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Abstract

Objectives: Nonseminomatous testicular germ cell tumors with residual retroperitoneal lesions >1 cm are treated with postchemotherapy ret-

roperitoneal lymph node dissection (pcRPLND). However, up to 50% of patients are overtreated since the histology shows only residual necrosis/

fibrosis. We aim to validate the 2 currently best performing prediction models (Vergouwe and Leao) for postchemotherapy residual mass histology.

Methods and materials: We performed a retrospective analysis including 402 patients who underwent a pcRPLND from 2008 to 2015.

The study cohort was used to validate the 2 prediction models by Vergouwe and Leao using the published formulas and thresholds.

Results: Using our validation cohort, the Vergouwe model reached a significantly better area under the curve compared to the Leao

model (0.760 (confidence interval 0.713−0.807) vs. 0.692 (0.640−0.744), P = 0.002) in the prediction of benign histology. At a threshold

of >70% for the predicted probability of benign disease, the Leao model revealed that pcRPLND would be avoided in 10.2% of patients

with benign disease with an error rate of 3.8% for viable tumor, while the Vergouwe model would avoid pcRPLND in 27.4% of all patients

with benign disease with an error rate of 10.1% for viable tumor and 2.9% for teratoma. Adjusting the models to our data had no significant

improvement. Limitations include the retrospective design.

Conclusions: The discriminatory accuracy of both models is not sufficient to safely select patients for surveillance strategy instead of

pcRPLND. Therefore, further studies including new biomarkers are needed to optimize the accuracy of potential prediction models and to

minimize pcRPLND overtreatment. � 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Metastatic nonseminomatous testicular germ cell tumors

(TGCT) with residual retroperitoneal lesions >1 cm should
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be treated with postchemotherapy retroperitoneal lymph

node dissection (pcRPLND) according to current guideline

recommendations, while the treatment of residual masses

<1 cm is still under debate [1]. However, the histopatholog-

ical examination of pcRPLND specimens shows viable

tumor in only 10% to 15% and teratoma in 40% of all cases,

while necrosis/fibrosis is found in 40% to 50% [1−3]. Fur-
thermore, pcRPLND can be a very complex procedure in

individual cases displaying a high risk of severe morbidity

[4−6]. Thus, up to 50% of patients with necrosis/fibrosis
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are potentially overtreated and might unnecessarily suffer

from treatment related health problems. The first step to

reduce overtreatment was to perform pcRPLND only in

patients with residual masses >1 cm, accepting that up to

10% of masses <1 cm experience a progression due to

undetected teratoma or viable tumor [7]. However, pre-

dicting histology of the residual masses might be the most

promising way to identify patients who benefit most from

pcRPLND. Therefore, models for the prediction of histol-

ogy have been proposed based on different clinical param-

eters [8−15]. Although the most promising models

reached a satisfying accuracy (area under the curve (AUC)

0.8), they have not been adopted into clinical practice

yet [12−14].

The aim of this study was to validate these models on a

large, contemporary cohort of patients and to evaluate if

pcRPLND can thus be avoided in a subgroup of patients.
2. Materials and methods

2.1. Study population

Patients treated with pcRPLND at the University Hos-

pitals of Cologne and Aachen were identified in the hospi-

tal databases and retrospectively analyzed in a multicenter

observational cohort study. We found 619 patients who

received a pcRPLND after being treated with a cisplatin-

based chemotherapy between 2008 and 2015. According

to the required variables of each model, we excluded 217

patients resulting in a cohort of 402 patients who were eli-

gible for both models (exclusion criteria are displayed in

Supplementary Fig. 1). Serum tumor markers alpha-feto-

protein, beta human chorionic gonadotropin, and lactate

dehydrogenase were measured before chemotherapy and

prior to pcRPLND. The largest axial diameter (mm) of retro-

peritoneal masses before and after chemotherapy treatment

was determined using computed tomography images, ana-

lyzed by an experienced uroradiologist. Resected masses

containing necrosis and/or fibrosis were classified as

“benign” disease, those containing mature or immature tera-

toma were classified as teratoma, and if any germ cell ele-

ments were detected they were categorized as viable tumor.

