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Background and purpose: Patients with advanced cancer may develop painful bone metastases, poten-
tially resulting in pathological fractures. Adequate fracture risk assessment is of key importance to pre-
vent fracturing and maintain mobility. This study aims to validate the clinical reliability of axial cortical
involvement with a 30 mm threshold on conventional radiographs to assess fracture risk in femoral bone
metastases.
Materials and methods: All patients with bone metastases who received radiotherapy for pain included in
two multicentre prospective studies were selected. Conventional radiographs obtained at a maximum of
two months prior to radiotherapy were collected. Three experts independently measured lesions and
scored radiographic characteristics. Sensitivity, specificity, positive (PPV) and negative predictive value
(NPV) were calculated.
Results: Hundred patients were included with a median follow-up of 23.0 months (95%CI: 10.6–35.5).
Two fractures occurred in lesions with axial cortical involvement <30 mm, and 12 in lesions �30 mm.
Sensitivity, specificity, PPV and NPV of axial cortical involvement for predicting femoral fractures were
86%, 50%, 20% and 96%, respectively. Patients with lesions �30 mm had a 5.3 times higher fracture risk
than patients with smaller lesions.
Conclusion: Our validation study confirmed the use of 30 mm axial cortical involvement to assess fracture
risk in femoral bone metastases. Until a more accurate and practically feasible method has been devel-
oped, this clinical parameter remains an easy method to assess femoral fracture risk to aid patients
and clinicians to choose the optimal individual treatment modality.

� 2019 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 144 (2020) 59–64
Due to increased life expectancy, higher cancer incidence and
improved systemic treatments for cancer patients, incidence of
symptomatic bone metastases increases [1]. Focussing on bone
metastases in the femur, most patients experience bone pain,
and, if left untreated, progressive lesions can eventually lead to
pathological fractures, with high symptom burden, impaired
mobility and the need for emergency surgeries. Choice of local
treatment for femoral bone metastases depends on the expected
fracture risk as appraised by the treating physician, besides the
patient’s estimated survival and preferences. Assessing femoral
fracture risk is challenging but of key importance.
In general, for low risk lesions, a single dose of radiotherapy
(RT) is the treatment of choice, with about 60% of patients experi-
encing pain relief [2]. For high risk lesions, surgical options consist
of intramedullary nailing, plate osteosynthesis, or (endo) pros-
thetic reconstruction [3]. Alternatively, if patients are too ill to
undergo surgery or refuse surgery, higher doses RT are used to
induce remineralisation of the bone defect [4].

Studies concerning femoral fracture prediction reported several
radiological risk factors [5–11]. Most were based on lesion charac-
teristics in patients who were subsequently operated on, and
therefore, the natural course of lesions without fixation during
follow-up was not taken into account. In 1989, Mirels described
a scoring system composed of four factors: site, aspect and size
of the metastatic lesion and patient reported pain, with a maxi-
mum of 12 points [12]. Although only one in seven patients actu-
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ally experienced a fracture, he advised that all patients who scored
nine points or higher should be prophylactically stabilised. In 2004,
we compared the predictive value of all frequently-cited risk fac-
tors in 102 patients with femoral metastases who were treated
with palliative radiotherapy within a phase 3 trial [10]. We con-
cluded that most risk factors were unreliable in assessing fracture
risk and led to overtreatment of patients. The use of Mirels’ scoring
system highly overestimated fracture risk with a positive predic-
tive value (PPV) of only 14%, indicating that approximately 6 out
of 7 patients would have undergone unnecessary surgery, and thus
exposing them to possible complications and the burden of time
for rehabilitation [10].

Other studies proposed to measure axial cortical destruction on
conventional radiographs [5,8]. Based on the same abovemen-
tioned 102 patients, we showed in 2003 that lesions with more
than 30 mm axial cortical involvement were at risk for fracturing,
with a PPV and negative predicting value (NPV) of 23% and 97%,
respectively, illustrating that approximately one in four patients
with a lesion �30 mm would encounter a fracture [11].

