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Purpose: To assess the value of PET/CT in 

metastases of unknown primary. Materials 

and methods: prospective analysis of 100 

patients, presenting with pathology proved 

or clinically suspected metastatic lesions of 

unknown primary, all patients had 

undergone prior investigations with clinical 

examination and routine workup with 

follow up for a period of 3-9 

months.Results: PET/CT findings among 

100 patients of study group: 64 patients 

were true positive, 4 patients were false 

positive, 9 patients were true negative & 23 

patients were false negative with sensitivity 

of 73.6% and specificity of 69.2%. PET-CT 

detected more additional sites of metastases 

in 64 patients.  

Conclusion: FDG PET/CT is a single 

modality that has advantage for early 

detection of the primary tumor site in CUP 

patients. This facilitates early selection of 

appropriate treatment protocols that will 

improve patients' prognosis. 
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INTRODUCTION:  

There is some inconsistency between the 

definition of CUP both in clinical practice 

and in literature. A histologically proven 

cancer with no primary despite completed 

staging; or patients with metastases without 

known primary site based on clinical 

findings only(1). However, the simplest 

clinical definition has included all patients 

who presented with histologically 

confirmed metastatic carcinoma and in 

whom a complete medical history, careful 

physical examination, and chest 

radiography did not identify the primary 

site(2) 

CUP is the seventh to eighth most 

frequently occurring cancer in the world 

and the fourth commonest cause of cancer-

related death in both men and women(2). 

The majority of CUP (60–65%) are 

adenocarcinoma, 5% are squamous cell 

carcinoma, while the remaining 30–35% 

are poorly differentiated adenocarcinoma or 

poorly differentiated carcinoma, poorly 

differentiated neoplasm. Investigations 

including blood biochemistry survey, stool 

occult blood testing, urine analysis, 

histopathologic review of biopsy material 

with the use of immunohistochemistry and 

computed tomography of head & neck, 

chest, abdomen & pelvis are usual 

investigations in such patients(3&4). 

Additional diagnostic procedures that can 

be used for primary tumor detection include 

a combination of various endoscopy and 

serum tumor marker studies, depending on 

the specific signs and symptoms, 

histological results, and laboratory 

abnormalities. However, in majority of 

patients these tests may eventually fail to 

detect a primary tumor. 

PET/CT, using 18Ffluoro- 2-deoxyglucose 

(FDG) is whole body imaging that may 

help in problem-solving in patients with 

CUP. To identify patients with treatable 

CUP subsets, and accelerates the diagnostic 

work up(5&6). Compared to conventional 

imaging technologies, PET provides 

information about functional or metabolic 

characteristics for detection of 

malignancies before changes occur in 

anatomical structure(7). Since the vast 

majority of malignant cancer phenotypes 

exhibit an increased glucose metabolism so 

the radiotracer FDG is useful for detection 

of unknown primary tumor site(8). In CUP 

the primary tumor may be of small size 

below the spatial resolution of a PET 

system unless intense FDG uptake is 

present(9). The most frequently reported 

PET-CT detected unknown primary tumor 

locations include the lung, pancreas and 

oropharynx(5). PET/CT is a useful 

adjunctive imaging modality when 
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conventional cross-sectional imaging is 

non-diagnostic, to differentiate pancreatic 

from chronic pancreatitis.  Several studies 

have shown that PET/CT has high rates of 

sensitivity (85-100%) and specificity (67-

99%) for distinguishing benign from 

malignant pancreatic masses (10&11). 

Using combined PET/CT demonstrated a 

higher sensitivity and specificity of 100% 

and 92.5%, respectively (P<.00005) in 

diagnosing a malignant pelvic tumor of 

unknown origin and elevated risk of 

malignancy based on a substantially 

elevated serum CA125, ultrasound 

examinations, and menopausal state (12&13).  

PET/CT is the image modality of choice  

when ultrasound showed a pelvic tumor 

when additional information is needed prior 

to surgery was needed. 

The most common cause of metastatic 

involvement of axillary lymph nodes in 

women is ipsilateral breast cancer(14). A 

baseline FDG-PET/CT may also play a 

valuable role for treatment monitoring 

following therapeutic intervention (15). 

Therapy directed at the presumed primary 

site which lead to benefits in these patients, 

and this supports the idea that at least some 

CUPS retain similar sensitivity to therapies 

that are known to be useful for the known 

primaries (16). 

