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Abstract. The aim of the present study was to investigate the 
risk factors for postoperative recurrence of spinal tumors by 
logistic regression analysis and analysis of prognostic factors. 
In total, 77 male and 48 female patients with spinal tumor were 
selected in our hospital from January, 2010 to December, 2015 
and divided into the benign (n=76) and malignant groups 
(n=49). All the patients underwent microsurgical resection 
of spinal tumors and were reviewed regularly 3 months after 
operation. The McCormick grading system was used to 
evaluate the postoperative spinal cord function. Data were 
subjected to statistical analysis. Of the 125 cases, 63 cases 
showed improvement after operation, 50 cases were stable, and 
deterioration was found in 12 cases. The improvement rate of 
patients with cervical spine tumor, which reached 56.3%, was 
the highest. Fifty-two cases of sensory disturbance, 34 cases 
of pain, 30 cases of inability to exercise, 26 cases of ataxia, 
and 12 cases of sphincter disorders were found after operation. 
Seventy-two cases (57.6%) underwent total resection, 18 cases 
(14.4%) received subtotal resection, 23 cases (18.4%) received 
partial resection, and 12 cases (9.6%) were only treated with 
biopsy/decompression. Postoperative recurrence was found in 
57 cases (45.6%). The mean recurrence time of patients in the 
malignant group was 27.49±6.09 months, and the mean recur-
rence time of patients in the benign group was 40.62±4.34. 
The results were significantly different (P<0.001). Recurrence 
was found in 18 cases of the benign group and 39 cases of 
the malignant group, and results were significantly different 
(P<0.001). Tumor recurrence was shorter in patients with a 
higher McCormick grade (P<0.001). Recurrence was found 
in 13 patients with resection and all the patients with partial 
resection or biopsy/decompression. The results were signifi-
cantly different (P<0.001). Logistic regression analysis of total 
resection-related factors showed that total resection should 

be the preferred treatment for patients with benign tumors, 
thoracic and lumbosacral tumors, and lower McCormick grade, 
as well as patients without syringomyelia and intramedullary 
tumors. Logistic regression analysis of recurrence-related 
factors revealed that the recurrence rate was relatively higher 
in patients with malignant, cervical, thoracic and lumbosacral, 
intramedullary tumors, and higher McCormick grade and 
patient received partial resection or biopsy. Tumor property, 
tumor location, McCormick grade, tumor resection, and 
intramedullary tumors are risk factors for the recurrence of 
spinal tumors. Clinical assessment of these risk factors may be 
helpful in selecting appropriate treatment strategies.

Introduction

Spinal tumors are relatively rare in clinical practice (1-3). 
However, due to the complex anatomical structure of the spine 
and the spinal cord, as well as large vessels and vital organs 
around the spine, the risk of surgical resection is relatively 
high. Therefore, subtotal resection has become the major 
treatment options for spinal tumors. However, the recurrence 
rate of subtotal resection is high, which in turn reduces the 
treatment efficacy (4-7).

Over the past 20 years, with the development of micro-
surgical technology, materials science, ergonomics and 
computer technology, understanding of surgeons in regard 
to spinal tumors has improved, and the treatment efficacy of 
spinal tumors has also significantly increased (8,9). Through 
retrospective studies of surgical approach, resection methods, 
intraoperative bleeding control and spinal stability reconstruc-
tion, the resection rate was found to be significantly increased. 
By contrast, the complication,  mortality and local recurrence 
rates were significantly reduced (8-12).

The risk factors of recurrent spinal tumors and the corre-
sponding clinical treatment strategies involved have yet to be 
reported. Therefore, the aim of the study was to investigate the 
correlations between these risk factors.

Materials and methods

Subjects. Inclusion criteriafor the study were: Patients received 
spinal cancer surgery more than 12 months before, quality of 
life scale score was ≥70 points, patients received surgery or 
biopsy, patients and their families voluntarily participated 
in the study and signed informed consent, and patients with 
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normal function of major organs who showed no chemo-
therapy contraindications. Exclusion criteria for the study 
were: Patients combined with severe brain, heart, liver, renal 
and blood system diseases, as well as pregnant and lactating 
women.

