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ABSTRACT

Backround: The present study aimed to determine the frequency of spinal metastases, to evaluate the features of
spinal metastases, and to reveal clues to shed light on the origin of spinal metastases with unknown primary.

Methods: The data of patients who were followed up with the diagnosis of cancer in Istanbul Oncology Hospital

between 2017 and 2019 were analyzed retrospectively. A total of 156 patients with spinal metastases and without visceral
metastases were included in the study by applying inclusion and exclusion criteria. Clinical data, pathological diagnostic
reports, and positron emission tomography-computed tomography results of 156 patients were evaluated. The groups

were evaluated in terms of age, gender, number of spinal metastases (single focus, multiple focus), and localization of
spinal metastasis. The spinal localization evaluation included both the main anatomical localizations and a detailed
evaluation of each spine.

Results: The most common metastasis region was the thoracic spine in respiratory system cancers (28.38%), the
thoracicþ lumbar spine in breast (42.42%), prostate (50.00%), and gynecologic (40.00%) cancers, and the lumbar spine
in gastrointestinal (37.50%) and urinary (30.00%) tract cancers (P ¼ .313). C5 spinal metastasis percentages were

significantly higher in breast and gastrointestinal tract cancers than the others (P ¼ .042). T5 spinal metastasis
percentage was significantly higher in gynecologic tumors than in the other cancers (P ¼ .002). T10 spinal metastasis
percentages were significantly higher in prostate and gynecologic tumors than the others (P¼ .016). L1 spinal metastasis
percentage was significantly higher in breast tumors (P ¼ .009). L2 spinal metastasis percentages were significantly

higher in breast, prostate, and gynecologic tumors (P¼ .011). L4 spinal metastasis percentages were significantly higher
in breast and prostate tumors (P¼ .041). L5 spinal metastasis percentage was significantly higher in prostate tumors (P
¼ .029) than the other cancers.

Conclusions: It was observed that primary cancers were often prone to metastasis to nearby spine. The results
obtained by detailed examination of spinal metastases may provide a clinical benefit by providing clues in investigation
of primary unknown cancers.

Level of Evidence: 3.

Tumor

Keywords: spine, bone, metastases, cancer, unknown

INTRODUCTION

The skeleton is the most common region where
primary cancers metastasize.1 Bone metastasis is
more common than primary bone cancers, especial-
ly in adults.2 Although the overall incidence of bone
metastases is unknown, publications show bone
metastasis occurs in two-thirds of primary cancer
patients.3,4 Breast, prostate, and lung cancers are
responsible for 80% of bone metastasis due to their
high prevalence.5,6

The spine is the most common site of bone
metastasis.7–9 About 70% of patients with cancer
may develop spinal metastasis, and 20% of them
often suffer from neurological deficits.10,11 In these
patients, 10% of spinal cord compression can
develop, and surgical decompression may be needed
with or without stabilization.10,12 Bone metastases

are the main cause of morbidity. They can cause

severe pain, especially at night, decreased mobility,

pathological fractures, spinal cord compression,

bone marrow aplasia, and hypercalcemia.13–15

Primary cancer-to-bone metastasis occurs

through systemic blood circulation or vertebral

venous plexus.7–9 While overall bone metastases,

especially extremity and visceral metastases, occur

by bloodstream spread, diffusion from the venous

system is the main process of spinal metastases.16–18

The vertebral venous plexus is a valveless network

system of veins extending from the cranium to the

pelvis.16 Many studies exist on the effects of

systemic blood circulation on bone metastasis, but

few studies have examined the effects of the

vertebral venous plexus on bone metastasis.16,18,19
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This study, in which visceral and extremity

metastases occuring through blood circulation were

not included, was carried out both to evaluate the

features of spinal metastases and to reveal clues to
shed light on the origin of spinal metastases with

unknown primary.

MATERIAL AND METHODS

Patient Selection and Evaluation

The data of patients who were followed up with

the diagnosis of cancer in Istanbul Oncology

Hospital between 2017 and 2019 were analyzed

retrospectively. Performance of 18F-fluoro-2-deox-

yglucose (FDG) positron emission tomography-
computed tomography (PET-CT), diagnosis of

spinal metastasis, and complete data and contact

information were determined as inclusion criteria.

Exclusion criteria were determined as the presence of

more than 1 primary cancer, primary bone cancer, or

visceral or bone metastasis, except spinal metastasis.
With the application of inclusion and exclusion

criteria, 156 patients were included in the study.

The clinical data of 156 patients were analyzed

retrospectively, including demographic characteris-

tics (age, gender), pathological diagnostic reports,

and PET-CT results. Primary cancers were divided
into 6 groups as respiratory system cancers (lung

cancer, nasopharyngeal cancer), breast cancer,

gastrointestinal tract cancers (gastric cancer, pan-

creatic cancer, colon cancer, rectum cancer), urinary

tract cancers (renal cancer, bladder cancer), prostate
cancer, and gynecological cancers (endometrial

cancer, cervical cancer, vagina cancer; Table 1).

The groups were evaluated in terms of age, gender,

number of spinal metastases (single focus, multiple

focus), and localization of spinal metastasis. Spinal
metastasis localization was categorized as cervical,

thoracic, lumbar, cervical þ thoracic, cervical þ
lumbar, or thoracic þ lumbar þ lumbar spine. In

addition, the metastasis involvement features were

analyzed by anatomically detailing the spine in each

main spinal column (cervical, thoracic, lumbar) as
corpus, posterior, and corpus þ posterior. PET-CT

results of 156 patients were analyzed for distribution

and pattern of spinal metastases.

The study protocol was approved by Yeditepe

University Ethics Committee (1227/21.05.2020).

The study was carried out in accordance with the
principles of the Helsinki Declaration.

