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Abstract: Background: In staging for testicular germ cell tumor (GCT), current guidelines lack
consensus regarding the measurement of retroperitoneal lymph node metastasis, concerning the
recommended plane and dimension. This exploratory study aimed to assess its impact on clinical
stage (cS) and therapy. Methods: We retrospectively examined 154 cSI (retroperitoneal lymph
nodes < 10 mm in axial short-axis diameter (SAD)) GCT patients, without adjuvant therapy and a
follow-up ≥ 24 months. Retroperitoneal lymph nodes were measured in staging images in different
dimensions (SAD and long-axis diameter (LAD)) and planes (axial, sagittal and coronal). Results:
Overall survival was 100%, with 82% free of recurrence after a median follow-up of 83 months. All
patients were classified as cSI, based on axial SAD (RECIST 1.1). However, significantly more patients
would have been classified as cSIIA (0% vs. 38% vs. 52%) or even cSIIB (0% vs. 1% vs. 25%) according
to axial LAD (SWENOTECA, German S3 guideline) or maximum LAD in any plane (EAU, ESMO,
AJCC and onkopedia) (p < 0.001). Overtreatment was predicted in 0%, 31% and 61% of patients based
on axial SAD, axial LAD and maximum LAD, while undertreatment was estimated at 18%, 10% and
2%, respectively, (p < 0.001). Conclusions: These findings indicate considerable variability in cS based
on current lymph node staging recommendations, suggesting that axial SAD (RECIST 1.1) could be
the most appropriate parameter for standardized guideline recommendations.

Keywords: germ cell tumor; testicular cancer; retroperitoneal lymph node metastasis; RECIST 1.1;
staging imaging; lymph node measurement

1. Introduction

Testicular germ cell tumors (GCT) are the most common malignancy among young
men between the ages of 20 and 40 years [1]. Although it is a very aggressive tumor
entity, cure rates and overall survival of the mostly young patients have steadily improved
for years due to advancements in treatment. However, long-term relative survival rate
gradually decreases, even after 30 years of follow-up, likely due to the adverse effects of
surgery, chemotherapy, or radiotherapy [2].

Staging in GCT patients to identify metastasis relies on cross-sectional imaging, which
determines the clinical stage (cS) as follows: cSI indicates a non-metastasized tumor,
cSII refers to retroperitoneal lymph node metastasis (IIA: ≥10–20 mm, IIB: >20–50 mm,
IIC: >50 mm), and cSIII represents distant lymph node and organ metastasis [3–7]. The size
of lymph nodes is consistently defined in current guidelines, but the specific dimensions—
short-axis diameter (SAD) and long-axis diameter (LAD)—and planes (axial, sagittal or
coronal), recommended for cross-sectional imaging, vary between sources [3–8]. The
Response Evaluation Criteria In Solid Tumors 1.1 (RECIST 1.1), the radiological standard
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for monitoring treatment response in solid tumors, recommends using the maximum
axial SAD [9]. In comparison, the maximum LAD in the axial plane is proposed by the
S3-guideline of the German Society of Urology (DGU) [4]. Similarly, the Swedish and
Norwegian Testicular Cancer Group (SWENOTECA) follows a “modified Royal Marsden
Hospital staging system”, also based on axial LAD [8]. Most other guidelines, including
those from the European Association of Urology (EAU) [3], the European Society for
Medical Oncology (ESMO) [5], the American Joint Committee on Cancer (AJCC) [7] and
onkopedia (Guidelines of the Medical Societies in Hematology and Medical Oncology of
German speaking countries) [6], rely on the maximum LAD in any plane following the
Tumor-Node-Metastasis (TNM) classification [10].

A recent survey of German urologists and genitourinary oncologists, specializing in
the treatment of GCT patients, highlighted the clinical impact of these inconsistencies. Of
the urologists surveyed, 55% used SAD in axial or any dimension, while 45% employed
LAD, mostly in the axial dimension [11]. This variance could lead to discrepancies in
staging (cS), which in turn affects treatment decisions, potentially leading to over- or
undertreatment. Overtreatment could expose patients to unnecessary acute and long-term
toxicities, while undertreatment may increase relapse risk. This is a very important issue,
as most GCT patients are young with a long life expectancy.

Therefore, the objective of this study was to compare the different lymph node mea-
surement approaches at initial staging with consecutive cS and therapy, aiming to identify
an optimal, standardized measurement parameter that balances the risks of over- and
undertreatment while mitigating relapse risk.

2. Patients and Methods
2.1. Study Population

We retrospectively identified all GCT patients with cSI, diagnosed and treated at the
Department of Urology, Federal Armed Forces Hospital in Koblenz, Germany, between 2000
and 2021 (n = 225). In our study, cSI was defined as retroperitoneal lymph nodes < 10 mm
in axial SAD on computed tomography. Staging was performed at orchiectomy. Patients
with suspiciously shaped lymph nodes, measuring <10 mm in axial SAD in the primary
landing zone, or those with questionable cSIIA (in axial SAD), were re-staged after six
weeks. They were only further examined, if marker-negative cSI was confirmed.

This exploratory study includes a total of 154 patients after orchiectomy without any
adjuvant therapy, with normalized postoperative serum tumor markers, and a follow-
up period ≥ 24 months. The entire patient inclusion/exclusion flowchart is depicted in
Figure S1. We adhered to the Standards for Reporting of Diagnostic Accuracy Studies
(STARD) recommendations [12].

Clinical data and pathological characteristics were assessed. The follow-up was
conducted according to the recommendations of the German Testicular Cancer Study
Group [4]. We defined relapse as enlargement of retroperitoneal lymph nodes ≥ 10 mm in
axial SAD, elevation of tumor markers or distant metastasis during follow-up. We obtained
ethical approval from the local ethics committee (2021-15756-retrospektiv).

