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Imaging features of bone metastases in patients with
gastrointestinal stromal tumors
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PURPOSE

To determine the prevalence and imaging features of bone
metastases in patients with gastrointestinal stromal tumors
(GISTs).

MATERIALS AND METHODS

The medical records of 190 patients with pathologically
proven GISTs were reviewed, and patients with bone metas-
tases were identified. Computed tomography (CT) scans of
the chest, abdomen, and pelvis were examined for features of
bone metastases, and findings were correlated with the results
of positron-emission tomography (PET) and histopathology.

RESULTS

Of 190 GIST patients, six (3.2%) had bone metastases: four
patients had multiple bone metastases, and two patients had
a solitary metastasis. The maximum diameter of the metas-
tases ranged from 2 to 40 mm, and they most commonly
involved the vertebrae, ribs, pelvic bones, and femurs. All le-
sions were well-marginated and lytic. A soft tissue component
was identified in three patients. The bone metastases showed
intense fluorine-18 fluorodeoxyglucose (FDG) uptake. After
treatment with imatinib mesylate in three patients, the bone
metastases developed peripheral sclerosis on CT and became
less FDG-avid on PET. All six primary tumors were morpho-
logically high-grade with high mitotic rates and necrosis.

CONCLUSION

Bone metastases from GISTs are uncommon; when detected
with CT, they are characterized by single or multiple lytic
lesions with or without soft tissue involvement. A sclerotic
rim may appear around the metastatic lesions in response to
treatment. Similar to the disease in other sites, bone metas-
tases show intense FDG uptake, which decreases following
treatment.
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astrointestinal stromal tumors (GISTs) are rare mesenchymal

tumors of the gastrointestinal tract, accounting for 1%-3% of

all malignant gastrointestinal tumors (1-5). Most GISTs are be-
nign; malignant tumors account for 20%-30% of cases (1). GISTs arise
most commonly from the stomach (60%), followed by the small intes-
tine (25%), rectum (5%), and other locations in the gastrointestinal tract
(1, 2). Tumors arising outside the gastrointestinal tract, such as in the
mesentery or omentum, constitute up to 10% of cases (4). The liver is
the most common site of metastatic disease (5). GISTs can metastasize
to many other organs, including the omentum and mesentery. Lymph
node involvement and lung metastases are rare (4-6). Bone metastases
have been reported, but their true prevalence is unknown (6, 7). It is
important to recognize bone metastases since they may subsequently
develop skeletal-related events associated with severe morbidity.

To our knowledge, there is no published description of the imaging
features of bone metastases in patients with GISTs. Therefore, we evalu-
ated the prevalence and imaging features of bone metastases in patients
with malignant GISTs.

Materials and methods
Subjects

Approval was obtained from our Institutional Review Board to review
the medical records and imaging studies of 190 patients with pathologi-
cally proven GIST, who were enrolled in the tyrosine kinase inhibitor
(imatinib mesylate, Gleevec, Novartis Pharmaceuticals, East Hanover,
New Jersey, USA) trial between May 2000 and September 2005. One ra-
diologist reviewed the database retrospectively and identified six (3.2%)
patients with metastatic bone lesions. The metastases were proven by
either fluorine-18 fluorodeoxyglucose (FDG) positron-emission tomog-
raphy (PET) activity (n=4) or histopathology obtained from a percuta-
neous biopsy (n=2) (Table 1). Five patients were men, and the mean
patient age was 55 years (range, 48-71 years). The diagnosis of GIST was
established either by surgical resection (n=5) or biopsy (n=1) of the pri-
mary tumor. All primary tumors were larger than 6 cm (mean, 10.5 cm;
range, 6-18.5 cm) at the time of resection or diagnosis. The primary sites
of the GIST were the stomach (n=4), rectum (n=1), and jejunum (n=1).
In addition to bone, patients had metastases in the liver (n=6), peritone-
um/mesentery (n=5), spleen (n=1), lymph nodes (n=1), and soft tissues
(n=2). In all six patients with bone metastases, a diagnosis of metastatic
GIST was made by liver biopsy.