The use of axial cortical involvement was not validated in other
studies yet. Therefore, the aim of our present study was to validate
the clinical reliability of the 30 mm threshold for axial cortical
involvement and revaluate other published risk factors measured
on conventional radiographs for fracture risk assessment in
patients with femoral metastases.
Methods and patients

For the current study, we used a patient cohort originally aimed
to design and improve a patient-specific and CT-based finite ele-
ment (FE) computer simulation model to predict fracture risk of
metastatic femoral bone lesions [13]. This cohort comprised 156
patients included in two prospective multicentre studies, con-
ducted in four radiotherapy departments in the Netherlands,
between 2006 and 2009 [13,14] and 2015 and 2017. In these stud-
ies, advanced cancer patients with painful femoral metastases who
were referred for radiotherapy were asked to participate. At study
entry, the following baseline characteristics were obtained: pri-
mary tumour, sex, age, height, weight, pain score (0–10), Karnofsky
Performance Score (KPS, 0–100) and bisphosphonate use. Treat-
ment guidelines in both studies stated that patients with lesions
<30 mm should receive a single fraction (SF) of 8 Gy to treat pain.
For larger lesions, patients were preferably operated on to prevent
pathological fracturing, but if a patient refused surgery, or was in
poor clinical condition, multiple (5 or 6) fractions (MF) of 4 Gy
were given to induce remineralisation. If patients were too ill to
travel to the radiotherapy department for multiple times, the use
of SF was allowed. Both studies received local medical ethical
review board approvals and all patients signed informed consent.
Specifics concerning inclusion and exclusion criteria have been dis-
cussed elsewhere [13].

Adequate follow-up was established through multiple tele-
phone interviews or questionnaires in the first six months after
treatment, or until death or fracture occurred. In addition, the
follow-up was updated until November 2017 via electronic patient
records.

For the current study, all conventional anteroposterior (AP) and/
or lateral radiographs available within a two months period before
radiotherapy were collected. After excluding patients lacking con-
ventional radiographs within the two-month time frame (n = 56),
we included 100 patients in this study.

All conventional radiographs were individually reviewed by
three experienced observers: a radiation oncologist, an orthopae-
dic surgeon and a musculoskeletal radiologist. Identical reviewing
methods in comparison with the original study in 2003 were used
[11]. Firstly, observers were asked to indicate based on their clini-
cal experience whether or not the affected bone was at high risk for
fracturing and if the patient should be discussed with an orthopae-
dic surgeon to consider prophylactic surgery. Hereafter, the
appearance of the bone lesion (lytic, blastic or mixed), largest axial
cortical involvement (in mm) and circumference of the lesion using
a three-tiered approach (�1/3, 1/3–2/3 and >2/3) was assessed.
When multiple lesions were at risk, they were scored separately
if they were more than 50 mm apart. In case of disagreement
between the observers on any of the variables, consensus was
reached through discussion. Additionally, we applied the Mirels’
scoring system [12] identically to the previous study [10].
Statistical analyses

To assess any possible bias between included and excluded
patients based on availability of radiographs, and between patients
with and without fractures during follow up, baseline characteris-
tics were assessed for normality with the Shapiro–Wilk test and
compared using independent t-tests and Mann–Witney U tests
for continuous and categorical variables, respectively. Reverse
Kaplan Meier was used to assess median follow-up [15].

Competing risk models [16,17] with two competing events frac-
ture and death, (Supplementary Data 1–3) were used to estimate
the cumulative incidence function of death and fracture for cortical
involvement (�30 mm or <30 mm) and for radiotherapy treatment
schedule (SF or MF). The competing risk model has been estimated
since patients may die without developing a pathological fracture.
Fine and Gray’s test [18] was used to assess the differences in the
estimated cumulative incidence between groups. To study the
effect of risk factors on fracture, univariate (UV) Cox proportional
hazards regression models were estimated. Cause specific hazard
ratios (HRCS) along with their 95% confidence interval (CI) were
estimated. This estimated hazard ratio represents the relative
increase of hazard of experiencing the event of interest among
those patients who have not experienced any event yet, i.e. they
are still event free and in follow-up [16].

