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1. INTRODUCTION 

Testicular tumors are rare, making up only 1 per cent of all cancers in men, however this 

tumor has become an extremely important oncological disease (1,2,3). 

1. Testicular germ cell tumor (TGCT) is the most common carcinoma in young men aged 

15-35 years and thus has the potential to greatly shorten productive years of life. 

2. Available serum markers (alfafetoprotein, AFP and human chorionic gonadotropin, 

HCG) allow the clinician to make important and accurate treatment related decisions. 

3. Testicular cancer has been a model for multidisciplinary care, as surgical resection of 

postchemotherapy radiographically persistent disease can improve the cure rate. 

4. Germ cell tumors have become an excellent testing ground for active experimental 

drugs (i.e., cisplatin, etoposide, and ifosfamide), all of which were approved primarily 

on the basis of data from studies of testicular cancer. 

The goal of chemotherapy for patients with germ cell tumors is never merely palliation or 

prolongation of survival, but cure (4,5). The chance of cure for patients with poor prognosis -

those with relapse or resistance to cisplatin based chemotherapy - is low because no standard 

treatment is available. The exploration of whether there are molecular as well as clinical 

differences that separate curable from incurable disease remains highly important (6). This 

thesis highlights some clinical and clinicopathological works dedicated to this field. 

1.1 Epidemiology and etiology of testicular cancer 

Approximately 400-420 men develop testicular cancer each year in Hungary. TGCT has 

its highest incidence in the European population, with an age-standardized rate ranging from 2 

to 9 per 100 000 per year (7). The incidence of TGCT is increasing. In England and Wales, it 

has almost doubled in less than 30 years (8). A similar trend is observed in almost all 

developed countries (9). The incidence of TGCT varies greatly among different population 

and ethnic groups. The highest rates occur in the Nordic countries and the lowest rates 

typically occur in Asia and Africa (10). The Maori population of New Zealand, with an 

incidence rate of 7.9 per 100 000, is the only non-European population that has a high 

incidence of TGCT (11). The black population of the US has a low incidence 
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(0.7 per 100 000) of TGCT - similar to other African populations. The incidence in the 

white population of the US is similar to that of European countries. 

Although the cause of testicular cancers is unknown, the following risk factors are under 

consideration: 

The high occurrence rate in developed countries reflects the role of environmental 

carcinogenic factors, for example the presence of estrogen compounds which affect 

the embryonic testis (12). 

A widely accepted risk factor for testicular cancer is the undescended testis. Eight to 

10 per cent of men with TGCT have a history of undescended testis compared with the 

population rate of 1-2 per cent. Men with unilateral TGCT have an increased risk of 

TGCT in the normally descended contralateral testis, but it is not as high as in the 

undescended one (13). 

Men with a history of infertility are at an increased risk of developing a TGCT. An 

analysis according to specific semen characteristics showed that low sperm 

concentration, poor motility of spermatozoa and a high proportion of morphological 

abnormal spermatozoa were all associated with an increased risk of TGCT (14,15). 

One of the greatest known risk factors for testicular cancer is a previous TGCT. 

Carcinoma in situ (CIS) can be found in the contralateral testicle of testicular cancer 

patients in approximately 5 per cent of cases, which corresponds with the expected 

frequency of metachronous TGCT (16). CIS cells are widely accepted as a precursor 

of TGCT (17). 

It has been shown that another of the strongest risk factors for testicular cancer is 

heredity. There is an eight- to tenfold increase in relative risk of TGCT to brothers of 

patients and a fourfold increase in risk to fathers and sons (18). The incidence of 

familial testicular cancer is about 2 per cent (19). A region of chromosome Xq27 

associated with this familial risk, especially when one or more of the affected men 

have bilateral testicular cancer, has been described (20). 

Malformations or abnormalities of the male genital organs, including inguinal hernia, 

atrophic testes, hypospadias, hydrocele and varicocele are among the less consistent 

and less certain risk factors for TGCT (21). 

Patients with gonadal dysgenesis are at very high risk (10-50 per cent) of TGCT. 
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Patients with complete androgen insensitivity syndrome are also at increased risk (22). 

Klinefelter's syndrome (47 XXY) patients have an estimated relative risk of 67 of 

developing an extragonadal germ cell tumor (23). Increased risk of testicular CIS and 

TGCT have also been reported in individuals with Down syndrome (24). 

1.2. Clinical presentation, diagnosis and local treatment of testicular cancer 

Typically, testicular tumors present following the discovery by a man (or his partner) 

of a painless testicular lump. Testicular enlargement, firmness, aching discomfort or 

asymmetry within the testis can also occur. In most cases the clinical features of a hard 

irregular mass occupying part or all of the testis make the diagnosis straight forward. Man 

with metastasis to the para-aortic lymph nodes may present with back pain, renal obstruction 

leading to loin pain, and urinary symptoms. In rare cases, high para-aortic nodes may cause 

gastric outflow obstruction. Lung metastases are common, mainly in non-seminomatous germ 

cell tumors. Most are virtually asymptotic, but may lead to dyspnoea, respiratory failure, 

haemopthysis, and occasionally pneumothorax. Notably, the occurrence is widespread of 

other metastases in retroperitonel nodes and possibly also in the liver and brain. Bone and 

skin metastases are very rare. Young men with a palpable supraclavicular lymph node, or 

pulmonary metastases, and gynecomastia should be examined carefully for testicular cancer. 

Testicular palpation and ultrasound examination of the testis usually confirms the diagnosis, 

and helps distinguish between masses in the body of the testis and other intrascrotal swelling 

(25). 

Radical inguinal orchidectomy is the most appropriate treatment. Partial orchidectomy 

or local excision are experimental options (26). Following histological diagnosis, the patient 

requires careful assessment, both of his general medical health and of the possibility of 

metastatic disease. The mainstays of the staging are sequential serum tumor marker assay and 

radiological imaging (chest X-ray, CT scan, and if it is necessary, bone scan, MRI and other 

imaging techniques). 

Extragonadal germ cell tumors are rare neoplasms with histological features analogous 

to those of gonadal germ cell tumors, but arising in sites other than the gonads, most 

commonly the mediastinum, retroperitoneum, sacrococcygeal region, and the pineal gland. 

The availability of reliable tumor markers has greatly facilitated the management of 

germ cell tumors. The major markers are AFP which is elevated in 50-60% of non-seminoma 

(mainly in endodermal sinus tumor, and embryonic carcinoma, but not in seminoma) and hCG 
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which is elevated in 30-35% of non-seminoma (mainly in choriocarcinoma) and 10-25% of 

seminomas. They provided invaluable help in diagnosis, determination of prognosis (along 

with lactate dehydrogenase, LDH), assessing response to treatment and in patient follow-up 

(27,28). 

1.3. Histological classification of testicular tumors 

The classification of testicular tumors (according to Rosai et al) is presented in Annex 1 

(29). The thesis deals with germ cell testicular tumors, which constitute about 95% of all 

testicular cancers. The widely used WHO classification aims to describe in detail the cell types 

present in a particular tumor (30). 

Testicular germ cell tumors are divided into two major subgroups - seminoma and non-

seminoma (NSGCT) - each accounting for approximately for half of testicular cancer cases. 

Seminoma frequently appears in the fourth decade of life, between 35 and 50 years of age. 

Occasionally seminomas contain trophoblastic giant cells capable of producing hCG. 

Spermatocytic seminoma (with a minimal metastatic potential) is a rare histological variant, 

seen mostly in men over 45 years of age. 

NSGCT - embryonal carcinoma, choriocarcinoma, yolk sac tumor and teratoma -

present most frequently in the third decade of life. Most NSGCT are mixed, consisting of two or 

more components of the tumor. Even when seminoma is a component of the tumor, the 

presence of any non-seminomatous elements classifies the tumor as NSGCT. Teratoma refers to 

germ cell tumors containing all three germ layers with varying degrees of differentiation. These 

terminally differentiated tumors are technically not malignant, however metastases have been 

reported and death may occur due to slowly progressive, unresectable local disease. The most 

appropriate therapeutic option is complete surgical resection, because differentiated teratomas 

are not responsive to chemotherapy. 

1.4. Clinical staging of testicular cancer (TNM, WHO) 

Various staging systems have been used to classify and subsequently manage patients 

with testicular tumors (19). In our institute, the TNM classification of UICC (1997) is used for 

staging (Annex 2 and 3), where the tumor markers, the categories T (primary tumor), N 

(regional lymph nodes), M (distant metastases) and S (elevation of tumor markers, such as, 

hCG, AFP, LDH) are included (31). This new TNM system includes a new definition of the 

T2 stage that includes lymphatic/vascular invasion, and distinguishes between pulmonary 

(Mia) and nonpulmonary (Mlb) visceral metastases. These modifications are partially based 
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on the results of the International Germ Cell Cancer Consensus Group (IGCCCG) 

classification (32). 

The pathological and histological report must include the following data: localization 

and size of the tumor, testicular dystopia, tumor expansion (rete testis, tunica albuginea, 

tunica vaginalis, epididymis, spermatic cord, scrotum), blood and lymphatic vessel invasion, 

pT category, histological type, and presence of CIS (33). 

1.5. Clinical prognostic factors of germ cell tumors and the International Germ Cell 

Consensus Group Classification (IGCCCG) 

Patients with metastatic disease should be classified according to the prognostic 

factor-based staging system of the IGCCCG (Annex 4). The following prognostic factors are 

considered: the site of primary tumor (testicular or extragenital), histological type of tumor 

(seminoma or non-seminoma), localization of metastases (visceral or nonvisceral) and the 

levels of serum tumor markers (32). 

1.6. Treatment of testicular cancer 

The prognosis of germ cell tumor cases has improved markedly following the 

introduction of cisplatin-based chemotherapy (1). It has also been demonstrated that treatment 

in'specialized centers results in a better clinical outcome (34). Collaborative and multicenter 

clinical trials have led to significant improvements in the management of testicular tumor, 

these improvements have been incorporated into treatment guidelines (5). 

In parallel with advances in the management of testicular cancer, growing concern about 

late adverse effects of treatment has been expressed (35). The risk-adapted treatment strategy 

focuses on reducing toxicity in good-risk patients, while preserving treatment efficacy (36). 

