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Abstract
The efficacy of surgical resection in metastatic renal cell carcinoma is an active and 
important research field in the postcytokine era. Bone metastases, especially in the 
spine, compromise patient performance status. Metastasectomy is indicated, if fea-
sible, because it helps to achieve the best clinical outcomes possible compared with 
other treatments. This study examined the postoperative survival and prognostic 
factors in patients who underwent metastasectomy of spinal lesions. The retrospec-
tive study included 65 consecutive patients with metastatic renal cell carcinomas 
who were operated on by spinal metastasectomy between 1995 and 2017 at our 
institution. The cancer- specific survival times from the first spinal metastasectomy to 
death or the last follow- up (≥3 years) were determined using Kaplan- Meier analysis. 
Potential factors influencing survival were analyzed using Cox proportional hazard 
models. Planned surgical resection of all the spine tumors was achieved in all pa-
tients. Of these, 38 had complete metastasectomy of all visible metastases, including 
extraspinal lesions. In all patients, the estimated median cancer- specific survival time 
was 100 months. The 3- , 5- , and 10- year cancer- specific survival rates were 77%, 
62%, and 48%, respectively. The survival times after spinal metastasectomy were 
similar in both cytokine and postcytokine groups. In multivariate analyses, postop-
erative disability, the coexistence of liver metastases, multiple spinal metastases, and 
incomplete metastasectomy were significant risk factors associated with short- term 
survival. Complete metastasectomy, including extraspinal metastases, was associated 
with improved cancer- specific survival. Proper patient selection and complete me-
tastasectomy provide a better prognosis in metastatic renal cell carcinoma patients.
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1  | INTRODUC TION

Complete surgical resection of renal cell carcinoma (RCC) metasta-
ses is associated with improved survival compared with incomplete 
or no metastasectomy.1- 4 As per current guidelines, metastasectomy 
is recommended for patients in whom complete surgical resection is 
technically feasible or can control symptoms locally.5 Complete me-
tastasectomy improves survival, and the rate of this procedure has 
increased in the postcytokine era.6- 9 However, in previous studies, 
the distribution of metastatic RCC patients treated with metasta-
sectomy was biased by resectability and not based on the clinical 
significance of metastasectomy.6

The bone is the second most common metastatic site of RCC 
following the lung.10 RCC bone metastases tend to be highly de-
structive, easily resulting in pathologic fractures and spinal cord 
compression from lesions in the spine, which is the most affected 
bone site.11 These skeletal- related events (SREs) severely compro-
mise the patient's performance status (PS) and quality of life (QOL). 
A lowered PS in patients with metastatic disease affects mortality 
both directly and indirectly by hindering the delivery of systemic 
therapies. The presence of bone metastases in patients treated with 
molecular- targeted therapy (mTT) has a negative impact on sur-
vival.12,13 Bone metastases have the best indication for metastasec-
tomy in patients in whom surgery is feasible. However, there are few 
comparative studies on the metastasectomy of bone lesions.14,15 
Spinal metastasis is considered a negative indicator of overall sur-
vival owing to the difficulty of performing surgical resection.16 The 
5- year survival rate in patients with bone metastasis in the spine 
is 9%, compared with 30% in the appendicular skeleton.17 This is 
because metastasectomy in the spine is more challenging than that 
in the appendicular skeleton or other organs, even with advance-
ments in surgical techniques and reconstructive materials for spinal 
disorders. However, there are some institutes well experienced in 
complete oncological resection of the tumor- affected vertebra (total 
en bloc spondylectomy, TES), and spinal metastasectomy has been 
performed in selected patients.18,19

Our study aimed to examine the survival and potential prognos-
tic factors in RCC patients who underwent spinal metastasectomy. 
Clinical outcomes were compared between the patients in the cy-
tokine and postcytokine eras, and between those undergoing com-
plete and incomplete metastasectomy.

