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Abstract 

Background  Pathological fractures are challenging in orthopedic surgery and oncology, with implications for the 
patient’s quality of life, mobility and mortality. The efficacy of oncological treatment on life expectancy for cancer 
patients has improved, but the metastatic pattern for bone metastases and survival is diverse for different tumor 
types. This study aimed to evaluate survival in relation to age, sex, primary tumor and site of the pathological fractures.

Methods  All pathological fractures due to cancer between 1 September 2014 and 31 December 2021 were included 
in this observational study from the Swedish Fracture Register (SFR). Data on age, sex, tumor type, fracture site and 
mortality were collected.

Results  A total of 1453 patients with pathological fractures were included (48% women, median age 73, range 
18–100 years). Unknown primary tumors were the most common primary site (n = 308). The lower extremities were 
the most common site of pathological fractures. Lung cancer had the shortest median survival of 78 days (range 
54–102), and multiple myeloma had the longest median survival of 432 days (range 232–629). The site at the lower 
extremity had the shortest (187 days, range 162–212), and the spine had the longest survival (386 days, range 
211–561). Age, sex, primary type and site of the pathological fractures were all associated with mortality.

Interpretation  Age, sex, primary tumor type and site of pathological fractures were associated with survival. Survival 
time is short and correlated with primary tumor type, with lung cancer as the strongest negative predictor of survival.

Introduction
Because the efficacy of treatment options available to 
cancer patients has improved, so has the patient’s aver-
age life expectancy following a cancer diagnosis [1]. 
Metastatic bone disease results in weakened and patho-
logic bone prone to a painful fracture, with considerable 
implications for patient quality of life (QoL), function-
ality and mortality [2, 3]. As such, metastatic long bone 
fractures cause a significant health care burden and are 
associated with poor functional outcomes and reduced 
life expectancy [3]. The humerus, femur and tibia are the 
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most common targets of long bone metastasis, particu-
larly from primary tumors originating from the breast, 
thyroid, kidney, lung and prostate [4]. Spinal metastases 
affect up to 70% of patients with cancer with a severe risk 
of para- or tetraplegia development due to metastatic spi-
nal cord compression [5]. Orthopedic treatment of meta-
static bone disease aims to alleviate pain and increase 
mobility and functional independence. The reconstruc-
tion must be durable in terms of life expectancy, avoiding 
lengthy stays in the hospital or long periods of reha-
bilitation, even when fracture healing may be doubtful 
[6–8]. Guiding clinical decision-making algorithms (e.g., 
PATHFx) provides valuable aid in predicting patient 
outcome [9]. However, extensive register-based studies 
describing the treatment and outcome after pathologi-
cal fractures in all body parts are scarce [10]. The Swed-
ish Fracture Register (SFR) offers unique opportunities to 
conduct large register-based studies on pathological frac-
tures in all body parts, regardless of treatment.

This study aimed to describe the sex and age distribu-
tion, primary tumor types, site of pathological fractures 
and primary treatment. We also analyzed predictors of 
mortality in patients with pathological fractures using the 
SFR.

Materials and methods
Study design and setting
This observational register study was designed based on 
data derived from the SFR. Established in 2011, the SFR 
is a national quality register for managing and treating 
fractures [10]. Several studies have found the registration 
in the SFR to have high accuracy and validity [11, 12].

The proportion of departments affiliated with the SFR 
has increased gradually: in January 2014, 40% of affiliated 
departments were active. As of 1 January 2021, all ortho-
pedic departments (n = 54) in Sweden are engaged in the 
SFR, resulting in 100% coverage. More than 650,000 frac-
tures had been registered by the end of 2021.

The injury mechanism includes information on stress, 
spontaneous and pathological fractures.

The registration of pathological fractures (Interna-
tional Classification of Diseases, 10th Revision, ICD-10 
M84.4.A-G) in the SFR includes specification of the pri-
mary tumor as breast, prostate, kidney, lung, myeloma, 
other or unknown. Treatment is registered with the cho-
sen type of therapy (nonoperative or operative). Opera-
tive treatments consist of fracture fixation, including 
types of osteosynthesis (screws, pins, plates, sliding hip 
device, long and short intramedullary nails), arthroplasty 
(hemi or total, cemented or cementless fixation) or other 
(i.e., excision arthroplasty).

