Emerging ethnic differences in lung cancer therapy
@ | Sekine et af

1762

Pujol JL, Breton JL, Gervais R, Rebattu P, Depierre A, Morere JF, Milleron
B, Debieuvre D, Castera D, Souquet P], Moro-Sibilot D, Lemarie E,
Kessler R, Janicot H, Braun D, Spaeth D, Quantin X, Clary C (2005)
Gemcitabine-docetaxel versus cisplatin-vinorelbine in advanced or
metastatic non-small-cell lung cancer: a phase III study addressing the
case for cisplatin, Ann Oncol 16: 602-610

Qin BM, Chen X, Zhu JD, Pei DQ {2005) Identification of EGFR kinase
domain mutations among lung cancer patients in China: implication for
targeted cancer therapy. Cell Res 15: 212-217

Rosell R, Gatzemeier U, Betticher DC, Keppler U, Macha HN, Pirker R,
Berthet P, Breau JL, Lianes P, Nicholson M, Ardizzoni A, Chemaissani A,
Bogaerts J, Gallant G (2002) Phase III randomised trial comparing
paclitaxel/carboplatin with paclitaxel/cisplatin in patients with advanced
non-small-cell lung cancer: a cooperative multinational trial. Ann Oncol
13: 15391549

Sasaki H, Shimizu §, Endo X, Takada M, Kawahara M, Tanaka H,
Matsumura A, luchi K, Haneda H, Suzuki B, Kobayashi Y, Yano M, Fujii
Y (2006) EGFR and erbB2 mutation status in Japanese lung cancer
patients, Int J Cancer 118: 180-184

Schiller JH, Harrington D, Belani CP, Langer C, Sandler A, Krook J, Zhu J,
Johnson DH (2002) Comparison of four chemotherapy regimens for
advanced non-small-cell lung cancer, N Engl ] Med 346; 92-98

Sekine I, Nokihara H, Yamamoto N, Kunitoh H, Ohe Y, Saijo N, Tamura T
(2006) Common arm analysis: one approach to develop the basis for
giobal standardization in clinical trials of non-small cell lung cancer,
Lung Cancer 53: 157 - 164

Shepherd FA, Rodrigues Pereira ], Ciuleanu T, Tan EH, Hirsh V,
Thongprasert $, Campos D, Maoleekoonpiroj S, Smylie M, Martins R,
van Kooten M, Dediu M, Findlay B, Tu D, Johnston D, Bezjak A, Clark G,
Santabarbara P, Seymour L (2005) Erlotinib in previously treated non-
small-cell lung cancer. N Engl ] Med 353: 123132

Shigematsu H, Lin L, Takahashi T, Nomura M, Suzuki M, Wistuba II, Fong
KM, Lee H, Toyocoka 8, Shimizu N, Fujisawa T, Feng Z, Roth JA, Herz ],
Minna JD, Gazdar AF (2005) Clinical and biological features associated
with epidermal growth factor receptor gene mutations in lung cancers.
J Natl Cancer Inst 97: 339-346

Soung YH, Lee JW, Kim SY, Seo SH, Park WS, Nam SW, Song SY, Han JH,
Park CK, Lee JY, Yoo NJ, Lee SH (2005) Mutational analysis of EGFR and
K-RAS genes in lung adenocarcinomas. Virchows Arch 446: 483-488

British Journal of Cancer (2008) 99(11), 17571762

Stewart B, Kleihues P (2003) The global burden of cancer. In World Cancer
Report. International Agency for Research on Cancer, Stewart B, Kleihues P
(eds), pp 11-19. IARC Press: Lyon

Tamura T, Nishiwaki Y, Watanabe K, Nakagawa K, Matsui K, Takahashi T,
Segawa Y, Ichinose Y, Fukuoka M, Saijo N (2007) Bvaluation of
efficacy and safety of erlotinib as monotherapy for Japanese patients
with advanced non-small cell lung cancer (NSCLC); integrated
analysis of two Japanese phase II studies. J Thorac Oncol 2(Suppl):
5742

Thatcher N, Chang A, Parikh P, Rodrigues Pereira ], Ciuleanu T, von Pawel
], Thongprasert S, Tan EH, Pemberton K, Archer V, Carroll K (2005)
Gefitinib plus best supportive care in previously treated patients with
refractory advanced non-small-cell lung cancer: results from a rando-
mised, placebo-controlled, multicentre study (Iressa Survival Evaluation
in Lung Cancer), Lancet 366; 1527 - 1537

Toffoli G, Cecchin E, Corona G, Russo A, Buonadonna A, D'Andrea M,
Pasetto LM, Pessa S, Errante D, De Pangher V, Giusto M, Medici M,
Gaion F, Sandri P, Galligioni E, Bonura §, Boccalon M, Biason P, Prustaci
S (2006) The role of UGT1A1*28 polymorphism in the pharmacody-
namics and pharmacokinetics of irinotecan in patients with metastatic
colorectal cancer. J Clin Oncol 24: 3061 - 3068

Tokumo M, Toyooka S, Kiura K, Shigematsu H, Tomii K, Ace M,
Ichimura K, Tsuda T, Yano M, Tsukuda K, Tabata M, Ueoka H,
Tanimoto M, Date H, Gazdar AF, Shimizu N (2005) The relationship
between epidermal growth factor receptor mutations and clinico-
pathologic features in non-small cell lung cancers. Clin Cancer Res 11
11671173

Yamamoto N, Tamura T, Kamiya Y, Sekine I, Kunitoh H, Saijo N (2000)
Correlation between docetaxel clearance and estimated cytochrome P450
activity by urinary metabolite of exogenous cortisol. J Clin Oncol 18:
2301-2308

Yang SH, Mechanic LE, Yang P, Landi MT, Bowman ED, Wampfler J,
Meerzaman D, Hong KM, Mann P, Dracheva T, Pukuoka ], Travis w,
Caporaso NE, Harris CC, Jen ] {2005) Mutations in the tyrosine kinase
domain of the epidermal growth factor receptor in non-small cell lung
cancer. Clin Cancer Res 11: 2106-2110

Zhang W, Weissfeld JL, Romkes M, Land SR, Grandis JR, Siegfried M
(2007) Association of the EGFR intron 1 CA repeat length with lung
cancer risk. Mol Carcinog 46: 372380

