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A B S T R A C T

Purpose
Irinotecan plus cisplatin (IP) improved survival over etoposide plus cisplatin (EP) in Japanese
patients with extensive-stage small-cell lung cancer (E-SCLC). To confirm those results and
discern the potential role of population-related pharmacogenomics (PG) in outcomes, we con-
ducted a large randomized trial of identical design to the Japanese trial in North American patients
with E-SCLC.

Patients and Methods
Patients were randomly assigned to IP (irinotecan 60 mg/m2 on days 1, 8, and 15; cisplatin 60
mg/m2 day 1, every 4 weeks) or EP (etoposide 100 mg/m2 on days 1 through 3; cisplatin 80 mg/m2

day 1, every 3 weeks). Blood specimens for genomic DNA analysis were collected before random
assignment in 169 patients.

Results
Of 671 patients, 651 were eligible (324 and 327 patients in the IP and EP arms, respectively).
Response rates with IP and EP were 60% and 57%, respectively (P � .56). Median progression-
free survival for IP and EP was 5.8 and 5.2 months, respectively (P � .07). Median overall survival
for IP and EP was 9.9 and 9.1 months, respectively (P � .71). Severe diarrhea was more common
with IP (19% v 3%); severe neutropenia and thrombocytopenia were higher with EP versus IP
(68% v 33% and 15% v 4%, respectively). PG analysis showed that ABCB1 (C3435T)T/T
(membrane transport) was associated with IP-related diarrhea; UGT1A1 (G-3156A)A/A (drug
metabolism) was associated with IP-related neutropenia.

Conclusion
This large North American trial failed to confirm the previously reported survival benefit observed
with IP in Japanese patients. Both regimens produced comparable efficacy, with less hematologic
and greater gastrointestinal toxicity with IP. These results emphasize the potential importance of
PG in interpreting trials of cancer therapy.

J Clin Oncol 27:2530-2535. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Lung cancer represents the most common cause of
cancer-related mortality in the United States, ac-
counting for more than 150,000 deaths annually.1

Small-cell lung cancer (SCLC) is a distinct clinico-
pathologic entity that accounts for up to 20% of all
new cases of lung cancer cases and deaths.2 The vast
majority of deaths occur in patients with metastatic
(or extensive-stage) disease.3,4 Although SCLC is
initially considered chemotherapy-sensitive, rapid
emergence of clinical drug resistance inevitably re-
sults in the death of more than 90% of affected
patients.5,6 New systemic treatment options are
needed for this highly lethal malignancy.

Over the past two decades, the cornerstone of
therapy for extensive-stage SCLC has been a plati-
num compound (either carboplatin or cisplatin) in
combination with the topoisomerase-II inhibitor
etoposide.7 In 2002, a Japanese phase III study (Ja-
pan Clinical Oncology Group [JCOG] 9511) com-
paring etoposide plus cisplatin (EP) with cisplatin
and the topoisomerase I inhibitor irinotecan (IP)
was reported. In that trial, tumor response and pa-
tient survival time were found to be significantly
higher in the IP group.8 Although those results were
considered encouraging, the trial included only 174
patients. It was stopped early at interim analysis by
the Data Safety Monitoring Board when prospec-
tively prespecified efficacy parameters were met.
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The trial was also solely conducted in Japanese patients and may not
have been directly applicable to non-Japanese populations as a result
of pharmacogenomic factors. It is well known that potential differ-
ences exist in drug disposition related to racial variability in the distri-
bution of relevant single-nucleotide polymorphisms in genes involved
in drug metabolism or transport.9 For example, genes involved in
chemotherapy transport (eg, ABCB1, OATP-C), metabolism (UGT-
1A1), detoxification (GSTP1), and DNA repair (ERCC1, XPD) are
reported to be involved in platinum and topoisomerase-inhibitor
drug pathways and that DNA polymorphisms (including single-
nucleotide polymorphisms [SNPs]) in these genes may be associated
with treatment outcome and toxicity.10-12

Moreover, a separate phase III trial conducted in North Amer-
ica using modified dose schedules of EP and IP (both delivered over
21-day cycles) showed no benefit for the latter.13 Therefore, the
Southwest Oncology Group (SWOG) designed and conducted an
adequately powered phase III trial (S0124) using virtually the same
eligibility criteria and the identical treatment regimens as the Jap-
anese trial to definitively confirm these results in North American
patients before a change in the standard of care. Additionally, we
sought to evaluate the status of select genomic DNA polymor-
phisms and to correlate genotypic profiles with patient outcomes
after chemotherapy.