All orchiectomy and pcRPLND specimens were evaluated

by an experienced uropathologist. We also reviewed further

patient and tumor characteristics (Tables 1 and 2). The study

complies with the Declaration of Helsinki, local ethics

committee approval was obtained (University Hospital of

Cologne 17−175).
2.2. Prediction models

The prediction model of Vergouwe et al. [12] is an

update of the model previously described by Steyerberg

et al. [3] and contains 6 variables (Supplementary Table 1).

Leao et al. proposed a prediction model containing 4 differ-

ent variables (Supplementary Table 1) [13]. The probability
for benign histology of both models was calculated accord-

ing to the published formula by Vergouwe et al. [12]

whereas the formula proposed by Leao et al. was given to

the author upon request.
2.3. Statistical analysis

Continuous variables are summarized as median (inter-

quartile range: 25th−75th percentile or minimum � maxi-

mum as given in the published data by Leao et al. [13]),

categorical variables as n (%). For group comparisons, we

used either t test or chi-square test (standard deviations of

literature value had to be approximated based on ranges

[min.−max.]. Model equations were applied as mentioned

in Supplementary Table 1. To adjust our data to the 2 tested

models, adjusted standardized residuals were used to deter-

mine significant intragroup variables (Supplementary

Tables 2 and 3) and afterward the mentioned model equa-

tions were used (Supplementary Table 1). We calculated

thresholds of a predicted probability of benign disease,

including the threshold of 70% as proposed by Leao and

Vergouwe [12,13]. These thresholds were used to identify

the maximal percentage of patients that would have cor-

rectly avoided pcRPLND due to benign disease and the

minimal percentage of those that would have had inappro-

priately deferred to pcRPLND due to the presence of tera-

toma or viable tumor. Receiver-operator curves were

plotted (sensitivity against 1-specificity) and the area under

the curve (AUC) was calculated. We determined the opti-

mal cut point (calculating the product of sensitivity and

specificity) and used bootstrapping (1,000 replications) to

estimate its variability. A P-value of <0.05 was considered

statistically significant. Statistical analyses were performed

using IBM SPSS Statistics for Windows, Version 24.0

(Armonk, NY) and StataCorp LLC Stata Statistical Soft-

ware: Release 15 (College Station, TX).
3. Results

3.1. Patient characteristics

First, we compared the clinical and pathohistological

characteristics of Vergouwe’s and Leao’s study to our

patient cohort (Tables 1 and 2).

All patients of our cohort were treated after 1990, while

68.8% of the patients in the Vergouwe model and 10.9% in

the Leao model were treated before 1990 (P < 0.001).

In contrast to Leao et al., who included all clinical

stages, we only analyzed patients with clinical stage II/III

disease (P < 0.001). Furthermore, we showed significantly

more intermediate and poor prognosis patients in our cohort

compared to the Leao cohort (53.0% vs. 34.8%, P < 0.001).

Subgroup analysis of the IGCCCG prognosis group did not

reveal any differences in the prediction of benign histology

in the Vergouwe and Leao model, especially if comparing



Table 1

Characteristics of the variables used in the Vergouwe model (n = 1094) and the Leao model (n = 184) as a comparison with our validation cohort (n = 402) [12,13].

