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Resumo 

Introdução: Os tumores das células germinativas do testículo (TGCTs) são altamente sensíveis ao 

tratamento quimioterápico baseado em platina, e a forma selvagem do p53 parece desempenhar 

um papel essencial nessa sensibilidade. Por outro lado, sobrexpressão de MDM2 parece estar 

associada a resistência ao tratamento e a um prognóstico desfavorável. 

Objetivos: Procurámos descrever a imunoexpressão de p53 e MDM2 num cohort previamente bem 

caracterizado de TGCTs primários e metastáticos, e avaliar associações com variáveis 

clinicopatológicas e de prognóstico, incluindo sobrevivência. 

Materiais e métodos: Foram avaliadas 237 amostras de tumores primários e 12 metástases, 

relativamente à sua immunoexpressão de p53 e MDM2, através de um sistema de análise digital 

de imagem. Registos clínicos de todos os pacientes foram revistos, obtendo-se características 

clínicas e patológicas de base e no seguimento. 

Resultados: Encontrou-se uma correlação positiva significativa entre os H-scores de 

imunoexpressão de p53 e MDM2 (rs=0.590, p<0.0001). Não-seminomas demonstraram níveis de 

expressão de p53 e MDM2 significativamente mais altas (p=0.0002, p<0.0001), com carcinomas 

embriorinários e coriocarcinomas apresentando os valores mais elevados. A percentagem de 

células com imunoexpressão e H-scores de MDM2 (p≤0.0001, para ambos) foram 

significativamente mais elevados em metástases quimio-tratadas, comparando com tumores 

primários não previamente tratados. O mesmo não se verificou para o p53 (p=0.919 e p=0.703, 

respetivamente). Casos com mais alta imunoexpressão de MDM2 demonstraram uma tendência 

estatisticamente significativa para associação com pior prognóstico (p=0.043). A sobrevivência sem 

progressão/recaída aos 12 meses pós-diagnóstico foi inferior no grupo com expressão alta de 

MDM2 (≥P50), quando comparado com o grupo com expressão baixa (<P50).  

Discussão e conclusão: Nos TGCTs, sobrexpressão de MDM2 parece indicar um fenótipo tumoral 

mais agressivo, com propensão para resistência ao tratamento e recorrência. Se validado em 

estudos multi-institucionais de maior calibre, com quantificação precisa, pode visionar-se o seu uso 

como um biomarcador preditor de má resposta à cisplatina.  

 

Palavras-chave: Tumores das células germinativas do testículo; mdm2; p53; prognóstico; 

sobrevivência; cisplatina. 
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Abstract  

Background: Testicular Germ Cell Tumors (TGCTs) are highly sensitive to platinum-based 

chemotherapy, and wild-type p53 seems to play a pivotal role in this susceptibility. On the other 

hand, overexpression of MDM2 seems to entail treatment resistance and unfavorable prognosis.  

Objectives: We aimed to describe p53 and MDM2 immunoexpression in a well characterized cohort 

of primary and metastatic TGCTs and evaluate associations with clinicopathological and prognostic 

variables, including survival. 

Materials and methods: 237 primary tumor samples and 12 metastases were evaluated for p53 

and MDM2 immunoexpression using digital image analysis. Clinical records of all patients were 

reviewed for baseline clinical/pathologic characteristics and follow-up.  

Results: A significant positive correlation between p53 and MDM2 H-scores was found (rs=0.590, 

p<0.0001). Non-seminomas showed significantly higher expression levels of both p53 and MDM2 

(p=0.0002, p<0.0001), which peaked in embryonal carcinomas and choriocarcinomas. Percentage 

of immunoexpressing cells and H-score were significantly higher in chemo-treated metastases 

compared to chemo-naïve primary tumors for MDM2 (p≤0.0001 for both), but not for p53 (p=0.919 

and p=0.703, respectively). Cases with higher MDM2 immunoexpression showed a statistically 

significant trend for association with poorer prognosis (p=0.043). Relapse/progression-free survival 

at 12 months post-diagnosis was lower in the “MDM2-high” (≥P50) vs. the “MDM2-low” (<P50) 

expression groups.  

Discussion and Conclusion: In TGCTs, MDM2 overexpression may indicate a more aggressive tumor 

phenotype, with propensity for therapy resistance and recurrence. If validated in larger multi-

institutional studies with precise quantification, it may be envisioned as a useful predictive 

biomarker of poor response to cisplatin. 

 

Keywords: Testicular germ cell tumors; mdm2; p53; prognosis; survival; cisplatin. 
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Introduction 

Germ cell tumors (GCTs) constitute a heterogeneous group of neoplasms occurring in 

different anatomical sites, including both the male and female gonads and extragonadal sites along 

the midline of the human body, like the mediastinum and retroperitoneum (the latter occurring 

rarely, comprising only 2-5% of cases). They are fascinating neoplasms associated with 

developmental biology, each tumor entity resembling a specific phase of embryonic and germ cell 

development; this knowledge is the cornerstone of their current classification (types 0 to VI) and is 

the foundation for finding relevant disease biomarkers.1 

Testicular germ cell tumors (TGCTs) comprise over 95% of testicular malignancies, the most 

frequent being type II tumors afflicting young adults. These currently represent the most common 

solid neoplasms in young men aged 15 to 40 years.2 They can, however, be diagnosed anytime in life, 

with cases of specific tumor subtypes having been reported both in infants and in men as old as 75 

years-old.3 The incidence of TGCTs has been rising throughout the last century, being greatest in 

white Caucasian men of European descent.4 Mortality, however, seems to have almost exactly 

opposite tendencies, being higher in low- and middle-income countries, particularly in Central 

America and Eastern Europe.1,2,4-7 A combination of genetic and environmental factors seems to be 

involved in the genesis of these tumors (the so-called “genvironmental model”), with the latter 

predominating sooner in life, and starting as early as in utero. While several environmental risk 

factors have been identified, the notable disparity in TGCT incidence rates by racial/ethnic group, as 

well as the increased risk for first degree relatives of sick patients, also indicates a genetic component 

in TGCT susceptibility.4,5,8-11 

The pathophysiology of type II TGCTs is curious in the sense that the default pathway seems 

to be towards the development of SEs, with the occurrence of NST requiring activation of 

pluripotency and all differentiated forms deriving from embryonal carcinoma.1,12,13 TGCTs are broadly 

divided into two main groups: those derived from the precursor lesion Germ Cell Neoplasia in Situ 

(GCNIS), generally called postpubertal-type tumors; and those unrelated to GCNIS.5 The first group, 

on which we will be focusing, corresponds to type II TGCTs (within the developmental-based 

classification of these neoplasms1,10), and include SE and NST. NSTs can be further subdivided into 

embryonal carcinoma (EC), teratoma (TE), yolk-sac tumor (YST) and choriocarcinoma (CH), which are 

frequently admixed in the so-called mixed tumors. The second group includes the much rarer 

prepubertal-type tumors (teratoma and yolk-sac tumor, or type I tumors of the testis) and also 

spermatocytic tumor (type III tumor).5 Other testicular neoplasms can be derived from non-germ cell 

tissues, such as the stroma and lymphocytes, but are rarer.14 GCNIS has been added to the WHO 

classification in 20161,7, in substitution of terms such as “carcinoma in situ” and “intratubular germ 
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cell neoplasia unclassified”, having several advantages compared to earlier classifications. 

