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Introduction

Lung cancer is the leading causes of cancer death 
throughout the world. Morbidity and mortality are both 
increasing in both developing and developed countries (1,2). 
Non-small-cell lung cancer (NSCLC) remains the most 

common kind of lung cancer which accounts for 80–90% (3). 
For patients with metastasis NSCLC, the prevalence of 
bone metastases in the course of disease ranges between 
30% and 40%, and approximately 65% of cases are found at 
diagnosis (4,5). The bone metastases in NSCLC is related 
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to a reduced survival and median overall survival (mOS) 
about 6–12 months (6).

Bisphosphonate (BP) therapy is usually used in patients with 
bone metastases to prevent complications (7). Zoledronic 
acid (ZOL) is a third generation bisphosphonate. Recent 
studies suggested that ZOL might have a function to 
prevent proliferation of cancer cells and inducing apoptosis 
to some extent (8). And some studies demonstrated that 
ZOL might provide clinically antitumor advantage in 
patients with bone metastases (9-11). We also carried 
out a retrospective study to show survival benefit of ZOL 
treatment in bone metastases of NSCLC patients (12). 

Patients with epidermal growth factor receptor (EGFR) 
mutations have good response to EGFR tyrosine kinase 
inhibitors (TKIs) (13). Icotinib is a kind of EGFR-TKI 
which has been successfully employed as therapy for EGFR 
activating mutations, such as erlotinib and gefitinib (14). 
Two studies reported that ZOL improves the inhibitory 
effects of gefitinib and delay the progression of disease 
on EGFR-mutated cancer cells (15,16). So, combining 
treatment of EGFR-TKI with ZOL may develop a more 
effective for NSCLC with bone metastasis patients and 
inhibit TKI resistance. However, few studies showed 
clinically survival benefits according to this therapy in 
NSCLC patients with bone metastasis.

In our study, we proposed to evaluate the efficacy of 
zoledronic acid (ZOL) combining with icotinib on patients 
with bone metastases of NSCLC, particularly in EGFR 
mutation.

Methods

Study population

A total of 171 patients were diagnosed by pathologic 
histology of advanced NSCLC from July 2011 to May 
2015 at Zhejiang Cancer Hospital, were administrated with 
icotinib treatment. The inclusive criteria were confirmed 
bone metastases by emission computed tomography 
(ECT), magnetic resonance imaging (MRI) or computed 
tomography (CT) at initial presentation, and receive ZOL 
treatment at least once. Patients who received icotinib had 
shown clinical benefits (e.g., CR, PR, SD) and treatment  
≥6 months. We collected data on blood routine, biochemical 
and electrolyte were examined at regular intervals. This 
study was approved by the Institutional Review Board of 
Zhejiang Cancer Hospital and the ID/number of ethics 
approval was IRB-(2016) 135.

Treatment and evaluation of efficacy

Patients received 4 mg of ZOL as a period of 15-min  
infusion every 3–4 weeks.  Icotinib treatment was 
administered as 125 mg oral in tablet from three times 
per day. The tumor efficacy was assessed by the Response 
Evaluation Criteria in Solid Tumors (RECIST) 1.1, 
including complete remission (CR), partial remission (PR), 
stable disease (SD), and progression disease (PD). The 
patients were evaluated the time of effect or progression, 
by CT of the chest and abdomen, MRI and other staging 
procedures. Patients were assessed the therapeutic effect 
after 28 days with icotinib and every two months to evaluate 
the disease.

Follow-up and statistical analysis

Patient follow-up by outpatient or telephone was done until 
January 19, 2016. We retrospectively studied 210 patients. 
And after follow-up, 184 patients were followed up. And 
survival time of 13 patients was shorter than 12 months.  
So the remaining 171 patients were analyzed. Progression 
free survival (PFS) was defined as from initiation of icotinib 
treatment to treatment failure or death from any cause. 
Overall survival (OS) time was calculated from the day 
of diagnosis NSCLC with bone metastases to the date of 
death or the last follow-up. The impact of the potential 
variables affecting PFS and OS was assessed by univariate 
analysis with the log-rank tests. Multivariate testing was 
done by the Cox regression analyses. Statistical analysis was 
performed using SPSS software, version 19.0 (SPSS Inc., 
Chicago, IL, USA).

