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ABSTRACT

Background: The incidence of surgery due to metastatic bone disease in the extremities (MBDex) and
postoperative survival remain uninvestigated in the population. The aim of the current study was: to
identify (1) incidence, demographics and survival of a population-based cohort of patients having sur-
gery for MBDex (2) rate of referrals and referral pattern to a musculoskeletal tumour centre (MTC).
Material and method: A prospective study of a consecutive population-based cohort of patients hav-
ing surgery for MBDex from 2014 to 2016. Patient demographics, indication for surgery, oncological
status, and postoperative survival was obtained from patient interviews, surveillance scans and
patient records.

Results: We identified 164 patients treated for 175 bone lesions resulting in an incidence of MBDex
surgery of 48.6 lesions/million inhabitants/year and a 10% risk of undergoing surgery for MBDex for
every year liven with metastatic bone disease. The most common primary cancers were breast, lung,
renal, prostate and myeloma. Twenty-nine lesions represented debut of cancer and 22 lesions debut
of relapse of a previous cancer. Overall one-year survival was 41% (95% C.l.: 33%-48%). Fifty-nine per-
cent of patients were referred for treatment at MTC. Patients referred had better prognostic baseline
characteristic than patients treated at secondary surgical centres (SSC) (lower ASA score (p <.001), no
visceral metastasis (p <.001), lower age (p <.001) and less aggressive primary cancer (p <.001)). The
one-year probability of overall survival was higher for MTC patients compared to SSC
patients (p <.001).

Conclusions: Present study describes a prospective population-based cohort of patients having sur-
gery for MBDex identifying incidence and postoperative survival. Referral of patient is biased by selec-
tion where ‘long-term survivors’ are referred for treatment at MTC. We can, however, not exclude that
treatment centre influences chance of survival after surgery for MBDex although our study was not
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designed to identify any potential influence.

Introduction

Dissemination of cancer to the skeleton is common for
patients diagnosed with cancer with reported rates from
30% [1] to 50% [2] in autopsy studies which probably reflect
the multiple primary cancers and their different potential to
disseminate to the bone. Likewise, literature reports very
diverse patient survivals after surgery for metastatic bone
disease in the extremities (MBDex). Kirkinis et al. [3] found in
a review, one-year overall survival rates ranging from 17% to
69.5% after surgery for MBDex. Different mechanisms of con-
founding are inherent to the published literature and could
in part explain this variation: reports from selected popula-
tions only reflect the outcome of selected patients treated at
specialised musculoskeletal tumour centres (MTC) (survival

biased by indication for referral); different institutional poli-
cies on indication for surgery in impending lesions may
cause time bias of reported survival, because patients will
live longer if treated primarily for an impending fracture,
instead of waiting until fracture occurs (introducing lead
time bias). Finally, survival estimates from patients operated
prior to the introduction of targeted oncologic treatment
might not capture the expected gain in survival from this.

Hitherto no population-based study of surgery due to
MBDex has been performed. Therefore, the incidence of
MBDex related surgical interventions, postoperative survival
and demographic composition of this patient group
remains unknown.

The aim of this study was to investigate the incidence of
surgical interventions for MBDex, the postoperative patient
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survival, and the epidemiological composition (demograph-
ics) in a population-based prospective cohort. Secondly, we
aimed at investigating the referral rate for treatment at MTC
and a possible selection bias in referral patterns between
patients treated at MTC and secondary specialised
centres (SSC).

Material and methods

We conducted a prospective observational study of all
patients living in the Capital Region of Denmark (CRD) and
having surgery due to MBDex in a two-year period from 19
May 2014 to 18 May 2016. The number of inhabitants living
in the CRD is 1.8 million people (31% of the Danish popula-
tion), which is considered a reliable cross-section of the
entire population [4]).

Ethical approval was obtained from the regional ethical
committee (ID.nb.: H-4-2014-005) and the Danish Data
Protection agency (ID.nb.: 30-1222).

Patients were identified if preoperative imaging showed
signs of malignant disease in the bone or if the malignant
disease was suspected by the history of fracture mechanism.
Every treatment centre in the CRD had an appointed study
investigator to identify the patients and report back to pri-
mary investigator (MS). Furthermore, to ensure complete
inclusion, the preoperative images from all patients having
orthopaedic surgery in the CRD were systematically screened
by one investigator (MS) in the inclusion period.

