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 Our aim in this study was to evaluate the efficiency of combined 

positron emission tomography and computed tomography (PET/CT), in 

the detection of the primary tumor origin in patients with metastatic 

osseous lesions   of cancer of unknown primary origin (CUP). PET/CT 

was performed for 50 patients with CUP. These patients presented with 

metastatic osseous lesions that were pathologically proven, 

radiologically, and/or clinically suspected osseous metastatic lesions 

with no detected primary site. The number of patients with true positive 

primary tumor sites was 42 (84 %), with no false positive results, 5 

patients with true negative results (10%) and 3 patients with false 

negative results (6 %). The sensitivity was 93.3 %, specificity was 100 

%. Our positive predictive value in this study was 100 % and our 

negative predictive value for this study was 62.5 %. This study showed 

an advantage of PET/CT in the detection of the site of the primary tumor 

in patients diagnosed with CUP. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Carcinoma of unknown primary origin (CUP) represents a diverse group of cancers that are characterized 

by the presence of metastatic disease with no identified primary tumor at the first presentation. It has been 

reported to comprise approximately 2% to 5% of all cancer cases. With the presence of sophisticated 

imaging techniques and targeted therapies in the treatment of cancer, the extent of workup in CUP remains 

a challenge and should be based on the clinical presentation, pathology, and the patient’s ability to tolerate 

therapy [1]. 

 

The available literature reports better survival for patients with metastatic cancer of a known primary site 

compared with patients with unknown primaries (11.9 versus 1.9 months) [2]. 

 

Adenocarcinoma & squamous cell carcinoma are the majority of CUP (60–65%), while poorly 

differentiated neoplasms are the remaining (30–35%). The usual investigastions for such patients include 

blood biochemistry survey, stool occult blood testing, urine analysis, histopathologic review of biopsy 
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material using immunohistochemistry and computed tomography of head, neck, chest, abdomen & pelvis. 

There are additional diagnostic procedures that can be used for primary tumor detection including a 

combination of various endoscopy and tumor marker studies, depending on the specific signs and 

symptoms, histopathological results, and laboratory abnormalities. However, these tests may fail to detect a 

primary tumor in the majority of patients [3]. 

 

The vast majority of malignant tumors exhibit an increased glucose metabolism which is called Warburg 

effect, this is the rationale for using the radiotracer FDG for PET/CT imaging. FDG PET/CT has high 

lesion-to-background contrast, which makes it more sensitive than other imaging modalities like CT and 

conventional magnetic resonance imaging (MRI) for the detection of malignant lesions. It can be 

hypothesized that detection of a primary tumor will optimize treatment planning, which in turn will improve 

patients’ outcome [4]. 

 

The bone is the third most common organ for spread of malignant tumors. Furthermore, it is common for 

cancer patients to present with metastatic bone lesions as the first manifestation.  Prevention and treatment 

of skeletal complications highly affects patient outcome.  Therefore, when individuals present with 

suspicious osseous lesions and not known to have malignant disease, it is necessary to identify the 

underlying cause. If cancer metastasis is responsible, it is further necessary to identify the primary 

malignancy for initiation of the appropriate treatment planning. 18F-fluorodeoxyglucose positron emission 

tomography/CT (FDG PET/CT) plays a golden role in the diagnosis, staging and treatment response 

monitoring for cancer patients. Furthermore in patients with known cancer FDG PET/CT is also useful for 

the differential diagnosis of suspected bone lesions [5]. 

 

Abbreviations: CUP, Cancer of unknown primary; PET/CT, positron emission tomography and computed 

tomography; FDG, [18F] fluorodeoxyglucose. 

 

2. Patients and methods 

 

2.1 Patient population 

Our study is a prospective one that included 50 cases. These patients presented with osseous metastatic 

lesions that were proven pathologically, and /or suspected clinically / radiologically   for which no primary 

site was detected. They were referred to   our hospital for localization of primary tumor site by PET/ CT.  

 Inclusion criteria 

                The inclusion criteria for our candidate patients were the presence of a biopsy proven / clinically 

or radiologically suspected metastatic osseous lesions with no identified origin of primary tumor at time of 

presentation. including all ages & both sexes. Our patients received neither radiotherapy nor chemotherapy 

before PET/CT evaluation. 

