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Abstract: Context: The use of scrotal ultrasound (SUS) has increased the detection rate of
indeterminate testicular masses. Defining radiological characteristics that identify malignancy may
reduce the number of men undergoing unnecessary radical orchidectomy.

Objective: To define which SUS or scrotal magnetic resonance imaging (MRI) characteristics can predict
benign or malignant disease in pre or post pubertal males with indeterminate testicular masses.
Evidence Acquisition: This SR was conducted in accordance with Cochrane Collaboration guidance.
Medline, Embase, Cochrane controlled trials and systematic reviews databases were searched from
(1970 - March 26, 2021). Benign and malignant masses were classified using the reported reference
test: i.e., histopathology, or 12 months progression-free radiological surveillance. Risk of bias was
assessed using the Quality Assessment of Diagnostic Accuracy Studies-2 tool (QUADAS - 2).

Evidence Synthesis: 32 studies were identified, including 1692 masses of which 28 studies and 1550
masses reported SUS features, 4 studies and 142 masses reported MRI features. Meta-analysis of
different SUS B mode values in post pubertal men demonstrated size of <0.5cm had a significant lower
OR of malignancy compared to masses >0.5cm (p < 0.001). Comparison of masses 0.6-1.0cm and
masses >1.5cm also demonstrated a significant lower OR of malignancy (p = 0.04). No significanct
difference was observed between masses of 0.6-1.0cm and 1.1-1.5cm. SUS in post pubertal men also

had a statistically significant lower odds of malignancy for heterogenous masses vs. homogenous
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masses (p = 0.04), hyperechogenic vs. hypoechogenic masses (p < 0.01), normal vs. increased
enhancement (p < 0.01) and peripheral vs. central vascularity (p < 0.01), respectively.

There was limited data on pre pubertal SUS, pre pubertal MRI and post pubertal MRI.
Conclusions: This meta-analysis identifies radiological characteristics that have a lower odds of

malignancy and may be of value in the management of the indeterminate testis mass.

1. Introduction

Testicular tumours include germ cell tumours (seminomas and non-seminomas), non-germ
cell (sex cord stromal, such as Leydig or Sertoli cell) tumours, lymphoma and metastases (1).
The standard treatment for suspicious masses diagnosed on scrotal ultrasonography (SUS) is
radical orchidectomy (RO) (2—4). RO can however negatively impact fertility, endocrine
function, sexual satisfaction as well as leading to anxiety and depression (5). This is
important as approximately 30% of orchidectomies for non-palpable testicular masses in
post-pubertal males and between 63-94% in pre pubertal males are histopathologically
benign (6—8). The increasing application and widespread use of SUS and the limitations of
SUS and scrotal MRI in their ability to accurately identify a testicular mass as either benign
or malignant, represents a significant management dilemma for clinicians, particularly in the
context of an indeterminate testicular mass (9). ‘Indeterminate testicular masses’
encompass a broad range of tumours, for which there is no consensus definition. It is
acknowledged that imaging on scrotal ultrasound (SUS) or scrotal magnetic resonance
imaging (MRI) is non diagnostic. No definitive radiological features to date distinguish
benign or malignant disease. Konstantatou et al. describe the indeterminate mass as a focal,
circumscribed, or ill-defined area within the testicular parenchyma with variable levels of

echogenicity or doppler flow that would necessitate surgical, medical, or imaging follow up



[(10)]. Several studies describe indeterminate masses interchangeablyi.e., incidental non-
palpable or small intra testicular masses with size thresholds ranging from <0.5 cm - <£2.0cm
(11,12). Most studies also define indeterminate masses as those found in men with normal

tumour markers (11-16).

The primary aim of this systematic review and meta-analysis was to define SUS and scrotal
MRI characteristics that correctly identify malignancy in post pubertal males. Identifying
these features may reduce the number of men who undergo unnecessary RO. The
secondary aim was to define SUS and scrotal MRI characteristics that correctly identify

malignancy in pre pubertal males.



2. Evidence acquisition and study eligibility assessment

A systematic review and meta-analysis was performed in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement (17), the
Cochrane Handbook for Systematic Reviews of Diagnostic test accuracy (18) and the key
steps in conducting systematic reviews underpinning clinical practice guidelines from the
EAU Guidelines Office [19). The protocol was registered with PROSPERO (CRD42020199339).
Medline, Embase, the Cochrane database of systematic reviews and central register of
controlled trials were systematically searched between 1970 and March 2021 for relevant
English language publications. The published a priori protocol includes the search strategy

(20).

Following deduplication, two reviewers (MA) and (JMdC) independently screened the
abstracts and full texts for eligibility. Any disagreements were resolved by a third reviewer

(JFD).

2.1.  Types of study design
All types of studies including observational, or case-control studies were included. Studies

reporting outcomes on <5 patients were excluded.

2.2.  Target condition

Any pre- or post-pubertal male with an indeterminate testicular mass as defined by the
authors. Studies examining men with a previous history of TGCT (testicular germ cell

tumours) (e.g., indeterminate mass in a contralateral testis after previous orchidectomy)



were excluded except in cases with a mixed population which accounted for <10% of the

cohort.

