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ABSTRACT

Background: Renal cell carcinoma (RCC) is an aggressive malignant disease that frequently metastasizes to the
spine. The main purpose of our study is to evaluate the influence of surgery as well as targeted therapy on the survival of

patients with RCC metastases of the spine.
Methods: Retrospective cohort study. We identified 100 patients with spinal RCC metastases who were

retrospectively reviewed for preoperative conditions, treatment, and survival. Metastasectomy was performed in 39

cases, and 61 patients underwent decompression procedures with stabilization. Only 26 patients had adjuvant targeted
therapy (7 with metastasectomy, 19 with palliative decompression). Pain, neurological status, survival time (from
operation to death or last follow up), and local progression-free survival were evaluated.

Results: Neurological function recovery and reported significant pain relief were observed. There was no
significant difference in overall survival for the patients with metastasectomy and palliative decompression (P¼ .750).
Metastasectomy provided better local control of disease compared with decompression (P ¼ .043). There was a

statistically significant difference in overall survival for the patients who received targeted therapy (P ¼ .012).
Conclusions: Metastasectomy is effective for local control of tumors. Targeted therapy can potentially prolong

overall survival for patients with spinal RCC metastases.
Level of Evidence: 3.

Clinical Relevance: Our findings suggest that spinal metastasectomy is useful for local control of tumor growth
but not for live expectancy. Effective systemic therapy is key role in stopping of disease progression.
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INTRODUCTION

With a growing prevalence of oncologic pathology

in patients, spinal tumor lesions are emerging as a

major health care issue, underlining the necessity of

carefully analyzed outcomes related to therapeutic

options. Most patients with systemic cancer develop

skeletal metastases, and the spine is most commonly

involved.1 Spinal metastases of renal cell carcinoma

(RCC) are highly destructive and cause hypervascular

lesions. They often cause intractable pain, neurolog-

ical deficits, and paraplegia, thus substantially reduc-

ing the quality of life and increasing mortality.2,3

According to Jung et al,4 the 5-year survival rate of

patients with bone metastases in the spine is 9%

compared with 30% in the appendicular skeleton.

Surgical treatment options for patients with spine

tumors have undergone a substantial paradigm shift

from goals that were only palliative to curative

strategies, including complete en bloc resection of

the tumor.5 Recent advances in molecular biology

have led to the development of novel agents such as

targeted drugs for the treatment of RCC metastases.

A substantial improvement of patients’ outcomes

has been achieved after treatments with these

targeting agents.6

The purpose of this study was to analyze outcome

and survival of the patients with spinal metastases

of RCC. The hypothesis is that metastasectomy as

well as targeted therapy influences survival.

MATERIALS AND METHODS

The study was approved by the research ethics

committee. All patients gave informed consent

before being included in the study. All procedures
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involving human participants were in accordance
with the 1964 Helsinki declaration and its later
amendments. Our retrospective study included
patients undergoing surgery for spinal metastases
of RCC operated on within 2005 and 2016.
Analyzed data consisted of 100 patients with a
median age of 56 years (range ¼ 23–74; Table 1).
Inclusion criteria were pain and/or paralysis caused
by spinal instability or tumor compression. Exclu-
sion criteria were minimal invasive interventions
(vertebroplasty, etc) or contraindications for oper-
ative treatment. Medical records for these patients
were reviewed. Patient demographics data, neuro-
logical status, disease location, intraoperative and
postoperative events, and other treatments were
collected.

Before surgery, all patients received magnetic
resonance imaging (MRI) examinations of the spine
to visualize the extent of tumor in the vertebral
column and spinal canal. A multidisciplinary team
performed a systemic search for visceral and other
osseous metastases. This survey included abdominal
and renal sonographies; computed tomography
(CT) of the chest, abdomen, and pelvis; and nuclear
scintigraphy or positron emission tomography-CT.
CT or MRI of the brain was provided if clinically
indicated.

