
Contents lists available at ScienceDirect

Journal of Bone Oncology

journal homepage: www.elsevier.com/locate/jbo

Research Paper

Local surgical complication rates in patients receiving surgery without
immediate post-operative radiation therapy for lower extremity bone
metastases

William Pidduck, Leah Drost, Albert Yee, Edward Chow, Ravi Tuazon, Patrick Henry⁎

Bone Metastases Clinic, Division of Orthopaedic Surgery, Odette Cancer Centre, Sunnybrook Health Sciences Centre, University of Toronto, 2075 Bayview Avenue, Toronto
M4N 3M5, Ontario, Canada

A R T I C L E I N F O

Keywords:
Bone cancer
Bone metastases
Surgical complications
Lower extremity
Radiation therapy
Bone reconstruction

A B S T R A C T

Purpose: Pathological metastatic fractures in lower-extremity weight bearing bones often require surgical re-
construction. Post-operative radiation is routinely recommended following surgical reconstruction. This study
evaluated the clinical outcomes of patients that undergo surgical fixation of an established or an impending
pathologic lower extremity fracture without post-operative radiation.
Materials and methods: A retrospective chart review of patients at Sunnybrook Health Sciences Center between
2007 and 2019 was performed. Descriptive statistical analyses were performed.
Results: A total of 161 surgical reconstruction procedures were identified. Among these cases, 86/161 (53.4%)
received post-operative radiation, 75/161 (47%) did not receive post-operative radiation within 12 weeks of
their index surgery. Of the 75 patients not receiving post-operative radiation, 40 patients had prior radiation to
the surgical site and 35 patients were radiation naïve. 5 patients (6.7%) required a second operation to the index
surgical site, with 4 patients (5.3%) requiring a second fixation surgery to stabilize hardware at a median of 6.0
months post-surgery. Post-surgical radiation to the surgical site (at >12 weeks) was administered to 12 patients
(16.0%) at a median of 9.1 months post-surgery.
Conclusions: The surgical revision rate was low despite absence of immediate post-operative radiation therapy
and was similar to prior reports in patients receiving post-operative radiation.

1. Background

For patients with metastatic cancer, bone represents the location of
70% of all metastases [1–3]. Approximately 5–10% of all patients with
bone metastases develop pathological fractures [1,4,5], and lytic le-
sions in weight-bearing long bones are of particular concern for fracture
risk [6,7]. Following the radiological detection of an established pa-
thological fracture(s), surgical reconstruction through either fracture
fixation and/or joint reconstruction (i.e. arthroplasty) can be helpful to
stabilize the bone, and alleviate pain [8]. If the local disease progresses
post-operatively, prosthetic failure and/or pain may follow, and sub-
sequent surgery may become necessary [4].

To reduce the likelihood of disease progression, immediate post-
operative radiation (within 12 weeks of the surgery) is commonly
performed. If successful, post-operative radiation should reduce hard-
ware failure and decrease the need for subsequent orthopedic surgeries
to the same site [4,5,9]. However, the efficacy of post-operative

radiation has only been evaluated in a limited number of studies. A
retrospective study by Townsend et al. was published in 1995 in which
60 patients with 64 surgical stabilizations for pathological fractures
resulting from bone metastases were reviewed [5]. Of the 64 evaluated
sites, 35 received radiation post-operatively (S+RT) and 29 received
surgery alone (SA). Second orthopedic procedures to the same site were
more common in the SA group (4 patients out of 29 sites/26 patients,
15%) and occurred at a mean time of 12.5 months (range 1.3–40
months) following the primary surgery. Alternatively, second ortho-
pedic procedures to the same site in the S+RT group were significantly
lower with only one additional surgery (1 out of 35 sites/34 patients,
2.9%) (p = 0.035) which occurred at 21 months following the initial
surgery. In the multivariate analysis, only post-operative radiation was
significantly associated with painless use or normal use with pain of the
treated extremity (p = 0.02), improved functioning in the first year
(53% vs. 11.5%) (p<0.01) and overall survival (12.4 months vs. 3.3
months, p = 0.025) when compared to SA. The author's conclusions
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were in support of post-operative radiation.
However, conflicting results were reported in a 1997 study by Van

