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Purpose: We evaluated possible factors predicting testicular cancer in patients
undergoing testis sparing surgery.

Materials and Methods: We retrospectively analyzed the records of all patients
who underwent testis sparing surgery for a small testicular mass at a total of 5
centers. All patients with 1 solitary lesion 2 cm or less on preoperative ultra-
sound were enrolled in the study. Testis sparing surgery consisted of tumor
enucleation for frozen section examination. Immediate radical orchiectomy was
performed in all cases of malignancy at frozen section examination but otherwise
the testes were spared. Univariate and multivariate analysis were performed
and ROC curves were produced to evaluate preoperative factors predicting
testicular cancer.

Results: Overall 147 patients were included in the study. No patient had
elevated serum tumor markers. Overall 21 of the 147 men (14%) presented with
testicular cancer. On multivariate analysis the preoperative ultrasound diam-
eter of the lesion was a predictor of malignancy (OR 6.62, 95% CI 2.26e19.39,
p[0.01). On ROC analysis lesion diameter had an AUC of 0.75 (95% CI
0.63e0.86, p[0.01) to predict testicular cancer. At the best cutoff of 0.85 the
diameter of the lesion had 81% sensitivity, 58% specificity, 24% positive pre-
dictive value and 95% negative predictive value.

Conclusions: Our study confirms that small testicular masses are often benign
and do not always require radical orchiectomy. Preoperative ultrasound can
assess lesion size and the smaller the nodule, the less likely that it is malignant.
Therefore, we suggest a stepwise approach to small testicular masses, including
tumorectomy, frozen section examination and radical orchiectomy or testis
sparing surgery according to frozen section examination results.
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TESTICULAR cancer represents between
1% and 1.5% of male neoplasms and
5% of all urological tumors.1e3 RO is
the standard treatment in patients
with clear features of malignancy and
a normal contralateral testis. In

patients with controversial findings
intraoperative FSE of the enucleated
mass is recommended and should
guide treatment.4

The evolution and widespread use
of US imaging has led to an increased
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incidental diagnosis of STMs, including benign
ones, which are diagnosed more and more often at
FSE.5,6 Previous studies suggested that asymp-
tomatic, nonpalpable testicular lesions smaller than
2 cm can be benign in up to 80% of cases.7e10 Un-
fortunately, no imaging techniques can clearly
define the benign or malignant nature of these le-
sions and histological evaluation is still needed.4

Given the high incidence of benign tumors,
straightforward orchiectomy of STMs exposes many
young men to an unnecessary procedure with its
related side effects.10,11 To date organ sparing man-
agement has proved to be technically feasible,
enabling preservation of a considerable amount of
testis parenchyma.9,12e14 Despite that, TSS is not yet
standard management of STMs and it is often offered
only at select centers or reserved for patients with an
abnormal contralateral testis.15 Therefore, it is a
priority to identify a strategy of STM management
which is able to treat malignant lesions safely while
reducing the considerable risk of overtreatment.

The aim of this study was to evaluate possible
predictors of testicular cancer in patients undergo-
ing TSS and propose an updated treatment strategy
for STMs

PATIENTS AND METHODS
After receiving study approval from the ethical committee
of Sapienza University of Rome as well as Internal Review
Board approval (IRB No. 4882) we retrospectively
analyzed the records of all patients treated with TSS of
STMs at a total of 5 Italian centers between January 2013
and December 2016. The study was performed according
to the principles of the Helsinki Declaration.

Patients with a solitary lesion with a diameter of 2 cm
or less at preoperative US were enrolled in the study.
Exclusion criteria were a testicular mass greater than 2
cm, multiple lesions or a solitary testis. All medical re-
cords were analyzed and data were recorded, including
patient age at surgery, clinical presentation, preoperative
US dimensions, tumor markers (a-fetoprotein, b-human
chorionic gonadotropin and/or lactate dehydrogenase),
intraoperative dimensions, ischemia time and surgical
pathology findings. All surgical specimens were reviewed
by an expert uropathologist. Staging was performed ac-
cording to the TNM 2009 classification. All patients were
followed according to the EAU (European Association of
Urology) guideline recommendations.4

Surgical Technique
TSS consists of surgical inguinal exploration, testicular
exteriorization and identification of masses by palpation
or intraoperative US. Spermatic cord clamping, albuginea
incision and tumor enucleation were then performed for
FSE (figs. 1 and 2). Multiple biopsies were also obtained of
the surrounding parenchyma. When a malignant tumor
was diagnosed on FSE, immediate orchiectomy was per-
formed. In cases of benign or nontumor lesions the testis
was repaired and repositioned in the scrotum.