© 2008 Cancer Research UK

~ 238 ~



Cooperative Group Research Efforts in Lung Cancer 2008:
Focus on Advanced-Stage Non-Small-Cell Lung Cancer
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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 unique 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 chemothe
for particular drugs is also being emphasized, most nota

rapy. Personalizing therapy by better selection of patients
bly 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 small-cell lung cancer and

mesothelioma. Ongoing triais within the cooperative group

ment in the treatment of lung cancer.

s are an essential component of the persistent improve-
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Intreduction

The leading cause of cancer-related death worldwide is lung can-
cer. Though not curative for advanced-stage disease, chemotherapy
improves survival and quality of life compared with best support-
ive care.] Combinations of 2 chemotherapy 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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survival benefit.2 Most doublet regimens include a platinum agent,
although a metaanalysis comparing platinum with nonplatinum
doublets demonstrated comparable survival but variable toxicity
profiles with the various regimens.34 Bevacizumab, an antibody to
vascular endothelial growth factor (VEGE), is now approved to be
added to the carboplatin/paclitaxel doublet for patients with non-
squamous histology, based on the encouraging results of E4599, a
randomized wial led by the Eastern Cooperative Oncology Group
(ECOG) that demonstrated a survival benefit when bevacizumab
was added to this regimen. This trial highlights the critical role that
the North American cooperative oncology groups, sponsored by
the National Cancer Institute, and cooperative groups abroad, have
played in establishing the current standards of care for non—small-
cell lung cancer (NSCLC).5

There are 4 general oncology cooperative groups active in lung
cancer tesearch 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 institutions 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-
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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
the Japanese Cooperative Oncology Group (JCOG), is brought to-
gether each year at the annual International Lung Cancer Congress,
now in its ninth year. This article will focus on work in advanced-
stage NSCLC being performed by each of the cooperative groups
represented at the meeting. This series of articles will continue with
coverage on the group efforts in earlier stages of NSCLC and in
other thoracic malignancies,

American College of Surgeons Oncology Group

The ACOSOG consists primarily of surgeons throughour North
America, The aims of the thoracic committee of this group are to
improve local coatrol in early-stage NSCLC and to enhance thera-
peutic efficacy through biologic and molecular markers. Their con-
tributions to the treatment of patients with advanced-stage disease
are therefore limited, but some of the work on markers developed
in early-stage disease will likely be translated into work on markers
in more advanced-stage disease in the future and are worth noting,
The recently completed Z0040 study looked at micromerastases in
pleura, bone marrow, and lymph nodes, and outcome correlates in
patients with resected early-stage disease. These data have not yet
been presented. Z4031 accrued > 1000 patients at 52 sites between
2004 and 2006. Patients with suspicious lung masses were eligible
for the trial, which consisted of a preoperative blood draw, resec-
tion, then a postoperative blood draw with long-term follow-up.
Ongoing analysis is looking at proteomic 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-
atory trials in advanced-stage NSCLC. There remains considerable
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 demonstrated that eldetly pa-
tients derived the same benefit as younger patients, but those with
a poor PS had even more benefit with the doublet regimen com-
pared with a single drug.6 Following up on this, CALGB 30402,
led by Rogerio Lilenbaum, MD, enrolled patients with a PS of 2
1o receive first-line weekly docetaxel plus cetuximab (an antibody
to the epidermal growth factor receptor [EGFR]) or bortezomib {a
proteosome inhibitor).7 After 4 cycles of the doublet, the targeted
agent was continued until progression. A total of 30 patients were
enrolled on each arm, with 2 median survival time of 4.4 months
versus 3.9 months in the cetuximab-versus-bortezomib arms.

In another approach at incorporating novel agents, but in a
broader patient group, the recently completed CALGB 30203 used
carboplatin/gemcitabine as a backbone regimen and added zileu-
ton, celecoxib, or both to focus on modulation of the eicosanoid
pathway.8 This exploratory phase II study found that in all groups
the overall survival (OS) was very similar, and the study did not
meet its goal of 2> 50% failure-free survival of 9 months, Immuno-
histochemistry (IHC) analysis for COX-2, however, found a trend

Figure 1 CALGB 30406 mairlolini with .
 or Without Chemotherapy in

Randomized Phase II:
Chemotherapy-naive patients with stage H1/IV adenocarcinoma or
BAC who are never- or “light” former smokers* ECOG PS 0/1

|
| ]

R - Daily Oral Erlotinib with
Daily Oral Erlotinib 6 Cycles Carboplatin/Paclitaxel
I |
Daily Oral Erlotinib Daily Oral Erlotinib

Patients can continue therapy until evidence
of disease progression or toxicity

“Never-smoker: < 100 cigaretes/lifedime; “lighe” former smoker: quit 1 year ago and
< 10 pack-years.

Abbreviations: BAC = bronchivlualveolar carcinoma; CALGB = Cancer and Leukemia
Group B; ECOG = Eastern Cooperative Oncology Group; PS = performance stacus

indicating that high levels were a negative prognostic factor for OS
but a positive predictor for improved survival with celecoxib. This
result has led to discussion of a phase III trial of chemotherapy
with or without a COX-2 inhibitor in patients with overexpression
of COX-2,

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

It has been consistently shown that the EGFR TKIs such as er-
latinib provide the best response rates and survival in patients with
minimal smoking history.? The TALENT and TRIBUTE trials
of erlotinib plus first-line chemotherapy failed to show a survival
advantage 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 months vs. 22.5 months with erlotinib).!0 To
address this issue further, CALGB 30406 is a randomized phase
II study of patients who are newly diagnosed with advanced-stage
NSCLC and have smoked < 100 cigarettes in their lifetime (never-
smokers) or smoked < 10 pack years in their liferime and quit over
1 year ago (light smokers; Figure 1), Patients will be randomized to
receive daily oral erlotinib uatil progression of disease or 6 cycles of
catboplatin/paclitaxel plus erlotinib followed by erlotinib, This trial
will also include extensive correlatives evaluating EGFR expression
by IHC, EGFR mutation status, EGFR gene copy number by flo-
rescent in situ hybridization (FISH), K-rzs mutational 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
improvements in the treatment of this disease are unlikely to come
from further teials of various chemotherapy combinations and
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Figure 2 ECOG 2507 Sthema: Chemotherapy with o

 Without Erlotinib in Honsmokers

Randomized Phase IT:
Chemotherapy-naive patients with stage ILI/IV adenocarcinoma
or BAC who are never- or “light” former smokers* ECOG PS 0/1

