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CLINICAL INVESTIGATION
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ABSTRACT

Objectives: Stereotactic radiosurgery (SRS) is part of the multimodality treatment for patients with
cancer. The objective of this study is to determine factors which influence overall survival (0S) of
Filipino patients who underwent SRS for metastatic tumors of the spine.

Methods: This is a retrospective analysis of a cohort of Filipino patients treated with spine SRS for
metastatic tumors in a single institution. Putative predictors were determined by the institution’s spine
SRS team and described in the cohort. A Cox proportional hazards regression model was utilized to
construct a model based on the predictors determined by the institution’s spine SRS team.

Results: A total of 51 consecutive patients with 68 spine metastases were treated with SRS at our
institution. The median OS was 13.1 months (95% Cl of 7.1 to 19.1). On multivariate analysis, significant
predictors that are associated with OS were visceral tumor origin (adjusted HR: 3.08, 95% Cl of 1.24 to
7.64, p=0.015) and cardiovascular disease (adjusted HR: 2.50, 95% ClI of 1.04 to 5.94, p = 0.039) with
dose and number of fractions as co-variates [Model Wald »? (5, N = 51) = 11.11 (p = 0.049)].

Conclusion: The presence of visceral tumor origins and cardiovascular disease are independent
factors that are associated with lower overall survival in Filipino patients with spine metastasis
treated with SRS.

Keywords: Stereotactic radiosurgery, spine metastasis, cardiovascular disease, visceral tumor
origin, overall survival
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INTRODUCTION

Spine metastasis occurs in more than 40% of dissemi-
nated cancers and this occurs mostly in the bony com-
ponents. The incidence of spine metastasis is expected
to rise due to improved therapy of cancer that prolongs
patient survival [1], hence the potential challenges to
its management should be realized. The most common
histologic origins are the breast, prostate, and lung can-
cer [2], while visceral tumor origins include the lungs,
pleura, liver and the rest of the gastrointestinal tract.
Studies on survival after spine metastasis have shown
through recursive partitioning analysis that Karnofsky
Performance Status Scale (KPS), control of primary
tumor, and visceral metastases are predictors for sur-
vival [3]. The regional or local management of spine
metastasis include surgery and radiotherapy [4]. Surgery
is mainly indicated for obtaining tissue samples, spine
stabilization, and immediate decompression. However,
surgery may not be applicable for patients with poor
medical conditions, limited life expectancies, and exten-
sive spinal involvement. Spine Stereotactic Radiosurgery
(SRS) may be offered to this subset of patients because if
can be used safely and effectively [5,6].

Our institution is the only institution in the Philip-
pines to offer spine SRS. The patients undergoing this
procedure have a median Overall Survival (OS) of 16
months and a progression-free survival (PES) of 13
months [7]. To date, no studies have been performed
to determine factors that influence OS in Filipinos with
spine metastasis treated with SRS. This study aims to
determine these significant predictors to help in risk
estimation and in improvement of management proto-
cols and patient care.

MATERIALS AND METHODS

Study population

We studied 51 consecutive patients treated with SRS
for spine metastasis (average age was 59.7 + 13.9 years
and 22 were women and 29 were men). Treatment with
spine SRS was initiated only after approval of the institu-
tion’s spine SRS team which was composed of Neurosur-
geons, Neuro-Oncologists, Radiation Oncologists, and
Medical Physicists. The patients should have the follow-
ing criteria to be treated with SRS: 1) spine metastasis by
histopathology and imaging using Magnetic Resonance
Imaging (MRI), Computed Tomography (CT), or Posi-
tron Emission Tomography (PET); 2) localized spine
metastasis at 1 to 3 sites with a maximum involvement of
2 contiguous vertebral bodies; 3) numerical rating scale
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for pain > 5/10; 4) mild to moderate neurologic signs
(e.g. radiculopathy, dermatomal sensory change, manual
motor strength < 4/5 (problems with ambulation for the
lower extremity and arm-raising and finger function for
the upper extremity)); 5) paraspinal mass with at least a
3 mm gap from the spinal cord; and 6) paraspinal mass
with the spine metastatic tumor that is less than 5 cm in
its largest diameter. Pediatric patients below 18 years of
age and pregnancy during the time of treatment were not
treated with spine SRS.

Radiosurgery technique

These patients underwent either a single- or multi-
ple- fraction SRS treatment procedure. For single frac-
tion treatment, median doses for the planned target
volumes were usually 16 Gy [13 to 18 Gy]. For 3 to 5
fraction treatment procedures, median doses were usu-
ally 3 fractions of 9 Gy each (27 Gy total) or 5 fractions
of 7 Gy each (35 Gy total). The decision for fractiona-
tion and dose was based on the tumor volume, prox-
imity to the spinal cord and other organs-at-risk, and
previous radiotherapy, congruent with Zeng et al. [8].
The number of isocenters/spinal levels treated for a
patient ranged from one to three. All treatment plans
were reviewed retrospectively.