However, more intensive chemotherapy regimens and treatment policies are currently used in 

poor risk and relapsed patients. The main goal of this rationalized policy is to select and treat 

patients according to their individual clinical risk, decrease side effects and treatment costs, 

and increase the patient's quality of life (37). 

TREATMENT OF SEMINOMA 

Historically, radiotherapy with conventional fractionation to a total dose of 25-30 Gy 

to the para-aortic and pelvic nodal areas has become the standard treatment in the 

management of early stage seminoma (Stage I., II/A and II/B ). The use of lower doses of 

radiotherapy is under investigation (38). Only 2-3% of men develop recurrence and the cure 

rate after salvage treatment approaches 100% (39). Although the dose of radiotherapy is low 
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and cure rates are high, long term consequences include the potential for an increased 

incidence of gastrointestinal neoplasm. The radiation fields have been limited to para-aortic 

nodes in recent years. The MRC and EORTC trials have shown that radiotherapy given to the 

para-aortic nodes alone at a dose of 20 Gy in 10 fractions achieves similar results with savings 

in associated toxicity (40,41). 

The 5-years relapse rate after observation alone, without adjunctive radiotherapy is 

approximately 15-20 %, but salvage chemotherapy is highly effective and cures, about 95-

98% of patients. Generally, surveillance has been less popular in this group of patients. This is 

partly due to the high success rate of conventional treatment and partly because follow-up is 

more difficult than in non-seminoma cases because tumor markers are considerably less 

reliable in detecting recurrence, and secondly, recurrence may appear years after initial 

surgery (42). 

Because of chemosensitivity of seminoma, chemotherapy is currently being 

investigated (single-agent carboplatin) as an alternative to radiation therapy. In high risk 

cases, two courses of Vinblastine, Bleomycin, Cisplatin (VPB) combination chemotherapy are 

also acceptable if radiotherapy cannot be used (43,44). In advanced seminoma cases (>II/B) 

the standard treatment is the primary chemotherapy, according to the IGCCCG classification 

(46). In the good prognosis group, 4 courses of EP or 3 cycles of BEP are recommended, and 

in intermediate prognosis group, the recommendation is for 4 cycles of BEP (see Annex V). 

In early stage seminoma (clinical stage I), independent prognostic factors for relapse 
are the size of primary testicular tumor (<4 cm) and infiltration of the rete testis. (45). 

TREATMENT OF NONSEMINOMA TUMORS 

Early stage non-seminoma 

Over the years, in cases of clinical stage I tumor (tumor localized to the testis, normal 

tumor markers after castration, normal chest X-ray and abdominal CT scan), a number of 

strategies have been adopted including a strict surveillance protocol (47), immediate treatment 

with 2 course of adjuvant chemotherapy (48), or retroperitoneal lymph node dissection (RLA) 

+/- adjuvant chemotherapy (49). 

Earlier, RLA was the gold standard. When RLA is not performed, there is a 20 to 30% 

risk of patients developing tumor progression on a wait-and-see program. Despite a previous 

RLA, tumor recurrence in the retroperitoneum ranged from 2-10%, and distant metastasis 

occurred in 7-12% of patients after 2 years. The operation may result in a considerable 
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morbidity rate of 11-23% and in a mortality rate of approximately 0.3% (50,51,52). Nerve-

sparing operation techniques results in a 100% maintenance of ejaculation, few 

retroperitoneal relapses and a 99% cure rate in an experienced center (53). 

Wait-and-see policy is a good treatment option, which is based on the possibility that 

relapsed patients can be cured by chemotherapy. After tumor progression and treatment by 

systemic chemotherapy, between 14 and 32 % of patients will require a surgical resection of 

residual tumor, but the survival rate will still be about 98%. Surveillance can only be performed 

when sufficient diagnostic skill and equipment is available and when the patient's compliance is 

guaranteed (54). 

The main advantage of primary adjuvant chemotherapy is that the rate of tumor recurrence 

is reduced to 5%, however approximately 70% of patients will undergo the treatment 

unnecessarily if chemotherapy is applied without adequate selection of patients at high risk of 

progression (55). 

The following risk factors have been identified, according to the UK MRC (56, 57): 

- infiltration of the vascular veins (the most important factor) 

- infiltration of lymphatic vessels 

absence of yolk sac elements 

- presence of embryonal carcinoma 

If the percentage of embryonal carcinoma in the primary tumor is less than 40%, and there 

is no vascular invasion present, the probability of extratesticular progression is low, about 10-

20%. It is a good indication for surveillance. If the patient has one or two risk factors the 

chance of progression is high, approximately 40-50%, and two course of adjuvant cisplatin 

containing chemotherapy is offered, which achieves a 98-99% recurrence-free rate in these 

cases. Prospective clinical studies have demonstrated that the use of these risk factors is 

helpful in the management of early stage tumors (58). The automatic application of the RLA 

is not recommended, however it may have advantages in selected cases, when the teratoma or 

teratocarcinoma components are present in the primary testicular tumor, and the tumor 

markers are normal. 

In the case of stage IIA/B non-seminoma, the volume of the retroperitoneal mass (2 cm vs. 

2-5 cm), more than 6 involved lymph nodes, extranodal extension and vascular invasion of 

the primary tumor are of prognostic relevance for recurrence if no adjuvant chemotherapy is 

applicated (59). 
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TREATMENT OF METASTATIC GERM CELL TUMORS 

- Good prognosis 

For patients with a good prognosis, according to IGCCCG classification standards, treatment 

consists of three cycles of BEP or - in the case of contraindication against bleomycin - of four 

cycles of EP. 

- Intermediate prognosis 

The available data support four cycles of BEP, but there is no generally accepted and justified 

standard protocol. Due to the generally less favorable prognosis of this patient group, they 

should principally be treated in prospective trials, as for example in the EORTC trial, with 

BEP versus paclitaxel + BEP. 

Poor prognosis 

For patients with poor prognosis, standard treatment consists of four cycles of BEP; four 

cycles of VIP have a similar effect but are more toxic. It has not yet been proved that high-

dose chemotherapy increases survival rate (IT-94 EORTC trial). High-dose chemotherapy 

should be conducted only in prospective trials. Patients with poor prognostic criteria should 

be transferred to a specialized center where sufficient professional skill and equipment is 

guaranteed (5,19,28,33,37). 

RESIDUAL TUMOR RESECTION 

The management of postchemotherapy residual masses in patient with seminoma is a 

controversial issue. Perioperative mortality has been reported to be higher because of the 

severe desmoplastic reaction and obliteration of tissue planes. The use of additive 

radiotherapy for residual tumor in seminoma has not revealed a substantial benefit. A residual 

mass greater than 3 cm predicted a higher likelihood of residual viable tumor. The residual 

mass of seminoma must not be resected routinely but checked by imaging investigation and 

tumor markers. Surgical resection may be useful if the residual mass is larger than 3 cm, and 

increases in volume during strict follow-up monitoring (60, 61,28). 

In cases of NSGCT and complet remission (CR) after chemotherapy, secondary RLA is 

not indicated (62). In cases of residual tumor mass and marker normalization, the residual 

tissue has to be resected. About 15-20% of residual tumors in patients with normalized tumor 

markers after chemotherapy will histologically still contain undifferentiated tumor: 45-50% 

necrotic or fibrotic tissue and 30-40% mature teratoma. The first group of patients needs 

further adjuvant chemotherapy, however the second group needs no treatment at all (63). 
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A model for prediction of the histology of residual mass after primary chemotherapy in 

NSGCT tumor has been published. Independent predictive factors for necrotic tissue were 

(64,65): 

absence of teratomatous elements in the primary tumor 

- normal AFP, HCG values before chemotherapy 

- elevated LDH 

small pre-, and postchemotherapy masses 

shrinkage of the masses by more than 70% during chemotherapy 

TREATMENT OF PATIENTS PROGRESSING AFTER CISPLATIN BASED 

PRIMARY CHEMOTHERAPY FOR NON-SEMINOMA TUMOR 

The probability of relapse after primary chemotherapy is approximately 10-20% in the 

good- and intermediate-prognosis groups, but 50% in patients with poor prognosis. The rate 

of relapse after first line chemotherapy if CR is achieved is low, about 5—7%. The treatment 

of choice in first relapse if marker values are in the normal ranges is surgical removal of all 

mass, if it is feasible. In the case of elevated markers, second line combination chemotherapy 

is recommended. 

A variety of salvage treatments have been established which, in addition to cisplatinum, 

usually include cytotoxic agents to which the patient has not been exposed previously, such as 

ifosfamide, vinblastine, doxorubucine, methotrexate, actinomycin D and paclitaxel. The 

standard protocols used are VelP or VIP, both with the same clinical efficacy. CR can be 

achieved in about 50% of cases, but the cure rate is 20-25% after second line chemotherapy. 

The overall 5-year-survival rate for these patients is 30% if salvage chemotherapy is used in a 

multicenter setting (66,67). The following risk factors have been proposed to predict outcome 

for the patient (68): 

- progression-free interval < 2 years 

- < CR to induction chemotherapy 

- high markers at progression (AFP > 100 kU/1 and/or HCG > 100IU/1) 

Patients with all three factors have a very poor prognosis (poor risk group) and none of 

these patients survive beyond 3 years. Patients with at most two risk parameters form a "good 

prognostic" group, with a 5-year-survival rate of 47%. 

Because of the high probability of resistant tumor cells, the resection of all residual mass 

after second line chemotherapy is mandatory, if it is possible (69,70). The role of high-dose 
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chemotherapy in patients relapsing after standard dose chemotherapy is under investigation in 

prospective clinical trials (71). 

1.7. Mechanisms of chemoresistance in germ cell tumor 

In clinical oncology, chemoresistance means that tumor cells avoid cytotoxic damage 

and no clinical response can be achieved despite chemotherapy being used. Two types of 

chemoresistance are distinguished: primary or intrinsic, and secondary or acquired resistance. 

Drug resistance (DR) is a major cause of treatment failure in cancer. DR can arise as a 

consequence of various mechanisms, however the following types can be considered when 

investigating chemoresistance in clinical oncology: (i) pharmacokinetic, (ii) pharmacogenetic 

and (iii) pharmacogenomic (72). 

Identifying of molecular markers for genes associated with - or responsible for -

individual resistance mechanisms helps to inform current clinical studies and provides 

insights into clinical results achieved. It is evident that DR is rather complicated and 

heterogeneous (73). Only a few studies have been dedicated to investigating these 

mechanisms in testicular cancer. 

