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Simple Summary: The size of the tumour is of clinical relevance in testicular tumours. Our statistical
analysis of 641 cases with testicular tumours revealed that 50% of cases with tumours smaller than
1 cm were of benign histology. The frequencies of both metastatic spread and elevations of serum
tumour markers increase with growing tumour size. The novel tumour marker microRNA-371a-3p
(M371) outperforms the classical markers and is measurable in 44% of germ cell tumours with tumour
sizes below 1 cm.

Abstract: The role of primary tumour size (TS) in the clinical course of testicular tumours is incom-
pletely understood. We retrospectively evaluated 641 consecutive patients with testicular neoplasms
with regard to TS, histology, clinical stage (CS), serum tumour marker (STM) expression and patient
age using descriptive statistical methods. TS ≤ 10 mm was encountered in 13.6% of cases. Median TS
of 10 mm, 30 mm, 35 mm, and 53 mm were found in benign tumours, seminomas, nonseminomas,
and other malignant tumours, respectively. In cases with TS ≤ 10 mm, 50.6% had benign tumours.
Upon receiver operating characteristics analysis, TS of > 16 mm revealed 81.5% sensitivity and 81.0%
specificity for detecting malignancy. In subcentimeter germ cell tumours (GCTs), 97.7% of cases
had CS1, and CS1 frequency dropped with increasing TS. Expression rates of all STMs significantly
increased with TS. MicroRNA-371a-3p (M371) serum levels had higher expression rates than classical
STMs, with a rate of 44.1% in subcentimeter GCTs. In all, TS is a biologically relevant factor owing
to its significant associations with CS, STM expression rates and histology. Importantly, 50% of
subcentimeter testicular neoplasms are of benign nature, and M371 outperforms the classical markers
even in subcentimeter tumours.

Keywords: testicular tumour; seminoma; tumour marker; microRNA; tumour size; germ cell tumour;
alpha-fetoprotein; human chorionic gonadotropin

1. Introduction

The clinical status of testicular tumours is characterized by the parameters primary
tumour size, patient age, histology of the primary, serum tumour marker elevations and the
extent and distribution of metastases (i.e., clinical staging). These features represent simple
clinical factors, and the clinical usefulness of each factor has stood the test of time [1–5] de-
spite ongoing incorporation of molecular genetic factors in other malignancies [6]. However,
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only modest information is available regarding the biological interrelationships between
the factors. In particular, the clinical and biological role of primary tumour size is still
incompletely understood. The size of a testicular new growth is considered to have a
bearing on histology found upon surgery [7]. This knowledge is of high clinical relevance,
because in light of the continuously growing use of scrotal ultrasound in everyday uro-
logical practice and ongoing technical refinements of this technology [8–10], the incidence
of small testicular neoplasms has been increasing in recent years. Tumour size also has
a bearing on metastatic spread, at least in the subgroup of seminoma [11]. Likewise, pri-
mary tumour size is associated with the frequency of serum tumour marker elevations
(expression rates) and the extent of elevations of classical serum tumour markers alpha
fetoprotein (AFP), beta human chorionic gonadotropin (bHCG) and lactate dehydrogenase
(LDH) [12]. Additionally, there is growing evidence for an association of the novel serum
tumour marker microRNA-371a-3p (M371) with tumour bulk in general and tumour size
in particular [13,14]. Finally, there is some suggestion of an association of patient age and
tumour size, with a trend towards larger tumours in the elderly [15].

Obviously, there are manifold interrelationships between tumour size and other clini-
cal characteristics of testicular neoplasms. A number of studies had analysed single issues
regarding the clinical role of tumour size [12,16–18], but so far, there is no comprehensive
systematic analysis regarding the clinical significance of this factor.

Therefore, we analysed tumour size in a large patient sample and looked for associa-
tions with histology of the primary, clinical staging, serum tumour marker expression rates,
and with age. In particular, we sought to assess the following four assumptions, most of
which are already supported by some pieces of evidence; however, the levels of evidence
have not reached high levels so far: (Assumption #1) The size of a testicular new growth
is associated with histology in the way that a much higher proportion of benign tumours
are found among primary testicular neoplasms sized < 1 cm than among the larger ones.
(Assumption #2) Primary tumour size has an impact on clinical staging in germ cell tumours
(GCTs), with fewer advanced clinical stages in small tumours and more advanced stages
in larger tumours. (Assumption #3) Tumour size is associated with the expression rates
of the classical serum tumour markers in GCTs as well as with the novel marker M371.
Lower frequencies of marker elevations are expected in small tumour sizes, and higher
expressions in larger tumours. The new tumour marker M371 is much more frequently
expressed than the classical markers bHCG and AFP. (Assumption #4) An interrelationship
between patient age and primary tumour size is hypothesized in a way that older patients
will have larger tumours.

2. Materials and Methods
2.1. Patient Recruitment, Data Procurement

All consecutive patients, aged 17–98 years, undergoing surgery for a newly diag-
nosed testicular mass in two Hamburg-based departments of general urology (Albertinen-
Krankenhaus and Asklepios Klinik Altona) during 2012–2021, were included in the present
retrospective study. Patients submitted to orchiectomy after previous chemotherapy were
excluded. The following parameters were abstracted from archival case files: size of the
testicular mass (mm) as recorded in the pathology reports, patient’s age (years), histology
of the surgical specimen categorized as seminoma (SE), nonseminoma (NS), benign tumour
(BT), malignant tumour other than GCT (OM), clinical stage (CS) (only in GCTs); and
preoperative expression of serum tumour markers bHCG, AFP, LDH, and M371. About
one third of the patients had been included in previous investigations on various other
issues [12,14,19].

In case of multiple separate tumours in one testicle, the diameters of each tumour were
added up to the final tumour size. Simultaneous bilateral tumours were excluded from
this analysis. Histological diagnoses were retrieved from pathology reports without central
pathology review. Clinical stages were recorded as CS1; CS2a,b; CS2c; and CS3 according to
current guide-lines [20]. Serum tumour markers bHCG, AFP, and LDH were measured in
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hospital laboratories according to institutional guidelines. As during the observation period
the commercially available test kits were changed for economic reasons with consecutive
changes in upper limits of norm (ULN), we only recorded elevations of serum levels above
ULN (yes/no). M371 serum levels were measured as detailed previously [14]. Briefly,
RNA was isolated from aspirated serum, followed by reverse transcription to cDNA for
both miR-371a-3p and the endogenous control miR-30b-5p. The quantitative polymerase
chain reaction was performed after preamplification. M371 serum levels were originally
provided as relative quantity (RQ) values. However, to be methodologically consistent with
the analysis of classical markers, only dichotomized results were noted (elevated yes/no)
by defining RQ = 5 as ULN.

Ethical approval was provided by Ethikkommission der Ärztekammer Hamburg on 2
March 2020 (PV7288). As solely anonymized patients’ data were evaluated in the present
study, the need for informed consent of patients was waived by the ethical committee.
All study activities were conducted according to the Declaration of Helsinki of the World
Medical Association as amended by the 64th General Assembly, October 2013.

2.2. Statistical Analysis

All patient data were originally filed in a commercially available data base (MS Excel,
version 2017) and subjected to data validation prior to statistical analysis. For descrip-
tive analysis of nominal variables, absolute frequencies, percentages and 95% confidence
intervals (CIs) were presented.

Continuous variables were descriptively analysed by calculating measures of location
and dispersion, such as median, first quartile (Q1), third quartile (Q3), interquartile range
(IQR), minimum, maximum, arithmetic mean and standard deviation. For graphical
presentation, box and whisker diagrams were created; the respective boxes were defined
by Q1, median and Q3, and the whiskers were defined by the largest and lowest observed
values that fell within the 1.5 times IQR measured from Q3 and Q1, respectively.