Results

Baseline characteristics of patients

The baseline characteristics are showed in Table 1. The 
median age was 61 years. There were 91 males and 80 
females. 36.8% (63/171) had a smoking history. A total of 34 
(19.9%) patients were with brain metastasis. A total of 133 
(77.8%) had EGFR mutations (72 with exon 19 deletion, 59 
with L858R mutation in exon 21 and 2 with exon 18 G719X 
mutation). 38 (22.2%) patients had not do EGFR mutation 
test. 49.1% (84/171) patients had received icotinib as first line 
treatment. Of the 171 patients, 127 (74.3%) received ZOL 
more than 6 months, 93 (54.4%) received ZOL more than 
1 years and 25 (14.6%) received more than 2 years. Among 
25 patients who received ZOL were more than 2 years,  
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9 patients didn’t continue ZOL treatment, and 16 patients 
still continued using a period of every 21-28 days. Then, 
34 patients (19.9%) were with ZOL treatment between  
6 months and 1 year, the remaining 44 patients (25.7%) were 
shorter than 6 months. In 16 patients, no one had happened 
sever adverse events including osteonecrosis of the jaw 
(ONJ), grade 3 or 4 hypocalcaemia, or an increase in serum 

creatinine levels.

Clinical efficacy and survival analysis
Eighty-seven (50.9%) patients were PR and 49.1% (84/184) 
patients were SD in the initial icotinib therapy. Median PFS 
of all patients during icotinib treatment was 11.0 months. 
The PFS of icotinib as first line treatment was 12.5 and 
10.6 months as second line or more, respectively (P<0.001). 
Median OS time for all patients was 24.6 months. The 
mPFS in group of ≥1 year, group of between 1 year 
and 6 months, and group of <6 months ZOL treatment 
were 11.7, 10.9 and 9.6 months respectively (P=0.224)  
(Figure 1). The mPFS in ≥1 year and <6 months ZOL group 
were 11.7 and 9.63 months (P=0.094) (Figure 2). Median 
OS in three groups were 24.6, 24.4 and 23.0 months, 
respectively (P=0.498). And the mOS in the group of  
≥1 years ZOL was longer than the group of <6 months 
ZOL treatment (24.6 vs. 23.0 months, P=0.217). There 
were 46 patients were survival longer than 2 years and  
25 patients received ZOL treatment ≥2 years. The mPFS in 
the group of ≥2 years ZOL and the group of 1 year ≤ ZOL 
treatment <2 years were 12.7 vs. 12.4 months, P=0.930). 
The mOS were 26.1 months and 24.8 months (P=0.864).

The incidence of bone pain in group of ZOL treatment 
between ≥1 year (A) and <1 year (B)
The cumulative incidences of bone pain before ZOL 
treatment were 49.4% and 46.4% in group of ≥1 year (A) 

Table 1 Baseline characteristics of 171 NSCLC patients with bone 
metastases

Variables
Group of 

ZA ≥1 year 
(n=93)

Group of ZA  
between 6 months  
and 1 year (n=34)

Group of ZA  
<6 months 

(n=44)

Gender

Female 45 13 22

Male 48 21 22

Age

<65 68 25 25

≥65 25 9 19

Smoke

No 57 25 26

Yes 36 9 18

Performance status

0 to 1 85 32 39

2 8 2 5

EGFR mutation status

Mutation 72 28 33

Unknown 21 6 11

Icotinib treatment

First line 40 18 26

Second line  
or more

53 16 18

Brain metastatic

Yes 24 4 6

No 69 30 38

Bone radiotherapy before zoledronic acid (ZOL)

Yes 38 13 14

No 55 21 30

NSCLC, non-small cell lung cancer; EGFR, Epidermal growth 
factor receptor.

Figure 1 Kaplan-Meier estimates of progression free survival in 
three groups of all 171 patients (11.7, 10.9 vs. 9.6 months P=0.224).
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and <1 year (B). When after 6 months and 12 months, the 
incidence of bone pain at Group A was 6.9% and 20.7%, 
respectively. 7.1% and 28.6% in Group B (Table 2).

Skeletal Related Event (SREs) in group of ZOL 
treatment between ≥1 year (A) and <1 year (B)
Bone radiation therapy occurred most often among SREs, 
followed by surgical stabilization, spinal cord compression 
or pathologic fracture. According to the incidence of SREs, 
36 of the 87 patients in Group A (41.4%) and 24 of the 84 

patients in Group B (28.6%) experienced SREs before ZOL 
treatment (P=0.079). In group A, 34 patients received bone 
radiotherapy, 1 patient happened spinal cord compression 
and 1 patient happened pathologic fracture. In group B, 
22 patients received bone radiotherapy, 1 patient received 
surgical stabilization and 1 patient happened pathologic 
fracture. During ZOL treatment, the incidence rate of 
SREs in group A and B were 17.2% (15/87) and 14.3% 
(12/84), respectively (P=0.596) (Table 3). In group A, 15 
patients received bone radiotherapy, 1 patient received 
surgical stabilization. In group B, 10 patients received bone 
radiotherapy, 2 patients received surgical stabilization.

