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ABSTRACT

Objectives: In patients with suspicious bone metastasis, differential
diagnosis and primary lesion identification is very important in
optimizing treatment planning. The study was aimed to assign a
step-wise approach based on image findings to identify the precise
role of PET-CT in these patients.

Patients and Methods: A total of 74 patients were enrolled with
suspicious bone metastasis who underwent PET-CT for the
evaluation of primary focus. Patients were classified into four groups
with stepwise manners, firstly based on FDG positivity of bone
lesions, then on multiplicity of positive bone uptake and finally on
presence of extra-skeletal uptake. We analyzed the difference of
distribution of follow-up results according to each group. In addition,

we also investigated whether PET-CT had a role to guide biopsy sites.

Results: Except for 7 patients without bone or extra-skeletal uptake, 44
patients were categorized in multiple bone and extra-skeletal uptake
group (A), 12 in multiple bone uptake without extra-skeletal uptake
group (B), 3 in single bone and extra-skeletal uptake group (C) and 8 in
single bone uptake without extra-skeletal uptake group (D). In group A,
42/44 patients had metastatic bone disease; where primary lesion was
correlating extra-skeletal uptake in 40 (91.0%) cases. Among the 12
patients of group B, 5 (41.7%) had primary malignant bone disease, 3
(25.0%) had benign bone lesions and 4 (33.3%) had metastatic bone
disease but PET-CT failed to indicate the primary site. In group C,
PET-CT positive extra-skeletal uptake sites were confirmed as primary
lesions in all the 3 patients. Among the 8 patients of group D, 5 (62.5%)
were benign bone disease, one (12.5%) was high grade sarcoma and the
remaining two (25.0%) were metastatic bone disease where PET-CT
failed to identify primary site. Additionally, there was significant (P =
0.0003) difference in prevalence of biopsy sites performed according to
the presence of extra-skeletal uptake in PET-CT.

Conclusion: Clinical impact of PET-CT was different according to
groups classified with stepwise manners, which suggested that
different strategies should be taken especially when there was not
extra-skeletal uptake to optimize management plan. PET-CT also
had a significant role in patients with extra-skeletal uptake lesion
through guidance of easily approachable biopsy sites.
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INTRODUCTION

Distant metastasis is generally thought to be a late
episode of disease process and indicative to poor
prognosis and short life expectancy. Bone is one of the
most frequent sites for distant metastasis of cancer (1,
2). But, bone metastasis has also been reported as initial
manifestation of cancer even without a known primary.
Approximately 10.8%-30.0% of the patients having
metastatic carcinoma from unknown primary may
present with skeletal metastasis as an initial detectable
lesion (3-5). In patients with suspicious bone lesions
without known primary malignancy, it is important to
distinguish malignant from benign as well as to find
primary focus in patients with high probability of bone
metastasis for an optimized treatment.

Fluorine-18 fluorodeoxyglucose positron emission
tomography—computed tomography (F-18 FDG PET-CT)
has been established as an excellent whole body
screening modality in detection of primary focus, staging,
treatment planning and monitoring of treatment in
different types of metastatic cancer of unknown primary
(6-13). However, in addition to potential primary cancer
identification, role of PET-CT has also been reported in
differential diagnosis by recognizing other causes in bone
lesions suspicious for metastasis (14).

In this study, we applied a step-wise approach of
PET-CT in suspicious bone metastasis patients through
classification of imaging findings based on uptake
patterns for differential diagnosis as well as
identification of primary site and investigated whether
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PET-CT can help clinician for optimized management
plans.

