Docetaxel Plus Cisplatin v Docetaxel Monotherapy in Elderly NSCLC
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Fig 3. Quality-of-life assessments according to the seven-item Functional
Assessment of Cancer Therapy-Lung (FACT-L). Dots and error bars indicate the
least squared mean total scores and 95% Cl, respectively. Higher scores indicate
a better quality of life. D, docetaxel; DP, docetaxel plus cisplatin.

numbers of patients with missing data because of death or severe
deterioration of the patient’s general condition in the docetaxel and
DP arms were one and six patients, respectively, after the second cycle
and six and nine patients, respectively, after the third cycle. In the
docetaxel and DP arms, 39.3% (53 of 135 patients) and 36.8% (50 of
136 patients) of patients had scores that improved from baseline to the
end of the third cycle, which did not constitute a significant differ-
ence. Although the mean total score remained near its baseline
value in the docetaxel arm, it declined gradually in the DP arm,
changing in a statistically significant manner between baseline and
cycle 3 (P < .01; Fig 3).

Supplementary Ad Hoc Analysis

Data forms were collected from 275 patients (except one patient
from the docetaxel arm). EGFR mutation testing was performed in 79
patients (58%) and 74 patients (53%) in the docetaxel and DP arms,
respectively; the results revealed active EGFR mutations in 22 patients
in the docetaxel arm (16% overall and 28% of those tested) and 16
patients in the DP arm (12% overall and 22% of those tested). After
protocol treatment completion, further drug treatment was adminis-
tered to 74 patients (54%) in the docetaxel arm and 70 patients (50%)
in the DP arm. During this treatment, EGFR tyrosine kinase inhibitor
was administered to 35 patients (26%) and 23 patients (17%) in the
docetaxel and DP arms, respectively.

Figure 4 shows the survival HRs according to subgroup analyses
of the baseline and ad hoc characteristics. No significant differences
between the two treatment groups were observed in any subgroup.

The standard treatment for fit patients with advanced NSCLC is
platinum-doublet chemotherapy.®’ Several retrospective subgroup
analyses have shown that platinum-doublet chemotherapy is similarly
effective in elderly and younger patients and is well tolerated despite an
increased incidence of toxicity.>'® These retrospective analyses, how-
ever, were performed in highly selected elderly populations. Generally,
elderly patients are often unsuitable candidates for bolus cisplatin
administration because of comorbid illnesses and/or organ dysfunc-
tion. Therefore, we considered it important to conduct a prospective
investigation to determine whether the addition of a modified plati-
num agent might improve survival in elderly patients with NSCLC.

Characteristic n (D/DP) HR 95%Cl
Age, years
<75 30/32 i 1.47 0.62 to 3.50
>75 104/106 —— 1.13 0.77 to 1.67
Stage
IHA/MNB 41/43 R 0.59t0 2.25
IV/recurrence 93/95 e 0.79t0 1.84
Sex
Male 92/100 e 1.16 0.7810 1.73
Female 42/38 i 0.98 0.45 t0 2.13
ECOG PS
0 49/47 e — 0.80 0.42 to 1.50
1 85/91 T 146  0.95t02.25 Fig 4 Subgroup analysis of overall sur-
Smokin vival. D, docetaxel; DP, docetaxel plus
Neverg 38/36 55 188 0.80 to 4.40 cisplatin; ECOG PS, Eastern Cooperative
Smoker 95/100 N S 1'04 0'70 1o 1'53 Oncology Group performance status; HR,
’ ’ ’ hazard ratio.
Histology
Squamous 29/38 —— e —— 0.92 0.49 to0 1.72
Adeno 91/86 e 1.24 0.78 t0 1.97
Other 13/12 i 1.83 0.53t0 6.29
EGFR mutation
Wild type 56/58 —l— 1.09 0.63 to 1.90
Mutated 22/16 ik 2.78 0.66to 11.67
Unknown 56/64 —l— 0.96 0.58 to 1.57
Overall 134/138 —lp— 118  0.83to 1.69
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In the phase ITand previous phase I1I trials, we demonstrated that
weekly split docetaxel and additional cisplatin reduced myelotoxicity
and increased RRs.">" In this study, we analyzed the add-on effect of
weekly cisplatin over docetaxel monotherapy. Although the DP arm
tended to have higher RRs than the docetaxel arm, this was reflected in
neither the PFS nor the OS.

Although we collected information on comorbid illnesses, we
did not assess the Charlson comorbidity index. Comprehensive
geriatric assessments, including basic activities of daily living
(ADLs), instrumental ADLs, Mini-Mental State Examination, and
Geriatric Depression Scale evaluation, were also conducted for
exploratory purposes. Although the prognostic values of these
assessments have not been validated for elderly patients with lung
cancer, it was suggested that ADLs and Mini-Mental State Exami-
nation can be useful.’® In future research, we should evaluate these
factors prospectively.

The proportions of female patients and patients with adeno-
carcinoma were slightly higher in the docetaxel arm than in the DP
arm. In eastern Asia, including Japan, active EGFR mutations are
often observed in such patients and have been reported as a favor-
able prognostic factor in patients with NSCLC.'*?° According to a
subgroup analysis, the median survival time was 12.8 monthsin the
114 patients (in the docetaxel plus DP arms) without EGER muta-
tion and 24.1 months in the 38 mutation-positive patients. The
proportion of patients with active EGFR mutations was slightly
higher in the docetaxel arm than in the DP arm. However, it would
have been difficult to demonstrate the superiority of the DP arm in
OS, considering the slight difference in PFS, even if there were no
such imbalances.

In the docetaxel arm, a higher proportion of patients required
dose reductions, yet these appropriate reductions lengthened treat-
ment. In contrast, the DP arm included fewer patients who were
able to continue treatment, despite the lower proportion of dose
reductions and skipped treatments. We believe that declining
QOL was an important cause of treatment discontinuation in
the DP arm.

The toxicity profiles also differed between the two arms. In the
docetaxel arm, neutropenia was most prominent, and grade 4
neutropenia occurred in up to 68% of the patients. Consequently,
febrile neutropenia was observed in 15% of the patients in the
docetaxel arm, whereas no patients experienced febrile neutrope-
nia in the DP arm. The frequency of febrile neutropenia in the
docetaxel arm was similar to that seen in a previous Japanese
docetaxel study for elderly patients.” However, because febrile
neutropenia was successfully managed with appropriate support-
ive treatments, there were no treatment-related deaths in the do-
cetaxel arm. However, the DP arm had higher incidences of grade
= 3 anemia, hyponatremia, and anorexia. We suppose that these
were the main causes of the decline in the QOL score in the DP arm.
The median number of treatment cycles and the proportion of
patients in whom treatment could be continued for five or more
cycles in the DP arm were smaller than those in the docetaxel arm.
These findings could be associated with the decline in QOL and
might have affected OS in the DP arm. Three of four treatment-
related deaths in the DP arm were caused by pneumonitis. It was
reported that weekly docetaxel administration increases the fre-
quency of pneumonitis.”*** In this study, there were few differ-

6 © 2015 by American Society of Clinical Oncology

ences in the frequencies of pneumonitis between the two arms;
however, more severe pneumonitis was observed in the DP arm.

Quoix et al'® demonstrated the superiority of carboplatin plus
weekly paclitaxel over conventional standard therapy, namely vinore-
Ibine or gemcitabine monotherapy, in the Intergroupe Francophone
de Cancerologie Thoracique 0501 study. The usefulness of platinum-
based treatments in elderly patients was first shown in a prospective
study. For elderly patients with NSCLC, carboplatin combination
therapy may be preferable to a split cisplatin combination. However,
the high incidence of toxicity could notbe ignored, because treatment-
related deaths occurred in 4.4% of patients in the doublet arm but only
in 1.3% of patients in the monotherapy arm.'® In contrast, a phase I
trial of combined carboplatin plus pemetrexed (PEM), followed by
maintenance PEM, showed good tolerability in elderly patients with
nonsquamous NSCLC.?* We consider that the combination of carbo-
platin plus PEM should be compared with docetaxel monotherapy.

