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18F-FDG PET/CT value in the detection of seminoma and 

correlation with CT and tumor marker levels – up to 8 years 

of follow-up           

Abstract
18Objective: Positron emission tomography/computed tomography using �uorine-18 �uorodeoxyglucose ( F-

FDG PET/CT) is not routinely used for diagnosis of testicular carcinoma. Unlike CT which cannot con�rm with 
18certainty the nature of the lesions, especially in post-therapy setting, F-FDG PET/CT detects active disease by 

18showing increased glucose metabolism within the lesions. Aim: Determination of F-FDG PET/CT usefulness 
in detection of seminoma, therapy response evaluation and comparison to CT �ndings and tumor marker le-
vels. Materials and Methods: Eighty-two men (age 39.8±10.1) after orchiectomy and histopathological con-

18�rmation of seminoma were included in this study. Indications for F-FDG PET/CT were initial staging, resta-
ging after chemo/radiotherapy with positive/uncertain CT, suspected recurrence on CT, elevated tumor mar-

18kers. All patients had clinical follow-up of up to 8 years (median 33.5) after the �rst F-FDG PET/CT examina-
tion. Degree of metabolic activity was analyzed visually and semi-quantitatively using maximum standardized 
uptake value (SUVmax). Results: Fluorine-18-FDG PET/CT was true positive in 36 patients (43.9%) with ave-
rage SUVmax of 7.9±4.8. Recurrence was mostly found in retroperitoneal lymph nodes and distant metastases 

18in lungs, bones, liver. Six �ndings were false positive and 3 false negative. Sensitivity, speci�city, accuracy of F-
FDG PET/CT were 92.3%, 86.0%, 89.0% and of CT 60.8%, 66.6%, 63.4%. Pearson Chi-square test showed statis-

18tically signi�cant di�erence between the results of F-FDG PET/CT and CT (P=0.016). Signi�cant correlation 
18was found between positive F-FDG PET/CT �ndings and levels of LDH (P=0.043), while non-signi�cant bet-

ween AFP, �-hCG (P>0.05). Conclusion: Fluorine-18-FDG PET/CT was superior to CT in evaluation of therapy 
response, active disease in residual tissue and normal size lymph nodes, as well as when CT was negative and 

18tumor markers were elevated. Elevated lactate dehydrogenase (LDH) contributes to positive F-FDG PET/CT 
�ndings. 

H 1                                Ep  April  2022                            P   April 2022ell J Nucl Med 2022; 25( ): 19-25   ub ahead of print: 8   ublished online: 29

  

Introduction

Although rare in comparison to other neoplasias, testicular cancer has become 
one of the most common malignant tumor in young men of age 15 to 40. Aro-
und 95% are germ cell tumors which are classi�ed into three main groups: pure 

seminoma (approximately 55% of all germ cell tumors), nonseminoma and spermato-
cytic seminoma [7, 18].

Seminoma is diagnosed based on patients' symptoms, tumor markers and radiologi-
cal �ndings-mainly transscrotal ultrasonography. Initial manifestation is unilateral (bila-
teral in 3% of the patients) enlargement of the scrotum, usually discovered accidentally 
during self-examination, and it is painless in most cases. Also, disease can be presented 
with signs of metastatic spread: lower back pain in case of retroperitoneal spread, lower 
extremity swelling, cervical masses, bone pain and other [21, 27]. Furthermore, cases of 
primary extragonadal germ cell tumors, such as primary mediastinal seminoma, were 
also reported in the literature [15]. Tumor markers should always be measured before 
surgery (orchiectomy) and followed until their normalization. In pure seminoma �-feto-
protein (AFP) may be within normal limits and less than 20% of the patients have eleva-
ted human chorionic gonadotrophin (�-hCG). Although lactate dehydrogenase (LDH) is 
a less speci�c marker, it is increased in 80% of seminomas [2, 14, 21]. Radiological met-
hods used in diagnosing primary testicular seminoma and metastases are ultrasono-
graphy, that reveals size and structural changes in the contralateral testis and computed 
tomography (CT) in initial estimation of the disease spread to regional and distant lymph 
nodes and other organs, as well as in restaging after radiation and chemotherapy [1, 2, 6, 
14]. Radical inguinal orchiectomy is a treatment of choice for testicular cancer in order to 
achieve local control. Overall, prognosis for the patients with testicular seminoma is very 
good while these tumors are radio-and chemotherapy sensitive [16]. A survival rate of 
seminoma in early stage is 99%, in stage II around 94%-96% and stage III around 72%-
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86% [13]. The risk of relapse is higher in patients with invasion 
of rete testis, primary tumor larger than 4cm, distant metasta-
ses, elevated serum �-hCG and LDH [6, 26, 32]. Rarely, late re-
lapses may contain non-seminoma elements [23].              

