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Zusammenfassung 

Hintergrund & Ziel: Die platinbasierte Chemotherapie ermöglicht die Heilung von 

Patienten mit Keimzelltumoren des Hodens (TGCT), kann jedoch mit Nierentoxizität 

einhergehen. Daher wollten wir in dieser Studie den Zusammenhang zwischen Art 

und Dosis der Platinexposition und den langfristigen Nierenfunktions- 

einschränkungen bei TGCT-Patienten quantifizieren.  

Material & Methoden: Sechzehntausendneunhundertdreiundfünfzig longitudinale 

geschätzte glomeruläre Filtrationsraten (eGFR) von 777 TGCT-Patienten wurden 

mit einer time-to-event Regression und linear mixed models analysiert. Primäre 

Endpunkte waren die kumulative Inzidenz eines relativen eGFR-Rückgangs um 

30% im Vergleich zur eGFR vor der Behandlung und die jährliche absolute 

Veränderung der eGFR (in ml/min/1,73 m²/Jahr).  

Ergebnisse: Die eGFR vor der Behandlung betrug 96 ml/min/1,73 m². Die 

kumulativen 10-Jahres-Inzidenzen eines 30%-igen Rückgangs der eGFR betrugen 

18% bei Patienten, die nie eine platinbasierte Therapie erhielten (Gruppe 1, n=335), 

18% bei Patienten, die mit einer einmaligen adjuvanten Carboplatin-Dosis 

behandelt wurden (Gruppe 2, n=83), 17% bei Patienten, die 1-2 Zyklen adjuvantes 

Bleomycin/Etoposid/Cisplatin (BEP) erhielten (Gruppe 3, n=118), und 35% bei 

Patienten, die mit ≥3 Zyklen BEP behandelt wurden (Gruppe 4, n=241) (Gray-Test 

p<0,0001). Die zeitabhängigen Ereignisraten eines 30%-igen Rückgangs der eGFR 

dieser vier Gruppen waren jedoch nach 4 Jahren Follow-up sehr ähnlich. Die 

jährliche, durchschnittliche Veränderung der eGFR in absoluten Zahlen betrug -0,1 

ml/min/1,73 m²/Jahr, 0,1 ml/min/1,73 m²/Jahr, -0,5 ml/min/1,73 m²/Jahr und -1,5 

ml/min/1,73 m²/Jahr in den Gruppen 1-4. Das Risiko einer Hämodialyse nach 

Studieneinschluss betrug 0 %.  

Conclusio: Im Vergleich zu TGCT-Patienten ohne Platinexposition hatten nur 

Patienten, die mit ≥3 Zyklen Cisplatin behandelt wurden, ein höheres Risiko eines 

längerfristigen Nierenfunktionsrückgangs.  
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Abstract  

Background & Objective: Platinum-based chemotherapy induces cure in patients 

with testicular germ cell tumors (TGCT) but may come at the cost of kidney toxicity. 

In this study, we aimed to quantify the association of type and dose of platinum 

exposure with long-term kidney function trajectories in TGCT patients.  

Methods: Sixteen-thousand-nine-hundred-fifty-three longitudinal estimated 

glomerular filtration rate (eGFR) measurements from 777 TGCT patients were 

analyzed with time-to-event regression and linear mixed models. Co-primary 

outcomes were the cumulative incidence of a 30% relative decline in eGFR from 

pre-treatment eGFR, and the longitudinal annualized absolute change in the eGFR 

(in ml/min/1.73m²/year).  

Results: Pre-treatment eGFR was 96ml/min/1.73m². Cumulative 10-year 

incidences of a 30% decline in eGFR were 18% in patients who never received any 

platinum-based therapy (Group 1, n=335), 18% in patients treated with single-shot 

adjuvant carboplatin (Group 2, n=83), 17% in those treated with 1-2 cycles of 

adjuvant bleomycin/etoposide/cisplatin (BEP, Group 3, n=118), and 35% in those 

treated with ≥3 cycles of BEP (Group 4, n=241), respectively (Gray’s test p<0.0001). 

However, time-dependent event rates of a 30% decline in eGFR of these 4 groups 

were highly similar after 4 years of follow-up. The annualized absolute average 

changes in eGFR were -0.1ml/min/1.73m²/year, 0.1ml/min/1.73m²/year, -

0.5ml/min/1.73m²/year, and -1.5ml/min/1.73m²/year in groups 1-4, respectively. The 

risk of any haemodialysis after study inclusion was 0%.  

Conclusion: As compared to TGCT patients without platinum exposure, only 

patients treated with ≥3 cycles of cisplatin experienced a higher risk of longer-term 

kidney function decline.  
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1 Introduction 

1.1 Testicular Germ Cell Tumors 

Testicular germ cell tumors (TGCT) are the most frequent malignancies in young 

Caucasian men under the age of 50. The number of TGCT cases has been 

increasing over the past decades, notably in industrialized nations. (1–4)  

TGCT are generally divided into pre-pubertal (unrelated to pre-invasive precursors) 

and post-pubertal TGCT, which are the focus of this thesis. Post-pubertal TGCT 

originate from pre-invasive precursors called germ cell neoplasia in situ (GCNIS), 

where defectively matured germ cells stay dormant until the onset of puberty. 

Histologically and clinically post-pubertal TGCT are divided into seminomas and 

non-seminomatous germ cell tumors (NSGCT). NSGCT are sub-divided into  

teratoma, embryonal carcinoma (EC), yolk sac tumor or choriocarcinoma. (5,6)  

The peak incidence of NSGCT and mixed germ cell tumor (GCT) patients occurs in 

the third decade of life, while the highest incidence in seminoma patients occurs in 

the fourth decade. (7)  

1.2 Pathophysiology 

The fundamental mechanism underlying the development of TGCT is believed to be 

a malfunction in spermatogenesis during embryonic development. Regular 

spermatogenesis undergoes a complex and tightly regulated series of differentiation 

to ensure male fertility. (8) Starting point of spermatogenesis are primordial germ 

cells (PGC) that form during early embryonic development, migrate across the 

embryo to the genital ridge (GR) and form the functional gonads together with 

surrounding somatic cells. (9) Once the testicular cords are formed the germ cells 

present are referred to as “gonocytes”. Gonocytes undergo a maturation process, 

migrate towards the basement membrane of the seminiferous cords and 

differentiate into spermatogonial stem cells (SSC) or type A spermatogonia. 

Gonocytes are the stem cell reservoir and therefor maintain the potential of self-

renewal to ensure life-long production of spermatozoa. Spermiogenesis then rests 

in a dormant stage until the onset of puberty, where proliferation of propagable 

spermatozoa is initiated. The spermatogenic cycle starts with a mitotic phase that 

takes place in SSC including differentiation of (type A- and type B-) spermatogonia 
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at different phases of maturation, followed by a meiotic phase with differentiation 

into primary spermatocytes, secondary spermatocytes and finally haploid 

spermatids, that then undergo spermiogenesis, resulting in haploid spermatozoa 

that complete maturation in the epididymis. (10) Within this complex process 

pathological errors can occur in different phases of differentiation. Key incident in 

the development of TGCT seems to be a defective differentiation of gonocytes, 

which is suspected to lead to the formation of GCNIS during early germline 

development. (8,10,11)  

On a molecular level regular developed germ cells go through a thorough 

eradication and reestablishment of DNA-methylation, whereas DNA in GCNIS cells  

appears to remain demethylated, which could contribute to malignant degradation. 

(12) Gain and loss of chromosomal regions such as loss of PTEN (a tumor 

suppressor gene encoding for inhibition of cellular proliferation), loss of p21 (a 

cyclin-dependent kinase inhibitor regulated by p53 intervening in the cell cycle), a 

gain of function mutation of mdm-2 (a ubiquitin ligase regulating the tumor 

suppressor gene p53) or an increase of chromosome arm 12p material, seem to 

contribute to the neoplastic transformation from GCNIS to invasive TGCT. (13–15)  

1.3 Risk Factors 

Epidemiological risk factors for the development of TGCT are cryptorchidism, 

hypospadias, infertility, gonadal dysgenesis, familial predisposition and contralateral 

TGCT. (16–24) Recent genome-wide association studies were able to detect 

susceptibility loci associated with an increased risk of TGCT. (25) 

1.4 Diagnosis 

The diagnosis of TGCT is based on a combination of the patient’s clinical 

presentation, imaging and serum tumor marker elevation.  