 

PATIENTS & METHODS: 

Patient Population: A retrospective 

analysis of 100 patients (48 women and 52 

men, median age: 55.1 years) presented 

with metastatic lesions of unknown primary 

where collected from three centers 

(children cancer hospital, national cancer 

institute and Naser hospital) during the 

period of October 2010 till May 2014, all 

patients were referred for whole-body 18F-

FDG PET/CT for localization of the 

primary tumor site. All patients had 

undergone prior investigations with clinical 

examination, serum tumor markers, CT for 

chest & abdomen, upper & lower GIT  

endoscopies on individual basis according 

to clinical and laboratory findings.  

According to sites of metastases on 

presentation:  26 had skeletal metastases , 

24 patients had lymph nodes, , 22 patients 

had liver metastases, 10 patients had 

malignant effusions, 8 had cerebral 

metastases, 5 patients had lung nodules, 

and 1 had chest wall metastases and the 

remaining 4 patients were presented with 

more than one site of metastases (table 1).  

PET/CT scanning: Patients fasted for 4-6h 

before PET scanning to minimize blood 

insulin levels and glucose utilization of 

normal tissue with blood sugar level not 
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more than 160mg/dl. Each patient was 

injected with 0.14 mCi/kg of body weight 

with F-18 FDG. During the uptake phase of 

18F-FDG patients were laid still in a quite 

warm room. Whole-body images were 

acquired 45-60 min after intravenous 

injection of FDG At first low dose contrast 

CT was performed prior to PET. Five 

millimeter thick sections are obtained at 80 

mA (but adjusted for body thickness) and 

120 kVp from the skull base to the mid-

thigh, sometimes from the high parietal 

region till the feet and in some patients late 

images were obtained. Subsequently 3D 

whole body PET scan with an acquisition 

time of 3 minutes per bed position for 

approximately six to seven bed positions is 

performed. CT transmission map was used 

for attenuation correction. For PET/CT 

fusion images were also reconstructed 

transverse, coronal and sagittal slices in 

two sets with and without attenuation 

correction.  

Image analysis: Whole-body images were 

interpreted by 2 nuclear medicine 

physicians’. All images were qualitatively 

& quantitively interpretated.  

Qualitative assessment the criterion for 

malignancy was [18F] FDG hyper 

metabolism at the site of pathological 

changes on CT or marked focal hyper 

metabolism at sites suggestive of 

malignancy despite absence of on CT 

findings. Quantitative evaluation using 

Standard Uptake Value (SUV) of more than 

2.5 was considered significant. 

Clinical, surgical and histopathologic 

findings and correlative imaging modalities 

were used to assess the results of FDG 

PET. Management of patients: 78 

received irradiation with/without 

chemotherapy whether in a palliative 

setting or a radical one. Mainly a 2D 

technique was adopted for the palliative 

setting, in case of brain metastasis; dose of 

30 Gy /10 fractions was administered. In 

case of bone metastasis dose ranged from 

750 cGy single shot up to 500 cGy x 4 

fractions or 300 cGy x 10 fractions. 3D 

conformal irradiation technique was used to 

deliver radical irradiation to head and neck 

region and prostate cancer with radiation 

dose of 70 Gy/ 35 fractions. Follow up: All 

the included patients were followed up for 

a period of 3-9 months after starting 

treatment with either radiotherapy & 

chemotherapy according to each site. 

Statistical Analysis: The accuracy of 

FDG-PET was expressed in terms of 

sensitivity, specificity, accuracy, positive & 

negative predictive values. The difference 

in accuracy was tested using the chi-square 

test.  
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RESULTS: 
The baseline characteristics of patients included in the study were summarized in table 1.  

 

Table 1: Characteristics of 100 patients with metastases of unknown primary 

Male/Female 52/48 
Median Age 55.1 
Site of lesions on presentation Bone 26 

LNs 24 

Liver 22 

Malignant effusion 10 

Brain 8 

Lung 5 

Chest wall 1 

More than one site 4 
 

PET-positive lesions suggestive of primary 

malignant tumors were found in 68 out of 

100 patients. These lesions were 

pathologically proven to be malignant (TP) 

in 64 patients (64%). 

The proven sites of the malignant primary 

lesion are listed in table 2 with higher  

detection rate in lung, Pancreas, breast and 

colon as primary site. The remaining 4 

patients showed false positive hyper 

metabolic FDG uptake in hyperplastic 

colonic polyp, pulmonary T.B, non-specific 

inflammatory lung lesion and sarcoidosis.