 Exclusion criteria  

                 The exclusion criteria were as follows: uncontrolled diabetes, allergy to intravenous contrast, 

pregnancy, inability to cooperate with the scan process. 

 Follow-up of the patients for a duration of 6–9 months following the initial PET/CT was done.  

 

2.2 Methods 

2.2.1 Technique used for scanning with PET/CT 

The combined scans of both PET and CT was acquired on a Siemens machine; the Siemens Biograph True 

Point scanner (Siemens Healthcare, Erlangen, Germany). The integrated CT system is a 64 multi-slice 

scanner. Our patients were instructed to fast (except for glucose-free hydration) for 6 h before injection of 
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[18F] fluorodeoxyglucose (FDG). Blood glucose levels for all patients were monitored and were kept below 

200 mg/dl. The patients were injected intravenously with 3.7 MBq/kg of FDG (a maximum dose of 370 

MBq). Scanning was obtained 40–60 min later. Examination of the whole body was performed starting 

from skull vault to feet. A PET scan was obtained over 12–14 bed positions, each approximately 15 cm in 

length, covering the same field of view as that covered by the CT scan. The spatial resolution was 4 mm. 

The scan time was about 2 min for every bed position. The total examination time ranged between 25 and 

35 min. A diagnostic CT scan was performed using the following parameters: 350 mA, 120 kV, rotation 

time of tube of 0.5 s and thickness of every slice of 5 mm. The patients received IV injection of 100 ml of 

low-osmolarity iodinated contrast agent (Ultravist 300®, Schering, Berlin, Germany) and negative oral 

contrast agent (water) for the bowel. 

 

2.2.2 Image analysis 

A workstation was used for viewing and reconstructing images; a Syngo Multimodality Workplace 

workstation, which provided multiplanar reformatted CT, PET and fused images, in addition to MIP PET 

images. All images were qualitatively and quantitatively interpreted. Qualitative assessment for finding 

hypermetabolic lesions was done on the corrected and uncorrected PET images. Criterion for malignancy 

was the presence of focal FDG hypermetabolism with or without presence of pathology at the 

corresponding sites on CT. Quantitative evaluation was done using standard uptake value (SUV). An SUV 

greater than 2.5 was considered significant. 2.2. 

 

2.2.3 Data analysis 

A primary lesion of origin was suspected by finding focal increased uptake of FDG on the examination. 

Those results were correlated to those of other investigations (such as the pathologic reports of biopsy 

specimens or surgery) and the results of clinical/radiological follow-up for up to 9 months. 

 

A true positive diagnosis of the primary site of malignancy was put into consideration if the PET/CT 

suggested location of the primary tumor was later confirmed by histopathology or, when histopathology 

was not available, by the results of further follow-up imaging, laboratory and clinical data.  

 

A false positive diagnosis was put into consideration if pathologic results for biopsy specimens or surgery 

proved the absence of malignancy at the site pointed to by the PET/CT scan or when the primary origin was 

later found in a different organ. Results were considered true negative when PET/CT could not find the 

primary tumor site which remained unidentified on further radiologic, laboratory and clinical follow-up. 

They were considered false negative if the primary could not be found by PET/CT, but was later pointed to 

pathologically or was suggested on follow-up using other imaging studies.  

 

2.3 Statistics 

The data was described as mean and range, or number of cases and percentages when suitable. Statistical 

values (including specificity, sensitivity, positive and negative predictive values) for PET/CT in finding a 

primary tumor origin were calculated. All calculations were obtained using the statistical package for the 

social science (SPSS) version 15.  

 

3. Results  

 

3.1 Patient characteristics 

This study was done on 50 patients (36 men and 14 women) presenting with metastatic osseous lesions of 

undetected primary origin. The patients’ ages ranged from 25 to 82 years (having a mean age of 57.52 
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years). Presented with pathology proved, clinically / radiologically suspected metastatic osseous lesions of 

undetermined primary origin. 