Geffen et al. involving 116 patients with 152 impending fractures of the
extremities, where post-operative radiation was administered to only
28% of patients. For the entire cohort, 79% regained walking ability
and 60% required no or occasional use of analgesic drugs. Regarding
complications, 21% of patients in the SA group reported complications
such as implant failure or disease progression compared to 14% in the S
+RT groups, however, this was not statistically significant (p = 0.3).
Unlike the study by Townsend et al., the Van Geffen study did not re-
port on the incidence of second surgeries. The authors concluded that
there was no significant difference in pain relief or use of analgesic
drugs regardless of the administration of post-operative radiation
treatment [4].

A recent systematic review challenged the practice of routine post-
op radiation, reporting that sufficient evidence is lacking to allow for
firm conclusions on its efficacy and adoption as standard care for pa-
tients undergoing surgical fixation for bony metastases [1]. To study
this further, the investigators at Odette Cancer Centre, Sunnybrook
Health Science Centre, Toronto, Canada conducted a retrospective re-
view of patients who underwent surgical reconstruction (fixation or
arthroplasty) of a pathologic fracture and were subsequently treated
with immediate post-operative radiation to the lower extremities be-
tween January 2009 and January 2017 [9]. Of the 74 fracture sites
assessed in 65 patients, only 2 (2.7%) required additional surgical in-
tervention (at 9 and 10 months following radiation respectively) and 7
(9.5%) required re-irradiation (median 9.3 months following radia-
tion). Additionally, of the 47 patients with available follow-up imaging,
only 8 (17.0%) demonstrated local progression (median 2.1 months
following radiation). This result is consistent with a study conducted by
Epstein-Peterson et al. on patients with post-operative radiation for
bone metastases (n= 82) which found that 14 patients (17.0%) showed
local progression in imaging [10]. The study by Epstein-Peterson et al.
also found that increasing coverage of the surgical prosthesis in the
radiation fields was significantly associated with a reduced risk of local
failure upon multivariate analysis (p = 0.03). Conversely, it was found
that increased time between surgery and radiation was associated with
an increased risk of local failure (p = 0.01).

There is little exploration into comparative outcomes in patients
who receive surgery without immediate postoperative radiotherapy
other than the 2 studies published in 1995 and 1997 [4,5]. In the
current paper we explored the clinical outcomes among patients re-
ceiving surgery for lower extremity bone metastasis but not immediate
postoperative radiation.

2. Materials and methods

A single-arm retrospective study was conducted in cancer patients
with bone metastases who received lower extremity orthopedic re-
construction at Sunnybrook Health Sciences Centre for impending or
established pathological fractures between January 2007 and June
2019. Patients were included if they had received (1) surgical fixation
of impending or pathologic fractures in the extremities due to bone
metastases; and (2) no post-operative radiation to the surgical site for
12 weeks following initial surgery. Patients with a primary bone tumor
or suspected osteoarthritis were not included in the study. Any radio-
therapy to the site that occurred after 12 weeks post-surgery was con-
sidered subsequent palliative radiation, and these patients maintained
eligibility for this retrospective analysis. Patient's follow-up clinical
consultation notes with the treating orthopedic surgeon were also as-
sessed to ensure that the patient did not receive postoperative radio-
therapy at a different radiation center within 3 months after surgery.
Pre-operative radiation was also recorded from the medical records
including duration, type and dose of radiation therapy to the surgical
site prior to the surgery. The reasons for not receiving post-operative
radiation were recorded if available. All radiation records from the

patient charts were cross referenced against the Mosaiq radiation
treatment database at the Odette Cancer Center. Dates of death and/or
date of last follow up were extracted from the medical records.

