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imatinib [22]. We therefore speculate that patients whose
thymoma or thymic carcinoma harbors EGFR or KIT muta-
tions may profit from molecularly targeted therapy with a
TKI of EGFR or KIT.

In conclusion, our findings indicate that somatic muta-
tions of EGFR or KIT of the thymomas and thymic carcinomas
are presented in a small number of patients. Further inves-
tigation is warranted to determine the susceptibility of such
tumors to TKI therapy.
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Although global clinical tnals for lung cancer can enable the development of new agents efficiently, whether the results of clinical trals
performed in one population can be fully extrapolated to another population remains questionable. A comparison of phase Ill trials
for the same drug combinations against lung cancer in different countries shows a great diversity in haematological toxicity. One
possible reason for this diversity may be that different ethnic populations may have different physiological capacities for white blood
cell production and maturation. In addition, polymorphisms in the promoter and coding regions of drug-metabolising enzymes (eg,
CYP3A4 and UGTIALI) or in transporters (eg, ABCBI) may vary among different ethnic populations. For example, epidermal
growth factor receptor (EGFR) inhibitors are more effective in Asian patients than in patients of other ethnicities, a characteristic that
parallels the incidence of EGFR-activating mutations. Interstitial lung disease associated with the administration of gefitinib is also more
common among Japanese patients than among patients of other ethnicities. Although research into these differences has just begun,
these studies suggest that possible phammacogenomic and tumour genetic differences associated with individual responses to
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Lung cancer is the most common malignancy worldwide.
Approximately 1.2 million people are diagnosed with lung cancer
annually (accounting for 12.3% of all cancers); the second most
common malignancy is breast cancer (10.4%), followed by
colorectal cancer (9.4%). As lung cancer almost invariably has a
poor prognosis, it is the largest single cause of death from cancer
in the world, with a mortality of 1.1 million annually (Stewart and
Kleihues, 2003). Only 15% of lung cancer patients have a disease
that is confined to the lung and are candidates for surgical
resection; most patients with this disease have distant metastases
or pleural effusion at the time of their initial diagnosis. These
patients can be treated with sy ic chemotherapy, but the
efficacy of currently available anticancer agents is limited and
patients with advanced diseases rarely live long.

As the development of new anticancer agents and chemother-
apeutic regimens is both time and money consuming, clinical trials
need to be as efficient as possible. One effort in this direction has
been the adoption of global clinical trials for new agents that involve
trial centres on more than one continent; this strategy enables
adequate sample sizes to be obtained in a relatively short-time period
and eliminates the need for redundant clinical trials with similar
objectives conducted in different countries. However, whether the
results of clinical trials performed in one populltlon can be fully
extrapolated to other population able because of
potential differences in trial dcs:gm study spcnﬁc criteria, patient
demographics, frequency of itoring, and population-related
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anticancer agents should be carefully considered when conducting global clinical trals.
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pharmacokinetics, pharmacodynamics and pharmacogenomics.
Recently, these genetic and physiologic factors influencing cancer
chemotherapy have been increasingly examined and reported.

CLINICAL OBSERVATIONS OF TOXICITY DURING
CYTOTOXIC CHEMOTHERAPY

A comparison of phase 11l trials for the same drug combinations
against non-small cell lung cancer conducted in different countries
shows a great diversity in toxicity (Sekine et al, 2006). Among
trials studying the combination of carboplatin and paclitaxel, the
dnuofcarbnphh.nmﬁ.xedml]]ﬂulfﬂl&,butﬁudoseof
paclitaxel was 200mgm * in Japanese and European trials and
225mgm ™ in American trials. Grades 3 -4 neutropenia was noted
in 88% of the patients in the Japanese trial, 15-51% of the patients
in the European trials, and 6-65% of the patients in the Ammcm
trials. Meanwhile, grades 3 -4 febrile ia was enc
in 16% of the patients in the Japanese trial, 0-9% of the patients in
the European trials, and 2-4% of the pauems in the American
trials (Table 1). For combinati of cisplatin and docetaxel
(Table 1) and cisplatin and vinorelbine (Table 2), the incidences of
grades 3-4 neutropenia and febrile neutropenia were almost the
same between phase 11 trials performed in different areas, but the
doses of docetaxel and vinorelbine in the Japanese trials were
lower than those in the European and American trials. Thus,
neutropenia in patients receiving a combination of platinum and
antimicrotubule agents may be more severe in Japanese than in
Europeans and Americans. A higher frequency of grades 3-4
neutropenia in Japanese patients than in American patients was
associated with combinations of cisplatin and irinotecan (65 vs
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Table | Tomcty associated with a combsnation of platinum and taxane
Chemotherapy dose Grades 1-4 toxicity (X)
Research group Platinum Taxane No. of patients NP FNP Reference
A cor of corboplatin ond packtoxel
Japan & (ALC) 200 (mgm ™) 145 88 13 Che et ol (2007)
Greece 6 (AUC) 200 (mgm™%) 252 15 (] Kosmidis et ol (2002)
B & (AUC) 200 (mgm™®) 309 51 4 Rosell et of (2002)
ECOG & (AUC) 225 (mgm %) 290 63 4 Schiler et ol (2002)
SWOG & (AUC) 225 (mgm ™) 206 57 1 Kelly et of (2001)
SWOG 6 (AUC) 225 (mgm™?) 182 — 3 Gandara et of (2004)
UsA, & (AUC) 225 (mgm ™) 190 65 = Belani et ol (2005)
UsA 6 (AUC) 225 (mgm™7) 345 3 - Hertest er of (2004)
A combingtion of csplotin and docetaxel
Japan 60 (mgm™?) 60 (mgm™?) 151 74 2 Ohe &t of (2007)
ECOG 75 (mgm™?) 75 (mgm™%) 289 6 I Schiller et ol (2002)
Usa 75 (mgm ™) 75 (mgm~?) 408 s 5 Fossella et of (2003)
NP, neutroperia; FINP, febrile neutropenda.
Table 2 Toxity associated with a combination of cisplatin and vinarelbine
Chemotherapy dose (mgm 7) Grades 3-4 toxicity (%)
Research group Cisplatin Vinerelbine No. of patients NP FNP Reference
Japan BO (day 1) 25 (days |, B) |45 a8 I8 Ohe et of (2007)
Greece 80 (day B) 30 (days |, B) 204 37 I Georgoulias et of (2005)
France 100 (day |) 30 (weekly) 156 83 2 Puol et of (2005)
U 120 (day 1) 30 (weekly) 206 79 4 Le Chevalier et ol (1994)
SWOG 100 (day 1) 25 (weekly) 202 7% [ Kelly et al (2001)
usa 100 {day 1) 25 (weekly) 404 i) 5 Fossella et of (2003)

NP, neutropenia; FINP, febrile neutropenia.

329, P<0.001) and cisplatin and etoposide (92 vs 66%, P<0.001)
for the treatment of extensive small-cell lung cancer (Lara et al,
2007).

How can this ethnic difference in the severity of neutropenia be
explained? One possibility is that the physiological capacity of the
white blood cell production and maturation may vary among
different ethnic populations. An asymptomatic reduction in
neutrophils (benign neutropenia) is more commonly observed
in individuals of African descent than in Caucasians, and no data
on this ph are available for Asians (Hsich et al, 2007).
The mechanisms are unclear, but a lower bone marrow reserve, an
intrinsic marrow difference, an abnormal cytokine response, or
any combination of these factors have been suggested (Hsieh et al,
2007). The lower neutrophil counts were associated with higher
levels of IL-8 and granulocyte colony- stimulmng factor in African
volunteers. Thus, these cytokines are considered to comp for
the relatively low neutrophil counts in this population (le et al,
2007). A recent report showed that ethnicity-related low neutrophil
counts were associated with neutrophil elastase (ELA2)
polymorphisms (C-199A), but not with serum cytokine levels
(Grann et al, 2007).

