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Abstract

Background We conducted a prospective phase II trial of
IrOx in patients with advanced non-small cell lung cancer
to evaluate the efficacy and toxicity.

Patients and methods Patients with histologically or cyto-
logically proven non-small cell lung cancer (NSCLC), aged
>18 years, Eastern Cooperative Oncology Group perfor-
mance status 01, at stage I1IB (pleural effusion)/IV or with
recurrent disease not suitable for primary surgical treat-
ment, with no palliative chemotherapy or radiotherapy to
the chest or immunotherapy or biologic therapy, the pres-
ence of measurable disease by RECIST, and who had given
signed written informed consent, were eligible. Treatment
consisted of irinotecan 65 mg/m* on days 1 and 8 and oxa-
liplatin 130 mg/m? on day 1, repeated every 3 weeks.
Results A total of 18 patients were enrolled in June and
August 2007, the median age was 59 years (47-73). In
total, 71 cycles were administered with a median of 4
cycles per patient (range, 1-6 cycles) and 18 patients were
evaluable for treatment response. An independent review of
tumor responses gave an overall response rate of 27.7%
(CR: 0, PR: 5/18; 95% CI, 7-48.4%) by intent-to-treat anal-
ysis. The median overall survival of all patients was 14
months and the median time-to-progression was 4.2 months

M. H. Chang - K. H. Kim - H. J. Jun - H. S. Kim - S. Y. Yi -
J.E.Uhm-M.J. Park - D. H. Lim - S. H. Ji - J. Lee - Y. H. Park -
J.S. Ahn - M.-j. Ahn - K. Park (IX)

Division of Hematology/Oncology, Department of Medicine,
Samsung Medical Center, Seoul, South Korea

e-mail: keunchil.park @ samsung.com

I. G. Hwang

Division of Hematology-Oncology,

Department of Medicine, Chung-Ang University
Young San Hospital, Seoul, South Korea

(95% (I, 1.959-6.441). The most common grade 3/4 toxic-
ities were diarrhea (7% of all cycles) and neutropenia (5.6%
of all cycles). Grade 3 peripheral neuropathy occurred in
one patient and one patient died due to sepsis.

Conclusion This study suggests that IrOx combination
therapy has moderate activity with a tolerable toxicity pro-
file. However, it was not warranted to evaluate further this
regimen as first-line treatment for patients with advanced or
metastatic NSCLC using the current dosages and schedule.

Keywords Irinotecan - Oxaliplatin - NSCLC -
Chemotherapy - First-line

Introduction

Lung cancer is the leading cause of cancer death world-
wide, including in Korea [1, 2, 14]. More than 80% of lung
cancer patients are diagnosed with non-small cell lung can-
cer (NSCLC) and the majority present with advanced inop-
erable disease. Several meta-analyses have revealed that
platinum-based combination chemotherapy offers symptom
improvement and an absolute 1-year survival benefit of
10%. Therefore, platinum doublets are considered the stan-
dard treatment for advanced NSCLC [22]. However, sev-
eral randomized phase III trials comparing different
platinum combinations have failed to demonstrate a sur-
vival advantage [21, 28].

Oxaliplatin, an alkylating agent, inhibits DNA replica-
tion by forming DNA adducts between two adjacent gua-
nines or guanine and adenine molecules. It showed a
survival benefit in patients with colorectal cancer and
NSCLC [2, 6, 11, 24, 26]. Oxaliplatin has a more manage-
able toxicity profile than cisplatin, with no renal toxicity
and a lower incidence of hematological and gastrointestinal
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toxicities. It lacks the nephrotoxicity of cisplatin and causes
less myelotoxicity than carboplatin, the leading cisplatin
analog, and it may be active in cisplatin- and carboplatin-
resistant tumors [4, 25]. A phase II study of oxaliplatin
plus pemetrexed (oxaliplatin 120 mg/m?, pemetrexed
500 mg/m?, every 3 weeks) in 41 NSCLC patients yielded a
response rate of 26.8%, with manageable toxicity. [26]
Another phase II study of oxaliplatin plus docetaxel (oxa-
liplatin 130 mg/m?2, docetaxel 70 mg/m?, every 3 weeks) in
29 NSCLC patients also indicated promising activity, with
a response rate of 37% [24].