PET-CT Imaging and Evaluation

All patients underwent FDG injection after 4 to 6
hours of fasting. PET-CT examination was per-
formed 1 hour after FDG injection. A General
Electric Discovery IQ Gen 2 PET-CT device (New
York, NY) was used for the PET-CT of all patients.
FDG uptake of lesions was evaluated as maximum
standardized uptake value (SUVmax) in the images
evaluated by 2 different nuclear medicine doctors
who did not know the clinical features of the
patients. Increased standardized uptake value
(SUV), osteoblastic, osteolytic, and mixed osteo-
blastic and osteolytic lesions were evaluated as
metastases.

Statistical Analysis

All analyses were performed on SPSS v21 (SPSS
Inc., Chicago, IL). For the normality check, the
Kolmogorov-Smirnov test was used. Data are given
as mean 6 standard deviation for continuous
variables and frequency (percentage) for categorical
variables. Normally distributed variables were
analyzed with independent samples t tests or 1-
way analyses of variance (ANOVAs) depending
upon count of groups. Pairwise comparisons were
performed with the Tamhane test. Categorical
variables were evaluated by using v2 tests or Fisher’s
exact tests. Values of P , .05 were accepted as
statistically significant results.

RESULTS

We included 156 patients (59 females and 97
males) in our study. Mean age was 65.21 6 12.19
(range, 35–96). Males were significantly older than
the females (P ¼ .008; Table 1). The most common
primary cancer was respiratory system cancers
(47.44%) among all patients. The most common
primary cancers were breast (54.24%), respiratory
system (23.73%), and gastrointestinal tract
(10.17%) cancers in females, and respiratory system
(61.86%), prostate (18.56%), and gastrointestinal
tract (10.31%) cancers in males (P , .001). Seventy-
one (73.20%) male patients had multiple metastases,
while 45 (76.27%) female patients had multiple
metastases (P ¼ .812; Table 1). The most common
metastasis region was thoracic þ lumbar spine for
both genders (P ¼ .292; Table 1).

Fifty-three (33.97%) patients had cervical spinal
metastases. Metastasis was most common on C5
(15.38%) among all patients. Ten (6.41%) of them
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Table 1. Summary of patients and metastasis characteristics regarding gender.a

Female (n ¼ 59) Male (n ¼ 97) Total (156) P

Age 61.92 6 13.00 67.22 6 11.28 65.21 6 12.19 .008
Primary tumor
Respiratory system 14 (23.73) 60 (61.86) 74 (47.44) ,.001
Lung 14 (23.73) 59 (60.82) 73 (46.79)
Nasopharyngeal 0 (0.00) 1 (1.03) 1 (0.64)

Breast 32 (54.24) 1 (1.03) 33 (21.15)
Gastrointestinal tract 6 (10.17) 10 (10.31) 16 (10.26)
Gastric 3 (5.08) 4 (4.12) 7 (4.49)
Pancreatic 1 (1.69) 1 (1.03) 2 (1.28)
Colonic 2 (3.39) 3 (3.09) 5 (3.21)
Rectal 0 (0.00) 2 (2.06) 2 (1.28)

Urinary tract 2 (3.39) 8 (8.25) 10 (6.41)
Renal 2 (3.39) 3 (3.09) 5 (3.21)
Urinary bladder 0 (0.00) 5 (5.15) 5 (3.21)

Prostate 0 (0.00) 18 (18.56) 18 (11.54)
Gynecologic 5 (8.47) 0 (0.00) 5 (3.21)
Endometrial 1 (1.69) 0 (0.00) 1 (0.64)
Cervical 3 (5.08) 0 (0.00) 3 (1.92)
Vaginal 1 (1.69) 0 (0.00) 1 (0.64)

Metastasis status
Single 14 (23.73) 26 (26.80) 40 (25.64) .812
Multiple 45 (76.27) 71 (73.20) 116 (74.36)

Region
Cervical 2 (3.39) 2 (2.06) 4 (2.56) .292
Thoracic 9 (15.25) 22 (22.68) 31 (19.87)
Lumbar 8 (13.56) 19 (19.59) 27 (17.31)
Cervical þ thoracic 2 (3.39) 10 (10.31) 12 (7.69)
Cervical þ lumbar 3 (5.08) 2 (2.06) 5 (3.21)
Thoracic þ lumbar 20 (33.90) 25 (25.77) 45 (28.85)
Cervical þ thoracic þ lumbar 15 (25.42) 17 (17.53) 32 (20.51)

Cervical spine 22 (37.29) 31 (31.96) 53 (33.97) .612
C1 5 (8.47) 3 (3.09) 8 (5.13) .156
Corpus 2 (3.39) 2 (2.06) 4 (2.56)
Posterior 1 (1.69) 0 (0.00) 1 (0.64)
Corpus þ posterior 2 (3.39) 1 (1.03) 3 (1.92)

C2 4 (6.78) 8 (8.25) 12 (7.69) 1.000
Corpus 2 (3.39) 5 (5.15) 7 (4.49)
Posterior 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 2 (3.39) 3 (3.09) 5 (3.21)

C3 11 (18.64) 8 (8.25) 19 (12.18) .076
Corpus 3 (5.08) 3 (3.09) 6 (3.85)
Posterior 1 (1.69) 1 (1.03) 2 (1.28)
Corpus þ posterior 7 (11.86) 4 (4.12) 11 (7.05)

C4 7 (11.86) 9 (9.28) 16 (10.26) .807
Corpus 1 (1.69) 6 (6.19) 7 (4.49)
Posterior 1 (1.69) 1 (1.03) 2 (1.28)
Corpus þ posterior 5 (8.47) 2 (2.06) 7 (4.49)

C5 14 (23.73) 10 (10.31) 24 (15.38) .043
Corpus 3 (5.08) 7 (7.22) 10 (6.41)
Posterior 3 (5.08) 1 (1.03) 4 (2.56)
Corpus þ posterior 8 (13.56) 2 (2.06) 10 (6.41)

