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A B S T R A C T

Background: Operative fixation for femoral metastatic bone disease is based on the principles of reducing pain
and restoring function. Recent literature has proposed a number of prognostic models for appendicular meta-
static bone disease. The aim of this study was to compare the accuracy of proposed soring systems in the setting
of femoral metastatic bone disease in order to provide surgeons with information to determine the most ap-
propriate scoring system in this setting.
Methods: A retrospective cohort analysis of patients who underwent surgical management of femoral metastatic
bone disease at a single institution were included. A pre-operative predicted survival for all 114 patients was
retrospectively calculated utilising the revised Katagiri model, PathFx model, SSG score, Janssen nomogram,
OPTModel and SPRING 13 nomogram. Univariate and multivariate Cox regression proportional hazard models
were constructed to assess the role of prognostic variables in the patient group. Area under the receiver char-
acteristics and Brier scores were calculated for each prognostic model from comparison of predicted survival and
actual survival of patients to quantify the accuracy of each model.
Results: For the femoral metastatic bone disease patients treated with surgical fixation, multivariate analysis
demonstrated a number of pre-operative factors associated with survival in femoral metastatic bone disease,
consistent with established literature. The OPTIModel demonstrated the highest accuracy at predicting 12-
month (Area Under the Curve [AUC]= 0.79) and 24-month (AUC=0.77) survival after surgical management.
PathFx model was the most accurate at predicting 3-month survival (AUC=0.70) and 6-month (AUC=0.70)
survival. The PathFx model was successfully externally validated in the femoral patient dataset for all time
periods.
Conclusions: Among six prognostic models assessed in the setting of femoral metastatic bone disease, the present
study observed the most accurate model for 3-month, 6-month, 12-month and 24-month survival. The results of
this study may be utilised by the treating surgical team to determine the most accurate model for the required
time period and therefore improve decision-making in the care of patients with femoral metastatic bone disease.

1. Introduction

Metastatic bone disease (MBD) is common. In the USA, it was es-
timated that almost 300,000 patients in 2008 were living with MBD [1].
The femur is the most commonly affected bone in the appendicular
skeleton in MBD with 1/3 of skeletal metastases occurring in the
proximal femur [2,3]. Femoral MBD causes significant pain, decreased
quality of life and eventual pathological fracture resulting in immobility
[4].

The majority of all MBD pathological fractures that require surgical
management, occur in the femur [3,5]. Surgical treatment for meta-
static disease of the femur is palliative and not curative. The goals of
surgical management in this context are to achieve structural stability,
restore function, reduce pain, improve quality of life and decrease the
risk of revision surgery [6,7].

Surgical management of femoral MBD achieves both pain relief and
maintains function in almost 90% of patients [8]. Surgical options for
MBD of the femur include intramedullary fixation and endoprosthetic
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replacement surgery. Both have similar functional scores in femoral
MBD patients [7]. Endoprosthetic replacement is associated with a
decreased mechanical failure rate after 1-year when compared with
intramedullary fixation [3,7,9]. Therefore, patient prognosis is an im-
portant consideration with regard to fixation type in femoral MBD.
Patients with shorter expected survival may benefit from rigid in-
tramedullary fixation and adjunct radiotherapy, a less aggressive and
less morbid treatment. Patients with a prolonged life expectancy should
be considered for endoprosthetic replacement [6,10–12].

Expected survival is the most important factor to determine the
treatment modality. In order to assess the survival time after occurrence
of appendicular metastases, pre-operative prognosis models have been
devised by Katagiri et al., Forsberg et al. (referred to as the PathFx
model), Ratasvuori et al. (Scandinavian Sarcoma Group – SSG), Janssen
et al., Willeumier et al. (referred to as the OPTIModel model) and
Sorensen et al. (referred to as the SPRING model) [3,13–17]. Currently,
there is no consensus regarding which prognostic model is the most
accurate. The patients in the development datasets for these prognostic
models included all appendicular and, in some models, axial MBD.
Therefore, there is a need to assess and evaluate the accuracy and re-
liability of the prognostic models in patients for the most commonly
surgically managed location of MBD, the femur. The aim of this study
was to compare the performance of these models in the setting of fe-
moral MBD, enabling treating surgical teams to select the most appro-
priate prognostic model for their clinical setting.

