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Stellingen behorende bij het proefschrift 

Exploring predictors of chemotherapy efficacy 
and toxicity in testicular cancer 

1. Opsporen en behandelen van het metabool syndroom bij 
testiskankeroverlevenden kan bijdragen aan minder langetermijn 
vasculaire schade ten gevolge van chemotherapie. (dit proefschrift) 

2. Suppletie van laagnormale en subnormale testosteronspiegels ter 
voorkoming van het metabool syndroom bij testiskankeroverlevenden 
verdient nader onderzoek. (dit proefschrift) 

3. Het uPA/PAl-1 systeem is een kandidaat biomarker voor het ziektebeloop 
van testiskanker. (dit proefschrift) 

4. Het bleomycinehydrolasegenotype voorspelt ziektebeloop en overleving na 
behandeling van gemetastaseerde testiskanker met bleomycine- en 
platinum-bevattende chemotherapie. (dit proefschrift) 

5. Circulerend cytokeratine 18 lijkt naast de huidige tumormarkers voor 
testiskanker geen betere prognostische factor voor ziekteuitkomst na 
chemotherapie. (dit proefschrift) 

6. "Patients with cancer are not all the same and each person deserves 
nothing less than a personalized approach to their care." (RL Schilsky. 
Personalized medicine in oncology: the future is now. Nat Rev Drug Discov 
201 O; 9: 363-6) 

7. Het effectiefst bezuinigen is investeren in kwaliteit. 

8. Wie op kop fietst, heeft de meeste wind tegen en de minste wind mee. 

9. Als er niets boven Groningen gaat, dan kun je juist daar toponderzoekers 
verwachten. 

10. De uitspraak "Vroeger was alles beter." impliceert weinig vertrouwen in de 
toekomst en in eigen kunnen. 

11. "C'est ce que nous pensons deja connaitre qui nous empeche souvent 
d'apprendre." (Claude Bernard) 
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General introduction and thesis outline 



Chapter 1 

Epidemiology of testicular cancer: trends in incidence and mortality 

In young men aged 15-35 years testicular cancer is the most common malignancy. 1 

(Figure 1) Over the past 30 years the incidence of testicular cancer has shown a 
worldwide increase.2 In the Netherlands the incidence rate has increased from 4.6 per 
100,000 men per year in 1989 to 7.6 per 100,000 men per year in 2006, with an 
estimated yearly increase of 4%. 1 (Figure 2) 
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Figure 1. Age-related incidence of testicular cancer as proportion of all malignancies in men (based 
on The Netherlands Cancer Registry data, 1989-20061 }. 

Approximately 95% of the testicular cancers are testicular germ cell tumours, which are 
referred to as testicular cancer in this thesis. Based on histology these germ cell tumours 
can be divided in seminomatous and non-seminomatous testicular cancer. Both 
comprise about half of the testicular germ cell tumours, with non-seminomatous 
testicular cancer having a peak incidence at the age of 20-30 years and seminomatous 
testicular cancer at the age of 30-40 years.1

·
3 (Figure 1) Non-seminomatous testicular 

cancer tends to metastasise more widely and is less sensitive for radiotherapy than 
seminomatous testicular cancer, which has consequences for prognosis and treatment 
strategies (as discussed in the section 'Current treatment strategies for testicular 
cancer'). 
Up to now, knowledge on the aetiology of testicular cancer is limited. Testicular cancer 
may be considered a manifestation of testicular dysgenesis, since a history of 
undescended testicle(s) (cryptorchidism), hypospadias, male subfertility and decreased 
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General introduction and thesis outline 

androgen levels have been associated with an increased risk for testicular cancer. 4•
5 

