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Simple summary: Increasingly small, non-palpable asymptomatic nodules <lcm are accidentally discovered
during a scrotal ultrasound (US) examination in patients with negative tumour markers. Many of these
incidentalomas are benign tumours or non-neoplastic lesions, but differentiation from malignant lesions is
often impossible based on imaging appearance only. This work is aimed to substantiate whether small
incidentalomas (<lcm) can be safely followed up, to assess the growth rate of surgically proved malignant and
non-malignant lesions, and to investigate whether a threshold could be identified for a reliable differentiation
between malignant and non-malignant lesions based on growth characteristics.

Abstract: Increasingly small, non-palpable testicular incidentalomas <lcm are discovered in the clinical
practice. The ESUR Scrotal and Penile Imaging Working Group suggests active surveillance with US, and
surgery only for nodules that grow. This approach, however, requires validation. A consecutive series of 127
incidentalomas were initially followed-up and operated if they were growing (n=28), or because of preference
of the patient and of the referring urologist (n=11). For the lesions that were growing specific growth rate (SGR)
and doubling time (DT) were calculated assuming an exponential grow. Also, the velocity of increase of the
average diameter (ADav) and of the maximum diameter (ADmax) were calculated. Of the 127 nodules which were
initially followed-up, 6 disappeared, 8 reduced in size, 85 were stable, and 28 increased in size. All 18 malignant
tumours, 8/9 benign tumours, and 2/12 surgically proved non-neoplastic lesions were growing. The best cut-
off values of the growth indicators to differentiate between malignant and non-malignant histology were
3.47x10° %volume/day, <179 days, >10x10® mm/day, and >5x10° mm/day for SGR, DT, ADmax, ADav,
respectively. A conservative approach of non-growing small incidentalomas is safe. Malignant and non-
malignant small incidentalomas can be effectively differentiated based on growing parameters, even though
superimposition exists.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

Small (<lcm), asymptomatic lesions are often discovered incidentally during a scrotal US
investigation performed for other purpose. Only about 30% of these lesions are malignant, while the
others are either benign tumours, or non-neoplastic lesions [1]. The smaller the lesion, the lower is
the chance of being malignant. Virtually all lesions <3 mm are benign, while lesions <5mm are benign
in 87% of cases [1].

According to the current release of the EAU Guidelines on Testicular Cancer, testis sparing
surgery (TSS) together with frozen section examination can be offered in patients with a high
likelihood of having a benign testicular tumour, which is exactly the case for these patients, but
orchidectomy is still considered the treatment of choice in patients with solid testicular nodules, and
lesion follow-up is not recommended [2]. However, urological practice is evolving towards a less
aggressive approach in which serial US monitoring is also used [3,4].

Since also very small lesions may actually be a malignant tumour, the main issue of this less
aggressive approach is to differentiate lesions that can be safely followed-up from those which
require surgery, either TSS or orchidectomy. Then, the growth rate of a lesion is used to indicate
malignancy, be it associated or not with positive tumour markers [4]. Testicular tumours are usually
considered fast-growing lesions; on the contrary, benign tumours and/or non-neoplastic lesions grow
slowly or remain stable, reduce in size, or even disappear during the follow-up. This is commonly
observed in clinical practice; however, there are not firm data in the literature, and the reported fast
doubling times (ranging from 10 to 30 days) of testicular neoplasms regard the growing
characteristics of metastatic lymph nodes, not those of the primary tumour [5].

Since the growth rate of small testicular tumours is unknown, no thresholds have been
established to distinguish between benign and malignant lesion. As a consequence, differentiation
based on growing speed remains unreliable.

In our clinical practice, testis sparing surgery is recommended for lesions >1cm and for lesions
<lcm which are growing [6]. By convention, an overall increase in the greater diameter 2Imm during
two consecutive follow-up investigations is considered unequivocal growth.

In this study, a series of 127 small (<10mm), incidentally detected non-palpable testicular lesions
with negative tumour markers has been retrospectively investigated. The lesions were initially
followed up, and a minority of them (n=39) were operated because they were growing (n=28), or due
to patient and/or urologist preference (n=11). The aim was threefold: a) to substantiate whether small,
incidentally detected testicular lesions can be safely followed up; b) to assess the growth rate of
surgically proven benign, malignant and non-neoplastic lesions; c) to investigate whether a threshold
could be identified for a reliable differentiation between benign/non neoplastic lesions and malignant
tumours based on growth characteristics.