Parameter Vergouwe model Validation cohort for

the Vergouwe model

P value Leao model Validation cohort

for the Leao model

P value

Histology of orchiectomy specimens, n (%) <0.001
Teratoma Teratoma elements

present 591 (54.0)

Teratoma elements

present 146 (36.3)

<0.001 9 (4.9) 58 (14.4)

Embryonal − 51 (27.7) 88 (21.9)

Yolk sac tumor − 2 (1.1) 13 (3.2)

Choriocarcinoma − 2 (1.1) 87 (21.6)

Mixed − 120 (65.2) 156 (38.8)

With teratoma − 99 (82.5) 88 (56.4)

Without teratoma − 21 (17.5) 68 (44.6)

Histology of pcRPLND specimens, n (%) 0.008 <0.001
Benign disease 425 (38.8) 186 (46.3) 44 (24.0) 186 (46.3)

Teratoma 673 (61.2) 137 (34.1) 123 (66.8) 137 (34.1)

Viable tumor 79 (19.7) 17 (9.2) 79 (19.7)

Residual masses before chemotherapy, n (%)

0−19 mm − 26 (6.5) − 26 (6.5)

20−49 mm − 127 (31.6) − 127 (31.6)

50−99 mm − 162 (40.3) − 162 (40.3)

≥100 mm − 87 (21.6) − 87 (21.6)

Residual masses before pcRPLND, n (%) 0.026 0.007

0−19 mm 344 (31.4) 106 (26.4) 54 (29.3) 106 (26.4)

20−49 mm 399 (36.5) 155 (38.6) 88 (47.8) 155 (38.6)

50−99 mm 215 (19.7) 102 (25.4) 42 (22.8) 141 (35.1)

≥100 mm 136 (12.4) 39 (9.7) − −
Residual masses before pcRPLND </>
10 mm, n (%)

− −

0−10 mm − 41 (10.2) − 41 (10.2)

>10 mm − 361 (89.2) − 361 (89.2)

Serum tumor markers prechemotherapy,

median (IQR)

−

AFP (kU/l; standard value <5.8 kU/l) − 61.0

(8−354.5)
225

(21−2000)
<0.001

ß-hCG (U/l; standard value <2.6 U/l) − 69 (2−1,020) 83 (5−806) 0.160

LDH (U/l; standard value <250 U/l) − 249

(182−388)
410

(200−786)
<0.001

Serum tumor markers prechemotherapy, n (%) −
AFP elevated 755 (69.0) 334 (83.1) <0.001 −
ß-hCG elevated 716 (65.4) 347 (86.3) <0.001 −
LDH elevated 1−2£ normal 303 (36.9) 91 (22.6) 0.115 −
LDH elevated >2£ normal 258 (31.4) 166 (41.3) −

AFP = alphafFetoprotein; hCG = human chorionic gonadotropin; LDH = lactate dehydrogenase; pcRPLND = postchemotherapy retroperitoneal lymph node dissection.

Note: Continuous variables are presented as median (IQR or min.−max.), categorical variables are given as n (%).
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Table 2

Patient characteristics of the Vergouwe model (n = 1094), the Leao model (n = 184) and our validation cohort (n = 402) [12,13].

Parameter Vergouwe model Validation cohort for

the Vergouwe model

P value Leao model Validation cohort

for the Leao model

P value

Number of patients 1,094 402 184 402

Period of treatment 1977−1999 2008−2015 1978−2016 2008−2015
Date of pcRPLND, n (%) <0.001 <0.001

Before 1990 544 (68.8) 0 20 (10.9) 0

After 1990 235 (30.2) 402 (100.0) 164 (89.1) 402 (100.0)

Clinical stage (CS), n (%) − <0.001
CS I (with relapse) − 25 (13.6) 0

CS II − 109 (59.2) 321 (79.9)

CS III 50 (27.2) 81 (20.1)

IGCCCG prognosis group, n (%) − <0.001
Good − 120 (65.2) 189 (47.0)

Intermediate − 43 (23.4) 116 (28.9)

Poor − 21 (11.4) 97 (24.1)

Age at pcRPLND (y), median

(min.−max.)

