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Purpose: This study aimed to assess the feasibility of shear-wave elastography (SWE) for 
assessing the testicular involvement of hematologic malignancies in children and young adults. 
Methods: Eight patients (mean age, 11.0 years; range, 0.8 to 20 years) with biopsy-confirmed 
testicular involvement of hematologic malignancy between January 2018 and December 2020 
were retrospectively evaluated. Multiparametric ultrasound examinations, including grayscale, 
color Doppler ultrasonography (CDUS), and SWE, were performed. Stiffness was measured in the 
involved testicular area and contralateral normal parenchyma. If there was bilateral testicular 
involvement, the stiffness of the involved area and the adjacent normal echoic parenchyma was 
measured on one testis. The Mann-Whitney U test was used to compare stiffness values. 
Results: On grayscale, the testicular lesions were noted as a solitary mass in one patient, multiple 
lesions in four patients, and diffuse involvement in three patients. On CDUS and SWE, all patients 
demonstrated increased vascularity, and the stiffness of the involved area was higher than the 
values of normal parenchyma (the involved area vs. normal parenchyma, 11.6 kPa [3.9-20.2 
kPa] vs. 2.9 kPa [1.1-3.7 kPa], P=0.003). The ratio of stiffness between the involved area and 
normal parenchyma was 3.4, ranging from 1.9 to 5.1. One patient showed decreased stiffness 
on follow-up SWE after treatment (affected testis vs. normal testis: initial, 13.8 vs. 3.2 kPa; 1 
year later, 2.2 vs. 2.4 kPa).
Conclusion: Increased testicular stiffness on SWE in children and young adults with hematologic 
malignancies suggests the possibility of testicular involvement. 
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Key points: Increased testicular stiffness on shear-wave elastography (SWE) in children and 
young adults with hematologic malignancies suggests the possibility of testicular involvement. 
SWE evaluation for testicular involvement of hematologic malignancies is a feasible, noninvasive 
imaging modality that can help diagnose testicular involvement and evaluate the treatment 
response.
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Introduction

Hematologic malignancies are the most common category of 
childhood malignancies, and testicular involvement has been 
reported in approximately 2% of boys upon the initial diagnosis of 
leukemia [1]. Although testicular involvement is uncommon, an early 
diagnosis of testicular involvement in children and young adults with 
hematologic malignancies is essential, as it has been associated 
with poor outcomes. Testicular involvement is also important to 
assess in cases of relapse of a hematologic malignancy, as well as in 
the initial diagnosis [1-3].

A testicular ultrasound examination is performed to identify 
testicular involvement of a hematologic malignancy if asymmetric 
testicular enlargement is observed on the physical examination 
of a patient suspected of having a hematologic malignancy [4]. 
Either hypoechoic mass formation or parenchymal enlargement in 
the testis can be observed on grayscale ultrasound images. Color 
Doppler ultrasonography (CDUS) also shows increased vascularity 
inside the involved lesion of the testis [4,5]. However, when diffuse 
testicular involvement occurs instead of focal mass-forming lesions 
in patients with hematologic malignancies, the subtle changes in 
grayscale and CDUS findings might make it challenging to diagnose 
testicular involvement and to monitor treatment response [6].

In contrast, testicular ultrasound elastography, which was recently 
introduced, can provide additional quantitative and qualitative 
information about tissue stiffness to evaluate testicular involvement 
of hematologic malignancies in children and young adults. Testicular 
ultrasound elastography has been studied in pediatric patients 
with diverse conditions such as undescended testis, microlithiasis, 
hydroceles, torsion, and varicocele [7-12]. A few studies have 
focused on differentiating germ cell tumors, which are the most 
common testicular tumor in adult patients, from benign testicular 
tumors, and have shown increased testicular stiffness values in 
the malignant region [5,13]. However, there is a lack of literature 
regarding shear-wave elastography (SWE) for identifying testicular 
involvement of hematologic malignancies in pediatric patients 
[5,14,15]. 

This study aimed to assess the feasibility and usefulness of SWE in 
the diagnosis of testicular involvement of hematologic malignancies 
in children and young adult patients. 

Materials and Methods

Compliance with Ethical Standards 
Institutional review board approval of Seoul National University 
Hospital was obtained for this retrospective study. The requirement 
for informed consent was waived as the study was retrospective (IRB 

No. 2012-024-1178).