Indications for surgery included severe back or
extremity pain, clinical or radiographic evidence of
instability, and neurological dysfunction. There
were 2 types of operative treatment. (1) Metasta-
sectomy involved total tumor resection (spondylec-
tomy of affected vertebrae), replacement of

vertebral body with implant, and instrumental
spinal stabilization. In the thoracic region, we used
a posterior approach; in cervical and lumbar
regions, anterior and posterior (2-stage surgery).
(2) Patients with metastases of RCC in bones and
other organs, having severe neurological status and
rapid progression, obtained decompression. It
included partial tumor excision (tumor curettage
or debulking) with resection of the posterior column
(pedicles, facet joints, vertebral arc) and instrumen-
tal stabilization of the spine. The choice of surgery
depended upon the type of lesion (focal or multiple).
Also, we performed spinal metastasectomy in cases
of oligometastases. We believe that en bloc resection
of hypervascular lesions can be less traumatic in the
thoracic spine (posterior 1-stage surgery). More-
over, some patients underwent metastasectomy for
spinal restoration after severe kyphotic deformity.
The final decision was developed by multidisciplin-
ary management through evaluation of life expec-
tancy and possible treatment options.

After spine surgery, all patients received adjuvant
therapy. According to the multidisciplinary ap-
proach, the type of therapeutic agent was decided
by the chemotherapist. Targeted therapy (bevacizu-
mab with interferon, everolimus, pazopanib, sor-
afenib, sunitinib, temsirolimus, or tivozanib) was
given to 34 patients, whereas 75 patients received
cytokine therapy (interferon or interleukin-2).

A visual analog scale (VAS) for back pain
ranging from 0 to 10 was collected with 0
representing no pain and 10 reflecting the most
unbearable pain. Neurological status was estimated
by the Frankel scale. Complications were defined as
any event when a patient required specific treat-
ment. Survival was evaluated from spinal surgery to
death or last follow up.

Statistical Methods

Statistical analyses were provided by R version
3.3.2 (R Foundation for Statistical Computing,
Vienna, Austria). For categorical variables, cross-
tabulations were generated, and Pearson’s v2 test
with Yates’ continuity correction Mann-Whitney
test was used for continuous variables. Paired
Wilcoxon test was used for comparing preoperative
and postoperative parameters. The Kaplan-Meier
analysis method estimated postoperative survival
and survival curves using the log-rank test. A P
value less than .05 was considered to be statistically
significant.

Table 1. Patients’ data.

Parameters Total (n ¼ 100)

Sex, n
Male 76
Female 24

Age, mean (95% CI), y 58.4 (56.1–60.7)
No. of levels
1 75
2 22
3 3

Neurological status before surgery, n
Frankel A, B, C 50
Frankel D, E 50

Revised Tokuhashi score, mean (95% CI) 11.1 (10.6–11.6)
SINS, mean (95% CI) 11.6 (10.8–12.4)
Metastases, n
Synchronous 66
Solitary spinal metastases 8
Extravertebral bone metastases 42
Additional visceral metastases 50

Radical nephrectomy prior spine surgery, n 87
Targeted therapy after spine surgery, n 26

Abbreviation: CI, confidence interval; SINS, Spinal Instability Neoplastic Score.
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RESULTS

Before spinal surgery, 87% of the patients had
radical nephrectomy. The tumor lesions were mainly
located in the thoracic region (48%), with a lower
percentage in lumbar (37%) and cervical regions
(15%). Most of the patients (66%) had synchronous
metastases. The other 44% had confirmed histo-
pathological analysis of RCC metastasis by percu-
taneous biopsy. At the time of spinal surgery, 8% of
the patients had solitary metastases only in the
spine; 42% of patients had bone metastases at other
sites. Additional sites of metastasis included the
lungs (33%), liver (7%), lymph nodes (5%), kidneys
(3%), and brain (2%). None of the patients received
radiation therapy of symptomatic level before
surgery.

Metastasectomy and instrumental reconstruction
were performed for 39 patients, whereas 61 patients
obtained decompression with instrumental stabili-
zation. Three patients underwent metastasectomy
before nephrectomy due to kyphotic deformity of
the thoracic spine. Restoration of the anterior spinal
column via vertebral replacement provided correc-
tion of deformity. There were only 23 patients who
received radiotherapy after surgery (5 with meta-
stasectomy and 18 with decompression).

Preoperative neurological grades according to
Frankel and its modifications after surgery are
reported in Figure 1. Improvement in neurological
function was observed overall in the study popula-
tion. The 50 nonambulatory patients showed
improvement in ability to walk after surgery. There
was significant difference between Frankel A, B, and
C and Frankel D and E at baseline and after surgery

(P , .0001). Overall, 79% of patients were able to
walk after surgery.

