
Modern Pathology (2021) 34:834–841
https://doi.org/10.1038/s41379-020-00717-2

ARTICLE

Pathological predictors of metastatic disease in testicular non-
seminomatous germ cell tumors: which tumor-node-metastasis
staging system?

Glenda Scandura 1
● Thomas Wagner 2,3

● Luis Beltran4
● Constantine Alifrangis5 ● Jonathan Shamash5

●

Daniel M. Berney 1

Received: 25 June 2020 / Revised: 3 November 2020 / Accepted: 6 November 2020 / Published online: 15 December 2020
© The Author(s), under exclusive licence to United States & Canadian Academy of Pathology 2020

Abstract
Pathological risk factors for metastatic disease in patients with testicular non-seminomatous germ cell tumors are debated. The
tumor-node-metastasis (TNM) classification eighth edition for testicular cancers includes divergent versions, by the International
Union Against Cancer (UICC) and by the American Joint Committee for cancer (AJCC). We investigated pathological
predictors of metastatic disease at presentation in 219 non-seminomatous germ cell tumors with reference to both classifications.
Age, tumor size, percentage of embryonal carcinoma, lymphovascular invasion, invasion of stromal rete testis, hilar soft tissue,
epididymis, spermatic cord, and tunica vaginalis, as well as tumor at spermatic cord margin, were assessed and correlated with
clinical stage at presentation. Of the 219 NSGCT cases, 151 (69%) were clinical stage I, 68 (31%) were clinical stage II/III.
On univariate analysis, tumor size (P= 0.028), percentage of embryonal carcinoma (P= 0.004), lymphovascular invasion
(P= 0.001), stromal rete testis invasion (P= 0.001), hilar soft tissue invasion (P= 0.010), epididymis invasion (P= 0.010),
direct spermatic cord invasion (P= 0.001), and tumor at spermatic cord margin ((P= 0.009) were associated with higher clinical
stage. On multivariate analysis, lymphovascular invasion (P= 0.003), tumor size (P= 0.005), percentage of embryonal
carcinoma (P= 0.005), stromal rete testis invasion (P= 0.008) remained significant. A tumor size of 6 cm and an embryonal
carcinoma percentage of 70% were the significant cut-off values. We conclude that in addition to lymphovascular invasion,
stromal rete testis invasion, tumor size, and embryonal carcinoma percentage are strong predictors of metastatic disease at
presentation and their inclusion should be considered in any future TNM revision. Further, our results support the changes in the
AJCC TNM eighth edition as invasion of the epididymis and hilar soft tissue were both univariately significant.

Introduction

Testicular germ cell cancer is the most common malignancy
in men aged 15-44 years [1], with non-seminomatous germ

cell tumors (NSGCTs) diagnosed in 40% of the cases [2].
Approximately 70% of them present a testis-confined dis-
ease, clinical stage I, without clinical, serologic, or radi-
ological evidence of metastases [2]. However, up to one-
third of these patients have occult metastatic disease at
presentation and will relapse after orchiectomy alone [2, 3].
It is crucial then to identify the pathological risk factors that
could help to recognize and to accurately treat those patients
[4, 5].