To test for any differences in the distribution of tumour sizes between more than two
subgroups of patients defined by age and histology, Kruskal–Wallis tests were applied;
these were replaced by Wilcoxon two-sample tests in case of two categories. Chi-squared
tests were used to compare contingency tables of nominal variables. To assess whether
malignancy rates of testicular neoplasms or tumour marker expression rates increased with
tumour size, Cochran–Armitage trend tests were applied. The Jonckheere–Terpstra test
served to assess whether tumour sizes increased with clinical stage.

To assess the ability of the tumour size to predict malignant histology, a receiver
operating curve (ROC) was created. The area under the curve (AUC), together with its 95%
Wald confidence interval, was calculated to quantify the goodness of prediction. Youden’s
index, defined as the maximum vertical distance between the ROC curve and the diagonal
line, was used to identify the optimal cutoff of the tumour size for malignancy prediction.
Additionally, the predicted probability curve for malignant histology with bounding 95%
confidence intervals was calculated using a linear logistic regression model.

Due to the high completion rate of patient data sets, all patients were eligible for
most of the analyses listed above. Only serum tumour marker expressions (especially for
M371 marker) were not available in all patients. Thus, respective statistical analyses were
performed with varying sample sizes according to the available entries.

p-values of less than 5% were considered statistically significant in this paper.
Statistical analysis was performed with SAS software package version 9.4 (SAS Insti-

tute, Cary, NC, USA) on the Windows platform.

3. Results
3.1. General Results

A total of 641 patients with a median age of 38 years were included in the present
analysis. The frequencies of the four histologic subgroups with corresponding median
ages are given in Table 1. Histologically, benign tumours (BT) comprised gonadal stromal
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tumours for the most part and benign epidermoid cysts and other rare tumours to a lesser
degree. Other, malignant tumours (OM) mainly comprised diffuse large B-cell lymphomas
with few other forms of malignant testicular lymphoma. Age, tumour size, histology, and
clinical staging were available in all patients. Marker elevations regarding AFP and bHCG
were available in 640 patients, regarding LDH in 633 cases, and with respect to M371 in
451 patients. The median tumour size of the entire population (n = 641) was 30 mm (IQR
15–45 mm). Tumour sizes of ≤10 mm were found in 13.6% of patients, while 45.2% of
patients presented with tumour sizes > 30 mm.

Table 1. Total patient population and frequency distribution of histologic subgroups and correspond-
ing age distributions.

n (%)
Age (Years)

Min Q1 Median Q3 Max

Total 641 (100%) 17 31 38 47 98

Seminoma (SE) 365 (56.94%) 17 33 40 48 78

Nonseminoma (NS) 179 (27.93%) 17 26 31 37 74

Benign tumours (BT) 79 (12.32%) 19 32 41 50 68

Other malignant
tumours (OM) 18 (2.81%) 52 68 72.5 78 98

n: number of cases, Min: minimum, Q1: first quartile, Q3: third quartile, Max: maximum.

3.2. Assumption # 1 (Association of Tumour Size with Histology)

The median tumour sizes found in germ cell tumours and in the four histologic
subgroups are delineated in Table 2 and in Figure 1. The largest median tumour size, of
53 mm, was observed in the other malignant tumours (OM). The largest tumour size over-
all was 18.9 cm in a patient with nonseminoma (so-called giant tumour). Overall, median
tumour sizes were significantly different among the four histologic groups (Kruskal–Wallis
test p < 0.0001).

Table 2. Distribution of tumour sizes stratified by histologic subgroups.

GCT
(mm)

Seminomas
(mm)

Nonseminomas
(mm)

Benign
Tumours

(mm)

Other
Malignant
Tumours

(mm)

Mean 35.9 34.8 38.2 11.8 53.0

Std Dev 23.2 22.2 25.7 7.8 14.3

Min 3 4 7 3 16

Q1 15 19 20 6 49

Median 30 30 35 10 53

Q3 46 46 49 15 56

Max 189 170 189 42 78

n 544 365 179 79 18
Min: minimum, Std Dev: standard deviation, Q1: first quartile, Q3: third quartile, Max: maximum, Overall
comparison: p < 0.0001 (Kruskal–Wallis Test).
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Tumour sizes of seminomas and nonseminomas were not significantly different from 
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that of benign tumours (BT), while OM were significantly larger than GCTs (SE + NS) and 
BT. A typical example of a small benign tumour is given in Figure 2.  

Figure 1. Tumour sizes observed in the four histologic groups. Box and whisker plots showing the
distribution of tumour sizes stratified by histologic subtypes of testicular neoplasms. The boxes
display the first quartile, median and third quartile. The whiskers are defined as the largest or
lowest observed value that falls within 1.5 times the interquartile range measured from Q3 or Q1,
respectively. Area of box relates to sample size. � outliers; + denotes arithmetic mean; SE seminoma;
NS nonseminoma; BT benign tumours; OM other malignancies.

Results of the comparisons of median tumour sizes between particular histological
subgroups are listed in Table 3.

Table 3. Comparisons of median tumour sizes among particular histologic subgroups.

Histologic Groups p *

SE vs. NS 0.1255

(SE + NS) vs. (BT + OM) <0.0001

(SE + NS) vs. BT <0.0001

(SE + NS) vs. OM <0.0001

BT vs. OM <0.0001
* Wilcoxon two-sample test.

Tumour sizes of seminomas and nonseminomas were not significantly different from
each other. However, median GCT tumour size (SE + NS) was significantly larger than that
of benign tumours (BT), while OM were significantly larger than GCTs (SE + NS) and BT. A
typical example of a small benign tumour is given in Figure 2.
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Figure 2. Typical subcentimeter testicular neoplasm. Surgical specimen of a 6 mm sized benign
Leydig cell tumour excised by testis sparing surgery.

The frequencies of the four histologic subgroups in tumour size categories ≤ 10 mm
and >10 mm, respectively, are shown in Table 4 and Figure 3. The distribution of histologic
subgroups was significantly different between the two size categories.

Table 4. Frequencies of histologic subgroups in tumour size categories of ≤10 mm and >10 mm.

Size Categories SE NS BT OM Total p *

≤10 mm (n = 87) 35 (40.23%) 8 (9.20%) 44 (50.57%) 0 (0.00%) 100% <0.0001

>10 mm
(n = 554)

330
(59.57%)

171
(30.87%) 35 (6.32%) 18 (3.25%) 100%

* Chi-squared test.

In the subcentimeter category, benign tumours represented more than half of the cases.
In the larger tumour size category, seminomas predominated with 59.6%, while benign
tumours comprised only 6.3%.

A more granular analysis with histologic subgroup frequencies in tumour size cate-
gories ≤ 10 mm; 11–20 mm; 21–30 mm; and >30 mm is provided in Table 5.
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Figure 3. Proportions of histologic subgroups in testicular tumours sized >10 mm and ≤10 mm.

Table 5. Frequencies of histologic subgroups in four tumour size categories.

Size Categories SE NS BT OM Total

≤10 mm (n = 87) 35 (40.23%) 8 (9.20%) 44 (50.57%) 0 (0.00%) 100%

11–20 (n = 141) 73 (51.77%) 41 (29.08%) 26 (18.44%) 1 (0.71%) 100%

21–30 (n = 123) 84 (68.29%) 32 (26.02%) 7 (5.69%) 0 (0.00%) 100%

>30 mm (n = 290) 173 (59.66%) 98 (33.79%) 2 (0.69%) 17 (5.86%) 100%
Overall comparison: p < 0.0001 (chi-squared test).