The mean time interval from the initial presentation of GIST to the
detection of bone metastases was three years (range, 3 months-6 years).
The patients either had bone metastases (n=5) before starting tyrosine
kinase inhibitor therapy or developed bone metastases (n=1) while being
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Table 1. Demographics and histopathology of six patients with gastrointestinal stromal tumors and bone metastases

Patient Age (years) Gender Location? c-kit protein Mitosis/HPF Necrosis MetastasesP
1 49 Male Stomach + 27/50 + L, S, P, LN, ST
2 71 Male Rectum + 41/50 + L P
3 52 Female Stomach + 40/50 - L P
4 48 Male Stomach + 12/50 + L P
5 51 Male Stomach + 22/50 + L, P, ST
6 60 Male Jejunum + 6/50 + L

HPF, high-power field.
aLocation of the primary site.

bSites of metastases: liver (L), peritoneum (P), spleen (S), soft tissue (ST), lymph node (LN).

treated. None of the patients had other
malignant tumors.

Pathologic examination and analysis

For each of the six patients with
bone metastases, pathology slides from
the primary tumor (n=6), liver biopsy
specimens (n=6), and bone metastases
(n=2) were reviewed and the diagnosis
of GIST was confirmed. In addition,
immunohistochemical staining for c-
kit protein, CD-34, and other smooth
muscle markers (desmin and actin) was
performed, and the tumor grades were
recorded.

Imaging technique and analysis

All patients had contrast-enhanced
chest, abdomen, and pelvis com-
puted tomography (CT), which was
performed using a multidetector scan-
ner (Volume Zoom, Siemens Medical
Solutions, Forchheim, Germany) with
a section thickness of 5-7 mm, after
administering 100 mL of nonionic
intravenous contrast (Ultravist 300,
Schering, Germany). Within 1-3 days
of the CT, three patients underwent
whole-body (from the skull base to the
upper thighs) PET (ECAT Exact HR+,
Siemens/CTI, Knoxville, Tennessee,
USA) and one underwent PET-CT
(Discovery LS, GE Medical Systems,
Milwaukee, Wisconsin, USA) following
four hours of fasting, and 18-22 mCi
of FDG was administered intravenous-
ly with a 45-60 min delay.

A nuclear medicine physician re-
viewed the PET images and identified
abnormal FDG activity in bones and
soft tissues. On PET, the bone and liver
lesions were evaluated by visual inspec-
tion, and the maximum standardized

uptake value (SUV,,,) was calculated
as (region of interest counts/injected
dose)xbody weight using attenuation-
corrected images.

Two radiologists reviewed the CT
images on picture archiving and com-
munication system monitors and
identified the biopsied bone metas-
tases (in two patients) and bone me-
tastases with corresponding FDG up-
take on PET scans (in four patients).
The following features were recorded:
number, location, size, margins, and
density (lytic, sclerotic, or mixed) of
the metastases; whether they were dis-
crete or confluent; and the presence of
an associated extraosseous soft tissue
component.

Follow-up chest, abdomen, and
pelvic CT (in six patients) and whole-
body PET (in four patients) were also
reviewed, and any changes from the
initial readings were noted. Other
available radiology examinations were
also reviewed, including spine mag-
netic resonance imaging (MRI) in one
patient and plain radiographs of the
chest and abdomen in another.

Results
Imaging analysis

Of 190 GIST patients, six (3.2%) had
bone metastases, which were either
multiple (n=4) or solitary (n=2). The
metastases involved the pelvic bone
(n=4; Fig. 1), ribs (n=4; Fig. 2), verte-
brae (n=4; Fig. 3), and femur (n=3); and
their maximum diameter ranged from
2 to 40 mm (median, 19 mm). All le-
sions were well-marginated and lytic
(Table 2). Except in one patient, all le-
sions were discrete. There were no scle-
rotic components in any lesion. In five

392 « July-August 2012 - Diagnostic and Interventional Radiology

patients, the metastases caused corti-
cal disruption, which led to fractures
in two patients. There was an associ-
ated soft tissue component in three pa-
tients. In four patients who underwent
PET, the bone metastases showed in-
tense FDG uptake (mean SUV,,, 8.7;
range, 6.7-11), which was similar to
that of liver metastases (mean SUV_,,,
13.4; range 10-20).

In the patient who underwent MRI,
the spine metastases were hypointense
on Tl-weighted images and hyperin-
tense on T2-weighted images. In addi-
tion, metastases involved the left pedi-
cle of the L5 vertebra with an enhanc-
ing soft tissue component, which was
compressing the spinal cord.

