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Abstract
Background: Skeletal-related events due to spinal metastasis in cancer signi�cantly impair patients’
activities of daily living and quality of life. Most of these events occur suddenly. To reduce their
impairment occurred suddenly, and to allow them to return to their normal life immediately, many patients
undergo palliative surgery; however, some patients do not improve their performance status (PS) as
expected. There is little evidence regarding the factors in�uencing a patient’s PS after palliative surgery.
We aimed to investigate the pre-operative predictors of poor PS 1 month after surgery.

Methods: The study included a consecutive series of 71 patients with pathological spinal fracture who
underwent palliative surgery. Pre-operative predictors of poor post-operative PS were investigated. The
participants were categorized into two groups according to PS; the Good group (PS 0, 1, or 2) and the
Poor group (PS 3 or 4). We performed univariate and multivariable logistic regression analyses on
demographic information, unidenti�ed primary site, AIS grade, poor PS, spinal instability neoplastic score,
revised Tokuhashi score, New Katagiri score, modi�ed Glasgow Prognostic Score (mGPS), neutrophil-
lymphocyte ratio(NLR), and prognostic nutrition index (PNI).

Results: Post-operatively, the Poor group included 38.0% of the patients. Univariate analysis revealed that
the following pre-operative factors were related to poor outcomes (p<0.05): BMI<18.5; AIS grade C; poor
PS; revised Tokuhashi score 0−8; New Katagiri score 7−10; mGPS 2; and PNI. In the multivariate analysis,
mGPS 2 (OR = 22.8, 95% CI = 2.59−202.00, p<0.01) was a signi�cant pre-operative predictor of poor post-
operative PS.

Conclusion: mGPS 2 was a predictive clinical factor that in�uenced PS 1 month after surgery. Patients
with mGPS 2 should be carefully evaluated to determine their treatment, especially whether they should
undergo palliative surgery.

Background
Spinal metastasis is common in patients with advanced cancer. The reported incidence of spinal
metastases is up to 60–70% at autopsy due to the prolonged life expectancy and advances in cancer
therapy in recent decades, and 10–14% of patients develop symptomatic features and need surgical
treatment with disease progression [1–7]. Skeletal-related events (SREs), such as pain and spinal
paralysis, due to pathological fractures associated with spinal metastasis can signi�cantly impair
activities of daily living (ADLs) and quality of life (QOL) [8–13]. Impaired ADLs and QOL lead to delayed
subsequent chemotherapy and even increased mortality [14]. Surgery can improve mechanical stability,
and cord compression for spinal metastases is a palliative treatment aimed at improving patient QOL by
alleviating pain and reversing or delaying neurological dysfunction, such as paraplegia and urinary
incontinence. Many reports have described good outcomes of surgical intervention for metastatic spinal
tumors in terms of neurological status and pain [15–21].
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Although palliative surgical intervention for metastatic spinal tumors is generally favorable, some
patients experience an unfavorable state with no improvement in ADLs and QOL. Overall, only 70–80% of
patients achieve moderate or good general health as measured by the Karnofsky Index after surgery [16,
22], and only 80% of patients’ families are satis�ed or very satis�ed with the surgical intervention [22, 23].
Although the patient’s neurological condition or pain improves after the surgery, the patient’s survival was
the most important factor for satisfaction with the patient's family [23]. The survival of the patient
depends on advancing primary cancer treatment. Several studies have shown that palliative
chemotherapy, in general, does not prolong survival in patients with a poor Eastern Cooperative Oncology
Group (ECOG) performance status (PS) due to a lower response rate and poor treatment tolerance [24,
25]. The American Society of Clinical Oncology (ASCO) advocates withholding palliative chemotherapy in
patients with an ECOG PS of 3–4 (PS ≥ 3 de�ned as “capable of only limited self-care, con�ned to bed or
chair more than 50% of walking hours”) and recommends best supportive care (BSC) instead [26, 27].
Smith and Hillner [28] suggested a simple rule that patients must be well enough to walk unaided into the
clinic to receive chemotherapy. Therefore, the ability to improve PS is a critical issue for patients with
spinal metastases and pathological fractures as a poor PS prevents them from receiving treatment for
cancer. Even if patients with impaired ADLs or QOL due to SREs undergo surgery in the hope that PS will
improve in order to receive treatment for the primary tumor, patients with an ECOG PS of 3–4 after
surgery may not be suitable for potentially life-prolonging chemotherapy, which may be a disastrous
problem for patients. In the case of spinal metastases or pathological fractures identi�ed in the case of
untreated primary tumors or in the early stages of treatment, it is critical to improve PS aggravated by
pain and paralysis in order to continue treatment of the primary tumor. Given the nature of cancer, PS
after intervention for spinal metastases or pathological fracture is an important determinant of
subsequent treatment of the primary tumor and the patient as a whole; the timing of this decision should
be relatively early after surgery. Since pain alone has the potential to be relieved by drugs and
radiotherapy, in addition to paralysis in case of radiotherapy [29, 30], it is considered very important for
medical professionals who perform palliative surgical treatment for spinal metastases to know the
limitations of PS improvement in order to support the end of life of cancer patients.