PATIENTS AND METHODS

Patients had cytologically or histologically confirmed small-cell lung can-
cer; extensive-stage disease (defined by distant metastasis, contralateral
hilar-node metastasis, or both; those with pleural effusion alone were
excluded); no prior radiotherapy, chemotherapy, or surgery; a Zubrod
performance status of 0 or 1, a life expectancy of at least 3 months; and
adequate hematologic, hepatic, and renal end-organ function. Because of
the increased risk of fetal or infant harm from chemotherapy, pregnant or
nursing women were not allowed to participate in this trial. All patients had
a thoracic and upper abdominal computed tomography scan within 28
days before registration and a pretreatment computed tomography or
magnetic resonance imaging scan of the brain to evaluate for intracranial
metastatic disease within 42 days before registration.

Treatment Assignment and Drug Administration

Patients were randomly assigned to receive either a combination of EP or
IP. Randomization was performed at the SWOG statistical center, balanced on
the following stratification factors: number of metastatic sites (single v multi-
ple); weight loss in prior 6 months (� 5% v � 5%); and lactate dehydrogenase
levels (� upper limit of normal v � upper limit of normal).

The treatment regimens and dose modification criteria used in JCOG
9511 were used for this confirmatory trial. The IP regimen consisted of four
cycles of irinotecan 60 mg/m2 of body-surface area on days 1, 8, and 15 and
cisplatin 60 mg/m2 of body-surface area on day 1. Cycle length for this arm was
4 weeks. The EP regimen consisted of four cycles of etoposide 100 mg/m2 on
days 1, 2, and 3 and cisplatin 80 mg/m2 on day 1. Cycle length for this arm was
3 weeks. Both regimens required hydration and administration of antiemetic
drugs. Day 1 treatment criteria included an absolute neutrophil count
� 1,500/�L, platelet count � 100,000/�L, serum creatinine � upper limits of
normal, and calculated or measured creatinine clearance � 50 mL/min. Re-
combinant human granulocyte colony-stimulating factor use was allowed per
investigator discretion to support the neutrophil count. However, granulocyte
colony-stimulating factor was not given within 24 hours of chemothera-
py administration.

Dose Modifications and Modifications in the

Treatment Schedule

Adverse events were graded according to the National Cancer Institute
Common Toxicity Criteria (version 2). In the irinotecan arm, the develop-
ment of grade 4 neutropenia, febrile neutropenia, grade 4 thrombocytopenia,
and/or grade 3 to 4 diarrhea necessitated withholding of irinotecan until
recovery of toxicity to � grade 1. On recovery, the day 15 dose was skipped, a
reduction in the irinotecan dose by 10 mg/m2 was implemented, and further
cycles were given on days 1 and 8 every 3 weeks. Etoposide and cisplatin doses
were reduced in 25% decrements in subsequent cycles for grade 4 neutropenia,
febrile neutropenia, or grade 4 thrombocytopenia. In both arms, the dose of
cisplatin was reduced by 25% of the planned dose in patients with grade 2
renal toxicity.

Evaluations

All patients underwent evaluations every cycle that included an assess-
ment of symptoms, a physical examination, a complete blood cell count, and
blood chemistry studies. Tumor response was evaluated according to the
Response Evaluation Criteria in Solid Tumors, assessed by computed tomo-
graphic scanning and by the same tests used initially to stage the tumor.14 A
complete response was defined as the disappearance of all clinical and radio-
logic evidence of tumor for at least 4 weeks; a partial response was defined as a
decrease of 30% or more in the sum of longest diameters of all target measur-
able lesions; and progressive disease was defined as an increase of more than
20% of the sum of longest diameters of all target measurable lesions or the
appearance of new lesions. All other circumstances were considered to indicate
no change (or stable disease).

Patients were removed from protocol treatment when at least one of the
following was observed: (1) completion of four cycles of protocol treatment,
(2) unacceptable toxicity, (3) progression of disease, (4) � 3-week delay in
protocol treatment for any reason, or (5) more than three dose reductions in
any one drug. Patients were allowed to withdraw their consent from the study
at any time for any reason.

