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Summary Introduction: Testicular tumors in children have two peaks with different types of
tumors; in the first 4 years of life a third to half are benign with increased risk of malignancy
during puberty. The pathology of testicular tumors between these peaks, at the age of 5 to 12
years, is not known. We hypothesized that because of the low level of testosterone at this
time, the incidence of malignant tumors is very low.

Objective: To compare malignancy risk of primary testicular tumors in children in the
prepubertal period (5—-12 years) compared with younger (0—4 years) and pubertal (13-18

years) children.
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Sudy design: We retrospectively (2002—-2016) identified patients <18 years with surgery for
primary testicular tumor. Patients with testicular tumor risk were excluded. Ultrasound
studies were reviewed for contralateral testis volume, tumor morphology, and tumor maximal
diameter, for three age groups: 0—4, 5-12, and 13-18 years. The Freeman-Halton extension
of the Fisher exact probability test was adopted for categorical outcomes, and one-way
ANOVA for continuous outcomes.

Results: Fifty-two patients (mean age 11.0 years, range 6 days to 18 years) were identified.
Malignant tumor prevalence significantly differge(.01) among age groups (Fig.): 0-4
(72.7%, 8/11), 5-12 (0%, 0/16), and 13-18 years (44.0%, 11/25). The most common tumor
types in 5-12 years were epidermoid cyst (31.3%, 5/16) and tumor mimics (37.5%, 6/16).
Prevalence of cystic tumors in 5-12 year olds was not significantly different compared with
other age groups. Contralateral testicular volume >4 mL (pubertal surge) significantly
(p<0.01) differed among groups: 0—4 years (0/11), 5-12 years (3/16), and 13-18 years
(19/20). In children aged 13-18 years the mean tumor maximal diameter (29.8+4.4 mm) was
significantly larger (p<0.01) compared with children 5-12 years (9.3x5.5 mm) and all
malignant tumors had contralateral testicular volume >4 mL.

Discussion: We found that preadolescent children between the ages of 5 and 12 years have
distinctive characteristics compared with the other age groups. Most importantly, no
malignant testicular tumors were found in this age group. About a third of the children
presented with an incidental testicular mass. The testicular tumors were significantly smaller
(9.3+6.7 mm) compared with those in children aged 13-18 years (29.8£4.4 mm). There were
limitations because of the retrospective nature of the study.

Conclusion: We found no malignant testicular tumors in children aged 5 to 12 years with no
risk factors and prior to pubertal surge. Our study suggests use of more conservative

treatment in this group of patients.

Figure. Contralateral testicular volume in children with benign and malignant testicular

tumaors.

Introduction
Testicular tumors in children have a bimodal age distribution: one peak occurs at age 2—4
years, and the second occurs at age 15-18 years [1,2]. The clinical consideration in these two

age periods is quite different and thus therapy varies as well.
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In prepubertal boys younger than 5 years, testi¢ulaors are different from adult
neoplasms. Germ cell tumors are less common thaduts and account for 60—77% of the
testicular tumors [3—6]. The most common germ teetiors are teratoma and yolk sac
tumors. Prepubertal teratomas are all benign arst yatk sac tumors present as clinical
stage I. About a third of the tumors are benignagiah stromal tumors including Sertoli cell
tumors, juvenile granulosa cell tumors, and Leya#th tumors [3—6]. Therefore, when
possible, testicular-sparing surgery should beidensd.

In pubertal boys, most germ cell tumors are mahginéie most common types are
mixed germ cell tumors. Radical orchiectomy is baitignostic and therapeutic. Treatment
with chemotherapy depends on histology and theestdgumor. The initial therapy for
metastatic or retroperitoneal disease is multi-aghamotherapy. Retroperitoneal dissection
is performed for residual or nonresponsive dis@asige retroperitoneum. If there are no
radiographic nodes at presentation, then survedlastaging retroperitoneal dissection, or
chemotherapy are options [7].

However, between these two age peaks, little isvknabout the nature of testicular
tumors presenting in prepubertal boys after theaddeyears. Such knowledge is needed to
choose among markedly different treatment strasedyethis study, we compared the clinical
presentation, ultrasound findings, tumor pathol@ng treatment in 5-12 year olds compared
with other age groups. We wanted to know if theeeamy distinctive characteristics of
tumors in this age group that can help in patieabhagement.