Multidrug resistance (MDR) is a well-studied experimental phenomenon that may play 

a role in the development of clinical resistance against several antineoplastic agents. It has 

been shown that P-glycoprotein (Pgp) forms the genetic basis for classical MDR. Pgp is 

considered as an ATP-dependent drug efflux pump with broad substrate specificity, which 

decreases the concentration of chemotherapeutic agents in resistant cancer cells (74). Data is 

available indicating that Pgp positivity may be a marker for more aggressive tumor behavior 

and poor treatment outcome, independent of its effect on chemosensitivity (75). 

Metallothioneins (MT) are a family of heavy-metal-binding proteins. MT assists 

indirectly in the repair of the lethal DNA damage and regulate important cellular activities. 

MT are considered to be metal-binding ligands functional in: (i) regulating intracellular free 

copper and zinc levels, (ii) controlling embryogenesis, fetal growth, development and 

differentiation, and (iii) heavy-metal detoxification and/or free radical scavenging (76). Cell 

lines expressing high levels of MT have been reported to be resistant to DNA-damaging 

agents like cisplatin and alkylating agents (77,78). 

One conception of DR suggests alterations of tumor suppressor genes and/or apoptotic 

pathways. The p53 gene was found to be a suppressor gene which negatively regulates cell 

cycles (79), and its mutation is responsible in many tumors for initiating malignant 
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transformation and tumor progression. Wild-type p53 facilitates the repair of DNA damage, 

and the presence of a p53 mutation in a particular tumor indicates a poor prognosis for 

response to treatment and survival (80). The functionality of p53 can be inactivated by Mdm2. 

It inhibits p53 function by binding to the transactivation domain, and in addition results in p53 

degradation (81,82). Overexpression of Mdm2 has been correlated with a poor prognosis and 

resistance to chemotherapy in various malignancies (83). 

The bcl-2 gene is located on chromosome 18q21, but the t(14;18) translocation 

juxtaposes the gene with the immunoglobulin heavy chain loci of chromosome 14. This 

creates a so-called bcl-2/IGH fusion gene, resulting in high levels of bcl-2 protein. Bcl-2 was 

the first member of a rapidly expanding family of proteins which have been demonstrated to 

regulate apoptosis in response to chemotherapy both in vivo and in vitro. Bcl-2 protein 

expression may induce resistance to multiple cancer agents, resulting in unfavorable 

prognosis for patients with certain types of cancers (84,85). 

Lung resistance protein (LRP) was first detected in a non-P-glycoprotein-mediated 

multidrug resistance lung cancer cell line. It is thought to mediate intracellular and in 

particular, nucleocytoplasmic transport (86). A prognostic role of LRP was suggested in 

ovarian cancer (87) and diffuse large B-cell lymphomas (88), but not in breast cancer (89). 

LRP expression and its clinical relevance in germ cell tumors have not yet been reported. 

2. AIMS OF THE THESIS 

Between 48-93% of patients with testicular cancer are cured following therapy in Europe 

(90), with the prognosis being less favorable in eastern European countries (91). In Hungary, 

the likelihood of patients not responding to cisplatin based chemotherapy may be higher than in 

developed countries because of the more advanced stages and the resultant diagnostic delay. It 

has been shown that a delay of more than 3 months is correlated with a decreased 5-year 

survival (92). For this reason we started an educational and early detection program for 

testicular cancer in 1995. 

1. The goal was to determine, by an analysis of the results of the first 3 years, the efficacy 

of such a program on the early detection of testicular cancer. 

The risk of contralateral tumor among patients cured for testicular germ cell cancer is about 

2.5-5% (16). No predictive clinical parameter is available for the development of a second 

tumor. Most second testicular tumors are discovered by the patients following the onset of 

symptoms. Regular follow-up may allow earlier diagnosis of a second tumor (93). 
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2. To determine the incidence, prognosis, clinical and histological characteristics, 

treatment and outcome of patients with bilateral TGCT in Hungary. 

3. To determine which clinical parameters might predict a metachronous testicular 

tumor, and whether regular follow-up may help in the early diagnosis of second 

testicular cancers. 

The molecular markers for genes associated with or responsible for drug resistance mechanisms 

have been poorly studied in testicular cancer, which is why we started clinicopathological trials 

to investigate the clinical relevance of these markers in testicular cancer. 

4. To investigate ATP-dependent drug efflux transporter proteins and genes in testicular 

cancer (MDRl/Pgp, LRP). 

5. To investigate metallothionein expression in primary germ cell testicular cancer. 

6. To investigate p53 protein expression in testicular cancer. 

7. To investigate mdm-2 expression, because little data has been reported in the literature 

about its role in testicular cancer. 

8. To investigate Bcl-2 expression in testicular tumors, about which there are no current 

publications. 

3. PATIENTS AND METHODS 

3.1. Educational and early detection program for testicular cancer 

Information describing the early signs of testicular cancer, the risk factors, the correct 

method of testicular self examination and the importance of early detection was disseminated 

through the media (television, radio, widely read papers, youth magazines and at all events 

organized by the Cancer League). Men who responded were given an appointment to have a 

medical examination. For educational reasons, recruitment was not limited to age groups or 

complaint categories as we wanted to analyze the distribution of volunteers by demographic 

characteristics and the presence or absence of complaints. The medical examination consisted of 

a. physical and 

b. ultrasound examination of the testicles and 

c. in any case of suspicious findings tumor markers (AFP, hCG) were also 

checked. 

An Acuson 128 PX ultrasound device, with a 7 MHz linear transducer was used for the 

testicular ultrasound examination (TUS). A single type of jion-malignant pathological finding in 
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a volunteer was considered as one pathological event regardless of bilateral or multiple 

appearances: for example testicular cysts, hydroceles, etc. Between April 1995 and April 1998 

5056 volunteers participated in the program. 

3.1.1. Findings were analyzed according to the volunteers classification, who were 

divided into two main groups based on 

a. the presence or 

b. absence of complaints. 

3.1.2. The first group was subdivided according to the nature of the complaint 

observed through testicular self-examination: 

a. pain, 

b. sensitivity to palpation of the testicle, 

c. palpable lump, 

d. swelling of the testicle 

e. or a complaint unrelated to the testicle, such as dysuria, impotence etc. 

If multiple complaints were present at the time of the examination, we classified the 

patients according to their most important complaint. 

3.1.3. The clinical details of patients with a testicular tumor detected are also 

presented. The clinical staging, the histological classification of the tumors, the 

treatment, evaluation of response to treatment and follow-up of patients was in 

line with the institutional policy (94). 

3.1.4. The delay in the diagnosis of patients treated by chemotherapy in our 

Department in 1994 and in 1998 was also retrospectively analyzed and 

compared to measure the educational impact of the program. 

3.1.5. The mortality rate of testicular cancer patients in Hungary between 1994 and 

1998 was also analyzed. 

The proportions of the findings between the complaints free and the complaints population were 

compared using the Chi-square test. The diagnostic and medical delays between 1994 and 1998 

were analyzed by the Student-t test. A difference was regarded as significant if the P value was 

<0.05. 
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3.2. Bilateral testicular cancer 

Bilateral testicular cancer patients were retrospectively explored among the 2386 

testicular tumor patients who were registered in our Department between November 1988 and 

November 1998. Detailed information on patient characteristics was obtained from the 

patient's hospital records - such as 

a. time of original surgery, 

b. location and 

c. histology of primary tumor, 

d. extent of the disease, 

e. serum concentration of hCG, AFP and LDH, 

f. history of testicular abnormalities, 

g. treatment, 

h. response to treatment, 

i. follow-up period, 

j. data on second (non germinal) carcinoma. 

Pathology reports of all 72 patients were reviewed in our Institute (30). Radical 

inguinal orchidectomy was standard treatment for bilateral testicular cancer. Chemotherapy 

was used as subsequent treatment for metachronous TGCT that had spread beyond the testis 

following retroperitoneal lymphadenectomy or retroperitoneal irradiation for the first cancer. 

A wait-and-see policy was used for patients with tumor localized to the testis. Oral 

testosterone replacement was used in all cases. 

The patients were divided into two main groups based on 

3.2.1. the synchronous 

3.2.2. or metachronous appearance of bilateral testicular cancer. 

The interval between first and second testicular tumors was defined as the time period 

between surgical removal of the tumors. Metachronous testicular tumor was defined if this 

interval was longer than 6 months and testicular ultrasound examination did not show 

contralateral testicular mass at the time of the first operation. 

Patients with metachronous tumors were further subdivided into two subgroups, 

- Group A: patients who were followed in the institutional surveillance policy 

after treatment of the first cancer 

- Group B: patients who were lost to follow up or patients who did not participate 



15 

in the last two scheduled follow-up appointments before diagnosis of 

second testicular cancer 

In the groups with synchronous and metachronous testicular cancers we analyzed the 

distribution of the following parameters: 

a. main histological subtypes, 

b. clinical stages, 

c. treatments, 

d. survival and 

e. risk factors (cryptorchidism, infertility, atrophic testis, familial history of 

testicular tumor). 

3.2.3. In the first and second metachronous cancers we investigated the histological 

characteristics, such as 

a. the proportion of pure seminoma, 

b. the presence of vascular invasion, and 

c. the presence of embryonal components in the tumors and the effects of previously 

applied treatment on the incidence of the secondary tumors. 

3.2.4.The interval between tumors was analyzed 

a. in relation to the patient's age, 

b. previously applied treatment and 

c. histological subtypes of tumors. 

Statistical analyses were performed using SPSS for Windows (version 10.07; SPSS Inc, 

Chicago, Illinois). Categorical variables were compared by the Chi-square test or Fisher's 

exact test, as appropriate. Continuous variables were compared by the Wilcoxon Mann 

Whitney test. Binominal related variables were compared by McNemar's test. The Kaplan-

Meier method was used to evaluate survival. The survival calculations were performed based 

on time from castration to the last follow-up visit, or to the time of patient's death. The 

closing date for our collection of data relative to living patients was November 2000. 

3.3. Investigation of mechanisms and factors of chemoresistance in germ cell testicular 

cancers and it's clinical relevance. 