Patients charts were identified using various search strategies in-
cluding: (1) patients referred through the Sunnybrook bone metastasis
clinic between January 2007 and June 2019, (2) Ontario Health
Insurance Plan (OHIP) billing codes submitted by Sunnybrook Division
of Orthopedic Surgery surgeons between January 2014 and June 2019
and (3) an internal hospital record database search conducted between
January 2016 to June 2019.

Demographic information, pre- and post-radiation treatment plans,
and details regarding the surgical procedures were extracted from the
medical records. Study approval was obtained from the Research Ethics
Board. All data recorded were analyzed using descriptive statistics.

The primary objective of this study was to evaluate the need for
second surgery to the initial surgical site. Operative reports from the
medical records of all included patients established surgical details in-
cluding date, type and site of procedure. The secondary objectives were
to assess the need for re-irradiation and radiological changes at the
treatment site over time following surgery. Pre-operative radiation to
the surgical site was also noted. All radiation treatments were recorded
with treatment details including dosage, fractionation, date, technique
and site of treatment. The most recent radiological imaging of the
surgical site was reviewed and analyzed to determined frequencies of
tumor progression, new bony metastasis, loosening of hardware, pros-
thesis displacement and/or failure, and new pathological fracture at
initial surgical site. All imaging studies that identified osteolytic
changes were reviewed by both a staff radiologist and orthopedic sur-
geon. Time to specified outcome (second surgery, re-irradiation, and
radiological changes) was calculated from the date of initial surgery.

3. Results

3.1. Patient inclusion

There were 482 cases screened for this study. From these 482 cases,
161 cases of reconstruction surgery for lower extremity bone metastasis
were identified. Among these 161 cases, 86 (53.4%) received planned
post-operative radiation within 12 weeks of their index surgery, and
75/161 (46.6%) did not receive post-operative radiation within 12
weeks of their index surgery (Fig. 1). These latter 75 patients are the
subject of this report.

3.2. Demographics

The median age was 64.8 years old (range 41–90) (Table 1). The
patient population was predominantly female with 46 women (61.3%)
and 29 men (38.7%) (Table 1). The most common primary cancer sites
were breast (29.3%), lung (16.0%) and prostate (16.0%) (Table 1).

3.3. Surgical characteristics

The majority of the surgeries included in this study were femur
fixation surgeries (58.7%) (Table 2). The remaining surgeries were ei-
ther hip arthroplasty (37.3%) or tibia fixation (4.0%) (Table 2). The
surgeries were predominately for established pathologic fractures
(58.7%) presenting in the emergency room or by urgent referral from
the Odette Cancer Centre Bone Metastasis Clinic (Table 2). 38.7% of the
surgeries were done to stabilize impending fractures (Table 2).

3.4. Radiation prior to surgery

Of the total cohort, 40 (53.3%) of patients received radiation
treatment to the surgical site prior to surgery (Table 3). Radiation
treatment occurred a median of 5.4 months prior to surgical interven-
tion. Of the 40 patients receiving pre-surgery radiation, 28 (70.0%) of
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these patients had one course of radiation to the surgical site and 12
(30.0%) had multiple courses of radiation prior to surgery (Table 3).
Among those receiving only one course of pre-surgery radiation a dose
of 20 Gy in 5 fractions was the most common (10 patients, 40.0%)
(Table 3). In those receiving multiple doses of presurgical radiation, a
dosing schedule of 20 Gy in 5 fractions was the most common (10
patients, 52.6%) (Table 3).

Fig. 1. Patient Inclusion Schema. *Other reasons for exclusion included 1) surgery for soft tissue infection, 2) gunshot wound, 3) motor vehicle accident (MVA) and
4) knee arthroscopy.

Table 1
Patient demographics.

