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Abstract

The aim of the current study was to determine the diagnostic accuracy of whole-body fluorine-18-fluorodeoxyglucose positron
emission tomography/computed tomography (FDG-PET/CT) in detecting carcinoma of unknown primary (CUP) with bone
metastases. We evaluated 87 patients who were referred to FDG-PET/CT imaging and reported to have skeletal lesions with
suspicion of malignancy. The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy were
calculated. The median survival rate was measured to evaluate the prognostic value of the FDG-PET/CT findings. In the search
for a primary, FDG-PET/CT findings correctly diagnosed lesions as the site of the primary true positive (TP) in 64 (73%) cases,
4 (5%) findings diagnosed no site of a primary, and none were subsequently proven to be true negative (TN); 14 (16%) diagnoses
were false positive (FP) and 5 (6%) diagnoses were false negative (FN). Life expectancy was between 2 months and 25 months.
Whole-body FDG-PET/CT imaging may be a useful method in assessing the bone lesions with suspicion of bone metastases.
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Introduction

Carcinoma of unknown primary (CUP) origin is
a heterogeneous group of cancers defined by the
presence of metastatic disease with no identified
primary tumor at initial presentation.! CUP accounts
for 3-5% of all malignancies in the world and is the
fourth most common cause of death from cancer in
both males and females. The skeleton, especially its
axial and proximal appendicular portion, is a common
site for metastasis.*® Among the patients with CUP,
10-15% have skeletal involvement.™ Clinically, skeletal
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metastasis of unknown origin is suspected in patients
who have symptomatic, osteolytic skeletal lesion with
poor margination and who are older than 40 years of
age.l’! More than 50% of advanced stage malignant
tumors may implicate bones. In general, CUP has an
aggressive biological and clinical behavior, with a poor
outcome.?”! Median survival ranges from only 2 months
to 10 months.F!

Conventional imaging modalities such as computed
tomography (CT), magnetic resonance imaging (MRI),
and ultrasound provide mainly morphologic information
on the primary tumor and potential metastasis. The
radiotracer fluorine-18 (18F)-fluorodeoxyglucose (FDG)
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positron emission tomography (PET) offers functional
data on tumor metabolism. Hybrid imaging by
FDG-PET/CT enhances the diagnostic capability of
detecting the primary tumor by fusing morphologic
and functional data.*”! FDG-PET/CT has the capacity
to detect different tumor types in the whole body with
a noninvasive approach and in a single examination.®!

The purpose of this study was to retrospectively evaluate
the accuracy of FDG-PET/CT in detecting the primary
tumor in patients with skeletal metastases of unknown
origin.

Patients and Methods

Patients

In this retrospective study, we reviewed the medical
records and imaging results of 87 patients with skeletal
lesions who were referred to FDG-PET/CT imaging
between December 2007 and May 2010 for the evaluation
of suspicious CUP.

The sample included 55 men (63.3%) and 32 women
(36.7%), with a mean age of 60 + 11 years (range:
32-82 years) who had been followed up for a mean
period of 6 months.

The inclusion criteria were having negative results
from physical examination, laboratory tests, or
conventional imaging modalities which had been
conducted for the evaluation of suspicious CUP. None
of the patients had a history of cancer and related
chemotherapy and/or radiation therapy prior to the
FDG-PET/CT imaging. Biopsy was performed for
all the patients who received a diagnosis of possible
primary lesion in FDG-PET/CT.

The patients with no primary lesion detected on
FDG-PET/CT underwent bone biopsy and were
clinically followed up for at least 6 months.

The exclusion criteria were having insufficient clinical
data in medical files, absence of any histopathologic
diagnosis for primary tumor, and having no clinical
and radiologic follow-up of at least 6 months. The
histopatological verification and/ or follow-up data were
accepted as a gold standard in the present study.

Patient preparations

The patients had fasted for at least 6 h and their blood
glucose levels were controlled before FDG injection.
All of the patients had blood glucose levels lower than
200 mg/dL. No intravenous (IV) contrast material was
used for the CT scans. Water soluble iodinated contrast
material diluted in 1,000 mL of water was given to each
patient orally prior to the investigation. CT scans with
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oral contrast were performed to get a detailed image of
the stomach and intestines.