2. Material and methods

This research study was conducted retrospectively from data obtained for clinical purposes. All
the procedures performed were part of the routine care. Approval was granted by the Ethics
Committee of the institution of the corresponding author (verb128 27/02/2023, available at:
https://www2.units.it/comitatoetico/verbali21_23/). All patients verbally consented to scrotal
sonographic evaluation. Data were processed without any patient-identifying information.

From October 2001 to November 2021, in seven diagnostic centers,127 consecutive patients
(median age, 38 years; range, 16-78 years) with incidentally detected, nonpalpable testicular lesions
<lcm of maximum diameter were initially scheduled for active surveillance. All patients had negative
tumour markers. Cysts were excluded. Different high-end US equipment was used, with high-
frequency, broadband probes. In 37/127 patients who had multiple small lesions the largest was
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considered for the purpose of this study. The other 90 patients had a single lesion. In the majority of
cases (98/127, 77%) the follow-up was carried out following ESUR recommendations [7] and patients
were monitored every three months for 12 months and then annually. In the remaining 29 patients
one or more examinations were missed during the follow-up. In our series, surgery was scheduled
during the follow-up for 39/127 lesions because the lesion was growing (n=28), or because of
preference of the patient and of the referring urologist (n=11).

2.1. Data analysis

Images obtained during the follow-up studies were retrieved for retrospective review. Patients’
ages at the time of the first examinations and histologic results of the operated lesions were also
retrieved from the archives. Retrospective review of images was performed on a per-patient basis by
a radiologist with 10-years” experience in US imaging (IC) who was not aware of the histology of the
lesion. If the patient had multiple testicular lesions, the largest was considered. The reviewer was
asked to measure the lesions during the follow-up, and to assess whether they were stable, shrinking,
growing or they disappeared.

For the purpose of the study, testicular lesions were labelled as stable when their maximum
diameter increased/decreased less than Imm during two consecutive follow-up investigations, as
shrinking when their maximum diameter decreased more than 1mm, or as growing when an overall
increase in greater diameter of Imm or more was observed during two consecutive follow-up
investigations.

For the lesions that were growing, the three diameters of the target nodules were measured and
volume calculated applying the ellipsoid formula. Then, the specific growth rate (SGR) and doubling
time (DT) were calculated as previously described, assuming an exponential growth of the lesion [8].
SGR (%volume/day) is defined as percentage volume increase per unit of time. DT (in days) is defined
as the amount of time it takes for the lesion to double in size. Since the uncertainty of volume
estimation can be high for millimetric nodules [9], also the velocity of increase of the average diameter
(ADav) and of the maximum diameter (ADmax) of the nodules were calculated. The formulas used for
measuring these parameters are reported in Table 1.

Table 1. Definition of the parameters used for quantification of lesion growth rate.

Parameter Equation Definition
Specific growth rate (SGR) In(V2/V1)/(t2-t1) (%volume/day) Eil;zentage volume increase per unit of
Doubling time (DT) In(2)/SGR (Days) amount of time it takes for the lesion to

double in volume

velocity of increase of the maximum velocity of increase of the maximum

(DmaxZ-Dmaxl)/(t2-t1) (mm/days)

diameter (ADmax) diameter
velocity of increase of the average (Dav2-Dav1)/(t2-t1) velocity of increase of the average
diameter (ADav) (mm/days) diameter

V1, Dmax1, Davi: lesion volume, maximum diameter and average diameter at time t1; V2: lesion volume, maximum
diameter and average diameter at time t2.

2.2. Reference procedure

The lesions which reduced in size or were stable during a follow-up of 1 year or more were
considered presumably benign. As regards the 28 growing lesions, final diagnosis was obtained
histologically, as well as in 11 non-growing lesions which were operated according with patient’s or
urologist’s decision.

2.3. Statistical Analysis

Statistical analyses were performed using MedCalc for Windows, version 19.3.1 (MedCalc
Software, Ostend, Belgium).
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Size differences of the malignant and of non-malignant nodules when first identified at
ultrasonography, and differences among the growth indicators were assessed using the Student’s t-
test. The sensitivity, specificity, and predictive values to assess malignancy for different growth
indicators were tested using a receiver operating characteristic (ROC) curve analysis. The Youden's
index was applied to identify the cutoff values that maximize both sensitivity and specificity.

