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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Compare the diagnostic performances of 18F-FDG PET/CT and conventional CT with respect to their ability to
detect primary tumor sites in carcinoma of unknown primary patients with extracervical metastases.

2. Describe the rate of identification of primary tumor sites using 18F-FDG PET/CT and conventional CT.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

Background. The aim of the present study was to evaluate
prospectively the diagnostic value of 18F-fluorodeoxyglu-
cose positron emission tomography/computed tomography
(18F-FDG PET/CT) and conventional CT regarding the
ability to detect the primary tumor site in patients with ex-
tracervical metastases from carcinoma of unknown pri-
mary (CUP) site.

Patients and Methods. From January 2006 to December
2010, 136 newly diagnosed CUP patients with extracervical
metastases underwent 18F-FDG PET/CT.

A standard of reference (SR) was established by a mul-
tidisciplinary team to ensure that the same set of criteria
were used for classification of patients, that is, either as
CUP patients or patients with a suggested primary tu-
mor site. The independently obtained suggestions of pri-
mary tumor sites using PET/CT and CT were correlated
with the SR to reach a consensus regarding true-positive
(TP), true-negative, false-negative, and false-positive re-
sults.

Results. SR identified a primary tumor site in 66 CUP pa-
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tients (48.9%). PET/CT identified 38 TP primary tumor
sites and CT identified 43 TP primary tumor sites. No sta-
tistically significant differences were observed between
18F-FDG PET/CT and CT alone in regard to sensitivity,
specificity, and accuracy.

Conclusion. In the general CUP population with multi-
ple extracervical metastases 18F-FDG PET/CT does not
represent a clear diagnostic advantage over CT alone re-
garding the ability to detect the primary tumor site. The
Oncologist 2012;17:1146–1154

INTRODUCTION
Carcinoma of unknown primary (CUP) represents a heteroge-
neous group of metastatic malignancies for which no primary
site of the tumor can be identified following a thorough med-
ical history, careful clinical examination, and extensive diag-
nostic workup. CUP accounts for 3%–5% of all cancer
diagnoses [1, 2]. Several favorable CUP subsets, representing
only �15% of all cases, have been recognized based on spe-
cific clinical and pathological features. These favorable sub-
sets require organ-specific recommended treatment strategies,
which may translate into better outcomes [3, 4].

Unfortunately, the majority of CUP patients do not fit into
any of the above favorable subsets. These patients form an ex-
tremely heterogeneous group with a few common features, in-
cluding the presence of multiple metastases, early
dissemination, uncommon metastatic sites, and usually a poor
prognosis [5]. It remains a diagnostic challenge to identify the
primary tumor site in these patients. Despite the fact that the
conventional diagnostic workup has improved over the years, a
primary tumor is identified in �30% of CUP patients ante
mortem [2].

In a recent review, it was estimated that a primary tumor
site could be identified in 73% of CUP patients by postmortem
examinations, most often in the lung, pancreas, or hepatobili-
ary tree [6]. Therefore, more sensitive diagnostic tools could
lead to identification of more primary tumor sites in CUP pa-
tients.

18F-fluorodeoxyglucose positron emission tomography/
computed tomography 18F-FDG PET/CT scanning, which
combines metabolic and anatomical information, may provide
the additional sensitivity required to detect the primary tumor
sites. 18F-FDG PET/CT has been successfully used in staging
and treatment monitoring for several solid tumor types [7]. As
an example, in non-small cell lung cancer patients, 18F-FDG
PET/CT has significantly better accuracy in staging and posi-
tively affects the therapeutic management, when compared
with 18F-FDG PET or CT alone [8, 9]. Also, 18F-FDG PET and
18F-FDG PET/CT have been of great importance in the detec-
tion of the primary tumor site in the favorable CUP subset with
cervical lymph node metastases and subsequent treatment
planning [10–13]. The value of 18F-FDG PET/CT is less well
studied in CUP patients with extracervical metastases. The
available studies are mainly retrospective and small [14, 15].
In addition, no recent studies have evaluated conventional CT
as a diagnostic tool in CUP patients.

The aim of the present study was to evaluate prospec-
tively the diagnostic value of 18F-FDG PET/CT and conven-
tional CT regarding their ability to detect the primary tumor
site in CUP patients with extracervical metastases. The

study was conducted at a single center to ensure the same
PET/CT procedure and quality.