Irinotecan (CPT-11), a plant alkaloid isolated from
Camptotheca acuminate (family Nyssaceae), is a campto-
thecin analogue with strong antitumor activity through
inhibition of topoisomerase I. It is converted into SN-38
by the cytochrome CYP3A4, and SN-38 is further
metabolized through conjugation by uridine diphosphate
glucuronosyltransferase 1A1 (UGT1A1) to give SN-38-
glucuronide. SN-38 glucuronidation is associated with not
only severe irinotecan-related toxicity, but also excellent
clinical efficacy in lung cancer [13]. In the phase II trial of
irinotecan monotherapy for patients with untreated
advanced NSCLC, the response rate was 31.9% and the
median survival time was 42 weeks [9]. A randomized
phase III trial of cisplatin plus irinotecan combination
comparing other platinum doublets have demonstrated
equivalent efficacy, with a response rate of 31%, median
survival of 13.9 months, and a 1-year survival rate of
59.2% [21]. Preclinical studies have reported synergistic
anti-tumor activities between irinotecan and oxaliplatin in
several tumor cell lines [12]. In an attempt to develop a
more active and efficacious chemotherapy regimen, two
newer agents, irinotecan and oxaliplatin, were combined
with or without 5-FU and leucovorin in phase I trials, and
showed a safe toxicity profile in patients with advanced
solid tumors [34].

On the basis of these encouraging results, we conducted
a phase II study in order to assess the efficacy and safety of
Irinotecan and Oxaliplatin (IrOx) as front-line chemother-
apy in patients with advanced or metastatic NSCLC. We
also examined the association between the UGT1A1 poly-
morphisms and the toxicity of irinotecan.

Patients and methods

Patient eligibility

Eligible patients were required to have histologically or
cytologically confirmed stage IIIB (wet IIIB)/IV or recur-
rent disease not suitable for primary surgical treatment of

NSCLC, at least one measurable lesion according to the
response evaluation criteria in solid tumors (RECIST)
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criteria, no palliative chemotherapy, radiotherapy, immuno-
therapy, or biologic therapy, be aged >18 years, an Eastern
Cooperative Oncology Group (ECOG) performance status
less than or equal to 1, adequate hematologic parameters
(hemoglobin >9.0 g/dl, absolute neutrophil count >1500
per pl; platelet count >100,000 per pl), renal function (cre-
atinine clearance by the Cockroft formula >60 ml/min or
creatinine <1.5 mg/dl), and liver parameters (aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT) <2.5 times the upper limits of normal (ULN) and
total bilirubin <1.5 x ULN, except with bone or liver
metastasis). Patients with symptomatic metastasis to the
central nervous system, uncontrolled or severe cardiovascu-
lar disease, including MI within 6 months of enrolment,
New York Heart Association Class III or IV heart failure,
uncontrolled angina, clinically significant pericardial dis-
ease, cardiac amyloidosis, acute severe infection requiring
antibiotic therapy, a prior history of another malignancy
within 5 years of study entry, except for basal cell carci-
noma of the skin or carcinoma in situ of the uterine cervix,
pregnancy or breast-feeding, previous renal transplantation,
uncontrolled diabetes mellitus, or receipt of extensive radi-
ation therapy within 4 weeks, were excluded from the
study. All participants provided written informed consent
before they entered the study, which was approved by the
institutional review board.

Treatment

Patients received oxaliplatin 130 mg/m? diluted in 150 ml
normal saline as a 2-h intravenous infusion on day 1 fol-
lowed by irinotecan 65 mg/m? diluted in 500 ml 5% dex-
trose as a 60-min infusion on day 1 and day 8. Treatment
cycles were repeated every 3 weeks until disease
progression, unacceptable toxicity, patient refusal, or for a
maximum of 6 cycles. For emesis prophylaxis, 5-HT3
antagonists were given before chemotherapy. Atropine
0.25 mg was administered subcutaneously for prophylaxis
against the cholinergic syndrome. Prophylactic granulocyte
colony-stimulating factor was not recommended for neutro-
penia.

