Gancer Science

Japanese Cancer
Association

jCca

Phase Il study of zoledronic acid combined with
docetaxel for non-small-cell lung cancer: West
Japan Oncology Group

Haruyasu Murakami,' Takeharu Yamanaka,? Takashi Seto,® Kenji Sugio,?4 Isamu Okamoto,>¢ Toshiyuki Sawa,’
Tomonori Hirashima,® Koji Takeda,® Shinji Atagi,'® Masahiro Fukuoka, Yoichi Nakanishi,®'? Kazuhiko Nakagawa?®

and Nobuyuki Yamamoto'*

"Division of Thoracic Oncology, Shizuoka Cancer Center, Shizuoka, Japan; 2Department of Biostatistics, National Cancer Center, Tokyo; *Department of
Thoracic Oncology, National Kyushu Cancer Center, Fukuoka; “Department of Thoracic and Breast Surgery, Faculty of Medicine, Oita University, Oita;
*Department of Medical Oncology, Kinki University Faculty of Medicine, Osaka; ®Center for Clinical and Translational Research, Kyusyu University Hospital,
Fukuoka; "Division of Respiratory Medicine and Medical Oncology, Gifu Municipal Hospital, Gifu; 8Department of Thoracic Malignancy, Osaka Prefectural
Medical Center for Respiratory and Allergic Diseases, Osaka; °Department of Clinical Oncology, Osaka City General Hospital, Osaka; '°Department of
Thoracic Oncology, Kinki-Chuo Chest Medical Center, Osaka; ""Department of Medical Oncology, Izumi City Hospital, Osaka; 2Research Institute for
Diseases of the Chest, Graduate School of Medical Sciences, Kyushu University, Fukuoka; '*Third Department of Internal Medicine, Wakayama Medical

University, Wakayama, Japan

Key words

Chemotherapy, docetaxel, non-small-cell lung cancer,
phase Il, zoledronic acid

Correspondence

Haruyasu Murakami, Division of Thoracic Oncology,
Shizuoka Cancer Center, 1007 Shimonagakubo,
Nagaizumi-cho Sunto-gun, Shizuoka 411-8777, Japan.
Tel: +81-55-989-5222; Fax: +81-55-989-5783;

E-mail: ha.murakami@scchr.jp

Funding information

Haruyasu Murakami received research funding from
Sanofi K.K. and Novartis Pharma K.K. Takashi Seto
received research funding from Novartis Pharma K.K.
Yoichi Nakanishi received research funding from Novartis
Pharma K.K. and others from Novartis Pharma K.K.

Received January 2, 2014; Revised May 12, 2014; Accepted
May 14, 2014

Cancer Sci 105 (2014) 989-995

doi: 10.1111/cas.12448

The aim of this open-label, multicenter, randomized phase Il trial was to evaluate
the efficacy and safety of zoledronic acid in combination with docetaxel in previ-
ously treated patients with non-small-cell lung cancer (NSCLC) and bone metasta-
ses. In this study, patients randomly received docetaxel (60 mg/m?) with
(group DZ) or without (group D) zoledronic acid every 21 days. There were
50 patients in each group, and the primary endpoint was progression-free survi-
val. In an efficacy analysis of 94 patients (DZ, 48; D, 46), the median progression-
free survival was 2.7 months (95% confidence interval [Cl], 1.5-3.5 months) for
the DZ group and 2.6 months (95% Cl, 1.5-3.4 months) for the D group (stratified
log-rank test, P = 0.89). The median overall survival was 10.4 months (95% Cl,
7.0-15.8 months) for the DZ group and 9.7 months (95% Cl, 6.1-12.5 months) for
the D group (stratified log-rank test, P = 0.62). There were no clinically relevant
differences in the frequencies of grade 3 or 4 adverse events between the two
groups. No treatment-related deaths occurred in the DZ group. Zoledronic acid
combined with docetaxel was well tolerated but did not meet the primary end-
point of demonstrating a longer progression-free survival in advanced NSCLC
patients with bone metastases compared with docetaxel alone. This trial was reg-
istered with the University Hospital Medical Information Network
(UMIN000001098).