. 6 Cycles Carboplatin/
6.C yeles .Carbop la't.ml Paclitaxel plus Daily oral
Paclitaxel with or Without Erlotinib with or Without
Bevacizumab as Eligible Bevacizamab as Eligible

Endpoint: Progression-free survival
Stats: 50% reduction in HR with 91% power
{median progression-free survival from 5.5 months to 11 months)

#Never-smoker: < 100 cigareces/liferime; “light” former smoker: quic 2 1 year ago
and < 10 pack-years,

Abbreviations: BAC = bronchioloalveolar carcinoma; ECOG = Eastern Cooperarive
Oncology Group; HR = hazard ratio; PS = performance status

establishing carboplatin and paclitaxel as the “standard” doublet
in the United States because of the favorable toxicity profile.l!
E4599, which studied carboplatin/paclitaxel with or without the
anti-VEGF antibody bevacizumab, was the first trial to show 2
survival advantage with the addition of a “targeted” agent 1o first-
line doublet chemotherapy.!2 Median survival time improved from
10.3 months to 12.3 months with the addition of bevacizumab, but
the trial was restricted to patients without squamous cell histology,
brain metastasis, anticoagulant use, or history of gross hemoprysis.
E4599 led to the approval of bevacizumab in combination with
carboplatin and paclitaxel as first-line therapy for advanced-stage
NSCLC in patients 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 to better 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 patients with newly diag-
nosed NSCLC who are never-smokers will be eligible for E2507
(Figute 2). They will be randomized to carboplatin/paclitaxel/be-
vacizumab with or without erlotinib. Patients who are ineligible
for bevacizumab will be randomized to chemotherapy alone with
or without etlotinib. This trial is asking a similar question to CALGB
30406, but in the ECOG 2507 trial, all patients receive chemotherapy
with randomization to erlotinib or no etlotinib, whereas in the CALGB
30406, all patients receive erlotinib with randomization to chemo-
therapy or no chemotherapy.

Purther work with erotinib 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 erlotinib.13

The ECOG presented an important positive trial of the VEGFR

Clinical Lung Cancer November 2008

TKI sorafenib as > third-line therapy for patients wich advanced-
stage NSCLC at the 2008 meeting of the American Society of
Clinical Oncology (ASCO). This trial, E2501, enrolled patients
in a “randomized discontinuation” regimen that enriched for pa-
tients with stable disease (SD).!6 All enrolled patients received 8
weeks of sorafenib, and those with SD were then randomized to
continue on drug versus placebo. Patients with rapidly progres-
sive disease before 8 weeks were discontinued before randomiza-
tion, and patients with a documented response were continued
on therapy without randomization. For patients randomized,
the median survival time showed a trend in favor of sorafenib at
11.9 months compared with 9 months for patients on placebo,
(P=.18; hazard ratio [HR], 0.67; 95% CI, 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 to a
discussion of ongoing lung EORTC trials, at 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 II of mistletoe as a complementary treatment in
advanced-stage NSCLC, and a phase III tial of vandetanib in pa-
tients who have not responded to therapy with other EGFR TKIs.

The EORTC trials include EORTC 08021, a randomized phase
11 study in conjunction with the Italian Lung Cancer Project that
randomizes patients to immediate gefitinib versus placebo after
completion of standard first-line chemotherapy for advanced-stage
NSCLC. Eligible 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 entolled as of June 2008.

The EORTC is also planning a trial in advanced-stage NSCLC
looking at the combination of bortezomib and Apo2L/TRAIL
ligand (dulanermin), a direct inducer of apoptosis.

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 III trial (PC704) for
elderly patients with advanced-stage NSCLC who are randomized
to receive single-agent docetasel versus docetaxel 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 III trial (WJTOG 0203) of 3 cycles of
chemotherapy 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 bue a significant
benefit in the adenocarcinoma subset.!7 An ongoing randomized
phase 111 trial by the group (WJTOG 3605) randomizes patients to
carboplatin/paclitaxel versus cathoplatin/S-1, an oral 3-fluorouracil
derivative, This trial aims to enroll 600 patients,
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Phase II1 Biomarker Validation Study of Second-Line Therapy in Patients
with Advanced NSCLC Randomized to Pemetrexed Versus Etlotinib

Initial Registration Strata Randomize Outcomes
—  Erlotinib Primary: PFS
EG(I:% gg/f)H*' — Secondary: OS, ORR

Second-Line EGFR Pemetrexed 1-2 years' minimum

NSCLC — FISH -— additional follow-up
with Specimen Testing . EGEREISH- [ Etlotinib

T (-70%) T
4 years accrual, 1196 patients L  Pemetrexed

PFS Endpoinu 957 Patients

Less influenced by treatment crossover

Will require synchronized treatment schedules, independent blinded imaging review

Power:
90% to decect 50% PES improvement favoring erlotinib in FISH+
90% to detect 30% PFS improvement favoring pemecrexed in FISH-
> 90% to derect interaction

Abbreviations: EGFR = epidermal growth factor receptor; FISH = fluorescence in situ bybridization: NCCTG = North Central Cancer Treatment Group; NSCLC =
non-small-cell lung cancer; ORR = overall response rate; OS = overall survival: PFS = progression-free survival

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 Scudy
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 III
trial of first-line gefitinib versus carboplatin/paclitaxel for patients
with advanced-stage NSCLC with known EGFR activating muta-
tions. A phase II trial limited to elderly patients aged > 75 years
with advanced-srage NSCLC and known EGFR activating muta-

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 provinces in Canada and includes
sites in Puerto Rico. Historically, the NCCTG has focused on phase
11 studies with novel therapeuric agents and has participated actively
in Intergroup protocols. Dr. Mandrekar led an analysis of NCCTG
trials looking at progression-free survival (PFS) compared with re-
sponse as a predictor of OS in advanced-stage NSCLC. The study
looked ar PES ac 6 months versus best response versus confirmed
response all compared with OS at 12 months.18 They had data from
343 patients in 4 first-line NSCLC trials. In their trials, approxi-
mately 65% of patients had progressed by G months, with a median
time from progression to death of 5 months, This analysis revealed
that neither best response nor confirmed response predicted well for
survival ac 12 months, buc PES ac 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 a randomized phase II study of pemetrexed alone or
with sorafenib as second-line therapy in patients with advanced-
stage NSCLC. There were 3 dose-limiting toxicities in the first
6 patients, all in patients with squamous histology, so the study
now excludes those with squamous histology. The accrual goal is

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

The largest NCCTG trial under development is N0723, also
known as the MARker Validation of Erlorinib in Lung cancer
(MARVEL) scudy (Figure 3). This phase 111 biomarker validarion
study randomizes patients with advanced NSCLC to pemetrexed
versus erlotinib as second-line therapy and will enroll nearly
1200 patients 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 that will facilitate active support and participation, NO724
is a phasc II study for patients with oligomerastatic disease who
will received standard 4 cycles of platinum-based chemotherapy
and then will be randomized to received observation or radiation
to known sites of disease. Follow-up will be every 12 weeks after
completion of therapy.