PATIENTS AND METHODS
From January 2006 to December 2010, 136 newly diagnosed
CUP patients were enrolled in this study at Copenhagen Uni-
versity Hospital Rigshospitalet, Denmark. The trial was ap-
proved by the local ethics committee (KF 01233694), and
patients gave written informed consent. The study was re-
ported on ClinicalTrials.gov (identifier, NCT00269373).

Eligibility
Newly diagnosed CUP patients aged �18 years with normal
plasma creatinine referred for further diagnostic workup and
treatment were included. Patients were considered to have
CUP when a diagnostic workup as recommended by the Euro-
pean Society of Medical Oncology (ESMO) failed to identify
the primary tumor site [16].

Exclusion criteria were: (a) a history of previous malig-
nancy within 5 years except nonmelanoma skin cancer or in
situ carcinoma of the cervix, (b) diabetes mellitus, (c) claus-
trophobia, (d) severe obesity (�150 kg), and (e) allergy to con-
trast media. In addition, the following favorable subsets of
patients were excluded: (a) patients with squamous cell carci-
noma or poorly differentiated carcinoma involving only the
cervical lymph nodes, (b) patients with poorly differentiated
carcinoma consistent with a germ cell tumor, (c) patients with
neuroendocrine carcinoma, and (d) women with adenocarci-
noma involving only the axillary lymph nodes.

After study completion, one patient was excluded because
subsequent diagnostic workup identified three different pri-
mary tumor sites (ovarian cancer, cervical cancer, and sar-
coma).

All referral hospitals had performed routine pathological
evaluation of the CUP biopsies, including light microscopic
evaluation and immunohistochemical stainings depending on
clinical and pathological features. At Rigshospitalet, one pa-
thologist (B.L.P.) reviewed all the CUP biopsies and a broad
panel of antibodies was applied, including antibodies against
site-specific antigens, mucin antigens, and intermediary fila-
ments, to help suggest the primary tumor site. Poorly differen-
tiated carcinomas were routinely stained with markers specific
for lymphoma, malignant melanoma, germ cell tumor, sar-
coma, neuroendocrine tumor, lung cancer, and prostate cancer.

PET/CT Scanning Procedure
Four integrated PET/CT scanners (GE Discovery LS PET/CT
[General Electric Medical Systems, Milwaukee, WI]; Siemens
Biograph Sensation 16; Siemens Biograph 40, TruePoint; and
Siemens Biograph 64, TruePoint [Siemens Medical Solutions,
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Knoxville, TN]) were used. 18F-FDG PET/CT scans were car-
ried out according to standard procedures. Patients fasted for
�6 hours prior to i.v. injection of �400 MBq 18F-FDG. Imag-
ing acquisition started �60 minutes after the administration of
18F-FDG. In order to minimize bladder activity, patients were
asked to void right before image acquisition. The examination
was performed with the patient positioned supine with the
arms placed over the head, and patients were scanned from the
base of the skull to the thigh.

The CT component of the PET/CT scan was performed as
a diagnostic CT with the use of oral contrast medium (ioxital-
amat solution, 12.6 mg I/mL, in 500 mL water) 30 minutes be-
fore image acquisition, and i.v. contrast enhancement (75–125
mL, 300 mg I/mL, Optiray™, Covidien Pharmaceuticals, Ha-
zelwood, MO) was injected followed by 100 mL saline. The
administration rate and delay varied depending on the scanner.
The CT scan was performed immediately prior to the PET scan
with a multidetector CT scanner (four- to 64-slice CT scans);
CT parameters were 120 –140 kV, reference 225 mAs. The
PET scan followed immediately with acquisition times of
2.5– 4 minutes per bed position depending on the size and
weight of the patient. The PET scan was reconstructed by or-
dered-subset expectation-maximization, with data from the CT
scan used for attenuation correction. The CT contrast did oc-
casionally cause a PET artifact, but none of these led to false-
positive (FP) findings.