2  | PATIENTS AND METHODS

2.1 | Patient selection

After obtaining approval from the Institutional Review Board of the 
Kanazawa University (IRB number: 2015- 075), a database of RCC 
patients who underwent spinal metastasectomy at our institution 
between 1995 and 2017 was retrospectively reviewed at the end 
of 2020. We obtained the minimum 3- year follow- up data of these 
patients. The study cohort included 65 Asian consecutive patients 

(53 men and 12 women) with a mean age of 58.8 years. In our institu-
tion, spinal metastasectomy was indicated by the following criteria: 
solitary and removable lesion in the spine (the tumor involving three 
consecutive vertebrae or less), operability (Eastern Cooperative 
Oncology Group [ECOG] PS ≤ 3), and stable disease with no other 
metastasis or a limited number of metastases. However, based on 
patient request, three patients underwent metastasectomy for 
symptomatic spinal metastases in coexistence with other small and 
asymptomatic spinal metastases. Informed consent for surgery was 
obtained from the patients.

In all patients, the primary RCC was treated using either radical 
or partial nephrectomy. Thirty (46%) patients had spinal metasta-
ses either when the primary RCC was diagnosed or within 1 year 
after diagnosis (synchronous metastasis). Seventeen (26%) patients 
had a history of irradiation of the spinal metastases before metas-
tasectomy. The mean dose of radiation was 43.4 Gy, and the mean 
duration between irradiation and surgery was 18.6 months. Pre-  or 
postoperative systemic therapies were used in 57 (88%) patients, 
and recently approved systemic therapies, including mTT and/or 
treatment with immune checkpoint inhibitors (ICIs), were used in 31 
(48%) patients. Histological diagnoses of specimens from spinal me-
tastasectomy were clear cell type in 62 patients (95%) and nonclear 
cell type in three patients (5%). At the time of spinal metastasec-
tomy, 24 patients (37%) had metastases only in the operated spine. 
Nineteen patients had bone metastases at other sites. Three patients 
had multiple spinal metastases and underwent metastasectomy only 
of the symptomatic spinal lesion. Metastases were observed at ad-
ditional sites, including the lungs (19 patients, 29%), lymph nodes (9, 
14%), kidneys (3, 5%), liver (2, 3%), and pancreas (1, 2%). There was 
no patient with brain metastasis. Patients were followed up mostly 
every 6 months after spinal metastasectomy. Abdominal and chest 
computed tomography was performed routinely to check the previ-
ous metastases and to detect new metastases.

2.2 | Surgical procedure

A detailed description of the surgical techniques for TES has been 
presented in the literature.20,21 In TES, to salvage the spinal cord, 
surgeons perform en bloc resection of the posterior element (pos-
terior arch) followed by en bloc resection of the anterior part (ver-
tebral body) via a transpedicular osteotomy using a fine threadwire 
saw (Figure 1). For TES of the cervical and lower lumbar lesions, a 
posterior- anterior approach is usually required. The nerve roots at 
these levels must be preserved to prevent significant neurological 
deterioration in the extremities. For TES of other vertebral lesions, 
a single posterior approach is employed. Transection of the nerve 
roots at the tumor- affected level is allowed to salvage the spinal cord 
during blunt dissection and resection of the vertebral body via a pos-
terior approach. In some patients with enlarged tumors expanding 
to the anterior paravertebral area, a prior anterior dissection via an 
anterior approach helps surgeons safely perform the subsequent 
posterior TES procedure.
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2.3 | Features studied

