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Abstract

Purpose: To identify optimal orthopedic surgical intervention by comparing cases of bone metastasis in cancer of known and un-
known primary origin at initial presentation.

Methods: Twenty-two patients with bone metastasis who were referred to us between 2011 and 2014 were retrospectively assigned 
to two groups based on their initial presentation: the known primary origin (known) group and the unknown primary origin (un-
known) group (n = 11 each). Data analyzed included local therapy, orthopedic surgeon involvement, response and complications at 
the metastatic site, and individual outcomes.

Results: In the known group, all 11 patients underwent radiotherapy (RT) as the initial treatment and 4 underwent secondary sur-
gery (wide resection in 2 patients and palliative surgery in the remaining 2). In the unknown group, in which the orthopedic surgeon 
was involved early in local therapy for bone metastasis, 6 underwent RT and 5 underwent orthopedic surgery as the initial treatment 
(wide resection in 3 patients and palliative spinal surgery in the remaining 2), with 2 patients requiring secondary RT. There were 
significantly more cases of progressive disease (PD) in the known group (p = 0.004). The complication rate was 18.2% in the known 
group and 0% in the unknown group.

Conclusion: All patients in the unknown group, who received early involvement from the orthopedic surgeon, showed better local 
control. Therefore, as soon as skeletal metastatic lesions are identified, orthopedic surgeons have an important role to play in defin-
ing the treatment strategy.
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RT: Radiotherapy; AWD: Alive with Disease; DOD: Dead of Disease; DOOD: Dead of Other Disease; NED: No Evidence of Disease

Introduction

Bone metastasis remains a possibility even in cases where there is good control of the primary tumor and/or visceral metastasis. With 
recent improvements in therapies for cancer patients, the number of surviving patients with uncontrolled skeletal lesions is increasing. 
However, there is little consensus as to when orthopedic surgeons should become involved in the treatment process. In most patients 
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with bone metastasis, radiotherapy (RT) is performed as the initial local treatment to reduce pain and to prevent pathological fracture [1] 
and palsy [2]. Most cases treated by RT result in good control; however, some cases that do not respond to RT need orthopedic surgery. 
Katagiri., et al. reported that for 808 patients with bone metastasis, only 59 were treated surgically [2]. However, performing orthopedic 
surgery at previously irradiated sites was found to be associated with higher complication rates [3]. Therefore, radical surgery prior to RT 
may improve local control of skeletal metastatic lesions.

In this case series, we investigated the characteristics of patients with bone metastasis to clarify the optimal local treatment strategy 
and role of the orthopedic surgeon.

Materials and Methods

From 235 consecutive patients referred to our department between January 2011 and July 2014, we retrospectively examined the 
cases of 26 patients (14 men, 12 women) with metastatic skeletal lesions, excluding those with such lesions from blood cancer. Four 
patients who underwent no local therapy at the metastatic site were excluded in order to focus the analysis on the outcome of RT and/or 
surgery at the metastatic site. The remaining 22 patients were divided into two groups: the known primary origin (known) group and the 
unknown primary origin (unknown) group based on the initial presentation to our department.

Table 1 shows the characteristics of the 22 patients (mean age, 63.1 years, range 30-84 years; mean follow-up, 9.7 months, range 1 - 35 
months). There were 11 patients with known primary origin and 11 patients with unknown primary origin at the time of initial presenta-
tion. Ultimately, the definitive primary lesions were determined to be renal cell carcinoma in 5 cases, lung carcinoma in 4, hepatic carci-
noma in 2, thyroid carcinoma in 2, other tumors in 7, and unknown in 2. The mean Katagiri score [2] was 5.1 points (range, 2 - 9 points). 
Ten patients had visceral or cerebral metastasis and 13 patients had multiple skeletal metastases.

The data analyzed included site of local treatment for skeletal metastasis, initial and secondary treatment, treatment response and 
local complications. Based on the revised RECIST guidelines, response to local therapy for skeletal metastasis was defined as complete re-
sponse (CR), partial response (PR), stable disease (SD), or progressive disease (PD) [4]. We also regarded no recurrence (NR) after initial 
wide resection as another response type in this series. Thus, all patients were categorized to these five treatment response groups. We 
considered CR, PR, SD, and NR as non-PD.