Image Interpretation

Routine Procedure
Experienced radiologists (A.K.B., 15 years of experience;
J.C.C., 3 years of experience) and nuclear medicine physi-
cians (A.L., 18 years of experience; J.G., 11 years of expe-
rience; C.B.C., 3 years of experience), in teams of one
radiologist and one nuclear medicine physician, evaluated
the PET, fused PET/CT, and CT images side by side and a
consensus was reached, which included suggestion of a po-
tential primary tumor site, if possible, and the number of
metastatic sites. Primary tumor site assessment was based
on the appearance of a contrast-enhanced mass, necrosis,
and/or invasiveness on the CT scan and/or the detection of
focal pathologically higher 18F-FDG uptake on the PET
scan. Thus, a PET-negative but obviously malignant-look-
ing tumor seen on the CT part of the PET/CT scan would be
defined as a positive lesion and an 18F-FDG PET-positive
lesion without clear anatomical CT substrate was classified
as negative. A written report with the PET and CT findings
as well as the reached PET/CT consensus was sent to the
Department of Oncology. Potential primary tumor sites sug-
gested by 18F-FDG PET/CT were further investigated using
other imaging techniques and/or a new biopsy or were cor-
related with clinicopathological features. According to the
above findings, treatment was decided as: (a) organ-specific
treatment if the primary tumor site was detected or (b) a
CUP regimen if the primary tumor site remained unknown.

Standard of Reference and Classification of Study
Results
To avoid potential variability introduced into daily clinical
practice by different observers, one team consisting of an ex-
perienced oncoradiologist (A.K.B., 15 years of experience)
and nuclear medicine physician (A.L., 18 years of experience)
subsequently reviewed all PET/CT images together (PET, CT,
and fused PET/CT images). All CT images from PET/CT
scans were retrieved from the picture archiving and communi-
cation system and reviewed separately and independently by
another experienced oncoradiologist (K.D.P., �30 years of ex-
perience) at a workstation in the Department of Radiology
without knowledge of the PET/CT findings or the PET images.
All observers were provided with the same information con-
cerning the medical history but were blinded to the initial writ-
ten PET/CT reports and treatment decisions. CUP patients
were categorized as follows: (a) primary tumor site identified
and (b) unknown primary tumor site. In addition, the number
of metastatic sites was depicted and noted independently by
the two teams.

It is inherently difficult to validate a diagnostic tool in CUP
patients because the primary tumor site remains unknown in
the majority of patients during life time. As a consequence, the
independently obtained suggestions of primary tumor sites us-
ing PET/CT and CT alone were correlated with a Standard of
Reference (SR) that was established by an experienced pathol-
ogist (B.L.P.) and two experienced oncologists (G.D. and
K.P.). The SR reviewed all clinical and pathological informa-
tion (patient demographics, metastatic pattern, results of clin-
ical and laboratory tests, imaging data—including the initial,
routine PET/CT report—and the results from pathological
evaluations of the biopsies or autopsy) from each patient
within a 2-month follow-up period after the performed
PET/CT scan. Based on the above information, the SR either
classified the patient as having CUP or suggested a primary tu-
mor site. The clinical follow-up period was limited to 2 months
after the PET/CT scan to avoid introduction of incorrect false-
negative (FN) scan results. A longer follow-up period might
have allowed for tumor progression to a stage in which a pri-
mary tumor site that initially was undetectable when the
PET/CT scan was performed had become visible (e.g., using
new imaging procedures, biopsies, or autopsies).

The independently obtained suggestions of primary tumor
sites using PET/CT versus CT scans were correlated with the
above described SR to reach a consensus regarding true-posi-
tive (TP), true-negative (TN), FN, and FP results. In some pa-
tients with an FP result, the SR identified a different primary
tumor site. FP results were therefore divided into: (a) FP, clin-
ical positive (FPCP), that is, FP results for which the SR iden-
tified a different primary tumor site, and (b) FP, clinical
negative (FPCN), that is FP results for which the primary tu-
mor site remained unknown (Fig. 1).

Data Analysis
The diagnostic performance (sensitivity, specificity, and
accuracy) of each imaging modality was calculated using
the following formulas: sensitivity � TP/(TP � FPCP �
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An experienced radiologist evaluated the 
CT images alone

A team consisting of an experienced radiologist and 
nuclear physician evaluated the PET/CT images

Suggestion of primary tumor site: 68 patients
No suggestion: 67 patients

Suggestion of primary tumor site: 81 patients
No suggestion: 54 patients

PET/CT: 38 patients
CT:  43 patients

PET/CT: 30 patients
CT:  38 patients

PET/CT: 49 patients
CT:  42 patients

PET/CT: 18 patients
CT:  12 patients

True positive (TP) False positive (FP) True negative (TN) False negative (FN)

