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Abstract

Purpose: To evaluate the association between grade Il and Ill testicular Microlithiasis (TM) and Testicular Germ
Cell Tumor (TGCT), reporting disease-free survival over 7 years.

Materials and Methods: The association between TM and TGCT was studied in 7,320 male patients referred to
the radiology department of an Italian hospital for several scrotal disease. TM associated with TCGT was diagnosed
in all men by ultrasound (US) and by testicular histology specimens. All patients with TM were followed-up annually
with US. Chi-square, Kaplan-Meyer and Fisher’s exact test were used for statistical analysis.

Results: The incidence of TM was 1.4% (98 of 7320). Twenty eight patients with TGCT (28 of 58, 48.2%)
had associated TM. During the follow-up, testicular cancer was detected in six patients (incidence 6.12%, 95%
confidence interval from 2.8 to 12.7); four of these were recurrences of TGCT, while the other two patients were
ex novo TGCT. There was a significant difference (p < 0.001) between the rate of TGCT in men with TM (28 of 98,
28.5%) and that in men without TM (30 of 7222, 0.4%) with an odds ratio of 95.89 [95% CI 42.7 - 110.5].

Conclusion: The association found between TGCT and TM addresses microlithiasis as a prospective marker
for testicular tumor. Yearly follow-up with US should be taken into consideration, encouraging self-examination in

the meantime.

Keywords: Testicular microlithiasis; Germ cell tumor; Doppler
ultrasonography; Follow-up

Abbreviations: US: Color Doppler Ultrasonography; CIS:
Carcinoma In Situ TM: Testicular Microlithiasis; CTM: Classic
Microlithiasis; LTM: Limited Microlithiasis; TGCT: Testicular Germ
Cell Tumor; TIN: Testicular Intraepithelial Neoplasia.

Introduction

Testicular Microlithiasis (TM) is an infrequent condition
recognized by a sonographic pattern of multiple small foci of increased
echogenicity measuring 1-3 mm in diameter. These are randomly
distributed throughout the testicular parenchyma, in which calcium
deposits have been formed into the lumen of seminiferous tubules or
have arisen from the tubular basement membrane components [1-6].
Classic Microlithiasis (CTM) was defined as five or more echogenic
foci in either or both testicles and Limited Microlithiasis (LTM)
as fewer than five foci [7]. CTM is sub-categorized in grade I (5-10
microliths/image), grade II (10-20 microliths/image), and grade III
(> 20 microliths/image) [8]. The incidence of TM on color Doppler
ultrasound (US) reported in the literature among symptomatic and
asymptomatic patients ranges between 0.6% and 20% [9-17]. TM has
been described in association with many benign conditions of the testis,
such as testicular torsion, varicocele, epididymitis, and cryptorchidism
[10-12,18]. Testicular Germ Cell Tumors (TGCT) is the most frequent
malignancies found in Caucasian men between 20 and 40 years old
[19]. TGCT represent about 95% of all testicular neoplasias and the
worldwide incidence of these tumors has more than doubled over the
past 40 years [20,21]. Though most of these tumors are curable, with
a current survival index higher than 90%, their occurrence rate is still
growing [22,23].

Several risk factors for TGCT have been identified, including prior

history of TGCT, positive family history, cryptorchidism, testicular
dysgenesis, and Klinefelter’s syndrome [24]. There are conflicting data
on the association between microlithiasis and TGCT; some authors
have reported TM to be a risk factor for concurrent testicular tumor,
with an incidence ranged between 8% and 46%, whereas other authors
do not mention TM as a risk factor for TGCT [1,9-16,25-29]. However,
no data are available on the potential cause-effect connection between
the subgroup of grade II and III TM and TCGT development.

The primary purpose of this retrospective study was to evaluate the
association between grade II and IIT TM and TGCT on a large cohort
of patients who have undergone scrotal US as routine examination for
diagnosis and follow-up of several testicular events. The study examined
seven years of data and observations. A secondary aim was to study the
disease free survival of the group with TGCT and grade II and III TM
versus the group of patients with TGCT but without grade II and III
TM, during the follow-up with scrotal US.

