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Abstract: Carcinoma of unknown primary (CUP) is a heterogeneous group of tumors with various clinical features 
causing diagnostic and therapeutic challenges. The aim of this study was to evaluate the ability of F-18 FDG PET/
CT for localizing the primary tumor, disclosing additional metastases, and changing the treatment in patients with 
CUP. One hundred and twelve metastatic patients (female = 40, male = 72, median age = 60.5 years) in whom 
conventional diagnostic work-up failed to disclose the primary tumor were included in the study. F-18 FDG PET/CT 
imaging was performed in a standard protocol (patient supine, arms on patient’s side, vertex to thigh, 369.3 MBq 
(296-444 MBq) F-18 FDG, a 60-minute uptake period, 6-7 bed position). Histopathology was taken as the only 
reference standard. F-18 FDG PET/CT correctly detected primary tumor in 37 of 112 (33.03%) patients. The most 
common site of primary tumor detected by F-18 FDG PET/CT was lung (n = 18), which was followed by nasopharynx 
(n = 7), pancreas (n = 5), tonsil (n = 2), breast (n = 2), thyroid (n = 1), uterus (n = 1) and colon/rectum (n = 1). F-18 
FDG PET/CT imaging disclosed additional previously undetected metastases in 32 (28.5%) and changed the treat-
ment in 33 (29.4%) of 112 patients. There were false positive F-18 FDG PET/CT results in 21 (18.5%) patients. F-18 
FDG PET/CT is able to disclose the primary tumor, disclose new metatases and change the treatment in about one 
third of patients with CUP.
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Introduction 

Carcinoma of unknown primary (CUP) is a group 
of malignant diseases in which the primary 
tumor cannot be disclosed by conventional 
diagnostic tools, and in a majorty of cases, 
even at autopsy [1]. CUP accounts for approxi-
mately 2% of all new cancer diagnoses, and 
most registries place it within the top 10 malig-
nancies-usually 7th or 8th most common (more 
common than non-Hodgkin lymphoma) [2]. It 
represents a group of heterogeneous tumors 
with varying clinical features with respect to 
histopathology, biological nature and clinical 
characteristics. The prognosis is generally poor, 
and only approximately 50% of patients survive 
longer than 12 months [3]. The routine diag-
nostic work-up of a patient with CUP typically 
includes careful physical examination and ana-

tomic imaging including computed tomography 
(CT) and magnetic resonance (MR) imaging, 
and endoscopic techniques. 

F-18 FDG PET/CT may be a useful tool for diag-
nostic work-up of carcinoma of unknown prima-
ry (CUP) [4]. Despite its advantages over con-
ventional anatomical imaging methods, F-18 
FDG PET/CT is reimbursed only in a limited 
number of indications associated with CUP. The 
reluctancy for reimbursement is based on the 
argument that the number of patients employed 
in the clinical validation studies is small; the 
number of patients in the vast majority of the 
reported studies is smaller than 100 [5-10]. 
The aim of this study was to evaluate the ability 
of F-18 FDG PET/CT to detect the occult primary 
tumor and new metastases and to investigate 
its role in changing the treatment in a larger 
number of patients with CUP.
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Material and methods

Patients

Between October 2009 and May 2014, 112 
patients (female = 40, male = 72; median age 

= 60.5, age range = 24-90 years) with metasta-
ses from an unknown primary tumor were 
included in this retrospective study. This retro-
spective study was approved by the institution-
al review board at our institution. The patients’ 
files with initial diagnosis of cancer of unknown 
primary were retrieved from the archive. Those 
patients who underwent F-18 FDG PET/CT were 
included in the preliminary list. Among them, 
the patients without a histopathological diag-
nosis of malignancy through biopsy performed 
at least at one site were excluded from this 
study. Only the patients with a definite histo-
pathological diagnosis and who survived long 
enough to be investigated thorougly by relevant 
imaging and laboratory tests were included in 
the study. Prior to F-18 FDG PET/CT imaging, all 
patients had metastatic disease, which was his- 
topathologically confirmed, but, detailed physi-
cal examination, routine laboratory tests includ-
ing serum tumor marker measurements, con-
ventional diagnostic imaging procedures chest 
X-ray, abdominal ultrasonography, CT, magnetic 
resonance imaging, mammography and endo-
scopic procedures failed to identify the primary 
site.