To compare differences between the known and unknown origin groups at the first visit, the chi-square test for independence and 
the Mann-Whitney U test were performed as appropriate. P values less than 0.05 were considered statistically significant. This study was 
approved by the Ethics Committee of Tokushima University.

Results and Discussion

Table 2 shows the sites of the local therapy for metastasis, initial and secondary treatments, total dose of RT, response evaluation, and 
local complications in all cases.

In the known group, all 11 patients underwent RT as the initial treatment and 4 underwent secondary surgery, with wide resection 
performed in 2 patients and palliative surgery in the remaining 2 patients. In the unknown group, as the initial treatment, 6 patients un-
derwent RT and 5 patients underwent orthopedic surgery, which involved wide resection in 3 patients and palliative spinal surgery in 2 
patients. Among the 5 patients who were initially treated surgically, 2 required secondary RT. 

The sex distribution between the two groups differed significantly (p = 0.017, Mann-Whitney U test).
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Case Sites of local 
therapy

Local therapy Total dose 
of RT

Response 
evaluation

Local complication
Initial Secondary

1 Femur RT - 30 SD -
2 Femur RT - 45 SD -
3 Pelvis RT - 39 SD -
4 Pelvis RT - 60 SD -
5 Sacrum RT - 39 PD -
6 Spine: Thorasic RT - 39 PD -
7 Pelvis RT - 28 SD -
8 Femur RT Palliative surgery 45 PD -
9 Femur RT Palliative surgery 60 PD -

10 Pelvis RT Wide Resection 50 PD Infection
11 Femur RT Wide Resection 39 PD Infection
12 Sacrum RT - 45 SD -
13 Sternum RT - 39 SD -
14 Scapula RT - 30 SD -
15 Spine: Thorasic RT - 39 SD -
16 Rib RT - 45 SD -
17 Scapula RT - 45 SD -
18 Spine: Cervical, 

Thorasic
Palliative surgery RT 30 SD -

19 Spine: Thorasic Palliative surgery RT 46 SD -
20 Radius Wide Resection - - NR -
21 Clavicle Wide Resection - - NR -
22 Rib Wide Resection - - NR -

Table 2: Local therapy, response evaluation and complications in all 22 cases with skeletal metastasis.

With respect to response evaluation, in the known group, 5 lesions were classified as SD (45.5%) and 6 as PD (54.5%); in the unknown 
group, 8 lesions were classified as SD (72.7%) and 3 as NR (54.5%). Figure 1 shows the difference in local control at the skeletal metasta-
sis-related event sites between the two groups. The PD rate was significantly higher in the known group than that in the unknown group 
(p = 0.004, chi-square test). Further, among the 6 PD lesions, 3 affected the femur (Table 2).

The local complication rate at the treatment of skeletal metastatic sites was 18.2% in the known group and 0% in the unknown group; 
this difference was not statistically significant (p = 0.12, chi-square test, Figure 2). Infection at the surgical site occurred in the 2 patients 
from the known group who underwent wide resection after RT as the initial local treatment; these patients eventually died of the disease 
(Tables 1 and 2).

Since the number of patients with skeletal metastasis is increasing [5], the importance of intervention provided by orthopedic sur-
geons is increasing; for example, offering local lesion control by early surgical treatment [6] and the use of bone-modifying agents [7], 
evaluating radiographs accurately to determine required lifestyle changes and prevent skeletal-related events [8], promoting mainte-
nance of activities of daily life and ambulation [9], and ensuring adequate use of opioids for other curable musculoskeletal diseases. How-
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ever, current medical care for these patients is problematic due to the lack of collaboration between the various medical departments and 
health care personnel involved as well as little consensus over standardized therapeutic protocols.

Figure 1: Summary of local control of skeletal-related event sites in the groups with bone metastasis in 
cancer of known and unknown primary origin. CR, PR, SD, and NR were considered non-PD. 

A significantly higher number of PD cases were observed in the known group (p = 0.004, chi-square test).

Figure 2: Complication rate at the local therapy sites was not significantly different, at 18.2% in the 
known group and 0% in the unknown group (p = 0.12, chi-square test).

