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Abstract Lung cancer is the leading cause of cancer
mortality. Bone metastases are a common complication in
lung cancer. The therapeutic approach and the type of
surgical treatment of these lesions have not been clearly
defined. Outcome and prognosis of patients with bony
metastases and a variety of surgical interventions were
analysed retrospectively. In 58 patients we performed 62
surgeries. The most common locations of metastases were
the spine (32 patients), the proximal femur (10) and the
pelvis (11). Twenty-one patients had a singular and 20 had
multiple osseous lesions; 17 showed additional visceral
involvement. Nine patients had a local progression of their
disease and 49 a systemic progression. Patients with local
progression (n=9) had a better prognosis than the patients
with systemic progression (p = 0.0083). Fracture (p =
0.0017) worsened prognosis, whereas the number of bone
lesions or the presence of a visceral lesion did not. Patients
with small lesions showed a better survival than patients
with large lesions (p=0.02). Ten percent of the patients died
within 30 days and 78% within one year after surgery.
Fracture of bone due to metastatic lung cancer worsens the
prognosis whereas the number of bone lesions, the presence
of a visceral lesion and the surgical approach do not.
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Introduction
Lung cancer is the leading cause of cancer death worldwide
[1]. The American Cancer Society statistics indicate that
within the United States there were 219,440 new cases of
lung and bronchial cancer in 2009 with mortality in
159,390 patients [1]. The skeleton is the most common
site affected by metastatic cancer [2] and metastatic lesions
are the most common malignant tumours affecting the
skeleton [3].
In many cases bone metastases are the first sign of a
malignant disease [4]. Bone metastases are common in
patients with lung cancer and 36% of all patients
undergoing surgery for bone metastasis are patients with
lung cancer [5–9].
There is still a lack of data regarding the role of surgery
in the management of bone metastasis although the
prognosis of the patients could be improved by applying
multimodal therapies [10–12]. Since treatment of bone
metastases is palliative, it must be weighed up to
complications in terminally ill patients. We analysed
retrospectively the prognosis and outcome of patients in
our institute with metastatic bone disease as a result of lung
cancer, which, to our knowledge, is the first report of a
major series.

Material and methods
Between 1980 and 2005, 58 patients with lung cancer and
bone metastases underwent surgical procedures. The
patients’ age, gender, treatment of primary tumour and
extraosseous metastases, time of appearance of bone and
visceral metastases, clinical presentation, surgical treatment,
complications, and survival were analysed. Statistical
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analyses were performed using Kaplan-Meier life table
analyses and the log rank test for univariate analysis. A
multivariate analysis was completed incorporating the
variables fracture and local progression of disease. The
mean age of the 48 men and ten women was 61.5 years
(range, 16–89 years). Most of the patients were between 50
and 59 (18 patients) or 60 and 69 years old (16 patients).
One patient was younger than 40, eight between 40 and 49,
12 between 70 and 79 years and three patients were aged
80 years or older.
The most common anatomic locations of surgery
were the spine (32 patients), the proximal femur (ten
patients), the shaft of the femur (three patients) and the
pelvis (11 patients). Ten patients had combined lesions of
the spine, for example, cervico-thoracal or thoracal-lumbal
lesions. Lesions were also seen at the humerus, the ribs, the
clavicle, the tibia and the patella.
All patients presented with pain; 26 (45%) reported pain
for pathological fracture and 15 (26%) for neurological
impairment. The mean duration of symptoms was
4.2 months (range 0.4–24.7; median 3.1 months).
In 18 (31%) patients the bone lesions were the first sign
of the disease. At presentation, 21 (36%) patients had a
mono-ostotic lesion. Twenty (34%) patients had polyostotic
disease (more than one lesion), and 17 (29%) patients
showed additional visceral involvement. The interval from
diagnosis of lung cancer to surgical treatment of the
osseous metastasis ranged from 0 to 122 months (mean
5.5 months; median 0.5 months).
In 32 (55%) cases the histology verified the existence of
an adenocarcinoma, in eight (14%) cases a small cell
carcinoma, in eight cases (14%) a squamous cell carcinoma, in
six (10%) cases a large cell carcinoma, in two (3%) cases a
poorly differentiated carcinoma was found and in two
cases a non-classified carcinoma. Overall, 62 operations
were performed; four patients were operated twice.