Whether PS suddenly lost due to SRE can be immediately recovered by the palliative surgery is an
important question, as is the availability of chemotherapy that can prolong survival. There is little
evidence regarding the factors associated with poor PS relatively early after palliative surgery. Therefore,
in this study, we aimed to investigate the pre-operative predictors for a poor post-operative PS 1 month
after surgery for pathological fractures associated with spinal metastasis, limited to thoracic and lumbar
spine levels to rule out the effects of upper limb function.

Methods
Study design and participants

This was a single-center retrospective study. Our hospital is a cancer medical treatment cooperation base
hospital with 402 locations nationwide in Japan, which provide specialized cancer care. We
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retrospectively analyzed 71 consecutive patients with pathological fractures in thoracic and lumbar spine
levels associated with spinal metastasis who underwent palliative surgery between May 2010 and March
2021 and who met the criteria described below. The purpose of the surgery was palliative, to improve
ADLs and QOL by improving neurological de�cits, preserving ambulatory function, and reducing pain.
Referring to the report of Hikata et al. [31], indications for surgery in patients with spinal metastasis were:
(1) presence of progressive paralysis and (2) intolerable neck, back, upper and lower limbs pain, due to
compression by tumor to the spinal cord or cauda equina, and instability of pathological fracture.
Patients underwent Balloon Kyphoplasty were excluded from this study. Patients with a single lesion of
spinal metastasis who underwent total spondylectomy for curative treatment were also excluded. Three
patients underwent laminectomy alone, and 39 patients underwent posterior stabilization alone. In the
case of the lower thoracic spine, posterior stabilization alone was performed with the percutaneous
pedicle screw system. The other 29 patients underwent a combination of laminectomy and posterior
stabilization. There were six complications among the 71 patients. Overall, the complication rate was
8.5%. Of the three patients who developed pneumonia, two had pulmonary embolism and one had
delayed wound healing. The follow-up duration was at least 1 month after surgery. The American Spinal
Injury Association Impairment Scale (AIS) grade [32] and ECOG PS [33] were used as the main variables
for evaluating paralysis and ADLs. The AIS grade and ECOG PS were evaluated by two or more
orthopedic surgeons, including a certi�ed spinal educator (certi�ed by the Japanese Society for Spine
Surgery and Related Research).
Data collection

Age, sex, body mass index(BMI), primary tumor, distribution of spinal lesions of metastasis, AIS grade,
spinal instability neoplastic score (SINS) [34], revised Tokuhashi score [18], New Katagiri score [35],
modi�ed Glasgow Prognostic Score (mGPS) [36], neutrophil-lymphocyte ratio (NLR), and prognostic
nutrition index (PNI) [37] were collected for each participant just before surgery. The participants who
recovered to AIS grade D or E were able to walk, while AIS A or B patients were bedridden. The
participants were categorized into three groups: AIS grade A or B, AIS grade C, and AIS grade D or E. SINS
was assessed for evaluating spinal instability.

