
Page 1/16

Surgical E�cacy and Prognosis of 54 Cases of
Spinal Metastases from Breast Cancer
Yao weitao  (  ywtwhm@163.com )

Henan Cancer Hospital https://orcid.org/0000-0002-2963-8775
Li Zhehuang 

A�liated Tumor Hospital of Zhengzhou University: Henan Cancer Hospital
Zhang Boya 

A�liated Tumor Hospital of Zhengzhou University: Henan Cancer Hospital
Du Xinhui 

A�liated Tumor Hospital of Zhengzhou University: Henan Cancer Hospital
Wang Jiaqiang 

A�liated Tumor Hospital of Zhengzhou University: Henan Cancer Hospital
Zhang Peng 

Henan Cancer Hospital
Wang Xin 

A�liated Tumor Hospital of Zhengzhou University: Henan Cancer Hospital
Niu Limin 

A�liated Tumor Hospital of Zhengzhou University: Henan Cancer Hospital
Yan Min 

A�liated Tumor Hospital of Zhengzhou University: Henan Cancer Hospital
Niu Xiaohui 

Beijing Jishuitan Hospital

Research Article

Keywords: breast cancer, spinal metastasis, surgery, survival, e�cacy, complications, survival prediction
model

Posted Date: December 16th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-1133056/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1133056/v1
mailto:ywtwhm@163.com
https://orcid.org/0000-0002-2963-8775
https://doi.org/10.21203/rs.3.rs-1133056/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Abstract

OBJECTIVE
To analyze the e�cacy and complications of spinal metastasis surgery for breast cancer; to understand
the survival and the in�uencing factors; and to verify the predictive ability of the currently used spinal
metastasis cancer survival prediction scoring system on the 1-year postoperative survival rate.

METHODS
A retrospective study was conducted on 54 patients with spinal metastases from breast cancer who
underwent open surgery after multidisciplinary consultation in our hospital from January 2017 to October
2020. Patient demographic-related variables, breast cancer-related variables, spinal disorders-related
variables, and treatment-related variables were collected. Survival curves were plotted using the Kaplan-
Meier method, one-way tests were performed using the Log-rank method for factors that might affect
prognosis, and candidate variables were included in the Cox model for multifactor analysis. The Tomita
score, modi�ed Tokuhashi score, modi�ed Bauer score, modi�ed Katagiri score were examined by plotting
the subject operating characteristic curve (ROC) and calculating the area under curve (AUC) The AUC was
used to test the predictive ability of the SORG (Skeletal Oncology Research Group) original version, SORG
line graph version, and SORG web version for 1-year postoperative survival in patients with spinal
metastases from breast cancer.

RESULTS
The average age was 51.3±8.6 years in 54 patients. Twenty-one patients underwent vertebral body
debulking surgery, 32 patients underwent palliative canal decompression, and 1 patient underwent
vertebral en bloc resection, with an operative time of 229.3 ± 87.6 minutes and intraoperative bleeding of
1018.1 ± 931.1 ml. Postoperatively, the patient experienced signi�cant pain relief and gradual recovery
from nerve injury. Major surgical complications included cerebrospinal �uid leakage, secondary spinal
cord injury, spinal tumor progression, and broken of �xation. The mean survival time was 32.2 months,
including a 6-month survival rate of 90.7%, a 1-year survival rate of 77.8%, and a 2-year survival rate of
60.3%. Univariate analysis showed that pre-operation with neurological de�cits, hormone-insensitive type,
with brain metastases were potential risk factors for poor prognosis. Multifactorial analysis showed that
hormone-insensitive type and concomitant brain metastasis were independent risk factors associated
with poor prognosis. The SORG web version had good ability to predict 1-year postoperative survival in
patients with spinal metastases from breast cancer.

Conclusion
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Spinal metastasis from breast cancer has good surgical e�cacy, low postoperative recurrence rate, and
relatively long survival time after surgery. Patients with hormone-insensitive type, with brain metastasis
have poor prognosis, and SORG web version can predict patients' 1-year survival more accurately.