Interobserver variability was assessed using Spearman’s rank
correlation. Sensitivity (SE, percentage of high risk patients in the
fracture group), specificity (SP, percentage of low risk patients in
the non-fracture group), PPV (percentage of patients with a frac-
ture in the high risk group) and NPV (percentage of patients with-
out a fracture in the low risk group) were calculated.

Competing risk analysis was performed by using the mstate
library in R [19,20]. All other analyses were performed using SPSS
24.0 (Armonk, NY, USA). Statistical significance was set at p < 0.05.
Results

Baseline characteristics were not different between included
and excluded patients and between patients with or without frac-
tures (Table 1). Median follow-up of the 100 included patients was
23.0 months (95%CI: 10.6–35.5). Thirteen patients (13%) developed
a pathological fracture during follow-up. One patient fractured
both femurs. At time of database closure, 73 patients (73%) had
died; 62 without a fracture and 11 patients died after they had sus-
tained a fracture. The cumulative incidences of death for <30 mm
versus�30 mm cortical involvement and for single versus multiple
fractions RT are shown in Fig. 1.

On the conventional radiographs, 110 lesions were identified in
the 100 patients (Table 2). Appearance was considered lytic in 73
lesions (66%), mixed in 25 (23%) and blastic in 12 (11%). Most
lesions were located subtrochanteric (n = 22, 20%), followed by
the shaft (n = 17, 15%) and intertrochanteric (n = 16, 15%), head
or neck (n = 14, 13%) and distal (n = 1, 1%). Forty lesions (36%) were



Table 1
Baseline characteristics, N (%).

Characteristics Included patients

Included
N = 100

Excluded*
N = 56

p-Value Fracture
N = 13

No fracture
N = 87

p-Value

Sex, male 60 (60.0%) 37 (66.1%) 0.45 6 (46.2%) 54 (62.1%) 0.28

Age in years$, mean (SD) 67.69 (10.6) 68.77 (11.8) 0.58 67.7 (8.1) 67.7 (11.0) 0.99

Primary tumour 0.16 0.73
Breast 18 (18.0%) 14 (25.0%) 4 (30.8%) 14 (16.1%)
Prostate 32 (32.0%) 25 (44.6%) 2 (15.4%) 30 (34.5%)
Lung 25 (25.0%) 3 (5.4%) 3 (23.1%) 22 (25.3%)
Multiple myeloma 13 (13.0%) 4 (7.1%) 4 (30.8%) 9 (10.3%)
Other 12 (12.0%) 10 (17.9%) – 12 (13.8%)

Pain scoreX, mean (SD) 5.46 (2.7) 5.2 (2.6) 0.58 5.9 (3.2) 5.4 (2.6) 0.64

KPS 0.57 0.88
�80 59 (59.0%) 36 (64.3%) 8 (61.5%) 51 (58.6%)
�70 40 (40.0%) 20 (35.7%) 5 (38.5%) 35 (40.2%)
Missing 1 (1.0%) – – 1 (1.1%)

Radiotherapy schedule# 0.61 0.93
SF 55 (55.0%) 33 (58.9%) 7 (53.8) 48 (55.2)
MF 45 (45.0%) 22 (39.3%) 6 (46.2) 39 (44.8)

Bisphosphonate use 0.89 0.54
Yes 24 (24.0%) 14 (25.0%) 4 (30.8%) 20 (23.0%)
No 76 (76.0%) 42 (75.0%) 9 (69.2%) 67 (77.0%)

Body Mass Index&, mean (SD) 25.1 (4.2) 26.47 (3.95) 0.56 25.6 (3.1) 25.0 (4.4) 0.55

*Due to missing (eligible) conventional radiographs.
$Age is missing for one excluded patient.
XPain score is missing for 3 included patients and 2 excluded patients.
#One excluded patient was not treated with radiotherapy.
&Body Mass Index is missing for 16 included patients and 5 excluded patients.
KPS, Karnofsky Performance Score.
SF = single fraction radiotherapy.
MF = multiple fraction radiotherapy.
Body Mass Index, (weight (kg)/(height (m)^2)).