2.3.  Index tests

SUS or MRI were the index test(s). Any of the following index test features were included:

1. Scrotal ultrasound scan: B mode (texture, echogenicity, size, calcification, margin),
colour flow doppler (location and vascularity), contrast enhanced ultrasound

(enhancement), alone or in combination as a multiparametric SUS (mpSUS).

2. Magnetic Resonance Imaging of the scrotum: diffusion weighted imaging (DWI),
dynamic contrast enhancement (DCE), apparent diffusion coefficient (ADC), diffusion
and magnetization tensor alone or in combination as a multiparametric MRI (mpMRI).
Semi quantitative parameters of DCE on scrotal MRI, such as time to reach maximal
peak enhancement, percentage of peak enhancement of contrast, washin rate of
contrast, volume transfer constant and rate constant, were also assessed where

reported.

2.5. Reference standard

The reference standard for comparison was histopathological examination of testicular
masses after RO, testes sparing surgery (TSS), or enucleation performed through a trans-
inguinal approach. When surgery was not performed, regression or stability of the
‘indeterminate testicular mass’ over 12 months or more of radiological follow up was

considered indicative of benign disease. Stability constituted no significant interval growth



as defined by the study authors. Patients who underwent surgery during the surveillance

period were included in the cohort of histopathological outcomes only.

2.6. Data extraction

We were unable to extract 2x2 tables -i.e., true, and false positives (TP), (FP), true and false
negatives (TN), (FN) - as in a standard diagnostic test review. This was because patients
were not diagnosed as positive or negative by SUS or scrotal MRI. We therefore explored
the risk of malignancy with the following radiological features: SUS B mode assessing;
margins (regularor irregular); size <0.5, 0.6-1, 1.1-1.5, >1.5cm; echogenicity (hypoechoic,
hyperechoic, isoechoic) microlithiasis (yes, no) and texture (heterogenous, homogenous),
CEUS enhancement (increased, normal, decreased) and CFD doppler flow (mixed, central,
peripheral, and no, low, high). Scrotal MRI assessed T1 and T2; margins (regular or
irregular); size <0.5, 0.6-1, 1.1-1.5, >1.5cm; microlithiasis (yes, no) and texture
(heterogenous, homogenous), DCE (increased, normal, decreased), vascularity (mixed,
central, peripheral, and no, low, high).

For each feature category, we extracted the number of patients with malignant masses and
the number with benign masses. When a study reported the number of masses rather than
the number of patients (with some patients having >1 mass), we extracted this data.

Data was extracted by MA, LB, TT, FJ, TM, JMdC, independently into a data extraction form
and data compared. Discrepancies inthe data were resolved through discussion with a

senior reviewer (JFD).

2.7. Data Analysis



Basic descriptive characteristics were presented. For each feature with two categories (e.g.,
heterogenous vs. homogenous), a meta-analytic logistic regression model was fitted with
malignancy (yes/no) defined as the event of interest and the categories of the feature
defined as two groups to be compared. Therefore, the odds ratio (OR) can be interpreted as
the odds of malignancy in category 1 compared to the odds of malignancy in category 2. For
each feature with more than two categories (e.g., peripheral vs. central vs. mixed doppler
flow), a regression model was fitted for each pair of categories (rather than one model
including all categories) to ensure results were based on the maximum possible number of
studies due to missing data from various categories in some studies.

Heterogeneity was assessed using the chi-square test (p<0.1 indicating significant
heterogeneity) and I? statistic. Fixed effects and random effects meta-analysis models were
applied. Results from a random effects model were reported when heterogeneity was
detected, otherwise a fixed effect model was used.

We carried out sensitivity analyses excluding studies that reported the number of masses
rather than the number of patients as well as studies that did not distinguish the proportion
of the study population who were pre or post pubertal as we recognise a different disease
process exists in these two cohorts and therefore analysed these two groups independently
(2,212).

All logistic regression analyses were performed in R using the meta-R package.

Models were fitted using the metandi command in Stata. Plots were produced using Review
Manager 5.4 (22)

We reported a narrative synthesis of scrotal MRI and pre pubertal SUS studies as there were

insufficient studies to perform a meta-analysis.



2.8. Assessment of risk of bias

Risk of bias (RoB) was assessed independently by MA, LB, TT, TM, and FJ using the Quality
Assessment of Diagnostic Accuracy Studies-2 tool (QUADAS-2) and then compared the

assessment results (23).



3. Evidence synthesis

3.1. Quantity of evidence identified

A total of 3380 abstracts were screened and 283 full text articles reviewed. 32 studies were
eligible for inclusion (9—-16,21,24-46). There were 22 studies reporting SUS outcomes in
1260 masses in post pubertal males, three SUS studies with 212 masses in a mixed
population of pre- and post-pubertal males, three studies reporting SUS in 78 masses in pre-
pubertal males and four studies reporting scrotal MRI outcomes in 142 masses in post-
pubertal males. No study reported scrotal MRI outcomes for pre-pubertal males. Fig 1
PRISMA flow diagram of the selection process for the review.