2. Material and methods

2.1. Study design

Ethics approval was obtained from the local area health ethics
committee and a retrospective review of patient records was performed.
All patients who underwent operative fixation for femoral MBD at a
single institution between 2003 and 2014 were reviewed. The inclusion
criteria were: patient age greater than 18 at the time of surgery; com-
plete medical records including clinical presentation, past medical
history, pre-operative bloods and operative information; and known
patient survival or documented most recent follow-up. Patients for
whom the date of death was missing due to lost to follow-up were
censored at the last time they were known to be alive. No funding was
required for the support of this study.

As a retrospective study, there was no set guideline for surgical
management regarding patient selection and fixation type. The decision
to operate and fixation type was made by the treating surgical team in
consultation with radiation oncology and medical oncology based on
expected survival, type of fracture, comorbidities, patient function and
pain profile, primary tumour type and progression of the neoplastic
disease.

2.2. Prognostic models

All patients were assessed using six scoring systems for appendicular
MBD. The prognostic models included the revised Katagiri model,
PathFx model, Ratasvuori SSG scale, Janssen nomogram, OPTIModel
and SPRING 13 nomogram [3,13–17]. These estimated prognoses were
calculated using the retrospective data for each patient at the time of
operative management. Only objective inputs were utilised. The PathFx
model has an optional subjective variable which was omitted from the
model for this analysis [14]. Patient data was complete for all prog-
nostic models at the time of operative management.

2.3. Statistical analysis

Basic demographic data were summarised as categorical variables
and mean with range, standard error (SE) and 95% confidence interval
(CI). Univariate analysis was performed on all variables collected to

assess significance (p< 0.05). Categorical variables were established as
growth primary tumour type, duration of time from diagnosis to op-
eration less than 2.5 years, presence of visceral metastases, presence of
multiple skeletal metastases, femoral neck location, history of systemic
treatment, history of radiation therapy, presence of pathological frac-
ture, required pre-operative blood transfusion, American Society of
Anaesthesiologists (ASA) score less than three, Eastern Cooperation
Oncology Group (ECOG) performance status score greater than two,
pre-operative haemoglobulin less than 12 g/dL, platelets less than 10 g/
dL, alkaline phosphatase (ALP) greater than 129 U/L, serum calcium
greater than 2.6mmol/L, and albumin less than 3 g/dL. All of the
variables in univariate analysis with p values <0.20 were constructed
into a Cox proportional hazard multivariate model with bidirectional
elimination.

All patients were categorised into different prognostic groups de-
fined by the primary tumour type as outlined by Katagiri et al. [13] and
Bollen et al. [18]. The variables between the test dataset and prognostic
model development cohorts were compared with the Fisher exact test
and the Mann–Whitney U test.

Receiver Operating Characteristic (ROC) analysis and Brier score
calculation was performed for 3-, 6-, 12-, and 24-month predicted
survival periods. The predictive accuracy for the prognostic models was
assessed using the Area Under the Curve (AUC) as a quantifiable
measure. An AUC of 1.0 indicates perfect accuracy whereas an AUC of
0.5 indicates no relationship or predictive accuracy. It is considered an
AUC of greater than 0.7 to indicate satisfactory predictive value [19].
The Brier score measures the accuracy of a probabilistic model sum-
ming the difference between expected survival and actual survival
period, scores vary between 0 and 1 with a lower score indicating better
predictions for the model. Confidence intervals (CI) for the AUC values
and Brier scores were calculated using bootstrap standard errors (1000
replications). AUC values were compared with the Delong–Delong test
[20]. Level of significance was set at 5% (p < 0.05) and confidence
intervals were reported as 95% interval. All statistical analyses were
performed using PythonTM 2.7 with the Numpy, Pandas and Lifelines
script libraries.