Patient Population
This study retrospectively reviewed eight children and young adult 
patients with biopsy-confirmed testicular hematologic malignancy, 
who were identified by searching the institution’s picture archiving 
and communication system (Infinitt, Infinitt Healthcare, Seoul, Korea) 
database between January 2018 and December 2020. Hematologic 
malignancy patients with suspected testicular involvement were 
referred for testis ultrasonography and percutaneous biopsies to 
assess their histopathological condition. The testicular biopsies were 
performed in the testis on the involved side, and if the bilateral 
testes were involved, the testis with the larger mass or that was 
easier to approach was biopsied. The diagnosis of hematologic 
malignancy was confirmed by bone marrow biopsy before testicular 
biopsy in all eight patients.

Ultrasound Examinations
All ultrasound evaluations were performed by a pediatric radiologist 
with experience in SWE (S.L., with 8 years of experience). 
Multiparametric ultrasound examinations, including grayscale, CDUS, 
and SWE, were performed with a broadband high-frequency linear 
array transducer (SL15-4) using an Aixplorer machine (SuperSonic 
Imagine SA, Aix-en-Provence, France).

The number of lesions was recorded for diffuse, multiple nodular, 
and solitary lesions. The testis volume (mm3) was calculated as 
0.523×length (mm)×height (mm)×width (mm). The ratio of testis 
volume between the affected and normal testis was calculated. 
The grayscale appearance was divided into hyperechoic, isoechoic, 
hypoechoic, or heterogeneous echogenicity compared to the normal 
testis parenchyma. The vascularity observed on CDUS images 
was classified as normal, increased central vascularity, increased 
peripheral vascularity, and central/peripheral mixed vascularity.

The median stiffness and the ratio of stiffness between the 
involved area and normal testis on SWE images were evaluated. 
The stiffness was measured on the involved testicular area and 
contralateral normal parenchyma using a region of interest. If there 
was bilateral testicular involvement, the stiffness of the involved 
area and adjacent normal echoic parenchyma was measured on 
the testis on one side. At least 10 consecutive measurements were 
performed, and if the normalized value divided by the interquartile 
range/median value from a total of 10 measurements showed a 
variation of 30% or more, the stiffness measurement and the image 
quality were regarded as insufficient owing to the high variability 
of the stiffness value. Only one patient underwent a follow-up 
evaluation by SWE and percutaneous biopsy 1 year after the initial 
ultrasound examination.
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Statistical Analyses
Statistical analyses were performed using SPSS version 25.0 for 
Windows (IBM Corp., Armonk, NY, USA). The Mann-Whitney U test 
was used for non-parametric evaluation of continuous variables. 
Statistical significance was set at a P-value <0.05.

Results

Eight patients (mean age, 11.0 years; range, 0.8 to 20 years) with 
testicular hematologic malignancies were included in the present 
study. A 20-year-old patient was included because he was diagnosed 
with acute lymphoblastic leukemia at 3 years old and had a relapse 
at 20 years old. Six patients presented with testicular asymmetry 
without pain, one with painful testicular asymmetric swelling, and 
one with no symptoms. Three patients had relapsed leukemia, and 
one of them had a history of testicular involvement. Percutaneous 
biopsy-confirmed testicular involvement of hematologic malignancy 

in all patients. Six patients were diagnosed with acute lymphoblastic 
leukemia, one with anaplastic large cell lymphoma, and one with 
acute myeloid leukemia (Table 1).

In grayscale images, the ratio of testis volume between the 
affected and normal testis was 2.2 (range, 1.3 to 6.9), and a variable 
pattern was found in association with testicular hematologic 
malignancy (Table 2). There was no side predilection: the right side 
was involved in three patients, the left side in two patients, and 
bilateral involvement was observed in three patients. The lesions 
were noted as a solitary mass in one patient, multiple lesions in 
four patients (Fig. 1A) and diffuse involvement of the testis in 
three patients (Figs. 2A, 3A). The lesions were hypoechoic in five 
patients and heterogeneous in three patients. On CDUS, all showed 
increased vascularity compared to either the adjacent normal 
testicular parenchyma or contralateral normal testis (Figs. 1A, 2A, 
3B). In most cases (seven of eight), increased linear vascularity was 
observed in the central portion of the tumors. In the remaining 

Table 2. Multiparametric ultrasound imaging characteristics

ID Side
Grayscale CDUS SWE

Affected testis 
(mm3)

Other testis 
(mm3)