Factors

Variables considered by the institution’s spine SRS
team in the analysis of factors associated with OS
included the following: KPS < 80, Cardiovascular Dis-
ease (CVD), Diabetes Mellitus (DM), primary tumor
control, chemotherapy, extraspinal metastasis, previous
extraspinal Radiation Therapy (RT), history of spine
surgery, vertebral compression fracture, pain, motor
deficit, sensory deficit, visceral origin, gross tumor vol-
ume (GTV), dose, number of fractions, and the interac-
tion term of dose*fractions.

The patient’s medical history (medical, oncologic,
and spine), initial KPS and Eastern Cooperative Oncol-
ogy Group (ECOG) Performance Status score, tumor
characteristics (primary control and visceral origin),
and symptoms (pain and motor/sensory deficits were
collected from medical records written by the treating
physicians before spine SRS. Treatment data were col-
lected from the institution’s spine SRS database. Overall
survival data were collected from the database and hos-
pital/clinic medical records. The patients who were alive
during follow-up were censored during analysis. Strict
patient confidentiality was maintained throughout in all
stages of the study. Only the investigators were allowed
to gather patient data and analyze patient records.
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Sample size and missing data

The values for effect size, accrual time, and accrual
patterns were taken from Mariano et al. to compute for
the sample size requirement of this study [3]. A two-
sided Log-Rank test with an overall sample size of 50
subjects achieved a 90.3% power at an alpha set at 0.05,
with a hazard ratio (HR) of 1.7. The study was expected
to last for 8 time periods of which subject accrual was
expected to occur in the first time period. No subjects
were expected to drop out. Complete case analysis was
used if there were any missing data.

Statistical analysis

Categorical variables were presented as counts (per-
centages) and continuous variables were described
using measures of central tendency depending on the
normality of data using the Shapiro-Wilk test. Kaplan-
Meier survival analysis was used to estimate OS. Cox
proportional hazards regression analysis was performed
to assess the relationship between each variable and
OS. Variables in the final model were selected accord-
ing to a stepwise method and those deemed to have
clinical importance by the authors were included. To
determine the independent factors affecting overall
survival, hazard ratios were evaluated after adjustment
for other factors. All tests were two-sided and p values
were considered significant if they were less than 0.05.
Analysis was performed using SPSS version 26.0 sta-
tistical software.

RESULTS

Patient characteristics

The clinical data for these 51 patients with spine
metastasis were summarized in Table 1. Fifty-one
consecutive patients with spine metastasis (22 female
and 29 male ranging from 23 to 85 years [59.7 £ 13.8
years]) underwent spine SRS at our institution. The
median ECOG Performance Status grade was 2. The
median KPS score was 80 [50 — 90]. Many of patients
with co-morbidities had CVD (35.3%) and DM (15.7%)
(Table 1). The predominant histological diagnoses were
lung (21.6%) and prostate (13.7%), in accordance with
the study by Lun et al. [9]. Twenty-one patients did
not have extraspinal metastasis. The bone (31.4%) and
brain (11.8%) were the most common sites of extraspi-
nal metastasis. Seventeen patients (33.3%) were given
extraspinal RT. The most common sites of RT prior to

Table 1. Patient demographics, disease
characteristics, and treatment findings

Parameter Value
Age (years) 59.7+13.9
Sex
Female 22 (43.1%)
Male 29 (56.9%)
ECOG 2.00 [IQR 1-3]
KPS 80 [IQR 50-90]

Medical history

Cardiovascular disease 18 (35.3%)

Diabetes mellitus 8 (15.7%)
Oncologic history

Primary tumor control 21 (41.2%)

Chemotherapy 21 (41.2%)

Radiotherapy 17 (33.3%)
Spine history

Surgery 16 (31.4%)

VCF 14 (27.5%)
Symptoms

Pain 31 (60.8%)

Motor deficit 14 (27.5%)

Sensory deficit 6 (11.8%)
Visceral origin 28 (54.9%)
GTV (mL) 43.1 [IQR 14.0-80.7]
Dose (Gy) 16 [IQR 15-24]

Fractions (no.) 1[IQR 1-3]

SRS were bone (29.4%) and head and neck (17.6%).
Twenty-one (41.2%) patients received chemotherapy
(Table 1).

Spine SRS treatment

The objective of treatment was palliation in 14
(27.5%) patients. The number of isocenters treated in
a patient ranged from one to three. Majority of patients
(74.5%) had one isocenter, twelve (23.5%) had two
isocenters, and one (2.0%) had three isocenters. A total
of 68 spine metastases were treated in our sample. The
most common isocenters were located in the thoracic
(55.9%) and lumbar (22.1%). According to Spine Insta-
bility Neoplastic Score (SINS) classification [10] on
location, most spine metastases were either junctional
(39.7%) or semi-rigid (38.2%). The most common
histological diagnoses were small cell lung carcinoma
(19.1%), prostate adenocarcinoma (13.2%) and breast
carcinoma (11.8%). Sixty (88.2%) of the lesions were
deemed sensitive to radiation.

