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The aim of this study was to interpret changes in mortality from testicular cancer (TC)

against the background of changes in treatment and survival in the south of The Nether-

lands.

Five-year moving average standardised mortality rates were calculated. Primary treat-

ment and relative survival were analysed according to histology, stage and year of diagnosis.

The mortality rate dropped in the period 1979–1986 and then flattened out. The types of treat-

ment that patients received did not change significantly over time and were according to the

guidelines. Ten-year relative survival for seminoma TC patients improved from 81% (67–91%)

in 1970–1979 to 95% (88–100%) in 2000–2002; for non-seminoma TC patients these rates were

54% (38–68%) and 92% (85–99%), respectively. Conditional 5-year relative survival for seminoma

and non-seminoma TC patients 5 years after diagnosis was 99% and 96%, respectively.

In conclusion, there was an enormous increase in relative survival and a significant decrease

in mortality.

� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Although testicular cancer (TC) only accounts for 0.8% of all

male cancers,1 it is the most common malignancy amongst

men aged 15–44 in developed countries. Of all TCs, 95% are

germ cell tumours, which are grouped histologically into

seminomas and non-seminomas.2 The majority of the semi-

noma TCs are diagnosed amongst men in the age group of
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30–45 years, while most of the non-seminoma TC patients

are between the ages of 20 and 35 years.2

The incidence of TC is increasing throughout Europe, but

there are large variations in the incidence rates and in the

speed at which incidence increases across the European

countries.3 Relative survival of TC has increased during the

last 40 years to an average 5-year rate of 93% in Europe,4–7

but also with substantial variations across Europe.6 In addi-

tion to stage at diagnosis,8 age at diagnosis matters, younger
.
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patients exhibiting better survival than older patients.8,9 Most

of the increase in survival is primarily attributed to the intro-

duction of effective cisplatin-containing chemotherapy for

advanced disease in the 1970s.4,10 Mortality has dropped by

about 70% in the USA and Europe since the 1970s, but at a

lower pace in Eastern Europe than in the European Union

and the USA.11

The aim of this study was to detect trends in treatment,

survival and mortality of TC in the south of the Netherlands

from 1970 to 2004, where the management of TC was

decentralised.

2. Patients and methods

2.1. Patients

The Eindhoven Cancer Registry (ECR) has collected data on all

patients with newly diagnosed cancer in the southern part of

the Netherlands since 1955.12 Until 1988, only patients diag-

nosed in the eastern part of the area were registered, but

since that year patients diagnosed in the middle and western

part of North Brabant are also included. Nowadays, the regis-

try serves a population of 2.4 million inhabitants. The area of-

fers good access to specialised medical care in nine general

hospitals and two large radiotherapy institutes. Information

on diagnosis, staging and treatment was extracted from the

medical records by trained registrars.

All testis cancer patients diagnosed between 1970 and 2004

were included in the study. The tumours are grouped accord-

ing to histological origin, as described in the third revision of

the International Classification of Diseases for Oncology (ICD-

O)13: seminomas (ICD-O codes: 9060–9064), non-seminomas

(ICD-O codes: 9065–9085, 9100–1902, 9105) or other. The stage

grouping of the TNM-classifications of TC has changed over

time in such a way that it became impossible to compare

the different stage groups over time. We have therefore cho-

sen to categorise the extent of the disease as: localised (any

T, N = 0 and M = 0), lymph node metastasis (any T, N > 0 and

M = 0), distant metastasis (any T, any N and M > 0) and un-

known. Patients with stage unknown were left out of the

stage-specific analysis. Stage was recorded reliably from

1980 onwards, so only patients diagnosed since then were in-

cluded in the stage-specific analyses.

2.2. Treatment

Five major subgroups were considered for primary treatment:

surgery only, surgery and radiotherapy, surgery and systemic

therapy, unknown and other/none. The specific type of ther-

apy was not registered, therefore it was not possible to iden-

tify whether a patient received cisplatin-containing

chemotherapy or another type of chemotherapy.

A fisher-exact test was used to test whether there was an

overall change in administered treatment over time. This

was done according to histology and stage.

2.3. Relative survival

Data on vital status (available until 1st January 2005) were ob-

tained from the hospital records and the mortality register of
the Central Bureau for Genealogy (an institution that registers

all deaths in the Netherlands via the municipal population

registries). Data on vital status were only available for pa-

tients diagnosed in or before 2002.

Relative survival is an estimation of the disease-specific

survival. It is calculated as the absolute survival amongst can-

cer patients divided by the expected survival for the general

population with the same sex and age structure.14 Relative sur-

vival was computed with the traditional cohort-analysis for

periods with complete 5 and 10-year follow-up. Period analysis

was used to estimate the relative survival for the most recent

periods with incomplete 5 or 10-year follow-up.15 Survival

analyses were carried out according to histology and stage.

Conditional survival was computed with period analysis

for patients diagnosed between 1970 and 2002, and was per-

formed according to histology. Five-year relative survival

was computed for every additional year survived, conditional

on being alive at that moment. Since patients who have al-

ready survived for some years are older than at diagnosis,

conditional relative survival rates were also adjusted for sur-

vival in the general population with the same age distribution

as patients at that time. A conditional 5-year relative survival

at year x is the 5-year relative survival for patients who are

still alive x years after diagnosis of TC.

