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Abstract

Study Design: Retrospective study.

Objectives: Although the role of surgery in the management of metastatic spinal cord compression (MSCC) has been well
established, elderly patients may still be denied surgery because of higher risk of complications and shorter life expectancy. The
purpose of this study was to determine whether elderly patients with MSCC could benefit from surgery and discuss the criteria
for surgical decision-making in such patients.

Methods: Enrolled in this study were 55 consecutive patients aged 75 years or older who were surgically treated for MSCC in
our center. Prognostic factors predicting overall survival (OS) were explored by the Kaplan-Meier method and Cox regression
model. The quality of life (QoL) of the patients was evaluated by the SOSGOQ and compared using Student’s t test. Risk factors
for postoperative complications were identified by Chi-square test and multiple logistic regression analysis.

Results: Surgical treatment for MSCC substantially improved the neurological function in 55.8% patients and QoL in 88.5%
patients with acceptable rates of postoperative complications (16.4%), reoperation (9.1%), and 30-day mortality (1.8%). Post-
operative ECOG-PS of 1-2, total en-bloc spondylectomy (TES), and postoperative chemotherapy were favorable prognostic
factors for OS, while a high Charlson Comorbidity Index (CCI) and a long operation time were risk factors for postoperative
complications.

Conclusions: Surgery should be encouraged for elderly patients with MSCC 1) who are compromised by the current or
potential neurological dysfunction; 2) with radioresistant tumors; 3) with spinal instability; and 4) with no comorbidity, ECOG-PS
of 0-2, and systemic treatment adherence. In addition, surgery should be performed by a skilled and experienced surgical team.
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Introduction

Metastatic spinal cord compression (MSCC) is a disastrous

complication of cancer that affects 5-14% of patients during

the course of their malignant disease.1 Owing to the continuous

improvement in cancer treatment, patients with advanced stage

cancer live longer and the proportion of elderly cancer patients

with MSCC is also increased.2 As an oncologic emergency,

MSCC may cause paraplegia of the affected patients, leading

to an inevitably striking change in patients’ quality of life

(QoL) if untreated.3 It is well established that surgery repre-

sents the most direct and effective method that leads to
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immediate relief of spinal compression.1,4,5 However, many

elderly patients may be denied surgical treatment due to their

poor cardio-pulmonary function, frequent comorbidities and a

relatively short life expectancy.6

Whether elderly cancer patients can benefit from surgical

treatment for MSCC remains controversial. In a matched-pair

analysis, Rades et al. compared 42 elderly cancer patients older

than 65 years who received surgery plus postoperative radio-

therapy for MSCC and 84 matched elderly patients who

received radiotherapy alone. The results showed that elderly

patients with MSCC did not significantly benefit from surgery

plus radiotherapy.7 Liang et al. reviewed 92 patients older than

60 years who underwent surgery for spinal metastases, and

found that surgery could relieve pain and improve the neuro-

logic symptoms and general conditions of the patients but also

ran a high risk of complications. They did not give a definite

conclusion about the risk and effect of surgery in such

patients.8 In the multicenter study reported by Amelot et al.,

patients were compared between 3 different age groups: <70,

70-80, and >80 years, and the authors concluded that surgeons

should not be biased against operating elderly patients.9

In view of the existing dispute regarding surgical manage-

ment of MSCC in patients with advanced age, we conducted

this study in an isolated cohort of patients aged 75 years or

older in an attempt to answer the following questions: Can

elderly patients benefit from surgery for MSCC? If so, are these

patients fit for a radical surgery such as total en-bloc spondy-

lectomy (TES)? Is there any way to reduce the risk of post-

operative complications? More importantly, what are the

criteria for surgical decision-making in such elderly patients?

Materials and Methods

Clinical data of eligible 55 patients in our center between Jan-

uary 2013 and January 2019 were reviewed retrospectively.

Patient selection was restricted to fulfill the following inclusive

criteria: (1) patients with MSCC; (2) patients receiving surgical

treatment; (3) patients �75 years; and (4) patients with com-

plete and accessible medical and surgical records. Patients

�75 years were regarded as elderly patients in this study

according to the division standard of the World Health Orga-

nization (WHO). This study was approved by the hospital

ethics committee, and informed consent was obtained from all

the patients or their families.