Since 2008, mTTs for RCC have been available in our country. 
Patients were divided into two groups: cytokine (23 patients, 35%) 
and postcytokine (42 patients, 65%) (Table 1). Patients in the cy-
tokine group underwent spinal metastasectomy before 2008, and 
those in the postcytokine group in 2008 or later. Complete metasta-
sectomy was defined as surgical resection of all visible metastases, 
including the spine lesion, presented until spinal surgery. In contrast, 
the patients with incomplete metastasectomy had metastatic lesions 
remaining at other sites, which presented until spinal surgery and 
were treated with nonsurgical treatment. The main endpoint of this 
study was postoperative survival defined as the time from the first 
spinal metastasectomy to death or last follow- up of at least 3 years. 
To identify the predictors of postoperative survival, we analyzed the 
following clinical parameters and outcome data: age (≥60 years); sex 
(male); pre-  and postoperative disability (ECOG PS 3); solitary me-
tastasis only in the operated spine; coexistence of lung, liver, lymph 
node, and nonspinal bone metastases; multiple spinal metastases; 

multiorgan metastases; synchronous spinal metastasis with primary 
RCC (within 1 year after RCC diagnoses); synchronous spinal metas-
tasis with other metastases (within 1 year between the diagnoses); 
enlarged tumors involving multilevel vertebrae; incomplete metas-
tasectomy with other existing metastases; pre-  and postoperative 
systemic therapy; pre-  and postoperative mTT and/or treatment 
with ICIs; poor risk group according to the Memorial Sloan- Kettering 
Cancer Center (MSKCC)22 and International Metastatic Renal Cell 
Carcinoma Database Consortium (IMDC)23 criteria; nonadaptive 
characteristics for spinal metastasectomy based on prognostic scor-
ing systems for spinal metastases (Tokuhashi score24 ≤ 11; Tomita 
score25 ≥ 5); and abnormal blood levels of serum c- reactive protein, 
hemoglobin, corrected calcium, or albumin (Table 2).

2.4 | Statistical methods

Continuous variables are expressed as means ± standard deviations, 
and survivals and ordinal variables are expressed as medians. The 
Shapiro- Wilk test was used to assess the normality of data distri-
bution. Between- group differences were examined using Student's 
t test for parametric data and the Mann- Whitney U test for non-
parametric data. Categorical data were expressed as frequencies 
and percentages, and comparisons between groups were performed 
using the chi- squared test. Three patients who died from other 
causes were excluded from the cancer- specific survival (CSS) end-
point. Kaplan- Meier analysis was used to calculate CSS in all pa-
tients, and the log- rank test was used to compare CSS among patient 
groups in univariate analyses. Associations with time to death from 
RCC were evaluated using multivariate Cox proportional hazard re-
gression models and summarized with hazard ratios and 95% confi-
dence intervals.

All statistical analyses were performed using SPSS version 25 
(IBM Corp.). P- values < .05 were considered statistically significant.

3  | RESULTS

The mean disease- free interval between resection of the primary 
RCC and diagnosis of the first developed metastases, which were 
mostly spinal lesions, was 38.6 (range, 0- 300) months. The mean in-
terval between resection of the primary RCC and resection of spinal 
metastases was 47.9 (range, 0- 302) months.

To achieve complete oncological resection of the spinal lesions, 
total vertebrectomy (complete resection of the diseased vertebra: 
TES) was performed in 57 patients and hemivertebrectomy (complete 
resection of the metastatic lesion with preservation of the healthy 
part of the vertebral body) in eight patients. Forty- eight, five, and 12 
patients underwent a single, two consecutive, and three consecutive 
vertebral resection(s), respectively. Planned surgical resection of the 
entire spinal tumor was achieved in all 65 patients. Nine patients ex-
perienced major perioperative complications, including intraoperative 
major vessel injury (one patient), spinal cord infarction associated with 

F I G U R E  1   Total en bloc spondylectomy. A, Operative schema of 
transpedicular osteotomy using a fine threadwire saw. B, Operative 
photograph of the resected specimen (en bloc resection of the 
anterior and posterior parts)

(A)

(B)
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preoperative arterial embolization (one patient), transient paraparesis 
(two patients), and deep infection in the surgical site requiring surgi-
cal treatment (five patients). There were no operation- related deaths. 