Materials and Methods

From January 2004 to January 2011, 7320 male patients were
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referred to the radiology department for scrotal US. The reasons for
these referrals included testicular torsion, traumatic event or other
urgent reasons from the emergency unit or outpatients, referred by
urologists to assess acute and sub-acute scrotal disease or to follow-up
patients previously treated for cryptorchidism or TGCT. Findings at
US and patients charts were reviewed retrospectively to establish the
presence of grade IT and III TM and to note relevant clinical information
of the patients such as cryptorchidism, infertility, traumatic event and
pathologic reports of testicular tumor.

Approval to report this retrospective study was sought from the
Hospital Ethics Board, which waived the need for formal review and
approval. All patients had an ultrasound examination performed for
clinical reasons, with parental consent when needed.

All of the examinations were performed by radiologists with at
least 10 years experience with scrotal US and carried out with a high
resolution Logiq 7 (GE Healthcare, UK) or H21 (Hitachi, Kashiwa,
Japan) or iU22 (Philips, Bothell, WA) scanner, equipped with linear-
array probe (settable frequency from 7 up to 17 MHz) and color power
Doppler imaging.

Fleissk was used for assessing the inter-observers agreement
between the raters.

Panoramic gray-scale scans were obtained in both longitudinal
and transverse planes comparing size and echogenicity of the two
sides. Any difference in echogenicity in any part of the testis, including
heterogeneity of the echo pattern, focal nodules, and echogenic dots,
was documented. For each testis, the representative US imaging was
performed, setting the appropriate pulse repetition frequency, wall
filter and color gain to obtain the optimal color flow signal. Additional
techniques, such as Valsalva maneuver or upright position, were used
for evaluation of the venous plexus, as needed.

The grading system was based on the number of microliths per
testis at US: grade I = 5-10 microliths, grade II = 10-20, grade III >20
(8.

1) Patients with grade IT and IIT TM were included in a single group
of study.

2) Patients with grade I TM were assimilated in the group of men
without TM considering the risk related to TGCT comparable to the
general population risk [30]. Suspected testicular masses were identified
reporting their number, echo-structure, vascularity and the presence of
microlithiasis within the neoplasm or in the adjacent parenchyma.

3) Patients with grade II and III TM and no signs of malignancy at
the first examination were followed-up annually, whereas patients with
grade I TM were advised for self-examination, as per our Institution
guidelines and the literature reviews [30,31].

In patients with a past history of testicular cancer, follow-up
ultrasound was performed every six months with an annual urology
outpatient review. Patients with US suggestive for neoplastic lesion
underwent orchiectomy or nodulectomy.

In addition to assessing a definitive diagnosis of TGCT the
histological examination was performed, which also detected the
presence of microlithiasis within the neoplasm as well as in the
parenchyma surrounding the mass. This also defined the histological
type, the vascularization and whether sclerohyalinosis was associated,
leading to the hypothesis that these changes may be detected

histologically in the parenchyma adjacent to the neoplastic lesion,
making a predisposing environment for the rise of testicular cancers
[32].

Chi-square, mid-p and Fisher’s exact test were used for statistical
analysis. A p value of < 0.05 was considered statistically significant to
determinate the correlation between grade II and IIT TM with TGCT.
The Kaplan-Meyer with log-rank (Mantel-Cox) test was used for the
disease free survival analysis (IBM Corp. Released 2011. IBM SPSS
Statistics for Windows, Version 20.0 Armonk, NY: IBM Corp.).

Results

This retrospective study included 7320 male patients aged from 7 to
82 years (mean + SD: 29.6 * 7.4 years), whose 5122 patients (70 %) had
< 40 years. The number of follow-up ultrasounds performed on each
patient ranged from 1 to 9 (median 4). Patients were followed-up from
20 to 84 months.

The clinical indications for US examination included one or more
of the following: history of testicular cancer (1%), history of treated
cryptorchidism (6%), history of testicular trauma (5%), infertility
(30%), suspected infection (30%), scrotal pain (20%), history of orchitis
(3%), scrotal enlargement (2%), testicular palpable mass (2%), family
history of testicular tumor (1%). The total number of documented
testicular tumors is 66, which included: 58 TGCT (35 seminoma, 21
non-seminoma, 2 burned-out tumors found as a mass in the testis); 2
Leydig cell tumors, 1 B-cell lymphoma, 1 lymphoblastic lymphoma, 2
Sertoli cell tumors, 1 epidermoid tumor, 1 adenomatoid tumor.

