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Purpose : The purpose of this study was to find and categorize the various magnetic resonance imaging (MRI) findings of
spinal metastases that correlate with the type of primary cancer.

Materials and Methods: \We retrospectively reviewed gadolinium-enhanced magnetic resonance images of 30 patients
with 169 spinal metastatic lesions from lung cancer (n = 56), breast cancer (n = 29), colorectal cancer (n = 20), hepatocel-
lular carcinoma (HCC) (n = 17), and stomach cancer (n = 47). The size, location, extent of invasion, signal intensity, mar-
gin, enhancement pattern, and osteoblastic or osteolytic characteristics of each metastatic tumor were analyzed.

Results: The metastatic lesions from HCC were larger than those from the other primary tumors (P < 0.05) except for col-
orectal cancer (P = 0.268). Well-defined metastatic tumor margins were more frequently seen in lung cancer and breast
cancer (P < 0.01). All but HCC showed a tendency to invade the vertebral body rather than the posterior elements (P <
0.02). Colorectal cancer and HCC showed a tendency toward extraosseous invasion without statistical significance. HCC
showed a characteristic enhancement pattern of ‘worms-in-a-bag’. Rim enhancement with a sclerotic center was only
seen in spinal metastases from stomach cancer.

Conclusion: Despite many overlapping imaging features, spinal metastases of various primary tumors display some char-
acteristic MRI findings that can help identify the primary cancer.

Index words : Spine - Magnetic resonance imaging - Metastasis

lung are well-known primary tumors which preferen-

INTRODUCTION

The skeletal system is the third most common site
for metastasis following the lung and the liver, and the
spine is the most common site of skeletal metastasis
regardless of the origin of primary cancer (1). Spinal
metastases may be the initial presentation in 8-69%
of patients (2). Carcinomas of the breast, prostate, and
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tially metastasize to the spine, and carcinomas from
the thyroid, gastrointestinal (GI) tract, and kidney are
also encountered at low rates (3, 4). However, in about
0.5-12.5% of spinal metastases, the primary site is
not known at the initial diagnosis (5-8). Aside from
detection and diagnosis of spinal metastasis, identify-
ing the origin of the primary cancer is also critical
because it can affect the treatment plan.

Magnetic resonance imaging (MRI) is widely used
for screening for spinal metastasis in high-risk patients
because of its superior diagnostic capability compared
to other modalities such as scintigraphy, computed
tomography (CT), and positron emission tomography
(PET-CT) (9). MRI is also better at detecting epidural
and bone marrow tumor infiltration and in delineating



the extraosseous soft tissue component of a neoplasm
from the normal paraspinal soft tissue and neural
structures (10-12). Therefore, understanding the
characteristic MRI findings of spinal metastases from
various primary tumors would be useful for both
accurate diagnosis of spinal metastasis and identifica-
tion of the origin of the primary cancer.

The purpose of this study was to find and categorize
the various MRI findings of spinal metastasis accord-
ing to the origin of primary cancer.

MATERIALS AND METHODS

Patients

Our institutional review board approved this
retrospective study and waived the informed consent
requirement. Sixty-six consecutive patients who had
been reported as having spinal metastasis were
subsequently confirmed by surgery or biopsy within
one month after diagnosis between February 2007 and
May 2010. Patients were excluded from the study if
(1) MRI had not been performed within 30 days
before surgery or biopsy (n=21), (2) the primary
cancer remained unknown at the time of enrollment
for this study (n=8), or (3) spinal metastasis from
certain types of primary cancer because the number of
metastatic lesions was too small (< 3 lesions for each
type) (n=7, from cervical cancer, renal cell carcinoma,
transitional cell carcinoma, prostate cancer, cholangio-
cellular carcinoma, and pancreatic adenocarcinoma).
Overall, 169 spinal metastatic lesions in 30 patients
were included in this study. Of these 30 patients, 14
were men with a mean age of 66 years (age range, 35-
77) and 16 were women with a mean age of 58 years
(age range, 30-74). In terms of the number of metasta-
tic lesions associated with the various primary tumors,
7 patients had 56 spinal metastatic lesions from lung
cancer, 6 had 29 lesions from breast cancer, 7 had 20
lesions from colorectal cancer, 7 had 17 lesions from
hepatocellular carcinoma (HCC), and 3 had 47 lesions
from stomach cancer. Although nearly every patient
had multiple lesions, only one or two lesions were
proved to be metastatic by surgery or biopsy. The
remaining lesions were considered as having the same
origin as the biopsy- or surgery-proven metastatic
lesion.
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MRI