Demographics Combined Radiation naïve Pre-operative radiation
n (%) N = 75 n (%) N = 35 n (%) N = 40

Age (years)
40–49 11 (14.7%) 5 (14.3%) 6 (15.0%)
50–59 14 (18.7%) 3 (8.6%) 11 (27.5%)
60–69 25 (33.3%) 13 (37.1%) 12 (30.0%)
70–79 17 (22.7%) 9 (25.7%) 8 (20.0%)
80–89 7 (9.3%) 5 (14.3%) 2 (5.0%)
90–99 1(1.3%) 0 (0.0%) 1 (2.5%)
Gender
Female 46 (61.3%) 18 (51.4%) 28 (70.0%)
Male 29 (38.7%) 17 (48.6%) 12 (30.0%)
Primary cancer site
Breast 22 (29.3%) 8 (22.9%) 14 (35.0%)
Lung 12 (16.0%) 5 (14.3%) 7 (17.5%)
Prostate 12 (16.0%) 7 (20.0%) 5 (12.5%)
Renal cell 10 (13.3%) 5 (14.3%) 5 (12.5%)
Multiple myeloma 5 (6.7%) 2 (5.7%) 3 (7.5%)
Others 13 (17.3%) 7 (20.0%) 6 (15.0%)
Unknown 1 (1.3%) 1 (2.9%) 0 (0.0%)

Table 2
Surgical treatment information.

Surgical treatment info Combined Radiation
naïve

Pre-operative
radiation

N (75) N (35) N (40)

Site of surgery
Femur 44 (58.7%) 23 (65.7%) 21 (52.5%)
Hip (Femur) 21 (28.0%) 9 (25.7%) 12 (30.0%)
Hip (Acetabulum) 7 (9.3%) 2 (5.7%) 5 (12.5%)
Tibia 3 (4.0%) 1 (2.9%) 2 (5.0%)
Acute or prophylactic surgery
Established fracture 44 (58.7%) 21 (60.0%) 23 (57.5%)
Prophylactic Stabilization 29 (38.7%) 13 (37.1%) 16 (40.0%)
Unknown 2 (2.7%) 1 (2.9%) 1 (2.5%)
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3.5. Need for second surgery

Out of the 75 patients who received surgery, 5 (6.7%) received
secondary surgery to the initial surgical site (Table 4). One of these 5
surgeries was an irrigation and debridement of infected tissue at 24
days following the initial surgery. A 62 year old female with metastatic
renal cell carcinoma who underwent right hip bipolar cemented
hemiarthroplasty for femoral head and neck osteolytic lesions devel-
oped right hip pain, swelling, wound erythema and drainage. Irrigation
and debridement including bipolar head and neck exchange was per-
formed with Methicillin-sensitive Staphylococcus Aureus (MSSA) iso-
lated from wound and blood cultures. This patient developed pneu-
monia, episodes of hypotension, a bleeding duodenal ulcer that was
treated, and expired 2 weeks after revision surgery. The remaining 4
surgeries included 2 cases (2.7%) of failed hardware and repeated
fixation of initial pathological fracture, and 2 case (2.7%) of repeated
fixation of fracture without hardware failure and removal (Table 4).
Repeated fixation surgeries, including those with intact hardware, were
performed at 2.5, 3.9, 8.1 and 8.1 months post initial surgery respec-
tively. Among radiation naïve patients (N = 35) there was only 1 s
surgery (2.9% of patients) to the initial surgical site (Table 4). This
surgery was a fixation surgery with hardware failure and occurred at
3.9 months following the index surgery. Among patients with pre-
operative radiation (N= 40) there were 4 s surgeries (10%) including 3
fixation surgeries (7.5%) at a median of 8.1 months and 1 irrigation and
debridement (2.5%) at 0.8 months (Table 4). Reasons for surgery were
predominantly for emergent repair of broken hardware. For the patient
who received fixation surgery without hardware failure, the patient had
experienced a mechanical fall while getting out of bed and presented to
emergency with pain and associated fracture. Surgery was felt to be the
best option to control pain and stabilize the fracture.