The average GTV was 34.98 mL [0.6 — 192.3]. Thirty-
nine (76.5%) underwent single fraction treatment, hence
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bringing down the average dose to 16 Gy [8 — 35]. Sin-
gle-fraction and five-fraction SRS were used to treat 52
(76.5%) and 10 (14.7%) lesions respectively. Average
GTV for single-fraction and five-fraction SRS were 30.8
[0.6 — 192.3] and 66.2 [19.2 — 157.7] respectively. Aver-
age doses for single-fraction and five-fraction SRS were
16 Gy [8 —24] and 27.5 Gy [22.5 — 35.0] respectively.

Overall survival

The follow-up period ranged from 1 to 69 months.
The median OS of patients who underwent spine SRS
was 13.1 months (95% CI of 7.1 to 19.1) (Figure 1).
Thirty (58.8%) patients died during the study period.
The most common causes of death were acute respira-
tory failure (9/30), septic shock (6/30), and primary
tumor progression in nine (30.0%), six (20.0%), and
five (16.7%) patients, respectively.

On univariate analysis (Table 2), significant pre-
dictors were visceral tumor origin (HR: 2.477, 95%
CI of 1.108 to 5.539, p = 0.027) and dose (HR: 1.001,
95% CI of 1.000 to 1.001, p = 0.040). On multivari-
ate analysis (Table 3), a model (Wald x* (5, N=51) =
11.11 (p = 0.049)) was created where visceral tumor
origin (HR: 3.077, 95% CI of 1.239 to 7.643, p =
0.015) and cardiovascular disease (HR: 2.495, 95%
CI of 1.048 to 5.938, p = 0.039) were independently
associated with OS. Other covariates included in the
model were dose (p = 0.188), number of fractions
(p = 0.978), and the interaction term, dose*fractions
(p = 0.702). Survival functions adjusted for covari-
ate means were created to aid risk stratification for
patients in Figures 2 and 3.

DISCUSSION

Visceral tumor origin was found to be an inde-
pendent factor influencing OS in our study and this
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Figure 1. OS from time of SRS.
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Table 2. Factors influencing survival
(univariate analysis)

Parameter HR 95% CI p Value
KPS < 80 0.715 0.348-1.472 0.363
CVvD 0.730 0.352-1.512 0.396
DM 1.686 0.713-3.986 0.234
Primary tumor control  0.682 0.321-1.448 0.319
Chemotherapy 1.674 0.810-3.458 0.164
Extraspinal metastasis 1.467 0.691-3.115 0.319
Previous extraspinal 0.813 0.354-1.864 0.624
RT

Spine surgery 0.931 0.439-1.972 0.852
VCF 1.048 0.446-2.459 0.915
Pain 1.688 0.787-3.620 0.179
Motor deficit 1.409 0.680-2.919 0.179
Sensory deficit 0.809 0.243-2.696 0.730
Visceral origin 2477 1.108-5.539 0.027
GTV (mL) 1.003 0.996-1.010 0.475
Dose (Gy) 1.001 1.000-1.001 0.040
Fractions (no.) 1.153 0.918-1.449 0.222
Dose*Fractions 1.000 1.000-1.000 0.129

Table 3. Factors influencing overall survival
(multivariate analysis)

Parameter Adjusted HR  95% CI  p Value
Visceral origin 3.077 1.239-7.643 0.015
CVD 2.495 1.048-5.938 0.039
Dose (Gy) 1.002 0.999-1.004 0.188
Fractions (no.) 1.022 0.208-5.035 0.978
Dose*Fractions 1.000 0.999-1.001 0.702
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Figure 2. Survival function of patients with and without
visceral tumor origins at mean of covariates.
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Figure 3. Survival function of patients with and without
cardiovascular disease at mean of covariates.

is congruent to results of many studies [1,9,11,12].
The hazard ratio (HR) calculated in our sample is
greater compared to other studies. Although this
may be due to the small sample size of this study,
it should be taken into consideration when advising
patients to undergo SRS. Patients who have non-vis-
ceral tumor origins have the significant advantage
of undergoing SRS over patients who have visceral
tumor origins.

It is interesting to note that CVD is a significant
predictor of decreased OS in our sample. Though most
studies mentioned that majority of patients with spine
metastasis are plagued with cardiovascular co-morbid-
ities such as hypertension and coronary artery disease,
no study has found an association between CVD and
OS. The decreased OS in patients with CVD may have
implications in SRS treatment like radiation induced
heart disease or aggravation of heart disease as cited
by Wang et al. [13]. However, because of our study’s
small sample size, it may be better to verify this with
a prospective study with a greater study population.
For now, it may suffice that thorough cardiopulmonary
pre-SRS risk assessment and Cardiology follow-up
every 3 months be done on Filipino patients under-
going SRS to mitigate modifiable factors for patients
with increased risk for mortality.

Survival functions at means of covariates for both vis-
ceral tumor origins and CVD were constructed to aid in
risk assessment of patients at specific time points. This
may aid in clinical decision making after spine SRS.

CONCLUSION

SRS is a safe and effective treatment for spine metas-
tasis. Filipino patients who are treated with SRS for
spine metastasis at our institution have poorer median
OS if they have CVD and visceral tumor origins.
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