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Abstract. Lung cancer is the most frequent cause of 
cancer‑associated mortality among men and women glob-
ally. The skeleton is one of the most common metastatic 
sites. The majority of patients exhibiting bone metastases are 
treated using systemic therapy or symptom‑based palliative 
approaches without surgery. The present study attempted to 
improve the therapeutic effects of synchronous surgeries 
in resectable non‑small cell lung cancer patients exhibiting 
solitary bone metastasis. A total of 5  patients underwent 
synchronous lung cancer resections and solitary bone metas-
tasectomies between October 2009 and November 2011 in 
the Department of Cardiothoracic Surgery, Shanghai Sixth 
People's Hospital (Shanghai, China). All patients had received 
fluorodeoxyglucose positron emission tomography‑computed 
tomography or bone scintigraphy to demonstrate the presence 
of solitary bone metastasis and to exclude the presence of 
metastases at alternative sites. The patients received standard 
lung cancer and mediastinal lymph node resections. In addition, 
bone lesions were assessed by orthopedists and operated on 
synchronously with standard procedures. Following surgery, 
all patients were administered standard chemotherapeutic 
regimens. Perioperative indicators, including time for thoracic 
drainage, length of hospital stay, incidence of post‑operative 
complications and progression‑free survival (PFS) time, were 
observed. The average time for post‑operative drainage was 
4.6±1.1 days, and the average length of post‑operative hospi-
talization was 8.8±2.2 days. All procedures were performed 
safely with no serious complications. The PFS of the patients 
was 13.2±7.7  months. While 2  patients presenting with 
spinal metastases succumbed at ~1 year post‑surgery, the 
remaining 3 patients presenting with limb bone metastases 
survived for >16 months post‑surgery, and were alive at the 

last follow‑up. In conclusion, the present study indicated that 
a synchronous metastasectomy and lung tumor resection is a 
safe method of treatment. The PFS time and survival results 
demonstrated that on the rare occasion that a patient exhibits 
solitary bone metastasis, aggressive surgical treatment may be 
a potential therapeutic option.

Introduction

Lung cancer is the most frequent cause of cancer‑associated 
mortality among men and women globally (1). The skeletal 
system is one of the most common sites of metastasis. A 
large number of lung cancer patients do not have the option 
to undergo surgery at the time of initial diagnosis due to the 
presence of metastases. In total, 30‑40% of patients exhibiting 
advanced lung cancer go on to develop skeletal metastases, 
which may cause skeletal‑related events (SREs), including 
spinal cord compression, severe bone pain, pathological 
fractures and potentially life‑threatening hypercalcemia of 
malignancy, requiring treatment with consecutive ortho-
pedic surgery or palliative radiotherapy (2,3). In general, the 
majority of these patients are treated using systemic therapy 
or a symptom‑based palliative approach. Overall, median 
survival rates are poor, ranging between 4 and 11 months (4). 
However, ~7% of patients exhibiting metastatic non‑small cell 
lung cancer (NSCLC) will present with solitary metastasis 
following a complete evaluation (5).

According to the guidelines for NSCLC published by the 
National Comprehensive Cancer Network (6), the therapeutic 
strategies for solitary brain or adrenal metastasis are easily 
identified. Synchronous brain or adrenal metastasectomy is 
the recommended treatment if the tumor in the lung can be 
totally resected (7‑9). However, we could not identify any 
suggestions for the appropriate synchronous treatment of soli-
tary bone metastasis and NSCLC. A limited number of case 
reports concerning a synchronous bone metastasectomy and 
lung tumor resection were identified in Japanese studies. In 
these studies, patients achieved long‑term survival following 
synchronous bone metastasectomies and lung tumor resec-
tions  (10‑12). Bae  et  al  (13) demonstrated that although 
solitary bone metastasis occurred much less frequently than 
metastasis at two or more sites, it was a predictor of a good 
prognosis.

The present study attempted to assess the safety and effec-
tiveness of a synchronous complete lung cancer resection and 
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solitary bone metastasectomy. Perioperative indicators and 
progression‑free survival (PFS) were analyzed. In addition, 
post‑operative survival time was observed.

Materials and methods

Patient clinical characteristics. A total of 5 NSCLC patients 
exhibiting solitary bone metastasis were enrolled into the 
present study between October 2009 and November 2011. Prior 
to surgery, patients underwent a series of standard clinical 
examinations, including fluorodeoxyglucose‑positron emission 

tomography‑computed tomography (18FDG‑PET‑CT) or bone 
scintigraphy and brain magnetic resonance imaging, in order 
to demonstrate the presence of solitary bone metastasis and to 
exclude the presence of metastasis in other organs. The study 
was approved by the ethics committee of Shanghai Sixth 
People's Hospital (Shanghai, China) and written informed 
consent was obtained from all patients.

