, epoxies and peroxidies. JARC Monogr
Eval Carcinog Risks Hum. 1985;36:101-132.

5. Delanco VL. A mutagenicity assessment of acetaldehyde.
Mutat Res. 1998;195:1-20.

6. Helander A, Lindahl-Keissling K. Increased frequency of ac-
etaldehyde-induced sister chromatic exchanges in human
lymphocytes treated with an aldehyde dehydrogenase in-
hibitor. Mutat Res. 1991;264:103-107.

7. Woutersen RA, Applman LM, Van Garderen-Hoetmer A,
Feron V]. Inhalation toxicity of acetaldehyde in rat. I1l. Car-
cinogenicity study. Toxicology. 1986;41:213-231.

8. Feron V], Kruysse A, Woutersen RA. Respiratory tract
tumors in hamsters exposed to acetaldehyde vapour alone
or simultaneously to benzo[a]pyrene or diethyinitrosamine.
Eur ] Cancer Clin Oncol. 1982;18:13-31.

9. Kunitoh S, Imaoka S, Hiroi T, Yabusaki Y, Monna T, Funae
Y. Acetaldehyde as well as ethanol is metabolized by
human CYP2E1. Pharmacol Exp Ther. 1997;280:527-532.

10. Liber CS, DeCarli LM. Hepatic microsomal ethanol oxidiz-
ing system. J Biol Chem. 1970;254:2505-2512.

11. Bosron WE Li TK. Genetic polymorphisms of human liver
alcohol and aldehyde dehydrogenases and their relation-
ship to alcohol metabolism and alcoholism. Hepatology.
1986;6:502-510.

12. Harada S, Misawa S, Agarwal DP, Goedde HW. Liver alcohol
dehydrogenase and aldehyde dehydrogenase in Japanese:
isozyme variation and its possible role in alcohol intoxica-
tion. Am ] Hum Genet. 1980;32:8-15.

13. Sun F, Tsuritani 1, Yamada Y. Contribution of genetic poly-
morphisms in ethanol-metabolizing enzymes to problem
drinking behavior in middle-aged Japanese men. Behav
Genet. 2002;32:229-236.

14. Iwahashi K, Miyatake R, Suwaki H, et al. Blood ethanol
levels and the CYP2E1 C2 allele. Arukoru Kenkyuto Yaku-
butsu Ison. 1994;29:190-194.

15. Hayashi S, Watanabe ], Kawajiri K. Genetic polymorphism
in 5'-flanking region change transcriptional regulation of
the human cytochrome P-45011E1 gene. J Biochem. 1991;
110:559-565.

16. Coutelle C, Ward PJ, Fleury B, et al. Laryngeal and oropha-
ryngeal cancer and alcohol dehydrogenase 3 and glutathi-
one S-transferase M1 polymorphisms. Hum Genet. 1997;99:
319-825.

17. Harty LC, Caporaso NE, Hayes RB, et al. Alcohol dehydro-
genase 3 genotype and risk of oral cavity and pharyngeal
cancers. ] Natl Cancer Inst. 1997;89:1698-1705.



362

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

CANCER July 15, 2007 / Volume 110 / Number 2

Yokoyama A, Muramatsu T, Ohmori T, Higuchi S, Haya-
shida M, Ishii H. Esophageal cancer and aldehyde dehy-
drogenase-2 genotype in Japanese males. Cancer Epidemiol
Biomarkers Prev. 1996;5:99-102.

Hor H, Kawano T, Endo M, Yuasa Y. Genetic polymorph-
isms of tobacco- and alcohol-related metabolizing enzy-
mes and human esophageal squamous cell carcinoma
susceptibility. J Clin Gastroenterol. 1997,25:568-575.
Yokoyama A, Muramatsu T, Ohmori T, et al. Alcohol-related
cancers and aldehyde dehydrogenase-2 in Japanese alco-
holics. Carcinogenesis. 1998;19:1383-1387.

Nomura T, Noda H, Shibahara T, Yokoyama A, Muramatsu
T, Ohmori T. Aldehyde dehydrogenase 2 and glutathione S-
transferase M1 polymorphism in relation to the risk for
oral cancer in Japanese drinkers. Oral Oncol. 2000;36:42-
46.

Freudenhein JL, Ram M, Nie ), et al. Lung cancer in
humans is not associated with lifetime total alcohol con-
sumption or with genetic variation in alcohol dehydrogen-
ase 3 (ADHa)'%. J Nutr. 2003;133:3619-3624.

Kato S, Shields PG, Caporaso NE, et al. Cytochrome
P45011E1 genetic polymorphisms, racial variation, and lung
cancer risk. Cancer Res. 1992;52:6712-6715.

El-Zein RA, Zwischenberger JB, Abdel-Rahman SZ, Sankar
AB, Au WW. Polymorphism of metabolizing genes and lung
cancer histology: prevalence of CYP2El in adenocarci-
noma. Cancer Lett. 1997;112:71-78.

Wu X, Shi H, Jiang H, et al. Association between cyto-
chrome P4502E1 genotype, mutagen sensitivity, cigarette
smoking and susceptibility to lung cancer. Carcinogenesis.
1997;18:967-973. .

Persson 1, Johansson I, Bergling H, et al. Genetic poly-
morphism of cytochrome P450 2E! in a Swedish popula-
tion: relationship to the incidence of lung cancer. FEBS
Lett. 1993;319:207-211.

Marchand LL, Sivaraman L, Pierce L, et al. Association of
CYP1Al, GSTMI1, and CYP2El polymorphisms with lung
cancer suggests cell type specificities to tobacco carcino-
gens. Cancer Res. 1998,68:4858-4863.

Watanabe ], Yang JP, Eguchi H, et al. An Rsal polymorph-
ism in the CYP2E1 gene does not affect lung cancer risk
in a Japanese population. Jpn J Cancer Res. 1995;86:245-
248.

Yamamoto K, Ueno Y, Mizoi Y, Tatsuno Y. Genetic poly-
morphism of alcohol and aldehyde dehydrogenase and the
effects on alcohol metabolism. Arukoru Kenkyuto Yakubutu
Ison. 1993;28:3-25.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Muto M, Nakane M, Hitomi Y, et al. Association between
aldehyde dehydrogenase gene polymorphisms and the
phenomenen of field cancerization in patients with head
and neck cancer. Carcinogenesis. 2002;23:1759-1765.

Jones AW. Measuring and reporting the concentration of
acetaldehyde in human breath. Alcohol Alcohol. 1995;30:
271-285.

Bouchardy C, Hirvonen A, Coutelle C, Ward PJ, Dayer P,
Benhamou S. Role of alcohol dehydrogenase 3 and cyto-

- chrome P4502Elgenotypes in susceptbility to cancers of

upper aerodigestive tract. Int J Cancer. 2000;87:734-740.
Olshan AE Weissler MC, Watson MA, Bell DA. Risk of head
and neck cancer and the alcohol dehydrogenase-3 geno-
type. Carcinogenesis. 2001;22:57-61. ]

Sturgis EM, Dahlstrom KR, Guan Y, et al. Alcohol dehydro-
genase 3 genotype is not associated with risk of squamous
cell carcinoma of the oral cavity and pharynx. Cancer
Epidemiol Biomarkers Prev. 2001;10:273-275.

Hung HC, Chuang ], Chien YC, et al. Genetic polymorph-
isms of CYP2El, GSTM]1, and GSTT]; environmental fac-
tors and risk of oral cancer. Cancer Epidemiol Biomarkers
Prev. 1997;6:901-905.