A testicular enlargement, sometimes concomitant with pain, can be found during 

physical examination. In advanced stages back pain, dyspnea, weight loss, 

headaches, gynecomastia and hyperthyroidism can also be present. (26,27) 
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First line imaging is the scrotal ultrasonography of both testes, that confirms intra- 

or extra-testicular tissue growth, identifies location and size of the tumor and allows 

an assessment of the contralateral testis. (27) 

Serum tumor markers are determined pre-orchiectomy providing diagnostic and 

histological information and post-orchiectomy providing staging, prognostic and 

therapeutic information. (27–29) Elevation patterns of α-fetoprotein (AFP), beta 

subunit of human chorionic gonadotropin (β-hCG) and lactate dehydrogenase 

(LDH) pre-orchiectomy may be indicative of tumor subtypes, notably NSGCT. (29) 

Marker elevation is integrated into standardized patient risk grouping (see Table 3), 

which is utilized to guide therapeutic management. Post-orchiectomy serum tumor 

markers correlate with prognosis, with a slow marker decline potentially indicating 

metastatic disease. (28,29) In disseminated TGCT marker decline is utilized to 

assess treatment response following chemotherapy. Therefore, serum tumor 

markers play a critical role in the diagnosis, prognosis, and therapeutic management 

of TGCT. (29) However, limitations include a low specificity and sensitivity as tumor 

markers are only elevated in less than 50% of cases. (30) 

Computed tomography (CT) imaging is utilized for staging and the identification of 

metastases in the thoracic, abdominal, and pelvic regions. (26,31) Brain imaging is 

reserved for patients exhibiting neurological symptoms, significant elevation in 

serum tumor markers, the presence of multiple pulmonary metastases, or in cases 

of TGCT recurrence. (26) In comparison to contrast enhanced CT, magnetic 

resonance imaging (MRI) is more precise in detecting metastases located in the 

central nervous system. (31) Remaining a second line diagnostic device, MRI is 

recommended only in cases of non-specific sonography, specific preoperative 

staging, differentiation of extra- or intratesticular growth and distinction of some 

TGCT subtypes. (32) Fluorodeoxyglucose-positron emission tomography (FDG-

PET) is not recommended in first line diagnosis and staging. (33,34) 

Cryopreservation of semen should be offered and undertaken prior to orchiectomy, 

chemotherapy (CT) and radiotherapy (RT) to preserve fertility as it can be negatively 

impacted by these treatment measures. (35–37)  

Research currently focuses on micro RNA (miRNA) as potential tumor biomarkers 

for clinical applications in terms of primary diagnosis, treatment, monitoring and 
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disease recurrence. (27,38) Particularly miR-371a-3p seems to be exclusively 

expressed by GCT and could therefor differentiate germ cell and non-germ cell 

neoplasia. (39) Data also suggests that miR-371a-3p could potentially serve as an 

early relapse marker in GCT. (40)  

1.5 Tumor Staging  

The classification to assess the extent of testicular neoplastic growth is based on 

the 2016 TNM-classification of the International Union Against Cancer (UICC) 

according to EAU guidelines on testicular cancer and is shown in Table 1. (27) 

Table 1: TNM classification for testicular cancer (adapted from UICC 2016, 8th edn.) (27,41) 

pT – primary tumor  

pTX Primary tumor cannot be assessed1 

pT0 No evidence of primary tumor (e.g. histological scar in testis) 

pTis Intratubular germ cell neoplasia (carcinoma in situ)2 

pT1 Tumor limited to testis and epididymis without 
vascular/lymphatic invasion; tumor may invade tunica albuginea 
but not tunica vaginalis3 

pT2 Tumor limited to testis and epididymis with vascular/lymphatic 
invasion, or tumor extending through tunica albuginea with 
involvement of tunica vaginalis4 

pT3 Tumor invades spermatic cord with or without vascular/lymphatic 
invasion5 

pT4 Tumor invades scrotum with or without vascular/lymphatic 
invasion 

N – regional lymph nodes (clinical) 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Metastasis with a lymph node mass 2 cm or less in greatest 
dimension or multiple lymph nodes, none more than 2 cm in 
greatest dimension 

N2 Metastasis with a lymph node mass more than 2 cm but not more 
than 5 cm in greatest dimension; or more than 5 nodes positive, 

 
1 Except for pTis and pT4, where radical orchiectomy is not always required for classification 
purposes, the assessment of the primary tumor's extent is conducted in the radical orchiectomy 
specimen and classified as pT0-4, TX is used if no radical orchiectomy has been performed 
2 “Carcinoma in situ” nomenclature is replaced by GCNIS (125) 
3 AJCC 8th edition subdivides T1  Seminoma by T1a (size not greater than 3 cm in greatest 
dimension) and T1b (size greater than 3 cm in greatest dimension) (126) 
4 AJCC 8th edition categorizes the hilar soft tissue invasion and epididymal invasion as pT2 while 
the discontinuous involvement of the spermatic cord is classified as pM1 (126) 
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none more than 5 cm; or evidence of extranodal extension of 
tumor 

N3 Metastasis with a lymph node mass more than 5 cm in greatest 
dimension 

pN – regional lymph nodes (pathological) 

pNX Regional lymph nodes cannot be assessed 

pN0 No regional lymph node metastasis 

pN1 Metastasis with a lymph node mass 2 cm or less in greatest 
dimension and 5 or fewer positive nodes, none more than 2 cm 
in greatest dimension 

pN2 Metastasis with a lymph node mass more than 2 cm but not more 
than 5 cm in greatest dimension; or more than 5 nodes positive, 
none more than 5 cm; or evidence of extra-nodal extension of 
tumor 

pN3 Metastasis with a lymph node mass more than 5 cm in greatest 
dimension 

M – distant metastasis 

MX Distant metastasis cannot be assessed 

M0 No distant metastasis 

M1 Distant metastasis4 

M1a Non-regional lymph node(s) or lung metastasis 

M1b Distant metastasis other than non-regional lymph nodes and 
lung 

S – serum tumor markers (pre-chemotherapy) 

SX Serum marker studies not available or not performed 

S0 Serum marker study levels within normal limits 

 LDH (U/l) β-hCG (mlU/ml) AFP (ng/ml) 

S1 <1,5 × N^6 and < 5,000 and < 1,000 

S2 1.5-10 x N^5 or 5,000-50,000 or 1,000-10,000 

S3 > 10 x N^5 or > 50,000 or > 10,000 

 

In accordance with the 2016 TNM classification of testicular tumors, prognostic 

groups are formed by the UICC according to EAU guidelines on testicular cancer as 

shown in Table 2. (27) 

Table 2: Prognostic groups for testicular cancer (UICC, 2016, 8th edn.) (27,41) 

Stage  P T M S 

Stage 0 pTis N0 M0 S0 
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Stage I pT1-pT4 N0 M0 SX 

Stage IA pT1 N0 M0 S0 

Stage IB pT2-pT4 N0 M0 S0 

Stage IS Any pT/TX N0 M0 S1-3 

Stage II Any pT/TX N1-N3 M0 SX 

Stage IIA Any pT/TX N1 M0 S0 

Any pT/TX N1 M0 S1 

Stage IIB Any pT/TX N2 M0 S0 

Any pT/TX N2 M0 S1 

Stage IIC Any pT/TX N3 M0 S0 

Any pT/TX N3 M0 S1 

Stage III Any pT/TX Any N M1a SX 

Stage IIIA Any pT/TX Any N M1a S0 

Any pT/TX Any N M1a S1 

Stage IIIB Any pT/TX N1-N3 M0 S2 

Any pT/TX Any N M1a S2 

Stage IIIC Any pT/TX N1-3 M0 S3 

Any pT/TX Any N M1a S3 

Any pT/TX Any N M1b Any S 

 

In Stage IA the primary tumor is limited to testis and epididymis showing no signs of 

vascular or lymphatic invasion or metastasis. In Stage IB the primary tumor growth 

is increasingly invasive, with vascular and/or lymphatic infiltration but no distant 

metastasis. Serum tumor marker levels after the orchiectomy stay within normal 

range. In Stage IS the serum tumor markers post-orchiectomy stay continuously 

elevated or increase suggesting the presence of subclinical metastatic growth. 

Stage II is characterized by lymph node metastasis, further divided into IIA, IIB and 

IIC according to the lymph node size. In stage III distant metastasis are present. 

(27,41) 

1.6 Prognosis 

In 1997 the International Germ Cell Cancer Collaborative Group (IGCCCG) 

established a prognostic system for metastatic GCT identifying clinically 
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independent adverse factors. (28) This prognostic risk-factor system was updated 

in 2021 by the IGCCCG Update Consortium and is shown in Table 3. (42) 

Table 3: Prognostic risk-factor system for metastatic germ cell tumors (IGCCCG) (28,42)5 

 

Caption:  

PFS: Progression-free survival 

The updated IGCCCG prognostic model shows an increase of the overall survival 

(OS)6 in patients within the intermediate prognostic group from 80% to 89%. An 

increase of the PFS from 41% to 54% as well as an increase of the OS from 48% 

to 67% was found in patients with poor prognosis. (42) 

 
5 Assessment of tumor markers should take place immediately before initiation of chemotherapy (on 
the same day) (42) 
6 OS defined from start of chemotherapy to death of any cause (42) 
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Prognosis on metastatic recurrence in clinical stage I seminoma seems 

predominantly dependent on two risk factors: primary testicular tumor size and rete 

testis invasion. (43) The risk of relapse in the absence of these two risk factors is 

considered low (6%). (44) However systematic reviews indicate that the value of 

these two risk factors in metastatic relapse prognosis has significant limitations. 