Positron emission tomography with computed tomography 
18using �uorine-18 �uorodeoxyglucose ( F-FDG PET/CT) is not 

routinely used for the detection of testicular tumor lesions. Un-
like CT which cannot con�rm with certainty the nature of the 

18lesions, especially in post-therapy setting, F-FDG PET/CT de-
tects active disease by showing increased glucose metabolism 
within the lesions. Therefore, the aim of this study was to deter-

18mine the role of F-FDG PET/CT in: detection of seminoma 
rest/recurrence in 82 patients after orchiectomy, in evaluation 
of chemo/radiotherapy response and restaging. Also, the goal 
was to determine diagnostic accuracy of this method in com-
parison to CT and tumor marker levels. 

Materials and Methods 

Study population
In a period from March 2010 to June 2018, all patients with di-

18agnosis of seminoma, referred for F-FDG PET/CT, in the Nati-
onal PET Center of University Clinical Center of Serbia, were 

18enrolled in this retrospective study. Indications for F-FDG 
PET/CT scan were: staging after orchiectomy, restaging after 
therapy with positive or uncertain CT results, follow-up, sus-
pected recurrence based on CT or serum tumor marker le-
vels. Criteria for inclusion were histopathological con�rma-
tion of seminoma during surgical intervention-orchiectomy, 

18CT scans available prior to F-FDG PET/CT, as well as measu-
red tumor marker levels. Exclusion criteria were patients with 
mixed type of seminoma and other types of testicular cancer, 
presence of other neoplasias, glycaemia over 11mmol/L. Fi-
nally, eighty-two men (mean age 39.8±10.1, median 38) met 
the inclusion criteria for entering this study. Reference stan-
dards were clinical follow up, biopsy and surgery with histo-

18pathology. The results of F-FDG PET/CT were compared to 
results of clinical follow-up (median 33.5 months). All  the  pa-
tients  gave  the  informed  consent  for  the  investigation  
and  the  study  was  approved  by  Ethical  Committee  of  Cli-
nical  Center  of  Serbia  (668/6/2018). 

18Acquisition and interpretation of F-FDG PET/CT �n-
dings
Fluorine-18-FDG PET/CT examination was performed in all pa-
tients on a 64-slice hybrid PET/CT scanner (Biograph, True-
Point 64, Siemens Medical Solutions, Inc. USA) at National PET 

18Center, University Clinical Center of Serbia. 5.5MBq/kg of F-
FDG was administrated intravenously followed by an hour of 
resting. Whole body low-dose non-enhanced CT (120kV, 5mm 
slice thickness, pitch 1,5, rotation time 0.5s) and PET scans 
(3min per �eld, 6 �elds of view) were then obtained. Corrected 
and uncorrected to attenuation low dose CT, PET and fused 
PET/CT scans were presented on a Syngo Multimodality work-
station for interpretation. After excluding benign and regions 

18of a physiological uptake, F-FDG PET/CT �ndings were consi-
dered positive for seminoma in cases of greater accumulation 
of the tracer within an observed lesion than the accumulation 

in the great mediastinal blood vessels, surrounding tissue and 
liver, which were further analyzed visually and semi-quantita-
tively. Level of glucose metabolism within the lesion was asses-
sed on reconstructed images using maximum standardized 
uptake value (SUVmax), which was calculated by tracer's up-
take in the region of interest divided by an administrated ra-
dioactivity and patient's weight. 

Statistical analyses 
The results were showed as mean±standard deviation (SD) 

18and percentage (%). The F-FDG PET/CT and CT diagnostic 
output was evaluated by calculating speci�city, sensitivity, 
positive predictive value (PPV), negative predictive value 
(NPV) and diagnostic accuracy. Chi-square test was used for 

18testing statistical di�erence of F-FDG PET/CT and CT diag-
nostic value, as well as t- test for correlation of tumor marker 

18levels and positive F-FDG PET/CT �ndings. 