Materials and methods

This HIPAA-compliant study was approved by our itagional review board, with waiver of
informed consent. From the pathology archive atiostitution, we retrospectively identified
all pediatric patients who underwent biopsy or g&algesection of ultrasound-diagnosed
primary testicular tumor, during a 15-year (2002t&0period. Only children who were
treated at our institution were included. Resultsf outside consultations were excluded.
We also excluded patients with an underlying r@ktésticular tumors (e.g., congenital
adrenal hyperplasia, Peutz-Jeghers syndrome, ngoeadal dysgenesis, testosterone
insensitivity syndrome), and testicular tumors fdum children who had orchiectomy of
undescended atrophic testis.

Medical records were reviewed for epidemiologicadatinical presentation, levels of
alpha fetoprotein (AFP), and beta human chorionitaglotropin (hCG). Normal values of
AFP and hCG levels by age were used as a refe[8rgjeFrom the pathology report, we

retrieved the final diagnosis and whether the tumas malignant or benign. Using the

Downloaded for Anonymous User (n/a) at Indiana University - Ruth Lilly Medical Library from ClinicalKey.com by Elsevier on February 19, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.



ultrasound studies, we evaluated the maximal dianoétthe tumor, echotexture, presence of
calcifications in the tumor, and presence of mith@sis. Testicular masses were categorized
as follows: solid, cystic (cystic mass without awoyid component), and complex (contain
both solid and cystic component). When images fottnasound studies were not available
for review, we retrieved the information from theport. As the testicular mass may change
overall testicular volume, we evaluated the volwhthe contralateral testis from ultrasound
performed before surgery as follows: length x heiglvidth x 0.52 [10].

Descriptive statistics (means and standard dewvia{{§D), frequencies) were
calculated for patient tumor characteristics. Wepared tumor characteristics among three
age groups (0—4 years, 5-12 years, and 13-18 y@aesFreeman-Halton extension of the
Fisher exact probability test was adopted for aaiegl outcomes, and one-way ANOVA for
continuous outcomes. One-way repeated measures AN@A$ used for assessing the
difference between mean tumor diameters as onerpdiad bilateral tumors. A post-hoc test
was performed to examine specific differences acgosups. Ap-value less than 0.05 was
considered to be significant.

Results

The study group included 52 children with an ageeaof 6 days to 18 years (mean 11.0
years). Eleven children were aged 0—4 years, 16 aged 5-12 years, and 25 were aged 13—
18 years. There was a significant difference irvaience of the different types of clinical
presentation between those aged 5-12 years andagéeroupsp<0.02, Table 1). Nine
patients had incidental non-palpable testicularsw@esmsl had scrotal US for evaluation of
contralateral testicular pain€4), non-localized scrotal discomfort/paim=@), evaluation of
varicocele K=1), post-orchiopexy evaluation<1), and ecchymosis on the scrotum in a child
with Henoch-Schonlein purpura<l). Incidental non-palpable testicular mass wastmo
common in the 5-12 age group (6/16, 37.5%), butifierence was not significant

compared with age 0—4 (0/11, 0p&,0.22), and age 13-18 (3/25, 12.0840.12), after

multiple testing correction. Only one child (age4l§ears) had a history of orchiopexy for
undescended testis. Laboratory results of AFP &t Wwere available in 49/52 (94.2%) of
the patients. None of the patients in the age gadipl2 years had elevated AFP or hCG
compared with 7/49 (14.3%) patients with elevatédPAand 8/49 (16.3%) elevated hCG in
the other age groups (Table 1).

Ultrasound

Of the preoperative ultrasound studies, 48/52 @2 Bere available for review; in four other

patients the information was retrieved from theorép There was no significant difference in

Downloaded for Anonymous User (n/a) at Indiana University - Ruth Lilly Medical Library from ClinicalKey.com by Elsevier on February 19, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.



prevalence of cystic tumors in children aged 5-d&ry (5/16, 31.3%) compared with the
other age groups (0/11, 0%0.08, for age 0—4 and 10/25, 40.0840.12 for age 13-18).

The testicular tumor maximal diameter was availablgl patients. The mean tumor
maximal diameter was significantly smalle=0.01) in patients in the 5-12 year age group
(9.3+5.5 mm), compared with children aged 13-18€29.8+4.4 mm), but not significantly
different =0.44) from children aged 0—4 years (20.3£6.9 mm).

As expected, mean contralateral testicular voluras significantly p<0.01, Table 1)
different among the three age groups (summary E)guanging from 0.6+0.3 mL at 04
years to 2.6+2.2 mL at age 5-12 years and 12.016.at age 13-18 years. The presence of
a contralateral testicular size > 4 mL was alsaifantly (p<0.01) different among groups,
ranging from 0/10 (0%) at 0—4 years to 3/16 (18.8¥§—12 years and 21/22 (95.4%) at 13—
18 years. In children aged 13-18 years with mahghamors, the smallest testicular volume
was 5.9 mL. Ultrasound of the contralateral testis not available for review in four
patients.

