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A B S T R A C T

We provide updated estimates of survival, incidence, complete prevalence, and proportion

cured for patients with testicular/paratesticular and extragonadal germ cell cancers in Eur-

ope, grouped according to the new list of cancer types developed by RARECARE. We col-

lected data, archived in European cancer registries, with vital status information

available to 31st December 2003.

We analysed 26,000 cases of testicular, paratesticular and extragonadal germ cell cancers

diagnosed 1995–2002, estimating that about 15,600 new testicular/paratesticular and 630

new extragonadal cancer cases occurred per year in EU27, with annual incidence rates of

31.5/1,000,000 and 1.27/1,000,000, respectively. Slightly more than 436,000 persons were

alive at the beginning of 2008 with a diagnosis of testicular/paratesticular cancer, and about

17,000 with a diagnosis of extragonadal germ cell cancer.

Five-year relative survival was 96% for testicular/paratesticular cancer and 71% for

extragonadal germ cell cancer; the proportions cured were 95% and 69%, respectively.

We found limited variation in survival between European regions except for non-semino

matous testicular cancer, for which five-year relative survival ranged from 86% in Eastern

Europe to 96% in Northern Europe. Survival for all cancer types considered decreased with

increasing age at diagnosis.

Further investigation is required to establish the real reasons for the lower survival in

Eastern Europe. Considering the high prevalence of these highly curable cancers, it is

important to monitor patients long-term, so as to quantify treatment-related risks and

develop treatments having limited impact on quality of life.

� 2011 Elsevier Ltd. All rights reserved.
er Ltd. All rights reserved.
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1. Introduction no NOS entities among extragonadal germ cell tumours.
Although testicular cancers are rare, accounting for only 1%

of all cancers in males, in many countries they are the most

common malignancy in young men (15–35 years).1 Approxi-

mately 98% of testicular cancers are germ cell cancers; the

remaining 2% include sex cord tumours (including Leydig cell

and Sertoli cell cancers), rhabdomyosarcoma and lymphoma.

Two-to-5% of germ cell cancers are of extragonadal origin.2

The age-standardised incidence rate (ASR) for testicular

cancers ranges from less than 1/100,000 person-years in

Asian and African populations to 12/100,000 person-years in

Denmark and Norway, with intermediate rates (3–6/100,000

person-years) in Spain, Italy, France, Poland, Finland and the

UK, and somewhat higher rates (9–11) in Switzerland and

Slovenia.3 In Canada and the United States the ASR is around

5/100,000 person-years.3

Testicular cancer incidence has increased in many wes-

tern countries over the last 40 years.1,4 By contrast, mortality

has declined since the mid 1970s, attributable to the develop-

ment of effective treatments, which are typically multidisci-

plinary and centred around platinum-based chemotherapy.5

Thus, in the 1990s EUROCARE estimate pooled 5-year relative

survival at over 90% for European testicular cancer patients,

with some differences between countries including signifi-

cantly lower survival in Slovenia and Estonia.6,7

The aim of this paper is to provide updated estimates of

the burden of testicular, paratesticular and extragonadal

germ cell tumours in Europe. Specifically we provide popula-

tion-based estimates of the survival, incidence, complete

prevalence, and proportion of cured patients for these rare

cancers grouped according to the new list of cancer types

developed by RARECARE.8 Extragonadal germ cell tumours in-

clude a few entities that occur in women: these are also con-

sidered in this paper since clinical management is the same

for females as for males.

2. Materials and methods

The RARECARE list8 classifies cancer entities (as defined by

the 3rd edition of International Classification of Diseases for

Oncology [ICD-O-3]9) into a two-tier system (Table 1, first col-

umn). Tier 1 is the more general category and contains tier 2

subcategories. Tier 1 cancers were considered to involve the

same clinical expertise and patient referral structure; tier 2

entities were considered to be similar from the point of view

of clinical management and research.

In the present study we investigated cancers belonging to

two RARECARE tier 1 categories: ‘testicular and paratesticular

cancers’ and ‘extragonadal germ cell tumours’ (Table 1). The

former comprises six tier-2 entities: paratesticular adenocar-

cinoma, non-seminomatous testicular cancer, seminomatous

testicular cancer, spermatocytic seminoma, teratoma with

malignant transformation, and testicular sex cord cancer as

well not otherwise specified (NOS) entities which cannot be

assigned to a tier 2 category.