Complete metastasectomy was achieved in 38 patients, including 24 
with only one solitary metastasis in the operated spine which was 
treated by metastasectomy. The remaining 14 patients underwent 

TA B L E  1   Patient demographics and treatment

Total Cytokine group Postcytokine group P- value

Number of patients 65 23 42

Clinical features at the time of spinal metastasectomy

Age (y), mean (SD) 58.8 (8.9) 57.0 (9.8) 59.8 (8.4) .24

Male, n (%) 53 (81.5) 17 (73.9) 36 (85.7) .24

Preoperative ECOG PS, n (%)

0 8 (12.3) 1 (4.3) 7 (16.7) .35

1 42 (64.6) 16 (69.6) 26 (61.9)

2 3 (3.6) 2 (8.7) 1 (2.4)

3 12 (18.5) 4 (17.4) 8 (19.0)

Distinct metastatic sites, n (%)

One (only the operated spine) 24 (36.9) 11 (47.8) 13 (31.0) .18

Two or more 41 (63.1) 12 (52.2) 29 (69.0)

Location of other metastases, n (%)

Lung 19 (29.2) 8 (34.8) 11 (26.2) .47

Spine (nonoperated) 3 (4.6) 0 (0) 3 (7.1) .26

Nonspinal bone 19 (29.2) 3 (13.0) 16 (38.1) <.05

Lymph nodes 9 (13.8) 3 (13.0) 6 (14.3) .89

Liver 2 (3.1) 1 (4.3) 1 (2.4) .59

Other locations 6 (9.2) 0 (0) 6 (14.3) .06

Synchronous metastasis with primary RCC 
(<1 y), n (%)

30 (46.2) 13 (56.5) 17 (40.5) .22

MSKCC risk stratification, n (%)

Favorable 16 (24.6) 5 (21.7) 11 (26.2) .66

Intermediate 44 (67.7) 17 (73.9) 27 (64.3)

Poor 5 (7.7) 1 (4.3) 4 (9.5)

IMDC risk stratification, n (%)

Favorable 15 (23.1) 5 (21.7) 10 (23.8) .97

Intermediate 44 (67.7) 16 (69.6) 28 (66.7)

Poor 6 (9.2) 2 (8.7) 4 (9.5)

Tokuhashi score, median (range) 12 (7- 13) 12 (7- 13) 11 (8- 13) .72

Tomita score, median (range) 3 (3- 6) 3 (3- 6) 4 (3- 6) .96

Treatment

Complete metastasectomy, n (%) 38 (58.5) 17 (73.9) 21 (50.0) .06

Preoperative systemic therapy, n (%)

Immunotherapy 23 (35.4) 11 (47.8) 12 (28.6) .12

Molecular targeted therapy 9 (13.8) 0 (0) 10 (23.8) <.01

ICI treatment 1 (1.5) 0 (0) 1 (2.4) .65

Postoperative systemic therapy, n (%)

Immunotherapy 24 (36.9) 16 (69.6) 8 (19.0) <.001

Molecular targeted therapy 25 (38.4) 2 (8.7) 24 (57.1) <.001

ICI treatment 7 (10.8) 0 (0) 7 (16.7) <.05

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; ICI, immune checkpoint inhibitor; IMDC, International 
Metastatic Renal Cell Carcinoma Database Consortium; MSKCC, Memorial Sloan- Kettering Cancer Center; RCC, renal cell carcinoma; SD, standard 
deviation.
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spinal metastasectomy plus metastasectomy for lesions in other or-
gans, which were mostly in the lung; the patients had no remaining 
metastatic lesions after the metastasectomies accompanied with or 
without effective systemic therapy for other metastatic lesions. The 
proportion of patients with coexisting nonspinal bone metastases at 
the time of spinal metastasectomy in the postcytokine group was sig-
nificantly higher than that in the cytokine group. There were significant 