Monoclonal antibodies were used for immunohistochemistry in paraffin section of 

primary testicular germ cell tumors, according to the protocol of the manufacturer, 

3.3.1 Pgp (C 219, Centocor USA), 
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3.3.2 p53 (Dako clone DO-7), 

3.3.3. MT(Dako MT E-9), 

3.3.4. mdm-2 (clone IB 10, Novocastra, UK), 

3.3.5. bcl-2 (clone 124, Ig Gl; Dako) 

3.3.6. LRP (clone LRP-56, Santa Cruz Biotech. Inc. California, USA). 

Specimens were obtained by semicastration of 75 (for Pgp), 77 (for p53), 77 (for MT), 70 

(for bcl-2) and 70 patients (for LRP) with testicular cancer, respectively. No prior 

chemotherapy and radiotherapy were used. All histological examination was performed on 

haematoxylin/eosin stained tissue sections in our Institute according to the WHO criteria. 

A two-sided Fisher's exact probability test was used for statistical evaluation of the 

relationship between the extent of target expression, i.e. Pgp (+, -), p53 (high vs. low), MT 

(high vs. low), mdm-2 (+, -), bcl-2 (+, -), and LRP (+, -), and 

- histological subtype (seminoma vs. nonseminoma), 

- metastatic potential (no metastasis vs. metastatic tumors) 

- clinical stage (early stage group, I, II/A vs. later-stage group, II/B, II/C 

and III) of tumors 

- and response to chemotherapy (sensitive vs. resistant tumors) 

The Chi-square test and Fisher's exact test were performed for statistical evaluation of 

the relationship between target expression, i.e. Pgp, p53, MT, mdm-2, bcl-2, LRP and tumor 

stage (stage I, II, and III), and chemoresistance of tumors 

4. RESULTS 

4.1. Educational and early detection program for testicular cancer. 

The median age of the 5056 volunteers who participated in the program was 42 years (range 

16-76 years), and 32 tumors were diagnosed in 30 patients (0.6%). 

4.1.1. Among the 5056 volunteers, 2714 were complaint-free and 2342 patients presented 

different complaints. 

In the complaint-free population 1323 men had no physical or radiology findings (49%), but 

in the remaining 1391 men, 1599 different findings were detected by physical examination 

and/or TUS. No tumors were found in the complaint-free population (Table 1). 

Of the 2342 men with different complaints, 532 (23%) had no detectable findings, but in the 

remaining 1810 men 2194 findings were discovered. The incidence of patients with tumors in 
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this group was 1.66%, representing 1.5 % of the findings detected. The incidence of men having 

tumor in the group of 2342 volunteers with complaints was 1.28 %. 

In the group of volunteers with complaints, more patients with abnormal findings were detected 

(77% versus 51%, PcO.OOl) than in the complaint-free population. Cysts (P<0.001), hydroceles 

(P<0.001) and epididymitis (PcO.OOl) occurred more frequently in the group with complaints. 

Patients with clinically detected significant abnormalities were referred to an urologist (3.9% 

versus 0.9% in the complaint and complaint-free group). The remaining patients were informed 

of their abnormalities and were directed to a general practitioner, with suggestions for treatment. 

A history of chryptorchidism was noted in 1.9% of the men with complaints and in 0.8% of 

the complaint-free population (PcO.OOl). Testicular hypoplasia and microcalcification did not 

differ significantly between the two groups. 

4.1.2. The volunteers with complaints were subdivided according to the main symptoms as 

follows: 464 patients (20%) had a palpable lump, 228 (10%) had a swollen testicle, 472 (20%) 

had testicular pain, 897 (38%) had sensitivity to palpation of the testicle and 281 patients (12%) 

had symptoms unrelated to the testicles (Table 2). 

No tumors were found in the group with pain, sensitivity, or complaints unrelated to the 

testicle. The percentages of men with various abnormalities in these groups were 79% (373), 

71% (363) and 67% (186) respectively, and consisted mainly of cysts, hydroceles and 

varicoceles. 

Of the 464 men who palpated a lump, 64 (14%) had no detectable abnormalities, but in the 

remaining 400 men, 477 abnormalities were discovered, among them 22 tumors. The incidence 

of men with tumors in this group was 4.5%, and these represented 4.6% of all abnormalities. In 

men with a palpable lump, cysts and varicoceles were observed most frequently. 

Among the 228 men whose main complaint was a swollen testicle, no abnormalities were 

detected in 13 (5.4%), but in the remaining 215 men there were 249 findings, and 10 tumors 

were detected. The incidence of patients with tumor was 3.9% in this group, representing 4% of 

all detected abnormalities. Hydrocele was the most frequent finding in men (56%) with a 

swollen testicle. 

4.1.3. During the 3-year period, 4 benign testicular tumors were discovered among 

5056 volunteers (0.08%). The histological findings were: cavernous hemangioma, dermoid cyst, 

Leydig cell tumor and adenomatoid tumor. Testicular exploration helped to identify benign 

lesions, and allowed testicular preservation in two cases. 
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Table 1. Distribution of findings in the complaint-free population and in the population 

with complaints 

Findings Complaints-free Population with Complaints-free Population with 
population complaints P population complaints 

2714 volunteers 2342 volunteers 1599 findings 2194 findings 
No % No % % % 

Epididymal 526 19.4 676 28.9 <0.001 32.9 30.8 
and testicular 

cyst 

Testicular 124 4.6 136 5.8 0.06 7.8 6.2 
atrophy 

Hydrocele 480 17.7 585 25.0 <0.001 30.0 26.7 
Epididymitis 39 1.4 232 9.9 <0.001 2.4 10.6 

Varicocele 399 14.7 497 21.2 0.10 25.0 22.7 

Tumor 0 0.0 30* 1.3 <0.001 0.0 1.5 
Microcalcification 11 0.4 11 0.5 0.73 0.7 0.5 

Others 20 0.7 25 1.1 0.22 1.3 1.1 
*30 patients with 32 tumors 

Table 2. Findings according to the volunteers' main complaint 

Findings Pain Sensitivity Palpable Swollen Unrelated 
373 men 636 men lump testicle complaints 
457 findings 782 findings 400 men 215 men 186 men 

477 findings 249 findings 229 findings 

Epididymal and 
testicular cyst 125 (27.4%) 246 (31.5%) 207 (43.4%) 46 (18.5%) 52 (22.7%) 

Testicular atrophy 20 (4.4%) 63 (8.1%) 11 (2.3%) 10 (4.0%) 32 (14.0%) 

Hydrocele 103 (22.5%) 209 (26.7%) 75 (15.7%) 139 (55.9%) 59 (25.8%) 

Epididymitis 62 (13.6%) 88 (11.2%) 50 (10.5%) 19 (7.6%) 13 (5.7%) 

Varicocele 141 (30.9%) 169 (21.6%) 98 (20.6%) 21 (8.4%) 68 (29.7%) 

Tumor 0 (0%) 0 (0%) 22 (4.6%) 10 (4.0%) 0 (0%) 

Microcalcification 2 (0.4%) 4 (0.5%) 2 (0.4%) 0 (0.0%) 3 (1.3%) 

Other 4 (0.8%) 3 (0.4%) 12 (2.5%) 4 (1.6%) 2 (0.8%) 
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Table 3: Testicular germ cell tumors found in 5056 volunteers between April 1995 and 

April 1998 

No. Age Side Symptom Size of Tu. by Palpation Tu Stage H Treatment: AFP ß- LDH 
(yr) Duration US (cm) of the testicle TNM orchidectomy + hCG 

(weeks) 1997 
1. 39 L 24 3.0x3.5x2.2 lump T/2 II/A NS nRLA +4VPB 77 < 4 371 
2. 48 R 8 3.6x4.8x3.0 swelling T/2 I/B S 2 VPB < 5 < 4 452 
3. 36 D 16 2.4x1.1x1.2 lump T/l I/A S wait and see < 5 < 4 620 

0.8x0.9x10 lump T/l 
4. 34 R 1 2.6x2.5x1.4 hard surface T/2 I/B S 2 VPB < 5 26 376 
5. 20 R 12 4.2x4.5x4.4 swelling T/l II/B NS RLA+4VPB < 5 27 401 
6. 26 L o 

3 4.5x3.6x2.5 swelling T/l I/A S irradiation < 5 < 4 534 
7. 48 R 24 5.5x3.5x4.5 swelling T/l I/A S irradiation < 5 < 4 481 
8. 39 R 12 6.5x4.5x5.0 swelling T/l I/S S 2 VPB < 5 < 4 2746 
9. 28 L 24 2.4x1.9x1.5 lump T/l I/A S wait and see < 5 < 4 412 

10. 33 R 16 1.0x0.8x1.5 lump T/l II/A NS nRLA+4VPB < 5 < 4 312 
11. 35 D 16 1.1x1.9x1.7 lump T/l I/A S irradiation < 5 < 4 397 

0.8x1.6x1.5 non-palpable T/l 
12. 24 R 48 3.2x3.3x2.7 lump T/l I/A NS nRLA+2VPB < 5 < 4 433 
13. 45 R 2 3.2x2.3x2.8 lump T/2 III/B NS RLA+6BEP < 5 < 4 509 
14. 23 R 2 3x2x2 lump T/2 1/B NS 2 VPB 686 689 359 
15. 26 R 2 2x1.5x1 lump T/2 I/B NS 2 VPB < 5 < 4 424 
16. 45 R 4 5.1x4x4.5 swelling T/2 I/B S 2 VPB < 5 < 4 590 
17. 20 R 8 1.7x1.5x1.2 swelling T/2 I/B NS 2 VPB < 5 < 4 307 
18. 33 L 24 2x2.1x1.9 lump T/2 I/B S 2 VPB 5 < 4 386 
19. 36 L 4 2x1.1x0.9 lump T/l I/A S irradiation < 5 < 4 452 
20. 29 R 20 3.5x2.8x2.9 lump T/2 I/B S 2 VPB < 5 < 4 526 
21. 34 1 2.5x2x2.2 lump T/l I/A S irradiation < 5 < 4 570 
22. 26 R 1 3.8x4x3.3 swelling T/2 I/B NS 2 VPB 302 163 243 
23. 27 R 1 2.5x2x1.8 lump T/2 III/B NS nRLA+6BEP < 5 25 491 
24. 47 L 24 2.7x2.5x2.2 lump T/l II/A NS nRLA+4VPB 6 336 401 
25. 23 R 4 0.9x0.8x0.9 lump T/l I/A NS wait and see < 5 < 4 283 
26. 41 R 4 3.5x4x3.6 swelling T/l I/S NS refused 1272 375 508 

Abbreviations: 

NRLA: nerve spearing RLA, L: left, R: right, D: duplex, S: Seminoma, NS: non-seminoma, 

H: histology, Tu: tumor 

Out of the 26 men with testicular cancer, two patients with bilateral synchronous 

seminomas were detected. The frequency of detection of bilateral germ cell tumors in the 

program (7%) is probably a statistical artifact, since the incidence of bilateral synchronous 

testicular tumors quoted in the literature is about 0.5% (95). Among the 26 men with germ 

cell testicular tumors, 19 stage 1 tumors were detected (Table 3). The median age was 33 

/v7 8 \ 
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years (range of 20-48 years) and the overall median duration of complaints was less than 12 

weeks (range 1-48 weeks). Fifteen seminomas (2 of them bilateral), and 13 non-seminoma 

tumors were diagnosed. The clinical stages were: 9 I/A, 9 I/B, 1 I/S, 3 II/A, 1 II/B, and 2 

III/B. One patient refused further treatment and was lost to follow-up. 