3.6. Need for radiation

Of the 75 patients receiving surgery alone, 12 (16.0%) patients
eventually underwent delayed (beyond 3 months from the surgery date)
radiation of the tumor site following surgery. Radiation occurred at a
median of 9.9 months following initial surgery in these patients. The
most common reason for receiving post-operative radiation was to
control pain at the surgical site (7/12). In another 4 patients (4/12)
radiation was given to control progression at the surgical site in the
absence of patient symptoms. In one case (1/12) the purpose of the
radiation was not noted in the clinical notes. Among radiation naïve
patients, 6 of 35 (17.1%) required radiation at the tumor site at a
median of 7.4 months post-operatively. In patients who had received
pre-operative radiation, 6 of 40 (15.0%) required a re-irradiation of the
tumor site at a median of 11.3 months post-operatively.

3.7. Assessment of radiological changes

A total of 55 patients (73%) had radiological imaging post-surgery
(Table 5). These 55 patients were followed with radiological imaging
for a median of 3.6 months post-surgery (Range - 0.13–88.7 months)
(Table 5). There were 16 (29.1%) patients that showed evidence of
osteolysis at the index surgical site. Only 1 of 16 patients with osteolysis
was determined to have progressive osteolysis, and these progressive
osteolytic changes were first observed at 106 days following the initial
operation. Another 5 patients (9.1%) showed new bone metastasis, 2
(3.6%) showed hardware loosening, 8 (14.5%) had migration of im-
planted hardware or a new pathologic fracture, and 2 patients (3.6%)
had hardware failure at the surgical site at 4.1 and 7.8 months re-
spectively (Table 5). Among radiation naïve patients, no patients had
evidence of osteolysis at the surgical site, 1(3.3%) had new bone me-
tastasis at 18.3 months post-operatively. 1 (3.3%) had loosening of
hardware at 32.3 months post-operatively, and 2 (6.7%) had migration
of hardware at a median of 12.5 months. Only 1 (3.3%) patient ex-
perienced hardware failure at 4.1 months post-surgery.

3.8. Post-surgical survival and follow-up

Patients were followed for a median of 4.7 months following their
initial surgery (Table 6). As of July 2019, 27 patients (36.0%) were
deceased among the study cohort with a mean time of 5.1 months be-
tween surgical stabilization and death. Among the 35 radiation naïve
patients, the median follow up was 4.7 months, and 17 (48.6%) were
decreased with a median time to death of 6.6 months. Most post-sur-
gical deaths were related to complications and/or decreased functional
status following the initial surgery.

3.9. Reasons for not receiving radiation treatment

The reasons for not receiving post-operative radiation were re-
corded if available (Table 7). The most common reasons for not re-
ceiving treatment were lack of proper referral to radiation oncology
(28/75, 37.3%) and complications post-surgery resulting in prolonged

Table 3
Radiation prior to surgery.

N (75) % Median time prior to
surgery (months)

No radiation to site prior to
surgery

35 46.7%

Radiation prior to surgery 40 53.3% 5.4
Single radiation Tx prior to
surgery

28 37.0% 3.4

Dosage of radiation
20 Gy/5 10 (40.0%)
8 Gy/1 6 (24.0%)
30 Gy/10 6 (24.0%)
Other 6 (24.0%)

Multiple radiation Tx prior to
surgery

12 16.0% 6.7

Total radiation therapy
cycles

27

Dosage of radiation 10 (52.6%)
20 Gy/5
8 Gy/1 7 (36.8%)
30 Gy/10 3 (15.8%)
Other 7 (36.8%)

Table 4
Treatment sites requiring subsequent interventions.

Subsequent intervention Combined Radiation naïve Pre-operative radiation

N (%) N = 75 Median time (months) N (%) N = 35 Median time (months) N (%) N = 40 Median time (months)

Second surgery to same site 5 (6.7%) 1 (2.9%) 3.9 4 (10%) 8.1
Irrigation and debridement 1 (1.3%) 0.8 1 (2.5%) 0.8
Second fixation 4 (5.3%) 6.0 3 (7.5) 8.1

with hardware failure 2 (2.7%) 6.0 1 (2.9%) 3.9 2 (5.0%) 5.3
without hardware failure 2 (2.7%) 5.2 1 (2.5%) 8.1

Re-irradiation of postoperative site 12 (16.0%) 9.9 6 (17.1%) 7.4 6 (15.0%) 11.3
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hospitalization (26/75, 34.7%).

