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Abstract:
Introduction: There is a growing momentum for the collaboration between multiple disciplines for the prevention and

treatment of skeletal-related events (SREs) in patients with metastatic spinal tumors. However, the effectiveness of multidis-

ciplinary approaches remains unclear. Hence, we conducted an exploratory study to examine the impact of liaison treatment

for metastatic spinal tumor (LMST) on the prevention of SREs among patients with a metastatic spinal tumor.

Methods: This study was an exploratory interrupted time series conducted in a single medical center. Overall, 1,043 pa-

tients with a metastatic spinal tumor diagnosed between January 2011 and December 2020 were included. The LMST was

implemented in January 2014. The LMST team consisted of the orthopedic surgery, thoracic surgery, breast and thyroid sur-

gery, clinical oncology, urology, and radiology departments. Monthly joint conferences were held for patients with spinal in-

stability, and the incidence of SRE was measured at 6-month intervals.

Results: Throughout the study period, we identified 66 SRE incidences. After the implementation of the LMST, a level

change of −5.2% (95% confidence interval [CI]: −11.7 to 1.3, p = 0.11) was observed. Subsequently, a post-implementation

trend change of −0.3% (95% CI: −2.0 to 1.5, p = 0.75) beyond the baseline was noted.

Conclusions: We suggest both immediate and gradual effects of the introduction of the LMST on deterring the develop-

ment of SREs. Our results support the global trend of introducing a multidisciplinary approach for the treatment of metas-

tatic spinal tumors.
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Introduction

Metastatic spinal tumors are common, with spinal metas-

tases reported in 36% of deaths due to malignant neo-

plasms1). The number of patients with metastatic spinal tu-

mors is expected to increase with the advent of an ultra-

aged society and the development of diagnostic imaging

techniques. Skeletal-related events (SREs) are skeletal com-

plications that are associated with bone metastases and in-

clude cancer-induced bone pain, hypercalcemia, pathological

bone fractures, and spinal cord compression2). SREs develop

in approximately 20% of the metastatic spinal tumor cases;3)

they cause an excruciating pain and a significant reduction

in the quality of life due to the neurological deficits in the

affected patients. The recent developments in chemotherapy,

advent of bone-modifying drugs, and internal irradiation for

bone metastases are changing the landscape in which metas-

tatic spine tumors are treated. Accordingly, the goal of the

treatment is shifting from traditional palliation to maintain-

ing neurological function (e.g., gait function) and the quality

of life, with an increased focus on SREs4).

There is a growing momentum for the collaboration

among departments across multiple disciplines, such as radi-

ology, orthopedics, oncology, palliative care, and rehabilita-

tion, for the prevention and treatment of SREs in patients

with metastatic spinal tumors5). Specifically, a neurologic,

oncologic, mechanical, and systemic decision framework, in

which the departments of radiology, orthopedics, and medi-
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cal oncology work together, has been proposed6). However,

the effectiveness of these multidisciplinary approaches re-

mains unclear. Hence, we conducted an exploratory study to

examine the association between the introduction of a multi-

disciplinary collaboration and the reduction in the incidence

of SREs.

Materials and Methods

Data source

From January 2011 to December 2020, we extracted data

on metastatic spinal tumors from the hospital database, in-

cluding the demographics, longitudinal records of care, and

outcomes for each consecutive patient. We introduced liai-

son treatment for metastatic spinal tumor (LMST) on Janu-

ary 1, 2014, and the database provided us with 3 years (6

timepoints) of pre-LMST data and 7 years (14 timepoints)

of post-LMST data. This study was approved by the certi-

fied institutional review boards. All data were retrospectively

aggregated in an anonymized form, and individual informed

consent was not required.

Details of intervention

The LMST team included the departments of orthopedic

surgery, thoracic surgery, breast and thyroid surgery, clinical

oncology, urology, and radiology. All patients initially diag-

nosed with a metastatic spinal tumor by radiologists were

referred to an orthopedic surgeon in the LMST team. Each

spinal metastasis was evaluated using the spinal instability

neoplastic score (SINS), where scores of 7 or more implied

spinal instability7). All patients with an SINS of �7 and those

with an SINS of �6, who were suspected by the attending

physician to have impending SREs, were reviewed during

the monthly LMST conference for the discussion of possible

treatments. In addition to the LMST team, anesthetists, oto-

laryngologists, hematologists, dermatologists, and nurses

were present at that conference as required. Details of the

LMST have been previously described elsewhere8).