3. Results

Of the 127 testicular lesions which were initially followed-up, 6 disappeared, 8 reduced in size,
85 were stable, and 28 increased in size. The duration of the follow-up in non-operated lesions ranged
from 1 to 22 years. Histology was available for 39 operated lesions, 11 stable, and 28 growing. Among
the 11 stable lesions there were 1 benign tumour and 10 non-neoplastic lesions (Table 2). When only
the 28 growing lesions were considered, 18 were malignant tumours (Figure 1), 8 were benign
tumours (Figure 2), and 2 were non-neoplastic lesions. The initial volume of malignant and of non-
malignant lesions was not statistically different (Student’s t-test, p=0.53). On the countrary, SGR
(Figure 3), ADmax and ADav were significantly higher for malignant tumours (11.4x10-? vs 3.47x10-
%volume/day, 31x103 vs. 9x10° mm/day, and 24x10? vs. 7x10-* mm/day, respectively). There was a
trend toward a higher DT for malignant tumours, but differences with non-malignant lesions were
not statistically significant (Table 3).

Table 2. Histology of the 38 operated lesions.

Seminoma (n=17)

Malignant tumours (n=18) Growing (n=18) Non-seminoma (n=1)
Stable (n=1) Leydigoma (n=1)
Benign tumours (n=9) . Ifeydlgoma (n=7.)
Growing (n=8) Capillary haemangioma
(n=1)

Leydig cell hyperplasia (n=6)
Fibrosis (n=3)
Granulomatous orchitis
(n=1)

Growing (n=2) Leydig cell hyperplasia (n=2)

Stable (n=10
Non-neoplastic lesions (n=12) able (n=10)

Table 3. Differences in growth indicators between surgically proved malignant vs. non-malignant

lesions.
Growth indicator Malignant lesions* No-n malignant P
lesions*
SGR (%volume/day) 11.4+2.11x1073 3.47+1.1x10°3 <0.003
DT (days) 90+17 5354236 0.093
ADmax 31+6 x10° 9+3 x103 <0.003
ADav 24+4 x103 7+2 x103 <0.002

*data reported as average + standard error of the mean; SGR: Specific growth rate (%volume/day); DT:
Doubling time (days); ADmax: velocity of increase of the maximum diameter (mm/day); (ADav: velocity of
increase of the average diameter (mm/day).
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Figure 1. Non-palpable, incidentally detected testicular lesion which displayed a rapid growth
during the follow-up. In the first examination (A) the lesion had a maximum diameter of 4mm, while
the diameter was 6mm and 14mm after 3 months (B) and 6 months (C). A seminoma was found at

surgery (D).

Figure 2. Non-palpable, incidentally detected testicular lesion which displayed a slow growth

during the follow-up. In the first examination (A) the lesion had a maximum diameter of 2mm, while
the diameter was 2.2mm and 2.5mm after 3 months (B) and 6 months (C) during the follow-up. A
leydigoma was found at surgery (D).
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Figure 3. Specific growth rate (SGR, %/day), doubling time (DT, days), velocity of increase of the
maximum diameter (ADmax, mm/day) and of the average diameter (ADav, mm/day) of malignant and

non-malignant growing testicular incidentalomas.

The best cut-off values of the growth indicators to differentiate between malignant and non-
malignant histology were 3.47x10? %volume/day, <179 days, >10x10* mm/day, and >5x10 mm/day
for SGR, DT, ADmax, ADav, respectively (ROC curve analysis, Youden index J) (Table 4). All malignant
tumours were removed within 18 months after discovery. They were all stage IA lesions.

Table 4. Area under the ROC curve (AUC) and cutoff values of the growth indicators that maximize
both sensitivity and specificity to differentiate between surgically proved malignant vs. non-
malignant testicular lesions.

Associated criterion

Growth indicator AUC* (Youden index ) Sensitivity Specificity
SGR (%/day) 0.883+0.075 >3.47x107 94.44 80.00
DT (days) 0.883+0.075 <179 94.44 80.00
ADimax 0.839+0.082 >10 x103 88.89 80.00
ADav 0.889+0.071 >5 x103 100.00 70.00

SGR: Specific growth rate (%/day); DT: Doubling time (days); ADmax: velocity of increase of the maximum
diameter (mm/day); (ADav: velocity of increase of the average diameter (mm/day); *AUC # standard error.