Treatment planning. Bone metastases were assessed using 
PET‑CT and isotope bone scans by orthopedists and identi-
fied as being resectable. Lung tumors were additionally 
observed to be completely resectable. Metastases/tumors 
were considered resectable if they were isolated, without 
invasion of the vital organs, and could be removed completely 
with wide resection margins. All patients were informed 
of the risks and significance of synchronous surgeries and 
accepted the therapeutic schedule. For primary lung tumors, 
thoracotomy or video‑assisted thoracoscopic surgery (VATS) 
lobectomies and systematic mediastinal lymph node resec-
tions were performed. For bone metastases, limb metastases 
were resected and reconstructed using prosthetic replacement. 
Spine metastases were resected and also underwent an internal 
fixation or interventional embolization.

Following tumor resection, all patients were adminis-
tered four 4‑week cycles of standard first‑line chemotherapy   
(75 mg/m2 docetaxel, day 1; 75 mg/2 cisplatin, day 1) and 
bisphosphonate  (4  mg  Zometa) treatment. Perioperative 
indicators, including time of thoracic drainage, incidence of 
post‑operative complications, length of hospital stay and PFS, 
were observed. Data is expressed as the median ± standard 
deviation.

Results

Patient clinical characteristics. Table  I summarizes the 
detailed clinical characteristics of each patient enrolled in 
the present study. The histologies of the lung cancer cases 
included 4 patients with adenocarcinoma and 1 patient with 
large cell carcinoma. A total of 2 patients had lung masses 
located in the right upper lobe and 3 had lung masses located 
in the middle lobe. In addition, 2 patients possessed metastasis 
to the spine and exhibited an SRE of spinal cord compres-
sion. The remaining 3  patients demonstrated no SREs, 

Figure 1. Images captured following metastasectomy in a 47‑year‑old male 
patient presenting with a (A) middle lobe nodule and (B) right femur metas-
tasis. White arrow indicates a right middle lobe nodule. Black arrow indicates 
right femur metastasis.

Table I. General clinical characteristics of patients.

	 Disease location	 Type of resection
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑		    Lymph node	 PFS,	 Survival time,
Patient no.	 Primary	 Metastasis	 Primary	 Metastasis	 Pathology	 positivity	 months	 months

1	 RUL	 R scapula	 VATS lobectomy	 BR	 Adenocarcinoma	 No	 26	    35+a

2	 ML	 T9 spine	 Lobectomy	 TR+IF	 Adenocarcinoma	 No	 6	   8
3	 ML	 T4 spine	 Lobectomy	 TR+IF	 LCC	 No	 10	 12
4	 RUL	 L humerus	 VATS lobectomy	  TR+PR	 Adenocarcinoma	 No	 14	    14+a

5	 ML	 R femur	 VATS lobectomy	  TR+PR	 Adenocarcinoma	 No	 10	    10+a

aAlive at the last follow‑up. PFS, progression‑free survival; ML, middle lobe; RUL, right upper lobe; R, right; L, left; VATS, video‑assisted 
thoracoscopic surgery; BR, bone resection; TR, tumor resection; IF, internal fixation; PR, prosthetic replacement; LCC, large cell carcinoma.

  A

  B
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however, exhibited a solitary metastasis to the right scapula, 
left humerus and right femur, respectively. In total, 2 patients 
underwent thoracotomy procedures, and 3 underwent VATS. 
Systematic mediastinal lymph node resection is essential for 
lobectomy, however, lymph node positivity was not identified 
in the patients in the present study.

Imaging results. Fig.  1 shows images captured following 
metastasectomy in a 47‑year‑old male patient presenting with 
a middle lobe nodule and right femur metastasis. The patient 

underwent a synchronous lobectomy and metastasectomy, and 
reconstruction with a prosthetic replacement in April 2011. A 
total of two lesions identified in the patient were pathologi-
cally proven to be adenocarcinoma. Additional distant bone 
metastases were identified in the patient 10 months after the 
initial surgery, therefore further chemotherapy (75 mg/m2 
docetaxel, day 1; 75 mg/2 cisplatin, day 1; four 4‑week cycles) 
was administered and the patient remains under follow‑up.

Fig. 2 shows images captured following metastasectomy 
in a 47‑year‑old woman presenting with a right upper lobe 
mass and left humeral lesion. The patient underwent a 
synchronous surgery and reconstruction with prosthetic 
replacement in September 2011. The lesions identified in 
the patient were pathologically proven to be adenocarci-
noma. For cancers that begin in glandular secretory cells, a 
well‑differentiated low grade tumor resembles the normal 
glandular structure. Poorly‑differentiated high grade 
adenocarcinomas do not resemble normal glands and may 
be detected by positive staining for mucin, which the glands 
produce. Adenocarcinoma may also be distinguished by 
positive staining for transcription termination factor, RNA 
polymerase  I, a cell marker for adenocarcinoma. In the 
present study, the cancer cells formed matured tubular, 
acinus structure or columnar cells lining the papillary struc-
ture, or the lesions exhibited mucus secretion. Diagnosis of 
the lesions was based on the observation that the cancerous 
tissues possessed characteristics of adenoid differentiation. 
The patient survived for 14  months with no evidence of 
recurrence and remains under follow‑up.