C6 7 (11.86) 8 (8.25) 15 (9.62) .643
Corpus 3 (5.08) 5 (5.15) 8 (5.13)
Posterior 2 (3.39) 1 (1.03) 3 (1.92)
Corpus þ posterior 2 (3.39) 2 (2.06) 4 (2.56)

C7 4 (6.78) 15 (15.46) 19 (12.18) .175
Corpus 1 (1.69) 6 (6.19) 7 (4.49)
Posterior 0 (0.00) 6 (6.19) 6 (3.85)
Corpus þ posterior 3 (5.08) 3 (3.09) 6 (3.85)

C8 1 (1.69) 2 (2.06) 3 (1.92) 1.000
Corpus 0 (0.00) 2 (2.06) 2 (1.28)
Posterior 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 1 (1.69) 0 (0.00) 1 (0.64)

Thoracic spine 46 (77.97) 74 (76.29) 120 (76.92) .964
T1 9 (15.25) 15 (15.46) 24 (15.38) 1.000
Corpus 5 (8.47) 10 (10.31) 15 (9.62)
Posterior 0 (0.00) 3 (3.09) 3 (1.92)
Corpus þ posterior 4 (6.78) 2 (2.06) 6 (3.85)
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Table 1. Continued.

Female (n ¼ 59) Male (n ¼ 97) Total (156) P

T2 12 (20.34) 13 (13.4) 25 (16.03) .357
Corpus 7 (11.86) 8 (8.25) 15 (9.62)
Posterior 2 (3.39) 2 (2.06) 4 (2.56)
Corpus þ posterior 3 (5.08) 3 (3.09) 6 (3.85)

T3 12 (20.34) 20 (20.62) 32 (20.51) 1.000
Corpus 6 (10.17) 12 (12.37) 18 (11.54)
Posterior 1 (1.69) 0 (0.00) 1 (0.64)
Corpus þ posterior 5 (8.47) 8 (8.25) 13 (8.33)

T4 11 (18.64) 15 (15.46) 26 (16.67) .768
Corpus 6 (10.17) 11 (11.34) 17 (10.9)
Posterior 3 (5.08) 1 (1.03) 4 (2.56)
Corpus þ posterior 2 (3.39) 3 (3.09) 5 (3.21)

T5 15 (25.42) 12 (12.37) 27 (17.31) .061
Corpus 8 (13.56) 7 (7.22) 15 (9.62)
Posterior 2 (3.39) 1 (1.03) 3 (1.92)
Corpus þ posterior 5 (8.47) 4 (4.12) 9 (5.77)

T6 14 (23.73) 17 (17.53) 31 (19.87) .463
Corpus 11 (18.64) 10 (10.31) 21 (13.46)
Posterior 1 (1.69) 0 (0.00) 1 (0.64)
Corpus þ posterior 2 (3.39) 7 (7.22) 9 (5.77)

T7 18 (30.51) 21 (21.65) 39 (25.00) .294
Corpus 15 (25.42) 14 (14.43) 29 (18.59)
Posterior 0 (0.00) 1 (1.03) 1 (0.64)
Corpus þ posterior 3 (5.08) 6 (6.19) 9 (5.77)

T8 21 (35.59) 18 (18.56) 39 (25.00) .028
Corpus 16 (27.12) 9 (9.28) 25 (16.03)
Posterior 2 (3.39) 0 (0.00) 2 (1.28)
Corpus þ posterior 3 (5.08) 9 (9.28) 12 (7.69)

T9 14 (23.73) 26 (26.80) 40 (25.64) .812
Corpus 13 (22.03) 16 (16.49) 29 (18.59)
Posterior 0 (0.00) 3 (3.09) 3 (1.92)
Corpus þ posterior 1 (1.69) 7 (7.22) 8 (5.13)

T10 19 (32.20) 25 (25.77) 44 (28.21) .495
Corpus 15 (25.42) 11 (11.34) 26 (16.67)
Posterior 0 (0.00) 4 (4.12) 4 (2.56)
Corpus þ posterior 4 (6.78) 10 (10.31) 14 (8.97)

T11 14 (23.73) 25 (25.77) 39 (25.00) .924
Corpus 8 (13.56) 14 (14.43) 22 (14.10)
Posterior 2 (3.39) 1 (1.03) 3 (1.92)
Corpus þ posterior 4 (6.78) 10 (10.31) 14 (8.97)

T12 20 (33.90) 23 (23.71) 43 (27.56) .232
Corpus 8 (13.56) 8 (8.25) 16 (10.26)
Posterior 1 (1.69) 2 (2.06) 3 (1.92)
Corpus þ posterior 11 (18.64) 13 (13.40) 24 (15.38)

Lumbar vertebrae 46 (77.97) 63 (64.95) 109 (69.87) .124
L1 25 (42.37) 21 (21.65) 46 (29.49) .010
Corpus 11 (18.64) 10 (10.31) 21 (13.46)
Posterior 4 (6.78) 3 (3.09) 7 (4.49)
Corpus þ posterior 10 (16.95) 8 (8.25) 18 (11.54)

L2 26 (44.07) 28 (28.87) 54 (34.62) .078
Corpus 12 (20.34) 11 (11.34) 23 (14.74)
Posterior 3 (5.08) 4 (4.12) 7 (4.49)
Corpus þ posterior 11 (18.64) 13 (13.40) 24 (15.38)

L3 27 (45.76) 33 (34.02) 60 (38.46) .196
Corpus 11 (18.64) 18 (18.56) 29 (18.59)
Posterior 4 (6.78) 4 (4.12) 8 (5.13)
Corpus þ posterior 12 (20.34) 11 (11.34) 23 (14.74)

L4 23 (38.98) 30 (30.93) 53 (33.97) .392
Corpus 9 (15.25) 15 (15.46) 24 (15.38)
Posterior 1 (1.69) 3 (3.09) 4 (2.56)
Corpus þ posterior 13 (22.03) 12 (12.37) 25 (16.03)

L5 21 (35.59) 32 (32.99) 53 (33.97) .874
Corpus 10 (16.95) 15 (15.46) 25 (16.03)
Posterior 1 (1.69) 3 (3.09) 4 (2.56)
Corpus þ posterior 10 (16.95) 14 (14.43) 24 (15.38)

aData are given as mean 6 standard deviation for continuous variables and as frequency (percentage) for categorical variables.
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were on corpus, 4 (2.56%) on posterior, and 10
(6.41%) on both. Metastasis was most common on
C5 (23.73%) in females, while most common on C7
(15.46%) in males. C5 spinal metastasis percentage
was significantly higher in females than in males (P
¼ .043; Table 1). No significant differences existed
between genders regarding presence of other cervi-
cal spinal metastases (Table 1).