3. Results

3.1. Patient demographics and survival

Upon retrospective review of patient medical records for patients
surgically treated for femoral metastatic bone disease, 125 patients
were initially observed. 11 patients did not have complete medical
records and were excluded. The remaining 114 patients met the in-
clusion criteria. Table 1 summarises the characteristic of the 114 pa-
tients studied. The mean age of the patients at the time of operative
management was 70 years (SD±11.7, 95% CI 67.8–72.2). There were
46 female and 68 male patients. At presentation, the mean and median
of the BMI were 26 and 25 respectively (SD±4.8, range 17–44). The
median Charlson Comorbidity Index (CCI) for the patients pre-opera-
tively was 9 (SD±2.1, range 6–17). The most common primary tumour
types were prostate (24.6%), lung (20.2%), breast (17.5%) and renal
(9.6%). Compared to the prognostic model development patient co-
horts, the femoral patient dataset was characterised by male sex, pa-
thological fracture of the femur on presentation, high proportion of
moderate growth primary tumour type and poorer patient pre-op level
of function (Table 2).

The median duration of survival to death or last follow-up was 5.6
months (SD±15.6, 95% CI 2.7–8.5 months) with a range of 1 day–79.8
months. Fig. 1 is the overall survival for all patients after operative
fixation. The survival rate was 49.3% at 6 months (95% CI 39.6–58.3),
28.7% at 12 months (95% CI 20.5–37.4), 14.6% at 24 months (95% CI
8.7–22.0) and 1.1% at 5 years (95% CI 0.0–5.2).
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3.2. Factors associated with survival

Univariate Cox regression was performed on the femoral patient
dataset (Table 3). Slow growth primary tumour type (Hazard Ratio
[HR] 0.47 [95% CI 0.29–0.74], p=0.001), rapid growth primary tu-
mour type (HR 2.69 [95% CI 1.75–4.13], p < 0.001), presence of
visceral metastases (HR 1.76 [95% CI 1.17–2.64], p=0.006),

metastatic lesion involving the femoral neck (HR 1.52 [95% CI
1.03–2.24], p=0.036), ASA score greater then three (HR 2.15 [95% CI
1.42–3.26], p < 0.001), ECOG score equal or greater than three (HR
1.55 [95% CI 1.03–2.33], p=0.037), haemoglobulin (≤12 g/dL, HR
1.49 [95% CI 1.00–2.22], p=0.048), platelets (≤100 × 109/L, HR
2.98 [95% CI 1.27–6.97], p=0.012), ALP (>129 U/L, HR 1.69 [95%
CI 1.15–2.50], p=0.008) and albumin (<30 g/L, HR 2.13 [95% CI
1.42–3.21], p < 0.001).

Following this, a multivariate analysis was performed (Table 4). The
following variables had a significant and independent association with
patient survival after controlling for relevant confounding variables:
slow growth primary tumour type (HR 0.47 [95% CI 0.29–0.77],
p=0.003), presence of visceral metastases (HR 1.91 [95% CI
1.18–3.09], p=0.008), lesion location within the femoral neck or head
(HR 1.78 [1.16–2.72], p=0.008), ASA score of greater than three (HR
1.74 [95% CI 1.12–2.69], p=0.014), serum ALP greater than 129 U/L
(HR 1.89 [95% CI 1.24–2.88], p=0.003) and serum albumin less than
30 g/L (HR 1.75 [95% CI 1.13–2.72], p=0.013).