L ung cancer is the leading cause of cancer death worldwide
and non—small-cell lung cancer (NSCLC) accounts for
more than 80% of all cases of lung cancer.”’ For individuals
with advanced NSCLC, first-line treatment with platinum-
based chemotherapy offers only a moderate improvement in
survival and quality of life over best supportive care (BSC)
alone.*® Second-line treatment with docetaxel, despite a low
tumor response rate, is a standard treatment option on the basis
of phase III studies com?aring docetaxel with ifosfamide,
vinorelbine or BSC alone.“*> Thus, there is a need for new
treatment options to prolong the survival of patients with
advanced NSCLC. Approximately 30-40% of patients with
NSCLC develop bone metastases, which often cause skeletal-
related events (SRE) such as pathologic fracture, spinal cord
compression, or the need for palliative radiation or surgery to
the bone.”® SRE are associated with decreased quality of life,
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increased health-care costs and poor survival; therefore, it is
clinically imperative to prevent SRE during the treatment of
advanced NSCLC.7'?

Zoledronic acid, a nitrogen-containing bisphosphonate, signifi-
cantly delays the appearance of SRE and reduces the incidence
of SRE compared with a placebo in patients with cancer and
bone metastases, including those with NSCLC.M""'? Further-
more, several preclinical and clinical studies provide evidence
supporting the use of zoledronic acid for the treatment of patients
with advanced NSCLC."*"'® The inclusion of zoledronic acid in
chemotherapy regimens has an additive and/or synergistic anti-
tumor effect on NSCLC cell lines and may prolong survival and
delay disease progression in patients with advanced NSCLC."""~

However, whether the inclusion of zoledronic acid in such
regimens has clinically meaningful survival benefits in patients
with NSCLC and bone metastases is uncertain. Therefore, we
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conducted this study to evaluate the efficacy and safety of zoled-
ronic acid in combination with docetaxel in previously treated
patients with NSCLC and bone metastases.

Patients and Methods

Study design. We conducted an open-label, multicenter, ran-
domized phase II study in Japan. The study protocol was
approved by the West Japan Oncology Group (WJOG) Proto-
col Review Committee and the institutional review board of
each participating institution. This trial was registered with the
University Hospital Medical Information Network
(UMINO000001098).

Eligibility criteria. Patients were required to be histologically
or cytologically diagnosed with NSCLC and bone metastases
(at least one bone metastasis that had not been treated with
radiation therapy) and to have had previous treatment with one
or two chemotherapy regimens. Other inclusion criteria
included an age of >20 years, Eastern Cooperative Oncology
Group performance status of 0-2, measurable disease, no his-
tory of chemotherapy with docetaxel, no history of prior treat-
ment with zoledronic acid, adequate baseline organ function
(leukocyte count >3500/mm”; absolute neutrophil count >2000
/mm?; hemoglobin >9.0 g/dL; platelet count >100 000/mm?;
total bilirubin <2.0 mg/dL; aspartate aminotransferase and ala-
nine aminotransferase [ALT] levels <100 IU/L; creatinine
clearance, >30 mL/min; and SpO, under room air, >90%).
Written informed consent was obtained from all patients.
Patients were ineligible if they had active concomitant malig-
nancy, third-space fluid collection requiring drainage, radio-
graphic signs of interstitial pneumonia or pulmonary fibrosis,
active SRE at the time of registration, hypercalcemia requiring
prompt treatment, active periodontal disease or severe comor-
bidities (active infectious disease, severe heart disease, uncon-
trolled diabetes mellitus, gastrointestinal bleeding, intestinal
paralysis, bowel obstruction or psychiatric disease), or a history
of drug allergy. Patients receiving systemic steroid medication
and pregnant or breast-feeding women were also excluded.

Treatment. Equal numbers of patients randomly received
60 mg/m” docetaxel intravenously for 1 h with (DZ group) or
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without (D group) intravenous zoledronic acid for 15 min.
Random assignment was stratified by institution, gender and
performance status (0—1 or 2). The dose of zoledronic acid for
each patient was based on his or her creatinine clearance
(>60 mL/min, 4 mg; 50-60 mL/min, 3.5 mg; 40-49 mL/min,
3.3 mg; 30-39 mL/min, 3.0 mg). Zoledronic acid was admin-
istered to patients in the DZ group immediately after docetaxel
administration. Patients were treated every 3 weeks until their
disease progressed, toxicity became intolerable or they refused
additional treatment. The dose of docetaxel was decreased to
50 mg/m” if any of the following was observed: leukocyte
count <1000/mm>, platelet count <25 000/mm°, grade 3 feb-
rile neutropenia or grade 3 nonhematological toxicity (with the
exception of hyponatremia, hypocalcaemia and alopecia). In
cases of grade 4 nonhematological toxicity or continued toxic-
ity requiring a second dose reduction, the protocol treatment
was terminated. Other criteria for protocol treatment termina-
tion included use of excluded concomitant therapy and physi-
cian recommendation.