Fig. 1. Estimated cumulative incidence of death from a competing risk model with two competing events: fracture and death; (A) axial cortical involvement �30 mm (n = 56)
versus <30 mm (n = 44) (p = 0.037) (B) radiotherapy schedule single (n = 61) versus multiple fractions (n = 45) (p = 0.647).
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visible on bone scintigraphy or PET/CT, but were not clearly visible
on the conventional radiographs, and therefore the exact location
or size could not be assessed. Fractures occurred in 11 osteolytic
and three mixed lesions, of which ten were located in the proximal
femur and two in the shaft. Two fractures occurred in lesions that
were not clearly visible.

Spearman’s rank correlations for interobserver agreement were
0.34–0.54 for judgement of impending fracture based on clinical
experience, 0.44–0.57 for axial cortical involvement, 0.43–0.68
for Mirels’ scoring system, 0.29–0.56 for lesion appearance, and
0.39–0.55 for circumferential cortical involvement.
Twenty-seven lesions, of which six fractured (22%), were
deemed as high risk based on clinical experience, i.e. that observers
advised consultation with an orthopaedic surgeon to consider pro-
phylactic surgery. Of the 83 lesions that were indicated as low risk,
three fractured (10%). When judging impending fracture based on
clinical experience, SE, SP, PPV and NPV were 43%, 78%, 22% and
90%, respectively (Table 3), although HRCS (2.3; 95%CI: 0.8–6.5)
was non-significant (p = 0.13).

In the 50 lesions with an axial cortical involvement <30 mm,
two fractures (4%) occurred. In the 60 lesions �30 mm, 12 fractures
(20%) occurred. Using axial cortical involvement for predicting



Table 2
Differences in risk factors between patients that did and did not develop a fracture, and the univariate cox regression analysis of those risk factors.

Fracture
Yes, N = 14 No, N = 96

p-Value UVA
HRCS (95% CI)

p-Value

Judgement of impending fracture based on clinical experience 0.09
Yes 6 (42.9%) 21 (21.8%) 2.3 (0.8–6.5) 0.13
No 8 (57.1%) 75 (78.1%) ref

Axial cortical involvement (11) 0.01
�30 mm
12 (80.0)

12 (85.7%) 48 (50.0%) 5.3 (1.2–23.9) 0.03

<30 mm 2 (14.3%) 48 (50.0%) ref

Circumference 0.01
>2/3 5 (35.7%) 12 (12.5%) 4.4 (1.2–16.2) 0.03
1/3–2/3 5 (35.7%) 26 (20.8%) 2.5 (0.7–9.3) 0.18
�1/3 4 (28.6%) 58 (60.4%) ref

Mirels scoring system (12) 0.14
9 or higher 10 (71.4%) 50 (52.1%) 2.9 (0.8–10.7) 0.10
8 or lower 3 (21.4%) 41 (42.7%) ref
Missing$ 1 (7.1%) 5 (5.2%)

$Due to missing data regarding pain.
UVA = Univariate analyses.
HRCS = Cause Specific Hazard Ratio.

Table 3
Sensitivity, specificity, positive and negative predicting values of risk factors for impending pathological fracture.

