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Abstract

Purpose To provide treatment guidelines for patients with
long bone metastatic disease based on a systematic review
of the literature and to propose an algorithm to guide
orthopedic surgeons in decision-making for these patients.
Materials and methods We performed a computerized
literature search in MEDLINE, EMBASE and Scopus for
studies on patients with long bone metastases. We used the
key words “long bones”, “metastasis” and “treatment” for
published studies that evaluated any treatment for long
bone metastases. The articles found were then studied to
determine the accuracy of surgical treatments for long bone
metastases in every anatomic location, regardless of cancer
type, stage and grade of the oncologic disease. Guidelines
inferred from this literature review were collected, and an
algorithm was proposed.

Results There was no clear evidence to support excision of
a long bone metastatic lesion at the same surgical setting
with internal fixation or prosthetic reconstruction. How-
ever, en bloc resection of an isolated bone metastasis may
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have a beneficial effect on survival. The life expectancy of
the patients should be considered for any surgical treat-
ment. Internal fixation preferably with reconstruction nails
is indicated for meta-diaphyseal lesions; their rate of
mechanical failure and complications ranges from 2 to
22 %. Prosthetic reconstruction is indicated for extensive
lytic lesions or pathologic fractures in a meta-epiphyseal
locations; their rate of mechanical failure and complica-
tions ranges from 3.7 to 35 %. Most of the internal fixa-
tion-related complications occur more than 1 year after
treatment, in contrast to prosthetic reconstruction-related
complications that may occur earlier.

Conclusions Intramedullary nail fixation or prosthetic
reconstruction should be chosen on the basis of the location
of the lesion, the extent of bone destruction and the sta-
bility of the construct to outlast the expected life of the
patient. Implant-related complication is similar but may
occur earlier with prosthetic reconstructions.

Keywords Metastatic bone disease - Long bones - Surgical
treatment

Introduction

Currently, the prevalence of metastatic bone disease in
developed countries is more than 280,000 new cases per
year [1]; this number is expected to rise as patients with
cancer live longer [2]. Bone is the third most common site
of metastatic disease after the lung and the liver. The most
common primary cancers are lung, breast, prostate, thyroid
and renal cancer. Postmortem analysis shows that approx-
imately 70 % of all patients with breast and prostate cancer
and 3542 % of patients with lung, thyroid and renal
cancer have skeletal metastases [3]. The financial burden of
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treating patients with metastatic bone disease in the USA
per year estimates approximately 12.6 billion dollars,
which accounts for 17 % of the total annual cost of cancer
treatments [4].

In the past, the occurrence of a pathological fracture
through bone sarcomas or skeletal metastases was an abso-
lute contraindication for limb salvage; in this setting, treat-
ment traditionally consisted of amputation proximal to the
most superior aspect of the fracture hematoma. Currently,
the decision for limb salvage surgery has been reconsidered
[1-12]. Although malignant primary bone tumors are usually
referred for treatment at tertiary tumors centers, patients with
metastatic bone disease may be treated by general orthopedic
surgeons at community hospitals [2]. In any case, surgical
considerations of patients with bone metastases should
include multiple factors such as the location of the tumor
within bone and the skeleton, the histology of the primary
tumor, the pain, comorbidities and expected life span of the
patients. Impending or actual pathological fractures of the
long bones in patients with primary and metastatic bone
tumors are a difficult and challenging complication that may
alter management and prognosis, decrease quality of life and
jeopardize survival [1-12]. In general, stabilization of an
impending or pathological fracture involves techniques and
concepts that differ from those used for patients with non-
pathologic fractures [2]. Bone involved by metastatic cancer
is weakened and requires stabilization or reconstruction with
an implant or prosthetic device that should last the remaining
of patient’s life and to stabilize the entire diseased bone [2].
Surgical complications should be minimized, as complica-
tions in cancer patients are unwanted. Methyl methacrylate is
often used in combination with prostheses or intramedullary
devices to supplement the fixation [2]. Radiation therapy and
embolization often are used as a local adjuvant after surgical
treatment or for palliation [13, 14].