Because of the early stages and the high percentage of seminoma, the tumor markers 

aided in cancer diagnosis in only 8 cases: seven with increased hCG and four with [3-hCG 

increased AFP. 

In the group with complaints, the occurrence of testicular cancer was most frequent 

(1.6%) in the 15 to 40 age group. Only 3 testicular cancers were detected in men over the age of 

45 (0.3 %), two of these being seminomatous tumors. 

According to the IGCCCG classification (32), all patients belonged to the good 

prognostic group, except for the patient who was lost to follow-up after orchidectomy. All of 

our treated patients are in CR and are probably cured of their disease. The median follow up 

time of patients in December 1999 was 36 months (16-49 months). 

Table 4. Diagnostic and medical delay of germ cell testicular cancer patients treated by 

chemotherapy in 1994 and 1998* in our Department (weeks) 

Diagnostic delay (a) Medical delay (b) 

Stage No 1994 No 1998 P 1994 1998 P 

I. 87 14 (1-48) 86 13 (1-96) 0.66 3 (0-32) 3 (0-64) 0.78 

II. 95 18 (2-96) 76 16 (1-72) 0.33 4 (0-40) 5 (0-48) 0.77 

III. 48 26 (2-72) 52 27 (1-112) 0.78 11 (0-48) 7 (0-44) 0.07 

Total 230 18 (1-96) 214 17 (1-112) 0.58 6 (0-48) 4 (0-54) 0.33 
(a) mean of time between the first appearance of any symptoms and the date of diagnosis 

(b) mean of time between the first medical consultation related to the symptoms and the time 

of diagnosis (excludes men diagnosed in the current program) 

4.1.4. Concerning the educational aspect of the program we did not observe a significant 

decrease in the diagnostic and medical delay in the patient population treated by 

chemotherapy in our department between 1994 and 1998 (p=0.58). There is a non-

significant tendency for a decrease in the duration of medical delay in favor of 1998 
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especially in stage III patients (Table 4), suggesting a greater awareness of the need for 

treatment, especially among stage III patients. 

4.1.5. The changes in the mortality rate of testicular cancer in Hungary between 1994 and 

1998 is demonstrated in Table 5. The impact of our educational and early detection program 

on testicular cancer mortality can not be ascertained, but the 3-year study interval may be 

too short. 

Table 5. Testicular cancer mortality rate in Hungary between 1994 and 1998 

Year Number of deaths Death rate/100000 men 

1994 45 0.92 

1995 53 1.08 

1996 62 1.27 

1997 40 0.82 

1998 41 0.84 

4.2. Bilateral testicular cancer. 

Incidence of bilateral germ cell testicular cancer 

Using a database of 2386 patients treated with testicular cancer 72 patients were found 

to have bilateral testicular carcinoma (3%) (95% CI 2.3-3.7); 19 cases (0.8%) (95% CI 0.4-

1.2) with synchronous and 53 cases (2.2%) ( 95% CI 1.6-2.8) with metachronous tumor. 

4.2.1, Synchronous testicular germ cell cancer 

The median age of the 19 synchronous tumor patients was 38 years at the time of 

castration (Table 6, Figure 1). Three patients (16%) had a history of cryptorchidism and 

hypoplasia, 3 patients were younger than 30 years at the time of castration. No family history 

was recorded. Stage I tumors were diagnosed in 13 (68%) cases. After primary treatment 17 

(90%) CR and one PR was obtained. One patient was lost to follow-up after castration. 

Fifteen patients (79%) are alive with no evidence of disease. The 5 year overall survival rate 

was 84%. three patients died, 2 due to tumor progression (Figure 2). The median follow-up 

time was 93 months (range: 38-150 months). 
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4.2.2. Metachronous testicular germ cell cancer 

Incidence, appearance and risk factors 

Fifty-three of 73 patients (74 %) had metachronous TGCT. The median time to the 

development of second tumor varied from 18 to 203 months (median, 76 months). The 

median age at the time of first and second tumor diagnosis (Figure 1) was 28 (range 16-41 

years) and 35 years (range 21-51 years), respectively. The primary tumor was located in the 

right testis in 29 patients (55%). After the first castration, 21 (40%), 16 (30%) and 15 (28%) 

metachronous TGCT were diagnosed in the first, second and third 5-year period, respectively. 

Only one stage I seminoma was found 15 years after the first castration. Of the 53 patients, 2 

patients (4%) had a family history of TGCT, 5 (9%) testicular maldescent, 7 (13%) testicular 

atrophy, and one (2%) azoospermia. Thirty patients (57%) were younger than 30 years at the 

time of first tumor diagnosis. 

Clinical stages and marker values (AFP, (3-hCG) 

The clinical details of metachronous tumors are presented in Table 7. The clinical 

stage I tumor was more frequent in the case of second tumors than in cases of first tumor, but 

the difference was not significant, p < 0.23. Following the first castration, the clinical 

stage distribution of second tumor in the first, second, and third 5-year periods were: 4 stage 

III, 2 stage II, 15 stage I, and 2 stage III, 1 stage II, 13 stage I, and 1 stage III, 1 stage II, 13 

stage I, respectively. The percentages of stage I tumor by periods were 71%, 81% and 87%. 

The clinical stage I tumor was statistically more frequent in group A than in group B, 

p < 0.01 (Table 8), suggesting that regular follow-up might improve the early diagnosis of 

metachronous GCTT. 

Marker determinations helped first and second tumor diagnosis in 10 (32%) and in 18 cases 

(34%), respectively. The diagnostic values of markers did not differ in case of primary 
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Table 6. Clinical data of synchronous germ cell testicular cancer in the National 

Institute of Oncology in Hungary between 1988 and 1998 (N = 19) 

Age (year) 38 
Range (year) 19-71 

Histology, No of patients (%) 
Concordant seminoma 13 (68%) 
Nonseminoma 3 (16%) 
Seminoma and nonseminoma 3 (16%) 

Clinical stages, no. of patients (%) 
I/A 8 (42%) 
I/B 5 (26%) 
II/A 1 ( 5%) 
II/B 2 (11%) 
III/A 1 ( 5%) 
III/B 2 (11%) 

No of treatments (castration + ) 
RLA 2 (11%) 
ChT 12 (63%) 
Rt 5 (26%) 
Wait-and-see 2 (11%) 
Lost after castration 1 ( 5%) 

Follow-up status. No of patients (%) 

Alive 15(79%) 
Dead of disease 2(11%) 
Dead of other cause 1 ( 5%) 
Recurrence or progression 2(11%) 
Lost of follow-up 1 ( 5%) 

Estimated survival, % (95% CI) 
At 5 year 84% (61-94) 
Median follow-up time, range (months) 93 (38-150) 

Abbreviations: ChT: chemotherapy,, Rt: radiotherapy, RLA: retroperitoneal 

lymphadenectomy, 
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Figure 1. Age distribution of bilateral germ cell testicular tumors in the National 
Institute of Oncology in Hungary between 1988 and 1998 
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and second tumor, p(AFP)<l, p(|3-hCG)<0.55 and in group A and group B, 

p(AFP)<0.14, p(p-hCG)<0.72. 
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Table 7. Clinical characteristics of patients with asynchronous germ cell testicular 

cancer at the National Institute of Oncology in Hungary between 1988 and 1998 

First tumor 
(N = 53) 

Second tumor 
(N = 53) 

Age (year) 
Median (year) 28 
Range (year) 16-41 21 
Clinical stages, no. of patients (%) 
I/A 14 (26%) 26 
I/B 21 (40%) 16 
II/A 15 (28%) 3 
II/B 2 ( 4%) 1 
III/B 1 ( 2%) 7 
Type of treatment (orchidectomy +) 
RLA 31 (59%) 4 
ChT 25 (47%) 38 
Rt 17 (32%) 2 
Wait and see 3 ( 6%) 14 
Serum tumor marker at diagnosis, no. of patients (%) 
AFP (Elevated, > 10) 
Elevated 9 (18%) 
Normal 22 (41%) 
Unknown 22 (41%) 
p-hCG (Elevated, > 10) 
Elevated 4 ( 8%) 
Normal 26 (49%) 
Unknown 23 (43%) 
Follow-up status, no. of patients (%) 
Alive 51 
Dead of disease 1 
Dead of other cause 1 
Recurrence 1 
Second nongerminal malignancies 1 
Estimated survival, % (95% CI) 
At 5 year 93% ( 78-98) 
Median follow-up time, range (months) 42 (27-121) 

35 
-52 

(49%) 
(30%) 
( 6%) 
( 2%) 
(13%) 

( 8%) 
(72%) 
( 4%) 
(26%) 

15 
38 

0 

9 
44 

0 

(28%) 
(72%) 
( no/. 

(17%) 
(83%) 
( 0%) 

Abbreviations: AFP: alfa-fetoprotein, IJ-hCG: beta human chorionic gonadotropin, 

RLA: retroperitoneal lymphadenectomy, ChT: chemotherapy, Rt: radiotherapy 
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Table 8. Clinical characteristics of patients with metachronous testicular tumor by 

survey at the National Institute of Oncology in Hungary between 1988 and 1998. 