Extragonadal germ cell tumours comprise the following

tier 2 entities: extragonadal malignant immature teratoma,

and extragonadal germ cell tumour; by definition there were
The corresponding ICD-O-3 morphology and topography

codes for these cancers are shown in the last two columns

of Table 1.

RARECARE collected data on patients diagnosed with the

above-defined cancers from 1978 to 2002, the data were

archived in 89 European population-based cancer registries

(CRs), all of which had vital status information available up

to at least 31st December 2003. In the present paper we con-

sidered data from 76 CRs, since we excluded childhood CRs,

and those that did not classify according to ICD-O-3. The

CRs were grouped by country and the countries were grouped

into regions: Northern Europe (Iceland, Norway, Sweden),

United Kingdom and Ireland (England, Scotland, Wales,

Northern Ireland, Republic of Ireland), Central Europe (Bel-

gium, Austria, France, Germany, The Netherlands, Switzer-

land), Eastern Europe (Poland, Slovakia), and Southern

Europe (Italy, Malta, Portugal, Slovenia, Spain).

The incidence analyses were carried out on cases from only

64 CRs, as it was necessary to exclude specialised CRs and

other non-specialised CRs with information available only

for some anatomical sites. Incidence rates were estimated as

the number of new cases occurring in 1995–2002 divided by

the total person-years in the general population (male and fe-

male) in each CR area over the same period. When estimating

age-standardised incidence rates, the weightings of the Euro-

pean standard population were applied.10

The observed prevalence per 100,000 at the index date 1st

January 2003 was estimated by the counting method11 using

data from cases incident 1988–2002. Only 22 CRs had contin-

uous cancer registration over this 15-year period, and thus

only the cases from these CRs were used to estimate the ob-

served prevalence. To estimate the complete prevalence, the

completeness index method12 was used, and involved adding

the estimated surviving cases diagnosed prior to 1988 to those

counted (observed) in 1988–2002.

The expected numbers of new cases per year in Europe

(EU27) and of prevalent cases in EU27 were estimated multi-

plying the crude incidence and prevalence estimates (ob-

tained as described above) to the 2008 European population

(497,455,033) provided by EUROSTAT.13 In providing testicular,

paratesticular and extragonadal germ cell tumours burden

estimates, we assumed that the population covered by our

CRs was representative of the population of the EU27 as a

whole. Further details on methods and representativeness

of RARECARE data are reported in the papers of Gatta et al.14

Five-year relative survival was estimated for cases diag-

nosed 2000–2002 using the period method of Brenner15 since

follow-up was only available to 2003. In this method, survival

for the unavailable years is estimated from the survival expe-

rience of patient cohorts diagnosed in preceding periods. Spe-

cifically, survival in the first year after diagnosis was

estimated directly from the survival data of the 2000–2002 pa-

tients, since they were followed to 31 December 2003. Condi-

tional survival in the second year after diagnosis (conditional

on being alive at the beginning of the second year of follow-

up) was estimated from data on patients diagnosed in 1999–

2001. Conditional survival in the third, fourth, and fifth years

after diagnosis was estimated from the follow-up data of



Table 1 – Data quality indicators for testicular, paratesticular and extragonadal germ cell cancers diagnosed 1995–2002 and archived in 76 RARECARE cancer registries.

Tier Entity Cases (N) Data quality indicator ICD-O-3 codes

DCO
only (%)

Autopsy
only (%)

Microscopic
verification (%)

1995–1998 cases
censored before

five years (%)

Morphology
code NOS (%)a

Topography Morphology (all malignant)

1 TESTICULAR AND
PARATESTICULAR
CANCERS

25,769 0.2 0.1 96.4 2.9 2.6 C62, C63.0,
C63.1, C63.8

8000, 8001, 8010, 8011, 8120, 8123, 8140–8141,
8147, 8190, 8210–8211, 8221, 8231, 8255, 8260,
8261–8263, 8290, 8310, 8320, 8323, 8333,
8380–8384, 8401, 8430, 8440–8441, 8470,
8480–8490, 8504, 8510, 8512, 8514, 8525, 8542,
8550–8551, 8560, 8562–8576, 8590, 8630–8640,
8650, 8670, 9060–9102

