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Non-small Cell Lung Cancer Patients with EML4-ALK Fusion
Gene Are Insensitive to Cytotoxic Chemotherapy
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Abstract. Background: Although patients with the
echinoderm microtubule-associated protein-like 4—anaplastic
lymphoma kinase gene (EML4-ALK) re-arrangement and
epidermal growth factor gene EGFR mutations have proven
sensitive to specific inhibitors, there is currently no
consensus regarding the sensitivity of non-small cell lung
cancer (NSCLC) patients with such mutations to cytotoxic
chemotherapy. Patients and Methods: The responses to first-
line cytotoxic chemotherapy were retrospectively compared
between advanced or postoperative recurrent patients with
non-squamous NSCLC who harbor the EML4-ALK fusion
gene (ALKY), EGFR mutation (EGFR™), or neither
abnormality (wild-type). Results: Data for 22 ALK*, 30
EGFR?, and 60 wild-type patients were analyzed. The ALK*
group had a significantly lower response rate than the other
two groups. Progression-free survival was significantly
shorter in the ALK™ cohort compared to the EGFR*
(p<0.001) and wild-type cohorts (p=0.0121). Conclusion:
NSCLC patients with the EMLA-ALK fusion gene might be
relatively insensitivite to cytotoxic chemotherapy.

Lung cancer is one of the most common causes of death
worldwide (1). Non-small cell lung cancer (NSCLC) is the
most prevalent histological type, accounting for almost 80%
of all lung neoplasms. Its refractoriness to chemotherapy
means that little major progress has been made in the
treatment of advanced or recurrent NSCLC until recently,
though the discovery of driver mutations is now changing the
conventional treatment.
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Somatic mutations in the epidermal growth factor receptor
gene (EGFR) have been shown to correlate with clinical
response to the tyrosine kinase inhibitor (TKI), gefitinib (2).
The results of randomized phase III studies indicated that
progression-free survival (PFS) was significantly longer in
patients who received gefitinib compared to those who
received cytotoxic chemotherapy (3, 4). The echinoderm
microtubule-associated protein-like 4—anaplastic lymphoma
kinase (EML4-ALK) fusion gene was identified in NSCLC in
2007 (5), since then small-molecule inhibitors targeting
EMLA4-ALK have been developed and have shown impressive
efficacy in patients with lung adenocarcinomas harboring the
EML4-ALK fusion gene (6).

In this context, it is becoming increasingly important to
consider the genetic status, such as EGFR mutations and
EMIA4-ALK rearrangements, when selecting chemotherapies
for NSCLC. Cisplatin-containing regimens are still important
to the treatment of postoperative-recurrent or advanced
NSCLC, though the sensitivity of NSCLCs with gene
mutations to such cytotoxic chemotherapies remains unclear.
Some studies (7-9) have investigated the response of NSCLC
patients with EGFR mutations or the EML4-ALK fusion gene
to cytotoxic chemotherapy, but the results remain
controversial. The present study aimed to evaluate the
efficacy of cytotoxic chemotherapy in NSCLC with driver-
gene mutations.

Patients and Methods

This retrospective study enrolled 428 patients with advanced or
recurrent non-squamous NSCLC treated with first-line cytotoxic
chemotherapy, excluding patients treated with molecular-targeted
drugs such as EGFR-TKIs or ALK inhibitors, at the Kyushu Cancer
Center between April 2009 and March 2012. Only patients who met
the following inclusion criteria were registered: (i) screened for both
EGFR mutation and EML4-ALK fusion gene status; (ii) not treated
with any investigational drug and not registered on any other clinical
study as first-line chemotherapy (Figure 1). Patients were classified
into three groups: patients with the EML4-ALK fusion gene but
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without EGFR mutation (ALK™); patients with EGFR mutation but
without EML4-ALK fusion gene (EGFR™); patients with neither
EML4-ALK fusion gene nor EGFR mutation (wild-type). Written
informed consent was obtained from all patients and the study was
approved by the hospital ethics committee. The present study also
conformed to the provisions of the Declaration of Helsinki.

Detection of EGFR mutations and EMIA-ALK rearrangements.
Tumor specimens were grossly dissected by a pathologist. Genomic
DNA was extracted and purified from formalin-fixed paraffin-
embedded tissues. EGFR mutations were detected using the peptide
nucleic acid-locked nucleic acid polymerase chain reaction clamp
method (10). ALK re-arrangements, were detected by fluorescence
in situ hybridization, immunohistochemistry or reverse transcription-
polymerase chain reaction, according to previous reports (11).