Group A Group B 
(N = 33) (N = 20) 

Age (year) 
Median (year) 33 36 
Range (year) (21-47) (21-52) 
Clinical stages, No of patients (%) 
I/A 16 (49%) 10 (50%) 
I/B 14 (42%) 2 (10%) 
11/A 2 ( 6%) 1 ( 5%) 
II/B 0 ( 0%) 1 ( 5%) 
III/B 1 ( 3%) 6 (30%) 
Type of treatment (orehidectomy +) 
RLA 2 ( 6%) 2 (10%) 
ChT 25 (76%) 13 (65%) 
Rt 0 ( 0%) 2 (10%) 
Wait and see 7 (21%) 7 (35%) 
Serum tumor marker at diagnosis, no. of patients (%) 
AFP (Elevated, > 10) 
Elevated 7 (21%) 8 (40%) 
Normal 25 (76%) 12 (60%) 
Unknown 1 0 
P-hCG (Elevated, > 10) 
Elevated 5 (15%) 4 (20%) 
Normal 27 (82%) 16 (80%) 
Unknown 1 0 
Follow-up status. No of patients (%) 
Alive 32 19 
Dead of disease 0 1 
Dead of other cause 1 0 
Recurrence 1 0 
Second nongerminal 
malignancies 1 0 

Group A: patients with metachronous tumor surveyed by the institutional follow-
up program. 

Group B: patients with metachronous tumor, not followed or lost for surveillance 

Abbreviations: AFP: alfa-fetoprotein. 1.1-hCG: beta human chorionic gonadotropin, RLA: 

retroperitoneal lymphadenectomy, ChT: chemotherapy, Rt: radiotherapy 
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4.2.3. Histological characteristics of metachronous testicular cancer 

The distribution of the two main histological subtypes did not differ between the first 

and second tumor, p<0.48 (Table 9). In nine cases both tumors were seminoma. The 

prevalence of carcinoma embryonal component and vascular invasion in the first and second 

tumor did not differ, p<0,52 and p<0.18. 

Table 9. Histological characteristics of metachronous tumors (N = 53) 

First tumor Second tumor 

Histology, no. of patients (%) 
Seminoma 16 (30%) 20 (38%) 
Nonseminoma 37 (70%) 33 (62%) 
Presence of embryonal carcinoma, no. of patients (%) 
Yes 33 (62%) 29 (55%) 
No 20 (38%) 24 (45%) 

Vascular invasion, no. of patients (%) 
Yes 10 (19%) 21 (40%) 
No 27 (51%) 28 (53%) 
Unknown 16 (30%) 4 ( 7%) 

Occurrence of seminoma according to first tumor treatment 
Surgery 1 1 
Surgery and ChT 1 9 
Surgery and Rt 14 8 
Surgery, Rt and ChT 0 1 
Wait and see 0 1 

Abbreviations: Surgery: castration +/- retroperitoneal lymphadenectomy, ChT: 

chemotherapy, Rt: radiotherapy 

Nonseminoma as first tumor was diagnosed in an earlier age (median age: 27 years, 

range: 16-38 years) than seminoma (median age: 31 year, range: 21-41 years) p<0.05. 

Seminoma as second tumor was diagnosed in a later age group (median: 38 years, range: 25-

49 years) than nonseminoma (median: 32 years, range: 21-51 years), p<0.045. The proportion 

of metachronous seminoma was 19%, 37% and 60% in the 5, 10, and 15-year periods after the 

initial castration. 

4.2.4. Cancer interval between metachronous tumors 

The cancer interval between metachronous tumors did not differ significantly 

according to the first treatment (Table 10). There is a tendency for a longer interval after 

chemotherapy and radiotherapy (99,97,98,), but the number of patients is too low to provide 

statistically significant data. 
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Table 10. Cancer intervals between metachronous tumors according to primary tumor 

treatments (in months) 

First tumor treatment No of patients (%) Median interval 
(range) 

Surgery 13 (25%) 56(18-140) 
Surgery and ChT 23 (43%) 76(21-180) 
Surgery and Rt 15 (28%) 87 (31-170) 
Surgery, ChT and Rt 2 ( 4 % ) 123 (42-203) 

Abbreviations: Surgery: castration +/- retroperitoneal lymphadenectomy 

ChT: chemotherapy, Rt: radiotherapy 

The age of patients at the time of first and second tumor castration had no influence on 

the interval. y=0.104 (Pearson regression model). The interval did not depend on the presence 

(median: 78 months, range: 21-122) or the absence (median: 83 months, range: 18-203 

months) of testicular hypoplasia in the patients history. The relationship between tumor 

histology with cancer interval is shown in Table 11. The first testicular cancer was followed 

by a statistically significant longer interval (median: 121 months, range: 18-203 months) in 

case of seminoma than in patients with nonseminoma (median: 50 months, range: 21-183 

months), p<0.002 (Mann Whitney test). Although, the second tumors were diagnosed earlier 

in group A than in group B, at the median time of 72 (range: 18-203 months) and 77 months 

(range: 21-170 months), the difference had no significant influence on the interval, p=0,7. 

Table 11. Cancer interv als between metachronous tumors according to the main 
histological subgroups (in months) 

No of patients (%) Primary tumor Second tumor Median interval 
(range) 

9 (17%) nonseminoma nonseminoma* 45 (21-180) 
17 (32%) nonseminoma nonseminoma** 50(21-140) 
7 (13%) seminoma nonseminoma 86 (31-183) 
9 (17%) seminoma seminoma 120 (39-170) 

1 1 ( 2 0 % ) nonseminoma seminoma 121 (18-203) 

Remarks: * concordant 
** discordant 

4.2.5. Treatments, results and survival of metachronous tumor 

The treatments of first tumor yielded 52 CR (98.1%). One patient with stage II/B 

seminoma progressed after retroperitoneal radiotherapy, and further supraclavicular and upper 
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mediastinal field irradiation resulted SD. Chemotherapy was applied in 26 out of 53 patients 

(49.0%). No relapse or progression between metachronous tumors was detected. 

The primary treatment of second testicular cancer resulted in CR in 52 patients. One 

patient was cured by second line chemotherapy. Chemotherapy was used in 38 cases (71.7%), 

and a wait-and-see policy in 14 out of 53 patients (26.4%) according to the institutional 

policy. Of the 53 patients, 25 (75.8%) were treated with chemotherapy in group A, and 13 

(65.0%) in group B. During the 42 months median follow-up time one patient died 30 months 

after diagnosis of the second testicular tumor, due to testicular cancer. One patient relapsed 6 

months later of a CR obtained by primary treatment and was saved by second line 

chemotherapy and surgical resection of the residual tumor. One patient whose first testicular 

tumor (II/B) was treated by radiotherapy as reported above, and by chemotherapy and 

radiotherapy because of second testicular seminoma (III/B), died due to pancreatic cancer 50 

months after second testicular tumor diagnosis. The incidence of nongerminal malignancies 

among patients with metachronous TGCT was 1,9%. The 5-year median overall survival rate 

(Figure 3) was 93%. Median follow-up was 42 months (range: 27-121 months). 

Figure 3. Survival of asynchronous germ cell testicular cancer patients 
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4.3.Clinical relevances of MDRl/Pgp, Metallothionein, P53, mdm-2, Bcl-2 and LRP 

expression in testicular cancer 

4.3.1. Pgp 

Pgp positive reaction was detected in two (8%) of the 25 seminomatous germ cell 

tumors and 23 (48%) of the 50 NSGCT. The incidence of Pgp was significantly higher in the 

advanced stages (p=0.000), than in the early stages (Table 12). 

Table 12. Correlation between Pgp expression and clinical stages of disease 

(ap=0.000). 

Clinical stage Pgp - Pgp + All cases 
Early-stage group 37 4 51 
I, I I / A 

Later-stage group 13 21 24 
II/B, II/C, III 
Total 50 25 75 

-aFisher's exact test 

There was a tendency towards poor response rate in tumors which are positive for Pgp 

immunostaining. However, this association between Pgp expression and clinical 

chemoresistance was not statistically significant (p=0.16, Table 13). 

Table 13. Correlation between Pgp immunreactivity and response to 
chemotherapy in advanced germ cell testicular cancers (Stage II/B, II/C and III, 

p=0.16). 

^Response to Pgp - Pgp + All cases 
chemotherapy 
Resistance 1 8 9 
Sensitive 8 14 22 
Total 10 21 31 

- Fisher's exact test 

* Cases of stable disease, minor response, progression of cancer, and death 

were considered to be resistant tumors. 

4.3.2. Methallothionein (MT) 

Seminomas and NSGCT all expressed MT irrespective of their subtype. There was no 

significant difference between the two major subtypes. The distribution of patients according 
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to the stage of development of their tumor and the extent of positive MT staining is listed in 

table 14. Ninety percent (39) of cases with early stage disease, compared to 70% at a later-

stage (24), showed high MT staining. This represented a tendency towards a decrease in MT 

expression in more advanced stages, but the difference was not statistically significant 

(p=0.24). 

Table 14. Correlation between metallothionein (MT) expression and stages of 
disease (ap=0.24). 

Clinical stage Low MT (-/±) High MT (+/++) All cases 
expression expression 

Early-stage group 4 39 43 
I, I I / A 

Later-stage group 10 24 34 
II/B, II/C, III 

Total 14 63 77 

-aFisher's exact test 

Thirty-one out of 77 patients received curative chemotherapy in advanced stages 

(Table 15). Nine cancers showed chemoresistance (7 died, 2 had stable disease) and 7 of them 

(86%) expressed low levels of MT, or none at all. In contrast, 19 of 22 sensitive tumors (86%) 

expressed high MT levels (p=0.0013). 

Table 15. Correlation between metallothionein immunostaining and response to 
chemotherapy in advanced germ cell testicular cancers (Stage II/B, II/C and III, 
ap=0.0013). 

* Response to LowMT(- /± ) High MT (+/++) All cases 
chemotherapy expression expression 

Resistance 7 2 9 
Sensitive 3 19 22 
Total 10 21 31 

-aFisher's exact test 

*Cases of stable disease, minor response, progression of cancer, and death 

were considered to be resistant tumors. 

P53 

Out of 77 tumors, 70 (91%) were immunoreactive for p53 to a some extent (ranging -, ±, 
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+, ++). Five teratomas, 1 embryonal carcinoma, and 1 mixed tumor were negative. The 

incidence of p53++ immunostaining was higher in seminomas (74%) than in NSGCT (40%). 

