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Introduction
Yolk sac tumors (YST), also known as primitive endo-
dermal tumors or endodermal sinus tumors, are aggres-
sive malignant neoplasms originating from primitive 
germ cells. Although testicular YST has a low incidence 
rate of less than 1% [1], it accounts for 70–80% of pre-
pubertal malignant testicular tumors and represents the 
most common form of childhood testicular cancer [2, 3]. 
YST has a significant mortality rate due to its high malig-
nancy, subtle onset, and rapid progression [4, 5].

The management of testicular YST is heavily contingent 
upon the age of the patient [6], with 90% of prepubertal 
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Abstract
Background Testicular yolk sac tumor (YST) is a rare neoplasm with limited practical guidance for preoperative 
diagnostic assessment. This study aims to conduct a retrospective analysis of the value of clinical profiles and MRI 
parameters in accurately diagnosing pediatric testicular YST while exploring characteristic indicators for these 
patients.

Methods This retrospective study analyzed eighty patients with a testicular mass who underwent surgical treatment 
and preoperative MRI. Clinical characters (age, preoperative serum alpha-fetoprotein (AFP) levels), and radiology 
features were recorded and compared. Subsequently, patients were categorized into YST and non-YST groups based 
on histology. Comparative statistical analyses were then used to compare factors between the two groups. The 
receiver operating characteristic curve (ROC) analysis was conducted to evaluate the diagnostic performance of the 
indicators for pediatric testicular YST.

Results Forty patients (50%) were diagnosed with YST. In comparison to the non-YST group, patients with testicular 
YST were younger and had larger tumor sizes, accompanied by significantly elevated AFP levels. On MRI, most YST 
cases (n = 38) exhibited predominantly solid lesions, whereas non-YST tumors were more likely to contain cystic 
components. The bright dot sign and thickened spermatic cord might also be helpful in differentiating YST (p < 0.05). 
The optimal factor for diagnosing testicular YST was signal intensity, with an AUC value of 0.936 (95%CI: 0.877 ~ 0.995).

Conclusions A predominantly solid testicular mass with a bright dot sign, thickened spermatic cord ipsilaterally, and 
elevated AFP levels should raise suspicion for YST.
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patients experiencing a favorable prognosis follow-
ing surgical resection [7]. This underscores the critical 
importance of timely detection and intervention in deter-
mining the prognosis [8]. Additionally, the treatment 
approaches for benign and malignant testicular tumors 
differ significantly. In prepubertal patients, testis-spar-
ing surgery, aimed at preserving testicular function, has 
become a widely accepted approach for benign testicular 
tumors, while malignant lesions are addressed through 
radical orchidectomy [9]. Therefore, ensuring an accurate 
preoperative diagnosis is of paramount importance.

Previous research on testicular YST has predomi-
nantly focused on analyzing clinical indicators, particu-
larly prognostic risk factors [10, 11]. An elevated serum 
alpha-fetoprotein (AFP) level has long been considered a 
reliable marker for diagnosis and assessment [12]. Imag-
ing plays a crucial role in managing testicular tumors in 
children and adolescents. However, due to the rarity of 
pediatric testicular tumors, there has been limited atten-
tion on radiological feature analysis, with only a few case 
reports available. Consequently, this study aims to retro-
spectively analyze the MRI features of pediatric testicular 
YST to enhance the accuracy of preoperative diagnosis, 
providing valuable insights for clinical decision-making 
on surgical options.

Materials and methods
Patient selection
We retrospectively reviewed patients undergoing sur-
gical treatment for testicular mass at the XXX Hospital 
between January 2010 and December 2023. Patients were 
further selected matching the following criteria: (1) base-
line clinical data were available and complete; (2) pelvic 
MRI examination was performed in children before the 
biopsy and treatment; (3) all patients were confirmed 
with pathological outcomes. Exclusion criteria were 
incomplete clinical data or unqualified preoperative MRI 
images. 80 children were finally included in this study, 
including 40 YSTs and 40 other tumors, approved by the 
local hospital’s Ethics Committee (No. 2022021). Figure 1 
shows the workflow for patient selection.