Malignant tumours of the testes included 440 GCTs, 9 sex cord stromal tumours. 32 cases
were either metastasis to the testis, sarcoma, or lymphoma. Benign masses included 235
Leydig cell tumours. Other benign masses included epidermoid cysts and fibrous pseudo

tumours.
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3.2. Characteristics and outcomes of included studies

32 studies were included reporting 1692 testicular masses. (Table 1).
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3.3. Risk of bias assessment

We performed a risk of bias assessment using the QUADAS-2 tool for all included studies (n

= 32), see Figure 2.

Patient selection

23 of 32 studies had a low risk of bias and 9 of 32 studies were found to have a high risk of
bias for patient selection. Ayati et al. included 10 patients over a 2-year period (28). Whilst
their inclusion criteria of non-palpable incidental masses are described, there is no clarity on
exclusion criteria or the nature of patient sampling (i.e., random, or consecutive patients).
Manganaro et al. only included patients with a histopathology result; excluding patients
who may have only had radiological follow up, as well as omitting patients in whom the
masses did not enhance on scrotal MRI (45). Similarly, Avci et al. excluded 2 of 11 patients
who declined surgery (27). Six of the 32 studies did not specify their methods of patient

selection and/or criteria for participant exclusion.

Index test

14 of 32 studies were found to have a low risk of bias whilst 17 of 32 studies were deemed
to have an unclear risk of bias for the index test. Due to the retrospective nature of these
studies, it was unclear if the index tests had been reported without prior knowledge of the
reference testresult. The study by Chang et al. was deemed to have a high risk of bias as the
radiologist was not blinded to the reference test (histopathology) when they retrospectively

reviewed the SUS (41).
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Reference standard

Seven of 32 studies were found to have a low risk of bias whilst 24 of 32 studies were
judged to have an unclear risk of bias for the reference standard. There was often no clear
implementation of blinding of the reference test to the index test. Reginelli et al. had a high
risk of bias as interpretation of the reference test was not blinded to the index test (16).

Four studies had an unclear risk of applicability concern (10,32,33,42).

Flow and timing

31 of 32 studies were found to have a low risk of bias for flow and timing. Avci et al. was

deemed to have a highrisk of bias because not all patients received a reference test (27).



3.4. Synthesis of results

3.4.1 SUS B mode:

Size

Size of the testicular mass was assessed in ten studies which included 334 patients
(14,15,24,25,27,28,30,37-39). We divided them into four size groups: <0.5cm, 0.6-1.0cm,
1.1-1.5cm and >1.5cm. Masses <0.5cm demonstrated a lower odds of malignancy compared
to those 0.6-1.0cm (OR 0.20 95%Cl [0.10; 0.40] p <0.01) (14,15,24,25,27,28,30,37-39)
(Figure 3). No significant difference was observed between masses 0.6-1.0cm and masses
1.1-1.5cm (15,25,28,37,39). Finally, comparison of masses 0.6-1.0cm and masses >1.5cm
showed a significant lower odds of malignancy (OR 0.3 95%CI [0.09; 0.96], p =0.04). A
sensitivity analysis excluding studies that reported masses rather than patients and the
three studies which included pre and post pubertal males was performed. Masses of <0.5cm
still demonstrated a significant difference in odds of malignancy compared to those >0.6-

1.0cm (OR 0.34 95%Cl [0.14; 0.84], p = 0.02).

Heterogeneous vs. homogeneous

Three studies which included 51 patients reported on heterogenous and homogenous
masses (9,11,16). Overall, 16 patients were reported to have heterogenous masses and 35
homogenous. A meta-analysis of the 3 studies found heterogenous masses had a lower OR
of malignancy compared to homogenous masses (OR 0.15 95%CI [0.03;0.89] p = 0.04)

(Figure 4). A sensitivity analysis after excluding the study of Shaaban et al. which reported



number of masses rather than number of patients still demonstrated that heterogenous

masses had a lower OR of malignancy (OR 0.06 95%CI [0.01;0.60]).

Echogenicity

Echogenicity was reported in 10 studies which included 446 patients
(10,11,13,16,25,29,32,33,35,36). We compared the radiological characteristics as
hyperechoic vs. hypoechoic, hypoechoic vs. isoechoic and hyperechoic vs. isoechoic.
Hyperechoic vs. hypoechoic masses included 385 patients: 51 hyperechoic and 334
hypoechoic, respectively. Hyperechoic masses had a lower OR of malignancy vs hypoechoic
masses (OR 0.26 95%CI [0.11; 0.58] p <0.01) (10,16,29,32,33,35,36) (Supplementary Figure
1). Hyperechoic masses also had a lower OR of malignancy vs. isoechoic masses. Of a total of
82 patients and five studies analysed, the OR was 0.25 95%Cl [0.07; 0.83], p = 0.02
(27,28,33-35). Of a further 379 patients analysed, there was no significant difference in OR

of malignancy between hypoechoic and isoechoic masses (10,11,13,16,25,29,32,35,36).

3.4.1.2 SUS colour flow doppler (CFD):

Doppler flow

Four studies which included 197 patients reported US Doppler flow (16,32,35,36). These
were reported as either having peripheral flow, central flow, or mixed flow. We compared
these as peripheral vs. central flow, mixed vs. central flow and peripheral vs. mixed flow.