Overall, the distribution of histologic subgroup frequencies was significantly different
among the tumour size categories (p < 0.0001, chi square test). If benign tumours (BT) were
compared with all malignant tumours (GCT + OM), it became clear that in subcentimeter
testicular neoplasms, more than half of all cases represented benign tumours, while de-
creasing relative proportions of this subtype were observed in categories with increasing
tumour sizes (Table 6).

Table 6. Frequency distribution of malignant tumours and benign testicular tumours in four tumour
size categories.

Size Categories GCT + OM BT p *

≤10 (n = 87) 43 (49.43%) 44 (50.57%) <0.0001

11–20 (n = 141) 115 (81.56%) 26 (18.44%)

21–30 (n = 123) 116 (94.31%) 7 (5.69%)

>30 mm (n = 290) 288 (99.31%) 2 (0.69%)
* Cochran–Armitage trend test.
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An inverse distribution of frequencies was found among the malignant tumours. The
trend towards lower proportions of BT and higher frequencies of malignant tumours (GCT
+ OM) in increasing tumour size categories was highly significant (p < 0.0001, Cochran–
Armitage trend test). The ROC analysis in Figure 4 exhibits the ability to diagnose a
testicular neoplasm as a benign tumour by means of tumour size. Using a tumour size of
16 mm as threshold between benign and malignant tumours, the sensitivity and specificity
of this factor were 81.5% and 81.0%, respectively (highest Youden index: 0.62507), with an
area under the curve (AUC) of 0.8912 (95% Wald CI, 0.8569–0.9256).
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Figure 4. ROC analysis for predicting histology of a testicular neoplasm by its size.

The ROC curve with an AUC of 0.8912 showed that tumour size is in fact a useful tool
for assessing the biologic behaviour of small testicular neoplasms. Using a tumour size of
16 mm as threshold between benign and malignant tumours, the sensitivity and specificity
of this factor were 81.5% and 81.0%, respectively (Youden index: 0.62507).
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Figure 5 presents a logistic regression analysis for predicting malignancy with tumour
size. In this model, all tumour sizes ≥39 mm indicated malignancy, while tumours sized
≤8 mm involved a 50% chance of being malignant.
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0.0001. 

Figure 5. Probability curve for prediction of malignant histology of a testicular neoplasm. The logistic
regression curve indicates the probability of a given tumour size to predict malignancy. Shadowed
area represents 95% confidence intervals. Neoplasms with a size of ≤8 mm involve a 50% probability
of malignancy, while tumour sizes of ≥25 mm, ≥33 mm, and ≥39 mm involve probabilities of 95%,
99%, and 100%, respectively.

3.3. Assumption #2 (Association of Tumour Size and Clinical Staging in GCTs)

Tables 7 and 8 list the frequencies of clinical stages in four tumour size categories of
germ cell tumours. Notably, in the smallest tumour size category (≤10 mm), almost 98%
of cases had clinical stage 1. Overall, CS frequencies were significantly different among
the tumour size categories (p < 0.0001, Kruskal–Wallis test). Table 8 shows that among
CS1 cases, there was a significant trend towards decreasing frequencies of cases with
increasing tumour size, and an inverse trend was seen in stages with metastases (p < 0.0001;
Cochran–Armitage trend test).
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Table 7. Frequency distribution of clinical stages (CS) of germ cell tumours stratified by four categories
of increasing tumour size.

CS1 (n) CS2a/2b (n) CS2c (n) CS3 (n)

≤10 mm 42 (97.67%) 1 (2.33%) 0 (0.00%) 0 (0.00%)

11–20 mm 98 (85.96%) 11 (9.65%) 3 (2.63%) 2 (1.75%)

21–30 mm 94 (81.03%) 19 (16.38%) 0 (0.00%) 3 (2.59%)

>30 mm 187 (69.00%) 53 (19.56%) 12 (4.43%) 19 (7.01%)
Jonckheere–Terpstra test to analyse increase in tumour sizes with increase in clinical stage: p < 0.0001.

Table 8. Frequencies of localized disease (CS1) and metastasized cases (>CS1) of germ cell tumours
(SE, NS) in four categories of increasing tumour size.

CS1 (n) >CS1 (n) p *

≤10 mm 42 (97.67%) 1 (2.33%) <0.0001

11–20 mm 98 (85.96%) 16 (14.04%)

21–30 mm 94 (81.03%) 22 (18.97%)

>30 mm 187 (69.00%) 84 (31.00%)
* Cochran-Armitage trend test.

The median tumour sizes with IQR and ranges in the four clinical stages are provided
in Table 9 and Figure 6. The median tumour size increased with clinical stage, and overall,
median tumour sizes were significantly different among the four CS (p < 0.0001, Kruskal–
Wallis test).

Table 9. Distribution of tumour sizes stratified by clinical stages (CS) in germ cell tumours (SE, NS).

CS1
(mm)

CS2a,b
(mm)

CS2c
(mm)

CS3
(mm)

Mean 32.6 41.2 53.2 65.5

Std Dev 20 19.5 30.1 48.3

Min 4 10 13 15

Q1 17 27 35 35.5

Median 30 38 49 50

Q3 43 52 72 77.5

Max 123 92 110 189

n 421 84 15 24
Min: minimum, Q1: first quartile, Q3: third quartile, Max: maximum, Std Dev: standard deviation.
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3.4. Assumption #3 (Tumour Size Is Associated with Frequencies of Tumour Marker Expression
in GCTs)

Table 10 outlines the frequencies of elevations of the serum tumour markers bHCG,
AFP, LDH, AFP and/or bHCG, and M371 found in the entire population of patients
stratified for tumours sized ≤10 mm and >10 mm, respectively. All of the markers were sig-
nificantly more frequently expressed in larger than in smaller tumour sizes (all comparisons
p < 0.0001, chi square test).

Table 10. Serum tumour marker expression rates stratified by tumour size categories in the entire
population of patients with testicular tumours (SE, NS, BT, OM).

bHCG AFP LDH AFP/bHCG M371

n/N n/N n/N n/N n/N

≤10 mm 6/87 (6.90%) 2/87 (2.30%) 3/87 (3.45%) 8/87 (9.20%) 16/75
(21.33%)

>10 mm 202/553
(36.53%)

116/553
(20.98%)

122/546
(22.34%)

241/553
(43.58%)

309/375
(82.40%)

p-value * <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
* Chi-squared test, AFP/bHCG elevation of AFP and/or bHCG; N: number of eligible patients.

M371 had the highest expression rate of all tumour markers in both size categories.
Somewhat higher expression rates were observed if only germ cell tumours were evaluated
(Table 11), but again, all markers had significantly higher expression rates in patients with
tumour sizes >10 mm than in those with smaller sizes. The highest expression rate overall
was 90.15%, found for M371 in GCTs sized >10 mm.
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Table 11. Serum tumour marker expression rates stratified by tumour size categories only in patients
with germ cell tumours (SE, NS).

bHCG AFP LDH AFP/bHCG M371

n/N n/N n/N n/N n/N

≤10 mm 5/43
(11.63%) 1/43 (2.33%) 3/43 (6.98%) 6/43

(13.95%)
15/34

(44.12%)

>10 mm 299/500
(59.80%)

115/500
(23.00%)

119/493
(24.14%)

239/500
(47.80%)

302/335
(90.15%)

p-value * 0.0002 0.0015 0.0101 <0.0001 <0.0001
* Chi-squared test, AFP/bHCG elevation of AFP and/or bHCG. N: number of eligible patients.