2.4. Mortality

Mortality data were obtained from Statistics Netherlands for

the period 1970–2005. Five-year moving average European

standardised mortality rates per 100,000 person–years were

calculated and compared to the Dutch testicular cancer mor-

tality.16 In addition, trend estimated annual percentage of

change analysis was performed for different time periods.

For the period 1970–1988 the Dutch mortality rates were only

available as crude mortality rates.

3. Results

3.1. Treatment

In total, 966 patients were included for treatment analysis

(54% seminoma and 46% non-seminoma).

The overall treatment of the localised seminoma TC pa-

tients changed significantly (p < 0.0001) over time (Fig. 1a),

the surgery alone treatment was lower in the period 1990–

1999 than in the other two periods. While the percentage of

patients who received surgery and radiotherapy was higher

in the period 1990–1999 (93%) in contrast to the periods

1980–1989 (82%) and 2000–2004 (85%). The treatment in the

group of seminoma TC patients with lymph node metastasis

changed significantly (p < 0.001), the percentage of patients

who received surgery and radiotherapy decreased from 58%

in the 1980s to 32% in the period 2000–2004, while the per-

centage of patients who received surgery and systemic ther-

apy increased from 33% to 64% in the same period. The

distant metastases seminoma TC patients exhibited no sig-

nificant differences in treatment over time, the number of pa-

tients in this group was small (n = 22).

In the non-seminoma treatment group there was a signif-

icant difference (p < 0.0001) in the treatment of patients with
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localised disease over time (Fig. 1b). The percentages of local-

ised non-seminoma TC patients who received only surgery

and who received surgery and systemic therapy fluctuated

over time. The treatment of non-seminoma TC patients with

lymph node metastasis changed significantly over time

(p < 0.0001). Patients more frequently received surgery and

systemic therapy in the period 2000–2004 (96%) than in the

period 1980–1989 (68%). The changes of treatment of non-

seminoma TC patients with distant metastases (p < 0.01) are

contributable to an increase in the other/none category. Most

of the patients in the other/none treatment group received

systemic therapy with or without other treatments.

3.2. Survival

During a mean follow-up of 10 years, 167 patients died (87

seminoma and 68 non-seminoma).

For seminoma TC, 10-year relative survival improved from

81% (95% Confidence Interval 67–91%) in 1970–1979 to 94%

(83–100%) in the period 1980–1989 while remaining relatively

stable in the next decade (Fig. 2a). For non-seminoma TC pa-

tients these rates increased from 54% (38–68%) in 1970–1979

to 87% (76–93%) in the period 1980–1989 and to 92% (85–

99%) in the 1990s (Fig. 2b). The greatest improvement in sur-

vival took place in the second half of the 1970s and the early

1980s.
Fig. 1 – Primary treatment of seminoma (a) and non-

seminoma (b) testicular cancer according to histology, stage

and time. (S, surgery; RT, radiotherapy; ST, systemic

therapy).
Ten-year relative survival in the period 1990–2002 was high

for patients with both localised seminoma (92%; 86–96%) and

localised non-seminoma TC (97%; 92–99%) (Fig. 3). The 10-

year relative survival of seminoma TC patients with lymph

node metastasis was slightly lower than that of the localised

seminoma TC patients (88% versus 92%). Non-seminoma TC

patients with lymph node metastasis also had a slightly

worse 10-year survival than localised non-seminoma TC pa-

tients (93% versus 97%). Three-year survival for the semi-

noma TC patients with distant metastases was 63%. For the

non-seminoma TC patients with distant metastasis 10-year

survival was 75%.

Relative survival of patients with TC younger than 50 years

was slightly higher than that for those P50. Only the 1-year

relative survival was significantly different: 99% (98–100%)

versus 93% (84–98%).

Fig. 4 shows the relative survival curve at diagnosis for

both histologies, as well as the conditional 5-year relative sur-

vival rate for each additional year survived. For non-semi-

noma TC patients the conditional 5-year relative survival

was 96% after 5 years and for seminoma TC patients it was

98%. Ten years after diagnosis this was 98% and 100%,

respectively.

3.3. Mortality

After a slight increase in mortality from 0.8 to 1.0 in the period

1970–1978 (Fig. 5), the 5-year moving average mortality rate

decreased from around 1.0 per 100,000 person–years in 1979

to 0.4 in 1986, the average annual change being )12%
Fig. 2 – Five- and 10-year relative survival of patients with

seminoma (a) and non-seminoma (b) testicular cancer in the

south of the Netherlands. The 10-year survival of the period

1990–1999 and the 5- and 10-year relative survival of the

period 2000–2002 were calculated by means of period

analysis.



Fig. 3 – Relative 10-year survival curve according to stage for

seminoma (a) and non-seminoma (b) testicular cancer

patients diagnosed in the south of the Netherlands during

1990–2002.