Patient selection
All pathological fractures due to cancer (ICD code M 
84.4) in adults registered in the SFR between 1 Septem-
ber 2014 and 31 December 2021 were included. A total 
of 1,577 pathological fractures were extracted from the 
SFR (ICD-10 M84.4.A-G). Of these 1,577 pathological 
fractures, 124 (7.9%) were excluded from further anal-
ysis because of multiple pathological fractures in the 
same patient. Only the first (index) pathological frac-
ture was included.

Outcome variables
Epidemiological data on age, sex, primary tumor type, 
site of the pathological fracture, treatment and mortal-
ity were analyzed.

Statistics
Variables are presented as the proportion of all patho-
logical fractures (%). Nominal variables are described as 
proportions of all fractures and scale variables as medi-
ans (range). Categorical variables were analyzed with 
the Chi-square test. The log-rank test was used for sur-
vival analysis. Cox proportional hazards with adjusted 
analyses were performed to evaluate overall mortal-
ity-related factors. A multivariate model adjusted for 
age, sex, site of pathological fracture (upper or lower 
extremity, spine or pelvic regions) and specification of 
the primary tumor (breast, prostate, kidney, lung, mye-
loma, other or unknown) were included in the analysis 
as covariates. The assumption of proportional hazards 
was investigated by introducing an interaction term of 
the covariates of interest with time and the finding that 
the interaction term was not statistically significant for 
all covariates. The associations are presented as haz-
ard ratios (HRs) with 95% confidence intervals (CIs). A 
p-value < 0.05 was considered statistically significant. 
SPSS version 28 (IBM Corp, Armonk, NY, USA) was 
used for statistical analysis.

Results
Study patients and descriptive data
After exclusions, 1453 patients (48% women) were 
included. Both women (n = 703) and men (n = 750) had 
a median age of 73 (range 20–100 and 18–100, respec-
tively) years. The sites of the pathological fractures 
were categorized as upper extremity (n = 484), pelvic 
(n = 74), spine (n = 132) and lower extremity (n = 763) 
(Table 1). The anatomical sites within each category are 
listed in (Additional file 1: Table S1).
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Type and site of pathological fractures
Unknown primary tumors were the most common pri-
mary tumor (n = 308), followed by prostate (n = 286), 
other (n = 242), breast (N = 216), myeloma (n = 192), 
lung (n = 137) and kidney (n = 72) (Table 1). The lower 
extremities were the most common location for patho-
logical fractures, followed by the upper extremities, 
spine and pelvic. The distribution was significantly dif-
ferent between the primary tumor types, with breast 
cancer having the highest proportional frequency of 
pathological fractures in the lower extremity (63%). 
Multiple myeloma had the highest proportional fre-
quency among the pathological fractures in the upper 
extremity (50%), prostate cancer had the highest pro-
portional frequency for pathological fractures in the 
pelvis (8%), and unknown primary tumors had the 
highest proportional frequency in the spine (12%) 
(Table 1).

Treatment
Operative  treatment was performed in 956 (66%) 
patients and nonoperative treatment in 425 (29%). 
Missing information about treatment was noted in 72 
(5%) patients. Operative treatment was performed in 
93% of the fractures in the lower extremity, 6% in the 
pelvis, 36% in the spine and 43% in the upper extrem-
ity. 25 patients (6%), initially chosen for non-operative 
treatment (6 lower extremity, 1 spine, 1 pelvic and 17 
upper extremity fractures), underwent surgery at a later 
stage.

Mortality
Median survival was 213  days (95% CI, 185–241). 
Women had a median survival of 238 (range 188–288) 
days and men 199 (range 168–229). Lung cancer had 
the shortest median survival of 78 days (range 54–102), 
and multiple myeloma had the longest median sur-
vival of 432 days (range 232–629). The locations of the 

Table 1  Demography and distribution of the pathological fractures

*72 patients missing data on treatment

Unknown Breast Prostate Kidney Lung Other Myeloma Total

Localization

Upper
Extremity

107 65 62 33 44 77 96 484

Lower Extremity 152 137 173 29 77 122 73 763

Pelvic 13 6 23 4 6 19 3 74

Spine 36 8 28 6 10 24 20 132

Total 308 216 286 72 137 242 192 1453

Sex (N)

Male 145 4 286 45 53 112 105 750

Female 163 212 0 27 84 130 87 703

Treatment*

Operative 205 157 200 44 93 145 112 956

Non-operative 84 51 76 19 37 13 6 425

Age
(Min–Max)