Introduction
Breast cancer is the most common malignant tumor threatening women's health(1). And it is one of the
malignant tumors most prone to bone metastasis, which is reported to occur in 65%-75% of patients with
advanced breast cancer(2). Due to the multi-segments, rich and slow blood �ow, spine is a common site
for bone metastasis(3). Bone metastasis can lead to skeletal-related events (SREs), including hyper
calcemia, pathological fracture, spinal cord compression and pain(4). Pathological fractures are a major
complication of bone metastases, occurring in up to 19% of patients with metastatic breast cancer in the
absence of bisphosphonate or nuclear factor-κB ligand (RANKL) inhibitor therapy(5). Bone loss reduces
the load-bearing capacity, leading to loss of bone integrity and symptomatic fractures(6).

In fact, there are differences in the molecular staging of breast cancer, differences in the site of
metastasis, and differences in prognosis. For example, ER+ types are more likely to develop bone
metastases, while ER- types tend to metastasize to internal organs (e.g., lung, liver, or brain) (7). The
HR+/HER2- type is the most common type of breast cancer, which can be treated with endocrine therapy
and has a better prognosis(8); HER2 type is a group of cell membrane protein of HER2 receptor, with the
application of anti-HER2 targeted therapeutic drugs, such as Herceptin, the prognosis has been
signi�cantly improved(9). Triple negative breast cancer currently has no speci�c treatment options, the
main methods is chemotherapy, and the survival time is short and the prognosis is poor(10). Advanced
breast cancer is a systemic disease and requires standardized multidisciplinary comprehensive
treatment, including chemotherapy, targeted or endocrine therapy, anti-bone metastasis drugs such as
zoledronic acid(11) and other systemic treatments as well as local radiotherapy, radiofrequency(12) and
particle implantation,  in order that the bone metastases can be repaired in time and stabilized for a long
time(13). However, for patients who are not detected in time or receive non-standard therapy, the bone
metastases are not controlled effectively, and they will continue to develop and lead to the destabilization
of the spine or the formation of masses to compress the surrounding spinal cord and nerve roots. The
corresponding clinical pain, nerve irritation or injury will appear, and these patients often need
surgery (14).

The collaborative departments of MDT for advanced breast cancer in our hospital mainly include breast
medicine, breast surgery, imaging, radiotherapy, intervention, ultrasound and orthopedics. Patients with
breast cancer who are mainly manifested by bone metastasis or who develop bone metastasis during
therapy are promptly entered into multidisciplinary consultation mode(15). Patients are transferred to
orthopedic department when the expert team believes that they will bene�t from surgical intervention.
Patients receive appropriate medical treatment during the perioperative period, such as oral
chemotherapy drugs, endocrine or anti-HER2 targeted therapy that have little impact on surgery, to ensure
tumor control. After the postoperative recovery period of 1-2 weeks, the patients are promptly transferred



Page 4/16

back to the Department of Breast Medicine for further treatment, and all radiotherapy in the operative
area is performed after 1 month postoperatively.

Data were retrieved and screened through medical record system of our hospital. A retrospective study
was conducted on 54 patients with spinal metastases from breast cancer who were operated in our
department. The objectives of this study were to analyze the effect and complications of surgery, to
understand the survival and the in�uencing factors, to verify the predictive accuracy of commonly used
survival assessment systems for patients with spinal metastases. The treatment and prognosis of the
patients are reported as follows.

Methods
1.1 Inclusion and exclusion criteria

Inclusion criteria: pathologically con�rmed breast cancer metastases in spinal metastases; underwent
open spine surgery with general anesthesia from January 2017 to October 2020.

Exclusion criteria: surgical procedure was percutaneous vertebroplasty alone, patients’ status was
survival with less than 1 year of follow-up time, male breast cancer patients, patients with an unclear
pathological diagnosis

1.2 General information

The age of the 54 female patients ranged from 29 to 67 years, with a mean of 51.3 years. The patients'
BMI was 25.1±3.6. General condition of patients: 13 (24.1%)) were good (80-100 points), 27 (50%)) were
moderate (50-70 points)), and 14 (25.9%) were poor (10-40 points) in KPS score system. 28 (51.9%)
patients with scores of 0-2 (less than half of the time spent in bed or wheelchair during a day), 3-4
(greater than half of the time spent in bed or on wheelchair during a day) in 26 cases (48.1%) in ECOG
scoring system.

