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Fracture surgery for metastatic femur is frequently performed in older adults. In contrast to impending
fracture (IF), complete pathological fracture (CF) renders patients bedridden during the preoperative
period, which might affect the postoperative recovery of ambulation. Thus, we aimed to investigate
the clinical significance of the recovery in older adults after fracture surgery for femoral metastasis,
and predictors for recovery after CF. This multicenter retrospective study enrolled 146 adults aged 255
years undergoing surgery. A total of 78.1% (114/146) patients showed recovery; no association was
observed between the presence of postoperative weight-bearing restriction and recovery (p=0.50).
The rate of chemotherapeutic intervention was higher in patients who had recovered compared to the
others (52/114 vs. 8/32, p=0.03). Non-recovery of ambulation was an independent poor prognostic
factor for one-year suvival (hazard ratio, 1.85; 95% confidence interval, 1.06-3.22; p<0.01). Subgroup
analyses showed shorter preoperative waiting periods in the recovered patients than in the others
(5.6+0.6 vs. 7.9x1.1; p=0.03) among CF cases. Recovery of ambulation was a prognostic factor and
was associated with postoperative chemotherapy. Shorter preoperative waiting time was associated
with the recovery in patients with CF. Prompt surgical intervention should be considered when older
adults develop CF due to femoral metastasis.

Keywords Complete pathological fracture, Metastatic femur, Recovery of ambulation, Mortality rate,
Waiting time

Abbreviations

CF Complete pathological fracture

BMI Body mass index

ECOG-PS  Eastern Cooperative Oncology Group Performance Status
IF Impending pathological fracture

Preventing metastasis is challenging owing to its multifactorial process!2. After the diagnosis of bone metastasis,
quality of life becomes important for the care of patients®. Fracture surgery for femoral metastasis is frequently
performed in older adults since old age is a risk factor for bone metastasis in common cancers*®. When
comparing different fracture types at the femur, impending fracture (IF) is associated with better recovery
of ambulation than complete pathological fracture (CF)!%-12. Moreover, while patients with IF can mobilize
preoperatively using a walking aid or chair, those with CF are rendered bedridden during the preoperative
period. This poses a substantial risk since physical inactivity during hospitalization can cause the loss of muscle
mass, especially in older adults'?, reducing their ability to perform activities of daily living postoperatively'*.
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Prophylactic interventions have been suggested!® among patients with CF, comprising 40-60% of the cases of
fracture surgery for metastatic femur!-1.

The clinical guideline of the American Academy of Orthopaedic Surgeons recommends prompt surgery in
adults aged >55 years suffering a naive fracture at the proximal femur!'®!° within 24-48 h after hospitalization!®-2!.
This short waiting time for femoral fracture surgery improves the ability to perform postoperative activities of
daily living in older adults?>%.

Although previous studies have shown the clinical implications of recovery of ambulation after surgery for
femoral metastasis on patient benefits'2, the impact in older adults remains to be fully elucidated. The recovery of
ambulation in older adults after fracture surgery is related to the subsequent activities of daily living. Additionally,
when considering chemotherapeutic interventions for patients with advanced-stage cancer, the ambulation
status undoubtedly contributes to decision-making for further treatment!>?*. No previous report has focused
on the factors associated with recovery of ambulation in older adults with CF. Therefore, in this study, we aimed
to (1) assess the significance of ambulation recovery in older adults after surgery for femoral metastasis and
(2) investigate the preoperative predictors for recovery of ambulation in the subgroup of patients with CE. We
hypothesized that the preoperative waiting time in older adults with CF might affect postoperative ambulation.

Methods
Study design and participants
In this multicenter retrospective cohort study, we collected the medical records of 170 adults aged =55 years
who were diagnosed with malignant tumors and underwent femoral fracture surgery between January 2008
and January 2023. The fracture sites in the reviewed patients were investigated preoperatively using magnetic
resonance imaging, positron emission tomography-computed tomography, and/or computed tomography
methods other than plain radiography.