Histologically, GCNIS is a lesion composed of seminoma-like cells, with an abundant vacuolated 

cytoplasm and enlarged hyperchromatic nuclei with clumped chromatin, found aligned along the 

thickened peritubular basement membrane of seminiferous tubules typically lacking normal 

spermatogenesis.12,15 GCNIS is found nearby most TGCTs, and in the contralateral testis in about 5% 

of cases; it is expected that virtually all GCNIS will progress to a TGCT over time.13,16 

Clinical course of TGCTs depends on many factors.1,3,17 Even at advanced stages, TGCTs are 

highly curable, with 5-year survival rates surpassing 90-95%, and fatal cases almost always relate to 

lack of appropriate treatment, higher stages at presentation, and especially to disease 

relapse/progression in the form of cisplatin resistant disease or treatment-related toxicity.18 There 

have been several reports on the significant increase in late treatment-related toxicity, presenting 

mostly as cardiovascular disease and secondary malignancies.19 Given the overall good prognosis of 

these tumors, there is a significant risk of overtreatment; therefore, the quest for prognostic 

biomarkers that may accurately discriminate patients who might be cured by orchiectomy alone from 

those that will require adjuvant treatment to prevent relapse is imperative. 

The diagnosis of TGCTs constitutes a challenge for Pathologists and for Clinicians, both 

because of their mostly silent presentation and because of constant updates being made in clinical 

and histopathological classifications.20 Most of the time, these tumors present as a unilateral painless 

testicular mass that is confirmed by scrotal ultrasonography (US), which should always be performed 

bilaterally.5,21,22 After tumor confirmation, radical orchidectomy is indicated and histological analysis 

must always be performed, as morphologic features allow classification of the primary tumor and 

staging (AJCC stage).21,23,24  

The most widely used serum tumor markers (STMs) as of now are alpha-fetoprotein (AFP), 

the beta subunit of human chorionic gonadotropin (βHCG), and lactate dehydrogenase (LDH).25 These 

STMs are elevated in around 70% of NSTs and in 20-30% of SEs at diagnosis, and allow for better 

differential diagnosis while also serving as prognostic factors.1,5,26 Nowadays, microRNAs are 

promising biomarkers that might replace or complement the aforementioned STMs in clinical 

practice, as they are highly stable in the serum and easy to detect, with apparent specificity for 

certain malignancies.25,26 Among these, the miR-371a-3p has been shown to outperform classical 

serum markers in both in tissue and liquid biopsies.27,28 The cytogenetic similarity and common 

tumorigenic pathway of TGCTs have also allowed the use of epigenetics as a diagnostic and research 

tool, including methylation, microRNA existence and histone modifications.23,25,29,30 Gain of the short 

arm of the chromosome 12, present as i(12p) and as 12p overrepresentation, is indeed a 

pathognomonic finding of type II TGCTs. It is also found in almost the totality of germ-cell neoplasia 

in situ (GCNIS) cells adjacent to these neoplasms.13,26 Furthermore, the effect of single nucleotide 
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polymorphisms (SNPs) and global hypomethylation in TGCTs is considerable, appearing mostly within 

genes involved in gonocyte development.26 However, only KIT and the RAS gene family have been 

repeatedly implicated in different types of GCTs, most commonly SEs.5,31,32  

Treatment of TGCTs is centered on orchiectomy, which may be followed by adjuvant 

treatment, mostly including cisplatin-based chemotherapy and, in certain cases, radiotherapy.33 

Cisplatin acts as DNA-damaging agent, inducing apoptosis.34 SE are highly sensitive to both radiation 

and chemotherapy, in contrast to NS, which show higher expression (especially EC) of players 

involved in DNA repair (like ATM), having been advanced as a justification for their higher propensity 

to subsequently develop cisplatin resistance.8 Cisplatin resistance is, indeed, a major clinical 

challenge, and it is imperative to uncover novel biomarkers for predicting its emergence as well as 

new therapeutic strategies. It has been associated with factors suggesting malfunction of DNA repair, 

such as increased microsatellite instability (MSI), BRAF mutations (although these have been shown 

to be very rare events - or event absent - in TGCTs in more recent studies)35,36 and/or abnormal 

activity of the p53-MDM2 pathway.37,38  

Cell susceptibility to induction of apoptosis plays a pivotal role in the intrinsic sensitivity of 

tumors to treatment.39 p53, a tumor suppressor activated in the presence of cell or DNA damage or 

abnormal cell growth conditions, acts through the induction of cell-cycle arrest and regulation of the 

G1/S transition point, either promoting cell repair or senescence, or inducing apoptotic response; the 

nature of these responses seems to be proportionate to the severity and nature of the activating 

signal.34,40 Usually, functional inactivation of this protein allows cells with damaged DNA to replicate 

and survive longer, promoting tumorigenesis and leading, in some circumstances, to resistance to 

radiotherapy and genotoxic agents commonly used as anticancer therapies.40 The role of p53 in 

TGCTs is still debatable, since there is frequent overexpression of wild type (wt) p53 and mutations 

are hardly found. This fact suggests that, in this case, p53 fails to effectively respond against 

malignant transformation in germ cells, thus allowing tumorigenesis. One may say that, in TGCTs, 

there is a “hyperactive p53 signaling”, and under DNA-damaging conditions, such as treatment with 

cisplatin, p53 pro-apoptotic response precedes DNA-damage repair; therefore, lack of p53 mutations 

has been a justification for the high treatment sensitivity of these tumors.41  

MDM2, a ubiquitin ligase, forms a negative-feedback loop with p53, targeting it for ubiquitin-

dependent proteasomal degradation, and recruiting transcriptional co-repressors of p53. On the 

other hand, p53 regulates MDM2 expression by binding to its promoter and positively regulating it.42 