Results

Characteristics of the patients  
In this study 82 male patients were enrolled, mean age 39.8± 
10.1, median 38. Radical inguinal orchiectomy with histopa-
thological con�rmation of seminoma was performed in all pa-
tients (41 had left side, 36 right side and 5 patients bilateral or-
chiectomy), followed by chemotherapy (69 patients) and/or 
radiation (9 patients). Restaging after therapy was mostly the 

18indication for F-FDG PET/CT (Table 1), in which cases imaging 
was scheduled at least a month after the last cycle of chemo-
therapy and at least 3 months after radiation treatment or sur-
gical intervention.

18F-FDG PET/CT results  
Foci of an increased accumulation of radiopharmaceutical 
(SUVmax 7.9±4.8) were found in 36 (43.9%) patients and they 
were considered true positive (TP). Seminoma of the left tes-
ticle most frequently metastasized to the retroperitoneal left 
paraaortal, retrocaval and parailiac lymph nodes, while semi-
nomas of the right testicle spread to the lungs, retroperitoneal 
aortocaval and paraaortal lymph nodes. Bilateral seminomas 
spread to retroperitoneal lymph nodes (Figure 1).

Two patients had recurrence of seminoma in a projection of 
surgically removed testicle and one patient in contralateral tes-
ticle (Figure 3). Metastases were shown in one localization in 
23 patients (lymph nodes 15, lungs 5, bones 2 and liver 1), in 
two localizations in 6 patients (lymph nodes and lungs 2, lym-
ph nodes and bones 4), in three localizations in 3 patients (lym-
ph nodes, lungs and bones, lymph nodes. lungs and liver) and 
in one patient in lymph nodes, lungs, bones, liver and spleen 
(Figure 2 and 3). 

False positive (FP) �ndings were observed in 6 patients. Os-
teolytic lesion of sternum in 1 patient, with an increased LDH, 
was histopathological negative for seminoma but positive for 

18sarcoma. In other 5 patients, moderate accumulation of F-
FDG was found in retroperitoneal lymph nodes after chemora-
diotherapy (SUVmax up to 4.5) which were con�rmed to be 
negative for seminoma on biopsy. False negative (FN) were 3 
patients with nodular lung lesions and no uptake of radiophar-
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Table 1. Patients' characteristics.

Characteristics Value

Total number of patients (n) 82

Age (years)
Mean age±SD
Median

39.8±10.1
38

Treatment, n (%)
Surgery
Chemotherapy
Radiotherapy

82 (100%)
69 (84.1%)
9 (10.9%)

Surgery, n (%)
Left side orchiectomy
Right side orchiectomy
Bilateral orchiectomy

41 (50%)
36 (43.9%)

5 (2.4%)

18F-FDG PET/CT indication, n (%)
Staging after orchiectomy
Restaging after therapy with positive CT
Restaging after therapy with uncertain CT
Follow-up
Suspected recurrence based on CT
Suspected recurrence based on tumor markers

11 (13.4%)
40 (48.7%)

7 (8.5%)
8 (9.7%)

10 (12.1%)
6 (7.3%)

18F-FDG-�uorine-18 �uorodeoxyglucose; PET/CT-positron emission tomography/computed tomography

Figure 1. Lymph node metastases of: a) left testicle seminoma; b) right testicle seminoma; c) bilateral testicular seminoma.
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Figure 2. Overall localizations of metastases

Figure 3. Axial CT, PET and PET/CT images and MIP (maximal intensity projection): Local recurrence of seminoma in: a) surgically removed left testicle (SUVmax 4.6); b) 
contralateral testicle (SUVmax 5.1).

maceutical, that showed growth in size and glucose meta-
bolism on follow-up scan. 