In conclusion, this study failed to demonstrate any advantages
of weekly DP over docetaxel monotherapy as first-line chemother-
apy for elderly patients with advanced NSCLC, and docetaxel every 3
weeks remains the standard treatment for elderly patients with ad-
vanced NSCLC.
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¢isplatin: an inorganic platinum agent (cis-
diamminedichloroplatinum) with antineoplastic activity. Cis-
platin forms highly reactive, charged, platinum complexes, which
bind to nucleophilic groups such as GC-rich sites in DNA, induc-
ing intrastrand and interstrand DNA cross-links as well as DNA-
protein cross-links. These cross-links result in apoptosis and cell
growth inhibition. Carboplatin and oxaliplatin are other mem-

carcinoma.

docetavel a member of the taxane group of antimitotic chemother-
apy medications whose mode of action is to bind and stabilize microtu-
bules and thus disrupt cell division.

non-small-cell lung cancer (NSTLC)r a type of lung cancer
that includes squamous cell carcinoma, adenocarcinoma, and large-cell

o

www.jco.org

© 2015 by American Society of Clinical Oncology 7

Downloaded from jco.ascopubs.org by Hiroaki Okamoto on February 6, 2015 from 210.254.16.66
Copyright © 2015 American Society of Clinical Oncology. All rights reserved.



Abe et al

Acknowledgment
Presented at the 47th Annual Meeting of the American Society of Clinical Oncology, Chicago, IL, June 3-7, 2011. We thank the members of
the Japan Clinical Oncology Group Data Center and Operations Office for their support in article preparation (Drs Junko Eba and Kenichi
Nakamura), data management (Tomoko Kazato), and oversight of the study management (Dr Haruhiko Fukuda). Furthermore, we thank
the members of the West Japan Oncology Group Data Center.

Appendix

Reasons for Bolus Cisplatin Administration Unsuitability

Patients age 70 to 74 years were examined before enrollment for the following six conditions, which defined them as unsuitable for
bolus cisplatin administration (Appendix Table A1): a combination of more than one mild organ dysfunction, but violating none of the
inclusion criteria; a combination of comorbid illness and mild organ dysfunction, but violating none of the inclusion criteria; organ
dysfunction not specified by the inclusion/exclusion criteria; a combination of more than one comorbid illness; a comorbid illness not
specified by the exclusion criteria; or any other condition.

Procedures of Administration

In the docetaxel monotherapy arm, docetaxel was diluted with 250 to 500 mL of 5% glucose solution or physiologic saline and
administered by intravenous infusion over 60 minutes.

In the docetaxel plus cisplatin (DP) arm, docetaxel was diluted with 250 mL of 5% glucose solution or 200 mL of physiologic saline
and administered by intravenous infusion over 60 minutes. Cisplatin was administered by intravenous infusion over 15 to 20 minutes,
directly or after being diluted with physiologic saline, after docetaxel administration. A total of 1,000 to 1,500 mL of fluid was administered
before and after the administration of cisplatin. During treatment with cisplatin, careful attention was paid to urinary output, and diuretics
such as mannitol and furosemide were administered if necessary. Antiemetics such as 5-hydroxytryptamine-3 receptor antagonists and
steroids were also administered if necessary.

Dose Reduction Criteria and Methods

In both arms, the presence of grade 4 neutropenia, febrile neutropenia, or grade = 3 nonhematologic toxicity (except anorexia,
nausea, vomiting, hyponatremia, constipation, and hyperglycemia) necessitated dose reduction (docetaxel arm levels —1 and —2:
docetaxel 50 and 40 mg/m?, respectively; DP arm level —1: docetaxel 15 mg/m? and cisplatin 20 mg/m?). In addition, if serum creatinine
levels exceeded 2.0 mg/dL, the administration of cisplatin was stopped in subsequent cycles in the DP arm. The persistence of these
toxicities after two dose-reduction steps in the docetaxel arm or one dose-reduction step of each drugin the DP arm prompted
treatment discontinuation.

Definition of Overall and Progression-Free Survival

Overall survival was measured from the date of random assignment to death from any cause and was censored at the last follow-up
date. Progression-free survival was measured from the date of random assignment to the first observation of disease progression or death
from any cause if there was no progression. If there was no progression and the patient did not die, progression-free survival data were
censored at the date on which the absence of progression was confirmed.

Table A1. Conditions Defining Patients As Unsuitable for Bolus Cisplatin Administration

No. of Patients

Condition Docetaxel (n = 31) Docetaxel/Cisplatin {n = 32)

Combination of more than one mild organ dysfunction, but violating none of the inclusion criteria R T
Combination of comorbid iliness and mild organ dysfunction, but violating none of the inclusion criteria 5 8

Organ dysfunction not specified by the inclusion/exclusion criteria 8 3

Combination of more than one comorbid illness 1 7

Comorbid iliness not specified by the exclusion criteria 2 2

Any other condition 9 8

8 © 2015 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY
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Abstract

A randomized Phase Il/lll trial commenced in Japan in December 2013. Carboplatin plus etoposide is
the current standard treatment for elderly extensive-disease small-cell lung cancer. The purpose of
this study is to confirm the superiority of carboplatin plus irinotecan in terms of overall survival over
carboplatin plus etoposide for elderly extensive-disease small-cell lung cancer patients in a Phase II/
lIl design. A total of 370 patients will be accrued from 38 Japanese institutions within 5 years. In the
Phase Il part, the primary endpointis the response rate of the carboplatin plus irinotecan arm and the
secondary endpoint is adverse events. In the Phase Ill part, the primary endpoint is overall survival
and the secondary endpoints are progression-free survival, response rate, adverse events, serious
adverse events and symptom score. This trial has been registered at the UMIN Clinical Trials Registry
as UMIN000012605 (http:/www.umin.ac.jp/ctr/index.htm).

Key words: small-cell lung carcinoma, extensive-disease, elderly, chemotherapy, Phase Il/Ill

The standard treatment for extensive-disease small-cell lung
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Introduction

Lung cancer is the leading cause of cancer-related deaths in Japan (1).
Approximately 70% of lung cancer-related deaths occur in patients
aged 70 years or older (1). Small-cell lung cancer (SCLC) accounts
for 13-15% of all lung cancers and 60-70% of these patients present
with extensive disease (ED) (2).

cancer (ED-SCLC) is combination chemotherapy including a platinum
agent, which is a key drug for SCLC. Cisplatin is widely used in
non-elderly patients, but causes severe renal and gastrointestinal toxi-
cities. Therefore, the Lung Cancer Study Group of the Japan Clinical
Oncology Group (JCOG) previously conducted a Phase III trial
(JCOGY702) and evaluated the efficacy and safety of carboplatin,

®© The Author 2014. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com 115
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which is known to cause milder renal and gastrointestinal toxicities
than cisplatin.

JCOGY702 was a Phase III trial that compared split doses of cis-
platin plus etoposide (SPE) and carboplatin plus etoposide (CE) in eld-
erly or poor-risk patients with ED-SCLC. The CE regimen consisted of
four courses of carboplatin, area under the curve (AUC) S, on Day 1
and etoposide 80 mg/m*/day on Days 1-3, repeated every 3—4 weeks.
The SPE regimen consisted of four courses of cisplatin 25 mg/m?/day
on Days 1-3 and etoposide 80 mg/m*/day on Days 1-3, repeated every
3—4 weeks. Survival curves almost overlapped (median survival of 9.9
months versus 10.6 months, P =0.54) and most of the toxicities ob-
served were equivalent (3). Based on these results and the usefulness
of carboplatin, which did not require hydration and was easily admi-
nistered in an outpatient setting, the JCOG Lung Cancer Study Group
concluded that CE should be the standard regimen for elderly
ED-SCLC.

In 2002, JCOGY9511 demonstrated the superiority of irinotecan
over etoposide in combination with cisplatin for the treatment of
ED-SCLC patients who were 70 years or younger. This was a rando-
mized Phase III trial that planned to accrue 230 patients and termi-
nated early after accruing 154 patients because an interim analysis
showed overall survival was significantly longer in the irinotecan
plus cisplatin (IP) arm than in the etoposide plus cisplatin (EP) arm
(12.8 months versus 9.4 months, P =0.002 by the log-rank test) (4).
Although three randomized controlled trials conducted after the
JCOGI511 study failed to reproduce the superiority of IP (5-7), a
meta-analysis suggested that IP may be superior to EP in terms of over-
all survival with less hematological toxicities (8). Therefore, the intro-
duction of irinotecan in the treatment of elderly patients with
ED-SCLC is expected to produce promising results.

Misumi et al. (9) conducted a feasibility study of carboplatin plus
irinotecan (CI) for elderly ED-SCLC patients at six institutions in
Japan to determine the optimal dose. Four courses of carboplatin
(AUC = 4 mg/ml x min, Day 1) and irinotecan (50 mg/m?/day, Days
1 and 8) repeated every 3 weeks was chosen as the study regimen
based on the previously reported Phase I study for LD-SCLC (10).
Ten patients were enrolled and all of them completed the planned
three courses without dose reductions. Responses were observed in
9 out of 10 patients. Although no Grade 4 adverse events occurred,
prolonged hematological toxicities were observed. Therefore, further
dose escalations were judged to be infeasible, and carboplatin (AUC
=4 mg/ml x min, Day 1) and irinotecan (50 mg/m*/day, Days 1 and 8)
repeated every 3 weeks was determined to be the optimal regimen for
elderly patients.