4. Discussion

Pathological and impending fractures in advanced cancer patients
with bone metastasis often can have profound implications on patient
quality of life and mobility and often require surgical stabilization [13].
Early postoperative radiation is routinely used in clinical practice and is
thought to decrease the incidence of tumor progression and/or recur-
rence, which would then theoretically reduce the incidence of post-
surgical complications such as hardware failure, pain, and the need for
a second surgery [4,5,9]. In this study, we report on a total of 161
patients who had surgery for pathologic fractures or impending frac-
tures, focusing on the 75 patients (46.6%) who did not receive im-
mediate post-operative radiation. While none of the patients included
in the current study received immediate post-operative radiation, a
majority of them did receive radiation to the surgical site in the months
leading up to their operation. As stated in Table 3, 53.3% (40/75) of the
cohort had radiation to the site at a median of 5.4 months prior to their
operation.

The primary endpoint in this study was second surgery to index
surgical site, and the frequency of repeat fixation second surgery in our
patient cohort was 5.3% (4 patients). These surgeries occurred at 2.5,
3.9, 8.1 and 8.1 months after the index surgery. Looking specifically at
the subgroup of patients in our study who were radiation naïve pre-
operatively, only 1 patient (2.9% of this subgroup) required a second
surgery, which occurred at 3.9 months following the index operation.

In 2017, Drost et al. [9] reported on radiation naïve patients re-
ceiving fixation surgery with planned post-operative radiation, finding
that 2 of 74 patients (2.7%) required second surgery, occurring at 9 and
10 months after the original surgery. Comparing this study to our re-
sults, the findings suggest similar rates of second surgery in radiation
naïve patients receiving early post-operative radiation and those not
receiving early post-operative radiation. Interestingly, in our study the
rates of second surgery were slightly elevated among patients with pre-
operative radiation exposure. In this group, 3/40 patients (7.5%) had a
repeated fixation surgery and 1/40 (2.5%) required irrigation and
debridement of an infected surgical site. It is possible that these patients
represent a group with worsened disease course and functional status
going into surgery. It is also possible that the pre-operative radiation
had a negative effect on bone and/or soft tissue healing, predisposing
these patients to worse biological and biomechanical properties at the
surgical site.

Table 5
Radiological changes to surgical site.

Radiological changes Combined Radiation naïve Pre-operative radiation

N (55) Median time to event
(months)

N (30) Median time to event
(months)

N (25) Median time to event
(months)

Osteolysis at surgical site 16 (29%)
Progressive Osteolysis 1 (2%) 2.1 0 (0%) 1 (4%) 2.1
Stable Osteolysis 15 (27%) 6 (20%) 9 (36%)

New Bone Metastasis 5 (9%) 9.2 1 (3%) 18.3 4 (16%) 8.2
Loosening of Hardware 2 (4%) 20.1 1 (3%) 32.3 1 (4%) 7.8
Migration of Hardware or New Pathologic

Fracture
8 (15%) 2.1 2 (7%) 12.5 6 (24%) 0.7

Failure of Hardware 2 (4%) 11.3 1 (3%) 4.1 1 (4%) 18.5
Radiological Follow Up N (75)

No Radiological Follow-Up 20 (26.7%)
Radiological Follow-up 55 (73.3%)

Months
Median Radiological Follow Up 3.6
IQR 15.1 (Q1:1.0, Q3:16.1)
Min, Max 0.13, 88.7
Mean Radiological Follow Up 9.9

Table 6
Post-surgical survival and follow-up.