18Patients with positive F-FDG PET/CT had higher levels of 
18serum tumor markers than the ones with negative F-FDG 

PET/CT. Student t-test showed statistically signi�cant corre-

18lation between the levels of LDH and positive F-FDG PET/ 
CT �ndings (P=0.043) (Table 2), while signi�cant correlation 

18between positive F-FDG PET/CT �ndings and AFP and B-
hCG was not found (P>0.05).
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All patients had clinical follow-up of up to 8 years (median 
1833.5 months) after the �rst F-FDG PET/CT examination. Se-

18venteen (20.7%) patients had a second F-FDG PET/CT done 
9.9±6.6 months after the �rst examination in order to evalu-
ate therapy response or suspected lesions seen on CT with/ 
out elevated tumor markers. Out of 17, 5 patients had prog-

 ression, 4 partial metabolic regressions, and 8 had negative
18F-FDG PET/CT �nding (Figure 5). Altogether, PET/CT led to 

a change in management of 22/82 patients.
18Overall sensitivity of F-FDG PET/CT is 92.3%, speci�city 

86.0%, PPV 85.7%, NPV 92.5% and accuracy 89.0%. Calcula-
ted sensitivity and speci�city of CT were much lower, 60.8% 
and 66.6%, as well as accuracy 63.4% (Table 3). Pearson Chi-
square test showed statistically signi�cant di�erence bet-

18ween the results of F-FDG PET/CT and CT (P=0.016).
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Figure 4. Hematogenic spread of seminoma in a 36 year-old after right side orchiectomy. Axial CT and PET/CT images: a) massive lung metastases b) spleen metastases; c) 
sacral bone metastasis; d) MIP (maximal intensity projection) (SUVmax=20.4) of the same patient.

18Table 2. Mean levels of tumor markers and respective p-values in positive F-FDG PET/CT �ndings.

Tumor marker Mean SD
18F-FDG PET/CT
positive findings

LDH 658.8 489.6 P= 0.043

AFP 5.7 13.2 P> 0.05

B- hCG 93.2 285.5 P> 0.05

18LDH- Lactate dehydrogenase, AFP- �-fetoprotein, B- hCG- human chorionic gonadotrophin, SD- standard deviation, F-FDG-�uorine-18 �uorodeoxyglu-
cose, PET/CT-positron emission tomography/computed tomography

 18Table 3. Diagnostic performance of F-FDG PET/CT and CT.

TP (n) TN (n) FP (n) FN (n) Sens (%) Spec (%) PPV (%) NPV (%) Acc (%)

18F-FDG 
PET/CT

36 37 6 3 92.3 86.0 85.7 92.5 89.0

CT 28 24 12 18 60.8 66.6 70.0 57.1 63.4

18F-FDG-�uorine-18 �uorodeoxyglucose;, PET/CT-positron emission tomography/computed tomography; TP-true positive; TN-true negative; FP-false posi-
tive; FN-false negative, Sens- sensitivity, Spec- speci�city, PPV- positive predictive value, NPV- negative predictive value, Acc- accuracy



Discussion

Detection of disease recurrence and metastases in early sta-
ge is crucial in planning the optimal treatment. Computed 
tomography is a routinely used diagnostic method in sta-
ging, early detection of recurrence and therapy response 
evaluation, however, it relies only on morphological criteria. 
The probability of false negative and false positive �ndings is 
higher due to its inability to distinguish still active disease to 
normal size lymph nodes or viable tumor cells in residual tis-

18sue after therapy [29, 37]. Advantage of F-FDG PET/CT is a 
whole-body imaging that allows evaluation of all tissues and 
organs, as well as detection of metabolically active lesions 
and the presence of viable tumor cells [11].  

Most relapses occur within 2 years after orchiectomy. Ba-
18sed on EAU guidelines, F-FDG PET/CT is currently recom-

mended for detection of residual seminomatous masses af-
ter surgery, especially for masses over 3cm in size [30]. Our 
results showed two local recurrences of seminoma in a pro-
jection of surgically removed testicle and one in contrala-
teral testicle. Also, retroperitoneal lymph nodes were the 
most common metastatic sites. Seminoma of the left testicle 
most frequently metastasized to the left paraaortic, while se-
minomas of the right testicle spread to the interaortocaval 
lymph nodes [19]. Three patients with the right testicular se-
minoma had cross-drainage to the left side lymph nodes, 
while drainage from left to right side was not reported [31]. 
Inguinal and parailiac lymph node metastases were showed 
in 14 patients, usually when the disease has already spread 
to the retroperitoneal and other distant lymph nodes, while 
2 patients had inguinal lymph node metastases only, which 
happens in up to 10% of the patients with testicular tumors 

[32]. Hematogenous spread in testicular cancer is predomi-
nantly to the lungs as in our study, while bone metastases 
are reported less frequently. A study of 2550 patients with 
testicular tumor detected bone metastases only in 3 pati-
ents with seminoma (0.12%) [12], whereas we had 7 out of 82 
(8.53%) patients with the bone involvement, which is pro-
bably a result of a larger number of patients in stage IV. 