The MRI studies were performed on 1.5-T (Intera
Achieva 1.5 T, Philips Medical Systems, Best, The
Netherlands) and 3.0-T MRI machines (Intera Achieva
3.0 T, Philips Medical Systems; or Trio a TIM, Siemens
Medical Solutions, Erlangen, Germany) with the
SENSE spine coil. All sequences were acquired with
the patient lying supine. For cervical, thoracic, and
lumbar spine MRI, T1-weighted spin-echo sagittal MRI
(For 1.5-T, repetition time [TR] of 500-800 ms and
echo time [TE] of 8-12 ms; For 3.0T, TR of 400-500
ms and TE of 8-10 ms) and T2-weighted spin-echo
sagittal MRI (For 1.5-T, TR of 2000-3000 ms and TE
of 60-120 ms; For 3.0-T, TR of 2000-2500 ms and TE
of 8-10 ms) with/without fat suppression were used.
For both T1-weighted and T2-weighted spin-echo
sagittal MRI, slice thickness, intersection gap, matrix
size, and field of view were 3-5 mm, 0.3-0.4 mm,
256-512 x 192-275, and 27-32 cm, respectively. The
axial images of T1-weighted and T2-weighted spin
echo MRI were obtained at the levels suspected to
have metastatic lesions with slice thickness, intersec-
tion gap, TR and TE being 6-10 mm, 0.6-1.0 mm,
600-650 ms, and 8-10 ms for 1.5-T MR machine and
4-8 mm, 0.4-0.8 mm, 400-500 ms, and 7-8 ms for
3.0-T MR machine. Matrix size and field of view for
axial images were 256 X 256 and 23 cm with
variations depending on patient size. All MRI
protocols also included a T2-weighted sagittal whole
spine view with the same TR and TE as T2-weighted
spin-echo sagittal MRI. Contrast-enhanced T1-
weighted spin-echo MRI with fat-suppression was
performed in the sagittal plane followed by the axial
plane after intravenous administration of 0.1 mmol/kg
gadolinium-diethylenetriaminepentaacetic acid
(Magnevist; Schering AG, Berlin, Germany).

Image Analysis

One of the authors (C.A.) reviewed the MR images
to record the size, location, extent of invasion, signal
intensity, margin, enhancement pattern, and osteoblas-
tic or osteolytic characteristics of each metastatic
tumor. In cases where the first author was not
confident in his decision, another author (H.T.S. with
9 years of experience in musculoskeletal imaging)
reviewed the MR images with the first radiologist
(C.A.) to draw final conclusions by mutual consensus.
The reviewers were aware of a diagnosis of spinal
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metastasis but were unaware of the type of primary
cancer or other clinical information. The maximum
diameter of each tumor was measured in the sagittal
plane. When a whole vertebral body was involved in
metastasis (including cases of pathologic vertebral

collapse) or a tumor invaded the posterior elements of
a vertebra without mass formation, the size was not
measured. For the location of each lesion, the vertebra
was divided into two regions: the vertebral body and
the posterior elements (pedicle, transverse process,

Table 1. The Margin, Signal Intensity, Location in a Vertebra, Extent of Invasion, and Enhancement Pattern of Metastatic