− − 26 (15−61) 27 (14−57) 0.320

Serum tumor markers

postchemotherapy, median (IQR)

−

AFP (ng/ml =mg/l; standard value

<5.8 ng/ml)

− 5 (2−5) 4.0 (2.4−5) <0.001

ß-hCG (U/l; standard value < 2.6 U/l) − 1 (1−2) 1.0 (0.1-1.5) 1.000

LDH (U/l; standard value < 250 U/l) − 196

(167−225)
183.5

(171−266)
<0.001

Type of chemotherapy, n (%)

BEP − 137 (74.4) 183 (45.5)

EP − 6 (3.3) 59 (14.7)

TIP − 1 (0.5) 21 (5.2)

PEI − − 37 (9.2)

VABP/VBP − 28 (15.2) −
VIP − 2 (1.1) −
Unknown − 10 (5.4) 102 (25.4)

Surgery time of pcRPLND (min),

median (IQR)

− 200 (150−300) − 200 (150−300)

Blood loss of pcRPLND (ml), median

(IQR)

− 400 (220−975) − 400 (220−975)

Length of stay in hospital (days),

median (IQR)

− 11 (7.3−14) − 11 (7.3−14)

AFP = alpha-fetoprotein; BEP = cisplatin/etoposide/bleomycin; CS = clinical stage; EP = cisplatin/etoposide; hCG = human chorionic gonadotropin;

IGCCCG = international germ cell cancer collaborative group; LDH = lactate dehydrogenase; pcRPLND = postchemotherapy retroperitoneal lymph node

dissection; PEI = cisplatin/etopside/ifosfamide; TIP = cisplatin/ifosfamide/paclitaxel; VABP = vinblastine/actinomycin/bleomycin/cisplatin,

VBP = vinblastine/bleomycin/cisplatin; VIP = vinblastin/ifosfamide/cisplatin.

Note: Continuous variables are presented as median (IQR or min.−max.), categorical variables are given as n (%).
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good prognosis group vs. intermediate and poor prognosis

group (Table 3).

Regarding the pathohistological analysis of the

pcRPLND specimens, we had significantly less patients

with teratoma compared to the Leao cohort (34.1% vs.

66.8%), while benign disease (46.3% vs. 24.0%) and viable

tumor (19.7% vs. 9.2%) were significantly higher in our

cohort (P < 0.001; Table 2). Compared to the Vergouwe

cohort, histological analysis of the pcRPLND specimens

demonstrated significantly more patients with benign dis-

ease (46.3% vs. 38.8%) in our validation cohort, while we

had significantly less patients with teratoma or viable tumor

(53.8% vs. 61.2%). Furthermore, the size of residual tumors

prior to pcRPLND revealed significantly more patients with

small residual masses <19 mm in the Vergouwe cohort
compared to our cohort (31.4% vs. 26.4%), and signifi-

cantly more patients with residual tumors with the size of

50 to 99 mm in our cohort compared to the Vergouwe

(19.7% vs. 25.1%) and Leao (22.8% vs. 35.1%) cohort.

3.2. Validation of the prediction models

We next validated the 2 prediction models with our

cohort, as displayed in Figs. 1−3. The discriminatory accu-

racy for the prediction of benign disease was significantly

better for the Vergouwe model compared to the Leao model

(AUC 0.760 {CI 0.713−0.807] vs. 0.692 [CI 0.640−0.744],
P = 0.002; Figs. 1 and 3). After adjusting both models to

our cohort of patients, the AUC was impaired in

Vergouwe’s model while it was improved by Leao’s model.



Table 3

Subgroup analysis regarding the IGCCCG prognosis group and the size of the residual masses ≤1 cm and >1 cm of the Vergouwe model, the Leao model,

and both models adjusted to our cohort of patients in the prediction of benign histology, displayed as AUC of the receiver-operator curves (n = 402).