2 Paratesticular
adenocarcinoma
with variants

12 0.0 0.0 100.0 8.3 NA C63.0, C63.1 8120, 8123, 8140–8141, 8147, 8190, 8200,
8210–8211, 8221, 8230, 8231, 8255, 8260,
8261–8263, 8290, 8310, 8320, 8323, 8333,
8380–8384, 8401, 8430, 8440–8441, 8470,
8480–8490, 8504, 8510, 8512, 8514, 8525, 8542,
8550–8551, 8560, 8562–8576

2 Non-seminomatous
testicular cancer

10,029 0.0 0.1 98.2 2.4 NA C62 9080–9083, 9085, 9100–9102, 9065, 9070–9072

2 Seminomatous
testicular cancer

13,906 0.0 0.1 98.4 3.2 NA C62 9060–9062

2 Spermatocytic
seminoma

223 0.4 0.4 96.9 7.6 NA C62 9063

2 Teratoma with
malignant
transformation

11 0.0 0.0 100.0 9.1 NA C62 9084

2 Testicular sex
cord cancer

177 0.0 0.0 98.3 4.0 NA C62 8630–8640, 8650, 8590–8592

1 EXTRAGONADAL
GERM CELL TUMOURS

1141 0.1 0.5 95.9 1.8 NA All cancers
sites except
C56 and C62

9060–9072, 9080–9085, 9101, and 9100
if not in placenta (C589)

2 Extragonadal
malignant immature
teratoma

366 0.3 0.8 97.0 1.1 NA All sites except
C56 and C62

9080–9085, 9101

2 Extragonadal germ
cell tumour

775 0.0 0.4 95.4 2.2 NA All sites except
C56 and C62

9060–9072 and 9100 if not in placenta

ICD-O-3 = International Classification of Diseases for Oncology, 3rd revision.

DCO = cases identified on death certificate only; Morphology codes NOS (Not otherwise specified) are M8000-8001.

NA = Not applicable.
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Table 2 – Observed cases with crude incidence (rate per million/year) and standard errors (SE) in Europe. Rates and SE by sex and age, with estimated incident cases in
Europe (EU27). Cases diagnosed 1995–2002 in 64 European CRs.

Entity EU overall Sex Age Estimated cases in EU27 per year

Male Female 0–14 15–24 25–64 65+

Observed cases 1995–2002 Rate SE Rate SE Rate SE Rate SE Rate SE Rate SE Rate SE

TESTICULAR AND
PARATESTICULAR
CANCERS

25,357 31.52 0.20 64.53 0.41 1.09 0.09 36.30 0.59 48.03 0.33 6.49 0.23 15,679

Paratesticular
adenocarcinoma
with variants

12 0.01 0.00 0.03 0.01 NE NE NE NE 0.02 0.01 0.04 0.02 7

Non-seminomatous
testicular cancer

9754 12.12 0.12 24.82 0.25 0.86 0.08 26.98 0.51 15.70 0.19 0.67 0.07 6031

Seminomatous
testicular cancer

13,777 17.12 0.15 35.06 0.30 0.08 0.02 7.08 0.26 29.44 0.26 3.19 0.16 8518

Spermatocytic
seminoma

221 0.27 0.02 0.56 0.04 NE NE 0.07 0.03 0.35 0.03 0.50 0.06 137

Teratoma with
malignant
transformation

11 0.01 0.00 0.03 0.01 NE NE 0.01 0.01 0.02 0.01 0.01 0.01 7

Testicular sex
cord cancer

177 0.22 0.02 0.45 0.03 0.04 0.02 0.16 0.04 0.29 0.03 0.24 0.04 109

EXTRAGONADAL
GERM CELL
TUMOURS

1019 1.27 0.04 1.87 0.07 0.69 0.04 1.73 0.11 2.24 0.15 1.13 0.05 0.42 0.06 630

Extragonadal
malignant immature
teratoma

335 0.42 0.02 0.58 0.04 0.26 0.03 0.73 0.07 0.63 0.08 0.34 0.03 0.15 0.03 207

Extragonadal germ
cell tumour

684 0.85 0.03 1.29 0.06 0.43 0.03 0.99 0.08 1.60 0.12 0.79 0.04 0.27 0.05 423

NE = Not estimated (observed cases = 0).
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Table 3 – Age-standardised incidence rates (per 1,000,000) for testicular, paratesticular and extragonadal germ cell cancers in 1995–2002, with standard errors (SE) by
European region.