In total, 125 patients with spine tumors including 77 males 
and 48 females were selected from January, 2010 to December, 
2015. The ages ranged from 14 to 75 years with a median age of 
41 years. There were 32 cases of cervical spine tumors, 5 cases 
of cervical thoracic spinal tumors, 31 cases of thoracic spine 
tumors, 34 cases of lumbosacral spine tumors, and 23 cases of 
thoracolumbar sacral spine tumors. Ependymoma was found 
in 42 cases, astrocytoma in 30 cases, hemangioblastoma in 
14 cases, cavernous hemangioma in 7 cases, hamartoma in 
6 cases, lipoma in 6 cases, dermoid cyst in 5 cases, metastatic 
tumor in 4 cases, ganglion glioma in 4 cases, neuroma in 
4 cases, and meningioma in 3 cases. None of the patients had 
any history of radiation therapy.

Surgical methods. All 125 patients with spinal tumor were 
treated by microsurgical resection of spinal tumor. Limb 
movement, body surface sensation and anal sphincter function 
were monitored by the intraoperative application of neural 
electrophysiological equipment. The patients only underwent 
treatment with a high dose of methylprednisolone combined 
with neurotrophic drug therapy. Patients with limb movement 
disorders were treated with acupuncture and rehabilitation 
training 1 week after operation. All the patients were reviewed 
by nuclear magnetic resonance imaging to check possible 
recurrence. The McCormick grading system was used to 
evaluate the postoperative spinal cord function. Patients 
with increased McCormick (1 grade or more) were treated 
as patients with improvement, while patients with decreased 
McCormick (1 grade or more) were treated as patients with 
deterioration.

Statistical analysis. Data were processed by SPSS 20.0 
statistical software (IBM, Armonk, NY, USA). Measurement 
data were expressed as mean ± standard deviation, t-test was 
performed for comparisons between groups, and data that did 
not fit the normal distribution were processed using U test. 
Countable data were expressed as %, comparisons between 
groups were performed using χ2, and the on-recurrence 
survival rate was calculated by Kaplan-Meier method. 
Multivariate analysis was performed by Logistic multiple 
regression analysis. P<0.05 was considered to indicate a statis-
tically significant difference.

Results

Treatment efficacy. Of the 77 male patients, the proportion of 
patients with thoracic and lumbosacral tumors was the largest, 
reaching 27.3% (21/77), followed by cervical, lumbosacral, 
thoracic and cervicothoracic. Of the 48 female patients, the 
proportion of patients with lumbosacral tumors was the largest, 
reaching 33.3% (16/48), followed by the thoracic, cervical, 
thoracolumbar sacral and cervicothoracic tumors (Table I). 
Sixty-three cases showed improvement after operation, 
50 cases were stable, and deterioration was found in 12 cases. 
The improvement rate of patients with cervical spine tumor, 

which reached 56.3%, was the highest, followed by thoracic, 
lumbosacral, thoracic and lumbosacral and cervicothoracic 
tumors (Table II). Postoperative symptoms included: 52 cases 
of sensory disturbance, 34 cases of pain, 30 cases of inability 
to exercise, 26 cases of ataxia and 12 cases of sphincter disor-
ders (Table III).

Correlation between tumor type and surgical resection. With 
microsurgical resection, there were 72 cases (57.6%) of total 
resection, 18 cases (14.4%) of subtotal resection, 23 cases 
(18.4%) of partial resection and 12 cases (9.6%) of biopsy/
decompression due to the existing of multiple lesions. Total 
resection rate of neuroma was 100.0% (4/4), followed by hema-
toblastoma 92.9% (13/14), cavernous hemangioma 85.7% (6/7), 
ependymoma 83.3% (35/42), ganglion glioma 75.0% (3/4), 
meningioma 66.7% (2/3), dermoid cysts 40.0% (2/5), metastatic 
tumor 25.0% (1/4), hamartoma 16.7% (1/6) and astrocytoma 
16.7% (5/30) (Table IV).