 

On presentation, 39/50 patients had osseous lesions only ,5 patients had osseous lesions & hepatic 

metastasis, 2 patients had osseous lesions & malignant pleural effusion , 2 patients had osseous lesions & 

metastatic nodal lesions , 1 patient had osseous lesions & lung metastasis & 1 patient had osseous lesions & 

systemic  manifestations including anorexia & progressive weight loss .[table 1 ] , Among the 50 patients 

included in the study, 11 patients had histopathology proved metastatic lesion (8 had metastatic 

adenocarcinoma, 1 had metastatic squamous cell carcinoma, 2 had malignant pleural effusion. The 

remaining 39 patients had clinical & radiological suspicion of the presence of a malignancy; in these 

patients, metastatic cancer had not been histologically confirmed, and potential malignancy was suspected 

by previous radiological imaging methods, clinical and laboratory examinations suggested a potential 

malignancy (e.g. recent rapid weight loss and elevated tumor markers). [Table 2]. 

 

PET/CT identified focal FDG uptake indicative of primary tumor in 42 out of 50 patients (84.0%), all of 

them was confirmed pathologically (true positive). The reported locations for primary tumor were as 

follow: 20 in the thorax (19 lung & 1 pleura), 5 in the prostate, 4 in the breast, 3 in the liver ,3 in the 

stomach, 2 in the kidney ,1 ovarian, 1 in head & neck (nasopharyngeal), ,1 in the pancreas,  ,1 in gall 

bladder & 1 in the thyroid . [Table 3] 

 

Five patients (5/50, 10.0%) were diagnosed as negative by PET/CT for primary malignancy all over the 

body.  and this was confirmed after clinical, radiological and laboratory follow-up for a duration up to nine 

months. These lesions were considered true negative. 

 

In three patients (3/50, 6 %) having pathologically proven metastasis, no site of a primary could be detected 

by PET/CT. The primary tumor site was later proven histologically. Thus, these represented the false 

negative group in our study. 

 

In this study, the sensitivity of PET/CT was 93.3 %, its specificity was 100 % and its accuracy was 94.0 %. 

It had a positive predictive value of 100 % and its negative predictive value was 62.5 %.  

 

Table 1 

Site of metastasis on presentation 

 

 

Osseous lesions only 
 

39 

Osseous lesions & hepatic focal lesions 5 

Osseous lesions & nodal lesions 2 

Osseous lesions & pleural effusion 2 

Osseous lesions & pulmonary nodules 1 

Osseous lesions , sever anorexia & weight loss 1 

Total 50 

 

Table 2 Results of biopsy obtained from metastasis 

Variable                                                                                                                                                               

% 
 

Biopsy from metastasis                                            no biopsy taken                                                           78 
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                                                                                       Biopsy taken                                                               

22  
Sites of obtaining biopsy                                     from hepatic focal lesions                                              27.3  

                                                                                  From osseous lesions                                                         

36.4  

                                                                                From nodal lesions                                                           
18.2  

                                                                                From pleural effusion                                                       

18.2  
Histopathological result of biopsy                   metastatic adenocarcinoma                                           72.7  

  taken from metastasis 

                                                                 Metastatic squamous cell carcinoma                                 2                                                                        

                                                                              Malignant pleural effusion                                                   
18.2  

 

Table 3: the sites of primary tumors detected by PET CT & methods of obtaining biopsy to confirm / 

exclude their malignant nature 

Variable                                                                                                                                                                 
% 

Detection of primary lesion by PET CT                                          Lung                                                           

45.2 

                                                                                                              Liver                                                          
7.1  

                                                                                                              Breast                                                        

9.5 
                                                                                                             Prostate                                                     

11.9 

                                                                                                             Gall bladder                                                

2.4 
                                                                                                             Gastric                                                          

7.1 

                                                                                                    Thyroid                                                        
2.4  

                                                                                                    Pancreatic                                                  

2.4 
                                                                                                    Kidney                                                         

4.8  

                                                                                                    Nasopharynx                                              

2.4  
                                                                                                    Pleura                                                          

2.4  

                                                                                        
                                                                                                     ovary                                                          

2.4      

Methods of obtaining biopsy from primary lesion detected by PET CT  
 

                                                                                               CT guided biopsy                                          

33.3  

                                                                                               Endoscopic biopsy                                          
8.8 

                                                                                               TRUS                                                               

11.1   
                                                                                               Bronchoscopic biopsy                                
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13.3     

                                                                                               Us guided                                                      
31.1       

                                                                                               Total thyroidectomy                                       

2.2 

 
 

4. Discussion 

Cancer of unknown primary (CUP) is a malignant widespread metastatic disease without an identifiable 

primary site after extensive clinical investigation. Recently, a decline is observed in the diagnosis of CUP, 

mainly due to improvement in detection of the primary tumors, thus decreasing the unknown primaries [6].  