Patients received full supportive care as required, including
transfusion of blood products. Granulocyte colony-stimulating
factor was administered as needed. There was no restriction on
subsequent chemotherapy after disease progression in this
study.

Evaluation. Patient assessment, including physical examina-
tion, complete blood count and biochemistry, was performed
every 1-2 weeks. Bone markers and levels of urinary N-termi-
nal telopeptide of type I collagen (NTX) and serum C-terminal
telopeptide of type I collagen (I-CTP) were evaluated every
4 weeks. SRE included pathologic fracture, spinal cord com-
pression and need for palliative radiation or surgery to the
bone, and were assessed every 6 weeks.

Patients who received one or more protocol treatment were
evaluated for safety during treatment. Adverse events were
recorded and graded using the Common Terminology Criteria
for Adverse Events, Version 3.0. The Response Evaluation
Criteria in Solid Tumors guideline version 1.0 was used to
evaluate tumor response.”” Computed tomography was per-
formed at baseline and every 6 weeks. A complete response
(CR) or a partial response (PR) was confirmed at least
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Patient disposition. D, docetaxel alone; DZ, docetaxel with zoledronic acid.
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4 weeks after the first documentation of the response. Stable
disease (SD) was defined as either sufficient tumor shrinkage
to qualify as a CR or a PR or sufficient increase in tumor
mass to qualify as progressive disease (PD) after at least
6 weeks. Progression-free survival (PFS) was defined as the
time from patient registration to objective tumor progression
or patient death. Patients whose disease had not progressed at
the time of termination of protocol treatment were assessed
until progression or death was documented. SRE-free survival
was defined as the time from patient registration to the
appearance of SRE or the death of the patient. Patients who
had not experienced SRE at the time of termination of proto-
col treatment were assessed until SRE or death was docu-
mented. Overall survival (OS) was defined as the time from
patient registration to death from any cause. All patients were
followed up for 1 year after the last patient had enrolled.

Study endpoints and statistical analyses. The primary end-
point in this study was PFS. The secondary endpoints
included OS, overall response rate (ORR), SRE rate, SRE-free
survival and safety. This randomized phase II study was
designed to detect a 1-month improvement in PFS, with an
assumed PFS of 2 months in the D group and 3 months in
the DZ group, with a two-sided alpha error of 20% and a
power of approximately 80%. A total of 100 patients were
registered over 2 years with a l-year follow-up period after
the last enrollment. Survival curves were estimated using the
Kaplan—Meier method and compared by log-rank test. Fisher’s
exact test was used for categorical data. All analyses were
performed using SAS version 9.1.3 (SAS Institute, Cary, NC,
USA).

Results

Patient characteristics. From May 2007 to March 2010, 100
patients from 15 Japanese institutions were enrolled in this
study: 50 patients were randomly assigned to the DZ group
and 50 to the D group (Fig. 1). Patient demographics and
baseline disease characteristics were well-balanced between
the two treatment groups (Table 1). While one patient in the
DZ group did not receive any protocol treatment, 99 patients
(49 for DZ and 50 for D) were assessable for safety. In the
DZ group 1 patient and in the D group 4 patients were ineli-
gible, and 94 patients (48 for DZ and 46 for D) were
included in the efficacy analysis (Fig. 1). The median number
of treatment cycles was three for the DZ group (range,
1-19 cycles) and three for the D group (range, 1-17 cycles).
The median number of administered doses of zoledronic acid
was 3 (range, 1-19), with a median drug exposure of
12.0 mg (range, 3.5-76.0 mg). Reasons for going off protocol
included disease progression (37 for DZ and 33 for D),
patient refusal (eight for DZ and eight for D), unacceptable
toxicity (two for DZ and five for D) and others (two for DZ
and four for D).