Preoperative ultrasound was not available for kevwreone pubertal patient, a 17.6
year old with mixed germ cell tumor. The contralatéesticular volume measured from a
CT of the abdomen performed to evaluate for retitppeeal metastatic lymph nodes was
25.3 mL, based on the same method described fartitzsound.

Pathology

There was a significanp€0.01, Table 1) difference among the prevalenaaafgnant
tumors in the age group of 5-12 years (no malighanbrs) compared with 63.6% (7/11) at
0—4 years and 44.0% (11/25) at 13-18 years (Tgble 2

For age 5-12 years, the most common tumor was repade cysts 1=5). There were
seven benign conditions mimicking a tumor: Leyd# aodular hyperplasian€3, Fig. 1),
Sertoli cell nodulerf=1), and mixed stages of testicular maturatiesB8( Fig. 2). Most (4/7,
57.1%) of the benign conditions had a maximal di@mef less than 5 mm by ultrasound.

The malignant tumors for age 0—4 years were jueaianulosa celh&4), and yolk
sac tumorrt=3), and the most common benign tumor was teratosid) ( In patients aged
13-18 years, the most common malignant tumors gema cell tumorsr=11), eight of
which were mixed germ cell tumors. The malignamau with the smallest maximal
diameter was 7 mm by ultrasound. Three of the gmifrtumors were metastatic. The most
common benign tumor was epidermoid cyst10).
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None of the 14 children 5 years or older with calaiieral testicular volume <4 mL
had malignant testicular tumor, while 10/24 (41. ®8fbhese children with testicular volume
>4 mL had malignant tumop€0.01).

Treatment

Table 1 summarizes the treatment for testicularsemOf the group aged 5-12 years, 11/16
(68.8%) underwent testicular-sparing surgery. Hisnot significantly differ after multiple
testing adjustments from the 0—4 year group (28£0,05) or the 13-18 year group (10/25,
p=0.33).

Discussion

Prepubertal testicular tumors are rare, with ardamce of 1-2% of all pediatric solid tumors
and occurring at an incidence of 0.5 to 2/100,06i@Ien [4,5]. There is little literature on
preadolescent children after the first peak oficakdr tumors at the age of 2—4 years and
before the second peak of testicular tumors inqudsrtal boys after the age of 15 years
[1,2]. In this study we summarized the unique chihjimaging, and pathology characteristics
of this group of patients at the age range of 5¢eldts. Our findings in this age group are
further validated by our findings in younger andeal children, which are similar to
previously published series. In our study, in pgBaunder the age of 5, 36.4% (4/11) of the
tumors were benign, which is comparable with ppigblications indicating that a third to

half of these tumors are benign [3-5,11]. In pasidietween 13 and 18 years in our series,
11/25 (44.0%) of the tumors were malignant; thetnrsosmmon was mixed germ cell tumor
(8/11, 72.7%). This is consistent with a reportedkpincidence of malignant testicular
tumors in adolescents of 15-19 years [12].

We found that preadolescent children between agesi3.2 years with testicular
masses have unique characteristics that were isigmilly different compared with the other
age groups. About a third of the children presemigd an incidental testicular mass. No
child had elevated tumor markers (AFP or hCG). tBséicular tumors were significantly
smaller (9.3£6.7 mm) compared with 29.8+4.4 mmhildren aged 13-18 years. Most
importantly, in this group all tumors were benigfalignant testicular tumors have been
rarely reported in this age group. In a prepubeegistry in Korea, 209 testicular tumors
were identified in 87 hospitals during a periocbofears. Seven of the 100 yolk sac tumors
were diagnosed at age 4-8 years and two casexetigerm cell tumors at age 8-10 years
[4]. In a registry of testicular tumors on preadolent boys 12 years and younger, 98 patients

were found in four large tertiary children’s hosggstin a period of time that ranged from 11
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to 25 years [3]. There were no details on tumatridistion per age. None of these patients
had seminoma or mixed germ cell tumor.

There are no details on the presentation, ultraséindings, and pubertal stage in
these studies.