The fracture was defined by the imaging modality and/or pathological evaluation and 146 patients were
enrolled in the analysis. The exclusion criteria were as follows:

1. patients with no tumor mass on the fracture site per imaging, which was not considered a pathological frac-
ture.

2. patients who underwent revision procedures or surgeries for multiple bone lesions.

3. Patients diagnosed with cognitive impairments.

The study was approved by the local ethics committees of Hokkaido University Hospital (022-0036) and the
other participating hospitals. Informed consent was obtained by the opt-out method. No data related to these
participants were included in the analysis. The study was conducted in accordance with the principles of human
ethics set forth by the Declaration of Helsinki.

Variables and outcomes

The medical records of the patients included in the study were collected, and the demographic and
clinicopathologic characteristics including primary cancer were reviewed. IF was defined as having a Mirels’
score of >8%; the Katagiri—-New score (A: 0-3, B: 4-6, and C: 7-10) was assessed based on six prognostic factors:
primary tumor, visceral or cerebral metastasis, abnormal laboratory data, poor performance status based on the
Eastern Cooperative Oncology Group Performance Status (ECOG-PS) (0-1, 2-4), previous chemotherapy, and
multiple skeletal metastases®®. The preoperative waiting time was defined as the time interval between the date of
admission and the surgical intervention, and the surgical procedures comprised the perioperative information.
Internal fixation is a surgical procedure to insert implants, such as nails, inside the body to fixate and stabilize
fractured bone. Endoprosthesis involves replacing fractured joints or bone proximal or distal femur with an
artificial prosthesis.

The postoperative protocols were according to clinical practice guidelines in Japan, recommending early
postoperative rehabilitation for proximal femoral fracture?””. The postoperative weight-bearing restriction was
decided by surgeons on a case-by-case basis. Evaluation of postoperative ambulation was conducted following
previously reported methods'?%, with recovery of ambulation defined as the ability to walk independently or
with assistive devices within 60 days of hospitalization postoperatively. In contrast, patients who required a
wheelchair or were bedridden were considered wheelchair-bound or bedridden, respectively. Postoperative
chemotherapy was initiated after the physicians validated the stable physical status of the patients.

The primary outcome of this study was the 1-year mortality rate after surgery, whereas the secondary outcome
was the rate of postoperative chemotherapeutic intervention in the enrolled patients. Chemotherapy is classified
into three groups, cytotoxic drugs, immune checkpoint inhibitors (ICIs), and molecular targeted therapy. The
duration of chemotherapy was assessed. In CF cases, the association between clinicopathological characteristics
and the recovery of ambulation was evaluated.

Statistical analysis
All statistical analyses were conducted using JMP Pro version 14 (SAS Institute, Inc., Cary, NC, USA), with
statistical significance set at a p< 0.05. Categorical and continuous data are presented as frequencies with
percentages and means with standard errors, respectively. Categorical variables were evaluated using the chi-
squared test for two or more groups, while continuous variables were analyzed using an independent t-test.
Overall survival was visualized using the Kaplan-Meier method, and differences were investigated using the
log-rank test. Hazard ratios (HR) and their 95% confidence intervals (CIs) were estimated using Cox regression®.
Since age, sex, and body mass index (BMI) are known factors for cancer and fracture, these variables were
included in the statistical models. The Cox proportional hazards model, adjusted for age, sex, and BMI, was used
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to investigate the HR of 1-year mortality for a high-risk Katagiri-New score (C: 7-10), along with non-recovery
of ambulation.

Results

Perioperative characteristics

As shown in Table 1, the mean (standard error) age of the patients in this study was 69.6 0.7 years, and 66/146
(45.2%) patients were females. The most frequent primary cancer sites in the enrolled patients were lung, breast,
and renal cell carcinoma, and the rate of radiation therapy conducted at the surgical site was 49.3% (69/146).
Among the surgical procedures, the rate of endoprosthesis was 18.2% (12/66) in CF cases, and 35.0% (28/80) in
IF cases (p=0.02).