PATIENTS AND METHODS
Patients

A total of 94 patients, who underwent PET-CT for
suspicious bone metastasis as an abnormal bone lesion
radiologically between January 2016 and March 2018,
were initially enrolled. Exclusion criteria of our study
were: the presence of previous known malignancy (n =
4) and inadequate follow-up records (n = 16). So, finally
74 patients were included in this study. These patients
did not have any history of receiving chemotherapy or
radiotherapy prior to PET-CT. All the 74 patients
underwent at least one or more imaging modalities
before PET-CT. Radiologically an abnormal bone lesion
was found by MRI in 42, CT in 20,bone scan in 2, and
more than one imaging modalities in 10 patients. This
study has been approved by our
institutional review board and the need for written

retrospective

informed consent was waived.
Imaging acquisition and analyses

PET-CT was performed using a Discovery ST PET-CT
system (GE Medical Systems, Milwaukee, WI, USA)
following standard protocol of the institution. All
patients fasted for 6 hours before intravenous injection
of 5.5 MBqg/kg body weight of F-18 FDG. Blood
glucose level did not exceed 7.2 mmol/L in any patient.
A low-dose CT scan was performed for attenuation
correction at 50 min after FDG injection. After the CT
scan, a PET scan was performed for the duration of 150
sec per bed position. Data were reconstructed using
ordered-subset expectation maximization (OSEM)
(128X128  matrix,
thickness, subset: 21, iterations: 2).

reconstruction 3.7-mm slice

PET-CT evaluations were performed by two experts in
nuclear medicine. FDG positivity of suspicious lesion
was referred as discernible focal uptake at bones or
comparison with the
background and blood pool activity. However, CT
positive lesions with mild or non-focal FDG avidity
were also considered as positive, as some cancers show
low FDG avidity. Each focal extra-skeletal uptake site

extra-skeletal tissues in
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was considered as compatible to primary lesion or
metastatic lesion according to uptake pattern and site
Extra-skeletal
physiological cause and inflammation was considered
as insignificant; where uptake pattern was non-focal,
symmetrical, linear or tracked along soft tissue

distribution. accumulation due to

boundary (as pleural surface or fascial plane).
Study design

To allocate stepwise approach we contrived several
criteria: FDG positivity of bone lesions, multiplicity of
positive bone uptake and presence of extra-skeletal
uptake (Fig. 1). Patients (n=7) with negative bone
uptake did not show any extra-skeletal uptake. Hence,
no malignancy on bone or extra-skeletal region was
noted. So, we applied further two steps on only the
‘positive bone uptake’ patients. According to the
multiplicity of bones having FDG uptake, patients were
further categorized as ‘single bone uptake’ and ‘multiple
bone uptake’. In the last step, both the single bone
uptake and multiple bone uptake patients were further

3

categorized into and ‘no
extra-skeletal uptake’ groups based on presence of FDG
in extra-skeletal tissue. So finally, we got four
characterized groups of 67 positive bone uptake patients

after the step-wise approach (Fig. 1); multiple bone

‘extra-skeletal uptake’

uptake with extra-skeletal uptake patients (A), multiple
bone uptake without extra-skeletal uptake patients (B),
single bone uptake with extra-skeletal uptake patients
(C) and single bone uptake without extra-skeletal uptake
patients (D). We compared follow-up results of each
group and also determined the prevalence of primary
sites. Follow-up was performed by clinically,
histopathology and further imaging modalities.
Additionally, we investigated whether PET-CT has
clinical role to guide biopsy sites through the
comparison of the difference of biopsy site according to
presence of extra-skeletal uptake.

Statistical analysis

Continuous variables were expressed as means + standard
deviation. A Chi-square test (Fisher’s exact test) was used
to compare categorical variables to assess the diagnostic
impact of PET-CT for recommendation of biopsy site. The
results were considered statistically significant if the P
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value was less than 0.05. SPSS for Windows 20.0 program
(SPSS Inc., IBM Company Chicago, IL, USA) was used
to conduct statistical analyses.