FP, clinical positive
PET/CT: 10 patients

CT: 11 patients

FP, clinical negative
PET/CT: 20 patients

CT: 27 patients

136 newly diagnosed CUP patients referred
for further diagnostic workup and treatment

Standard of Reference (SR):
A Standard of Reference was established by an experienced 

pathologist and two experienced oncologists, taking into account 
all clinicopathological features of the patients from a 2-month

follow-up period after the PET/CT scan.
The independently obtained suggestions of primary tumor sites 

by PET/CT versus CT were related to the above described SR to 
reach a consensus regarding

18F-FDG PET/CT scans were performed in 136 CUP patients

1 patient was excluded since further diagnostic work-
up identified 3 different primary tumours

Figure 1. Consort diagram.
Abbreviations: CT, computed tomography; CUP, carcinoma of unknown primary; 18F-FDG PET/CT, 18F-fluorodeoxyglucose pos-

itron emission tomography/computed tomography.
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FN), specificity � TN/(TN � FPCN), and accuracy � TP �
TN/(TP � TN � FP � FN).

Differences in diagnostic performance between the inde-
pendently obtained 18F-FDG PET/CT and CT results were
tested for significance using McNemar’s test (two-sided level
of significance �.05) and are reported with a 95% confidence
interval. Statistical analyses were carried out using SPSS ver-
sion 18 (SPSS Inc., Chicago, IL) and SAS version 9.2 (SAS
Institute Inc., Cary, NC) software.

RESULTS

Patient Characteristics
The characteristics of the 135 CUP patients are summarized in
Table 1.

Because of the extended recruitment period (5 years), new
PET/CT scanners were introduced during the study period.
The PET/CT scans were performed with 4- or 16-slice CT
scanners for the first 93 CUP patients (68.9%). In the remain-
ing 42 patients (31.1%), the PET/CT was performed with ei-
ther 40- or 64-slice CT scanners. Of note, there were no
statistical differences in the diagnostic accuracy (TN � TP)
between the results obtained with 4- or 16-slice CT scanners
and those obtained with 40- or 64-slice CT scanners.

Baseline Examinations
An overview of the diagnostic procedures performed prior to
the 18F-FDG PET/CT scan is provided in Table 2.

The median number of days between the conventional
cross-sectional diagnostic workup at the referral hospital and
the 18F-FDG PET/CT scan at Rigshospitalet was 32 days
(range, 1–120 days). An abdominal CT or magnetic resonance
imaging (MRI) scan and a chest CT scan were performed in the
majority of patients (n � 125 patients, 92.6% and n � 107,
79.3%, respectively). The 10 patients without an earlier ab-
dominal CT or MRI scan had all previously undergone a
whole-body contrast-enhanced 18F-FDG PET/CT scan,
whereas 17 of the 28 CUP patients without an earlier chest CT

Table 1. Patient characteristics (n � 135)

Characteristic n %

Age, yrs

Median 62

Range 32–81

Gender

Male 65 48.1

Female 70 51.9

Histology

Adenocarcinoma 95 70.4

Poorly differentiated carcinoma 30 22.2

Squamous cell carcinoma 9 6.7

Malignant tumor 1 0.7

n of metastatic sites

1 33 24.4

2 29 21.5

�2 73 54.1

Metastatic sites

Lymph nodes 100 74.1

Liver 60 44.4

Peritoneum 40 29.6

Lung 40 29.6

Bones 40 29.6

Skin 9 6.7

Adrenal glands 8 5.9

Table 2. Baseline examinations (n � 135)