2.2. Radiological Measurement

Two experienced uro-radiologists (KN, LK) independently measured retroperitoneal
lymph nodes using the software Siemens Healthineers syngo.via VB60A. In case of in-
consistent measurements concerning the largest lymph node in axial SAD, a consensus
reading followed. The largest lymph node in axial SAD was subsequently measured across
various dimensions (SAD and LAD) in the three different radiological planes: axial, sagittal
and coronal.

We did not define a lower threshold value. If lymph nodes were too small to be
precisely measured on 5-mm CT slices, a default value of 2.5 mm was applied for further
statistical analysis of these lymph nodes.
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2.3. Classification into Hypothetical Over-/Undertreatment

We also examined the differences in treatment resulting from the different lymph
node measurement recommendations regarding relapse occurrence. Consequently, we
concentrated on the threshold value for a pathological lymph node, defined as ≥10 mm
according to current guidelines.

Groups were defined as follows:

(1) correct staging/treatment

(a) lymph node < 10 mm (=̂cSI) and no relapse,
(b) lymph node ≥ 10 mm (=̂cS ≥ IIA) and relapse,

(2) overstaging/overtreatment = lymph node ≥ 10 mm (=̂cS ≥ IIA) and no relapse,
(3) understaging/undertreatment = lymph node < 10 mm (=̂cSI) and relapse.

In our study cohort, all patients were classified as cSI based on axial SAD and did not
receive any adjuvant therapy. Thus, overstaging or overtreatment in axial SAD was absent.
In comparison, according to the other lymph node measurements, which also included
patients classified as cSI, we further analyzed the patients classified as hypothetical cS ≥ IIA,
considering the need for the hypothetical adjuvant therapy they might have received.

Patients classified as “overtreated” would have undergone unnecessary radiotherapy
or chemotherapy (30/36Gy or 3× BEP). “Undertreatment” would have led to delayed
relapse diagnosis, potentially increasing cS and the International Germ Cell Cancer Collab-
orative Group (IGCCCG) risk group [13], thus necessitating more intense treatment—such
as 36Gy instead of 30Gy for seminoma (if cSIIB instead of cSIIA) or 4× BEP instead of
3× BEP (if IGCCCG risk group would have been intermediate or poor).

2.4. Statistical Analysis

For statistical analysis, we used IBM SPSS Statistics System for Windows, v29.0 (Ar-
monk, NY, USA). Categorical variables were presented as n (%), while continuous variables
were reported as the median with 1st and 3rd quartiles. Group comparisons for continuous
variables were performed using t-test, while categorial variables were analyzed using the
Kruskal–Wallis test, Mann–Whitney test and Pearson‘s Chi-square test. A p value < 0.05
was considered statistically significant and a 95% confidence interval (CI) was applied.
Effect sizes for mean differences between the different guideline recommendations on cS
and therapy were calculated according to Cohen (1988) [14]. The classification was as
follows: a small effect from r = 0.1, a medium effect from r = 0.3, and a large effect from
r = 0.5.

In addition to the overall cohort analysis, we categorized patients into recurrence-free
and those with recurrence during follow-up (≥24 months) after orchiectomy, to classify
into hypothetical over- and undertreatment. Group comparisons were conducted using the
aforementioned statistical tests. Binary logistic regression analysis was employed to deter-
mine associations between recurrence risk and histological risk factors. The corresponding
effect sizes were reported using Cohen’s f2 (1988) [14], with a small effect from f2 = 0.02, a
medium effect from f2 = 0.15, and a large effect from f2 = 0.35.

3. Results
3.1. Patient Characteristics

This study included a total of 154 cSI GCT patients. Seminoma and NSGCT (non-
seminomatous germ cell tumor) were present in 106 (69%) and 48 (31%) patients, respec-
tively. The majority had a low pT stage, with pT1 in 112 (73%) patients. Further patient
characteristics are detailed in Table S1. Overall survival (OS) was 100% with a median
follow-up of 83 (Q1 = 59; Q3 = 120) months. Relapse occurred in 27 (18%) patients, with a
median relapse time of 14 (Q1 = 9; Q3 = 29) months, which is shown in the Kaplan–Meier
curve in Figure S2. The relapse rates did not differ significantly between seminoma and
NSGCT patients (p = 0.255; Figure S3). Most relapses were located in retroperitoneal lymph
nodes (n = 25; 93%), while an exclusively mediastinal and inguinal lymph node relapse
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occurred in one patient (4%), respectively. Based on patients’ data, only initial pT stage
was substantially higher in relapsed patients (p = 0.043; Table 1). At relapse, most patients
(n = 19; 70%) presented with low-volume disease (cSIIA/B), and 26 (96%) patients were
categorized as having a good prognosis according to the IGCCCG classification, with one
patient (4%) classified as intermediate prognosis due to elevated serum tumor markers. No
relapse occurred with isolated elevation of tumor markers. The most common treatment
at relapse was 3–4× BEP (Bleomycin/Etoposide/Cisplatin) chemotherapy in 25 (93%)
patients, while two (7%) patients received radiotherapy.

Table 1. Clinical data of the study cohort (n = 154), comparison of patients with and without relapse.
Estimates were given as median (quartile 1, quartile 3) or frequency (percentage), p values were given
based on Mann–Whitney-, Pearson’s Chi-square- and t-test.