Safety. Adverse events for the 99 patients included in the
safety analysis are summarized in Table 2. The occurrence of
adverse events was similar in the two groups, with the excep-
tion of any grade of hypocalcemia (76% vs 30%) and pyrexia
(39% vs 10%), which were more frequent in the DZ group
compared with the D group. One patient in the DZ group
experienced periodontal disease, but no cases of osteonecrosis
of the jaw (ONJ) were observed in either group. The most
common adverse events worse than grade 3 were leukopenia
(63% and 56% for DZ and D, respectively), neutropenia (78%
and 80% for DZ and D, respectively), febrile neutropenia (4%
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Table 1. Patient demographics and baseline disease characteristics
DZ group D group
Characteristic (N = 50) (N =50)
Number % Number %
Age, years
Median 62 63
Range 34-77 45-79
Sex
Female 19 38 18 36
Male 31 62 32 64
ECOG performance status
0-1 47 94 47 94
2 3 6 3 6
Smoking status
Smoker 19 38 15 30
Never smoked 31 62 35 70
Histological subtype
Adenocarcinoma 39 78 38 76
Squamous cell carcinoma 5 10 7 14
Others 6 12 5 10
Number of prior chemotherapies
1 34 68 39 78
2 15 30 11 22
No data 1 2 0 0
Number of bone metastases
Single 1" 22 12 24
Multiple 39 78 38 76
Prior SRE
No 41 82 42 84
Yes 8 16 8 16
No data 1 2 0 0
Urinary NTX
High level (=64 nmol/mmol 20 40 22 44
creatinine)
Normal level (<64 nmol/mmol 23 46 22 44
creatinine)
No data 7 14 6 12
Serum |-CTP
High level (>4.5 ng/mL) 35 70 35 70
Normal level (<4.5 ng/mL) 8 16 9 18
No data 7 14 6 12

D, docetaxel alone; DZ, docetaxel with zoledronic acid; ECOG, Eastern
Cooperative Oncology Group; I-CTP, C-terminal telopeptide of type |
collagen; NTX, N-terminal telopeptide of type | collagen; SRE,
skeletal-related event.

and 12% for DZ and D, respectively) and elevated ALT level
(27% and 30% for DZ and D, respectively). There were no
clinically relevant differences in the frequencies of adverse
events of grade 3 or higher between the two groups. The pro-
tocol treatment was terminated in seven patients because of
unacceptable toxicity levels, including grade 3 nail change
(N =1) and grade 2 periodontal disease (N = 1) in the DZ
group, and required a second dose reduction because of
grade 4 leukopenia (N = 1) or grade 3 febrile neutropenia
(N =1), grade 4 infection (N = 1), grade 3 allergic reaction
(N=1) and grade 1 pneumonitis (N = 1) in the D group.
No treatment-related deaths were observed in the DZ
group, while two treatment-related deaths were observed in the
D group (infection, N = 1; gastrointestinal perforation, N = 1).

Efficacy. For the 94 patients included in the efficacy analysis,
the ORR was 8% for the DZ group (CR, N =0; PR, N = 4,

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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Table 2. Summary of adverse events (CTCAE)
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DZ group (N = 49)

D group (N = 50)

Adverse event All >Grade 3 All >Grade 3
Number % Number % Number % Number %
Leukopenia 45 92 31 63 47 94 28 56
Neutropenia 45 92 38 78 46 92 40 80
Anemia 33 67 3 6 31 62 3 6
Thrombocytopenia 2 4 0 0 5 10 0 0
Elevated ALT level 24 49 13 27 21 42 15 30
Elevated AST level 19 39 4 8 16 32 3 6
Elevated creatinine level 7 14 1 2 13 26 2 4
Hypercalcemia 2 4 0 0 8 16 1 2
Hypocalcemia 37 76 3 6 15 30 0 0
Febrile neutropenia 2 4 2 4 6 12 6 12
Infection 13 27 5 10 5 10 3 6
Sensory neuropathy 12 24 2 4 11 22 1 2
Fatigue 33 67 2 4 33 66 2 4
Anorexia 30 61 2 4 30 60 1 2
Nausea 20 41 1 2 23 46 0 0
Vomiting 8 16 1 2 8 16 0 0
Allergic reaction 3 6 0 0 2 4 1 2
Gastrointestinal perforation 0 0 0 0 1 2 1 2
Pyrexia 19 39 0 0 5 10 0 0
Periodontal disease 1 2 0 0 0 0 0 0

ALT, alanine transaminase; AST, aspartate aminotransferase; CTCAE, Common Terminology Criteria for Adverse Events, version 3.0; D, docetaxel

alone; DZ, docetaxel with zoledronic acid.