Fracture
N = 14 (%)

No fracture
N = 96 (%)

SE SP PPV NPV

Judgement of impending fracture based on clinical experience* 43 78 22 90
Yes, 26 (24%) 6 (40.0) 21 (21.1)
No, 84 (76%) 8 (60.0) 75 (78.9)

Axial cortical involvement (11) 86 50 20 96
�30 mm, 60 (55%) 12 (86.7) 48 (50.0)
<30 mm, 50 (45%) 2 (13.3) 48 (50.0)

Mirels’ scoring system (12) 77 45 17 93
9 or higher, 60 (55%) 10 (71.4) 50 (76.8)
8 or lower, 44 (40%) 3 (21.4) 41 (21.1)
Missing$, 6 (5%) 1 (7.1) 5 (5.2)

SE: sensitivity.
SP: specificity.
PPV: positive predicting value.
NPV: negative predicting value.
*Answer to the question: Should this patient be discussed with an orthopaedic surgeon to consider prophylactic surgery, based on your clinical experience?
$Due to missing data regarding pain.

Fig. 2. Estimated cumulative incidence of fracture from a competing risk model with two competing events: fracture and death; (A) axial cortical involvement �30 mm
(n = 60) versus <30 mm (n = 50) (p = 0.012) (B) radiotherapy treatment schedule single (n = 61) versus multiple fractions (n = 49) (p = 0.69).
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fractures resulted in a SE, SP, PPV and NPV of 86%, 50%, 20% and
96%, respectively (Table 3). Lesions �30 mm had a HRCS of 5.3
(95%CI: 1.2–23.9, p = 0.03), indicating a 5.3 times higher risk of
fracture than <30 mm lesions (Table 2). Fig. 2A shows the esti-
mated cumulative fracture incidence for <30 mm versus �30 mm
cortical involvement.
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Mirels’ scoring system resulted in a SE, SP, PPV and NPV of 77%,
45%, 17% and 93%, respectively (Table 3). When impending fracture
was based on clinical experience, these diagnostic values were 43%,
78%, 22% and 90%, respectively. Mirels’ scoring system, as well as
circumferential axial involvement (except >2/3) were not found
to be statistically associated with the occurrence of a fracture
(Table 2).

Radiation schedule was not associated with fracture risk (HRCS:
0.8, 95%CI: 0.3–2.2, p = 0.62). The estimated cumulative fracture
incidence for single versus multiple fractions RT was not signifi-
cantly different (p = 0.69, Fig. 2B).

Discussion

In this study, three observers independently reviewed 110
metastatic femoral bone lesions of 100 patients on conventional
radiographs aiming to validate the 30 mm threshold for axial cor-
tical involvement [11] and revaluate other published risk factors
for assessment of impending femoral fracture [10]. Most risk fac-
tors were not associated with fracture occurrence. Fracture risk
assessment using the 30 mm threshold for axial cortical involve-
ment was associated with fracture occurrence and resulted in a
PPV and NPV of 20% and 96%, respectively. These values are similar
to those of the original study on 102 patients and 110 lesions in
which the PPV and NPV were 23% and 97%, respectively [11]. Our
results confirm that approximately one in every five patients with
a metastatic lesion �30 mm will encounter a pathological fracture,
and have a 5.3 times higher risk of fracture and should therefore be
considered for prophylactic surgery. On the other hand, those with
a lesion <30 mm are at low risk of fracture and may receive non-
invasive radiotherapy to treat pain.

Overtreatment (low PPV), i.e. patients with a short life expec-
tancy who would not have developed a fracture but receive pro-
phylactic surgery, is disconcerting, as is undertreatment (low
NPV), i.e. the occurrence of pathological fractures in low risk
patients. To choose the most optimal patient-specific local treat-
Fig. 3. Treatment algorithm regarding pa
ment, the expected fracture risk and life expectancy should be
taken into account [21]. Another issue is the choice of surgical pro-
cedure: patients with a relatively prolonged life expectancy are at
risk for long-term complications with simple reconstructions, such
as plate or intramedullary nail fixation. Therefore, more elaborate
surgery, such as total hip arthroplasty or proximal/distal femoral
replacement, should be considered [21]. The additional medical
complications as a result of an actual pathological fracture, apart
from anxiety and stress to the patient, are well known and, in gen-
eral, worse than the complications related to prophylactic surgery
[22–25].