The clinical and operative records, radiographic images, and

pathological reports of all patients were reviewed by 2

researchers independently. Primary tumors were divided into

2 categories: rapid growth (lung, liver, stomach, colorectum,

and primary unknown) and slow or moderate growth (prostate,

thyroid, breast, kidney, and uterus). Frankel Grade, and Eastern

Cooperative Oncology Group performance score (ECOG-PS)

were used to evaluate the neurological and performance status,

respectively. Comorbidity was weighed by Charlson Comor-

bidity Index (CCI). Positron emission tomography-computed

tomography (PET-CT) was performed to identify possible

metastatic sites.

The surgical decision-making was on the guidance of

NOMS framework.10,11 Generally, surgical indications were

progressive neurologic deficits, spinal instability, or both. In

addition, patients with solitary spinal metastasis without other

bone or visceral metastases were potential candidates for TES

(Figure 1). All surgical patients were evaluated to have the

ability to tolerate the proposed general anesthesia and surgical

intervention and a life expectancy of more than 3 months based

on the extent of systemic comorbidities and tumor burden.

Postoperative adjuvant treatment included chemotherapy and

radiotherapy were tailored individually by the multidisciplin-

ary team.

Patients were followed up at 3, 6, and 12 months after sur-

gery, every 6 months for the next 2 years, and once a year

thereafter. There were 3 main outcomes measured in our study:

(1) overall survival (OS) was defined as the interval between

the date of the spinal surgery for MSCC in our center and the

date of death or until January 2020 for surviving patients. The

last status of patients was obtained from office visits or tele-

phone interviews. (2) Patient-reported QoL was assessed by

the Spine Oncology Study Group Outcomes Questionnaire

(SOSGOQ), an instrument developed specifically for patients

with spinal metastases.12 The Chinese-language version of the

SOSGOQ was administered before surgery and at 3-months

follow-up. (3) Postoperative complications were defined as

complications required pharmacologic or surgical treatment

within 30 days after surgery.

All statistical calculations were performed by SPSS Statis-

tics, version 22.0 (IBM corp., New York, USA). The Kaplan-

Meier method was adopted to estimate the OS time, with

log-rank test to identify the difference. Factors with P value

less than 0.05 were subjected to multivariate analysis using the

Cox proportional hazards model to further determine factors

that independently predicted survival. Comparison of the

SOSGOQ scores was conducted by Student’s t test. Chi-square

test and multiple logistic regression analysis were used to clarify

the risk factors for postoperative complications. All tests of

significance were 2-sided. P <0.05 and P <0.1 was considered

statistically significant in univariate and multivariate analyses,

respectively.

Results

Patient Descriptions

The characteristics of the 55 included patients are summarized

in Table 1. The series comprised 39 men and 16 women, with a

mean age of 78.5 (median 78, range 75-88) years. The most

frequent site of the primary cancer in our series was the lung

(14), followed by the prostate (10), thyroid (8), breast (7),

kidney (5), colorectum (4), primary unknown (3), stomach

(2), uterus (1), and liver (1). For the treatment of the primary

lesions of the 55 patients, 24 patients received surgical exci-

sion, 17 patients received radiotherapy and/or systemic medical

treatment, and the remaining 14 patients were initially identi-

fied as having spinal metastasis. The most common symptom
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was neck or back pain (51 cases), which was exacerbated by

physical activity. Motor weakness was another common symp-

tom (43 cases), and notably 27 patients of them had lost their

ambulation ability before surgery. With respect to comorbid-

ities, diabetes was found in 14 patients, cardiovascular diseases

in 4, chronic obstructive pulmonary disease in 2, and peripheral

vascular disease, hepatitis, peptic ulcer disease, and connective

tissue disease in one each.