MRI acquisition
Four imaging sequences were selected for the preop-
erative pelvic MRI of each patient, namely, T1WI, CE-
T1WI, T2WI, and T2-Dixon. The Siemens Skyra 3.0 
T superconducting MR scanner was utilized with an 
18-channel phased-array body coil. The specific param-
eters are as follows: T1WI adopts T1_tse_tra sequence: 
TR = 560ms, TE = 10-20ms, slice thickness = 5  mm, slice 
spacing = 5.5  mm; CE-T1WI adopts T1_vibe_dixon_tra/
cor/sag + c sequence: TR = 540ms, TE = 10-20ms, slice 
thickness = 5  mm, slice spacing = 5.5  mm; T2WI adopts 

Fig. 1 Flowchart of patient selection
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T2_tse_tra sequence: TR = 4000-5000ms, TE = 84-98ms, 
slice thickness = 5 mm, slice spacing = 5.5 mm; T2-Dixon 
adopts T2_tse_dixon_tra/cor/sag fat and water sequence: 
TR = 2110ms, TE = 65ms, slice thickness = 4  mm, slice 
spacing = 4.8 mm. Contrast agent GD-DTPA was used for 
enhanced scanning with a dose of 0.1 mmol/kg.

Clinical profiles
Baseline presurgical clinical profiles, laboratory tests, and 
pathologic data were collected from the medical records. 
The clinical factors considered included age, preopera-
tive serum alpha-fetoprotein (AFP) levels, and histopa-
thology. AFP and Glypican-3 examinations were used to 
confirm the subtypes of YST further. Subsequently, for 
the analysis, the patients were categorized into either the 
YST group or the non-YST group based on their histo-
pathological outcomes.

Imaging review
Two radiologists specializing in pediatric oncology imag-
ing retrospectively reviewed all images without know-
ing the patients’ clinical histories, laboratory tests, and 
pathological outcomes. Image reviews were done inde-
pendently and by consensus. When the two radiologists 
disagreed, a third radiologist with 25 years of experience 
provided the final opinion and facilitated consensus.

Each mass was assessed and characterized based on 
several MRI features: its location of growth, size (maxi-
mum diameter), shape (oval or irregular), signal intensity 
(predominantly solid, solid-cystic, or predominantly cys-
tic), internal composition evaluated based on MRI signal 
(presence of hemorrhage, necrosis, calcification, or fatty 
tissue), degree of enhancement, and the presence of the 

“bright dot” sign. Additionally, MRI findings for sper-
matic cord thickening and hydrocele were also evaluated.

Especially, the tumor size and the volume of the cystic 
component were measured using the longest diameter 
of the maximum multiplanar reformation section as the 
criterion. The signal intensity was subjectively assessed 
and categorized as predominantly solid, solid-cystic, and 
predominantly cystic, corresponding to the volume of 
cystic lesions less than 25%, between 25% and 75%, and 
greater than 75% of the tumor volume, respectively [13]. 
The level of enhancement was subjectively evaluated and 
grouped into the following categories [14]: mild, when 
the enhancement was like that of adjacent muscle; mod-
erate, when the enhancement was higher than that of 
muscle but lower than that of blood vessels; and marked, 
when the enhancement was approaching that of blood 
vessels. The “bright dot” sign was defined as the different 
number of dilated vessels in the tumor on post-contrast 
images [15]. The typical MRI characteristics of the YST 
and teratoma are exemplified in Figs. 2 and 3.