Entity Region

Northern Europe
(N = 3845 testis and

paratestis;
N = 176 extragonadal)

Central Europe
(N = 6406 testis and

paratestis;
N = 279 extragonadal)

Eastern Europe
(N = 1924 testis and

paratestis;
N = 35 extragonadal)

Southern Europe
(N = 3481 testis and
paratestis; N = 226

extragonadal)

UK and Ireland
(N = 9701 testis and

paratestis;
N = 303 extragonadal)

EU overall

Rate SE Rate SE Rate SE Rate SE Rate SE Rate SE

TESTICULAR AND
PARATESTICULAR CANCERS

35.75 0.58 35.75 0.58 25.60 0.59 22.62 0.39 33.00 0.34 30.64 0.19

Paratesticular
adenocarcinoma
with variants

NE NE NE NE 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.00

Non-seminomatous
testicular cancer

15.47 0.38 15.47 0.38 10.90 0.38 8.97 0.25 12.71 0.21 12.01 0.12

Seminomatous
testicular cancer

19.51 0.42 19.51 0.42 11.84 0.40 11.71 0.28 18.07 0.25 16.52 0.14

Spermatocytic
seminoma

0.09 0.03 0.09 0.03 0.24 0.06 0.28 0.04 0.23 0.03 0.25 0.02

Teratoma with
malignant
transformation

0.03 0.02 0.03 0.02 NE NE NE NE 0.02 0.01 0.01 0.00

Testicular sex
cord cancer

0.12 0.03 0.12 0.03 0.23 0.06 0.14 0.03 0.21 0.03 0.21 0.02

EXTRAGONADAL GERM
CELL TUMOURS

1.73 0.13 1.73 0.13 0.56 0.10 1.68 0.12 1.10 0.06 1.34 0.04

Extragonadal malignant
immature teratoma

0.58 0.08 0.58 0.08 0.20 0.06 0.53 0.07 0.42 0.04 0.45 0.03

Extragonadal germ
cell tumour

1.15 0.11 1.15 0.11 0.35 0.08 1.15 0.09 0.68 0.05 0.89 0.03

NE = Not estimated (observed cases = 0).
aNorthern Europe (Iceland, Norway, Sweden), Central Europe (Austria, Belgium, France, Germany, The Netherlands, Switzerland), Eastern Europe (Poland, Slovakia), Southern Europe (Italy, Malta,

Slovenia, Portugal, Spain).
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patients diagnosed, respectively, in 1998–2000, 1997–1999, and

1996–1998. Five-year survival estimates for 2000–2002 were

obtained as the product of these conditional survival

estimates.

The proportion of patients considered cured of their can-

cer was estimated by parametric cure models, which assume

cured cases have the same mortality as the general popula-

tion, while the complementary fraction (fatal cases) have an

excess death rate attributed to the cancer in question.16

Table 1 shows the main data quality indicators for the

26,910 testicular, paratesticular and extragonadal germ cell

tumours, diagnosed in 1995–2002, considered in the present

study. Overall, 0.2% of these cases were diagnosed by death

certificate only (DCO) and 0.1% were diagnosed at autopsy. A

high proportion of cases (96% overall) was verified microscop-

ically. The proportion of cases diagnosed in 1995–1998 and

censored before 5 years of follow-up was 3% overall, ranging

from 2.4% for non-seminomatous testicular cancer to 8.3%

for paratesticular adenocarcinoma (with variants). About 3%

of testicular and paratesticular cancers had unspecified mor-

phology (ICD-O-3 code 8000 or 8001).