P53 expression showed significant inverse correlation with the stage of disease (Table 16 and 
17). 

Table 16. Relationship between p53 expression by immunohistochcmistry, and 
histological subtype of germ cell testicular cancer 

P53 expression - ± + ++ All cases 

Seminomas 0 0 7 20 27 
Nonseminoma 7 8 15 20 50 

Table 17. Correlation between p53 immunostaining and clinical stage of tumors 
(ap=0.003). 

Clinical stage Low p53 (-/± High p53 (+/++) All cases 
expression expression 

Early-stage group 2 41 43 
I , I I / A 

Later-stage group 13 21 34 
II/B, II/C, III 

Total 15 62 77 

-aFishef s exact test 

There was a significant positive relationship between p53 immunoreactivity and 

response to treatment. High level of p53 expression correlated with better response to 

chemotherapy p=0.0012, Table 18. 

Table 18. Correlation between p53 expression and primer 
chemoresistance/sensitivity in stage II/B, II/C and III patients (pa=0.0012). 

*Responseto Lowp53(- /±) High p53 (+/++) All cases 
chemotherapy expression expression 

Sensitive 5 17 22 
Resistance 8 1 9 

- a Fisher's exact test 
* Cases of stable disease, minor response, progression of cancer, and death 

were considered to be resistant tumors. 
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The results suggest a favorable prognosis for patients with positive staining. We 

demonstrated a statistically significant inverse relationship between p53 and Pgp 

immunoreactivity (p=0.005, Table 19). These results suggest that p53 may be an important 

factor in the regulation of Pgp in these tumors. Furthermore, we established a significant 

association between p53 and MT immunostaining (p=0.0002). 

Table 19. Relationship between p53 and Pgp expression of germ cell testicular 
cancer 

High p53 (+/++) Low p53 (-/± P-valuea 

expression expression 

Pgp - 46 4 0.0005 
Pgp+ 14 11 

-a Fisher's exact test 

4.3.3. Mdm-2 

Eighty-one primary germ cell testicular tumors were investigated by 

immunochemistry for mdm-2 expression. Of these, 47 tumors were mdm-2 negative (58%), 

and 34 tumors stained positive for mdm-2. The incidence of mdm-2 immunostaining was 

significantly higher in NSGCT than in seminomatous tumors. The frequency of positive 

staining was higher in tumor from metastatic patients than in tumors from non-metastatic 

patients (Table 20). 

Table 20. Relationship between mdm-2 expression, histological subtype and 
metastatic potential 

Histology mdm-2 (-) mdm-2 (+) P value3 All cases 

Seminomas 22 4 0.0007 26 
NSGCTs 25 30 55 

No metastasis 27 10 0.011 37 
Metastatic tumors 20 24 44 

-aFisher's exact test 

Mdm-2 expression was detected significantly more frequently in advanced-stage tumors 

(II/B, II/C and III), as compared to tumors at early stages: I, II/A and II/B (p=0.0098). (Table 

21.) 
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Table 21. Correlation between mdm-2 immunostaining and elinical stage"1 

Clinical stage mdm-2 (-) mdm-2 (+) All cases 

Early-stage group 34 15 49 
I, I I / A 

Later-stage group 13 19 32 
II/B, II/C, III 

Total 47 34 81 

-aFisher's exact test 

A significant difference in mdm-2 expression at different stages of disease was 

established (p=0.03869). The incidence of mdm-2 expression increased with an increase in 

stage, shown in table 22. 

Table 22. Relationship between mdm-2 immunostaining and clinical stage of 

germ cell testicular cancers'1 

Clinical stage mdm-2 (-) mdm-2 (+) All cases 

I 27 10 37 
II 9 9 18 
III 11 15 26 
Total 47 34 81 

~aChi-square test 

Out of 37 stage I tumors, 10 were positive for mdm-2, and in 8 cases blood-vessel 

invasion was present in the primary tumor, showing a high risk of relapse and developing 

disseminated disease. 

4.3.4. Bcl-2 

Overall, out of 70 tumors, 41 carcinomas (58%) stained positively with anti-bcl-2 

monoclonal antibody. The incidence of bcl-2 immunostaining was higher (p=0.05) among 

NSGCT than among seminomatous tumors (Table 23). The expression of bcl-2 was more 

prevalent among tumors from patients with metastatasis than among tumors from metastatsis 

free patients (p=0.000). Significant correlation between bcl-2 expression and Pgp 

immunostaining was established in 68 tumors investigated simultaneously (p=0.004). 
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Previously we found that Pgp expression significantly correlated with advanced tumor 

stage and a poorer prognosis. Since the same specimens were screened for their bcl-2 

immunreactivity. we were able to demonstrate a significant correlation between these two 

markers, suggesting that Pgp and bcl-2 might not be independent of each other. 

Table 23. Correlation between bcl-2 expression and histological subtype, 
metastatic potential and Pgp expression in germ cell testicular tumors 

Histology bcl-2 (-) bcl-2 (+) P value3 All cases 

Seminomas 15 11 0.05 26 
Nonseminoma 14 30 44 

No metastasis 23 9 0.000 32 
Metastatic tumors 6 32 38 

Pgp (-) 24 4 0.004 28 
PgP (+) 21 19 40 

-a Fisher's exact test 

As expected, a significant difference between the three stages of disease regarding the 

expression of bcl-2 (p=0.000) was found. In this series, bcl-2 expression was clearly dominant 

in tumors of advanced stage (Table 24). 

Table 24. Correlation between bcl-2 immunostaining and clinical stage of germ 
cell testicular cancers 

Clinical stage bcl-2 (+) bcl-2 (-) All cases 

I 10 22 32 
II 10 4 14 
III 22 2 24 
Total 42 28 70 

"aChi-square test 

4.3.5. LRP 

Twenty-nine (41%) of 70 primary testicular cancers stained positive for LRP by 

immunohistochemistry: 6 out of 15 seminoma (40%) and 23 out of 55 NSGCT (42%). Eight 

pure teratomas, 2 embryonic carcinomas and 13 out of 32 mixed tumors showed LRP 
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expression. In the mixed-type tumors, besides 6 teratomas, in 3 cases seminoma, and in 4 

cases embryonal carcinoma components of tumor were also stained by the LRP antibody. 

Pure teratomas showed significantly higher LRP expression compared to other types of germ 

cell tumors (p= 0.0418). No positive reaction was found in the case of choriocarcinoma and in 

the choriocarcinomatous components of mixed tumor. (Table 25.) 

Table 25. Relationship between LRP expression by immunohistochemistry, and 
histological subtype of germ cell testicular cancer 

Histology LRP (+) LRP (-) All cases 
expression expression 

Seminomas 6 9 15 

Nonseminoma 23 32 55 

Choriocarcinoma 0 1 1 
Embryonal carcinoma 2 9 11 
Teratoma 8 3 11 
Mixed tumor 13 19 32 

Total 29 41 70 

No significant correlation between LRP expression and clinical staging was 

demonstrated, however LRP immunostaning was more frequent is advanced stage disease 

(50% versus 34%). (Table 26.) 

Table 26. Correlation between LRP immunostaining and clinical stage of tumors 
(ap=0.22). 

Clinical stage LRP + LRP - All cases 
expression expression 

Early-stage group 13 25 38 
I, 11/A 
Later-stage group 16 16 32 
II/B.II/C, III 
Total 29 41 70 

-''Fisher's exact test 
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The relationship between response to chemotherapy and LRP immunostaining in germ 

cell testicular tumors at an advanced stage is demonstrated in Table 27 and 28. 

Out of 7 cases resistant to chemotherapy, 6 showed LRP expression in the primary 

testicular tumor, and of them, 5 died due to progression of the disease. The sixth was saved by 

the surgical removal of the remaining tumor, located in the left supraclavicular region (case 

13 in table 27). Histological examination showed mature teratoma. One more patient without 

LRP overexpression in the primary tumor died despite chemotherapy being used. 

Table 27. Correlation between LRP overexpression and response to 

chemotherapy in advanced stages (II/B, III). 

Case Stage Histology LRP + LRP - Response 
1. II/B T + Progr., died 
2. III/B CC+EC+S+T - CR" 
3. III/B T + MR, died 
4. II/B EC + CR 
5. II/C T - CR 
6. III/B T + Progr., died 
7. III/B T + CR" 
8. III/B T - Progr., died 
9. III/B CC - CR 
10. II/C T + CR 
11. III/B S+T + CR 
12. III/A EC - CR 
13. III/A EC+T + PR—• + Surgery ^ C R 
14. III/B S+T + PR, Progr, died 
15. III/B T + NR, died 
16. II/B EC+S + CR 

Notice: T, teratoma; CC, choriocarcinoma; S, Seminoma; EC, embryonal carcinoma; 

PR, partial response; CR. complet response; Progr, progression 

Table 28. Correlation between LRP overexpression and 

chemoresistance/sensitivity in stage II/B and III patients 

^Response to LRP + LRP - All cases 
chemotherapy 

Sensitive 5 4 9 
Resistance 6 1 7 
Total 11 4 16 
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Because of early stages, no primary chemotherapy was used in the seminoma group. 

Sixteen patients with advanced nonseminomatous tumor received primary chemotherapy. No 

significant association between response to chemotherapy and LRP expression was 

demonstrated (p=0.30, Table 28). 

5. DISCUSSION 

5.1. Educational and early detection program for testicular cancer 

The results of the early detection program confirm that the screening of asymptomatic 

patients does not necessarily lead to the detection of tumors (99,100,101), and the incidence 

of detected tumors is low even in volunteers with complaints, in spite of the growing 

incidence of testicular cancer (9). The results show that the probability of detecting existing 

pathology is much higher in the population with complaints than in volunteers without 

complaints. However, diagnosed pathology which required further urological health care still 

remained low (102). 

No tumors were found in the group with pain, sensitivity, or complaints unrelated to the 

testicle. From our results we can conclude that physical examination alone appears to be 

sufficient for the first medical consultation in an early detection program in cases of men with 

pain, with sensitivity to palpation, and with symptoms unrelated to the testicle. In the case of a 

palpable lump and/or a swollen testicle, TUS is obligatory to aid the physical examination at 

the time of the first consultation, especially in young men. 