Table 12 shows the results for the tumour marker expression levels in the subgroup
of GCT patients with CS1 stratified by tumour sizes ≤10 mm and >10 mm, respectively.
Again, marker expression levels were higher in the category with larger tumour sizes.
However, regarding LDH, the difference was no more significant (p = 0.1039, chi-squared
test). Notably, 44% of CS1 patients with tumours ≤10 mm showed elevations of M371
levels, while each of the other markers were expressed in less than 10%.

Table 12. Serum tumour marker expression rates stratified by tumour size categories only in patients
with germ cell tumours (SE, NS) and with clinical stage 1 (CS1).

bHCG AFP LDH AFP/ bHCG M371

n/N n/N n/N n/N n/N

≤10 mm 4/42 (9.52%) 1/42 (2.38%) 3/42 (7.14%) 5/42
(11.90%)

15/34
(44.12%)

>10 mm 132/378
(34.92%)

70/378
(18.52%)

63/375
(16.80%)

158/378
(41.80%)

240/273
(87.91%)

p-value * 0.0008 0.0081 0.1039 0.0002 <0.0001
* Chi-squared test, AFP/bHCG elevation of AFP and/or bHCG. N: number of eligible patients.

Table 13 delineates the expression rates of all tumour markers stratified by five tumour
size categories in the entire study population and in the histologic subgroups of seminoma
and nonseminoma (Figure 7). In all subpopulations, the expression rates of all tumour
markers increased with increasing tumour sizes, except for AFP in the seminoma subgroup
(Cochran–Armitage trend test, all except seminoma p < 0.0001; seminoma p = 0.9133). M371
revealed the highest expression rates in all size categories.
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Table 13. Expression rates of serum tumour markers stratified by tumour size categories.

bHCG AFP LDH AFP/bHCG M371

n/N n/N n/N n/N n/N

Total
population

≤10 mm
(n = 87) 6/87 (6.90%) 2/87 (2.30%) 3/87 (3.45%) 8/87 (9.20%) 16/75

(21.33%)

11–20 mm
(n = 141)

23/141
(16.31%)

14 /141
(9.93%)

12/140
(8.57%)

30/141
(21.28%)

66/107
(61.68%)

21–30 mm
(n = 123)

47/122
(30.33%)

21/122
(17.21%)

15/121
(12.39%)

43/122
(35.25%)

67/81
(82.72%)

31–50 mm
(n = 179)

76/179
(42.46%)

52 /179
(29.05%)

45/176
(25.57%)

93/179
(51.96%)

107/114
(93.86%)

>50 mm
(n = 111)

66/111
(59.46%)

29/111
(26.13%)

50/109
(45.87%)

75/111
(67.57%)

69/73
(94.52%)

p-value * <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Seminoma

≤10 mm 2/35 (5.71%) 1/35 (2.86%) 3/35 (8.57%) 3/35 (8.57%) 11/28
(39.29%)

11–20 mm
(n = 73)

8/73
(10.96%) 3/73 (4.11%) 8/72

(11.11%)
11/73

(15.07%)
36/53

(67.92%)

21–30 mm
(n = 84)

18/83
(21.69%) 5/83 (6.02%) 9/83

(10.84%)
22/83

(26.51%)
48/56

(85.71%)

31–50 mm
(n = 107)

35/107
(32.71%)

8/107
(7.48%)

27/106
(25.47%)

41/107
(38.32%)

74/77
(96.10%)

>50 mm
(n = 66)

43/66
(65.15%) 2/66 (3.03%) 35/66

(53.03%)
45/66

(68.18%) 46/46 (100%)

p-value * <0.0001 0.9133 <0.0001 <0.0001 <0.0001

Nonseminoma

≤10 mm
(n = 8) 3/8/37.50%) 0/8 (0.00%) 0/8 (0.00%) 3/8 (37.50%) 4/6 (66.67%)

11–20 mm
(n = 41)

14/41
(34.15%)

10/41
(24.39%) 3/41 (7.32%) 17/41

(41.46%)
27/29

(93.10%)

21–30 mm
(n = 32)

19/32
(59.38%)

16/32
(50.00%)

6/31
(19.35%)

21/32
(65.63%)

19/20
(95.00%)

31–50 mm
(n = 64)

41/64
(64.06%)

44/64
(68.75%)

17/62
(27.42%)

52/64
(81.25%)

32/34
(94.12%)

>50 mm
(n = 34)

23/34
(67.65%)

27/34
(79.41%)

14/32
(43.75%)

30/34
(88.24%) 20/20 (100%)

p-value * 0.0022 <0.0001 <0.0001 <0.0001 0.0745
* Cochran–Armitage trend test, AFP/ bHCG elevation of AFP or bHCG or of both markers, N: number of patients
eligible in subgroup.
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 Figure 7. Expression rates of M371 and AFP and/or bHCG in germ cell tumours in relation to size of
primary tumour in seminoma (A) and in nonseminoma (B). Blue columns denote expression rates of
AFP and/or bHCG in five categories of tumour size, red columns indicate expression rates of M371.
Overall, the expression rates of all tumour markers were higher in nonseminoma than in seminoma.
All markers showed a significant trend towards lower expression rates with decreasing tumour size.
M371 had higher expression rates than the other markers even in the smallest tumour size category.
Error bars represent 95% CIs.
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3.5. Assumption #4 (Association of Patient Age with Tumour Size)

Table 14 outlines the median tumour sizes in four age categories of the entire study
population of patients with testicular neoplasms. Overall, the median tumour sizes were
significantly different among the age categories, with the largest size in the age category
>50 years (Kruskal–Wallis test p = 0.0117).

Table 14. Distribution of tumour sizes stratified by age categories in all patients with testicular
neoplasms (SE, NS, BT, OM).

Age
Categories (years)

Tumour Size (mm)
p *

Min Q1 Median Q3 Max

≤30 3 18 32 50 189

0.0117
31–40 4 15 28 43 95

41–50 4 14 24 40 110

>50 3 15 35 53 170
Min: minimum, Q1: first quartile, Q3: third quartile, Max: maximum, * Overall comparison between age groups:
p < 0.0001 (Kruskal–Wallis test).

However, there was no clear trend towards larger tumours in older patients or vice
versa. Table 15 lists the median tumour sizes in the four age categories in patients with
germ cell tumours. Here again, the largest median tumour size was observed in the oldest
age category. Overall, the difference between the tumour sizes among the age categories
was significant (p = 0.0161), but the difference between the youngest and the oldest age
categories was only 1.5 years, and the inter quartile ranges widely overlapped. Thus, no
clear association between age and tumour size could be documented.

Table 15. Distribution of tumour sizes stratified by age categories in patients with germ-cell tumours,
only (SE + SE).

Age
Categories (years)

Tumour Size (mm)
p *

Min Q1 Median Q3 Max

≤30 6 24 35 50 189

0.0161
31–40 4 20 30 45 95

41–50 4 15 27 42 110

>50 7 19 36.5 53 170
Min: minimum, Q1: first quartile, Q3: third quartile, Max: maximum, * Overall comparison between age groups:
p < 0.0001 (Kruskal–Wallis test).

4. Discussion

The present study thoroughly analysed the clinical influence of tumour size on pre-
senting features of testicular neoplasms. One main result was that subcentimeter tumours
comprised around 13.6% of all testicular new growths, which represented a frequency that
had not been clearly specified before. Other central results were the significant associations
of primary tumour size with the three factors histology of the primary, clinical staging, and
serum tumour marker expression.