The five CRD hospitals are licensed to treat orthopaedic
patients, and no patients suffering from MBDex can be
expected to be treated outside these centres due to the
social healthcare system in Denmark. If a patient experienced
an acute fracture during e.g., a holiday outside the CRD and
hereby needed surgery outside the CRD, the patient would
always be transferred back to a regional hospital for rehabili-
tation. Hence, all patients from CRD having surgery due to
MBDex can be expected to be included in this study, thus
providing a true population-based cohort.

Referral to MTC was purely based upon decisions by the
local orthopaedic department and sometimes solely on the
local on-call surgeon. The present study had no influence on
the treatment strategy. In general, patients are referred for
treatment at MTC in our region in cases of advanced bone
loss and when the need for bone resection and reconstruc-
tion is considered necessary by SSC surgeons.

Patients were excluded from the study if histopathology
showed no signs of malignant disease. If histopathology was
not ensured during surgery, or if the biopsy material was not
suitable for histopathological analysis, the patient/lesion was
followed for one year. If no progression of the lesion was
observed, the lesion was considered non-malignant. If the
patient died in close relation to surgery and therefore no
progression of a lesion could be expected, the case was eval-
uated by a multidisciplinary team including a senior consult-
ant musculoskeletal tumour surgeon and a musculoskeletal
radiologist, and they decided if the lesion was highly likeable
to be malignant or not.
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All patients were included prior to surgery or, in case of
acute surgical intervention, in immediate coherence
to surgery.

Data regarding the prevalence of metastatic bone disease
in the Danish population was obtained from the Danish
National Patient Registry (DNPR) [5] and was used to calcu-
late the risk of undergoing surgery for MBDex for patients
diagnosed and living with metastatic bone disease. DNPR
was founded in 1976 and include all data (ICD-coding) from
every hospital admissions (since 1977) and outpatient clinic
visits (since 1995). Previously the ICD-10 coding DC 79.5
(condition with bone metastasis) has been validated in the
DNPR by Jensen et al. [6] with a positive predictive value
of 92.6%.

Preoperative variables

Karnofsky performance status score (KPS) [7] was estimated
retrospectively one month prior to surgery in case of acute
fracture by patient interview at inclusion.

From the Danish National Pathology Registry [8], we iden-
tified histopathological diagnosis and date for debut of pri-
mary cancer causing the lesion. If primary cancer was
unknown and no previous cancer was diagnosed, the date of
diagnosis was considered the same as the date of surgery. If
primary cancer was diagnosed outside Denmark and the pre-
cise date was unknown to the patient, it was set to the first
calendar day of the month of diagnosis.

From patient interviews and the oncologist records, the
following variables were obtained: presence of visceral meta-
stases (in case of no prior screening for disseminated disease,
imaging performed up to three months after surgery was
used to estimate this variable at baseline), number of bone
metastases (same approach as visceral metastases), age, gen-
der, anatomical site of lesion, and it was recorded in the
treated lesion represented the debut of cancer or relapse of
a previous primary cancer.

Perioperative variables

From the surgical notes and implant lists, we identified surgi-
cal technique (bone resection or stabilisation), implants used
(devices for internal fixation, prostheses), and if representa-
tive histopathology material was obtained.

Follow-up

Patients were followed until the end of study (18 May 2017)
or death. No patients were lost to follow-up due to the
Danish Civil Registration System that ensures accurate
account for emigration and/or death [9].

Missing data

Residual disease (bone metastases and visceral metastases):
whole body scans were evaluated if they were performed
within the last three months before or three months after
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surgery. If no scans were performed during this period, the
variable was considered missing.

ASA score: Was considered missing if the anaesthesiolo-
gist did not include this information in the preoperative
evaluation prior to the surgery.

Statistical analysis

All statistical calculations were performed using R (R
Foundation, Vienna, Austria) [10]. Confidence intervals (C.l.)
were considered as 95% of normal distribution and the stat-
istical significance level was set at p <.05.

Subgroups were analysed by treatment centre (MTC ver-
sus SSC) and tested for statistical significance using
Mann-Whitney-Wilcoxon test for continuous variables and
Chi? test for categorical variables.

Patient survival was addressed using Kaplan-Meier esti-
mate for cumulated survival and the difference between sur-
vivals in patients related to treatment centre was evaluated
by log-rank test. Censoring was always right censoring and
patients was included into survival analysis only at
index surgery.