ETHNIC DIFFERENCES IN DRUG METABOLISING
ENZYMES

An explanation for the ethnic differences in haematological
toxicity may be the varying activities of drug-metabolising
enzymes and transporters that are mainly associated with
polymorphisms in the promoter and coding regions of these
enzymes (Fujita and Sasaki, 2007). The haematological toxicity of
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docetaxel monotherapy was associated with the clearance of this
agent in Asian patients, a phenomenon that can be

explained by CYP3A4 activity (Yamamoto er al, 2000), A study
conducted in the Netherlands showed that docetaxel clearance was
associated with the homozygous C1236T polymorphism in the
ABCBI (p-glycoprotein) gene (ABCB1#8) but was not associated
with any CYP3A4 gene polymorphisms (Bosch et al, 2006). In
contrast, docetaxel pharmacokinetics were not associated with the
percent decrease in neutrophil counts nor with any poly-
marphisms in the CYP3A4 and ABCB1 genes in American patients
(Lewis et al, 2007). Another example of ethnic differences in drug-
metabolising cn:ymcl is ﬂ:c association bl.-twuen polymorphisms
in genes i d lism and irinotecan-
induced neutropenia. Among the patients who received irinotecan
with or without another anticancer agent, grade 4 neutropenia was
noted in 40-57% of the patients with UDP-glucuronosyltransfer-
ase (UGT) 1A1*28 (a polymorphism in the promoter region of the
UGTI1Al gene) homozygosity, whereas neutropenia was only
observed in 15% or less of the patients with wild-type alleles. This
association was consistent in both Asian and Caucasian patients,
although the frequency of homozygosity was about 10% in
Caucasians and much lower in Asians. The UGT1A1%6 allele is
another polymorphism at exon 1 that is associated with defective
glucuronidating function and is found almost exclusively in Asian
individuals with a frequency as high as 20% (Fujita and Sasaki,
2007). UGTIAL*6 is si tly linked to polymorphisms of
UGTIA7 and UGTIA9. A haplotype including UGTIA1#6 and
UGTI1A7%3, noted in as many as 15% of Japanese patients, and
UGT1Al*6 homozygosity, noted in 7% of Korean patients, were
significantly associated with decreased glucuronosyltransferase
activity for SN-38 and severe neutropenia (Han er al, 2006; Fujita

© 2008 Cancer Research UK



et al, 2007). In 177 Japanese patients treated with irinotecan-
including chemotherapy, a homozygous or double heterozygous
genotype for UGT1A1*6 and UGT1A1%28 (*6/*6, *28/*28 or *6/
*28) was significantly associated with severe neutropenia (Minami
et al, 2007). In addition, patients with a homozygous C3435T
polymorphism in the ABCB1 gene are four-fold more likely to
develop grade 3 diarrhoea when treated with a combination of
cisplatin and irinotecan (Lara er al, 2007).

Data on associations between polymorphisms in genes coding
drug-metabolising enzymes and therapeutic efficacy remain
scarce. A recent prospective study in 250 patients with metastatic
colorectal cancer showed a significantly higher response rate (67 vs
40%) and a nonsignificant survival advantage (hazard ratio (HR):
0.81; 95% confidence interval (CI): 0.45-1.44) in patients
homozygous for UGT1A1728, compared with those with wild-type
alleles; these outcomes were associated with a higher exposure to
SN-38 (Toffoli et al, 2006). In a study of 81 NSCLC patients, those
who were homozygous for UGT1A1%6 had a lower response rate
(0 vs 50%, P=0.038) and a poorer MST (7.6 vs 17.7 months,
P=10.017) as well as greater toxicities than the other patients (Han
et al, 2006), The most plausible explanation for the negative effects
of UGT1A1*6 on treatment outcome may be that the dose intensity
or cycle number might have been reduced in patients with
UGT1A1%6 because of polymorphism-associated toxicities (Fujita
and Sasaki, 2007).

These pharmacogenetic analyses have been rather preliminary.
Data on genotyping, pharmacokinetics, and pharmacodynamics
collected from a large number of patients with different ethnic
backgrounds are ded to d rate the cause of ethnic
differences in chemotherapy-associated toxicity.

EFFICACY OF EPIDERMAL GROWTH FACTOR
RECEPTOR TYROSINE KINASE INHIBITORS

Epidermal growth factor receptor (EGFR), a cell membrane
receptor with tyrosine kinase activity, is expressed in most patients
with NSCLC and plays a role in cellular proliferation, inhibition of
apoptosis, angiogenesis, metastatic potential, and chemoresis-
tance. Small-molecule inhibitors of EGFR, such as gefitinib and
erlotinib, have shown antitumor activity and have alleviated
symptoms in NSCLC patients who were previously treated with
standard chemotherapy. Two randomized phase II studies, IDEAL
(Iressa Dose Evaluation in Advanced Lung Cancer)-1 (involving
210 patients and conducted in Europe, Australia, South Africa, and
Japan) and IDEAL-2 (involving 216 patients and conducted in the
USA), have evaluated the efficacy of gefitinib at a dose of either
250 mg daily or 500 mg daily in patients with advanced NSCLC in
whom earlier platinum-based chemotherapy had failed. No
difference in the resp rates b the doses was noted,
but an increased response rate was recorded for never smokers,
women, and those with an adenocarcinoma histology, compared
with patients who did not have these characteristics. In addition,
the response rate was 28% in Japanese patients but only 9-12% in
patients of other ethnicities (Fukuoka ef al, 2003; Kris er al, 2003).
A randomized phase 111 trial, ISEL (Iressa Survival Evaluation in
Lung Cancer), of gefitinib vs a placebo in 1692 NSCLC patients
who had been previously treated with one or two chemo-
therapeutic regimens failed to show any survival benefit of
gefitinib; in the overall population, the median survival times
(MSTs) in the gefitinib and placebo arms were 5.6 and 5.1 months,
respectively (HR: 0.89; 95% Cl: 0.78-1.03). A subgroup analysis,
however, showed that the MST was longer in Asian patients
receiving gefitinib than in those receiving the placebo (MST: 9.5 vs
5.5 months; HR: 0.66; 95% CI: 0.48-0.91). Similar results were seen
for never smokers: patients receiving gefitinib survived longer than
those receiving the placebo (MST: 8.9 vs 6.1 months; HR: 0.67, 95%
CI: 0.49-0.91) (Thatcher et al, 2005).
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Emerging ethnic differences in lung cancer therapy
| Seline et of

A similar association between objective responses and ethnicity
was observed in studies on erlotinib monotherapy for previously
treated advanced NSCLC. In an American phase IT trial of this
agent in 57 advanced NSCLC patients with disease progression or
relapse after platinum-based chemotherapy, the response rate was
12% and the MST was 8.4 months (Perez-Soler et al, 2004). In
contrast, the combined data of two Japanese phase I trials of
erlotinib in similar patient populations showed objective responses
in 30 of 106 (28%) patients and an MST of 13.8 months. Among the
responders, significantly higher proportions of females (509%) than
males (17%) (P=0.0009) and of never smokers (51%) than
smokers (14%) were observed (P<0.0001) (Tamura et al, 2007), A
phase III trial of erlotinib or a placebo in 731 NSCLC patients
previously treated with one or two chemotherapy regimens showed
that the response rate in Asian patients was higher than that
in patients of other ethnicities (28 s 10%, P=0.02) (Shepherd
et al, 2005).

These results of phases 11 and III trials consistently suggest that
EGFR tyrosine kinase inhibitors may be more effective in Asian
patients than in patients of other ethnicities.

In April 2004, the activating mutations of the EGFR gene were
identified in NSCLC specimens, and cancers with these mutations
were reported to be highly sensitive to gefitinib. The populations
with higher responses to gefitinib (females, non-smokers and
patients with an adenocarcinoma histology) also have higher
incidences of EGFR mutations (Kosaka et al, 2004; Pao et al, 2004;
Shigematsu et al, 2005). The incidence of EGFR mutations in
surgically resected tissue ples is ised in Table 3
(Kosaka et al, 2004; Pao et al, 2004; Marchetti et al, 2005; Qin er al,
2005; Shigematsu et al, 2005; Soung et al, 2005; Tokumo et al, 2005;
Yang et al, 2005; Sasaki et al, 2006). The incidence varies from one
report to another, but EGFR mutations tend to be more common
among patients with an ad arcinoma h | gy and g
non-smokers. Among Asian patients, the average incidences o
EGFR mutations were 31% overall, 47% among patients with
adenocarcinoma, and 56% among non-smokers; among other
ethnic populations, however, the average incidences were 7-8%
overall, 13-15% among patients with ad arcinoma, and
34-35% among non-smokers (Table 3). Thus, the percentage of
responders to gefitinib or erlotinib almost paralleled the percen-
tage of patients with EGFR mutations.