Baseline examination n of patients %

Abdominal or pelvic CT or MRI 125 92.6

Abdominal UL 90 66.7

Chest CT 107 79.3

Gastroscopy 92 68.1

Colonoscopy 57 42.2

Sigmoidoscopy 23 17.0

Anoscopy 8 5.9

Laparoscopy or laparotomy 17 12.6

Mammography 48 35.6

Gynecological examination 60 44.4

Gynecological UL 46 34.1

Cystoscopy 14 10.4

UL of scrotum 10 7.4

Bronchoscopy 36 26.7

ENT 19 14.1

UL of the neck 19 14.1

Bone scintigraphy 9 6.7

Bone MRI 17 12.6

Other examinationsa 63 46.7

One 46 34.1

More than one 17 12.6
18F-FDG PET scanning 11 8.1

Whole-body 18F-FDG PET/CT 45 33.3

Low-dose CT 12 8.9

Diagnostic CT 33 24.4
aOther examinations included: esophagoscopy, thyroid
UL, thyroid scintigraphy, thoracoscopy, brain CT or MRI,
proctoscopy, endoscopic retrograde
cholangiopancreatography or magnetic resonance
cholangiopancreatography, echocardiogram, bone marrow
biopsy, barium enema, CT urography, CT colonography.
Abbreviations: CT, computed tomography; ENT, ear–
nose–throat panendoscopy; 18F-FDG PET/CT, 18F-
fluorodeoxyglucose positron emission
tomography/computed tomography; MRI, magnetic
resonance imaging; UL, ultrasound.
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scan had a whole-body 18F-FDG PET/CT scan. The 11 patients
without a prior chest CT or whole-body PET/CT all had a nor-
mal chest x-ray and were therefore not excluded from the
study. In addition, exclusion of the 11 patients without a prior
chest CT or 18F-FDG PET/CT scan from the analysis did not
change the overall conclusions (data not shown).

Independent Findings Using 18F-FDG PET/CT
and CT
The primary tumor sites identified by the SR are summarized
in Table 3 and supplemental online Tables 1 and 2. In 66 pa-
tients (48.9%), a primary tumor site was identified, and in 69
patients the primary tumor site remained undetected (51.1%).
The identified primary tumor sites were, in most cases, based
on correlation of imaging data and histopathological informa-
tion (43 patients) (Table 3). For five patients, the primary tu-
mor sites were identified at autopsy within the 2-month
follow-up period, and for 13 patients they were identified fol-

lowing confirmation by a new biopsy or surgery. Furthermore,
biopsy revision and additional immunohistochemistry alone
identified five primary tumor sites (two goblet cell carcinoids,
one disseminated skin cancer [basocellular carcinoma], one
angiosarcoma, and one desmoplastic small round cell tumor)
(Table 3).

The PET/CT team suggested a primary tumor site in 68 of
the 135 patients (50.4%).These suggestions were found to
be TP in 38 patients and FP in 30 patients (Fig. 1 and supple-
mental online Table 1). The CT analysis by the independent
oncoradiologist suggested a primary tumor site in 81 patients
(60%), and 43 of these patients were found to be TP whereas 38
were found to be FP (Fig. 1 and supplemental online Table 2).
In 25 patients, the diagnoses were found to be TP using both
imaging modalities. An overview of the results using 18F-FDG
PET/CT and CT is provided in supplemental online Tables 1
and 2, respectively.

Of the 67 patients with a negative PET/CT scan, the

Table 3. Identified primary tumor sites by the standard of reference

Standard of reference

PET/CT suggestion of primary
tumor site

CT suggestion of primary
tumor site

Yes No Total Yes No Total

Imaging and pathology 31 12 43 37 6 43

Autopsy 3 2 5 3 2 5

New biopsy or surgery 12 1 13 11 2 13

Pathology revision 2 3 5 3 2 5

No primary tumor 20 49 69 27 42 69

Total 68 67 135 81 54 135

Table 4. Sensitivity, specificity, and accuracy of 18F-FDG PET /CT and CT

Modality

Detection rate
of primary
tumor site
(%) TP FN FPCP FPCN TN Sensitivity (%) Specificity (%) Accuracy (%)

CT 31.9 (43/135) 43 12 11 27 42 65.2 60.9 63
18F-FDG
PET/CT

28.1 (38/135) 38 18 10 20 49 57.6 71 64.4

Difference
(95 % CI)

7.6 (�8.9 to 24.0) �10.1 (�26.3 to 6.0) �1.5 (�13.1 to 10.1)

McNemar’s
test

p � .37 p � .22 p � .9

Overlap 25 29

A result was classified as TP if the PET/CT and/or CT scan suggested a localization of the primary site and the SR
confirmed this localization. A result was considered to be TN when neither the PET/CT and/or CT nor the SR detected the
primary tumor site in the 2-month clinical follow-up period. The result was classified as FN if the primary tumor site was
identified by the SR after a negative CT and/or PET/CT scan. FP results were divided into FPCP, that is FP results for
which the SR identified a different primary tumor site, and FPCN, that is, FP results for which the primary tumor site
remained clinically negative.
Abbreviations: CI, confidence interval; CT, computed tomography; 18F-FDG PET/CT, 18F-fluorodeoxyglucose positron
emission tomography/computed tomography; FN, false negative; FP, false positive; FPCN, FP clinical negative; FPCP, FP
clinical positive; SR, standard of reference; TN, true negative; TP, true positive.
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PET/CT diagnoses were TN in 49 patients, whereas CT alone
resulted in a TN finding in 42 of 54 patients. Of note, similar
patterns of FN tumor sites were obtained with the two imaging
methods (supplemental online Tables 1 and 2).