Administration of irinotecan or oxaliplatin was
delayed if there were non-hematologic toxicities of the
National Cancer Institute Common Toxicity Criteria
(NCI-CTC) grade 3 or greater, neutropenia of less than
1,500 per pl, or thrombocytopenia of less than 100,000
per pl. If the neutrophil count was greater than 1,500 per
pl and the platelet count greater than 100,000 per pl after
a one-week delay, chemotherapy was administered with-
out dose reduction. If the neutrophil count was less than
1,500 per pl or the platelet count less than 100,000 per pl
after a one-week delay, chemotherapy was delayed for an
additional week. If patients required a delay of longer



Cancer Chemother Pharmacol (2009) 64:917-924

919

than 2 weeks for recovery, patients went off the study
protocol. The dose of irinotecan or oxaliplatin was
reduced by 25% of the previous dose in cases of toxici-
ties of NCI-CTC grade 3 or greater, diarrhea or mucosi-
tis, febrile neutropenia, or hemorrhagic complications
due to thrombocytopenia.

UGTI1ALI genotyping analysis

Genomic DNA was extracted from paraffin sections, using
the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany).
DNAs were amplified in 20 pl reaction solution containing
2ul 10x buffer (Roche, Mannheim, Germany), 1.7—
2.5 mmol/l of MgCl,, 0.3 uM of each primer pair, 250 uM
of deoxynucleotide triphosphates, and 2.5 units of DNA
polymerase (Roche). Amplification were performed using a
15-min initial denaturation at 95°C; followed by 32 cycles
of 45 s at 94°C, 45 s at 58°C, and 45 s at 72°C, with a 10-
min final extension step at 72°C.

DNA templates were processed for the DNA sequencing
reaction using the ABI-PRISM BigDye Terminator version
3.1 (Applied Biosystems, Foster, CA) with both forward
and reverse sequence-specific primers. Sequences were
analyzed using Sequencer 3.1.1. software (Applied Biosys-
tems) to compare variations.

Efficacy assessment

The primary objective of the study was to assess the
response rate. The secondary objectives were to assess tox-
icity, overall survival (OS), time to progression (TTP), and
the influence of UGT1A1 polymorphisms on the toxicity of
irinotecan. Pretreatment evaluation included history and
physical examination, complete blood cell count with
differentials, chemistry, serum CEA, LDH, chest X-ray,
computed tomography (CT) scan of chest, and magnetic
resonance imaging (MRI) of the brain or whole body bone
scans when clinical signs suggested. During treatment,
history taking, physical examination including toxicity
assessment, complete blood cell count, and chemistry were
performed every 3 weeks, before each cycle. Appropriate
imaging studies including chest CT scans were performed
every 2 cycles to evaluate treatment response, or sooner
if needed for documentation of disease progression.
Responses were classified according to the RECIST crite-
ria. Tumor measurements were independently reviewed by
a radiologist and an oncologist who were blinded from the
tumor assessments performed by the investigators.

Patients who received at least one cycle of treatment
were considered assessable for toxicity. TTP was calculated
from the first day of treatment to the date on which disease
progression was first documented, or the last follow-up. OS
was calculated from the first day of treatment to the date of

death or the last follow-up. Toxicity was monitored accord-
ing to the NCI-CTC version 3.0.

Statistical considerations

According to a Simon’s two-stage phase II minimax design
[29], a sample size of 37 was required to accept the alterna-
tive hypothesis that the true response rate is greater than 40%
with 80% power, and to reject the null hypothesis that the
response rate is less than 20% with 5% significance. At least
18 patients were enrolled in the first stage; if there were
fewer than 5 responses out of the initial 18 patients, early ter-
mination of the study was required. Considering a 10% drop-
out rate, it was planned to recruit 37 patients for this study.
Descriptive statistics were reported as proportions and
medians. Kaplan—Meier estimates were used in the analysis
of the time-to-event variables and the 95% confidence
interval (CI) for the median time to event was computed.

Results
Patient characteristics

Eighteen patients were enrolled from June 2007 to August
2007. Their baseline characteristics are listed in Table 1.
There were 16 men and 2 women. The median age was
59 years (range, 47-73 years). All patients had a histologi-
cally or cytologically proven NSCLC. One patient had two
histological types (adenocarcinoma and squamous cell car-
cinoma), and one patient received adjuvant chemotherapy.
All patients had a performance status <1.

Treatment and drug delivery

In total, 71 cycles were administered, with a median of 4
cycles per patient (range, 1-6 cycles). The relative dose
intensities of the delivered regimens were 92% for irino-
tecan and, 94% for oxaliplatin (Table 2).