 

Table 2: Sites of pathologically proved primary tumor in 64 positive patients as detected by 

PET/CT. 

 

Site of primary N0 0f patients 

 Lung 14 

 Pancreas 9 

 Breast 8 

 

Colon 7 

Ovarian mass 5 

Prostate 4 

Lymphoma 4 

Liver mass 3 

Renal 2 

Uterine 2 

Thyroid 2 

Others 5 

Total 64 
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Figure 2: a 43 years old male patient presented by liver metastasis, PET/CT showed focal 

uptake at the rectal wall proved to be rectal carcinoma by after surgical excision. 

Figure 1: 60 years old male patient presented with brain deposit. PET/CT showed prostatic lesion which 

proved histologically to be the primary site of origin. 
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On the other hand, PET/CT could not 

detect primary lesion in 32 patients. 

However during the follow up period, 

primary site was detected and histologically 

confirmed in other 3 patients (1 patient had 

multiple myeloma, 1 patient had cancer 

breast & 1 patient had cancer of valleculla). 

Among the remaining 29 patients during 

follow up period 9 patients proved to be 

true-negative (TN). One patient proved to 

be osteoporosis with multi-level porotic 

collapse after dorsal vertebral 

decompression, the second patient proved 

to be hyperparathyroidism with brown 

tumor, the third patient proved to be 

pancreatitis, the fourth patient proved to be 

meningioma after surgical intervention. 

Two patients proved to have regeneration 

nodules in liver, one patient after revision 

of the lymph node biopsy confirmed to be  

hyperplasia. One patient confirmed to be 

stress fracture in the ribs with inflammatory 

soft tissue component and the 9th patient 

proved to be Paget's disease in bone. The 

remaining twenty patients showed no 

evidence of primary tumor site during 

follow up  and considered as false negative 

(FN). 

 PET/CT findings among 100 patients of 

study group: 

Thus the true total positive pathologically 

proved primary tumor site by PET/CT were 

64 patients (64%), 4 false positive patients 

(4%), 9 true negative patients (9%) and 23 

false negative patients (23%) with 

sensitivity, specificity, PPV, NPV and 

accuracy of FDG-PET in the search for the 

presence of a primary in cases of CUP are 

seen in table 3. 

 

Table 3: sensitivity, specificity, PPV and NPV of FDG-PET among the 100 patients with 

CUP. 

 

Sensitivity Specificity PPV NPV Accuracy 

73.6% 69.2% 94.1% 28.1% 73% 

 
PET-CT detected other sites of metastases in 64 patients in form of 106 added lesions 

distributed as in table 4.the highest lesions detected  were in lymph nodes ( 50 sites) then 

skeletal metastases (29 sites)  followed by the lungs ( 15 sites) . 
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Figure 4:  A 36years old female patient presented with lung deposits, PET/CT study 

revealed additional deposits in liver, bone and nodes; also the suggested primary is breast 

that is histologically proved later on.  
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Table 4: Distribution of the added metastatic lesions according to the site among 64 

patients. 

 

Site of additional lesions Number of lesions 

Lymphatic metastases 50 

Skeletal metastases 29 

Lung metastases 15 

Liver metastases 6 

Adrenal metastases 4 

Brain metastases 2 

 

 

DISCUSSIONS: 
 

Postmortem examinations reveal a putative 

primary site in 60%–80% of CUP patients, 

most often in the lung (27%), pancreas 

(24%), and hepatobiliary tree (8%). Failure 

to identify the primary tumor site may 

negatively influence patient management as 

tailored chemotherapeutic regimens and 

targeted agents have been increasingly 

developed over the last decade for a 

number of solid tumors (17, 18).  

In the present study, FDG-PET was able to 

identify the primary site in 64 out of 100 

patients (64%) presenting with either 

pathologically proved or clinically 

suspected malignancy. These results were 

pathologically confirmed (true positive). 

PET suggested primary sites in 4 patients 

which confirmed during follow up to as 

benign lesions (False Positives). In the 

remaining 32 patients FDG-PET did not 

identify a primary tumor site with 9 proved 

to be true negative.  3 patients eventually 

became clinically evident malignant during 

follow up (FN).  In the remaining 20 

patients, the primary site was not detected. 