Lesions According to the Origin of Primary Cancer

Stomach Colorectal HCC Lung Breast Total
cancer (n=47) cancer (n=20) (n=17) cancer (n=56) cancer (n=29) (n=169)
Margin
77777 Well-defined ~ 27/47 (57.4%) 10120 (50%)  6/17 (35.3%)  44/56 (78.6%) 24129 (82.8%) 111/169 (65.7%)
77777 lldefined 20147 (42.6%) 1020 (50%) 11117 (64.7%) 12/56 (214%)  5/29 (17.2%) 58/169 (343%)
77777 Pvalue* 03 1 024 <0001 <0001 <0001
SI on T1-WI
~ Hgh 047 (0%)  020(0%) 017 (0%)  16/56 (28.6%)  0/29(0%)  16/169 (9.5%)
77777 lsotolow  47/47(100%)  20/20 (100%) 1717 (100%)  40/56 (714%)  29/29 (100%) 153/169 (90.5%)
_____ Pvaue* ~ NA  NA  NA <0001  NA <0001
SI on T2-WI
'''' High  11/47(234%) 1720(85%) 14/17(824%) 35/56 (625%) 17/29 (58.6%) 94/169 (55.6%)
""" lsotolow  36/47(76.6%)  3/20(15%) 317 (17.6%) 21/56 (37.5%) 12129 (41.4%) 75/169 (444%)
'''' Pvaluier <0001 <000l 0004 0061 0362 0144
Location

P-value* < 0.001 0.02 0.24 < 0.001 < 0.001 <0.001
Extent of Invasion
'''' Intraosseous  46/47 (97.9%) 920 (45%)  5/17 (29.4%)  43/56 (76.8%)  27/29(93.1%) 130/169 (76.9%)
""" Extraosseous  1/47(21%)  11/20(55%)  12/17(70.6%) 13/56 23.2%)  2/29(6.9%) 39/169 (23.1%)
_____ Pvalue* <0001 067 009 002 <0001 <0001
Enhancement Pattern
77777 Homogeneous  9/47 (19.1%) 120 (5%)  7/17 (412%) 18/44 (40.9%) 6/10 (60%)' 41/169 (24.3%)
77777 Heterogeneous  2/47 (43%)  17/20 (85%)  4/17(235%) 26/44 (59.1%)"  4/10 (40%)" 53/169 (31.4%)
 Nonenhancing ! 8/47(17%)  2020(10%) - - - - 10169 (5.9%)
77777 Rim-enhancing  28/47 (59.6%) - - - - 28169 (16.6%)
~ ‘Wormsinabag - SR 617 (353%) - S SR 6/169 (3.6%)
77777 Non-applicable’ - - - 12 19 31/169(183%)

Note.— HCC = hepatocellular carcinoma, SI = signal intensity, NA = non-applicable. T1/T2-WI = T1/T2-weighted images
* One-sample T-test was performed to determine whether a certain type of primary cancer had a statistically significant tendency in
terms of margin, signal intensity, location in a vertebra, and extent of invasion on MRL

T After excluding non-applicable lesions from the total
T For these lesions, only non-enhanced MR images were present.



lamina, facet joint, and spinous process). When a
tumor invaded body and posterior elements, the
location of the tumor was classified based on the
location of the epicenter of the tumor. The extent of
tumor invasion was determined by classifying each
lesion as an intraosseous or extraosseous lesion. Each
tumor was categorized according to the margin (well-
defined or ill-defined), signal intensity relative to the
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Fig. 1. Vertebral levels of spinal metastasis according to the
origin of primary cancer.
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Fig. 2. Predilection for sites of metastasis according to the five
different types of primary cancer.
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muscle nearby (hyperintense or iso- to hypointense),
and enhancement pattern. A metastatic tumor was
considered to have a well-defined margin if the tumor
is distinctly separable from the adjacent normal tissue
and has a smooth and regular outline. When the
tumor did not satisfy these criteria or a whole
vertebral body was involved, the margin of the tumor
was considered ill-defined. The patterns of enhance-
ment were classified as homogeneous, heterogeneous,
non-enhancing, rim-enhancing, or worms-in-a-bag. We
named the worms-in-a-bag pattern after the appear-
ance of many strongly-enhancing curvilinear
structures within a moderately-enhancing large mass.
Whenever available, CT or PET-CT scan was used to
determine whether a tumor was osteoblastic,
osteolytic, or mixed.

Statistical Analysis
The Kruskal-Wallis test followed by a post-hoc
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Fig. 3. Tendency toward intra- or extraosseous invasion of spinal
metastasis according to the five different types of primary
cancer.