3.3. Comparison of prognostic models

Among all patients surgically managed for femoral metastatic bone
disease, the PathFx model demonstrated the highest accuracy at pre-
dicting 3-month and 6-month survival (AUC 0.70 and AUC 0.71 re-
spectively) and was the only model to be sufficiently accurate at pre-
dicting 3-month and 6-month survival. PathFx yielded a Brier score of
0.233 (95% CI 0.23–0.234) at 3-months and 0.266 (95% CI
0.224–0.228) at 6-months (Table 5 and Fig. 2).

OPTIModel (AUC=0.79) was the most accurate at predicting 12-
month survival with a Brier score of 0.16 (95% CI 0.158–0.161).
Additionally, the Janssen nomogram (AUC 0.71), the PathFx model
(AUC=0.71) and SPRING nomogram (AUC=0.76) all achieved suf-
ficient predictive accuracy for 12-month survival. OPTIModel
(AUC=0.79) and PathFx (AUC=0.75) were satisfactorily accurate for
predicting 24-month survival with respective Brier scores of 0.107
(95% CI 0.107–0.11) and 0.114 (95% CI 0.114–0.118) (Table 5 and
Fig. 2).

4. Discussion

To our knowledge, no previous studies have been conducted before
comparing more than two prognostic systems for patients in the setting
appendicular metastases. Shimada et al. compared the Ratasvouri SSG
scale with the original Katagiri score for 145 patients with both axial
and appendicular metastatic disease in 2015 [21]. Of all six prognostic
models analysed in the femoral MBD patient cohort, the PathFx score
was consistently the most reliable for sufficient accuracy in survival
estimation for all time periods (Table 5).

Nathan et al. measured the accuracy of predicting survival pre-op-
eratively in MBD patients undergoing operative fixation by the treating
surgeon to be only accurate in 18% of cases [22]. Additionally, Chow
et al. showed that physician's estimates of survival in cancer were in-
accurate [23]. Endoprosthetic reconstruction and intramedullary fixa-
tion remain the mainstays of treatment [6,10,24,25]. Unfortunately,
there is currently no Level I evidence assessing the recommended sur-
vival period that patients require for endoprosthetic reconstruction. The
literature is mixed with regard to 6- or 12-month patient survival as
necessary life expectancy for endoprosthetic reconstruction
[6,7,10,24]. Thus, highlighting the need for more formalised and sys-
tematic approaches to prognostication of survival in patients with MBD.

There are a number of limitations with this single centre, retro-
spective cohort study. Treatment decisions were made by the treating
surgical team and not based on standardised protocols. Patients were
not randomly allocated to treatment and this introduces selection bias.
This will range from referral to the orthopaedic team by the oncology
service to the decision by the surgical and anaesthetic team to perform

Table 1
Patient characteristics for the 114 patients with femoral MBD.

Mean Median

Demographics
Age (years) 68.9 70
BMI (kg/m2) 26 25
Modified CCI 9.0614 9

Pre-op Serum Markers
Haemoglobulin (g/L) 113.5 113.0
Platelets (× 109/L) 275.2 264.0
White celll count (× 109/L) 8.9 8.3
Neutrophil count (× 109/L) 6.9 6.2
Alkaline phosphotase (U/L) 333.3 151.0
Creatinine (umol/L) 97.7 84.5
Calcium (mmol/L) 2.3 2.3

Operative Details
ASA Score 3.2 3.0
Operative time (mins) 102.1 98.0

Comorbidities
ECOG score 2.1 2.0

Demographics Number %
Sex (M/F) 68 / 47 60% / 40%

Primary Cancer
Slow growth 31 27.2
Breast (Hormone dependent) 6 5.3
Prostate (Hormone dependent) 15 13.2
Multiple myeloma 7 6.1
Lymphoma 3 2.6
Thyroid 1 0.9
Moderate growth 45 39.5
Breast (Hormone independent) 14 12.3
Prostate (Hormone independent) 13 11.4
Renal 11 9.6
Ovarian 1 0.9
Adrenal 1 0.9
Fast Growth 38 33.3
Lung 23 20.2
Head and neck 5 4.4
Melanoma 4 3.5
Colorectal 4 3.5
Bladder 3 2.6
Unknown 2 1.8
Oesophageal 1 0.9