Treatment for MSCC

All patients in our series received surgical treatment after care-

fully preoperative assessment and preparation. Palliative

debulking surgery and TES were performed in 44 and 11

patients, respectively. The mean operation time was 209 min-

utes (median 195, range 80-400), and the operation time was

longer than 4 hours in 16 patients. The mean intraoperative

blood loss was 1387mL (median 1200, range 200-3400), and

more than 2000mL in 19 cases. Postoperative radiotherapy and

systematic chemotherapy were performed by multidisciplinary

team in 14 and 29 patients, respectively.

Follow-Up and Survival

The mean follow-up duration was 21.8 (range 1-77) months for

all patients. Fifty (91%) patients died with a mean period of

18.5 months (range 1-62) between the diagnosis of MSCC and

death, and 5 (9%) patients are still alive with a mean survival

time of 54.2 months (range 33-77). According to Kaplan-Meier

curve (Figure 2A), the 1-, 2- and 3-year survival rate in all

patients was 67.3%, 36.4%, and 11.7%, respectively, with the

median OS time of 18 (95% CI 13.5-22.5) months.

The results of univariate and multivariate analyses of the

prognostic factors affecting OS are shown in Table 1. Post-

operative ECOG-PS of 3-4 was significantly associated with

a higher risk of death, while the risk of death was significantly

decreased in patients who received TES or postoperative che-

motherapy (Figure 2B-D).

QoL Assessment

The total SOSCOQ score was increased significantly in 46

(88.5%) of the 52 patients who survived more than 3 months.

The total SOSCOQ score and sub-scores in the 4 specific life

domains are shown in Table 2. Postoperative improvement was

observed not only in the mean total SOSCOQ score (51.4 vs.

41.6, P < 0.001) but also in the mean sub-score of the physical

function domain (56.8 vs. 46.0, P ¼ 0.023), pain domain (57.5

vs. 33.0, P < 0.001), and mental health domain (60.1 vs. 48.2,

P ¼ 0.026), but the difference in social function domain was

not significant.

Figure 1. Images of a 76-year-old man with L3 metastasis from prostate cancer who received TES. A, T1-, T2- and contrast-enhanced T1
weighted MR images show the vertebral tumor extending into the spinal canal with severe dural sac compression. B, PET-CT confirms a solitary
L3 metastasis. C, Intraoperative photographs show the TES performed. D, Postoperative X-ray.
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Figure 2. (A) Kaplan-Meier curve of overall survival (OS) for all patients. Kaplan-Meier curves of OS based on 3 independent factors for
prognosis: (B) postoperative ECOG-PS, (C) type of surgery, and (D) postoperative chemotherapy.

Table 1. Patient Characteristics, Univariate and Multivariate Analyses of the Prognostic Factors Affecting OS.

Univariate analysis Multivariate analysis

Factors N Median OS (m) P* HR (90% CI) P**

Patient-related factors
Sex, M/F 39/16 19/13 0.787
Age, 75-80 y/>80 y 35/20 18/20 0.952
Time developing motor deficits before surgery, <7 d/�7 d 16/39 20/16 0.874
Charlson Comorbidity Index, <1/�1 32/23 18/18 0.228
Poor nutrition status, no/yes 43/12 20/13 0.536
Preoperative Frankel Grade, A-C/D-E 27/28 15/20 0.198
Preoperative ECOG-PS, 0–2/3–4 30/25 24/14 0.002*** - -
Postoperative Frankel Grade, A-C/D-E 16/39 18/19 0.069
Postoperative ECOG-PS, 0–2/3–4 37/18 24/6 <0.001*** 2.14 (1.20-3.80) 0.030

Tumor-related factors
Primary tumor, slow or moderate growth/rapid growth 31/24 25/12 0.002 1.16 (0.62-2.16) 0.691
Tumor site, cervical/not cervical 10/45 16/18 0.597
Tumor site, thoracic/not thoracic 25/30 19/16 0.342
Tumor site, lumbar/not lumbar 20/35 16/19 0.624
Number of spinal lesions, single/multiple 36/19 18/20 0.894
Extraspinal bone metastasis, no/yes 44/11 18/14 0.989
Visceral metastasis, no/yes 47/8 20/7 0.032 1.77 (0.81-3.85) 0.230