The revised Tokuhashi score and New Katagiri score were used to assess the severity of spinal
metastasis. All blood samples were collected, and the laboratory measurements of serum values of
lymphocyte count, neutrophil count, c-reactive protein (CRP), and albumin were performed just before the
operation. Patients who had both a serum elevation of CRP (> 1.0 mg/dL) and hypoalbuminemia (< 3.5
g/dL) were allocated an mGPS of 2. Patients with only one of the abnormal values were allocated an
mGPS of 1, and patients who had neither were allocated an mGPS of 0 [36]. The NLR was de�ned as the
absolute neutrophil count divided by the absolute lymphocyte count. PNI was calculated using the
following equation: PNI = (10 × serum albumin [g/dL]) + (0.005 × total lymphocytes [1,000/µL]) [37]. PS
was collected for each participant both immediately before surgery and 1 month after surgery.
Concerning the degree of PS, the participants were categorized into two groups; the Good group (PS 0, 1,
or 2) and the Poor group (PS 3 or 4). Medical history was surveyed from interviews with individuals,
family members, and entries in the prescription record.
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Statistical analysis

To compare the relative pre-operative predictors for post-operative poor PS, multivariate logistic
regression analyses were performed using EZR (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical Computing,
Vienna, Austria) [38]. The factors included in the multivariate model were age, sex, and other variables
with a value of p < 0.05 in the univariate analyses (BMI < 18.5, AIS grade C, poor PS, revised Tokuhashi
score 0 − 8, and New Katagiri score 7 − 10, mGPS 2, PNI). In the case of categorical data, only the positive
Odds ratios (ORs) was used for multivariate analysis. Therefore, factors with an OR of less than 1 (AIS
grade D or E, Tokuhashi score 9–11, New Katagiri score 4–6) were not employed in the multivariate
analysis. A value of p < 0.01 was considered statistically signi�cant.

Results

Demographic data
The clinical features of all 71 patients are listed in Table 1. The participants, 50 males and 21 females,
had a mean age of 66.8 years (range 34–87). Of the 71 subjects, 28 had previously unidenti�ed primary
sites when spinal metastasis was found. Biopsies were performed in the 28 cases where the primary site
could not be immediately identi�ed when spinal metastases were found; the primary site was then
identi�ed in all but one case (Table 1). The most common primary cancer was in the lung (25.4%),
accounting for 18 cases. Other primary malignant tumor diagnoses included cancers such as prostate
cancer, kidney cancer, lymphoma, uterus cancer, breast cancer, and colon cancer (Table 2).

Comparison of pre- and post-operative paralysis and
performance status
The distribution of AIS grade C decreased from 32.4–15.5%, and while that of AIS grades D and E
signi�cantly improved from 57.7–76.1%, indicating that more patients were able to walk with improved
paralysis 1 month after surgery. In the comparison of pre- and post-operative PS, the distribution of PS 0,
1, or 2 signi�cantly improved from 26.8–62.0%. On the contrary, the that of PS 3 or 4 signi�cantly
decreased from 73.2–38.0% (Table 3). Approximately one-third of all patients were found to have poor PS
despite having undergone surgery.

Univariate analysis to identify pre-operative predictors for
poor post-operative performance status
Treatment was considered successful; however, there were a certain number of cases where PS did not
improve. Therefore, we investigated the pre-operative features of patients who did not achieve PS
improvement. We performed a univariate analysis to explore the predictors related to poor post-operative
PS. According to univariate analyses, BMI < 18.5, pre-operative AIS grade C, poor PS, revised Tokuhashi
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score 0 − 8, New Katagiri score 7 − 10, mGPS 2 and PNI were identi�ed as potential factors affecting poor
post-operative PS (Table 4).

Independent pre-operative predictors evaluated by
multivariable logistic analysis
Based on the results of the univariate analyses, we then performed multivariable logistic regression
analyses using the factors that yielded a p < 0.01, in addition to age and gender, to determine the
independent pre-operative predictors associated with poor post-operative PS. As shown in Table 5,
multivariate regression analysis revealed that only mGPS 2 (OR = 22.8, 95% con�dence intervals = 2.59 − 
202.00, p < 0.01) were signi�cant pre-operative predictors for poor post-operative PS.