Hildesheim A, Anderson LM, Chen CJ], et al. CYP2El
genetic polymorphisms and risk of nasopharyngeal carci-
noma in Taiwan. J Natl Cancer Inst. 1997;89:1207-1212.

Lin DX, Tang YM, Peng Q, Lu SX, Ambrosone CB, Kadlubar
FE Susceptibility to esophageal cancer and genetic poly-
morphisms in glutathione S-transferases T1, P1, and M1
and cytochrome P4502El. Cancer Epidemiol Biomarkers
Prev. 1998;7:1013-1018.

Katoh T, Kaneko S, Kohshi K, et al. Genetic polymorphisms
of tobacco- and alcohol-related metabolizing enzymes and
oral cavity cancer. Int ] Cancer. 1999;83:606-609.

Watanabe J, Hayashi S, Kawajiri K. Different regulation and
expression of the human CYP2El gene due to the Rsal
polymorphism in the 5'-flanling region. J Biochem. 1994;116:
321-326.

Carriere V, Berthou E Baird S, Belloe C, Beaune P, de
Waziers 1. Human cytochrome P450 2E1 (CYP2El): from
genotype to phenotype. Pharmacogenetics. 1996;6:203-211.
Kim RB, O’Shea D, Wilkinson GR. Intraindividual variability
of chlorzoxazone 6-hydroxylation in men and women and
its relationship to CYP2El genetic polymorphisms. Clin
Phermacol Ther. 1995;57:645-655.

Kim RB, Yamazaki H, Chiba K, et al. In vivo and in vitro
characterization of CYP2ELl activity in Japanese and Cauca-
sians. ] Pharmacol Exp Ther. 1996;279:4-11.



tung Cancer (2007) 58, 73—79

e W

S L s

Phase Il trial of carboplatin and paclitaxel in
non-small cell lung cancer patients previously
treated with chemotherapy’

Kiyotaka Yoh*, Kaoru Kubota, Ryutaro Kakinuma, Hironobu Ohmatsu,

Koichi Goto, Seiji Niho, Nagahiro Saijo, Yutaka Nishiwaki

Division of Tharacic Oncology, National Cancer Center Hospital East, 6-5-1 Kashiwanoha, Kashiwa, Chiba 277-8577, Japan

Received 14 November 2006; received in revised form 9 February 2007; accepted 20 April 2007

Summary The purpose of this phase Il trial was to evaluate the efficacy and toxicity of
carboplatin plus paclitaxel in the treatment of advanced non-small cell lung cancer (NSCLC)
previously treated with chemotherapy. Patients with a performance status (PS) of 0 or 1 who
had received one or two previous chemotherapy regimens for advanced NSCLC were eligible.
Paclitaxel 200 mg/m? was infused over 3 h and followed by carboplatin (area under the curve 6)
infusion over 1h, once every 3 weeks. Thirty patients were enrolled. A complete response was
observed in 1 patient and a partial response in 10 patients, for an overall response rate of 36.7%.
The median time to progression was 5.3 months. The median survival time was 9.9 months, and
the 1-year survival rate was 47%. Hematological toxicity in the form of grade 3/4 neutropenia
occurred in 54%, but grade 3 febrile neutropenia developed in only 3%. Non-hematological grade
3 toxicities were less frequent. There were no treatment-related deaths. The combination of
carboplatin plus paclitaxel is an active and well-tolerated regimen for the treatment of NSCLC
patients who have previously been treated with chemotherapy and have a good PS.

© 2007 Elsevier lreland Ltd. All rights reserved.

1. Introduction ‘ llIB or IV disease at presentation, and patients with advanced
NSCLC are candidates for systemic chemotherapy. Platinum-
based chemotherapy is considered the standard first-line
treatment for patients with advanced NSCLC, and prolongs
survival, palliates symptoms, and improves quality of life
[1,2]. Many patients with good performance status (PS) when
progression occurs after first-line chemotherapy are suitable
candidates for second-line chemotherapy [3].
* Corresponding author. Tel.: +81 4 7133 1111; The taxanes are an important class of new agents for
fax: +81 4 7131 4724, the treatment of advanced NSCLC. Paclitaxel, in com-
E-mail address: kyoh@east.ncc.go.jp (K. Yoh). bination with carboplatin, is the most common regimen

Lung cancer remains a major cause of death from cancer
in many countries. More than half of all patients diagnosed
with non-small cell lung cancer (NSCLC) have advanced stage

0169-5002/$ — see front matter © 2007 Elsevier ireland Ltd. All rights reserved.
doi:10.1016/5.lungcan.2007.04.015
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used as first-line chemotherapy for advanced NSCLC, and
this combination has a more favorable toxicity profile and
is more convenient to administer than other platinum-
based regimens [4,5]. Docetaxel has been investigated more
extensively than any other agent for second-line treatment
of advanced NSCLC, and the results of two randomized
phase Ill trials of second-line chemotherapy in patients with
advanced NSCLC demonstrated that docetaxel monotherapy
significantly improved survival compared with best support-
ive care or other single agents (vinorelbine or ifosfamide)
[6,7].

Belani et al. recently reported that results of a phase lll
trial comparing a carboplatin plus paclitaxel regimen with
a cisplatin plus etoposide regimen for first-line treatment
of advanced NSCLC [8]. Carboplatin plus paclitaxel yielded
a higher response rate (23% versus 15%), time to progres-
sion (121 days versus 111 days), and overall quality of life
benefit than cisplatin plus etoposide, but the median sur-
vival time was better in the cisplatin plus etoposide arm
than in the carboplatin plus paclitaxel arm (274 days and 233
days, respectively [P=0.086]). The authors reported that a
substantially greater proportion of patients in the cisplatin
plus etoposide arm received second-line chemotherapy with
a taxane-containing regimen than in the carboplatin plus
. paclitaxel arm, and suggested that treatment with tax-
anes in a second-line setting may have had an impact on
the survival in their study. Remarkably, more than half of
the regimens that were used in the second-line setting of
their study consisted of paclitaxel alone or carboplatin plus
paclitaxel, not docetaxel. While the efficacy of paclitaxel-
containing regimens as first-line chemotherapy for advanced
NSCLC has been established in many randomized phase
Nl trials [9], the data on the efficacy of paclitaxel-
containing regimens in second-line settings are limited
[10,11].

Based these considerations we conducted a phase Il trial
to evaluate the efficacy and toxicity of carboplatin plus
paclitaxel in the treatment of advanced NSCLC previously
treated with chemotherapy.

2. Patients and methods
2.1. Eligibility criteria

The inclusion criteria were: pathologically confirmed
advanced NSCLC patients with measurable disease who had
received one or two previous chemotherapy regimens for
their disease. Patients were required to submit evidence
of failure of prior chemotherapy. Patients who were previ-
ously treated with carboplatin or paclitaxel were excluded
if the best response was progressive disease (PD). Patients
who had received prior radiotherapy were eligible provided
that at least 30 days had elapsed between the comple-
tion of radiotherapy and entry into the study. Patients
were also required to be 20—75 years of age, have an
Eastern Cooperative Oncology Group PS of 0 or 1, and
have adequate organ function as indicated by the follow-
ing parameters: absolute neutrophil count >1500mm-3,
platelet count >100,000mm~3, hemoglobin >9.0g/dl, AST
and ALT <2.0 x the institutional upper normal limits, total
bitirubin <1.5mg/dl, creatinine <1.5mg/d\, PaO; >65Torr.