Ultrasound characteristics of the tumor were omipful in the preoperative
diagnosis of epidermoid tumor as all had the typdcgon ring appearance. All other masses
had nonspecific findings. It is of interest thatese of the 16 children aged 5-12 years had
benign conditions mimicking a tumor on ultrasounkdese benign conditions included
nodular hyperplasia of Leydig cells<3), Sertoli cells nodulen€l), and mixed stages of
testicular maturatiomé&3). Nodular hyperplasia of Leydig cells is raremldren and was
described in several case reports in children ptesgewith precocious puberty [13-15].
Leydig cell hyperplasia was not described as anlémtal mass in prepubertal boys. It is
possible that elevated luteinizing hormone at the 8f puberty rarely causes nodular
hyperplasia of Leydig cells. Mixed stages of tagic maturation can also be a result of the
early stages of puberty. Sertoli cell nodules, alted Pick’'s adenoma, are usually found
incidentally in the testis and only rarely prodsgenptoms [16]. This has not been described
before as presenting as a testicular nodule pibssible that with the increased use of scrotal
ultrasound there is increased identification ofdeatal benign non-palpable testicular
lesions [17,18].

There is a clear relationship between developmematignant germ cell tumors and
stage of puberty. In a study on risk stratificatarpubertal children and postpubertal
adolescents (21 years and younger) with cliniGdet testicular nonseminomatous germ
cell tumors, 23 patients were identified. Pathatdggh-risk germ cell tumors were found
only in patients with Tanner stages 4 and 5 [7]r udy suggests that in prepubertal boys at
the period of time that the hypothalamic pituitaiys is blocked, there is a very low risk for
malignant transformation. It is therefore importtmtonsider not only the age group but also
the stage of puberty. The beginning of puberty askad by testicular growth. A testicular
volume of 4 mL was taken as the indication of omdgtuberty [19]. This has been supported
by studies [11-14] that show a testicular volumé ailL is achieved just before the stage of
the testicular growth spurt. In our study we fotinat 88.9% of the boys in the age group of
5-12 years had a contralateral testicular volumess than 4 mL, and that the smallest
testicular volume in the age group of 13-18 yeatl testicular cancer was 5.9 mL.

Our experience and evidence from other studies stgoavlow malignancy rate in

children aged 5-12 years with testicular tumorggesgthat in this group of patients, when
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tumor markers are negative, a conservative apprsiachld be considered. Rather than using

an upper age limit of 12 years, evidence of pub@&daner stage 2 or lower, or contralateral

testicular volume of less than 4 mL may be bedzdion criteria. In our case series, all of

the 14 patients older than 5 years with contraddtessticular volume less than 4 mL had a

benign testicular mass. Most (57.1%) of the te&diciumor mimickers had a diameter of less

than 5 mm. Therefore, in some prepubertal childvigh a small (maximal diameter <Gmm)

incidental non-palpable testicular mass, followdlpasound should be considered rather

than a biopsy. There are studies that suggesthbatse of contrast enhanced ultrasound can

help with this conservative approach if no vasaétyas identified in the testicular mass [20].
Our study has a few limitations because of thetixelly small number of patients, the

retrospective nature of the study, and selectigs bs our institution is a referral medical

center for testicular tumors. One other limitatisthat four patients did not have

preoperative ultrasound for review. Three of thestents were older than 5 years; only one

of them (age 17.6 years) had a malignant tumor ootitralateral testicular volume of 25.3

mL measured from the abdominal CT scan.

Conclusion

In summary, among prepubertal children older thgedrs with a testicular mass on

ultrasound and without preexisting risk factors,faend no malignant tumors. Based on our

experience, we suggest consideration of a moreecoasve approach to this group of

patients, with only ultrasound follow-up for sekegtsmall non-palpable masses, and strong

consideration for testicular-sparing surgery ifdsp is negative for malignant tumor.
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Table 1. Characteristics of 52 children with testicular sesscategorized into three age

groups: 0—4 years, 5-12 years, and 13-18 years

Age group <5 years 5-12 years 13-18 years p-
(N=11) (N=16) (N=25) value

Presentation 0.02

Mass 11 (100%) 8 (50%) 16 (64.0%)

EPain 0 2 (12.5%) 6 (24.0%)

Incidental 0 6 (37.5%) 3 (12.0%)

Ultrasound morphology <0.01L

Solid 2 (18.8%) 8 (50.0%) 10 (40.0%)

Cystic 0 5 (31.3%) 10 (40.0%)

Complex 9 (81.8 %) 3 (18.8%) 5 (20.0%)

Mean size of tumorx SD (mm) 20.3+6.9 9.3+5.5 29.8+4 0.02

Mean size of contralateral

testist SD (mL) 0.6+0.3 2.6x2.2 12.0£6.0 <0.01

Tumor markers

Elevated AFP 4 (36.4%) 0 3 (30%) 0.02

Elevated hCG 1 (12.5%) 0 7 (87.5%) 0.02

Pathology <0.01

Benign 4 (36.4%) 16 (100%) 14 (56.0%)

Malignant 7 (63.6%) 0 11 (44.0%)

Surgical intervention 0.03

Radical orchiectomy 9 (81.8%) 5 (31.2%) 15 (60.0%

Testis-sparing surgery 2 (18.2% 11 (68.8%) 100%4).