Study Design and Statistical Analysis

The primary objective of this study was to compare the survival in
patients with extensive stage small-cell lung cancer treated with EP (stan-
dard arm) with that in comparable patients treated with the IP (experi-
mental). The primary analyses were done on an intent-to-treat basis. IP
would be judged superior to the standard if the true increase in median
survival was 33%. A median survival of 10 months was anticipated on the
EP arm. Assuming exponential survival, 4 years of patient accrual, and an
additional 1 year of follow-up, it was estimated that 310 patients per arm
would result in 90% power to detect a 33% increase in median survival in the
experimental arm, using a one-sided stratified log-rank test at level .025.

Two interim analyses were planned, the first after accrual of 310
patients, and the second after two thirds of expected deaths had occurred,
which was estimated to take place after accrual of approximately 550
patients. For each interim analysis, evidence suggesting early termination
of the trial would have been present if the null hypothesis of no difference
were rejected at the .0025 level or if the alternative hypothesis of a 33%
improvement in survival in favor of the experimental arm were rejected at
the.0025 level. Using the modified Haybittle-Peto approach to � spending,
the final analysis would conclude in favor of the experimental arm if the
null hypothesis of no difference between arms were rejected at the .02 level.
Secondary analyses was done regarding progression-free survival (using a
stratified log-rank test), and response and toxicity (using stratified �2

tests). With 310 patients per arm, response and toxicity rates were pro-
jected to be estimated within at worst � 6% (95% CI).

Pharmacogenomic Studies

In an exploratory hypothesis-generating substudy, genomic
DNA was obtained from 169 consenting patients to assess the status
of genes—specifically, SNPs—involved in chemotherapy metabolism
(uridine diphosphate-glucuronosyltransferase [UGT]), detoxification
(glutathione S-transferase), or transport (organic anion transporting
polypeptide; adenosine triphosphate binding cassette [ABC]), as well as
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DNA repair (xeroderma pigmentosum group D; excision repair cross-
complementing). Of these 169 patients, 142 had completed all planned
protocol therapy and had complete toxicity data at the time of the PG
analysis. Eighty-seven patients from the IP arm and 82 patients on the EP
arm were included. A subset of the hematologic and nonhematologic
toxicities presented in Table 1 were selected a priori for these analyses.
Exploratory associations between these toxicity toxicities and genotype
within each arm and overall were assessed with logistic regression. As this
was a hypothesis-generating substudy, no adjustment for multiple com-
parisons was made. Significance was set at P � .05.

RESULTS

From November 2002 through March 2007, 671 patients were ac-
crued, with 652 patients deemed eligible. One patient withdrew con-
sent, leaving 324 patients randomly assigned to IP and 327 patients
randomly assigned to EP. Patient disposition as per the CONSORT
criteria is illustrated in Figure 1. Patient characteristics, which were
well distributed between the arms, are listed in Table 2. Median age
was 62 years (range, 22 to 85 years) in the IP arm and 63 years (range,
35 to 86 years) in the EP arm. There were 188 men (58%) in the IP arm
and 182 (55%) in the EP arm. Weight loss � 5% was reported in 62%
of patients in both arms.

Toxicity

Toxicities possibly, probably, and definitely related to protocol
therapy are summarized in Table 1. There were 213 instances of grade

3 or worse adverse events reported in the IP arm of 317 assessable
patients (67.2%), whereas there were 274 such instances in the EP arm
of 324 assessable patients (84.6%). More grade 4 toxicities were re-
ported with EP (173 v 68). The most common grade 3 or worse
adverse events in the IP arm were gastrointestinal events (principally
diarrhea) and myelosuppression. In the EP arm, the predominant
grade 3 or worse toxicities were myelosuppression. Respective grade 3
and 4 toxicities in IP versus EP arms were as follows: neutropenia
(33% v 68%), thrombocytopenia (4% v 15%), diarrhea (19% v 3%),
infection (11% v 18%), cardiovascular (10% v 12%), renal (4% v 4%),
and hepatic (3% v 5%). There were 11 treatment-related deaths on the
IP arm and eight on the EP arm.