4.1. Tumour Size—General Considerations

The median sizes of seminomas and nonseminomas in the present study were 30 mm
and 35 mm, respectively, with no significant difference between the two subtypes. This
result is consistent with sizes of 35 mm found in both seminoma and nonseminoma in a
Swiss study [21]. Similar results were reported in studies from Mannheim University with
37 mm (SE) and 38 mm (NS) [17,22], while a Cologne-based study reported a comparatively
small mean size of 15 cm3 for GCTs, which would correspond to a mean diameter of only
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25 mm [23]. From Texas, a slightly higher mean diameter of 41 mm was reported for
Americans of Caucasian descent [24]. However, as also shown in the present analysis,
mean size may be somewhat larger than the median value. For decades, there has been a
well-recognized shift towards decreasing sizes of primary testicular tumours [15,17,25–27].
This trend was also apparent when the present results were compared with the classical
data reported from Toronto in 1966 with a median size of 5 cm in both seminoma and
nonseminoma [28], and with the Dateca report from 1984 with mean sizes of 48 mm and 40
mm for seminomas and nonseminomas, respectively [29].

Of note, 13.6% of all tumours in the present study were within the subcentimeter
range. During the last two decades, a plethora of studies reported on incidentally detected
small testicular tumours; however, the relative frequency of such findings remained rather
ill-defined [30]. A large study from the UK identified 81 (3%) subcentimeter masses
among a total of 2681 patients with testicular neoplasms [16]. This figure is considerably
lower than the 13.6% proportion observed in the present study. Selection bias may have
contributed to the difference, as our institution represents a referral centre for testicular
diseases. However, the difference may also partly relate to the well-documented time trend
of decreasing tumour size, since the UK study recruited patients during 2003–2016, while
our study included patients treated more recently (2012–2021). Differences regarding health
system-related factors might have contributed to the difference as well. In a study from
the U.S., 22 tumours (10.6%) out of 208 testicular neoplasms were shown to be smaller
than 1 cm, which is quite close to our finding. However, that study reported lesion sizes
measured sonographically, and the authors found that sonography may underestimate the
true lesion size [31]. In a study from Turkey, a 13.9% proportion of subcentimeter tumours
was reported, but, that study only evaluated tumours sized <3 cm [32]. Finally, a Swiss
study reported a frequency of 3% of tumours sized <1 cm among 849 patients with GCT.
However, that study enrolled only patients with germ cell tumours undergoing orchiectomy
and excluded benign histologies and all cases with testis sparing surgery [33]. So, the true
frequency of subcentimeter testicular tumours in that population was probably much
higher. In light of the ever-growing clinical use of scrotal sonography in urologic practice
and its ongoing technical refinements [8,9,34,35], the relative frequency of subcentimeter
testicular tumours is probably in the range of 10% or more in contemporary series. This
figure clearly underscores the clinical relevance of managing incidentally detected small
testicular lesions.

4.2. Association of Primary Tumour Size with Histology (Assumption #1)

Benign tumours were shown to have a median size of only 10 mm, which is signif-
icantly smaller than that of GCTs (30 mm) and other malignant tumours (53 mm). More
than 50% of all testicular tumours in the size category ≤10 mm consist of benign tumours,
and we also noted a significant trend towards higher proportions of benign tumours with
decreasing tumour size. Thus, small size of a testicular lesion appears to be a strong indica-
tor of benign histology, and this result is in line with several previous reports [7,16,36–42].
The very high proportion of benign tumours among incidentally found small testicular
masses had already been noted some decades ago [43], but this knowledge became clinically
relevant only with the ever-growing number of small testicular neoplasms incidentally de-
tected by improved ultrasonography technology. Accordingly, it was suggested to employ
primary tumour size as a diagnostic tool for clinical assessment of incidentally detected
small testicular masses [7,16]. A Turkish study of 252 patients including 35 cases with
tumours ≤10 mm suggested a cutoff size of 15 mm to discriminate between benign and ma-
lignant tumours [32]. In the present study, the ROC analysis for prediction of malignancy
by lesion size revealed a cutoff size of 16 mm to involve a sensitivity and specificity of
81.5% and 81%, respectively. Accordingly, the logistic regression curve revealed all tumours
sized ≥ 39 mm to represent malignancy, while tumours ≤ 8 mm involved a 50% chance
of being benign. Seven previous studies reporting results from ROC analyses are listed
in Table 16 ([7,23,31,37,41,44,45]). Only one study reported on more than 100 patients [7].
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Because of the divergent and mostly small sample sizes, the results are not consistent.
Cutoff sizes ranged from 5 mm to 18.5 mm. Six studies reported sensitivities of >80%, while
the others noted sensitivities of 55% or less, with AUC values ranging from 0.59 to 0.902.

Table 16. Sensitivity and specificity of tumour size as diagnostic tools for assessing small testicular
masses—Synopsis of studies using ROC analysis.

Patients Cutoff AUC 95% CI Sensitivity Specificity

First Author [#] Year (n) (mm) (%) (%)

Shilo [37] 2012 11 18.5 0.902 87 83
Paffenholz [23] 2018 28 14 0.896 83 89

Gentile [7] 2019 108 8.5 0.75 0.63; 0.86 81 58
Staudacher [44] 2020 60 13.5 0.726 0.623; 0.828 55 85

Schwen [31] 2021 22 10 0.60 31.8 88.7
Gobbo [41] 2022 56 10 0.59 0.43; 0.75 25 92.9

Del Real [45] 2022 22 18.3 0.753 83 74
Present study 2022 79 16 0.8912 0.8569; 0.9256 81.5 81.0

n: patients with benign histology included in study; (#) number in list of references.

Though all of these investigations principally support the potential value of tumour
size in predicting testicular histology, there is currently no consensus about the threshold
sizes for clinical decision-making [46].

Caution comes from a recent study from Switzerland reporting metastatic disease in
5 of 25 patients (20%) with small germ cell tumours [33]. The authors, therefore, challenged
the view that testicular masses < 1 cm are of benign nature without fail. Undisputedly,
malignant testicular tumours may occur in the subcentimeter size category. In the present
study, the proportion was 49%, and this finding is consistent with several other reports
on small testicular tumours [7,16,38–40,45,47]. However, the authors of the Swiss study
probably overestimated the risk of metastasized malignancy in newly detected testicular
subcentimeter masses because they included only GCTs in patients undergoing full orchiec-
tomy in their analysis, without considering benign tumours and neoplasms managed with
TSS. In aggregate, tumour size is probably a valuable tool for clinically assessing small
testicular masses, although it certainly needs to be employed with caution. In practical
terms, conservative surgery using intraoperative frozen section examination appears to be
appropriate in small testicular masses, since malignancy can principally be encountered
among the incidentally detected lesions. Surveillance could be a solution in the very small
masses (<5 mm) [9,35,48–50].

4.3. The Impact of Tumour Size on Clinical Staging in Testicular Germ Cell Tumours
(Assumption #2)

The present study documented a clear association of tumour size with clinical stage.
In the size category ≤10 mm, 97% of cases had localized disease (CS1). The median
tumour size increased with increasing clinical stages, with a size of only 30 mm in CS1 and
50 mm in CS3. Very similar results were reported from the classical Dateca series where
84% of seminomas were sized <2.5 cm and had CS1 disease, whereas in the largest size
category (>8.5 cm), only 43% had CS1. Likewise, in nonseminomas sized <2.5 cm, 71% of
cases had CS1, as opposed to 42% in the largest size category [29]. The Mannheim group
reported mean tumour sizes of 37 mm and 42 mm in seminoma cases with CS1 and in
those with > CS1, respectively [17]. On the other hand, the present data also show that
even in the size category >30 mm, as many as 69% of cases had CS1, and conversely, only
10% of all CS1 cases had tumour sizes ≤10 mm. Thus, the usefulness of tumour size as
an aid for clinical decision making is probably limited because even patients with large
primary tumours may have localized disease (CS1). Accordingly, the Indiana series did not
observe different frequencies of lymph node metastases in tumour size categories <2 cm,
2–5 cm, and >5 cm, respectively, among nonseminoma patients undergoing retroperitoneal
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lymph node dissection [51]. However, in seminoma, tumour size does appear to have a
bearing on the metastatic potential of the tumour. In 2002, Warde et al. found a tumour
size of >4 cm in testicular seminoma to involve a twofold risk of progression compared
to smaller tumour sizes [52]. This significant association was confirmed by numerous
clinical series and by two recent meta-analyses [11,53]. Accordingly, tumour size has been
included as a prognostic factor for seminoma in all major guidelines [20,54,55]. It is unclear
which particular biological mechanisms can induce metastatic spread (and thus higher
clinical stages) in larger tumours. As tumour size is also associated with local pathological
stage [19], it may be speculated that increasing tumour size may induce intratumoral
processes promoting invasive tumour growth with metastatic spread.