Zoledronic acid (ZOL) treatment and survival in 133 
EGFR mutated patients
Median PFS of 133 patients during icotinib treatment was 
12.5 months. The mPFS of icotinib as first line therapy 
was 13.2 months and 11.0 months as second line or more, 
respectively (P=0.001). Median OS of 133 patients was  
25.8 months. The mPFS in group of ≥1 year, group of between 
1 year and 6 months, and group of <6 months ZOL treatment 
were 12.7, 11.0 and 10.6 months respectively (P=0.203). 
The mPFS in ≥1 year and <6 months ZOL group were  
12.7 months and 10.6 months (P=0.055) (Figure 3). Median 
OS in three groups were 26.1 months, 25.5 months and  
25.6 months, respectively (P=0.669). The multivariate 
analyses showed that brain metastasis (P=0.001), icotinib 
treatment line (P<0.001) and duration of ZOL (P=0.002) 
were found to significantly influence PFS, and only brain 
metastasis (P=0.026) was found to significantly influence OS 
(Table 4).
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Figure 2 Kaplan-Meier estimates of progression free survival 
between the group of ≥1 year and <6 months treatment (11.7 vs.  
9.6 months, P=0.094).

Table 2 incidence of bone pain according to 1 year zoledronic acid (ZOL) use in 171 patients

Time of using ZOL ZOL ≥1 year ZOL <1 year P value

Before ZOL treatment 43 (49.4%) 39 (46.4%) 0.695

At 6 months 6 (6.9%) 6 (7.1%) 0.950

At 12 months 18 (20.7%) 24 (28.6%) 0.231

Table 3 incidence of SREs according to 1 year zoledronic acid (ZOL) use in 171 patients

Time of using ZOL Before ZOL treatment During ZOL treatment

ZOL ≥1 year 36 (41.4%) 15 (17.2%)

ZOL <1 year 24 (28.6%) 12 (14.3%)

P value 0.079 0.596
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Discussion

In recent years, EGFR-TKIs have become an essential 
treatment for advanced or metastatic EGFR mutated 
NSCLC patients. Some studies reported that the efficacy of 
EGFR-TKIs to treatment NSCLC with bone metastases. 
Satoh et al. (17) showed a case of lung adenocarcinoma 
with bone metastasis that a complete response was achieved 
after gefitinib treatment. For patients with bone metastases 
can cause worse survival and may reduce the quality of 

life. Some reports showed that ZOL has its direct effects 
on tumor cells, its antitumor effect by activating γδ T 
cells and by sensitizing tumors to γδT cell-mediated 
cytotoxicity to proliferate and secrete interferon-γ (18).  
Feng et al. (15) reported that the effect of gefitinib 
combining with ZOL on EGFR mutated tumor cells 
of NSCLC. ZOL improved the anticancer activities of 
gefitinib on these cells and delayed TKI resistance in vitro. 
However, there are no clinical reports about the synergism 
of EGFR-TKIs with ZOL. In addition, there have been no 
studies involving combined icotinib with ZOL in clinical 
studies. In our report, we present our analysis with ZOL 
therapy in combination with EGFR-TKI for NSCLC 
patients with bone metastases.

Zarogoulidis et al. (10) showed a study of 144 patients 
that ZOL prolonged overall survival (OS) in patients with 
bone metastases of NSCLC (578 vs. 314 days; P<0.001). 
Kosaka et al. (19) reported a case of lung adenocarcinoma 
with multiple bone metastases that showed a gradual 
complete response to combined administration of erlotinib 
and ZOL. It demonstrated that combined treatment 
with both drugs is effective against bone metastases. 
We ever retrospectively analyzed ZOL treatment in 
advanced non-small cell lung cancer patients with bone 
metastases. 109 patients received ZOL more than 6 
times, and the other 204 patients received ZOL <6 times. 
Survival time was significantly longer in ≥6 times (385 
vs. 275 days; P=0.002) (12). In this present report, we 
defined much longer duration of ZOL treatment. The 
results showed median PFS in ≥1 year ZOL group was 
slightly longer than <6 months ZOL treatment (11.7 vs.  
9.6 months P=0.094), although not statistically significant. 

Figure 3 Kaplan–Meier estimates of progression free survival 
between the group of ≥1 year and <6 months treatment in EGFR 
mutated patients (12.7 vs. 10.6 months, P=0.055).