Scanning procedure

18-fluorodeoxyglucose positron emission
tomography/computed tomography imaging
Whole-body PET/CT imaging was performed on a
biograph (Siemens Biograph 6, Chicago, IL, USA) using a
full-ring high resolution (HI-REZ) LSO PET and a six-slice
CT scanner (Siemens Biograph 6, Chicago, IL, USA).
The data were acquired 50 min after the administration
of FDG (296-555 MBq FDG according to body weight).
The CT scan was performed first with the following
parameters: 50 mAs, 140 kV, and 5-mm section thickness.

18F-FDG uptake was analyzed semiquantitatively
by recording the maximum standardized uptake
value (SUVmax) and qualitatively by visual interpretation
of the images. The criterion for malignancy was FDG
hypermetabolism at the site of most prominent lesion in
bone visible on at least 2 contiguous PET slices-showing
a higher maximum standardized uptake value (SUVmax)
than background bone activity and corresponding
to CT abnormalities not attributable to benign bone
pathologies. Multiple myeloma (MM) was considered
in hypermetabolic focal areas that was correlative to CT
abnormalities such as lytic lesions, minor lytic changes,
osteopenic areas. FDG-PET/CT images were analyzed
in three planes--axial, coronal, and sagittal--in the gray
scale color table for PET.

Statistical analysis

In calculating sensitivity and specificity, true positive (TP)
was considered when FDGPET/CT suggested the
location of the primary tumor and it was subsequently
confirmed, whereas false positive (FP) was considered
when this location was not confirmed. The sites suggested
by FDG-PET/CT were confirmed by histopathological
analysis of tissue obtained by biopsy or surgery that
was considered as the gold standard; however, imaging
procedures or clinical follow-ups were accepted if no
histopathological proof could be obtained. Even if
other lesions were detected, when FDG-PET/CT did
not suggest the location of the primary tumor, it was
considered to be true negative (TN) if the primary tumor
remained unknown in the follow-up. It was considered
false negative (FN) if the primary tumor was identified
subsequent to negative FDG-PET/CT.

Statistical analyses were executed using the Statistical
Package for the Social Sciences version 10.0 software (SPSS
Inc., Chicago, IL, USA). The sensitivity, specificity, positive
predictive value, negative predictive value, accuracy,
and relative risk were calculated. The Kaplan-Meier
test was used for survival analysis. P values of less than
0.05 were considered to be statistically significant with
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95% confidence interval. The following criteria were
accepted as a standard of reference: (a) Histopathological
findings; (b) obvious clinical findings such as fungating
carcinoma; (c) the combination of negative clinical
findings, negative findings of other imaging studies, or
negative follow-up findings; (d) resolution of apparent
abnormalities at subsequent PET studies without
intervening therapy together with negative clinical
follow-up findings; and (e) the combination of positive
clinical findings at the time of PET/CT and resolution
of the tumor after chemotherapy or radiation therapy.

The local ethics committee of Okmeydani Training and
Research Hospital, located in Istanbul, Turkey approved
the study (IRB 07.07.2010/852) and informed consent was
obtained from all patients participating in this study.

Results

Out of 87 patients referred to our clinic with bone
metastases of unknown primary, 55 were males (63.3%)
and 32 were females (36.7%). Seventeen out of 87 patients
underwent bone biopsy before FDG-PET/CT. The
diagnoses were squamous cell cancer metastases in
10 patients and adenocarcinoma metastasis in 7 patients.
In 4 patients, primary site could not be found on PET/CT
and the true negativity (TN) was confirmed with bone
biopsy. Among 87 patients, we detected multiple lesions
in 79 (90%) patients, a solitary lesion in 4 (5%) patients,
and did not find any malignant lesion in 4 (5%) patients
on FDG-PET/CT.