Table 2. Osteolytic and Osteoblastic Characteristics of Spinal Metastases from Five Different Primary Tumors

Osteoblastic Osteolytic Mixed Indeterminate* Total

Stomach cancer 21 6 20 0 47
© Colorectal cancer o 6 5 9 20
Smwcc 4 8 T 4 7
 Lungcancer A 8 20 56
* Breastcancer 5 3 0 o1 29
CTotal 3 s R

Note.— HCC = hepatocellular carcinoma

* These indeterminate cases did not have reference images such as CT or PET-CT scans.



JKSMRM 17(1) : 8-18, 2013

analysis using the Mann-Whitney test was used to
determine whether there was a significant difference
in size among the metastatic lesions originating from
different primary tumors. Bonferroni correction was
used for multiple comparisons. For tumor margin,
signal intensity, predilection for a particular location
within a vertebra, and tendency for intra- or extra-
osseous invasion, one sample T-test was performed for
each type of primary cancer to determine whether the
ratios of well- to ill-defined margin, hyper- to iso- to
hypo-intense, vertebral body to posterior elements,
and intra- to extra-osseous invasion were significantly
higher or lower than 0.5. The Chi-square test was used
to determine the relationship between signal intensity
on T2-weighted images and osteolytic or osteoblastic
characteristics. A P-value less than 0.05 was consid-
ered to indicate a significant difference. All analyses
used statistical software (PASW 18, Chicago, Illinois,
USA).

RESULTS

Forty-two metastatic lesions were found to involve

entire vertebral bodies. Eight lesions invaded the
posterior elements of the vertebrae without forming
expansible masses. The remaining 119 lesions ranged
between 0.2 cm and 8 cm, with a mean of 1.4 cm in
size. The mean tumor size was 1.12, 2.02, 3.43, 1.05,
and 1.08 cm for stomach cancer, colorectal cancer,
HCC, lung cancer, and breast cancer, respectively.
Statistical analysis revealed a significant difference in
size between the primary tumors (P = 0.008), and the
metastatic lesions from HCC were larger than those
from the other primary tumors (P < 0.05) except for
colorectal cancer (P = 0.268).

The margin, signal intensity, location within a
vertebra, extent of invasion, and enhancement pattern
of metastatic lesions according to the origin of primary
cancer are summarized in Table 1. A well-defined
tumor margin was more frequently seen in spinal
metastases from lung cancer and breast cancer (P <
0.01) than in those from the other primary tumors (P
> 0.24 for all). Signal intensity was generally iso- to
hypointense on T1-weighted images, as only 16
lesions (9.5%, 16 of 169, all from lung cancer) showed
hyperintensity. However, signal intensity was variable
on T2-weighted images, with slightly more than half

Fig. 4. A 60-year-old woman with advanced gastric cancer.
a. T1-weighted sagittal image of the thoracolumbar spine showing multiple hypointense metastatic lesions.

b. On fat-suppressed T2-weighted sagittal image, the lesions show hyperintensity in the periphery but hypointensity in the center,
which may indicate sclerotic changes in the center of the metastatic lesions.

¢. Contrast-enhanced T1-weighted sagittal image with fat suppression demonstrates enhancement in the periphery of the lesions as
well as involvement of the bone marrow.



(55.6%, 94 of 169) showing hyperintensity: lesions
from stomach cancer tended to show iso- to hypo-
intensity; colorectal cancer and HCC showed hyperin-
tensity; lung cancer and breast cancer showed no
definite tendency. Eighty three of 169 tumors (49.1%)
occurred in the lumbar vertebrae and 61 lesions
(36.1%) were in the thoracic vertebrae, with the
remaining 17 (10.1%) and 8 (4.7 %) lesions in the
cervical and sacral vertebrae, respectively. This trend
was also observed within the individual groups of
primary cancer with the exception of stomach cancer,
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in which thoracic involvement (50 %) was slightly
more frequent than lumbar involvement (34.8%) (Fig.
1). Within a vertebra, 80.5% (136 of 169) of metasta-
tic lesions were centered in the vertebral body rather
than the posterior elements. Statistical analysis
confirmed this tendency in all types of primary cancer
(P<0.02 for all) except HCC, in which metastatic
lesions were centered in the posterior elements
(64.7%) more frequently than in the vertebral bodies
(35.3%) with a non-significant P-value (P = 0.24) (Fig.
2). According to the classification of each lesion into

Fig. 5. Two patients with spine
metastases from hepatocellular
carcinoma.