3. Results

3.1. Incidence

The total crude incidence of testicular and paratesticular can-

cers was 31.5/1,000,000 person-years, 55% of which were

seminomatous and 38% were non-seminomatous. The crude

incidence of these cancers in the male population was 65/

1,000,000. A total of 15,679 of these cancers were estimated

to be diagnosed each year in EU27. Seminomatous testicular

cancer was the most common entity with a total crude inci-

dence of 17/1,000,000, followed by non-seminomatous testic-

ular cancer (12/1,000,000) (Table 2). For seminomatous
0 10

TESTICULAR AND PARATESTICULAR CANCERS

seminomatous testicular cancer

non seminomatous testicular cancer

spermatocytic seminoma

paratesticular adenocarcinoma with variants

testicular sex cord cancer

EXTRAGONADAL GERM CELL TUMORS

extragonadal germ cell tumour

extragonadal malignant immature teratomas

C
an

ce
r e

nt
iti

es

Fig. 1 – Five-year relative survival (%) for testicular, paratesticula

Error bars are 95% confidence intervals.
cancers, incidence peaked in the 35–39 age group (50/

1,000,000; data not shown). For non-seminomatous cancers,

incidence was highest in the 15–24 age class (Table 2), even

though incidence peaked at a later age (39/1,000,000 in the

25–29 age group; not evident in Table 2). Among boys (0–

14 years), non-seminomatous cancers were the predominant

histologic type, 51% of which were yolk sac tumours. Among

the elderly (65 years and over) 80% of testicular and parates-

ticular cancers were seminomatous.

The total crude incidence of extragonadal germ cell tu-

mour was 1.27/1,000,000 person-years. Incidence was highest

in the 15–24 year age class (2.2/1,000,000), followed by

614 years (1.7/1,000,000). Sites were predominantly mediasti-

num (24%), followed by pineal gland (13%), retroperitoneum

(12%), brain (11%), female genital tract (8%) endocrine system

(3%) and soft tissue (3%), with primary site unknown in 14%.

The remaining 12% of cases occurred at disparate sites

including head and neck, digestive tract, lung, prostate, uri-

nary tract and other not specified sites (C76.0–76.8). Incidence

was greater in men than in women.

Table 3 shows age-standardised incidence rates by Euro-

pean region. Non-seminomatous cancers had highest inci-

dence (15.5/1,000,000) in Northern Europe and lowest (8.9/

1,000,000) in Southern Europe. The incidence of seminoma-

tous cancer was highest in Northern and Central Europe

(19.5/1,000,000) followed closely UK and Ireland (18/

1,000,000) and more distantly by Eastern and Southern Europe

(12/1,000,000). Incidence rates for the other cancers varied rel-

atively little between regions.

3.2. Survival

One-year relative survival was 97.9% for testicular and

paratesticular cancers, and 83.3% for extragonadal germ cell

tumours. Five-year relative survival was 96% for testicular
96.0

98.5

94.1

92.9

83.0

70.8

74.8

62.1

89.0

20 30 40 50 60 70 80 90 100

%

r and extragonadal germ cell tumors in Europe in 2000–2002.
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and paratesticular cancers and 71% for extragonadal germ

cell tumours (Fig. 1). Among testicular and paratesticular can-

cers, seminomatous forms had highest survival (98.5%; 95%

Confidence Intervals (CI) 97.8–98.9) followed by non-semino-

matous forms (94.1%; 95% CI 93.1–95.0) and spermatocytic

seminomas (93%; 95% CI 75–98.1). Five-year relative survival

was also good for sex cord tumours (83%; 95% CI 65.4–92.2)

and paratesticular adenocarcinomas (89%; 95% CI 0–99),

although the estimate for the latter was based on five cases

only (Fig. 1). Survival was consistently lower for patients of

65 years or over than for younger patients (Table 4).

As regards survival by European region, 5-year relative sur-

vival for testicular and paratesticular cancers was 97% in

Northern Europe, 96% in Central Europe and UK and Ireland,

95% in Southern Europe and 91% in Eastern Europe. Survival

differences between the regions were small for seminoma-

tous cancer, but more marked for non-seminomatous cancer,

ranging from 86% in Eastern Europe to 96% in Northern Eur-

ope (Table 4).

For extragonadal germ cell tumours, 5-year relative sur-

vival was higher for females (80%) than males (67%), lower

for patients aged 65 or over, and ranged from 63% in Central

Europe to 77% in Eastern and Northern Europe (Table 4). The

Eastern Europe estimates were based on 18 cases only.