The incidence of grade II and III TM was diagnosed in 98 of
7320 patients (1.4%), whose 28 patients with diagnosis of TGCT (20
seminoma and 8 non-seminoma; 48.2%) had grade II and III TM,
whereas only 30 patients of 7222 without grade II and IIT TM had
diagnosis of TGCT (17 seminoma and 13 non-seminoma; 0.4%)
(Figure 1). There was a significant difference (p < 0.001) between the
rate of TGCT in men with grade II and III TM and that in men without
grade II and IIT TM with an odds ratio of 95.89 [95% CI 42.7 - 110.5];
risk ratio of 68.78 [95% CI 42. 8-110.6].

During the study period, 6 testicular cancers were detected in
patients with TM of grade II and III (incidence 6.12 %, 95% confidence
interval from 2.8 to 12.7); 4 of them were recurrences of TGCT in
patients who had previously undergone an orchiectomy [incidence
14.28% (4 of 28); confidence interval from 5.7 to 31], while 2 were ex
novo TGCT, one of whom had a previous history of treated maldescent
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TM: testicular microlithiasis; TGCT: testicular germ cell tumors
Figure 1: Flow chart of study population.
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testis [incidence 2.85% (2 of 70); confidence interval from 0.79 to 9.8]
(Figure 2).

In the 30 patients without grade II and IIT TM in the controlateral
testis but with unilateral TGCT (17 seminoma and 13 non-seminoma)
no interval tumor development was noted during the follow-up with
US. The incidence of recurrence TGCT in the controlateral testis was
greater in the patients with grade II and III TM (4 of 28 patients), than
in those without (0 of 30) (p= 0.033).

Comparing the testicular tumors associated with grade II and III
TM (28 of 98, 28.5%) with those not associated (30 of 7222, 0.4%) there
was a significant difference in the rate of coexisting tumor (p < 0.001;
odds ratio of 101.9 [95% confidence interval (CI) 59.2 -175.7]; risk ratio
of 69.35 [95% CI 44.6 - 107.6]). Fleiss'x was > 0.8.
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TM: testicular microlithiasis; TGCT: testicular germ cell tumors
Figure 2: Disease-free survival analysis of study population.

The main characteristics of 58 men with tumor realted or not to
grade IT and III TM are summarized in Table 1. The main features of 98
patients with grade I and III TM are listed in Table 2.

Discussion

The incidence of TM in healthy population based on US is between
0.6% and 5.6% [33]. Several risk factors for TGCT development
have been identified, including previous history of TGCT, positive
family history, cryptorchidism, testicular dysgenesis, and Klinefelter’s
syndrome [24,26]. Hypotheses concerning the association between
microlithiasis and TGCT are conflicting. About 14-16.9% of patients
with a primary testicular tumor are found to have TM of the
contralateral testis, which has also been shown to give an increased
risk of carcinoma in situ (CIS) [15,18,34,35]. TGCT develop through
a precursor stage, called testicular intraepithelial neoplasia (TIN; also
called intratubular germ cell neoplasia or CIS), which is present many
years before invasive malignancy occurs. Some physicians recommend
a contralateral biopsy, at least for high-risk patients, defined as patients
with unilateral TGCT who face a 5-6% risk of a second testis cancer,
or those with retroperitoneal TGCT, who have more than 10% risk of a
testicular cancer. A third group of patients might also be considered for
biopsy: patients with testicular microlithiasis upon scrotal sonography
[36]. Yet, as the majority of patients with untreated CIS/TIN in the
contralateral testis will eventually develop overt TGCT within the next
10 years, surveillance programs, e.g. by regular clinical examination
and testicular ultrasound, are mandatory [37]. During the last decade,
several authors documented the increased incidence of TM in patients
with testicular tumors: TM was reported in 23-73% of patients with
testicular tumors versus 2.1-6% in those without TM [12,14,25,38].
This finding led to follow-ups with men with TM over varying time
periods, but no author has documented the development of a tumor
[13,19]. However, some case reports documented the development of
tumors in patients with known TM [40,41]. Richenberg et al. suggested
that ultrasound surveillance is unlikely to benefit patients with TM in
the absence of other risk factors, while Mullooly et al confirmed the
importance of TM in the development of TGCT [42]. Even though
they did not suggest regular surveillance, they did recommended
referral to a urological unit for all men diagnosed with TM on scrotal
ultrasonography [43].

