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Abstract

Background: Choosing the appropriate treatment for patients presenting with impending or
pathological.fiactures is difficult and understanding the prognosis based on certain characteristics
can help inform the decision to treat and construct to use in a palliative setting. We retrospectively

analysed patients presenting with metastatic bone disease in the extremities and pelvis.

Methods: Patients presenting with metastatic bone disease to the extremities or pelvis whom
underwent orthopaedic treatment from 1996 — 2012 were identified. Survival rates were calculated
using life tablesanalysis. Univariate and Multivariate analysis was achieved with Cox proportional

hazards regression.

Results: There were 462 patients. An overall 1, 2 and 5-year survival rate of 45%, 29% and 13%
was identified, respectively. In the multivariate analysis preoperative haemoglobin was found to be
an independent predictor of better survival while lung histotype, age, pathological fracture and
previous combined therapy were negative predictors of survival. Patients undergoing prosthetic
replacement had a significantly longer period of hospitalisation in comparison to those undergoing

internal fixation.
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Conclusion: This study has contributed to our understanding of the survival rate and survival

prognostication for patients presenting for orthopaedic treatment of metastatic bone disease.

Introduction:

Patients presenting with pathological or impending fractures due to metastatic lesions have a
variable survival. Two large studies looking at metastasis to the extremities and pelvis have
identified @ 1 year survival rate of 39% ' and 41% °. Choosing the appropriate orthopaedic
treatment that-does not impose long rehabilitation periods but still offers a durable construct can be
difficult, Studies have reported on the predictive nature of a range of factors, including pathological
fracture where it was found to be an independent predictor of poorer prognosis"**. Understanding
the predicted survival in relation to certain patient and procedure factors can help demystify the
choice of construct.

We.retrospectively analysed patients presenting with metastatic bone disease to the
extremities and pelvis. Our main objective was to determine survival rates and prognostic factors.
Overall, this study will contribute to the literature regarding survival prognostication for patients

with metastatic bone disease.
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Materials and Methods:

Participants:

Patients presenting for surgery of metastatic bone disease to the extremities or pelvis from 1996 —
2012 were.identified from the St Vincent’s Orthopaedic Tumour Registry. This resulted in 564
cases. We excluded cases if the location of the metastasis was not osseous (n=12) or if the location
was not in'the extremities or pelvis (n=1). Cases where only a biopsy had taken place (n=10) and
where radiefrequency ablation was used (n=1) were also excluded. Cases where the surgery was
abandoned (n=1) or the diagnosis was of a primary bone tumour (n=1) were excluded. Two patients
without follow up data were excluded (n=2), where one of the patients did not have the procedure.
One patient was repeated within the database (n=1) and was excluded. One patient had both an
internal fixation and prosthetic replacement on the same side and in the same procedure, but only

contributed once to the cohort for the prosthetic replacement. Where participants had bilateral
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reconstructions they contributed twice to the initial cohort (n=3), resulting in 538 cases. Duplicates
were then excluded from the statistical analysis (n=76). This resulted in a total of 462 observations.
Two observations ended on the date of surgery and were excluded from the prognostication

analysis.

Procedure:

This was atetrospective study design. The variables included in the statistical analysis were type of
metastatic histotype, age at diagnosis, American Society of Anestheologists (ASA) score”,
pathological-fracture, previous therapy, location of the metastasis, preoperative haemoglobin, type
of procedure, whether en bloc resection or curettage had occurred and postoperative radiotherapy
and chemotherapy. Age at diagnosis was categorised into patients below 65 years and patients 65
years and above for analysis. Follow up data was collected from last known date of contact through
review appeintments or correspondence. The date of death was recorded through notification to the

institution from family, other health facilities or from Cancer Council Victoria.

Statistical analyses:

Categorical variables were summarised using frequency and percentage. Continuous variables were
summarised.using mean and standard deviation (SD) or median and interquartile (IQR) ranges as
appropriate. Survival rates were calculated using life table analysis. Kaplan-Meier methods were
used to determine the survival estimate curve. Cox Proportional Hazards Regression was utilised
for univariate and multivariate analysis. A two-sided test was used with a significant p value of less

than 0.05+The hazard proportionality for the multivariate analysis was tested with the use of scaled
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Schoenfeld residuals. Analyses were conducted using Stata version 13 (StataCorp, College Station,

Texas).