The mechanism responsible for the high frequency of EGFR
mutations in Asian patients is a subject of great interest, and
polymorphisms in the regulatory sequence of the EGFR gene have
been vigorously investigated. The CA simple sequence repeat 1
(CA-SSR1), a highly polymorphic locus containing 14-21 CA
dinucleotide repeats, is located at the 5' end of intron 1 of the
EGFR gene. Studies of CA-SSRI repeat length and EGFR
expression in breast cancer tissues have shown a constant decline
in EGFR expression with increasing repeat length (Buerger er al,
2000, 2004). In addition, a shorter repeat length was associated
with an elevated risk of lung cancer (Zhang er al, 2007) and poor
survival in NSCLC patients (Dubey et al, 2006). The CA-SSR1
repeat length distribution varies according to ethnicity, with
Asians tending to have longer repeats than Americans (Liu et al,
2003). Two single-nucleotide polymorphisms in the promoter
region of the EGFR gene (—-219G/T and —191C/A) were also
associated with promoter activity and EGFR expression (Liu et al,
2005), and their polymorphic types (associated with low EGFR
expression) were more common among Asians than among other
ethnicities (Nomura et al, 2007). These observations suggest that
many Asians have polymorphic types that lead to a decreased
intrinsic production of EGFR protein. If a certain critical level of
EGFR is required to drive the cell toward a malignant phenotype,
another mechanism including activating mutations of EGFR and/
or the autonomous activation of downstream signalling may be
required for the development of lung cancer among Asians
(Nomura et al, 2007).
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Table 3 Incidence of EGFR mutations in surgically resected specimens
All cases Adenocarcinoma MNon-smokers
Total Mutation Total Mutation Total Mutation
Author Country N N (%) N N (%) N N (%)
Western orecs
Shigematsy usa 1] 11 (14) 44 Il (25) 26 7@7
Pao USA 9% 11y n 11 (15) 15 7 (47)
Yang USA 219 26 (12) 164 5 (15) k] 12 (35)
Marchetti Iealy B&0 39 (5) s 39 (10) 1o3* 23 ()
Subotal 1255 1G] 655 86 (13) s 26 (35)
Asan areas
Shigematsu Japan 263 71 an 154 67 (44) 78 47 (80)
Kosaka Japan 277 111 (40) 224 110 (49) "z 76 (68)
Tokumao Japan 120 38 (32) a2 37 (45) 36 15 (69)
Sasalo Japan 95 5 (37 71 32 (45) 36 15 (69)
Shigamatsy Tawan 93 32 (34) 55 31 (58) 55 17 (49)
Qin China 4| 10 (24) 17 7(41) 21 6 (29)
Soung Korea 153 30 (20) 69 26 (38) 54 15 (48)
Shigematsuy Others 361 107 (30) 214 102 (48) 135 76 (56)
Subtotal 1403 434 (31) 886 412 (47) 415 131 (58)
Other oreas
Shigematsy Australia 83 1u) 6 5 (14) 7 4(57)
Shigematsu Others 158 13 (8) 75 12 (16) 31 9(29)
Subtotal 241 19 (8) ayl 17 (15) 38 13 (34)
Toatl 28%9 540 (19) 1652 515 (31) 528 70 (51)

“Inclucing anly patients with adenocarcinoma histology.

INTERSTITIAL LUNG DISEASE ASSOCIATED WITH
GEFITINIB AND ERLOTINIB

The frequencies of grades 3-4 common toxicities after the
admuumuun of gefitinib, including diarrhoea, skin rash, and
1 i liver i levels, have been similar among study
populations, but the incidence of severe interstitial lung disease
(ll.DJ associated with the administration of gefitinib differs
between patients in Japan and those in other countries. In the
IDEAL studies, hvu Japanese pthcntl developed grades 3-4 [LD
{2%), wh ide of Japan experienced [LD
(Fukuokaﬂal.lﬁ)}mniﬂ 2003). A retrospective study of
1976 consecutive patients treated with gefitinib at 84 institutions
b d that the incid of ILD was 3.5% and the mortality rate
was 1.6%. Several risk factors for the development of gefitinib-
induced ILD were identified in the Japanese population: a history
of pulmonary fibrosis, a history of smoking, a poor performance
status, and a male sex (Ando et al, 2006). A similar incidence of
ILD (4.6%) was also noted in association with erlotinib
chemotherapy in Japanese phase 11 trials (Tamura et al, 2007).
The association between ILD and anticancer treatment is a
major topic in Japan because (1) the diagnosis of ILD can
be difficult and a consensus among physicians is sometimes
not reached, (2) the risk factors for ILD have not been fully
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CONCLUSION

The findings discussed here suggest that considerable variations in
the toxicity and efficacy of anticancer agents may exist among
patients of different ethnicities. Although research into these
differences has just begun, these studies suggest that possible
pharmacogenomic and tumour genetic differences associated with
individual responses to anticancer agents should be carefully
considered when conducting global clinical trials.
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Abstract

Clinical trials performed within the cooperative group system play a substantial role in the advancing of lung cancer
therapy. Interactions between the leaders of the cooperative groups are critical and occur regularly throughout the
year, but the annual Lung Cancer Congress provides a unigue forum for representatives from each group to pres-
ent ongoing and planned studies in an interactive forum. Herein, we highlight discussion from the 9th annual Lung
Cancer Congress in June 2008, focused on advanced-stage non-small-cell lung cancer (NSCLC). Many studies are
looking at the addition of targeted agents such as bevacizumab, cetuximab, vascular endothelial growth factor recep-
tor inhibitors, and apoptosis-inducing agents to chemotherapy. Personalizing therapy by better selection of patients
for particular drugs is also being emphasized, most notably epidermal growth factor receptor fluorescence in situ
hybridization overexpression and other predictions of response with cetuximab. Future articles in this series will ad-
dress early and locally advanced NSCLC as well as other thoracic malignancies such as smallcell lung cancer and
mesothelioma. Ongoing trials within the cooperative groups are an essential component of the persistent improve-
ment in the treatment of lung cancer.

Clinical Lung Cancer, Vol. 9, No. 6, 346-351, 2008; DOI: 10.3816/CLC.2008.n.050
Keywords: Chemotherapy, Clinical trials, Epidermal growth factor receptor, Fluorescence in situ hybridization

Introduction survival benefit.2 Most doublet rcglrncn.s include a platinum agent.
The leading cause of cancer-related death worldwide is lung can- although a mcmna}ysls c°mp”l"l‘5 i with I
cer. Though not curative for advanced-stage disease, chemotherapy doublets de d comp survival bur variable toxicity

improves survival and quality of life c profiles with the various regimens.34 Bevacizumab, an antibody o

pared with best supp

ive care.! Combinations of 2 chemortherapy drugs (doublets) are
superior to single-drug regimens in response and survival, but
adding a third cytotoxic drug increases toxicity with no additional
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vascular endothelial growth facior (VEGF), is now approved to be
added to the carboplatin/paclitaxel doubler for patients with non-
squamous histology, based on the encouraging results of E4599, a
randomized trial led by the Eastern Cooperative Oncology Group
(ECOG) that demonstrated a survival benefit when bevacizumab
was added o this regi This rrial highlights the crirical role thar
the North American cooperative oncology groups, sponsored by
the Nartional Cancer Institute, and cooperative groups abroad, have
played in establishing the current standards of care for non—small-
cell lung cancer (NSCLC).?

There are 4 general oncology cooperative groups active in lung
cancer research within the United States: the ECOG, the South-
west Oncology Group (SWOG), the Cancer and Leukemia Group
B (CALGB), and the North Central Cancer Treatment Group
(NCCTG). All 4 have member instirurions located throughout the
country. The National Cancer Institute of Canada Clinical Trials
Group (NCIC-CTG) oversees cooperative oncology efforts within
Canada. As their names imply, the American College of Surgeons
Oncology Group (ACOSOG) and the Radiation Therapy Oncol-




ogy Group (RTOG) are more focused on treatment modality and
have member institutions on both sides of the US/Canadian border.
The North American cooperative group thoracic leadership, as well
as the thoracic heads of international groups such as the European
Organization for Research and Treatment of Cancer (EORTC) and

B

the Japanese Cooperative Oncology Group (JCOG), is brought to-
gether each year at the annual International Lung Cancer Congress,
now in ks ninth year. This article will focus on work in advanced-
stage NSCLC being performed by cach of the cooperative groups

presented ar the g. This series of articles will continue with
coverage on the group efforws in cardier stages of NSCLC and in
other thoracic malignancies.