SD, N =18; PD, N = 25; not evaluable, N = 1) and 4% for
the D group (CR, N = 0; PR, N = 2; SD, N = 20; PD, N = 23;
not evaluable, N = 1). The difference in ORR between the two
groups was not statistically significant (P = 0.88). Median PFS
was 2.7 (95% CI, 1.5-3.5) months for the DZ group and 2.6
(95% CI, 1.5-3.4) months for the D group (stratified log-rank
test, P = 0.89; Fig. 2a). Median OS was 10.4 (95% CI, 7.0-15.8)
months for the DZ group and 9.7 (95% CI, 6.1-12.5) months
for the D group (stratified log-rank test, P = 0.62; Fig. 2b). No
remarkable difference in PFS (Fig. 3a) or OS (Fig. 3b) was
observed according to demographic characteristics (number
of bone metastases, prior SRE, baseline urinary NTX and
baseline serum [-CTP).

For the 94 patients included in the efficacy analysis, the
cumulative incidence rates of an SRE at 3, 6, 9 and 12 months
were 17%, 20%, 27% and 30%, respectively, for the DZ
group, and 16%, 27%, 39% and 39%, respectively, for the D
group (Fig. 4a). Median SRE-free survival was 7.2 (95% CI,
4.9-10.7) months for the DZ group and 6.0 (95% CI, 4.4-8.5)
months for the D group (stratified log-rank test, P = 0.84). In
subset analyses of the SRE rate according to baseline bone
marker levels (Fig. 4b), the cumulative incidence rates of SRE
at 12 months were 44% for the DZ group (N = 19) and 48%
for the D group (N = 19) in patients with high baseline urinary
NTX levels, 24% for the DZ group (N = 29) and 30% for the
D group (N = 27) in patients with normal or unknown baseline
urinary NTX levels, 43% for the DZ group (N = 34) and 38%
for the D group (N = 32) in patients with high baseline serum
I-CTP levels, and 7% for the DZ group (N = 14) and 37% for
the D group (N = 14) in patients with normal or unknown
baseline serum I-CTP levels.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

Discussion

This is the first prospective, randomized, phase II study to
evaluate the efficacy and safety of zoledronic acid in combina-
tion with docetaxel in previously treated advanced NSCLC
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Fig. 2. (a) Progression-free survival and (b) overall survival in the DZ
and D groups. D, docetaxel alone; DZ, docetaxel with zoledronic acid.
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(a) Subgroup analyses of hazard ratio for progression-free survival and (b) overall survival in the DZ and D groups. D, docetaxel alone;

DZ, docetaxel with zoledronic acid; I-CTP, C-terminal telopeptide of type | collagen; NTX, N-terminal telopeptide of type | collagen; SRE, skeletal-
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patients with bone metastases. The similarity in the median
PFS and OS of patients in the DZ and D groups suggests that
the combination of zoledronic acid and docetaxel might not
provide survival benefits to patients with NSCLC and bone
metastases compared with docetaxel alone. In a previous ran-
domized phase III study, a subgroup analysis of patients with
NSCLC (N = 382) revealed that zoledronic acid significantly
reduced the risk of a first on-study SRE compared with a pla-
cebo. However, there was no significant difference in OS
between the two groups (median 187 days for zoledronic acid
vs 157 days for placebo; P = 0.539)."""'!" Two randomized
studies in which zoledronic acid was combined with standard
treatment also showed no survival benefits for patients with
NSCLC who had no bone involvement.?"*? These results are
consistent with our observation that zoledronic acid failed to
prolong the survival of NSCLC patients with bone metastases.
In a recent subgroup analysis of a randomized phase III study,
denosumab significantly improved OS, whereas zoledronic acid
did not. This analysis was conducted on a group of 811
patients with lung cancer and bone metastases (median 8.9 vs
7.7 months for denosumab and zoledronic acid, respectively;
hazard ratio for death, 0.80; 95% CI, 0.67-0.95; P = 0.01) and
702 patients with NSCLC and bone metastases (median 9.5
vs 8.0 months for denosumab and zoledronic acid, respec-
tively; hazard ratio for death, 0.78; 95% CI, 0.65-0.94;
P= 0.01).(23’24) Denosumab, a human anti-RANKL monoclo-
nal antibody, is a potential anticancer therapy for patients with
NSCLC and bone metastases and should be evaluated further
in future studies.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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For patients with NSCLC and bone metastases, increased
SRE risk correlated with a history of SREs, multiple bone
metastases, and bone turnover markers.*> " Significantly high
levels of urinary NTX, a sensitive bone resorption marker,
were also associated with increased SRE risk and poor survival
prognosis.*” In agreement, the cumulative incidence rates of
SRE were high in patients with high baseline urinary NTX lev-
els in our study. A retrospective analysis of a phase III study
revealed that zoledronic acid significantly reduces the risk of
death compared with a placebo in 144 patients with NSCLC
and high baseline NTX levels (hazard ratio for death, 0.65;
95% CI, 0.45-0.95; P =0.025)."> In our study, for 38
patients (19 for DZ and 19 for D) with NSCLC and high base-
line NTX levels, the median OS was 8.6 months for the DZ
group and 11.2 months for the D group (hazard ratio for death,
1.60; 95% CI, 0.75-3.44). Therefore, combination treatment
with zoledronic acid and docetaxel did not improve OS in pre-
viously treated patients with NSCLC and bone metastases in
addition to high baseline NTX levels. However, the number of
patients in our study was small; as such, this study was not
powered to detect differences in secondary variables, and sta-
tistical testing was performed for exploratory purposes.