Delivery of Treatment

There were no significant differences between the two arms in
treatment delivery. Six patients in the IP arm and two patients in the
EP arm did not receive any protocol treatment. For the remaining 318
and 325 patients, the proportion receiving the planned four cycles of
chemotherapy was 63% and 67% in the IP and EP arms, respectively.
More patients in the EP arm (29%) than in the IP arm (24%) com-
pleted their assigned study treatment with no modifications in the
doses or delivery schedule The mean dose-intensity (the actual dose
delivered as a proportion of the planned dose, with or without delay)
per arm was as follows: IP, 66% for irinotecan and 78% for cisplatin;
EP, 78% for etoposide and 81% for cisplatin.

Table 1. Selected Toxicities

Toxicity Type

Cisplatin/Irinotecan (n � 317) Cisplatin/Etoposide (n � 324)

Grade 3 Grade 4 Grade 5 Grade 3 Grade 4 Grade 5

No. % No. % No. % No. % No. % No. %

Anemia 17 5 1 � 1 0 35 11 4 1 0
Leukopenia 34 11 23 7 0 76 24 31 10 2 � 1
Neutropenia 60 19 46 15 1 � 1 65 20 154 48 1 � 1
Thrombocytopenia 11 3.5 1 � 1 0 39 12 8 3 1 � 1
Packed RBC transfusion 35 11 0 0 61 19 0 0
Platelet transfusion 1 � 1 0 0 12 4 0 0
Thrombosis/embolism 5 2 3 1 0 8 3 2 7 0
Infection with neutropenia 15 5 1 � 1 4 1 15 5 4 1 3 1
Respiratory infection with neutropenia 1 � 1 0 2 � 1 0 2 � 1 0
Febrile neutropenia 10 3 0 1 � 1 25 8 5 1.5 2 � 1
Flu-like symptoms 0 1 � 1 1 � 1 0 0 2 � 1
Anorexia 33 10 3 1 0 15 5 2 � 1 0
Fatigue/malaise/lethargy 33 10 11 3.5 0 32 10 3 1 0
Dehydration 48 15 4 1 0 27 8 0 0
Hypotension 11 3.5 2 � 1 0 6 2 1 � 1 1 � 1
Nausea 45 14 0 0 35 11 0 0
Vomiting 33 10 0 0 29 9 1 � 1 0
Diarrhea 56 18 4 1 0 9 3 0 0
Ileus 0 1 � 1 1 � 1 0 0 0
Hypoxia 6 2 1 � 1 0 4 1 1 � 1 1 � 1
Dyspnea 23 7 4 1 0 13 4 6 2 2 � 1
Cerebrovascular ischemia 0 0 1 � 1 5 1.5 2 � 1 0
Cardiovascular ischemia/infarction 0 1 � 1 0 0 2 � 1 0
Cardiovascular (other) 0 0 1 � 1 0 1 � 1 0
Death within 30 days of treatment;

treatment not ruled out as factor
0 0 1 � 1 0 0 1 � 1

Maximum grade, any toxicity 134 42 68 22 11 3.5 93 29 173 53 8 2.5
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Efficacy

There were no statistical differences in tumor response, over-
all survival, or progression-free survival between the two arms. In
the IP arm, the response rate was 60% (95% CI, 54% to 65%),
whereas in the EP arm, it was 57% (95% CI, 53% to 63%). Median
progression-free survival time for IP was 5.7 months (95% CI, 5.1
to 6.1 months). Median progression-free survival time for patients
treated with EP was 5.2 months (95% CI, 4.9 to 5.5 months; Fig 2).
The stratified P value for the progression-free survival comparison
was .07. One-year progression-free survival rates were 7% and 6%,
respectively, for IP and EP. Median overall survival time was 9.9
months (95% CI, 9.2 to 11.1 months) in the IP arm. Median overall
survival time was 9.1 months (95% CI, 8.4 to 9.9 months) in the EP
group. The stratified P value for the overall survival comparison
was .71. Estimated 1-year survival rates were 41% and 34% for the
IP and EP arms, respectively (Fig 3).