Tumor recurrence. Of the 125 patients with spinal tumors, 
57 (45.6%) had tumor recurrence at different time points 
after surgery. The mean recurrence time of 49 patients with 
malignant tumor was 27.49±6.09 months, while the recurrence 
time of 76 patients with benign tumor was 40.62±4.34 months. 
Recurrence-free survival rate of patients with benign tumor 
was significantly higher than that of patients with malig-
nant tumor (P<0.001). The recurrence-free survival time of 
patients with malignant tumor was significantly shorter than 
that of patients with benign tumor (P<0.001) (Figs. 1 and 2). 
Thirty-six males and 21 females showed recurrence, and no 
significant difference was found between sexes (P=0.142). 
Recurrence was found in 18 cases of benign tumors (23.7%) 
and 39 cases of malignant tumor (79.6%), and the results 
were significantly different (P<0.001). Among the patients 
with recurrence, 17 cases had a McCormick grade of I or II 
(21.8%), 30 cases had a grade of III (81.1%), and 10 cases had 
a grade of VI and V (100%), and the results showed signifi-
cant differences (P<0.001). Patients with higher McCormick 
grade showed a significantly higher recurrence rate (P<0.001) 
(Fig. 3). Recurrence was found in 13 cases of 72 patients 
who received total resection and all patients receiving partial 
resection and biopsy/decompression, significant difference 
was found between them (P<0.001). Recurrence was found in 
3 cases (42.9%) of patients below 25 years, 43 cases (45.3%) 

Table I. Distribution of sex and tumor location of 125 patients 
with spinal tumors [cases (%)].

Tumor locations n Male Female

Cervical   32 19 (24.7) 13 (27.1)
Cervicothoracic     5 3 (3.9) 2 (4.2)
Thoracic   31 16 (20.8) 15 (31.3)
Lumbosacral   34 18 (23.4) 16 (33.3)
Thoracic and lumbosacral   23 21 (27.3) 2 (4.2)
Total 125 77 (100.0) 48 (100.0)

Comparison of tumor locations between sexes χ2=11.03, P=0.026.
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of patients between 25 and 60 years, and 11 cases (47.8%) of 
patients above 60 years, with the results showing no signifi-
cant differences were. No significant difference in recurrence 
time was found between different age groups (Fig. 4). The 
comparisons of recurrence rate between patients with different 
pathological tumor types are listed in Table V.

Logistic regression analysis of total surgical resection-related 
factors. Logistic regression analysis of total surgical resection-
related factors was carried out. Significant differences in 
degree of resection were found between patients with different 
tumor properties (Wald Chi-square value=32.429, potence 

ratio: 10.386, P<0.05), indicating that the total resection was 
preferred for patients with benign tumors. Significant differ-
ences in the degree of resection were found between patients 
with different tumor positions (Wald Chi-square value=9.453, 
potence ratio: 0.550, P<0.05), indicating that the total resec-
tion was preferred for patients with thoracic and lumbosacral 
tumors. Significant differences in the degree of resection were 
also found between patients with different McCormick grades 
(Wald Chi-square value=30.571, potence ratio: 7.442, P<0.05), 
indicating that the total resection was preferred for patients 
with lower McCormick grades. Significant differences in the 
degree of resection were aslo found between patients with or 

Table II. Correlation between tumor locations and treatment outcomes in 125 patients [cases (%)].

Tumor locations n Improvement Stable Deterioration

Cervical   32 18 (56.3) 11 (34.3) 3 (9.4)
Cervicothoracic     5   2 (40.0)   2 (40.0) 1 (20.0)
Thoracic   31 16 (51.6) 13 (41.9) 2 (6.5)
Lumbosacral   34 16 (47.1) 14 (41.2) 4 (11.7)
Thoracic and lumbosacral   23 11 (47.8) 10 (43.5) 2 (8.7)
Total 125 63 (50.4) 50 (40.0) 12 (9.6)

Table III. Correlation between tumor locations and postoperative complications in 125 patients [cases (%)].