RESULTS

The 74 study subjects had a mean age of 67.5 = 13.9
years (range: 10-91 years) and male-female ratio 44:30.
On PET-CT, 7 (9.5%) patients showed no FDG uptake
in extra-skeletal area as well as bone. Among the
remaining 67 patients, PET-CT demonstrated single
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bone uptake in 11 (14.8%) and multiple bone uptake in
56 (75.7%) patients. Again from PET-CT, 47 (63.5%)
patients showed positive extra-skeletal FDG uptake and
27 (36.5%) had no extra-skeletal uptake. Final diagnosis
of bone lesions revealed malignant bone disease in 57 of
74 patients; whereas benign bone disease was diagnosed
in 17 (22.9%) patients. Furthermore, among the former,
6 (8.1%) patients had primary malignant bone disease
and 51 (69.0%) had metastatic bone disease (Table 1).

Table 1: Demographic distribution of study population [n = 74]

Variables Number of patients
(range or %)

Age (y) mean + SD 67.5+13.9 (10-91)

Male/Female 44 (59.5)/30 (40.5)

F-18 FDG positivity of suspicious bone lesion

No uptake 7(9.5)

Single bone uptake 11 (14.8)

Multiple bone uptake 56 (75.7)

Extra-skeletal uptake on PET-CT

Present 47 (63.5)

Absent 27 (36.5)

Final diagnosis of suspicious bone lesion on PET-CT

Benign bone disease 17 (22.9)

Malignant bone disease (Primary) 6 (8.1)

Malignant bone disease (Metastatic) 51 (69..0)

Follow-up methods

Histopathology 51(68.9)

Imaging 9(12.2)

Clinical follow-up 14 (18.9)

Table 2: Distribution of 67 patients with positive bone lesions in PET-CT according to each group

Group A Group B Group C Group D
(n=44) n=12) n=3) (n=38)
Malignant bone disease (Metastatic)
Primary lesion detected by PET-CT 40 (91.0%) 0 3 0
MCUPs/Primary lesion not detected by PET-CT* 2 (4.5%) 4 (33.3%) 0 2(25.0%)
Malignant bone disease (Primary) 0 5 (41.7%) 0 1 (12.5%)
Benign bone disease 2 (4.5%) 3 (25.0%) 0 5 (62.5%)

Group A. Patients having multiple bone uptake of FDG with extra-skeletal uptake
Group B. Patients having multiple bone uptake of FDG without extra-skeletal uptake
Group C. Patients having single bone uptake of FDG with extra-skeletal uptake
Group D. Patients having single bone uptake of FDG without extra-skeletal uptake

*The primary lesion site remained unknown/primary site was not detected by PET-CT,

but by other imaging modalities and/or by histopathological examination.
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PET-CT scan of patients with suspicious
bone metastasis
(n=74)

Positive bone uptake Natative bone uptake
(n=67) (n=7)

Multipose

bone involvement
(n=56)

Single bone involvement
(n=11)

A. Extra-skeletal uptake
(n=44)

B. No Extra-skeletal uptake
(n=12)

C. Extra-skeletal uptake
(n=3)

D. No Extra-skeletal uptake
(n=8)

Figure 1: PET-CT aided stepwise diagnostic flow in patients with suspicious bone metastasis from an unknown primary

From stepwise diagnostic flow (Figure 1), 44 patients
were categorized in group A, 12 patients in group B, 3
patients in group C and 8 patients in group D. Table 2
shows the final diagnosis of the FDG positive bone
lesions patients (n=67). In group A, extra-skeletal FDG
uptake primary
histopathologically in 39 cases and clinically in 1 case.
Rest of the 4 patients showed no correspondence of the
primary cancer with the positive extra-skeletal FDG
uptake sites. In two (4.5%) patients, bone lesions were
finally diagnosed as benign lesion (fractures and
uptake). also had

site  was confirmed as lesion

inflammatory These patients

extra-skeletal —uptake in stomach and thyroid
respectively, which were histopathologically revealed
with inflammation. One of the remaining two (4.5%)
patients was confirmed as prostate cancer by further
evaluations (histopathology) instead of lung cancer
detected by PET-CT. In another patient with metastatic
lesions in bone, primary site remained unknown though

extra-skeletal uptake was found in multiple lymph

nodes of neck, chest, and intra-abdominal regions.
Among the 12 patients of group B, 5 (41.7%) had
primary malignant bone disease (multiple myeloma), 3
(25.0%) patients had benign (inflammatory) bone




Bangladesh J. Nucl. Med. Vol. 22 No. 2 July 2019

Chowdhury et. al

Figure 2: Representative images of each group from F-18 FDG PET-CT

A. A 82-year-old male patient showed multiple hypermetabolic bone lesions. PET-CT also showed hypermetabolic lesion in sigmoid colon

(arrow). Histopathological examination confirmed moderately differentiated adenocarcinoma of sigmoid colon.