1.3 Information about breast cancer

All patients had a history of breast cancer, with the radical breast surgery in 47 cases (48.1%), with
positive axillary lymph nodes in 27 cases (50%), and with radiotherapy to the affected breast and axillary
area in 19 cases (35.2%). Pathological result of breast cancer: ER positive in 40 cases (75.9%), PR
positive in 31 cases (59.3%), her-2 positive in 15 cases (27.8%), and triple negative breast cancer in 6
cases (11.1%).

1.4 The occurrence of viscera and spinal metastases 

The metastasis of organs included no visceral metastasis in 28 cases (51.9%), combined lung or liver
metastasis in 26 cases (48.1%), combined brain metastasis in 6 cases (11.1%).
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Extra-spinal bone metastases included no extra-spinal bone metastases in 15 cases (27.8%), 1-2 bone
metastases in 10 cases (18.5%), and 3 or more metastases in 29 cases (53.7%).

Spinal metastases included single vertebra in 12 cases (22.2%), two vertebrae in 1 case (1.9%), three or
more vertebrae in 41 cases (75.9%).

Others included pathological fracture occurred in 27 cases (50%), preoperative radiotherapy of the
diseased vertebrae was performed in 3 cases (5.5%), with a total radiotherapy measurement of 30
Gy/vertebral segment.

1.5 Preoperative neurological impairment status

According to Frankel's classi�cation, 29 cases (53.7%) were graded E, 17 cases (31.5%) were graded D, 7
cases (13%) were graded C, and 1 case (1.9%) was graded B.

1.6 Indications for surgery

Severe pain not relieved by medication (VAS score ≥7) and impaired neurological function (Frankel
classi�cation ≤D). Imaging manifestations of spinal instability or dural sac and spinal cord
compression. Among them, spinal instability using a SINS score(16)of more than 12 as the primary
indication for internal �xation. ESCC (Spinal Dural Compression Index) (17) was used for spinal dural sac
compression, where grade 3 was the main indication for spinal decompression and grade 2 was the
relative indication.

1.7 Surgical modality

The surgeries were all performed under general anesthesia. Tumor location was cervical spine in 1 case
(1.9%), thoracic spine in 24 cases (44.4%), lumbosacral spine in 16 cases (29.6%), and two or more
vertebrae in 13 cases (24.1%). 21 cases (38.9%) underwent piecemeal curettage of vertebrae, 32 cases
(59.3%) underwent canal palliative decompression, one case (1.9%) underwent total vertebral en bloc
resection. 36 cases (66.7%) had internal �xation, and 18 cases (33.3%) had non-internal �xation.
Vertebral reconstruction methods were included titanium cage in 16 cases (29.6%), bone cement �lling in
4 cases (7.4%), and allograft bone column in 2 cases (3.8%). The operative time was 229.3±87.6 minutes,
and the intraoperative bleeding was 1018.1±931.1 ml.

1.8 Postoperative therapy and follow-up

Drain tubes were removed when the drainage was less than 30ml/day. Patients recovered for 1-2 weeks
after surgery. After that, they were transferred to internal medicine for further treatment.

Different therapies were adopted according to the pathology of spinal metastases. Zoledronic acid was
used regularly after operation. Appropriate radiotherapy at a dose of 30 Gy added to the operative area 1
month after surgery.
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Follow-up was performed every 3 months, and radiographs and, if necessary, MRI of the operative area
were performed to assess internal �xation complications and the presence of tumor recurrence.

1.9 Data collection and statistical analysis

Statistical analysis of general information such as gender, age, and diseased vertebrae, preoperative
assessment information such as Tomita score, operation-related information such as operation and
bleeding, �xed segment, and vertebral reconstruction method, e�cacy-related information such as the
degree of pain relief and neurological function recovery, and postoperative follow-up indicators such as
survival time and postoperative complications, were collected and analyzed using R language (version
4.0.3 ). The Kaplan-Meier method was used for survival analysis, and the log-rank method was used for
univariate analysis of prognostic factors, and p value of less than or equal to 0.05 were included in the
multifactorial Cox model. The Tomita score(18), modi�ed Tokuhashi score(19), modi�ed Bauer score(20),
modi�ed Katagiri score(21) were examined by plotting the receiver operating characteristic curve (ROC)
and calculating the area under curve (AUC). The ability of the SORG original version, SORG line graph
version(22), and SORG web version(23) to predict 1-year survival. Yordon index(24) was used to
determine the best threshold value of each scoring system. P<0.05 was the criterion for statistical
signi�cance of difference.