4.4. The Association of Tumour Size with Serum Tumour Marker Expression Rates in Germ Cell
Tumours (Assumption #3)

Significantly higher expression rates of all serum tumour markers were observed in the
tumour size category >10 mm than in smaller tumours (≤10 mm). As serum markers are
secreted from both the primary tumour and its metastases, the biological impact of tumour
size on marker expression is best evaluated in localized disease (CS1). Here again, marker
expression rates were significantly higher in the larger tumour size category (>10 mm), with
the exception of LDH. The non-significant difference between the tumour size categories
regarding LDH expression rate may relate to the low specificity of this marker for germ cell
tumours.

In a more granular analysis evaluating marker expression rates in five tumour size
categories, significant trends towards increasing marker expression rates with increasing
tumour size were disclosed. This trend was found in both seminoma and nonseminoma,
with the exceptions of AFP in seminoma (p = 0.9133) and M371 in nonseminoma (p = 0.0745).
The two exceptions accord with expectations, since there was basically no AFP expression
in seminoma, and hence no difference between tumour size categories regarding the
expression of this marker. With respect to M371, the expression rate in nonseminoma was
extremely high, with 66.7% even in the smallest size category; therefore, the difference
relative to the larger size categories was comparatively small (100%). In light of the rather
small sample size (n = 109, distributed over five size categories) the difference was no
more significant, statistically. In all, these data clearly demonstrate the close association of
serum-marker expressions with tumour bulk, and this result is consistent with the finding
of higher serum levels of bHCG and AFP in patients with larger primary tumours than
in those with smaller ones [12]. In another report, LDH expression rates were found to
be higher in patients with larger tumours than in in those with small primaries [56]. In
seminomas, bHCG serum levels were higher in patients with larger tumours than in those
with small tumours [57]. In a small Spanish study, a significant correlation was found
between tumour size and extent of elevations of bHCG and AFP [58]. With respect to
clinical practice, the very low expression rates of bHCG and AFP (<10%) observed in the
smallest tumour size category of germ cell tumours underscore the limited usefulness
of the classical tumour markers for diagnosing subcentimeter testicular neoplasms. The
novel marker M371 performed much better in that scenario, with expression rates of 66.7%
and 39% in subcentimeter nonseminomas and seminomas, respectively. These results are
widely in line with data reported from a multicentric study on 259 and 103 CS1 patients
with seminoma and nonseminoma, respectively. In that study, M371 sensitivities of 56%
and 98% were found for the diagnosis of subcentimeter seminomas and nonseminomas,
respectively [14]. Support for the still-high sensitivity of M371 in small GCTs comes from a
linear regression analysis reported from a Norwegian study on 131 patients with CS1 germ
cell tumours. The authors found positive correlations between primary tumour size and
M371 serum levels in both seminomas and nonseminomas, and quite a number of patients
with subcentimeter primaries had measurable M371 levels. Notably, among the small
tumours, a larger number of nonseminomas compared to seminomas had measurable M371
levels [59]. Overall, the sensitivity of M371 is better for nonseminoma than for seminoma
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regarding small testicular masses. However, in light of the almost negligible sensitivity of
the classical markers in subcentimeter testicular neoplasms, the sensitivity of around 40%
for M371 in small seminomas still represents significant progress, and probably, the M371
test can be a valuable tool for diagnosing small testicular neoplasms.

4.5. No Association between Patient Age and Tumour Size (Assumption #4)

In the entire population of patients and also in the population of germ cell tumours,
the largest median tumour sizes were observed in the oldest age category. Although the
overall analysis revealed significant differences in median sizes among age categories, no
clear trend of varying tumour sizes with age categories became apparent. Moreover, the
youngest age category proved to present with the second largest tumour size, with only a
1.5 cm difference between the oldest and youngest category. These results are consistent
with a previous investigation where no difference in tumour sizes had been found by
comparing GCT patients <50 years with older ones [19]. Thus, the hypothesis of a trend
towards larger tumours in the elderly, put forward by a UK-study, could not be confirmed
by the present study [15].

4.6. Limitations of the Study

The retrospective study design could be a limitation to the present analysis because
selection bias cannot entirely be ruled out. Small sample sizes in the histological subgroups
BT and OM could have limited statistical power in spite of the overall large patient number
in the study. Histological diagnoses relied on local pathological assessments only, with no
central histopathological review. However, as both of the urologic departments participat-
ing in the present study had a clinical focus on testicular cancer, local pathologists clearly
had suitable experience with testicular pathology. Misclassification of benign tumours
cannot entirely be ruled out, since malignancy in some of these cases can only be docu-
mented by development of metastases during follow-up. However, as only one quarter of
BTs had follow-up periods of less than 2 years, we believe that misclassification of BTs is
probably only a minor problem. Missing information regarding therapeutic outcome might
be another shortfall; however, the present investigation specifically aimed to analyse the
biological role of tumour-size with regard to presenting features of testicular neoplasms.
One possible strength of the study is the large number of patients with measurements
of the novel tumour marker M371, featuring the utility of this test in clinical practice.
Another asset could be the rather large number of patients with small testicular neoplasms,
underscoring the utility of the factor of tumour size as a valuable tool in assessing such
lesions.

5. Conclusions

The present study confirmed the significant biological role of tumour size in the clinical
course of testicular neoplasms. In the diagnostic work-up of small testicular neoplasms,
the factor of tumour size may be implemented clinically since more than 50% of cases with
testicular new growths sized ≤10 mm had benign histologies. This knowledge may help
in avoiding unnecessary orchiectomies and may open the door for a wider application
of testis sparing surgery in these cases [60]. Increasing tumour sizes are associated with
both increasing frequencies of metastatic disease (clinical stages > CS1) and increasing
frequencies of elevation of serum tumour markers. Of note clinically, the novel marker
M371 not only outperformed the classical markers in general, but was also expressed in
around 40% of subcentimeter germ cell tumours. The present study did not look for the
underlying molecular biologic processes that trigger the significant associations of tumour
size with other clinical factors. However, it may be speculated that on the one hand, larger
tumours involve a higher probability of the presence of marker-producing cells, and on the
other hand, the larger number of proliferating cells involve a higher chance of developing
cells with more aggressive features precipitating metastatic spread. The present study
provides a multitude of data regarding descriptive features of testicular tumours that may



Cancers 2022, 14, 5447 20 of 23

frame future molecular biological investigations and may thus aid in understanding the
underlying biological characteristics of this disease.