B. A 61-years-old male patient showed focal hypermetabolic lesions in multiple bones. However, extra-skeletal FDG uptake was not noted.

Pathological examination confirmed a case of multiple myeloma.

C. A 75-years-old male patient showed focal hypermetabolic lesion in C5 vertebral body and transverse process (arrowhead). PET-CT also

showed hypermetabolic focal lesion in apical segment of right upper lobe (arrow). Histopathological examination confirmed as

adenocarcinoma of right lung.

D. A 55-years-old male patient showed single hypermetabolic lesion in T4 vertebral body (arrow). However, extra-skeletal uptake of FDG was

not seen. Histopathological examination revealed mixed inflammation with mild marrow fibrosis in the affected bone.

lesions and 4 (33.3%) had metastatic malignant bone
disease but PET-CT failed to detect the primary. Primary
lesions were confirmed in two of the four cases by
further evaluations; one in thyroid and another in splenic
flexure of colon. Primary lesion remained unknown in
two cases of this group. In case of all the three patients
from group C, PET-CT positive extra-skeletal uptake
sites confirmed as primary lesions by
histopathology. Among the 8 patients of group D, one
(12.5%) was finally diagnosed as high grade sarcoma, 5
(62.5%) as benign bone disease (two inflammatory
lesions, one hemangioma, one tuberculosis and one

WEre

fracture) and the remaining two (25.0%) as metastatic
bone disease; where primary lesion site was prostate in
both cases, not identified by PET-CT but confirmed by
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further evaluation (histopathology). Representative
cases of each groups are illustrated in Figure 2.

PET-CT correctly identified primary site in a total of 43
(40 from group A and 3 from group C) of 51 patients
with metastatic bone disease (Table 2). The most
frequent primary site indicated by PET-CT was lung,
accounting 19 (44.3%) cases, followed by 9 (21.0%)
prostate, 4 (9.3%) liver and hepatobiliary, 4 (9.3%)
thyroid, 3 (6.9%) stomach, 2 (4.6%) colon, 1 (2.3%)
pancreas and 1 (2.3%) kidney. PET-CT was unable to
identify primary site in 8 patients but primary site could
be found in 5 by other modalities, where prostate was
the most frequent (3 (60%) cases) site, followed by 1
(20.0%) thyroid and 1 (20.0%) colon (Table 3).
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Table 3: Prevalence of primary sites in patients with
suspicious bone metastasis (n=48)

Primary sites Detected by  Not detected by
PET-CT(n=43) PET-CT (n=5)

Lung 19 (44.3%) 0
Prostate 9 (21.0%) 3 (60%)
Liver and hepatobiliary 4 (9.3%) 0
Thyroid 4 (9.3%) 1 (20%)
Stomach 3 (6.9%) 0
Colon 2 (4.6%) 1 (20%)
Pancreas 1(2.3%) 0
Kidney 1 (2.3%) 0