All patients had spinal pain before surgery. The
baseline mean VAS score was 7.1 (95% confidence
interval [CI]¼ 6.7–7.4). In the postoperative period,
collected on the seventh day after surgery, it was 2.6
(95% CI¼2.3–2.8). According to a paired Wilcoxon
test, a significant decrease in referred pain after
surgery was observed (P , .0001). None of the
patients reported worsening of pain.

At the last follow up, 89 of the 100 patients had
died, and 11 patients were still alive. The median
overall survival time of all patients was 22 (95% CI
¼ 17–29) months, with 3- and 5-year survival rates
after spine surgery of 29.7% and 12%, respectively.
For analysis, patients were divided into groups
based on type of surgery (Table 2). Surprisingly,
there were no statistically significant differences in
survival time between patients who obtained meta-
stasectomy versus the decompression procedure (P
¼ .750; Figure 2). Next, we stratified patients by
exposure to adjuvant therapy (Table 3). The
difference between the median survival of the
targeted therapy versus cytokine therapy was
statistically significant according to a log-rank test
(P ¼ .012; Figure 3).

Sixteen patients experienced symptomatic local
recurrence in the operated spine. Local progression
of the disease was observed mainly in the first year
after surgery (median time¼ 5 months). There were 3
cases after metastasectomy and 13 cases after decom-
pression (v2 ¼ 2.35, P ¼ .125). However, in local
progression-free survival analysis, we observed a
significant difference in the first year after surgery
(Figure 4). Only 1 patient with targeted therapy
experienced local progression of the disease (Figure 5).

There were in total 51 complications in 38
patients (Table 4). Eight patients had neurological
deficit: 7 cases of temporary and 1 case of
irreversible (after preoperative embolization).
Wound complications (surgical site infection,
wound hematoma, or liquorrhea) were observed in
17 cases. Implant-related complications (implant
failure or junctional disorders) developed in 14
patients. Twelve patients had major medical mor-
bidity (cardiac events, ileus, pneumonia, thrombo-
sis, or urinary tract infection).

DISCUSSION

Metastases originating from RCC are difficult to
manage. They tend to be osteolytic, hypervascular,

Figure 1. Neurological status of patients by Frankel scale.
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and more resistant to systemic and radiation
therapy than other metastases.7,8 Spinal RCC
metastases may cause pathologic fractures and
spinal cord compression that severely compromise
performance status and quality of life, although
there has been considerable progress in the treat-
ment of advanced or metastatic RCC using targeted
agents.6,9 The presence of bone metastases is

associated with a clinically significant negative

impact on survival.10

Surgery of spinal lesions in the setting of

metastatic disease is fundamentally not designed to

alter the survival of the patient. Similar to our

findings, mechanical decompression of neural struc-

tures by laminectomy and spinal stabilization with

instrumentation reduce pain and restore neurolog-

ical function.11,12 Several reports were published

regarding the effect of surgical treatment on survival

rate among patients with RCC metastases. Decom-

pression surgery provides a range of median survival

of 11.4–14.1 months.2,13,14

Surgery remains an integral component of the

therapeutic armamentarium for advanced and

metastatic RCC. Several publications showed that

treatment options for patients with spine tumors

have undergone a substantial paradigm shift from

goals that were only palliative to curative strategies

including complete en bloc resection of the tu-

mor.15–17 Metastasectomy also plays a role for

carefully selected patients. According to Petteys et

al,14 metastasectomy provides long-term disease-

free survival, especially those with solitary metasta-

ses of RCC, which is important as disease-free

survival may be used as a surrogate endpoint for

overall survival.18 Kato et al19 showed, in reporting

their results of patients treated with complete

resection for solitary metastases of RCC, that

median overall survival after metastasectomy was

130 months.

Figure 2. Kaplan-Meier survival curves with confidence intervals (CIs)

stratified by surgery. The median overall survival of patients with

decompression was 22 months (95% CI ¼ 16–32), 3- and 5-year survival

rates 30.7% and 11.2%, respectively. The median overall survival of patients

with metastasectomy was 22 months (95% CI¼ 18–30), 3- and 5-year survival

rates 28.2% and 12.8%, respectively.

Table 2. Characteristics of patients by surgery.