Staging / Treatment
Multiple skeletal metasases 91 79.8
Visceral metastases 44 38.6
Brain metastases 8 7.0
Previous chemotherapy 47 41.2
Previous hormonal therapy 21 18.4
Previous radiotherapy to femoral site 30 26.3
Previous radiotherapy elsewhere 62 54.4

Comorbidities
Diabetes 23 20.2
Smoker 18 15.8
Pleural effusion 17 14.9

Operative Details
Impending fracture 37 32.5
Pathological fracture 77 67.5
Location
Head/Neck 50 43.9
Intertroc 14 12.3
Subtroc 23 20.2
Diaphyseal 21 18.4
Distal 6 5.3
Pre-Op transfusion 20 17.5

BMI, Body Mass Index; CCI, Charlson Comorbidity Index; ASA, American
Society of Anesthesiologists score; ECOG, Eastern Cooperative Oncology Group.
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operative fixation as there was no set criteria for operative manage-
ment. Additionally, applying the prognostic models to a potentially
homogenous femoral MBD patient group may introduce bias to the
analysis. Including more institutions and increasing the population size
in future studies will increase heterogeneity in the patient cohort and
reduce selection bias. However, the PathFx model performed well on

this patient dataset despite significant differences with the PathFx de-
velopment dataset (Table 2). The use of billing codes to identify po-
tential patients may have missed a number of eligible patients. We do
expect this number to be low and not influence the results. Patient data
was complete and the patient group is large enough compare prognostic
models [26]. A minimum follow-up period was not defined or utilised,

Table 2
Baseline characteristics and differences between the femoral MBD dataset and the prognostic model development datasets.

Femur
Patients
Dataset

Katagiri
Development
Cohort

P-Value Janssen
Development
Dataset

P-Value Willeumier
Development
Cohort

P-Value SSG Dataset P-Value PathFx
Dataset

P-Value SPRING
2013
Dataset

P-Value

Patients 114 808 927 1520 651 189 270
Age (mean) 62 65 62.4
BMI (mean) 27
Men 60.0% 55% 0.000 43% 0.001 46% 0.003 45.0% 0.013
Pathological

Fracture
67.54% 32% 56% 0.026 76.0% 0.060 44.2% 0.000 73.33% 0.264

Slow 27% 16% 0.005 35% 0.102 55.3% 0.000 27.3% 1.000 42.96% 0.004
Moderate 39% 28% 0.015 28% 0.013 18.2% 0.000 25.93% 0.010
Fast 33% 57% 0.000 38% 0.367 54.5% 0.000 31.11% 0.719
Breast 17.5% 23% 0.233
Lung 20.2% 23% 0.555
Myeloma 6.1% 16% 0.003
Kidney 9.6% 9% 0.732
Prostate 24.6% 5% 0.000
Multiple bone

metastases
78% 75% 0.561 20% 0.000 77.70% 1.000 77.6% 1.000 71.0% 0.226 66.30% 0.028

Lung and/or liver
metastases

39% 29% 0.039 38.70% 1.000 41.0% 0.680 60.3% 0.000 38.89% 1.000

Brain metastases 7% 16% 0.012 5.60% 0.527
Previous systemic

treatment
60% 62% 0.683

Previous chemo 41% 56% 0.004
Previous

radiotherapy
to affected
long bone

26% 18% 0.041

ECOG <2 23% 42.60% 0.000 51.9% 0.000 63.33% 0.000
Abnormal

laboratory
83% 57% 0.000

Critical laboratory 10% 19% 0.013
Survival:
3 month 67% 73% 0.220 68.3% 0.800
6 month 51% 57% 0.190 58.0% 0.150
12 month 31% 36% 0.248 42% 0.015 41.0% 0.037 41.8% 0.049
24 month 17% 23% 0.183
36 month 13% 16% 0.405

BMI, Body Mass Index; ECOG, Eastern Cooperative Oncology Group. Bold indicates significance (two tailed P-value < 0.05).