The meta-analysis demonstrated peripheral flow had a lower OR of malignancy compared to



either central (OR 0.09 95%Cl [0.04;0.20] p <0.01) (Supplementary Figure 2) or mixed flow
(OR0.17 95%Cl [0.04;0.70] p = 0.01) (Supplementary Figure 3) (14,28,31,32). Three studies
reporting on 83 patients did not demonstrate a significant difference between masses with
mixed or central doppler flow (16,35,36). Sensitivity analysis excluding studies reporting
number of masses rather than number of patients in the peripheral vs. central doppler flow
cohort did not alter the outcome with peripheral doppler flow still demonstrating a lower

OR of malignancy (OR 0.11 95%CI [0.04;0.3])p < 0.01.

Vascularity

Three studies which included 79 patients reported on vascularity on SUS. Each study
compared different parameters (i.e., reduced vs. increased vascularity; normal vs. increased
vascularity and normal vs. reduced vascularity) (11,12,26). As a result, a meta-analysis was
not conducted. Shaaban et al. reported on 20 patients comparing the odds of malignancy
between reduced and increased vascularity (11). None of the 11 patients with reduced
vascularity had a malignant pathology whereas two of the nine with increased vascularity
did. The OR was 0.13 but was not statistically significant (13). Auer et al. assessed the OR of
malignancy in masses with normal vs. increased vascularity on SUS (26). Four of 42 masses
with normal vascularity were malignant on histology compared to eight of 13 with increased
vascularity. There was no significant difference between the two groups (22). Finally, Soh et
al. compared normal vs. low vascularity. Only four patients were reported in this study and

results were not significant (12).



3.4.1.3 Contrast enhanced ultrasound (CEUS):

Two studies which included 87 patients reported a comparison of normal vs. increased
enhancement of testicular masses (27,34). Normal enhancement demonstrated a lower
odds of malignancy vs. increased enhancement (OR 0.14 95%CI [0.005; 0.44], p < 0.01)
(27,34). 74 patients across two studies compared increased vs. reduced enhancement
however results were not significant (34,36). Only one study compared non enhancement
vs. increased enhancement or non-enhancement vs. reduced enhancement (36) and a
further study normal vs. reduced enhancement (34). Of those, Schwarze et al. reported on
46 patients comparing non enhancement vs. increased enhancement. This single study
showed an OR of 0.09 95%CI [0.01;0.98] favouring benign pathology if the testicular mass
was non enhancing (36). The same paper also reported on non-enhancement vs. reduced
enhancement in a total of six patients. Neither OR was statistically significant. Luzurier et al.
are the only group who reported on normal vs. reduced enhancement in indeterminate
masses (34). Of 10 masses with normal enhancement, five were malignant whereas all 8 of
8 masses with reduced enhancement were malignant. The result however was not

statistically significant (34).

3.4.2 Scrotal MRI

Khanna et al. compared scrotal mpMRI to differentiate benign sex cord stromal tumours

from malignant (non-stromal and stromal) testicular neoplasms (43). Tumour size, T1 and T2



signal intensity, diffusion restriction, apparent diffusion coefficient and dynamic contrast
enhancement were assessed. Malignant masses were more likely to be larger (p <0.01) and
demonstrate heterogenous enhancement patterns (p < 0.02). However, no cut offs were

reported for size (43).

Manganaro et al. explored the role of DCE, DWI and semiquantitative and quantitative
parameters to differentiate benign and malignant indeterminate masses of the testes (44).
They assessed 47 patients comparing time to peak, percentage of peak enhancement, wash
in rate, volume transfer constant and rate constant. Time to peak enhancement was shorter
in the benign group compared to malignant (p < 0.05). They also reported higher values of
percentage peak enhancement, washin rate, volume transfer constant and rate constant
with benign masses compared to malignant (45). Sanharawi et al. also compared
guantitative and semiquantitative parameters derived from dynamic contrast enhancement
on scrotal MRI (46). Overall, 31 patients were analysed comparing benign, burnt out and
malignant tumours. Benign tumours demonstrated a shorter time to peak enhancement (p
= 0.0003) with a higher peak (p < 0.0001) and higher initial enhancement slope (p < 0.0001)
compared to burnt out or malignant masses (44). Benign masses also demonstrated a higher

transfer constant (p <0.0001) and rate constant (p <0.0001) in comparison to other masses.

In a further study, Manganaro et al. evaluated the role of contrast enhanced scrotal MRl in
identifying Leydig cell tumours in males with indeterminate testicular masses (45). They
reported a sensitivity of 89.47%, specificity 95.65% for Leydig cell tumours compared to a
sensitivity of 95.65% and 80.95% specificity for malignant masses (45). Overall, the
diagnostic accuracy of identifying Leydig cell tumours compared to malignant masses was

guoted at93% (45).