F-18 FDG PET/CT scan

F-18 FDG PET/CT scans were performed with 
an integrated PET/CT scanner (Biograph 2, 
Siemens Medical Solutions, Knoxville, Tenn). 
Patients fasted for at least 6 hours before the 
intravenous administration of F18-FDG, and 
each patient’s blood glucose level was mea-
sured before tracer injection. Whole-body imag-
es were obtained approximately 60 minutes 
after intravenous injection of 369,3 MBq (296-
444 MBq) F-18 FDG in a standard protocol 
(patient supine, arms on patient’s side, vertex 
to thigh, 6-7 bed position). Non-contrast-
enhanced CT scanning was performed with the 

Table 1. Characteristics of Patients by Localization and Histopathology of Metastases at Initial Pre-
sentation

Localization of  
Metastases

Squamous Cell 
Carcinoma

Adenocarcinoma (Differentiation)
Anaplastic Undefined TotalWell to Moderately 

Differentiated
Poorly Dif-
ferentiated

Cervical LN Met. 12 (10.7%) 10 (8.9%) 8 (7.1%) 3 (2.6%) 7 (6.2%) 40 (35.7%)
Non-cervical LN Met. 4 (3.5%) 12 (10.7%) 9 (8.0%) 3 (2.6%) 5 (4.4%) 33 (29.4%)
Skeletal Metastases 1 (0.8%) 5 (4.4%) 3 (2.6%) 4 (3.5%) 2 (1.7%) 15 (13.3%)
Lung Metastases 2 (1.7%) 4 (3.5%) 3 (2.6%) 1 (0.8%) 3 (2.6%) 13 (11.6%)
Liver Metastases 4 (3.5%) 2 (1.7%) 1 (0.8%) 1 (0.8%) 8 (7.1%)
Other Met. 1 (0.8%) 1 (0.8%) 1 (0.8%) 3 (2.6%)

Figure 1. 42-year old man presented with enlarged 
right cervical lymph nodes, epithelial tumor metas-
tasis on biopsy, F18-FDG PET/CT showed increased 
uptake in the right tonsil (SUVmax 10.5) and right 
cervical lymph nodes; final diagnosis-squamous cell 
carcinoma of right tonsil.
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following settings: Peak x-ray tube voltage, 80 
kV, current, 61 eff. mAs, slice width, 5.0 mm. 
Both PET and CT scans were performed with 
patients under normal tidal breathing. Attenu- 
ation-corrected PET images were reconstruct-
ed with an ordered subset expectation maximi-
zation iterative reconstruction algorithm. PET 
images and CT images were fused and dis-
played on a workstation. 

Image analysis

F-18 FDG PET, CT and fusion F-18 FDG PET/CT 
images were examined in axial, coronal and 
sagittal planes on the manufacturer’s review 
station. On a transaxial, attenuation-corrected 
PET image, the maximum standardized uptake 
values (SUVmax) were obtained by placing 
regions of interest (ROIs) on the lesions that 
had been identified on visual analysis. All F-18 
FDG PET/CT images were evaluated by two 
nuclear physicians. The presence, number, si- 
ze, SUVmax, character, and precise location of 
suspected malignancy were recorded, and the 
number and the sites of metastases were com-
pared with the known number and sites of 
metastases prior to F-18 FDG PET/CT imaging 
for each patient. 

Results

The histopathology findings and the sites of 
metastases are summarized in Table 1.