Fig. 1. Kaplan–Meier estimate with 95% CI of overall survival post-operative fixation (n=114). Median survival post-operative fixation was 5.6 months (95% CI
2.7–8.5 months).
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however this should be accounted for by the use of Cox proportional-
hazard regression that factors in loss to follow-up in the analysis.

In the investigation of femoral metastatic bone disease survival,
univariate and multivariate analysis observed a number of investigated
factors previously identified were significantly associated with de-
creased survival (see Table 3 and 4). The variables classifying growth
type were representative of the underlying tumour type. As expected,
there is a degree of collinearity present between these variables. Rapid
growth primary type was omitted and only slow growth primary type
included to enhance model interpretability. Of note, elevated ALP and
hypoalbumaemia were found to be independent negative pre-operative
prognostic markers for survival in our patient population (Table 4).
This observation has validated Sorenson et al.’s ALP cut off value in the
setting of MBD [27]. ALP is expressed by bone and the liver and pre-
vious studies have shown that ALP was a biomarker for the presence of
skeletal metastases before detectable on skeletal scintigraphy [28].
Serum albumin provides a simple method of assessing protein function
which is impaired in malnutrition and inflammatory states [29]. Hy-
poalbuminaemia has been observed to be prognostic in various cancer
types [30]. To the author's knowledge, this is the first-time pre-opera-
tive albumin has been observed to be an independent prognostic factor
in a MBD patient cohort. These variables remained independent prog-
nostic factors when adjusting for the presence of visceral metastases in
our dataset.

The presence of a pre-operative pathological fracture was not as-
sociated with survival in our independent femoral patient cohort. The
SPRING nomogram and PathFx model include the presence of a pre-
operative pathological fracture in their assessment of survival for the
patient yet the other models do not utilise it for survival estimation

Table 3
Univariate Cox regression analysis on femoral MBD dataset.

Explanatory variables β Regression Coefficient Hazard Ratio (HR) 95% CI P-value

Primary cancer growth type
Slow −0.763±0.234 0.47 0.29–0.74 0.001
Moderate −0.070±0.199 0.93 0.63–1.38 0.725
Rapid 0.988± 0.220 2.69 1.75–4.13 0.000

Staging
Operation at time of diagnosis 0.474± 0.278 0.62 0.35–1.12 0.112
Diagnosis time to femur fracture > 2.5 years 0.325± 0.199 1.27 0.87–1.87 0.217
Visceral metastases 0.565± 0.206 1.76 1.17–2.64 0.006
Multiple skeletal metastases 0.175± 0.243 1.19 0.74–1.92 0.473
Spine metastases −0.028±0.203 0.97 0.65–1.45 0.889
Femoral neck/head lesion 0.416± 0.198 1.52 1.03–2.24 0.036
Pathological fracture 0.230± 0.209 1.26 0.84–1.90 0.271
Previous radiotherapy to femur 0.111± 0.221 1.12 0.73–1.72 0.614
Previous systemic treatment −0.161±0.202 0.85 0.57–1.27 0.427

Operative factors
ASA > 3 0.765±0.212 2.15 1.42–3.26 0.000
Perioperative transfusion 0.326± 0.265 1.38 0.82–2.33 0.219

Comorbidities and function
ECOG ≥ 3 0.437± 0.210 1.55 1.03–2.33 0.037
Pre-operative pleural effusion 0.594± 0.276 1.81 1.05–3.11 0.032
CCI score > 8 0.339± 0.203 1.40 0.94–2.09 0.095