Exclusion criteria were: uncontrolled pleural or pericardial
effusion, active concomitant malignancy, prior irradiation
to areas encompassing more than a third of the pelvis plus
spine, active infection, myocardial insufficiency or myocar-
dial infarction within the preceding 6 months, uncontrolled
diabetes mellitus or hypertension, any other condition that
could compromise protocol compliance, pregnancy and/or
breast-feeding. All patients were required to provide writ-
ten informed consent before entry into the study. The study
was approved by the institutional review board of our insti-
tuion.

2.2. Treatment plan

Treatment was started within a week of entry into the
study. Patients received paclitaxel 200mg/m? diluted in
500mlt of 0.9% saline as a 3-h intravenous infusion fol-
lowed by carboplatin (area under the curve [AUC] 6;
Calvert formula) diluted in 250ml of 5% glucose as a 1-
h intravenous infusion, every 3 weeks. All patients were
premedicated with dexamethasone. (24 mg i.v.), famotidine
(20mg i.v.), and diphenhydramine (50mg orally) 30min
before the paclitaxel infusion to prevent a hypersensitiv-
ity reaction. A 5-HT3-receptor antagonist was intravenously
administered as an antiemetic before carboplatin. Ther-
apy was continued for at least two cycles unless the
patient experienced unacceptable toxicity or had PD. The
maximum number of cycles of chemotherapy was six. In
the event of grade 4 leukopenia or thrombocytopenia or
of grade 3 neutropenic fever, the dose of carboplatin
and paclitaxel was reduced to AUC.5 and 175mg/m?,
respectively, in the following cycle of chemotherapy. The
next cycle of chemotherapy was started if the neutrophil
count was >1500 mm™3, the platelet count >100,000 mm3,
AST and ALT <1001U/1, total bitirubin <2.0mg/dl, cre-
atinine <1.5mg/dl, PS 0 or 1, and the patient was
afebrile.

Pretreatment evaluation included a medical history, a
physical examination, vital signs, height and body weight,
PS, complete blood count, biochemical studies, arterial
blood gas analysis, electrocardiogram, chest radiograph
and computed tomography scan (CT), abdominal ultra-
sound or CT, and brain magnetic resonance imaging or CT.
A complete blood count, biochemical studies, and chest
radiograph were performed weekly during the first cycle
of chemotherapy, and 2 weekly starting with the second
cycle.

2.3. Response and toxicity assessment

Objective tumor response was assessed as complete
response (CR), partial response (PR), stable disease >38
weeks (SD), or PD according to the Response Evaluation
Criteria in Solid Tumors. Measurable lesions were defined
as lesions whose longest diameter was >2cm. Imaging
studies were repeated every 4 weeks until the objec-
tive tumor response was confirmed. All responses were
reviewed by an independent radiologist. Toxicity was graded
using National Cancer Institute-Common Toxicity Criteria
version 2.0,
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2.4, Statistical analysis

The primary endpoint of this study was the response rate,
defined as the proportion of patients whose best response
was CR or PR among all enrolled patients in the intent-to-
treat analysis. The secondary end points were toxicity and
overall and progression-free survival (PFS) from the date of
enrollment in this study.

According to Simon’s minimax two-stage phase Il study
design, the treatment program was designed for a minimal
response rate of 5% and to provide a significance tevel of 0.05
with a statistical power of 80% in assessing the activity of the
regimen according to a 20% response rate. The upper limit
for first-stage drug rejection was no response in 13 evaluable
patients. The upper limit for second-stage drug rejection
was three responses in 27 evaluable patients. Overall sur-
vival time was defined as the interval between enrollment in
this study and death or the most recent follow-up visit. PFS
was defined as the interval between enrollment in this study
and the first documented PD, death, or the most recent
follow-up visit. Survival was estimated by the Kaplan—Meier
analysis method. All comparisons between proportions were
performed by Fisher’s exact test.

3. Results

3.1. Patient characteristics

Between October 2002 and November 2003, 30 patients
were enrolled in this study, and their characteristics are
shown in Table 1. Twenty-six (87%) patients were men, and
21 (70%) patients had adenocarcinoma. Median age was 60
years. The majority of the patients (93%) had received prior
platinum-based chemotherapy, and seven (23%) patients had
received two prior chemotherapy regimens. The platinum-
based chemotherapy regimens that had been used were:
cisplatin plus vinorelbine (n =26}, cisplatin plus gemcitabine
(n=1), and carboplatin plus gemcitabine (n=1). There were
15 (50%) responders to any of the prior chemotherapy reg-
imens and 12 of them had experienced a response (CR/PR)
to cisplatin-based chemotherapy. Twenty-one (70%) patients
had a treatment-free interval of 3 or more months since the
final dose of the prior chemotherapy regimen.

A total of 94 cycles of chemotherapy were administered,
and the median number of cycles per patient was three
{range, 1—6). Four patients had received only one cycle of
treatment either because of toxicity (two patients, grade
3 rash), the patient’s refusal (one patient), or PD (one
patient).

3.2. Response and survival

Two patients were not evaluable for response because the
protocol treatment had been terminated because of toxi-
city (grade 3 rash) during the first cycle of chemotherapy,
and-they subsequently received further chemotherapy with-
out PD. There was 1 CR and 10 PRs among the 30 patients,
and the objective response rate in the intent-to-treat anal-
ysis was 36.7% (95% confidence interval [CI], 19.9-56.1%)
(Table 2). Treatment outcomes of all patients are listed in

Table 3. The response rate of patients who experienced
a response (CR/PR) to prior cisplatin-based chemother-
apy was 43% (6/14), as opposed to 23% (3/13) among the
non-response patients (P=0.41). The response rate of the
patients who had received one prior chemotherapy regi-
men was 39% (9/23), as opposed to 28% (2/7) among the
patients who had received two regimens (P> 0.99). Accord-
ing to the treatment-free interval since the final dose of the
prior chemotherapy regimen, the response rate of patients
whose interval was 3 months or more was 33% (7/21), com-
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pared with 44% (4/9) in patients in whom it was less than 3
months (P=0.68).

The median follow-up time was 24 months. The median
survival time (MST) was 9.9 months (range, 2.5—33.8
months), and the 1-year survival rate was 47% (95%
Cl, 29—65%). The median PFS was 5.3 months. The
Kaplan—Meier curve for overall survival and for PFS is shown
in Figs. 1 and 2, respectively. Nineteen patients (63%)
received at least one subsequent chemotherapy regimen,
and their regimens are shown in Table 4. Fourteen of them
were treated with gefitinib, and a PR was achieved in three
of them.

3.3. Toxicity

The common toxicities associated with carboplatin plus
paclitaxel are listed in Table 5. Grade 3/4 neutropenia
occurred in 54% of the patients in our study, but grade 3
febrile neutropenia developed in only 3%. Grade 3/4 anemia
and thrombocytopenia were observed in five patients (16%)

and two patients (13%), respectively. Non-hematological
grade 3 toxicities were less frequent. Grade 3 hypona-
tremia was observed in five (16%) patients, but they were
all asymptomatic. Grade 2 neuropathy occurred in 33% of
the patients. There were no treatment-related deaths.