The localization of primary tumors detected with
FDG-PET/CT were: 45 lung (43 TP, 2 FN), 21 bone
(10 FN, 4 FP, 7TP), 4 breast (4 TP), 1 gastric (1 TP),
2 kidney (2 TP), 1 nasopharynx (1 TP), 2 rectum (1 TP,
1 EN), 2 prostate (1 TP, 1 FN), 1 sarcoma (1 TP), 1 testis
(1TP), 1 thyroid (1 TP), 1 aplastic anemia (1 TP). In five
patients, FDG-PET/CT was negative. One patient had
diaphragmatic and multiple bone metastases and died in
3 months (1FN). The primary of the other four patients
was not found and they are still alive (4 TN).

Among TP patients, 24 had squamous cell cancer (lung),
20 adenocarcinoma (lung cancer: 16, gastric
cancer: 1, kidney cancer: 2, prostate cancer: 1), 7 multiple
myeloma, 4 invasive ductal carcinoma (breast),
4 low-grade differentiated cancer (lung: 3, rectum
cancer: 1), 1 aplastic anemia, 1 thyroid follicular cancer, 1
testis germ cell tumor, 1 sarcoma, and 1 undifferentiated
cancer (nasopharynx cancer). The diagnoses of five FP
patients were as follows: Four were diagnosed with bone
inflammatory-granulomatous disease (tuberculosis)
and one with brucellosis. The following diagnoses
were made in 14 FN patients: Multiple myeloma in
four patients, adenocarcinoma (prostate cancer) in two
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patients, bronchoalveolar cancer in two patients, diffuse
B cell lymphoma in two patients, mucinous (appendix
cancer) in one patient, signet ring cell (gastric cancer)
in two patients, and one patient had diaphragmatic
and multiple bone metastases with undetected primary
focus. The primary focus of these patients could not be
detected due to low FDG affinity in these tumors. In the
search for a primary site, FDG-PET/CT findings correctly
diagnosed lesions as the site of primary TP in 64 (73%)
cases, 4 (5%) findings diagnosed no site of a primary, and
none were subsequently proven to be TN. Fourteen (16%)
diagnoses were FP and 5 (6%) were FN.

The sensitivity of FDG-PET/CT is 82% and the specificity
is 44%. Positive predictive value (PPV), negative
predictive value (NPV) and diagnostic accuracy (ACC)
were 93, 28 and 73%, respectively. In our study, there
were seven TP and four FN results for multiple myeloma.
The sensitivity was 63. 6%. Thirty one out of 87 patients
died (1-21 months), whereas 56 patients are still alive.
According to our findings, the mean survival time was
17 £ 1 months for our all patients. The life expectancy
was between 2 months and 25 months.

Discussion

It is widely accepted that CUP is a heterogeneous group
of metastatic malignancies, in which primary tumor
has not been found and clinical signs of the disease are
not significant at the time of evaluation.” The early
identification of primary tumor may enable a more specific
and effective treatment, thus leading to a longer mean
survival time for CUP patients.*) The results of our study
indicated that FDG-PET/CT was able to detect 75% of
primary tumors in patients with CUP and the diagnostic
accuracy (73%), sensitivity (82%), and specificity (44 %)
of FDG-PET/CT. The detection rates reported in the
literature showed a significant variation that ranged from
22% to 73%, with an overall detection rate of 37%.2781011
The meta-analyses on FDG-PET/CT reported primary
tumor detection rates ranging between 24.5% and
43%, sensitivities ranging between 87% and 91.9%, and
specificities ranging between 71% and 81.9%.212%

In their study, Fencyl et al. stated that the sensitivity
and specificity in the search for CUP were similar in
patients with histologically proven metastatic disease
and patients with clinical suspicion of the presence of
a malignancy.®! Contrary to their findings, our study
revealed a lower rate of specificity due to the higher
rate of false positive results, which could be explained
by higher granulomatous disease incidence in this
sample. In the current study, all results were based
on “biopsy-proven malignancy from unidentified
anatomical origin following conventional diagnostic
evaluation,”!™ which makes our study a unique one. In
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the current study, the most prevalent location of primary
tumors detected by FDG-PET/CT was the lung, which
was consistent with the literature.” Benign processes
such as infection (i.e., hepatitis, abscess), inflammation
(peritoneal inflammation), and granulomatous
diseases (i.e., sarcoidosis, tuberculosis, and amyloidosis)
are known to cause FP results and thereby reduce
specificity. The most common site for FPP FDG-PET/CT
results was vertebral bone tuberculosis. This may have
been due to increased glucose utilization and FDG
uptake caused by increased cellular metabolism in
inflammatory lesions. 31561

In a tuberculosis-endemic country, FDG PET/CT
positive lesions should be cautiously interpreted in terms
of granulomatous diseases because FP results may lead to

mismanagement. Thus, a histopathological examination
of FDG-PET/CT positive lesions should be performed.