Outcome measures

The primary outcome in this study was the incidence rate

of SRE. The denominator was all individuals registered at

the hospital with a metastatic spinal tumor, except for those

who had already developed an SRE or had dropped out at

previous timepoints. The incidence of SRE was identified

using individual medical records. The definition of SRE in-

cludes the following9):

- symptomatic, radiographically confirmed pathological

fractures,

- spinal cord or nerve root compression,

- radiotherapy on the bone or orthopedic surgery on the

bone.

In the present study, prophylactic surgery or radiation

therapy administered prior to the occurrence of significant

symptoms based on the SINS were not included under the

definition of SRE.

Statistical analysis

We first conducted a descriptive analysis of the incidence

rate of SRE in the periods before and after the implementa-

tion of the LMST. Values were expressed as medians and in-

terquartile ranges (IQRs) for continuous variables and as

numbers and proportions for dichotomous variables.

Subsequently, we estimated the effect of the LMST on the

prevention of SRE using an interrupted time series regres-

sion (ITS)10). In this design, population-level outcomes (rates

of SRE incidence) were calculated over time, and statistical

regression was adopted to investigate the two primary out-

comes of interest: the level change in SRE incidence imme-

diately after the LMST implementation and the trend, which

is independent of the baseline trend, that is affected by a

population-level exposure (introduction of the LMST on

January 1, 2014). To conduct ITS, we adhered to the appro-

priate guidelines recognized for ITS11). ITS assumes counter-

factually that the preintervention trend would have persisted

if the intervention had not occurred. We fitted a simple lin-

ear regression model that included only a continuous term

for times (6-month intervals), representing the baseline trend

in the SRE incidence. We then employed another linear re-

gression with a continuous term for times, an indicator vari-

able for whether the time was before or after the LMST

(representing the level change), and a continuous term for

times after implementation (representing the post-

implementation change in the trend) to estimate these ef-

fects. All statistical analyses were conducted using the soft-

ware R (version 3.6.2, R Foundation for Statistical Comput-

ing, Vienna, Austria) and Stata (version 15.1, StataCorp

LLC, College Station, TX, USA), and two-sided 95% confi-

dence intervals (CIs) were calculated for statistical tests.

Results

Our analysis included 1,043 patients with metastatic spi-

nal tumors, and each individual was observed for a median

of 249.5 days (IQR: 46-743 days). Table 1 presents an over-

view of the study populations for each year. The number of

eligible patients increased over time, with a parallel decline

in the Katagiri score12), performance status, and SINS.

Throughout the study period, we identified 66 SRE inci-

dences. There were only two cases of SRE occurring in

2018, five in 2019, and none beyond 2020.

Fig. 1 presents the estimated level and trend change in the

incidence of SRE. After the implementation of the LMST, a

level change of −5.2% (95% CI: −11.7 to 1.3; p = 0.11) was

observed. This was followed by a post-implementation trend

change of −0.3% (95% CI: −2.0 to 1.5; p = 0.75) beyond

the baseline trend. This decreasing post-implementation

trend might mean that by the end of the study, the estimated

reduction in the SRE incidence would be 8.7% lower than

the counterfactual incidence.
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Figure　1.　Prophylactic effect of liaison treatment for metastatic spinal tumor (LMST) on the oc-

currence of skeletal-related events (SREs).

The X-axis indicates the timepoint (6-month intervals), and the Y-axis indicates the percentage of 

the SRE incidence at each timepoint. The dots on each timepoint represent the percentage of the 

SRE incidence during the 6 months before that timepoint. The LMST was introduced in January 

2014.

Table　1.　Characteristics of the Patients in Each Year of the Study Period.