(45,46)  

In clinical stage I NSGCT lymphovascular invasion (LVI) of the primary tumor mass 

is considered a prognostic factor of metastatic relapse. The lack of a standardized 

definition however limits its application. (47,48) 

1.7 Therapy 

The first-line therapy algorithm of TGCT according to Onkopedia guidelines is shown 

in the following Figure 1. (26)
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Figure 1: First-line therapy algorithm of TGCT (26) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Caption:  

“marker(s)” refer to AFP, -hCG and LDH (26) 
BEP - cisplatin, etoposide, bleomycin chemotherapy; the number refers to number of cycles (27) 
EP - etoposide, cisplatin chemotherapy (27) 
RPLND - retroperitoneal lymph node dissection (27) 
VIP - etoposide, cisplatin, ifosfamide chemotherapy (27) 
Good, intermediate and poor-prognosis group see Table 3 (28,42) 
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1.7.1 Orchiectomy – primary treatment 

Orchiectomy of the affected testis is the first-line treatment of TGCT. Consideration 

of an organ-preserving approach for small, isolated tumors of <30% of the testicular 

volume is advised. In case of highly progressed tumor stage or acute life-threatening 

disease, immediate initiation of chemotherapy without prior orchiectomy is 

considered as primary treatment option. (49) 

1.7.2 Seminoma clinical stage I 

Overall, seminomatous germ cell tumor (SGCT) patients in clinical stage I (CS I) 

have a low risk of relapse. (27) Therapy management can be adjusted to individual 

risk factors such as primary tumor size (>4 cm) or rete testis invasion (see 1.6 

Prognosis). (26,50) After first-line orchiectomy “active surveillance” (AS) including 

habitual cross-section imaging, tumor marker monitoring and clinical assessments, 

represents a treatment option for all SGCT patients irrespective of individual risk 

factors. The cause-specific survival of AS is close to 100%, whilst toxicity associated 

with other adjuvant therapies is minimized. (27,51,52) Patients with one or more risk 

factors may alternatively receive one cycle of adjuvant carboplatin chemotherapy 

(AUC7) after careful evaluation of individual circumstances, potential benefits and 

risks. (26,27,50) 

1.7.3 Non-seminomatous germ cell tumor clinical stage I 

The most important prognostic factor in NSGCT is the presence or absence of LVI 

in orchiectomy specimen. About 70% of CS I NSGCT patients are cured with 

orchiectomy alone. In patients with the high-risk feature of LVI, relapse occurs in up 

to 50% of cases, compared to 15% in patients without LVI. (27) The majority of 

relapses in LVI positive as well as LVI negative NSGCT patients occur within two 

years after orchiectomy. A late relapse of disease-free patients 3 years or later post-

orchiectomy is extremely rare. (53) Therefore, AS7 is an appropriate therapy option 

to avoid overtreatment in patients without LVI. (27,53,54). In contrast, LVI positive 

patients benefit from a risk adapted treatment approach considering their higher risk 

of relapse. One cycle of adjuvant BEP chemotherapy (see Table 4) is advised in LVI 

positive patients, resulting in very low relapse rates of 2-3%. (55,56) However 

 
7 habitual cross-sectional imaging, tumor marker monitoring and clinical assessments (27) 
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treatment decisions should be individually discussed to meet the patient's needs. 

(27)  

1.7.4 Seminoma clinical stage IIA/B 

In seminoma patients with isolated retroperitoneal lymph nodes ≤ 2 cm in greatest 

diameter without tumor marker elevation (CS IIA), re-assessment imaging (CT or 

MRI) after 6-8 weeks should be performed to differentiate reactive lymph node 

enlargement and actual metastatic disease. (26,42,57)  

After re-staging, standard treatment involves initiating either chemotherapy or 

radiotherapy. In stage IIA seminoma, both treatment options yield comparable 

outcomes. (58) Radiotherapy requires radiation doses of 30 Gy (in CS IIA) with the 

standard field encompassing the para-aortic and ipsilateral iliac lymph nodes. 

(59,60) In stage IIB seminoma a meta-analysis of 13 high-quality studies comparing 

efficacy and toxicity of radiotherapy and chemotherapy demonstrated a non-

significant trend indicating greater efficacy of chemotherapy. (61) The standard 

chemotherapy regimen for both CS IIA and IIB seminoma is BEP x 3 or EP x 4 in 

case of contraindication to bleomycin. (62) Cisplatin-based chemotherapy is 

preferred to treat larger lymph nodes, invasion of multiple lymph nodes and to evade 

second malignancy and long term effects of RT. Radiation therapy is preferred in 

stage IIA disease in case of advanced age and/or physical frailty with lower 

tolerance to chemotherapy. (26,27) 

1.7.5 Non-seminomatous tumor clinical stage IIA/B 

NSGCT patients with normal tumor marker levels and equivocal lymph nodes < 2 

cm may be considered for initial surveillance to differentiate reactive lymph node 

enlargement and actual metastatic disease, followed by early re-evaluation at six 

weeks. If the lesions persist or progress, patients should be classified and treated 

as CS II. (27) In case of non-elevated markers but persisting suspect retroperitoneal 

lymph nodes, primary retroperitoneal lymph node dissection (RPLND) by an 

experienced surgeon in a specialized centre is the recommended single-modality 

treatment. (26,63,64) In case of vital cancer after RPLND, the administration of 

adjuvant chemotherapy should be discussed to reduce the risk of relapse. The 

standard regimen is BEP or EP for a maximum of 2 cycles. However, the risk of 
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overtreatment, the need for close follow-up and the potential side effects of 

chemotherapy must be carefully considered. (65,66) 

Patients with elevated tumor markers in stage IIA/B NSGCT are treated according 

to the IGCCCG classification (see Table 3) analogously to the treatment algorithm 

(see Figure 1) for advanced tumor stages. (26) 

1.7.6 GCT clinical stage IIC and III 

Treatment of GCT clinical stage IIC and onwards (including CS II NSGCT with tumor 

marker elevation) are managed according to the IGCCCG risk classification (see 

Table 3). (26) Patients in the good-prognosis group receive a standardized cisplatin-

based regimen of 3 cycles, each consisting of 21 days of BEP according to the 

European organization for research and treatment of cancer genitourinary tract 

cancer cooperative group and the IGCCCG (see Table 4). Alternatively 4 cycles of 

EP may be considered if bleomycin is contraindicated. (67,68)  

The standard regimen for patients in the intermediate and poor-prognosis group 

(advanced disseminated GCT) is 4 cycles of BEP. (69) Alternatively 4 cycles of VIP8 

are an option for patients with contraindications to bleomycin. However under VIP 

treatment myelotoxicity occurs more frequently. (70) The administration of high-dose 

chemotherapy as first-line treatment in the poor-prognosis group is controversial. 

(71,72) A treatment strategy is to initiate a standard regimen and escalate 

chemotherapy intensity if tumor markers insufficiently decline during treatment. 

(72,73)  

Table 4: BEP regimen (interval 21 days) (28,67) 

 

*Plus, hydration 

1.7.7 Residual tumor resection 

 
8 etoposide, cisplatin, ifosfamide (71,72) 
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About 30% of TGCT patients with metastatic disease require residual tumor surgery 

or salvage therapy. (26) 

In SGCT patients with tumor residuals post-chemotherapy < 3 cm, initial monitoring 

is preferred. A residual tumor resection is not indicated. FDG-PET is advised for 

residuals > 3 cm to predict viable tumor masses. (26,74)  

In NSGCT patients residual tumor resection is indicated if the residual mass remains 

> 1 cm after the last cycle of chemotherapy. (75,76)  

1.7.8 Systemic salvage chemotherapy 

Salvage chemotherapy, an intensified treatment regimen, remains an option for 

patients with metastatic disease responding poorly to first-line chemotherapy, failing 

to achieve complete remission through first-line chemotherapy or relapsing from 

complete remission. (26) Standard VIP, TIP9 and GIP10 salvage chemotherapy 

regimen are described in Table 5 according to the EAU guidelines on testicular 

cancer. (27,77) Sequential high-dose (HD) chemotherapy (HD-carboplatin and HD-

etoposide = HD-CE) combined with autologous stem cell support in GCT relapse is 

an established salvage treatment option. Even as third-line or later therapy, HD-CE 

can achieve effective long-term survival. (78–80)  

Table 5: Standard VIP, TIP and GIP salvage chemotherapy (interval 21 days) (27,77) 

 

1.7.9 Late relapse 

 
9 Paclitaxel, ifosfamide, cisplatin salvage chemotherapy 
10 Gemcitabine, ifosfamide, cisplatin salvage chemotherapy 
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Late relapse is defined as relapse occurring 2 years or later after completion of 

successful first-line treatment including chemotherapy. (81) In comparison to 

primary metastatic TGCT, late relapses show a reduced chemosensitivity. Due to 

the insufficient chemotherapy response, surgical resection remains the 

recommended course of action, aiming at complete resection of the viable tumor 

mass, if feasible. (82–85)  In nonresectable, multisite disease,  dose-intense or high-

dose chemotherapy should be considered. (86) In general late relapse is more 

frequent in NSGCT (incidence of 1.4% vs. 3.5% in seminoma vs. non-seminoma 

patients, respectively). (87) However, the overall cure rate in late relapse is low at 

around 50%, which emphasizes the importance of adequate first-line therapy. (85) 

1.7.10 Follow-up 

The objective of follow-up after curative primary care within the subsequent 5 years 

is early diagnosis of relapse, improvement of recovery and prolongation of the 

overall survival. (26) Follow-up schemes are based on tumor staging, initial 

treatment and individual risk factors of relapse. Recommendations suggest minimal 

follow-up over a cycle of 5 years with routinely monitoring of tumor markers, clinical 

assessment, chest X-ray, abdominopelvic MRI or CT and thorax CT depending on 

the individual risk profile. Relapse-free patients after a 5-year follow-up period are 

further managed according to survivorship care plans, aiming to detect late side-

effects of treatment rather than rare late relapse. (88)  