Lymphovascular invasion (LVI) is a validated prognostic
factor for relapse in clinical stage I NSGCTs [2, 6–9]. Its
presence guides many clinicians in decisions on adjuvant
treatment [4, 10–12]. However, more uncertainty emerges
in regard to the identification of other pathological risk
factors, such as the percentage of embryonal carcinoma
(EC) and invasion into various paratesticular structures,
which may in part be due to controversy regarding the
reporting and staging of testicular tumors [13].
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Prior to the eighth edition of the American Joint Com-
mittee for cancer (AJCC) Tumor-Node-Metastasis (TNM)
[10, 14] staging system, one of the disagreements between
pathologists was the staging of epididymal and hilar soft
tissue invasion without lymphovascular invasion. This was
clearly highlighted by the results of a survey developed by
the European Network of Uro-Pathology (ENUP) [11]. For
instance, hilar soft tissue invasion was staged as pT1, pT2,
or pT3 by different pathologists. This discrepancy is an
example of how an inaccurate or misleading staging could
affect both multicenter studies and even decisions of adju-
vant therapy. The results of the survey have been taken into
account by the AJCC TNM staging eighth edition [10, 14]:
both hilar soft tissue invasion and epididymal invasion have
been upstaged to pT2. Tumor size has been included in the
classification for pure seminoma: pT1 is substaged as pT1a
(<3 cm) and pT1b (≥3 cm). However, no size evaluations
are included in the staging of NSGCTs. None of these
changes have been adopted by the Union for International
Cancer Control (UICC) TNM eighth edition [12], which is
the same as the seventh edition. Hence, epididymis invasion
is still staged as pT1, the staging of hilar soft tissue invasion
is unclear and tumor size is also not included. Therefore, we
wished to identify pathological predictors of higher clinical
stage with reference to both AJCC and UICC TNM staging
eighth edition classifications, aiming to investigate and to
clarify which staging method is more helpful in predicting
metastatic disease at presentation in NSGCTs.

Materials and methods

Pathologic and clinical data

Barts Health NHS Trust Database was searched from
January 2007 to December 2017. Anonymized pathological
reports were collected from all patients treated at Barts
Health NHS Trust and from our supraregional network for
cases referred in for review. The Systematized Nomen-
clature of Medicine Clinical Terms (SNOMED CT) and
various text search terms were used for data retrieval and to
search for the anatomical sites, surgical procedures, and
final histological diagnosis. In total, 275 pathological
reports were found for NSGCTs; of them, 219 were selected
because of complete pathological and clinical information
available. The pathology reports were reviewed by two
genitourinary expert pathologists (DB and LB) both of
whom had diagnosed or reassessed the cases at presentation.
The following pathological features were initially recorded
without knowledge of the clinical stage: the percentage of
embryonal carcinoma, tumor size (maximum tumor dia-
meter recorded macroscopically), lymphovascular invasion,
stromal rete testis invasion (pagetoid invasion is not

routinely assessed as it probably represents spread from
GCNIS), invasion of hilar soft tissue, epididymis, spermatic
cord, and tunica vaginalis as well as tumor at the spermatic
cord margin. Stromal rete testis invasion versus pagetoid
involvement was specifically recorded (Fig. 1). Age and
clinical data were obtained from medical records. Patients
were deemed to have clinical stage I disease if their post-
operative serum tumor markers were normal and there was
no evidence of metastases on a computer tomography (CT)
scan of chest, abdomen, and pelvis. Patients with metastatic
disease (clinical stage II/III) went on to receive
chemotherapy.

Ethical approval was obtained by Local Ethics Com-
mittee (REC No: 09/H0704/4+5) for the use of anonymized
data from Barts Health NHS Trust.

Statistical analysis

An independent t-test was used to compare the means of
two of the continuous variables, age and tumor size, nor-
mally distributed, between patients with clinical stage I and
clinical stage II/III. Median was also calculated for tumor
size. Embryonal carcinoma was considered both as a con-
tinuous and categorical variable. As continuous, the recor-
ded percentage was recorded and median was calculated
because of a skewed distribution; the median percentages of
the clinical stage I and clinical stage II/III were then com-
pared using Mann–Whitney. Binary categorical variables
(presence of embryonal carcinoma, lymphovascular inva-
sion, invasion of rete testis both pagetoid and stromal, hilar
soft tissue, epididymis, spermatic cord, and tunica vaginalis
as well as tumor at spermatic margin) were collected for
clinical stage I and clinical stage II/III; frequencies and
proportions were assessed. Univariate and multivariate
analyses were performed to compare clinical stage I versus
clinical stage II/III in relation to the pathological variables.