Results
2.1 Surgical e�cacy and occurrence of surgical complications

Surgical e�cacy included postoperative pain of patients decreased from 7.25±1.84 points preoperatively
to 2.73±1.62 points postoperatively and Frankel's classi�cation returned to D-E at 3-12 months
postoperative follow-up.

Short-term complications (within 3 months) included cerebrospinal �uid leak in 7 cases, super�cial
infection in 2 cases, and aggravated spinal cord injury (SCI) in 2 cases.

Long-term complications (greater than 12 months) included tumor recurrence in 1 case, �xation broken in
1 case, tumors progressing of other vertebral segments requiring surgery in 3 cases.

2.2 Survival curves and affected factors

The survival rate was 90.7% at 6-month, 77.8% at 1-year and 60.3% at 2-year of following up. Mean
survival time was 32.2 months, with the median survival time of 33.6 months (see Fig. 1). Univariate
analysis (see Table. 1) showed that patients with neurological de�cits (Frankel grades A-D) preoperatively
had a worse prognosis than those without neurological de�cits (Frankel grade E) (P=0.046). Hormone-
sensitive breast cancer had a better prognosis than hormone-insensitive (P=0.056). And patients with
brain metastases had a worse prognosis than those without brain metastases (P=0.028). Multifactorial
analysis (see Table. 2 and Fig. 1) showed that hormone therapy insensitivity (P=0.041) and concomitant
brain metastases (P=0.016) were independent risk factors for poor patient prognosis, with relative risk
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ratios of 1.677 (with 95% con�dence interval of 1.021-2.756) for hormone therapy insensitivity and 3.550
(with 95% con�dence interval of 1.266-9.957).

2.3 Predictive power of various survival prediction models for 1-year survival of patients

By calculating the area under the curve (see Fig. 2), the SORG web version had the best predictive power
(AUC=0.776, P=0.004), followed by the SORG column line graph version (AUC=0.728, P=0.017) and the
original SORG version (AUC=0.713, P=0.025), the modi�ed Katagiri score (AUC = 0.699, P=0.037) and
modi�ed Tokuhashi score (AUC=0.683, P=0.056) had fair predictive power. Tomita score (AUC=0.576,
P=0.423) and modi�ed Bauer score (AUC=0.573, P=0.441) had poor predictive power. The best critical
values for predicting 1-year survival were obtained for different scoring systems by using the Yordon
index, with a Tomita score of 3.5, a modi�ed Tokuhashi score of 10.5, a modi�ed Bauer score of 2.5, a
modi�ed Katagiri score of 4.5, and a SORG original score of 5.5. SORG column line graph version was
266.9 points, and SORG web version was 1-year survival probability 0.52.

Discussion
The common metastatic sites of breast cancer are lung, liver, bone, brain and lymph nodes, among which
bone metastasis has about the third highest incidence, accounting for about 70% of(25)patients. With the
continuous improvement of molecular and genetic diagnosis of breast cancer, the therapy methods are
gradually diversi�ed, the survival time of patients is improving, which reached about 3-5(26, 27) years
now. The breast cancer is becoming a chronic disease, and the incidence of bone metastasis is
increasing year by year. In our hospital, the main treatment for bone metastasis from breast cancer is
based on chemotherapy, local radiation or radiofrequency therapy, and the regular use of zoledronic acid
or denosumab. New bone formation and remodeling can be seen in most effective therapy patients. 

Spine is a common site of bone metastasis in breast cancer, and the main indications for surgical
treatment include pathological fracture of the spine and severe spinal instability with a SIN score of more
than 12. The patient shows signi�cant pain when changing position, which affects daily life. Another
indication is spinal cord or nerve root compression. Patients exhibited numbness, weakness or radiating
nerve pain in the affected limb. Spinal cord and dural compression are assessed by the ESCC
compression index, and grade 2-3 compression is the main indication for surgery. However, it has been
found that there is no absolute relationship between the severity of spinal cord compression and
symptoms of neurological injury.