Treatment-related factors
Surgery for primary tumor, no/yes 31/24 19/16 0.694
Preoperative embolization, no/yes 42/13 20/13 0.721
Type of surgery, debulking surgery/TES 44/11 15/30 0.014 0.43 (0.21-0.90) 0.059
Intraoperative leakage of cerebrospinal fluid, no/yes 51/4 18/15 0.669
Intraoperative blood loss, �2,000 mL/>2,000 mL 36/19 18/20 0.988
Operation time, �4 h/>4 h 39/16 18/18 0.877
Postoperative complications, no/yes 46/9 18/11 0.183
Postoperative radiotherapy, no/yes 41/14 15/25 0.032 0.87 (0.44-1.73) 0.742
Postoperative chemotherapy, no/yes 26/29 12/25 0.004 0.42 (0.24-0.73) 0.010

Total 55 18 -

*P values of < 0.05 in univariate analysis are shown in bold.
**P values of < 0.1 in multivariate analysis are shown in bold.
***Although both preoperative and postoperative ECOG-PS showed statistical significance in univariate analysis, we included only postoperative ECOG-PS in
multivariate analysis, due to the collinearity between these 2 factors.
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Postoperative Complications

Postoperative complications were observed in 9 patients

(16.4%) within 30 days after surgery, including surgical site

infection (4), pneumonia (2), sepsis (1), spinal epidural hema-

toma (1), and delirium (1). Five patients (9.1%) received a

second operation, and perioperative death was observed in 1

patient (1.8%) who died of sepsis.

The results of univariate and multivariate analyses to iden-

tify risk factors for postoperative complications are shown in

Table 3. The patients who developed postoperative complica-

tions had a higher CCI and a longer operation time than those

without postoperative complications, and both factors (CCI�1

and operation time >4h) were demonstrated to be independent

risk factors for postoperative complications.

Discussion

The significant benefits of decompressive surgery in the man-

agement of MSCC have been well acknowledged since a land-

mark trial published in 2005,1 but due to the higher risk of

surgery- and anesthesia-related complications, and shorter life

expectancy, some scholars would prefer to avoid spinal surgery

in elderly patients.2,7,13 In this study, we reviewed an isolated

cohort of elderly patients with MSCC who received surgical

treatment to discuss the 4 key questions proposed in the Intro-

duction part.

Can Elderly Patients Benefit From Surgery for MSCC?

With the advances in surgical instrumentation and technique, a

broader spectrum of surgical interventions and improved out-

comes are available to patients suffering from spinal metastatic

tumors with the goals to preserve the neurologic function, relieve

pain and improve QoL.14,15 But whether these goals can be

achieved effectively among patients aged 75 years or older still

need to be confirmed. In our series, the neurological function

was greatly improved in more than 50% of the 55 patients

included. Remarkably, more than 40% of the paralyzed patients

regained their ambulatory ability 3 months after surgery. More-

over, nearly 90% patients showed a significant improvement in

the total score of SOSGOQ, which was applied to systematically

Table 2. Quality of Life Scores Measured With SOSGOQ.

Before surgery
3-month
follow-up P*

Physical function domain 46.0 + 19.8 56.8 + 22.9 0.023
Pain domain 33.0 + 11.0 57.5 + 14.5 <0.001
Mental health domain 48.2 + 23.3 60.1 + 24.9 0.026
Social function domain 39.3 + 13.1 41.9 + 9.8 0.309
Total score 41.6 + 14.0 54.1 + 15.1 <0.001

*P values of < 0.05 are shown in bold.

Table 3. Univariate and Multivariate Analyses of the Risk Factors for Postoperative Complications.