3.4.3 Pre-pubertal SUS B mode

Three studies which included 77 patients with 78 masses reported on prepubertal males
(21,41,42). All these studies were based on SUS B mode and/or CFD characteristics. Hoag et
al. presented a case series of seven patients with benign pathology, six of whom were
diagnosed on testis sparing surgery and the final showing resolution on radiological
surveillance (42). Of these, four were >1.5cm, two 1.1cm - <£1.5c¢cm and one 0.6cm and
<1.0cm. Chang et al. evaluated the role of clinical and sonographic features differentiating
testicular teratomas and epidermoid cysts in 18 prepubertal males presenting with 19
testicular masses. Reported features included microlithiasis (yes/no), vascularity (yes/no)
and solid/cystic or mixed and size in addition to age and pre-operative alpha foetoprotein
(AFP) levels. They performed a receiver operating characteristics (ROC) analysis to obtain
optimal cut off values. They demonstrated a significance in age (p = 0.008); however, they
did not find any sonographic features that differentiated immature teratomas (41). They
proposed children < 8 months an AFP level of 23ng/ml and 2.5 cm mass be considered for

surgical intervention (41). Sensitivity and specificity were 100% and 89.5%, respectively (41).



3.5 Discussion

3.5.1 Principal findings

A total of 32 studies including 1692 masses were eligible for inclusion in this systematic
review to determine which SUS or scrotal MRI characteristics can differentiate benign and
malignant disease inindeterminate masses of the testes. These studies defined
indeterminate masses as £2.0cm on SUS or scrotal MRI. Where size was not reported, a
definition of a small testicular mass or non-palpable mass or focal mass incidentally
detected was accepted. There was large variation among studies reporting on the different
ultrasound radiological features, either per patient or per mass. There were also a limited

number of studies on pre-pubertal males and scrotal MRI characteristics for any age cohort.

Our data demonstrates that specific radiological features on SUS can be diagnostic in
differentiation of benign and malignant disease when faced with an indeterminate mass of
the testes (Table 2). Mass size is an important factor, and this study demonstrates that
masses <0.5cm have a significant lower OR of malignancy in comparison to any masses
>0.5cm. Masses >0.5-<1.0cm also had a significant difference compared to those >1.5cm.
There however was no significance between masses of >0.5cm - <1.0cm and >1.0cm -
<1.5cm, or masses >1.0cm - <1.5cm and those >1.5cm. Intuitively it would be expected that

the odds of malignancy should be lower with smaller masses.

In addition to size, heterogenous masses, hyper echogenicity, peripheral doppler flow and
non-enhancement on SUS had a significant lower OR of malignancy. We did not find any
significant demonstrable difference in OR of malignancy with other SUS features, such as

microlithiasis or contour of masses. There were limited SUS studies reporting on vascularity.



Auer et al. did however demonstrate a lower odds of malignancy in indeterminate masses

with a normal vascularity compared to those with increased vascularity (26).

Only four studies (i.e., 122 patients) reported on scrotal MRI outcomes. There was
significant variation in reporting of quantitative characteristics. Of note two studies -
Manganaro et al. and Sanharawi et al. - both reported on DCE outcomes of time to peak
enhancement and the maximal peak enhancement. In both studies their results favoured
benign disease with indeterminate masses demonstrating a shorter time to peak

enhancement and a higher maximal peak (44,46).

Only 3 studies reported on indeterminate masses in 77 pre-pubertal males (21,41,42). None
of these papers reported on any significant findings with regards to either SUS or scrotal

MRI characteristics that could distinguish between benign and malignant disease.

3.5.2 Implications for clinical practice

In the presence of a normal contralateral testis, radical inguinal orchiectomy is the standard
of care for all males diagnosed with a testicular mass suspicious for malignancy or an
indeterminate testicular mass, despite a significant risk of over treatment (7,8). However,
this must be balanced with the risks of under treatment (e.g., surveillance with the potential
effects of delayed treatment on survival and the psychological burden of disease
surveillance). Both the EAU and AUA recommend the use of TSS in masses <2.0cm, for
patients wishing to preserve gonadal function or indeterminate masses onimaging with
normal tumour markers or solitary testes (3,4,47,48). These guidelines suggest that TSS and
frozen section (FSE) is reliable and has an accurate concordance with final histology

(3,4,47,48). Therefore, TSS could be considered for the indeterminate testicular mass



provided the patient is fully counselled regarding immediate or delayed risk of
orchidectomy which include a high risk of local recurrence and the need for completion RO

if malignant pathology is found on final histopathological diagnosis (7,49).

Size alone is one of the main objective radiological features reported on US and has least
inter-observer variability compared to other radiological features (e.g., heterogenicity). For
masses less than 0.5cm where OR of malignancy is low, as suggested from the results in this
study, patients could be offered less radical treatment i.e., TSS, enucleation or potentially
surveillance. This is in accordance with the findings by Berney et al. where up to 94% of
masses less than 0.5 cm were found to be benign at the time of RO. Numbers in this study
however were small. In their study only 1 of 16 patients with a mass <0.5cm was found to
have a germ cell tumour. On further review, this was found to be a partially regressed
tumour with an 18mm area of granulation inflammation which would have appeared larger
on SUS. 15 of the 16 patients in this cohort underwent RO (7). TSS or possibly even

surveillance may have been a preferential option for this cohort of patients.

TSS should also be considered for masses between 0.6-1.0cm. This would avoid the need for
RO in up to 69% of cases where histology for indeterminate masses <1.0cm were found to
be benign (7). Presence of other characteristics demonstrating a lower OR of malignancy
(i.e., heterogenous masses with hyper echogenicity, normal enhancement, and peripheral

vascularity) may further support this management strategy (Table 2).