Fig. 1 a A 58-year-old patient
with a metastatic lesion of the
thoracic spine (Th 10) with
myelon compression in the CT
scan as a first manifestation of
an adenocarcinoma of the lung.
b Radiograph of the thoracic
spine of the same patient after
tumour resection and instrumentation (Th8-Th12)

Surgical therapy varied due to different techniques,
tumour sites and extent of the disease. Incisional biopsy
was performed in 29 (47%) patients. From 19 patients with
involvement of the spine, 11 were treated by laminectomy,
three by dorsal procedure including instrumentation (Fig. 1)
and three by ventral corporectomy. In two patients a
vertebroplasty was done.
In eight (13%) patients, the tumour was resected and a
tumour endoprosthesis (seven proximal femur, one proximal humerus) was implanted (Fig. 2). Three patients
received a standard endoprosthesis. In one patient tumour
resection, cementation, and instrumentation and in two
patients tumour resection without reconstruction were
performed.
Radiation therapy was administered in 49 patients, in 11
patients before surgery. In the remaining nine patients
radiotherapy was not administered due to the very bad
clinical prognosis with a very short survival time. Chemotherapy was given to 20 patients, to six of these
preoperatively.

Results
Six (10%) patients died within the first 30 days after
surgery and 78% of the patients died within the first year
after surgical treatment of the skeletal lesions. The mean
and median survivals were 7.1 and 5.4 months, respectively
(Fig. 3). Eight percent of the patients suffered complications associated with surgical treatment. These complications included pneumonia (1), cardiac arrest (1), severe
thromboembolic event (1), fracture of the tibia (1) and rapid
deterioration of general condition (1). The hair-line fracture
of the tibia happened while a prosthetic reconstruction of
the distal femur and was related to the surgical procedure
itself. The thromboembolic event happened in the same
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Fig. 2 a Radiograph of a
56-year-old patient showing a
large osteolytic lesion in the
right humerus with a pathologic
fracture as first manifestation of
metastatic lung cancer. b MRI
of the same patient indicates
the infiltration of the bone
metastasis in the surrounding
soft tissues. c Radiograph of the
patient showing the tumour
prosthesis after resection of
the metastasis

patient who had a cardiac arrest and needed resuscitation
after spinal surgery at T12 level. Nine (14.5%) patients
showed local progression, which was defined as a progressive local disease of the surgical pre-treated lesion. Seven
of these patients had no radiotherapy before the local
progression. Four patients with local progression were
treated with a second surgical procedure: one instrumentation of the thoracic spine, one endoprosthesis of the hip,
one tumour resection with cementation and instrumentation
of the femur and one amputation of the lower leg, each after
a local biopsy. All the patients that had not had radiotherapy before the primary therapy (besides the one with the
amputation) received a postoperative radiotherapy, one of
them in combination with a second chemotherapy. Two of
the patients were treated with radiotherapy alone (one after
Fig. 3 Survival probability after
surgical therapy of 58 patients
with bone metastases secondary
to lung cancer

a dorsal decompression of the spine, one after a biopsy of
the spine). Two of the patients that had a radiotherapy
before the local progression were treated with a second
chemotherapy only (one after a ventral resection of the
spine, one after a partial resection of the clavicle). One
patient with a prosthesis of the humerus was treated with
radiation and a second chemotherapy. The patients with
local progression had a significantly better prognosis than
the patients without as they survived longer (p=0.008;
Table 1). The median of the survival rate of the patients
without local progression was 4.5 months (range, 0.23–
31 months); the median of those with a local progression
was 16.5 months (range 4.1–39.9 months).
The patient's age and gender did not influence the
survival time, nor did the extent of the surgical procedure.
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Lung cancer is the leading cause of death for male and
female cancer patients with a five-year overall survival rate
of less than 15% [1, 13–15].
The development of bone metastasis worsens the
prognosis of these patients [5, 6]. Metastatic bone lesions
are treated in order to control pain, to prevent pathological
fractures and neurological impairment, and to maintain
optimal quality of life for as long as possible [12]. The
median survival time for lung cancer patients with
synchronous bone metastasis is 5.5 months; the two-year
survival rate is 3% [16]. Our study confirms these data;
22% of our patients were alive more than one year after
surgery of bone metastasis.
Treatment for metastatic lung cancer consists of chemotherapy and/or radiotherapy, while surgery is indicated only
in a few selected cases [6]. However, when bone metastases