Fig. 1 Rete testis invasion in non-seminomatous germ cell tumor.
Histopathological examination revealing rete testis invasion by
embryonal carcinoma.
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Univariate analysis was performed using Fisher’s exact test
of independence. Logistic regression was performed in a
forward stepwise model. The stability of the model was
measured by a received operating curve (ROC) to assess the
performance of the significant variables involved in the
prediction of metastatic disease. Odds ratio (OR) and its
95% confidence interval (CI) were calculated for each
pathological variable. Fisher’s exact test of independence
was also used to evaluate the optimal tumor size cut-off (3,
4, 5, 6 cm) and percentage of embryonal carcinoma cut-off
(60%, 70%) to determine higher clinical stage. P < 0.05 was
set to be statistically significant for all tests. All statistical
analyses were completed using SPSS version 24 software
(SPSS Inc, IBM Corp).

Results

Clinical findings

Of the 219 cases, 151 cases (69%) were clinical stage I and
68 (31%) were clinical stage II/III (Table 1).

Pathologic findings

Of the 219 cases, lymphovascular invasion was found in
115/219 (52.5%), stromal rete testis invasion 70/219 (32%),
pagetoid rete testis invasion 15/219 (7%), hilar fat invasion
12/219 (5%), epididymis invasion 12/219 (5%), direct
spermatic cord invasion 9/219 (4%), tumor at spermatic
cord margins 4/219 (2%), and tunica vaginalis 6/219 (3%).
The clinical and pathological features in patients with
clinical stage I disease versus clinical stage II and III are
compared in Table 1.

Thirty-six cases (16%) had pure histology and 183 (84%)
cases showed a mixed component; 105 (57%) included a
seminomatous component (Table 2).

On univariate analysis, the parameters significantly
associated with higher clinical stage were: tumor size (P=
0.028), percentage of embryonal carcinoma (P= 0.004),
lymphovascular invasion (P= 0.001), stromal rete testis
invasion (P= 0.001), hilar soft tissue invasion (P= 0.010),
epididymis invasion (P= 0.010), direct spermatic cord
invasion (P= 0.001), and tumor at spermatic cord margin
(P= 0.009). However, on multivariate analysis, lympho-
vascular invasion (P= 0.003), tumor size (P= 0.005),
percentage of embryonal carcinoma (P= 0.005), and stro-
mal rete testis invasion (P= 0.008) were significant
(Table 3).

A logistic regression model using the four variables has
been tested and it is represented by the ROC curve, with an
area under the curve (AUC) of 0.757 (Fig. 2).

A tumor size of 6 cm was defined as optimal cut-off
(P= 0.03) to predict higher clinical stage (Table 4). The
optimal percentage of embryonal carcinoma cut-off point to
predict higher clinical stage was 70% (P= 0.020) (Table 5).

Discussion

In the present study, we identified lymphovascular invasion,
tumor size, percentage of embryonal carcinoma, and stro-
mal rete testis invasion as strong predictors of metastatic
disease at presentation in patients with NSGCTs. We found

Table 1 Comparison of pathological variables between clinical stage I
and clinical stage II/III.

Variables CS I
(n= 151)

CS II/III
(n= 68)

Total P value

Age, mean 30 years 36 years 219 0.124

Tumor size, mean 37 mm 43 mm 219 0.028

Tumor size,
median (IQR)

35 mm (22–50) 36 mm (27–60) 219 0.07

Median percentage of
EC (IQR)

60% (20–85) 85% (50–99) 219 0.005

Lymphovascular
invasion

0.001

No 86 (57%) 18 (27%) 104

Yes 65 (43%) 50 (73%) 115

Hilar soft tissue
invasion

0.010

No 147 (97%) 60 (88%) 207

Yes 4 (3%) 8 (12%) 12

Stromal rete testis
invasion

0.001

No 115 (76%) 34 (50%) 149

Yes 36 (24%) 34 (50%) 70

Pagetoid rete testis
invasion

1.000

No 140 (93%) 64 (94%) 204

Yes 11 (7%) 4 (6%) 15

Epididymis invasion 0.010

No 147 (97%) 60 (88%) 207

Yes 4 (3%) 8 (12%) 12

Direct spermatic cord
invasion

0.001

No 149 (99%) 60 (88%) 209

Yes 2 (1%) 8 (12%) 10

Tumor at spermatic
cord margin

0.009

No 151 (100%) 64 (94%) 215

Yes 0 4 (6%) 4

Tunica vaginalis
invasion

1.000

No 147 (97%) 66 (97%) 213

Yes 4 (3%) 2 (3%) 6

Presence of
embryonal carcinoma

0.974

No 18 (12%) 8 (12%) 26

Yes 133 (88%) 60 (88%) 193

CS clinical stage, EC embryonal carcinoma, IQR interquartile range.