American College of Surgeons Oncology Group
The ACOSOG consists primarily of surgeons throughout North
America. The aims of the thoracic commitee of this group are to
improve local control in carly-stage NSCLC and o enhance thera-
peutic efficacy through biologic and molecular markers. Their con-
tributions to the of patients with ad i-stage di
are therefore limired, but some of the work on markers developed
in carly-stage disease will likely be translated into work on markers
in more advanced-stge disease in the future and are worth noting,
The recently completed Z0040 study looked at mic in
pleura, bone marrow, and lymph nodes, and outcome correlates in
patients with resected early-stage disease. These dara have nor yet
been presented. Z4031 accrued > 1000 at 52 sites b
2004 and 2006, Parients with suspicious lung masses were eligible
for the trial, which consisted of a preoperative blood draw, resec
tion, then 3 postoperative blood draw with long-term follow-up.

Ongoing analysis is |

ysis is looking ar p ic profiling of the serum as
an adjunct to computed tomography scans.

Cancer and Leukemia Group B
Cancer and Leukemia Group B has led several important explor-

CALGB 30406 Schema: Erlotinib with
or Without Chemotheropy in Nonsmokers

Figure 1

Patients can continue therapy until evidence
of disease

progression or toxicity
"Never-smoker; s 100 cigarenes/lifedime, “light” furmer smuker: quit 1 year ago and
tlapod-)'un.
BJ\C- h OILGB Canger snd Leukemia

indicating thar high levels were a negarive prognostic factor for OS
but a positive predictor for improved survival with celecaxib. This
result has led to discussion nfl phase 111 trial of chcmmhenpy
with or without a COX-2 i in patients with overexp

of COX-2.

Another planned trial, C30607, will focus on maintenance ther-
apy with the VEGF recepror (VEGFR) ryrosine kinase inhibitor
(TKI) sunitinib. Enrolled will receive 4 cycles of first-line
chemotherapy followed hy placebo or maintenance sunitinib.

It has been consistently shown that the EGFR TKls such as er-
lotinib provide the best response rares and survival in patients with
minimal smoking history.? The TALENT and TRIBUTE trials
of erlotinib plus first-line chemotherapy failed o show a survival

atory trials in advanced-stage NSCLC. There ins considerabl
controversy about the appropriate care of patients with a poor per-
formance status (PS). CALGB 9730 compared a single agent versus
a doublet as first-line therapy and demon d that eldery pa-
tients derived the same benefir as younger patients, but those with
a poor PS had even more benefit with the doublet regimen com-
pared with a single drug.® Following up on this, CALGB 30402,
led by Rogerio Lilenb MD, lled patients with 4 PS of 2
to receive first-line weekly docetaxel plus cetuximab (an antibody
to the epidermal growth factor receptor [EGFR]) or bortezomib (a
proteosome inhibitor).? After 4 cycles of the doublet, the targeted

agent was continued until prog A total of 30 patients were
enrolled on each arm, with a median survival time of 4.4 months
versus 3.9 hs in the ¢ imab-versus-bortezomib arms.

In her approach at incorporating novel agents, bur in a

broader patient group, the recently completed CALGB 30203 used
carboplarin/gemcitabine as a backbone regimen and added zileu-
ton, celecoxib, or both to focus on modulation of the eic id
pathway3 This exploratory phase 11 study found that in all groups
the overall survival (OS) was very similar, and the study did nor
meet its goal of a > 50% failure-free survival of @ months, 1

dvantage with this approach, but the small number of never-smok-
ers in TRIBUTE did show an OS advantage with the addition
of erlotinib (10.1 hs vs, 22.5 hs with etlotinib).!9 Ta
address this issue further, CALGB 30406 is a randomized phase
11 study of parients who are newly diagnosed with advanced-stage
NSCLC and have smoked < 100 cigarertes in their lifetime (never-
smokers) or smoked < 10 pack years in their lifetime and quit over
1 year ago (light smokers; Figure 1). Patients will be randomized to
receive daily oral erlotinib until progression of disease or 6 cycles of
carboplatin/paclitaxel plus erlotinib followed by erlotinib, This trial
will also include extensive correlatives evaluating EGFR expression
by THC, EGFR mutation status, EGFR gene copy number by flo-
rescent in situ hybridization (FISH), K-nas murational status, and
proteomic analysis.

Eastern Cooperative Oncology Group

The ECOG has played a critical role in defining the standard
of care for patients with advanced-stage NSCLC, E1594 random-
ized patients to 1 of 4 different platinum-based doublets and
found them all to be equivalent, thus solidifying the notion that

histochemistry (IHC) analysis for COX-2, however, found a trend

in the treatment of this disease are unlikely to come
fmm further trials of various chemotherapy combinations and
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Figure 2 ECOG 2507 Schema: Chemotherapy with or

Without Erlotinib in Nonsmokers

 Randomized Phase II:
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establishing carboplatin and paclitaxel as the “standard” doublet
in the United States because of the favorable toxicity profile.!!
E4599, which studied carboplatin/paclitaxel with or without the
anti-VEGF antibody bevacizumab, was the first trial to show a
survival advantage with the addition of a “targeted” agent to first-
line doublet chemotherapy.'? Median survival time improved from
10.3 months to 12.3 months with the addition of bevacizumab, bur
the trial was restricted to patients withour squamous cell histology,
brain merastasis, anticoagulant use, or history of gross hemopuysis.
E4599 led to the approval of bevacizumab in combination with
carboplatin and paclitaxel as first-line therapy for advanced-stage
NSCLC in partients meeting the eligibility criteria. The ECOG has
set this combination as its reference regimen and has been looking
for ways to build on this platform.

The current protocol in development within ECOG randomizes
patients who have completed 4 cycles of carboplatin/paclitaxel/beva-
cizumab to bevacizumab alone, pemetrexed alone, or a combination
of the 2. This trial is secking ro berter define the role of maintenance
bevacizumab and chemotherapy. The maintenance chemotherapy
question has come to the forefront with 2 recent trials showing a
trend toward a survival benefit with this approach.!3.14

Another trial that will build on the E4599 platform is focused
on never-smokers. Previously untreated parients with newly diag-
nosed NSCLC who are never-smokers will be eligible for E2507
(Figure 2). They will be randomized to carboplatin/paclitaxel/be-
vacizumab with or without erlotinib. Patients who are incligible
for bevacizumab will be randomized to chemotherapy alone with
or without erlotinib. This trial is asking a similar question w CALGB
30406, but in the ECOG 2507 wial, all receive chemoth

TKI sorafenib as 2 third-line therapy for patients with advanced-
stage NSCLC at the 2008 meeting of the American Society of
Clinical Oncology (ASCO). Tlm wrial, E2501, enrolled patients
in a “randomized discontinuation” regi that enriched for pa-
tients with stable disease (SD).'% All enrolled patients received 8
weeks of sorafenib, and those with SD were then randomized 1o
continue on drug versus placebo. Patients with rapidly progres-
sive discase before 8 weeks were disc d before randomi

ted resp e contona
on therapy without randomization. For patients randomized,
the median survival time showed a trend in favor of sorafenib ar
119 hs compared with 9 hs for p on placebo,
(= .18; hazard ratio [HR], 0.67; 95% ClI, 0.37-1.21). The ECOG is
considering a follow-up trial to build on those encouraging results.

European Organization for Research
and Treatment of Cancer

Multiple cooperative groups exist in Europe, mostly based by
country, but the EORTC spans multiple countries and has been a
major contributor to critical trials in lung cancer. In addition o a
discussion of engoing lung EORTC rrials, ar the Lung Cancer Con-
gress, Paul Baas, MD, PhD, highlighted other ongoing European
trials in advanced-stage lung cancer. These other trials ongoing in
Europe include a first-line trial with erlotinib and bevacizumab, a
randomized phase 11 of mistletoe as a compl y treatment in
advanced-stage NSCLC, and a phase I11 trial of vandetanib in pa-
tients who have not responded 1o therapy with other EGFR TKIs.