AFP = alpha fetoprotein; hCG = human chorionic gtwieopin.

Table 2. Clinical, ultrasound, and pathologic findings mldren aged 5-12 years with

testicular mass
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Pati | Ag | Present| Testi| Tum | Surg
ent |e, |ation cle |or ery
num | ye
ber |ars
Side | Volu| ML | Siz | Characterist| Vascul | Patholo
me |T e |ics arity ay
(mL) (m
a m)
1 5.0( Inciden| RT | 1.1 No | 9 Cyst + No Epider | TSS
tal “onion moid
rings” cyst
2 5.8| Mass RT | 0.6 No 28 Cyst Increas| Benign | Orchiec
+calcificatio | ed at | Sertoli | tomy
n the rim | cell
tumor
3 |61 Mass | RT| 28| No| 272 Cyst, No Cystic | Orchiec
lamellate dysplasi| tomy
a
4 7.7| Mass LT | 06| No| 4 Hypoechog@&lorma | Leydig | TSS
nic I cell
hyperpl
asia
5 8.0| Inciden| LT |2.2 | Yes | 6.7 Peripheral | Norma | Leydig | TSS
tal hyperechog | | cell
enicity hyperpl
asia
6 9.0| Inciden| RT | 1.6 | No | 7.5| Peripheral | Increas| Benign | Orchiec
tal hyperechog | ed Leydig | tomy
enicity cell
tumor
7 10.| Mass LT | 1.0 | No | 7 Cyst + No Epider | TSS
1 “onion moid
rings” cyst
8 10.|Inciden |LT |22 | No | 4 Hypoechoig No Pick's | TSS
3 |tal rm + adenom
microcalcifi a
cations
9 10. | Pain LT | 2.3 No | 4.8 Hypoechogdncreas| Capillar| TSS
7 nic rim ed y
hemang
ioma
10 11.| Mass RT | 38| No| 9.3 Cyst+ No Epider | TSS
0 “onion moid
rings” cyst
11 11.|Inciden | LT |2.3 | Yes | 4.1/ Hypoechoi¢c Norma | Mixed | TSS
3 |tal rm + I maturat
microcalcifi ion
cations
12 11.| Inciden | LT |0.9 No | 7.5| Peripheral | Increas| Mixed | TSS
5 |tal hyperechog | ed maturat
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enicity ion
13 11.| Pain LT | 42 | No | 3.6 Echogenic Normavixed | Orchiec
9 I maturat | tomy
ion
14 12.| Mass RT | 9.6 No 9.6 MultilobulatNo Benign | TSS
0 ed complex cystic
cyst teratom
a
15 12.| Mass RT | 46 | No | 11} Cyst+ No Epider | Orchiec
1 2 “onion moid tomy
rings” cyst
16 12.| Mass LT | 1.7 | No | 10) Cyst+ No Epider | TSS
3 5 | “onion moid
rings” cyst

MLT = microlithiasis; RT =right; LT = left; TSS testicular-sparing surgery.
& Contralateral testicular volume.
® Findings in patient 3 were based on ultrasoundrtep

¢ Microcalcifications confined to the mass.

Figure 1. An island of immature testis mimicking a massnnld.8-year-old boy who
presented with left testicular pain. (A) Transvenieasound demonstrates an echogenic
nodule (arrow). (B), (C) Post orchiectomy hematoxgind eosin staining pathology slides
demonstrate an island of immature testis surroubgetssue with more developed
spermatogenesis (arrow (B), magnification of 1&¥wheads (C) magnification of 4).
Figure 2. An 8-year-old presented with intermittent lefttieslar swelling. (A) Longitudinal
ultrasound demonstrates a testicular nodule wittk tachogenic rim associated with
microlithiasis. (B) Post-biopsy hematoxylin and ieagtaining pathology slides demonstrate

an island of Leydig cell nodular hyperplasia (arromagnification 1.25).
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