Extensive-disease small-cell lung cancer
71 vyears or older, PS 0-2

Randomization
institution, PS (0/172). sex

‘ 1
ArmmA: CE Arm B: CI
Carboplatin, AUC 3, Day | Carboplatin, AUC 4, Day |
Etoposide, 80 mg/m®/day, Days 1-3 Irinotecan, 50 mg/m¥day, Days | and §
g3w, four courses q3w, four courses

Figure 1. Schema of the study. PS, performance status; AUC, area under the
curve.

Two randomized Phase III trials that compared CE versus CI for
ED-SCLC including both elderly and non-elderly patients were con-
ducted in Europe. Although Schmittel et al. (11) reported no significant
differences in overall survival between CE and CI (9.0 months versus
10.0 months, P =0.06), Hermes et al. (12) demonstrated that CI was
superior to CE (7.1 months versus 8.5 months, P = 0.02). Grade 3 or
4 hematological toxicities were similar between the arms or milder in
CI, whereas diarrhea was more frequent in Cl in both studies.

Based on these backgrounds, we commenced a multicenter
randomized Phase II/IT trial to confirm the superiority of CI in terms
of overall survival over CE for elderly ED-SCLC patients (Fig. 1).

The JCOG Protocol Review Committee approved this study proto-
col in November 2013 and patient enrollment began in December
2013. Approval was obtained from the Institutional Review Board
prior to starting patient accrual at each institution. This trial has been
registered at the UMIN Clinical Trials Registry as UMIN000012605
(http:#www.umin.ac.jp/ctr/index.htm).

Protocol digest of the JCOG1201

Objectives

The purpose of this study is to confirm the superiority of Clin terms of
overall survival (OS) over CE in elderly patients with ED-SCLC in
Phase IV design.

Study setting
A multi-institutional two-arm open label randomized Phase II/III
study.

Endpoints

The primary endpoint and secondary endpoint in the Phase II part is
the response rate in the CI arm and adverse events, respectively. The
primary endpoint in the Phase Il part is OS in all randomized patients.
OS is defined as days from randomization to death from any cause,
and is censored at the last day when the patient is alive. The secondary
endpoints in the Phase III part are progression-free survival (PFS),
response rate, adverse events, serious adverse events and the symptom
score. PFS is defined as days from randomization to progression or
death from any cause, and is censored at the last day when the patient
is alive without any evidence of progression.

Eligibility criteria

Inclusion criteria

1. Histologically or cytologically confirmed SCLC.

2. Extensive disease diagnosed with enhanced chest CT, enhanced
cranial CT or MRI, enhanced upper abdominal CT or ultrasound,
bone scintigraphy or FDG-PET.

No serious tumor-related complications such as superior vena
cava syndrome, massive or uncontrollable pleural or cardiac
effusion, or symptomatic brain metastasis.

Aged 71 years or older.

ECOG performance status of 0-2.

With measurable lesions.

(O3]

No prior surgery, radiotherapy or chemotherapy for SCLC.

No prior thoracic radiotherapy or chemotherapy for any other
cancers.

9. Adequate organ functions.

10. No diarrhea or intestinal obstruction.

11. Written informed consent.

© N Lok
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Exclusion criteria

1. Synchronous or metachronous (within 5 years) malignancies, ex-
cept for carcinoma i situ or mucosal tumors curatively treated
with local therapy.

. Active infection requiring systemic therapy.

. Body temperature 38°C.

. Severe mental disease.

. Patients receiving systemic steroid medication.

AN AW

. Poorly controlled diabetes mellitus or receiving the routine
administration of insulin.

. Poorly controlled hypertension.

. Unstable angina within 3 weeks or a history of myocardial infarc-
tion within 6 months.

9. Interstitial pneumonia, pulmonary fibrosis or severe emphysema.

o N

Randomization

After confirming the eligibility criteria, registration is made by a web-
based system to the JCOG Data Center. Patients are randomized to
either the CE arm or CI arm by the minimization method balancing
the arms with the institution, ECOG performance status (0 versus 1
versus 2), and sex (male versus female).

Treatment methods

Patients in the CE arm receive four courses of CE (carboplatin, AUC 5,
Day 1; etoposide, 80 mg/m*/day, Day 1-3) repeated every 3 weeks.
Patients in the CI arm receive four courses of CI (carboplatin, AUC
4, Day 1; irinotecan, 50 mg/m*/day, Day 1, 8) repeated every 3
weeks. When the leukocyte count is decreased to <3000/mm?> or the
platelet count to <100 000/mm? on the planned first day of both
arms, the start of chemotherapy is delayed until the counts recover
to >3000/mm> and >100 000/mm?, respectively. The administration
of irinotecan is skipped on Day 8 when at least one of the following
occurs; a leukocyte count <3000/mm?, platelet count <100 000/mm?>,
diarrhea Grade 1 or higher, or a fever of >38°C. The dose of etoposide
and irinotecan in the subsequent cycles is reduced by 20 and 10 mg/m?
from the planned dose, respectively, when the leukocyte count is
<1000 mg/m?, platelet count is <25 000/mm> and/or Grade 3 non-
hematologic toxicities (excluding nausea, vomiting, hyponatremia,
anorexia and increased creatinine levels) develop. The dose of carbo-
platin is reduced to AUC 4 in the CE arm when patients have a leuko-
cyte count <1000 mg/m®, platelet count <25 000/mm?> and/or Grade 3
non-hematologic toxicities (excluding nausea, vomiting, hyponatre-
mia, anorexia and increased creatinine levels). The dose of carboplatin
in the CI arm is not modified. The protocol treatment is terminated
when patients exhibit Grade 4 non-hematologic toxicities. After com-
pletion of the protocol treatment, patients are observed without
anti-cancer treatment including prophylactic cranial irradiation until
recurrence is detected. Crossover is allowed in both arms after the
termination of the protocol treatment or at the time of progression.

Follow-up

All randomized patients are followed-up for at least 1.5 years after pa-
tient accrual is completed. Enhanced chest CT and tests for tumor
markers (CEA, NSE and ProGRP) are performed during the second
and fourth courses to evaluate responses. Enhanced computed tomog-
raphy of the upper abdomen and enhanced computed tomography or
enhanced MRI of the brain are also performed during the second and
fourth courses when patients have lesions in the examined regions at
baseline. Bone scintigraphy or fluorodeoxyglucose-positron emission

tomography is performed when progression is suspected. Chest
X-rays, complete blood counts and chemistries are performed every
month for the first year, every 3 months for the second year, and
every 6 months afterwards.

Study design and statistical analysis

This randomized Phase II/III trial is designed to confirm the superiority
of CI in terms of overall survival over CE for elderly ED-SCLC
patients. The Phase II part is incorporated to confirm if CI has
adequate efficacy to proceed to the Phase IIl part because there have
been few studies to support the efficacy of CI for elderly ED-SCLC
patients.

In the Phase II part, the planned sample size is 48 patients in the
CI arm, which was calculated based on an expected response rate of
65% and a threshold of 45%, with a one-sided alpha of 0.1 and a
beta of 0.1.

In the Phase III part, we assumed the median survival time with CE
to be 11.0 months, and expected a 3.5-month increase in the median
survival time with CI based on the result of JCOG9511. According to
Schoenfeld and Richter’s method (13}, the sample size was calculated
as 183 patients per arm with a one-sided alpha level of 5%, a power of
80%, an accrual period of S years, a follow-up period of 1.5 years, and
324 expected events in total. The total sample size was set at 370 pa-
tients to account for patients lost to follow-up. All statistical analyses
will be conducted at the JCOG Data Center.

Interim analysis and monitoring

We plan to conduct two interim analyses. The first interim analysis
will be conducted as the analysis of Phase II part to determine whether
to proceed to the Phase III part after the pre-planned accrual of the
Phase II part, the first 48 patients in CI arm, is completed. The second
interim analysis with a comparison between the arms will be con-
ducted after half of the planned number of patients in the Phase III
part is enrolled. The Lan-DeMets method with the O’Brien and Flem-
ing type alpha spending function will be used to adjust multiplicity of
the second interim analysis and the primary analysis (14).