After therapy was initiated, the bone
lesions showed interval development
of peripheral sclerosis on CT in three
patients. The plain radiograph in one
patient showed multiple well-defined
lytic lesions, some with sclerotic mar-
gins suggesting a treatment response.
On follow-up PET obtained after treat-
ment, the lesions showed decreased
FDG avidity in three patients (mean
SUV, 2.8; range, 2.0-4.1) paralleling
that of the liver metastases (mean
SUV, 3.3; range, 2.1-5.0), suggesting
a treatment response (Table 2). In one
patient, both the bone and liver metas-
tases progressed; the bone lesions were
more FDG-avid and no peripheral scle-
rosis developed on CT.

Correlation with pathology and
immunohistochemical analyses

All six primary tumors were of high-
grade morphologically with high mi-
totic rates (6-41 per 50 high power
fields) and necrosis.
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Figure 1. a, b. A 60-year-old man with GIST of the jejunum. Axial contrast-enhanced CT (a) shows a single well-marginated metastatic lytic
lesion in the right iliac bone (arrowheads). Although the CT appearance is not typical for a metastasis, the coronal PET image (b) shows
that the lytic lesion in the right iliac bone is FDG-avid and consistent with metastasis (arrowhead). Note also the FDG-avid liver metastases
(b, arrows).

Figure 2. a-d. A 52-year-old woman with GIST of the stomach. Axial contrast-enhanced CT at the level of the lung bases (a) shows

a lytic lesion involving the left anterior 8th rib (arrowheads) with a soft tissue component (curved arrow). Axial contrast-enhanced CT

at the level of the pelvis (b) shows multiple lytic lesions (arrowheads), one of which has caused a displaced fracture of the left iliac

bone (curved arrow). Axial T1-weighted MRI at the level of the lower thoracic spine (c) shows an intermediate signal intensity mass
(arrowheads) involving the left pedicle and corpus of the vertebral body, extending into the spinal canal, and compressing the spinal cord.
Photomicrograph of the biopsy specimen of the left rib lesion (d) shows a hypercellular spindle-cell neoplasm consistent with metastatic
GIST (hemotoxylin-eosin, x400).
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Table 2. CT and PET imaging findings of bone metastases in six patients with gastrointestinal stromal tumors

Figure 3. a-d. A 49-year-
old man with GIST of the
stomach. Axial contrast-
enhanced CT image at the
level of the liver (a) shows
multiple well-marginated
lytic lesions (arrowheads)
throughout the lower
thoracic vertebra. Note
multiple low attenuating
masses (arrows) in the liver.
Sagittal PET (b) shows
that masses in the spine
(arrowheads) and sternum
(arrows) are markedly FDG-
avid, as are the liver masses,
which are consistent with
metastases (curved arrows).
Axial contrast-enhanced
CT (c) obtained following
the completion of imatinib
mesylate therapy shows
that a sclerotic rim is
developed around the

lytic lesions in the vertebra
(arrowheads). Note that
the liver lesions are smaller
and less prominent
(arrows) compared to the
pretreatment CT in Fig. 3a.
Sagittal PET image (d)
obtained following the
completion of imatinib
mesylate therapy also
shows that the spine
(arrowheads), sternum
(arrows), and liver (curved
arrows) masses are less
FDG-avid.

Initial CT/PET Follow-up CT/PET
Bone Liver Bone Liver
Patients Number Location Size (cm) Margin  Density Dyvs.C EOS (SUViax)  (SUVinay) Sclerosis  (SUVia)  (SUVinay)

1 M V,R, P, 0.2-1.5 W Lytic D, C N 7.2 10.7 Sclerotic 2.4 2.1
F, H margins

2 M V,R, P, 0.4-4.0 w Lytic D Y 10.0 13.0 No sclerosis  11.3 14.5

F/ HI

3 M V, R, P 0.9-3.6 Lytic D Y N/A N/A No sclerosis ~ N/A N/A

4 S \ 3.0 Lytic D Y 11.0 20.0 Sclerotic 4.1 5.0
margins

5 M R, F 0.5-3.0 W Lytic D N N/A N/A Sclerotic N/A N/A
margins

6 S P 4.0 W Lytic D N 6.7 10.0 No sclerosis 2.0 2.9

CT/PET, computed tomography/positron-emission tomography; S, single; M, multiple; V, vertebra; R, rib; P, pelvis; F, femur; H, humerus; W, well-defined; D,

discrete; C, confluent; EOS, extraosseous soft tissue; Y, yes; N, no; SUV, standardized uptake value; N/A, not available.
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Discussion