4, Discussion

Docetaxel, pemetrexed, and erlotinib have been approved
for second-line treatment of advanced NSCLC on the basis
of the results of phase Ili trials [6,7,12,13]. Hanna et al.
reported a phase il study comparing 3-weekly pemetrexed
500mg/m? with 3-weekly docetaxel 75mg/m? as second-
line treatment for advanced NSCLC. The overall response
rate with pemetrexed and docetaxel was 9.1% and 8.8%,
respectively, and MST was 8.3 months and 7.9 months,
respectively. Although efficacy in terms of the outcome as
measured by survival time and response rate was similar for
both treatments, the pemetrexed group experienced less
grades 3—4 hematological toxicity and alopecia of all grades
[12]. In the trial reported by Shepherd et al. 731 NSCLC
patients previously treated with chemotherapy were ran-
domized to receive either erlotinib at a dose of 150 mg daily
or placebo, and the response rate in the erlotinib group
was 8.9%. MST was 6.7 months in the erlotinib group and
4.7 months in the placebo group (P<0.001). The results
of their trial showed that erlotinib significantly prolonged
the survival of patients with advanced NSCLC who had pre-
viously been treated with chemotherapy [13]. Despite the
positive results of these phase |l trials, the response rate of
advanced NSCLC to second-line chemotherapy remains low,
and the life expectancy of advanced NSCLC patients remains
short. Alternative effective chemotherapy option is needed
for second-line treatment of advanced NSCLC.

The combination of carboplatin plus paclitaxel has
proved effective as one of the standard platinum-based dou-
blet regimens for first-line treatment of advanced NSCLC
[4,5,14]. However, since the efficacy of carboplatin plus
paclitaxel used in a second-line setting had hardly been
assessed, in the present study we evaluated the efficacy
and toxicity of carboplatin plus paclitaxel in the second- or
third-line treatment of advanced NSCLC. The results in the
30 patients with advanced NSCLC previously treated with
chemotherapy indicated that the combination of carboplatin
plus paclitaxel yielded an objective response rate of 36.7%
and an MST of 9.9 months, with a 1-year survival rate of 47%.
Our study had not included patients who were treated with
the platinum/taxane combination chemotherapy. Most of
the toxicity observed in our study was hematological. Grade
3/4 neutropenia, anemia, or thrombocytopenia occurred in
54, 16, or 13% of the patients in our study, respectively.
Hematological toxicity of carboplatin plus paclitaxel used
in first-line treatment for Japanese patients with advanced
NSCLC has been reported that grade 3/4 neutropenia, ane-
mia, or thrombocytopenia occurred in 88, 15, or 11% of the
patients {15]. The toxicity observed in our study appeared
similar to that of carboplatin plus paclitaxel, which was
administered as the first-line treatment, atthough the num-
ber of patients in our study was not large. The combination
of carboplatin plus paclitaxel seems to be effective and tol-
erable, not only as first-line therapy for advanced NSCLC but



78

K. Yoh et al.

as second-line therapy as well if the patients had not been
previously treated with the platinum/taxane combination
chemotherapy.

Hotta at al. reported a meta-analysis based on abstracted
data to compare the effect of carboplatin-based chemother-
apy with that of cisplatin-based chemotherapy on overall
survival, response rate, and toxicity in the first-line treat-
ment of patients with advanced NSCLC [16]. The results
indicated that combination chemotherapy consisting of cis-
platin plus a third generation agent produced a significant
survival benefit compared with carboplatin plus a third gen-
eration agent, although the toxicity profiles of the two
modalities were quite different. Recently, Pignon et al.
reported a pooled analysis from five randomized ctinical tri-
als of cisplatin-based chemotherapy in completely resected
NSCLC patients [17]. Their analysis suggested that adjuvant
cisplatin-based chemotherapy improved survival in patients
with NSCLC. Based on the results of their meta-analysis,
cisplatin-based chemotherapy should be recommended as
first-line therapy for patients with advanced NSCLC. More-
over, in view of the results of our own study, we speculate
that the combination of carboplatin plus paclitaxel may
be suitable as second-line treatment for advanced NSCLC
patients who had experienced progression after first-line
cisplatin-based chemotherapy.

Care must be exercised in interpreting the favorable
outcome in our study. One concern is that it was a single-
institution phase il study, and therefore patient selection
may have influenced the outcome. The responders to any
of the prior chemotherapy regimens accounted for 50% of
the 30 patients enrolled in this study, and about 80% of the
patients had received only one prior chemotherapy regimen.
The selection criteria, such as an ECOG PS of 0 or 1, may also
have contributed to this favorable outcome. Another con-
cern is that our study had included only five patients who
were previously treated with chemotherapy using taxanes.
Therefore, the efficacy of carboplatin plus paclitaxel as the

secondary therapy after chemotherapy using taxanes is not
clear. A further randomized study is warranted to be able to
draw definitive conclusions about our results:
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Clinical Trials Across

Continents:

Drug Development Challenges
Regarding International Collaborations

By Nagahiro Saijo, MD, PhD

Overview: A key consideration for global drug develop-
ment and registration involves the acceptability of foreign
clinical data in the different regions. Transcontinental trials
could be possible if the clinical trials were done based on
the same regulational standard against populations with

HE CANCER burden in developed countries and

resource-poor countries is sure to grow for three
reasons. First, populations are rapidly increasing world-
wide, especially in the majority of poor countries. Second,
the elderly proportion is growing in most countries, and
third, the incidence and mortality of cancers associated
with smoking, diet, and obesity, have been increasing.
Despite efforts at early detection and early surgery and
radiotherapy, progress in the treatment of such cancers
has been very slow, making the development of new
anticancer drugs an extremely important and urgent issue
to decrease cancer-related deaths worldwide. Resources
are so limited that clinical trials need to be conducted as
efficiently as possible, and one effort in that direction has
been to conduct clinical trials on more than one continent
to obtain adequate sample sizes in a short time. Antican-
cer drug development is a complex process that involves
an interplay between industry, academia, government
regulatory agencies, patient advocacy groups, and other
stakeholders. The goal of anticancer drug development is
to simultaneously launch new drugs on the market world-
wide. Despite International Conference on Harmonisation
(ICH) guideline G5 and the introduction of the bridging
strategy, there are major gaps in the dates anticancer
drugs become available on the market in different coun-
tries, and they do not seem to have dramatically improved.

PROBLEMS IN GLOBAL
TRIALS OF ANTICANCER DRUGS

Factors in the complexity of global studies are differ-
ences between countries in medical practice, culture, eth-
nicity, and regulatory policies. The advantages of global
development are shorter time for drug development; ear-
lier introduction of new drugs and earlier availability to
patients; cost reduction; and reduction in unnecessary
exposure of patients to new drugs. The risks of global
development are an increase in early-phase clinical trials
of many compounds that may fail and may not proceed;
low data quality; uncertainty of the acceptability of for-
eign data; and late-phase clinical trial failure because of

. unknown ethnic differences in response to the developing
compounds.

Factors for success include strategies for global devel-
opment and each country’s development; global team
behavior; cultural awareness and communications; and
operational delivery. The leader of each global product
team should be the worldwide product leader, and each

acceptable ethnic differences. The problems of global drug
development are discussed with special stress on pharma-
codynamic and pharmacogenomic differences between
white and Asian populations.

country’s leader should provide necessary strategic input
into global teams.

The essential factors for team behaviors depend on
trust, face-to-face contact, regular communications, open,
honest discussion, and ability to challenge.

Factors for the success of global trials include coinci-
dence of strategy for global and local development, the
operating team, behaviors, cultural awareness and com-
munications, and power for operational delivery. Ambig-
uous situations should be avoided by establishing formal
rules and procedures. Operational delivery should be
transparent, and mutual problems should be shared by
global and local investigators. Regular contact by tele-
phone is extremely important. A clear framework and
decision making should be made for empowerment for
delivery.