N0821 is a planned phase 11 study of pemetrexed, cacboplatin,
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 dara with the combination presented by Jyoti Patel, MD,
at the 2008 ASCO meeting.!?

National Cancer Institute of Canada
Clinical Trials Group

The National Cancer Institute of Canada Clinical Trials Group
has been instrumental in development of second-line therapy for
patients with advanced-stage NSCLC, most recently erlotinib,
BR.21 was a randomized double-blind placebo controlled trial in
patients with previously treated NSCLC who had received 1 or 2
previous chemotherapy regimens and received erlotinib or placebo.$
Interestingly, patients with ECOG PS of 0-3 were eligible. The re-
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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 [I/III trial of first-line carboplatin/paclitaxel with or with-
out cediranib that was recently closed at integim analysis. The study
has yet to be presented in its entirety, but it is known that the study
arm did meet its efficacy endpoint, but because of toxicity issues, the
trial will not continue to phase ITL 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
disease. An ongoing effort in this area is RTOG 0320, a trial for
patients with brain metastases from NSCLC, Eligible patients
have 1-3 brain metastases < 4 cm in size and net involving the
brainstem and no actively progressing extracranial disease forz 1
month. Patiencs are stratified by age, extracranial cancer, number
of metastases {1 versus 2/3) and are randomized to whole-brain
radiation (WBRT) plus stereotactic 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 erlotinib at 150 mg orally daily starting with day
1 of WBRT and continuing for £ 6 months at the discretion of
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the investigator. As of June 2008, a total of 80 of 2 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
fiest-line phase II trial in advanced NSCLC randomizing patients
to the then-SWOG standard of cisplatin/vinorelbine versus car-
boplatin/paclitaxel. Although cfficacy was similar, tolerability, as
defined by dose delivery and discontinuance of therapy because of
toxicity, both favored carboplatin/paclitaxel.20 Based on these dara,
SWOG has used carboplatin/paclitaxel as the chemotherapy plat-
form upon which to build targeted-agent chemotherapy regimens
in its subsequent trials. $0003, a phase 111 trial of chemotherapy
with or without the hypoxic cytotoxin tirapazamine, found no ben-
efit to the addition of tirapazamine but, in collaboration with Japa-
nese cooperative groups, provided a prospectively designed database
for the “common arm” approach, comparing the toxicity, efficacy,
and pharmacogenomics of this regimen in 50003 with a common
carboplatin/paclitaxel arm in 2 Japanese phase III trials.

A recent SWOG randomized phase 11 trial (50342) studied carbo-
platin/paclitaxel chemotherapy in combination with cetuximab given
concurrently or sequentially in advanced-stage NSCLC. Cetuximab
is an antibody to EGFR and competitively blocks the binding of
EGF and other ligands to 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
combined with carboplatin/taxane {paclitaxel or docetaxel).2! FLEX,
which combined cetuximab with cisplatin and vinorelbine, found a
statistically significant improvement in OS and time to progression
but no improvement in PFS with the addition of cetuximab, 22

A prospectively planned correlative science study incorporated
into SWOG 0342 looked at EGFR gene copy number by FISH.
This analysis found a strong correlation berween 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 TKIs are quite different in terms
of interaction with chemotherapy. Building from there, and the
encouraging E4599 bevacizamab data, SWOG 50536 subsequently
tested a 4-drug regimen of carboplatin/paclitaxel/cetuximab/bevaci-
zumab. Preliminary results suggest that this 4-drug regimen results
in encouraging PFS and OS. Taken together, these results led to
the development of S0819, a phase III trial that will randomize
patients to catboplatin/paclitaxel with or without cetuximab and
with bevacizumab for patients eligible 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 to validate the role of EGFR FISH as a
predictive biomarker, enrolling > 1500 patients in order to accrue
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the requisite number who are FISH positive. Besides EGFR FISH,
correlative studies will include tumor analysis for EGFR/HER
pathway membets and K-ras, as well as genomic DNA for EGFR
polymorphisms and serum analysis of potential proteomic predic-
tots for anti-EGFR and antiangiogenic therapy.

S0709 is a phase II trial of erlotinib versus erlotinib plus che-
motherapy in NSCLC patients with PS of 2 and serum proteomics
predictive of erlotinib benefit.1> In the chemotherapy-plus-erlo-
tinib arm, patients will receive carboplatin/paclitaxel on day I then
erlotinib on days 2-16 of each 21-day cycle to allow for “pharmaco-
dynamic separation,” based on earlier dara,24

Conatumumab (AMG 655) is a proapoptotic agent that directly
activates DR-2, leading to the activation of caspases and direct trig-
gering of apoptosis. S6810 will enroll 60 patients per arm and after
a run in phase I study to determine the dose of pemetrexed plus
conatumumab (5 mg/kg then 15 mg/kg of conatumumab plus full-
dose pemetrexed), patients will be randomized to conatumumab
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 targeted agents includ-
ing bevacizumab and erlotinib have come from these groups.
Recent discoveries in the molecular biology of lung cancer are
being made by and translated into clinical research through
cooperative group efforts, as highlighted by the emerging story
of EGFR FISH in the prediction of benefit from erlortinib and
cetuximab. Many promising agents and regimens are currently
under investigation within the cooperarive group system, and
the future holds great 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’-uniranslated 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, -465G>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, 1838T>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.
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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 (Ile24Val), 356C>G (Alal119Gly),
364C>T (Prol122Ser) 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 (Prol22Ser) were esti-
mated in a Japanese population, and ethnic differences
among Japanese, Chinese, Europeans and Africans were
shown,

Su-Ryang Kim, et al.