Primary tumors and metastases

F-18 FDG PET/CT disclosed the primary tumor 
in 37 of 112 patients (33.03%, 37 of 112). Of 
these, 18 primaries were localized in the lungs, 
7 in nasopharynx, 5 in pancreas, 2 in tonsil, 2 
in breast, 1 in thyroid, 1 in uterus and 1 in 
colon/rectum (Figure 1). All previously known 
metastases were detected with F-18 FDG PET/
CT in all patients, and in 32 (28.5%) of 112 
patients, new sites of metastases were de- 
tected.

in 4, colonic polyp in 3, rectal granuloma in 2 
patients), head and neck (inflammation of 
nasopharynx in 5, submandibular gland in 2, 
thyroiditis in 1 patients), lungs (active tubercu-
losis in 1 and fungus infection in 1 patient), 
liver (benign hepatic tumor in 1 patient). In an 
additional patient, the lesion with increased 
F-18 FDG uptake (SUVmax: 6.5) suggesting the 
site for the primary tumor located in the lung 
which could not be confirmed histopathologi-
cally was decided to be benign by follow-up 
data (Table 2).

Change to patients’ treatment

The treatment was modified in 33 (29.4%) of 
112 patients based on F-18 FDG PET/CT find-
ings detecting primary tumor in 37 patients and 
additional metastases in 36 patients. Of these 
33 patients, chemotherapy protocol was ch- 
anged in 22, while surgical treatment which 
was considered prior to F-18 FDG PET/CT was 
cancelled and chemotherapy was initiated in 
11 patients due to upstaging based on F-18 
FDG PET/CT.

Discussion

Carcinoma of unkown primary is a distinct 
malignant disease that is different from meta-
static stage of any malignant disease in which 
primary tumor is already known. Although its 
prevalence is estimated to be higher than non-
Hodgkin lymphoma, the exact rate is not known 
since CUP is not usually reported as a separate 
entity by cancer registries. It is not uncommon 
to see that the metastatic stage of a malignan-
cy with already known primary is confused with 
cancer of unknown primary during registration 
of the final diagnosis. It is generally an advanced 
stage disease and most of the patients have 
extensive metastatic disease at initial diagno-
sis. The presence of malignancy of unknown 
origin determined histopathologically in one or 
more metastatic site(s) and the failure to detect 
the primary tumor by routine diagnostic algorti-

Table 2. False Positive Results F-18 FDG PET/CT by Histopathology 
and Location
Histopathological Gastrointestinal tract Head and Neck Lungs Liver
Atypical Hyperplasia 4
Polyp 3
Granuloma 2
Inflammation 8 3
Benign Tumor 1

False positive results

F-18 FDG PET/CT scan sug-
gested a primary tumor in 21 
of 112 patients, but histo-
pathological examination re- 
vealed benign lesions in the 
gastrointestinal tract (atypi-
cal hyperplasia with sinus 
ventriculi in gastric mucosa 
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hm are the prerequisites for the diagnosis of 
CUP. The most common algorithm for the diag-
nostic workup of a patient with CUP includes 
physical examination, relevant laboratory tests, 
conventional X-ray studies, ultrasonography, 
computed tomography (CT) and/or magnetic 
resonance imaging (MRI) and endoscopic 
examinations when applicable. Further diag-
nostic studies such as mammography are 
included in the algorithm for some special 
cases. Despite the extensive use of these tech-
niques, the primary tumor can be detected in a 
small portion of patients only.

CUP is predominantly seen between the fifth 
and seventh decades and slightly more preva-
lent in men than in women. Its reported preva-
lence varies between 1.3 to 4.2% of all newly 
diagnosed malignancies. Despite intensive 
diagnostic efforts, the primary tumor cannot be 
detected even at autopsy in almost 2/3 of 
patients with CUP. The detection of the primary 
tumor in patients with CUP is vitally important 
for the initiation of curative treatment. If the pri-
mary tumor detected after diagnostic workup is 
a hematologic malignancy, chemotherapy could 
dramatically saves the patient’s life. Also, if the 
primary tumors is detected in patients with soli-
tary metastasis of unknown primary, surgery 
would be peformed in a significant number of 
these patients. 