Although ICH good clinical practice (GCP) regulations
have been distributed to major countries, there are still
minor differences between ICH-GCP and local GCP. The
requirements are different from local regulatory agencies
on preclinical data before initiate clinical trials. Investi-
gators’ and patients’ understanding of the importance of
clinical trials differs by country. The infrastructure for
clinical trials, such as the numbers of well-trained inves-
tigators and clinical research coordinators are sometimes
inadequate, and sometimes there is poor information
technology support and training in institutions. The pro-
cess of applying for permission to conduct a clinical trial
and institutional board review differ by institution and
are sometimes complicated. English skills sometimes are
very poor, and some investigators and institutions cannot
accept English documents.

ETHNIC DIFFERENCES

It will be extremely difficult to conduct trials across
continents if there are ethnic differences in pharmacoki-
netics, pharmacodynamics, pharmacogenetics, and phar-
macogenomics. Ethnic differences have been clearly
demonstrated in regard to only a few anticancer drugs,
and progress in pharmacogenomic studies has led to the
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identification of some of the mechanisms responsible for
the ethnic differences.

EPIDERMAL GROWTH FACTOR
RECEPTOR TYROSINE KINASE INHIBITOR

A phase I Japanese trial of gefitinib revealed five
dramatic responders, and the response rate among the 36
patients accrued to the phase I trial was more than 25%.
Subsequent global phase II trials, such as Iressa Dose
Evaluation in Advanced Lung Cancer (IDEAL) I and
IDEAL II, have yielded a higher response rate in a
Japanese population (28%) than in a white population
(10%).* In April 2004, extremely important data were
reported suggesting that epidermal growth factor receptor
(EGFR) mutations, especially deletion of exon 19 and the
point mutation of exon 21, determine sensitivity to EGFR
tyrosine kinase inhibitors (TKls), such as gefitinib and
erlotinib.?* The frequency of EGFR mutations has been
found to be significantly higher in Asian populations,
including Japanese, than in whites (32% vs. 6%). This
difference may explain the difference in response rate to
EGFR TKls. The frequency of EGFR mutations also
correlated well with clinical factors, such as female sex,
nonsmoker, and adenocarcinoma, which are closely re-
lated to the response to EGFR TKI.5¢ The results of the
global Iressa Survival Evaluation in Lung Cancer (ISEL)
and National Cancer Institute of Canada Clinical Trials
Group BR-21 studies also suggest ethnic differences in
sensitivity to EGFR TKI.

The ISEL study is a large randomized controlled trial of
gefitinib in patients at 210 centers across 28 countries,
and the difference between survival time was not statis-
tically significant difference (hazard ratio [HR] = 0.89;
p = 0.087) between the gefitinib group and placebo group.
However, there was a very clear difference in survival
between two groups in the Asian population (HR = 0.66;
p = 0.012), although it consisted of only 342 patients,
whereas the survival curves of the gefitinib group and
placebo group in the non-Asian population (HR = 0.99;
p = 0.364) of 1,350 patients were superimposable. In the
BR-21 study of erlotinib, the HR for overall survival in the
Asian group (0.61) was significantly smaller than in the
white group (0.79).7 These results strongly suggest that
EGFR TKIs are different drugs between Asian and whites
indicating that different clinical trials of EGFR TKis
should be scheduled based on ethnic differences. Astra
Zeneca has instituted the Iressa Pan Asian Study into
Asian populations alone. Many global clinical trials have
been initiated in Asian countries, including Japan, Korea,
China, Taiwan, Singapore, and Thailand. The accrual
spread is generally good. If the trials are limited to Asian
countries, pharmacogenomic ethnic differences are
thought to be small, if they exist at all.

COMMON ARM ANALYSIS

Two common analyses of paclitaxel/carboplatin therapy
in advanced non-small cell lung cancer (NSCLC) were
presented in American Society of Clinical Oncology An-
nual Meetings in 2004 and 2006.%-° The purpose of these
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analyses was to evaluate whether the results of cancer
clinical trials conducted in Japan can be directly extrapo-
lated to U.S. populations. Potential differences that may
influence the results include trial design and conduct, study-
specific criteria, patient demographics, and population-based
pharmacogenomics. The purpose of common arm analysis
is to demonstrate similarities and differences in patient
characteristics and outcomes of the same treatment regi-
men in Japanese and United States trials in advanced-
stage NSCLC, to provide a basis for standardization of
study design/conduct, to facilitate interpretation of future
trials, and to take the first step toward joint National
Cancer Institute-sponsored studies in lung cancer be-
tween the two countries.

The trials chosen for this analysis were the Four-Arm
Cooperative Study (FACS),'° Japan Multicenter Trial
Organization (JMTO), and Southwest Oncology Group
(SWOG) lung programs.!’ The conditions for selection
were separate phase IIT trials, but with an identical
common treatment regimen in each, prospective design
and conduct, common eligibility and staging, and common
response and toxicity criteria. SWOG 0003 was a phase 11
trial of paclitaxel (225 mg/m?) and carboplatin (area under
the time-concentration curve [AUC] = 6) with or without
tirapazamine in advanced NSCLC. The FACS trial com-
pared four arms: irinotecan and cisplatin (reference regi-
men), paclitaxel (200 mg/m?) and carboplatin (AUC = 6),
gemcitabine and cisplatin, and vinorelbine and cisplatin.
The JMTO trial was a phase III trial comparing paclitaxel
(225 mg/m®) and carboplatin (AUC = 6) with gemcitabine/
vinorelbine followed by docetaxel. In each trial paclitaxel
and carboplatin was administered every 3 weeks. Patients
were evenly distributed between arms in regard to age,
sex, stage, and histology.

Treatment delivery consisted of a median number of
cycles of three, four, and four in the FACS trial, S0003
trial, and JMTO trial, respectively, and the percentage of
patients who received more than three cycles was signif-
icantly lower in the FACS trial than in the S0003 trial.
The JMTO LC00-03 trial whose frequency dose was
reduced was significantly higher than in the S0003 trial,
although the percentage of patients who received more
than three cycles was the same. The frequencies of grade
4 neutropenia and febrile neutropenia in the toxicity
analysis were significantly higher in the FACS trial and
LC00-03 trial than in the S0003 trial, but grade 3 to 4
neuropathy was more frequent in the S0003 trial and
LCO00-03 trial than in the FACS trial. The response rates
in the three trials ranged from 32% to 36% and were
almost the same. Progression-free survival time, median
survival time, and 1-year survival rates were significantly
better in the Japanese trials than in the S0003 trial. This
common arm analysis shows great similarities in patient
characteristics in the FACS, LC00-03 trial, and S0003
trial. The differences in toxicities may be due to differences
in cumulative paclitaxel dose (neuropathy) and/or population-
based pharmacogenomics (increased neutropenia and
febrile neutropenia in the FACS trial despite lower pacli-
taxel doses). Survival with paclitaxel/carboplatin was



CUNICAL TRIALS ACROSS CONTINENTS

s1gmﬁca.ntly better in the Japanese trials, although the
response rates were equivalent.

The findings discussed here suggest that possible phar-
macogenomic differences in drug disposition should be
carefully considered in clinical trials across continents.