However, they underwent empirical 

chemotherapy but they were considered as 

false negative patients. So, PET/ CT had a 

sensitivity of 73.6% & specificity of 

69.2%, in detection of unknown primary in 

the present study.  

Seve et al., 2007(19) they reported a 

detection rate for primary tumor around 

63% with overall sensitivity & specificity 

of 91.9% & 81.9% respectively. Similarly, 

Fleming et al., 2007 (20) reported detection 

rate for primary tumor of 73% with 

sensitivity of 94% and higher specificity of 

100% as their study included patients with 

cervical metastases only. 
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Also, Pavel et al., 2007 (21) in the search for 

the site of a primary reported lower 

sensitivity of 62.0% with a specificity of 

81.9%.  Moustafa et al., 2009 (22) in a 

retrospective study including 29 patients 

with CUP, FDG PET was able to detect 

primary tumor in 25 patients of them 

(64.1%) with lungs the common detect 

primary tumor site representing 12 out of 

25 detected primary site. Moller et al., 

2011 (23) reported that PET/CT detected the 

primary tumor in 39.5% of patients with 

extra-cervical CUP with sensitivity, 

specificity, and accuracy of 87%, 88% and 

87.5% respectively. Tamam et al., 2012(24) 

reported similar results with sensitivity of 

81% and the specificity 45%. Positive 

predictive value, negative predictive value 

and diagnostic accuracy were 95%, 15% 

and 78%, respectively. 

On the other hand, Bruna et al., 2007 (25) 

reported a lower detection rate of primary 

tumor of 38% with comparable sensitivity 

& specificity of 93% & 77 % respectively. 

In the present study, False Positive results 

were evidently in 4 patients including 

tuberculosis, sarcoidosis, hyperplastic 

colonic polyp & inflammatory lung lesion. 

Similary Metser & Even 2007 (26) as well 

as Dong et al., 2008(27) found that 

inflammatory lesions were among the most 

common non oncological causes of FDG 

uptake with 37% of benign lesions being 

inflammatory in nature. So a careful review 

of the patient’s history and clinical 

examination is of utmost importance to 

increase specificity of FDG-PET/CT. In 

addition, the CT imaging pattern may 

suggest the presence of benign 

inflammatory disease. In a study by HU et 

al., 2011(28) PET/CT showed 13 false 

positive results, 12 patients either had 

specific infections (tuberculosis, 

granuloma), non-specific infections, or 

benign tumors. 

To reduce the number of false positive 

results, the applicability of dual-time-point 

FDG PET/CT imaging may help to 

differentiate between benign and malignant 

nodules (29).  

 In our study, 3 patients were proved to be 

falsely negative by PET/CT involving: 

cancer breast, cancer vallecula & multiple 

myeloma. Chen et al., 2005(30) reported 

that false negative results in small tumor 

sizes below the resolution of FDG-PET or 

low-grade tumors that tend to have low 

FDG uptake. 

 An important aspect of FDG PET/CT that 

should be considered is its ability to 

identify or rule out additional metastatic 

sites, which may have important 

implications in patient management. Also, 

detection of additional lymph node 

involvement based upon the FDG PET/CT 

study might help in modifying and planning 

the radiotherapy field appropriately, which 

is the pivotal modality of therapy in these 
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patients. Furthermore, a baseline FDG 

PET/CT may also play a valuable role for 

treatment monitoring following therapeutic 

intervention (15). 

HU et al., 2011 (28), FDG PET/CT detected 

primary tumors in 24.8% of patients that 

were not apparent after conventional 

workup. Also, FDG PET/CT uptake in 

forty-seven out of 149 (31.5%) patients 

underwent a change in therapeutic 

management. 

 In our study, in addition to the ability of 

PET/CT in detection of primary tumors in 

64% of patients, additional sites of 

metastases were evident in 64 of 100 

patients which lead to change patient 

management in these patients, with 53% of 

them received specific therapy and 11% 

underwent surgery with curative intent. 
 

CONCLUSIONS:  

FDG-PET detected the primary tumor in 

64% of CUP patients with the lung being 

the common primary tumor site in our 

study. FDG-PET/CT improves the accuracy 

of diagnosis in patients with CUP  

 

syndrome with sensitivity of 73.6% and 

specificity of 69.2%. which may help in 

selection of appropriate treatment protocols 

that will improve patients' prognosis.  
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