  Sensory  Inability to  Aphincter
Tumor locations n disturbance Pain exercise Ataxia disorders

Cervical   32 13 (40.6)   7 (21.9)   7 (21.9)   6 (18.8) 2 (6.3)
Cervicothoracic     5   2 (40.0)   1 (20.0)   2 (40.0)   1 (20.0) 0 (0.0)
Thoracic   31 12 (38.7)   8 (25.8)   7 (22.6)   6 (19.4) 4 (12.9)
Lumbosacral   34 13 (38.2) 10 (29.4)   8 (23.5)   8 (23.5) 3 (8.8)
Thoracic and lumbosacral   23 12 (52.2)   8 (34.8)   6 (26.1)   5 (21.7) 3 (13.0)
Total 125 52 (41.6) 34 (27.2) 30 (24.0) 26 (20.8) 12 (9.6)

Table IV. Correlation between pathological tumor types and surgical resection [cases (%)].

Pathological types Total resection Subtotal resection Partial resection Biopsy/decompression Total

Ependymoma 35 (83.3) 3 (7.1) 2 (4.8) 2 (4.8)   42
Astrocytoma 5 (16.7) 8 (26.7) 14 (46.7) 3 (10.0)   30
Hemangioblastoma 13 (92.9) 1 (7.1) 0 (0.0) 0 (0.0)   14
Cavernous hemangioma 6 (85.7) 1 (14.3) 0 (0.0) 0 (0.0)     7
Hamartoma 1 (16.7) 1 (16.7) 2 (33.3) 2 (33.3)     6
Lipoma 0 (0.0) 0 (0.0) 3 (50.0) 3 (50.0)     6
Dermoid cysts 2 (40.0) 1 (20.0) 1 (20.0) 1 (20.0)     5
Metastatic tumor 1 (25.0) 1 (25.0) 1 (25.0) 1 (25.0)     4
Ganglion glioma 3 (75.0) 1 (25.0) 0 (0.0) 0 (0.0)     4
Neuroma 4 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)     4
Meningioma 2 (66.7) 1 (33.3) 0 (0.0) 0 (0.0)     3
Total 72 (57.6) 18 (14.4) 23 (18.4) 12 (9.6) 125
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without syringomyelia (Wald Chi-square value= 9.781, potence 
ratio: 0.962, P<0.05), indicating the total resection is preferred 
for patients without syringomyelia. Significant differences 
in the degree of resection were also found between patients 
with or without intramedullary tumors (Wald Chi-square 
value=11.199, potence ratio: 1.167, P<0.05), indicating that 
total resection was preferred for patients without intramedul-
lary tumors (Table VI).

Logistic regression analysis of risk factors of spinal tumor 
recurrence. Logistic regression analysis of risk factors of spinal 
tumor recurrence was carried out. Significant differences in 
the tumor recurrence rate were found between patients with 
different tumor properties (Wald Chi-square value=32.283, 
potence ratio: 12.567, P<0.05), indicating that the tumor 
recurrence rate was higher in patients with malignant tumors 
than that of patients with malignant tumors. Significant differ-
ences in tumor recurrence rate were found between patients 
with different tumor positions (Wald Chi-square value=9.307, 
potence ratio: 0.665, P<0.05), indicating that tumor recur-
rence rate was higher in patients with cervical and thoracic 
and lumbosacral tumors than in patient with other tumor 
positions. Significant differences in the tumor recurrence rate 
were also found between patients with different McCormick 
grades (Wald Chi-square value=30.425, potence ratio: 9.005, 
P<0.05), suggesting that the tumor recurrence rate was higher 
in patients with higher McCormick grades than in patients 
with lower McCormick grades. Significant differences in the 
tumor recurrence rate were found between patients with or 
without total resection (Wald Chi-square value=9.634, potence 
ratio: 1.164, P<0.05), indicating that the recurrence rate was 
higher in patients with partial resection or biopsy/decom-
pression than in patients with total resection. In addition, 
significant differences in the tumor recurrence rate were also 
found between patients with or without intramedullary tumors 
(Wald Chi-square value=11.053, potence ratio: 1.412, P<0.05), 
suggesting that the recurrence rate was higher in patients with 
intramedullary tumors than in patients without intramedullary 
tumors (Table VII).