Sample collection for a pharmacogenomic analysis

of taxanes has been completed in Japan. Single nucleotide

179

polymorphism data for key enzyme/protein in the metab-
olism of taxanes have been obtained, and pharmacokinetics
and pharmacodynamics data have also been collected. Dif-
ferential analysis of the pharmacogenomics of the response
to taxanes in the United States and Japan may make it
possible to solve the problems of pharmacogenomic differ-
ences in clinical trials across continents.
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In order to review gene aiterations associated with drug responses in vitro to identify candi-
date genes for predictive chemosensitivity testing, we selected from literature genes futfilling
at least one of the following criteria for the definition of ‘in vitro chemosensitivity associated
gene': (i) alterations of the gene can be identified in human solid tumor cell lines exhibiting
drug-induced resistance; (ii) transfection of the gene induces drug resistance; (iii) down-
regulation of the gene increases the drug sensitivity. We then performed Medline searches
for papers on the association between gene alterations of the selected genes and chemosen-
sitivity of cancer cell lines, using the name of the gene as a keyword. A total of 80 genes
were identified, which were categorized according to the protein encoded by them as follows:
transporters (n = 15), drug targets (n = 8), target-associated proteins (n = 7), intracellular
detoxifiers (n = 7), DNA repair proteins (n = 10), DNA damage recognition proteins (n= 2),
cell cycle regulators (n = 6), mitogenic and survival signal regulators (n = 7), transcription
factors (n = 4), cell adhesion-mediated drug resistance protein (n= 1), and apoptosis regula-
tors (n = 13). The association between the gene alterations and chemosensitivity of cancer
cell lines was evaluated in 50 studies for 35 genes. The genes for which the association
above was shown in two or more studies were those encoding the major vault protein, thymi-
dylate synthetase, glutathione S-transferase pi, metallothionein, tumor suppressor p53, and
bcl-2. We conclude that a total of 80 in vitro chemosensitivity associated genes identified in
the literature are potential candidates for clinical predictive chemosensitivity testing.

Key words: chemotherapy — sensitivity — drug resistance — solid tumor

INTRODUCTION

surgery for the primary tumor. Systemic chemotherapy
against malignant tumors remains of limited efficacy in spite

Malignant neoplastic diseases remain one of the leading
causes of death around the world despite extensive basic
research and clinical trials. Advanced solid tumors, which
account for most malignant tumors, still remain essentially
incurable. For example, 80% of patients with non-small cell
lung cancer have distant metastases either at the time of the
initial diagnosis itself or at the time of recurrence after

For reprints and all correspondence: tkuo Sekine, Division of Internal
Medicine and Thoracic Oncology, National Cancer Center Hospital.
Tsukiji 5-1-1, Chuo-ku. Tokyo 104-0045, Japan. E-mail: isekine@nce.go.jp

of the development in the recent past of several new
chemotherapeutic agents; therefore, patients with distant
metastases rarely live for long (1).

Tumor response to chemotherapy varies from patient
to patient, and clinical objective response rates to standard
chemotherapeutic regimens have been reported to be in the
range of 20—40% for most common solid tumors. Thus. it
would be of great benefit it became possible to predict
chemosensitivity of various tumors even prior to therapy.
DNA., RNA and protein-based chemosensitivity tests have

) 2007 Foundation for Promotion of Cancer Research
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been performed in an attempt to predict the clinical drug
response, but the precise gene alterations that might be
predictive of the chemosensitivity of the tumors are still
unknown. Here we aimed to review the gene alterations that
may be associated with the drug response in vitro (in vitro
chemosensitivity associated genes) in order to identify candi-
date genes for predictive chemosensitivity testing in the
clinical setting. The association between these gene altera-
tions and clinical chemosensitivity in lung cancer patients
has been reported elsewhere (2).

METHODS

In vitro chemosensitivity associated genes were identified
from the medical literature as described previously (2).
Bricfly. we conducted a Medline search for papers on tumor
drug resistance published between 2001 and 2003. This
search yielded 112 papers, including several review articles.
Manual search of these papers led to identification of 134
genes or gene families that were potentially involved in drug
resistance based on their function. We conducted a second
Medline search for in vitro studies of the 134 genes or gene
families using the name of the gene as a keyword. Genes

Table 1. Transporters and in vitro evidence of association with chemosensitivity

that fulfilled at least one of the following criteria for the defi-
nition of in vitro chemosensitivity associated gene were
selected from the 134 genes: (i) alterations of the gene can
be identified in a human solid wmor cell lines exhibiting
drug-induced resistance; (ii) transfection of the gene induces
drug resistance; (iii) down-regulation of the gene or of the
protein encoded by it increases the drug sensitivity. For this
last category, we included studies in which the gene
expression or function was suppressed by antisense RNA.
hammerhead ribozyme. or antibody against the gene product.
Finally, a Medline search for papers on the association
between gene alterations and chemosensitivity of solid tumor
cell lines was performed using the name of the gene as a
keyword. Papers in which the association was evaluated
in 20 or more cell lines were included in this study.
The name of each gene was standardized according 1o the
Human Gene Nomenclature Database of National Center for
Biotechnology Information (NCBI).

RESULTS

Of the 134 genes or gene families, gene alterations were
found in cells exhibiting drug-induced resistance, transfec-
tion of the gene increased or decreased the drug resistance,

Gene Alterations Sensitivity of Drugs Association with Reference no.
symbol in DIRC chemosensitivity (cancer,
UCs DCs drug)

ABCA2 U - Estramustine - I
A4BCBI1 U R DOX, PTX, VCR, VBL Yes (lung, DOX) 2-11

No (lung. DOX) 12
ABCBI11 - R - PTX - 13
ABCCI U ’ R S CPT, DOX, ETP, MTX, VCR Yes (lung, CDDP, DOX) 11,14-21

No (lung, PTX) 22
ABCC2 §} R S CDDP, DOX. MTX. VCR No (lung, DOX) 18, 21, 23--25
ABCC3 NC. U R - ETP, MTX Yes (lung, DOX) 21,25-28
ABCC4a NC, U NC, R - MTX No (lung. DOX) 12, 25, 29-31
ABCCS NC, U NC - DOX. MIT Yes (lung. ETP) 12,25,31-34
ABCG2 M, U R - DOX, MIT, MTX, SN38, TOP - 35-43
MVpP u - NC DOX Yes (brain, CDDP, DOX) 4447

Yes (lung. DOX) 10
ATPTA U - - CDDP - 48
ATPIB u R - cpDP - 4852
SLC29AL U - - 5-FU No (NCl-panel) 52,53
SLC2BAL - S - 5-DFUR No (NCl-panel) 53,54
SLCI9A1 D N - MTX Yes (NCl-panel) 55--58

Alterations in drug-induced resistance cells (DIRC): D. down-regulated; M. mutated; NC, no change: U, up-regulated. Sensitivity of up-regulating cells (UCs)
and down-regulating cells (DCs): NC, no change; R, resistant; S, sensitive.
Drugs: CDDP, cisplatin: CPT, irinotecan: DOX. doxorubicin; ETP, etoposide; MIT, mitoxantrone; MTX, methotrexate: PTX, paclitaxel: SN38. irinotecan
metabolite; TOP, topotecan; VBL, vinblastine: 5-FU, 5-fluorouracil; $-DFUR, 5'-deoxy-S-fluorouridine, capecitabine metabolite.
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Table 2. Drug targets. the associated proteins. and in vitro evidence of association with chemosensitivity

Gene Alterations Sensitivity of Drugs Association with Reference no.
symbol in DIRC chemosensitivity
UCs DCs (cancer, drug)

TUBB IEC. M - — PTX - 59-63
TUBB4 U - S PTX Yes (NCl-panel, PTX) 59, 60. 63—66
TUBA 1IEC, M R - PTX - 64, 67, 68
TYAMS U R S 5-FU Yes (renal cell, 3-FU) 6974

No (NCl-panel, 5-FU) 75

Yes (lung, DOX) 10
TOPI M R* - CPT - 76-84
TOP2A M, D - - ETP, DOX No (lung, DOX) 10, 82-91
TOP2B D - — ETP - 80, 87
DHFR M, U R* - MTX - 92-96
AAP4 - S - PTX - 97
MAPT - S - PTX - 98
STMN| U R - PTX - 99. 100
KIFsB - R R ETP, PTX - 101, to2
HSPAS - R - ETP - 103
PSMDI14 - R - CDDPP, DOX. VBL - 104
FPGS D - - 5-FU - 105

Alterations in drug-induced resistance cells (DIRC): D, down-regulated; IEC, isoform expression change; M, mutated: U, up-regulated. Sensitivity of’
up-regulating cells (UCs) and down-regulating cells (DCs): R. resistant; S, sensitive. Drugs: CDDP, cisplatin; CPT. irinotecan; DOX. doxorubicin: ETP,
etoposide; MTX, methotrexate; PTX. paclitaxel: VBL, vinblastine; 5-FU, 5-fluorouracil.