Univariate analysis Multivariate analysis

Factors
No complications

(n ¼ 46)
Complications

(n ¼ 9) P* OR (90% CI) P**

Patient-related factors
Sex, (M) 32 (69.6%) 7 (77.8%) 0.924
Age, (>80 y) 17 (37.0%) 3 (33.3%) >0.999
Timedevelopingmotor deficits before surgery, (<7 d) 14 (30.4%) 2 (22.2%) 0.924
Charlson Comorbidity Index, (�1) 16 (34.8%) 7 (77.8%) 0.043 5.80 (1.23-27.45) 0.063
Poor nutrition status, (yes) 9 (19.6%) 3 (33.3%) 0.636
Preoperative Frankel Grade, (A-C) 24 (52.2%) 3 (33.3%) 0.503
Preoperative Frankel Grade, (A-B) 9 (19.6%) 1 (11.1%) 0.897
Preoperative ECOG-PS, (3–4) 22 (47.8%) 3 (33.3%) 0.665

Tumor-related factors
Primary tumor, (rapid growth) 20 (43.5%) 4 (44.4%) >0.999
Tumor site, (cervical) 9 (19.6%) 1 (11.1%) 0.897
Tumor site, (thoracic) 20 (43.5%) 5 (55.6%) 0.765
Tumor site, (lumbar) 17 (37.0%) 3 (33.3%) >0.999
Number of spinal lesions, (multiple) 16 (34.8%) 3 (33.3%) >0.999
Extraspinal bone metastasis, (yes) 8 (17.4%) 3 (33.3%) 0.524
Visceral metastasis, (yes) 6 (13.0%) 2 (22.2%) 0.844

Treatment-related factors
Surgery for primary tumor, (yes) 20 (43.5%) 4 (44.4%) >0.999
Preoperative embolization, (yes) 10 (21.7%) 3 (33.3%) 0.749
Type of surgery, (TES) 8 (17.4%) 3 (33.3%) 0.524
Intraoperative leakage of cerebrospinal fluid, (yes) 3 (6.5%) 1 (11.1%) >0.999
Intraoperative blood loss, (>2,000 mL) 14 (30.4%) 5 (55.6%) 0.286
Operation time, (>4 h) 9 (19.6%) 7 (77.8%) 0.002 13.17 (2.88-60.27) 0.005

* P values of < 0.05 in univariate analysis are shown in bold.
**P values of < 0.1 in multivariate analysis are shown in bold.
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evaluate the QoL of the patients from different domains: phys-

ical function, pain, mental health, and social function. Besides

the increase in Frankel Grade, significant improvement in phys-

ical function was also reflected by specific items in the ques-

tionnaire, such as “the level of activity,” “the ability of care for

themselves,” and “the require assistance from others to travel

outside the home.” Pain relief represents the most prominent

improvement in all domains according to the SOSGOQ assess-

ment. As the most common chief complaint, unbearable pain

was observed in more than 90% patients, and substantial pain

relief was achieved in all of them after surgery. Meanwhile, the

relief of symptoms also contributed to reduced depression and

anxiety. Largely because social activity was not the primary part

of life among the elders, no significant improvement in social

function was recorded. Stated thus, though not in every domain,

elderly patients do benefit from surgery for MSCC owing to the

improvement QoL.

Are Elderly Patients Fit for a Radical Surgery Such as TES?

Although surgical treatment for metastatic spinal disease is

mostly aimed at palliation, surgery may extend the survival

time indirectly by improving the neurological and perfor-

mance status, thus enabling patients to withstand the follow-

ing systematic therapies and avoiding bedridden-related

problems.16 Notably, our study found that besides postopera-

tive ECOG-PS and postoperative chemotherapy, the type of

surgery could also influence the OS time. Classical theories of

Tomita and Tokuhashi recommended a radical excision to

obtain long-term local control for selected patients.17,18 But

with the development of stereotactic radiotherapy, a paradigm

shift in the extent of tumor resection was proposed, and the

surgical goal became to simply create a margin between the

tumor and spinal cord for safe delivery of postoperative radio-

therapy, without resection of the vertebral body or paraspinal

tumor.5,11 In addition, although Liu et al. supported perform-

ing total en bloc surgery for patients older than 65 years with

solitary spinal metastasis,19 it is more generally accepted that

surgery should be simplified and minimized in elderly

patients to prevent the adverse effects.2 However, in our

series, patients who received TES had a longer OS time than

patients who underwent palliative debulking surgery. On the

one hand, the difference in OS is mainly because of the strict

criteria, in which only patients with solitary metastasis and a

satisfactory general status are candidates for TES. More

importantly, for elderly patients with limited life expectancy,

the one-shot radical surgery, which aims at providing favor-

able maintenance of ambulation capacity and local control

during the rest of lifetime, is more acceptable for patients and

their families. The short-term recurrence and the repeated

radiotherapy would increase anxiety and reduce QoL for the

elders. Accordingly, we suggest that the old age should not

discourage surgeons from performing TES when needed, pro-

vided that it is technically possible.