More than 17% of human tumors exhibit MDM2 gene amplification, acting similarly to a mutation in 

TP53, leading to cisplatin-resistance, and serving as an adverse prognostic factor. Since this is also 

seen in tumors harboring wt-p53, it has been postulated that targeting the interaction between these 
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two proteins will help restore p53 levels and its activity in cancer cells.40 A potential therapeutic tool 

is Nutlin-3, a protein which regulates MDM2-p53 interaction, by inhibiting it.43 

The prognostic significance of p53 and MDM2 expression in TGCTs remains a controversial 

topic, needing further investigation, as the few studies published thus far (mostly centered on 

primary tumor samples) disclosed multiple and, sometimes, opposite conclusions.8,44 As there is also 

a need to better understand the role of p53, MDM2 and their interaction in the pathophysiology of 

TGCTs, we sought to objectively quantify p53 and MDM2 expression in a clinically and pathologically 

well-characterized cohort of primary and metastatic TGCTs and to determine associations with 

clinicopathological and prognostic parameters, including survival.  

 

Materials and Methods 

Patients and sample collection 

In this retrospective study, a cohort of TGCT patients (already reported and validated by us)20, 

diagnosed and treated by the same multidisciplinary team at the Portuguese Oncology Institute of 

Porto - Portugal (IPO Porto) between the years of 2005 and 2018, was assessed. Clinical and 

histological data was reviewed according to the guidelines of the American Joint Committee on 

Cancer (AJCC) staging manual – 8th edition24 and the 2016 World Health Organization (WHO) 

Classification of Tumours of the Urinary System and Male Genital Organs7. Patients with metastatic 

disease were further categorized according to the International Germ Cell Cancer Collaborative Group 

(IGCCCG) prognostic system.45 Follow-up was last updated in May 2019.  

Formalin-fixed and paraffin-embedded TGCT samples were selected, 160 corresponding to 

chemo-naïve orchiectomy specimens and 12 consisting of chemo-treated metastases (including 8 

mature teratoma samples and 4 cisplatin-resistant non-teratoma samples). Representative blocks 

(with >80% cellularity and absence of extensive necrosis) were selected and thoroughly reviewed by 

a Pathologist experienced in TGCT evaluation. In a strategy previously employed by us,30,46 each 

histological subtype among mixed tumors was independently considered for immunoexpression 

analysis, resulting in a total of 237 individual TGCT histological samples (detailed description of mixed 

tumors is shown in Supplementary Table 1). Four μm-thick slides were ordered for immunostaining. 

Consultation cases, type I or III TGCT cases, and cases with no adequate representative blocks 

available were excluded from this study.  

This study is within the scope of a larger research project approved by the Ethics Committee 

of IPO Porto (Comissão de Ética para a Saúde, CES-IPO-12-018). 
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Immunohistochemistry 

p53 immunohistochemistry (IHC) was performed using primary monoclonal antibody (Clone 

DO-7, 1:200 dilution, DAKO, Denmark). MDM2 IHC was performed using primary monoclonal 

antibody (Clone IF2, 1:300 dilution, INVITROGEN, CA, USA). Both antibodies are used in the routine 

diagnostics of the Department of Pathology of our tertiary cancer center and subjected to validation 

and quality control procedures. Appropriate controls, including normal tissue, absence of primary 

antibody and positive control – liposarcoma for MDM2 and serous carcinoma of the fallopian tube 

for p53 – were included in each slide. Reaction was performed in automated platforms used in 

diagnostics routine, using the Ultraview Universal DAB Detection Kit, in BenchMark ULTRA Platform 

(for p53), and the Bond Polymer Refine Detection kit, in a Leica Bond III platform (for MDM2). 

Immunostaining was assessed by the same Pathologist dedicated to TGCTs, who was blinded to 

clinicopathologic data.  

To improve the consistency and reproducibility of our findings, p53 and MDM2 

immunoexpression was evaluated using a digital image analysis system (GenASIs™, Israel), which 

semi-automatically quantified nuclear immunostaining (intensity, in a scale from 0 to 3, and 

percentage of positive cells in each staining intensity score). The H-score for each sample was then 

calculated, corresponding to the sum of the products of each immunostaining score by its 

proportion.47 Because of the well-known heterogeneity among TGCTs, we took further action to 

minimize it: besides considering each tumor component individually (as mentioned above), between 

5000 and 6000 viable tumor cells were evaluated in each sample, whenever possible. Non-tumor 

cells, such as stromal and lymphoid cells, were excluded from analysis using operator-dependent 

tools of the software. Study protocol is outlined in detail in Supplementary Fig 1, which has been 

adapted from Lobo et al.48 

 

Statistical analysis 

Data was tabulated using Microsoft Excel for Office 365 and analyzed using IBM SPSS 

Statistics version 25 and GraphPad Prism version 6. For both markers, and in the absence of any 

validated cut-off in literature, two scoring categories were created: “low expression” (corresponding 

to expression inferior to the 50th percentile, hereafter designated “<P50”) and “high expression” 

(corresponding to expression superior or equal to the 50th percentile, hereafter designated “≥P50”). 

For survival analysis, the additional cutoff considering the 75th percentile (<P75 and ≥P75) was tested. 

Associations between categorical variables were assessed through Chi-square test. Correlations 

between continuous variables were established using Spearman’s correlation coefficient. Differences 

in distribution of continuous variables between groups were assessed by the Mann-Whitney U test 
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or Kruskal-Wallis test, as appropriate. Survival curves were plotted and differences in 

relapse/progression-free survival were assessed with Kaplan-Meier estimator and Cox-regression 

model with hazard ratios (HR). For mixed TGCTs, comprising multiple tumor components analyzed, 

the average of each component H-score was used. Statistical significance was set at p<0.05 and 

adjusted to multiple testing using Dunn’s test. 

 

Results 

Cohort characterization 

As mentioned, in total, 237 primary tumor components and 12 metastases were studied, 

corresponding to a cohort of 160 patients. A summary of all demographic and clinicopathological 

data is presented in Table 1. 