In �20 patients with multiple metastases and an FP result
with PET/CT and/or CT, biopsy-verified cancer tissue was
found in the suggested sites. However, histopathological as-
sessment indicated that these lesions were metastases and not
of primary origin.

PET/CT identified significantly more CUP patients with
bone metastases than CT alone (28.1% versus 20%; McNe-
mar’s test p � .0045).

Comparison of 18F-FDG PET/CT and CT
For PET/CT, the specificity, sensitivity, and diagnostic accu-
racy were 71%, 57.6%, and 64.4%, respectively. For CT, the
specificity, sensitivity, and diagnostic accuracy were 60.9%,
65.2%, and 63%, respectively. No statistically significant dif-
ferences were observed between the two imaging modalities in
regard to these parameters (Table 4).

DISCUSSION
The majority of CUP patients are characterized by widely dis-
seminated disease and a poor prognosis [2]. Diagnostic tools
for prompt diagnosis of the primary tumor site are highly
needed. In the present prospective study, we compared the di-
agnostic performances of 18F-FDG PET/CT and CT in 135
newly diagnosed CUP patients with extracervical metastases
referred for further diagnostic work-up and treatment. In 66
CUP patients (48.9%), a primary tumor site was identified us-
ing the SR. The number of identified primary tumor sites using
the SR in our study is comparable with those obtained in most
other 18F-FDG PET/CT studies in CUP patients with extracer-
vical metastases (mean, 45%; range, 37%–51%) [15].

Lung cancer was the most commonly identified primary tu-
mor site using the SR (12 patients). All these patients had under-

Figure 2. A 59-year-old man with squamous cell carcinoma in in-
guinal lymph nodes. The primary tumor site in the urethra was only
visible on the combined positron emission tomography/computed to-
mography scan but not with computed tomography alone. Figure 3. A 51-year-old woman with adenocarcinoma of the

peritoneal cavity. The histopathological suggestion of the primary
tumor site was the lower gastrointestinal tract. The primary tumor
site in the small intestine was only visible with computed tomog-
raphy alone. On the combined positron emission tomography/
computed tomography scan, the primary tumor site was
misinterpreted as peritoneal carcinomatosis.
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gone a chest CT and 10 patients had a bronchoscopy prior to the
18F-FDG PET/CT scan. Thus, the number of identified lung can-
cers in the present study does not represent patients with an inap-
propriate diagnostic workup prior to 18F-FDG PET/CT.

Assessment and comparison of overall survival outcomes be-
tween patients in whom a primary tumor site was detected and
patients in whom the primary tumor site remained unknown were
not performed in the present study. Of note, in a study by Yapar et
al. [17] identification of the primary tumor site did not result in a
better survival outcome in 90 CUP patients.

In the present study, PET/CT identified 38 (28.1%) TP pri-
mary tumor sites and CT identified 43 (31.9%) TP primary tu-
mor sites. No statistically significant differences were
observed between the two imaging modalities in regard to sen-
sitivity, specificity, and accuracy.

Although numerically similar results were obtained with 18F-
FDG PET/CT and CT, there were considerable differences in re-
gard to the suggested primary tumor sites (Figs. 2 and 3). Among
the TP results obtained with PET/CT and CT, only 25 cases were
overlapping. Similarly, only 29 overlapping TN results were ob-
tained. All 18F-FDG PET/CT images were evaluated by a single
team, and the CT images from the PET/CT scans were evaluated
by a single, independent observer. This experimental setup may
have introduced interobserver variability between 18F-FDG
PET/CT and CT results. Therefore, in the present study, a direct,
unbiased comparison of the two imaging methods is not possible,
and the limited overlap may, to a large extent, be a result of this
unavoidable interobserver variability.

Several studies have evaluated and compared the diagnos-
tic performance of 18F-FDG PET/CT, 18F-FDG PET, and CT
using different study designs to minimize interobserver vari-
ability among imaging modalities. One approach is to use the
same group of observers evaluating the 18F-FDG PET, CT, and
fused 18F-FDG PET/CT images [18, 19]. However, this ap-
proach may introduce recognition bias even when adding a
time interval between the different reading sessions [18].

