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Historical (over)view: classification(s). Diagnosis -- Treatment -- Follow-
up

PRECURSOR TERMINOLOGY TYPE II

CIS - (TIN) - IGCNU



Focus Testicular (Type II) GCTs. Diagnosis -- Treatment -- Follow-
up
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Earliest pathogenetic changes. Diagnosis -- Treatment -- Follow-
up
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Earliest pathogenetic changes: screening 
(DSD). 

Diagnosis -- Treatment -- Follow-
up

“INTERSEX”



KITLG & GWAS - TGCTs. Diagnosis -- Treatment -- Follow-
up

Risk alleles are the major alleles
(lower in Asian & African = low risk 

+ KITLG [OR = 2.69 highest to date]; + SPRY4 [inh. MAPK, downstream KITLG]; + BAK1 
[downstream KITLG]

+ DMRT1 [sex determination]
+ TERT, ATFIP [telomere maintenance]

+ UCK2, HPGDS, CENPE, CLPTM1L, MAD1L1, RFWD3, TEX14, PPM1E

Rapley et al., 2009; Kanetsky et al. 2009; Turnbull et al. 2010; Kratz et al., 2011; Ruark et al., 2013; 
Chung et al., 2013. 

(lower in Asian & African = low risk 
(T)GCC)

Independent:
Cryptorchidism; fam. predisposition,

spermatogenic function

< 1% of patients carry low risk KITLG allele

< 3% of patients carry low risk 
DMRT1 allele

double homozygous high risk double homozygous high risk 
alleles alleles KITLGKITLG + + DMRT1DMRT1 ((28X 28X 

TGCC) TGCC) 

SUSCEPTIBILITY ALLELE(S)



SNP susceptibility TGCTs (GWAS): Diagnosis -- Treatment -- Follow-
up

INTEGRATED 

RISK 

ASSESSMENT

(INDIVIDUAL BASIS)



From constitutional DNA to tumor specific changes (epigenetics): 
primary tumors. 

GCNIS & SE = PGC; EC = ES/IPS; 
Diff. NS = embryonic -; TE = somatic adult 

tissue. 

All pure histology (none 
mixed)



From constitutional DNA to tumor specific changes (epigenetics): 
pathogenesis. 

QUESTIONS OF RELEVANCE:
Does GCNIS always progress to SE/NS?; What is risk of SE to progress into

NS?
What is risk for metastases in (occult) stage I SE and NS?; How to predict RMT?

How to predict (standard) treatment resistance? 



From constitutional DNA to tumor specific changes (genetics): 
primary tumors. 



Whole genome & targeted seq. RNA Seq. & Methyl. 
Profiling

42 samples of 4 resistent NS (chemo-naive)

From constitutional DNA to tumor specific changes (epi/genetics): primary
TGCT & metastasis.

BRCA signature
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From constitutional DNA to tumor specific changes (epi/genetics): primary
TGCT & metastasis.



RMT (15 months after orchiectomy)

From constitutional DNA to tumor specific changes (epi/genetics): primary
TGCT & metastasis.
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Epigenetic initiation

From constitutional DNA to tumor specific changes (epi/genetics): primary
TGCT & metastasis.

Main question(s): (Epi)genetics

- Early pathogenetic hit

- Tumor heterogeneity

- Treatment sensitivity/resistance- Treatment sensitivity/resistance



Literature: sensitivity 
(%) TGCT

SE NS
AFP 36 3

45
hCG 57 62

66

?? - UNIVERSAL MARKER - ??

Liquid biopsy analyses (T)GCTs. Diagnosis -- Treatment -- Follow-
up

J Clin Oncol. 2001 Jun 15;19(12):3029-36. Clinical impact 

of germ cell tumor cells in apheresis products of patients 

receiving high-dose chemotherapy. Bokemeyer C, Gillis 

AJ, Pompe K, Mayer F, Metzner B, Schleucher N, 

Schleicher J, Pflugrad-Jauch G, Oosterhuis JW, Kanz L, 

Looijenga LH.

PBSC preparations from 57 patients were investigated for 

the presence of contaminating tumor cells using this set 

of targets, including beta human chorionic gonadotropin 

(beta-hCG), fibronectin (EDB variant), epidermal growth 

factor receptor (EGFR), CD44 (v8 to 10 variant), germ cell 

and placental alkaline phosphatase (AP), human and placental alkaline phosphatase (AP), human 

endogenous retrovirus type K (ENV and GAG), and XIST. 

Despite the presence of tumor cells, retransplantation of 

the PBSC products did not effect long-term outcome. 



Liquid biopsy analyses (T)GCTs: microRNAs.Diagnosis -- Treatment -- Follow-
up
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Sens./Spec. 
90/86%

AUC: 95.1%
PPV/NPV:

94/86% 

“False negatives”:

- Small tumors

- Pure teratoma

(T)GCT liquid biopsies: 174 + 89 + 34 + 603 + 10 = 910; TE: 6 = 6; GCNIS only: 33 + 6 = 39; 
total:    955
Controls: 94 + 119 + 276 =                                                                                              
489



Liquid biopsy analyses (T)GCTs: miR-371a-3p (longitudinal series I).

* = orchiectomy; ICM = intracranial metastasis; 

PILN = para-iliac lymph node; p.t = prim. tum.; 

LND = lymph nodfe dissection

6 TGCT patients



Liquid biopsy analyses (T)GCTs: miR-371a-3p (longitudinal series II).

82 patients: cohort 1 (39)/cohort 2 (43)



Liquid biopsy analyses (T)GCTs: miR-371a-3p (longitudinal series III).

180 patients: start of chemotherapy & 101 second cycle)

P=0.02 P=0.03

P=0.06 P=0.01
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Good Intermediate Poor Relapse Refractory

I:       83.6% 14.9% 1.5%            n=   6                n=   1

II:      26.2% 35.7% 38.1% n= 28 n= 14 

88 patients protein marker neg. (10.1%): 9 positive at 
least one miR. 

Liquid biopsy analyses (T)GCTs: miR-371a-3p (longitudinal series IV).

Rosas Plaza & Van Agthoven et al. To be submitted

patients + relapse (34/21 samples):
12x elevated miR before protein marker (57.1%; 2 

only miR)
patients refractory (15/13 samples):

12x elevated miR (86.6%; 6x during protein 
markers decline)Kinetics: 12 patients first week chemo. 

T1/2 35 hours (SD+/- 25, 6-86 hours)
?Relapse versus Refractory?



Diagnosis -- Treatment -- Follow-
up

Preclinical model.



Preclinical model. Diagnosis -- Treatment -- Follow-
up



Conclusions and take home messages. 

- Clinically relevant subtypes of (T)GCTs

- Informative histology based diagnostic (protein) biomarkers

- GWAS SNPS & biology matches (KITLG, gonadal development, ….)

- Similarity embryogenesis and Type II TGCTs (epigenetics)

- High level of genetic heterogeneity within Type II TGCTs (no driver mutations

- Treatment resistance “markers” not identified in primary tumor

- miR-371a-3p (almost absolute) liquid biopsy markers for malignant GCT components

(T)GCT patient,    

Fertility-preservation

- miR-371a-3p (almost absolute) liquid biopsy markers for malignant GCT components
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