Ratio Pattern Echogenicity Vascularity Pattern
Affected 

testis (kPa)
Other testis 

(kPa)
Ratio

1 Right 46.5 14.2 3.3 Diffuse Heterogeneous ↑ Central 3.9 1.1 3.4

2 Bilateral 12.4 8.4 1.5 Multiple Hypoechoic ↑ Central 7.0 3.7 1.9

3 Right 3.1 2.0 1.6 Solitary Hypoechoic ↑ Peripheral NA NA NA

4 Right 4.3 1.2 3.6 Multiple Hypoechoic ↑ Central 15.6 3.1 5.1

5 Left 7.0 1.0 6.9 Multiple Heterogeneous ↑ Central 13.8 3.2 4.4

6 Left 5.6 4.2 1.3 Diffuse Heterogeneous ↑ Central 7.2 3.3 2.2

7 Bilateral 3.0 1.1 2.7 Diffuse Hypoechoic ↑ Central 20.2 NA NA

8 Bilateral 5.9 3.6 1.6 Diffuse Hypoechoic ↑ Central 13.3 NA NA

CDUS, color Doppler ultrasonography; SWE, shear-wave elastography; NA, not applicable; ↑, increase.

Table 1. Clinical characteristics of testicular leukemic infiltrations
ID Age (year) Testicular enlargement Initial involvement Diagnosis

1 20 Unilateral Testis, bone marrow Lymphoblastic leukemia (relapsed)
2 14 Bilateral Testis, bone marrow, and others (CNS, spleen, liver, pancreas, kidney, 

colon, thymus)
B-lymphoblastic leukemia

3 13 No Testis, bone marrow, and others (spleen, lung, lymph nodes) Anaplastic large cell lymphoma
4 11 Unilateral Testis, bone marrow, and others (CNS, spleen) B-lymphoblastic leukemia 

(relapsed)
5 10 Unilateral Testis, bone marrow, and others (lymph nodes, liver, peritoneum, kidney) B-lymphoblastic leukemia

6 13 Unilateral Testis, bone marrow Lymphoblastic leukemia
7 6 Unilateral Testis, bone marrow B-lymphoblastic leukemia 

(relapsed)
8 0.8 Bilateral Testis, bone marrow Acute myeloid leukemia

CNS, central nervous system.
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measured on grayscale ultrasonography had decreased, but a size 
discrepancy remained (affected testis vs. normal testis: initial, 7.0 
mm3 vs. 1.0 mm3; 1 year later, 3.2 mm3 vs. 2.1 mm3); however, 
the stiffness was dramatically reduced (affected testis vs. normal 
testis: initial, 13.8 vs. 3.2 kPa; 1 year later, 2.2 vs. 2.4 kPa). The 
pathology findings of the percutaneous biopsy of the involved testis 
only showed interstitial fibrosis, and atypical lymphocytes were not 
found.

Discussion

Our study assessed whether SWE could be a feasible tool for the 
noninvasive diagnosis of testicular involvement when asymmetric 

patient, peripheral dominant vascularity was observed. 
On SWE, seven patients were evaluated for the stiffness of 

the involved testis, and among them, five were evaluated for the 
stiffness of the normal testis. In all five patients with values for the 
normal parenchymal stiffness as well as that of the involved testis, 
the stiffness of the involved area was higher than the values of the 
normal parenchyma (the involved area vs. normal parenchyma: 11.6 
kPa [range, 3.9 to 20.2 kPa] vs. 2.9 kPa [range, 1.1 to 3.7 kPa], 
P=0.003) (Figs. 1B, 2B, 3C, D). The ratio of stiffness between the 
involved area and normal parenchyma was 3.4, ranging from 1.9 to 
5.1. 

One patient underwent a follow-up ultrasound examination 
with SWE after 1 year (Fig. 3E). The volume of the affected testis 

Fig. 1. An 11-year-old boy with histologically proven B-lymphoblastic leukemia of the right testis (patient No. 4). 
A. Grayscale image (left) of the right testis shows multifocal hypoechoic nodules (arrows) and color Doppler ultrasonography (CDUS) (right) 
shows increased linear vascularity in the central portion of the hypoechoic lesions (arrowheads). B. Shear-wave elastography (SWE) (right) 
shows that the hypoechoic nodules (arrows) had increased stiffness (arrowheads) of 15.6 kPa, and the ratio between the nodule stiffness 
and normal testicular parenchyma stiffness was 5.1. 

A

B
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enlargement of the testes is observed in pediatric hematologic 
malignancy patients. Half of the patients did not show focal lesions, 
but demonstrated diffuse testicular enlargement with increased 
vascularity on conventional grayscale and CDUS images. The stiffness 
of the affected testis observed on SWE images was significantly 
higher than that in the normal parenchyma. In addition, objective 
and quantitative follow-up evaluations of the affected testis could 
assist in monitoring disease progression.