Results
Incidence of surgery, demographics and survival

Two-hundred lesions were suspected of being malignant by
initial screening of X-rays and patient history. Two lesions
were without findings of malignant disease in histopatho-
logical specimens. Twenty-three lesions had no per-operative
biopsy performed. After evaluation of history, X-rays, CT and/
or MRI scans in a multidisciplinary setting, 20 lesions were
considered not malignant and thus excluded. Three lesions
were suspected to be malignant after multidisciplinary evalu-
ation but showed no signs of progression of the suspected
lesion after one year, and thus MBDex was ruled out (all
three received internal fixation with no removal of the lesion
or treatment with local/systemic therapy). Thus, we identified
164 patients with 175 MBDex lesions (Figure 1) that were
treated with 168 surgical procedures during the two-year
period. This results in an incidence of 48.6 surgically treated
MBDex lesions per million inhabitants in the CRD per year.

During the inclusion period of two years in the present
study, 5,335 person-years were accumulated for patients liv-
ing with bone metastases in the Danish population (ICD-10
code DC79.5). Currently, the Danish population counts
5.76 million people with 1.81 million living in the CRD [4].
With 164 patients undergoing surgery for MBDex in the CRD
we found that

164 persons treated surgically for MBDex
5335 person years

5.76 million people

1.81 million people

= 9.7% (95% C.l.: 9.6% — 9.8%)

x 100%

of patients living one year with bone metastases in the CRD
will need surgical treatment for an extremity lesion.

200 potential metastatic
lesions identified
May 19, 2014 to May 18,

2016
= 2 non malignant
198 lesions
20 lesions without
— perioperative biopsy.
Excluded by MDT evaluaton
178 lesions
3 lesions excluded after 1
> year of observation for
progression
175 lesions
164 patients
168 procedures
SSG mMTC
76 lesions 99 lesions
72 patients 92 patients
73 procedures 95 procedures

Figure 1. Flow diagram illustrating identification of the cohort of patients
treated operatively for metastatic bone disease of the extremities in the Capital
Region of Denmark (total population 1.81 million) from 19 May 2014 to 18 May
2016. MDT: highly specialised multidisciplinary team; MTC: musculoskeletal
tumor center; SSG: secondary surgical centers.

Cancer of the breast, lung, kidney, and prostate plus mye-
loma were the most common types of primary cancer-caus-
ing MBDex. Twenty-nine lesions (17%) represented the debut
of cancer and 22 lesions (13%) the debut of a cancer relapse
(Table 1). In 14 patients, no regular surveillance scans had
been performed, and eight patients that had regular scans
performed the lesions were not identified due to insufficient
scanning with the scan area not including the particular part
of the extremities. Of the 29 lesions that represented the
debut of a cancer disease, sufficient biopsy material was
obtained in 19 of the cases. In three cases the biopsy was
insufficient, and in the remaining seven cases no biopsy was
obtained. In these cases, the suspicion of a metastatic lesion
was withheld based on imagining, and primary tumour was
identified by PET scans. In three lesions, no biopsies were
performed, and the primary tumours were never identified:
all three patients were treated at SSC.

One-hundred and forty-one lesions (81%) were located in
the lower extremities/pelvis and 34 lesions (19%) were
located in the upper extremities. The most frequent ana-
tomic location of the MBDex lesions was the proximal femur.
Ninety-six lesions (55%) were treated with a prosthesis, 10
lesions (6%) were resected without reconstruction and 69
lesions (39%) were stabilised with an internal fixation device
(Figure 2).

The estimated cumulated probability of overall survival for
this population-based cohort was 41% (95% C.l.: 33%-48%)
at one year, 27% (95% C.l.: 20%-34%) at two years and 21%
(95% C.l.: 13%-28%) at three years.
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Table 1. Table describing and comparing the preoperative data of the cohort of patients treated operatively for metastatic bone disease of the extremities in
the Capital Region of Denmark (total population 1.81 million) from 19 May 2014 to 18 May 2016.