836 G. Scandura et al.



that the optimal cut-off values to predict metastatic disease
at presentation were 6 cm and 70%, respectively, for tumor
size and percentage of embryonal carcinoma. Additionally,
although only significant in the univariate analysis, our data

support the upstaging of epididymis invasion and hilar soft
tissue invasion as pT2 in the AJCC TNM eighth edition
classification.

Despite much effort in the last four decades in identify-
ing pathological risk factors for metastatic disease in
NSGCTs, these are still debated, as clearly shown in the
differences reported in the two TNM classifications, AJCC
and the UICC TNM staging eighth editions. So far, only
lymphovascular invasion is considered a consistent pre-
dictor of metastatic disease and relapse in NSGCT as shown
in the EAU [15], NCCN [16], ESMO [17] guidelines,
confirmed in the literature [18–20] and further in our study.
Its presence highly influences the treatment decision toward
chemotherapy, rather than surveillance as the patients are
diagnosed as high risk of relapse. However, clinicians
cannot only be led by this single parameter, because it will
increase the chances of overtreatment, considering also the
fact that sometimes lymphovascular invasion is reported as
uncertain feature [21]. Daugaard et al. [2] shown that there
is a 5-year relapse rate of 18% if lymphovascular invasion is
the only pathological variable involved, while there is an
increase of 50% when there is a combination of lympho-
vascular invasion, rete testis invasion, and presence of
embryonal carcinoma; without these risk factors, the relapse
rate was 12%. Our study focused on a further selection and
identification of specific pathological risk factors involved
in the prediction of metastatic disease and/or relapse, to help
clinicians, who have to weigh pros and cons of treatments,
to both minimize relapse rate and to avoid unnecessary
overtreatment and toxicities in these young patients with a

Table 2 Number of cases with pure and mixed component histology.

Pure type of NSGCT No of cases (%) (n= 36)

Embryonal carcinoma 29 (81%)

Post pubertal-type teratoma 5 (14%)

Yolk sac tumor 2 (5%)

Mixed components No of cases (%) (n= 183)

Embryonal carcinoma 163 (88.5%)

Yolk sac tumor 114 (62%)

Seminoma 105 (57%)

Post pubertal-type teratoma 99 (54%)

Choriocarcinoma 50 (27%)

Trophoblastic elements 2 (1%)

No number, NSGCT non-seminomatous germ cell tumor.

Table 3 Multivariate logistic regression model showing potential
predictors of higher clinical stage.

Variables Multivariate logistic
regression model

OR (95% CI) P value

Lymphovascular invasion 0.363 (0.185–0.715) 0.003

Tumor size 1.027 (1.008–1.046) 0.005

Percentage of embryonal carcinoma 1.015 (1.005–1.026) 0.005

Stromal rete testis invasion 2.422 (1.260–4.655) 0.008

CI confidence interval, OR odds ratio.

Fig. 2 ROC curve showing the stability of the logistic regression
model. The Receiver Operating Characteristic (ROC) curve predicting
metastatic disease based on logistic regression model.

Table 4 Comparison of tumor size cut-off values between clinical
stages.

Tumor size (mm) Clinical stage I Clinical stage II/III P value

<3 cm 52 17 0.159

≥3 cm 99 51

<4 cm 85 35 0.508

≥4 cm 66 33

<5 cm 113 42 0.052

≥5 cm 38 26

<6 cm 129 50 0.039

≥6 cm 22 18

Table 5 Analysis of embryonal carcinoma percentage values in the
clinical stages.