' a, b. Contrast-enhanced T1-weighted
sagittal (a) and axial (b) images with
fat-suppression of the lumbar spine of
a 62-year-old man. A large expansile
well-enhancing mass is invading the
vertebral body and adjacent structures
posteriorly, causing central canal
obstruction. Note many curvilinear
structures showing strong
enhancement within the tumor
('worms-in-a-bag’ enhancement
pattern).

¢, d. Contrast-enhanced T1-weighted
sagittal (c) and axial (d) images with fat-
suppression of the cervical spine of a
69-year-old woman. The location,
extent of disease, and enhancement
pattern are almost the same as those
seen in the patient in a, b.
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intra- or extraosseous invasion, spinal metastases from
stomach cancer, lung cancer, and breast cancer tended
to be confined to the vertebrae (P<0.02), while
colorectal cancer (55%, 11 of 20) and HCC (70.6%,
12 of 17) showed a tendency toward extra-osseous
invasion with non-significant P-values (P=0.67 for
colorectal cancer and P=0.09 for HCC) (Fig. 3). More
than half (59.6%, 28 of 47) of the metastatic lesions
from stomach cancer showed rim enhancement with a
hypovascular center (Fig. 4). Many of the metastatic
lesions (35.3%, 6 of 17) from HCC also showed a
characteristic enhancement pattern of worms-in-a-bag,
especially when they formed large masses (Fig. 5).
These two enhancement patterns (rim-enhancing and
worms-in-a-bag) were not found in the other types of
primary cancer.

Osteolytic or osteoblastic characteristics according to
the different primary tumors are shown in Table 2. Of

Table 3. The Relationship Between Osteolytic or
Osteoblastic Characteristics and Signal Intensity on T2-
weighted Images

Signal intensity on T2-weighted MR images

Characteristic = High ~ Low or intermediate ~ Total

Osteolytic 37 (86%) 6 (14%) 43 (100%)

Note.— Chi-square test revealed a significant relationship (p <
0.001).

169 lesions, 44 were unable to be evaluated due to the
lack of reference images such as CT or PET-CT scans.
There was an evident correlation between the
osteolytic or osteoblastic characteristics and the signal
intensity on T2-weighted images but not on T1-
weighted images. Forty-four lesions were found to be
both osteolytic and osteoblastic. After excluding these
lesions, 33 of the remaining 76 lesions showed
osteoblastic characteristics on CT or PET-CT, of which
84.5% (28 of 33) displayed iso- to hypointensity on
T2-weighted images. In contrast, 86% (37 of 43) of
osteolytic lesions showed hyperintensity on T2-
weighted images (Table 3 and Fig. 6).

DISCUSSION

In the results of our study, metastatic lesions in the
spine showed differences in signal intensity, size,
margin, location within a vertebra, extent of invasion,
enhancement pattern and osteoblastic or osteolytic
characteristics depending on the primary tumor, while
the distribution of the involved vertebral levels was
consistent and independent of the site of primary
cancer.

Overall, 85% of the spinal metastases were found in
the thoracolumbar regions of the spine, and the
cervical and sacral regions were involved in 15% of
the cases, which is consistent with a previous report

Fig. 6. A 56-year-old woman with
spine metastases from breast cancer.

a. CT axial image shows mixed
osteolytic and osteoblastic areas in the
vertebra.

b. Corresponding T2-weighted axial
image of the same level clearly
demonstrates that sclerotic areas show
hypointensity while osteolytic areas
show hyperintensity on T2-weighted
MRI.