Statistical Analysis
Statistical analysis was done with IBM� SPSS� 25.
Continuous variables are presented as the median and
IQR, and were compared by the independent Student
t-test and the Mann-Whitney U test, and the Kruskal-
Wallis 1-way test based on a normal and not normal dis-
tribution, respectively. Variable distribution normality
was tested by the Kolmogorov-Smirnov test. Categorical
variables were tested with the chi-square test.

Using multiple logistic regression with the enter
method the statistically significant variables as assessed
on univariate analysis were entered and investigated as
cancer predictors. ROC curves were produced to evaluate
the AUC and the diagnostic performance of the model as
well as all significant variables included in multivariate
analysis to predict testicular cancer. The best cutoff value
was obtained by ROC analysis, and sensitivity, specificity,
and negative and positive predictive values were then
calculated. Data are presented as the mean � SD or the
median and IQR with a[5% considered statistically
significant.

RESULTS
Overall 147 patients were included in study. Table 1
lists the general characteristics of the cohort. Of 56
patients with pain or a lump 20 presented with
palpable lesions and 36 presented with pain. In 36
patients US was performed for infertility evalua-
tion. Of 55 patients with an incidental US diagnosis
35 (63%) underwent scrotal US as suggested by a
general practitioner apparently without any specific
clinical reason and 20 (37%) underwent scrotal US
based on the patient decision. All patients presented
with negative tumor markers, that is markers in the
normal range.

Overall 21 of these 147 patients (14%) presented
with testicular cancer. All cases were classified as
classic seminoma pT1 (stage I). In patients with

Figure 1. Testicular tumorectomy of seminoma
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cancer lesions had a larger diameter on preopera-
tive US or pathological evaluation than in patients
with benign lesions. No difference was recorded in
patient age between the groups. A significant dif-
ference in clinical presentation was observed in
patients with vs without cancer (table 1). Overall 85
patients presented with an US lesion less than 1 cm,
of whom only 6 (7%) presented with testis cancer. In
this group 4 patients were referred for infertility
and 2 were referred for a palpable lesion.

On multivariate analysis only the preoperative US
diameter of the lesion was a predictor of malignancy
(table 2). The risk of finding a malignant lesion
increased sevenfold per mm. On ROC analysis the
preoperative US size of the lesion showed an AUC of
0.75 (95% CI 0.63e0.86, p[0.01) to predict testicular
cancer (fig. 3). Including the other possible variables
in the multivariable model did not increase the AUC
of the US lesion (data not shown).

At the best cutoff of 0.85 cm the lesion diameter
had 81% sensitivity, 58% specificity, 24% positive

predictive value and 95% negative predictive
value.

FSE findings were confirmed by the final pa-
thology result in 146 cases (99.3%). However, in 1
case FSE revealed a Leydig cell tumor while the
final pathology examination showed a Leydig-
Sertoli cell tumor. Final pathology findings of
nonmalignant lesion included a benign tumor in 108
cases (74.3%), including Leydig cell tumors in 54,
Leydig cell hyperplasia in 28, a dermoid cyst in 11, a
Sertoli cell tumor in 6, an adenomatoid tumor of the
tunica vaginalis in 3, a Sertoli-Leydig cell tumor in
2, an epidermoid cyst in 2, mucinous cystadenoma
in 1 and vascular hyperplastic lesions in 1 (table 3).
Finally, in 18 of the 147 cases (12%) no tumor was
found and there was normal parenchyma in 3,
testicular atrophy in 2, an inflammatory mass in 8,
hematomas in 2 and an abscess in 3.