74
(18–100)

71
(35–100)

77
(53–98)

71
(24–95)

72
(49–97)

72
(37–96)

70
(18–95)

73
(18–100)

Fig. 1  Survival function estimated by Kaplan–Meier method with 
mortality as an endpoint
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pathological fractures were of significant impact on 
survival, with the longest survival for spinal fractures 
(386  days, range 211–561) and the shortest survival 

for fractures of lower extremities (187  days, range 
162–212) (Fig.  1). Mortality was 12% at 30  days, with 
the highest mortality rate for lung cancer (28%) and 
the lowest for multiple myeloma (6%). One-year mor-
tality was 60%, with the highest rate for lung cancer 
(83%) and the lowest for multiple myeloma (45%), 209 
patients had a follow-up less than one-year (Table  2 
and 3).

In the multiple cox regression model, age, sex, primary 
tumor and site of the pathological fractures were signifi-
cant for survival (Table 4).

Discussion
The main findings of this study are that age, sex, primary 
tumor and location of the pathological fractures  were 
associated with  survival. Unknown primary tumors and 
prostate cancer were the two most common primary 
tumors. The lower extremity was the most common site 
of pathological fractures. The pattern of the pathological 
fractures differed between the primary tumors and the 
median survival time was short.

Primary site
Tumors behave differently in their affinity to seed metas-
tasis to bones [13]. Primary tumors from breast, prostate, 
renal, lung and myeloma account for most bone metas-
tases [4, 13]. However, an unknown primary tumor was 
the most common cause of pathological fracture in our 
study. It is essential to distinguish between an unknown 
primary tumor, defined as a histological malignancy for 
which no identifiable primary site can be found and a 
pathological fracture as a first manifestation before diag-
nostic workup is completed. Metastases with no identifi-
able primary tumor after diagnostic workup are generally 
classified as cancer of unknown primary. The cancer of 
unknown primary shares a characteristic aggressive 
course with rapid progression to metastasis, poor patient 
response to therapy and poor survival [14, 15]. In the 
SFR, however, there is no option to distinguish between 
these two, as registration in the SFR is done at the time 
of diagnosis and treatment of the pathological fracture 
before diagnostic workup of the primary tumor site has 
been fulfilled.

The metastatic pattern
Two main hypotheses for anatomical distributions 
of metastasis have been proposed: the hemodynamic 
hypothesis and the seed and soil hypothesis. The hemo-
dynamic hypothesis infers that metastasis is determined 
by anatomical vascular and lymphatic drainage [16]. The 
seed and soil hypothesis suggests that specific favora-
ble interactions at the metastatic site are involved in the 
selection for metastatic growth [17]. The femur was the 

Table 2  30-day mortality

Alive Dead Total %

Unknown 277 31 308 10

Breast 194 22 216 10

Prostate 250 36 286 13

Kidney 63 9 72 13

Lung 98 39 137 28

Myeloma 180 12 192 6

Other 216 26 242 11

Total 1278 175 1453 12

Table 3  1-year mortality. 1244 patients with a complete 1-year 
follow-up 

Alive Dead Total %

Unknown 135 124 259 48

Breast 81 102 183 56

Prostate 80 166 246 67

Kidney 24 38 62 61

Lung 21 100 121 83

Myeloma 94 78 172 45

Other 75 126 201 63

Total 510 734 1244 59

Table 4  Cox proportional hazard model using myeloma, spine 
and being female as reference categories

HR 95% CI P-value

Primary tumor

Unknown 1.05 0.83–1.32 0.695

Breast 1.53 1.19–1.97 0.001

Prostate 1.48 1.16–1.88 0.002

Kidney 1.46 1.06–2.00 0.021

Lung 3.19 2.47–4.12  < 0.001

Other 1.43 1.12–1.82 0.004

Myeloma 1 Ref –

Location of pathological fracture

Upper extremity 1.36 1.06–1.73 0.015

Lower extremity 1.38 1.09–1.75 0.007

Pelvic 0.98 0.69–1.39 0.907

Spine 1 Ref –

Age (years) 1.03 1.02–1.03  < 0.001

Sex

Male 1.18 1.01–1.38 0.04

Female 1 Ref –
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most common long bone affected by pathological frac-
tures, followed by the humerus and tibia in concordance 
with previous reports [4]. Spinal metastases have previ-
ously been reported as the most frequent site of skeletal 
metastasis, accounting for approximately 70% of all bone 
metastases [18]. The differences observed could be attrib-
uted to an underreporting of pathological fractures in the 
spine. It is also possible that some spinal metastasis, even 
though treated surgically due to spinal cord compres-
sion, is not regarded as pathological fractures and there-
fore, not registered in the SFR. The specific mechanisms 
responsible for each tumor’s preferable bone site remain 
to be investigated.