The Data and Safety Monitoring Committee (DSMC) of the JCOG
will review the interim analysis reports independently from the group
investigators and group statistician. If the superiority of the Cl arm is
demonstrated in the second interim analysis with a one-sided P value
of the stratified log-rank test below an adjusted alpha level, the study
will be terminated.

In-house monitoring will be performed every 6 months by the
JCOG Data Center to evaluate and improve study progress, data
integrity and patient safety.

Participating institutions (from North to South)

Asahikawa Medical Center, National Hospital Organization
Hokkaido Cancer Center, KKR Sapporo Medical Center, Miyagi
Cancer Center, Yamagata Prefectural Central Hospital, Ibaraki Pre-
fectural Central Hospital and Cancer Center, Tochigi Cancer Center,
National Nishigunma Hospital, Gunma Prefectural Cancer Center,
Saitama Cancer Center, National Cancer Center Hospital East,
National Cancer Center Hospital, Tokyo Metropolitan Cancer and
Infectious diseases Center Komagome Hospital, National Center for
Global Health and Medicine (NCGM), Cancer Institute Hospital of
Japanese Foundation for Cancer Research, Juntendo University
Hospital, Kanagawa Cancer Center, Yokohama Municipal Citizen’s
Hospital, Niigata Cancer Center Hospital, Gifu Municipal Hospital,
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Shizuoka Cancer Center, Aichi Cancer Center Hospital, National
Hospital Organization Nagoya Medical Center, Aichi Cancer Center,
Aichi Hospital, Osaka City University Hospital, Kinki University Fac-
ulty of Medicine, Osaka Prefectural Hospital Organization Osaka
Medical Center for Cancer and Cardiovascular Diseases, Osaka Pre-
fectural Hospital Organization Osaka Prefectural Medical Center for
Respiratory and Allergic Disease, National Hospital Organization
Kinki-Chuo Chest Medical Center, Osaka City General Hospital,
Hyogo Cancer Center, Institute of Biomedical Research and Innov-
ation Hospital, Kurashiki Central Hospital, Okayama University
Hospital, National Hospital Organization Yamaguchi-Ube Medical
Center, National Hospital Organization Shikoku Cancer Center,
National Kyushu Cancer Center, and Kumamoto Regional Medical
Center Hospital.
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Abstract

Purpose To evaluate a 3-drug combination of carbopl-
atin, docetaxel and bevacizumab as a front-line chemother-
apy for patients with advanced non-squamous non-small
cell carcinoma (NSCLC), a single arm phase II study was
conducted.

Methods Patients with stage IIIB/IV or postoperative
recurrent non-squamous NSCLC were treated with car-
boplatin (targeted area under the curve of 6 mg h/L),
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docetaxel (60 mg/m?), and bevacizumab (15 mg/kg) on day
1, repeated every 3 weeks for 4 to 6 cycles, followed by
maintenance with bevacizumab every 3 weeks until dis-
ease progression or occurrence of predefined toxicity. The
planned patient number was 40, and the primary endpoint
was progression free survival (PFS) as assessed by inde-
pendent reviewers.

Results One patient refused the treatment after enroll-
ment; thus, 39 patients were treated and analyzed. The
3-drug therapy was delivered for a median of 4 cycles,
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and 54 % of the patients proceeded to the maintenance
therapy for a median of 4 cycles. The overall response
rate was 74.4 % (29/39), with a 95 % confidence interval
(CI) of 60.0 to 88.7 %. The median PFS and overall sur-
vival (OS) were 6.2 months (95 % CI, 4.8-8.5 months)
and 22.4 months (95 % CI, 11.3-26.2 months), respec-
tively. Toxicities of grade 3 or higher included neutropenia
in 71.8 %, febrile neutropenia in 23.1 %, and hyperten-
sion in 38.5 % of the patients, but they were transient and
manageable.

Conclusion The primary endpoint was met. The regimen
yielded promising results with an excellent overall response
rate, PFS, and OS for chemotherapy-naive patients with
advanced non-squamous NSCLC. Further studies are
warranted.

Keywords Non-squamous - Non-small cell lung
carcinoma - Bevacizumab - Docetaxel - Carboplatin - Phase
11 study

Introduction

The standard front-line therapy for advanced non-small cell
lung cancer (NSCLC) has been a platinum-based two-drug
combination chemotherapy administered for 4 to 6 cycles
[1-4]. Several alternatives, however, are currently avail-
able in addition to the two-drug combination chemotherapy
for advanced non-squamous cell NSCLC. For patients with
tumors harboring a driver mutation such as epidermal growth
factor receptor (EGFR) or anaplastic lymphoma kinase
(ALK)-fusion gene, treatment with a corresponding tyros-
ine kinase inhibitor (TKI) is regarded as a standard front-line
therapy because of the improved progression-free survival
(PES) time, quality of life (QOL), and toxicity characteristics
over the conventional platinum-based combination chemo-
therapy [5—11]. Other options for the treatment of advanced
non-squamous NSCLC in a front-line setting include the addi-
tion of bevacizumab to the standard platinum-based combina-
tions [12-14] or maintenance therapy with pemetrexed [15].
Regarding bevacizumab, a regimen consisting of carboplatin
and paclitaxel combined with the simultaneous and mainte-
nance administration of bevacizumab was compared with con-
ventional chemotherapy consisting of carboplatin and pacli-
taxel [12]. In this trial, the additional and maintenance use of
bevacizumab significantly prolonged the PES and OS over the
conventional regimen, whereas another phase III study evalu-
ating the role of bevacizumab combined with another regimen
consisting of cisplatin and gemcitabine prolonged the PFS,
compared with that for conventional chemotherapy, but had no
significant prolongation of the OS [14].

Despite the use of a variety of agents, including pem-
etrexed, docetaxel, paclitaxel, nab-paclitaxel, gemcitabine,
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vinorelbine, irinotecan, and S-1, as a counterpart to a plati-
num agent, no concrete evidence supporting the superior-
ity of a specific agent exists. Nevertheless, only docetaxel
and pemetrexed have been included as standard chemo-
therapeutic agents in both front-line and second-line set-
tings for advanced non-squamous NSCLC. Docetaxel
combined with cisplatin was proven to be significantly
superior, in terms of OS, over vindesine combined with
cisplatin in a front-line setting for NSCLC [3]. Docetaxel
was also proven to prolong the OS significantly, compared
with best-supportive care alone, in a second-line setting for
NSCLC [16]. On the other hand, pemetrexed combined
with cisplatin was proven to be non-inferior to gemcitabine
and cisplatin in a front-line therapy for NSCLC; however,
subset analyses of the study revealed that pemetrexed was
clinically relevant only for non-squamous NSCLC [17,
18]. Furthermore, pemetrexed monotherapy was shown to
be equivalent to docetaxel monotherapy for patients with
non-squamous NSCLC in a second-line setting [19]. Taken
together, a regimen with cisplatin combined with one of
docetaxel or pemetrexed might be the most evidence-based
front-line regimen available for advanced non-squamous
NSCLC. A combination consisting of docetaxel and cispl-
atin as the control regimen in a front-line setting exhibited
an excellent OS of as long as 37.3 months, even for EGFR
mutation positive NSCLC [6, 20].

Regarding platinum agents, a meta-analysis revealed
a modest but statistically significant superiority of cispl-
atin over carboplatin in terms of OS [21]. In addition, other
meta-analysis using individual patient data [22] disclosed
superior OS with cisplatin to OS with carboplatin in patients
with non-squamous NSCLC. Fossella et al. [23] conducted
a randomized study comparing a combination chemotherapy
consisting of docetaxel and either cisplatin or carboplatin
with a former standard regimen consisting of cisplatin and
vinorelbine with the primary endpoint of OS. In this study,
the combination of cisplatin and docetaxel demonstrated sta-
tistically significantly prolonged OS over the combination of
cisplatin and vinorelbine, whereas the combination of carbo-
platin and docetaxel failed to do that. On the other hand, both
combinations of cisplatin plus docetaxel and carboplatin plus
docetaxel provided better QOL than cisplatin and vinorel-
bine. These results provide further evidence that combination
regimens of platinum and docetaxel should be new standard
first-line regimens for advanced NSCLC, and that the combi-
nation with cisplatin is better than the combination with car-
boplatin in terms of OS. Despite such evidence, carboplatin
is often preferred to cisplatin because of the latter’s associa-
tion with nuisance toxicities such as nausea, vomiting, and
renal dysfunction that require the extensive prophylactic use
of antiemetics and massive hydration. Therefore, we hypoth-
esized that the addition of bevacizumab to the induction and
maintenance phases might overcome the small disadvantage
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of replacing cisplatin with carboplatin in combination chem-
otherapy consisting of docetaxel and cisplatin for advanced
non-squamous NSCLC. Thus, a phase II study of combina-
tion chemotherapy with carboplatin, docetaxel, and bevaci-
zumab for advanced non-squamous NSCLC was conducted
to test this hypothesis.