are the first symptom, biopsy or resection is performed for
histology [17]. In the literature only a few cases have been
reported with patients being progression-free even a few
years after therapy of bony metastasis [6, 18, 19]. The
authors of these publications suggest that metastatic bone
tumours of unknown origin should be surgically treated
whenever possible, taking the possibility of stage IV lung
cancer into account. The surgical treatment of both primary
and metastatic lesions of stage IV lung cancer might be
selectively performed, because it is possible that the
survival of the patient may thereby be successfully
prolonged and a good quality of life maintained [6].
This forms a strong contrast to our own findings
strengthening the importance of a closer look at those
previous assumptions or future data series of other authors.
This also stands up to findings about patients with
metastatic bone disease due to primaries other than kidney
cancer, where resection strategies prove to be of great
benefit [20].
In our study a strong bias is evident because only
patients with surgically treated lesions are included. This
overemphasizes the spine and the lower extremity due to
common indications such as fractures and neurological
impairment. Despite that, the distribution of locations in
this study seems to be equivalent to those in relevant
literature [5, 19].
The types of lung cancer which most frequently
metastasize to the bone are small cell carcinoma and
adenocarcinoma [5, 21]. In our study, 32 (55%) out of 58
patients with osseous metastases had an adenocarcinoma.
Furthermore, in our group patients with small cell cancer
lived longer than patients with adenocarcinoma and
squamous cell carcinoma (p=0.02).
The incidence of pathological fractures of long bones in
patients with metastatic bone disease is about 10% [22] and
the survival rate is lower compared to patients without
fracture [11, 23]. Our study supports these data.
In other studies, patients with solitary bony metastases
survived significantly longer than those with multiple
lesions [11, 24]. These studies, however, did not focus on
patients with osseous lung cancer metastases exclusively.
Despite the short overall survival in this group, this finding
could not be verified. Koizumi et al. have treated patients
with lung cancer and 30% or less vertebral column invasion
with preoperative and/or postoperative chemo radiotherapy
[25]. De Meester et al. reviewed successful surgical
treatment for patients with vertebral invasion who required

Table 1 Factors influencing the
median survival of the patients

Factor

Factor present

Factor not present

p

Fracture, n=26
Local progression, n=9

3.0 (0.2–19.1)
16.5 (4.1–39.9)

6.3 (0.6–39.9)
4.5 (0.23–31)

0.0017
0.0083

Fig. 4 Overall survival probability dependent on the type of histology

Patients with small cell lung cancer survived longer than
patients with adenocarcinoma or squamous cell carcinoma
(p=0.02) (Fig. 4).
The diagnosis of a fracture at the time of surgery worsened
the survival time significantly (p=0.0017) whereas number of
lesions present at surgery had no influence on the survival
time.

Discussion

Data given as median survival in
months (range)
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en bloc resection of involved vertebra and surrounding
tissue albeit their patients did not suffer from cortical
involvement of the vertebra [26]. In cases where tumour
invasion destroyed the vertebral cortical bone, the prognosis
was poor [27]. It is considered essential, however, to manage
severe pain despite the poor prognosis. There is a similar
concept for patients with metastatic vertebral invasion [28].
Complete removal of vertebrae and multilevel laminectomy
should be recommended in cases where tumour invasion
extends to the spinal canal, transverse processes, facet joints
or lamina [28].
On the other hand, the limited survival rate of the patients
included in this study does not promote such an extended
approach. In our group of patients even those who had only a
biopsy had the same prognosis as others with more extended
interventions. Spaggiari et al. questioned the clinical outcome
in patients who underwent hemivertebrectomy for apical chest
tumours [29]. In cases where 50% or more of a vertebra was
destroyed, total vertebrectomy seemed to be required. Hemiand total vertebrectomy was performed by several surgeons
to achieve complete resection. They emphasized the necessity of complete resection in order to gain control over local
progression of vertebral invasion. However, the local
progression rate is still high [30].
Böhm and Huber report of local progression in the
proximal femur in two of two cases of non-small-cell lung
cancer despite preoperative irradiation [30]. In this study a
local progression rate was seen in nine of 62 (14.5%) cases.
The patients with local progression had a significantly
better prognosis than the patients without (p=0.002). It is
assumed that the progressions were at least in part due to
the longer survival rate in those patients and not due to
other factors. In these cases local progression had enough
time to develop. Interestingly in nearly all the patients with
a local progression (7), radiotherapy had not been part of
the treatment before the development of local progression.

Conclusion
Patients with metastatic lung cancer have a poor survival.
Histology of the tumour and incidence of pathologic
fractures are risk factors for survival. Surgical therapy of
bone lesions cannot prolong life but can achieve a higher
quality of life as pain and neurologic symptoms are better
controlled. Therefore we recommend the less invasive
procedures.
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