All patients IGCCCG 1 IGCCCG 2 IGCCCG 3 IGCCCG 1 + 2 IGCCCG 3 IGCCCG 1 IGCCCG 2 + 3 ≤1 cm >1 cm

Vergouwe model 0.760 0.760 0.787 0.727 0.770 0.727 0.760 0.759 0.580 0.738

Vergouwe model

adjusted

0.754 0.741 0.775 0.744 0.753 0.744 0.741 0.763 0.534 0.734

Leao model 0.692 0.705 0.722 0.639 0.711 0.639 0.705 0.683 0.61 0.676

Leao model

adjusted

0.718 0.733 0.719 0.686 0.726 0.686 0.733 0.705 0.731 0.692

Note: IGCCCG = international germ cell cancer collaborative group; IGCCCG 1 = good prognosis; IGCCCG 2 = intermediate prognosis; IGCCCG

3 = poor prognosis.
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However, there was still a tendency toward a better AUC

for the Vergouwe model compared to the Leao model

(AUC 0.754 [CI 0.706−0.801] vs. 0.718 [CI 0.668−0.768],
P = 0.091; Figs. 2 and 3). At the optimal cut point, the Ver-

gouwe model reached a specificity of 71% and a sensitivity

of 69% to predict benign disease in our cohort compared to

the Leao model, which showed a specificity of 75% and a

sensitivity of 62%.

Furthermore, we performed a subgroup analysis to pre-

dict benign disease in residual masses ≤1 cm (n = 41) and

>1 cm (n = 361). Residual masses ≤1 cm showed benign

disease in 80.5%, teratoma in 14.6%, and viable tumor in

4.9%. The predictive accuracy of both models was impaired

in both subgroups (Table 3).

To evaluate the accuracy of both models, we analyzed

different thresholds for a predicted probability of benign

disease including the threshold of >70%, which was pro-

posed by Vergouwe and Leao. These thresholds identify the

percentage of the cohort which would appropriately avoid
Fig. 1. Receiver-operator curve for benign histology for the (A) Vergouwe mode

sponding optimal cut points in the ROC curves were located at 0.33 (CI 0.21−0.44
pcRPLND due to benign histology and the percentage of

patients that would have had deferred pcRPLND inappro-

priately due to the presence of teratoma or viable tumor

(Tables 4a and 4b). Using the Vergouwe model, our valida-

tion cohort showed that at a threshold of >70% pcRPLND

would be avoided in 27.4% of patients with benign disease,

but 10.1% of patients harbored viable tumor and 2.9% of

patients with teratoma would have been deferred inappro-

priately (Table 4a). Using the Leao model, our validation

cohort showed that at a threshold of >70% pcRPLND

would have been avoided in 10.2% of patients with benign

disease, but also 3.8% of patients with viable tumor would

have been deferred inappropriately (Table 4b). We further-

more identified the thresholds for a predicted probability of

benign disease, which show optimal results, namely an

error rate of 0% (Tables 4a and 4b). When using the Ver-

gouwe model, our validation cohort showed that no patient

would be deferred inappropriately at a threshold of >90%
avoiding 2.2% of all pcRPLND with benign results (Table 4a).
l and the (B) Leao model using our validation cohort (n = 402). The corre-

) for the Vergouwe model and at 0.28 (CI 0.22−0.34) for the Leao model.



Fig. 2. Receiver-operator curve for benign histology for the (A) Vergouwe model and the (B) Leao model adjusted to our validation cohort (n = 402).

Fig. 3. Receiver-operator curve for benign histology as a comparison for the Vergouwe model and the Leao model using our validation cohort (continuous

line) and after adjusting our data to each model (dashed line).
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The Leao model revealed an error rate of 0% at a threshold

of >75% in our cohort, avoiding pcRPLND in 2.7% of all

patients with benign disease (Table 4b).

As a last step, we analyzed the impact of teratoma in the

orchiectomy specimen and shrinkage of the retroperitoneal

masses after chemotherapy in order to identify a subgroup

of patients which might be observed and thus avoid
pcRPLND using the prediction models of Leao and Ver-

gouwe (Supplementary Table 4). In the subgroup of patients

with a high risk of viable tumor in the pcPRLND speci-

mens, namely patients with teratoma in the orchiectomy

specimen and no shrinkage of the retroperitoneal masses

after chemotherapy (n = 27/402; 7%), histopathological

evaluation of the pcRPLND specimen revealed viable



Table 4a

Different thresholds to consider the optimal cohort that maximizes appropriately avoided pcRPLND and includes a minimum of RPLND which would be

deferred inappropriately according to the Vergouwe model [12].