Patients and methods
Patients

Patients meeting all of the following criteria were enrolled
in this multicenter trial: (i) histologically or cytologically
confirmed non-squamous NSCLC of clinical stage IIIB/
IV (according to the UICC — 7th version) or recurrent dis-
ease after surgery for which curative-intent thoracic radio-
therapy was not indicated; (ii) chemotherapy-naive (post-
operative and/or induction chemotherapy were not allowed,
whereas postoperative adjuvant chemotherapy with uracil
and tegafur (UFT) alone was allowed); (iii) a performance
status (PS, Eastern Cooperative Oncology Group) of 0-1;
(iv) an age between 20 and 74 years; (v) adequate organ
functions (neutrophils >1,500/mm?, platelets >100,000/
mm’, hemoglobin >9.0 g/dL, total bilirubin < upper nor-
mal limit (UNL) x 1.5, AST/ALT < UNL x 2.5, creatinine
clearance >45 mL/min, SpO, >93 %, proteinuria <(14-) or
2 g/24 h); (vi) measureable lesions using response evalua-
tion criteria in solid tumors (RECIST) version 1.1; (vii)
defined intervals from previous treatments when applicable
(>2 weeks from palliative radiotherapy excluding thoracic
irradiation, >4 weeks from major surgery for any purpose,
>2 weeks from pleural or pericardial drainage, >2 weeks
from open biopsy for any lesion, central-venous port instal-
lation, treatment for any external injury, >1 week from aspi-
ration biopsy, and >6 months from postoperative adjuvant
chemotherapy with UFT); (viii) life expectancy exceeding
3 months; and (ix) written informed consent. Patients with
any of the following conditions were not eligible: (i) seri-
ous complications including heart failure, uncontrolled
infection, uncontrolled hypertension, interstitial pneumo-
nia/pulmonary fibrosis detectable on computed tomography
(CT) scan; (ii) serious previous medical conditions, includ-
ing gastrointestinal perforation, within the last 1 year, other
synchronous or metachronous malignancies within the last
5 years, myocardial infarction, cerebral infarction, drug-
induced interstitial pneumonia, or psychological diseases;
(iil) massive pleural effusion or ascites; (iv) untreated brain
metastasis; (v) the use of anticoagulants (except for aspirin
with a dose <324 mg/day); (vi) current or previous history
of hemoptysis of >2.5 mL lasting for >1 week or requiring
any hemostatic agents; (vii) obvious cavitation in the tumor;
(viii) tumor invasion to large vessels; (ix) any scheduled

surgery during the study period; (x) current pregnancy or
breast-feeding; and (xi) any other conditions investigators
Jjudged as being inappropriate for enrollment.

Evaluation

The baseline evaluation included a history with a complete
record of concomitant medical conditions, physical exami-
nations, PS, complete blood counts, serum chemistries and
electrolytes, urinalysis, chest radiogram, chest CT, abdomi-
nal CT, brain magnetic resonance imaging with contrast
medium enhancement unless otherwise contraindicated,
and a bone scintigram which could be substituted with pos-
itron-emission tomography-CT. All of these examinations
were performed within 1 month prior to enrollment.

During chemotherapy, each patient’s symptoms, physi-
cal examination, complete blood counts, serum chemistries
and urinalysis were monitored at least once a cycle. Toxic-
ity was evaluated for every course according to the Com-
mon Terminology Criteria for Adverse Events (CTCAE)
version 4.0. Chest CT and other radiographic modalities
necessary for evaluating target lesions using the RECIST,
were repeated every 6 weeks until evidence of disease pro-
gression. The tumor response in each patient was evalu-
ated by external reviewers according to the RECIST 1.1,
and the response was classified into 5 categories: complete
response (CR), partial response (PR), stable disease (SD),
progressive disease (PD) and not evaluable (NE). A min-
imum of a 6-week interval from the start of therapy was
required to establish SD.

Drug administration

The chemotherapy consisted of docetaxel at a dose of
60 mg/m?, carboplatin at a dose corresponding to a target
area under the curve (AUC) of 6 mg h/L calculated using
the Calvert’s formula, and bevacizumab at a dose of 15 mg/
kg on day 1. This regimen was repeated every 3 weeks for at
least 4 cycles and up to 6 cycles (induction phase), followed
by maintenance treatment with bevacizumab repeated every
3 weeks (maintenance phase) until disease progression
unless predefined dose-reduction or stopping criteria were
encountered. Although not mandatory, the use of granulo-
cyte colony-stimulating factor was allowed at the discretion
of the treating investigators and according to the approved
conditions in Japan (grade 4 neutropenia or febrile neutro-
penia). Post-treatment therapy was withheld until evidence
of disease progression, with no restrictions thereafter.

Dose reduction and termination criteria for chemotherapy

On day 1 of each cycle, the treatment was postponed
until recovery when any of the following conditions were
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encountered: neutropenia (<1,500/mm?), thrombocytope-
nia (<75,000/mm?), elevated transaminases (AST or ALT
>2.5 x UNL), elevated serum creatinine (>1.5 mg/dL),
decreased creatinine clearance (<45 ml/min), proteinuria
(>2+), hypertension (>grade 3) and other non-hematolog-
ical toxicities (>grade 3), except for hair loss, nausea/vom-
iting, appetite loss and asthenia. The dose of docetaxel or
carboplatin was reduced if any of the following conditions
were encountered: grade 4 neutropenia, febrile neutrope-
nia, thrombocytopenia (>grade 3), elevated AST or ALT
(>grade 3), or peripheral neuropathy (>grade 2). For the
first step in dose reduction, only docetaxel was reduced to
50 mg/m?, with the carboplatin dose unaltered. For the sec-
ond step, the dose of carboplatin was reduced to AUC =5,
with the docetaxel dose maintained at 50 mg/m?. For the
third step, the dose of docetaxel was reduced to 40 mg/m?,
with the carboplatin dose maintained at AUC = 5. For the
fourth and final step, the dose of carboplatin was reduced to
AUC = 4, with the docetaxel dose maintained at 40 mg/m?>.
Bevacizumab dose reduction was not allowed. The treat-
ment was entirely terminated when further dose reductions
were required, when treatment was postponed for more
than 3 weeks, or when any of the following conditions were
observed: hemoptysis (>grade 2), other types of bleeding
(>grade 3), disease progression, patient refusal, or other
conditions that the investigators judged as being inadequate
to allow continued treatment.

Statistical and ethical considerations

The primary endpoint of the study was PFS, as assessed by
independent reviewers according to the RECIST version
1.1. The secondary endpoints were the overall response rate
(ORR), as assessed by independent reviewers according
to the RECIST version 1.1, OS, and safety. As we hypoth-
esized that the addition of bevacizumab might overcome
the potential shortcoming of substituting cisplatin with car-
boplatin, the PFS in three previously published studies [2,
24, 25] examining docetaxel and cisplatin were consulted.
As the reported PFS were 3.7 months [2], 4.3 months [25],
and 5.0 months [24], respectively, we estimated the PFS of
the regimen as being 4.6 months. On the other hand, the
PES of a phase II study with paclitaxel, carboplatin, and
bevacizumab that was conducted in Japan was 6.9 months
[26]. Therefore, a target PFS of 7.0 months and a thresh-
old PFS of 4.6 months were used to calculate the sample
size. With « and B errors of 0.05 and 0.20, respectively,
the calculated minimum sample size was 37 patients, with
enrollment and follow-up periods of 1.0 and 1.5 years,
respectively. Then, a final sample size of 40 was selected.
The study was conducted as a cooperative study involving
8 institutions belonging to the Tokyo Cooperative Oncol-
ogy Group (TCOG) and was approved by the institutional
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review boards of each institution. The study was registered
in the clinical trial registration system of the University
Hospital Medical Information Network Clinical Trials Reg-
istry (identification number, UMIN000004524) on Novem-
ber 11, 2010.

Results
Patient characteristics

From December 2010 to February 2012, 40 patients were
enrolled; one patient subsequently refused the treatment
after enrollment and before the start of treatment. There-
fore, the remaining 39 patients were analyzed for survival
and toxicity. The patient characteristics of the 39 patients
are listed in Table 1.