In 17 cases (11.9%) multiple biopsies of the sur-
rounding parenchyma diagnosed ITGCNU. Of these
cases 15 (88.2%) were associated with seminoma, 1
(5.9%) was associated with a Leydig cell tumor and
1 (5.9%) was associated with an adenomatoid tumor.
RO was performed when ITGCNU was associated
with seminoma. In the other 2 cases ITGCNU was
associated with benign tumors. Those 2 patients
elected testis sparing and close US followup was
performed.

No postoperative complications were detected. No
patient underwent adjuvant treatment after RO
and none experienced recurrence or contralateral
metachronous seminoma at a median followup of 24
months. During followup no significant change was
observed in the postoperative fertility workup in the
benign groups. Particularly only 2 of the 36 patients
referred for infertility presented with testicular
cancer and underwent RO. Those 2 men elected not
to continue with fertility screening after surgery.

DISCUSSION
According to the EAU guidelines TSS can be
considered a viable alternative to RO in cases of
synchronous bilateral testis cancer, metachronous

Table 1. Cohort population general characteristics

Overall No Ca Ca p Value

No. pts (%) 147 126 (86) 21 (14) e
Mean � SD age/median (IQR) 35 � 11/33 (28e41) 35 � 1/34 (28e42) 33 � 7/32 (28e40) 0.364
No. clinical presentation (%): 0.034

Pain or lump 56 (38) 50 (89) 6 (11)
Infertility 36 (24.5) 34 (94.4) 2 (5.6)
Incidental 55 (37.5) 42 (76.4) 13 (23.6)

Mean � SD cm preop US size/median (IQR) 0.87 � 0.44/0.8 (0.5e1.2) 0.84 � 0.42/0.80 (0.50e1.20) 1.37 � 0.71/1.2 (0.90e1.75) 0.001
Mean � SD mins operative time/median (IQR) 94 � 35/90 (70e111) 94 � 36/90 (70e116) 95 � 27/98 (69e116) 0.652
Mean � SD mins ischemia time/median (IQR) 15.9 � 2.5/16 (15e18) 16 � 2.1/16 (15e18) 15 � 2.9/16 (14e17) 0.090
Mean � SD cm pathological size/median (IQR) 0.92 � 0.52/0.8 (0.5e1.2) 0.87 � 0.44/0.80 (0.5e1.12) 1.23 � 0.80/1.20 (0.55e1.80) 0.033
Mean � SD mos followup/median (IQR) 26 � 15/24 (16e32) 26 � 15/24 (16e32) 26 � 18/24 (12e32) 0.772

Figure 2. Testicular tumorectomy of Leydig cell tumor
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contralateral tumors or in a solitary testis with
normal preoperative serum hormone levels when
tumor volume is less than approximately 30% of
testicular volume.4 The amount of preserved
testicular parenchyma and the preoperative serum
concentrations of luteinizing hormone and testos-
terone particularly enable the decision to follow
such an approach. Furthermore, for bilateral
testicular tumors it was recommended to perform
RO of the testis with the largest mass and TSS of
the contralateral testis.16

Currently it is a widespread consensus that
masses less than 2 cm on preoperative US are
frequently found to be a benign neoplasm or a
nontumorous lesion on final pathology findings.6,17

Therefore, many groups have proposed TSS associ-
ated with FSE as a viable alternative to RO to treat
STMs.18 However, to our knowledge there is
currently no unique definition of a STM with a
maximum lesion diameter varying between 1 and
2.5 cm according to different investigators.6,18e22

In our study we enrolled 147 patients with a
solitary lesion 2 cm or less as the largest diameter
on preoperative US. Only the preoperative US
diameter of the lesion was a predictor of malig-
nancy. The risk of a malignant lesion increased
sevenfold per mm. At the best cutoff of 0.85 the
diameter of the lesion had 81% sensitivity, 58%
specificity, 24% positive predictive value and 95%
negative predictive value. Nevertheless, given the
sensitivity of FSE, in 99.3% of cases the FSE find-
ings were confirmed by the final pathology results,
approximately supporting the sensitivity reported
in other large series.18,23 In our opinion TSS could
also be offered as the first choice therapy of STMs
greater than 0.85 cm with the option of surgical
conversion to RO if malignancy is suspected on FSE.