Ethics:
Ethics approval was obtained from St Vincent’s Melbourne Human Research Ethics Committee and

St Vincent’s Private Hospital Human Research Ethics Committee.

Results:

Patient and Procedure Characteristics:
There were 258 (56%) females and 204 (44%) males with a median age at diagnosis of 64 years
(IQR=55,72). 249 (54%) patients were below 65 years and 213 (46%) patients were 65 years or

older.
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155 (34%) patients presented with a pathological fracture. All patients underwent
orthopaedic treatment for either a metastatic lesion or pathological fracture in the extremities or
pelvis. The locations are depicted in figure 1. Where patients had lesions both in the pelvis and in
the femur they were classified as pelvis (n=23). The different metastatic histotypes are shown in
Figure 2.

205 (44%) patients underwent internal fixation and 230 (50%) patients underwent prosthetic
replacement..Other procedures such as amputation (n=2, 0.4%), girdlestones (n=4, 0.9%) and
excision alone with or without allograft (n=5, 1.1%) or curettage alone with bone graft or cement
(n=5, 1.1%)=were also included in the analysis. Internal hemipelvectomy/sacrectomy (n=14. 3.0%)
was included, where 3 patients were also treated with prosthetic reconstruction.

When looking at type of resection 54 patients underwent En bloc resection (12%) and 54
underwent curettage (12%).

Prientorsurgery, patients either had nil therapy (n=202, 44%), chemotherapy (n=42, 9.1%),
radiotherapy (n=89, 19%) or combined chemotherapy and radiotherapy (n=125, 27%). All adjuvant
radiotherapy-was to the fixated bone. Previous therapy was unknown in 4 (0.9%) cases.
Postoperative therapy included radiotherapy (n=294, 64%), which was unknown in 13 cases (2.8%)
and chemotherapy (n=114, 25%), which was also unknown in 13 cases (2.8%).

The . ASA categories found were ASA 1 (n=5, 1.1%), 2 (n=53, 11%), 3 (n=187, 40%) and 4
(n=106, 23%). There were 111 (24%) ASA values missing. Preoperative haemoglobin was
examined and a median of 122 g/L. (IQR=108, 134) was found. There were 32 (6.9%) observations

missing.

Survival Analysis:
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The median follow up was 0.72 years (IQR 0.27, 2.0). The overall survival rate was 45% at 1 year,
29% at 2 years and 13% at 5 years. The Kaplan-Meier survival estimate curve is shown in figure 3.
Further median survival analysis has been calculated for each univariate variable and has been

included in Table S1. Overall, 29 patients died within 1 month of follow up. The highest frequency

of early mortality looking at metastatic histotype was lung cancer patients (n=11, 38%).

Univariate.Analysis:

The results of the unadjusted model are summarised in table 1.

Multivariate Analysis:
These results are summarised in table 2. The hazards proportionality for the multivariate analysis

was tested with the use of scaled Schoenfeld residuals, finding a global test value of 0.1569.

Morbidity Outcomes:

Following surgery, the median length of stay was 8 days (IQR 5, 14). There were 379 observations
for length of stay. The median length of stay in the internal fixation group was 6 days (IQR 4, 11)
with 183 observations and in the prosthesis group 10 days (IQR 6, 15) with 180 observations, p

value <0.000.1.

Furthermore, Five (1.1%) patients had a fracture following the initial surgery. Three of the

fractures were.in the internal fixation group and 2 in the prosthetic replacement group.

Discussion:
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The overall 1, 2 and 5-year survival rate of 45%, 29% and 13% is similar to other published
survival rates for large studies. Ratasvuori et al.? identified a 1-year and 5-year survival rate of 41%
and 2%, respectively. Hansen et al.' used the same tumour registry at a different time and found a 1,
2 and 3-year survival rate of 39%, 26% and 18%, respectively. Dijstra et al.’ found a 1-year survival
rate of 40%.