Serum markers
Haemoglobulin < 120 g/L 0.401± 0.203 1.49 1.00–2.22 0.048
PMN < 5.68× 109/L −0.121±0.201 0.89 0.60–1.31 0.547
Platelets < 100×109/L 1.091± 0.434 2.98 1.27–6.97 0.012
ALP > 129 U/L 0.527± 0.199 1.69 1.15–2.50 0.008
Albumin < 30 g/L 0.758± 0.207 2.13 1.42–3.21 0.000
Calcium > 2.6mmol/L 0.431± 0.351 1.54 0.77–3.06 0.220

ASA, American Society of Anesthesiologists score; ECOG, Eastern Cooperative Oncology Group; CCI, Charlson Comorbidity Index; PMN, polymorphonuclear leu-
kocytes; ALP, alkaline phosphatase.
Slow growth type cancer included hormone-dependent breast and prostate, thyroid, multiple myeloma and lymphoma. Moderate growth included lung cancer
treated with molecularly targeted drugs, hormone-independent breast and prostate, renal, endometrial and ovarian. Rapid growth included lung cancer without
molecularly targeted drugs, colorectal, gastric, pancreatic, head and neck, eosophageal, other urological, melanoma, hepatocellular, gall bladder, cervical and
cancers of unknown origin.
These values are given as the β coefficient and standard error.
These values are given as the Hazard Ratio (HR) with the following column the corresponding 95% confidence interval (CI).
These p-values were significant and had a two tailed p-value <0.05.

Table 4
Multivariate Cox regression analysis on femoral MBD dataset.

Explanatory variables β Regression
Coefficient

Hazard Ratio
(HR)

95% CI P-value

Slow growth cancer
type

−0.753± 0.251 0.47 0.29–0.77 0.003

Visceral metastases 0.648± 0.245 1.91 1.18–3.09 0.008
Femoral neck lesion 0.576± 0.217 1.78 1.16–2.72 0.008
ASA > 3 0.551±0.224 1.74 1.12–2.69 0.014
ALP > 129 U/L 0.638± 0.214 1.89 1.24–2.88 0.003
Albumin < 30 g/L 0.560± 0.225 1.75 1.13–2.72 0.013

ASA, American Society of Anesthesiologists score; ALP, alkaline phosphatase.
Slow growth type cancer included hormone-dependent breast and prostate,
thyroid, multiple myeloma and lymphoma.
Variables found to be non-significant in multivariate analysis are not shown.
These include: Operation at time of diagnosis, ECOG>3, pre-operative pleural
effusion, CCI > 8, Haemoglobulin <120g/L and Platelets <100×109/L).
Both ‘Rapid growth cancer type’ and ‘Slow growth cancer type’ variables are
representative of the underlying tumour type and upon including the ‘Rapid
growth cancer type’ variable we observed that ‘Slow growth cancer type’ was no
longer significant. We opted to omit ‘Rapid growth cancer type’ and include
‘Slow growth cancer type’ as a variable in the multivariate analysis in order to
aid the interpretability of the model.
These values are given as the β coefficient and standard error.
These values are given as the Hazard Ratio (HR) with the following column the
corresponding 95% confidence interval (CI).
These p-values were significant and had a two tailed p-value <0.05.
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[14,16]. Further work and a meta-analysis may be required to in-
vestigate the value of this prognostic variable. If pathological fracture
were an independent negative prognostic variable, this would
strengthen the argument to lower the threshold to prophylactically
surgically manage femoral MBD [31].

In the current study, the PathFx model was the accurate predictive
system for 3- and 6- month survival. Additionally, the PathFx model
was the most consistently reliable prognostic system, proving suffi-
ciently accurate for all time periods thus exhibiting statistical validity
and clinical usefulness. The PathFx was sufficiently accurate at 6-
months survival estimation with the lowest Brier score (AUC=0.70,
Brier score 0.266) of the prognostic models. The PathFx model re-
commends endoprosthetic reconstruction for patients with an expected
survival of greater than 12 months [14]. Seen here in the femoral MBD
group, the model remained sufficiently reliable with a modest Brier
score for 12-month (AUC=0.71, Brier score 0.190) survival estima-
tion, therefore strengthening the usefulness of the PathFx model for the
surgical team in determining operative fixation options.