Considering the most frequent sites, the extragonadal

germ cell tumours of mediastinum had the worst 5 year rela-

tive survival (53%). Survival was better for extragonadal tu-

mours of retroperitoneum (73%), brain (84%) and pineal

gland (90%).

We estimated that 95% of European patients with testicu-

lar and paratesticular cancers were cured; the corresponding

figure for extragonadal cancers was 69% (data not shown in

tables).
3.3. Prevalence

Table 5 shows the observed prevalence of cases diagnosed

within 2, 5 and 15 years of the index date, and also the esti-

mated complete prevalence for EU27. Over 436,000 persons

were estimated alive at the beginning of 2008 with a diagnosis

of testicular/paratesticular cancer in EU27. Eight percent and

19%, respectively, were diagnosed within 2 and 5 years of the

index date; the 11% difference represents cases diagnosed

3–4 years prior to the index data, who were presumably still

in clinical follow-up. The remaining 81% represents those

who had survived at least 5 years after diagnosis and included

229,000 (52% of total) who had survived more than 15 years

after diagnosis.

The most prevalent testicular cancers were seminomatous

forms (228,916 cases), followed by non-seminomatous forms

(166,812 cases).

Over 17,000 persons were estimated alive at the begin-

ning of 2008 in EU27 with a diagnosis of extragonadal

germ cell tumour. The distribution of the prevalence by

time since diagnosis was similar to that for testicular/

paratesticular cancers: 8% of cases were diagnosed within

the preceding 2 years, 17% within the preceding 5 years,

and 9370 (64%) had survived more than 15 years after

diagnosis.



Table 5 – Observed prevalence per 100,000 (Prev) with standard errors (SE) by time (2, 5, and 15 years) from diagnosis, with
estimated complete prevalence per 100,000 and estimated total prevalent cases in EU27 of testicular, paratesticular and
extragonadal germ cell cancers.

Entity Observed prevalence Estimated prevalence

Two years
after diagnosis

Five years
after diagnosis

15 years
after diagnosis

Complete EU27

Prev. SE Prev. SE Prev. SE Prev. SE No. of
cases

TESTICULAR AND
PARATESTICULAR
CANCERS

7.0 0.1 16.9 0.2 41.8 0.3 87.7 0.7 436,638

Paratesticular
adenocarcinoma
with variants

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 60

Non-seminomatous
testicular cancer

2.7 0.1 6.4 0.1 15.7 0.2 33.5 0.5 166,788

Seminomatous
testicular cancer

3.9 0.1 9.7 0.1 22.4 0.2 46.0 0.6 228,900

Spermatocytic
seminoma

0.1 <0.1 0.1 <0.1 0.4 <0.1 0.8 0.1 3731

Teratoma with
malignant
transformation

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 199

Testicular sex
cord cancer

0.1 <0.1 0.1 <0.1 0.2 <0.1 0.4 <0.1 2207

EXTRAGONADAL
GERM CELL TUMORS

0.2 <0.1 0.5 <0.1 1.1 <0.1 3.4 0.2 17,027

Extragonadal malignant
immature teratoma

0.1 <0.1 0.1 <0.1 0.3 <0.1 0.9 0.1 4549

Extragonadal germ
cell tumour

0.2 <0.1 0.4 <0.1 0.8 <0.1 2.5 0.2 12,478
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4. Discussion

4.1. Data quality

The data were derived from the largest available database on

rare cancers collected from high quality European CRs. The

major indicators of data quality ) DCO and autopsy cases,

not microscopically verified cases, and lost-to-follow-up

cases, were all acceptably low (Table 1) indicating a high qual-

ity dataset. Nevertheless 2.6% of testicular/paratesticular can-

cers were not characterised morphologically (NOS) and this

percentage appears fairly high. To investigate this we sent a

random sample of 188 NOS testicular cases (that had been

microscopically verified) back to the CRs, asking them to

check the pathological reports and confirm or correct the

NOS morphology code. NOS morphology was confirmed in

84% of cases. Among the corrected cases, most turned out

to be germ cell cancer. If this finding were typical of all NOS

cases then only a small proportion would require reassign-

ment, providing reassurance that the quality of the data is

high at the CR level (and that incidence rate estimates for

the various subtype are reliable), although there is room for

improvement at the level of the pathology units.