On.univariate analysis patients presenting with a pathological fracture were found to have a
poorer predicted survival associated with 1.57 times the rate of death relative to having no
pathological-fracture. Hansen et al.' looked at metastatic bone disease in the extremities and pelvis
and also reported pathological fracture to be significant on univariate analysis. Other studies have
also reported this finding, however, focus specifically on patients presenting with metastatic bone

. . . 4.7-1
disease from specific primary tumours * "

and looking at metastasis to both the appendicular and
axial skeleton'!or the femur alone °. Ratasvuori et al.> looked at 1107 cases and no significant
difference was found in the survival prognostication of patients presenting with pathological
fracture or.impending fracture but reported a trend towards those with impending fractures having a
median survival better than those with pathological fractures. Schneiderbauer et al.'* also found no
significant difference. However, this study has exclusively reported on patient survival after hip
arthroplasty.for metastatic bone disease. Finally, multivariate analysis has identified pathological
fracture to be an independent predictor of poorer survival in this study. This has also been identified

134 Hansen et al.', with a similar sample size, also found pathological

in a number of studies
fracture to be an independent predictor of survival.

Breast and gynaecological histotypes were found to be positive predictors of survival on

univariate analysis. Lung and prostate histotypes were significant negative predictors of survival.
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Hansen et al.' found that patients presenting with metastatic disease from lung, prostate or unknown
cancer had a poorer prognosis on univariate analysis, while breast, kidney and myeloma and
lymphoma cancer was found to predict a better survival. While our study agrees with the findings of
breast, lung and prostate cancer to be significant on univariate analysis, renal and haematological
histotype were not significant. On multivariate analysis lung metastatic histotype was identified as
an independent;predictor of poorer survival. Hansen et al.' has also identified lung cancer to be a
negative predictor of survival and myeloma as a positive predictor of survival while Ratasvuori et
al.? found bréast cancer, kidney cancer, thyroid cancer, myeloma and lymphoma to be predictors of
survival. There is some inconsistency in these results. However, these studies were conducted with
different patient populations and this as well as selection bias may be contributing.

Preoperative haemoglobin has been found to be a positive predictor of survival both on
univariate/and multivariate analysis. This has also been recognised in a number of studies on

- . . . 1.13.1 . . .
LA and multivariate analysis™ ' '°. Preoperative haemoglobin may be prognostic as a

univariate
marker of cancer burden.

An.ASA score of 2 on univariate analysis was found to be a positive predictor of survival.
This was in relation to an ASA score of 4 and may suggest those with a better physical status are
more likely to do well. However, this was not significant on multivariate analysis and 111 ASA
results were.unknown. Interestingly males were found to have 1.37 times the rate of death as
compared'to females on univariate analysis. Gender did not continue to show significance on
multivariate analysis. However, the patient population in relation to gender was not equal with 258

females and 204 males. Hansen et al.' did not find any difference in the survival between male and

female paticats. Age was found to be a negative predictor of survival on univariate and multivariate

10
This article is protected by copyright. All rights reserved.



analysis. This was not found to be significant by Hansen et al.". Other studies looking at specific

7,13,16 8,13,16

tumours have found age to be significant on univariate and multivariate analysis

Patients whom had received combined chemotherapy and radiotherapy preoperatively were
predicted to have a poorer survival both on univariate and multivariate analysis. This may represent
patients with a higher cancer burden undergoing this course of treatment. Postoperative adjuvant
therapy was not found to be significant on univariate analysis.

Location of metastasis in the femur and pelvis were also found to be significant negative and
positive predictors of survival on univariate analysis, respectively. In the multivariate analysis
neither weresfound to be independent predictors of survival.

Regarding procedure characteristics, prosthetic replacement was found to decrease the rate
of death by 41% compared to internal fixation on univariate analysis. Type of procedure did not
continue to be an independent predictor of survival on multivariate analysis. Loss of significance
may suggest that the procedure chosen in part reflects assessment of a patients’ likely survival by
the surgeon. This was also not found to be significant by Hansen et al.' Regarding outcome, the
fracture rate-in this cohort was low at 1.1%. This suggests a low rate of fracture and may signify
success of fixation. However, as the patient cohort has a low survival postoperatively, there may not
be enough time to fully determine the rate of fracture. Looking at length of stay, patients
undergoing.prosthetic replacement had a significantly longer length of hospitalisation than those
undergoing internal fixation and may signify the importance of choosing a construct predicted to
have a shorter length of stay for patients likely to experience an early mortality, such as lung cancer
patients. Finally, wide en bloc resection showed a significantly better prognosis on univariate

analysis,but did not show significance on multivariate analysis.
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Overall, consistency in multivariate analysis has been found with this study and in similar
studies within the literature, specifically relating to pathological fractures, presence of lung
metastatic bone disease, preoperative haemoglobin and age at diagnosis. This may suggest that
these factors need to be considered when choosing the best treatment to maintain and improve
quality of life.