F-18 FDG PET/CT is useful in detecting the 
extent of metastatic disease in most majority 
of the patients and also able to detect the pri-
mary tumor in one third of the patients with 
CUP [4, 11-16]. This is confirmed by the results 
of our current study; F-18 FDG PET/CT correctly 
detected primary tumor in 37 (33.03%) pati- 
ents, disclosed additional previously undetect-
ed metastases in 32 (28.5%) and changed the 
treatment in 33 (29.4%) of 112 patients. The 
patient cohort in our study is one of the largest 
reported in the literature; the number of 
patients in most of the previously published 
studies is less than 100. Nevertheless, the suc-
cess rate for detecting the primary tumor, addi-
tional metastases and change to the patients’ 
treatment is similar to previous reports (i.e. 
about one third of the patients). 

Contrary to previous reports, one of the distinct 
features of our study is that there was no hema-
tologic malignancy in our cohort. This is possi-
bly due to the fact that the current more focused 

diagnostic techniques including bone marrow 
biopsy is used more frequently in routine clini-
cal practice excluding the possibility of hemato-
logic malignancy at an early stage of the diag-
nostic workup of patients with CUP. 

Also, in most of the previously published 
reports, the highest number of primaries 
detected by F-18 FDG PET/CT was head and 
neck carcinomas while in our study the most 
common primary detected by F-18 FDG PET/CT 
is the lung carcinoma (18/37; 48.6%) which 
was followed by nasopharynx, pancreas, tonsil, 
breast, thyroid, uterus and colon/rectum. The 
rate of detection of lung carcinoma as the pri-
mary tumor in our study is higher than the rate 
in the prevously published postmortem series 
in which only 20% of patients with CUP had 
non-small-cell lung cancer [17].

The ability of F-18 FDG PET/CT in demonstrat-
ing increased metabolic uptake in the primary 
tumor localized in prostate is also noteworthy 
since the use of F-18 FDG PET/CT in the diag-
nostic workup of prostate carcinoma is associ-
ated with problems due to high urinary activity 
as reported in previous reports [18-20].

We believe that there are several reasons for 
the failure of F-18 FDG PET/CT in detecting the 
primary tumor in 2/3 of patients with CUP. First 
of all, F-18 FDG uptake can be influenced by 
tumor grade [21, 22]. Low-grade tumors tend to 
have low or absent glucose consumption, and 
therefore have low F-18 FDG uptake [23]. High 
background signal, which results from the pres-
ence of physiological F-18 FDG uptake in near-
by sites (especially in the gastrointestinal and 
urinary tract) may hide the primary lesion. The 
5-mm spatial resolution limit of the PET/CT sys-
tems or the presence of small tumor foci, exhib-
iting low FDG uptake may also lead to failure of 
F-18 FDG PET/CT imaging in the diagnostic 
workup of CUP. 

F-18 FDG FDG PET/CT may lead to changes in 
the treatment strategies due to the detection of 
previously unidentified primary tumor and/or 
new metastases. Detection of previously unrec-
ognized regional disease can prompt inclusion 
of the relevant areas in radiotherapy target field 
and can also change the dose of radiation to be 
delivered by radiotherapy, especially for pati- 
ents with cervical node metastasis [7, 24]. In 
our present study, based on the identification 
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of primary tumor by F-18 FDG PET/CT imaging, 
the chemotherapy protocol was modified in 22 
(59.4%) of 37 patients in whom the primary 
tumor was correctly localized by F-18 FDG PET/
CT. Also, F-18 FDG PET/CT detected the previ-
ously unrecognized distant metastases in 32 of 
patients (28.5%) of 112. This result contributed 
to treatment changes in 33 patients. A system-
atic review of 16 previously published studies 
covering 302 patients found that F-18 FDG-PET 
detected previously unrecognized metastases 
in 27.1% of patients (regional in 15.9%; distant 
in 11.2%), and led to changes in treatment in 
24.7% of all patients in 6 studies [25]. Our find-
ings and previously published results empha-
size the impact of F-18 FDG PET/CT in the man-
agement of patients with CUP.

In conclusion, F-18 FDG PET/CT is an efficient 
method for detecting the occult primary tumor 
in patients with CUP, as well as detecting previ-
ously unrecognized metastases. Also, F-18 
FDG PET/CT imaging can change the treatment 
in a significant number of patients.
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