There was no significant difference in postoperative weight-bearing restriction across the facilities (19/124
vs. 7/22, p=0.06). Postoperative weight-bearing restriction was higher in CF than in IF cases (17/66 vs. 9/80, p=
0.02). The postoperative weight-bearing restriction was higher in patients who underwent internal fixation than
those who underwent endoprosthesis (23/106 vs. 3/40, p= 0.04).

Recovery of ambulation

A total of 78.1% (114/146) of patients recovered ambulation. There was no association between the presence of
postoperative restriction and the recovery; 16.7% (19/114) of patients with the recovery had the postoperative
restriction; 21.9% (7/32) of patients with non-recovery of ambulation had postoperative restriction (p= 0.50).
The rate of home discharge was higher in patients with recovery of ambulation than in those with non-recovery
(83/114 vs. 5/32, p< 0.01). The rate of loss to one-year follow-up in this study was 6.2% (9/146).

Postoperative chemotherapeutic interventions

The postoperative rate of chemotherapeutic interventions was higher in patients with recovery of ambulation
than in those with non-recovery of ambulation (52/114 vs. 8/32, p= 0.03). In patients with the recovery of
ambulation, chemotherapeutic intervention after partial or full weight bearing and ambulation with aids was
administered. In 60 patients with chemotherapy, 42 patients were prescribed cytotoxic drugs, 7 with ICIs, and
14 patients underwent targeted therapy. Four patients required more than just mono-type therapy. From the
perspective of the duration of chemotherapy, 20 patients required intervention for 3 months or less. Eleven
patients required it for 4 to 12 months; 29 patients required intervention for more than 12 months. In terms of
the regimen of chemotherapy, 32.7% (17/52) and 37.5% (3/8) of patients with recovery of ambulation and non-
recovery of ambulation, respectively, were administered ICIs or targeted therapy (p= 0.79).

Postoperative survival
The log-rank test showed that recovery of ambulation was associated with one-year survival (p < 0.01) (Fig. 1).
Moreover, the Cox proportional hazards model demonstrated that non-recovery of ambulation (HR, 1.9; 95% CI,

Characteristics N=146
Age, years 69.6 0.7
Sex, female 66 (45.2)
BMI, kg/m? 21.5+0.3
Katagiri-New score

A 31

B 85

C 30
Primary cancer

Lung 41
Breast 25
Kidney 22
Others 59
Premorbid ECOG-PS

0-2 110

3-4 36
Fracture type

Impending fracture 80
Completed fracture 66
Skeletal stabilization

Internal fixation 106
Endoprosthesis 40

Radiation therapy at surgical site (%) | 69 (47.3)

Table 1. Perioperative characteristics of the patients. Data are presented as the mean + standard error or n (%).
Abbreviations: BMI, body mass index; ECOG-PS, Eastern Cooperative Oncology Group Performance Status.
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Overall survival

0.2 Recovery of ambulation (n=114)
o ====== Non-recovery of ambulation (n=33)
0 2 4 6 8 10 12

Months after surgery

Fig. 1. Kaplan-Meier curve for the one-year survival stratified by recovery or non-recovery of ambulation.

Univariate analysis | Multivariate analysis*

HR (95% CI) HR (95% CI) p-value
High-risk Katagiri-New score | 3.44 (2.06-5.74) 5.11 (2.29-11.37) p<0.01
Non-recovery of ambulation | 2.34 (1.43-3.85) 1.85 (1.06-3.22) p<0.01

Table 2. Non-recovery of ambulation is an independent poor prognostic factor for one-year survival.
*Adjusted for sex, age, and body mass index. Abbreviations: HR, hazard ratio; CI, confidence interval.

1.06-3.22) and a high-risk Katagiri-New score (HR, 5.1; 95% CI, 2.3-11.4) were independent poor prognostic
factors (Table 2). One-year survival rates were higher in the patients with the recovery of ambulation than the
others (56.1% (60/107) vs. 22.6% (7/31), p < 0.01); two-year survival ratios were higher among recovered patients
(31.7% (32/101) vs. 13.3% (4/30), p= 0.04). Three-year survival ratio in the recovered patients was 22.4% (21/94)
and that in others was 10.0% (3/30, p=0.14).