Treatment delivery, dose reduction and toxicity
Treatment was terminated because of toxicities in 17

patients (44 %), including 10 patients who did not pro-
ceed to the maintenance therapy with bevacizumab. In the

Table 1 Baseline characteristics of the patients (n = 39)

Age (years)

Median (range) 62 (36-73)
Gender, n (%)

Female 12 (31)

Male 27 (69)
PS (ECOG), n (%)

0 26 (67)

1 13 (33)
Smoking, n (%)

Current smoker 15 (38)

Ex smoker 11(28)

Never smoker 13 (33)
Histology, n (%)

Adenocarcinoma 36 (92)

NOS 3(8)
Stage, n (%)

IIIB 0

v 36 (92)

Post operative 3(8)
EGFR mutation, n (%)

Wild 31(79)

Mutant 5(13)

Unknown 3(8)

NOS not otherwise specified, non-squamous NSCLC; PS perfor-
mance status; ECOG Eastern Cooperative Oncology Group; EGFR
epidermal growth factor receptor
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induction phase, the 3-drug combination was delivered for
a median of 4 cycles (n = 39, ranging from 1 to 6 cycles),
and 21 patients (54 %) proceeded to the maintenance
phase, receiving a median of 4 cycles (range 2 to 30).
Among the 39 patients, 3 patients received only one
cycle. Among the remaining 36 patients, one-step, two-
step, three-step, and four-step dose reductions were per-
formed because of toxicities in 10 (28 %), 5 (14 %),
3 (8 %), and 3 (8 %) patients, respectively, during the
entire course of treatment. The adverse events are listed
in Table 2. Although manageable, neutropenia >grade 3
occurred in 71.8 % of the patients, with febrile neutropenia
in 23.1 %. Hypertension >grade 3 was observed in 38.5 %
of the patients. All the other events were infrequent and
mild. No treatment-related deaths occurred in this series.

Response rate

External reviews by independent reviewers established an
ORR of 74.4 % (29/39) with a 95 % confidence interval
(CI) ranging from 60.0 to 88.7 % and a disease control rate
of 94.9 % (37/39; 95 % CI, 87.6-100 %), including no CR,
PR in 29 patients, SD in 8 patients, PD in 1 patient, and
NE in 1 patient. The best response for target lesions in each
patient was shown in a waterfall plot (Fig. 1).

Post-treatment and survival

Of the 39 patients, 30 (77 %) patients underwent second-
line chemotherapy. Nine (23 %) and 11 (28 %) patients
were treated with a platinum-containing regimen and
EGFR-TKIs, respectively. After completing the study,
2 patients were shown to carry an ALK fusion gene in
the tumor and were treated with crizotinib. Seventeen
patients (44 %) were treated with multiple regimens as
post-treatment.

At the completion of the study follow-up, disease pro-
gression had not occurred in 2 patients, and these patients
were censored in the PFS analysis. At a median follow-
up period of 20.0 months (range 1.6-33.5), 13 (33.3 %)
patients were still alive, and they were censored in the
OS analysis. The median PFS and median OS times were
6.2 months (95 % CI, 4.8-8.5) and 22.4 months (95 %
CI, 11.3-26.2), respectively. The 1-year and 2-year sur-
vival rates with standard deviations were 64.1 + 7.7 %
and 44.4 £ 8.3 %, respectively. Figure 2a, b shows the
Kaplan—Meier curves for the PES and OS, respectively.
When limited to patients with tumors of EGFR muta-
tion (n = 5), the median PSF and median OS times were
7.9 and 33.2 months, respectively. The PFS times of two
patients with tumors with the ALK fusion gene were 5.8

Table 2 Adverse events during

: . . Grade 1 (%) Grade 2 (%) Grade 3 (%) Grade 4 (%) >Grade 3 (%)
the entire treatment including
any event of >grade 3 (n = 39) Hematological
Anemia 30.8 20.5 12.8 0 12.8
Leucocytopenia 7.7 25.6 38.5 179 56.4
Neutropenia 5.1 12.8 10.3 61.5 71.8
Thrombocytopenia ~ 46.2 154 7.7 2.6 10.3
Febrile neutropenia  — - 23.1 0 23.1
Non-hematological
Hypoalbuminemia  28.2 17.9 2.6 0 2.6
ALP increased 17.9 2.6 2.6 0 2.6
Hyponatremia 20.5 0 2.6 2.6 5.1
Hyperkalemia 17.9 2.6 5.1 0 5.1
Proteinuria 5.1 23.1 2.6 0 2.6
Hypertension 7.7 25.6 38.5 0 385
Diarrhea 20.5 12.8 2.6 0 2.6
Appetite loss 48.7 12.8 10.3 0 10.3
Nausea 333 20.5 5.1 0 5.1
Constipation 41.0 2.6 2.6 0 2.6
Fatigue 20.5 12.8 2.6 0 2.6
Infection 0 12.8 2.6 0 2.6
Mucositis 23.1 5.1 2.6 0 2.6
Tumor pain 0 2.6 2.6 0 2.6
Ileus 0 0 2.6 0 2.6
Chorecystitis 0 0 2.6 0 2.6
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Fig. 1 A waterfall plot analysis
showing the best change in the

longest diameter, compared
with the baseline measurement,

in each patient. The open, gray,
closed, and shaded bars repre-

sent a partial response, stable
disease, progressive disease,

and not evaluable, respectively,

according to the RECIST 1.1
criteria. No complete responses

1 PR by RECIST

were observed in this study

SD by RECIST

B PD by RECIST

NE by RECIST

Change from baseline (%)

-100

and 15.5 months, respectively: these two patients were still
alive at the termination of the follow up.

Discussion

In this study, a three-drug combination chemotherapy con-
sisting of carboplatin (AUC = 6), docetaxel (60 mg/m>,
the standard dose for the treatment of NSCLC in Japan)
and bevacizumab (15 mg/kg) showed excellent activ-
ity against chemotherapy-naive non-squamous NSCLC,
with an ORR of 74.4 % (95 % CI, 60.0-88.7 %), a median
PES of 6.2 months (95 % CI, 4.8-8.5), and a median OS
of 22.4 months (95 % CI, 11.3-26.2). The wide and deep
tumor response, as demonstrated by a waterfall plot analy-
sis, and the median OS of 22.4 months are even reminis-
cent of the outstanding results obtained using EGFR-TKIs
for patients with EGFR-mutated NSCLC. The primary end-
point was met because the lowest end of the 95 % CI of the
median PFS exceeded the predefined criteria of 4.6 months.
Although manageable, toxicities of grade 3 or higher were
relatively frequent, including hypertension in 38.5 % of the
treated patients, neutropenia in 71.8 %, and febrile neu-
tropenia in 23.1 %. Although the rate was comparable to
those observed in previous studies, i.e., 53 % in the Eastern
Cooperative Oncology Group (ECOG) study [12] and 41 %
in the AVAIL study [13], only 54 % of the patients pro-
ceeded to the maintenance phase despite the higher ORR
in this study. This might have been a consequence of the
frequency of neutropenia and febrile neutropenia. In fact,
the protocol treatment was discontinued because of toxicity
in 44 % of the patients.

@ Springer

At least three meta-analyses demonstrated significantly
improved ORR and PFS by adding bevacizumab to plati-
num-based two-drug chemotherapy for NSCLC [27-29].
With regard to OS, however, although two meta-analy-
ses [28, 29] disclosed a small but statistically significant
improvement in OS with the addition of bevacizumab,
another meta-analysis [27] failed to show the advantage
of adding bevacizumab. These advantages, however, are
accompanied by the cost of a slightly increased incidence
of toxicities, including bleeding, thromboembolism, pro-
teinuria, hypertension, neutropenia, and febrile neutrope-
nia. In addition, with a wide variety of cancers including
NSCLC, a meta-analysis disclosed an increased risk of
treatment-related mortality due to combining bevacizumab
with chemotherapy or biological therapies [30]. The evalu-
ated regimens in the randomized studies included in the
meta-analyses for NSCLC, however, were limited to car-
boplatin plus paclitaxel and cisplatin plus gemcitabine.
To expand the clinical utility of bevacizumab in front-line
treatment of patients with non-squamous NSCLC, a vari-
ety of combinations have been reported with promising
results. These combinations include regimens with oxali-
platin [31-33] as a platinum agent, vinorelbine [34], doc-
etaxel [33, 35-37], pemetrexed [32, 38—41], nanoparticle
albumin-bound paclitaxel [42], oral S-1 [43, 44], and ixa-
bepilone [40]. The present study provided further evidence
of the high efficacy of a 3-drug combination chemotherapy
including bevacizumab for the treatment of advanced non-
squamous NSCLC. Although the frequency of neutropenia
(>grade 3) and febrile neutropenia were somewhat high,
all the complications were transient and easily manageable.
The remaining toxicities were all mild and manageable.
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Fig. 2 Cumulative probability of progression-free survival (a)
and overall survival (b), estimated using the Kaplan-Meier method
in 39 patients with non-squamous NSCLC who were treated in the
present study. After a median follow-up period of 20.2 months, the
median PFS and OS were 6.2 months (95 % CI, 4.8-8.5 months) and
22.4 months (95 % CI, 11.3-26.2 months), respectively. For the PFS
analysis, 2 patients had not experienced progression and were thus
censored, while for the OS analysis, 13 patients had not experienced
death and were censored. The vertical lines indicate the censored
cases