Based on the results of this meta-analysis, indeterminate masses >1cmshould be treated by
surgical intervention either by TSS (if technically feasible and with negative tumour markers)

or RO. The presence of additional radiological features such as hypo echogenicity,



homogeneity, central doppler flow and increased enhancement may further aid diagnostic

value.

Our data suggests that a criteria-based approach based on SUS characteristics assessing size,
heterogeneity, echogenicity, doppler flow and enhancement may aid in clinical decision-
making and differentiate between indeterminate testicular masses that may be managed
with surveillance (<0.5cm where 90% of masses are benign) or those with a higher risk of
malignancy in whom obtaining histology is mandated. In those in whom surveillance is
undertaken, we would recommend a stringent imaging protocol with a threshold of a
change and/ or development of the aforementioned SUS characteristics as anindication to
perform surgical intervention (4). It is also best practice that all these cases are discussedin

a specialist multi-disciplinary team meeting (50).

3.5.3 How the review compares to previous reviews/guidelines

There are no systematic reviews investigating test accuracy measures of indeterminate
testicular masses. However, the EAU 2021 and AUA 2019 testicular cancer guidelines
suggests that TSS can be offered where feasible in cases of small or indeterminate testicular
masses on imaging with negative tumour markers to avoid overtreatment and preserve
testicular function, however no established and unequivocal size or radiological criteria exist
for which masses can be safely monitored (3,4). Multiple studies have suggested that size is
an important factor in indeterminate testicular masses, with up to 69% of <1.0cm and up to
94% of masses <0.5cm quoted as benign (6,7). Some studies suggest hyperechoic non-

vascular masses with normal tumour markers reduce the risk of underlying malignancy,



whereas hypoechoic and vascular masses are more likely to be malignant (4,31) and this

meta-analysis supports this data.

3.5.4 Future research

This systematic review and meta-analysis has demonstrated SUS characteristics which can
be used to stratify those patients with indeterminate testicular masses who may benefit
from intervention but alsoreduce the risk of overtreatment with radical surgery for benign
disease. Further studies are required to not only assess the role of scrotal MRI either as a
diagnostic test or as an adjunct with SUS and other more novel imaging modalities such as
CEUS. Importantly, we have been unable to draw firm conclusions regarding the difference
between masses >0.5cm <1.0cm and those >1.0cm with regards to OR of malignancy. A
large prospective study exploring size as a continuous variable would help determine the
optimum size threshold to exclude malignancy. This with the different SUS characteristics
may help facilitate our further understanding of the risk of malignancy in this group of

patients.

3.5.5 Strengths and limitations

The clinical question and outcomes were developed in conjunction with the
EAU Sexual and Reproductive Health, Testicular Cancerand Paediatric
urology panels on this important and difficult clinical scenario. The review
was performed in accordance with PRISMA guidelines and Cochrane

methodology. The searches were carried out and additional sources of



studies such as the reference lists were explored by the reviewers to ensure a
comprehensive review of the literature. Most of the studies included
demonstrated a low risk of bias and low concerns for applicability to the
review question.

Our study however does have significant limitations. The screening data
period was large with interobserver variability and likely differences in the
interpretation of results due to improvements in SUS and scrotal MRI
capabilities. The number of studies reporting on some imaging modalities

were too small to draw any meaningful conclusion.

Conclusion
This study provides important and cogent information on radiological features that may aid

clinicians in managing patients with indeterminate masses of the testis.

Patient Summary

We reviewed the available evidence on scrotal ultrasound and magnetic
resonance imaging findings that may predict whether indeterminate masses
of the testis are cancerous or not. These findings may be of benefit in
avoiding radical surgery in patients who may be placed on imaging

surveillance or undergo testis sparing surgery where technically feasible.
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Figure 2. Summary of risk of bias assessment and applicability concerns (22).

a — post pubertal studies, b — pre pubertal studies, a/b — mixed population (pre and post

pubertal).
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Age: Lymphoma /
N patients Target Index Reference test Benign TGCT
Author Country Study type Mean (SD), metastasis
(N masses) condition test
*Median [Range]
TSS RO FU
SUS post pubertal males
‘Indeterminat
Konstantato Retrospective e focal
UK 86 (86) 36 SuUS 0 52 34 31 55 0
u 2019 (10) cohort (16-81] intratesticular
mass’
‘Focal
Shaaban Prospective 30
Egypt 21 (23) testicular SUS 0 7 14 16 5 0
2017 (11) cohort [18-54]
masses’
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UK 5 (5) indeterminate | SUS 0 3 2 2 3 0
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mass on SUS’




Table 1: Baseline characteristics for post pubertal SUS (n=22), mixed pre and post pubertal SUS (n=3), post pubertal scrotal MRI studies

(n=4), pre pubertal SUS (n =3).