Treatment
Treatment of pathological fractures is generally palliative, 
aiming to reduce pain and improve patient functionality 
and QoL [6]. Most (93%) of the pathological fractures in 
the lower extremity were treated with surgery, compared 
to 43% in the upper extremity. Surgical stabilization of 
lower extremity fractures enables the patient to stay 
mobilized. Pathological upper extremity fractures can be 
stabilized by a cast or brace, giving the patient some pain 
relief.

Mortality
The generally short survival for patients with pathologi-
cal fractures presented in our study reflects the poor 
prognosis of pathological fractures. The poor prognosis 
calls for careful consideration of the potential benefits of 
surgical treatment contra the risk of complications and 
lengthy hospital stays. Our survival data align with some 
studies [3, 8, 14] and are shorter than previous cohorts 
for surgically treated pathological fractures [19]. The 
shorter survival could, in part, be attributed to selection 
bias, i.e., patients selected for surgery may have a longer 
life expectancy. Our study included all pathological frac-
tures, operatively and nonoperatively treated. Survival 
was associated with age, sex, primary tumor and site 
of the fracture. The primary tumor has previously been 
reported as a major predictor of survival [3]. Patients 
with myeloma, lymphoma and breast and kidney can-
cer have reported a higher 1-year survival rate, whereas 
patients with lung, unknown primaries and prostate 
cancer have a lower survival rate at 1-year [4, 14, 20]. 
Consistent with a recent study, lung cancer has been 
reported as an independent negative predictor of sur-
vival, whereas myeloma was a favorable prognostic fac-
tor for survival [4, 20]. Differences in survival related to 
heterogeneous types and responses to oncological treat-
ment have been reported, even within the same group of 
tumors [21, 22]. The anatomical location of the patho-
logical fractures significantly impacted survival, and 

patients with pathological fractures in the lower extrem-
ity had the worst prognosis. The independent prognostic 
value for segment location of pathological fractures has, 
to our knowledge not been demonstrated previously. It is 
reasonable to assume that a pathological fracture to the 
lower extremity renders more prolonged immobiliza-
tion than a pathological fracture in the upper extremity, 
although a larger share of them are surgically stabilized. 
This reasoning is supported by Bergh et  al., who found 
that all types of femur fracture resulted in high mortality 
in a large register-based study on mortality [23]. Despite 
the worse prognosis for lower extremity locations, sur-
gical treatment is probably reasonable in most cases to 
regain weight bearing and ambulation. In agreement 
with other studies, age was a predictor of survival [24].

Strength and limitations
The main strength of this study is the large sample size 
of pathological fractures, including data on segment 
location and type of primary cancer. The independent 
prognostic value for segment location of pathological 
fractures has, to our knowledge, not been demonstrated. 
Using data from a national health care quality register 
with registration and classification of fractures entered by 
the treating physician enables the description of demo-
graphics, location, treatment choice and analysis of mor-
tality. However, given the stepwise introduction and the 
present completeness of the SFR, we cannot identify the 
overall incidence, which could affect the external valid-
ity of the results [10]. The main limitations are linked to 
the retrospective study design and inherited limitations 
of register-based studies, including miscoding, transfer-
ring errors, under-reporting and missing data. Another 
limitation is that all metastasis to bone does not cause 
pathological fractures or are treated before a pathological 
fracture occurs. Impending fractures and known metas-
tasis of primary tumors affect patients differently. These 
patients are not registered in the SFR. Thus, the current 
study covers pathological fractures but not all metasta-
sis to bone. As mentioned earlier in the discussion, some 
unknown primary tumors might later have been cor-
rectly diagnosed. This information would not have been 
available to the treating physician entering data into the 
SFR at the time of the fracture.

Conclusion
Age, sex, primary tumor site and location of pathological 
fractures were associated with survival. Survival time is 
short and correlated with primary tumors, with lung can-
cer as the strongest negative predictor of survival.
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