Pharmacogenomic Results

In this preliminary analysis, two genes—ABCB1 (C3435T)
and UGT1A1 (G-3156A)—were found to be significantly associ-
ated with specific toxicities. ABCB1 (C3435T) T/T was associated
with an increased risk of irinotecan-associated grade 3 or worse

diarrhea (odds ratio [OR] � 3.9; 95% CI, 1.1 to 13.8; P � .01) as
compared with C/C and C/T. UGT1A1 (G-3156A) A/A was asso-
ciated with increased risk of irinotecan-associated grade 3 or worse
neutropenia (OR � 24; 95% CI, 2 to 282; P � .02). Combined
grade � 3 neutropenia and diarrhea—previously reported as a
high-risk combination of toxicities—was associated with ABCB1
(C3435) T/T (OR � 5.0; 95% CI, 1.2 to 22.9; P � .03) and UGT1A1
(G-3156A) A/A (OR � 7.6; 95% CI, 0.9 to 63; P � .06).
UGT1A1*28 TA7, typically associated with increased irinotecan
toxicity, was seen in only four patients (two in each arm); thus no
correlation was possible. None of the genotypes seemed to be
associated with efficacy outcomes. A complete and updated phar-
macogenetic analysis is planned for a subsequent article.

DISCUSSION

Recent trends toward “globalization” of the clinical trials process
critically highlight the issue of whether the results of trials (includ-
ing cancer studies) conducted outside the United States can be
directly extrapolated to North American populations.15 Observed
differences in toxicity and efficacy outcomes between trials testing

Extensive stage small cell lung cancer
registered patients 

(N = 671)

Arm 1
Irinotecan 60 mg/m2 days 1, 8, 15
CDDP 60 mg/m2 day 1
Q 4 weeks x 4 cycles

Assigned 
Ineligible 
Withdrew consent 
Eligible, analyzable (ITT population) 

Received assigned treatment 
(6 protocol violations)

Random assignment

(n = 336) (n = 335)

Arm 2
Etoposide 100 mg/m2  days 1, 2, 3
CDDP 80 mg/m2 day 1
Q 3 weeks x 4 cycles

Early discontinuation of assigned 
     treatment 

Adverse events/effects 
Progression 
Death 
Refusal 
Other 
Under review 

Early discontinuation of assigned 
     treatment  

Adverse events/effects
Progression 
Death 
Refusal 
Other 
Under review 

    (n = 123)
(n = 55)
(n = 32)
(n = 10)
(n = 5)

(n = 16)
(n = 5)

 
(n = 108)

(n = 50)
(n = 29)
(n = 10)
(n = 3)

(n = 13)
(n = 3)

Analyzed for survival
Excluded from toxicity analysis
 Not treated
 No data

Analyzed for survival
Excluded from toxicity analysis
 Not treated

 (n = 324)
 (n = 7)
  (n = 6)
 (n = 1)

 (n = 327)
 (n = 2)
 (n = 2)

Assigned 
Ineligible 

Eligible, analyzable (ITT population) 

Received assigned treatment 

(n = 336)
(n = 11)
(n = 1)

(n = 324)

(n = 318)

 (n = 335)
 (n = 8)

 (n = 327)

 (n = 325)
(2 protocol violations)

Fig 1. Patient disposition (as per
CONSORT). CDDP, cisplatin; ITT, intent
to treat.
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similar or identical treatment regimens may be due to several
factors, including differences in study design, eligibility criteria,
patient selection, demographics, and treatment regimens. Another
emerging reason for this divergence of outcomes is the presence of
host-related genetic differences associated with race and/or ethnic-
ity. This is specially relevant when comparing similarly designed
trials performed in different parts of the world.

This large North American randomized trial (S0124) failed to con-
firm the previously reported survival benefit seen with IP in Japanese
patients. Both chemotherapy regimens in S0124 produced compara-
ble overall response rates and survival outcomes, with less hemato-
logic and greater gastrointestinal toxicity for IP compared with EP.

Multiple potential explanations exist for the divergence of results
between the two North American trials and JCOG 9511. One reason is
related to early stopping of the JCOG 9511 trial. The smaller sample
size of JCOG 9511 may have significantly overestimated the treatment
effect, which diminishes when the number of events accrued is large,
as was the case for our trial. In light of the correlation between the
apparent treatment effect and the number of events, some have argued
that interim analyses only be performed after a sufficient number of
events have occurred to reduce the likelihood of overestimating the
true treatment effect.16

In addition, JCOG 9511 also had imbalances in the distribution
of patient characteristics which, although not statistically significant,
may have favored the experimental arm in the context of a small trial.
These characteristics included fewer patients with borderline perfor-
mance status (performance status of 2), more women (who histori-
cally do better than men17), and fewer brain metastases, among others.
On the other hand, the present trial benefits from a well-balanced
population and its much larger sample size.