Is There Any Way to Reduce the Risk of Postoperative
Complications?

Postoperative complications following surgery for spinal

metastasis are considered to be more common in the elderly

group.20,21 But in our series, acceptable rates of postoperative

complications (16.4%), reoperation (9.1%), and 30-day mortal-

ity (1.8%) were observed, compared with the reported overall

average rates for spinal metastases surgery (26.87%, 12.64%,

and 6.7%, respectively).22 Given previous studies that longer

operation time was associated with perioperative complications

of spine surgery in elderly patients,23 and comorbidity was an

important risk factor of complications after spinal metastasis

surgery,24,25 it is not surprising that the operation time and CCI

were found to be significant predictors in our series. Therefore,

surgical technique and patient selection are 2 ways to reduce

the risk of postoperative complications for elderly patients. For

example, to control the operation time within 4 hours should be

encouraged, especially for patients with comorbidity. In addi-

tion, although our results showed that TES was not found to be

a significant risk factor, TES for elders should be performed by

specifically dedicated teams with trained spine tumor surgeons

and anesthesiologists.

What Are the Criteria for Surgical Decision-Making in the
Elders?

The NOMS (neurological, oncological, mechanical and sys-

temic) framework is one of the generally accepted criteria used

for decision-making for patients with MSCC. Briefly, the pres-

ence of spinal cord compression (neurological consideration)

and/or spinal instability (mechanical consideration) usually

requires surgical treatment, except in the setting of a pure

radiosensitive histology (oncological consideration).10,11 The

above-mentioned NOM considerations are also applicable to

elderly patients. Meanwhile, more attention should be paid to

the systemic consideration for the elders. In order to reduce the

risk of complications, spine oncology practitioners need to be

cautious when facing elderly patients with comorbidity.

Besides, it is vital that surgery should be performed by skilled

and experienced surgeons and their teams who are capable to

complete the operative process within 4 hours. Considering that

ECOG-PS of 0-2 and chemotherapy are associated with a lon-

ger OS time, patients with a good performance status and sys-

temic treatment adherence would benefit more from surgery.

In summary, based on the NOMS framework and our

results, we propose that surgery should be encouraged for

elderly patients with MSCC who meet the following criteria: 1.

current neurological function or potential neurological com-

promise; 2. radioresistant tumors; 3. spinal instability; 4. no

comorbidity, ECOG-PS of 0-2, and systemic treatment adher-

ence; 5. a skilled and experienced surgical team. Moreover, in

order to achieve a tumor-free margin, and thus decrease the risk

of local recurrence, TES surgery in our center is mainly indicated

for solitary spinal metastasis without spreading into or invading

adjacent visceral organs or great vessels.26
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Limitation

Our study has several limitations. First, the retrospective nature

is the main limitation. Second, our study lacked a control

group. Moreover, due to the limited sample size, the reliability

of our results needs to be confirmed by further researches.

Conclusions

The results of our study in an isolated cohort of patients �75

years of age demonstrated that surgical treatment for MSCC

substantially improved QoL in a high percentage of patients

with an acceptable complications rate. Therefore, surgery

should not be avoided solely due to the advanced age. Mean-

while, old age should not discourage surgeons from perform-

ing TES when needed, provided that it is technically possible.

We propose that surgery could and/or should be considered in

elderly patients with MSCC as long as they meet the follow-

ing criteria: 1) current neurological function or potential neu-

rological compromise; 2) radioresistant tumors; 3) spinal

instability; 4) no comorbidity, ECOG-PS of 0-2, and sys-

temic treatment adherence; and 5) a skilled and experienced

surgical team.
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