1.8 Quality of Life and long-term Toxicity after Cure of TGCT 

Testicular cancer is highly curable with a 5-year survival rate of 97%  and a 10-year 

survival rate of more than 95%. (89,90) The success is largely attributed to the 

introduction of cisplatin-based chemotherapy. (91) In addition to effective treatment 

regimens, the young average age at diagnosis can extend the life expectancy of TC 

patients by several decades. Therefore, it became increasingly important to focus 

on long-term effects of cisplatin-based treatment regimens including, among others, 

second primary malignancies, cardiovascular diseases, metabolic syndrome, 

gonadal toxicity, neurotoxicity, nephrotoxicity, pulmonary toxicity, decreased fertility, 

and psychological disorders. (90–93) Consequently clinical research is required to 

expand into long-term treatment-associated side effects in TGCT patients. (90) 
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1.9 Nephrotoxicity of Cisplatin 

Nephrotoxic effects following cisplatin administration were reported early on during 

initial clinical trials. (94) Nephrotoxicity clinically manifests as decreased glomerular 

filtration rate (GFR), elevated serum creatinine, and reduced serum magnesium and 

potassium levels. (95,96) Acute nephrotoxicity is a well-recognized adverse effect, 

experienced by up to one third of GCT patients treated with cisplatin. (97) The 

cytotoxic agent has been shown to persist in the body of TGCT patients for decades 

after treatment administration, potentially impacting regular renal function. (98) 

However longer-term nephrotoxicity is incompletely understood. The existing 

literature presents conflicting findings, with cross-sectional studies indicating a high 

proportion of patients with reduced kidney function post-treatment, while a 

prospective study shows a rebound to mostly normal levels. (99,100)  

To comprehend acute and longer-term effects of cisplatin, it is crucial to gain insight 

into the mode of action of the widely used cytotoxic drug. (90) 

1.9.1 Mode of action of cisplatin  

Many biological processes within human cells rely on essential metals to ensure 

proper function. Cisplatin contains metallic-platinum, which is thought to disrupt 

numerous intracellular signal transduction pathways, ultimately leading to the 

initiation of apoptosis. Several intracellular mechanisms have been identified 

contributing to the cytotoxic effects of cisplatin: DNA intercalation, interference in 

cytoplasmatic organelle function, induction of caspase-dependent and death-

receptor mediated apoptosis, formation of oxidative stress via reactive oxygen 

species (ROS) and induction of inflammation through tumor necrosis factor alpha 

(TNFα) and other chemokines. (101,102) The exposure of tubular cells to these 

complex cisplatin-induced cellular and molecular mechanisms leads to a loss of 

renal function through tubular cell injury or tubular cell death. (103) 

1.9.2 DNA interaction of cisplatin 

Anti-neoplastic effects of cisplatin are, among others, induced by DNA damage. By 

entering the cell, cisplatin undergoes complex interactions with cellular components 

leading to a positively charged electrophile with high affinity to the DNA. (104) DNA 

cross links are formed, preventing DNA synthesis and replication hence causing cell 

cycle arrest. (105)  
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1.9.3 Cytoplasmatic organelle dysfunction 

Apart from DNA interaction, cisplatin appears to exert its cytotoxic effects on a 

cellular level through the endoplasmic reticulum (ER) and mitochondria. After 

cisplatin application, an upregulation in caspase-12 activity, localized and regulated 

in the ER, is shown and seems to trigger an ER-specific apoptosis pathway. 

(106,107) The other cellular target of cisplatin is the mitochondria, where 

mitochondria-associated apoptosis is induced. (101,108) Mitochondrial density is 

highest in the proximal tubule cells, which is where cisplatin-induced damage is also 

frequently found. (101) 

1.9.4 Apoptosis 

Cisplatin promotes apoptotic (and necrotic) cell death through the interruption of 

signaling pathways, contributing to tubular cell injury and death. Several apoptotic 

pathways have been found to be implicated in this cytotoxic process (103): Intrinsic 

apoptotic pathways through ER or mitochondrial damage (as described in chapter 

1.9.3), extrinsic apoptotic pathways through the production of TNFα, apoptosis 

triggered by p53 (a tumor suppressor protein) and apoptosis triggered by ROS. 

(101,109,110)  

1.9.5 Oxidative stress  

Cisplatin treatment increases free reactive oxygen radicals in renal tubular cells, 

which seems to contribute to its nephrotoxic effects. Three mechanisms have been 

proposed to play a critical role: Firstly, cisplatin interacts with glutathione, shifting 

the cellular redox status and leading to an accumulation of ROS. Secondly, cisplatin 

interferes with the mitochondrial respiratory chain leading to a greater production of 

ROS. Lastly, cisplatin induces ROS production in the microsomes through the 

cytochrome P450 system. (103,111)  

1.9.6 Inflammation 

Cisplatin causes renal intracellular damage, which seems to provoke the release of 

damage-associated molecular pattern molecules (DAMPS). DAMPS can bind to toll-

like receptors (TLR) that cause the release of proinflammatory chemokines and 

cytokines through the activation of multiple signaling pathways. TLR-mediated local 

inflammation could impact renal tissue damage. (101,112,113) 
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1.10 Aim of this Thesis  

Cisplatin is a potent antineoplastic agent. (103) It is the mainstay of treatment in 

TGCT patients, achieving contemporary cure rates exceeding 90% for most. While 

these excellent tumor-specific treatment outcomes are consistent with cure from 

TGCT for the vast majority of patients, they have also shifted the focus of TGCT 

clinical research toward the longer-term side effects of the therapy. (90) Cisplatin 

can persist in the body for decades, potentially leading to various acute and chronic 

complications. Acute kidney injury is a well-documented immediate side effect of 

cisplatin treatment. (90–93,98) However, there is currently insufficient data on the 

longer-term impact of cisplatin on kidney function in TGCT survivors. (99,100,114) 

This diploma thesis aims to quantify the longer-term renal function trajectories and 

the risk of chronic kidney disease in TGCT survivors, with the aim of enhancing the 

understanding of cisplatin's safety in these patients. 
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2 Methods 

2.1 Study Cohort and Kidney Function Measurements 

Our cohort includes all adult (i.e. ≥ 18 years) males with TGCT referred to the 

Division of Oncology, Medical University of Graz, Austria since December 21st, 

1993. Patients are referred to us either as secondary referrals after orchiectomy 

from urologic facilities in our area, or as primary referrals in case of metastatic 

disease. As we are the only medical oncology centre in Southern Austria for TGCT 

our cohort includes the whole TGCT population in this area. After referral and 

respective treatment (active surveillance, adjuvant therapy, curative therapy), 

patients undergo structured follow-up including laboratory analyses over a period of 

at least 10 years. For the present analysis, we use a data cut-off on January 17th, 

2022 (n=1,239) and merged the clinical cohort data with the routinely obtained 

estimated glomerular filtration rate (eGFR) data extracted from our electronic health 

record system “openMEDOCS” data as described in Supplementary Paragraph 1. 

Due to the advent of our local electronic health record system in 2003 and 

consequently unavailable electronic eGFR data capture before this time, patients 

with histology dates prior January 1st, 2004 were excluded as described in 

Supplementary Paragraph 2. 

2.2 Exposure 

To examine the association of platinum exposure with patients’ eGFR trajectories, 

we categorized our study cohort into 4 groups with different baseline dates for the 

longitudinal analysis: Group #1 (“AS”): patients who never received any platinum-

based therapy and were always on active surveillance (baseline date: date of 

testicular cancer histology); Group #2 (“AdjCBP”): patients who were treated with 

adjuvant carboplatin AUC7 “single shot” and never relapsed or received any TGCT-

specific systemic therapy thereafter (baseline date: day of carboplatin 

administration); Group #3 (“AdjBEP”): patients who were treated with 1-2 cycles of 

adjuvant bleomycin/etoposide/cisplatin and never relapsed or received any TGCT-

specific systemic therapy thereafter (BEP, baseline date: first day of BEP 

adminstration); Group #4 (“CurBEP”): patients who were treated with “curative” BEP, 

i.e. at least 3 cycles BEP or 4 cycles EP and potential further lines of therapy in case 

of relapse/refractory courses of disease (baseline date: first day of BEP 
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administration). Consequently, some smaller patient subgroups not relevant to this 

study’s question or with a potential confounding effect on kidney function (e.g. 

adjuvant or curative radiotherapy) were excluded a priori as described in 

Supplementary Paragraph 2.  