TA B L E  2   Univariate analysis to search risk factors for prognosis

Parameter
Patients 
number (%)

Median 
survival, y P- value

Age (y)

≥60 34 (52.3) 5.8 .82

<60 31 (47.7) 7.8

Gender

Male 53 (81.5) 7.2 .86

Female 12 (18.5) 8.3

Preoperative ECOG PS

3 12 (18.5) 8.3 .91

0- 2 53 (81.5) 7.8

Postoperative ECOG PS

3 3 (4.6) 0.7 <.001

0- 2 62 (95.4) 10.4

Solitary metastasis in the operated spine

Yes 24 (36.9) 10.6 .32

No 41 (63.1) 7.3

Lung metastasis

Yes 19 (29.2) 5.8 .25

No 46 (70.8) 10.6

Liver metastasis

Yes 2 (3.1) 0.6 <.001

No 63 (96.9) 8.3

Lymph node metastasis

Yes 9 (13.8) 3.3 .07

No 56 (86.2) 8.3

Nonspinal bone metastasis

Yes 19 (29.2) 8.3 .67

No 46 (70.8) 7.8

Multiple spinal metastases

Yes 3 (4.6) 3.3 <.01

No 62 (95.4) 10.4

Multiorgan metastases

Yes 31 (47.7) 5.8 .12

No 34 (52.3) 11.1

Synchronous spinal metastasis with primary RCC

Yes 30 (46.2) 10.4 .74

No 35 (53.8) 7.8

Synchronous spinal metastasis with other metastases

Yes 28 (41.5) 4.7 .07

No 37 (58.5) 11.1

Enlarged tumors involving multilevel vertebrae

Yes 17 (26.2) 5.0 .21

No 48 (73.8) 10.4

C- reactive protein

(Continues)

Parameter
Patients 
number (%)

Median 
survival, y P- value

>0.3 mg/dL 20 (30.8) 5.8 .38

0.3 ≤ mg/dL 45 (69.2) 10.4

Corrected calcium

≥10 mg/dL 6 (9.2) 5.0 .92

<10 mg/dL 59 (90.8) 8.3

Hemoglobin

<13.0 g/dL in male 22 (33.8) 4.7 .16

<11.5 g/dL in 
female

≥13.0 g/dL in male 43 (66.2) 10.4

≥11.5 g/dL in 
female

Albumin

<4.0 g/dL 30 (46.2) 7.8 .54

≥4.0 g/dL 35 (53.8) 8.3

Incomplete metastasectomy with existing other metastases

Yes 27 (41.5) 4.7 <.01

No 38 (58.5) 11.1

Systemic therapy

Yes 57 (87.7) 8.3 .87

No 8 (12.3) NR

Molecular- targeted therapy or/and treatment with immune 
checkpoint inhibitor

Yes 31 (47.7) 7.3 .76

No 34 (52.3) 10.6

Poor risk of MSKCC criteria

Yes 5 (9.2) 0.7 .21

No 60 (90.8) 8.3

Poor risk of IMDC criteria

Yes 6 (86.1) 3.0 .88

No 59 (13.9) 8.3

Tokuhashi score

<12 32 (49.2) 7.3 .47

≥12 33 (50.8) 10.6

Tomita score

≤5 19 (29.2) 5.8 .20

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group 
performance status; IMDC, International Metastatic Renal Cell 
Carcinoma Database Consortium; MSKCC, Memorial Sloan- Kettering 
Cancer Center; NR, not reached; RCC, renal cell carcinoma.

TA B L E  2   (Continued)
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differences in the pre-  and postoperative systemic therapies between 
the two groups (Table 1). The percentages of patients undergoing com-
plete metastasectomy were 73.9% (17/23 patients) and 50.0% (21/42 
patients) in the cytokine and postcytokine groups, respectively (near- 
significant, P = .06).