Response

All patients were assessable for response. There were no
complete responses (CRs), and 5 partial responses (PRs),
which were confirmed at least 4 weeks later. Main charac-
teristic of responding patients are in Table 3. The overall
response rate was 27.7% (95% CI, 7% to 48.4%) by intent-
to-treat analysis. Fifty percent (9/18) of patients had stable
disease (SD). Thirteen patients received second-line ther-
apy after discontinuation of the study. Among them, 14
patients received systemic chemotherapy (gemcitabine plus
cisplatin or paclitaxel plus cisplatin) and 5 patients received
palliative radiation therapy.
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Table 1 Patient characteristics

Table 3 Responding patient characteristics

No. of patients % No. of patients %
Patients 18 100 Patients 5
Age, years Age, years
Median 59 Median 63
Range 47-73 Range 52-68
Sex Sex
Male 16 88.9 Male 5 100
Female 2 11.1 Female 0 0
Performance Stage IIIB/IV/recur 1/4/0 20/80/0
ECOG, 0-1 18 100 Histology
ECOQG, >2 0 0 Adenocarcinoma 3 60
Prior treatment Bronchioalveolar cell carcinoma 0 0
Operation 7 38.9 Squamous cell carcinoma 1 20
Radiotherapy 0 0 Large cell carcinoma 0
Chemotherapy 1 5.6 Unspecified NSCLC 1 20
None 11 61.1 Metastatic sites
Stage IIIB/IV/recur 2/14/2 11.1/77.8/11.1 Lung 1 20
Histology CNS 2 40
Adenocarcinoma 11 61.1 Bone 0 0
Bronchioalveolar cell carcinoma 0 0 Pleura/pleura effusion 2 40
Squamous cell carcinoma 5 27.8 Lymph node 0 0
Large cell carcinoma 1 5.6 Adrenal 0 0
Unspecified NSCLC 2 11.1 Other organs 1 20
Metastatic sites No. of organs
Lung 5 27.8 0 1 20
CNS 4 222 1 2 40
Bone 4 222 >2 2 40
Pleura/pleura effusion 2 11.1
Lymph node 1 5.6
Adrenal 0 0 Toxicities
Other organs 3 16.7
No. of organs All patients were assessable for safety. Toxicities observed
0 3 16.7 during the study are listed in Table 4. The most common
1 11 61.1 adverse events were diarrthea and neutropenia. During the
>2 4 22.2 course of therapy, 17% of patients (n = 3) had grade 3/4 neu-

ECOG Eastern Cooperative Oncology Group

Table 2 Number of chemotherapy cycles and delivered actual dose

Irinotecan Oxaliplatin
Number of dose reduction 18/71 15/71
Median relative doses 40 mg/m*/week 41 mg/m*/week
Dose intensity 92% 94%

Survival

All patients were included in the survival analysis. With a
median follow-up of 15.8 months (range 14.5-16.9),
median TTP was 4.2 months (95% CI, 1.959-6.441)
(Fig. 1) and the median OS was 14 months (Fig. 2).
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tropenia and 6% (n=1) for grade 1/2 neutropenia. One
patient died due to sepsis. Non-hematologic toxicities of
grade 3/4 occurred in less than 10% of cycles. Grade 3/4
diarrhea occurred in 22.2% (n = 4) of patients. Five (27.8%)
patients required dose reductions of at least one drug due to
grade 3/4 toxicities, and four (22.2%) patients had delays of
more than 1 week because of non-hematologic toxicities. No
patient was discontinued from the study due to toxicities.

Association of UGT1A1 genotypes with tumor response
or toxicity

Of the 18 patients enrolled, 14 had samples available for
the analysis of their UGT1A1 genotype. No patient had the
homozygous UGT1A1%*6, UGT1A1%*28 or UGT1A1*60
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Fig. 2 Overall survival (OS) of all patients

genotypes (Table 5) and we could not find a statistically
significant relationship between tumor response or toxicity
and genotype.

Discussion
To the best of our knowledge, this is the first report of a

combination of irinotecan combined with oxaliplatin in
patients with advanced NSCLC. The overall response rate

was 27.7%, the median TTP was 4.2 months, and the
median OS was 14 months.

The ECOG 1594 study, which compared three different
third-generation chemotherapeutic agents,—gemcitabine,
docetaxel, and paclitaxel combined with platinum, cisplatin
or carboplatin,—failed to show a survival advantage, with a
median survival of 7.9 months and 1-year survival of 33%
[28]. A Randomized phase III study conducted in Japan,
comparing cisplatin plus irinotecan (IP) versus carboplatin
plus paclitaxel (TC), cisplatin plus gemcitabine (GP), and
cisplatin plus vinorelbine (NP) for advanced NSCLC also
showed no difference in response rate or OS. However, iri-
notecan plus cisplatin combination chemotherapy produced
a response rate of 31.0% and a 13.9 month median survival
[21].