Fig. 3 shows images captured from a 72‑year‑old man 
presenting with a right upper lobe mass and right scapula 
metastasis. It was difficult to identify metastasis using X‑ray 
imaging, however, these difficulties were simplified by using 
18FDG‑PET‑CT scanning. The patient underwent a VATS 
lobectomy and right scapula resection in September 2009, 
and had a PFS time of 26 months. The patient remains alive 
following the administration of multimodal therapy with 
thymosin (4 mg, twice a week) for 3 months and Traditional 
Chinese Medicine for 6 months. 18FDG‑PET‑CT demonstrates 
increased diagnostic value (sensitivity and specificity) for the 
diagnosis of bone metastasis from lung cancer compared with 
alternative imaging methods (14).

Surgical outcomes. Additional perioperative data is summa-
rized in Table II. The median patient age was 54.6 years, with a 
range of 47‑72 years. All procedures were performed safely, and 
without the occurrence of serious complications. The median 
thoracic drainage time was 4.6±1.1 days, and the length of 
post‑operative hospitalization was 8.8±2.2 days. The PFS time 
of the patients was 13.2±7.7 months. All patients were admin-
istered standard first‑line chemotherapy and bisphosphonate 
treatment following surgery. The 2  patients who initially 
exhibited spinal metastasis, demonstrated malignant pericar-
dial and thoracic effusion without paralysis ~1 year subsequent 
to the initial surgery and rapidly succumbed to the disease. 
The remaining 3 patients exhibiting limb bone metastases 
experienced an increased average PFS time of ~16 months. 
These patients have survived for >2 years following the initial 
surgery and remain under follow‑up. The post‑operative 
survival time of all patients was 15.8±10.9 months.

Figure 2. Images captured following metastasectomy in a 47‑year‑old woman 
presenting with a (A) right upper lobe mass and (B) left humerus lesion. 
White arrow indicates left humerus metastasis.

Table II. Surgical features of patients (n=5).

Surgical feature	 Value

Median age (range), years	 54.6 (47‑72)
Gender
  Male	 4
  Female	 1
Thoracic drainage, days	 4.6±1.1
Post‑operative hospital stay, days	 8.8±2.2
PFS, months	 12.8±7.7
Post‑operative survival, months	 15.8±10.9

PFS, progression‑free survival. Data are expressed as median ± stan-
dard deviation.
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Discussion

Following more than a decade of investigation, the treatment 
of synchronous single‑organ metastatic NSCLC remains under 
debate. Considering the low incidence of this particular presen-
tation of NSCLC, it remains unlikely that large prospective 
randomized studies will be conducted. Therefore, knowl-
edge has to be constructed from the results of retrospective 
studies (5). Bone metastasis identified at the initial diagnosis of 
NSCLC typically indicates the possibility of consequent tumor 
spread and a poor patient prognosis (15). Decroisette et al (16) 
reported a poor prognosis among NSCLC patients exhibiting 
bone metastatic disease. In the study, the median survival time 
was observed to be 5.8 months, and the 1‑ and 2‑year survival 
rates were 22 and 7%, respectively. There was no significant 
difference observed in overall survival between the patients 
with and without SRE at enrollment (16). In a study performed 
by Sugiura et al (17), the cumulative survival rate following 
bone metastasis was observed to be 59.9% for 6‑month survival, 
31.6% for 1‑year survival and 11.3% for 2‑year survival. The 
mean survival time was 9.7 months (17).

Among the patients in the present study, a PFS time of 
13.2±7.7  months was obtained. This meant that patients 
remained tumor‑free for >1 year after surgery. We propose 
that it is important to prolong the overall patient survival 
time, and that this has a positive effect on patient psychology. 
In addition, the average post‑operative survival time of 
15.8±10.9 months in the present study was an improvement 
on the times in aforementioned studies. In a study performed 
by Weiss and Wedin (18), patients exhibiting spinal metas-
tases possessed a significantly poorer prognosis in a patient 
cohort with skeletal metastasis. However, 16/31  patients 
exhibiting spinal metastases demonstrated a considerable 
improvement in neurological function following surgery. In 
the present study, the 2 patients exhibiting spinal metastases 

possessed reduced PFS and post‑operative survival times, 
however, demonstrated no paralysis or neurological symp-
toms prior to mortality. In the present study, the 2 patients 
exhibiting extremity metastases complained of pain prior 
to surgery, which was subsequently relieved, without loss of 
limb function. Orthopedic surgeries may reserve the majority 
of function of the extremities and reduce pain, decreasing the 
rate of disability and pathological fracture, and improving 
patient quality of life (19).

There is currently a general consensus concerning synchro-
nous metastasectomy of solitary adrenal or brain metastasis 
in NSCLC. We propose that solitary bone metastasis should 
be considered to have a surgically treatable status. Due to the 
low occurrence rate of solitary bone metastasis in NSCLC 
patients, the sample investigated in the present study was 
small, and it was difficult to achieve a definitive conclusion. 
However, the present study demonstrated an acceptable PFS 
time, and overall survival results were more positive compared 
with those achieved with conservative therapy. In conclu-
sion, an aggressive regimen of synchronous metastasectomy 
and primary tumor resection may be beneficial for selected 
patients, leading to prolonged survival times and an improved 
quality of life.
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