Tumor size Clinical stage I Clinical stage II/III P value

<60% 72 23 0.058

≥60% 79 45

<70% 84 26 0.020

≥70% 67 42

Pathological predictors of metastatic disease in testicular non-seminomatous germ cell tumors: which. . . 837



long life expectancy. A list of previous studies reporting on
histopathological risk factors of relapse in patients with
clinical stage I in NSGCTs is summarized in Table 6.

Although it is well known that embryonal carcinoma is
considered a risk factor of relapse [15, 17, 22], one of the
main concerns in its evaluation is whether to assess it as a
percentage or a dichotomous variable (absent/present). In a
recent systematic review and meta-analysis, Blok et al. [18]
have evaluated the role of embryonal carcinoma in relapse,
in patients diagnosed with clinical stage I NSGCT. They
showed that the ORs for the presence and percentage of
embryonal carcinoma are similar in the risk of occult
metastatic disease, concluding that only the presence of
embryonal carcinoma is sufficient to identify patients at
high-risk. However, in our study, when embryonal carci-
noma was considered a dichotomous variable, no significant
differences were identified between clinical stage I and
clinical stage II/III. Only the percentage of embryonal car-
cinoma was a significant predictor of higher clinical stage
and the best percentage cut-off was ≥70%. This percentage
is in line with the cut-off range suggested in previous stu-
dies, which varies between 50 and 100% component in
mixed tumors [2, 23–27].

Differently from seminomas, where tumor size is a well-
known prognostic factor for metastatic disease and it is also
included in AJCC TNM eighth edition, there are discordant
opinions regarding its involvement in metastatic disease for
NSGCTs. Gumus et al. [28] have found that in a cohort of
201 clinical stage I NSGCTs, undergoing both on surveil-
lance or adjuvant treatment, tumor size, percentage of
embryonal carcinoma, and treatment options were inde-
pendent factors for relapse on multivariate analysis. The
significant tumor size cut-off was 4 cm. Roeleveld et al. [29]
also found an association of tumor size with relapse. The
cut-off value found significant in this case was 5 cm.
However, several other studies have not shown significant
correlation [19, 23, 30–33]. In our cohort, tumor size was a
significant predictor of higher stage in both univariate and
multivariate analyses but the definition of an accurate and
reliable cut-off has not been found. As the NSGCTs are
known to be more aggressive than seminoma, and although
tumor size seems to cover an important role in affecting the
clinical stage, the uncertainty of a specific cut-off requires
further studies to clarify the matter, prospectively and in
untreated series [34].

There is limited information in regard to rete testis
invasion as a risk factor of metastatic disease in NSGCTs.
Yilmaz et al. [19] have identified stromal spread into rete
testis as risk factor in metastatic disease at presentation, in
both univariate and multivariate analyses in a cohort of 148
NSGCTs cases. The involvement of rete testis invasion, in
combination with other factors such as testis histology,
clinical symptoms, tumor length, lymphovascular invasion,

and level of enzymes as lactate dehydrogenase (LDH),
β-Human chorionic gonadotropin (β-hCG), alpha-
fetoprotein (AFP), and follicle-stimulating hormone (FSH)
in metastatic NSGCTs was found also by Ruf et al. [35].
Our results support these findings. We have recorded and
assessed the role of the stromal rete testis invasion to the
clinical stage. Analysis showed that stromal rete testis
invasion is a strong significant variable involved in the
prediction of higher clinical stage. However, rete testis
invasion in the AJCC TNM and UICC staging eighth edi-
tion is still considered as pT1. This can be explained by the
fact that there is insufficient evidence to upstage it. One of
the possible reasons for this is that there has not been a clear
distinction between pagetoid and stromal spread in the
previous studies, especially when the data have been col-
lected from numerous centers and not centrally validated.
Further prospective studies should be conducted to better
understand the role, with particular regard to distinguish
pagetoid from stromal invasion [36].