In this age of globalization of the clinical trials process, a particu-
larly interesting reason for the difference in Japanese and North Amer-
ican results may be inherent genetic differences that exist between
populations, resulting in divergent outcomes with the same cytotoxic
agents. It is known that polymorphisms of genes involved in the
metabolism or transport of chemotherapy vary among ethnic popu-
lations.18,19 The active metabolite of irinotecan, SN-38, is a target
for several gene products, such as the ABCB1 family (including
P-glycoprotein) which actively transports SN-38 out of the cell. SN-38
is also the target for UGT-1A1, an enzyme catalyzing glucuronidation
of SN-38, making it into an inactive metabolite. The UGT and ABCB1
gene families are characterized by polymorphisms that can affect the
gene product’s function. SNPs may affect the function of the encoded
protein in drug transport, metabolism, and receptor binding, result-
ing in clinically evident effects. It has been shown that polymorphisms
in the promoter region of UGT1A1*28—characterized by six to seven
TA repeats within each allele (ie, 6/6, 6/7, or 6/7)—influence the risk of
grade 4 neutropenia after irinotecan therapy. It has been shown that

Table 2. Patient Characteristics

Characteristic

Cisplatin/
Irinotecan
(n � 324)

Cisplatin/
Etoposide
(n � 327)

No. % No. %

Age, years
Median 62 63
Minimum 22 35
Maximum 85 86

Sex
Male 188 58 182 56
Female 136 42 145 44

Hispanic ethnicity
Yes 7 2 7 2
No 289 89 288 88
Unknown 28 9 32 10

Race
White 300 93 304 93
Black 14 4 18 6
Asian 4 1 1 0
Native American 2 1 0 0
Multiracial 2 1 0 0
Unknown 2 1 4 1

LDH
� ULN 115 35 109 33
� ULN 209 65 218 67

Metastatic sites
Single 77 24 81 25
Multiple 247 76 246 75

Weight loss
� 5% 202 62 204 62
� 5% 122 38 123 38

Abbreviations: LDH, lactate dehydrogenase; ULN, upper limit of normal.
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the 6/6 genotype is associated with little or no neutropenia, whereas
the 7/7 genotype, which corresponds to the clinical phenotype of
Gilbert’s disease, is associated with a 50% risk of grade 4 neutropenia.
Hence pharmacogenomic variability in SNPs may help explain inter-
individual differences and population-related differences in toxicity
and outcome after chemotherapy. In fact, when a formal comparative
patient toxicity analysis of the JCOG 9511 and S0124 trials was per-
formed, significant differences in hematologic toxicity (neutropenia,
leucopenia, and anemia) were observed.20 Specifically, enhanced he-
matologic toxicity was seen in Japanese patients as compared with
North American S0124 patients, each receiving the exact same chem-
otherapy regimens. To further explore this issue in S0124, we evalu-
ated SNPs of selected genes involved in chemotherapy metabolism
and transport. We found that certain SNPs seem to be associated
with specific toxicities, but no clear correlation with chemotherapy
efficacy was detected, likely because of the limited number of
available specimens.

Interestingly, a recently published phase III European trial com-
paring irinotecan plus carboplatin with etoposide plus carboplatin in
patients with extensive SCLC reported a survival benefit for the
former.21 However, the generalizability of those results to the broader
population of patients with SCLC is limited as a result of marked
differences in study design, treatment regimens, and study conduct
compared with other trials in this population, such asS0124.Theseand
other issues are thoroughly discussed in an accompanying editorial coau-
thored by some of us (P.N.L., R.N., D.R.G.).22

In conclusion, EP remains the reference treatment standard in
North America. It is possible that pharmacogenetic differences exist
between Japanese and North American populations to explain these
results, as is the likelihood of overestimation of treatment effect as a
result of early termination of accrual in the Japanese trial.
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