Materials and Methods

Human genomic DNA samples: All 256 Japanese
cancer patients were administered gemcitabine at the
Natjonal Cancer Center Hospital and National Cancer
Center Hospital East. Total DNA was extracted from
bloed leukocytes and used as template in the polymerase
chain reaction (PCR). The ethical review board of the Na-
tional 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 4M) 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 1 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 I and exon 1 specific primers (0.5 4M)
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). Al 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
bigh 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-Wein-
berg equilibrium. Some haplotypes were unambiguously
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Table 1. Primer sequences used In this study
Amplified N ’ . . Length
sequI:rfce:ie re;li-on Forward primer (5/ to 3') Reverse primer {5/ to 3') Amplified region’ ?{)‘g)

1st PCR Exons 1 to 2 CGGTTTATTAGTGTTACTGGATGGG ~ AGTCACCCCTCAGTAACCTCAAGAA  364945_371347 6403
Exons 3 to 7 GGCATGGTACTGCTTGGTTTTITCA  TCTAGGTGGCTCGGTATAAGTTTCA  394431.403862 9432
2nd PCR Exon 1 ACCAAGTGCTTCAAGAGTCC AAAGAGGGAGCAGAGGTTCA 365110_366917 1808
Exon 2 GCAGGGAGCCTTTTCATTTT GATATGGAGAGCCAACTGTA 370620_371078 459
Exon 3 AGGATTTTCCAGACCTCAGA ACCAGACTGCTGAGGGATTT 394902_395443 542
Exon 4 TCTGCTTTCCACGGCACTAT ATTGAGGAAGCACAAAGAGC 396162396663 502
Exon 5 CAAGTGGCTGAAAAGCTCAT ACGCTATCAATACCACCAAG 398368_398883 516
Exon 6 GACAACATTTTGATTTTCCAAG GGATCTTTATTTTAGCTCAGGC 399289,399681 393
Exon 7 fragment I 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 § CAAGTGGCTGAAAAGCTCAT GAAGATACCAATAAGCAAAACG
Exon 6 TTGTTGAATTTCTGATTATTTTA GGATCTTTATTTTAGCTCAGGC
Exon 7 fragment I TGGCATTGTGGTAGTTACTT AAAACGATTAAAAACTTGGGTT
AGATGGTTCCAGTATCAGCA GACTTTAACTTTATAGCAGGCT
Exon 7 fragment 2 GCTTTCTCTACTGTCTGGAT ATACACAGGAAAAACACTGC
TITGTTTAGTTAAGGTGTGC ATTATGACCACCACACTGAG
“The reference sequence is NT_006216.14.
assigned in subjects with homozygous variations at all 001 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 translational 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>T in intron 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, 1572delp, 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).''9
The frequency of nonsynonymous SNP 364C>T
(Pro122Ser) in Japanese (0.061) is slightly higher than
that in Europeans (0.015-0.025) and Africans
(0.017).'%'9 Other nonsynonymous SNPs, 70A>G
(lle24Val), 356C>G (Alali9Gly) 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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Novel Polymorphisms in Human DCK SNP14 (383)
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a novel AP2 site, and ~201C > T leads to loss of Spl and
AP?2 sites,'¥ Biological significance of the other 9 varia-
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tions in the 5'-flanking region should be further deter-
mined.
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GoA

Using the detected variations, linkage disequilibrium

1538
™

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

*966) | (*1085) | ("1106) | 11268

N
G

-201C>T, and among IVS2 +114G>A, 364C>T,
IVS6+41T>A and 948T>C. Therefore, the entire

1136
LA

region was analyzed as one LD block for haplotype esti-

1872

delt

mation. The determined/inferred haplotypes are shown
as numbers plus small alphabetical letters (Table 3). In

1545

A>T

this study, the haplotypes without amino acid changes
were defined as the * I group, and the haplotype harbor-

#8574y 1 (7625 § (“TH9) | (9 {0

1357
A

ing the nonsynonymous SNP (Pro1228er) was assigned as

948

("165}

¢

the *2 group. Several haplotypes were first unambiguous-
ly assigned by homozygous variations at all sites (*1a,*1b

TrA

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

™e

and *Ig to *Is). Separately, the diplotype configurations
(combinations of baplotypes) were inferred by LDSUP-

™

b PORT software. The additionally inferred haplotypes
H were three * I subtypes (*1d to *1f}, and *2b. The most

VSS9 § IVSIH L] SYSSe30E IVSELE.

oT

{ frequent haplotype was *la (frequency, 0.756), followed

64
©oT
Pegt21Ser
(3233

by *1b (0.121), *2a (0.049), and *1c (0.018). The fre-
quencies of the other minor haplotypes were less than

G>A

WM

0.01. Some haplotypes (*It, *2c and *2d) were inferred
in only one subject and ambiguous (Table 3).

w2
+T3 +83
dCTTTITIC

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

cal outcome for Chinese AML patients treated with ara-

-128  {IVS13R

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

oG G>T

-1%3

low frequency (0.025), but their association with DCK
mRNA expression levels was not confirmed. In our

oT

Table 3. Haplotypes of DCK in a Japanese population
-281

study, haplotypes harboring these SNPs were *1b (fre-

A2

quency, 0.121), *Id (0.006) and * 1f(0.004). It must be
noted that —698_-697delTA is completely associated

364
26 A

with these haplotypes.

AN

T™C

plus Rellken.

Lamba et al.'® reported that the recombinant 122Ser
dCK protein showed reduced enzyme activity (43+£4%

G>A

Rt

of the wild-type), and lymphoblast cell lines from subjects
carrying heterozygous 364C>T had reduced dCK activi-

T

compared with those from homozygous wild-type sub-
iects.'® In our study, the haplotype frequency of the *2
| Y piotype irequency

BITA

¥ gt thie samber i parenttiescs indicatos the pimition MWWW endnn TGA. The introaic positivn is indicated by ¢

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

TR [408 BTE 630

also harbors the known SNPs, 1VS2+ 114G > A, IvS6 +
41T>A and 948T>C. These three SNPs were also

OT | GA

it

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

1329
oT

the common haplotype group, Group 1/Block 1.9

However, Group 1 haplotype did not harbor 364C >Tin

Amins scid chinge

" kite cotl, tnagjor bieles pray ceth, atinor adiete. The taplotypes wre doscribod sy aumben

“Anthignous haplotype infesved a4 anly onc chrowmenic.