2.3 Outcomes 

The co-primary outcomes of the present study are (1) the cumulative incidence of a 

30% relative decline in eGFR from baseline eGFR, and (2) the longitudinal 

annualized absolute change in the eGFR (in ml/min/1.73m²/year). The rationale for 

selecting a 30% decline in eGFR as a co-primary outcome of this study is that this 

is an established and recommended outcome for kidney disease trials and an 

established surrogate outcome for progression of chronic kidney disease. (115,116) 

The rationale for selecting the second co-primary outcome was that this will provide 

a more granular representation of the longitudinal change in kidney function in our 

study population. (117) 

2.4 Statistical Methods 

All statistical analyses were performed with Stata (Windows version 18, Stata Corp., 

Houston, TX, USA). Continuous variables were reported as medians [25th-75th 

percentile] and count data as absolute frequencies (column %). Median follow-up 

was estimated with the reverse Kaplan-Meier method. Follow-up for the first co-

primary outcome analysis was truncated at 10 years after inspection of our data 

showed a “25% follow-up” of at least 9.8 years. Follow-up for the second co-primary 

outcome analysis was left unconstrained to the last eGFR measurement 18.6 years 

after baseline. The first co-primary outcome was analyzed with a competing risk 

cumulative incidence estimator, treating death-from-any-cause as the competing 

event of interest, Gray’s test, as well as uni- and multivariable Fine & Gray 

competing risk regression. The second co-primary endpoint was analyzed with a 

linear mixed model with patient-level random intercepts and random slopes for 

eGFR. Technical details on the linear mixed model building/selection process are 

described in Supplementary Paragraph 3. For both outcomes, we pre-specified a 

multivariable analysis adjusting for age, baseline eGFR, and select comorbidities 

with a known adverse effect on kidney function and its trajectory (Diabetes mellitus, 



35 
 

heart failure, hypertension, cardiovascular diseases). However, as the analysis 

demonstrated the prevalence of these comorbidities to be extremely low, we only 

performed multivariable adjustment for age and baseline eGFR. In sensitivity 

analysis, a flexible parametric model with time-varying effects of study group was 

fitted to explore the dynamics of developing a 30% decline in eGFR during follow-

up. 
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3 Results 

3.1 Cohort Description and longitudinal Kidney Function 
Trajectory 

We analyzed 777 patients and 16,953 eGFR measurements (Table 6). The median 

number of eGFR measurements per patient was 19 [25th-75th percentile: 14-25] 

and ranged from 1 to 290 measurements. The baseline prevalence of comorbidities 

with an established negative impact on kidney function, such as diabetes mellitus 

and hypertension, were very low (Table 6). Median follow-up of the cohort was 6.1 

years, with 75% and 25% of the cohort being followed-up for at least 3.9 and 9.8 

years, respectively. The 1-, 3-, 5-, and 10-year competing risk cumulative incidence 

estimates of developing a 30% decline in eGFR in the overall cohort were 7% 

(95%CI: 6-9), 16% (13-19), 20% (17-23), and 23% (20-27), respectively 

(Supplementary Figure 1). In linear mixed modelling allowing for a non-linear 

change in the eGFR over time, overall baseline eGFR was 96ml/min/1.73m² and did 

not materially decline over time (Supplementary Figure 2). Assuming a linear decline 

in eGFR over time, eGFR declined by 0.6ml/min/1.73m²/year.  

3.2 Long-term Kidney Function Trajectory according to Platinum 
Exposure 

Among our cohort of 777 patients, 335 (43%) were always on active surveillance 

(Group 1 – AS), 83 (11%) received one cycle of adjuvant carboplatin and did not 

recur thereafter (Group 2 – AdjCBP), 118 (15%) received one or two cycles of 

adjuvant BEP and did not recur thereafter (Group 3 – AdjBEP), and 241 (31%) 

received at least three cycles of curative platinum-based chemotherapy for 

advanced disease (Group 4 -CurBEP). Some small differences in the distribution of 

baseline variables between these four study groups were observed. For example, 

Group 3 was slightly younger than the other groups while Group 1 had a slightly 

lower baseline eGFR (Table 6). The competing risk cumulative 10-year incidence 

estimates of a 30% decline in eGFR were 18%, 18%, 17%, and 35% in the AS, 

AdjCBP, AdjBEP, and CurBEP group, respectively (Figure 2). In univariable 

competing risk regression, the risks of a 30% decline in eGFR did not differ between 

AS, AdjCBP, and AdjBEP, but were significantly higher in patients in the CurBEP 

group (Table 7). These results prevailed after the pre-specified multivariable 
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adjustment for age and baseline eGFR (Table 7), as well as after adjusting for other 

variables that were significantly associated with GFR decline in univariable analysis 

(Supplementary Table 1). In flexible parametric modeling, the time-dependent event 

rates of a 30% decline in eGFR of the 4 groups approached each other after around 

4 years of follow-up (Supplementary Figure 3). In exploratory analysis, the 

cumulative incidences of a 30% decline in eGFR did not significantly differ between 

patients in “Group 2 - AdjBEP” treated with one or two cycles of platinum-based 

chemotherapy (Gray’s test p=0.311, Supplementary Figure 4).  

In linear mixed modelling of the second co-primary outcome, the annualized 

absolute average changes in eGFR were -0.1ml/min/1.73m²/year, 

0.1ml/min/1.73m²/year, -0.5ml/min/1.73m²/year, and -1.5ml/min/1.73m²/year in the 

AS, AdjCBP, AdjBEP, and CurBEP groups, respectively (Model #1 in Table 8). 

Notably, annualized declines did not significantly differ between the AS, AdjCBP, and 

AdjBEP groups (all p≥0.10), whereas the annualized eGFR decline was significantly 

higher in the CurBEP group as compared to all other three groups (all p<0.0001). 

These results prevailed after multivariable adjustment for age and baseline eGFR 

(Model #2 in Table 8). However, over 10 years of follow-up, these absolute average 

eGFR changes and their differences between the four platinum exposure groups 

remained relatively small. (Figure 3Figure 3). We therefore queried our dataset for 

eGFR measurements <15ml/min/1.73m², which identified 4 patients who had at 

least once an eGFR measurement below this threshold. Individual analysis of these 

four patients found no meaningful association of these eGFR measurements with 

platinum exposure, and a risk of any haemodialysis in our study cohort after 

platinum exposure of 0% (Table 9).  



38 
 

4 Discussion 

In this study, we aimed to quantify the association between platinum exposure and 

longer-term kidney function changes in patients with TGCT. To achieve this aim, we 

analyzed a large eGFR dataset from an ongoing single-centre TGCT study with 

highly granular patient-level data quality and completeness. This allowed us to 

model eGFR trajectories over time in four clinically relevant subgroups of patients 

treated (1) without any platinum-based therapy, (2) with single-shot adjuvant 

carboplatin, (3) with 1-2 cycles of BEP, and (4) with ≥ 3 cycles of BEP. We found 

that declines in kidney function occurred more often only in the group of TGCT 

patients exposed to ≥ 3 cycles of BEP (CurBEP). The absolute magnitude of this 

excess risk when modelling absolute annualized changes in eGFR appeared to be 

relatively small. The other three groups (AS, AdjCBP, AdjBEP) had similar eGFR 

decline risks and similarly stable kidney function trajectories. Overall, no patient 

needed new haemodialysis after the study inclusion date. Collectively, these results 

do not suggest that clinically significant chronic kidney morbidity is a common 

problem of TGCT survivors 10 years after treatment. 

Our findings are highly consistent with an elegant prospective study by Lauritsen 

and colleagues, who observed in a population of advanced TGCT receiving 

standard BEP an association between a higher number of BEP cycles and a higher 

decline in kidney function. (100) The study by Lauritsen also investigated potential 

associations of kidney function change with cardiovascular morbidity and death, 

which was not done in our study, while our study also includes patients with early 

TGCT not exposed to cisplatin to better delineate the contribution of cisplatin to 

kidney outcomes. Both the Lauritsen study and our study found that the declines in 

kidney function attributable to platinum exposure, while statistically significant, are 

rather small in absolute magnitude. 

Importantly, we did not observe a meaningful difference in kidney function decline 

between patients exposed to single-shot adjuvant carboplatin and those exposed to 

1-2 cycles of adjuvant BEP. This supports the hypotheses that (1) the adverse 

impact of platinum on kidney function appears to manifest itself only at cumulative 

cisplatin doses higher than 200mg/m², and (2) one cycle of adjuvant BEP appears 

to be safe in terms of longer-term kidney outcomes. 
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Of note is that we observed an unadjusted and adjusted association with higher 

baseline eGFR and a higher risk of a 30% decline in eGFR. This is counterintuitive, 

but we are confident that this association is spurious and attributable to (1) nearly 

all patients in our sample having eGFR measurements within the normal or near-

normal range, and (2) the known non-linearity between kidney function and eGFR 

particularly in subjects with normal kidney function.  

As with all analyses on retrospective data, issues surrounding patient selection, 

outcome data collection, informative censoring, and local practice patterns may 

induce difficult-to-quantify biases and may limit external generalizability. 

Nonetheless, we believe that our analysis, despite its retrospectivity, is robust 

against these important limitations as it based on an all-comer population with high 

prospective retention at the treating centre, with patients undergoing consistent 

treatment and follow-up as enforced by local institutional policy in accordance with 

internationally accepted treatment standards. Our previous work on this cohort has 

yielded results which were highly in line with findings from other cohorts in the field 

of TGCT outcomes and survivorship research, further supporting the external 

validity of our population. (118–124) Nonetheless, one major and one minor 

limitation of our study need to be clearly addressed. First, despite the large sample 

size, our follow-up duration (25th percentile of follow-up at ~10 years) may be too 

short to capture incident chronic kidney disease in a TGCT survivor population with 

relatively uncompromised life expectancy. Our follow-up duration could have been 

increased by not excluding patients from the early 2000s, but this would have come 

at the cost of a significantly lower data completeness regarding eGFR 

measurements originating from an era of “paper charts.” Thus, we have refrained 

from interpreting our results as “long-term” kidney outcomes, and rather use “10-

year” terminology to highlight this major limitation with follow-up duration. Defining 

truly long-term kidney disease outcomes over a horizon of 30-50 years after TGCT 

diagnosis thus remains an important goal for future research, with a linkage analysis 

of kidney disease and TGCT diagnosis codes in large population-based claims 

registries may be the most optimal design for addressing this question. Second, the 

presence of CKD in our study population was extremely low and the vast majority 

of patients had normal baseline eGFR. This leads to the minor limitation that our 

study does not provide comprehensive data on kidney outcomes and platinum-



40 
 

exposure in the small patient subset with pre-existing CKD. We would like to refer 

to the study by Lauritsen and colleagues, who captured a subpopulation of TGCT 

patients with pre-existing CKD, and provide specific results for this small population. 