William et al. [35] reported the results of a phase II study
with the same combination except for a docetaxel dose
of 75 mg/m? instead of 60 mg/m? in a study involving 40
patients with chemotherapy-naive advanced non-squamous
NSCLC. The results were also excellent, with an ORR of
53 %, median PFS as the primary endpoint of 7.9 months,
and a median OS of 16.5 months. In this previous study,
the hematological toxicity was milder than in the present
study, with neutropenia (>grade 3) and febrile neutropenia
occurring in 33 and 10 % of the patients, respectively. On
the other hand, they observed infectious events (>grade
3) in 13 % of the patients and treatment-related deaths in
2 patients (5 %), whereas infectious events (>grade 3)
were observed in-only 2.9 % of the patients in the present

study and no treatment-related deaths occurred. Consider-
ing these results together, regimens containing carboplatin,
docetaxel, and bevacizumab may require special caution
with regard to the occurrence of neutropenia, febrile neu-
tropenia, and infection as adverse events. As mentioned
under “Statistical and ethical considerations” in the Intro-
duction section, the aim of the study was to evaluate PFS of
the new regimen with the addition of bevacizumab and the
substitution of carboplatin in place of cisplatin, and we are
considering performing a randomized study to compare the
present regimen with combination chemotherapy consisting
of cisplatin and docetaxel. In this case, reconsideration of
the doses of carboplatin and docetaxel might be required.

In conclusion, combination chemotherapy consisting of
carboplatin, docetaxel, and bevacizumab is promising as
a front-line therapy for patients with advanced non-squa-
mous NSCLC with excellent activities in terms of ORR,
PFS, and OS. This regimen may be especially beneficial for
patients with symptoms arising from a substantial volume
of tumor burden because of its good ORR and the waterfall
plot analysis findings. Further studies examining this regi-
men are warranted.
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ABSTRACT

Background. Prior supplementation with folic acid and
vitamin Bj, is required to reduce pemetrexed therapy
toxicity; the recommended lead-in time is at least 7 days.
On the basis of previous pharmacokinetic and clinical studies,
we hypothesized that the lead-in time could be shortened
to 24 hours, enabling earlier commencement of standard
chemotherapy; thus, we planned the first prospective trial of
this regimen.

Methods. Patients with advanced nonsquamous non-small
cell lung cancer who had not previously received cytotoxic
chemotherapy were enrolled. After measurement of homo-
cysteine concentrations, the patients received 1,000 ug of
vitamin B;; by intramuscular injection and began taking
350-500 ug of oral folic acid daily. Starting 24—48 hours after
the vitamin B;, injection, the patients received intravenous
500 mg/m2 pemetrexedand 75 mg/mzcisplatin fordcyclesat3

~ Implications for Practice:
- administration, is.nec
~_ experience disease progression before recei

weekly intervals. The primary endpoint was the proportion of
patients who developed neutropenia grade =3.

Results. Thirty patients received chemotherapy starting within
48 hours of the vitamin By, injection. No treatment-related
deaths or grade 4 toxicity occurred. Neutropenia grade =3,
other laboratory toxicities grade =3, and nonlaboratory
toxicities grade =3 occurred in 6.7%, 13%, and 13% of patients,
respectively. The baseline homocysteine concentrations were
not higher in patients with grade =3 toxicities than in the
remainder of the cohort (mean values, 8.6 and 10.7 umol/L,
respectively). The response rate to chemotherapy was 43%.
Conclusion. The shortened vitamin supplementation was
well tolerated and retained antitumor efficacy. Analysis of
baseline homocysteine concentrations confirmed the effi-
cacy of short-term vitamin supplementation. The Oncologist
2014;19:1194~1199
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INTRODUCTION

Pemetrexed (PEM) is an antifolate that inhibits multiple
enzymes, including thymidylate synthase, glycinamide ribonu-
cleotide transformylase, and dihydrofolate reductase [1]. In
early studies of PEM, neutropenia, infection, and mucositis
were frequently observed and sometimes life-threatening [2, 3].
To identify the predictive factors for PEM-related toxicities,
a multivariate analysis incorporating a number of phase |} trials
was conducted [4]. This analysis showed that the pretreatment
total plasma homocysteine (tHcy) concentration, a marker for

folicacid and/or vitamin B4, deficiency, and methylmalonic acid
concentration, a marker for vitamin B4, deficiency, can predict
severe adverse events caused by PEM. On the basis of this
finding, folic acid and vitamin B,, supplementation were added
to the regimen in a phase lll study of malignant mesothelioma
treatment comparing cisplatin (CDDP) alone or CDDP + PEM
duringthe accrual. This change resulted inamarked reduction of
severe adverse events in the CDDP + PEM arm without
diminishing antitumor efficacy [5].
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At present, the standard regimen consists of supplementation
with 350-1,000 ug of oral folic acid daily during at least 1 week
before the first dose of PEM [2]; however, there is no clear
rationale for this particular lead-in time. Although the standard
dose of folicacid intake preserves PEM activity [6], other preclinical
studies indicated that excessive folic acid significantly diminishes
theantitumor efficacy of PEM [7, 8]. In general, folic acid deficiency
takes months to correct with folate intake, particularly when low
doses of folic acid are administered [9]. Therefore, oral folic acid
taken before initiating PEM therapy may have little effect:
Toxicities caused by administering PEM without vitamin supple-
mentation typically occur after 2 cycles of therapy [4].

In previous phase Ill studies, both folate and vitamin B4, have
been administered 1 to 2 weeks before initiating PEM therapy
[10]. However, a pharmacokinetic study using radioisotope-
labeled vitamin By, has shown that parenterally administered
vitamin By, begins to pervade the main organs within 1 hour of
injection, achieving a plateau approximately 24 hours later [11].
Excessive vitamin By, does not seem to affect the antitumor
activity of antifolates: a 10-fold excess of vitamin By, did not affect
the activity of trimetrexate against colon cancer cell lines [7].

Therefore, we hypothesized that the lead-in time for
vitamin supplementation could be shortened to 24 hours, thus
enabling earlier commencement of standard chemotherapy
and potential avoidance of treatment alterations because of
rapid disease progression before the initiation of chemother-
apy. To our knowledge, only a few retrospective analyses re-
lated to early initiation of PEM have been conducted [12].
Therefore, we initiated the first prospective study evaluating
a shortened duration of vitamin B, and folic acid supplemen-
tation before PEM-based chemotherapy.

MATERIALS AND METHODS

The study described was a multicenter, open-label, single-arm
phase It study. It was conducted in accordance with the Declaration
of Helsinki and the Ethical Guidelines for Clinical Research issued by
the Japanese Ministry of Health, Labor, and Welfare. The protocol
was also approved by the institutional review board of each
participating center. All patients gave their written informed
consent. The clinical trial registry number is UMINOOO006546.

Study Participants
Eligible patients were aged =20years and had a stage ll1B/IVor
recurrent nonsquamous non-small cell lung cancer. Patients
had not received prior cytotoxic chemotherapy, but prior
treatment by epidermal growth factor receptor tyrosine kinase
inhibitor (EGFR-TKI) was allowed. Additional inclusion criteria
were Eastern Cooperative Oncology Group performance
status (PS) of 0 or 1, neutrophil count =1,500 cells per mi-
croliter, hemoglobin level =9.0 g/dL, platelet count =100,000
cells per microliter, aminotransferase =2.5X the upper limit of
normal, total bilirubin =<1.5X the upper limit of normal,
creatinine clearance =45 mlL/minute, oxygen saturation by
pulse oximetry =92%, and life expectancy >12 weeks.
Patients were excluded if they had received surgery or
radiotherapy within 3 weeks before enrollment or had a history
of interstitial lung disease, active infectious disease, severe or
uncontrollable comorbidities, symptomatic brain metastases,
massive pleural effusion or ascites, or a malignancy that re-
quired treatment within 12 weeks after enrollment. Patients

www.TheOncologist.com

who needed to take folate or vitamin By, continuously, or
pregnant or nursing women also were excluded.