It is preferable to prevent all pathological femoral fractures, and
therefore a high NPV is of importance for a reliable risk factor. In
our study, Mirels’ scoring system had an NPV of 93%. However, if
used to determine actual treatment, unnecessary surgical interven-
tions would have been performed in 83% of the surgically treated
patients and therefore they would be needlessly exposed to surgi-
cal complication risks. In order to reduce the rate of overtreatment,
we would argue that using axial cortical involvement �30 mm,
with two missed fractures compared to three using Mirels’ as well
as a slightly higher NPV (96%), is preferable to assess fracture risk,
despite the modest improvement.

The variability of the measurements between the three obser-
vers was slightly larger than in the original study [11]. We suggest
that, according to the standard work flow procedures, the radiolo-
gist assesses the fracture risk and subsequently advises the treat-
ing physicians, to avoid inconsistencies between different
medical specialties.

This study has some limitations. The absence of conventional
radiographs in 56 of the 156 patients (36%) potentially could have
led to selection bias in the studied population. However, no signif-
icant differences in baseline variables between included and
excluded patients were detected. Another plausible form of bias
could have been introduced by the applied radiotherapy schedule,
as patients with larger lesions would have received multiple frac-
tions (MF) in order to induce remineralisation when following
tients with femoral bone metastases.



64 Axial cortical involvement to identify impending femoral fractures
treatment guidelines. Our earlier paper suggested a nearly signifi-
cant effect of MF on fracture postponement corrected for lesion
size (p = 0.07) [11]. In the present study, no effect of radiotherapy
schedule on fracture incidence and fracture risk was found. This
is remarkable, since most patients with larger lesions are now trea-
ted with MF RT according to clinical guidelines. Only if the clinical
condition is too poor, also in high risk lesions, patients receive sin-
gle fraction RT. We did not record why choices for SF or MF were
made in treatment plans of the included patients. Apparently,
despite the clinical guidelines, individual decisions are made by
treating physicians in consultation with patients based on other
aspects than only lesion size. Another remark is that information
about patients’ activity level was lacking. Therefore, results could
be masked by the reduction in bone strength in inactive patients,
who, if they had been more active, could have developed a fracture.
Obviously, patients included in this study did not receive prophy-
lactic surgery, on account of either low fracture risk assessment, or
because patients’ physical condition or preferences did not allow
invasive surgery. Detailed information about the reason for with-
holding surgery in larger lesions is not available. Nonetheless,
one could argue that the reported fracture incidence in this study
could be higher in all patients with symptomatic femoral metas-
tases due to the selection of only low risk patients or those in poor
health. Another limitation is the inclusion of patients with multiple
myeloma. Although bone lesions derived from multiple myeloma
are not considered as true bone metastases, they have similar fea-
tures as lytic bone metastases from solid tumours and assessment
of risk of fracturing is of similar importance.

Recent literature has shown that CT imaging has a very good
sensitivity for diagnosing metastatic bone lesions [26]. Therefore,
the value of axial cortical involvement and other risk factors mea-
sured on CT scans instead of conventional radiographs has to be
studied to further improve fracture risk prediction. Besides clinical
parameters, some studies focus on developing biomechanical com-
puter models, such as finite element (FE) models, to objectively
judge fracture risks. Although several obstacles exist, such as pos-
sible inaccuracy due to variations in type of CT scanner and scan-
ner settings [27], first results are promising [13,28]. However,
generation of FE models is time consuming, and it should be inves-
tigated whether the clinical value of FE models outweighs the
easy-to-use measurement of axial cortical involvement.

In conclusion, this study validated the previously reported risk
factor axial cortical involvement with a threshold of 30 mm to pre-
dict fracture risk in cancer patients with femoral metastases [11].
Our results were similar to the earlier reports, and therefore, until
a more accurate and practically feasibly method is developed, this
clinical parameter remains an easy method to assess fracture risk,
to aid patients and clinicians to choose the most optimal individual
treatment modality (Fig. 3).
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