AR 31¢ PR both populations. The LD profile of Japanese was similar
- ' E to that of Europeans except for the linkage of 364C>T,
e H but different from that of Africans. In a Chinese popula-

achonhide change®
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SNP1S (384)

tion (n=48), 364C>T (Prol22Ser) and three SNPs,
IVS2+ 114G > A, IVS6+41T>A and 948T >C, were
not found.'” Thus, these findings indicate considerable
ethnic differences in DCK SNPs and haplotypes.

In conclusion, 29 variations including 20 novel ones
were identifled 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) patients 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 rtesults of univariate analyses revealed that response was signifi-
canfly 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
factars, the survival of patients with a PS of 0 to 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 1 patients, no survival difference
was observed between the sensitive and refractory recurrent cases in the patients
with a PS of 2 to 4.

CONCLUSIONS. Both PS and sensitivity to initial chemotherapy were found to be
significant prognostic factors for survival in xecurrent 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 to
chemotherapy; therefore, the main treatment strategy for SCLC is

Published online 8 September 2008 in Wiley InterScience (www.interscience.wiley.com).
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systemic chemotherapy. Currently, both cisplatin
plus etoposide (PE) and cisplatin plus irinotecan (IP)
are considered as standard chemotherapeutic regi-
mens for SCLC.3* Despite the high initial sensitivity
to chemotherapy, the majority of patients develop
disease recurrence, The prognosis of patients with
recurrent SCLC is usually abysmal, and the overall
survival time after recurrence is reportedly 2 to 4
months.®

In general, second-line chemotherapy is consid-
ered for cases with recurrent SCLC, and a few studies
have reported on the efficacy of some second-line
treatments.®’ For example, a prospective randomized
trial comparing oral topotecan with best supportive
care (BSC) revealed the benefits of treatment with
oral topotecan in terms of the survival and quality of
life.”

Although some studies have shown the impor-
tance of both response and the duration of the
response to initial chemotherapy in predicting the
efficacy of second-line chemotherapy,®'° the number
of studies conducted to identify the prognostic fac-
tors in recurrent SCLC patients is quite limited. In
this retrospective study, we investigated the prognos-
tic factors in recurrent SCLC patients administered
second-line chemotherapy to determine the factors
that need to be used for stratifying the patients in
future clinical trials.

MATERIALS AND METHODS

Patient Flow

Between July 1992 and December 2003, 515 patients
were diagnosed to have SCLC at the National Cancer
Center Hospital East, and 474 of these patients
received initial chemotherapy with or without tho-
racic radiotherapy. Of 474 patients, radiographic
response was observed in 409 patients, with 98
demonstrating complete response and 311 demon-
strating partial response. An evaluation in April 2007
revealed that among these responders, 322 had
developed disease recurrence, 75 had maintained
responses, and 12 patients could not be evaluated for
disease recurrence. Thus, 387 patients (including the
322 with disease recurrence and the 65 nonrespon-
ders) were considered potential candidates for
second-line chemotherapy. Of these, 232 received
second-line chemotherapy, whereas the remaining
155 did not. There were no distinct eligibility criteria
for second-line chemotherapy, and the decision to
administer chemotherapy was based on the patient’s
general condition and willingness to undergo sec-
ond-line therapy. The patient flow is shown in Figure
1. Among patients who received second-line chemo-

Pragnostic Factors in Recurrent SCLC/Kim et al 2519

19927 20012 S|
T Aumethernpy () | hrmstberapy 1.4:
[t e o e I“W.ME )
_ _l; o ik JN I
[oomess  fatos]  eron] T LT Y
: ] e
. sinknaw s [§) 3 ~) he-n vevprandesi
whowe M { m ] £ |
S P —
et e o [ [~

FIGURE 1. patient fiow is depicted. CR Indicates complete response; NE,
not evaluable; PD, progressive disease; PR, partial response; Pls, patients;
SCLC, small-cell lung cancer; SD, stable disease; +, positive; —, negativa.

therapy, those who deemed to have stable disease or
not to be evaluable to first-line chemotherapy were
treated right after completion of front-line therapy.
All patients’ data were obtained from our database.

Analyzed Clinical Factors

The correlations between clinical factors evaluated at
the time of disease recurrence, such as the age (<70/
>70), sex (women/men), Eastern Cooperative Oncol-
ogy Group performance status {PS) (0-1 or 2-4), dis-
ease extent (limited disease [LD]}/extensive disease),
sensitivity to first-line chemotherapy (sensitive/re-
fractory), and response to second-line chemotherapy
or survival after disease recurrence were retrospec-
tively investigated in the 232 patients. In this study,
patients who responded to initial chemotherapy and
developed disease recurrence more than 3 months
after the completion of chemotherapy were defined
as sensitive recurrence cases, whereas patients who
did not respond to initial chemotherapy or developed
disease recurrence within 3 months were defined as
refractory recurrence cases,

Tumor Evaluation and Statistical Analysis

Tumor response was re-evaluated by 2 physicians
(YH.K. and K.G.) using the Response Evaluation Cri-
teria in Solid Tumors (RECIST).!! The survival time
was measured from the date of disease recurrence.
The survival curve was estimated by the Kaplan-
Meier method, and compared by the log-rank test.
Comparison between each clinical factor and
response was performed by the chi-square test. Mul-
tivariate analysis was conducted according to the
Cox proportional hazard model. P < .05 was consid-
ered to denote statistical significance. All statistical
analyses were performed using StatView statistical
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TABLE 1
Characteristics of All Patients at the Time of Disease
Recurrence (N = 387)

Second-line Chemotherapy
Characteristics (+) =232 (-} (n=158) P
Age at recurrence, y <0001
Median 65 68
Range 30-80 28-87
Gender 8867
Women 38 {16%) 25 (16%)
Men 194 (84%) 130 (84%)
PS at recurrence <0001
01 162 (70%) 43 (28%)
24 70 {30%) 112 (72%)
Disease extent at recurrence 0476
h 65 {28%) 30 (19%)
ED 167 {72%) 125 (81%)
Response to first-line chemotherapy <.0001
CR/PR 216 (93%) 108 (70%)
SDIPD 16 (1%) 47 (30%)
Sensitivity to fivst-line chemotherapy .1661
Sensitive 146 (63%) 63 (41%)
Relractory 86 (37%) 92 (53%)

+ indicates positive; —, negative; PS, performance status; 1.0, fimited disease; ED, extensive disease;
CR, complete response; PR, pastial response; SD), stable disease; PD, progressive disease.

software (version 5.0; Abacus Concepts, Berkley,
Calif).