Author Contributions: Design and conceptualization of study, K.-P.D., H.I., and G.B.; data collection,
J.U., H.I., C.D., and F.G.; analysis and interpretation, G.B., K.-P.D., H.I., and C.W.; laboratory mea-
surements, G.B., C.D., and F.G.; statistical analysis, U.P. and F.G.; project management, C.W. and J.U.;
manuscript writing, K.-P.D., H.I., and G.B. All authors have read and agreed to the published version
of the manuscript.

Funding: This investigation was supported by prize money awarded to KPD with the Maximilian
Nitze Preis der Deutschen Gesellschaft für Urologie in 2019.

Institutional Review Board Statement: Ethical approval was provided by Ethikkommission der
Ärztekammer Hamburg on 2 March 2020 (PV7288).

Informed Consent Statement: As solely anonymized patients’ data were evaluated in the present
study, the need for informed consent of patients was waived by the ethical committee.

Data Availability Statement: The datasets generated and analyzed in this study are available upon
reasonable request.

Acknowledgments: The authors gratefully acknowledge the technical assistance of the laboratory
staff of medilys Zentrallabor, Asklepios Klinik Altona, Hamburg.

Conflicts of Interest: K-PD and GB declare ownership of shares, each of 8.9%, in mirdetect GmbH,
Bremerhaven, Germany. The remaining authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a potential conflict of
interest.

Abbreviations

AFP Alpha fetoprotein
AUC area under the curve
bHCG beta human chorionic gonadotropin
BT benign tumours
CI confidence interval
CS clinical stage
GCT germ cell tumour
IQR inter quartile range
LDH lactate dehydrogenase
M371 microRNA-371a-3p
mm milli meter
NS nonseminoma
n number
OM other testicular malignancies
ROC receiver operating characteristic
SE seminoma
STM serum tumour marker
TS tumour size
ULN upper limit of norm
Q1 first quartile
Q3 third quartile

References
1. Boden, G.; Gibb, R. Radiotherapy and testicular neoplasms. Lancet 1951, 2, 1195–1197. [CrossRef]
2. Dixon, F.J.; Moore, R.A. Testicular tumors. A Clinicopathologic study. Cancer 1953, 6, 427–454. [CrossRef]
3. Javadpour, N. The National Cancer Institute Experience with Testicular Cancer. J. Urol. 1978, 120, 651–659. [CrossRef]
4. Collins, D.H.; Pugh, R.C.B. Classification and frequency of testicular tumours. Br. J. Urol. 1964, 36, 1–11.
5. Fraley, E.E.; Lange, P.H.; Kennedy, B.J. Germ-cell testicular cancer in adults (first of two parts). N. Engl. J. Med. 1979, 301,

1370–1377. [CrossRef]

http://doi.org/10.1016/S0140-6736(51)93202-3
http://doi.org/10.1002/1097-0142(195305)6:3&lt;427::AID-CNCR2820060302&gt;3.0.CO;2-U
http://doi.org/10.1016/S0022-5347(17)57316-4
http://doi.org/10.1056/NEJM197912203012504


Cancers 2022, 14, 5447 21 of 23

6. Khoury, J.D.; Solary, E.; Abla, O.; Akkari, Y.; Alaggio, R.; Apperley, J.F.; Bejar, R.; Berti, E.; Busque, L.; Chan, J.K.C.; et al. The
5th edition of the World Health Organization Classification of Haematolymphoid Tumours: Myeloid and Histiocytic/Dendritic
Neoplasms. Leukemia 2022, 36, 1703–1719. [CrossRef]

7. Gentile, G.; Rizzo, M.; Bianchi, L.; Falcone, M.; Dente, D.; Cilletti, M.; Franceschelli, A.; Vagnoni, V.; Garofalo, M.; Schiavina, R.;
et al. Testis Sparing Surgery for Small Testicular Masses: Retrospective Analysis of a Multi-Center Cohort. J. Urol. 2020, 203,
760–766. [CrossRef]

8. Tsili, A.C.; Bougia, C.K.; Pappa, O.; Argyropoulou, M. Ultrasonography of the scrotum: Revisiting a classic technique. Eur. J.
Radiol. 2021, 145, 110000. [CrossRef]

9. Ager, M.; Donegan, S.; Boeri, L.; Mayor de Castro, J.; Donaldson, J.F.; Omar, M.I.; Dimitropoulos, K.; Tharakan, T.; Janisch, F.;
Muilwijk, T.; et al. Radiological features characterising indeterminate testes masses; A systematic review and meta-analysis. BJU
Int. 2022. Epub ahead of print. [CrossRef]

10. Bertolotto, M.; Muça, M.; Currò, F.; Bucci, S.; Rocher, L.; Cova, M.A. Multiparametric US for scrotal diseases. Abdom. Radiol. 2018,
43, 899–917. [CrossRef]

11. Zengerling, F.; Kunath, F.; Jensen, K.; Ruf, C.; Schmidt, S.; Spek, A. Prognostic factors for tumor recurrence in patients with clinical
stage I seminoma undergoing surveillance-A systematic review. Urol. Oncol. 2018, 36, 448–458. [CrossRef] [PubMed]

12. Dieckmann, K.P.; Simonsen-Richter, H.; Kulejewski, M.; Anheuser, P.; Zecha, H.; Isbarn, H.; Pichlmeier, U. Serum Tumour Markers
in Testicular Germ Cell Tumours: Frequencies of Elevated Levels and Extents of Marker Elevation Are Significantly Associated
with Clinical Parameters and with Response to Treatment. BioMed Res. Int. 2019, 2019, 1–22. [CrossRef] [PubMed]

13. Leão, R.; Albersen, M.; Looijenga, L.H.J.; Tandstad, T.; Kollmannsberger, C.; Murray, M.J.; Culine, S.; Coleman, N.; Belge, G.;
Hamilton, R.J.; et al. Circulating MicroRNAs, the Next-Generation Serum Biomarkers in Testicular Germ Cell Tumours: A
Systematic Review. Eur. Urol. 2021, 80, 456–466. [CrossRef]

14. Dieckmann, K.P.; Radtke, A.; Geczi, L.; Matthies, C.; Anheuser, P.; Eckardt, U.; Sommer, J.; Zengerling, F.; Trenti, E.; Pichler, R.;
et al. Serum levels of microRNA-371a-3p (M371 Test) as a new biomarker of testicular germ cell-tumors: Results of a prospective
multicentric study. J. Clin. Oncol. 2019, 37, 1412–1423. [CrossRef] [PubMed]

15. McGuinness, L.A.; Obeidat, S.; Hickerton, B.; Long, R. Has increasing public health awareness influenced the size of testicular
tumours among adult populations over the last 40 years? J. Public Health 2016, 39, 90–94. [CrossRef] [PubMed]

16. Scandura, G.; Verrill, C.; Protheroe, A.; Joseph, J.; Ansell, W.; Sahdev, A.; Shamash, J.; Berney, D.M. Incidentally detected testicular
lesions <10 mm in diameter: Can orchidectomy be avoided? BJU Int. 2017, 121, 575–582. [CrossRef]

17. Heinzelbecker, J.; Katzmarzik, M.; Weiss, C.; Trojan, L.; Michel, M.S.; Haecker, A. Changes of Stage, Predictive Factors and
Adjuvant Treatment Modalities in Seminomatous Testicular Cancer from 1987 to 2007 and Their Impact on the Status of Metastasis,
Recurrence-Free and Overall Survival: A Single-Center Analysis. Urol. Int. 2011, 87, 282–287. [CrossRef]

18. Song, G.; Xiong, G.Y.; Fan, Y.; Huang, C.; Kang, Y.M.; Ji, G.J.; Chen, J.C.; Xin, Z.C.; Zhou, L.Q. The role of tumor size,
ultrasonographic findings, and serum tumor markers in predicting the likelihood of malignant testicular histology. Asian J. Androl.
2019, 21, 196–200. [CrossRef]