The most common severe toxicities in the present study
were leukopenia, neutropenia, febrile neutropenia and elevated
ALT levels, which were similar in the two groups. No treat-
ment-related deaths were observed in the DZ group. Although
hypocalcemia and pyrexia were more frequent in the DZ group
than in the D group, they were mild and manageable in most
cases. A possible reason for the high incidence of hypocalce-
mia in this study was underuse of calcium supplements and
vitamin D. Prophylactic oral administration of daily calcium
supplements and vitamin D should be considered during treat-
ment with zoledronic acid. No patient experienced ONJ in this
study, although it may be argued that the duration of zoledron-
ic acid treatment was too short for this to occur. No additional
adverse events were observed in the present study compared
with previous studies.!'+1%232
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The present study demonstrated the safety and tolerability of
the combination of zoledronic acid and docetaxel but did not
meet the primary endpoint of PEFS in advanced NSCLC
patients with bone metastasis. Based on these results, we aban-
doned assessment of the survival benefits of adding zoledronic
acid to docetaxel treatment in a larger phase III study. There
are potential limitations to our study. First, we used an open-
label study design despite the use of PFS as the primary end-
point. Second, the sample size of the present study was rela-
tively small. Third, we did not collect data regarding post-
study treatment with zoledronic acid. New treatment options
are still needed to prolong the survival of advanced NSCLC
patients with bone metastasis.

Acknowledgments

The authors would like to thank Ms Kaori Mori and Mr Koichi
Hosoda for data management and Dr Shinichiro Nakamura
(WJOG Data Center) for oversight and management of the
present study. The authors are also grateful to Dr Keisuke
Tomii (Kobe City Medical Center General Hospital, Hyogo),
Dr Hideo Saka (National Hospital Organization Nagoya Medi-
cal Center, Aichi), Dr Yasuo Iwamoto (Hiroshima City Hospi-
tal, Hiroshima), Dr Norihiko Ikeda (Tokyo Medical University
Hospital, Tokyo), Dr Sunao Ushijima (Kumamoto Chuo Hospi-
tal, Kumamoto), Dr Masaaki Kawahara (Otemae Hospital,
Osaka), Dr Takashi Kijima (Osaka University Hospital, Osaka)
and Dr Shigeki Sato (Nagoya City University Hospital, Aichi)
for their contributions to this study.

Disclosure Statement

Haruyasu Murakami received research funding from Sanofi
K.K. and Novartis Pharma K.K. Takashi Seto received
research funding from Novartis Pharma K.K. Yoichi Nakanishi
received research funding from Novartis Pharma K.K. and oth-
ers from Novartis Pharma K.K.

10 Brodowicz T, O’Byrne K, Manegold C. Bone matters in lung cancer. Ann

Oncol 2012; 23: 2215-22.

Rosen LS, Gordon D, Tchekmedyian S et al. Zoledronic acid versus placebo

in the treatment of skeletal metastases in patients with lung cancer and other

solid tumors: a phase III, double-blind, randomized trial-The Zoledronic

Acid Lung Cancer and Other Solid Tumors Study Group. J Clin Oncol

2003; 21: 3150-7.