The majority of the included patients in this study pre-
sented with two or more metastatic sites. Because the primary
tumor site might be small compared with the metastases and
the metastases might present in an unusual pattern or organ, it

may be difficult to discriminate between metastases and pri-
mary tumor sites using imaging alone (Fig. 4). This may ex-
plain some of the interobserver variability and the rather low
sensitivity, specificity, and overall accuracy in this heteroge-
neous group of cancer patients. It is not possible to set a clear
definition of how to discriminate a primary tumor from a me-
tastasis. This is often an observer-dependent decision. There
are no guidelines concerning FDG uptake for this kind of dis-
crimination. However, the findings of an expansive, less well-
defined, and irregular lesion on CT images in the lung
parenchyma, pancreas, gastrointestinal tract, or urinary blad-
der raise the suspicion of a primary tumor and indicate the need
for an additional image-guided biopsy in patients with proven
metastatic disease at other sites.

To our knowledge, no other prospective studies comparing
18F-FDG PET/CT with CT have been conducted in patients
with extracervical metastases of CUP. Thus, only four retro-
spective studies comprising 152 CUP patients have addressed
this important diagnostic issue [17, 18, 20, 21]. 18F-FDG
PET/CT detected the primary tumor site in 60 patients with ex-
tracervical CUP (39.5%). Selection bias might be a problem in
these studies because of their retrospective nature. Further-
more, all the included studies had rather low quality scores [14,
15]. Only one of the above studies compared the diagnostic
performance of 18F-FDG PET alone, CT alone, 18F-FDG PET
and CT side by side, and fused 18F-FDG PET/CT images [18].
Although, fused 18F-FDG PET/CT images revealed more pri-
mary tumor sites than the other modalities, the differences
were not statistically significant.

In the present study, PET/CT revealed significantly more
patients with bone metastases than CT alone (28.1% versus
20%; p � .0045), but the detection of this additional metastatic
site using PET/CT did not change the treatment decision in any
of these patients because all patients had multiple metastases.

Despite the limitations regarding the interobserver variability
that is inherent in the current study design, it seems appropriate to
conclude that, in the general CUP population with multiple ex-
tracervical metastases, 18F-FDG PET/CT does not represent a
clear diagnostic advantage over CT alone. In a newly published
study, Park et al. [22] obtained similar results and reached similar

Figure 4. A 61-year-old man with adenocarcinoma in multiple organs (lung, liver, bone, lymph nodes). The histopathological sugges-
tion of the primary tumor site was the lower gastrointestinal tract. The primary tumor was not identified with either positron emission
tomography/computed tomography or computed tomography alone.
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conclusions. Therefore, 18F-FDG PET/CT cannot be recom-
mended as a routine examination in CUP patients because the ac-
curacy is similar to that of CT alone and 18F-FDG PET/CT is
associated with higher costs and a longer examination time than
CT alone and cannot be performed in all hospitals. In CUP pa-
tients with multiple extracervical metastases, we suggest a high-
quality contrast-enhanced multidetector CT scan of the chest,
abdomen, and pelvis for the standard initial diagnostic workup
[23], which is also the recommendation of the ESMO guidelines
[16]. Further diagnostic workup should depend on specific signs
and clinical and pathological features. However, for CUP patients
presenting with a solitary metastasis or a single metastatic site, a
contrast-enhanced PET/CT scan may be superior to CT alone to
define definitive locoregional therapy, including confirmation of
the solitary nature of the disease. Prospective studies are required
to confirm the above hypothesis.

Using all relevant diagnostic tools, a multidisciplinary team
(SR) was only able to reach a putative primary tumor site diagno-
sis in 66 of the 135 (48.9%) newly diagnosed CUP patients with
extracervical metastases. Gene-expression profiling may help to
identify the primary tumor in CUP patients, especially when used
in concert with histopathology and imaging techniques [24–26].

This approach is of particular interest in the half of the CUP pa-
tients in whom the primary tumor site remains unknown.

In conclusion, a primary tumor site can be identified in
�50% of CUP patients by a multidisciplinary team. The re-
sults from this study indicate that 18F-FDG PET/CT does not
represent a clear diagnostic advantage over CT alone regarding
the ability to detect the primary tumor site in CUP patients with
multiple extracervical metastases.
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