Figure 2. Comparison of recurrence time between patients with benign and 
malignant tumors. The recurrence time of patients with malignant tumor was 
significantly shorter than that of patients with benign tumors (P<0.001).

Figure 3. Comparison of recurrence time between patients with different 
McCormick grades. Patients with higher McCormick grade showed a signifi-
cantly higher recurrence rate (P<0.001).

Figure 1. The recurrence-free survival rate using the Kaplan-Meier curve of patients with benign and malignant tumors. Recurrence-free survival rate of 
patients with benign tumors was significantly higher than that of patients with malignant tumors (P<0.001).
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Discussion

The incidence rate of spinal tumors is approximately 6.6% 
to 8.8% (13), which is a low level. However, spinal tumors 

have many pathological types and also lack characteristic 
clinical manifestations at the early stage. Thus, the treatment 
of spinal tumors is usually delayed, which in turn affects 
prognosis (14,15). In recent years, with the advancement of 
medical imaging technology, the early diagnosis of spinal 
tumors has become possible. Combined with advances in 
microsurgical techniques, robotic techniques and biomedical 
materials, the surgical treatment of spinal tumors has been 
significantly improved and the treatment efficacy significantly 
increased (16,17). Therefore, how to further improve the 
efficacy of surgical treatment, improve the long-term control 
rate of cancer, design a reasonable treatment plan, and reduce 
surgical complications has become a hot research field.

The majority of primary spinal tumors are malignant 
tumors. However, the majority of surgical studies are usually 
focused on the treatment of benign tumors, which may be 
explained by the loss of surgical opportunities of malignant 
tumors and the radioactive treatment-dominated treatment 
strategy. Surgical treatment is the main treatment of spinal 
tumors, but the risk is high and the incidence of postoperative 
complication is also high. In addition, surgical operations may 
injure important blood vessels and nerves, resulting in spinal 
cord ischemia or injury and the postoperative recurrence of 
tumor (18). A retrospective study carried by Klekamp (19) 

Table V. Comparisons of recurrence rate between patients with different pathological backgrounds (n=125).

Items n Recurrence Non-recurrence χ2 value P-value

Sex    0.113 0.142
  Male 77 36 (46.8) 41 (53.2)
  Female 48 21 (43.8) 27 (56.3)
Age (years)    0.069 0.241
  <25   7 3 (42.9) 4 (57.1)
  25-60 95 43 (45.3) 52 (54.7)
  >60 23 11 (47.8) 12 (52.2)
Tumor properties    37.543 0.000
  Benign 76 18 (23.7) 58 (76.3)
  Malignant 49 39 (79.6) 10 (20.4)
Tumor positions    4.662 0.073
  Cervical 32 16 (50.0) 16 (50.0)
  Cervicothoracic   5 4 (80.0) 1 (20.0)
  Thoracic 31 13 (41.9) 18 (58.1)
  Lumbosacral 34 12 (35.3) 22 (64.7)
  Thoracic and lumbosacral 23 12 (52.2) 11 (47.8)
McCormick grades    48.531 0.000
  I and II 78 17 (21.8) 61 (78.2)
  III 37 30 (81.1) 7 (18.9)
  IV and V 10 10 (100.0) 0 (0.0)
Resection    63.924 0.000
  Total resection 72 13 (18.1) 59 (81.9)
  Subtotal resection 18 9 (50.0) 9 (50.0)
  Partial resection 23 23 (100.0) 0 (0.0)
  Biopsy/decompression 12 12 (100.0) 0 (0.0)

Figure 4. Comparison of recurrence time between patients of different age 
groups. No significant difference in recurrence time was found among the 
different age groups.