Operation opportunity is di�cult to select. Except for severe nerve pain (VAS score ≥8) or nerve injury
(Frankel grade A-D) that requires time-limited or emergency spinal decompression surgery, all patients in
our institution can be treated conservatively with medicine, effective restriction of spinal activity and
weight bearing, and regular assessment of the e�cacy of the affected vertebrae. For patients with
effective therapy, palliative treatment such as local radiation or radiofrequency can be added. For
patients with ineffective therapy, timely surgical intervention is required, and postoperative local radiation
therapy is needed to achieve better local control.
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At present, the main surgical procedures include percutaneous puncture vertebroplasty(28) and vertebral
decompression, �xation with or without vertebral reconstruction(17). For patients with spinal instability
and pathological fracture, simple cement augment of vertebral body can be performed. Patient's
mechanical pain can be signi�cantly relieved after surgery. For patients with spinal cord or dural and
nerve root compression, the tumor mostly locates on one side of the vertebral arch and adjacent vertebral
bodies or appendix, tumor curettage around that arch with decompression of dural and nerve root is the
main steps of surgery. For tumors located appendix of vertebrae, the surgical procedure is just
decompression of the spinal canal. For both vertebral body and appendix involvement, 360-degree
decompression around the dural sac and spinal cord, especially debride tumor close to the posterior
longitudinal ligament, is the key steps of surgery. The decompression can provide effective space for
high-dose radiotherapy (SRS) (29) postoperatively. For solidary spinal metastasis, en bloc resection of the
vertebra is feasible. We reconstruct the vertebral defects with titanium mesh �lled with allogeneic bone
particles, allograft or cemented columns in different patients. The internal �xation generally includes the
upper and lower 2-3 vertebral segments of the surgical vertebra.

The main complication of surgery was cerebrospinal �uid leakage in 7 cases (13%), which may be related
to the serious adhesion of the tumor to the nerve roots and dura mater, and the tearing during operative
separation. The serious complication of surgery was postoperative paraplegia or aggravation of spinal
cord injury, with a total of 2 cases (3.7%). This was mainly due to the severe compression of the spinal
cord, spasm of the vessels to the spinal cord, and ischemia-reperfusion injury of the spinal cord caused
by surgical decompression. In one of the patients, the muscle strength of the limb had recovered to grade
3-4 within 2 weeks after surgery, while the other patient regained the ability to walk for about 12 months
after surgery. Another complication is the progression of other vertebral segmental tumors and the need
for surgery in 3 cases (5.56%) in this group. This is mainly due to the fact that spinal metastases often
manifest as simultaneous or sequential onset in multiple segments, thus requiring timely judgment and
management of the symptomatic vertebrae. However, due to the heterogeneity of the tumor, non-
symptomatic vertebrae can develop into symptomatic vertebrae and require surgical intervention. Other
complications included 2 cases of super�cial infection, 1 case of tumor recurrence (1.9%, who refused
further medical treatment after surgery), and 1 case of �xation broken. The overall postoperative
complication rate was approximately 30%.