Treatment response. Imaging studies, including chest computed
tomography scans, were performed after every two cycles of
treatment (or sooner if needed) to evaluate response and document
disease progression. Responses were classified according to the
Response Evaluation Criteria in Solid Tumors (RECIST) version
1.1. Treatment response was defined as the best response recorded
during the period from the start of treatment to the time of disease
progression or treatment discontinuation. Treatment responses were
evaluvated according to RECIST, and were defined as complete
response (CR), partial response (PR), stable disease (SD) or
progressive disease (PD).

Statistical analysis. Associations among clinical characteristics and
treatment responses between two subgroups were analyzed by 2 or
Fisher’s exact tests. PFS was defined as the time elapsed between
treatment initiation and tumor progression or death from any cause,
and was calculated using the Kaplan—Meier method. The log-rank
test was used to obtain p-values for univariate survival analysis, with
appropriate adjustment for multiplicity. A p-value <0.05 was
considered statistically significant. Statistical analysis was
performed using JMP pro 9.0 (SAS Institute INC., Cary, NC, USA).

Results

Patients’ characteristics. The demographic and clinical
characteristics of patients are summarized in Table I. The
median age of the patients at study entry was 58.5 years (range,
27-75 years). The majority of patients were female (64.3%),
had a performance status of 0 (76.7%), had adenocarcinoma
(96.4%), were a current or former smoker (60.7%), and had
clinical stage IV disease (79.5%). ALK* patients (median age,
33 years) were significantly younger than EGFR* (median age,
65 years; p<0.001) and wild-type patients (median age, 61
years; p<0.001). No patients had both an EGFR mutation and
EMI4-ALK rearrangement. Genetic status was strongly related
to smoking history (p<0.001) and sex (p=0.0109).

Clinical response to cytotoxic chemotherapy according to
genetic subtype of NSCLC. Treatment response was
evaluated in all patients (Table II). Out of the 112 patients
who met the inclusion criteria and were analyzed, none (0%)
had CR, 47 patients (42.0%) had PR, 39 (34.8%) had SD and
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Figure 1. Criteria for patient selection. Patients were grouped into three
cohorts according to genetic status.

26 (23.2%) had PD. The overall response rate (RR) was
42.0% (95% confidence interval (CI)= 33.6-51.6%). The RRs
in the three cohorts were 18.1% in the ALK™ cohort, 53.3%
in the EGFR*, and 45.0% in the wild-type cohort. The RR
in the ALK™ cohort was significantly lower than in the other
two cohorts (p=0.0198 for EGFR™ cohort, p=0.0225 for
wild-type cohort), but there was no significant difference in
RR between the EGFR™ and wild-type cohorts. There were
no patients in the EGFR™ cohort with PD.

We also analyzed the correlation between chemotherapy
regimen and clinical response (Figure 2). We classified the
different types of chemotherapy and evaluated the influence
of genetic status on sensitivity to cytotoxic chemotherapy
according to the presence and type of gene abnormalities.
Chemotherapy was classified into platinum doublet, platinum
doublet-plus-bevacizumab, and others. ‘Others’ included
patients who were treated by single-agent therapy, including
three patients treated with docetaxel and three with
pemetrexed. The combination of platinum doublet and
bevacizumab achieved relatively good responses among
patients in the EGFR™ and wild-type cohorts, while relatively
few ALK™ patients achieved a partial response.

Some studies have suggested that the ALK fusion gene is
a sensitivity biomarker for pemetrexed (12, 13), and
pemetrexed-containing regimens were thus analyzed in detail
in this cohort (Figure 3). However, only 22% of patients in
the ALK" cohort achieved a partial response with a
pemetrexed-containing regimen, which was still lower than
in the other cohorts. There was no significant difference in
response to pemetrexed-containing regimens between the
ALK and wild-type cohorts (p=0.438).

Analysis of PFS according to genetic status. PES curves of
sub-groups according to genetic status are shown in Figure 4.
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Table 1. Characreristics and patients’ genetic statuses.