12 Rosen LS, Gordon D, Tchekmedyian NS er al. Long-term efficacy
and safety of zoledronic acid in the treatment of skeletal metastases in
patients with nonsmall cell lung carcinoma and other solid tumors: a ran-
domized, Phase III, double-blind, placebo-controlled trial. Cancer 2004; 100:
2613-21.

13 Mahtani R, Khan R, Jahanzeb M. The potential application of zoledronic
acid as anticancer therapy in patients with non-small-cell lung cancer. Clin
Lung Cancer 2011; 12: 26-32.

14 Lipton A, Cook R, Saad F er al. Normalization of bone markers is associ-
ated with improved survival in patients with bone metastases from solid
tumors and elevated bone resorption receiving zoledronic acid. Cancer 2008;
113: 193-201.

15 Hirsh V, Major PP, Lipton A et al. Zoledronic acid and survival in patients
with metastatic bone disease from lung cancer and elevated markers of
osteoclast activity. J Thorac Oncol 2008; 3: 228-36.

16 Zarogoulidis K, Boutsikou E, Zarogoulidis P et al. The impact of zoledronic
acid therapy in survival of lung cancer patients with bone metastasis. Int J
Cancer 2009; 125: 1705-9.

17 Ozturk OH, Bozcuk H, Burgucu D er al. Cisplatin cytotoxicity is enhanced
with zoledronic acid in A549 lung cancer cell line: preliminary results of an
in vitro study. Cell Biol Int 2007; 31: 1069-71.

18 Lu S, Zhang J, Zhou Z et al. Synergistic inhibitory activity of zoledronate
and paclitaxel on bone metastasis in nude mice. Oncol Rep 2008; 20: 581-7.

Cancer Sci | August 2014 | vol. 105 | no.8 | 994



www.wileyonlinelibrary.com/journal/cas

19

20

21

22

23

Cancer Sci

Chang JW, Hsieh JJ, Shen YC et al. Bisphosphonate zoledronic acid
enhances the inhibitory effects of gefitinib on EGFR-mutated non-small cell
lung carcinoma cells. Cancer Lett 2009; 278: 17-26.

Therasse P, Arbuck SG, Eisenhauer EA et al. New guidelines to evaluate the
response to treatment in solid tumors. European Organization for Research
and Treatment of Cancer, National Cancer Institute of the United States,
National Cancer Institute of Canada. J Natl Cancer Inst 2000; 92: 205-16.
Pandya KJ, Gajra A, Warsi GM et al. Multicenter, randomized, phase 2
study of zoledronic acid in combination with docetaxel and carboplatin in
patients with unresectable stage IIIB or stage IV non-small cell lung cancer.
Lung Cancer 2010; 67: 330-8.

Scagliotti GV, Kosmidis P, de Marinis F et al. Zoledronic acid in patients
with stage IIIA/B NSCLC: results of a randomized, phase III study. Ann
Oncol 2012; 23: 2082-7.

Henry DH, Costa L, Goldwasser F et al. Randomized, double-blind study of
denosumab versus zoledronic acid in the treatment of bone metastases in

| August 2014 | vol. 105 | no.8 | 995

24

25

26

27

Original Article
Murakami et al.

patients with advanced cancer (excluding breast and prostate cancer) or mul-
tiple myeloma. J Clin Oncol 2011; 29: 1125-32.

Scagliotti GV, Hirsh V, Siena S et al. Overall survival improvement in
patients with lung cancer and bone metastases treated with denosumab ver-
sus zoledronic acid: subgroup analysis from a randomized phase 3 study.
J Thorac Oncol 2012; 7: 1823-9.

Hirsh V, Tchekmedyian NS, Rosen LS et al. Clinical benefit of zoledronic
acid in patients with lung cancer and other solid tumors: analysis based on
history of skeletal complications. Clin Lung Cancer 2004; 6: 170-4.

Sekine I, Nokihara H, Yamamoto N er al. Risk factors for skeletal-related
events in patients with non-small cell lung cancer treated by chemotherapy.
Lung Cancer 2009; 65: 219-22.

Brown JE, Cook RJ, Major P ef al. Bone turnover markers as predictors of
skeletal complications in prostate cancer, lung cancer, and other solid
tumors. J Natl Cancer Inst 2005; 97: 59-69.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.