One hundred and twenty (76.92%) patients had
thoracic spinal metastases. Metastasis was most
common on T10 (28.21%) among all patients.
Twenty-six (16.67%) of them were on corpus, 4
(2.56%) on posterior, and 14 (8.97%) on both.
Metastasis was most common on T8 (35.59%) in
females, while most common on T9 (26.80%) in
males. T8 spinal metastasis percentage was signifi-
cantly higher in females than in males (P ¼ .028;
Table 1). No significant differences existed between

genders regarding presence of other thoracic spinal
metastases (Table 1).

One hundred and nine (69.87%) patients had
lumbar spinal metastases. Metastasis was most
common on L3 (38.46%) among all patients.
Twenty-nine (18.59%) of them were on corpus, 8
(5.13%) on posterior, and 23 (14.74%) on both.
Metastasis was most common on L3 both in females
(45.76%) and in males (34.02%). L1 spinal metas-
tasis percentage was significantly higher in females
(42.37%) than in males (21.65%; P¼ .010; Table 1).
No significant differences existed between genders
regarding presence of other lumbar spinal metasta-
ses (Table 1). Each spinal metastasis is shown in the
Figure.

Patients with prostate cancer were significantly
older than patients with respiratory system, breast,
gastrointestinal tract, and gynecologic cancers (P ¼

Figure. Percentages of each spinal metastasis.

Table 2. Summary of age and metastasis characteristics regarding cancer types.a,b

Respiratory

System

(n ¼ 74)

Breast

(n ¼ 33)

Gastrointestinal

Tract

(n ¼ 16)

Urinary

Tract

(n ¼ 10)

Prostate

(n ¼ 18)

Gynecologic

(n ¼ 5) P

Age 63.82 6 11.26A 62.82 6 14.27A 61.88 6 11.32A 72.10 6 12.11AB 74.67 6 8.95B 64.40 6 4.22A .001
Metastasis status
Single 20 (27.03) 4 (12.12) 8 (50.00) 4 (40.00) 3 (16.67) 1 (20.00) .071
Multiple 54 (72.97) 29 (87.88) 8 (50.00) 6 (60.00) 15 (83.33) 4 (80.00)

Region
Cervical 1 (1.35) 1 (3.03) 1 (6.25) 1 (10.00) 0 (0.00) 0 (0.00) .313
Thoracic 21 (28.38) 3 (9.09) 2 (12.50) 2 (20.00) 2 (11.11) 1 (20.00)
Lumbar 10 (13.51) 3 (9.09) 6 (37.50) 3 (30.00) 4 (22.22) 1 (20.00)
Cervical þ thoracic 7 (9.46) 2 (6.06) 1 (6.25) 2 (20.00) 0 (0.00) 0 (0.00)
Cervical þ lumbar 3 (4.05) 2 (6.06) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Thoracic þ lumbar 17 (22.97) 14 (42.42) 2 (12.50) 1 (10.00) 9 (50.00) 2 (40.00)
Cervical þ thoracic þ lumbar 15 (20.27) 8 (24.24) 4 (25.00) 1 (10.00) 3 (16.67) 1 (20.00)

aData are given as mean 6 standard deviation for continuous variables and as frequency (percentage) for categorical variables.
bSame letters denote the lack of a statistically significant difference between groups.
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.001; Table 2). No significant differences existed
between other cancer types regarding age. Fifty-four
(72.97%) patients with respiratory system cancers
had multiple metastases, while 29 (87.88%) patients
with breast cancer, 8 (50.00%) patients with
gastrointestinal tract cancers, 6 (60.00%) patients
with urinary tract cancers, 15 (83.33%) patients
with prostate cancer, and 4 (80.00%) patients with
gynecologic cancers had multiple metastases (P ¼
.071; Table 2). The most common metastasis region
was the thoracic spine in the respiratory system
cancers (28.38%), the thoracic þ lumbar spine in
breast (42.42%), prostate (50.00%), and gynecolog-
ic (40.00%) cancers, and the lumbar spine in
gastrointestinal (37.50%) and urinary (30.00%)
tract cancers (P ¼ .313; Table 2).

Twenty-six (35.14%) patients with respiratory
system cancers had metastasis on the cervical spine,
while 13 (39.39%) patients with breast cancer, 6
(37.50%) patients with gastrointestinal tract can-
cers, 4 (40.00%) patients with urinary tract cancers,
3 (16.67%) patients with prostate cancer, and 1

(20.00%) patient with gynecologic cancer had
metastases on the cervical spine (P ¼ .613; Table
3). Respiratory system cancer metastasis was most
common on C7 (14.86%). Four (5.41%) of them
were on corpus, 4 (5.41%) on posterior, and 3
(4.05%) on both. Breast cancer metastasis was most
common on C5 (30.30%). Two (6.06%) of them
were on corpus, 3 (9.09%) on posterior, and 5
(15.15%) on both. Gastrointestinal tract cancer
metastasis was most common on C5 (25.00%). One
(6.25%) of them was on corpus, 1 (6.25%) on
posterior, and 2 (12.5%) on both. Urinary tract
cancer metastasis was most common on C5
(20.00%). One (10.00%) of them was on corpus
and 1 (10.00%) on both corpus and posterior.
Prostate cancer metastasis was most common on C4
(16.67%). Two (11.11%) of them were on corpus
and 1 (5.56%) on both corpus and posterior. C5
spinal metastasis percentages were significantly
higher in breast and gastrointestinal tract cancers
than in respiratory system cancers (P ¼ .042; Table
3). No significant differences existed between cancer