Clinical Parameters Patients without
Relapse

Patients with
Relapse p

number of patients, n (%) 127 (82) 27 (18)

patient age at diagnosis (years) 0.834
median (quartile 1, quartile 3) 35 (29, 42) 39 (26, 44)

tumor histology, n (%) 0.269
seminoma 85 (67) 21 (78)

non-seminoma 42 (33) 6 (22)
embryonal cell carcinoma 28 (22) 5 (19)

teratoma 26 (20) 0
choriocarcinoma 10 (8) 0
yolk sac tumor 14 (11) 2 (7)

seminoma 11 (9) 2 (7)

pT-stage, n (%) 0.043
1 96 (76) 16 (59)
2 22 (17) 9 (33)
3 2 (2) 1 (4)
4 0 0

unknown 7 (6) 1 (4)

testicular tumor size (mm) 0.053
median (quartile 1, quartile 3) 28 (18, 40) 35 (20, 60)

infiltration of rete testis, n (%)
unknown

23 (18)
14 (11)

9 (33)
4 (15) 0.139

lymphovascular invasion, n (%)
pL 16 (13) 5 (19) 0.648
pV 16 (13) 6 (22) 0.40

unknown 14 (11) 2 (7)

tumor marker nadir
median (quartile 1, quartile 3)

AFP (norm < 5.8 IU/mL) 2.4 (1.8, 3.3) 2.7 (2.1, 4.4) 0.413
ß-hCG (norm < 5 mIU/mL) 0.7 (0.3, 1.4) 0.4 (0, 1.3) 0.216

LDH (norm < 250 U/L) 173 (152, 203) 177 (154, 194) 0.913

follow-up (months) 0.326
median (quartile 1, quartile 3) 85 (56, 125) 81 (62, 89)

AFP = alpha fetoprotein, ß-hCG = human choriongonadotropin, LDH = lactate dehydrogenase.

3.2. Influence on cS

cS differed significantly depending on the radiological retroperitoneal lymph node
measurement recommended by different guidelines (p < 0.001; Figure 1). According to axial
SAD measurement (RECIST 1.1), all patients were classified as cSI. In contrast, according to
SWENOTECA and DGU, which recommend the axial LAD, only 94 (61%, CI [53.9, 68.2])
patients would be classified as cSI. Other guidelines, using the maximum LAD, would
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result in just 36 (23%, CI [17.5, 29.9]) patients being classified as cSI, with 80 (52%, CI [44.7,
59.1]) patients classified as cSIIA and even 38 (25%, CI [18.8, 30.7]) patients as cSIIB.
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Figure 1. Clinical stages of the study cohort (n = 154) according to the different lymph node measure-
ments (SAD/LAD in axial, sagittal and coronal plane), p < 0.001. Estimates were given as frequency
(percentage). cS = clinical stage, axSAD = axial SAD, sagSAD = sagittal SAD, corSAD = coronal SAD,
axLAD = axial LAD, sagLAD = sagittal LAD, corLAD = coronal LAD, max = maximum LAD in
any plane.

The discrepancy between RECIST 1.1 and SWENOTECA or DGU indicated a medium
effect size based on Cohen’s criteria (p < 0.001, r = 0.49). A medium effect size was also
shown for the comparison between SWENOTECA or DGU and the other guidelines (such
as EAU, ESMO, onkopedia, AJCC) (p < 0.001, r = 0.44). However, the difference between
RECIST 1.1 and the other guidelines demonstrated a large effect size according to Cohen
(p < 0.001, r = 0.77).

3.3. Influence on Therapy

The differing lymph node measurement methods recommended by current guide-
lines would also result in significantly different therapeutic recommendations (p < 0.001;
Table S2). Using axial SAD (RECIST 1.1), 120 (78%, CI [72.1, 83.8]) patients were classified
as cSI without risk factors, which led to a surveillance-based treatment. The remaining
34 (22%, CI [16.2, 27.9]) patients were classified as cSI with risk factors. They had the
choice between surveillance and adjuvant therapy (1× BEP or 1× Carboplatin AUC 7),
with all choosing surveillance. However, based on axial LAD (SWENOTECA, DGU) and
maximum LAD (other guidelines), the number of cSI patients without risk factors with
recommendation for surveillance would be only n = 77 (50%, CI [42.9, 57.6]) and n = 29
(19%, CI [13, 24.7]), respectively. In axial LAD, only 17 (11%, CI [7.1, 14.9]) patients, and
in maximum LAD, only 7 (5%, CI [1.9, 6.5]) patients would be classified as cSI with risk
factors. Substantially more patients would be diagnosed as metastasized with cSIIA/B
(n = 60; 39%, CI [32.5, 46.1] and n = 118; 77%, CI [69.7, 83.1]) and therefore would be treated
with 3× BEP, or for seminoma alternatively with 30/36Gy radiotherapy. In summary, stage-
appropriate therapy would hypothetically require 34 optional cycles of chemotherapy (BEP
or Carboplatin) for axial SAD (RECIST 1.1) compared to 361 for maximum LAD (other
guidelines) (Table S2).

Again, the differences between RECIST 1.1 and SWENOTECA or DGU and SWENOTECA
or DGU and the other guidelines presented a medium effect size according to Cohen (p < 0.001,
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r = 0.37, respectively). Meanwhile, the difference between RECIST 1.1 and the other guidelines
showed a large effect size according to Cohen (p < 0.001, r = 0.72).

3.4. Influence on Over-/Undertreatment

Significant differences were observed across the three groups (correct staging and
correct treatment, overstaging/overtreatment, understaging/undertreatment) depending
on the different lymph node measurements (p < 0.001), as summarized in Figure 2. By
using axial SAD, most patients would be treated appropriately (n = 127; 82%, CI [76.9, 87.7]).
In contrast, based on maximum LAD, the fewest patients would be treated correctly (n = 57;
37%, CI [30.5, 44.2]). Overtreatment would occur in axial SAD, axial LAD and maximum
LAD in 0%; 31%, CI [24.7, 38.3] and 61%, CI [53.9, 67.5] (p < 0.001), while undertreatment
would affect 18%, CI [12.3, 22.7]; 10%, CI [5.8, 14.3] and 2%, CI [0, 4.5] of the patients,
respectively, (p < 0.001).
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Figure 2. Categorization of the study cohort (n = 154) in the 3 different groups “correct stag-
ing/treatment”, “overstaging/overtreatment” and “understaging/undertreatment” according to the
different lymph node measurements (SAD and LAD in axial, sagittal and coronal plane), p < 0.001.
Estimates were given as frequency (percentage). axSAD = axial SAD, sagSAD = sagittal SAD,
corSAD = coronal SAD, axLAD = axial LAD, sagLAD = sagittal LAD, corLAD = coronal LAD,
max = maximum LAD in any plane.