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

N=20 N=48 N=97 N=197 N=244 N=296 N=331 N=364 N=380 N=381

Age (years) 67 (56–77) 67 (58–73) 68 (60–75) 68 (61–76) 68 (62.5–77.5) 69 (60–77) 68 (60–76) 68 (60–76) 69 (60–77) 69 (60–76)

Sex (female) 10 (50) 26 (54) 50 (52) 85 (43) 115 (47) 133 (45) 152 (46) 181 (50) 180 (47) 185 (49)

Katagiri score 4 (2.5–6) 5 (3–7) 6 (4–7) 6 (4–7) 5 (3–6) 5 (3–6) 4 (3–6) 4 (3–6) 4 (3–6) 4 (3–6)

Performance status 1 (1–2) 2 (1–3) 2 (1–3) 2 (1–3) 1 (1–2) 1 (0–2) 1 (0–1) 0 (0–1) 0 (0–1) 0 (0–1)

SINS 6 (5.5–9) 6 (5–8) 6 (5–8) 6 (4–8) 5 (4–7) 5 (3–7) 4 (3–6) 4 (3–6) 4 (3–6) 4 (3–6)

≥7 7 (35) 18 (38) 43 (44) 78 (39) 72 (30) 78 (26) 82 (25) 75 (21) 82 (22) 81 (21)

Primary lesion 

location

  Breast 9 (45) 22 (46) 34 (35) 56 (28) 68 (28) 83 (28) 96 (29) 111 (30) 122 (32) 115 (30)

  Prostate 8 (40) 10 (21) 21 (22) 34 (17) 47 (19) 61 (21) 72 (22) 75 (21) 75 (20) 70 (18)

  Lung 0 4 (8.3) 12 (12) 41 (21) 52 (21) 63 (21) 54 (16) 57 (16) 59 (16) 61 (16)

No. of SREs 2 (10) 11 (23) 8 (8.2) 8 (4.1) 11 (4.5) 10 (3.4) 9 (3) 2 (0.5) 5 (1.3) 0

  SRE: surgery 1 (0.5) 3 (6.3) 8 (8.2) 5 (2.5) 6 (2.5) 1 (0.3) 2 (0.6) 1 (0.3) 2 (0.5) 0

  SRE: radiation 1 (0.5) 5 (10) 0 1 (0.5) 3 (1.2) 5 (1.7) 2 (0.6) 1 (0.3) 3 (0.8) 0

Prophylactic 

treatment

  Surgery 3 (15) 4 (8.3) 4 (4.1) 10 (5.1) 20 (8.2) 20 (6.8) 24 (7.3) 24 (6.6) 18 (4.7) 16 (4.2)

  Radiation 8 (40) 14 (29) 89 (30) 69 (35) 73 (30) 89 (30) 88 (27) 91 (25) 92 (24) 89 (23)

  Zoledronic acid 7 (35) 16 (33) 32 (33) 52 (26) 52 (21) 60 (20) 60 (18) 56 (15) 62 (16) 57 (15)

  Denosumab 8 (40) 24 (50) 47 (48) 86 (43) 104 (43) 141 (48) 157 (47) 174 (49) 169 (44) 156 (41)

SRE, Skeletal-related events; SINS, Spinal instability neoplastic score.

Data are expressed as numbers (%) and medians (interquartile range).

Discussion

The survey of the registry of patients with metastatic spi-

nal tumors at our hospital revealed that while the number of

patients in the registry increased every year, the SRE inci-

dence peaked in 2015 (11/243 cases), 1 year after the intro-

duction of the LMST, and decreased until 2020, during

which no cases were reported. Although the results were not
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statistically significant, these findings suggest immediate and

gradual positive effects of the introduction of the LMST on

deterring the development of SREs.

We believe that pre-emptive treatment through a multi-

departmental collaboration is the major factor that explains

the effectiveness of the LMST. Metastatic spinal tumors are

progressive, and conventional isolated treatments in each de-

partment would lead to significant delays in their diagnosis

and indication. The main interventions that constitute pre-

emptive treatment are prophylactic surgery and radiotherapy

as well as the administration of bone modifiers13). In the pe-

riod after 2017 when the incidence of SREs notably de-

creased, the actual number of cases administered with deno-

sumab seems to have increased. Although it is beyond the

scope of this study to discuss the effects of each of the mul-

tifaceted interventions that constituted the LMST, we have

interpreted the results as particularly suggestive of the effec-

tiveness of bone modifiers.