4. Discussion
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Even if the EAU Guidelines on Testicular Cancer recommend surgery for all incidentally
detected testicular lesions there is increasing evidence that this approach constitutes an
overtreatment [10], causing adverse fertility, hormonal, and mental health adverse outcomes [11,12].
Several investigations show that the majority of small testicular incidentalomas are benign or non-
neoplastic lesions. Bieniek et al. found six malignant lesions in 120 sub-centimetric testicular
incidentalomas [3]. All malignant lesions were >5mm on initial imaging. Scandura et al. investigated
a series of 81 testicular incidentalomas <lcm and found that two third of them, and all those <5mm
were benign [10]. She concludes that patients who undergo an orchidectomy for lesions <5 mm are
“Victims of Modern Imaging Technology”. In a recent systematic review, virtually all lesions <3 mm
and 86.6% of lesions <5 mm were non-malignant [1]. In spite of this, even very small incidentalomas
can actually be a small cancer. The smallest malignant tumour in our series was identified with a
volume of 176 mm? and a maximum diameter of 4mm.

Management strategies to reduce non-necessary surgery of small incidentally found testicular
nodules include on one side improvement of lesions’ characterization at multiparametric US and
magnetic resonance imaging (MRI) [13-17] and, on the other side, different management based on
the growth characteristics of the lesion at US. The Scrotal and Penile Imaging Working Group
(SPIWG) of the European Society of Urogenital Radiology (ESUR), in particular, suggests to resort to
active surveillance in these lesions, with US examinations every three months in the first year and
then annually [7]. The World Federation of Ultrasound in Medicine and Biology (WFUMB)
recommends surgery for lesions that grow or display increasing vascularity on interval imaging,
while stable lesions can be managed conservatively [18]. There are no recommendations as regards
the duration of the follow-up [18].

Even though this approach for testicular incidentaloma is considered oncologically safe in
appropriately selected cases, and is successfully applied in several centers, its theoretical basis needs
to be substantiated. To the best of our knowledge, growth rate of testicular tumours has not been
previously investigated. Doubling times of testicular tumours tissue have been reported ranging
from 10 to 30 days, but these data regard growth characteristics of metastatic lymph nodes, not of the
primary tumour itself [5].

A consecutive series of 127 patients is herein retrospectively investigated in whom small, non-
palpable testicular tumours with negative tumour markers were initially followed-up, and only the
growing ones were operated. Our data confirm that a conservative approach is effective in reducing
non-necessary operation. In our series, in fact, surgery was avoided in 88/127 (69%) lesions.

In our series, 11 non-growing lesions were eventually operated due to patient and/or referring
urologist preference. 10/11 of them were non-neoplastic lesions, one was a benign tumour. Similarly,
in the series of Toren et al. six non-growing lesions were operated; four were non-neoplastic lesions,
2 were benign tumour [4]. These data show that even though non-growing small incidentalomas are
virtually all benign, leaving a small testicular lesion in place is still cause of concern, both among the
urologists, and among the patient, which results in overtreatment. It is therefore advisable to train
the urologists on this issue and, most important, to reassure the patient about the safety of the follow-
up.

Although, in principle, it cannot be excluded that any of these non-operated incidentalomas
were actually a malignant tumour, this is unlikely. In fact, 11 patients who were operated even if the
lesion was stable during the follow-up had all benign tumours or non-neoplastic lesions. On the other
hand, 18/28 (64%) growing lesions were malignant, and evaluation of growth indicators helped
identification of malignant tumours.

Our data suggest that malignant small, non-palpable incidentalomas are mostly seminomas
(17/18 in our series, 94%). All were identified and removed within 18 months after discovery, and all
were stage IA tumours.

In clinical stage I seminoma tumour size has a bearing for risk of tumour recurrence [19].
Therefore, it could be argued that a delay in the operation could be detrimental for the patient, since
a larger tumour is removed. For small tumours, however, increased risk of tumour recurrence is
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minimum. According with Chung et al. increase in size from lem to  2cm it increases recurrence risk
from 9% to 11% [20]. Therefore, the follow-up period should not affect the patient prognosis.

In our series, only two patients had lesion >2cm in diameter when operated. They were a benign
leydigoma, and a seminoma in a monorchid patient, who refused operation until the lesions reached
a maximum diameter of 28mm. After the operation the patient did not receive further treatment and
is free from relapse after a surveillance of 10 years.