Statistical analysis
SPSS 18.0 (IBM, New York, USA) statistical analysis 
software was used for data analysis. Normally distrib-
uted data were expressed as mean ± standard deviation (−
x ± SD

)
, while non-normally distributed data were 

expressed as a median and interquartile range. The inde-
pendent sample t-test or the Mann-Whitney U test was 
used to analyze continuous variables, and the chi-square 
or Fisher’s exact test was for categorical variables. A 
p-value of < 0.05 was considered to be statistically sig-
nificant. The regression models were used to assess each 
factor’s diagnostic efficacy, and the receiver operating 

Fig. 2 The example of testicular yolk sac tumor: images of a 17-months-old male patient treated by radical orchidectomy. The lesion located in the left 
scrotum showed as a predominantly solid mass with significant enhancement. The yellow arrow on figure (E1) indicates thickened spermatic cord on the 
same side. Hydrocele (yellow arrow) and bright dot sign (red arrow) can be seen on figure (F1)
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characteristic (ROC) curve was plotted. The area under 
the curve (AUC) with a 95% confidence interval was cal-
culated, and diagnostic performance, including sensitiv-
ity and specificity, was determined at the optimal cut-off 
value.

Results
Clinical findings
A total of 80 patients were included, of which 40 (50.0%) 
were confirmed as YST. As the 4th edition of the WHO 
Testicular Tumor Classification (2016) was the first to 
categorize YST into prepubertal and postpubertal types, 
23 of the 40 patients in our study, diagnosed after 2016, 
were classified as prepubertal-type YST. The non-YST 
datasets were comprised of teratomas (n = 34), embryo-
nal cell carcinomas (n = 2), and sex cord-stroma tumors 
(n = 4). Patients diagnosed with YST were younger than 
those in the non-YST group (mean age of 1.47 vs. 4.68 
years, p < 0.05). The serum level of AFP in the YST group 
was much higher than in the other group (mean value 
of 4403.43 vs. 24.24 ng/ml, p < 0.05), while the average 
tumor size was larger (mean size of 29.95 vs. 18.70 mm, 
p < 0.05).

The proportion of patients undergoing testis-sparing 
surgery (TSS) was 1/40 in the YST group and 37/40 in 
the non-YST group. The only YST patient who under-
went TSS did so at the strong request of the family, as the 
patient was only 11 months old. In the non-YST group, 
three patients underwent radical orchiectomy (RO). One 
required RO due to the large size of the mass, which 
made it difficult to preserve normal testicular tissue; 
pathology confirmed an immature teratoma. The other 
two patients required secondary RO due to recurrence 
or malignant transformation of the lesion. Postoperative 
pathology identified one mature teratoma and one imma-
ture teratoma in these cases.

Follow-up data showed favorable outcomes in 32 of 
the 36 patients in the YST group, with no recurrence or 

metastasis, including the patients who underwent TSS. 
Four patients had poor outcomes: metastasis occurred 
within six months in three cases (one to the lungs and 
two to the lymph nodes), and one patient had a sig-
nificant rise in serum AFP levels one year after surgery, 
despite negative imaging results. All 40 patients in the 
non-YST group had favorable recoveries.

Radiological features
Among the YST patients, 21 cases were in the left testi-
cle. Compared to the non-YST group, all the masses in 
the YST datasets exhibited an oval shape. Regarding sig-
nal intensity, YST typically displayed a predominance of 
solid components with significant enhancement, while 
non-YST tumors tended to have a higher proportion of 
cystic components, resulting in mild enhancement. The 
bright dot sign, a frequently observed feature in germ 
cell tumors, could also serve as an important diagnostic 
indicator for YST, being present in 23 (57.5%) of the YST 
patients in our cohort. Necrosis is commonly observed in 
YST, whereas calcification and fat deposition are exclu-
sively seen in non-YST entities. A thickened spermatic 
cord was detected in 38 (95.0%) YST patients, followed 
by hydrocele, which was detected in 31 (77.5%) YST 
patients. The details are shown in Table 1.