(100) 
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5 Conclusion 

Our data are consistent with the concept that only TGCT patients treated with a 

cumulative dose of ≥3 cycles of cisplatin experienced a higher risk of longer-term 

kidney function decline over a 10-year horizon. However the absolute magnitude of 

this risk appears to be rather small.  
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7 Tables 

Table 6: Baseline characteristics of the study cohort – Distribution overall and by treatment group (n=777) 

Variable n 
(% miss.)* 

Overall 
(n=777) 

Group 1 – 
AS (n=335) 

Group 2 – 
AdjCBP (n=83) 

Group 3 – 
AdjBEP 
(n=118) 

Group 4 – 
CurBEP 
(n=241) 

p** 

        

Demographic 
characteristics 

       

Age (years) 777 (0%) 37 [29-45] 38 [31-47] 38 [32-48] 32 [28-38] 37 [28-44] 0.0001 

BMI (kg/m²) 664 (15%) 25 [23-28] 25 [23-28] 25 [23-28] 25 [23-27] 25 [23-28] 0.865 

Smoker or Ex-Smoker 516 (34%) 282 (55%) 100 (47%) 33 (65%) 60 (72%) 89 (53%) <0.0001 

Karnofsky Index <100% 630 (19%) 64 (10%) 19 (7%) 6 (9%) 4 (4%) 35 (18%) <0.0001 

Clinical variables        

Non-Seminomatous 
histology 

768 (1%)⸸ 350 (46%) 90 (27%) 1 (1%)⸸⸸ 117 (99%)⸸⸸ 142 (60%) <0.0001 

Initial clinical stage IS-
IIIC 

777 (0%) 192 (25%) 0 (0%) 0 (0%) 0 (0%) 195 (81%) <0.0001 

IGCCCG risk 
stratification*** 

194 (<1%) / / / / / N/A 

---Good risk N/A N/A N/A N/A N/A 148 (76%) / 

---Intermediate risk / / / / / 20 (10%) / 

---Poor risk / / / / / 26 (13%) / 

Type of primary group-
defining treatment 

777 (0%) / / / / / <0.0001 

---No chemotherapy  / 335 (43%) 335 (100%) 0 (0%) 0 (0%) 0 (0%) / 

---Carboplatin / 83 (11%) 0 (0%) 83 (100%) 0 (0%) 0 (0%) / 

---BEP / 328 (42%) 0 (0%) 0 (0%) 117 (99%) 211 (88%) / 

---EP / 24 (3%) 0 (0%) 0 (0%) 1 (1%) 23 (10%) / 

---PEI / 4 (<1%) 0 (0%) 0 (0%) 0 (0%) 4 (2%) / 

---Other / 3 (<1%) 0 (0%) 0 (0%) 0 (0%) 3 (1%) / 

Comorbidities at 
baseline with potential 
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impact on kidney 
function 

Diabetes mellitus 516 (36%) 8 (2%) 3 (2%) 1 (2%) 2 (2%) 2 (1%) 0.611 

Hypertension 569 (27%) 48 (8%) 13 (7%) 5 (8%) 9 (9%) 21 (10%) 0.718 

Heart failure 567 (27%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) N/A 

CAD 570 (27%) 2 (<1%) 0 (0%) 0 (0%) 0 (0%) 2 (1%) 0.745 

Laboratory variables        

Baseline eGFR 
(ml/min/1.73m²) 

777 (0%) 94 [81-108] 90 [80-103] 96 [81-106] 98 [88-111] 98 [84-109] 0.0001 
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Table 7: Uni- and multivariable competing risk regression models of time-to-30%-decline-in-eGFR 

  Univariable models  Multivariable model 

       

Variable  SHR 95%CI (p)  SHR 95%CI (p) 

Study group       

---Group 1 - AS  Ref. Ref.  Ref. Ref. 

---Group 2 - AdjCBP  1.05 0.56-1.98, p=0.870  0.95 0.50-1.80, p=0.881 

---Group 3 - AdjBEP  0.97 0.55-1.71, p=0.923  0.98 0.55-1.74, p=0.951 

---Group 4 - CurBEP  2.40 1.70-3.45, p<0.0001  2.40 1.65-3.50, p<0.0001 

Age (per 5 years increase)  1.08 1.00-1.15, p=0.042  1.23 1.13-1.33, p<0.0001 

BMI (per 5 kg/m² increase)  0.98 0.80-1.19, p=0.810   / 

Smoker or Ex-Smoker  0.97 0.67-1.41, p=0.868   / 

Karnofsky Index <100%  1.95 1.21-3.16, p=0.006   / 

Nonseminoma  1.55 1.12-2.14, p=0.009   / 

Diabetes mellitus  0.51 0.08-3.29, p=0.477   / 

Hypertension  1.35 0.79-2.30, p=0.271   / 

Baseline eGFR (per 10 
ml/min/1.73m² increase) 

 1.35 1.23-1.48, p<0.0001  1.43 1.30-1.58, p<0.0001 
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Table 8: Random intercept and slope models for modelling the change in eGFR over time 

Model  
Dependent 
variable 

 

Independent variables 

Coefficient 
(Absolute 

difference) 95%CI p 

        

Model #1 

 

eGFR 

 Follow-up time (per year) -0.06 -0.32-0.20 0.640 

  Group 1 - AS Ref. Ref. Ref. 

  Group 2 - AdjCBP 1.83 -2.02-5.68 0.351 

  Group 3 - AdjBEP  8.12 4.79-11.44 <0.0001 

  Group 4 - CurBEP 5.89 3.29-8.49 <0.0001 

  Group 1 – AS # Follow-up time Ref. Ref. Ref. 

  Group 2 – AdjCBP # Follow-up time 0.20 -0.40-0.80 0.514 

  Group 3 – AdjBEP # Follow-up time  -0.42 -0.92-0.08 0.100 

  Group 4 – CurBEP # Follow-up time -1.46 -1.84-(-1.09) <0.0001 

  INTERCEPT 90.43 88.72-92.14 <0.0001 

        

Model #2 

 

eGFR 

 Follow-up time (per year) 0.10 -0.16-0.36 0.453 

  Group 1 - AS Ref. Ref. Ref. 

  Group 2 - AdjCBP -0.04 -2.37-2.30 0.974 

  Group 3 - AdjBEP  1.05 -0.97-3.08 0.308 

  Group 4 - CurBEP 1.73 0.19-3.27 0.028 

 
 Age (per 1 year increase above 35 

years) -0.29 -0.36-(-0.23) <0.0001 

 
 Baseline eGFR (per 1ml/min/1.73m² 

increase above 90min/min/1.73m²) -0.64 -0.68-(-0.60) <0.0001 

  Group 1 – AS # Follow-up time Ref. Ref. Ref. 

  Group 2 – AdjCBP # Follow-up time 0.27 -0.31-0.85 0.359 

  Group 3 – AdjBEP # Follow-up time  -0.40 -0.89-0.10 0.115 

  Group 4 – CurBEP # Follow-up time -1.37 -1.74-(-1.00) <0.0001 

  Age # Follow-up time -0.03 -0-05-(-0.02) <0.0001 
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  Baseline eGFR # Follow-up time 0.03 0.02-0.04 <0.0001 

  INTERCEPT 90.88 98.80-91.97 <0.0001 
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Table 9: Clinical annotation of the four patients who had at least one eGFR <15ml/min/1.73m² at any time during the study 

Clinical item  Patient #1 Patient #2 Patient #3 Patient #4 

Demographics and 
testicular cancer 

 43-year-old male 
NSGCT CS IIIA 
IGCCCG: Good 

prognosis 

50-year-old male 
SGCT pT1 

41-year-old male 
SGCT IIC 

IGCCCG: Good 
prognosis 

54-year-old male 
NSGCT CS ≥IIC 

IGCCCG: Poor 
prognosis 

Study group  Group 3 – Curative 
BEP 

Group 1 – Active 
surveillance 

Group 3 – Curative 
BEP 

Group 3 – Curative 
BEP 

Pre-existing CKD  Yes (ADPKD on 
chronic hemodialysis) 

No No Yes (non-functional left 
kidney following 

hydronephrosis due to 
NSGCT retroperitoneal 

lymph node bulk)  

Other clinical context  Multiple comorbidities, 
legal guardian due to 

mental retardation  

Child’s C liver cirrhosis 
due to chronic alcohol 

abuse, COPD 

Sarcoidosis None 

Time and type of 
platinum exposure 

 Individualized 
treatment with 3xPEI 

(due to ESRD) and 
daily dialysis during 

chemo 

No platinum exposure 3xBEP Individualized treatment 
with 4xPEI (due to 

CKD) 

Time of 
eGFR<15ml/min/1.73m² 

 always 9 years after SGCT 
diagnosis 

1 week before platinum 
exposure 

12 years after platinum 
exposure 

Clinical context / 
Outcome 

 Died from neutropenic 
sepsis during the 3rd 

PEI cycle  

eGFR<15ml/min/1.73m² 
occurred within an ICU 

stay due to hepatorenal 
syndrome caused by 

terminal liver disease, 
large-volume ascites 

paracentesis and pre-
renal kidney failure due 

eGFR<15ml/min/1.73m² 
occurred due to 

extensive 
retroperitoneal bulk 

causing grade III 
hydronephrosis, fully 

resolved after Double J 
ureteral stenting, 

eGFR<15ml/min/1.73m² 
occurred due to heart 
failure and pulmonary 

edema following 
myocardial infarction, 

patient still alive, no 
current eGFR 
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to diuretics; died from 
liver failure   

patient died ~ 4 months 
after 3rd BEP cycle due 

to generalized 
staphylococcal 

abscesses / sepsis 

measurements 
available  

Presumed relationship 
between platinum 
exposure and 
eGFR<15ml/min/1.73m² 

 None None None Possible 
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Supplementary Table 1: Uni- and multivariable competing risk regression models of time-to-30%-decline-in-eGFR 

  Univariable models  Multivariable model 

       

Variable  SHR 95%CI (p)  SHR 95%CI (p) 

Study group       

---Group 1 - AS  Ref. Ref.  Ref. Ref. 