4.2. Epidemiological indicators

Our findings confirm that testicular/paratesticular cancers are

rare with an incidence of 31/1,000,000/year in the population
(65/1,000,000/year among men) and an estimated 15,679 new

cases per year in EU27. Nevertheless we should not forget that

testicular cancer incidence varies considerably in different

geographical areas. It is highest (>10/100,000) in Nordic coun-

tries3 and intermediate (9–10/100,000) in Slovenia, Slovakia

and Switzerland3 thus testicular cancer may not be so rare

in countries of north and western Europe. Testicular cancers

are the most common cancers in young men and their inci-

dence is increasing1,5 especially with regard to stage 1 pa-

tients.17–20 This finding is relevant because early diagnosis

increases the opportunity to apply less aggressive treatment

with less morbidity to most patients resulting in better final

outcomes and improved survival rates.19

Our complete prevalence estimates point to testicular/

paratesticular cancers being among the most curable solid

cancers. Of the 436,000 persons alive at the beginning of

2008 with a diagnosis of one of these cancers, 229,000 (52%)

had survived more than 15 years. Prevalence is pushed up

by the young age of patients and the increasing incidence

trend, but high survival (discussed below) appears as the

most important contributor to the prevalence of these survi-

vors. Studies show that mortality for testicular cancer has de-

clined in many countries since the mid 1970s.5,21 The main

factors contributing to this are considered to be interdisci-

plinary management involving careful staging; adequate

early treatment (chemotherapy, radiotherapy and surgery)

attentive follow-up and use of salvage treatments (particularly

high-dose chemotherapy with peripheral haematopoietic
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stem cell support).22,23 We found that at 96%, 5-year relative

survival for testicular and paratesticular cancers was better

than for most other cancers.7,24 We estimated that 95% of

these patient were cured of their disease.

Survival for testicular and paratesticular cancers de-

creased with increasing age at diagnosis. Apart from age-re-

lated biological differences, late diagnosis, more advanced

stage at presentation, difficult access to specialist treatment

centres, and incomplete application of treatment protocols

are likely to contribute to worse outcomes in the elderly.24–

26 However information on these supposed factors was not

systematically available from CRs and could not be analysed

in this study.

Considering survival by morphology (RARECARE tier 2

groups), survival was highest for seminomatous (98%) fol-

lowed by non-seminomatous (94%) forms. These small

survival differences may be due to differing biology: semino-

matous cancers are more often localised, spread (metasta-

size) via the lymphatic system, are radiosensitive and occur

in somewhat older patients. By contrast, non-seminomatous

cancers are prone to haematogenous as well as lymphatic

spread, are less radiosensitive, and occur in younger

patients.27,28

We also found good 5-year relative survival for spermato-

cytic seminoma (93%). This entity is clinically and pathologi-

cally distinct from classic seminomatous cancer, in particular

for its almost complete inability to metastasize: very few con-

vincing metastatic cases are described in the literature.29 This

has the important clinical implication that surgery may be

the only treatment necessary for spermatocytic seminoma30,

while multimodal treatments are the rule for classic semino-

matous cancer.31

Five-year survival was also good (83%) for sex cord cancer.

Treatment is primarily surgery; adjuvant therapy had not

been shown to be beneficial.32 Most sex cord cancers have a

benign clinical course following surgery, but about 20% are

metastatic at diagnosis and 10–12% behave aggressively, often

with fatal outcome.33

On rare occasions teratomas (and even other germ cell tu-

mours) undergo somatic malignant transformation. The most

common transformations are to sarcoma, primitive neuroec-

todermal tumour, and adenocarcinoma.34 Treatment is cis-

platin-based chemotherapy followed by radical surgery

when possible; cisplatin is also the mainstay of salvage

treatment.34

We had too few cases of teratoma with malignant transfor-

mation to estimate survival. However, studies published over

the last 30 years, all of limited size, suggest that transforma-

tion has a negative impact on prognosis compared to the non-

transformed counterpart.34

Extragonadal germ cell tumours are more aggressive than

testicular germ cell cancers. Mediastinal non-seminomatous

cancer (most common subtype in our database) has the worst

survival of the extragonadal forms35,36 in relation to generally

large tumour bulk at diagnosis, resistance to chemotherapy,

difficulty of removing all residual disease after chemotherapy,

and a predisposition to develop haematologic neoplasia and

other non-germ cell malignancies.37–39 In our series the med-

iastinic lesions were less frequent in Eastern (11%) than in the

other European regions (around 25%). This suggests that other
prognostic factors than site of the neoplasm contributed sur-

vival variation across Europe.