Key diagnostic indicators
Stepwise regression results showed that size (β = 0.006, 
95%CI: -0.011~-0.001, p = 0.013), signal intensity 
(β = 0.362, 95%CI: -0.439~-0.286, p = 0.000), fat (β= 
-0.383, 95%CI: 0.241 ~ 0.526, p = 0.000), bright-dot sign 
(β = 0.168, 95%CI: -0.299~-0.037, p = 0.014), and thick-
ened spermatic cord (β = 0.135, 95%CI: -0.264~-0.007, 
p = 0.043) were independent influencing factor for YST 
diagnostics. The ROC curves were employed to assess 
the diagnostic efficacy of clinical and MRI indicators in 
pediatric YST patients. The cut-off value of the tumor 
size was 26  mm (AUC = 0.805, 95%CI: 0.711 ~ 0.900, 

Fig. 3 The example of testicular teratoma: images of a 29-months-old male patient treated by testis-sparing surgery. The lesion located in the left scro-
tum appears as a solid cystic mass with fat components (depicted by the yellow arrow)
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sensitivity = 0.65, specificity = 0.83). The diagnostic per-
formance of the signal intensity stands out as the most 
optimal among the five features. The AUC value of the 
signal intensity, fat, bright-dot sign, and thickened sper-
matic cord in the diagnosis of YST was 0.936 (95%CI: 
0.877 ~ 0.995, sensitivity = 0.90, specificity = 0.95), 0.663 
(95%CI: 0.542 ~ 0.783, sensitivity = 0.33, specificity = 1.00), 
0.788 (95%CI: 0.683 ~ 0.892, sensitivity = 1.00, specific-
ity = 0.58), 0.813 (95%CI: 0.713 ~ 0.912, sensitivity = 0.68, 
specificity = 0.95), respectively. The visualization of the 
ROC curve results is shown in Fig. 4.

Discussion
Yolk sac tumor (YST) is the most common primary 
tumor of the testes in prepubertal patients [16]. Its path-
ological features include reticular-microcystic, endoder-
mal sinus (Schiller-Duval bodies), glandular, papillary, 
and solid patterns [17, 18]. Research [19, 20] indicates 
that YST in prepubertal patients consistently demon-
strates indolent behavior, leading to a favorable progno-
sis. Therefore, timely and accurate diagnosis is crucial 
in enhancing postoperative recovery and improving 
the quality of life in affected children. When evaluating 
testicular pathology in children, ultrasonography (US) 
and MRI are the primary imaging modalities [9]. MRI 
has gained preference due to its excellent soft tissue 

resolution and the availability of gadolinium contrast 
agents. As a result, understanding the key clinical and 
MRI findings related to diagnosis is significant for per-
sonalized preoperative diagnosis and treatment evalu-
ation, and for improving postoperative quality of life in 
children with testicular YST.

The statistical results of clinical data showed that 
patients diagnosed with YST were even younger, with a 
mean age of 1.5 years, consistent with the epidemiologi-
cal survey result that the median age for the presentation 
of YST is 16 months [21]. Testicular YSTs often secrete 
elevated levels of AFP, making it a key biomarker for both 
diagnosis and monitoring [22]. However, it is important 
to note that the diagnostic value of AFP may be influ-
enced by natural increases in infants under 12 months 
of age. Zhou et al. [23] reported that while AFP levels in 
testicular teratomas in patients under 1 year may show 
physiological increases, they typically remain below 100 
ng/ml, which is consistent with our findings. In contrast, 
AFP levels in YSTs are significantly elevated, with previ-
ous studies showing that over 90% of YSTs are associated 
with raised AFP levels [24]. Our study similarly confirms 
the substantial diagnostic utility of AFP in YST.

Our study has revealed a correlation between larger 
tumor diameter and testicles YST. Under general onco-
logical principles, malignant tumors typically exhibit a 