The mean follow- up time was 75.1 (range, 3- 251) months. Only 
four patients (6.2%) experienced a local tumor recurrence in the 
operated spine. The mean interval between spinal metastasectomy 
and radiographic tumor recurrence was 17.0 (range, 14- 24) months. 
They had no more tumor recurrences during the follow- up period 
after additional excisional surgeries with or without radiotherapy. 
Fourteen patients died <3 years after surgery (range of survival time 
after surgery, 3- 31 months), whereas the remaining 51 patients sur-
vived ≥3 years after surgery. In all patients, the 3- , 5- , and 10- year 
CSS rates were 76.9%, 62.3%, and 48.2%, respectively (Figure 2). 
The estimated median CSS time was 100 months. The 3- , 5- , and 10- 
year CSS rates in the 23 patients in the cytokine group were 73.9%, 
69.6%, and 56.5%, respectively, compared with 78.6%, 56.1%, and 
40.1%, respectively, in the 42 patients in the postcytokine group 
(Figure 3); the CSS rates were not significantly different between 
the two groups. The patients with complete metastasectomy had 
better postoperative survival rates compared with those with in-
complete metastasectomy (89.5%, 76.7%, and 60.3% vs 59.3%, 
42.0%, and 31.5% for the 3- , 5- , and 10- year CSS rates, respectively; 
Figure 4). For 19 patients with coexisting lung metastases at the time 
of surgery, the 3- , 5- , and 10- year CSS rates were 68.4%, 56.8%, 
and 32.5%, respectively, compared with 80.4%, 64.5%, and 54.6%, 
respectively, for the 46 patients without lung metastases (Figure 5). 
The CSS rates were not significantly different between the two 
groups.

Based on the MSKCC criteria,22 16 (24.6%), 44 (67.7%), and 5 
(7.7%) patients were classified into the favorable- , intermediate- , and 
poor- risk categories, respectively. The estimated median CSS times 
in the intermediate-  and poor- risk groups were 100 and 8 months, 
respectively (median CSS time was not reached in the favorable 
group). Based on the IMDC criteria,23 15 (23.1%), 44 (67.7%), and 
six (9.2%) patients were classified into the favorable- , intermediate- , 
and poor- risk categories, respectively. The estimated median sur-
vival times in the intermediate-  and poor- risk groups were 87 and 
36 months, respectively (median CSS time was not reached in the 
favorable group).

Among the variables examined in the univariate analysis, post-
operative disability (ECOG PS 3), the coexistence of liver metasta-
ses, multiple spinal metastases, and incomplete metastasectomy 
were significantly associated with short- term survival after spinal 
metastasectomy (Table 2). The coexistence of lymph node (P = .07) 
and synchronous spinal metastasis with other metastases (P = .07) 
had near- significant associations with short- term survival. In the 
multivariate analysis including the above six factors, postoperative 
disability (ECOG PS 3), the coexistence of liver metastases, multiple 
spinal metastases, and incomplete metastasectomy with other ex-
isting metastases were significant risk factors associated with short- 
term survival after spinal metastasectomy (Table 3).

4  | DISCUSSION

Bone metastases were reported as risk factors associated with 
short- term survival in patients with metastatic RCC in the cytokine26 
and postcytokine era.12,13 Even recently approved systemic thera-
pies, including mTT and/or treatment with ICIs, have a limited ef-
fect on the control of bone metastasis.27 Metastasectomy of bone 
lesions, especially in the spine, has a positive impact on prolonged 
survival, as well as improved PS because it decreases SREs, includ-
ing intractable pain and paralysis. Our study is unique in terms of 
reporting postoperative survival after spinal metastasectomy and 
identifying risk factors for poor prognosis in multivariate analysis, 
with the largest case series of 65 patients. In the present study, the 
3- , 5- , and 10- year CSS rates were 77%, 62%, and 48%, respectively, 
and the estimated median CSS time was 100 months in patients 
with RCC metastases after spinal metastasectomy. These results are 
more favorable than those previously reported in large studies on 
patients with RCC metastases.22,23,28 When patients in this study 
were categorized using the MSKCC and IMDC criteria to reduce 
the effect of selection bias in the evaluation of survival, approxi-
mately 70% of patients were found to be of intermediate risk. The 
estimated median survival times in the intermediate- risk group, de-
fined using the MSKCC and IMDC criteria, were 100 and 87 months, 
respectively. These survival times were more favorable than the 14 
and 27 months in previous studies for patients classified using the 
MSKCC and IMDC criteria, respectively.22,23