Variable Total (N=112) ALK+ (N=22) EGFR* (N=30) Wild (N=60)
Gender
Male 40 (35.7%) 8 (36.4%) 11 (36.7%) 39 (65.0%) p=0.0109
Female 72 (64.3%) 14 (63.6%) 19 (63.3%) 21 (35.0%)
Age 58.5(27-75) 53 (27-70) 65 (39-75) 61 (28-75) p<0.001
Performance status
0 86 (76.7%) 15 (68.2%) 21 (70.0%) 50 (83.3%) p=0.4900
1 22 (19.6%) 6 (27.3%) 8 (36.4%) 8 (13.3%)
2 4 (3.6%) 1 (4.5%) 1 (3.0%) 2 (3.3%)
Histology
Adenocarcinoma 108 (96.4%) 22 (100%) 29 (96.7%) 57 (98.0%) p=0.5556
Non-adenocarcinoma 4 (3.8%) 0 (0%) 1 (3.3%) 3 (5.0%)
Smoking history
Never 44 (39.3%) 15 (68.2%) 17 (56.7%) 12 (20.0%) p<0.001
Current or Former 68 (60.7%) 7 (31.8%) 13 (43.3%) 48 (80.0%)
Clinical Stage
1A 4 (3.5%) 2 (9.1%) 1 (3.3%) 1(1.67%) p<0.001
1B 3.7%) 0 (0%) 0 (0%) 3(5.0%)
I\Y% 89 (79.5%) 14 (63.5%) 29 (95.6%) 46 (76.7%)
Recurrence® 16 (14.3%) 6 (27.3%) 0 (0%) 10 (16.7%)
*Postoperative recurrence.
Table II. Clinical response 1o first-line chemotherapy according to ALK* FGFR* Wg|d~type
genetic statis. 30
Response Total ALK* EGFR* Wwild 25
0
CR 0 0 0 0 & 20
PR 47 (42.0%) 4(31.8%) 16(53.3%) 27 (450%) "g 154
SD 39 (34.8%) 7(31.8%) 14 (46.7%) 18 (30.0%) 5
PD 26 (232%) 11 (50%) 0 15 (25.0%) S 10+
P
5 -
0-

The median PFS times were 105 days for the ALK" cohort
(95%CI=57-161 days), 154 days for the wild-type cohort
(95%CI=101-227 days) and 186 days for the EGFR" cohort
(95%CI=149-330 days) after a median follow-up period of
173.1 days (range=11-768 days). PFS was significantly
shorter in the ALK cohort compared with the wild-type
(p=0.0121) and EGFR™" cohorts (p<0.001). There was no
significant difference between the wild-type and EGFR*
cohorts according to survival analysis, though PFS tended to
be higher in the EGFR* cohort compared with the wild-type
cohort (p=0.091) (Figure 4).

Discussion

We investigated the efficacy of cytotoxic chemotherapy in
patients with NSCLC with driver-gene mutations, including
EGFR mutations and EML4-ALK gene fusion. The results
suggest that NSCLC patients with the EMIA4-ALK fusion gene

Figure 2. First-line chemotherapy regimens and best responses among the
three cohorts. Vertical axis indicates number of patients. By, bevacizumab.

may be more resistant to conventional cytotoxic chemotherapy
than those with EGFR mutations or with neither abnormality,
while patients with EGFR mutations showed a relatively good
response to cytotoxic chemotherapy. In contrast to the results
of a previous report, NCSLC patients with the EML4-ALK
fusion gene did not have a better response to pemetrexed than
other cohorts.
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Figure 3. Proportion of best response to pemetrexed. Data for
pemetrexed-containing regimens were extracted from Figure 2 and re-
analyzed in terms of sensitivity.

Our data suggest that patients with the EML4-ALK fusion
gene show increased resistance to cytotoxic chemotherapy,
which may translate into a poor prognosis for NSCLC
patients harboring this re-arrangement. Recent reports have
indicated an association between NSCLC prognosis and the
ALK fusion gene. Although different opinions have been
expressed (14), the ALK rearrangement is generally thought
to be associated with a poorer prognosis (8, 15).

Our current results suggest the existence of a relationship
between driver-gene mutation and chemosensitivity. Previous
studies have reported that EGFR mutation status could be a
biomarker of response to cytotoxic chemotherapy (7, 16, 17),
as is suggested by the tendency identified in our study.
However, our results demonstrated that ALK* NSCLC was
more resistant to cytotoxic chemotherapy than EGFR* and
wild-type tumors. This is in contrast to the results of Takeda
et al. (9), who found similar overall survival rates in wild-
type and ALK* NSCLC patients in terms of first-line
chemotherapy, or those of Lee et al. (8), who found no
differences in PES after first-line chemotherapy, irrespective
of genetic status. There are several possible explanations for
these discrepancies. These studies, including the present one,
were subject to limitations, such as a retrospective design,
single-institution study, small EML4-ALK cohort size, or
selection bias in that not all patients were examined for
EGFR and EMLA4-ALK gene status. Moreover, the different
outcomes may have been attributable to effects of EML4-
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Figure 4. Kaplan—Meier survival curve of progression-free survival (PFS)
for patients in the three cohorts. The thick line indicates ALK cohort,
thin line indicates wild-type cohort, broken line indicates EGFR™ cohort.

ALK variants or racial variation on sensitivity to cytotoxic
chemotherapy. More recently, Shaw et al. reported a RR of
only 7% with docetaxel in second-line chemotherapy in
ALK™ patients (18), indicating the refractory nature of ALK*
cancer. However, the effects of the EML4-ALK fusion gene
on the response of patients with NSCLC to cytotoxic
chemotherapy remain controversial, and further prospective
studies or meta-analyses are needed to clarify the predictive
value of gene mutation status for cytotoxic chemotherapy.