All patients Musculoskeletal Secondary p value
Preoperative variables (data/missing) tumour centre specialised centre between cohorts
No. of patients/lesions 168 95 73
Female/Male 84/84 43/52 41/32 p=.213"
Age at surgery mean (range) 68 (32-90) 64 (32-89) 71 (49-90) p<.001*
Primary cancer 175
Breast 43 23 20
Lung 33 15 18
Renal 26 12 14
Prostate 26 19 7
Myeloma 20 14 6
Unknown 3 0 3
Fracture (n =168/0) (n=95/0) (n=73/0) p< .001*
Complete 125 60 65
Impending 43 35 8
Karnofsky score (n=168/0) (n=195/0) (n=173/0) p = .324%
Mean (range) 74 (20-100) 76 (20-100) 73 (20-100)
>=70 108 63 45 p = 643"
<70 60 32 28
ASA group (n=166/2) (n=195/0) (n=171/2)
Mean (range) 3 (1-4) 2.45 (1-4) 2.83 (1-4) p < .001*
Group 1 7 5 2 p < 001"
Group 2 66 43 20
Group 3 86 46 37
Group 4 14 1 12
Group 142 70 48 22 p = .018*
Group 3+4 96 47 49
Bone Metastases (n=168/0) (n=195/0) (n=173/0) p= 220"
Single bone 44 28 16
Multiple in extremities 15 1 4
Multiple incl. spinal w/o neuro. deficit 103 52 51
Multiple incl. spinal w neuro. Deficit 6 4 2
Solitary lesion 44 28 16 p = 353"
Multiple bones 124 67 57
Visceral (n =168/0) (n=95/0) (n=73/0) p < .001*
Yes 68 26 42
No 100 69 31
Days from diagnose to surgery (n=168/0) (n=195/0) (n=173/0)
Mean (Days) 1554 (0-14040) 1644 (0-14040) 1437 (0-8301) p = .272*
Debut of cancer (n=168/0) (n=195/0) (n=173/0) p= 889"
Yes 28 15 13
No 140 80 60
Debut of cancer relapse (n=141/27) (n=82/13) (n=59/14) p = 891"
Yes 21 13 8
No 120 69 51
Irradiation of metastasis prior to surgery (n=168/0) (n=195/0) (n=173/0) p= 416"
Yes 36 23 13
No 132 72 60

#Chi® test; *Mann-Whitney-Wilcoxon test.
Bold values in the table provides total sum score.

The mean time to death for the entire cohort was
211 days (range: 0-930), 225 days (range: 4-930) for MTC,
and 197 days (range: 0-871) for SSC patients. We found a
statistically significant difference in survival between patients
having surgery at MTC versus SSC (p < .001) (Figure 3).

Patient referral and referral pattern

Fifty-nine percent of patients undergoing treatment for
MBDex was referred for highly specialised treatment at MTC
from SSC. Patients treated at MTC had a statistically signifi-
cant better preoperative status with regard to known prog-
nostic variables compared to patients treated at SSC. We
found that a patient referred to a MTC were characterised by
lower ASA score (p<.001), younger age (p<.001), a less
aggressive cancer disease (p<.001), impending fracture
(p <.001), no visceral metastases or a longer interval from

diagnosis of primary disease to surgery for the metastatic
lesion (p <.001) (Table 1).

There was no difference between SSC and MTC related to
the presence of multiple bone metastases, spinal metastases,
if the lesion was the debut of cancer or relapse, or preopera-
tively irradiated. Mean KPS for MTC patients (mean 76, range:
20-100) versus SSC patients (mean 73, range: 20-100)
showed no statistically significant difference in distribution
(p=.324) (Table 1).

Discussion

A great variety in postoperative survival after surgery for
MBDex has been reported in the literature, and this is prob-
ably a reflection of selection bias, but could also reflect
improvement in oncologic treatment throughout time,
although a recent study was not able to identify such a gain
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Figure 2. Figure illustrating the anatomical sites of treated metastatic lesions and method of surgical management of the cohort of patients treated operatively for
metastatic bone disease of the extremities in the Capital Region of Denmark (total population 1.81 million) from 19 May 2014 to 18 May 2016. rTSA: reverse total

shoulder arthroplasty; THA: Total Hip Arthroplasty.

in survival after surgery for MBDex [11]. We need a better
understanding of how a population of MBDex patients is
composed in order to recognise and stratify patients
to surgery.

We found an incidence of 48.6 MBDex lesions surgically
treated/million inhabitants/year. To our knowledge only Tsuda
et al. [12] has performed a similar study in 2016, however, it
was based on database coding focusing only on femur meta-
static lesions. They found an incidence of only 2.9 metastatic

femur lesions/million inhabitants/year compared to 35 femur
lesions/million inhabitants/year in our study.

Comparison of our study with the Japanese study [12]
underlines the importance of caution in interpretation of
studies conducted on databases without national coverage
as one cannot expect them to represent the entire popula-
tion due to selection bias. In the present study, we also
found a selection bias regarding patients with good perform-
ance status to be referred to a highly specialised centre and
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Figure 3. Kaplan—-Meier survival analysis showing cumulated overall survival for
a population-based cohort of patients having surgery for metastatic bone dis-
ease in the extremities in the Capital Region of Denmark (total population
1.81 million) stratified for treatment center. Patients were only included into
analysis at index surgery during the study (n=164). Overall one-year survival
for the entire cohort was 41% (95% C.l.: 33%-48%) and 46% (95%
C.1.:36%-56%) versus 35% (95% C.l.: 24%-46%) for patients treated at a muscu-
loskeletal tumor center or a secondary surgical center, respectively (p <.001).

a concomitant better survival in this part of our cohort com-
pared to patients treated at SSC. These findings are import-
ant to bear in mind in the interpretation of studies from
selected cohorts of patients being treated only at highly spe-
cialised centres.