Median age at diagnosis was 30 years (interquartile range - IQR: 25-36) and median follow-

up time was 69.0 months (95% CI 57.3-80.7). 52.2% of TGCT patients disclosed pure SE, followed by 

37.9% having mixed tumors, in accordance with literature.7 YST and CH only occurred as part of mixed 

tumors. Regarding individual tumor components, 43.7% were identified as SE, 22.7% as EC, 17.6% as 

TE, 13.4% as YST, and 2.5% as CH. The non-teratoma (histologically proven) cisplatin resistant 

metastases included SE, EC, YST and CH. 

61.6% of all cases were stage I, 22.0% stage II, and 16.4% stage III. In total, 63 patients 

presented with metastatic disease, 74.2% corresponding to the IGCCCG good prognosis group, 12.9% 

to the intermediate group, and 12.9% to the poor prognosis group. 

 

P53 and MDM2 Immunoexpression 

Representative illustrations of p53 and MDM2 immunostaining can be found in Fig 1 (primary 

tumors) and Supplementary Fig 2 (metastatic tumors). An average of 4866 (range: 239-5975) and 

4890 (range: 422-5990) cells per sample were evaluated for p53 and MDM2, respectively. 

 

Primary tumors  

Median percentage of positive nuclei for p53 was 4.0% (IQR: 1.1-14.4), with a median H-

score of 5.8 (IQR: 1.6-19.8). Median percentage of positive nuclei and median H-score for MDM2 

were 38.9% (IQR: 14.9-68.4) and 54.9 (IQR: 22.8-103.2), respectively. There was a significant, 

moderate, positive correlation between p53 and MDM2 H-scores (rs=0.590, p<0.0001).  
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p53 and MDM2 immunoexpression results according to TGCT histological subtype are 

summarized in Supplementary Table 2. Both p53 and MDM2 were significantly differentially 

expressed among the various histological subtypes. NS showed significantly higher expression levels 

of both p53 and MDM2 (p=0.0002 and p<0.0001, respectively, Fig 2A-B). Additionally, when 

considering all tumor subtypes, EC and CH disclosed the highest H-scores for both p53 and MDM2, 

whereas SE and TE showed the lowest values (Fig 2C-D). 

 

Metastases 

Results for p53 and MDM2 immunoexpression and H-score values for each metastasis are 

summarized in Supplementary Table 3. Median percentage of p53-positive nuclei and median H-

score were, respectively, 3.1% (IQR: 1.0-20.3) and 35.5 (IQR: 1.5-35.5). As for MDM2, median 

percentage of positive nuclei was 75.0% (IQR: 53.6-95.6) and median H-score was 149.8 (IQR: 99.6-

217.9). Importantly, MDM2 expression and H-score values were significantly higher in the chemo-

treated metastases compared to chemo-naïve primary tumors (p=0.001 and p<0.0001, respectively, 

Fig 3A). The same was not observed, however, for p53 (p=0.919 and p=0.703). Moreover, the highest 

H-scores were apparent in cisplatin-resistant non-teratoma metastases (Fig 3B). 

 

Association with clinicopathological parameters 

Association between p53/MDM2 immunoexpression and various clinicopathological 

features are presented in Supplementary Table 4. p53/MDM2 immunoexpression did not 

significantly associate with disease stage (p=0.325 and 0.179, respectively). Cases with higher MDM2 

immunoexpression, however, showed a statistically significant trend for association with poorer 

prognosis (IGCCCG intermediate/poor categories, p=0.043). Seventy percent of cases in the 

intermediate/poor prognosis group corresponded to the >P50 MDM2 expression group. The same 

was not found for p53 immunoexpression (p=0.283). No significant associations with the remaining 

clinicopathological features were found. 

 

Survival analysis  

Ten patients had some form of relapse/progression, nine of which showed early relapse 

(within 2 years of diagnosis). Based on data from last follow-up available, three patients were alive 

with disease (AWD), one died with no evidence of disease (D-NED) from a gastric carcinoma, and 

three died from disease (DFD). Using the P50 cutoff, relapse/progression-free survival did not differ 

significantly according to p53 or MDM2 immunoexpression (p=0.322 and p=0.567, respectively, 
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Supplementary Fig 3A-B). However, relapse/progression-free survival at 12 months post-diagnosis 

was lower in the MDM2 high (≥P50) expression group (93%) compared to the MDM2 low (<P50) 

group (99%).  

Moreover, focusing on p53 and MDM2 expression above the P75 cutoff, a trend for 

association between MDM2 expression and relapse/progression-free survival (p=0.057) was 

disclosed. Indeed, albeit not reaching significance, higher MDM2 expression associated with poorer 

survival (HR=3.530). For p53, still no significant association was found (p=0.413) (Fig 4). MDM2 

expression did not disclose significant impact on survival in multivariable analysis, when adjusting for 

disease stage (p=0.149). 

 

Discussion 

The MDM2-p53 pathway has been frequently implicated in both tumorigenesis and 

progression of TGCTs, even though this relationship remains a controversial topic.40,42 Disruption of 

this equilibrium might be one of the major factors underlying cisplatin resistance, as MDM2-p53 

pathway alterations are reported to be more common among cisplatin-resistant TGCTs than in 

sensitive ones.49 In our work we found a significant, albeit moderate, positive correlation between 

p53 and MDM2 expression values in primary tumors, which is in agreement with previous works on 

the topic,40 possibly reflecting the balance between the two players. Other studies, however, have 

reported that wt-p53 expression did not relate to MDM2 expression, although accumulation of the 

latter is still the simplest explanation for wt-p53 overexpression tolerance in tumors.50 In normal 

cells, when p53 expression increases, it promotes MDM2 transcription, which in turn leads to p53 

degradation. In tumors retaining wt-p53, MDM2 overexpression plays an important role in 

suppressing p53 activity but, according to our work and previously published data, seems fairly 

ineffective in promoting its degradation.51 A possible explanation for this has to do with the exact 

site of binding to p53: in order to suppress p53 activity, MDM2 binds to the N-terminal site, while 

ubiquitylation of the C-terminal promotes p53 degradation or synthesis, depending on MDM2 

phosphorylation status.52  

Moreover, we found a positive relationship between expression of both markers and 

histologic type in primary tumors, with NS disclosing higher expression values than SE. CH and EC 

showed the highest values for both markers, and SE and TE the lowest (Fig 2), and similar results 

were found for the metastases. Boublikova et al found that SE consistently showed low p53 

expression levels and that NS showed relatively high expression,53 although with generally lower 

expression values than the ones we determined. Moreover, Mándoky et al demonstrated that EC 
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components had significantly higher p53 expression compared to all other subtypes.54 Thus, our data 

constitutes further validation of those observations, in larger patient cohorts (and, importantly, in a 

recently updated cohort, using the most recent WHO classification, and with a methodology more 

objective regarding quantification of immunoexpression). Several studies have found that NS showed 

significantly higher MDM2 expression compared to SEs, and that, specifically, EC was characterized 

by higher expression levels,38,55 which is also in accordance with our results. 

