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Introduction

Testicular cancer is a disease which mainly affects men 
between 15 and 35 years (1). It has a share of 1% of all solid 
tumors in the western world with an increasing incidence 
of 3–10/100,000 (2). There are various risk factors for 
testicular cancer, like cryptorchidism which increases the 
relative risk for developing cancer about 3.6. A positive 
family history and testicular cancer of the contralateral 
testis are also significant risk factors (3). Furthermore, the 
cancer risk is associated with the ethnical background. A 
large survey including data from more than 80% of the US 
population showed a greater risk for Hispanic or Caucasian 
Americans as compared to African Americans (4,5).

Testicular cancer can be classified into two entities, 
germ cell tumors and stromal tumors. Germ cell tumors 
have a share of 90–95% of testicular cancer and can be 
further classified into seminoma, non-seminoma and mixed 
germ cell tumors. Non-seminomas can be divided into 
teratoma, embryonal cell carcinoma, yolk sac tumor and 

choriocarcinoma. Mixed germ cell tumors have amounts 
of seminoma and non-seminoma tumor types. Testicular 
stromal tumors are a rare but important differential 
diagnosis and can be classified into Leydig cell tumors and 
Sertoli cell tumors.

Usually, testicular cancer is accidentally noticed by 
palpation by the patient himself. Sometimes an injury or 
an epididymitis can let to medical examination and primary 
diagnosis. Ultrasound of the testis is the main imaging 
procedure in the primary diagnosis with a sensitivity of 
nearly 100%. MRI has an even higher sensitivity and a 
specificity from 95% to 100% but it plays a secondary role 
in clinical use due to its higher costs (6). Up to this date the 
role of F-FDG PET/CT for evaluation of scrotal masses 
is a controversial issue. Positron emission tomography is 
a scintrigraphic imaging procedure, where a beta radiator, 
in many cases fluorine-18 fluorodeoxyglucose (18F-FDG), 
is used. In a process called annihilation, gamma radiation 
emerges because of interaction of positrons and electrons. 
This gamma radiation is detected and mostly merged with 
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MRI or CT scan. Because of their high sugar metabolism 
tumor cells can be visualized in that way.

After inguinal orchiectomy is performed, adjuvant 
treatment strategies depend on clinical staging by CT scan 
and MRI. Treatment options range from active surveillance 
to retroperitoneal lymphadenectomy, chemotherapy or 
radiation therapy. Because these therapies are very effective 
and show excellent cure rates a focused use is important 
to avoid overtreatment, for example to reduce the toxic 
side effects of the cytostatic chemotherapy. Therefore, 
a consistent active surveillance or aftercare including 
the correct use of imaging technologies is essential. The 
importance and clinical use of F-FDG PET/CT is a topic of 
current debate and has been subject of various clinical trials.

Unclear scrotal masses

To evaluate the use of F-FDG PET/CT for differentiation 
between benign and malign scrotal masses Shao et al. 
investigated retrospectively 53 patients with different 
histological confirmed testicular masses who had undergone 
F-FDG PET/CT. There were 32 patients with malignant 
neoplasms. Thirteen of them had germ cell tumors. One 
Patient hat a leydig cell tumor and the others showed 
testicular involvement of lymphomas or leukemia. Twenty 
one patients had benign lesion. F-FDG PET/CT showed 
statistically significant measurements for differentiation 
between malignant and benign lesions with a sensitivity of 
90.6% and a specificity of 80.9% (7).

For characterization of unclear scrotal masses MRI is 
also a helpful tool. It can be used to differentiate between 
various testicular tumors like solid, cystic, benign, malignant 
or inflammatory masses (6). Unfortunately, there is still a 
lack of studies comparing the diagnostic value of F-FDG 
PET/CT and MRI. A comparison of these two modalities 
for evaluation of scrotal masses would be an interesting 
topic for future investigations.