To see the diagnostic impact of PET-CT for

recommendation of biopsy site, only patients with
positive bone uptake who underwent biopsy after PET-CT
(39 cases from group A, 2 from group B, 3 from group C
and 2 from group D), was further evaluated (Table 4).
Among 46 patients, 42 patients who had presence of
extra-skeletal lesion on PET-CT underwent tissue biopsy
in sites solely recommended by PET-CT. On the other
hand, in negative extra-skeletal uptake group, biopsy was
done at the site recommended by colonoscopy in one
patient and suspicious bones localized in both PET-CT
and other conventional imaging in 3 patients. Fisher’s
exact test showed PET-CT significantly (P = 0.0003) had
an impact on recommendation for biopsy site in these
patients. Furthermore, among the 42 patients with
presence of extra-skeletal lesion, biopsy was performed
from primary lesion site in 35 cases and additional
superficial extra-skeletal metastatic sites (scalp in 1 and
lymph nodes in 6 patients) in 7 patients indicated by
PET-CT. It suggested that PET-CT was very useful to find
easily approachable biopsy site.

of PET-CT for
recommendation of biopsy site, only patients with

To see the diagnostic impact
positive bone uptake who underwent biopsy after PET-CT
(39 cases from group A, 2 from group B, 3 from group C
and 2 from group D), was further evaluated (Table 4).
Among 46 patients, 42 patients who had presence of
extra-skeletal lesion on PET-CT underwent tissue biopsy
in sites solely recommended by PET-CT. On the other

hand, in negative extra-skeletal uptake group, biopsy was
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done at the site recommended by colonoscopy in one
patient and suspicious bones localized in both PET-CT
and other conventional imaging in 3 patients. Fisher’s
exact test showed PET-CT significantly (P = 0.0003) had
an impact on recommendation for biopsy site in these
patients. Furthermore, among the 42 patients with
presence of extra-skeletal lesion, biopsy was performed
from primary lesion site in 35 cases and additional
superficial extra-skeletal metastatic sites (scalp in 1 and
lymph nodes in 6 patients) in 7 patients indicated by
PET-CT. It suggested that PET-CT was very useful to find
easily approachable biopsy site.

Table 4: Diagnostic impact of PET-CT for recommendation
of biopsy site according to extra-skeletal uptake positivity

Biopsy from  Biopsy Total P value
sites other  from bone
than bones  lesions
Presence of extra-skeletal — 42* 0 42

lesion on PET-CT

Absence of extra-skeletal 17 3% 4 0.0003
lesion on PET-CT
Total 43 3 46

*Biopsy site recommended by PET-CT.

tBiopsy site recommended by other modality.

iBiopsy was performed by localization of the same sites in
conventional modalities and/or PET-CT.

DISCUSSION

Carcinoma of unknown primary is a condition
characterized as an early dissemination of metastasis in
which no primary site can be detected with the patient
history, physical examination, extensive laboratory
testing and wide range of radiological investigations (15,
16). The incidence of metastasis without identification of
primary cancer has been reported as 3%-5% and
approximately 10.8%-30% of these patients have skeletal
metastasis as presenting symptoms(3-5, 15). In patients
of skeletal metastasis with unknown primary, the
diagnosis and accurate managements are often delayed in
spite of extensive imaging procedures and pathological
investigations, which exert negative effect on prognosis
through
fractures, hypercalcemia, and spinal cord compression
(2). It has been suggested that appropriate detection of a

skeletal related events such as the risk of
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primary tumor can make it possible to optimize treatment
planning and to improve patient outcome (17, 18).

There are a wide spectrum of diagnostic procedures
including various laboratory tests, radiological, endoscopic
examinations, serum tumor marker studies, and histological
diagnosis for primary tumor detection. However, these
procedures can be expensive, time-consuming and invasive
and eventually may fail to detect primary tumor (15).
PET-CT has an established role in patients with metastasis
of an unknown primary tumor because of its ability to
screen whole body in a single set-up. A recent meta-analysis
showed an overall 40.93% primary site detection rate with
high sensitivity and specificity by application of PET-CT in
patients of metastasis with unknown primary (6). Another
group of researchers showed that PET-CT is useful not only
for detection of primary site but also for characterization of
abnormal bone lesion (14). But, previous study only showed
the correlation between FDG avidity of suspicious bone
lesions and identification of primary focus by PET-CT,
which had limitations to apply PET-CT findings to clinical
practice in those patients in the aspect of recommendation
of the next management plan.