Predicted probability of

benign disease cut-off

Benign disease

n (%)

Teratoma

n (%)

Viable tumor

n (%)

Avoiding pcRPLND

appropriately (% of

benign disease)

Avoiding pcRPLND

inappropriately

(% of all teratoma)

Avoiding pcRPLND

inappropriately

(% of all viable tumor)

>90% 4 (100) 0 (0) 0 (0) 2.2 0 0

>85% 15 (93.8) 0 (0) 1 (6.3) 8.1 0 1.3

>80% 26 (98.7) 2 (6.9) 1 (3.4) 14.0 1.5 1.3

>75% 41 (85.4) 3 (6.3) 4 (8.3) 22.0 2.2 5.1

>70% 51 (81.0) 4 (6.3) 8 (12.7) 27.4 2.9 10.1

>65% 68 (78.2) 9 (10.3) 10 (11.5) 36.6 6.6 12.7

>60% 82 (74.5) 16 (14.5) 12 (10.9) 44.1 11.7 15.2

>50% 121 (68.4) 32 (18.1) 24 (13.6) 65.1 23.4 30.4

Note: pcRPLND = postchemotherapy retroperitoneal lymph node dissection.

Table 4b

Different thresholds to consider the optimal cohort that maximizes appropriately avoided pcRPLND and includes a minimum of pcRPLND which would be

deferred inappropriately according to the Leao model [13].

Predicted probability of

benign disease cut-off

Benign disease

n (%)

Teratoma

n (%)

Viable tumor

n (%)

Avoiding pcRPLND

appropriately (% of

benign disease)

Avoiding pcRPLND

inappropriately

(% of all teratoma)

Avoiding pcRPLND

inappropriately

(% of all viable tumor)

>90% 1 (100) 0 (0) 0 (0) 0.5 0 0

>85% 1 (100) 0 (0) 0 (0) 0.5 0 0

>80% 1 (100) 0 (0) 0 (0) 0.5 0 0

>75% 5 (100) 0 (0) 0 (0) 2.7 0 0

>70% 19 (86.4) 0 (0) 3 (13.6) 10.2 0 3.8

>65% 34 (79.1) 1 (2.3) 8 (18.6) 18.3 0.7 10.1

>60% 71 (75.5) 9 (9.6) 14 (14.9) 38.2 6.6 17.7

Note: pcRPLND = postchemotherapy retroperitoneal lymph node dissection.
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tumor in 19/27 (70%) of all cases, but benign disease in 8/27

(30%) of all cases. The corresponding AUC for the predic-

tion of histology were 0.636 (CI 0.061−0.885) for the Ver-

gouwe model and 0.473 (CI 0.281−0.992) for the Leao

model. For the remaining patients (n = 375/402; 93%), we

calculated an AUC of 0.403 (CI 0.332−0.474) for the Ver-

gouwe model and 0.487 (CI 0.412−0.562) for the Leao

model. Next, we analyzed the subgroup of patients with a

low risk of viable tumor in the pcRPLND specimens, namely

the subgroup of patients with no teratoma and shrinkage of

retroperitoneal masses after chemotherapy (n = 186/402;

46%) and revealed benign disease in the pcRPLND specimen

in 118/186 (63%) of all cases, but viable tumor in 68/186

(37%) of all patients. The AUC was 0.326 (CI 0.230−0.422)
for the Vergouwe model and 0.559 (CI 0.328−0.564) for the
Leao model. For the remaining patients (n = 216) we calcu-

lated an AUC of 0.463 (CI 0.366−0.561) for the Vergouwe

model and 0.559 (CI 0.462−0.656) for the Leao model.