Primary staging

The use of F-FDG PET/CT in predicting relapse in high-
risk situations when CT scan shows unclear results was 
evaluated by Cook et al. in a retrospective analysis with 
16 patients with testicular germ cell tumors (seminomas 
and non-seminomas). Eleven patients had unspecific 
lymphadenopathy CT scans in primary staging and 
underwent additional F-FDG-PET/CT. In eight of these 
eleven cases, F-FDG PET/CT showed negative tracer 

uptake in the unspecific (retroperitoneal) lymph nodes (8).
In a retrospective survey of 51 patients with seminomas 

and 70 cases with non-seminomas the benefit of F-FDG 
PET/CT for staging and restaging in comparison to 
standard follow up with clinical and imaging examinations 
was evaluated. For seminomas a good sensitivity of 92% 
and specificity of 84% could be demonstrated. For non-
seminomas a lower sensitivity of 77% and specificity of 95% 
could be found. For evaluation, F-FDG PET/CT results 
were compared to clinical and imaging follow-up data. The 
use of F-FDG PET/CT influenced the clinical management 
in eleven cases of the 51 seminomas (due to these results in 
six cases chemotherapy was started or continued, in three 
cases radiation therapy was started or continued and in two 
cases further surgery was performed). In 18 cases of the 70 
non-seminomas the concept of therapy was changed after 
performing additional imaging with F-FDG PET/CT (9).

Residual masses after chemotherapy

Seminoma

The current EAU Guidelines recommend the use of F-FDG 
PET/CT in case of seminoma for the follow up of residual 
masses >3 cm after chemotherapy (10). In a meta-analysis 
of four studies which included 130 patients F-FDG PET/
CT proved to be superior to standard imaging procedures 
in predicting viable residual tumors. In comparison F-FDG 
PET/CT had a sensitivity of 72% vs. 62%, a specificity 
of 92% vs. 59%, a positive predictive value of 70% vs. 
28% and a negative predictive value of 93% vs. 86%. The 
use of F-FDG PET/CT led to a significant reduction of 
overtreatment from 72% to 30% and undertreatment was 
decreased from 14% to 7% (11). The diagnostic value of 
F-FDG PET/CT for seminomas in the follow up after 
chemotherapy was inspected in another meta-analysis of 
nine selected studies with an overall of 375 patients. The 
results showed a sensitivity of 78%, a specificity of 86%, a 
positive predictive value of 58% and a negative predictive 
value of 94%. A better diagnostic accuracy for lesions >3 cm 
than <3 cm was also demonstrated. The authors concluded 
that negative findings in F-FDG PET/CT could avoid 
unnecessary adjuvant therapy after chemotherapy because 
of its excellent negative predictive value (12). 

Non-seminoma

There is no recommendation for primary staging or 
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restaging with F-FDG PET/CT in non-seminomas in the 
current EAU Guidelines because of its similar sensitivity 
and specificity to conventional restaging in the follow up 
(13,14). Its ability to predict viable residual masses was 
evaluated in a prospective clinical trial with 45 patients 
with poor prognosis non-seminomas. F-FDG PET/CT 
was compared to conventional radiologic monitoring with 
CT scans and changes in serum tumor markers. F-FDG  
PET/CT showed a sensitivity of 59% and a specificity of 
92%. CT scan had a sensitivity of 55% and a specificity of 
86% and change in serum tumor markers a sensitivity of 
42% and a specificity of 100% (15).

Limitations

There are several limitations of the F-FDG PET/CT in 
case of imaging of seminomas. False negative results can be 
caused by transitory suppression of tumor cell activity. To 
reduce this effect, imaging is recommended at the soonest  
6 weeks after chemotherapy (16). Moreover, lesions <10 mm 
are difficult to detect because of the low spatial resolution 
of F-FDG PET/CT. A major limitation of the F-FDG  
PET/CT in non-seminomas is the characterization of 
residual masses. Because there is a variability of absorption 
of 18F-FDG in teratoma, F-FDG PET/CT cannot 
distinguish precisely between necrosis and fibrosis areas. 
Furthermore, false positive results can be found caused by 
inflammatory or granulomatous tissue (17).

Conclusions

F-FDG PET/CT can help to differentiate between benign 
and malignant lesions in primary evaluation of scrotal 
masses. In case of uncertain CT results in primary staging 
of testicular germ cell tumors the use of F-FDG PET/
CT can provide further information with a good negative 
predictive value. F-FDG PET/CT is not recommended in 
the aftercare of non-seminomas where as in the follow up of 
seminomas it is a precise diagnostic tool.
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