---Group 2 - AdjCBP  1.05 0.56-1.98, p=0.870  1.34 0.68-2.63, p=0.392 

---Group 3 - AdjBEP  0.97 0.55-1.71, p=0.923  0.73 0.36-1.47, p=0.382 

---Group 4 - CurBEP  2.40 1.67-3.45, p<0.0001  2.21 1.43-3.40, p<0.0001 

Age (per 5 years increase)  1.08 1.00-1.15, p=0.042  1.28 1.17-1.40, p<0.0001 

BMI (per 5 kg/m² increase)  0.98 0.80-1.19, p=0.810  / / 

Smoker or Ex-Smoker  0.97 0.67-1.41, p=0.868  / / 

Karnofsky Index <100%  1.95 1.21-3.16, p=0.006  1.14 0.62-2.10, p=0.665 

Nonseminoma  1.55 1.12-2.14, p=0.009  1.45 0.93-2.27, p=0.105 

Diabetes mellitus  0.51 0.08-3.29, p=0.477  / / 

Hypertension  1.35 0.79-2.30, p=0.271  / / 

Baseline eGFR (per 10 
ml/min/1.73m² increase) 

 1.35 1.23-1.48, p<0.0001  1.39 1.23-1.56, p<0.0001 
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8 Table and Supplementary Table Legends 

8.1 Table 6 

Baseline characteristics of the study cohort – Distribution overall and by 

treatment group (n=777):  

Reported data are medians [25th-75th percentile] for continuous variables and 

absolute frequencies (column %) for count data. * n (%miss.) indicates the number 

of patients with observed variable (% missing). ** p-values are from Kruskal-Wallis 

tests, χ2-tests, and Fisher’s exact tests, as appropriate. ⸸ These histologies are truly 

missing as the histology report indicates a fully necrotic tumor. ⸸⸸ One patient with 

non-seminoma (95% seminoma, 5% yolk sac tumor) received adjuvant carboplatin 

as an individualised decision, one patient with seminoma (9cm bulk, fully resected 

with clear margins as a so-called whoops procedure, no evidence of further residual 

tumor on imaging or in laboratory analysis) received one cycle of “pseudo-adjuvant” 

BEP as an individualized decision. ***Only reported for primary metastatic disease. 

Abbreviations: AS – Active Surveillance without any further metastasis or TGCT-

specific treatment, AdjCBP – adjuvant carboplatin AUC 7 single shot without any 

further metastasis or TGCT-specific treatment, AdjBEP – adjuvant 

bleomycin/etoposide/cisplatin without any further metastasis or TGCT-specific 

treatment, CurBEP – curative treatment with at least three cycles 

bleomycin/etoposide/cisplatin (indicated in Table 6 if other therapy than BEP), BMI 

– Body mass index, IGCCCG  - International germ cell cancer  collaborative group, 

BEP – bleomycin/etoposide/cisplatin, EP – etoposide/cisplatin, PEI – 

cisplatin/etoposide/ifosfamide, CAD – Coronary artery disease, N/A – not 

applicable, eGFR – Estimated glomerular filtration rate.  

8.2 Table 7 

Uni- and multivariable competing risk regression models of time-to-30%-

decline-in-eGFR: 

Abbreviations: SHR – Subdistribution hazard ratio, 95%CI (p) – 95% confidence 

interval (p-value), AS – Active Surveillance without any further metastasis or TGCT-

specific treatment, Ref. – Reference group, AdjCBP – adjuvant carboplatin AUC 7 
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single shot without any further metastasis or TGCT-specific treatment, AdjBEP – 

adjuvant bleomycin/etoposide/cisplatin without any further metastasis or TGCT-

specific treatment, CurBEP – curative treatment with at least three cycles 

bleomycin/etoposide/cisplatin (indicated in Table 6) if other therapy than BEP), BMI 

– Body mass index,  eGFR – Estimated glomerular filtration rate. 

8.3 Table 8 

Random intercept and slope models for modelling the change in eGFR over 

time:  

The coefficients are absolute differences in eGFR for the respective variables. In 

model #2, age and baseline eGFR are centered at 35 years and 90ml/min/1.73m². 

The intercept is the eGFR at baseline as estimated by the model.  

Abbreviations: 95%CI – 95% confidence interval, p – p-value, Ref. – Reference 

category, AS – Active Surveillance without any further metastasis or TGCT-specific 

treatment, AdjCBP – adjuvant carboplatin AUC 7 single shot without any further 

metastasis or TGCT-specific treatment, AdjBEP – adjuvant 

bleomycin/etoposide/cisplatin without any further metastasis or TGCT-specific 

treatment, CurBEP – curative treatment with at least three cycles 

bleomycin/etoposide/cisplatin (indicated in Table 6 if other therapy than BEP), # - 

interaction time (i.e. the change in eGFR per year for the respective variable), eGFR 

– Estimated glomerular filtration rate. 

8.4 Table 9 

Clinical annotation of the four patients who had at least one eGFR 

<15ml/min/1.73m² at any time during the study:  

Abbreviations: (N)SGCGT – (Non-)Seminomatous germ cell tumor, CS – Clinical 

stage, IGCCCG – International germ cell cancer collaborative group, BEP – 

bleomycin/etoposide/cisplatin, CKD – Chronic kidney disease, ADPKD – Autosomal 

dominant polycystic kidney disease, COPD – Chronic obstructive pulmonary 

disease, PEI – cisplatin/etoposide/ifosfamide, ESRD – End-stage renal disease, 

eGFR – Estimated glomerular filtration rate, ICU – Intensive care unit. 
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8.5 Supplementary Table 1 

Uni- and multivariable competing risk regression models of time-to-30%-

decline-in-eGFR:  

Abbreviations: SHR – Subdistribution hazard ratio, 95%CI (p) – 95% confidence 

interval (p-value), AS – Active Surveillance without any further metastasis or TGCT-

specific treatment, Ref. – Reference group, AdjCBP – adjuvant carboplatin AUC 7 

single shot without any further metastasis or TGCT-specific treatment, AdjBEP – 

adjuvant bleomycin/etoposide/cisplatin without any further metastasis or TGCT-

specific treatment, CurBEP – curative treatment with at least three cycles 

bleomycin/etoposide/cisplatin (indicated in Table 6 if other therapy than BEP), BMI 

– Body mass index,  eGFR – Estimated glomerular filtration rate. 
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9 Figures 

Figure 2: Cumulative incidence of a 30% decline in eGFR according to study group (n=777) 
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Figure 3: Predicted longitudinal eGFR trajectories according to study group (n=777) 
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Supplementary Figure 1: Cumulative incidence of a 30% decline in eGFR in the overall cohort (n=777) 
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Supplementary Figure 2: Predicted longitudinal eGFR trajectory in the overall cohort (n=777) 
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Supplementary Figure 3: Time-dependent event rates of a 30% decline in eGFR according to study group (n=777) 
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Supplementary Figure 4: Cumulative incidences of a 30% decline in eGFR in group 2 – AdjBEP according to whether one or two cycles of adjuvant platinum-based therapy was 
administered (n=118) 
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10 Figure and Supplementary Figure Legends 

10.1 Figure 2 

Cumulative incidence of a 30% decline in eGFR according to study group 

(n=777):  

Curves were estimated with a competing risk cumulative incidence estimator, 

treating death-from-any-cause as the competing event of interest.  

Abbreviations: AS – Active Surveillance without any further metastasis or TGCT-

specific treatment, AdjCBP – adjuvant carboplatin AUC 7 single shot without any 

further metastasis or TGCT-specific treatment, AdjBEP – adjuvant 

bleomycin/etoposide/cisplatin without any further metastasis or TGCT-specific 

treatment (indicated in Table 6 if other therapy than BEP), CurBEP – curative 

treatment with at least three cycles bleomycin/etoposide/cisplatin (indicated in Table 

6 if other therapy than BEP), eGFR – Estimated glomerular filtration rate. 

10.2 Figure 3 

Predicted longitudinal eGFR trajectories according to study group (n=777):  

Curves were estimated with a random intercept and slope model on n=16,953 eGFR 

measurements, with model choice described in Supplementary Paragraph 3. 

Abbreviations: AS – Active Surveillance without any further metastasis or TGCT-

specific treatment, AdjCBP – adjuvant carboplatin AUC 7 single shot without any 

further metastasis or TGCT-specific treatment, AdjBEP – adjuvant 

bleomycin/etoposide/cisplatin without any further metastasis or TGCT-specific 

treatment (indicated in Table 6 if other therapy than BEP), CurBEP – curative 

treatment with at least three cycles bleomycin/etoposide/cisplatin (indicated in Table 

6 if other therapy than BEP), eGFR – Estimated glomerular filtration rate. 