Serum tumor markers are used routinely in preoperative 
diagnostics, staging and monitoring relapse in patients with 
advanced seminoma [17]. In pure seminoma AFP may re-
main within physiological range values and less than 20% of 
the patients have elevated �-HCG, while less speci�c LDH 
can be the only tumor marker positive but with limited posi-
tive predictive value in follow-up, as it was the case in our 
study. Lactate dehydrogenase is a useful indicator of relapse, 
but needs to be interpreted with caution [20, 21, 28, 33]. In 
our study correlation between levels of LDH and positive 
PET/CT �ndings was proved statistically signi�cant, while 
this was not the case with AFP and B-hCG [25, 10]. 

18Our study showed that F-FDG PET/CT has higher sensiti-
vity and speci�city than CT (92.3% and 86.0% vs 60.8% and 
66.6%) in the detection of active disease in patients with se-
minoma. Results acquired in the study of Bechere et al. (20-
05), also show that PET is superior to CT, with sensitivity and 
speci�city for CT of 73%, as well as 80% and 100% for PET 
[24]. Sharma et al. (2014) report in their study a sensitivity of 

1894.2% and a speci�city of 75% of F-FDG PET/CT in the as-
sessment of disease recurrence and therapy response evalu-
ation of 92 patients with seminoma [9]. In the study of Cre-

18merius et al. (1998), F-FDG PET/CT was useful in the evalu-
ation of postchemotherapy seminoma relapses, with higher 
uptake in seminoma versus non seminomatous testicular 
cancer [34].  

18 18Figure 5. Transversal plane of F-FDG PET/CT: a) Initial F-FDG PET/CT shows disseminated disease in supraclavicular, mediastinal, retrocrural lymph nodes and left hemi-
18abdomen (SUVmax up to 13.4); b) Evaluation of therapy response on a control F-FDG PET/CT showing regression. 
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In this study false positive �ndings were mostly a result of a 
recent chemoradiotherapy, as reported in a study of Bilen et 
al. (2014) who raise awareness to unnecessary post surgical 
complications in a patient with resected viable mass, that 

18was false positive on F-FDG PET/CT, proved to be persistent 
in�ammation even 9 months after radiotherapy and 11 
months after chemotherapy [8]. In�ammation after radio-
therapy could sometimes be impossible to distinguish from 

18still active disease, so it is recommended to schedule F-FDG 
PET/CT at least 3 months after the end of radiation, and in ca-
se of a positive �nding to obtain biopsy [35]. Eventhough 
suggested by Decoene et al. (2015), there is not su�cient evi-
dence to support the hypothesis of chemotherapy induced 

18in�ammation potentially interfering with F-FDG uptake [5]. 
Three false negative �ndings were related to nodular lesi-

ons in lungs, size up to 6mm, that could not be evaluated 
with certainty. Lesions smaller than 1cm might not show 

18high F-FDG uptake in the lungs or mediastinum and may 
add to false negativity due to partial volume e�ect [22]. 

Fluorine-18-FDG PET/CT is useful when initial staging �n-
dings of CT are equivocal and not enough sensitive to fore-
see a relapse in high-risk patients with negative CT [36]. Also, 
18F-FDG PET/CT was helpful in our study in determination of 
recurrence in the majority of patients with negative CT and 
elevated serum tumor markers [4].

18In conclusion, although F-FDG PET/CT is not routinely 
performed in patients with seminoma, it has high diagnostic 
value and it is superior to CT in therapy response evaluation 
and detection of still active disease after chemotherapy in 
normal size lymph nodes and viable tumor cells of the resi-
dual tissue, due to its anatomical and functional assessment. 

18Also, F-FDG PET/CT can lead to a change of clinical mana-
gement of the patients, in particular when serum tumor 
markers are positive and results of other imaging methods 
are uncertain. The possibility of false positive �ndings exists 
especially in cases of post-therapy in�ammation, when his-

18tological veri�cation is advised and a follow-up F-FDG PET/ 
CT. Elevated LDH is a useful indicator of relapse and it contri-

18butes to positive F-FDG PET/CT �ndings. 

The authors declare that they have no con�icts of interest.
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