Interestingly, no significant association between p53 immunoexpression and staging or 

IGCCCG grouping was found. Distinct results have, however, been published, some reporting no 

associations with stage at diagnosis17 while others found an inverse correlation.56 It is clear, from our 

review of the literature (Supplementary Table 5), that the very different cohorts, methodologies, 

settings, and cutoffs employed are responsible for such heterogeneity, precluding a robust 

conclusion. However, we found a trend for “MDM2-high” cases to associate with poor prognosis 

disease (p=0.043, Supplementary Table 4), similar to Eid et al.55 The fact that both p53/MDM2 are 

expressed at higher levels in more clinically aggressive histological subtypes, such as YST, CH and EC 

(in both primary and metastatic tumors), may be the indication of a role in tumor ability to progress, 

a theory already proposed by Ehteshami et al in 1996 regarding p53.44 

As mentioned, in over forty different types of human cancers, MDM2 expression has been 

implicated as a prognostic factor and associated with higher disease stages. Data regarding TGCTs is, 

however, controversial, again possibly due to subjective qualitative methodologies for estimating 

MDM2 expression. As an extension to this, less is known about MDM2 expression in primary versus 

metastatic tumors, and in relapse context.57 In our work, when considering the P50 H-score values 

for p53 and MDM2, neither disclosed significant impact on relapse/progression-free survival 

(Supplementary Fig 3), which is again in line with previous studies.58 Interestingly, nonetheless, 

higher expression levels of these markers have been detected in intrinsically cisplatin-resistant TGCT 

cells prior to treatment,54,59 strengthening their putative role in cisplatin-resistance phenotype 

acquisition. Moreover, MDM2 expression levels were significantly higher in the metastatic samples 

which were previously treated with cisplatin (especially in the viable non-teratoma samples, carrying 

the poorest prognosis), compared to the chemo-naïve primary tumor tissues (Fig 3), again indicating 

involvement of MDM2 amplification/overexpression in cisplatin resistance and prognosis.60 We are 

tempted to speculate whether tumor cells with already high MDM2 expression in the primary tumor 

are positively selected and disseminate, giving rise to recurrent cisplatin-resistant distant disease. 

With further analysis, considering the P75, we found a trend for the MDM2 >P75 group to depict 

poorer relapse-free survival (Fig 4B), although it did not reach statistical significance, probably due 

to insufficient size of the cohort and events. Overall, our data supports the role of MDM2 

immunoexpression as marker of poorer prognosis and as indicator of poor response to cisplatin. If 
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these indications are validated in larger cohorts of matched pre-chemotherapy and post-

chemotherapy patient samples using the same objective quantification methodologies, and if the 

appropriate cutoffs are better defined, this marker may be envisioned as a practical, useful predictive 

biomarker in the diagnostics setting, amenable to be scored by any Pathologist routinely. 

Limitations of our work include its retrospective nature and the reduced number of events; 

however, these are expected given the epidemiology of this cancer type. The work includes one of 

the largest cohorts in which p53 and MDM2 expression was assessed (as illustrated in Supplementary 

Table 5, which summarizes results of past studies),40,44,51,53-55,58,61-70 and classification and staging were 

reviewed by the same Pathologist experienced in TGCTs. Also, it includes histological specimens of 

metastatic disease with cisplatin resistance (only done by immunohistochemistry in one study of 18 

patients, and only for p53 – Supplementary Table 5); despite being low in numbers (reflecting the 

infrequent access to tissue samples of cisplatin-exposed patients), this constitutes a strength of our 

work, since previous studies have focused mainly on chemo-naïve primary TGCTs and concluded on 

p53/MDM2 expression as related to subsequent response to cisplatin (instead of assessing how 

expression changes after cisplatin exposure). In the future, larger studies, multi-institutional and with 

access to multiple patient samples of cisplatin-resistant disease, will be instrumental to definitively 

demonstrate the role of MDM2 in this phenomenon. All patients were diagnosed and treated at the 

same Institute by the same multidisciplinary team, reducing variability in clinical approach. TGCTs are 

very heterogeneous and immunoexpression interpretation is subjected to interobserver variability 

(likely contributing to controversy generated by previous works, with distinct methodologies); the 

novelty of our study is that we acted to improve objectivity in quantification, by using a digital 

imaging semi-automated scoring system, shedding light on previous data on this topic. Given the 

impact of MDM2 upregulation in cisplatin-resistant disease, we postulate that p53-MDM2 

interaction inhibitors and MDM2 antagonists might be useful for treatment of selected TGCTs.71 In 

future works we intend to test such inhibitors in vitro (in cisplatin-resistant (T)GCT cell lines), and also 

explore the role of additional regulators of p53, like MDM4.72 

 

Conclusions 

Although p53 immunoexpression did not associate with poorer outcome, higher MDM2 expression 

associated with poorer IGCCCG prognostic group. Importantly, MDM2 was overexpressed in 

cisplatin-treated metastases compared to primary TGCTs. These data reinforce a putative role of 

MDM2 in acquisition of a more aggressive tumor phenotype, more prone to recur and to develop 

resistance to cisplatin.   
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Anexo B – Decisão de aceitação para publicação 

p53 and MDM2 expression in primary and metastatic testicular germ cell tumors: association with clinical outcome. 