Treatment

After measurement of tHcy concentrations, patients were ad-
ministered 1,000 g of vitamin B, by intramuscular injection.
Then, they began to take once-daily oral multivitamins con-
taining 350-500 g of folic acid, which is the most common
way of providing folate supplementation for PEM therapy
in Japan. Within 24-48 hours of the vitamin B, injection,
500 mg/m? PEM and 75 mg/m? CDDP were administered
intravenously. Palonosetron, aprepitant, and dexamethasone
were used to prevent chemotherapy-induced nausea and
vomiting in accordance with the American Society of Clinical
Oncology Clinical Practice Guidelines [13]. Treatment with
CDDP + PEM was repeated every 3 weeks for 4 cycles unless
there was evidence of disease progression or unacceptable
toxicity. Vitamin B4, was injected again on day 21 of cycle 3.
After termination of the study treatment, any subsequent
therapy, including maintenance therapy with PEM, was
allowed.

If a patient experienced neutrophil count <500 cells per
microliter, platelet count <50,000 cells per microliter, or grade
3 nonhematologic toxicities other than mucositis, a 25% dose
reduction of both CDDP and PEM was recommended. Ifgrade 2
neurotoxicity was observed, a 50% dose reduction of CDDP
was recommended, and a 50% dose reduction of PEM was
recommended when grade 3 mucositis was observed. Actual
dose reduction depended on the decision of the attending
investigator, but if a patient experienced the conditions de-
fined above in 2 different cycles, study treatment was
terminated. Grade 4 nonhematologic toxicities, grade 3 neuro-
toxicities, pneumonitis grade =2, treatment delay >14 days,
and other conditions unsuitable for continuing chemother-
apy also were conditions considered for study treatment
termination.

Assessments

Toxicities were evaluated according to the National Cancer
Institute’s Common Toxicity Criteria for Adverse Events,
version 4.0. Complete blood counts and serum chemistries
were obtained on day 1 of each cycle, days 8 and 15 of the first
cycle, and day 8 or 15 of subsequent cycles.

Tumor response to chemotherapy was assessed using the
Response Evaluation Criteria in Solid Tumors (RECIST), version
1.1. After baseline evaluation, tumor status was assessed every
6 weeks (2 cycles). Toxicities and responses were evaluated in
all patients who started chemotherapy within 48 hours of
receiving the vitamin B4, injection.

Statistical Methods

The primary endpoint of this study was the proportion of
patients who developed neutropenia grade =3. The subset
analysis of East Asian participants of the JMDB study [14] was
used as a historical cohort, in which the proportion of patients
with neutropeniagrade =3 was 27.7%.To detect the difference
between the expected 30% of patients with neutropenia grade
=3 and the null hypothesis of 50% using a 2-stage design with
70% power and 5% « (2-sided), 30 patients were to be accrued.
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The secondary endpoints were other toxicities and re-
sponse rate to chemotherapy. Exploratory endpoints included
progression-free survival (PFS), overall survival (OS), relative
dose intensity (RDI), and tHcy concentrations before vitamin
supplementation. The number of months that elapsed be-
tween the enroliment and the date of disease progression or
death was defined as PFS. Patients who remained alive without
disease progression at the end of follow-up and patients who
started subsequent chemotherapy without disease progres-
sion were censored. The number of months between study
enroliment and date of death was defined as OS. Patients alive
at the end of follow-up were censored. Both PFS and OS were
estimated using the Kaplan-Meier method. The ratio of the
delivered dose per unit of time divided by the planned dose per
unit of time was defined as RDI. The relationship between
baseline tHcy levels and toxicities of chemotherapy was
evaluated using Student’s t test, comparing patients who
experienced any toxicities grade =3 with the remaining
patients. All tests were two-sided, and the significance level
was set at .05. All data were analyzed using JMP version 9.0
software (SAS Institute, Inc., Cary, NC, http://www.sas.com).

ResuLts

Patient Characteristics

From November 2011 to March 2013, 31 patients diagnosed
with stage HlIB/IV or recurrent nonsquamous non-small cell
lung cancer at two institutes were enrolled (Table 1). The
median age was 66 (range, 34—74) years, and 10 patients (32%)
were female (Table 1). Most patients had adenocarcinoma
(87%) and stage IV disease (90%). Eight patients (26%) and 1
patient (3%) presented EGFR mutations and anaplastic lym-
phoma kinase translocation, respectively. Eastern Cooperative
Oncology Group PS was 0 in 16 patients (52%) and 1 in 15
patients (48%). Three patients (10%) had received prior EGFR-
TKI therapy, and all 3 of these patients had an EGFR activating
mutation. The mean baseline tHcy level was 10.6 (range,
5.5-23.8) umol/L (median, 9.2 umol/L; SD, 4.5 umol/L).

Treatment

Thirty patients received CDDP + PEM within 24 to 48 hours
after vitamin B, injection. One patient could not start che-
motherapy for 2 weeks after vitamin B, injection because of
hepatic toxicity caused by acetaminophen and was excluded
from the following analyses. The median number of cycles
delivered was 4, with 21 patients (70%) completing the 4 cycles
of the study treatment {Fig. 1). Reasons for discontinuation
were disease progression in six patients (20%) and adverse
eventsinthree patients (10%). Of 21 patients who completed 4
cycles of chemotherapy, 19 (90%) proceeded to maintenance
therapy with PEM, with a median number of maintenance
chemotherapy cycles of 6 (range, 1-17+). One patient (3%)
required dose reduction because of renal toxicity caused by
CDDP, and nine patients (30%) required delays in treatment for
more than 3 days. The most common reasons for treatment
delay were administrative (e.g., public holidays) or to suit
patients’ schedules; however, 3 patients (10%) had treatment
delays because of adverse events. The RDIs for CDDP and PEM
were 96.3% and 96.4%, respectively. When the influence of
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Table 1. Patient characteristics

Category Subcategory n (%)
Total 31
Median age (range), yr 66 (34-74)
Sex Female 10 (32%)
Male 21 (68%)
Histologic type Adenocarcinoma 27 (87%)
NSCLC, NOS 4 (13%)
Disease stage e 2 (6%)
\Y; 28 (90%)
Recurrent 1(3%)
PS 0 16 (52%)
1 15 (48%)
Genetic profile EGFR mutation 8 (26%)
ALK translocation 1(3%)
Wild type 21 (68%)
Unknown 1{3%)
Average tHcy level 10.2 (5.5—23;8)

(range), wmol/L

Abbreviations: ALK, anaplastic lymphoma kinase; EGFR, epidermal
growth factor receptor; NOS, not otherwise specified; NSCLC, non-small
cell lung cancer; PS, performance status; tHcy, total plasma
homocysteine.

administrative delay was excluded, RDIs for CDDP and PEM
were 98.7% and 98.7%, respectively.

Safety

No treatment-related deaths or grade 4 toxicity occurred
(Table 2). The proportion of patients experiencing neutrope-
nia grade =3 was 6.7% (95% confidence interval [Cl],
0.8%-22.1%). Hematologic and nonhematologic toxicities
grade =3 occurred in 13% and 13% of patients, respectively.
The mean baseline tHcy concentration of the 8 patients who
experienced any toxicities grade =3 was 8.6 (range, 6.7-12.2;
median, 8.3; SD, 1.9) umol/L, whereas the mean tHcy con-
centration of the remaining 22 patients was 10.7 (range,
5.5-23.8; median 10.2; SD, 4.5) umol/L. The differences
between patients who did and did not experience serious
toxicities are not statistically significant (Fig. 2).

Antitumor Efficacy

All the enrolled patients had measurable lesions defined by
RECIST. The response rate to chemotherapy was 43% (95% Cl,
27%~61%), and the disease control rate was 77% (95% Cl,
59%—-88%). At a median follow-up time of 18.4 months, the
median PFSand OSwere 5.7 months (95% Cl, 4.1-10.7 months)
and 22.9 months (95% Cl, 13.4-26.2 months), respectively
(Fig. 3).

DISCUsSION

Inthisfirst prospective study to evaluate shortened vitamin B4,
and folate supplementation for PEM-based chemotherapy,
toxicities caused by CDDP + PEM were not greater than in the
historical cohort, and the antitumor efficacy of the therapy was
retained. Baseline tHcy, known as a predictive marker of
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