3.5. Association between Histological Risk Factors and Relapse

We examined the histological risk factors such as tumor size and rete testis invasion
in seminoma patients, while LVI was assessed in NSGCT patients. We compared patients
with and without relapse. Among seminoma patients, only tumor size was significantly
larger in those who experienced relapse compared to those who remained relapse-free
(p = 0.026). The other parameters did not show substantial differences.

In binary logistic regression analysis, a significant correlation was observed between
tumor size and relapse in seminoma patients (p = 0.031). For each unit increase in tumor size,
the relative relapse probability increased by 3.3%, with a weak effect size (Cohen’s f2 = 0.09).
No significant association was found between LVI and relapse risk in NSGCT patients.
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4. Discussion

Our study population was representative regarding OS, age, time to relapse and
histology [15–17]. Only relapse rate in NSGCT was lower than expected compared to other
studies with 13% instead of the anticipated 15–50% [15,18]. Regarding seminoma, the 20%
relapse rate fell in the expected range of 5–30% [19–21]. In NSGCT, histological risk factors
were less present (LVI = 13%) than in seminoma patients (rete testis infiltration and testicular
tumor size = 26%), which might explain the lower relapse rate in the NSGCT cohort.

According to current guideline recommendations, the number of cS ≥IIA cases and
overtreatment was considerably higher when measuring maximum LAD, as proposed by
EAU, ESMO, AJCC and onkopedia, or maximum LAD in axial plane, as recommended by
SWENOTECA and DGU, compared to SAD in axial plane, as recommended by RECIST
1.1. “Undertreated” patients with a delayed relapse diagnosis, mostly based on SAD
measurement, could still be adequately treated with similar survival rates [20,22]. In the
event of a higher clinical stage at delayed relapse diagnosis, these patients would only
potentially receive a higher toxicity of chemo- or radiotherapy (one more cycle of BEP,
if IGCCCG ≥ intermediate, or 36Gy instead of 30Gy, only in seminoma if cSIIB instead
of cSIIA). In contrast, initial false-positive patients, mainly based on LAD measurement,
would be treated with unnecessary chemotherapy (at least 3× BEP) or radiotherapy (30Gy
or 36Gy) [3–7].

To date, this is the first study to examine the differences in cS and treatment based
on the inconsistent staging recommendations across various guidelines. Therefore, we
propose standardizing guidelines, to provide the best possible ratio between over- and
underdiagnosis, balancing the risk between unnecessary acute and long-term therapeutic
toxicity and relapse for the mostly young GCT patients [23]. Given the OS rate of 100% in
our cohort, the axial SAD, as recommended by RECIST 1.1, might be the most appropriate
parameter for lymph node staging, as it resulted in the lowest rate of overtreatment without
increasing the rate of recurrence.

RECIST 1.1 is the established radiological guideline in other oncological diseases
for the evaluation of lymph nodes, leading to consistent diagnostic and therapeutic re-
sults [9,24]. While it does not seem applicable to treatment monitoring of new targeted
tumor therapies, it remains the standard recommendation for staging and follow-up of
conventional chemo- and radiotherapeutic therapies [25]. In addition, using an already
established radiological parameter could be more suitable for hospitals that are not special-
ized in treating GCT.

The threshold value ≥ 10 mm in axial SAD is also commonly used for primary lymph
node staging in various other oncological diseases, and in men’s most common tumors:
prostate-, lung- and colorectal cancer. However, its diagnostic reliability is well discussed
due to its low sensitivity [26–28]. For diagnostic enhancement in these tumors, other
criteria in addition to the lymph node size, such as radioligand imaging, were adapted and
are nowadays standardly used [29,30]. However, the therapeutic consequences of cross-
sectional imaging differ substantially between the aforementioned tumors and GCT. While
those tumors predominantly refer to histopathological assessment of regional lymph nodes
that have been resected in primary surgery to determine possible adjuvant therapy, GCT
depends on accurately analyzing retroperitoneal lymph node metastasis in cross-sectional
imaging for staging and treatment [3–7].

Yet, cross-sectional imaging as a diagnostic tool has its limitations in accuracy for
staging. Therefore, further approaches for adequate risk stratification and individualized
therapy for patients have been established. For cSI, there are well-known histological risk
factors: for seminoma tumor size > 4 cm and rete testis invasion; for NSGCT LVI. Our
results revealed a significant association only between tumor size and the occurrence of
relapse in seminoma patients, suggesting that established risk factors provide only an
approximation of optimal relapse prediction. Consequently, recent studies have sought to
refine prognostic models by incorporating additional factors to better stratify patients and
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once again, reduce overtreatment [31,32]. Furthermore, the combination of radiological
staging and serum tumor markers might enhance diagnostic reliability of GCT [33].

Since conventional serum tumor markers have only limited sensitivity and specificity,
extensive research into new tumor markers for GCT has been conducted in recent decades.
A relatively new approach is measuring microRNA (miR)-371a-3p levels as a biomarker in
serum. Its sensitivity and specificity are superior to conventional serum tumor markers
(>90% vs. 50%) and it correlates strongly with tumor burden and cS of GCT (except
teratoma) [34,35]. Furthermore, it is a promising diagnostic tool concerning the early
detection of recurrence during follow-up of GCT patients [35,36]. However, it is not
yet established in clinical practice. Another attempt to reduce overtreatment in marker-
negative NSGCT cSIIA patients is the re-staging imaging after six weeks. According to
the current EAU guideline, GCT patients should be treated like cSI, if the lymph node
metastases decrease. If the metastases remain stable, further staging should be completed
after six weeks; if the metastases remain unchanged, primary retroperitoneal lymph node
dissection (RPLND) should be performed. Chemotherapy should be applied if the tumor
markers are positive or if the tumor progresses to cSIIB [3]. Moreover, in patients with
low-volume metastatic cSIIA/B seminoma, ongoing research into primary RPLND seeks to
spare patients the need for chemotherapy [37].