Oxaliplatin was employed as a single agent in poor-
prognosis NSCLC patients [19], and oxaliplatin and third-
generation drugs combinations have been investigated in 18
trials so far. Oxaliplatin plus taxane doublets showed an
overall response rate of 34—48% and a median overall sur-
vival of 7.9-10.9 months. The combination of oxaliplatin—
gemcitabine achieved overall response rates ranging from
13 to 36%, with median OS ranging from 6.5 to
11.3 months [5].

One possible explanation for the low response rate in
this study might be the use of low-dose irinotecan. Other
investigators have tested high-dose irinotecan (total dose
150-180 mg/m? every 4 weeks or 200-210 mg/m* every
3 weeks) [3, 7, 8, 10, 15-17, 20, 23, 30]. Negoro et al.
examined irinotecan combined with cisplatin in 133
advanced NSCLC patients [20]. Irinotecan was given intra-
venously on days 1, 8, and 15 at a dose of 60 mg/mz, and
cisplatin was given intravenously on day 1 at a dose of
80 mg/m? every 4 weeks. The overall response rate was
43.7%, and 1-year survival was 47%. Giancarlo et al. [23]
studied 42 advanced NSCLC patients treated with irino-
tecan (200 mg/m?) and carboplatin (AUC 5) every 3 weeks.
Six patients achieved PRs (14% of the total), whereas 19
(45%) had SDs and median OS was 11.7 months (95% CI,
8.4-13.2).

The second possible reason for the lack of response and
poor survival is the high proportion of male subjects
enrolled (88.9%). It has been reported that there are differ-
ences in the biology, natural history, and response to ther-
apy between men and women with lung cancer. Moreover,
sex differences in survival among treated patients may be
related to better responses to the treatment among women
and not to differences in tumor biology [31, 33]. All of the
male patients in this study were smokers, who are consid-
ered poor responders to epidermal growth factor receptor
tyrosine kinase inhibitors and pemetrexed [27].

Finally, a lack of antitumor activity of oxaliplatin might
be considered in the treatment of advanced NSCLC.
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Table 4 Toxicity profiles Toxicity

Per cycle (N=171)

NCI-CTC grade (%)

Per patient (N = 18)

NCI-CTC grade (%)

Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4
Hematologic toxicities
Neutropenia 3(4.2) 4(5.6) 1(5.6) 3(16.7)
Thrombocytopenia 1(1.4) - - -
Anemia 1(1.4) - -
Non-hematologic toxicities
Nausea/vomiting 34.2) - 1(5.6) 1(5.6)
Peripheral neuropathy 1(14) 1(1.4) 1(5.6) 1(5.6)
NCI-CTC National Cancer Insti- Diarrhea 1014 > () 422.2) 422.2)
tute Common Toxicity Criteria Alopecia - - - -
I’IJ‘i(i;)”[l‘el: | l(A}ZS:()Ct?pt)lc:snvfiih tumor Tumor response G3/4 diarrhea G3/4 neutropenia
response and toxicity No. of responder P No. P No. P
UGT1A1%60
—/— 1/6 0.301 1/6 0.580 1/6 1
—/+ 4/8 3/8 2/8
+/+ 0 0
UGT1A1*28
6/6 3/9 1 1/9 0.095 2/9 1
7/6 2/5 3/5 1/5
UGTIA]I Uridine diphosphate UGT1A1*6
glucuronosyltransferase 1A1 —/— and—/+ 5/14 414 3/14
P Fisher’s exact test for all e 0 0 0

genotypes

Although a number of phase II studies with oxaliplatin-
containing doublets showed relatively high response rates
[5], a recent randomized phase III trial evaluating the
gemcitabine/oxaliplatin doublet versus taxol/carboplatin
showed a response rate of only 15.2% for the oxaliplatin-
based chemotherapy and failed to indicate any significant
improvement in the treatment of NSCLC [32]. McLaren
et al. also reported a lack of antitumor activity with oxa-
liplatin and gemcitabine in advanced NSCLC, which is
consistent with our result [18]. Although response rates
were reached target level (27.7%, 5/18), due to the low
level of efficacy, further investigation of IrOx regimens at
this dose and schedule was not warranted, and it was
decided to close the study at the first stage, with 18
patients enrolled.