Spinal lesions easily cause severe SREs, compromising PS and 
QOL, and result in a poor prognosis.14,16 The lowered PS associated 

F I G U R E  2   The cancer- specific survival rates for 3- , 5- , and 10 y 
after surgery were 76.9%, 62.3%, and 48.2%, respectively. The 
estimated median cancer- specific survival time was 100 mo. The 
tick marks indicate the last date of follow- up
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with spinal lesions hinders the application of systemic therapy and 
indirectly leads to poor prognosis. Because of these factors, the in-
dicated treatment with the best outcomes for solitary and remov-
able bone metastases, especially spinal lesions, is metastasectomy. 
Although the number of studies on the outcomes in metastasec-
tomy of bone lesions is still limited,29 recent studies reported that 

radical resection of bone lesions was one of the important prognos-
tic factors for RCC patients with bone metastases, and the authors 
concluded that the surgery should be considered to achieve local 
tumor control and increase survival.14,15 Spinal metastasectomy is 
technically demanding for ordinary spine surgeons. However, it can 
improve survival in patients with metastatic RCCs. The previous 

F I G U R E  3   The cancer- specific 
survival rates for 3- , 5- , and 10 y after 
surgery in patients undergoing spinal 
metastasectomy in the cytokine and 
postcytokine eras were 73.9%, 69.6%, 
and 56.5%, and 78.6%, 56.1%, and 40.1%, 
respectively. There was no significant 
difference between the two groups 
(P = .50)

F I G U R E  4   Patients who underwent 
complete metastasectomy, with no 
remaining metastatic lesions, had better 
postoperative survival compared with 
those who underwent incomplete 
metastasectomy (89.5%, 76.7%, and 
60.3% vs 59.3%, 42.0%, and 31.5% for 3- , 
5- , and 10- y cancer- specific survival rates, 
respectively; P < .01)
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studies with large sample sizes9,28 reported from our country had 
better prognostic results for patients with metastatic RCC than 
those from the Western countries.7,22,23 The public health insurance 
system of our country takes care of all citizens and allows them to 
undergo spinal metastasectomy, as well as standard treatments, in-
cluding systemic therapies and nephrectomy. Racial differences may 
be associated with RCC, resulting in differences in the metastasizing 
mode and prognosis. These extrasurgical factors could have influ-
enced the study results.

Introduction of mTT and ICI treatment has improved progno-
sis in patients with metastatic RCCs and changed the treatment 
strategy.30 In this new era, metastasectomy is still reported to have 
the potential to prolong survival in metastatic RCC patients.6- 9 
However, although the present study indicated that survival rates 

after spinal metastasectomy improved in both cytokine and post-
cytokine groups, there was no significant difference between the 
two groups. The utilization of metastasectomy has increased in the 
postcytokine era.7 In our institution, the surgical indication for spinal 
metastasectomy became more common in the postcytokine than in 
the cytokine era, resulting in an increased proportion of the patients 
with both nonspinal bone metastases and multiple spinal metastases 
and those undergoing incomplete metastasectomy in the postcyto-
kine era (Table 1). This could have influenced the results of our study.