Pathological long bones fractures pose many difficulties
to the most experienced surgeons. Their management may
alter prognosis, affecting both the quality of life and sur-
vival of the patients [12]. Previous studies have reported on
the diagnosis, management and survival of cancer patients
with metastatic bone disease and pathological fractures
[2-38]; their results cannot be decisive regarding the
optimal management of the patients and the survival of the
reconstructions because of the lack of control groups and
short term survival of these patients. Moreover, studies that
propose treatment guidelines for cancer patients with bone
metastases are limited [12, 39], and most surgeons treat
these patients according to standard practice for fractures
or their own preference. Therefore, to enhance the litera-
ture, this study aims to provide practical guidelines for the
treatment of patients with long bone metastases based on a
systematic review of the literature and to propose an
algorithm to guide the treating orthopedic surgeons in their
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decision-making for these patients. We believe that the
findings of the present article and the proposed treatment
algorithm based on the experience and current practice of a
tertiary tumor center with a relatively large experience on
the treatment of tumor patients would be useful for the
treatment approach of patients with long bone metastases.

Materials and methods

The search strategy included a computerized literature
search in MEDLINE, EMBASE and Scopus. A systematic
review of clinical studies that evaluated any treatment of
long bone metastases was done using as keywords “long
bones”, “metastases” and “treatment”. The reference lists
of the selected papers were also checked for further relevant
publications. Papers in other than English language and
publication date before 2000 were excluded. The articles
were then censored if they were case reports, review or
opinion articles, or technique descriptions. From a total of
398 articles found, 19 articles were related to treatment of a
clinical cohort of patients with metastatic disease of the long
bones (Table 1) [2, 6-9, 21, 24, 25, 27-37]. There was no
disagreement between the authors of the present study
regarding the level of evidence of the included 19 articles.
These articles were studied to determine the accuracy of
surgical treatments for long bone metastases in every ana-
tomic location, regardless of cancer type, stage and grade of
the oncologic disease. Last, guidelines for the treatments of
long bone metastases were inferred from the review analysis.

Results

The most common primary cancer was breast followed by lung,
prostate, renal and thyroid cancer; the femur was the most
commonly affected site. Long bone metastatic lesions did not
always require surgical intervention; the size and location of the
metastatic lesion, the general health status and expected sur-
vival of the patients influenced the decision-making regarding
the optimal treatment. The indications for surgery of long bone
metastases were an impending or an actual pathological frac-
ture and/or severe, constant pain; patients were operated if an
expected survival of more than 6 weeks was estimated.
Patients with a long bone metastasis to the lower extremities
were more commonly operated compared to those with a long
bone metastasis to the upper extremities.

There was no clear evidence to support resection of the
metastatic lesion at the same surgical setting with internal
fixation or prosthetic reconstruction of the metastatic
lesion. The overall incidence of local disease progression
was 11.5 %, while subsequent development of new lesions
in the diseased bone was only 1 %. However, wide
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Table 1 Peer-reviewed studies included in this review

References Level of evidence Surgical treatment Long bone involved Failures (%)

Nilsson and Gustafson [27] IV PR: 157; IMN: 55; ORIF: 33 Femur PR: 19; IMN: 16 ORIF: 23
Wedin et al. [28] v PR: 35; IMN: 148; ORIF: 21 Humerus PR: 6; IMN: 7; ORIF: 22
Scotti et al. [29] v PR: 40 Humerus PR: 10

Miller et al. [30] v IMN: 112 Femur, humerus and tibia IMN: 9

Chandrasekar et al. [24] 11 PR: 100 Proximal femur PR: 9

Wedin and Bauer [8] v PR: 109; IMN: 37 Proximal femur PR: 8 IMN: 16

Selek et al. [25] v PR: 45 Proximal femur PR: 10

Potter et al. [31] I PR: 33 Proximal femur PR: 8

Harvey et al. [7] 11 PR: 113; IMN: 46 Proximal femur PR: 0; IMN: 15
Steensma et al. [21] 111 PR: 197; IMN: 82; ORIF: 19 Proximal femur PR: 3 IMN: 6; ORIF: 42
Weiss et al. [32] I PR: 90; IMN: 108 Femur PR: 6 IMN: 9
Ratasvuori et al. [6] v PR: 27; IMN: 95 Lower and upper extremities PR: 7-10 IMN: 11-14
Weber et al. [2] v PR: 72; IMN: 96 Lower extremities PR/IMN: 8