Parameters Metastasectomy (n ¼ 39) Decompression (n ¼ 61) P Value

Sex, n .372
Male 32 44
Female 7 17

Age, mean (95% CI), y 60.6 (57.6–63.7) 57.7 (54.6–60.9) .186
No. of levels .004*

1 35 40
2 2 20
3 2 1

Neurological status before surgery, n ,.0001*
Frankel A, B, C 2 48
Frankel D, E 37 13

Revised Tokuhashi score, mean (95% CI) 12.3 (11.8–12.9) 10.4 (9.6–11.0) .0001*
SINS, mean (95% CI) 9.4 (7.9–10.9) 12.1 (11.0–13.3) ,.0001*
Metastases, n

Synchronous 28 38 .446
Solitary spinal metastases 4 4 .774
Extravertebral bone metastases 7 35 ,.001*
Additional visceral metastases 13 36 .021*

Radical nephrectomy prior spine surgery, n 36 51 .339
Targeted therapy after spine surgery, n 7 19 .217

Abbreviation: CI, confidence interval; SINS, Spinal Instability Neoplastic Score.
*Statistically significant difference.
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However, according to our results, the overall
survival time of patients with metastasectomy
insignificantly differs from patients with decompres-
sion procedure. Nevertheless, metastasectomy
showed good results in terms of local control. Local

progression of disease was observed in the first year

after surgery more often in patients who had partial

tumor removal for spinal cord decompression. This

is important because only a minority of our patients

received radiotherapy after surgery. Also, we

concluded that patients who received adjuvant

targeted therapy lived longer regardless of the

operation type. The results of our study regarding

consistency do not oppose the trend suggested in the

literature by researchers,19–21 where the majority of

Table 3. Characteristics of patients by adjuvant therapy.

Parameters Targeted Therapy (n ¼ 26) Cytokine Therapy (n ¼ 74) P Value

Sex, n 1.000
Male 20 56
Female 6 18

Age, mean (95% CI), y 57.1 (52.5–61.8) 59.8 (56.7–62.9)
No. of levels .015*
1 15 57
2 11 11
3 0 3

Neurological status before surgery, n ,.0001*
Frankel A, B, C 3 47
Frankel D, E 23 27

Revised Tokuhashi score, mean (95% CI) 11.1 (10.2–12.0) 11.6 (11.1–12.1) .328
SINS, mean (95% CI) 11.3 (9.6–13.1) 10.9 (9.9–11.9) .458
Metastases, n
Synchronous 11 55 .007*
Solitary spinal metastases 2 6 1.000
Extravertebral bone metastases, n 13 29 .364
Additional visceral metastases 13 37 1.000

Radical nephrectomy prior spine surgery, n 24 63 .505
Metastasectomy, n 7 32 .167

Abbreviation: CI, confidence interval; SINS, Spinal Instability Neoplastic Score.
*Statistically significant difference.

Figure 3. Kaplan-Meier survival curves with confidence intervals (CIs)

stratified by adjuvant therapy. The median overall survival of patients with

cytokine therapy was 18 months (95% CI¼ 16–24), 3- and 5-year survival rates

21% and 6.6%, respectively. The median overall survival of patients with

targeted therapy was 38 months (95% CI¼ 27–61), 3- and 5-year survival rates

53.6% and 26.8%, respectively.

Figure 4. Kaplan-Meier survival curves with confidence intervals (CIs)

stratified by surgery. The 3- and 5-year local progression-free survival rare in

patients with decompression was 76.4%. The 3- and 5-year local progression-

free survival rates in patients with metastasectomy were 90.6% and 82.4%,

respectively.
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patients obtained targeted therapy after surgery. We
confirm the importance of multimodal management
of spinal metastases arising from RCC.

Our study had several limitations. Over the 11-
year period, recruitment protocols for the treatment
of RCC have changed. It was impossible to estimate
the effect of various combinations of systemic
therapy on survival. We also did not provide a
comparison between the patients who received the
targeted therapy and metastasectomy due to the
small number of patients.

CONCLUSIONS

The current results did not show that complete
excision of spinal RCC metastases is associated with
long-term overall survival. Metastasectomy is effec-

tive for local control of tumors. A part of the
multimodal treatment of this disease is the targeted
therapy, which should be used after metastasectomy
to improve outcomes.
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