Lobo J, Alzamora MA, Guimarães R, Cantante M, Lopes P, Braga I, Maurício J, Jerónimo C, Henrique R. 
Andrology. 2020 May 8. doi: 10.1111/andr.12814. [Epub ahead of print] 
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Table I. Demographic and clinicopathological characteristics of the study cohort 

Variables 

Patient cohort 
(n=160) 

Tumor samples 
(n=237) 

Age (years; median, IQR) 30 (25-36) 
Laterality (n, %)  

Right 83/154 (53.9) 
Left 70/154 (45.5) 

Bilateral synchronous 1/154 (0.6%) 
Pre-operative AFP (n, %)  

Within normal range 101/154 (65.6) 
Elevated 53/154 (34.4) 

Pre-operative BHCG (n, %)  
Within normal range 77/155 (49.7) 

Elevated 78/155 (50.3) 
Pre-operative LDH (n, %)  

Within normal range 74/128 (57.8) 
Elevated 54/128 (42.2) 

Histologic subtypes (n, %)  
Pure SE 84/161 (52.2) 
Pure EC 12/161 (7.5) 
Pure TE 4/161 (2.5) 

Mixed tumor 61/161 (37.9) 
Tumor components (n, %)  

SE 104/238 (43.7) 
EC 54/238 (22.7) 
TE 42/238 (17.6) 

YST 32/238 (13.4) 
CH 6/238 (2.5) 

Largest tumor size [cm (median, IQR)] 4.2 (2.4-6.5) 
Rete testis invasion (n, %)  

Absent 74/157 (47.1) 
Present 83/157 (52.9) 

Vascular invasion (n, %)  
Absent 82/161 (50.9) 
Present 79/161 (49.1) 

Stage (n, %)  
I 98/159 (61.6) 
II 35/159 (22.0) 
III 26/159 (16.4) 

IGCCCG prognosis group* (n, %)  
Good 46/62 (74.2) 

Intermediate 8/62 (12.9) 
Poor 8/62 (12.9) 

Relapse/Progression (n, %)  
Yes 10/155 (6.5) 
No 145/155 (93.5) 

Treatments performed (n)  
CT 99 
RT 47 
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Vital status at last follow-up (n, %)  
A-NED 154/161 (95.7) 
AWD 3/161 (1.9) 

D-NED 1/161 (0.6) 
DFD 3/161 (1.9) 

 
A-NED Alive with no evidence of disease, AWD Alive with disease, CH Choriocarcinoma, CT 
Chemotherapy, DFD Died from disease, D-NED Died with no evidence of disease, EC Embryonal 
Carcinoma, IGCCCG International Germ Cell Cancer Collaborative Group, IQR Interquartile Range, RT 
Radiotherapy, SE Seminoma, TE Teratoma, YST Yolk-sac Tumor. * For patients presenting with 
metastatic disease only. 
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Fig 1. Illustrative examples of p53 (A, C, E, G) and MDM2 (B, D, F, H) immunoexpression among 
different testicular germ cell tumor subtypes: A-B Two cases of primary testicular Seminoma, stage 
I, 400x magnification (notice multiple positive nuclei – arrows – with moderate/strong intensity, 
and that the infiltrating lymphocytes are negative); C-D Two cases of primary pure Embryonal 
carcinoma of the testis, stage II, with strong multifocal expression (C) and strong diffuse (close to 
100%) expression (D), 200x magnification (arrows signaling some of the positive nuclei); E-F Two 
cases of Teratoma component within mixed tumors of the testis, stage II, with multifocal low 
intensity staining, 400x magnification (notice positive nuclei – arrows – and the adjacent stroma, 
which is negative); G-H Two cases of Yolk-sac tumor component within mixed tumors of the testis, 
with low/moderate intensity staining in a few nuclei (arrows), 400x magnification. 
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Fig 2. Biomarker immunoexpression in seminomas/non-seminomas among different histological 
subtypes. A-B. Seminomas versus non-seminomas: A p53 and B MDM2. C-D Histologic subtype: C 
p53 and D MDM2. Red bar represents the median and black bars represent interquartile range. * 
p<0.05, ** p<0.01, *** p<0.001 and *** p<0.0001. CH Choriocarcinoma, EC Embryonal Carcinoma. 
NS Non-seminoma, SE Seminoma, TE Teratoma, YST Yolk-sac tumor  
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Fig 3. Comparison of MDM2 immunoexpression between primary tumor samples (PT) and 
metastases (MTX): A Chemo-naïve primary tumor versus chemo-treated metastases, B 
Comparison between chemo-naïve primary tumors and chemo-exposed metastatic tumors, both 
mature TE (mTE) and cisplatin-resistant non-teratoma (nonTE). Red bar represents the median 
and black bars represent Interquartile range. **** p<0.0001; ** p<0.01; * p<0.05. 
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Fig 4. Relapse/progression-free survival according to biomarker 75th percentile (P75) expression levels: A p53, B MDM2 
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Supplementary table I. Proportion of each tumor component in Mixed Testicular Germ Cell Tumors. 

Mixed TGCT Proportion of each component Predominant component 

#1 EC (40%) + YST (30%) + TE (30%) EC 
#2 TE (75%) + YST (25%) TE 
#3 TE (40%) + SE (30%) + EC (20%) + CH (5%) + YST (5%) TE 
#4 EC (95%) + SE (5%) EC 
#5 EC (50%) + TE (40%) + YST (10%) EC 
#6 EC (90%) + TE (5%) + YST (5%) EC 
#7 EC (70%) + YST (30%) EC 
#8 EC (40%) + SE (30%) + CH (20%) + YST (10%) EC 
#9 EC (85%) + TE (10%) + YST (5%) EC 

#10 YST (90%) + EC (10%) YST 
#11 SE (70%) + TE (20%) + EC (5%) + YST (5%) SE 
#12 SE (75%) + TE (24%) + YST (1%) SE 
#13 SE (60%) + TE (40%) SE 
#14 EC (90%) + YST (10%) EC 
#15 EC (70%) + YST (20%) + TE (10%) EC 
#16 EC (85%) + YST (10%) + TE (5%) EC 
#17 EC (90%) + YST (10%) EC 
#18 YST (85%) + TE (15%) YST 
#19 TE (95%) + SE (4%) + YST (1%) TE 
#20 EC (75%) + TE (25%) EC 
#21 EC (40%) + TE (30%) + YST (30%) EC 
#22 SE (70%) + EC (20%) + YST (7%) + TE (3%) SE 
#23 TE (70%) + YST (20%) + EC (10%) TE 
#24 EC (60%) + YST (30%) + TE (10%) EC 
#25 EC (60%) + TE (40%) EC 
#26 SE (60%) + TE (30%) + EC (5%) + YST (5%) SE 
#27 SE (60%) + EC (35%) + YST (5%) SE 
#28 SE (95%) + TE (5%) SE 
#29 YST (90%) + EC (5%) + CH (5%) YST 
#30 TE (80%) + EC (19%) + YST (1%) TE 
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#31 EC (70%) + TE (20%) + CH (5%) + YST (5%) EC 
#32 EC (40%) + YST (35%) + TE (25%) EC 
#33 EC (70%) + SE (30%) EC 
#34 EC (40%) + YST (30%) + TE (25%) + SE (5%) EC 
#35 EC (80%) + SE (19%) + YST (1%) EC 
#36 EC (70%) + SE (29%) + TE (1%) EC 
#37 TE (80%) + SE (20%) TE 
#38 TE (60%) + EC (30%) + YST (5%) + CH (5%) TE 
#39 TE (70%) + SE (20%) + CH (5%) + YST (5%) TE 
#40 EC (80%) + CH (15%) + YST (4%) + TE (1%) EC 
#41 EC (50%) + TE (35%) + CH (10%) + YST (5%) EC 
#42 TE (65%) + YST (35%) TE 
#43 TE (50%) + EC (35%) + YST (15%) TE 
#44 YST (50%) + EC (20%) + TE (20%) + SE (10%) YST 
#45 YST (40%) + TE (20%) + EC (20%) + SE (5%) + CH (5%) YST 
#46 EC (90%) + YST (10%) EC 
#47 EC (40%) + CH (35%) + YST (15%) + TE (10%) EC 
#48 EC (40%) + YST (25%) + TE (25%) + SE (10%) EC 
#49 EC (90%) + YST (9%) + TE (1%) EC 
#50 YST (80%) + EC (19%) + TE (1%) YST 
#51 EC (70%) + TE (15%) + YST (10%) + CH (5%) EC 
#52 EC (70%) + SE (30%) EC 
#53 EC (65%) + SE (34%) + YST (1%) EC 
#54 EC (70%) + TE (30%) EC 
#55 EC (50%) + TE (40%) + YST (5%) + CH (4%) + SE (1%) EC 
#56 YST (55%) + CH (45%) YST 
#57 EC (85%) + YST (5%) + CH (5%) + SE (5%) EC 
#58 N/A N/A 
#59 N/A N/A 
#60 N/A N/A 
#61 N/A N/A 