Invasion of hilar soft tissue soft tissue and epididymis
were significant in our cohort on univariate analysis only.
The role of both variables in clinical stage I has not been
really well investigated previously but both have been
upstaged as pT2 in the AJCC TNM eighth edition. One of
the first studies to consider the prognostic role of hilar fat
invasion in metastatic disease by Yimaz et al. [19] indicated
that hilar soft tissue invasion was strongly associated with
metastatic disease at presentation on multivariate analysis
but it has not been specified whether there is association
with the risk of relapse in clinical stage I. Because epidi-
dymis and hilar soft tissue are both anatomically connected
and tumors usually cannot invade epididymis without also
invading hilar soft tissue, the epididymis invasion has also
been upstaged to pT2 under the AJCC eighth edition [37].
Further, all of these factors are intimately associated with
tumor size. However, despite the fact that both variables
represent a potential risk factor and that have been just
recently upstaged in the main guidelines, more studies are
required to clarify the role of prognastic risk factors, espe-
cially in view of the AJCC eighth edition [21].

In our cohort, direct spermatic cord invasion was uni-
variately significant in prediction of higher clinical stage,
confirming previous results by Yilmaz et al. [19]. Moreover,
Sanfrancesco et al. [38] showed that spermatic cord inva-
sion was more frequently found in clinical stage II/III dis-
ease compared with clinical stage I. However, evidences
demonstrating the involvement of spermatic cord invasion
in predicting higher clinical stage are limited. Tumor at
spermatic cord margins was not significantly associated
with higher clinical stage. It is a rare event and no further
studies have assessed it before.

Tunica vaginalis invasion is still considered pT2 in both
the UICC and AJCC TNM eighth editions. In our study, it

838 G. Scandura et al.
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was not significantly associated with higher clinical stage
or relapse. This further emphasizes the lack of critical
thought in the UICC eighth edition TNM classification,
which includes as T2 factors with no evidence of higher
risk disease while excluding others where good evidence
exists.

Limitations to this study include the fact that although
slides were centrally reviewed, the specimens were grossed
in a number of institutions leading to possible variability. In
our experience, however, most of the errors in reporting by
community pathologists are those of slide interpretation. In
the UK, the Royal College of Pathologists provides clear
grossing criteria for testicular tumors. However, as the
reports on the associations of soft tissue invasion were not
well reported at the time that the earliest cases of this cohort
were reported, and the fact that some were grossed in dis-
trict general hospital settings, it is possible that that this is
an underestimate of soft tissue invasion in this cohort.

We recognize that some of the proposed risk factors may
be prone to intra-observer variation. This is seen in a
number of studies where re-review of germ cell tumors has
found a significant error rate when tumors are reviewed by
experienced pathologists [39], and also the previous survey
result which showed differences in interpretation of findings
[11]. The AJCC eighth edition has made considerable
efforts to standardize some criteria such as the definition of
cord invasion to minimize this. Also recent guidance by
ESMO has suggested that where possible, germ cell
pathology should be reviewed by experts who see a suffi-
cient number of cases [17, 40].

One of the limitations of previous studies has been the
fact that they refer to old data not reviewed according to the
AJCC TNM eighth edition. Moreover, the vast majority of
studies, including our own, use either pathological surro-
gates for outcomes and non-standardized treatments.

In conclusion, while the pTNM classification should help
clinicians to better understand diagnosis and to treat patients
accurately, instead the presence of the two separate TNM
classification systems, AJCC and UICC eighth with their
significant discrepancies, generates uncertainty. In regard to
the role of the tumor size and the cut-off, we recommend
more prospective studies for a better understanding, in
relation also to the new AJCC eighth edition staging.
Moreover, considering that NSGCTs and seminomas have
different risk factors, including the embryonal carcinoma
and as shown in our previous study in seminoma [41], we
continue to advocate a separate TNM classification for pure
seminomas and mixed germ cell tumors. We suggest also
the inclusion of embryonal carcinoma for NSGCTs in any
further TNM classification. We would like also to highlight
the absolute importance of developing and implementing
one unified TNM classification to guarantee a worldwide,
standard and uniform staging system.
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