This study showed that the 1- and 2-year postoperative survival rates of the 54 patients were 77.8% and
60.3%, respectively. The main factors affecting the patients' postoperative survival were whether the
breast cancer was hormone-sensitive, whether it was accompanied by brain metastases, and whether it
was accompanied by neurological de�cits. Insensitivity to hormone therapy and concomitant brain
metastases were independent risk factors for poor prognosis. This is consistent with the results of other
previous studies, such as type of pathology, visceral metastases, brain metastases, and preoperative
patient's ability to walk as the main factors affecting survival and prognosis of spinal metastatic
patients (26, 27, 30). Since this study is a retrospective study, selection bias is inevitable in enrolled
patients, such as the choice of surgical and other therapy modalities need to be considered based on
patient's physical condition, �nancial ability, and the surgical e�cacy and over survival can be affected.
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Preoperative evaluation of patient survival is often required for spinal metastases to decide whether to
operate and the types of operation. Surgery is only considered for patients with an overall survival period
greater than 3 months, and extensive or radical tumor resection is considered for survival greater than 6-
12 months. In this paper, we retrospectively validated the currently commonly used survival scales.  We
enrolled 49 cases who had a useful data of survival for 1 year assessment. As we know, survival time
exceeded 1 year was also a commonly used marker to determine whether patients with spinal
metastases achieved long-term survival. The results showed that the SORG web version had the best
predictive ability, followed by the SORG line graph version and the SORG original version, the modi�ed
Katagiri score and the modi�ed Tokuhashi score had fair predictive ability, and the Tomita score and the
modi�ed Bauer score had poor predictive ability, and the assessment results were similar to the study by
Ahmed et al(24). The Tomita score and modi�ed Bauer score included only three and four variables,
respectively, which may have contributed to their poor predictive power. In contrast, the modi�ed
Tokuhashi score including general status and neurological function assessment, and the modi�ed
Katagiri score distinguished whether breast cancer was sensitive to hormonal therapy and incorporated
assessment of laboratory indicators, which somewhat improved its predictive power. The results of this
study showed that the three scoring systems of the SORG series had the best predictive ability, probably
because of their emphasis on brain metastasis on top of overall visceral metastasis, which was the
strongest independent risk factor in the multifactorial analysis of this study (HR=3.550). The model of the
SORG web version used advanced machine learning methods and incorporated a large number of
assessment variables, so it demonstrated a better predictive performance. Therefore, the use of a newer
predictive scoring system for preoperative survival assessment should be considered when we make
treatment plans, especially when more aggressive surgical strategies are proposed. 

With the invention of some new drugs, such as CDK4/6 inhibitors, PARP inhibitors, anti-PD-1 and other
immunomodulators (31), the bone metastases from breast cancer can be more effectively and long-term
controlled. The indications for surgery will be gradually reduced and the surgical e�cacy will be
enhanced. It is believed that minimally invasive spinal decompression and separation surgery with or
without �xation will gradually become the main surgical methods in the future. 

In conclusion, surgery of spinal metastasis from breast cancer has good e�cacy, low postoperative
recurrence rate, and relatively long survival time. Patients with hormone-insensitive type and with brain
metastasis have poor prognosis. SORG webpage can predict patients' 1-year survival after surgery more
accurately.
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Tables
Table 1. Univariate COX regression analysis in 54 cases.
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Variables Number of cases P

Age

<60 years / ≥60 years 45/9 0.596

BMI 

<28 / ≥28 11/43 0.435

Previous radical breast cancer surgery

Yes / no 47/7 0.681

Pathological fracture

Yes / no 27/27 0.615

Preoperative ECOG

1-2 points / 3-4 points 28/26 0.604

Pre-operative Frankel classi�cation

E / A-D 29/25 0.046*

Type of pathology

hormone sensitive / hormone insensitive 44/10 0.056*

Visceral metastasis

Yes / no 27/27 0.347

Brain metastases

Yes / no 6/48 0.028*

Spinal metastases

single vertebral segment / multiple vertebral segments 12/42 0.780

Preoperative spinal radiotherapy

Yes / no 3/51 0.882

Preoperative systemic therapy

Yes / no 45/9 0.568

Mode of resection

partial or total laminectomy / vertebral resection  22/32 0.996

Intraoperative bleeding

<800ml / ≥800ml 26/28 0.992
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Perioperative blood transfusion

Yes / no 20/25 0.810

*Variables with p-values less than 0.05 were included in the multifactorial analysis

 

Table 2. Multifactorial COX regression analysis in 54 cases

Variables HR (95% CI) P

Preoperative Frankel classi�cation

E / A-D 2.278 (0.961-5.399) 0.062

Type of pathology

hormone sensitive/hormone insensitive 1.677 (1.021-2.756) 0.041*

Brain metastases

yes/no 3.550 (1.266-9.957) 0.016*

Figures
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Figure 1

Survival of 54 patients and the in�uence factors analysis by Kaplan-Meier method and log-rank test.
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Figure 2

Receiver operating characteristic curve (ROC) of different score system.