Finstein et al. [33] v PR: 62 Proximal femur PR: 21

Sarahrudi et al. [34] III PR: 94; IMN: 23; ORIF: 15 Femur PR: 9 IMN: 3 ORIF: 20
Ward et al. [9] v IMN: 89 Femur IMN: 2

Zacherl et al. [35] v PR: 31; IMN: 33 Proximal femur PR: 23 IMN: 9

Manoso et al. [36] v PR: 13 Proximal femur PR: 0

Alvi and Damrom [37] v PR: 32; IMN: 66 Femur and humerus PR: 0 IMN: 8

PR prosthetic reconstruction, /MN intramedullary nail fixation, ORIF open reduction and internal fixation (plates and screws)

resection of a solitary bone metastasis, especially from
renal cancer was associated with a more beneficial effect
on survival of the patients compared with that of patients
treated with less than a wide resection.

Internal fixation preferably with a reconstruction type
intramedullary nail was indicated for meta-diaphyseal
lesions; their rate of mechanical failure ranged from 2 to
22 %, but perioperative deaths from cardiopulmonary
complications ranged from 1 to 10 %. Prosthetic recon-
struction was indicated for extensive lytic lesions or patho-
logical fractures in meta-epiphyseal locations; their rate of
mechanical failure rate was less than 3.7 %, with an overall
complications rate ranging from 6 to 35 %. Most of the
internal fixation-related complications occurred more than
1 year after diagnosis and treatment, in contrast to prosthetic
reconstruction-related complications that occurred earlier.

Local adjuvants were extensively used as per surgeons’
own preference. Cement augmentation was used for addi-
tional mechanical stability of the fixation. Radiation therapy
or embolization has been used to slow local disease pro-
gression and avoid any subsequent failure of the fixation.

Discussion
Improvements in imaging, surgery and medical oncology

treatments have greatly increased the survival of cancer
patients [3-5], including those with metastatic disease [6].

However, the occurrence of a skeletal event from cancer
significantly influences the quality of life of these patients. In
these cases, the indications for surgical treatment vary from
pain to impending or actual pathological fracture, and seem
to differ between countries [5]; in the USA, up to 71 % of
patients with metastatic cancers have been treated due to
impending pathological fractures compared to only 18 % in
the Nordic countries [6]. Decisions regarding potential sur-
gery for metastatic bone disease require reliable data about
the patients’ expected survival and quality of life [15].

Patients with metastatic bone disease are often treated at
community hospitals [2]. To our opinion and the related
literature, these patients should be better referred for
treatment at tertiary tumor centers [1-6, 12]. In cases that a
musculoskeletal tumor trained orthopedic surgeon will not
be the treating physician, general orthopedic surgeons
should be familiar with the management of these patients.
More importantly, the treating orthopedic surgeon should
know that a metastatic bone lesion may not reliably heal
[2]. As the treatment of metastatic bone disease is multi-
disciplinary, it is imperative that orthopedic surgeons are
involved at an early stage and not only follow the patients
with pathological fractures, as early treatment, manage-
ment of pain, and improvement in the functional status is
particularly important for cancer patients, especially those
with a short life expectancy [6].

Prognostic life expectancy of patients with skeletal
metastasis is important for the choice of the appropriate
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Fig. 1 Protocol for decision-

making and treatment of
patients with long bone
metastases

\
)
1 Point 2 Point 3 Point
Finding on imaging Blastic Mixed Lytic
Size* <1/3 1/3-2/13 >2/3
Site Upper Extremity Lower Extremity Peritrochanteric
Pain Mild Moderate Mechanical
* Size refers to the proportion of the diameter of the bone. /
4

treatment. Previous studies by orthopedic surgeons [40—42]
and radiation oncologists [43—45] reported on the prog-
nostic factors for patients with skeletal metastasis. Tomita
et al. [40] and Bauer et al. [42] involved analysis of patients
who had undergone surgery. Tokuhashi et al. [41] studied
both surgically and conservatively treated patients. In a
recent prospective study, the number of surgeries per-
formed was approximately 7 % of that of radiotherapies
[46]. Therefore, previously published studied in orthopedic
oncology literature might not be representative of patients
with bone metastasis [47]. Katagiri et al. [47] identified six
significant prognostic factors for survival: the primary
lesion, visceral or cerebral metastases, abnormal laboratory
data, poor performance status, previous chemotherapy and
multiple skeletal metastases. The prognostic score was
calculated by adding together all the scores for individual
factors. With a prognostic score of >7, the survival rate
was 27 % at 6 months and only 6 % at 1 year; in contrast,
patients with a prognostic score of < 3 had a survival rate
of 91 % at 1 year and 78 % at 2 years. This scoring system
was able to predict the survival rates of patients with
skeletal metastases more accurately than previous scoring
systems and may be useful for selecting an optimal treat-
ment [47].