Fig. 5 – Five-year moving average testicular cancer European

standardised mortality rates per 100,000 person–years (ECR,

Eindhoven Cancer Registry). *For the period 1970–1988, non-

standardised rates were used to calculate the 5-year moving

average.

Fig. 4 – Actuarial and conditional survival for patients with

seminoma and nonseminoma testicular cancer. Black lines

are conditional 5-year survival rates; grey lines are relative

survival rates at diagnosis.
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(p = 0.07). In the latest period, 1987–2005, the mortality rate

fluctuated between 0.2 and 0.5, being similar to the trend

for the entire Netherlands.

4. Discussion

This study shows a marked increase in survival of TC, espe-

cially for non-seminoma TC, in the south of the Netherlands

since the mid-1970s accompanied by a significant decrease in

mortality. These changes started in the late 1970s and contin-

ued to change until the end of the 1980s. Since 1990 the sur-

vival and mortality have remained relatively steady.
4.1. Treatment

Allmost all (99.9%) of the patients who received surgery

underwent an orchidectomy, while only 22 lymph node dis-

sections were registered, 17 of which were carried out in the

period 2000–2004. The fact that this number of lymph node

dissections is lower than expected is because we only regis-

tered primary treatment within 6 months of diagnosis. Most

secondary lymph node dissections were probably performed

more than 6 months after diagnosis.

National and international guidelines17–20 recommend sur-

gery and radiotherapy for patients with localised seminomas.

In our study, 82% of these patients received this combined treat-

ment in the 1980s increasing to 93% in the period 1990–1999 and

decreased to 85% in the period 2000–2004. Seminoma TC pa-

tients with lymph node metastasis were advised to undergo sur-

gery and radiotherapy or systemic therapy depending on the

size of the lymph node metastases. Ninety-five percent of these

patients received one of these treatment combinations. The

number of patients who underwent surgery and systemic ther-

apy appears to be increasing. Eighty-six percent of the semi-

noma TC patients with distant metastasis underwent surgery

and systemic therapy as indicated in the guidelines.

Surgery only or surgery and systemic therapy has been ad-

vised for patients with localised non-seminomas, and 98% re-

ceived either one of these two treatment combinations.

Surgery with systemic therapy is the preferred treatment for

non-seminoma TC patients with lymph node and distant

metastasis, 90% and 89% of these patients received this com-

bined treatment, respectively.

In total there were 9 patients in the other/none treatment

category, 1 of whom received no therapy; the other 8 patients

underwent systemic treatment with or without other

treatments.

The beneficial effect of centralisation of treatment of TC

patients with distant metastases, which has been described

repeatedly, arises from the complexities of staging, support-

ive care during aggressive systemic treatment and dedicated

surveillance.21 However, in our region clinical management

of TC has remained relatively decentralised, only 60% of pa-

tients with distant metastastic tumours have been treated

in larger hospitals, with little change over time. In the 1990s

survival from TC in the south of the Netherlands was similar
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to that of the Northwest region of the country, where treat-

ment is concentrated in three major cancer centres.22

4.2. Survival

Relative survival of patients with seminomas and non-semi-

nomas increased substantially over time to a 5-year survival

of 97% for seminomas and 94% for non-seminomas in the

period 2000–2002, similar to the North west region of the

Netherlands (98% and 95%, respectively22), England and Wales

(5-year survival of TC improved from 70% in 1971–1975 to 95%

in 1991–19934) and Sweden (5-year survival of seminoma and

non-seminoma TC improved from about 87% and 47% in the

mid 1960s to 97% and 96% in the mid 1990s, respectively5).

Survival analyses according to stage and histology showed

better survival for localised disease and lymph node metasta-

sis compared to distant metastasis of both seminoma and

non-seminoma TC, similar to the results for most of the

countries in the EUROCARE study, which covered the diagnos-

tic period 1987–1992.8

American TC patients younger than 50 years exhibited sig-

nificantly better survival for almost all histological and stage

subgroups than TC patients of 50 years and older,9 as in the

EUROCARE study.8 We also found higher survival rates for pa-

tients below the age of 50, but only 1-year survival was signif-

icantly different.

A group of patients can be considered cured when the con-

ditional 5-year relative survival approaches 100%. Survival for

this group of patients is then similar to that for the general

population with the same age structure. Under these condi-

tions seminoma TC patients are cured after 3 years and

non-seminoma TC patients after 9 years.

4.3. Mortality

Mortality dropped from around 1 per 100,000 person–years to

0.3 in 2005, with the greatest decrease in the period 1979–

1986. This pattern of steep decrease is similar to what was

found for male populations of the United States and the

European Union and is generally (in the absence of any other

reasonable explanation) attributed to better systemic ther-

apy.4,23,24 The fluctuations in the period 1986–2005 are most

likely due to random variation around a general trend of mor-

tality and a rising incidence, mainly for localised TC, in the

south of the Netherlands.25

5. Conclusion

Although the treatment combinations prescribed for these

patients did not vary over time and the treatments adminis-

tered followed national and international guidelines, there

was a substantial improvement in TC survival over time,

resulting in a marked decrease in mortality since the 1970s,

which has been sustained in the last 15 years despite a

marked increase in incidence.
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