0.00       5.00     10.00    15.00     20.00     25.00     30.00

Time (months)

1.0

0.8

0.6

0.4

0.2

0.0

P
ro

gr
es

si
on

 fr
ee

 s
ur

vi
va

l (
%

)

Duration of Zoledronic acid
≥1 year
<6 months
≥1 year-censored
<6 months-censored

Table 4 Prognostic factors associated with the PFS and OS of 133 EGFR mutated patients according to multivariate analysis

Variables PFS, P value (95% CI) OS, P value (95% CI)

Sex 0.324 (0.727–2.628) 0.855 (0.409–2.098)

Age 0.277 (0.525–1.203) 0.623 (0.466–1.581)

Smoking 0.232 (0.354–1.286) 0.758 (0.492–2.641)

PS 0.063 (0.962–4.214) 0.979 (0.347–2.967)

Icotinib treatment line <0.001 (1.413–3.054) 0.688 (0.646–1.937)

Brain metastasis 0.001 (0.284–0.738) 0.026 (0.249–0.916)

Bone radiotherapy 0.299 (0.553–1.200) 0.270 (0.431–1.265)

Duration of zoledronic acid (ZOL) 0.002 (1.047–1.234) 0.131 (0.971–1.256)

PFS, progression-free survival; OS, overall survival; EGFR, Epidermal growth factor receptor.
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In addition, 133 EGFR mutated patients, mPFS in ≥1 year  
was longer than <6 months ZOL group (12.7 vs. 10.6 months, 
P=0.055). And the multivariate analyses revealed that the 
duration of ZOL therapy an independent predictor to PFS. 
Hence, we thought that long time ZOL treatment (≥1 year) 
might provide a potential positive effect and a moderate 
prolong survival time for NSCLC patients with bone 
metastases. On the other hand, for survival time exceeding 
two year, mPFS (12.7 vs. 12.4 months, P=0.930) and mOS 
(26.1 and 24.8 months, P=0.864) were neither significant 
difference between 1 year ZOL treatment and 2 years. 
Therefore, after 1 year ZOL treatment, using period of ZOL 
could be adjusted according to the situation of patients and 
extension of cycle. In the future, it needs prospective and 
random clinical researches to decide appropriate duration of 
ZOL therapy and when to stop using ZOL therapy.

Bone pain is usually the first symptom of lung cancer 
with bone metastases and the incidence is about 80% 
(20). It would become worse with disease progression, 
and influence the quality of patients’ life (5). In an Italy 
study, it revealed that almost 50% of participants happened 
bone pain and affected their daily activities (21). In our 
report, before ZOL treatment, the cumulative incidences 
of bone pain were 49.4% and 46.4% in group of ≥1 year 
and <1 year respectively. The incidences of bone pain at  
6 months were 6.9% and 7.1%, respectively. At 12 months, 
the occurrence rates were 20.7 % in ≥1 year group and 
28.6% in <1 year group. The pain had not been worse during 
ZOL therapy and might increase the effect to relieve pain.

Skeletal-related events (SREs) are defined as bone 
radiotherapy due to bone metastases, pathologic fracture, 
surgery to bone and spinal cord compression (22). In a 
21-month study, the frequency of SREs in lung cancer 
with bone metastases patients who did not receive bone-
targeted agents ranged from 40% to 52% (23). Another 
study in a large US population reported that SREs were 
present in 22% at diagnosis of bone metastasis, with a 
cumulative incidence of 59% in lung cancer patients 
(24). These events typically occur around periods of 
disease progression, becoming more frequent as the 
disease becomes more extensive (5). In our report, 41.4% 
patients in ≥1 year treatment and 28.6 % patients in <1 
year treatment experienced SREs before ZOL treatment. 
During ZOL treatment, the incidence of SREs in ≥1 year 
and <1 year treatment were 17.2% and 14.3%, respectively. 
This outcome showed that ZOL might play an important 
role in delaying or reducing the risk of SREs. In recent 
years, the median survival of patients with advanced disease 

has increased more than 1 year, particularly in EGFR 
mutated patients. The metastases to bone would become 
more common, and the frequency of SREs may increase. 
Therefore, there is a need to consider treatments that can 
reduce the risk of SREs.

In addition, our research had several limitations. First, the 
nature of retrospective study will induce the statistical bias. 
And a small number of patients (23.9%) had not been detected 
EGFR status, it might influence statistical differences. To 
date, there are no clinical studies to focus on duration of ZOL 
treatment with EGFR-TKI drug. Our retrospective analysis 
would be considered a certain clinical meaningful. 

Conclusions

We have demonstrated the combination of ZOL and 
icotinib therapy may have modest activity application for 
non-small cell lung cancer with bone metastases patients. 
ZOL might also reduce the risk of skeletal-related events 
during the treatment course.
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