Regarding testicular cancers, we found limited variation in

survival between European regions. However, 5-year relative

survival in Eastern Europe, particularly for non-seminoma-

tous cancer, was lower than for the other regions. Differences

in morphological case mix could, in theory, contribute to this

survival difference; however among non-seminomatous can-

cers the proportion of low-prognosis entities (mainly tropho-

blastic tumours) was low everywhere and is unlikely to have

affected the regional comparison. The nearly 10 percentage

point survival difference between Eastern Europe and the rest

of Europe for non-seminomatous forms is, therefore, of major

concern since testicular cancer is one of the most curable of

all solid malignancies. Differences in survival could be due

to different stage at diagnosis, inadequate treatment and fol-

low-up or to limited access to drugs. Information on stage and

diagnostic procedures are essential to control for stage migra-

tion and determine whether survival differences are ex-

plained by the different stage at diagnosis. Stage related

information was not systematically available from CRs and

could not be analysed in this study. Anyway, a previous expe-

rience reported, after adjustment by stage (and age) at diagno-

sis, that for Estonia and Poland, lower survival was not due

entirely to advanced stage at diagnosis, but also to inadequate

treatment.40 In addition, centralisation of treatment for tes-

ticular cancers improves outcomes31,41–43 and while in much

of Northern and Western Europe, multidisciplinary specialist

care is well developed44,45 in some Eastern European coun-

tries, cancer treatment is commonly provided by ‘general’

oncologists and surgeons not specialised in the treatment of

particular cancer sites.31,44 An exception is Slovakia where

in 1982, was established a specialist treatment centre for

non-seminomatous testicular cancer in the Department of

Urology, Bratislava School of Medicine. In Slovakia the gap be-

tween incidence and mortality is increasing—an indication of

the increasingly efficacious therapy that is given to patients

with testicular cancer in Slovakia.31 Nevertheless further

investigation is required to establish the real reasons for the

lower survival from these cancers in Eastern Europe, particu-

larly since Eastern European countries are poorly represented

in the present study and the overall number of cases from this

region is lower than for the other European regions.

To conclude, our study delineated the burden of testicular/

paratesticular cancers in Europe. We have provided complete

prevalence data which are very useful for health care plan-

ning and resource allocation. We have shown differences in

burden by European region, but we had insufficient informa-

tion to interpret such differences. Interpretation would be

possible if, in future RARECARE studies, CRs will collect more

information on stage at diagnosis, diagnostic procedures and

treatment. Further research using data collected through pop-

ulation based registers must be strongly encouraged also to be

able to assess future trends in testicular cancer incidence

rates and to help to identify risk factors.

Finally we should not forget that although testicular can-

cer is now highly curable, life threatening conditions such

as second malignancy and cardiovascular disease, occur more

frequently in testicular cancer patients than the general

population.45 Long-term monitoring of the generally young
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testicular cancer survivors is necessary to quantify the treat-

ment-related risks46; and in view of the high prevalence of

these malignancies (due to curability and occurrence in young

patients), the aim should be to develop treatments having

limited impact on quality of life.

Funding

This research was supported by the European Commission

through the Executive Agency for Health and Consumers

(Grant No. 2006113), and the Programma Italia-USA Malattie

Rare (Grant No. 526D/42).

Conflict of interest statement

None declared.
Acknowledgements

We thank Don Ward for help with the English and Samba

Sowe for editorial support.
The RARECARE Working Group consists of:

Austria: N. Zielonk (Austrian National Cancer Registry);

Belgium: E. Van Eycken (Belgian Cancer Registry); D. Schrijvers

(Antwerp Hospital Network); H. Sundseth (European Cancer

Patient Coalition); S. Marreaud (European Organisation for Re-

search and Treatment of Cancer); R. Audisio (European Society

of Surgical Oncology); France: G. Hedelin (Bas-Rhin Cancer Reg-
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