We believe that based on these data and disease prevalence, a non-aggressive management of
small testicular incidentalomas is justified, and should be considered safe when follow-up is
associated to self-examination and tumour marker assessment, in order to reduce the risk of interval
tumour growth [7].

Slow-growing seminomas can be encountered which cannot be distinguished from benign
tumours based on growth characteristics [21]. This could have an effect on the choice of the surgical
approach. In our series, a slow growing seminoma was encountered (SGR 2x10-3 %/day, DT 316
days). The lesion was stable during the first six months of the follow-up and then began to increase
in size. The patient was initially resistant to surgery, but was eventually operated. He could have
been eligible for testis sparing surgery, but orchidectomy was performed because of patient’s and
urologist’s preference. Testis sparing surgery, however is safe if a careful surgical technique is used
[22].

In our series, SGR, ADmax, and ADay, were significantly different for malignant and non-
malignant lesions, while DT did not reach a statistical significance. The limitations of DT for
quantifying tumour growth have been already underlined for pulmonary nodules [23].

The variability of DT is much larger than that for SGR, making the latter a more suitable measure
of volume change. In particular, it has been shown that DT largely overestimates the difference in
growth rate of slowly growing tumors and underestimates the difference in growth rate of rapidly
growing tumors, while SGR uniformly indicates the difference between growth rates throughout all
ranges [8,24]. As a consequence, the growth rate of testicular incidentalomas should be expressed by
SGR, or percentage volume increase per unit time, when technically feasible. In our clinical practice,
however, an overall increase in the greater diameter >Imm during two consecutive follow-up
investigations was considered an unequivocal growth. Serial evaluations are necessary due to the
large intrinsic errors in the measurement of the diameters of subcentimetric nodules.

For the same reason, SGR and DT are not routinely evaluated at the time of the examination,
since errors in calculating the diameters are multiplied. In this study it has been shown that linear
parameters such as Dmax, and ADay, which are immediately derived from the measurement of the
diameters, are effective in providing a rough estimation of tumour growth, sensitive enough for
prompt identification of fast-growing lesions.

Use of high-end equipment and higher frequency probes improve spatial and contrast
resolution. It could improve the accuracy of the measurements, and make prompt identification of
slow-growing lesions easier. Also, 3D imaging with automatic volume calculation could be an option
to reduce variability.

This study has several limitations. The most important are its retrospective design and the
relatively small number of operated patients. The timing of the follow-up was not the same in all
patients, since in 29 of them one or more examinations were missed during the follow-up. As it is
commonly accepted for small tumours, in this study an exponential growth has been postulated for
calculating SGR and DT [8], but this assumption requires confirmation with large prospective studies.

Another limitation of this study is that only one lesion was a non-seminomatous tumour, and
only two non-neoplastic lesions were growing. This likely reflect the real prevalence of disease,
suggesting that, among small nonpalpable incidentalomas with negative tumour markers that are
growing, benign and malignant tumours prevail, malignancy is more frequent (64% in our series),
and most malignant tumours are seminomas (94% in our series).

The very low incidence of non-seminomatous tumours in this series is difficult to explain, since
the overall prevalence of seminomas is approximately 55%-60% [25]. However, about 85% of
seminomas are diagnosed as clinical stage I disease as compared with about 60% among non-
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seminomas [26,27]. This has been temptatively explained with a faster progression of non-
seminomatous tumour [28]. Our findings may have a similar explanation. If non-seminomatous
tumours grow faster, it could be unlikely to identify them when they are non-palpable, <lcm lesions.
Moreover, since about 58% of clinical stage I non-seminomatous tumours have positive tumour
markers [26], some of these lesions could also have been excluded for this reason.

In conclusion, This retrospective study represents the first attempt to estimate the growth rate
of testicular incidentalomas, to identify thresholds to differentiate surgical from non-surgical lesions,
and benign from malignant lesions. We found that benign and malignant lesions can be effectively
differentiated based on growing parameters, even though superimposition exists. These results are
promising, but the strength of the evidence suffers from the retrospective design of the study.
Prospective multicenter studies with a larger number of lesions are necessary to substantiate them,
leading to an evidence-based paradigm shift in the management of small testicular incidentalomas.
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