In the present study, postoperative disability showing ECOG 
PS 3 (spinal metastasectomy is contraindicated for patients with 
ECOG PS 4 in our institute), the coexistence of liver metastases or 
multiple spinal metastases, and incomplete metastasectomy with 
other existing metastases treated nonsurgically were significant 

F I G U R E  5   The cancer- specific survival 
rates in patients with or without lung 
metastases 3- , 5-  and 10 y after surgery 
were 68.4%, 56.8%, and 32.5%, and 
80.4%, 64.5%, and 54.6%, respectively. 
There was no significant difference 
between the two groups (P = .25)

Hazard ratio 95% CI
P- 
value

Postoperative disability (ECOG PS 3) 51.4 10.7- 245.6 <.01

Liver metastasis 89.7 5.98- 1344.4 <.01

Multiple spinal metastases 5.7 1.14- 28.7 .03

Incomplete metastasectomy with 
existing other metastases

3.0 1.09- 8.42 .03

Lymph node metastasis 1.7 0.58- 4.76 .35

Synchronous spinal metastasis with 
other metastases

0.96 0.39- 2.37 .93

Abbreviations: CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group 
performance status.

TA B L E  3   Multivariate analysis to 
search risk factors for prognosis
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risk factors associated with short- term survival after spinal me-
tastasectomy. Many previous studies have reported that PS dete-
rioration was associated with the survival of patients with spinal 
metastases.24,31 The results of our study indicated an association 
between short- term survival and postoperative PS deterioration, 
but not with preoperative PS deterioration, which was reported 
as a risk factor for poor prognosis.24,31 Spinal metastasectomy has 
the potential to improve or prevent PS deterioration. However, 
the surgery cannot improve PS deterioration due to severe pa-
ralysis related to spinal disease or other advanced metastatic le-
sions. Previous studies have reported that liver metastases were 
associated with poor prognosis due to the advanced stage of the 
disease.9,13 In contrast, lung metastases were not associated with 
short- term survival in the present study (P = .25). This study in-
cluded several patients with no evidence of disease after metas-
tasectomies of the spine and lung lesions combined with effective 
systemic therapies. Three patients with multiple spinal lesions 
who underwent spinal metastasectomy of symptomatic lesions 
had limited postoperative survival. In contrast, as previously re-
ported,1- 9 the current study indicated that complete metastasec-
tomy had a clinical benefit, prolonging survival in metastatic RCC 
patients. The strategy of complete metastasectomy followed by 
observation has the extra advantage of sparing patients the addi-
tional morbidity of systemic agents, while preserving the efficacy 
of these agents for use later during disease progression.8 While 
spinal metastasectomy has the potential to improve PS and sur-
vival, patient selection is essential for appropriate surgical indi-
cation and favorable results, including those from the potential 
application of neoadjuvant systemic therapies.

Limitations of the present study include the relatively small 
cohort in a single center, retrospective data collection, and analy-
ses only of the patients undergoing spinal metastasectomy, which 
could introduce biases. However, in contrast, this was the larg-
est study to examine the clinical outcomes of spinal metastasec-
tomy. This study does not compare spinal metastasectomy with 
any controls. Therefore, we compare the efficacy of spinal me-
tastasectomy with the results presented in previous studies. We 
could obtain neither detailed information about the primary lesion 
(tumor size, pathologic stage, and tumor nuclear grade) nor the 
indication of pre-  and postoperative systemic therapies because 
nephrectomy and systemic therapies by primary physicians were 
mostly performed at other hospitals. Despite these limitations, 
this study provided informative clinical results of spinal metas-
tasectomy and indicated that patients with locally curative and 
solitary spinal metastases could benefit from complete surgical 
resection of spinal metastases. Furthermore, for selected patients, 
this procedure can potentially prolong survival.

In conclusion, in the present study, the 5-  and 10- year CSS rates 
in patients who underwent metastasectomy of RCC- derived spinal 
lesions were 62% and 48%, respectively. Although spinal metas-
tasectomy is challenging, proper patient selection and complete 
metastasectomy provide a better prognosis in metastatic RCC 
patients.
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