Table 1 Comparison of clinical and radiological data between the YST and non-YST cohorts
Factors YST (n = 40) non-YST (n = 40) p -Value
Age (year) a 1.47 ± 1.05 4.68 ± 4.01 0.000
AFP (ng/ml) a 4403.43 ± 6588.70 24.24 ± 82.67 0.000
Size (mm) a 29.95 ± 11.41 18.70 ± 8.37 0.000
Location n (%) b 0.653
Left 21 (53.5) 23 (57.5)
Right 19 (47.5) 17 (42.5)
Shape n (%) b 0.001
Oval 40 (100) 31 (77.5)
Irregular 0 (0) 9 (22.5)
Signal intensity n (%) b 0.000
Predominantly solid 38 (95) 4 (10)
Solid-cystic 2 (5) 20 (50)
Predominantly cystic 0 (0) 16 (40)
Calcification n (%) b 0 (0) 12 (30) 0.000
Fat n (%) b 0 (0) 13 (32.5) 0.000
Hemorrhage n (%) b 1 (2.5) 1 (2.5) 1.000
Necrosis n (%) b 28 (70) 14 (35) 0.002
Enhance degree n (%) b 0.000
Mild 0 (0) 20 (50)
Moderate 0 (0) 9 (22.5)
Marked 40 (100) 11 (27.5)
Bright-dot sign n (%) b 23 (57.5) 0 (0) 0.000
Thickened spermatic cord n (%) b 38 (95) 13 (32.5) 0.000
Hydrocele n (%) b 31 (77.5) 11 (27.5) 0.000
a. Data are mean, with standard deviation. The independent sample t-test was used to analyze

b. Data are numbers of patients with percentages in parentheses. The chi-square or Fisher’s exact test was used to analyze
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faster growth rate than benign tumors, underscoring the 
association between tumor diameter and malignancy. 
Currently, there is no universally accepted criterion for 
tumor diameter due to the low prevalence of testicular 
tumors, making it challenging to differentiate between 
benign and malignant cases reliably. Previous research 
by Shilo et al. [25] reported that using a size cutoff of 
18.5  mm, 38.5% of smaller lesions were found to be 
benign, whereas only 2% of lesions above this thresh-
old were benign. Moreover, Song et al. [11] used logistic 
regression analysis to confirm that an increase in tumor 
diameter corresponds to a higher risk of malignancy. 
Consistent with these findings, our study observed that 
the average tumor size of YST exceeded that of non-YST 
cases. Moreover, as tumors enlarge, they apply pres-
sure on nearby tissue structures, resulting in the ipsi-
lateral spermatic vein thickening, which can be directly 
identified and evaluated on MRI. This further strength-
ens the correlation between the size of the tumor and 
malignancy.

In this cohort, YSTs primarily present as solid masses 
with small cystic components, whereas non-YST tumors 
(primarily teratomas) are characterized by mixed masses 
with scattered fat and calcifications. The MRI signal 
intensity characteristics play a crucial role in differentiat-
ing between these tumor types, demonstrating an AUC 
of 0.94. Additionally, micro cysts within YST masses 

correspond to histological features of loose reticular cells 
[26], while the bright dot sign in YST is thought to result 
from the tumor’s release of angiogenic factors, which 
stimulate vascular proliferation [27]. This results in rich 
blood flow within and around the tumor, manifesting as 
a branching pattern on MRI. On the other hand, MRI 
fat signals aid in the differential diagnosis of teratomas, 
which originate from three germ layers and possess a 
rich internal structure [28]. Therefore, these distinctive 
MRI features serve as crucial diagnostic indicators for 
discriminating between YST and non-YST tumors, with 
each presenting unique radiological characteristics that 
highlight their pathological nature.

This study has several potential limitations. First, it has 
limitations inherent to the retrospective study design and 
manual measurement. Second, the YST dataset includes 
only the prepubertal subtype, which may limit the inter-
pretation. Finally, some data were incomplete due to the 
lengthy period involved, and DWI sequence analysis, 
which is useful in diagnosing testicular masses, was not 
included. These issues need to be further explored in the 
future.

In conclusion, specific MRI signs can enhance the accu-
racy of imaging diagnosis and differentiation of pediatric 
testicular YST. A predominantly solid testicular mass, 
accompanied by the bright dot sign, ipsilateral thickened 

Fig. 4 Comparing the predictive performance of various indicators
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spermatic cord, and elevated AFP levels, should strongly 
suggest the possibility of YST.
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