It must be underlined that all patients enrolled in
our study were treated for testicular pathology at a
regional referral center. This probably confirms that
FSE sensitivity depends on pathologist experience.7

A STM was identified at surgery in 57% of cases by
straight palpation while in 42% intraoperative US
was needed but we found no difference in warm
ischemia time or procedure duration.14,24 In our
study 85 of the 147 patients (57%) presented with a
US lesion less than 1 cm, including 6 who presented
with testis cancer.

To date our study has confirmed that the proba-
bility of testis cancer in a patient with a small testic-
ular lesion (less than 1 cm) on US is less than 10%.
However, the small number of events did not allow for
a definitive conclusion or deeper analysis. Further
studies should be done to evaluate whether US fol-
lowup in these patients could further discriminate
benign vs malignant lesions according to the speed of
growth of the small mass detected on US.4,7,9,15

At the final pathology examination a surprisingly
elevated number of Leydig cell tumors were found
(54 of 147 cases or 36.7%). Despite what other
groups have suggested,25,26 in our series Leydig cell
tumors and Leydig cell hyperplasia in a total of 23
cases did not appear to be more significantly asso-
ciated with infertility than the other tumors. There
was no case of recurrence or metastasis, confirming
the safety of TSS to treat Leydig cell tumors, as
stated in another study with longer followup.25

In our series we found 6 cases of Sertoli cell tumor,
an uncommon neoplasm. Conservative management
is rarely reported for this type of tumor.8

ITGCNU was associated with seminoma in 88.2%
of patients. In these cases RO was performed,
resulting in all cases of a finding of pure seminoma
stage I-pT1 at final pathology. However, we also
found ITGCNU in 2 patients with a benign
neoplasm and the testis was spared according to
patient choice, notwithstanding the 50% reported
risk of cancer during the next 5 years.12,26e28

Adjuvant therapy12 was not performed in these 2
patients because of a desire to procreate, supported

Table 2. Cancer detection binary logistic regression analysis

OR (95% CI) p Value

Age 0.97 (0.92e1.03) 0.290
Clinical presentation:
Pain or lump Referent
Infertility 0.98 (0.17e5.66) 0.980
Incidental 2.52 (0.81e7.88) 0.111

Preop US size (mm) 6.62 (2.26e19.39) 0.001

Figure 3. ROC analysis of testis cancer detection according to

preoperative ultrasound size.
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by the possibility of delaying radiant treatment.4 In
the 2 patients testis cancer had not developed by 24
and 77 months of followup, respectively.

Considering the study population, final pathology
findings in 12.2% of cases revealed no neoplasm
while a benign neoplasm was found in 73.5% and a
malignant tumor was found in 14.3%. RO was per-
formed only in those cases. Currently all patients
are followed and no metastasis or recurrence was
reported, confirming the encouraging results in the
literature of the oncologic safety of TSS as STM
treatment.7e10,18,20,21

This study has some limitations. It is a retro-
spective study and there was a lack of preoperative
and postoperative data on the patient hormonal and
seminal profile because of the difficulty in collecting
information due to the multicenter design of the
study. Considering the retrospective nature of the
study, we could not also exclude that patients clas-
sified with incidental disease and who showed the
highest incidence of testicular cancer reported some
discomfort or pain which was not recorded in our
files.

There was also a lack of centralizing the patho-
logical reports, which were not reviewed by a single
pathologist but rather analyzed at each center by a
dedicated uropathologist. In our series we also
report a median of 16 minutes of ischemia time,
which is not always reproducible at all centers and
could be also related to the fact that all centers were
referral centers for infertility and testis surgery,
and a dedicated uropathologist was located on the

same level as the operating room. We also
acknowledge that sperm cord clamping and multi-
ple biopsies are not always necessary and could
induce unnecessary damage to Leydig cells. How-
ever, for the sake of homogeneity we included in the
analysis only patients who underwent the same
surgical technique, including sperm cord clamping
and multiple biopsies, at a total of 5 centers.