We tried to classify suspicious bone lesions into groups
with step-wise manner based on PET-CT findings that
enable clinicians to consider different management
strategies in each group. When patients had both bone
and extra-skeletal uptakes in PET-CT (group A and C),
extra-skeletal uptake sites were finally identified as
primary lesion in most of the patients. Interestingly,
PET-CT showed maximum primary site detection rate in
patients with single bone uptake. Such performance can
make clinicians continue to evaluate according to
PET-CT results in these groups. On the other hands, a
wide range of differential diagnosis was necessary in
patients only with multiple bone uptakes (group B).
Especially in 33.3% case of metastatic bone disease,
where primary foci were not identified by PET-CT but
other modalities such as colonoscopy and neck
ultrasound. In patients who only had single bone uptake
(group D), metastatic bone disease (25%) and primary
malignant bone tumor (12.5%) were diagnosed although
major proportion of patients (62.5%) had benign bone
disease as follow-up results. Therefore, a clinician had
to investigate further by using tumor markers, other

imaging modalities or endoscopic examination
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considering clinical symptoms, signs as well as PET-CT
findings in these groups (B and D).

However, primary site was recognized by further
investigations in 5/8 patients that PET-CT failed to
identify. Among the undetected primary sites by PET-CT,
prostate was the most frequent (3/5 patients). The slow
rate of glycolysis of tumor cells and low FDG avidity,
which could be one of the reason of low detectability by
PET-CT (19).Cancer tissue in prostate might be also
masked by physiological FDG accumulation in urinary
bladder(20).However, increased cell proliferation and
accelerated glucose metabolism in metastatic lesion over
primary lesion has also been demonstrated as the cause of
higher sensitivity of FDG PET-CT for detection
metastatic lesions than primary focus of prostate (19).

On the other hand, the second most primary site
identified by PET-CT was also prostate (21.0%) next to
lung (44.3%) in our study. In previous studies prostate
cancer was observed with high prevalence next to lung
cancer or multiple myeloma among patients who had
skeletal metastasis as initial manifestation with
unknown primary cancer (4, 5). Prostate cancer is often
confined to prostate tissue, which remain asymptomatic
for long time. However, bone pain, other clinical
symptoms or sign such as abnormal imaging findings
and high level of prostate specific antigen (PSA) can be
generated when they metastasized to bones (21).

Pathologic diagnosis through tissue biopsy is very
important because clinicians should consider this result to
choose therapeutic agents. Especially, mutation profiles as
well as histological characteristics have been crucial to
apply targeted or immune-therapy (22).In bone metastasis
patients, clinicians usually wanted to find other tissues or
organs than bone because limited accessibility and painful
procedure of bone biopsy can often fail to provide reliable
result especially in small sized lesion (23). In our study, we
observed significant difference in selection of biopsy site
according to presence of extra-skeletal uptake in PET-CT
(Table 4). Furthermore, biopsy was performed in other
extra-skeletal uptake sites which were superficial or easily
accessible, such as lymph nodes or scalp, than primary
focus in 7/42 (16.7%) sites. It suggests PET-CT can
provide a valuable role by localization of extra-skeletal
uptake site which can be easily approachable for biopsy.
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There are several limitations in our study. Firstly, our study
is designed in retrospective manner. So, this study has case
selection bias affecting the representativeness and
reliability. Secondly, all bone lesions were not confirmed
by histopathology especially in benign bone diseases
group. Thirdly, we could not use other imaging modalities
and tumor marker study in diagnosis process especially in
patients without extra-skeletal uptake. Further studies are
warranted through adding those parameters to improve
diagnostic performance of PET-CT.

CONCLUSION

Clinical impact of PET-CT was different according to
groups classified with stepwise manners, which suggested
that different strategies should be taken especially when
there was not extra-skeletal uptake to optimize
management plan. PET-CT also had a significant role in
patients with extra-skeletal uptake lesion through
guidance of easily approachable biopsy sites.
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