19. Dieckmann, K.P.; Richter-Simonsen, H.; Kulejewski, M.; Ikogho, R.; Zecha, H.; Anheuser, P.; Pichlmeier, U. Testicular germ-cell
tumours: A descriptive analysis of clinical characteristics at first presentation. Urol. Int. 2018, 100, 409–419. [CrossRef]

20. Kliesch, S.; Schmidt, S.; Wilborn, D.; Aigner, C.; Albrecht, W.; Bedke, J.; Beintker, M.; Beyersdorff, D.; Bokemeyer, C.; Busch, J.;
et al. Management of Germ Cell Tumours of the Testis in Adult Patients. German Clinical Practice Guideline Part I: Epidemiology,
Classification, Diagnosis, Prognosis, Fertility Preservation, and Treatment Recommendations for Localized Stages. Urol. Int. 2021,
105, 169–180. [CrossRef]

21. Rothermundt, C.; Thurneysen, C.; Cathomas, R.; Müller, B.; Mingrone, W.; Hirschi-Blickenstorfer, A.; Wehrhahn, T.; Ruf, C.;
Rothschild, S.; Seifert, B.; et al. Baseline characteristics and patterns of care in testicular cancer patients: First data from the Swiss
Austrian German Testicular Cancer Cohort Study (SAG TCCS). Swiss Med. Wkly. 2018, 148, w14640. [PubMed]

22. Heinzelbecker, J.; Katzmarzik, M.; Weiss, C.; Trojan, L.; Haecker, A. During twenty years of Cisplatin-based therapy the face of
nonseminomatous testicular germ cell tumors is still changing: An evaluation of presentation, management, predictive factors
and survival. Int. Braz. J. Urol. 2013, 39, 10–21. [CrossRef] [PubMed]

23. Paffenholz, P.; Held, L.; Loosen, S.H.; Pfister, D.; Heidenreich, A. Testis-sparing surgery for benign testicular masses–diagnostics
and therapeutic approaches. J. Urol. 2018, 200, 353–360. [CrossRef] [PubMed]

24. Woldu, S.L.; Aydin, A.M.; Rao, A.V.; Hutchinson, R.C.; Singla, N.; Clinton, T.N.; Krabbe, L.M.; Passoni, N.M.; Raj, G.V.; Miller, D.S.;
et al. Differences at Presentation and Treatment of Testicular Cancer in Hispanic Men: Institutional and National Hospital-Based
Analysis. Urology 2018, 112, 103–111. [CrossRef]

25. Bhardwa, J.M.; Powles, T.; Berney, D.; Baithun, S.; Nargund, V.H.; Oliver, R.T. Assessing the size and stage of testicular germ cell
tumours: 1984-2003. BJU Int. 2005, 96, 819–821. [CrossRef]

26. Agnarsson, B.A.; Gudbjartsson, T.; Einarsson, G.V.; Magnusson, K.; Thoroddsen, A.; Bergthorsson, J.T.; Amundadottir, L.;
Barkardottir, R.B.; Björnsson, J. Testicular germ cell tumours in Iceland: A nationwide clinicopathological study. APMIS 2006, 114,
779–783. [CrossRef]

27. Kobayashi, K.; Saito, T.; Kitamura, Y.; Nobushita, T.; Kawasaki, T.; Hara, N.; Takahashi, K. Effect of the time from the presentation
of symptoms to medical consultation on primary tumor size and survival in patients with testicular cancer: Shift in the last 2
decades. Urol. Oncol. 2014, 32, 43.e17–43.e22. [CrossRef]

http://doi.org/10.1038/s41375-022-01613-1
http://doi.org/10.1097/JU.0000000000000579
http://doi.org/10.1016/j.ejrad.2021.110000
http://doi.org/10.1111/bju.15869
http://doi.org/10.1007/s00261-018-1510-7
http://doi.org/10.1016/j.urolonc.2017.06.047
http://www.ncbi.nlm.nih.gov/pubmed/28712790
http://doi.org/10.1155/2019/5030349
http://www.ncbi.nlm.nih.gov/pubmed/31275973
http://doi.org/10.1016/j.eururo.2021.06.006
http://doi.org/10.1200/JCO.18.01480
http://www.ncbi.nlm.nih.gov/pubmed/30875280
http://doi.org/10.1093/pubmed/fdw014
http://www.ncbi.nlm.nih.gov/pubmed/26944075
http://doi.org/10.1111/bju.14056
http://doi.org/10.1159/000329768
http://doi.org/10.4103/aja.aja_119_18
http://doi.org/10.1159/000488284
http://doi.org/10.1159/000510407
http://www.ncbi.nlm.nih.gov/pubmed/30044478
http://doi.org/10.1590/S1677-5538.IBJU.2013.01.03
http://www.ncbi.nlm.nih.gov/pubmed/23489512
http://doi.org/10.1016/j.juro.2018.03.007
http://www.ncbi.nlm.nih.gov/pubmed/29530784
http://doi.org/10.1016/j.urology.2017.08.059
http://doi.org/10.1111/j.1464-410X.2005.05748.x
http://doi.org/10.1111/j.1600-0463.2006.apm_468.x
http://doi.org/10.1016/j.urolonc.2013.05.007


Cancers 2022, 14, 5447 22 of 23

28. MacKay, E.N.; Sellers, A.H. A statistical study of malignant testicular tumours based on the experience of the Ontario cancer
Foundation Clinics, 1938-1961. Canad. Med. Ass. J. 1966, 94, 889–899.

29. Krag Jacobsen, G.; Barlebo, H.; Olsen, J.; Schultz, H.P.; Starklint, H.; Sögaaard, H.; Vaeth, M.; Dateca Study Group. Testicular
germ cell tumours in Denmark 1976-1980. Acta Radiol. Oncol. 1984, 23, 239–247.

30. Egan, J.; Cheaib, J.G.; Biles, M.J.; Huang, M.M.; Metcalf, M.; Matoso, A.; Pierorazio, P. Testis-Sparing Surgery: A Single Institution
Experience. Urology 2020, 147, 192–198. [CrossRef]

31. Schwen, Z.R.; Liu, J.L.; Gabrielson, A.T.; Patel, H.D.; Gupta, M.; Rowe, S.P.; Herati, A.S.; Pierorazio, P.M. Testicular ultrasound
underestimates the size of small testicular masses: A radiologic-pathologic correlation study. World J. Urol. 2021, 39, 3399–3405.
[CrossRef] [PubMed]

32. Keske, M.; Canda, A.E.; Yalcin, S.; Kilicarslan, A.; Kibar, Y.; Tuygun, C.; Onder, E.; Atmaca, A.F.; Yildirim, A.; Ozkanli, S.S.; et al. Is
testis-sparing surgery safe in small testicular masses? Results of a multicentre study. Can. Urol. Assoc. J. 2017, 11, E100–E104.
[CrossRef] [PubMed]

33. Pratsinis, M.; Fankhauser, C.; Pratsinis, K.; Beyer, J.; Bührer, E.; Cathomas, R.; Fischer, N.; Hermanns, T.; Hirschi-Blickenstorfer, A.;
Kamradt, J.; et al. Metastatic Potential of Small Testicular Germ Cell Tumors: Implications for Surveillance of Small Testicular
Masses. Eur. Urol. Open Sci. 2022, 40, 16–18. [CrossRef] [PubMed]

34. Belfield, J.; Findlay-Line, C. Testicular Germ Cell Tumours-The Role of Conventional Ultrasound. Cancers 2022, 14, 3882.
[CrossRef] [PubMed]
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