Table 3. Summary of cervical spinal metastasis with regard to cancer types.a,b

Respiratory

System

(n ¼ 74)

Breast

(n ¼ 33)

Gastrointestinal

Tract

(n ¼ 16)

Urinary

Tract

(n ¼ 10)

Prostate

(n ¼ 18)

Gynecologic

(n ¼ 5) P

Cervical spine 26 (35.14) 13 (39.39) 6 (37.50) 4 (40.00) 3 (16.67) 1 (20.00) .613
C1 4 (5.41) 3 (9.09) 0 (0.00) 0 (0.00) 0 (0.00) 1 (20.00) .334
Corpus 2 (2.70) 1 (3.03) 0 (0.00) 0 (0.00) 0 (0.00) 1 (20.00)
Posterior 0 (0.00) 1 (3.03) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 2 (2.70) 1 (3.03) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

C2 7 (9.46) 2 (6.06) 1 (6.25) 1 (10.00) 0 (0.00) 1 (20.00) .679
Corpus 4 (5.41) 1 (3.03) 0 (0.00) 1 (10.00) 0 (0.00) 1 (20.00)
Posterior 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 3 (4.05) 1 (3.03) 1 (6.25) 0 (0.00) 0 (0.00) 0 (0.00)

C3 6 (8.11) 9 (27.27) 1 (6.25) 1 (10.00) 2 (11.11) 0 (0.00) .092
Corpus 2 (2.70) 3 (9.09) 0 (0.00) 1 (10.00) 0 (0.00) 0 (0.00)
Posterior 1 (1.35) 1 (3.03) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 3 (4.05) 5 (15.15) 1 (6.25) 0 (0.00) 2 (11.11) 0 (0.00)

C4 6 (8.11) 6 (18.18) 1 (6.25) 0 (0.00) 3 (16.67) 0 (0.00) .367
Corpus 4 (5.41) 1 (3.03) 0 (0.00) 0 (0.00) 2 (11.11) 0 (0.00)
Posterior 1 (1.35) 1 (3.03) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 1 (1.35) 4 (12.12) 1 (6.25) 0 (0.00) 1 (5.56) 0 (0.00)

C5 5 (6.76)A 10 (30.30)B 4 (25.00)B 2 (20.00)AB 2 (11.11)AB 1 (20.00)AB .042
Corpus 3 (4.05) 2 (6.06) 1 (6.25) 1 (10.00) 2 (11.11) 1 (20.00)
Posterior 0 (0.00) 3 (9.09) 1 (6.25) 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 2 (2.70) 5 (15.15) 2 (12.5) 1 (10.00) 0 (0.00) 0 (0.00)

C6 7 (9.46) 4 (12.12) 2 (12.5) 1 (10.00) 1 (5.56) 0 (0.00) .938
Corpus 3 (4.05) 1 (3.03) 2 (12.5) 1 (10.00) 1 (5.56) 0 (0.00)
Posterior 2 (2.70) 1 (3.03) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 2 (2.70) 2 (6.06) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

C7 11 (14.86) 3 (9.09) 3 (18.75) 0 (0.00) 1 (5.56) 1 (20.00) .571
Corpus 4 (5.41) 1 (3.03) 1 (6.25) 0 (0.00) 1 (5.56) 0 (0.00)
Posterior 4 (5.41) 0 (0.00) 2 (12.50) 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 3 (4.05) 2 (6.06) 0 (0.00) 0 (0.00) 0 (0.00) 1 (20.00)

C8 1 (1.35) 1 (3.03) 0 (0.00) 0 (0.00) 1 (5.56) 0 (0.00) .819
Corpus 1 (1.35) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.56) 0 (0.00)
Posterior 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 0 (0.00) 1 (3.03) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

aData are given as mean 6 standard deviation for continuous variables and as frequency (percentage) for categorical variables.
bSame letters denote the lack of a statistically significant difference between groups.
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types regarding presence of other cervical spinal
metastases (Table 3).

Sixty (81.08%) patients with respiratory system
cancers had metastases on the thoracic spine, while
27 (81.82%) patients with breast cancers, 9
(56.25%) patients with gastrointestinal tract can-
cers, 6 (60.00%) patients with urinary tract cancers,
14 (77.78%) patients with prostate cancer, and 4
(80.00%) patients with gynecologic cancers had
metastases on the thoracic spine (P¼ .247; Table 4).
Respiratory system cancer metastasis was most

common on T9 (27.03%). Fifteen (20.27%) of them
were on corpus, 2 (2.70%) on posterior, and 3
(4.05%) on both. Breast cancer metastasis was most
common on T8 (39.39%) and T10 (39.39%). Nine
(27.27%) of the T8s were on corpus, 1 (3.03%) on
posterior, and 3 (9.09%) on both, while 9 (27.27%)
of T10s were on corpus and 4 (12.12%) on both
corpus and posterior. Gastrointestinal tract cancer
metastasis was most common on T3 (31.25%). Four
(25.00%) of them were on corpus and 1 (6.25%) on
both corpus and posterior. Urinary tract cancer

Table 4. Summary of thoracic spinal metastasis with regard to cancer types.a

Respiratory

System

(n ¼ 74)

Breast

(n ¼ 33)

Gastrointestinal

Tract

(n ¼ 16)

Urinary

Tract

(n ¼ 10)

Prostate

(n ¼ 18)