However, the IrOx regimen demonstrated tolerable tox-
icity profile in this trial. The incidence of grade 3/4 neutro-
penia was 17% (n = 3), which was usually short lasting and
rarely complicated by neutropenic fever (1.2% of all
cycles), although one (5.6%) patient did died due to sepsis.
The frequency of grade 3/4 diarrhea was 7% of all cycles
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and 22.2% of all patients. Significant (grade 3/4) neurotox-
icity was rare (n = 1).

Given that UGT1A1*6 might be useful for predicting the
tumor response and survival outcome of Korean patients
with NSCLC treated with irinotecan-based chemotherapy,
we also investigated UGT1A1 polymorphisms related to
irinotecan [13]. In the 14 samples available, we did not find
any subject homozygous UGTI1A1*6 or homozygous
UGT1A1*28. However, a definitive conclusion could not
be drawn due to the small numbers of samples.

In conclusion, the lack of significant antitumor activity
despite a favorable safety profile, suggests that continuing
clinical trials with IrOx regimen as the first-line treatment
at the studied dose and schedule in advanced NSCLC is not
warranted. Nevertheless, because this less toxic regimen
may be helpful in patients in whom cisplatin treatment may
not be feasible, further studies with different doses and
schedules are warranted.

Acknowledgments We acknowledge the Pfizer Pharmaceuticals
Korea Ltd. who generously donated irinotecan for the study.



Cancer Chemother Pharmacol (2009) 64:917-924

923

References

10.

11.

12.

13.

14.

. Bae J, Gwack J, Park SK, Shin HR, Chang SH, Yoo KY (2007)

Cigarette smoking, alcohol consumption, tuberculosis and risk of
lung cancer: the Korean multi-center cancer cohort study. J Prev
Med Pub Health 40:321-328

. Cappuzzo F, Novello S, De Marinis F, Franciosi V, Maur M,

Ceribelli A, Lorusso V, Barbieri F, Castaldini L, Crucitta E,
Marini L, Bartolini S, Scagliotti GV, Crino L (2005) Phase II study
of gemcitabine plus oxaliplatin as first-line chemotherapy for
advanced non-small-cell lung cancer. Br J Cancer 93:29-34

. Cardenal F, Domine M, Massuti B, Carrato A, Felip E, Garrido P,

Juan O, Artal A, Barneto I, Lopez-Vivanco G, Balcells M, Rosell
R (2003) Three-week schedule of irinotecan and cisplatin in
advanced non-small cell lung cancer: a multicentre phase II study.
Lung Cancer 39:201-207

. Chollet P, Bensmaine MA, Brienza S, Deloche C, Cure H, Caillet

H, Cvitkovic E (1996) Single agent activity of oxaliplatin in heav-
ily pretreated advanced epithelial ovarian cancer. Ann Oncol
7:1065-1070

. Cortinovis D, Bidoli P, Zilembo N, Fusi A, Bajetta E (2008) Oxa-

liplatin doublets in non-small cell lung cancer: a literature review.
Lung Cancer 60:325-331

. de Gramont A, Vignoud J, Tournigand C, Louvet C, Andre T,

Varette C, Raymond E, Moreau S, Le Bail N, Krulik M (1997)
Oxaliplatin with high-dose leucovorin and 5-fluorouracil 48-h
continuous infusion in pretreated metastatic colorectal cancer. Eur
J Cancer 33:214-219

. De Vore RF, Johnson DH, Crawford J, Garst J, Dimery IW,

Eckardt J, Eckhardt SG, Elfring GL, Schaaf LJ, Hanover CK,
Miller LL (1999) Phase II study of irinotecan plus cisplatin in
patients with advanced non-small-cell lung cancer. J Clin Oncol
17:2710-2720

. Fukuda M, Oka M, Soda H, Kinoshita A, Nagashima S, Kuba M,

Takatani H, Tsurutani J, Nakamura Y, Kasai T, Inoue Y, Soejima
Y, Kohno S (2004) Phase II study of irinotecan combined with
carboplatin in previously untreated non-small-cell lung cancer.
Cancer Chemother Pharmacol 54:573-577