Staging imaging in GCT can also be enhanced through Radiomics, a machine learning
algorithm that predicts lymph node metastasis by analyzing large imaging databases [38].
In particular, the combined “radiomics-clinical model,” which incorporates additional
clinical factors, appears to outperform “radiomics-only” prediction models [38]. It should
be noted that those Radiomics studies focusing on initial staging imaging in GCT, lack histo-
logical confirmation of lymph node metastasis. Nevertheless, a study evaluating Radiomics
for predicting malignant retroperitoneal lymph nodes prior to RPLND in NSGCT, which
included histological validation, also highlighted Radiomics as a promising diagnostic
tool [39].

Remarkably, some GCT studies fail to provide specific definitions of the planes and
dimensions employed for their radiological lymph node measurements, which were used
for clinically staging their study cohort [15,17,19,34]. This lack of standardization in study
protocols raises doubts about the overall comparability of prior GCT studies at specified cS.
Differing lymph node size criteria in other oncological studies were also the main reason to
implement RECIST 1.1 as a standardized reference, which has already demonstrated its
value by ensuring consistent diagnosis, treatment and comparability in clinical trials for
patients across different studies [24].

Adapting staging criteria in international guidelines also has ethical implications.
On the one hand, understaging may lead to preventable harm for the patients, due to an
insufficient initial evaluation of their disease, compromising their prognosis and well-being.
On the other hand, overstaging may result in overtreatment by causing avoidable harm
when the disease could have been managed with less aggressive approaches. In general, a
physician should discuss all benefits and risks of different treatment options, so patients
are properly informed and can accept or refuse any recommended medical treatment [40].
As understaging in GCT patients is very likely to result in similar survival rates [20,22], we
regard it as the preferable option for these patients. However, borderline cases, such as
patients with an axial SAD of 10 mm ± 2 mm, could be monitored more closely with earlier
follow-up imaging, similar to the approach used for NSGCT patients with questionable cSI.

Our study’s retrospective design and the limited sample size (n = 154) present certain
limitations. Therefore, this study should be viewed primarily as hypothesis-generating,
providing a basis for further research. A prospective multicenter study with a larger study
cohort, corresponding to a robust power analysis, is essential to draw definitive conclusions
for clinical practice and, ultimately, to contribute to the adaptation of international guidelines.

Due to our inclusion criteria, axial SAD < 10 mm as maximum for the lymph node
size and no adjuvant therapy after orchiectomy, the study cohort is possibly biased in favor
of patients with an overall better prognosis. Possibly, patients with generally “smaller”
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and therefore more benign lymph nodes were included. Moreover, some patients with
risk factors who received adjuvant therapy after initial staging were excluded. This would
predominantly apply to NSGCT patients as they have a higher risk of recurrence at cSI than
seminoma patients. These factors might have influenced our findings regarding relapse
rates, particularly in relation to our limited cohort size. However, these inclusion criteria
should be maintained in future prospective studies, though patient selection biases would
be minimized in such a design.

Yet, our cohort is contemporary and representative, because a variety of different
lymph node sizes was analyzed. We even included patients with lymph nodes ≥10 mm in
cross-sectional imaging in all measurements but the axial SAD measurement. Additionally,
most relapses were diagnosed only radiologically and not by histological evaluation, as is
commonplace in clinical practice.

5. Conclusions

Our study reveals that inconsistency in current guidelines leads to very different
clinical stages and treatment recommendations in GCT patients. There is an urgent need
for lymph node measurement standardization to reduce avoidable acute and long-term
therapeutic toxicity. Considering the OS rate of 100% and a non-elevated relapse rate in
our cohort, using axial SAD as recommended by RECIST 1.1 resulted in the lowest rate of
overtreatment. Consequently, this method may represent the best approach for a consistent
lymph node staging. As our study was only exploratory, standardization of guideline
recommendations requires further investigation through a prospective multicenter study.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm13185553/s1, Figure S1: The flowchart summarizes patient
accrual according to STARD recommendations. Figure S2: Kaplan–Meier survival curve of the entire
study cohort (n = 154) with a minimum follow-up of 27 months and a maximum of 286 months.
Figure S3: Kaplan–Meier survival curve of the study cohort separated by seminoma (n = 106)
(blue line) and NSGCT (n = 48) (red line) patients. Table S1: Clinical parameters of the study
cohort (n = 154). Estimates were given as median (quartile 1, quartile 3) or frequency (percentage).
Table S2: Treatment recommendations for the study cohort (n = 154) depending on the different
lymph node measurements/guidelines.

Author Contributions: Conceptualization, A.S. and T.N.; Data curation, A.S., K.N., J.S., L.K. and T.N.;
Formal analysis, A.S. and T.N.; Supervision, T.N.; Writing—original draft, A.S. and T.N.; Writing—
review and editing, K.N., J.S., L.K., S.W. and H.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Institutional Review Board Statement: The study complies with the Declaration of Helsinki, and
local ethics committee approval was obtained (2021-15756-retrospektiv). All authors adhere to the
Ethical Policies of the Journal.

Informed Consent Statement: The present study is a retrospective one; for this type of study formal
consent is not required.