CH Choriocarcinoma, EC Embryonal Carcinoma, N/A Not Available, SE Seminoma, TE Teratoma, TGCT Testicular Germ Cell Tumor, YST Yolk-sac Tumor.  
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Supplementary table II. p53 and MDM2 expression according to histology 

 
CH Choriocarcinoma, EC Embryonal Carcinoma, IQR Interquartile Range, NS – Non-seminoma, SE Seminoma, 
TE Teratoma, YST Yolk-sac Tumor. 

 
  

SE vs NST   
 SE NS  P-value 
p53        
      Positivity (%, median [IQR]) 3.5 (0.7-8.4) 4.8 (1.6-37.0)  0.002 
       H-score (median [IQR]) 4.4 (1.0-11.5) 7.4 (2.2-31.0)  <0.0001 
       Expression group (n,%)      0.026 
                <P50  50/83 (60.2) 69/153 (45.1)   
                ≥P50 33/83 (39.8) 84/153 (54.9)   
Mdm2       
       Positivity (%, median [IQR] 27.4 (8.8-59.1) 45.7 (18.0-74.6)  0.004 
       H-score (median [IQR] 30.5 (12.0-66.7) 73.4 (30.7-125.8)  <0.0001 
       Expression group (n,%)      0.001 
                <P50  55/83 (66.3) 65/151 (43.0)   
                ≥P50 28/83 (33.7) 86/151 (57.0)   

  
Component/histological subtype  
 SE EC TE YST CH P-value 
p53        
       Positivity (%, median [IQR] 2.6 

(0.8-8.1) 
19.6 

(7.6-37.4) 
2.1 

(0.8-5.1) 
4.3 

(1.6-12.2) 
14.2 

(7.6-29.9) 
<0.0001 

       H-score (median [IQR] 3.7 
(1.1-11.1) 

32.5 
(10.3-59.0) 

2.9 
(1.3-7.2) 

7.8 
(2.2-23.9) 

27.8 
(11.7-54.4) 

<0.0001 

       Expression group (n,%)      <0.0001 
                <P50 63/103 (61.2) 12/54 (22.2) 25/41 (61.0) 17/32 (53.1) 2/6 (33.3)  
                ≥P50 40/103 (38.8) 42/54 (77.8) 16/41 (39.0) 15/32 (46.9) 4/6 (66.7)  
Mdm2       
       Positivity (%, median [IQR]) 23.9 

(9.6-57.0) 
67.6 

(42.2-86.9) 
23.9 

(12.4-53.6) 
36.3 

(21.0-59.2) 
80.7 

(67.0-90.4) 
<0.0001 

       H-score (median [IQR]) 30.4 
(12.4-71.7) 

110.3 
(59.6-153.6) 

42.4 
(21.3-83.6) 

54.5 
(32.9-95.5) 

156.6 
(117.8-187.0) 

<0.0001 

       Expression group (n,%)      <0.0001 
                <P50 67/102 (65.7) 12/53 (22.6) 25/41 (61.0) 16/32 (50.0) 0/6 (0.0)  
                ≥P50 35/102 (34.3) 41/53 (77.4) 16/41 (39.0) 16/32 (50.0) 6/6 (100.0)  
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Supplementary table III. Metastases immunohistochemistry results by sample 

   p53  MDM2 
 Histology  Expression H-score  Expression H-score 

M3 TE  0.9 5.6  93.7 188.6 
M4 EC  49.0 95.7  97.5 249.5 
M5 TE  1.9 3.0  41.8 88.6 
M7 TE  0.7 1.0  58.4 128.4 
M8 TE  0.6 0.8  52.0 96.3 
M9 TE  2.6 5.9  77.1 174.0 

M12 SE  0.7 7.9  70.1 109.5 
M13 CH  28.9 58.1  98.7 256.7 
M14 TE  3.2 6.8  72.9 168.1 
M16 YST  24.7 43.8  82.1 131.5 
M18 TE  0.4 0.7  48.3 84.0 
M19 TE  7.1 10.4  97.8 227.6 

 
CH Choriocarcinoma, EC – Embryonal Carcinoma, IQR Interquartile Range, SE Seminoma, TE 
Teratoma, YST Yolk-sac Tumor. 
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Supplementary table IV. Association of p53 and MDM2 expression with clinicopathological data 

 
AJCC8 American Joint Committee on Cancer - Cancer Staging Manual 8th edition, IGCCCG 
International Germ Cell Cancer Collaborative Group, IQR Interquartile range. 
  

p53 expression group MDM2 expression group 

 <P50 ≥P50 P-value <P50 ≥P50 P-value 

Age at diagnosis 
(years, median [IQR]) 

29 (24-36) 28 (24-33) 0.331 29 (25-35) 27.5 (23-33) 0.102 

Largest nodule (cm, 
median [IQR]) 

4.5 (2.6-
6.9) 