The EORTC trials include EORTC 08021, a randomized phase
11 study in conjunction with the Tralian Lung Cancer Project that
randomizes patients to immediate gefitinib versus placebo after
completion of standard first-line chemotherapy for advanced-stage
NSCLC. Hligible patients have advanced-stage NSCLC, with a PS
of 0-2 and strong EGFR expression. They must receive 2-6 cycles of
a platinum-containing doublet, and if they are without progression,
they are randomized to gefitinib or placebo. The planned sample size
is 450, of which about half had been enrolled as of June 2008.

The EORTC is also planning a trial in advanced-stage NSCLC
looking at the combination of bor ib and Apo2l/TRAIL
ligand (dulanermin), a direct inducer of apoprosis.

Japan Clinical Oncology Group

There are multiple cooperative groups in Japan, including the
JCOG, based in Tokyo, which is fully sponsored by the Ministry
of Health. The JCOG has an ongoing phase 111 trial (PC704) for
clderly patients with advanced-stage NSCLC who are randomized
to receive single-agent docetaxel versus doceraxel and cisplatin, The
study aims to enroll 385 patients, with a primary endpoint of OS.

The West Japan Thoracic Oncology Group (WJTOG) recently
completed a large phase I11 trial (WJTOG 0203) of 3 cycles of

tion, and patients with a doc

with randomizarion 1o erorinib or no crl.oumb whereas in the CALGB
30406, all patients receive erotnib with randomization to chemo-
therapy or no chemotherapy.

Further work with erlotinib in first-line therapy of NSCLC will be
performed in E3503, a protocol in development that builds on work
with a proteomic analysis that predicts for response to edotinib.!?

The ECOG presented an important positive trial of the VEGFR
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chematherapy followed by gefitinib versus an additional 2 cycles of
chemotherapy. This trial was presented ar the 2008 ASCO meet-
ing and found no OS advantage with gefitinib but a significant
benefit in the adenocarcinoma subser.!” An ongoing randomized
phase 111 trial by the group (WJTOG 3605) randomizes patients to
carboplatin/paclitaxel versus carboplatin/$-1, an oral 5-fluorouracil
derivarive. This trial aims to enroll 600 patients.

¥ ¥
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Figure 3 NCCTG 0723 (Intergroup Study): Marker Validation of Erlotinib in Lung Concer (MARVEL)
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The North Japan Lung Cancer Study Group, established in
2002, studied carboplatin with 3-weekly or weekly paclitaxel in el-
derly patients with NSCLC. The North-East Japan Gefitinib Study
Group, established in 2004, not surprisingly has multiple trials of
gefitinib, predominantly in patients with known activating muta-
tions in EGFR. Ongoing trials within this group include a phase [11
trial of first-line gefitinib versus carboplarin/paclivaxel for parients
with advanced-stage NSCLC with known EGFR activating mura-
tions. A phase 11 trial limited to elderly patients aged > 75 years
with advanced-stage NSCLC and known EGFR acrivating mura-
tions is also ongoing.

North Central Cancer Treatment Group

The NCCTG, centered at the Mayo Clinic in Minnesota, has par-
ticipating centers in 30 states and 2 provinees in Canada and includes
sites in Pucrto Rico. Historically, the NCCTG has focused on phase
1l srudies with novel therapeutic agents and has participared actively
in Intergroup protocols. Dr. Mandrekar led an analysis of NCCTG
trials looking at progression-free survival (PFS) compared with re-
sponse as a predicior of OS in advanced-stage NSCLC. The smdy
looked at PFS ar 6 months versus best resp versus confi
response all compared with OS ar 12 months. 18 They had dara from
343 patients in 4 first-line NSCLC trials. In cheir trials, approxi-
mately 65% of patients had progressed by 6 months, with a median
time from progression to death of 5 hs. This analysi led
that neither best response nor confirmed response predicred well for
survival at 12 months, but PFS ar 6 months was a strong predicror
for survival at 12 months, with a 78% agreement (HR, 0.44; 95%
Cl, 0.34-0.58; P<.0001).

N0626 is 3 randomized phase Il study of pemetrexed alone or
with sorafenib as second-line therapy in patients with advanced-
stage NSCLC. There were 3 dose-limiting roxicities in the first
histology, so the study

6 patients, all in | with sq
now excludes those with squamous histology. The accrual goal is

NCCTG = North Central Cancer Tremtment Group; NSCLC =

110 patients, N0528 is a randomized phase 11 first-line trial of gem-
citabine and carboplatin with or withour cediranib (AZD2171), a
VEGFR TKI. Accrual goal is just under 100 patients, using a dose
of cediranib of 30 mg.

The largest NCCTG trial under development is N0723, also
known as the MARker Validation of Erlotinib in Lung cancer
(MARVEL) study (Figure 3). This phase 11T biomarker validation
study randomizes patients with advanced NSCLC to pemetrexed
versus erlotinib as second-line therapy and will enroll nearly
1200 parients and will analyze all patients for EGFR gene copy
number by FISH analysis. In addition to the primary dlinical
endpoint, the study is unique in engaging all of the North Ameri-
can cooperative groups within the correlative science objectives, a

model char will facilitate active support and parricip NO724
is a phase Il study for patents with oligometastatic discase who
will received standard 4 cycles of placi based chemotherapy

and then will be randomized 1o received observation or radiation
1o known sites of disease. Follow-up will be every 12 wecks after
completion of therapy.

N0821 is a planned phase IT study of pemetrexed, carboplatin,
and bevacizumab in patients with advanced nonsquamous NSCLC
aged 2 70 years and with a PS of 0/1. This trial is building on en-
couraging data with the combination presented by Jyoti Patel, MD,
at the 2008 ASCO meeting.!?

National Cancer Institute of Canada
Clinical Trials Group
The National Cancer lastitute of Canada Clinical Trials Group

TP | 1L

i ufur

has been instrumental in
patients with advanced-stage NSCLC, most recendy erlotinib.
BR.21 was a andomized double-blind placcbo controlled trial in
patients with previously treated NSCLC who had received | or 2
previous chemotherapy regimens and received erlotinib or plar.tbo 9

Interestingly, patients with ECOG PS of 0-3 were eligible. The re-

therapy for
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Figure & SWOG 0819: Proposed Phase Il Trial
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sults from this trial, with a response rate of 8,9% with erlotinib and
a 2-month improvement in OS (6.7 months vs. 4.7 months; HR,
0,7; P = .001), led to approval of the drug in North America.

First-line advanced-stage NSCLC efforts of the NCIC-CTG tho-
racic group have been focused on cediranib, a VEGFR TKI. BR.24
was a phase 11/111 rial of first-line carboplatin/paclitaxel with or with-
out cediranib that was recently closed at interim analysis. The study
has yet to be presented in its entirery, but it is known thar the study
arm did meet its efficacy endpoint, but because of toxicity issues, the
trial will not continue to phase I11. This is despite a dose reduction in
cediranib to 30 mg daily (reduced from 45 mg).

The predominant second-line effort of the NCIC-CTG thoracic
committee will be participation in N0723 (MARVEL), described
above in the NCCTG section, This trial will be known as BRC.3.

Correlative studies are also an important part of NCIC-CTG
efforts, with tumor banks for many trials and genomic DNA, urine
banks and plasma banks collected as part of BR.24,

Radiation Therapy Oncology Group

The RTOG focuses on radiation questions, so efforts in
metastatic disease are limited, but they have played a critical role
in better defining therapy for brain metastases in this stage of
discase. An ongoing effort in this area is RTOG 0320, a trial for
patients with brain merastases from NSCLC. Eligible patients
have 1-3 brain metastases € 4 cm in size and not involving the
brainstem and no acrively progressing extracranial discase for 2 |
manth, Patients are strarified by age, extracranial cancer, number
of metastases (1 versus 2/3) and are randomized to whole-brain
radiation (WBRT) plus stercotactic radiosurgery (SRS), WBRT
plus SRS and temozolomide (daily for 21 days during WBRT,
then continued at the discretion of the investigator), or WBRT
plus SRS plus erlortinib at 150 mg orally daily scarting with day
1 of WBRT and continuing for s 6 months at the discredon of
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the investigator. As of June 2008, a total of 80 of a planned 381
patients had been enrolled.