Data Availability Statement: The data of this study are available from the corresponding author
upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Scott, A.R.; Stoltzfus, K.C.; Tchelebi, L.T.; Trifiletti, D.M.; Lehrer, E.J.; Rao, P.; Bleyer, A.; Zaorsky, N.G. Trends in Cancer Incidence

in US Adolescents and Young Adults, 1973–2015. JAMA Netw Open 2020, 3, e2027738. [CrossRef] [PubMed]
2. Kvammen, O.; Myklebust, T.A.; Solberg, A.; Moller, B.; Klepp, O.H.; Fossa, S.D.; Tandstad, T. Long-term Relative Survival after

Diagnosis of Testicular Germ Cell Tumor. Cancer Epidemiol. Biomarkers Prev. 2016, 25, 773–779. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/jcm13185553/s1
https://www.mdpi.com/article/10.3390/jcm13185553/s1
https://doi.org/10.1001/jamanetworkopen.2020.27738
https://www.ncbi.nlm.nih.gov/pubmed/33258907
https://doi.org/10.1158/1055-9965.EPI-15-1153
https://www.ncbi.nlm.nih.gov/pubmed/26908435


J. Clin. Med. 2024, 13, 5553 10 of 11

3. European Association of Urology. EAU Guidelines on Testicular Cancer, Updated Version, 2024. Available online: https:
//uroweb.org/guidelines/testicular-cancer (accessed on 10 August 2024).

4. Deutsche Gesellschaft für Urologie e.V., German Testicular Cancer Study Group. Leitlinienprogramm Onkologie: S3-Leitlinie
Diagnostik, Therapie und Nachsorge der Keimzelltumoren des Hodens, Langversion 1.1. Available online: https://www.
leitlinienprogramm-onkologie.de/leitlinien/hodentumoren (accessed on 10 August 2024).

5. Oldenburg, J.; Berney, D.M.; Bokemeyer, C.; Climent, M.A.; Daugaard, G.; Gietema, J.A.; De Giorgi, U.; Haugnes, H.S.; Huddart,
R.A.; Leao, R.; et al. Testicular seminoma and non-seminoma: ESMO-EURACAN Clinical Practice Guideline for diagnosis,
treatment and follow-up. Ann. Oncol. 2022, 33, 362–375. [CrossRef]

6. Deutsche Gesellschaft für Hämatologie und Medizinische Onkologie e.V. onkopedia-Leitlinien: Keimzelltumoren des Mannes.
Available online: https://www.onkopedia.com/de/onkopedia/guidelines/keimzelltumoren-des-mannes/@@guideline/html/
index.html (accessed on 10 August 2024).

7. American Joint Committee on Cancer. AJCC Cancer Staging Manual, 8th ed.; Springer International Publishing: Cham, Switzer-
land, 2017.

8. SWENOTECA Group. SWENOTECA X—A Cancer Care Program for Germ Cell Tumours, Updated Version, 2023. Available
online: https://www.swenoteca.org/_files/ugd/4cd1b0_548866c170cd4420a4c1d5e51d4681a5.pdf (accessed on 10 August 2024).

9. Eisenhauer, E.A.; Therasse, P.; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.; Gwyther, S.; Mooney, M.;
et al. New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. J. Cancer 2009, 45, 228–247.
[CrossRef] [PubMed]

10. Brierley, J.D.; Gospodarowicz, M.K.; Wittekind, C. The TNM Classification of Malignant Tumours, 8th ed.; Wiley Blackwell: Oxford,
UK, 2017.

11. Schoch, J.; Haunschild, K.; Strauch, A.; Nestler, K.; Schmelz, H.; Paffenholz, P.; Pfister, D.; Persigehl, T.; Heidenreich, A.;
Nestler, T. German specialists treating testicular cancer follow different guidelines with resulting inconsistency in assessment of
retroperitoneal lymph-node metastasis: Clinical implications and possible corrective measures. World J. Urol. 2023, 41, 1353–1358.
[CrossRef]

12. Bossuyt, P.M.; Reitsma, J.B.; Bruns, D.E.; Gatsonis, C.A.; Glasziou, P.P.; Irwig, L.; Lijmer, J.G.; Moher, D.; Rennie, D.; de Vet, H.C.;
et al. STARD 2015: An updated list of essential items for reporting diagnostic accuracy studies. BMJ 2015, 351, h5527. [CrossRef]

13. International Germ Cell Consensus Classification: A prognostic factor-based staging system for metastatic germ cell cancers.
International Germ Cell Cancer Collaborative Group. J. Clin. Oncol. 1997, 15, 594–603. [CrossRef]

14. Cohen, J. Statistical Power Analysis for the Behavorial Sciences; Lawrence Erlbaum Associates: Hillsdale, MI, USA, 1988.
15. Kollmannsberger, C.; Tandstad, T.; Bedard, P.L.; Cohn-Cedermark, G.; Chung, P.W.; Jewett, M.A.; Powles, T.; Warde, P.R.;

Daneshmand, S.; Protheroe, A.; et al. Patterns of relapse in patients with clinical stage I testicular cancer managed with active
surveillance. J. Clin. Oncol. 2015, 33, 51–57. [CrossRef]

16. Ruf, C.G.; Isbarn, H.; Wagner, W.; Fisch, M.; Matthies, C.; Dieckmann, K.P. Changes in epidemiologic features of testicular germ
cell cancer: Age at diagnosis and relative frequency of seminoma are constantly and significantly increasing. Urol. Oncol. 2014, 32,
33.e1–e6. [CrossRef]

17. Nayan, M.; Jewett, M.A.; Hosni, A.; Anson-Cartwright, L.; Bedard, P.L.; Moore, M.; Hansen, A.R.; Chung, P.; Warde, P.; Sweet, J.;
et al. Conditional Risk of Relapse in Surveillance for Clinical Stage I Testicular Cancer. Eur. Urol. 2017, 71, 120–127. [CrossRef]

18. Blok, J.M.; Pluim, I.; Daugaard, G.; Wagner, T.; Jozwiak, K.; Wilthagen, E.A.; Looijenga, L.H.J.; Meijer, R.P.; Bosch, J.; Horenblas, S.
Lymphovascular invasion and presence of embryonal carcinoma as risk factors for occult metastatic disease in clinical stage I
nonseminomatous germ cell tumour: A systematic review and meta-analysis. BJU Int. 2020, 125, 355–368. [CrossRef] [PubMed]