Features Cancer development (28 pts) No cancer development (70 pts)
Mean age at time of TM diagnosis (years, range) 32 (27-37) 40 (7-84)

Bilateral TM (%) 71 35.7

History of prior orchidectomy for unilateral tumor (%) 14 2

Familial history for testicular cancer (%) 3.5 0

Infertility (%) 3.5 7

Testicular dysgenesis (%) 7 3.5

History of traumatic event (%) 3.5 3.5

History of orchitis (%) 0 0

Table 1: Summary of 98 patients features with grade Il and Ill Testicular Microlithiasis (TM) subdivided into two groups: (1) with and (2) without cancer development.

Characteristics
Mean age at diagnosis of tumor testicular (years, range)
Disease free-survival (months)
Overall free-survival (months)

Prevalence of recurrence tumor in the controlateral
testis (%)

Testicular tumor with grade Il and Il TM (28 patients)

Testicular tumor without TM (30 patients) p
30 (27-40) 40 (7-84) <0.05
38 50 <0.04
20 60 <0.05
14.2 0 0.033
0 0 <0.05

Rate of coexisting tumor (%)

Table 2: Characteristics of testicular tumor in men with and without grade Il and Ill Testicular Microlithiasis (TM).
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In the meta-analysis of Tan et al. TM was associated with a
substantially elevated risk of a concurrent diagnosis of TGCT if other
risk factors were present [27]. Actually, many reviews report TM as a
risk factor for development of TGCT but no specific evidence has been
described in the literature about the association between grade IT and
III TM with TGCT [12,14,18,44].

In this retrospective study, we have shown the association
between grade II and IIT TM and TGCT on a cohort of 7320 patients
who underwent a routine US examination in the radiology unit. The
incidence of TM of grade II and III was 1.4% (98 of 7320). TGCT was
diagnosed in 58 patients, 28 of whom (48.2%) had associated TM of
grade II and III; 30 patients had not. We found a significant difference
between the rate of TGCT in men with TM of grade II and III (28 of
98: 28.5%) and that in men without TM (30 of 7,222: 0.4%) with an
odds ratio of 95.89 (95% confidence interval from 42.7 to 110.5) and
a risk ratio of 68.78 (95% confidence interval from 42.78 to 110.6).
Moreover, considering the disease-free survival of the two groups of
men followed-up, the recurrence of TGCT in the contralateral testis
was greater in the patients with grade II and III TM (4 of 28 patients)
then in those without (0 of 30, P = 0.048).

The present study has several limitations. Firstly, it was performed
retrospectively with the inherent shortcomings of this kind of review.
Furthermore, another limitation of our study is the analysis of the
association of all the risk factors for developing TGCT not only of
TM. However, we found that 22.4% (13 of 58) of overall TGCT cases
were associated with tubular hyalinization, 12% of those (7 of 58) had
grade II and III TM and 2 of 7 (28.5%) were in sub-fertile patients.
These outcomes lead to the hypothesis that testicular cancers arise in
a predisposing environment, and that TM could also be considered
a premalignant condition [4,5]. Another pitfall has to be considered:
some patients had undergone therapy during the follow-up; this would
more likely lead to an underestimation of the incidence of the findings.

The lack of current proven follow-up strategies for patients with TM
basically stems from ignorance of the exact incidence of symptomatic
and asymptomatic populations and ambiguity in the cause-effect
relationship of TM with other potentially associated conditions.

Conclusion

The association between TGCT and grade II and III TM and the
incidence of recurrent TGCT related to this condition found in this
study suggests that this sonographic feature is a prospective marker for
testicular tumor.

Yearly follow-up with US should be considered, encouraging self-
examination in the meantime. Nevertheless long-term prospective
studies are needed to better define the role of grade I and III TM in the
pathogenesis of TGCT and also to find a consensus on the follow-up of
patients with TM.
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