Subgroup analysis of the patients with CF showed significantly shorter preoperative waiting periods among
patients with recovery of ambulation than in those with non-recovery of ambulation (5.6 0.6 vs. 7.9 £ 1.1; p=
0.03) (Table 3). Furthermore, premorbid ECOG-PS scores and surgical procedures were associated with the
recovery of ambulation. In both groups, the most common primary tumors were those of the lungs, breasts,
and kidneys. Multivariate analyses adjusted by age, sex, BMI, and Katagiri-New Score showed that surgical
procedures were a significant factor for the recovery of ambulation (p= 0.02); no associations were observed in
premorbid ECOG-PS (p= 0.19) or the preoperative waiting time (p = 0.27).

Discussion

This study found recovery of postoperative ambulation as an independent prognostic factor in older adults
undergoing fracture surgery for femoral metastases. Patients with recovery of ambulation had higher rates of
postoperative chemotherapy. Subgroup analysis of older adults with CF showed that the preoperative waiting
time was significantly associated with recovery of ambulation. Therefore, to promote better clinical outcomes
in older adults with CF of the femur, prompt surgical intervention should be considered once femoral fracture
due to metastasis is diagnosed. Perioperative rehabilitation to prevent disuse syndrome and practice early post-
operative mobilization needs to be discussed by multidisciplinary care teams.

Our results showed that 78.1% of older adults with fracture surgery at the femur recovered ambulation; a
recent study reported 67.6% pathological fracture at the femur!2 This recovery would improve the ability to
perform postoperative activities of daily living in older adults**** and render them eligible for further therapeutic
interventions. When considering chemotherapeutic interventions for patients with advanced-stage cancer, the
ambulation status undoubtedly contributes to the decision-making of further treatment!'?.

Notably, the preoperative waiting time in patients who had surgery for metastatic femur with IF or CF is not
associated with the recovery of ambulation'?; however, our study was distinct in that it focused on the association
between the waiting time and recovery of ambulation in older adults with CE. In clinical practice, older adults
with IF of the femur can ambulate with non-weight bearing during preoperative periods, whereas those with CF
are likely bedridden. However, acute inactivity during hospitalization poses a potent threat to muscle tissue and
functional capacity!®3°, and physical inactivity during hospitalization contributes to a reduction in the ability to
perform activities of daily living, especially in older adults'**!. Our results corroborated these previous findings.
Furthermore, in line with our results, previous studies have reported the association of premorbid ECOG-PS
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Recovery of ambulation | Non-recovery of ambulation
(n=43) (n=23) p-value
Age, years 68.8 1.4 709 £1.7 0.71
Sex, female 18/43 (41.9) 8/23 (34.8) 0.57
BMI, kg/m? 21.7£0.6 21.2+0.7 0.62
Katagiri-New Score 0.74
A 12 7
B 26 12
C 5 4
Primary cancer 0.91
Lung 8 6
Breast 8 4
Kidney 6 3
Others 21 10
Premorbid ECOG-PS 0.02
0-2 36 13
3-4 7 10
Waiting time 5.6 +0.6 79+1.1 0.03
Skeletal stabilization
Internal fixation 31 22 0.02
Endoprosthesis 12 1
Radiation at surgical site (%) | 19/43 13/26 0.64

Table 3. Perioperative waiting time and performance status can predict recovery of ambulation in patients
with complete pathological fractures. Data are presented as the mean =+ standard error and n/N (%).
Abbreviations: BMI, body mass index; ECOG-PS, Eastern Cooperative Oncology Group Performance Status.

scores and surgical procedures with recovery of ambulation in patients with femoral metastases'?. There might
be potential collinearity in these factors from a clinical perspective. Patients with CF with poor PS may need
thorough preoperative evaluation, leading to longer preoperative periods, and less invasive surgical procedures;
surgical time was shorter for internal fixation than endoprosthesis”.