Southwest Oncology Group

Southwest Oncology Group played a major role in establishing
carboplatin and paclitaxel as a standard US regimen in $9509, a
first-line phase 111 wrial in advanced NSCLC randomizing patients
1o the then-SWOG suandard of cisplatin/vinorelbine versus car-
boplatin/paclitaxel. Although efficacy was similar, tolerability, as
defined by dose delivery and discontinuance of therapy because of
toxicity, both favored carboplarin/pacliraxel. 20 Based on these data,
SWOG has used carbnplaﬂn.’padlml as :he ch:mmhenpy plat-
form upon which to build targeted-agent ¢ herapy reg
in its subsequent trials. 50003. a phase 111 trial of chemotherapy
with or without the hypoxic cytotoxin tirapazamine, found no ben-
efit to the addition of ti ine bur, in collab »n with Japa-
nese cooperative groups, provldcd a prospectively dmgnui database
for the “co arm” app ing the toxicity, efficacy,
and pharmacogenomics of this regimen in S0003 with a common
carboplatin/paclitaxel arm in 2 Japanese phase 111 trials.

A recent SWOG randomized phase 11 trial (50342) studied carbo-
platin/paclitaxel ct herapy in combi
concurrently or sequentially in advanced-stage NSCLC. Cetuximab
is an antibody to EGFR and competitively blocks the binding of
EGF and other ligands 1o EGFR. Two previous phase III trials
(Study 099 and FLEX) combining the drug with first-line doublet
chemotherapy for NSCLC have now been completed. Study 099,
which used no EGFR selection criteria for study entry, demonstrated
no significant improvement in response or PFS when the agent was

bined with carboplatin/taxane (paclitaxel or docetaxel).2! FLEX,
which combined ceruximab with cisplatin and vinorelbine, found a

with cetuximab given

statistically significant improvement in OS5 and time to progression
but no improvement in PFS with the addition of ceruximab.?2

A prospectively planned correlative science study incorporared
into SWOG 0342 looked ar EGFR gene copy number by FISH,
This analysis found a strong correlation between FISH positiv-
ity and response, PFS, and OS with ceruximab, especially in the
concurrent chemotherapy and cetuximab arm.23 In contrast, in an
analysis performed by Dr. Hirsch's group on the TRIBUTE trial of
chemotherapy with or without erlotinib, the response was lower in
patients with EGFR FISH positivity who received erlotinib/che-
motherapy versus placebo/chemotherapy. These contrasting results
suggest that, in NSCLC, EGFR TKls are quite different in terms
of interaction with chemotherapy. Building from there, and the
encouraging E4599 bevacizumab data, SWOG 50536 subsequently
tested a 4-drug regimen of carboplarin/paclitaxel/ceruximab/bevaci-
zumab. Preliminary results suggest thar this 4-drug regimen results
in encouraging PFS and OS. Taken together, these results led 1o
the development of S0819, a phase I11 trial thar will randomize
patients to carboplatin/paclitaxel with or without cetuximab and
with bevacizumab for patients cligible for bevacizumab per E4599
entry criteria (Figure 4). After completion of chemotherapy, pa-
tients in the ceruximab arm will receive maintenance cetuximab
(plus bevacizumab if they were bevacizumab eligible). The study
will be statistically powered o validate the role of EGFR FISH as a
predictive biomarket, enrolling > 1500 patients in order to accrue



the requisite number who are FISH positive. Besides EGFR FISH,
correlative studies will include tumor analysis for EGFR/HER
pathway members and K-nzr, as well as genomic DNA for EGFR
polymorphisms and serum analysis of potential proteomic predic-
tars for anti-EGFR and antiangiogenic therapy.

S0709 is a phase 11 trial of erlotinib versus crlotinib plus che-
motherapy in NSCLC parients with PS of 2 and scrum protcomics
predictive of erlotinib benefit.!® In the chemotherapy-plus-erlo-
tinib arm, patients will receive carboplatin/paclitaxel on day 1 then
erlotinib on days 2-16 of each 21-day cycle 1o allow for “pharmaco-
dynamic separation,” based on earlier data. 24

Conatumumab (AMG 655) is 3 proapoptotic agent thar directly
activares DR-2, leading 1o the activation of caspases and direct rrig-
gering of apoprosis. 50810 will enroll 60 patients per arm and after
a run in phase 1 study to determine the dose of pemetrexed plus
wnamumab(imgﬂ:glhm lﬁmﬂgnfmmmmum:hplu;fuﬂ-
dose p d), patients will be randomized to «
alone ar 15 mg/kg every 3 weeks or the same dose plus pemetrexed
at 500 mg/m2.

Conclusion

Cooperative groups focused on lung cancer research around
the world are a critical component in the fight against this
deadly disease. The first successes with rargeted agents includ-
ing bevaci b and erlotinib have come from these groups.
R di ies in the molecular biology of lung cancer are
being made by and rtranslated into clinical research through
cooperative group efforts, as highlighted by the emerging story
of EGFR FISH in the prediction of benefit from erlotinib and

b. Many pr ing agents and regimens are currently
under investigation within the cooperative group system, and
the furure holds grear promise.
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Twenty Novel Genetic Variations and Haplotype Structures of the
DCK Gene Encoding Human Deoxycytidine Kinase (dCK)
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Summary: Deoxycytidine kinase (dCK) is a rate-limiting enzyme in the activation of nucleoside anticancer
drugs, such as gemcitabine and cytarabine (Ara-C), to their active metabolites. In this study, the 5'-flanking
region, 7 exons and their flanking introns of DCK were comprehensively screened for genetic variations in
256 Japanese cancer patients administered gemcitabine. Twenty-nine genetic variations, including twenty
novel ones, were found: 11 in the 5'-flanking region, 1 in the 5'-untranslated region (UTR), 1 in the coding
exon, 9 in the 3'-UTR, and 7 in the introns. The novel variations included -1110C>T, -757G > A,
-639C>T, -4656G>A, -402T>C, -224C>A, -199C>G, IVS1 +38G>T, IVS2+ 78_+83delTTTTTC,
IVS3-9C>T, IVS4+12T>C, IVS5+39T>C, 1357A>G, 1545A>T, 1572delA, 1736G>A,
1749G>A, 18B38T>C, 1889G>A, and 2048A>T. The frequencies were 0.01 for IVS2+78_
+83delTTTTTC, 0.008 for -402T >C, 0.006 for -639C>T and IVS4+ 12T > C, 0.004 for -757G > A and
1572delA, and 0.002 for the other 14 variations. A known nonsynonymous SNP 364C> T (Pro122Ser) was
detected at a 0.061 frequency. Using the detected polymorphisms, linkage disequilibrium analysis was per-
formed, and 24 haplotypes were identified or inferred. Our findings suggest considerable ethnic differences in
genetic variations of DCK and provide fundamental and useful information for genotyping DCK in the
Japanese and probably other Asian populations.

Keywords: DCK, genetic variation, haplotype, gemcitabine, ethnic differences
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Introduction

Deoxycytidine kinase (EC 2.7.1.74, dCK) is a key en-
zyme in the salvage pathway of deoxyribonucleotide
biosynthesis and is responsible for phosphorylation of
both pyrimidine and purine deoxyribonucleosides to the
corresponding deoxyribonucleotides.” dCK also cata-
lyzes the rate-limiting step in the phosphorylation of
pharmacologically important anticancer and antiviral
drugs such as 2’,2’-difluorodeoxycytidine (gemcitabine),
cytosine arabinoside (ara-C), 2-chlorodeoxyadenosine
(cladribine), and 2’,3'-dideoxycytidine.”

The DCK gene consists of 7 exons and spans over
34-kb on chromosome 4 (4q13.3-q21.1).” The transcrip-
tion regulatory region of DCK is GC-rich and lacks a
TATA-box but harbors a number of binding sites for tran-
scription factors such as Spl and E2F.*” Human dCK
protein (260 amino acid residues) is constitutively ex-
pressed throughout the cell cycle and is present at low
levels in most tissues. Therefore, this enzyme could be in-
volved in the activation of chemotherapeutic nucleoside
analogues in tumor cells as well as normal cells,”” Ex-
pression levels of dCK are critical determinants of gem-
citabine and ara-C antitumor activities, and dCK-
deficient cells are highly resistant to nucleoside ana-
logues.'” Furthermore, the introduction of DCK cDNA
into dCK-deficient tumor cell lines restores in vitro sen-
sitivities to ara-C,'"'? and the decreased dCK expression
is known to be associated with in vitro acquired resistance
to gemcitabine."”