*Over-expression of the mutant gene.

and down-regulation of the gene altered the drug sensitivity
for 45, 57 and 32 genes, respectively. and a total of 80 genes
fulfilled the criteria for the definition of an ‘in vitro chemo-
sensitivity associated gene’. The genes were categorized

according to the protein encoded by them as follows: trans-
porters (n =15, Table ). drug targets (n = 8, Table 2),
target-associated proteins (n = 7, Table 2), intracellular
detoxifiers (n == 7, Table 3), DNA repair proteins (n = 10,

Table 3. Intcetlular detoxifiers and in viiro evidence of association with chemosensitivity

Gene Alterations Sensitivity of Drugs Association with Reference no.
symbol in DIRC chemosensitivity
UCs DCs (cancer, drug)
GSTPI U - N CDDP. DOX, ETP Yes (lung, DOX) 10, 106, 107
Yes (NCl-panel) 108
GPY - R, NC - DOX Yes (lung, CDDP) 109~112
GCLC U R S CDDP, DOX, ETP Yes (NCl-panel) 106, 108, 113-121
GGT2 u R — CDDP, OXP - 14, 117,122,123
MT U, NC R - cpoP Yes (urinary tract, 118, 124~130
CDDP)
Yes (lung, DOX) 10, 131
RRM2 U R - 5-FU, GEM, HU - 71.132-134
AKRIBI u - - DNR 135

Alterations in drug-induced resistance cells (DIRC): NC, no change; U, up-regulated. Sensitivity of up-regulaling cells (UCs) and down-regulating cetls (DCs):
NC, no change; R, resistant; S, sensitive. Drugs: CDDP, cisplatin; DNR, daunorubicin: DOX. doxorubicin: ETP, etoposide; GEM. gemcitabine; HU,
hydroxyurea: OXP, oxaliplatin; 3-FU, 5-fluorouracil.
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‘Table 4. DNA damage recognition and repair proteins and in vitro evidence of association with chemosensitivity

Gene Alterations Sensitivity of Drugs Association with Reference
symbol in DIRC chemosensitivity no.

UCs DCs (cancer, drug)
HMGBI U - - CDDP - 136
HAMGB2 - S - CDDP - 137
ERCC1 U R S CDDP - 138140
XP4 u R - CDDP No (NCl-panel) 141143
XPD - R - CDDP Yes (NCl-panel) 142144
MSH2 D. NC - - CDDP - 143, 146
MLHI D, NC - - CDDP - 145—147
PMS2 D, NC - - CDDP - 146, 147
APEX] - R -~ BLM — 148
MGMT - R S CPM, ACNU Yes (lung, DOX) 10, 149—152
BRCA1 U S R PTX - 153155
GLOY - R - DOX - 156

Alterations in drug-induced resistance cells (DIRC): D, down-regulated; NC, no change; U. up-regulated. Sensitivity of up-regulating cells (UCs) and
down-regulating cells {DCs): R, resistant: S, sensitive. Drugs: ACNU, 1-(4-amino-2-methyl-5-pyrimidiny! )-methyl-3-(2-chloroetliyl)-3-nitrosourea; BLM,

bleomycin; CDDP, cisplatin; DOX, doxorubicin; PTX, paclitaxel.

Table 4), DNA damage recognition proteins (n =2,
Table 4), cell cycle regulators (n = 6, Table 5), mitogenic
and survival signal regulators (n = 7, Table 6), transcription
factors (n = 4, Table 6). cell adhesion-mediated drug resist-
ance protein (n = |, Table 6), and apoptosis regulators (n =
13, Table 7).

The association between the gene alterations and in vitro
chemosensitivity was evaluated in one study for 25 genes, in
two studies for seven genes, in three studies for two genes,
and in five studies for one gene, and in a total of 50 studies
for 35 genes (Table 8). Significant association was found
between chemosensitivity and alterations of genes encoding
transporters, drug targets and intracellular detoxifiers
(Table 8). Genes for which such association was shown in

two or more studies were those encoding the major vault
protein/lung resistance-related protein (MVP) (Table 1), thy-
midylate synthetase (7YMS) (Table 2), glutathione
S-transferase pi (GSTP1), metallothionein (MT) (Table 3).
tumor suppressor protein p53 (7P53), and B-cell CLL/
lymphoma 2 (BCL2) (Table 7).

DISCUSSION

We identified a total of 80 in vitro chemosensitivity
associated genes. These genes have been the subject of
considerable research, and of numerous scientific publi-
cations. In addition, we may also have to expect the exist-
ence of many other genes associated with chemosensitivity

Table 5. Cell cycle regulators and in vitro evidence of association with chemosensitivity

Drugs

Gene Alterations Sensitivity of Association with Reference no.
symbol in DIRC chemosensitivity (cancer,
UCs DCs drug)

RBI - R - DOX Yes (lung, DOX) 157-159

No (lung, CDDP, DOX) 160
GMI, N - MMC, PTX Yes (lung, CDDP) 161163
CDKNIA U R, S S CDDP, BCNU, PTX - 164171
CCNNDI - R, S S CDDP, MTX, PTX No (lung, DOX) 10, 172176
CDKN2A — S.R - CDDP, 5-FU, PTX, TOP Yes (brain, 5-FU) 177184
CDKNIB - R - DOX 185

Alterations in drug-induced resistance cells (DIRC): U, up-regulated. Sensitivity of up-regulating cells (UCs) and down-regulating cells (DCs): R. resistant; S,
sensitive. Drugs: BCNU, carmustine; CDDP. cisplatin; DOX,, doxorubicin: MMC. mitomycin C; MTX. methotrexate; PTX, paclitaxel; TOP, topotecan: 5-FU,

5-fluorouracil.
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Table 6. Mitogenic and survival signal regulators, integrins, transcription factors and in vitro evidence of association with chemosensitivity

Sensitivity of

Gene Alterations Drugs Association with Reference no.
symbol in DIRC chemosensitivity

UCs DCs (cancer, drug)
ERBB2 - R, NC S CDDP, PTX Yes (lung, DOX) 10, 22, 186-191
EGFR - R - DOX No (lung, CDDP, DOX, PTX) 10, 22. 112. 192
KRAS2 - R* - CDDP - 193
HRAS - R*,NC - An-C, DOX, PTX No (lung. DOX) 10, 193—197
RAF1 - R - DOX - 198
AKTI - NC, R S CDDP, DOX, PTX - 199-201
AKT2 - R S CDDP - 200, 202
17GBI - - S ETP, PTX - 203, 204
JUN - R - CDDP No (lung, DOX) 10, 205
FOS u S CDDP No (lung, DOX) 10, 206—208
MYC NC, U S.R R, 8, NC CDDP, DOX No (lung, DOX) 10. 209216
NFKBI U - S 5-FU. DOX, ETP - 217--222

Alterations in drug-induced resistance cells (IMRC): NC, no change; U, up-regulated. Sensitivity of up-regulating cells (UCs) and down-regulating cells
(DCs)): NC, no change; R, resistant; S, sensitive. Drugs: Ara-C, |-beta-D-arabinofuranosylcytosine: CDDP, cisplatin; DOX, doxorubicin; ETP, etoposide;
PTX. paclitaxel: 5-FU, 5-fluorouracil.