4. Discussion

Residual retroperitoneal masses >1 cm after cisplatin-

based chemotherapy of metastasized nonseminomatous

TGCT are frequently managed by pcRPLND. However, a
relevant treatment-related morbidity can be associated with

this procedure, which is unnecessary in up to 50% of cases

with only benign disease in the pathological findings [1].

Therefore, different models were proposed to predict

benign histology of residual masses since these patients

would not benefit from pcRPLND and therefore could

undergo a frequent follow-up [3,12−15]. To our knowl-

edge, only the Vergouwe model was externally validated

with a small cohort of 52 patients and revealed a sensitivity

of 33% at a specificity of 100% in the prediction of benign

disease [16]. Thus, our study is the largest external valida-

tion study, and the first which compares 2 of the currently

best performing prediction models by Vergouwe et al. and

Leao et al. to predict benign histology with a contemporary

patient cohort [12,13].

Although several clinical prediction models have been

published, they have not yet been adopted into clinical prac-

tice [3,12−15,17]. According to our study, discriminatory

accuracy as well as sensitivity and specificity of the Ver-

gouwe and Leao model in the prediction of benign histol-

ogy were not sufficient to safely select patients for follow-

up instead of pcRPLND. Remarkably, both models did not

perform better for good prognosis patients. For using a pre-

diction model in clinical routine, it is required that almost
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no patients with viable tumor will be scheduled to surveil-

lance inappropriately. Leao et al. showed in their study that

a threshold for a predicted probability of benign disease of

>70% would fulfill these criteria, as 11% of all patients

with benign disease could avoid pcRPLND with an error

rate of <1% [13]. However, the Leao model performed sig-

nificantly worse using our validation cohort: At the recom-

mended threshold of 70%, 10.2% of all patients with

benign histology would be spared from pcRPLND, but the

error rate was 3.8%. Using the proposed threshold of >70%
for the Vergouwe model, our validation cohort showed that

pcRPLND would be avoided in 27.4% of patients with

benign residuals, but the error rate would be unacceptable

with 10.1% for viable tumor and 2.9% for teratoma. Taken

together, the validated prediction models did not reveal

convincing results in the prediction of benign histology in

pcRPLND, especially not for the thresholds which were

reported with the models.

Most patients of the Vergouwe and even several patients

of the Leao study were treated before 1990 in contrast to

our patients which were treated starting from 2008.

Although bleomycin, etoposide, cisplatin chemotherapy has

been the gold standard for treatment of TGCT, treatment

options have changed during the last decades, favoring less

intensive treatment options. Secondly, pcRPLND was per-

formed in all residual masses, independent of its size

according to prior guideline recommendations. Further-

more, the recommended treatment did not differ between

marker positive and marker negative nonseminoma in clini-

cal stage IIA−B before 2005 and nowadays also surveil-

lance of marker-negative masses in clinical stage IIA can

be performed [1]. Consequently, these therapy modifica-

tions might have resulted in different pathohistological find-

ings of the pcRPLND specimen in the different time period

and the proposed models might not unhesitatingly be trans-

ferable to more recent collectives like ours [1]. To stress

the alienability of the models, we adjusted both models to

our data. However, the discriminatory accuracy of both

models did not improve substantially. In line with our find-

ing, a study by Albers et al. with a more-modern series of

patients did not succeed in building a clinically relevant

prediction model [15].

Residual tumor resection is mandatory in all nonsemi-

noma patients with residual masses >1 cm after chemother-

apy according to the current guidelines [1]. This is

underlined by the fact that in our cohort 20.2% of all

patients with residual masses >1 cm showed viable tumor

and 34.1% had teratoma. However, the validated models

did not reach reliable results in the prediction of benign his-

tology in this subgroup of patients. As overtreatment and

thus potential unnecessary surgery-related health problems

in patients undergoing pcRPLND is the main issue,

another approach to reduce therapy related morbidity was

the introduction of modified template pcRPLND for

selected patients revealing excellent recurrence free sur-

vival [18,19]. Furthermore, the Vergouwe cohort included
a significantly higher number of smaller lesions. One can

assume that the subgroup analysis with residual masses

≤1 cm might perform better because it is known that up to

70% harbor fibronecrotic tissue [1,2]. However, the dis-

criminatory accuracy of both models to predict benign his-

tology in small lesions <1 cm was considerably worse in

our study.