Gynecologic

(n ¼ 5) P

Thoracic spine 60 (81.08) 27 (81.82) 9 (56.25) 6 (60.00) 14 (77.78) 4 (80.00) .247
T1 13 (17.57) 4 (12.12) 3 (18.75) 0 (0.00) 3 (16.67) 1 (20.00) .761
Corpus 9 (12.16) 1 (3.03) 2 (12.50) 0 (0.00) 2 (11.11) 1 (20.00)
Posterior 3 (4.05) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 1 (1.35) 3 (9.09) 1 (6.25) 0 (0.00) 1 (5.56) 0 (0.00)

T2 13 (17.57) 5 (15.15) 2 (12.50) 1 (10.00) 2 (11.11) 2 (40.00) .696
Corpus 10 (13.51) 1 (3.03) 2 (12.50) 0 (0.00) 1 (5.56) 1 (20.00)
Posterior 1 (1.35) 1 (3.03) 0 (0.00) 1 (10.00) 0 (0.00) 1 (20.00)
Corpus þ posterior 2 (2.70) 3 (9.09) 0 (0.00) 0 (0.00) 1 (5.56) 0 (0.00)

T3 18 (24.32) 5 (15.15) 5 (31.25) 1 (10.00) 2 (11.11) 1 (20.00) .546
Corpus 9 (12.16) 2 (6.06) 4 (25.00) 1 (10.00) 1 (5.56) 1 (20.00)
Posterior 1 (1.35) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 8 (10.81) 3 (9.09) 1 (6.25) 0 (0.00) 1 (5.56) 0 (0.00)

T4 11 (14.86) 6 (18.18) 4 (25.00) 0 (0.00) 3 (16.67) 2 (40.00) .417
Corpus 6 (8.11) 3 (9.09) 4 (25.00) 0 (0.00) 3 (16.67) 1 (20.00)
Posterior 2 (2.70) 1 (3.03) 0 (0.00) 0 (0.00) 0 (0.00) 1 (20.00)
Corpus þ posterior 3 (4.05) 2 (6.06) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

T5 8 (10.81)A 7 (21.21)A 4 (25.00)A 0 (0.00)A 4 (22.22)A 4 (80.00)B .002
Corpus 2 (2.70) 3 (9.09) 4 (25.00) 0 (0.00) 3 (16.67) 3 (60.00)
Posterior 0 (0.00) 1 (3.03) 0 (0.00) 0 (0.00) 1 (5.56) 1 (20.00)
Corpus þ posterior 6 (8.11) 3 (9.09) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

T6 9 (12.16) 10 (30.30) 3 (18.75) 2 (20.00) 6 (33.33) 1 (20.00) .215
Corpus 7 (9.46) 7 (21.21) 2 (12.50) 2 (20.00) 2 (11.11) 1 (20.00)
Posterior 0 (0.00) 1 (3.03) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 2 (2.70) 2 (6.06) 1 (6.25) 0 (0.00) 4 (22.22) 0 (0.00)

T7 17 (22.97) 9 (27.27) 3 (18.75) 3 (30.00) 6 (33.33) 1 (20.00) .918
Corpus 14 (18.92) 7 (21.21) 2 (12.50) 2 (20.00) 3 (16.67) 1 (20.00)
Posterior 0 (0.00) 0 (0.00) 0 (0.00) 1 (10.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 3 (4.05) 2 (6.06) 1 (6.25) 0 (0.00) 3 (16.67) 0 (0.00)

T8 15 (20.27) 13 (39.39) 2 (12.50) 1 (10.00) 7 (38.89) 1 (20.00) .110
Corpus 9 (12.16) 9 (27.27) 2 (12.50) 0 (0.00) 4 (22.22) 1 (20.00)
Posterior 1 (1.35) 1 (3.03) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 5 (6.76) 3 (9.09) 0 (0.00) 1 (10.00) 3 (16.67) 0 (0.00)

T9 20 (27.03) 9 (27.27) 1 (6.25) 1 (10.00) 8 (44.44) 1 (20.00) .157
Corpus 15 (20.27) 8 (24.24) 1 (6.25) 1 (10.00) 3 (16.67) 1 (20.00)
Posterior 2 (2.70) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.56) 0 (0.00)
Corpus þ posterior 3 (4.05) 1 (3.03) 0 (0.00) 0 (0.00) 4 (22.22) 0 (0.00)

T10 16 (21.62)A 13 (39.39)AB 2 (12.50)A 1 (10.00)A 9 (50.00)B 3 (60.00)B .016
Corpus 9 (12.16) 9 (27.27) 1 (6.25) 0 (0.00) 4 (22.22) 3 (60.00)
Posterior 3 (4.05) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.56) 0 (0.00)
Corpus þ posterior 4 (5.41) 4 (12.12) 1 (6.25) 1 (10.00) 4 (22.22) 0 (0.00)

T11 17 (22.97) 5 (15.15) 4 (25.00) 2 (20.00) 8 (44.44) 3 (60.00) .113
Corpus 11 (14.86) 1 (3.03) 2 (12.50) 1 (10.00) 4 (22.22) 3 (60.00)
Posterior 3 (4.05) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 3 (4.05) 4 (12.12) 2 (12.5) 1 (10.00) 4 (22.22) 0 (0.00)

T12 17 (22.97) 12 (36.36) 4 (25.00) 2 (20.00) 7 (38.89) 1 (20.00) .593
Corpus 9 (12.16) 3 (9.09) 1 (6.25) 0 (0.00) 2 (11.11) 1 (20.00)
Posterior 1 (1.35) 1 (3.03) 0 (0.00) 1 (10.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 7 (9.46) 8 (24.24) 3 (18.75) 1 (10.00) 5 (27.78) 0 (0.00)

aData are given as mean 6 standard deviation for continuous variables and as frequency (percentage) for categorical variables.
bSame letters denote the lack of a statistically significant difference between groups.
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metastasis was most common on T7 (30.00%). Two
(20.00%) of them were on corpus and 1 (10.00%) on
posterior. Prostate cancer metastasis was most
common on T10 (50.00%). Four (22.22%) of them
were on corpus, 1 (5.56%) on posterior, and 4
(22.22%) on both. Gynecologic cancer metastasis
was most common on T5 (80.00%). Three (60.00%)
of them were on corpus and 1 (20.00%) on
posterior. T5 spinal metastasis percentage was
significantly higher in the gynecologic cancers than
in the other cancers (P ¼ .002), while T10 spinal
metastasis percentages were significantly higher in
the prostate and gynecologic cancers than in the
respiratory system, gastrointestinal, and urinary
tract cancers (P ¼ .016). No significant differences
existed between cancer types regarding presence of
other thoracic spinal metastases (Table 4).