In this study, we investigated the two groups of patients with bone metastasis of cancer of known and unknown primary origin at the 
time of presentation to our department. Recently, most of the patients we see are referred to us with skeletal symptoms, pain, and neuro-
logical deficits at the metastatic site by other departments. Thus, at the initial visit to our department, patients with cancer of unknown 
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In the majority of cancer patients with bone metastasis, RT is generally performed as a local treatment to reduce skeletal metastasis-
related events [10,11]. However, a few patients will need surgical treatment, and the surgical strategy selected for bone metastasis is cru-
cial [6]. Capanna., et al. reported a definite surgical strategy, which included therapeutic and palliative surgery, in the Italian Orthopedic 
Society Bone Metastasis Study Group [12]. Patchell., et al. described the superiority of surgery, decompression, and stabilization in recov-
ering or maintaining ambulation in patients with spinal metastatic lesions [13]. On the other hand, it has been reported that preoperative 
RT for skeletal metastasis is associated with higher complication and reoperation rates [3]. In our series, the postoperative complication 
rates at the skeletal metastatic sites tended to be lower in patients who underwent surgery prior to RT than in patients who underwent RT 
prior to surgery (Table 2). Only palliative surgery after RT did not cause postoperative complications. Therefore, we consider that radical 
surgery should be avoided following RT and, more ideally, should be performed prior to RT. It should be noted that some patients with 
bone metastasis do need radical surgery. According to data acquired from the Scandinavian Sarcoma Group metastasis registry, in kidney 
cancer, en bloc resection of solitary skeletal metastatic lesions was associated with a significant, fourfold longer survival compared with 
intralesional surgery[3].  In addition, we noted that femoral metastasis tended to need subsequent orthopedic surgery even when initial 
RT was administered. In the present series, 3 of 5 patients with femoral metastasis underwent RT followed by orthopedic surgery (Table 
2). Therefore, formulating an optimal local treatment strategy that considers the timing of orthopedic surgery, site/location of the lesions, 
surgical procedure, and administration of RT before or after surgery is crucial. 

primary origin are probably in the early phase of treatment for skeletal metastatic lesions. In this case series, among the 11 patients from 
the unknown group, 9 had a primary lesion in the early phase when they first presented to us and they received a definitive diagnosis later. 
Notably, of the 11 patients with a known primary lesion, 6 (54.5%) showed progression of bone metastasis (Figure 1). This is most likely 
because they were referred to us after the primary lesion and metastatic bone disease had been identified by other departments; in other 
words, local RT for the metastasis was already ongoing. Therefore, it is possible that local control of the bone metastasis was poor in these 
cases because of advanced disease and previous irradiation. From these results, we suggest that better local control of bone metastasis 
could be achieved if the initial treatment strategy planned includes orthopedic surgery. 

The clinical indications for RT are broad and numerous. The effectiveness of RT for pain control has been demonstrated by many stud-
ies [13-14]. In a multidisciplinary discussion of the treatment strategy for patients with bone metastasis, multiple parameters need to be 
considered, including the patient’s prognosis and general condition, characteristics of the primary tumor, metastatic site, sensitivity to 
non-surgical therapies, risk of fracture, and neurological dysfunction [6,15,16]. Local control of bone metastasis is important to decrease 
skeletal-related events. Therefore, it is advisable for the musculoskeletal department to be involved with patients who have early-stage 
skeletal metastasis. Orthopedic surgeons can play an important role in the local control of bone metastasis by determining the most effec-
tive local therapy, which includes both surgical and non-surgical treatment options.

This study has several limitations, including the small number of patients and their varying characteristics. The sex distribution be-
tween the two groups differed significantly. Moreover, in the unknown group, 2 patients had a definitive diagnosis of cancer of unknown 
primary origin. In the future, prospective studies involving large patient populations should be conducted to establish and standardize 
therapeutic protocols and timing of orthopedic surgeon involvement for the optimal control of skeletal metastatic lesions.

Conclusion

All patients in the unknown group, in which the orthopedic surgeon was involved from the early phase of local therapy for bone metas-
tasis, showed better local control. Therefore, as soon as skeletal metastatic lesions are identified, orthopedic surgeons have an important 
role to play in defining the treatment strategy.
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