(8). The signal intensity of spinal metastases was
almost invariably iso- to hypointense on T1-weighted
images but varied on T2-weighted images depending
on the site of primary cancer. The variability of signal
intensity on T2-weighted images is known to be
related with osteoblastic or osteolytic characteristics
(13), which is consistent with the results of the present
study. The osteolytic lesions were more likely to be
hyperintense and the osteoblastic lesions were more
likely iso- to hypointense on T2-weighted images
(Table 3), and this relationship was also seen in the
individual groups of different primary tumors;
stomach cancer tended to cause osteoblastic
metastases with iso- to hypo-intensity on T2-weighted
images, while colon cancer, lung cancer, and HCC
tended to cause osteolytic metastases with hyperinten-
sity on T2-weighted images. Furthermore, spinal
metastases from breast cancer showed mixed charac-
teristics in general, which was reflected in their
variable signal intensities on T2-weighted images
(Tables 1 and 2). However, osteoblastic or osteolytic
characteristics are not sufficiently specific to identify
the site of primary cancer because a patient with a

MRI Findings of Spinal Metastases | Chansik An, et al.

certain type of cancer may have both osteoblastic and
osteolytic lesions, and individual metastatic lesions
can contain mixed components, as shown in the
present study as well as in a previous study (4).

The size, margin, enhancement pattern, location
within a vertebra, and extent of invasion (intraosseous
or extraosseous) were significantly affected by the site
of primary cancer. However, in order for these
features to be used for identification of primary cancer
site, the combinations of these findings should be
considered rather than the individual findings. Tumor
size and extent of invasion can be considered together;
a larger size and extra-osseous invasion may represent
the aggressiveness of the tumor. In this regard, spinal
metastases from HCC and colorectal cancer showed
aggressive behavior (Fig. 5 and Fig. 7). The aggressive-
ness of spinal metastases may also be reflected in the
number of lesions per patient: 15 lesions per patient
(47 lesions in 3 patients) with stomach cancer, 8 with
lung cancer, 5 with breast cancer, 2.4 with HCC, and
2.8 with colorectal cancer, with a greater number of
metastases signifying less aggressive disease given the
number formed before detection. In the clinical

Fig. 7. Mass formation from spinal metastases of three different primary tumors.

a. A 76-year-old man with lung cancer. Contrast-enhanced T1-weighted sagittal image shows a homogeneously-enhancing
metastatic mass replacing the 5th lumbar vertebra and spreading beneath the anterior longitudinal ligament upward.

b. A 74-year-old man with colorectal cancer. On contrast-enhanced T1-weighted sagittal image of the cervical spine, a
heterogeneously-enhancing metastatic mass involving two vertebrae extends anteriorly to form a bulging mass.

c. A 69-year-old woman with HCC (same patient as in Fig. 5¢). On contrast-enhanced T1-weighted sagittal image, a huge
hypervascular mass invades the posterior aspect of the cervical spine. Note the ‘worms-in-a-bag’ enhancement pattern.



JKSMRM 17(1) : 8-18, 2013

setting, this may imply that spinal metastases from
HCC and colorectal cancer cause symptoms even
when there are only a few spinal metastatic lesions,
probably due to mass formation or extra-osseous
invasion at a relatively early stage of disease. The
differentiation factors between colorectal cancer and
HCC were enhancement pattern and location within a
vertebra; the worms-in-a-bag enhancement pattern
and predilection for the posterior elements were only
seen in spinal metastases from HCC. The other
metastatic tumors rarely formed large masses, but the

pattern was a little different; the metastatic mass from
lung cancer or breast cancer spread along the anterior
longitudinal ligament rather than forming a bulging
mass (Fig. 7). In our data, 4 of 7 patients with HCC
had at least one large expansile mass showing the
worms-in-a-bag enhancement pattern with the epicen-
ter being in the posterior elements. Although colorec-
tal cancer also showed mass formation in 4 of 7
patients, it showed non-specific heterogeneous
enhancement and no predilection for the posterior
region (data not shown).