Recently, several single nucleotide polymorphisms
(SNPs) and haplotypes of DCK, including four nonsynony-
mous SNPs, 70A > G (lle24Val), 356C>G (Alal 19Gly),
364C>T (Prol22Ser) and 727A>C (Lys243Gln), have
been identified in Africans, Europeans, and Chinese'*"®
and published in the PharmGKB database. In vitro func-
tional characterization showed that three nonsynony-
mous variations, 70A>G (lle24Val), 356C>G
(Ala119Gly) and 364C>T (Prol22Ser), were associated
with dCK activity and expression.'” In Chinese, several
SNPs were detected in the promoter region, and the
haplotype with two regulatory SNPs, -360C>G and
-201C >T, was associated with increased transcriptional
activity,' However, there has been no report of a DCK
SNP survey and haplotype analysis for a Japanese popula-
tion. In this study, all 7 exons and their surrounding in-
trons were resequenced for comprehensive screening of
DCK genetic variations. Sequence analysis detected 29
variations from 256 Japanese cancer patients ad-
ministered gemcitabine. Frequencies of haplotypes with
both regulatory SNPs, ~-360C>G and -201C>T, and
nonsynonymous SNP 364C>T (Prol225er) were esti-
mated in a Japanese population, and ethnic differences
among Japanese, Chinese, Europeans and Africans were
shown.

Su-Ryang K, e al.

Materials and Methods

Human genomic DNA samples: All 256 Japanese
cancer patients were administered gemcitabine at the
National Cancer Center Hospital and National Cancer
Center Hospital East. Total DNA was extracted from
blood leukocytes and used as template in the polymerase
chain reaction (PCR). The ethical review board of the Na-
tonal Cancer Center and National Institute of Health
Sciences approved this study. Written informed consent
was obtained from all participants.

PCR conditions for DNA sequencing: The Gen-
bank reference sequence NT_006216.14 was used for
primer design and SNP detection. First, the entire DCK
gene was divided into two regions (exons 1 and 2 and ex-
ons 3 to 7), and each region was amplified from 100 ng
of genomic DNA using 1,25 units of Z-Taq (Takara Bio.
Inc., Shiga, Japan) with 0.2 4M primers listed in Table 1
(1st PCR). The first PCR conditions consisted of 30 cycles
of 98°C for 5 sec, 60°C for 10 sec, and 72°C for 150
sec. Next, each exon except for exon 1 was amplified by
Ex Taq (1.25 units) (Takara Bio. Inc.) with appropriate
primers (0.5 M) designed in the introns (Table 1, 2nd
PCR). Conditions of the second round PCR with Ex Taq
were 94°C for 5 min, followed by 30 cycles of 94°C for
30 sec, 55°C for | min, and 72°C for 2 min, and then a
final extension at 72°C for 7 min. For amplification of
the region from 1.5-kb upstream of the translation initia-
tion site to exon 1, LA Taq (2.5 units) (Takara Bio. Inc.)
with GC buffer 1 and exon 1 specific primers (0.5 uM)
were used. PCR with L4 Taq was carried out under the
following conditions: 94°C for 1 min followed by 35 cy-
cles of 94°C for 30 sec, 60°C for 30 sec, and 72°C for 3
min, and then a final extension at 72°C for 5 min. Fol-
lowing the PCR, products were treated with a PCR
Product Pre-Sequencing Kit (USB Co., Cleveland, OH,
USA) and directly sequenced on both strands using an
ABI BigDye Terminator Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, USA) with the sequencing
primers listed in Table 1 (Sequencing). Excess dye was
removed by a DyeEx96 kit (Qiagen, Hilden, Germany),
and the eluates were analyzed on an ABI Prism 3700
DNA Analyzer (Applied Biosystems). All variations were
confirmed by sequence analysis of PCR products generat-
ed by a new amplification of the original genomic DNA
templates. Furthermore, the rare SNPs found in only one
sample as heterozygotes were confirmed by re-sequenc-
ing the PCR fragments produced by amplification with a
high fidelity DNA polymerase KOD-Plus- (TOYOBO,
Tokyo, Japan).

Haplotype analysis: Hardy-Weinberg equilibrium
and linkage disequilibrium (LD) analyses were performed
by SNPAlyze software (Ver 3.1, Dynacom Co., Yokoha-
ma, Japan). All allele frequencies were in Hardy-W:in-
berg equilibrium. Some haplotypes were unambiguously
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Table 1. Primer sequences used in this study

;u’::::f;:w Forward primer (5’ 1o 3') Reverse primer (5' 1o 3) Amplified region® "‘[g;h
Ist PCR Exons | to 2 COGGTTTATTAGTGTTACTGGATGGG AGTCACCCCTCAGTAACCTCAAGAA 364945_371347 6403
Exons 3 to 7 GGCATGGTACTGCTTGGTTTTTTCA TCTAGGTGGCTCGGTATAAGTTTCA 394431_403862 9432
Ind PCR Exon | ACCAAGTGCTTCAAGAGTCC AAAGAGGGAGCAGAGGTTCA 365110_366917 1808
Exon 2 GCAGGGAGCCTTTTCATTIT GATATGGAGAGCCAACTGTA 370620_371078 459
Exon 3 AGGATTTTCCAGACCTCAGA ACCAGACTGCTGAGGGATTT 394902_395443 542
Exon 4 TCTGCTTTCCACGGCACTAT ATTGAGGAAGCACAAAGAGC 3196162 _396661 502
Exon 5 CAAGTGGCTGAAAAGCTCAT ACGCTATCAATACCACCAAG 198168 _398883 516
Exon 6 GACAACATTTTGATTTTCCAAG GGATCTTTATTTTAGCTCAGGC 399289_399681 353
Exon 7 fragment | TGGCATTGTGGTAGTTACTT ATACACAGGAAAAACACTGC 401952_403074 1123
Exon 7 fragment 2 AGATGGTTCCAGTATCAGCA TCCAGACCACCATTAGGCTC 402353_403692 1340
Sequencing Exon 1 AGTGCTTCAAGAGTCCCAAT GATGGGACAAATGCAGTGTA
TGCTGTTCTTTTGCTTATGC CTGAGAGGCTGCTTGTTCCA
TCTCAGTGCCTGTTTTCCCA AAAACCCGCCTCTCTAGTGG
CACTAGAGAGGCGGGTTTTC GGTGTCGGGGTTTGACTTTG
GCAGGTCAGGATCTGGCTTA AGGTAAGGGAAGGATGCTCT
Exon 2 GCAGGGAGCCTTTTCATTTT GATATGGAGAGCCAACTGTA
Exon 3 AGGATTTTCCAGACCTCAGA AAGTCCAGTTCTAAGATAAAAAC
Exon 4 TGAAATGATACATGTGTTGATG ATTGAGGAAGCACAAAGAGC
Exon 5 CAAGTGGCTGAAAAGCTCAT GAAGATACCAATAAGCAAAACG
Exon 6 TTGTTGAATTTCTGATTATTTTA GGATCTTTATTTTAGCTCAGGC
Exon 7 fragment | TGGCATTGTGGTAGTTACTT AAAACGATTAAAAACTTGGGTT
AGATGGTTCCAGTATCAGCA GACTTTAACTTTATAGCAGGCT
Exon 7 fragment 2 GCTTTCTCTACTGTCTGGAT ATACACAGGAAAAACACTGC
TTTGTTTAGTTAAGGTGTGC ATTATGACCACCACACTGAG
“The reference sequence Is NT_006216.14.
assigned in subjects with homozygous variations at all 0.01 for IVS2+78_+83delTTTTTC, 0.008 for

sites or a heterozygous variation at only one site.
Separately, diplotype configurations (combinations of
haplotypes) were inferred by LDSUPPORT software,
which determines the posterior probability distribution
of the diplotype configuration for each subject based on
estimated haplotype frequencies.'” The haplotypes are
described as numbers plus small alphabetical letters,

Results and Discussion

The DCK 5’-flanking region (up to 1.5-kb upstream of
the wanslational start site), all 7 exons and their flanking
introns were sequenced in 256 Japanese cancer patients
administered gemcitabine, and 29 variations, including
20 novel ones were found (see Table 2). The novel varia-
tions were -=1110C>T, -=757G>A, -639C>T,
-465G> A, -402T>C, -224C>A and -199C>G in
the 5'-flanking region (A of the translational start codon
is numbered + 1), IVS1 +38G>Tinintron 1, IVS2+ 78
_+83delTTTTTC in intron 2, IVS3-9C>T in intron 3,
IVS4+ 12T>C in intron 4, IVS5+ 39T >C in intron 5,
and 1357A>G, 1545A>T, 1572delA, 1736G>A,
1749G > A, 1838T>C, 1889G>A, and 2048A>T in
the 3’-noncoding region of exon 7. The frequencies were

-402T >C, 0.006 for =639C>T and IVS4+12T>C,
0.004 for -757G>A and 1572delA and 0.002 for the
other 14 variations.