TSS — Testis sparing surgery, RO — Radical orchidectomy, FU — Follow up (radiological)

Muller Prospective 36.4
Austria 20 (20) <0.5cm SuUS 16 4 0 16 4
2006 [(13) cohort [26-58]
Pastore Prospective 37
Italy 30(30) <1.0cm SUS 0 30 0 23 7
2014 (14) cohort [22-50]
Galosi Prospective 38
Italy 28 (28) <1.5cm sus | 17 | 11 | © 22 6
2016 (15) cohort [18-68]
Lesion unable
to be defined
Passarella Retrospective 43.18 by size,
USA 11 (11) SuS 4 7 | o 9 2
2003 (9) Cohort [27-63] history, or SUS
feature with
normal




Table 1: Baseline characteristics for post pubertal SUS (n=22), mixed pre and post pubertal SUS (n=3), post pubertal scrotal MRI studies

(n=4), pre pubertal SUS (n =3).

TSS — Testis sparing surgery, RO — Radical orchidectomy, FU — Follow up (radiological)

tumour
markers
“Small
Ates Retrospective 24.22
Turkey 15 (15) testicular SuUs 1 14 0 14 1
2016 (25) cohort [20-36]
masses”
‘Focal
testicular
Auer Retrospective *39.5
Austria 55 (55) lesions SUS 0 24 | 31 43 12
2017 (26) cohort (+/-14.9)
indeterminate
on gray scale’
Avci Retrospective 20. 24 Non palpable
Turkey 9 (9) SuS 0 9 | 0 4 5
2008 (27) cohort [19-33] masses




Table 1: Baseline characteristics for post pubertal SUS (n=22), mixed pre and post pubertal SUS (n=3), post pubertal scrotal MRI studies

(n=4), pre pubertal SUS (n =3).

TSS — Testis sparing surgery, RO — Radical orchidectomy, FU — Follow up (radiological)

Ayati Retrospective 32.2 Non palpable
Iran 10 (10) SUS 4 6 0 4 6
2014 (28) cohort [21-54] <2.0cm
‘Equivocal
Cayetano
Retrospective *37 ,malignant
Alcaraz Mexico 23 (23) SUsS 13 10 0 17 4
cohort (+/-13) testicular
2018 (29)
masses'

Incidental SUS

Colpi Retrospective 33.1
Italy 6 (6) detected SUS 1 1 4 5 1
2005 (30) cohort [34-42]
masses
Non palpable
Dell'Atti Retrospective 36.5
Italy 77 (77) testicular SUS 37 40 0 28 47
2018 (31) cohort [22-74]

masses




Table 1: Baseline characteristics for post pubertal SUS (n=22), mixed pre and post pubertal SUS (n=3), post pubertal scrotal MRI studies

(n=4), pre pubertal SUS (n =3).

TSS — Testis sparing surgery, RO — Radical orchidectomy, FU — Follow up (radiological)

25
Isidori Prospective 34 70
Italy 115 (122) <1.5cm SuUS 47 43 | (32 44
2011 (32) cohort [28-40] (77)
)
Li Retrospective 42 3
USA 101(101) <1.0cm SUS 22 | 76 86 14
2017 (33) cohort [18-91]
Non palpable
masses with
Luzurier Prospective 355
France 40 (40) normal SUsS 15 25 0 16 24
2018 (34) cohort [20-58]
tumour
markers
Rocher Prospective *37.9 Small 0 81 5
France 86 (89) SUS 38 (41) 47 (48)
2019 (35) cohort (+/-13.2) incidental (82) | (7)




Table 1: Baseline characteristics for post pubertal SUS (n=22), mixed pre and post pubertal SUS (n=3), post pubertal scrotal MRI studies

(n=4), pre pubertal SUS (n =3).

TSS — Testis sparing surgery, RO — Radical orchidectomy, FU — Follow up (radiological)

testicular
masses
7
Toren Retrospective 35
Canada 46 (56) <1.0cm SUS 1 38 45 1
2010 (37) cohort [21-71]
Nonpalpable
Schwen Retrospective 32 small
USA 208 (208) SUS 10 98 0 22 186
2021 (38) cohort [26-42] testicular
mass
Staudacher Retrospective *38.4 <2.0cm
Austria 89 (99) SuUs | 67 | 32 | O (67) (32)
2020 (39) cohort (+/-16.2) negative




Table 1: Baseline characteristics for post pubertal SUS (n=22), mixed pre and post pubertal SUS (n=3), post pubertal scrotal MRI studies

(n=4), pre pubertal SUS (n =3).

TSS — Testis sparing surgery, RO — Radical orchidectomy, FU — Follow up (radiological)

tumour
markers
<2.0cm
Gentile Retrospective *35 normal
Italy 147 (147) SUS 147 0 0 126 21
2020 (40) cohort (+/-11) tumour
markers
SUS pre and post pubertal males
Reginelli Retrospective 42.2
Italy 19 (19) <2.0cm SUS |2 11 6 10 9
2019 (16) cohort [10-64]
88 34
Goddi Prospective 11
Italy (testicles) [2months to 89 SUS 0 33 112 32
2011 (24) cohort 1

(144)

years]




Table 1: Baseline characteristics for post pubertal SUS (n=22), mixed pre and post pubertal SUS (n=3), post pubertal scrotal MRI studies

(n=4), pre pubertal SUS (n =3).