The prevalence/incidence of MBDex in a population is dif-
ficult to quantify partly due to the sensitivity of the diagnos-
tic tools used [13] and the extent of surveillance scans
performed after the primary diagnosis. The authors feel that
the findings of the present study contribute to a better
understanding of the number of patients suffering from
these complications to a cancer diagnosis. In our opinion, it
is important to match the expectations of the patients, and
therefore we calculated the actual risk of undergoing surgery
for MBDex in patients living with bone metastases and found
it to be 10.4%.

In the present study, 13% of the lesions represented
relapse of a previous cancer and in 17% the debut of cancer.
This is coherent with findings in the database study from the
Scandinavian Sarcoma Group Skeletal Metastasis Registry
that report 14% of treated lesions represented the debut of
cancer and 12% represented relapse of a previous cancer,
even though the distribution of cancer types were not identi-
cal to our study. As a substantial proportion of relapse
patients in the present cohort are treated at a SSC without
obtaining proper biopsy material, our study underlines the
conclusion of the study by Cummings et al. [14]; even after
decades of guidelines for surgical treatment for MBD, there
remains a low awareness in SSC for the treatment principle/
options since these patients should have been referred for
highly specialised multidisciplinary team evaluation and
probably a preoperative biopsy to rule out primary/new
malignancy. A missing biopsy in these cases can cause a
delay in diagnosis and treatment and even potentially influ-
ence the survival of the patients.
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Because of the prospective design and population-based
settings, this study has few limitations. However, since this is
a cohort representing a Scandinavian population, where
treatment of MBDex is anchored in government-financed
hospitals. Thus, the treatment strategy in the present study
might not reflect other populations in countries with differ-
ent healthcare systems or policies on the indication for
operative treatment of MBDex. The strength of the present
study is that no patients were lost to inclusion. The authors
emphasise that every surgery was based on a case by case
decision from attending physician, and no interference from
study investigators was present, hereby minimalizing
confounding.

Since the present study is observational, selection bias of
patients with good prognostic factors for survival of treat-
ment at MTC is present. We attribute the increased survival
for patients treated at MTC to this selection bias, however,
we cannot, based on the current study design, exclude that
treatment centre influenced the probability of survival.

The calculation of the risk of undergoing surgery for
MBDex is based on ICD-10 coding for bone metastases, it
might be underestimated, as the code does not differentiate
between patients having only spinal metastases (and there-
fore not in risk of having surgery for MBDex) and patients
having metastases in the extremities. As no code to differen-
tiate these two patient categories exists, calculating as
described here was the only way of means.

Lastly, as literature describes, there is a great variance of
individual patient survival and caution should be made in
generalising this percentage to the individual patient. Several
models for prediction of survival after surgery for MBDex has
been published and are better suited for this purpose [15-17].
However, this study provides, for the first time, a cohort that
can validate these systems and contribute to investigate how
the models perform in an unselected patient cohort and
hereby aid to test their calibration and robustness.

In conclusion, the estimated survival after surgery for
MBDex can be expected to be ~41% one year after surgery
in a general unselected patient population with a 10% risk of
undergoing surgery for MBDex in case of dissemination of
cancer to the skeleton. Higher survival was found in patients
referred for specialised treatment at MTC and can be
explained by selection bias by referral pattern.

The incidence of metastatic lesions in need of surgical
intervention is NOT low and should be kept in mind when
treating atypical fractures or spontaneous fractures of the
limbs. Orthopaedic surgeons should address and further
investigate a suspected malignant lesion prior to treatment
by obtaining proper histopathological material to diagnose
debut of cancer aiming for eliminating whoops procedures
and ensuring correct diagnosis without delay. Oncologist
could benefit from including the subtrochanteric area in their
planned surveillance scans performed as follow-up after pri-
mary cancer treatment have been completed bearing in
mind that 47% of lesions (60 lesions out of 127 lesions) in
the current study were not identified on regular surveillance
scans as they did not include the subtrochanteric area of
the femur.
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