Fig. 8. Metastatic lesions confined to
the vertebrae.

a, b. Pre-contrast (a) and contrast-
enhanced with fat suppression (b) T1-
weighted sagittal images of a 56-year-
old woman with lung cancer. There are
numerous well-defined hypointense
lesions with non-specific heterogeneous
contrast enhancement in the thoracic
spine. These lesions are confined in the
vertebrae, some of which appear to
coalesce.

¢, d. T1-weighted () and T2-weighted
with fat suppression (d) sagittal images
of a 45-year-old woman with breast
cancer. There is a well-defined
hypointense metastatic lesion with
homogeneous enhancement in the
lumbar vertebra. This lesion is also
confined in the vertebral body without
extraosseous invasion, despite its
relatively large size.



Previous studies on spinal metastases from HCC
mostly focused on clinical aspects. There have been
few studies including radiologic findings of extrahep-
atic metastases from HCC (14-17). One of these
studies only contains one case of spinal metastasis
which shows a large heterogeneous lobulated destruc-
tive soft-tissue invading the posterior elements and
adjacent structures (15). Another study reported that
55% (47 out of 85) of HCC patients with spinal
metastasis presented with soft tissue formation (17).
To our knowledge, however, no study has investigated
on specific enhancement pattern of metastatic tumors
from HCC, making our study the first to report the
possibly specific enhancement pattern. A possible
explanation for the worms-in-a-bag enhancement
pattern might be a combination of hypervascularity of
primary cancer and soft tissue formation. Thus, the
combination of these four findings (large size, extra-
osseous invasion, predilection for the posterior
elements, and worms-in-a-bag enhancement) may be
characteristic of spinal metastasis from HCC.

In contrast to colorectal cancer and HCC, lung
cancer, breast cancer, and stomach cancer tended to
be confined to the vertebral bodies even when
multiple (i.e., more than 10) lesions were present in
one patient, which is probably the reason that the
mean size of metastatic lesions was smaller in these
primary tumors (Fig. 8). The rim-like enhancement
with a non-enhancing center was noted only in spinal
metastases from stomach cancer. The hypovascular
area in the center showed hypointensity on both T1-
and T2-weighted images, indicative of its sclerotic
nature (Fig. 4). Spinal metastases from lung cancer and
breast cancer showed a stronger tendency toward
having a well-defined border than those from the
other primary tumors, but this is not a specific finding
because the other primary tumors except colorectal
cancer were also more likely to form well-defined
metastatic lesions (Table 1).

This study has several limitations. One limitation is a
relatively smaller number of subjects than previous
studies. Due to this small number of study subjects, it
was not possible to evaluate many potentially
important factors including tumor/node stage,
histologic grade, or cell type, which could affect the
MRI findings of spinal metastases even from the same
primary cancer. In order to determine whether these
factors are independent factors, the sample size of

MRI Findings of Spinal Metastases | Chansik An, et al.

each primary cancer group has to be much larger than
in this study. A small number of samples also led to an
exaggeration of bias from clustered data, which is
inevitable in studies of multiple metastatic lesions in
the spine. In other words, multiple lesions within the
same patient tend to have the same intrinsic character-
istics in many aspects such as signal intensity, tumor
margin, and enhancement pattern. However, the two
unique enhancement patterns discovered in our study
may be potentially specific findings because they were
found exclusively in HCC (worms-in-a-bag) or
stomach cancer (rim enhancement with a sclerotic
center). Another limitation is that other primary
tumors known to be prone to metastasize to the spine
such as prostate cancer and thyroid cancer were not
included in the study because bone metastasis is rarely
confirmed by biopsy or surgery for these primary
tumors in our institution. Lastly, the patients in our
study were at different stages of their diseases, which
may have affected the MRI findings.

In conclusion, despite having many overlapping
imaging features, spinal metastases of various primary
tumors display some characteristic MRI findings that
can help identify the primary cancer. Specifically in
our cases, colorectal cancer and HCC tended to form
large masses at a relatively early phase of spinal
metastasis. HCC often showed a distinctive radiologi-
cal feature characterized by the formation of a large
expansile mass in the posterior region with a worms-
in-a-bag enhancement pattern, and rim enhancement
with a sclerotic center was only seen in spinal
metastases from stomach cancer.
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