The most common pediatric hematologic malignancy is acute 
lymphoblastic leukemia. Overt testicular involvement is more 
common in pediatric patients than in adults at diagnosis despite the 
rarity of this entity, and it has the risk of testicular relapse due to the 

blood-testis barrier, even if systemic chemotherapy is administered 
[16]. Testicular involvement often presents as leukemic cell 
infiltrations in the testis with a bone marrow abnormality in pediatric 
patients, whereas adult patients older than 60 years present with 
primary lymphoma such as diffuse large B-cell lymphoma in the 
testis [17]. However, regardless of the patient’s age, pathologically, 
in testicular lymphoma/leukemia, atypical lymphoid cells diffusely 
infiltrate the interstitial tissue surrounding the seminiferous tubules 
without destruction [6]. 

The infiltration and aggregation of abnormal lymphoid lesions 
can lead to hypo-echogenicity and hypervascularity because the 
density of tumor cells and vessels is greater than that of normal 

Fig. 2. A 6-year-old boy with histologically proven B-lymphoblastic leukemia of the bilateral testis (patient No. 7). 
A. Grayscale image (left) shows diffuse hypoechogenicity of the left testis and color Doppler ultrasonography (CDUS) (right) shows increased 
central vascularity in the hypoechoic lesion. B. Shear-wave elastography (SWE) of the right testis shows increased stiffness in the hypoechoic 
lesion (arrows) compared with the normal echoic area (arrowheads). The median stiffness of the hypoechoic lesion was 20.2 kPa.

A

B
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Fig. 3. A 10-year-old boy with histologically proven B-lymphoblastic leukemia of the left testis (patient No. 5). 
A. Grayscale image of the left testis shows diffuse enlargement and multiple ill-defined heterogeneous echoic lesions (arrows). B. Color 
Doppler ultrasonography shows increased linear vascularity in the left testis (arrows). C. Shear-wave elastography (SWE) of the right normal 
testis shows a stiffness of 2.3 kPa (arrows) (median, 3.2 kPa). 

A

B

C
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testicular tissue [15]. Therefore, grayscale ultrasound imaging 
findings of testicular hematologic malignancies in pediatric and 
adult patients are commonly observed as hypoechoic single/multiple 
or diffuse involvement, combined with increased vascularity on 
CDUS images [4]. In a previous study of 43 adult patients with 
testicular lymphomas, testicular lymphomas presented as hypoechoic 
lesions of the testis, either focal or diffuse, on grayscale images and 
increased vascularity on CDUS images [18]. In another study of eight 
patients with testicular lymphoma, involvement also appeared as a 
solitary nodule (25%), diffuse infiltration of the entire testis (38%), 
and multiple lesions (38%), showing increased vascularity compared 
to normal testicular parenchyma [14]. Diffuse lymphomatous 
infiltration leads to maintenance of the normal ovoid testicular 

shape; however, hypoechoic striations radiating peripherally from 
the mediastinum are observed. Previous studies have reported that 
the vascular architecture is preserved owing to diffuse infiltration, 
which results in increased vascularity of non-branching linear 
patterns on CDUS [6,14]. The grayscale ultrasound images of the 
cases in the present study showed findings consistent with those 
of these previous studies, and most patients showed increased 
central vascularity on CDUS, except one, who showed increased 
peripheral vascularity. However, although abnormalities were noted 
on grayscale and Doppler images in all patients in previous studies, 
it might make it challenging regarding some cases, especially those 
in which there was diffuse testicular infiltration by lymphoma or 
leukemia. 