10.3 Supplementary Figure 1 

Cumulative incidence of a 30% decline in eGFR in the overall cohort (n=777):  

The cumulative incidence curve (blue solid line) and its 95% confidence bands 

(black dashed lines) were estimated with a competing risk cumulative incidence 

estimator, treating death-from-any-cause as the competing event of interest. 
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Abbreviations: eGFR – Estimated glomerular filtration rate. 

10.4 Supplementary Figure 2 

Predicted longitudinal eGFR trajectory in the overall cohort (n=777):  

The curve was predicted from a random intercept and slope model on n=16,953 

eGFR measurements with fixed effects for quadratic and cubic follow-up time. The 

slight U-shape of the curve informed our final model choice as described in 

Supplementary Paragraph 3.  

Abbreviations: eGFR – Estimated glomerular filtration rate. 

10.5 Supplementary Figure 3 

Time-dependent event rates of a 30% decline in eGFR according to study 

group (n=777): 

Curves were predicted from a flexible parametric regression model (Stata routine 

stpm2) allowing for a time-varying effect of treatment group on the rate of a 30% 

decline in eGFR.  

Abbreviations: AS – Active Surveillance without any further metastasis or TGCT-

specific treatment, AdjCBP – adjuvant carboplatin AUC 7 single shot without any 

further metastasis or TGCT-specific treatment, AdjBEP – adjuvant 

bleomycin/etoposide/cisplatin without any further metastasis or TGCT-specific 

treatment (indicated in Table 6 if other therapy than BEP), CurBEP – curative 

treatment with at least three cycles bleomycin/etoposide/cisplatin (indicated in Table 

6 if other therapy than BEP), eGFR – Estimated glomerular filtration rate. 

10.6 Supplementary Figure 4 

Cumulative incidences of a 30% decline in eGFR in group 2 – AdjBEP 

according to whether one or two cycles of adjuvant platinum-based therapy 

was administered (n=118): 

The cumulative incidence curves (black dashed line for patients with one cycle, 

black solid line for patients with two cycles) were estimated with a competing risk 
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cumulative incidence estimator, treating death-from-any-cause as the competing 

event of interest.  

Abbreviations: AdjBEP – adjuvant bleomycin/etoposide/cisplatin without any further 

metastasis or TGCT-specific treatment (indicated in Table 6 if other therapy than 

BEP), eGFR – Estimated glomerular filtration rate. 
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11 Supplementary Paragraph 1 

Kidney function data was extracted with support of our local Department of 

Informatics, Medical Statistics, and Documentation (IMI) from the local electronic 

health records system “openMEDOCS.” The process of how we arrived at one final 

kidney function measurement per each day per patient is described in detail in this 

paragraph:  

We provided IMI with a list of n=1,324 testicular cancers from n=1,313 individual 

patients from our Graz testicular cancer cohort, and extracted all creatinine and 

glomerular filtration rate (GFR) data from two weeks prior to these patients’ testicular 

cancer histology date until May 5th, 2023. At least one kidney function measurement 

was available for n=1,239 (94%) of these testicular cancers, and we obtained a total 

of n=51,980 laboratory measurements of kidney function. There were n=13,585 

(26%) estimated GFR (eGFR) measurements according to the chronic kidney 

disease epidemiology collaboration (CKD-EPI) formula, n=12 GFR (0.02%) 

measurements by Cystatin Clearance, n=11,912 (23%) eGFR measurements 

according to the modified diet in renal disease (MDRD) formula, and n=26,471 

(51%) measurements of creatinine. Creatinine measurements were from serum 

(n=26,435), whole blood (n=28), capillary blood (n=7), and from an operating theatre 

point-of-care device (n=1). Creatinine measurements (n=26,471, all patients were 

men of white ethnicity) were transformed into eGFR values according to the CKD-

EPI formula as follows: 

𝑒𝐺𝐹𝑅 = 142 ∗ min (
𝑆𝑐𝑟

0.9
, 1)

−0.302

∗ max (
𝑆𝑐𝑟

0.9
, 1)

−1.200

∗  0.9938𝐴𝑔𝑒 

The median number of GFR measurements per patient were n=35 [25th-75th 

percentile: 22-48] and ranged from n=1 to n=719 measurements per patient. From 

the overall n=51,980 measurements, n=51,063 (98%) were from the same day (i.e., 

both a creatinine and eGFR readout or more readouts), and readings were from 

n=26,016 individual days. We then deleted all creatinine values for days where a 

concurrent GFR measurement or estimate was available (n=25,500 deletions). This 

led to a median number of GFR measurements per patient of n=18 [25th-75th 

percentile: 11-25]. GFR measurements ranged from n=1 to n=370 measurements 

per patient and came from n=26,016 individual days. On these individual-patient 



79 
 

days, n=25,581 days (98%) had only one GFR measurements, n=409 days (2%) 

had two GFR measurements, n=23 days (0.09%) had 3 GFR measurements, and 

n=3 days (0.01%) had 4 GFR measurements, respectively. Individual inspection of 

these days with multiple GFR measurements was not indicative of double entry, e.g., 

a patient with 4 GFR measurements in a single day had them measured as part of 

a venetoclax ramp-up for chronic lymphocytic leukemia (CLL) within a study 

protocol. We therefore took the average of the measurements within a day to obtain 

a single GFR measurement per day. Finally, to remove duplicates within the first 

record of the n=11 patients with two histology dates (i.e., patients with a contralateral 

testicular cancer which was removed), we deleted n=127 GFR measurements 

beyond the second tumor histology date for these patients. Thus, a final n=25,889 

GFR readings from n=1,239 testicular cancers from n=1,313 individual patients 

were obtained, of whom n=24,947 (96%) were direct GFR results from the 

laboratory reports and n=942 (4%) were eGFR estimates based on creatinine 

readouts. We then merged these data with the full dataset of the n=1,324 testicular 

cancers in our Graz testicular cancer cohort. Here, n=85 testicular cancers were not 

matched due to not having any GFR data available, resulting in a pre-final dataset 

of n=1,239 testicular cancers from n=1,228 patients with n=25,889 GFR readings. 
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12 Supplementary Paragraph 2 

The electronic health record system “openMEDOCS” was introduced at our 

institution in 2003. Consequently, GFR data are available electronically only from 

this time on. This leads to patients with TGCT histology dates prior 2003 lacking full 

coverage of their longitudinal kidney function trajectory from diagnosis onwards, 

rendering their incomplete data of little use for the present analysis. We therefore 

excluded testicular cancers with a histology date prior Jan 1st, 2004, leading to a 

cohort of n=857 testicular cancers from n=847 patients with n=19,100 GFR 

measurements. Next, to simplify hierarchical statistical modelling and avoiding GFR 

duplicates within a patient, we then excluded testicular cancers who were second 

testicular cancers, leading to a dataset with n=850 testicular cancers from n=850 

patients and n=18,991 GFR measurements. Next, we excluded patients treated with 

adjuvant radiotherapy and no subsequent metastasis/chemotherapy, and patients 

with primary metastatic disease treated with curative radiotherapy and no 

subsequent metastasis/chemotherapy, or patients treated with adjuvant/curative 

retroperitoneal lymphadenectomy (RPLND) without subsequent 

metastasis/chemotherapy, resulting in a dataset with n=792 patients and n=17,381 

GFR measurements. We then excluded one patient who turned out to have benign 

histology upon review, and further 7 patients who were referred to us ≥1 year for 

routine follow-up after tumor diagnosis due to resettlement into Southern Austria or 

delayed referral due to COVID-19 lockdowns, resulting in a population of n=784 

patients and n=17,328 GFR measurements. Finally, we excluded n=7 patients who 

did not have an eGFR measurement within the 6 weeks preceding their baseline 

date, resulting in a final study cohort for analysis of n=777 patients with 16,953 GFR 

measurements. 
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13 Supplementary Paragraph 3 

We started with a fixed-effects linear growth model with eGFR as the dependent 

variable and follow-up time in years as the explanatory variable. We then fitted a 

corresponding random-intercept model, which provided a significantly better fit to 

the data (likelihood ratio χ2 (1 d.f.) comparing the two models=12150, p<0.0001). 

Next, we fitted an additional random effect for follow-up time (“random intercept and 

slope model”). This model again provided a better fit to the data than the random 

intercept and slope model (likelihood ratio χ2 (1 d.f.) comparing the two 

models=860, p<0.0001). We then fitted a model with quadratic and cubic fixed-

effects terms for follow-up time (“non-linear growth model”), which provided a better 

fit to the data than the previous random intercept and slope model (likelihood ratio 

χ2 (1 d.f.) comparing the two models=373, p<0.0001). However, eGFR trajectory 

predictions from this model yielded minimally U-shaped eGFR trajectory curves with 

a minimal increase in eGFR over time beyond 5 years of follow-up Supplementary 

Figure 2). We considered this U-shape to be related to potential informative 

censoring of eGFR follow-up data, with the cohort potentially getting progressively 

enriched with “lower kidney disease risk” over time and fewer eGFR observations, 

rather than having a clear biologic mechanism (assuming/knowing that the eGFR 

on average will decline rather than increase over the lifetime of an average person). 

Therefore, we selected the random intercept and slope model as the final model for 

comparing eGFR trajectories between the four studies groups, as this model 

appeared for the reasons described above to have the best trade-off between 

statistical fit to the data and biologic/clinical plausibility. 

 

 