Forty-five (60.81%) patients with respiratory
system cancers had metastases on the lumbar spine,
while 27 (81.82%) patients with breast cancer, 12
(75.00%) patients with gastrointestinal tract can-
cers, 5 (50.00%) patients with urinary tract cancers,
16 (88.89%) patients with prostate cancer, and 4
(80.00%) patients with gynecologic cancers had
metastases on the lumbar spine (P¼ .061; Table 5).
Respiratory system cancer metastasis was most
common on L3 (33.78%). Sixteen (21.62%) of them
were on corpus, 3 (4.05%) on posterior, and 6
(8.11%) on both. Breast cancer metastasis was most
common on L1 (54.55%) and L3 (54.55%). Nine

(27.27%) of L1s were on corpus, 4 (12.12%) on
posterior, and 5 (15.15%) on both, while 7 (21.21%)
of L3s were on corpus, 3 (9.09%) on posterior, and
8 (24.24%) on both. Gastrointestinal tract cancer
metastasis was most common on L4 (43.75%). Four
(25.00%) of them were on corpus and 3 (18.75%) on
both corpus and posterior. Urinary tract cancer
metastasis was most common on L3 (30.00%). Two
(20.00%) of them were on corpus and 1 (10.00%) on
posterior. Prostate cancer metastasis was most
common on L5 (66.67%). Six (33.33%) of them
were on corpus, 1 (5.56%) on posterior, and 5
(27.78%) on both. Gynecologic cancer metastasis
was most common on L2 (60.00%). One (20.00%)
of them was on corpus and 2 (40.00%) on both
corpus and posterior. L1 spinal metastasis percent-
age was significantly higher in breast cancer than in
respiratory system, gastrointestinal tract, urinary
tract, and gynecologic cancers (P¼ .009). L2 spinal
metastasis percentages were significantly higher in
breast, prostate, and gynecologic cancers than in
respiratory system, gastrointestinal tract, and uri-
nary tract cancers (P ¼ .011). L4 spinal metastasis
percentages were significantly higher in breast and
prostate cancers than in respiratory system, urinary
tract, and gynecological cancers (P ¼ .041). L5
spinal metastasis percentage was significantly higher
in prostate cancer than in respiratory system, breast,
gastrointestinal tract, and urinary tract cancers (P¼
.029). No significant differences existed between

Table 5. Summary of lumbar spinal metastasis with regard to cancer types.a

Respiratory

System

(n ¼ 74)

Breast

(n ¼ 33)

Gastrointestinal

Tract

(n ¼ 16)

Urinary

Tract

(n ¼ 10)

Prostate

(n ¼ 18)

Gynecologic

(n ¼ 5) P

Lumbar spine 45 (60.81) 27 (81.82) 12 (75.00) 5 (50.00) 16 (88.89) 4 (80.00) .061
L1 15 (20.27)A 18 (54.55)B 3 (18.75)A 2 (20.00)A 7 (38.89)AB 1 (20.00)A .009
Corpus 9 (12.16) 9 (27.27) 0 (0.00) 1 (10.00) 2 (11.11) 0 (0.00)
Posterior 2 (2.70) 4 (12.12) 0 (0.00) 1 (10.00) 0 (0.00) 0 (0.00)
Corpus þ posterior 4 (5.41) 5 (15.15) 3 (18.75) 0 (0.00) 5 (27.78) 1 (20.00)

L2 21 (28.38)A 16 (48.48)B 4 (25.00)A 0 (0.00)A 10 (55.56)B 3 (60.00)B .011
Corpus 11 (14.86) 8 (24.24) 1 (6.25) 0 (0.00) 2 (11.11) 1 (20.00)
Posterior 3 (4.05) 3 (9.09) 0 (0.00) 0 (0.00) 1 (5.56) 0 (0.00)
Corpus þ posterior 7 (9.46) 5 (15.15) 3 (18.75) 0 (0.00) 7 (38.89) 2 (40.00)

L3 25 (33.78) 18 (54.55) 4 (25.00) 3 (30.00) 9 (50.00) 1 (20.00) .183
Corpus 16 (21.62) 7 (21.21) 2 (12.50) 2 (20.00) 2 (11.11) 0 (0.00)
Posterior 3 (4.05) 3 (9.09) 0 (0.00) 1 (10.00) 1 (5.56) 0 (0.00)
Corpus þ posterior 6 (8.11) 8 (24.24) 2 (12.50) 0 (0.00) 6 (33.33) 1 (20.00)

L4 19 (25.68)A 16 (48.48)B 7 (43.75)AB 2 (20.00)A 9 (50.00)B 0 (0.00)A .041
Corpus 9 (12.16) 6 (18.18) 4 (25.00) 1 (10.00) 4 (22.22) 0 (0.00)
Posterior 3 (4.05) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.56) 0 (0.00)
Corpus þ posterior 7 (9.46) 10 (30.30) 3 (18.75) 1 (10.00) 4 (22.22) 0 (0.00)

L5 22 (29.73)A 12 (36.36)A 4 (25.00)A 1 (10.00)A 12 (66.67)B 2 (40.00)AB .029
Corpus 11 (14.86) 6 (18.18) 0 (0.00) 0 (0.00) 6 (33.33) 2 (40.00)
Posterior 3 (4.05) 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.56) 0 (0.00)
Corpus þ posterior 8 (10.81) 6 (18.18) 4 (25.00) 1 (10.00) 5 (27.78) 0 (0.00)

aData are given as mean 6 standard deviation for continuous variables and as frequency (percentage) for categorical variables.
bSame letters denote the lack of a statistically significant difference between groups.
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cancer types regarding presence of L3 spinal
metastases (Table 5).