19. Aparicio, J.; Germa, J.R.; Garcia del Muro, X.; Maroto, P.; Arranz, J.A.; Saenz, A.; Barnadas, A.; Dorca, J.; Guma, J.; Olmos, D.;
et al. Risk-adapted management for patients with clinical stage I seminoma: The Second Spanish Germ Cell Cancer Cooperative
Group study. J. Clin. Oncol. 2005, 23, 8717–8723. [CrossRef] [PubMed]

20. Mortensen, M.S.; Bandak, M.; Kier, M.G.; Lauritsen, J.; Agerbaek, M.; Holm, N.V.; von der Maase, H.; Daugaard, G. Surveillance
versus adjuvant radiotherapy for patients with high-risk stage I seminoma. Cancer 2017, 123, 1212–1218. [CrossRef] [PubMed]

21. Boormans, J.L.; Mayor de Castro, J.; Marconi, L.; Yuan, Y.; Laguna Pes, M.P.; Bokemeyer, C.; Nicolai, N.; Algaba, F.; Oldenburg,
J.; Albers, P. Testicular Tumour Size and Rete Testis Invasion as Prognostic Factors for the Risk of Relapse of Clinical Stage I
Seminoma Testis Patients Under Surveillance: A Systematic Review by the Testicular Cancer Guidelines Panel. Eur. Urol. 2018, 73,
394–405. [CrossRef]

22. Tandstad, T.; Smaaland, R.; Solberg, A.; Bremnes, R.M.; Langberg, C.W.; Laurell, A.; Stierner, U.K.; Stahl, O.; Cavallin-Stahl, E.K.;
Klepp, O.H.; et al. Management of seminomatous testicular cancer: A binational prospective population-based study from the
Swedish norwegian testicular cancer study group. J. Clin. Oncol. 2011, 29, 719–725. [CrossRef]

23. Agrawal, V.; Dinh, P.C., Jr.; Fung, C.; Monahan, P.O.; Althouse, S.K.; Norton, K.; Cary, C.; Einhorn, L.; Fossa, S.D.; Adra, N.; et al.
Adverse Health Outcomes Among US Testicular Cancer Survivors After Cisplatin-Based Chemotherapy vs Surgical Management.
JNCI Cancer Spectr. 2020, 4, pkz079. [CrossRef]

24. Ruchalski, K.; Braschi-Amirfarzan, M.; Douek, M.; Sai, V.; Gutierrez, A.; Dewan, R.; Goldin, J. A Primer on RECIST 1.1 for
Oncologic Imaging in Clinical Drug Trials. Radiol. Imaging Cancer 2021, 3, e210008. [CrossRef]

25. Grimaldi, S.; Terroir, M.; Caramella, C. Advances in oncological treatment: Limitations of RECIST 1.1 criteria. Q. J. Nucl. Med.
Mol. Imaging 2018, 62, 129–139. [CrossRef]

https://uroweb.org/guidelines/testicular-cancer
https://uroweb.org/guidelines/testicular-cancer
https://www.leitlinienprogramm-onkologie.de/leitlinien/hodentumoren
https://www.leitlinienprogramm-onkologie.de/leitlinien/hodentumoren
https://doi.org/10.1016/j.annonc.2022.01.002
https://www.onkopedia.com/de/onkopedia/guidelines/keimzelltumoren-des-mannes/@@guideline/html/index.html
https://www.onkopedia.com/de/onkopedia/guidelines/keimzelltumoren-des-mannes/@@guideline/html/index.html
https://www.swenoteca.org/_files/ugd/4cd1b0_548866c170cd4420a4c1d5e51d4681a5.pdf
https://doi.org/10.1016/j.ejca.2008.10.026
https://www.ncbi.nlm.nih.gov/pubmed/19097774
https://doi.org/10.1007/s00345-023-04364-5
https://doi.org/10.1136/bmj.h5527
https://doi.org/10.1200/JCO.1997.15.2.594
https://doi.org/10.1200/JCO.2014.56.2116
https://doi.org/10.1016/j.urolonc.2012.12.002
https://doi.org/10.1016/j.eururo.2016.07.013
https://doi.org/10.1111/bju.14967
https://www.ncbi.nlm.nih.gov/pubmed/31797520
https://doi.org/10.1200/JCO.2005.01.9810
https://www.ncbi.nlm.nih.gov/pubmed/16260698
https://doi.org/10.1002/cncr.30458
https://www.ncbi.nlm.nih.gov/pubmed/27893934
https://doi.org/10.1016/j.eururo.2017.09.025
https://doi.org/10.1200/JCO.2010.30.1044
https://doi.org/10.1093/jncics/pkz079
https://doi.org/10.1148/rycan.2021210008
https://doi.org/10.23736/S1824-4785.17.03038-2


J. Clin. Med. 2024, 13, 5553 11 of 11

26. Sankineni, S.; Brown, A.M.; Fascelli, M.; Law, Y.M.; Pinto, P.A.; Choyke, P.L.; Turkbey, B. Lymph node staging in prostate cancer.
Curr. Urol. Rep. 2015, 16, 30. [CrossRef]

27. de Langen, A.J.; Raijmakers, P.; Riphagen, I.; Paul, M.A.; Hoekstra, O.S. The size of mediastinal lymph nodes and its relation with
metastatic involvement: A meta-analysis. Eur. J. Cardiothorac. Surg. 2006, 29, 26–29. [CrossRef]

28. Miao, S.S.; Lu, Y.F.; Chen, H.Y.; Liu, Q.M.; Chen, J.Y.; Pan, Y.; Yu, R.S. Contrast-enhanced CT imaging for the assessment of lymph
node status in patients with colorectal cancer. Oncol. Lett. 2020, 19, 3451–3458. [CrossRef] [PubMed]

29. Fendler, W.P.; Eiber, M.; Beheshti, M.; Bomanji, J.; Calais, J.; Ceci, F.; Cho, S.Y.; Fanti, S.; Giesel, F.L.; Goffin, K.; et al. PSMA
PET/CT: Joint EANM procedure guideline/SNMMI procedure standard for prostate cancer imaging 2.0. Eur. J. Nucl. Med. Mol.
Imaging 2023, 50, 1466–1486. [CrossRef] [PubMed]