ZHANG et al:  RISK FACTORS FOR POSTOPERATIVE RECURRENCE OF SPINAL TUMORS 1721

found that the total resection rate of spinal tumors has been 
significantly improved in the last 30 years. Approximately 61% 
of patients with spinal tumors had neurological dysfunction 
after surgery, of which 41.5% were reversible. The incidence of 
permanent neurological deficit is approximately 19.5%, which 
is closely related to the experience of surgeons and the state 
of the preoperative nervous system. Further analysis revealed 
that patients with thoracic tumors, tumor bleeding, malignancy 
and recurrent tumors usually had a higher risk of permanent 
complications (19).

The cause of spinal tumor recurrence is complex (20,21). 
Pathological grade of the tumor has a significant effect on the 
recurrence rate of tumors and the survival status of patients. 
Except for some of cases of astrocytomas, recurrence is common 
in all malignant spinal tumors. Therefore, radiation therapy is 
preferred for patients with malignant spinal tumors (21). For 
invasive spondyloma tumors, total tumor resection or subtotal 
resection can effectively reduce the tumor recurrence rate. 
Effects of the degree of tumor resection on the recurrence 
rate of ependymoma have been very clear. Some studies have 
reported no significant correlation between tumor resection 
and progression-free survival in patients with astrocytomas, 
which may be explained by the small sample size (22).

In this study, recurrence was found in 57 cases of spinal 
tumors (45.6%) after surgery. The recurrence time was shorter 
in patients with malignant tumors, and the recurrence rate was 
also higher than that of benign tumors. Patients with higher 
McCormick grades showed shorter recurrence time. This can 
be explained by the factor that tumors with higher McCormick 
grades are usually malignant tumors with a high invasion 
ability, causing difficulties to total resection and subtotal 
resection. Logistic regression analysis of total resection 
showed that total resection should be the preferred treatment 
for patients with benign tumors, thoracic and lumbosacral 
tumors and lower McCormick grades, as well as patients 
without syringomyelia and intramedullary tumors. Logistic 
regression analysis of recurrence-related factors showed that 
the recurrence rate was higher in patients with malignant 
tumors, cervical and thoracic and lumbosacral tumors, higher 
McCormick grades and intramedullary tumors, and patients 
receiving partial resection or biopsy/decompression treatment.

In summary, tumor properties, tumor locations, McCormick 
grades, degrees of tumor resection and intramedullary tumors 
are risk factors for the postoperative recurrence of spinal 
tumors. Clinical assessment of these risk factors may be helpful 
in selecting appropriate treatment strategies.

Table VI. Logistic regression analysis of total surgical resection-related factors.

 95% confidence
 interval
   Wald Degree   ------------------------------
  Standard Chi-square of  Potence Lower Upper
Variable Coefficient deviation value freedom P-value ratio limit limit

Sex 0.401 0.898 0.321 1 0.624 1.546 0.664 2.406
Age 0.32 0.677 0.312 1 0.841 0.998 0.435 2.458
Tumor properties 2.663 0.66 32.429 1 0.027 10.386 4.674 24.764
Tumor position -0.275 0.348 9.453 1 0.009 0.550 0.456 0.711
McCormick grades 2.33 0.613 30.571 1 0.007 7.442 3.672 16.184
With or without syringomyelia 0.036 0.397 9.781 1 0.021 0.962 0.938 2.564
With or without intramedullary tumors 1.167 0.58 11.199 1 0.011 1.167 0.707 2.184

Table VII. Logistic regression analysis of recurrence-related factors.

 95% confidence
 interval
   Wald Degree   ------------------------------
  Standard χ2 of  Potence Lower Upper
Variable Coefficient deviation value freedom P-value ratio limit limit

Sex 0.269 0.683 0.175 1 0.467   1.871 0.746   2.923
Age 0.188 0.462 0.166 1 0.684   1.207 0.488   2.987
Tumor properties 2.531 0.445 32.283 1 0.000 12.567 5.249 30.088
Tumor position -0.407 0.133 9.307 1 0.002   0.665 0.512   0.864
McCormick grades 2.198 0.398 30.425 1 0.000   9.005 4.124 19.663
With or without total resection -0.096 0.182 9.634 1 0.024   1.164 1.053   3.115
With or without intramedullary tumors 1.035 0.365 11.053 1 0.014   1.412 0.794   2.654
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