RESULTS

Patient Characteristics

The characteristics of the 387 patients who were
believed to be potential candidates for second-line
chemotherapy (of whom only 232 eventually received
second-line chemotherapy, designated as the chemo-
therapy group) are listed in Table 1. The patients in
the chemotherapy group were significantly younger
(P < .0001), had better PS (P < .0001), and had a
higher frequency of LD (P =.0476) than the nonche-
motherapy group. Whereas the response to first-line
chemotherapy was significantly different (P <.0001),
the sensitivity to first-line chemotherapy was not sig-
nificantly different (P =.1661) between the 2 groups,
and approximately 33% of the patients who received
second-line chemotherapy were refractory recurrence
cases., As first-line chemotherapy, 156 patients (67%)
had received platinum plus etoposide combination
chemotherapy, and 24 (10%) had received the IP regi-
men. The second-line chemotherapy regimens admi-
nistered to the 232 patients are listed in Table 2. At
our hospital, the vast majority of the patients had
received some kind of platinum-based combination
chemotherapy, such as cisplatin, vincristine, doxoru-

TABLE 2
Second-line Chemotherapy Regimens Administered to 232 Patients

Regimen No. of Patients No. Sensitive (%) No. Refractory (%)
CODE 80 50 (34) 30 {35)
PEI 44 17 (12) 27 (31)
P 34 28 (19) 60
PE 19 13 §(0
CE 14 12{8) 2
TOP 14 98 51(8)
CPT-11 13 § (6} 4 (5)
AMR 6 5 {4) 1()
Others 8 30 5 {6)
Total 8 146 {100) 86 {100}
CODE indicates cisplatin, vincristine, doxorubicin, and etoposide; PEL cisplatin, exap ide, and irino-
tecan; 1P, cisplatin and iinotecan; PE, cisplatin and etoposide; CE, carboplai and etopaside; TOB
topotecan; CPT-11, irinotecan; AMR, amrubicin,
TABLE 3
Univariate Analysis for Response and Survival
No. of Response MST,
Characteristics Patients Rate, %o P Months P
Age at recurrence, y
<70 167 56 5058 9.0 5347
> 65 62 88
Gender
Women 38 68 1826 100 5672
Men 194 55 8.7
P§ at recurrence
0-1 162 63 0126 110 <0001
24 70 44 49
Disease extent at recurrence
1B 65 62 5085 126 0043
ED 167 56 73
Sensitivity to first-line chemotherapy
Sensitive 146 60 4413 108 018
Refractory 86 53 6.8

MST indicates median survival time; PS, performance status; LD, limited disease; ED, extensive
disease,

bicin, and etoposide; cisplatin, etoposide, and irino-
tecan (PEI); IP; PE; or carboplatin plus etoposide.
The distribution of these regimens was similar in the
sensitive and refractory recurrence patients.

Predictive and Prognostic Factors

According to the results of the univariate analyses,
response was significantly associated with the PS
alone, whereas survival was significantly associated
with the PS, disease extent, and sensitivity to first-
line chemotherapy (Table 3). Survival curves drawn
according to the PS and sensitivity to first-line chem-
otherapy are shown in Figure 2 and 3, respectively.
Multivariate analysis identified PS (P < .0001) and
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FIGURE 2. Survival curves according to the performance status (PS) at
the time of disease recurrence. + indicates positive; —, negative.
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FIGURE 3. Survival curves according to sensitivity to first-line chemother-
apy. + indicates positive; —, negative.

sensitivity to first-line chemotherapy (P = .0024) as
the independent prognostic factors for survival (Ta-
ble 4). The survival of patients with a PS of 2 to 4
(P =.005) (Fig. 2) and refractory disease recurrences
(P <.0001) (Fig. 3) was significantly better than that of
those who did not receive second-line chemotherapy.
In addition, we performed further analysis, in
which all patients who received second-line chemo-
therapy were divided into 4 groups according to the
combination of the 2 identified independent prog-
nostic factors for survival: Group A (PS of 0-1/sensi-
tive recurrence), Group B (PS of 0-1/refractory
recurrence), Group C (PS of 2-4/sensitive recur-
rence), and Group D (PS of 2-4/refractory recur-
rence). The survival curves for each group are shown
in Figure 4. The survival of patients with a PS of 0 to
1 was significantly better than that of the patients
with a PS of 2 to 4 among both cases with sensitive

Prognostic Factors in Recurrent SCLC/Kim et al 2521

TABLE 4

Multivariate Analysis for Survival

Variables Odds Ratlo  95% CI p

PS at recurrence, 0-1 3N 2.307-4357 <0001
Disease extent at recurrence, LD 1.308 0.956-1.790  .093
Sensitivity to first-line chemotherapy, sensitive  1.544 1.166-2.043 0024

95% Cl indicates 95% confidence interval; PS, performance staws; LD, limited disease,
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FIGURE 4. survival curves according to the 2 independent pragnostic fac-
tors. PS indicates performance status.

(Group A vs Group C; P <.0001) and those with re-
fractory recurrence (Group B vs Group D; P =.0001).
‘Whereas the survival of the sensitive recurrence cases
was significantly better than that of the refractory re-
currence cases among the patients with a PS of 0 to
1 (Group A vs Group B; P =.0013), no survival differ-
ence was observed between the sensitive and refrac-
tory recurrence cases among the patients with a PS
of 2 to 4 patients (Group C vs Group D; P = .4252).
Among the 232 patients who received second-
line chemotherapy, 29 received the same regimen as
first-line chemotherapy, and the rest received a regi-
men different from first-line chemotherapy. However,
these differences did not appear to have an impact
on either response (P =.7519) or survival (P = .5873).