The PathFx model is a machine learned Bayesian belief network
applicable to both axial and appendicular MBD. The model includes
both objective quantifiable variables (age, sex, primary type, ECOG,
presence of visceral metastases, presence of multiple skeletal metas-
tases, pathological fracture, haemoglobulin and lymphocyte count) and
subjective variables (surgeon's estimate of survival). It can function
without this subjective variable and has been shown here to remain
accurate without this variable and in other studies [32]. The PathFx
model has been externally validated in a number of different patient
populations and has been further validated in the femoral MBD popu-
lation from this analysis [32–34].

It remains controversial whether to include multiple myeloma in a
prognostic model for metastatic bone disease as it is a primary hae-
matological cancer. However, all prognostic models except OPTIModel
included multiple myeloma and lymphoma it the assessment of patient
survival. These haematological malignancies cause pathological frac-
tures of the femur requiring orthopaedic management [3,13–16,35,36].
This analysis included multiple myeloma and lymphoma primary
cancer types in the femoral MBD patient dataset. Interestingly, OPTI-
Model was the most accurate model at predicting survival at 12-month
(AUC=0.79, Brier score =0.160) and 24-month (AUC=0.77, Bier
score= 0.107) time periods. OPTIModel is a recently developed prog-
nostic model developed from a large dataset of appendicular MBD in-
cluding patients managed non-operatively and operatively. Our results
confirm the impact and simplicity of the OPTIModel algorithm. It is
dependent on only three variables: primary tumour type; Karnofsky
performance score; and the presence of visceral or brain metastases.
Patients are then classified into four prognostic groups, with a median
survival of 15.5, 6.2, 4.9 and 2.3 months in our femoral MBD dataset.

The revised Katagiri model and SSG scale were not sufficiently ac-
curate in their application to the femoral MBD dataset (Table 5). The
revised Katagiri model's poor performance may be reflective of the low
number of surgically managed patients in the RKS development dataset
[13]. The SSG scale reduces the impact of the primary type to just a
single categorical variable capturing breast, kidney, thyroid cancer,
myeloma and lymphoma patients. This classification of primary type is
not supported by other studies highlighting the significance of classi-
fying cancer types into growth / favourable types [13,18,37]. The age
of both models may also be a factor in their accuracy, as it has been
observed that modern data is more effective than larger older datasets
when producing prediction models [38].

The Janssen nomogram and SPRING-13 nomograms were only
sufficiently accurate at the 12-month time period (AUC = 0.71, Brier
score 0.220 and AUC 0.76, Brier score 0.186 respectively). They both
lacked reliability at shorter time periods in estimating patient survival.
There were significant differences between the femoral MBD dataset
and Janssen and SPRING development datasets (Table 2). It is suspected
that a less implicity biased dataset may lead to an improvement inTa
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prognostic model accuracy. This highlights the need to approach these
results with caution and the necessity of multicentre studies with large
population numbers to assess prognostic models.

5. Conclusions

Operative fixation in femoral MBD is a palliative procedure that is
aimed at alleviating pain and maintaining the patient's function.
Accurate pre-operative estimated patient prognosis is paramount to
allow informed operative fixation decision making. It must be stressed
that the use of a prognostic model and the clinical acumen of the
clinician will outperform either of these two options alone [38]. PathFx
was the most consistently reliable model across all time periods and the
OPTIModel the most accurate at 12-month survival prognosis. To date,
this is the only study comparing the accuracy of multiple prognostic
models in the setting of femoral MBD. Clinicians may use the results in
this study to determine the most accurate model for the required time
period and therefore improve decision-making in the care of patients
with femoral MBD.
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