4.3 (2.7-
7.0) 

0.710 4.8 (2.8-7.0) 4.2 (2.4-5.8) 0.049 

AJCC8 stage (n [%])   0.325   0.179 

I 
76/138 
(55.1) 

62/138 
(44.9) 

 78/138 (56.5) 60/138 (43.5)  

II 
22/51 
(43.1) 

29 /51 
(56.9) 

 25/50 (50.0) 25/50 (50.0)  

III 
21/43 
(48.8) 

22/43 
(51.2) 

 17/42 (40.5) 25/42 (59.5)  

IGCCCG Prognosis 
Group (n [%]) 

  0.283   0.043 

Good 
27/65 
(41.5) 

38/65 
(58.5) 

 33/63 (52.4) 30/63 (47.6)  

Intermediate/ Poor 
16/30 
(53.3) 

14/30 
(46.7) 

 9/30 (30.0) 21/30 (70.0)  
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Supplementary table V. Review of the literature regarding p53 and MDM2 in Testicular Germ Cell Tumors 

Biomarker Sample type and size Methodology Outcome Reference 

p53 152 TGCTs IHC p53+ in 90% of SE and 94% of NS (++EC) 
Degree of staining/expression ≠ across stages of disease 

Lewis, 1994 42 

 30 TGCTs IHC 
PCR 
SSCP 

DNA-seq 

6 tumors with ↑p53 → no exon 5-8 mutations detected Schenkman, 1995 31 

 26 TGCTs IHC p53+ in 100% of SEs and 44% of NSs (90% of ECs, 38% of 
YSTs, 20% of mature TEs) 

p53 expression not correlated with clinical disease stage 
or patient outcome 

Ehtshami, 1996 18 

 25 TGCTs IHC p53+ in 80% of postpubertal TGCTs (40-70% positivity per 
tumor) vs 40% of prepubertal (<10% positivity) 

Chou, 1997 33 

 151 NS TGCTs Quantitative histopathology 
DNA extraction 

PCR 
DNA-seq 

SSCP 
IHC 

p53+ in 94% of NSs Heidenreich, 1998 34 

 4 cell lines Microscopic detection of apoptosis 
WB 
NB 
IB 

p53 gene status not correlated with cell susceptibility to 
induction of apoptosis by radiation 

Burguer, 1998 35 

 1 cell line GEP Inhibition of p53 → increased cell survival Kerley-Hamilton, 2005 
29 

 70 TGCTs IHC p53+ in 47% of TGCTs → ↑p53 in ECs 
Apoptotic index correlated with % of p53 positivity 

↑p53 in chemo-sensitive TGCTs 

Mándoky, 2008 41 

 83 TGCTs IHC p53+ in 79% of TGCTs → p53 expression disparity between 
tumors. No association with DSS 

Pectasides, 2009 30 
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 38 TGCTs PCR-RFLP LOH of Bsh123GI restriction site in exon 4: 0/12 of SE; 
5/18 of NS 

LOH of Mspl restriction site in intron 6: 1/12 of SE; 2/8 of 
NS 

Vladušić, 2010 32 

 202 TGCTs and 18 
metastases 

IHC 
NGS 

Low p53+ in SEs, high in NSs. Significant decrease between 
primary TGCTs and metastases. 

No gene variants identified 

Boublikova, 2015 36 

MDM2 81 TGCTs IHC 
WB 

MDM2 much higher in NSs vs SEs 
↑MDM2 in patients with metastasis 

↑MDM2 in higher stages 

Eid, 1999 40 

p53 and 
MDM2 

25 TGCTs IHC 
Hybridization studies 

PCR 
SSCP 

↑wt p53 in 56% of SEs and 73% of NSs 
MDM2 amplification in 10% of SEs and 13% of NSs 

Good correlation between ↑p53 protein and ↑MDM2 
mRNA 

Riou, 1995 13 

 31 TGCTs IHC p53+ ≈ in invasive and GCNIS; MDM2+ mainly in invasive 
TGCT (++EC) 

Datta, 2001 37 

 39 TGCTs IHC 
Mutational analysis 

ISH 
WB 

p53- in 36% of TGCTs, plus overall low p53 in positive 
tumors. No correlation with sensitivity to cisplatin 

MDM2+ (weak) in all SEs and most NSs 

Kersemaekers, 2002 38 

 4 cell lines Cell death and colony formation 
assay 

RT-qPCR 
ChIP 

Nutlin-induced MDM2 inhibition → p53 activation 
MDM2/MDMX activation → p53 stabilization 

Li, 2010 43 

 4 NS TGCTs DNA-seq 
RT-PCR 

↑MDM2 in 2 metastases Dorssers, 2019 39 

ChIP Chromatin Immunoprecipitation, CIS Carcinoma in Situ, DNA-seq DNA sequencing, DSS Disease-Specific Survival, EC Embryonal Carcinoma, GCNIS germ cell 
neoplasia in situ, GEP Gene Expression Profiling, IB Immuno-blot, IHC Immunohistochemistry, ISH In-situ Hybridization, LOH Loss of Heterozygosity, NB Northern-
blot, NGS Next Generation Sequencing, NS Non-seminoma, PCR Polymerase Chain Reaction, RFLP Restriction Fragment Length Polymorphism, RT-PCR Real Time 
Polymerase Chain Reaction, RT-qPCR Real Time Quantitative Polymerase Chain Reaction, SE Seminoma, SSCP Single-strand Conformation Polymorphism, TE 
Teratoma, TGCT Testicular Germ Cell Tumor, WB Western blot, YST Yolk-sac Tumor 
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Supplementary fig 1. Study Protocol: IHC Immunohistochemistry, TGCTs Testicular Germ Cell Tumors, WHO World Health Organization. 
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Supplementary fig 2. MDM2 immunoexpression in metastases of testicular germ cell tumors: 
Nuclear immunoexpression of MDM2 in A Yolk-sac tumor metastasis of the brain, representing 
cisplatin resistant disease (strong and multifocal, arrows), B Mature teratoma in a lymph-node 
metastasis after chemotherapy (strong and multifocal/diffuse, arrows), C Choriocarcinoma 
metastasis of the brain, representing cisplatin resistant disease (strong and diffuse, arrows), D 
Seminoma metastasis in a lymph-node (moderate/strong and multifocal). All pictures in 400x 
magnification.  
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Supplementary fig 3. Relapse/progression-free survival according to biomarker 50th percentile (P50) expression levels: A p53, B MDM2 
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