Our analysis furthermore revealed that the patients

included in both models differed significantly regarding clini-

cal and pathohistological parameters. In detail, the Leao

study included a significantly higher proportion of patients

with teratoma in the orchiectomy specimen and consequently

in the pcRPLND specimen (67.8%) and thus a lower propor-

tion of patients with benign disease compared to our data and

those of other studies [1,2,4−6,15,20−22]. These prior

studies revealed teratoma in only 40%, viable tumor in

10% to 15%, and benign disease in 40% to 50% in the his-

topathological examination of pcRPLND specimens of all

patients [2,4−6,15,20−22]. Given the fact that Leao’s

cohort of patients did not represent this distribution of path-

ohistological results expected to be found in pcRPLND,

especially regarding the percentage of teratomas, the pre-

diction model of Leao should be used with caution in clini-

cal practice. Although our cohort of patients included

significantly more intermediate and poor risk patients, we

showed a higher percentage of benign disease in the

pcRPLND specimens compared to the Leao study. This

might reflect the fact that Leao also included patients with a

relapse after clinical stage I. It might furthermore be due to

different effects of chemotherapy including numbers of

cycles or treatment delay due to toxicity. In addition,

Leao’s model included less clinical parameters compared

to the Vergouwe model (4 vs. 6 variables), and its discrimi-

natory accuracy and sensitivity was worse in our indepen-

dent validation cohort, as expected if variables are reduced

[12,13]. Furthermore, we analyzed the impact of teratoma

in the orchiectomy specimen and shrinkage of the retroperi-

toneal masses after chemotherapy in order to identify a sub-

group of patients which might be observed and thus avoid

pcRPLND using the prediction models of Leao and Ver-

gouwe. However, none of these subgroup analyses led to an

improvement of the prediction of the models’ performance.

The performance of prediction models could be improved

by combining clinical data with further parameters that have

been shown to predict histology as miRNA and radiomics.

For serum miRNA-371a-3p, a prior study demonstrated the

potential to predict viable tumor after chemotherapy prior

pcRPLND with a good AUC of 0.874 (CI 0.774−0.974)
[23]. However, miRNA-371a-3p is not expressed by tera-

toma. Therefore, this miRNA could not be used as the only

parameter for scheduling patients for pcRPLND. Neverthe-

less, it was lately shown that another miRNA, the miRNA-

375, is highly expressed in teratoma [24]. Furthermore, our

research group indicated the potential of radiomics on com-

puted tomography to predict histology in retroperitoneal

lymph node metastasis prior pcRPLND, as they achieved a
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classification accuracy of 0.81 with a sensitivity of 88%, a

specificity of 72%, and a positive predictive value of 78% in

an independent validation cohort [25]. Combining miRNAs

and radiomics, resulting in a “multiomics” approach, might

predict histology even more reliably. However, prospective

studies are required to confirm the clinical usefulness of both

parameters and its combination.

Although our study is the largest external validation of

the currently best performing models to predict benign his-

tology with a contemporary patient cohort, the limitation of

this study is its retrospective design and incomplete data of

several patients who had to be excluded for this validation,

which may even overestimate the performance of the tested

models.

5. Conclusions

According to our analysis, none of the prediction models

showed promising results as benign histology could not be

predicted with sufficient accuracy to safely avoid pcRPLND.

Therefore, pcRPLND remains the standard approach in

patients with residual masses >1 cm in axial diameter of

metastatic nonseminomatous TGCT. Consequently, there is

an urgent need for parameters that assist in patient stratifica-

tion for pcRPLND.

Supplementary materials

Supplementary material associated with this article can

be found in the online version at https://doi.org/10.1016/j.

urolonc.2019.07.021.
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