GISTs are mesenchymal tumors of
the gastrointestinal tract with distinct
morphologic features that separate
them from other smooth muscle and
neural tumors. The histopathologi-
cal diagnosis of GIST in most cases
depends on demonstrating the over-
expression of c-kit protein (CD117),
a tyrosine kinase growth factor recep-
tor, by immunohistochemical stain-
ing (8). In fact, targeting this receptor
with a c-kit tyrosine kinase inhibitor
is of clinical utility in treating patients
with unresectable or metastatic GIST,
reducing the tumor burden and im-
proving survival (9, 10). Predicting
the biological behavior of GIST at
the initial diagnosis may be difficult.
However, large (>5 cm) tumors, high
mitotic activity (>5 mitoses per high-
power field), high cellularity, the pres-
ence of necrosis, prominent nuclear
pleomorphism, and certain activating
c-kit mutations are associated with
malignant behavior (2).

The traditional initial therapy for
patients with GIST has been surgi-
cal resection of the primary tumor;
however, malignant GISTs typically
recur and metastasize (10, 11). The
distribution of metastases is gener-
ally predictable. The liver is the most
common site of metastases at both
presentation and relapse (4). The per-
itoneum is the second most common
site of metastases (4, 6), whereas bone
metastases are rare (12). Burkill et al.
(6) reported bone metastases in two
of 83 metastatic disease sites at fol-
low-up in 53 patients with GIST for
a frequency of 3.7%, which is similar
to our series. However, they did not
describe the imaging features of the
metastases.

Although bone metastases from
GISTs were uncommon in our series,
they had a consistent imaging ap-
pearance. All bone metastases were
lytic and well-defined. The metastatic
lesions were often multiple and the
axial skeleton was the bone site most
commonly involved. Extraosseous
soft tissue components were identi-
fied in half of the patients. These CT
imaging characteristics are not spe-
cific to GISTs and are similar to those
from other primary tumors. On PET,
the bone metastases showed high
FDG avidity similar to that of the liver
and other sites of metastases. In half
of the patients, the bone metastases
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that responded to treatment devel-
oped sclerotic margins on follow-up
CT; on PET, the treatment response
was correlated with decreased FDG
avidity parallel to other sites of metas-
tases. All primary tumors in our series
were high-grade and had other sites of
metastases.

It is important to identify bone me-
tastases during the imaging surveil-
lance of GIST patients. Bone metastas-
es can cause substantial pain and may
also lead to pathological fracture (in
two of six patients), hypercalcemia,
and spinal cord compression (in one
patient) (13, 14). In addition to se-
vere morbidity, skeletal complications
may negatively affect the patients’
quality of life by impairing mobility
and social functioning (13, 14). Since
fractures, particularly those involving
long bones, have detrimental effects
on the patients’ quality of life, an ef-
fort should be made to predict sites of
fracture and preempt their occurrence
using systemic and local prophylactic
measures (13). Therefore, although
rare, the clinician should be aware
that bone metastases can occur in pa-
tients with metastatic GIST, and any
bone lesion in such patients should be
evaluated carefully in order to detect
and treat bone metastases in a timely
manner before serious complications
occutr.

Depending on the nature of the
imminent or actual skeletal compli-
cation, a wide variety of treatment
options are available to treat bone
metastases, including systemic treat-
ment with bisphosphonates, radiation
therapy, ablation, vertebroplasty, and
surgery (15). Bisphosphonates are po-
tent inhibitors of osteoclast-mediated
bone resorption and reduce skeletal
complications and provide some pain
relief (15).

Our study had limitations. It was
a retrospective study, and some pa-
tients did not have a histopathologi-
cal diagnosis of bone metastases. All
of these patients had FDG-avid bone
lesions with a SUV .. similar to that
of other site of metastases. Our series
included a small number of patients
with bone metastases, although bone
metastases in patients with GIST are
rare. Our patient population con-
sisted of only high-grade tumors.
Therefore, the prevalence we found is
likely higher than that in a general
population of patients with GIST.

Regardless of how hard we looked,
some bone metastases might have
been undetected, which may result
in an underestimation of metastasis
prevalence.

In conclusion, while rare, lytic bone
metastases do occur in patients with
high-grade GISTs and most common-
ly involve the axial skeleton. Bone
metastases in GISTs are characterized
by single or multiple lytic masses
with occasional extraosseous soft tis-
sue involvement, and may develop
a sclerotic rim in response to treat-
ment on follow-up CT, like metastases
from other primary tumors. In order
to identify bone metastases before
skeletal complications occur, we rec-
ommend evaluating any bone lesions
carefully in patients with high-grade
GISTs.
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