DISGUSSION

Some studies have shown the importance of both
response and the duration of the response to initial
chemotherapy in predicting the survival of recurrent
SCLC patients receiving second-line chemotherapy,'°
and currently it is widely accepted that recurrent
SCLC patients should be classified into 2 groups:
cases with sensitive recurrence and those with refrac-
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tory recurrence.’? In contrast, Sundstrom et al, who
recently analyzed 19 clinical factors at both the time
of initial diagnosis and the time of recurrence, have
suggested that the PS at the time of disease recur-
rence, and not the sensitivity status to first-line
chemotherapy, was the only significant prognostic
indicator for survival after second-line chemother-
apy.'® In this study, we investigated the relation
between clinical factors evaluated at the time of dis-
ease recurrence and survival after recurrence, and
identified both PS and sensitivity to first-line chemo-
therapy as being significant prognostic factors for
survival,

Some may argue that the survival time of the
patients with a PS >3 in this study was too short,
which might have strongly influenced the inferior
survival of the patients with a PS of 2 to 4 as com-
pared with that of the patients with a PS of 0 to L
Although our study included 18 cases with a PS >3
among the patients administered second-line chemo-
therapy, the results of the analyses were found to be
the same even after exclusion of these patients with
a PS >3 (data not shown). This finding suggests that
the prognosis of the patients with a PS of 2 is clearly
different from that of the patients with aPS of 0 to 1
patients. The diversity of our second-line regimens
may be criticized as well, because the differences in
the regimens could have affected the patients’ out-
comes. However, to our knowledge, there are no
comparative studies suggesting the superiority of any
particular regimen for second-line chemotherapy. At
our hospital, as shown in Table 2, mainly platinum-
based combination chemotherapy is used even for
second-line chemotherapy, and various agents are
combined with platinum agents.

The results of the current study indicate that the
prognosis of patients with impaired PS is inevitably
poor. In such patients, no survival difference was
found between the cases with sensitive and those
with refractory recurrence. Does this mean that
patients with a PS >2 should not receive second-line
chemotherapy? A phase 3 trial comparing oral topo-
tecan with BSC demonstrated a significant survival
advantage of oral topotecan, and such survival bene-
fit was also found to be preserved for patients with a
PS of 2 who accounted for approximately 30% of the
enrolled patients.” Conversely, with regard to the
patients with a PS >3, there is no evidence as yet to
suggest the clinical benefit of administering second-
line chemotherapy. In our study, however, response
rates of 64% in patients with a PS of 3 (n = 14) and
25% in patients with a PS of 4 (n = 4) were observed.
These results suggest that second-line chemotherapy
might be beneficial for adequately selected patients

with a PS of >2, although the survival benefit is lim-
ited as compared with that for the patients with a PS
of 0 to 1. Further studies are required for precise
selection of criteria for second-line chemotherapy.

In this study, the survival of patients who
received second-line chemotherapy with a PS of 2 to
4 or refractory recurrences was still significantly bet-
ter than that of those who did not receive second-
line chemotherapy. However it was not surprising,
because the patient selection for second-line chemo-
therapy was performed pragmatically, and patients
who were thought to be unfit for chemotherapy were
not administered second-line chemotherapy. The
finding that the nonchemotherapy group had more
patients with a PS of 2 to 4 and refractory recurrence,
the 2 independent prognostic factors identified in
this study, suggests that our patient selection was
reasonable.

The prognosis of recurrent SCLC patients is gen-
erally poor, and to our knowledge no standard treat-
ment has been established for these patients. In
addition to the randomized trial comparing oral topo-
tecan with BSC mentioned above, 2 phase 3 trials for
recurrent SCLC have been reported to date.*** A trial
comparing intravenous topotecan with the combina-
tion of cyclophosphamide, doxorubicin, and vincris-
tine demonstrated comparable response rates and
survival; however, intravenous topotecan yielded
greater symptomatic improvement for 4 of the 8
symptoms evaluated.'* In the other trial, comparing
oral topotecan with intravenous topotecan, no sur-
vival difference was observed.!® Currently, topotecan
is the only drug approved by the US Food and Drug
Administration for recurrent SCLC. Recently, however,
promising results of phase 2 studies have been
reported for drugs other than topotecan for recurrent
SCLC. In particular, amrubicin'®'? and PEI'*'® have
been shown to yield excellent response rates and sur-
vival in not only sensitive but also refractory recurrent
cases. In Japan, a phase 3 randomized trial comparing
topotecan with PEI is now ongoing.

In conclusion, we identified PS and sensitivity to
initial chemotherapy as being significant prognostic
factors for survival in patients with recurrent SCLC
treated with second-line chemotherapy. PS was also
found to be predictive in terms of response. In future
clinical trials of second-line chemotherapy, both PS
and sensitivity to initial chemotherapy should be
incorporated as stratification factors. The survival
benefit of second-line chemotherapy is limited in
patients with impaired PS, even among sensitive
recurrence cases. Therefore, careful consideration of
the potential risks and benefits is required in the
treatment of these patients.
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Surnmary While there have been advances in the treatment of lung cancer, they have been
marginal in comparison with recent advances in the chemotherapy and molecularly targeted
treatment of breast cancer, colorectal cancer and genitourinary cancer. Lung cancer is an
extremely difficult disease to treat, and to obtain positive results and to develop new standard
treatment. The results of clinical trial on gefitinib and erlotinib suggest that the evaluation of
molecular target drugs seems to be quite difficult in unselected patient population and may be
different from cytotoxic drugs. We need to find out specific molecular biomarkers for each
drug. With global studies in view, it will be essential to obtain even more significant results
by sophisticated clinical trials in selected patient populations and contribute to improving

the treatment outcome of lung cancer patients.
© 2008 Elsevier Ltd. All rights reserved.

It is a well-known fact that lung cancer ranks first as a
cause of cancer deaths in developed countries. The num-
ber of new cases of lung cancer and the number of
deaths from lung cancer are very similar, and the cure
rate is regarded to be about 15% even in advanced coun-
tries, and 7—-8% in developing countries. Despite numer-
ous comparative studies and positive data, very few
patients experience any benefit from them. The impor-
tance of primary prevention (anti-smoking measures) is
recently becoming widely recognized, but an even greater
effort is needed. In terms of secondary prevention (lung

" Tel.: +81 4 7134 6902; fax: +81 4 7131 3212,
E-mail address: nsaijo@east.ncc.go.jp

cancer screening), there are no definitive data in clinical
trials, such as quality control, and the conduct of screen-
ing examinations has not been reflected in reduced mor-
tality. Under these circumstances the incidence of lung
cancer is still rapidly increasing in many countries. A wide
variety of clinical trials of treatments have been con-
ducted for lung cancer, which is diagnosed in more than
70,000 new patients annually in Japan. In addition, the
results of many of the studies obtained recently have
been contrary to expectations, and it seems necessary
to reassess the relationship between the pharmacology
such as pharmacokinetics, pharmacodynamics and phar-
macogenomics and clinical efficacy of each drug in regard
to drug therapy.'
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