DISCUSSION

In this study, clinical data of 156 patients with
isolated spinal metastasis without visceral organ
metastasis were analyzed retrospectively, including
demographic characteristics (age, gender), patho-
logical diagnostic reports, and PET-CT results.
Spinal involvement characteristics of primary can-
cers were evaluated by analyzing both the main
spine structures and specific locations in each.
Although not statistically significant, respiratory
system cancers metastasize to the thoracic spine
(23.38%), breast cancer metastasizes to the thoracic
þ lumbal spine (42.42%), gastrointestinal (37.5%)
and urinary (30%) tract cancers metastasize to the
lumbal spine, and prostate (50.0%) and gynecolog-
ical (40%) cancers metastasize to the thoracic þ
lumbal spine commonly. These statistics suggest
that a primary cancer tends to metastasize to a given
spine section and specific location within. The C5
vertebrawas the most frequently involved spine in
the cervical spine. Respiratory system cancers most
common ly metastasized to the corpus or posterior
of the C4 spine, and prostate cancers metastasized
to the corpus of the C4 spine. Breast and urinary
tract cancers were statistically significantly more
metastasized to the C5 spine than other cancers (P
, .05; Table 3). While breast cancer spread most
commonly to the corpusþposterior of the C5 spine,
urinary tract cancers have metastasized equally to
the corpus and corpusþ posterior regions of the C5
spine. As a result of the present study, while
respiratory system cancers metastasized to the
corpus of the T9 spine in the thoracic spine
commonly, breast cancer metastasized to the corpus
of the T8 and T10 spine, gastrointestinal tract
cancers metastasized to the corpus of the T3 spine,
urinary tract cancers metastasized to the corpus of
the T3 spine, prostate cancer spread to the corpus
and corpus þ posterior of the T10 spine, and
gynecological cancers metastasized to the corpus
of the T5 spine most commonly. It has been
observed that gynecological cancers statistically
significantly metastasized to the T5 spine, and
prostate cancer metastasized to the T10 spine more
than other cancers (P , .05; Table 4). In the lumbar
spine, it has been observed that breast cancer
statistically significantly metastasized to the L1
spine, breast, prostate, and gynecological cancers

to the L2 spine, breast and prostate cancer to the L4
spine, and prostate cancer to the L5 spine more than
other cancers (P , .05; Table 5).

The type and location of the primary cancer is
unknown in 3%–15% of all patients with metastatic
carcinoma, and approximately 5%–20% of these
patients constitute the first detectable lesion bone
metastases.20–23 Spinal metastases have been report-
ed to account for approximately 80% of cancers of
unknown primary.20,24 Therefore, it is very impor-
tant to determine the distribution properties of bone
metastases. I believe that the data in this study will
be beneficial in evaluating cancers of unknown
primary that have metastasized to the spine.

Although authors have investigated spinal me-
tastases in the literature, no authors have investi-
gated isolated spinal metastases without visceral and
additional bone metastases. Authors have shown
that the thoracic spine is the most common
metastasis localization as well as that the lumbar
spine is the most common area of metastasis.25–27

The cervical spine is the area with the least
metastasis.28 In the present study, the thoracic þ
lumbal spine was shown to be the most common
area of metastasis. In accordance with the literature,
the cervical spine is the place where metastasis was
seen least. This study reveals the metastasis spread
rates of each spine in terms of primary cancer,
together with the main spinal sections, unlike
existing studies in the literature.

Bone metastases of cancers can occur through
systemic blood circulation or vertebral venous
plexus.7–9 Metastases that spread using the blood
circulatory system can spread to any bone, espe-
cially to extremities, and this is considered to occur
randomly.16–18 Diffusion from the venous system is
the main process of spinal metastasis, and it rarely
reaches the extremities by using the venous sys-
tem.16–18 Therefore, patients with extremity, viscer-
al, or metastases to both were excluded from the
present study to examine spinal metastases that
occurred specifically through the vertebral venous
system. In this way, I thought the spinal metastasis
characteristics of the vertebral venous system could
be better understood. Few studies are available in
which authors investigate metastases through the
vertebral venous plexus.18,19 In the study of Zhu et
al,18 bone metastases in the whole body without
visceral metastasis were investigated, and they
stated that the primary cancer tends to metastasize
to the bone close to it.18 Although similar results are
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available in this study, the main difference between
this study and the study of Zhu et al18 is the detailed
evaluation of isolated spinal metastases. Wang et
al19 investigated bone metastases of lung and
prostate cancers in their study.19 Authors of
publications in the literature have examined bone
metastases for a specific type of cancer, such as the
study of Wang et al.19,29–32 This study evaluates
spinal metastasis features by vertebral venous plexus
in detail by examining cancers in all body regions.

This study has some limitations. First, the most
important limitation is that the majority of the
patients in the study had respiratory system and
breast cancers. It should be taken into consideration
that both cancers are the most common cancers in
the society in this case. However, studies with a
higher number of patients are needed for more
objective results.

CONCLUSIONS

Although the vertebral venous system is an
important pathway for spinal metastasis formation,
its characteristic features have not been revealed
clearly yet. As a result of this study, primary cancers
without visceral metastasis tend to metastasize to
the near spine. Comprehensive studies involving
more patients are needed to reveal the mechanism of
metastasis formation with the vertebral venous
system more clearly. The results obtained by
detailed examination of spinal metastases may
provide effective and useful clues in finding cancers
of unknown primary.
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