Furthermore, followup duration appeared to be
relatively short, considering that Leydig cell tumor
metastasis has been described up to 8 years after
RO.29 We also had no data on previous imaging,
considering that all of our study population was
undergoing the first observation at each institution
and no data on previous possible US examinations
were available or reported by patients.

Finally, our study mostly focused on the man-
agement of testicular benign lesions, considering
that only 14% of analyzed lesions were malignant.
Our experience does not impact the possible man-
agement of small testicular cancer in a solitary
testis or in patients with a normal contralateral
testis. However, all patients in our series presented
with a STM (less than 2 cm), which could have
potentially been malignant unless FSE or definitive
pathology had demonstrated the benign nature of
the lesion. Further studies should overcome our
limitations and better investigate the role of testis
sparing surgery in the management of testicular
cancer.

CONCLUSIONS
Our multicenter study confirms that STMs (less
than 20 mm) are often benign and do not always
require RO. Preoperative US can accurately assess
lesion size and the smaller the lesion, the less
likely that it will be malignant. Therefore, the
described stepwise approach to small testicular
nodules, which includes tumorectomy, FSE and
orchiectomy or testis sparing according to FSE re-
sults, might represent optimal treatment in the
presence of STMs. This strategy allows for safe
management of malignant lesions, avoiding un-
necessary sacrifice of the testis in patients with
benign lesions, which may lead to malpractice is-
sues. Therefore, we believe that TSS of STMs
should be warranted and further investigated for
wider adoption in the current treatment of testic-
ular tumors.
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The growing use of scrotal US as part of the infer-
tility workup and as an adjunct to physical exami-
nation has led to the increased detection of STMs.
While to our knowledge the best practice manage-
ment in these cases remains elusive, the current
series adjoining previous studies reiterates the
benign nature of many of these smaller tumors. The
ability of tumor size on preoperative US to predict
malignancy in this setting was good but far from
great (AUC 0.75). With this in mind it remains
reasonable to consider partial orchiectomy and
frozen section analysis as the best means to rule out
malignancy.

However, established guidelines recommend TSS
in unique circumstances of bilateral synchronous
tumors or a tumor in a solitary testis not comprising
more than 30% of total testis volume (reference 4 in
article). Thus, if partial orchiectomy is offered
to men with a contralateral healthy testis for

diagnostic purposes only (ie radical orchiectomy
would be done inevitably if malignancy is detected
on frozen section analysis), its clear advantage over
strict surveillance and surgical intervention upon
an increase in tumor size must be evident. With the
latter approach the risk of stage progression in men
who in fact harbor a small germ cell tumor appears
negligible.1

In my experience the oncologic safety of carefully
observing STMs using serial US in patients with
adequate compliance is equally effective, obviating
the potential deleterious impact of surgery on
fertility and endocrine testicular function without
compromising long-term outcomes.

Ofer Yossepowitch
Department of Urology

Tel Aviv Sourasky Medical Center

Tel Aviv, Israel
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REPLY BY AUTHORS

We agree that the ideal strategy in patients with a
STM would be to follow them with periodic US and
perform surgery only in those who show signifi-
cant growth during followup. This is our actual
policy in masses less than 5 mm in diameter. In
this group few patients required surgical explo-
ration during followup. It is likely that in cases of
such small lesions strict surveillance may not
change the progression of germinal tumors, as
reported by Bieniek et al, who noted a mean lesion
diameter of 4.14 � 2.0 mm (reference 1 in Editorial
Comment).

However, sparse data are available in the litera-
ture on the natural history of larger masses when
left untreated. Our study shows that even larger
lesions up to 20 mm in diameter may be benign,

indicating that strict surveillance might be justified
even for masses larger than 5 mm. Our experience
also demonstrates that with increasing lesion size
the risk of cancer significantly increases 7 times per
mm. This information could be used to better
counsel patients about the risk of harboring testic-
ular cancer and eventually better support a fol-
lowup strategy in patients with a STM.

We believe that 2 research lines which might help
us in the near future are 1) study of the individual
lesion growth rate, which could differentiate benign
from malignant lesions, and 2) new imaging diag-
nostic tests such as contrast enhanced US1 or
testicular magnetic resonance imaging, which
might improve the diagnostic performance of scrotal
US.
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