Combined
(N = 75)

Radiation naïve
(N = 35)

Pre-operative
radiation (N = 40)

Follow up Months
Median follow up

post surgery
4.7 4.7 4.0

Min, Max 0.0, 133.9 0.0, 120.7 0.2, 133.9
IQR 16.7 19.47 13.9
Survival N (75) N (35) N (40)
Alive or lost to

follow-up
48 (62%) 18 (51.4%) 30 (72.5%)

Deceased 27 (36%) 17 (48.6%) 10 (25%)
Patients surviving
<3 Months

18 (24.0%) 11 (31.4%) 7 (17.5%)

Median time to
death

1.3 months 1.2 months 1.7 months

Table 7
Reasons for not receiving post-operative radiation.

Reasons for not receiving post-operative radiation Number (N = 75)

Not seen or referred to radiation oncology 28
Managed in emergency department 3
Managed as outpatient/inpatient surgical referral 25

Complicated post-surgery course 26
Not discharged from hospital, patient deceased 18
Discharged from hospital with recovery 8

Radiation to surgical site not within post-operative
window

5

Radiation therapy considered unnecessary with pain
improvement post-surgery

4

Receiving chemotherapy and/or other cancer treatment
post-operatively

3

radiation to the surgical site prior to surgery, radiation
deemed unnecessary

2

tumor previously did not respond to radiation
treatment

1

Concerns about functional consequences of radiation
treatment to surgical site

1

Received radio-ablation to surgical site during surgery 1
Other/Unknown 1
Total 75
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The results of our study seem to contradict the previous results of
Townsend et al. [5], which suggest that the rates of second surgical
intervention were significantly higher in patients receiving surgery
alone (with no post-operative radiation) for bony metastases. Townsend
et al. reported rates of second surgery of 15% (4/26 patients) in the
surgery alone (SA) group, and 2.9% (1/34 patients) in the surgery plus
radiation therapy (S+RT) group. Like the Drost et al. study, Townsend
also reported longer times between the index surgery and the secondary
surgery in the S+RT group. The second surgeries in the surgery alone
arm of the Townsend study occur at a mean of 12.5 months after the
index surgery, and those in the Drost study also occur at a mean of 9.5
months after the index surgery, compared to a mean of 5.7 months in
our current study. These results suggest that post-surgery radiation may
be prolonging the interval between initial surgery and second surgery
for hardware complications.

Of importance is the single infection identified in our study. In this
patient, the diagnosis of infection was made within days of the surgery,
and the repeat surgery (irrigation and debridement) was performed at
day 24 post-op from the index surgery. As the typical application of
planned post-op radiation in these patients is 4–12 weeks post-op, the
infection in this case would have presented prior to the patient having
had a chance to receive the radiation, had this been planned.

This study also highlights the significant rates of mortality observed
in this cohort. Among the included surgery alone patient population,
36% (27/75) patients were deceased during the study period with an
average survival time of 5.1 months between surgical stabilization and
death. Among these patients, 18 patients (24% of total surgery alone
group) died within the initial 12-week postoperative period.

The low rate of repeat surgical fixation procedures in this surgery
alone group in conjunction with the high mortality rate observed in this
cohort is clinically significant. Orthopedic surgery is an invasive pro-
cedure, especially in advanced cancer patients whose survival and
quality of life is often limited [1]. However, if the rates of second
fixation surgery are comparable in both the surgery alone and surgery
with post-operative radiation treatment groups it may be possible to
spare patients from having post-operative radiation to the treatment
site. Post-operative radiation comes with acute and long-term risks. In
particular, post-operative radiation may put patients at risk for tem-
porary pain flare [11,12], local soft tissue irritation [13] as well as
fatigue and nausea [14,15]. Radiation therapy also carries with it a
significant time and effort commitment from the patient who has to
commute to and from the hospital while receiving their course of ra-
diation treatment, typically on a daily basis for 6 weeks. Therefore, at
least during the 4 to 6 weeks of therapy, radiation therapy has a sig-
nificant negative effect on the quality of life for these patients. There is
also a significant cost associated with post-operative radiation therapy.
In Ontario, it is estimated that a course of radiation therapy costs be-
tween $5270 CAD and $14,155 CAD depending on the radiation tech-
nique, disease site, and planning complexity [16].