. Fukuoka M, Niitani H, Suzuki A, Motomiya M, Hasegawa K,

Nishiwaki Y, Kuriyama T, Ariyoshi Y, Negoro S, Masuda N et al
(1992) A phase II study of CPT-11, a new derivative of campto-
thecin, for previously untreated non-small-cell lung cancer. J Clin
Oncol 10:16-20

Georgoulias V, Agelidou A, Syrigos K, Rapti A, Agelidou M,
Nikolakopoulos J, Polyzos A, Athanasiadis A, Tselepatiotis E,
Androulakis N, Kalbakis K, Samonis G, Mavroudis D (2005)
Second-line treatment with irinotecan plus cisplatin vs cisplatin of
patients with advanced non-small-cell lung cancer pretreated with
taxanes and gemcitabine: a multicenter randomised phase II study.
Br J Cancer 93:763-769

Goldberg RM, Sargent DJ, Morton RF, Fuchs CS, Ramanathan
RK, Williamson SK, Findlay BP, Pitot HC, Alberts SR (2004) A
randomized controlled trial of fluorouracil plus leucovorin, irino-
tecan, and oxaliplatin combinations in patients with previously
untreated metastatic colorectal cancer. J Clin Oncol 22:23-30
Guichard S, Amould S, Hennebelle I, Bugat R, Canal P (2001)
Combination of oxaliplatin and irinotecan on human colon cancer
cell lines: activity in vitro and in vivo. Anticancer Drugs 12:741-751
HanJY, Lim HS, Shin ES, Yoo YK, Park YH, Lee JE, Jang IJ, Lee
DH, Lee JS (2006) Comprehensive analysis of UGT1A polymor-
phisms predictive for pharmacokinetics and treatment outcome in
patients with non-small-cell lung cancer treated with irinotecan
and cisplatin. J Clin Oncol 24:2237-2244

Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, Thun MJ
(2008) Cancer statistics, 2008. CA Cancer J Clin 58:71-96

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Kakolyris S, Kouroussis C, Souglakos J, Agelaki S, Kalbakis K,
Vardakis N, Vamvakas L, Georgoulias V (2001) Cisplatin and
irinotecan (CPT-11) as second-line treatment in patients with
advanced non-small cell lung cancer. Lung Cancer 34(Suppl
4):S71-S76

Kim HG, Lee GW, Kang JH, Kang MH, Hwang IG, Kim SH,
Hahm JR, Jeong YY, Kim HC, Lee JD, Lee JS, Hwang YS (2008)
Combination chemotherapy with irinotecan and cisplatin in
elderly patients (>65 years) with extensive-disease small-cell lung
cancer. Lung Cancer 61:220-226

Masuda N, Fukuoka M, Fujita A, Kurita Y, Tsuchiya S, Nagao K,
Negoro S, Nishikawa H, Katakami N, Nakagawa K, Niitani H
(1998) A phase II trial of combination of CPT-11 and cisplatin for
advanced non-small-cell lung cancer. CPT-11 Lung Cancer Study
Group. Br J Cancer 78:251-256

McLaren V, Graham J, Paul J, Dunlop D (2008) A phase II study
of oxaliplatin and gemcitabine in advanced inoperable stage I1IB/
IV non-small cell lung cancer. Clin Oncol (R Coll Radiol) 20:384—
385

Monnet I, Brienza S, Hugret F, Voisin S, Gastiaburu J, Saltiel JC,
Soulie P, Armand JP, Cvitkovic E, de Cremoux H (1998) Phase II
study of oxaliplatin in poor-prognosis non-small cell lung cancer
(NSCLC) ATTIT. Association pour le Traitement des Tumeurs
Intra Thoraciques. Eur J Cancer 34:1124-1127

Negoro S, Masuda N, Takada Y, Sugiura T, Kudoh S, Katakami
N, Ariyoshi Y, Ohashi Y, Niitani H, Fukuoka M (2003) Random-
ised phase III trial of irinotecan combined with cisplatin for
advanced non-small-cell lung cancer. Br J Cancer 88:335-341
Ohe Y, Ohashi Y, Kubota K, Tamura T, Nakagawa K, Negoro S,
Nishiwaki Y, Saijo N, Ariyoshi Y, Fukuoka M (2007) Random-
ized phase III study of cisplatin plus irinotecan versus carboplatin
plus paclitaxel, cisplatin plus gemcitabine, and cisplatin plus
vinorelbine for advanced non-small-cell lung cancer: Four-Arm
Cooperative Study in Japan. Ann Oncol 18:317-323