Of the 26 germ cell tumor patients, 13 had seminomas and all had stage I tumors. Among 

the 12 NSGCT patients, 4 had clinically detected regional metastases, and 2 had 

hematogenous dissemination. This data suggests that seminoma is detected more frequently 

and earlier in an early detection program than NSGCT. The low incidence of detection in the 

age range of 15-40 years (1,6%) and the detected rate of seminoma in our patient population 

(48%) does not justify an early detection program even in this age group, in spite of the 

increasing incidence of testicular cancer (9). In most cases the diagnosis was based on the 

physical and ultrasound examination, confirmed by histology. Because of the early stages and 

the high percentage of seminoma tumor markers, had a limited role in an early detection 

program. 
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During the 3-year period, only 3-4% of the estimated testicular tumors in Hungary were 

discovered by the program. Although early detection might help in the identification of some 

testicular cancers, the efficiency of the program is limited. The effect of the program on 

outcome is uncertain since the contribution of early detection to the probable 100% cure rate 

can not be estimated. The majority of diagnosed testicular cancers were stage I tumors, and all 

of the treated patients belonged to the good prognostic group: this fact made it possible to apply 

less aggressive treatment and improve the patients' quality of life. 

Concerning the educational aspect of the program we did not observe a significant decrease in 

the diagnostic and medical delay in the patient population treated by chemotherapy in our 

department between 1994 and 1998. A tendency for the medical delay to decrease may be 

promising, suggesting greater awareness of the need for treatment, especially among stage III 

patients. The impact of this educational and early detection program for testicular cancer 

mortality can not be justified, but the 3-year study interval may be too short. 

Early diagnosis should be based on an educational program for the population at risk, the 

appropriate training of doctors and staff engaged in the health care of the young, and the use of 

early ultrasound examination for men with palpable lumps and swollen testicles, especially in 

young men. 

5.2. Bilateral testicular cancer 

An increase in the incidence of bilateral testicular cancer following the improvement 

in survival rates for testicular cancer has been reported (103,104). The prevalence of bilateral 

TGCT reported by Alberts et al. in a review of papers (105) published from 1990 to 1999 was 

2.8% (range 1.0% to 4.0%), which corresponds with our data. Even higher incidence is 

reported in the Scandinavian population (10). 

The proportion of patients with synchronous TGCT in our series (0.8%) is larger than 

the reported rates of 0.18%-0.67% (106,107,108,109). This can be explained by national 

characteristics, but our centralized treatment strategy allows more frequent reporting, because 

patients with synchronous tumors are likely to be referred to our center. 

The incidence of metachronous TGCT at the referral center in Hungary was 2.2%. 

However, patients not requiring further treatment after orchidectomy for a second tumor may 

not have been referred to the center. The national characteristics and the long follow-up time 

may also have an impact on the observed incidence. In the two papers with the largest number 

of patients, the cumulative risk of metachronous testicular cancer was 3.2% at 10 years, 3.9% 
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at 15 years, and 5.2% at 25 years after first tumor diagnosis (110,96). The authors reported 

patients with metachronous TGCT in the period 1953-1990 and 1960-1979 with a prevalence 

of 2.7 and 2.6%, respectively. The population in these studies was not homogenous because 

they included patients who had been treated before and after the introduction of cisplatin-

based chemotherapy. The present study takes advantage of a large number of patients treated 

in the cisplatin era and is based on a 10-year data-set from a large single institution with good 

documentation of treatment, and a homogenous patient group. 

We could not identify clinical factors which predicted patients at risk for 

metachronous TGCT even though a higher risk has been reported by others in cases of 

cryptorchidism, atrophic testis, infertility, and familiar testicular cancer. These findings are in 

line with the data of Tekin (103), who concluded that every patient with unilateral testicular 

cancer has a risk of developing a contralateral tumor in the remaining testis. 

In our series the aggressiveness of the first and second metachronous tumors did not 

differ significantly, which corresponds to the observation of Alberts et al (105), although they 

used other parameters besides vascular invasion (MIB-I proliferation rate, E-cadherin 

expression) to evaluate aggressiveness. 

The prevalence of seminoma as second tumor did not differ according to applied 

treatment, but was more frequent after chemotherapy and radiotherapy. Publications have 

suggested a decreased incidence as well as a delay in the appearance of metachronous TGCT 

after chemotherapy and an increased incidence of asynchronous seminoma, however, the data 

(97,98) is controversial, and further follow-up is essential. 

Our results showed that the cancer interval of a metachronous TGCT depended on tumor 

histology and patient age and the probability of an early stage seminoma increased with 

follow-up time. Regular follow-up might improve the early diagnosis of metachronous TGCT, 

but we found no difference in survival between patients who underwent regular surveillance 

and those who did not. 

Because of the relatively early stages distribution and the high percentage of seminoma, 

the prognosis for cases of contralateral TGCT was not worse than those with single tumors. 

Among the 53 patients with bilateral tumors only one patient died due to testicular cancer 

(1,9%). The first line treatment was highly effective, and second line therapy showed a 

response rate of 50% in metachronous tumors. The prognosis was good for both seminoma 
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and NSGCT, and in metachronous tumors did not depend on the patients' age at the time of first 

tumor diagnosis. However, NSGCT occurred more frequently in younger men. 

Our data supports the favorable clinical behavior of most asynchronous TGCT with slow 

development and late onset of distant metastasis and symptoms. This finding underlines the 

importance of patient education and self examination of the remaining testis and long term 

follow-up. 

5.3. Clinical relevances of MDRl/Pgp Metallothionein, P53, nidm-2, Bcl-2, LRP in 

testicular cancer 

As compared to seminomas, NSGCT are biologically more aggressive and in general 

have a poorer prognosis (32). In our study Pgp immunoreactivity is associated with an 

advanced stage and more aggressive tumor phenotype. Our findings suggest that the higher 

Pgp expression in nonsminoma might be one simple explanation for difference existing 

between the two main histological subtypes. However the association between Pgp expression 

and chemoresistance approched, but did not reach statistical significance (Table 13, p= 0.16) 

Our results show that there is no causal relationship between MT overexpression and 

cisplatin resistance. Furthermore, MT overexpression, being one possible factor correlated to 

chemotherapy sensitivity, may predict a better response to chemotherapy. The result argues 

against the putative role of MT expression in developing drug resistance and suggest that the 

absence of MT expression from nonseminomatous tumor indicates a resistant phenotype 

(76,77,78). 

P53 expression, like MT, was found to predict a better response to chemotherapy. 

There was a significant positive relationship between p53 immunoreactivity and response to 

treatment. High level of p53 expression correlated with better response to chemotherapy 

(p=0.0012, Table 18). The results suggest a favorable prognosis for patients with positive 

staining (76,80). These results suggest that p53 may be an important factor in the regulation of 

Pgp in these tumors. Furthermore, our results suggest that negative p53 or MT, and positive 

Pgp immunreactivity, may identify a patient subgroup with less responsivity to standard 

chemotherapy, and thus a worse prognosis. 

The prevalence of p53 overexpression in the early stage tumors suggests that the 

overexpression of this protein is an early event in germ cell tumor progression. P53 

expression is frequently found in the carcinoma in situ known as a precursor of germ cell 
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testicular cancer (76). It was also shown, that bcl-2 is expressed in TGCT and is associated 

with a more advanced malignant phenotype of this tumor. 

The frequency of mdm2 immunostaining was significantly higher in tumors from 

metastatic patients, then in tumors form metastatic-free patients, and the incidence of mdm2 

expression increased significantly with an increasing in stage, implicating the role of mdm2 in 

tumor aggressiveness and progression. Same results were reported in cases of human 

osteosarcoma (89) and in breast cancer (81,82). 

Furthermore the mdm2 immunostaining may provide a tool to identify patients with 

clinical stage I testicular germ cell tumor who carry a high risk of developing disseminated 

disease and may benefit from adjuvant chemotherapy. To validate this hypothesis further 

clinical trial is essential. 

Our results showed positive correlation between LRP expression and pure teratoma 

(p=0.04). Similar observation was published by Mayer et al (111). The relation between 

maturation and expression of LRP was recently established. It is in relation with the known 

intrinsic resistance to chemotherapy of mature teratoma. The phenotype of mature teratoma is 

most likely a consequence of somatic differentiation. In these cases, surgical removal of all 

postchemotherapy residual mass is mandatory. 

In contrast to Zurita et al (112) we could not recognize positiv LRP immunostaining in the 

more aggressive choriocarcinoma and choriocarcinoma component of the mixed tumors. We 

also did not observed significant correlation between LRP positivity, clinical stage and 

response to chemotherapy. Further studies is required to evaluate the exact clinical role of 

LRP expression is this rare tumors. 

Whether the examined factors for chemoresistance will increase the predictive power of 

current clinically oriented prognostic models remains to be determined. The use of methods 

with the ability to investigate multiple factors at the same time are probably necessary in 

predicting the response of individual tumors to chemotherapeutic regimens. 
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6. CONCLUSIONS 
1. Despite an increasing incidence of testicular cancer, the screening of asymptomatic 

volunteers does not necessarily lead to the detection of testicular tumors. 

2. Despite the increasing incidence of testicular cancer the widespread use of an early 

detection program, the examination of patients who reveal symptoms through testicular 

self-examination, cannot generally be recommended. 

3. Early diagnosis should be based on an educational program for the population at risk, 

the appropriate training of doctors and staff engaged in the health care of the young, and 

the use of early ultrasound examination for men with palpable lumps and swollen 

testicles, especially in young men. 

4. The prevalence of synchronous and metachronous bilateral testicular cancer is 0.8 and 

2.2 %, respectively. 

5. We could not identify clinical factors for predicting which patients are at risk of 

developing metachronous TGCT. 

6. The prognosis for bilateral testicular cancer patients is good. Regular follow-up might 

improve the early diagnosis of metachronous TGCT, but does not improve the 

prognosis or increase the survival rate of patients. 

7. The interval between metachronous tumors depends on tumor histology and the age of 

the patient, and the probability of an early stage seminoma increases with follow-up 

time. 

8. The ATP-dependent membrane transporter Pgp, and LRP may be possible clinical 

prognostic factors in cases of TGCT. 

9. Expression of p53 and MT correlate with tumor sensitivity to chemotherapy, and bcl-2 

and mdm-2 expression are related to tumor progression in TGCT. 
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