The costs and implications of radiation therapy on quality of life
should above all be considered in the context of high mortality rates in
advanced cancer patients. In a study of pathologic fractures in patients
with malignant bone disease, overall mortality at 24 months was esti-
mated to be 56.4% [17]. Our current guidelines are suggesting post-
operative radiation therapy to this cohort of patients in order to reduce
the risk of second fixation surgery to the index surgical site. Not only is
the risk of second surgery very low at 2.8–10.0% (Table 4) depending
on the radiation status pre-surgery, but the 2-year survival of this pa-
tient cohort is less than 50%. Thus, it needs to be seriously considered
whether subjecting patients to post-operative radiation to limit the
small risk of repeat fixation surgery is warranted in a patient population
with such a high risk of mortality unrelated to the index surgery.

Patients who are not scheduled for early post-op radiation therapy
may ultimately undergo delayed radiotherapy for a variety of reasons
including no improvement in pain, or partial relief or relapse in pain
after experiencing initial relief following surgery [18,19]. Rates of post-

surgery radiation occurring at >12 weeks in this study seem to be
consistent or slightly elevated when compared with rates of re-irra-
diation in patients with bone metastases receiving surgery and post-
operative radiation. In our study we report a rate of delayed
(>12weeks) radiation of 16%. Drost et al. [9] reports a lower re-irra-
diation rate of 9.5%. A recent systematic review by Huisman et al.
suggests that rates of re-irradiation differ quite significantly ranging
from 8% to 42% in advanced cancer patients and is dependent on the
dose of the initial treatment [18].

Most of the patients (55/75, 73%) in this study had some form of
radiological follow-up post-operatively. Of particular interest were any
osteolytic changes observed at the treatment site post-operatively,
which were observed in 16 of 55 (29%) of the patient population.
However, only 1 of these 16 cases of osteolysis was considered to be
progressive. While the results seem comparable to those reported by
Drost et al. [9], given the heterogenous nature of the patient population
with respect to age, cancer type, and prior cancer treatment, osteolytic
lesions may be more likely in certain patients and depending on the
primary cancer, may appear differently on radiological imaging. As
such, this endpoint is likely not as reliable as repeat surgery and ra-
diation of the surgical site.

This study has several limitations. It was a retrospective study. We
did not have a comprehensive database to check if patients in our study
received radiation or surgery at another cancer treatment center.
However most of the patients were followed in our orthopedic clinic
and there was no documentation of receiving radiation or second sur-
gery from other centers besides the Sunnybrook Odette Cancer Center.
We did not have patient reported outcome scores, which would be
needed to fully elucidate and compare the effects of early radiation on
the patient outcomes. Further research is required that examines dif-
ferences in outcomes in a controlled prospective randomized setting
between patients with surgery alone and patients with surgery and
immediate post-operative radiation. It should also be noted that this
patient population is quite heterogenous with respect to the type of
cancer type, surgical history, age and prognosis. In this setting there are
many other variables that could potentially contribute to risk of com-
plications and hardware failure. Particularly systemic chemotherapy
and cancer type can substantially impact bone metabolism and osteo-
porosis, predisposing certain patients to surgical complications in-
dependent of post-operative radiation.

5. Conclusion

The surgical revision rate was low for patients treated with surgical
reconstruction (fixation or arthroplasty) of pathologic fractures in the
lower extremities, despite the absence of early post-operative radiation
therapy. These results were comparable with those previously pub-
lished involving patients who did receive early post-operative radiation.
Given the low rates of revision surgery in both groups, these findings
should be further explored with a randomized study in a larger patient
population to evaluate the benefits (or lack thereof) of early post-op-
erative radiation treatment following orthopedic fixation of pathologic
fractures in the lower extremity.
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