*Up-regulated with mutated K-ras gene.

Table 7. Apoptosis regulators and in vitro evidence of association with chemosensitivity

Gene Alterations Sensitivity of Drugs Association with Reference no.
symbol in DIRC chemosensitivity
UCs DCs (cancer, drug)
TPS3 - S, R* R,S CDDP, DOX Yes (brain) 223-229
Yes (NCl-panel) 230
No (breast, DOX) 231
No (breast, DOX, PTX) 232
No (lung. PTX) 22
MDAM2 - S.R CDDP, DOX. PTX - 169, 233-238
P73 - - CDDP, ETP - 239, 240
BCL2 u.D R - CDDP, CPT, DOX Yes (breast, DOX) 164, 198, 231, 241--244
Yes (lung, PTX) 22
No (breast, DOX) 232
BCL2LI NC R CDDP, PTX E 243251
MCLIL - - DTIC - 252
BAX NC N R CDDP, ETP, 5-FU No (breast, DOX) 231, 244, 253260
No (lung. PTX) 22
BIRC4 - NC S PTX - 261, 262
BIRCS - R S CDDP, ETP - 263-265
TNFRSF6 NC — S CDDP Yes (lung, DOX) 10, 242
CASP3 S - CDDP, DOX, ETP No (lung, DOX) 10, 266268
CA4SP8 - - R CDDP - 261
HSPBI C R S DOX 52, 269-273

Alierations in drug-induced resistance cells (DIRC): D. down-regulated: NC. no change: U, up-regulated. Sensitivity of up-regulating cells (UCs) and
down-regulating cells (DCs): NC. no change: R, resistant: S, sensitive. Drugs: CDDP, cisplatin: CPT. irinotecan; DOX. doxorubicin; DTIC, dacarbazine: ETP.

etoposide; PTX, paclitaxel; 5-FU, S-fluorouracil.
*Resistant in mutant 7P353 over-expressed cells.
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‘Table 8. Gene categories and association with in vitro chemosensitivity

Category No. of Total no. No. of studies

genes of studies showing association
(%)

Transporter 15 13 7 (54}

Drug target 8 5 3(69)

Target associated 7 0 (LX()]

protein

Intracetlular detoxifier 7 6 6 (100)

DNA repair ] 3 2(67)

DNA damage 2 0 0 (0)

recognition protein

Cell cycle 6 5 3 (60)

Mitogenic signal 5 3 1(33)

Survival signal 2 0 0(0)

Transcription factor 4 3 0 (0)

Cell 1 0 00
adhesion-mediated
drug resistance

protein
Apoptosis 13 12 5 (42)
Total 80 50 22 (44)

but not selected in the current study, because they have
never caught the scientific eye for some reasons. Thus, the
results of this study may be significantly influenced by
publication bias. Nonetheless, we do believe that these genes
have been selected reasonably carefully, and that they may
be helpful for establishing a clinical predictive chemosensi-
tivily test.

While the association between alterations of the 80 genes
and the chemosensitivity of various cell lines was evaluated
in 50 studies, significant association was observed in only 22
(44%) (Table 8). The cellular functions of a gene vary among
cell types and experimental conditions. The evaluation of the
gene functions, however, was conducted under only limited
cellular contexts in these studies, as expected. Thus, for
example. the conditions of a gene transfection experiment
may differ from those of an experiment to evaluate the che-
mosensitivity for many cell lines. The gene functions may not
necessarily be examined under all possible conditions, but the
evaluation must be conducted under conditions similar to
those in the clinical setting in order to develop clinical che-
mosensitivity testing using these genes.

The other possibility for the poor correlation to in vitro
chemosensitivity may be that more than one gene alterations
are involved in the chemosensitivity of tumors. This may be
discussed from the standpoint of the signal transduction
pathway and from the cellular standpoint. From the stand-
point of the signal transduction pathway, more than one gene
may be involved in the reaction to a cytotoxic agent. One of
the best examples is cooperation of 7P53 with another

member of the p53 family, p73 (TP73), in the response 10
both DNA damage and chemosensitivity (3.4). From the cel-
lular standpoint, several pathways may work additively,
antagonistically, or complementally in determining the che-
mosensitivity of the cell. This can be understood well from
the context of induction and inhibition of apoptosis being
controlled by pro-apoptotic and anti-apoptotic pathways.
Thus, it would be important to study several pathways at the
same time. or to evaluate the net effect of the involvement
of various pathways.

Complex factors influencing the cellular chemosensitivity
may be operative on a tumor in vivo, in such a way that
the tumor may exhibit highly heterogeneous gene altera-
tions; that the tumor cells may interact with various host
cells, including immune cells, fibroblasts and vascular
endothelial cells; and that the differences in the distance
between each tumor cell and blood vessels may affect the
exposure level of tumor cells to a drug. No systematic
approach has been developed to include this complex inter-
play of factors in the study of cellular chemosensitivity,
although studies on cell adhesion-mediated drug resistance
may be partly helpful. .

Among the six genes for which the association was shown
in two or more in vitro studics, four encode classical drug
resistance proteins which are known to inhibit the drug—
target interaction. These proteins are relatively specific for
the drug as well as the cell type; e.g. TYMS is critical for
5-fluorouracil sensitivity. Thus, TYMS is a good candidate
for chemosensitivity testing in patients with colorectal
cancer who are treated with 5-fluorouracil (Table 2). MVP is
involved in the transport of doxorubicin, therefore. it would
be of interest to examine the association between the
expression of MVP and the drug response in patients with
breast cancer; the association of MFP with chemosensitivity
has been evaluated only for brain tumor and lung cancer cell
lines, to date (Table 1). However, the remaining two of the
six genes, 7P53 and BCL2, are associated with apoptosis.
and therefore may be relatively cell-type specific. Since all
the three in vitro studies using breast cancer cell lines failed
to show any associations between alterations of these genes
and the chemosensitivity, the association should be evaluated
in other tumor types in the clinical setting (Table 7).

The recently developed ¢cDNA microarray technique
allows analysis of the mRNA expression of more than
20 000 genes at once, and as many as 100—400 genes have
been statistically shown as potentail chemosensitivity-related
genes in various studies (5—7). The 80 genes in the current
study were selected theoretically based on their known func-
tions, and their contribution to in vitro chemosensitivity was
shown in the experiments. Thus, it would be of interest to
evaluate the expression profiles of these genes by ¢cDNA
microarray analysis, even if the difference in expression
between sensitive and resistant cell lines docs not reach stat-
istical significance.

In conclusion, 80 in vitro chemosensitivity associaled
genes were identified from a review of the literature, which



may be considered to be future candidates for clinical predic-
tive chemosensitivity testing.
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