The mechanism responsible for the relationship between
EMIL4-ALK and chemosensitivity remains unclear. Some
studies have reported that the EML4-ALK fusion gene was
predictive of a favorable response to pemetrexed in NSCLC
(12, 13). They suggested that the increase in sensitivity to
pemetrexed was the result of activation of the folate-pathway
enzyme S-aminoimidazole-4-carboxamide ribonucleotide
formyltransferase/inosine monophosphate cyclohydrolase,
and inhibition of the DNA-synthesis enzyme thymidylate
synthase, rendering ALK carcinoma more sensitive to
pemetrexed (12, 18, 19), in contrast with the results of the
current study. This discrepancy could be caused by
differences among ALK variants in terms of their effects on
sensitivity to cytotoxic chemotherapy. Heuckmann ez al.
showed that different ALK fusion variants had different
protein stabilities, with consequent effects on sensitivity to
ALK inhibitors (20). It is possible that this phenomenon
could also impact on the effects of cytotoxic chemotherapy.
Further basic studies are required to investigate these
speculations.

Despite the need for further studies, the current results
suggest that gene-mutation status should be considered when
choosing for an appropriate chemotherapeutic regimen in
patients with NSCLC. Yamashita ef al. and Kalikaki et al.
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reported that NSCLC patients with EGFR mutations were
sensitive to chemotherapy (17, 21). The result of the NEJO02
study might thus infer that NSCLC patients with EGFR
mutations could be treated with EGFR-TKIs after cytotoxic
chemotherapy (22). In contrast, if NSCLC patients with ALK
rearrangements are resistant to cytotoxic chemotherapy, as
suggested by our results, they might progress during the
course of first-line chemotherapy, and could thus miss the
opportunity to be treated with ALK inhibitors. Shaw ef al.
(23) reported that EMI4-ALK* patients treated with the ALK
inhibitor crizotinib had a more favorable prognosis than
those without crizotinib. The administration of cytotoxic
agents as first-line chemotherapy should, therefore, be
carefully planned and discussed in patients with NSCLC
with EML4-ALK rearrangements.

In conclusion, through the present study we report an
association between the EML4-ALK fusion gene and
insensitivity to cytotoxic chemotherapy in NSCLC. Our
results suggest that EML4-ALK" patients might be more
insensitive to cytotoxic chemotherapy than patients with
EGFR mutations or those with neither abnormality. EML4-
ALK re-arrangement and EGFR-mutation status might be
useful predictive biomarkers for the efficacy of cytotoxic
chemotherapy.
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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 alane. 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 comFaring 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,

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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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'2 Fyrther-
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.""

9 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
(UMIN000001098).

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

www.wileyonlinelibrary.com/journal/cas

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.

Cancer Sci | August 2014 | vol. 105 | no.8 | 990



www.wileyonlinelibrary.com/journal/cas

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 stady 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
(N = 50) (N = 50)

Characteristic

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 1 22
No data 1 2 0 0
Number of bone metastases
Single 11 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 I-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
on behalf of Japanese Cancer Association.
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Table 2. Summary of adverse events (CTCAE)

www.wileyonlinelibrary.com/journal/cas

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 [¢]
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 I-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 (V= 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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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).(“’12’14) 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 Il 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-RANKIL 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. 2" 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."2 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, 122329
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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 PFS 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 PES 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.
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Fig. 1 At the initial visit, there was o wine-colored nodule with poorly-marginated roacula a¢ the right front
of the head. The tumor size was 19> 19 mm, (A, B). Dermoscopy findings revenled a streamelike area
a1 the center of the nodule surrounded by a pink to purple color gradation (€.

Fig, 2 A chest CT scan shows a subpleural thinewalled cyst ot the left upper lobe {A) There was a
gound glass appearance around the cyvst revealing the hemorrhage of mor vessels. The evst
had grown significanty Inrger 2 months later (81 A U7 sean shows left posumothorax (G
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iz, 3 The tumor wall at 83 was ruptured (AL The tumer, located ot a logulyy segment,

showed a thinewalled and dark red colored eyt (B)
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Fig. 4 Histopathologic findings of the specimen i the left S3 resected at the first operation
showed atypical epitheliold cells and spindle cells involving lung parenchyma along the

periphery of the cyst (A [TE < 100, B HE = 400), Tumor cells b

sowed positive immunos-

taining for CL 31 (C). The tumor st the lingular segment showed the same findings (D

HE > 4003

A chest CT scan ar the second pneus
mothorax shows collapse of the residu-
al left fung, leading 1o ateloctasis,

Fig. 6 At the second operation, many tny ovsts were
observed in the left lower lobe, and some of them
caused ppeumothorax.
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