Implications for clinical practice

Our results suggest that the introduction of the LMST as

a standard in clinical practice would reduce the incidence of

subsequent SREs, thereby improving patient outcomes. Vari-

ous studies5,6,14-18) and clinical guidelines4,13,19) have reported

the need for the introduction of a multidisciplinary ap-

proach, and the results of the present study support this

global trend.

The difficulty of standardization is a hindrance to the

widespread use of LMST, as its effectiveness encompasses

not only the aforementioned early treatment but also timely

and well-informed clinical decisions on when and how to

treat spinal metastases. The SINS was used as an objective

measure of the urgency of SREs within the LMST frame-

work. However, the SINS is a scale developed to visualize

spinal instability and is not a direct predictor of the develop-

ment of SRE. The introduction of SINS has led to the im-

provement of uniform reporting within the literature, but the

prognostic value of SINS is controversial20). In the LMST,

the clinical decision on the timing of the intervention was

mainly based on the clinical experience of various special-

ists, which is difficult to standardize. There are various treat-

ment options to prevent SRE. Surgery is a viable option for

“impending SRE,” but the indications, choice of technique

(e.g., decompression, fixation, or both), and extent of treat-

ment (i.e., how many vertebrae to treat) are difficult to de-

termine for each patient. While the effectiveness of decom-

pressive surgical resection has been reported21), some reports

suggest that new randomized controlled trials (RCTs) are re-

quired owing to its limited effectiveness22). The lack of evi-

dence leaves clinical decisions mainly to the experiences of

the orthopedic surgeon, also making standardization diffi-

cult. However, it takes an enormous amount of time for suf-

ficient evidence to accumulate and a standardized system of

treatment to be established. We believe that the introduction

of the LMST, in which each specialist brings his/her clinical

experiences and available evidence to collaborate, will be

beneficial for patients who are suffering right now.

Strengths and limitations

The strength of the present study is its novelty in examin-

ing the effects of a multidisciplinary collaboration for the

treatment of metastatic spinal tumors. The ideal study design

is a cluster RCT, but it is impractical due to the difficulty of

standardizing interventions between each site and the huge

research cost. Furthermore, the treatment of metastatic spinal

tumors is an ever-evolving process, and it is important to

consider the changes in the treatment over time to investi-

gate the effect of a multidisciplinary collaboration. We be-

lieve that the adoption of ITS addresses some of these diffi-

cult issues.

However, the present study has several limitations. First,

the small sample size resulted in a low statistical power.

While the overall sample size was relatively large (approxi-

mately 1,000 cases), the incidence of SRE was low (66

cases in total). Therefore, we could not adequately consider

the origin of the metastasis and the competing risk of mor-

tality. Second, there was no control group. Third, there were

few timepoints for pre-LMST. Hence, the estimated regres-

sion line for pre-LMST might be less precise, as indicated

by the positive trend. While the results of this study alone

could not provide a strong recommendation for the introduc-

tion of the LMST, the negative impact of a multi-

departmental collaboration on the patients is minimal, and

thus, the impact of misleading readers by insisting on the in-

troduction of LMST is likely to be small. Finally, the num-

ber of participants and the severity of their condition dif-

fered between the pre-LMST and post-LMST periods. As

the SRE incidence is strongly influenced by an increase in

the denominator, the slope of the estimated regression line

might be far from the true value. However, despite the fact

that the number of patients with an SINS of �7 has not

changed since 2014, the actual incidence of SRE has dis-

tinctly declined. We believe that this reflects the true effects

of the LMST.

In conclusion, using our database of metastatic spinal tu-

mors, we suggest both immediate and gradual effects of the

LSMT introduction on deterring the development of SRE.

Our results support previous literature and trend in the field,

supporting the introduction of a multidisciplinary approach

for the treatment of metastatic spinal tumors.
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