 

The need for an imaging modality having a higher diagnostic yield has risen. PET/CT, using FDG, was 

advocated to be beneficial in those patients, as most cancer cells have an increased metabolic activity than 

normal tissues and therefore more uptake of FDG [7]. the results of our study showed that FDG PET/CT 

was able to detect 84 % of primary tumors in CUP patients with sensitivity of 93.3% and. specificity of 100 

%, positive predictive value of 100 %, negative predictive value (NPV) of 62.5 and accuracy of 94.0 % 

indicating that it is an effective study and demonstrating the advantage of metabolic information in the 

search for a malignancy. 

 

[10] reported a detection rate of primary tumor of 38% with comparable sensitivity and specificity of 93% 

and 77% respectively, while [11] reported a sensitivity of 62.0% and specificity of 81.9%. The relatively 

lower sensitivity in this study showed that 50% of patients in those series were at an advanced stage of 

disease and presented with multiple hypermetabolic lesions. 

 

[9] studied 45 patients with tumor metastasis from unknown primary site by PET/CT, obtaining a detection 

rate of the primary cancer in 33% of cases, while in the same period, in a group of 21 patients, [8] reached a 

detection rate of 57%. 

 

[12] made another meta-analysis including 11 studies and reported that the detection rate of PET/CT was 

22–73% in patients with CUP, sensitivity of FDG PET/CT in detection of primary tumor ranged from 55 to 

100%, and specificity ranged from 73 to 100%. These variable diagnostic yields might be due to different 

patient inclusion criteria & the extent of the diagnostic workup in different studies. These results agreed 

with our study. [13] found that PET/CT was able to detect primary tumors in 44% of cases. 

 

On the other hand, Tamam and his team disclosed sensitivity of 81% and specificity of 45% for PET/CT in 

primary tumor identification in CUP patients. The lower specificity rate than that mentioned in most other 

studies was attributed to the higher frequency of granulomatous disease in this study [14]. 

 

PET CT identified focal FDG uptake as indicative of primary tumor in 42 out of 50 patients. all are true 

positive [fig. 2 & 4]., no false positive results. 5 /50 (10%) patients were diagnosed as truly negative for the 

primary malignancy & thus was later confirmed during follow up. these true negative results support the 

hypothesis of angiogenic incompetence of the original cancer, which leads to severe apoptosis resulting in 

its disappearance [15]. this result suggests the riabilitiy & validity of negative results of PET CT imaging 

which may avoid unneccassry invasive interventions or surgery aiming at better identification [16]. 

 

In our study, the primary tumor was later identified during the follow up of the cases with negative PET CT 

results in 3/50 (6%) [fig. 1 & 3], these false negative results can be clarified by the following facts:  
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(1) The biological properties of tumor cells in the primary cancer may differ from those of the metastatic 

cells, where metastases may show more FDG uptake than the primary tumor [17].  

(2) The primary tumor may undergo apoptosis or spontaneous regression after giving the metastasis and 

thus be undetectable by PET/CT [18]. 

(3) The size of the primary seeding tumor may be smaller than the actual resolution of PET/CT [16]. 

(4) False negatives may be attributed to a high background signal resulting from physiological FDG uptake 

in the neck, gastrointestinal and urinary systems which possibly conceal the primary tumor [17]. 

 

5. Conclusion 

PET/CT is an effective imaging modality that can accurately identify the site of the primary tumor in 

patients with CUP which facilitates early selection of appropriate treatment protocols that will improve 

patients’ prognosis. 
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CT guided biopsy from the osseous lesions revealed metastatic adenocarcinoma, immunohistochemistry 

compatible with metastatic bronchogenic carcinoma 
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