@ Springer

Mirels’ scoring system [16] seems to be the most
detailed used classification system for the evaluation and
decision-making for treatment of a long bone metastatic
lesion (Fig. 1) [2]. This system is based on the size, site and
imaging of the lesion, and the presence of pain [16]; a score
higher than 8 points is associated with an impending
fracture and indicates the need for prophylactic surgery
[16]. However, this method does not take into account the
life expectancy of the patient and which type of prophy-
lactic surgery is better to use [38]. Conventional implants
may not achieve rigid fixation in patients with long bone
metastasis. Acrylic bone cement augmentation and/or
adjuvant treatments, such as embolization or radiation
therapy, are often mandatory to obtain local disease control
and to avoid mechanical failure of the implant [2].

There is controversy regarding the optimal surgical
treatment for patients with a solitary bone metastasis,
especially for patients with renal cancer [6, 17-20]. Some
authors reported that en bloc resection of a solitary
metastasis was a positive prognostic factor for an improved
survival [6, 17]; however, other authors reported that en
bloc resection did not affect the survival of the patients
[18-20]. Additionally, there is no agreement that en bloc
resection of a metastasis in patients with multiple
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Fig. 2 Mirels’ classification for impending pathological fractures [16]

metastases affects the survival of the patients when com-
pared with intralesional surgery [6]. There is also contro-
versy regarding the complications and reoperation rates
after surgery for bone metastases. Some authors reported
that the complications rate seems to be lower after en bloc
resection compared to marginal or intralesional surgery
[6, 7, 21, 22]. We concur that en bloc resection of a
metastatic lesion may prevent local progression of the
disease and therefore mechanical complications and reop-
erations [6, 8, 23-25]. However, most complications after
intramedullary nailing for long bone metastases occur late,
more than 1 year after diagnosis and treatment, which
should be considered in treatment decision-making [7]. In
contrast, prosthetic reconstruction usually allows for
immediate postoperative stability and weight bearing, and
has been associated with lower mechanical failure rates
compared to intramedullary nailing [8, 23-25]. Therefore,
prosthetic reconstruction seems to be the more durable
surgical option for patients with a longer expectancy sur-
vival, especially if e bloc resection of the metastatic lesion
can be obtained [24, 26].

Based on the analysis of the literature [2, 6-9, 21, 24,
25, 27-37, 39], the questions raised by this manuscript are
still challenging. After decades of treating tumor patients
with different methods and approaches, we obtained great
experience for the management of these patients, and we
propose treatment guidelines for patients with long bone

pathological fractures from metastatic bone tumors
(Fig. 2). Surgeons should follow oncological principles in
treating tumor patients. Referral to a specialized orthopedic
oncology center is generally recommended. Treatment
decision requires complete staging and oncological prin-
ciples. Intramedullary fixation or prosthetic reconstruction
should be chosen on the basis of the location of the lesion,
the extent of bone destruction and the ability of the con-
struct to last the life expectancy of the patients. If surgical
treatment is necessary, the life expectancy of the patients
should be considered. We consider expected survival of
less than 6 weeks as a relative contraindication for surgical
management of any impending or actual pathological
fractures, especially if in the upper extremity. For patients
with a life expectancy of 3-12 months, we opt for less
invasive surgical reconstruction procedures that do not
need prolonged rehabilitation [5]. For patients with longer
life expectancy (>12 months), we aim for en bloc resection
of a metastasis and opt for durable reconstruction proce-
dures such as prosthetic reconstructions, even if associated
with longer rehabilitation times [5]. The histology,
response to chemotherapy and radiation therapy of the
primary cancer, the presence of visceral metastases, the
number of skeletal metastases and the overall health status
of the patients seem to be the most important predictors of
survival [5, 6]. We believe that this algorithm based on our
experience and analysis of the literature, would be helpful
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for decision-making and treatment approach of patients
with long bone pathological fractures from metastatic bone
tumors.
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