The FN FDG-PET/CT sites and results were as follows:
Two patients had bronchoalveolar cancer in the lung,
one had mucinous cancer in the appendix, two had
signet ring cell cancer in the gastric region (signet ring
cell cancer), two had diffuse large B cell cancer in the
lymphoma, two had adeno cancer in the prostate, four
had skeletal involvement (multiple myeloma), and one
had diaphragmatic and multiple bone metastases with
undetected primary focus.

The FN FDG-PET/CT results may be explained by the
facts that: (a) The biological features of the primary

tumor may be different from those of the tumor cells in
the nodal regions (metastases may uptake higher levels
of FDG than in the primary; in low-grade epithelial
tumors FDG uptake can be low or absent); (b) the size of
primary lesion may be smaller than the resolution power
of FDG-PET/CT (especially within the abdomen, pelvis,
and head and neck, which are anatomically complicated
areas);®"1 (c) the primary tumor may disappear after seeding
the metastases because its angiogenic incompetence leads
to marked apoptosis and cellular turnover™® or because
it may have regressed spontaneously.>”131718

Multiple myeloma is another reason for FN FDG-PET/CT
result. FDG-PET/CT is an increasingly used modality
used to confirm the staging of multiple myeloma.["!
The advantage of FDG PET/CT over other imaging
techniques lies in its ability to detect medullary
and extramedullary lesions and the possibility to
discriminate disease from necrotic tissue and radiation
changes. It is a better modality than 99mTc-MIBI and
magnetic resonance imaging (MRI) in the detection
of focal lesions of multiple myeloma. However, MRI
is superior to FDG-PET/CT in detecting multiple
myeloma lesions in the spine because of its infiltrative
pattern.?! Bredella et al. stated that the sensitivity and
specificity of FDG PET/CT in detecting myelomatous
involvement was 85% and 92%, respectively.”) On the
other hand, FDG-PET/CT fails to differentiate multiple
myeloma lesions from multiple lytic bone lesions unless
the patient is referred to our department with clinical
suspicion of multiple myeloma. In our study, there were

Figure 1: A 48-year-old male patient with hip pain. MRI detected multiple lytic lesions on the pelvis. PET/CT shows an increased uptake of
FDG at the sternum, bilateral scapula, vertebral column, and pelvis. Histopathologic verification revealed multiple myeloma
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seven TP [Figure 1] and four FN results for multiple
myeloma. The sensitivity was 63.6%. In the current
study, the number of both FN and FP cases was 13,
which was inconsistent with the literature. In addition
to the facts explained above for FN results, FN and FP
FDG-PET/ CT results may have been due to: (a) A second
primary tumor,®* (b) inflammation-inflammatory
disease, (c) FDG uptake in some cancers mimicking
benign lesions, and (d) moderate FDG uptake™>*21 The
prognosis of patients with CUP syndrome is generally
poor and the median survival is approximately between
4 months and 12 months.?7%2! According to our
findings, the mean survival time was 9 months for all
of our patients and the life expectancy was between
5 months and 25 months.

Conclusion

Whole-body FDG-PET/CT imaging is proven to be a
useful method in the search of the primary focus and
metastasis in patients with CUP. In the current study, the
rate of specificity of whole-body FDG-PET/CT was lower
than the literature, indicating a higher rate of FP results,
which may be explained by higher granulomatous
disease incidence. Although the histopathological
verification is the gold standard, by recognizing the
technical limitations of FDG-PET/CT, FP and FN results
may be decreased and the diagnostic performance in
assessing CUP can be improved.
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