Multivariate analyses in patients with CF showed that the surgical procedure was the prognostic factor for
the recovery of ambulation. Endoprosthesis is often considered when replacing fractured bone located near
the joints while internal fixation is widely used for proximal, diaphyseal, and distal fractures at the femur. Our
results suggested that endoprosthesis can be considered actively for patients with ECOG-PS 0-2 with a complete
pathological fracture at the proximal or distal femur, aligning with an existing guideline®~.

Emergent surgery has been proposed for osteoporotic femoral fractures in older adults?!. While performing
surgery within 48 h of hospital arrival is desirable for these fractures?!, patients with complete pathological
fractures require a more thorough preoperative evaluation as they are more likely to have preoperative
comorbidities®*. If preoperative examinations reveal venous thromboembolism (VTE), lung infection, or acute
heart failure, prompt surgery may not be possible. Perioperative complications, such VTE, blood transfusion,
and unplanned return to the operating room should be considered®. Surgery time, incision length, and high
C-reactive protein are associated with postoperative infection rates*. Our study suggested the association of the
preoperative waiting time with the recovery of ambulation. This supports the evidence for prompt surgery for
pathological fractures. Prospective studies of prompt surgical interventions for patients with CF are warranted.
Criteria could be set as follows: patients with ECOG PS 0-2, fracture at the proximal femur, and no cognitive
impairment. In this setting, endoprosthesis might be preferred and is less likely to have postoperative weight-
bearing restriction. The importance of preoperative waiting time can be assessed by postoperative survival and
quality of life.

The Katagiri-New score is based on six prognostic factors: primary tumor, visceral or cerebral metastasis,
abnormal laboratory data, poor PS, previous chemotherapy, and multiple skeletal metastases?. While this score
is considered to reflect the prognosis of patients with bone metastasis, other comorbidities, such as heart failure,
diabetes, or dementia, may be associated with prognosis in patients with stage 4 cancer. Housing environment or
social support are important factors in considering treatment strategies, including chemotherapy.

Metastasis prevention is challenging owing to its multifactorial processes"?. After the occurrence of bone
metastasis, quality of life is important when providing care to these patients®. In fact, prophylactic interventions'
should be considered for preventing fractures; patients with CF comprise 40-60% of the cases of fracture
surgery!%111617 For these patients, prompt surgical intervention can yield functional and survival outcomes.

The limitations should be considered when interpreting our results. First, due to the retrospective nature
of the study, a recall or selection bias may exist. We did not adjust for potential confounders, such as type of
cancer, surgical procedures, preoperative performance status, and patient characteristics including age, sex, and
comorbidities. Second, recovery of ambulation was observed within 60 days of hospitalization after surgery,
and this evaluation was insufficient in cases transferred to other institutes. It was not strictly consistent with
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standardized tools, such as the Parker Mobility Score. Third, surgical procedures and post-operative weight
bearing were determined by the surgeons” decisions. Patients with poor performance status might need better
preoperative evaluation, leading to longer preoperative periods, and less invasive methods could have been
selected. Fourth, the perioperative environments and protocols may differ among the participating hospitals,
including the availability of operating rooms, preoperative examinations or requirements, and postoperative
protocols for rehabilitation. Fifth, long-term functional outcomes after evaluating the ambulation recovery were
lacking.

Conclusions

In this study, postoperative recovery of ambulation was an independent prognostic factor related to reduced
one-year mortality in older adults undergoing fracture surgery for femoral metastasis. Additionally, the rate of
postoperative chemotherapy was significantly higher in the patients who recovered ambulation than in those
who did not, indicating clinical benefits for the patients who can show ambulation recovery postoperatively.
Furthermore, in the subgroup of patients with CF, the patients who recovered ambulation postoperatively had
shorter preoperative waiting times. Therefore, to promote better clinical outcomes in older adults with CF of
the femur, prompt surgical intervention should be considered when a femoral fracture is diagnosed due to
metastasis.

Data availability
The data sets used and/or analyzed during the current study are available from the corresponding author on
reasonable request.
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