30. Chow, K.M.; So, W.Z.; Lee, H.J.; Lee, A.; Yap, D.W.T.; Takwoingi, Y.; Tay, K.J.; Tuan, J.; Thang, S.P.; Lam, W.; et al. Head-to-head
Comparison of the Diagnostic Accuracy of Prostate-specific Membrane Antigen Positron Emission Tomography and Conventional
Imaging Modalities for Initial Staging of Intermediate- to High-risk Prostate Cancer: A Systematic Review and Meta-analysis.
Eur. Urol. 2023, 84, 36–48. [CrossRef] [PubMed]

31. Wagner, T.; Toft, B.G.; Lauritsen, J.; Bandak, M.; Christensen, I.J.; Engvad, B.; Kreiberg, M.; Agerbaek, M.; Dysager, L.; Carus, A.;
et al. Prognostic factors for relapse in patients with clinical stage I testicular non-seminoma: A nationwide, population-based
cohort study. Eur. J. Cancer 2024, 202, 114025. [CrossRef] [PubMed]

32. Boormans, J.L.; Sylvester, R.; Anson-Cartwright, L.; Glicksman, R.M.; Hamilton, R.J.; Hahn, E.; Daugaard, G.; Lauritsen, J.;
Wagner, T.; Avuzzi, B.; et al. Prognostic Factor Risk Groups for Clinical Stage I Seminoma: An Individual Patient Data Analysis
by the European Association of Urology Testicular Cancer Guidelines Panel and Guidelines Office. Eur. Urol. Oncol. 2024, 7,
537–543. [CrossRef]

33. Pierorazio, P.M.; Cheaib, J.G.; Tema, G.; Patel, H.D.; Gupta, M.; Sharma, R.; Zhang, A.; Bass, E.B. Performance Characteristics
of Clinical Staging Modalities for Early Stage Testicular Germ Cell Tumors: A Systematic Review. J. Urol. 2020, 203, 894–901.
[CrossRef]

34. 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]

35. Nestler, T.; Schoch, J.; Belge, G.; Dieckmann, K.P. MicroRNA-371a-3p-The Novel Serum Biomarker in Testicular Germ Cell Tumors.
Cancers 2023, 15, 3944. [CrossRef]

36. Belge, G.; Dumlupinar, C.; Nestler, T.; Klemke, M.; Torzsok, P.; Trenti, E.; Pichler, R.; Loidl, W.; Che, Y.; Hiester, A.; et al.
Detection of Recurrence through microRNA-371a-3p Serum Levels in a Follow-up of Stage I Testicular Germ Cell Tumors in the
DRKS-00019223 Study. Clin. Cancer Res. 2024, 30, 404–412. [CrossRef]

37. Daneshmand, S.; Cary, C.; Masterson, T.; Einhorn, L.; Adra, N.; Boorjian, S.A.; Kollmannsberger, C.; Schuckman, A.; So, A.;
Black, P.; et al. Surgery in Early Metastatic Seminoma: A Phase II Trial of Retroperitoneal Lymph Node Dissection for Testicular
Seminoma With Limited Retroperitoneal Lymphadenopathy. J. Clin. Oncol. 2023, 41, 3009–3018. [CrossRef]

38. Lisson, C.S.; Manoj, S.; Wolf, D.; Lisson, C.G.; Schmidt, S.A.; Beer, M.; Thaiss, W.; Bolenz, C.; Zengerling, F.; Goetz, M. Radiomics
and Clinicopathological Characteristics for Predicting Lymph Node Metastasis in Testicular Cancer. Cancers 2023, 15, 5630.
[CrossRef] [PubMed]

39. Baessler, B.; Nestler, T.; Pinto Dos Santos, D.; Paffenholz, P.; Zeuch, V.; Pfister, D.; Maintz, D.; Heidenreich, A. Radiomics
allows for detection of benign and malignant histopathology in patients with metastatic testicular germ cell tumors prior to
post-chemotherapy retroperitoneal lymph node dissection. Eur. Radiol. 2020, 30, 2334–2345. [CrossRef] [PubMed]

40. American Medical Association, Code of Ethics, Updated Version, 2024. Available online: https://code-medical-ethics.ama-assn.
org/ (accessed on 7 September 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s11934-015-0505-y
https://doi.org/10.1016/j.ejcts.2005.10.002
https://doi.org/10.3892/ol.2020.11454
https://www.ncbi.nlm.nih.gov/pubmed/32269618
https://doi.org/10.1007/s00259-022-06089-w
https://www.ncbi.nlm.nih.gov/pubmed/36604326
https://doi.org/10.1016/j.eururo.2023.03.001
https://www.ncbi.nlm.nih.gov/pubmed/37032189
https://doi.org/10.1016/j.ejca.2024.114025
https://www.ncbi.nlm.nih.gov/pubmed/38531266
https://doi.org/10.1016/j.euo.2023.10.014
https://doi.org/10.1097/JU.0000000000000594
https://doi.org/10.1200/JCO.18.01480
https://doi.org/10.3390/cancers15153944
https://doi.org/10.1158/1078-0432.CCR-23-0730
https://doi.org/10.1200/JCO.22.00624
https://doi.org/10.3390/cancers15235630
https://www.ncbi.nlm.nih.gov/pubmed/38067334
https://doi.org/10.1007/s00330-019-06495-z
https://www.ncbi.nlm.nih.gov/pubmed/31828413
https://code-medical-ethics.ama-assn.org/
https://code-medical-ethics.ama-assn.org/

	Introduction 
	Patients and Methods 
	Study Population 
	Radiological Measurement 
	Classification into Hypothetical Over-/Undertreatment 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Influence on cS 
	Influence on Therapy 
	Influence on Over-/Undertreatment 
	Association between Histological Risk Factors and Relapse 

	Discussion 
	Conclusions 
	References