Discussion
In the present study, we demonstrated the pre-operative predictors that could predict poor post-operative
PS at 1 month after palliative surgery for pathological fractures associated with spinal metastasis
patients limited to thoracic and lumbar spine levels to rule out the effects of upper limb function by
multivariable logistic analysis with statistical adjustment for confounding factors. Only mGPS 2 was
identi�ed as pre-operative predictor for poor post-operative PS.

PS is an important tool used by oncology healthcare professionals to assess the �tness of patients for
systemic anticancer therapy and to predict prognosis in advanced malignancy. PS of spinal metastasis
usually improves by 1 month after palliative surgery [39, 40]. Similarly, in this study, the number of
patients with poor PS (3–4) decreased signi�cantly 1 month after surgery. However, 38.0% of patients
still had poor PS 1 month after surgery in this study. Yamashita et al. reported that the PS outcomes 1
month after palliative surgery for spinal metastases depended on the pre-operative revised Tokuhashi
score [41]. Reports indicate that pre-operative poor PS were signi�cant independent prognostic factors
associated with poor survival in patients with spinal metastases after palliative surgery [42], and the
ambulatory functional outcomes after metastatic spinal tumor surgery were also in�uenced by the pre-
operative PS [43].

In contrast to previous reports, pre-operative mGPS 2, which has rarely been considered, was found to be
a pre-operative predictor of poor post-operative PS 1 month after surgery in this study. The systemic
in�ammatory response plays an important role as it is an important cause of energy imbalance and
muscle wasting cancer cachexia [44]. The production of pro-in�ammatory cytokines triggers systemic
in�ammation with elevated CRP and decreased albumin levels [45]. The most widely accepted index for
specialization of systemic in�ammation is the mGPS [36]. This score combines two simple clinically
available biomarkers (CRP and albumin) and has been employed in many different cancer patients.
Furthermore, it was previously shown to be associated with prognosis in advanced cancers and is
recognized as an identi�er of cancer cachexia [46]. Cancer cachexia is a multifactorial syndrome that
results in a decrease in skeletal muscle mass with or without a decrease of fat mass. Skeletal muscle
wear associated with cancer cachexia is clinically important because it contributes to the reduction or
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discontinuation of cancer treatment and is associated with increased morbidity and mortality [47–50].
Muscle function may be directly proportional to muscle mass, and a decrease in muscle mass can lead to
muscle weakness and loss of function, which adversely affect QOL [47, 50–52]. From the results of using
pre-operative mGPS as a pre-operative predictor, it appears that PS may not improve due to loss of
muscle mass. This implies that sarcopenia and other problems associated with cancer cachexia may not
improve, even if there is no paralysis. While surgery for spinal metastasis improves pain and paralysis
and improves ADLs and QOL in many cases, surgery may not improve PS in some cases, and there may
be hesitation to perform surgical interventions. Spinal metastasis should have a higher priority, and
immediate intervention should occur before the development of irreversible neurological de�cits.
Moreover, short-course radiotherapy and/or pain control with opioids and other medications may be good
options for patients with a limited life span, especially in patients with mGPS 2.

There were several limitations to the present study. First, this was a retrospective observational study;
therefore, the level of evidence was con�ned. Second, the sample size was small (n = 71). The relatively
small sample size and the possibility of selection bias might discredit this study to chance �ndings.
Third, the degree of pain control was not evaluated for pain control in patients in the present study. An
improvement in pain is seen by 6 weeks after surgery [53]. In our experience, most of the patients
experienced pain relief 2 weeks after surgery, but since the assessment was not performed in this study,
the effect of pain on PS remains unknown. A future comprehensive prospective study may resolve these
limitations.

In conclusion, we investigated the predictive clinical factors associated with poor post-operative PS. In
the multivariable analysis, mGPS 2 was found to be a predictive clinical factor in�uencing poor post-
operative PS (p < 0.01). This deleterious pre-operative clinical �nding is a useful early predictor of poor PS
1 month after palliative surgery. Patients with mGPS 2 should be carefully evaluated to determine
whether they should undergo palliative surgery.
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