D

E
Fig. 3. D. SWE of the heterogeneous echoic portion in the left testis shows increased stiffness (arrows) of 15.4 kPa (median, 13.8 kPa), and 
the ratio between the nodule stiffness of the left testis and the right normal testicular parenchyma stiffness was 4.4. E. Follow-up SWE after 
1 year reveals no change in the asymmetrically enlarged involved testis; however, the stiffness was dramatically reduced (2.0 kPa).
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Recently, the elastography technique in testicular ultrasonography 
has been studied with the goal of establishing the normal range of 
stiffness values in adults and pediatric patients and differentiating 
benign and malignant testicular lesions in adult patients. The normal 
testicular stiffness value was reported to be 2.4 kPa in 62 normal 
adults with a mean age of 37.9 years and 3.3-3.8 kPa in 32 normal 
adults with a mean age of 51.0 years [19,20]. One study reported 
that pediatric patients (mean age, 23.5 months) showed a normal 
range of 3.1-3.9 kPa [21]. In terms of testicular malignancies, 
Rocher et al. [5] reported that malignant testis tumors had higher 
median stiffness values than benign Leydig cell tumors (17.73 kPa 
[12.01-25.05 kPa] vs. 6.05 kPa [4.20-9.85 kPa]). The median 
stiffness ratio of the lesion to the normal parenchyma was also 
higher in malignant tumors than in benign Leydig cell tumors (12.87 
vs. 2.65). Dikici et al. [13] demonstrated that the mean stiffness 
value of seminoma was higher than normal testicular parenchyma 
(10.6±3.9 kPa vs. 4.4±3.9 kPa). Therefore, SWE might be helpful 
for the identification of malignant testicular lesions in adult patients 
with testicular masses. Their study raised awareness regarding 
the usefulness of testicular SWE, mentioning that SWE combined 
with CDUS and grayscale ultrasound significantly improved the 
characterization of testicular masses. However, there is a lack of 
studies regarding SWE in the assessment of testicular involvement 
of hematologic malignancies in children, and the diagnostic 
performance of testicular SWE has not been extensively studied. 
The present study showed that the stiffness of the involved area 
was also higher than the normal parenchyma (11.6 kPa vs. 2.9 kPa), 
which is a similar trend to those reported in the previous studies 
about malignant testicular lesions in adults. This phenomenon might 
be due to the higher density of lymphoid tumor cells and vessels 
than in normal testicular tissue despite the lack of evaluation of 
accurate histologic changes. In addition, the cases in this study 
included diffuse involvement of the testis and nodular mass-forming 
lesions in the testis. Therefore, SWE might help diagnose and 
monitor challenging cases, especially those with diffuse enlargement 
due to hematologic abnormal cell infiltration by lymphoma or 
leukemia.

The present study focused on hematologic malignancies in 
children and young adults; all cases showed increased stiffness 
of the involved testis on SWE similar to that in adult patients. It 
is difficult to explain the exact reason for the high SWE values 
in testicular malignancies, as several factors such as the mitotic 
index or fibrosis of the capsule can theoretically affect stiffness 
measurements in the testis [5]. One hypothesis relates to the 
histologic background of hematologic malignancies in the testes, as 
these cases could show interstitial infiltration of leukemic cells [22]. 
Regarding the high SWE in testicular varicocele, thickened tubular 

basement membranes and increased deposition of interstitial fibrous 
tissue with germ cell atrophy were possible explanations noted in 
previous studies [23,24], and it was assumed that these findings 
might lead to increased stiffness on SWE [25]. Similarly, interstitial 
leukemic cell infiltration, secondary atrophy of the seminiferous 
tubules, and increased blood capillaries in testes with hematologic 
malignancy involvement may lead to increased stiffness on SWE. 
Another interesting finding was that one patient showed decreased 
stiffness on follow-up SWE. Subsequent testicular biopsy revealed 
the absence of tumor tissue, even with remaining testicular 
enlargement and low-echoic lesions, suggesting the possibility that 
SWE might help with the treatment response evaluation as well as 
the initial diagnosis.

The limitations of the present study were that there was only 
a single follow-up ultrasound SWE examination, and it was not 
possible to demonstrate a direct correlation between the stiffness 
values and the histopathological parameters. To the best of the 
authors’ knowledge, there is no apparent pathophysiological 
description of the sonographic features of SWE in testes with 
hematologic malignancy involvement. However, this study shows 
the feasibility and potential role of SWE in diagnosing testicular 
involvement of hematologic malignancy. Therefore, it could 
be valuable for further investigations to analyze the stiffness 
and histologic features in a large population study despite the 
rarity of testicular involvement of hematologic malignancies in 
childhood. Another limitation was a small number of patients and 
heterogeneous disease distribution. Although SWE has been used 
to diagnose testicular lesions in recent years, cases of testicular 
involvement in hematologic malignancies in children and especially 
biopsy-confirmed cases of SWE imaging are rare. Therefore, 
this study could be the basis for further research regarding the 
usefulness of SWE to assess testicular involvement in patients with 
hematologic malignancies.

In conclusion, increased testicular stiffness on SWE in children and 
young adults with hematologic malignancies suggests the possibility 
of testicular involvement. Therefore, SWE evaluation of testicular 
involvement in hematologic malignancies is a feasible noninvasive 
imaging modality that can help diagnose testicular hematologic 
malignancies and evaluate the treatment response.
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