Nine SNPs detected in this study were previously
reported'*"® and/or found in the dbSNP and PharmGKB
databases. Among them, two regulatory SNPs,
-360C>G and -201C>T, were found at allele frequen-
cies of 0.131, which are comparable to those in a
Chinese population (0.156),'” but higher than those in
Europeans (0.01-0.025) and Africans (not detected),'*'®
The frequency of nonsynonymous SNP 364C>T
(Pro1228er) in Japanese (0.061) is slightly higher than
that in Europeans (0.015-0.025) and Africans
(0.017).'™'® Other nonsynonymous SNPs, 70A>G
(le24Val), 356C>G (Alal19Gly) and 727A>C
(Lys243Gln), found in Europeans and Africans were not
detected in a Japanese population.

The 5'-flanking region of the DCK gene contains bind-
ing sites for several transcription factors which regulate
DCK expression.™ In this study, 11 variations were
found in the DCK 5’-flanking region. Among them, two
assoclated SNPs, -360C>G and -201C>T, were
reported to increase ara-C efficacy: —360C > G results in
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1160 a novel AP2 site, and -201C>T leads to loss of Spl and
AP2 sites.'! Biological significance of the other 9 varia-
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tions in the 5'-flanking region should be further deter-
a2 mined.
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Using the detected variations, linkage disequilibrium

T

(LD) analysis was performed. A perfect linkage (' =1)
was observed among ~698_-697delTA, -360C > G and

ey | s | T | 1

A

~201C>T, and among IVS2+114G>A, 364C>T,
IVS6+ 41T>A and 948T>C. Therefore, the entire
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mation. The determined/inferred haplotypes are shown

region was analyzed as one LD block for haplotype esti-
i as numbers plus small alphabetical letters (Table 3). In
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this study, the haplotypes without amino acid changes
were defined as the * I group, and the haplotype harbor-
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ing the nonsynonymous SNP (Pro1225er) was assigned as
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the * 2 group. Several haplotypes were first unambiguous-
ly assigned by homozygous variations at all sites (* Ja, * Ib

Teh

and *2a) or heterozygous variation at only one site (* Ic

™

(combinations of haplotypes) were inferred by LDSUP-

™

PORT software. The additionally inferred haplotypes

and ®1gto * Is). Separately, the diplotype configurations
# were three * I subtypes (*Id to * If}, and *2b. The most
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frequent haplotype was * la (frequency, 0.756), followed
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by *1b (0.121), *2a (0.049), and *Ic (0.018). The fre-
quencies of the other minor haplotypes were less than
0.01. Some haplotypes (* I, *2c and *2d) were inferred
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in only one subject and ambiguous (Table 3).
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Previously, Shi et al.'"¥ reported that the two SNPs,
-360C>G and -201C>T, were in perfect LD. It was
reported that these SNPs were associated with the clini-

T

h cal outcome for Chinese AML patients treated with ara-
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T

C, which was explained by increased transcriptional ac-
tivity.'” These SNPs were also found in Europeans at a

TG4 The

i

low frequency (0.025), but their association with DCK

-

Table 3. Haplotypes of DCK in a Japanese population
(=2

mRNA expression levels was not confirmed. In our
study, haplotypes harboring these SNPs were *1b (fre-

M
(=1

quency, 0.121), *Id (0.006) and * If(0.004). It must be
noted that —698_-697delTA is completely associated

.
oG
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E with these haplotypes.
n Lamba et al.' reported that the recombinant 122Ser
] dCK protein showed reduced enzyme activity (43 £ 4%

Gek

of the wild-type), and lymphoblast cell lines from subjects
I carrying heterozygous 364C >T had reduced dCK activi-
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ty compared with those from homozygous wild-type sub-
jects." In our study, the haplotype frequency of the *2
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1 wad The mmnber in

group harboring SNP 364C>T was 0.061. The "2 group

o || an | s |

[

also harbors the known SNPs, IVS2+ 114G > A, IVS6 +
41T>A and 948T>C. These three SNPs were also

T

found in Europeans and Africans at different frequencies
(0.05 in Europeans and 0.767 in Africans) and constitute

-

T

the common haplotype group, Group 1/Block 1.'

*la

However, Group | haplotype did not harbor 364C>T in
both populations. The LD profile of Japanese was similar

-
4mime it by

to that of Europeans except for the linkage of 364C>T,
but different from that of Africans. In a Chinese popula-
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tion (n=48), 364C>T (Prol22Ser) and three SNPs,
IVS2+ 114G > A, IVS6+ 41T>A and 948T>C, were

not found." Thus, these finding:

s Indicate considerable

ethnic differences in DCK SNPs and haplotypes.

In conclusion, 29 varfations including 20 novel ones
were identified in DCK from 256 Japanese cancer
patients administered gemcitabine., Using the detected
polymorphisms, 24 haplotypes were determined or in-
ferred. Our findings suggest considerable ethnic differ-
ences in genetic variations of DCK and provide fun-
damental and useful information for genotyping DCK in
the Japanese and probably other Asian populations.
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BACKGROUND. To the authors' knowledge, the prognostic factors In recurrent
small cell lung cancer (SCLC) patiemts treated with second-line chemotherapy
have not yet been clearly identified to date.

METHODS. Between July 1992 and December 2003, 232 of 515 patients who were
diagnosed to have SCLC at the National Cancer Center Hospital East were admi-
nistered second-line chemotherapy for recurrent disease. The authors retrospec-
tively analyzed the relation between clinical factors evaluated at the time of
recurrence and the response to second-line chemotherapy or survival in these
patients,

RESULTS. The results of univariate analyses revealed that response was signifi-
cantly associated with the performance status [PS) alone, whereas survival was
significantly associated with the PS, disease extent, and sensitivity to first-line
chemotherapy. Multivariate analysis identified PS (P < .0001) and sensitivity to
first-line chemotherapy (P = .0024) as the independent prognostic factors for sur-
vival. When the patients were grouped according to these 2 significant prognostic
factors, the survival of patients with a PS of 0 1o 1 was significantly better than
that of the patients with a PS of 2 to 4 both among cases that were sensitive and
those that were refractory to first-line chemotherapy. Although the survival of
sensitive recurrent cases was significantly better than that of the refractory recur-
rent cases among the patients with a PS of 0 to | patients, no survival difference
was observed between the sensitive and refractory recurrent cases in the patients
with a PS of 2 1o 4.

CONCLUSIONS. Bath PS and sensitivity to initial chemotherapy were found to be
significant prognostic factors for survival in recurrent SCLC patients treated with
second-line chemotherapy. These 2 factors should therefore be used as stratifica-
tion factors in future clinical trials. Cancer 2008;113:2518-23. © 2008 American
Cancer Society.

KEYWORDS: small cell lung cancer, second-line chemotherapy, prognostic factor,
performance status, sensitive recurrence, refractory recurrence.

Ithough the proportion of small cell lung cancer (SCLC) among

cases of lung cancer has been decreasing in recent years, it still
accounts for 14% of all new lung cancer cases, and the actual num-
ber of patients was estimated to be 77,000 in the US and Europe in
2004.' In general, SCLC is an exceedingly aggressive cancer, and
greater than 66% of patients have clinically obvious metastatic dis-
ease at the time of diagnosis.® SCLC is also extremely sensitive 1o
chemotherapy; therefore, the main treatment strategy for SCLC is

Published online 8 September 2008 in Wiley InterScience (www.interscience.wiley.com).