Pfister DG, Johnson DH, Azzoli CG, Sause W, Smith TJ, Baker S
Jr, Olak J, Stover D, Strawn JR, Turrisi AT, Somerfield MR (2004)
American Society of Clinical Oncology treatment of unresectable
non-small-cell lung cancer guideline: update 2003. J Clin Oncol
22:330-353

Pillot GA, Read WL, Hennenfent KL, Marsh S, Gao F,
Viswanathan A, Cummings K, McLeod HL, Govindan R (2006) A
phase II study of irinotecan and carboplatin in advanced non-small
cell lung cancer with pharmacogenomic analysis: final report.
J Thorac Oncol 1:972-978

Raez LE, Santos ES, Lopes G, Rosado MF, Negret LM, Rocha-Lima
C, Tolba K, Farfan N, Hamilton-Nelson K, Silva O, Roman E
(2006) Efficacy and safety of oxaliplatin and docetaxel in patients
with locally advanced and metastatic non-small-cell lung cancer
(NSCLC). Lung Cancer 53:347-353

Raymond E, Faivre S, Woynarowski JM, Chaney SG (1998) Oxa-
liplatin: mechanism of action and antineoplastic activity. Semin
Oncol 25:4-12

Scagliotti GV, Kortsik C, Dark GG, Price A, Manegold C, Rosell
R, O’Brien M, Peterson PM, Castellano D, Selvaggi G, Novello S,
Blatter J, Kayitalire L, Crino L, Paz-Ares L (2005) Pemetrexed
combined with oxaliplatin or carboplatin as first-line treatment in
advanced non-small cell lung cancer: a multicenter, randomized,
phase II trial. Clin Cancer Res 11:690-696

Scagliotti GV, Parikh P, von Pawel J, Biesma B, Vansteenkiste J,
Manegold C, Serwatowski P, Gatzemeier U, Digumarti R, Zukin
M, Lee JS, Mellemgaard A, Park K, Patil S, Rolski J, Goksel T, de
Marinis F, Simms L, Sugarman KP, Gandara D (2008) Phase III
study comparing cisplatin plus gemcitabine with cisplatin plus
pemetrexed in chemotherapy-naive patients with advanced-stage
non-small-cell lung cancer. J Clin Oncol 26:3543-3551

@ Springer



924

Cancer Chemother Pharmacol (2009) 64:917-924

28. 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 J] Med
346:92-98

29. Simon R (1989) Optimal two-stage designs for phase II clinical
trials. Control Clin Trials 10:1-10

30. Takeda K, Takifuji N, Uejima H, Yoshimura N, Terakawa K,
Negoro S (2002) Phase II study of irinotecan and carboplatin for
advanced non-small cell lung cancer. Lung Cancer 38:303-308

31. Wakelee HA, Wang W, Schiller JH, Langer CJ, Sandler AB, Belani
CP, Johnson DH (2006) Survival differences by sex for patients
with advanced non-small cell lung cancer on Eastern Cooperative
Oncology Group trial 1594. J Thorac Oncol 1:441-446

@ Springer

32.

33.

34.

Weissman CH, Reynolds CH, Neubauer MA, Steinberg I, Asmar
L (2008) Phase III open-label comparison of gemcitabine/oxalipl-
atin versus paclitaxel/carboplatin as first line therapy for advanced
non-small cell lung cancer (NSCLC). J Clin Oncol 26 May 20
suppl; abstr 8024:429s

Wisnivesky JP, Halm EA (2007) Sex differences in lung cancer
survival: do tumors behave differently in elderly women? J Clin
Oncol 25:1705-1712

Ychou M, Conroy T, Seitz JF, Gourgou S, Hua A, Mery-Mignard
D, Kramar A (2003) An open phase I study assessing the feasibil-
ity of the triple combination: oxaliplatin plus irinotecan plus leu-
covorin/5-fluorouracil every 2 weeks in patients with advanced
solid tumors. Ann Oncol 14:481-489



	Irinotecan and oxaliplatin combination as the Wrst-line treatment for patients with advanced non-small cell lung cancer
	Introduction
	Patients and methods
	Patient eligibility
	Treatment
	UGT1A1 genotyping analysis
	EYcacy assessment
	Statistical considerations

	Results
	Patient characteristics
	Treatment and drug delivery
	Response
	Survival
	Toxicities
	Association of UGT1A1 genotypes with tumor response or toxicity

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