Overally the limitations associated with this study are its retrospective study design. Some
data was unawvailable and patients may have been followed up elsewhere. Selection bias may have
also occurred. However, this study contains a large number of participants and shows some

consistency=with other similar studies in the literature.

Conclusion:

This studyshasshighlighted a number of prognostic factors associated with survival in patients

presenting with metastatic bone disease. However, the palliative nature of this condition presents a

limitation te-the design of studies into metastatic bone disease and this must be taken into

consideration. Overall, this study has contributed to our knowledge of metastatic bone disease to the

extremities and pelvis.
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Figure 1. Metastatic Location

Figure 1 represents the metastatic location of lesions in the upper limb (A) and lower limb (B).

Figure 2. Metastatic Histotypes

Figure 2.describes the different metastatic histotypes represented in this patient cohort.
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Figure 3. Survival Rates

Figure 3 shows the Kaplan-Meier Survival Estimate.

nor Manuscript
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Table 1. lmiate Analysis

Table 1

ents the unadjusted analysis.
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Metastatic Histotype
Breast 0.700 0.001 0.6-09
Gastrointestinal 1.180 0.408 0.8-1.7
Gynaecological 0.477 0.021 03-0.9
}M)gical 0.800 0.533 0.4-1.6
LuQ 2.622 0.000 20-34
Prostate 1.545 0.017 1.1-22
Renal 0.782 0.110 0.6- 1.1
smo 0.859 0.387 0.6-12

Gender
Mm 1.373 0.002 1.1-1.7
Fegef) 1.00

Age at diagnosis
e 6@ 1.253 0.027 1.0-1.5
<6 (Ref) 1.00

ASA categom

0.310 0.101 0.1-13
0.578 0.003 0.4-0.8

ASA 3 0.807 0.099 0.6-1.0
AS 1.00

Pathological @re
Yes 1.572 0.000 1.3-1.9
No'(Ref) 1.00

Previous Wherapy
Combi 1.557 0.000 1.2-2.0
Raaapy 1.136 0.364 09-1.5
qrapy 1.193 0.334 08-1.7
Nil (Re 1.00
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Metastatic Location
Femur
Humerus
Pelvis
Tibia
Preoperative Haemoglobint

In units of 10

En bloc resection
Yes
No (Ref)

Curettage
Yes
No (Ref)

Type of Procedure
Prosthesis
Internalfixation (Ref)

Postoperative Radiotherapy
Yes
No (Ref)

Postoperative Chemotherapy

Yes

No (Ref)

1.299

0.998

0.689

0.653

0.823

0.641

1.00

1.137

1.00

0.594

1.00

0.847

1.00

0.956

1.00

0.013

0.990

0.017

0.079

0.000

0.010

0.398

0.000

0.119

0.698

1.1-1.6

0.8-1.3

0.5-0.9

04-1.1

0.8-0.9

0.5-0.9

0.8—-1.5

0.5-0.7

0.7-1.0

0.8-1.2

tVariable'data was complete for 428 of the original 460 patients.
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Table 2. Multivariate Analysis

Table 2 r the adjusted analysis There were 428 observations in the adjusted analysis.

Metastatic Hi e
Lulm 2.155 0.000 1.6-3.0

Age at diagnosis

e 6& 1.273 0.043 1.0-1.6
Pathological e
YeCU 1.483 0.001 12-19

Previous Adjuvant Therapy
Com 1.724 0.000 1.3-23
Preopera globin

In units of 10 0.859 0.000 0.8-0.9

tVariables found to be non-significant are not shown. These include breast, gynaecological and
prostate hi es, gender, ASA score, pelvis and femur locations, En bloc resection and type of

proced
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