TSS — Testis sparing surgery, RO — Radical orchidectomy, FU — Follow up (radiological)

‘Focal
testicular
masses’
Schwarze German | Retrospective 46 ‘Unknown
49 (49) SUS 48 0 13 31
2020 (36) y cohort [7-80] testicular
masses’
Scrotal MRI post pubertal males
STs:
Indeterminate
Khanna Retrospective *30.9
USA 20 (20) testicular MRI 0 20 11 7
2021 (43) cohort (+/-14.2)
mass
MTN:




Table 1: Baseline characteristics for post pubertal SUS (n=22), mixed pre and post pubertal SUS (n=3), post pubertal scrotal MRI studies

(n=4), pre pubertal SUS (n =3).

TSS — Testis sparing surgery, RO — Radical orchidectomy, FU — Follow up (radiological)

*35.2
(+/-15.3)
Manganaro Prospective 36
Italy 47 (47) <1.5cm MRI 24 23 25 21
2018 (44) cohort [27-41]
Non palpable
Manganaro Prospective *34.45
Italy 44 (44) testicular MRI 23 21 21 23
2015 (45) cohort (+/-8.97)
lesion
non-palpable,
El Sanharawi Retrospective *37.3 incidental
France 31 (31) MRI 0 31 12 19
2016 (46) cohort (+/-7.5) testicular
tumours

SUS pre pubertal males




Table 1: Baseline characteristics for post pubertal SUS (n=22), mixed pre and post pubertal SUS (n=3), post pubertal scrotal MRI studies

(n=4), pre pubertal SUS (n =3).

TSS — Testis sparing surgery, RO — Radical orchidectomy, FU — Follow up (radiological)

Prepubertal
Chang Retrospective 13.5 months (1 — 18
South 18 (19) testicular SUS 0 16 3
2014 (41) cohort 64) (19)
Korea masses
SUS diagnosed
Karmazyn Retrospective 264 days (1 day
USA 52 (52) testicular SUS 11 41 27 25
2018 (21) cohort to 18 years)
masses
Hoag Retrospective 6.6 months (0- Intratesticular
Canada 7(7) SUS 5 1 7 0
2012 (42) case series 15) cysts




N Studies

Comparison Statistical heterogeneity across studies Odds ratio (95%Cl) P value
(N masses)

(£0.5cm) vs. (>0.5cm - <1.0cm) Chi?2=10.31, df =8 (P=0.24); 1> = 22% 10(163) 0.20[0.10; 0.40] <0.01
(£0.5cm) vs (>1.0cm - <1.5cm) Chi?=5.45,df =3 (P =0.14); 1> = 45% 5(77) 0.29[0.07; 1.16] 0.06
(£0.5¢m) vs. (>1.5cm) Chi2=0.00, df = 1 (P = 1.00); 12 = 0% 3(48) 0.03[0; 0.25] <0.01

(>1.0cm - £1.5cm) vs. (>0.5cm-
Chi2=0.26, df =4 (P = 0.99); I = 0% 5(94) 1.77[0.70; 4.50] 0.23

<1.0cm)

(>0.5-1cm) vs (>1.5cm) Chi?=0.00, df =1 (P = 1.00); I*> = 0% 3(65) 0.30[0.09; 0.96] 0.04
(>1.0-<1.5cm) vs (>1.5cm) Chi?=0.00, df =2 (P = 1.00); I = 0% 3(61) 0.40(0.10; 1.17) 0.12




Table 2: Summary of results from logistic regression meta-analysis of comparison of each reported SUS characteristic.

Heterogenous vs homogenous Chi?=2.76,df =2 (P =0.25); 1= 27% 3(51) 0.15[0.03; 0.89] 0.04
Hyperechoic vs hypoechoic Chi?=0.00, df = 6 (P = 1.00); 12 = 0% 7(385) 0.26[0.11; 0.58] <0.01
Hyperechoic vs isoechoic Chi?=0.00, df =5 (P = 1.00); 12 = 0% 6(82) 0.25[0.07; 0.83] 0.02
Hypoechoic vs isoechoic Chi?=2.74, df = 8 (P = 0.95); 12 = 0% 9(379) 0.77[0.42; 1.43] 0.41
No microlithiasis vs microlithiasis Chi?=25.53,df =5 (P < 0.01); I> = 80% 6(112) 0.64[0.11; 3.69] 0.62
Regularvs irregular margins Chi?=20.86, df =3 (P< 0.01); I> = 86% 4(167) 0.34[0.06;1.93] 0.22
Colour flow doppler
Peripheral vs central doppler flow Chi? =0.05, df = 3 (P =1.00); I = 0% 4(197) 0.09[0.04; 0.20] <0.01
Peripheral vs mixed doppler flow Chi?=0.00, df = 2 (P = 1.00); I = 0% 3(75) 0.17[0.04; 0.70] 0.01




Table 2: Summary of results from logistic regression meta-analysis of comparison of each reported SUS characteristic.

Mixed vs central doppler flow Chi?=0.54, df =2 (P =0.77); 1> = 0% 3(83) 0.70[0.17; 2.96] 0.63
Contrast enhanced SUS
Enhancement: normal vs
Chi2=0.00, df = 1 (P = 1.00); I> = 0% 2(87) 0.14[0.05; 0.44] <0.01
increased
Enhancement increased vs
Chi?=0.00, df = 1 (P = 1.00); 12 = 0% 2(74) 0.15[0.02; 1.38] 0.09

delayed
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