Although it is estimated that about 25% of the susceptibility for testicular cancer is 

caused by genetic effects, only recently an association was found with common genetic 

variants, involved in KIT signaling.6
•
7 

In contrast to incidence rates, mortality rates of testicular cancer have shown a 

decrease, especially until the 1990s. In patients with disseminated testicular cancer, 

initial cure rates were 5-10% with actinomycin D8 and around 25% with vinblastin and 

bleomycin9
. The introduction of cisplatin mid-1970s led to a considerable increase in 

cure rates, with cure rates exceeding 70%.10
•
11 Mid-1980s, combination therapy with 

cisplatin, vinblastin and bleomycin (PVB) was changed by replacement of vinblastin by 

etoposide (BEP) because of less neuromuscular toxicity.12 
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Figure 2. Trends in incidence and mortality of testicular cancer in the Netherlands (based on The 

Netherlands Cancer Registry data, 1989-2006
1
). 

In the Netherlands, the mortality of testicular cancer fluctuated round 0.4 per 100,000 

men over the period 1989-2006. 1 (Figure 2) Current survival rates exceed 90%. 13 In 

addition to the introduction of platinum, earlier diagnosis, standardisation of treatment, 

extended surgical resection of residuals after chemotherapy, and treatment by 

multidisciplinary teams at oncology centres have contributed to further improvement in 

survival.14
'
15 
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Chapter 1 

Current treatment strategies for testicular cancer 

The primary site of testicular cancer is in most patients gonadal, while approximately 5% 

of the testicular cancers is from extragonadal origin. 16 In general, treatment of testicular 

germ cell cancer starts with surgical removal of the primary tumour of the testis 

(orchidectomy). In absence of metastases the standard approach consists of regular 

surveillance. In patients with seminomatous testicular cancer alternatives to surveillance 

are adjuvant radiotherapy of retroperitoneal para-aortic lymph nodes or adjuvant 

chemotherapy with 1 course carboplatin. 17 In patients with non-seminomatous testicular 

cancer an alternative to surveillance is retroperitoneal lymph node dissection. 17 

Seminoma Non-seminoma About half of the patients have 

10 

Stage I 

Stage 11-IV 

* optional 
** in stage 11, lymph nodes <5 cm 

disseminated disease at time of 

diagnosis. 18 In addition, about a quarter 

of the patients who have initially 

testicular cancer limited to the testis will 

be diagnosed with metastases during 

follow-up. 19
•
20 Lymphatic spread of 

testicular cancer is common, 

predominantly to the retroperitoneal 

lymph nodes (Royal Marsden stage II), 

followed by supradiaphragmic lymph 

node metastases (Royal Marsden 

stage 111). Haematogenous metastasis 

(Royal Marsden stage IV) is found 

more often in non-seminomatous 

testicular cancer than in seminomatous 

testicular cancer with predominant 

localisation in the lungs and rare 

localisation in liver, brain and/or bone.21 

In case of disseminated disease, 

treatment consists of radiotherapy 

and/or chemotherapy for 

seminomatous testicular cancer arid 

chemotherapy for non-seminomatous 

testicular cancer. (Figure 3) 

Figure 3. Treatment of testicular cancer 
according to Royal Marsden stage. 



General introduction and thesis outline 

In seminomatous testicular cancer with retroperitoneal lymph node metastases up to 5 

cm diameter, treatment can consist of either retroperitoneal para-aortic and ipsilateral 

iliac radiotherapy or alternatively chemotherapy with 3 courses of BEP (when bleomycin 

is contraindicated 4 courses of EP).22 In other cases of disseminated seminomatous 

testicular cancer or in case of disseminated non-seminomatous testicular cancer, 

treatment consists of chemotherapy. The applied chemotherapy regimen depends on the 

prognosis according to the International Germ Cell Consensus Classification (IGCCC).23 

Table 1. IGCCC prognosis classification.23 

good primary testicular or any primary localisation 91% 
retroperitoneal tumour 
and and 

low tumour markers: any marker level 
aFP <1,000 ng/ml 
and 
J3HCG <1,000 ng/ml (<5,000 IU/1) 
and 
LOH <1.5x upper limit of normal 
and and 

absence of non-pulmonary visceral absence of non-pulmonary visceral 
metastases metastases 

intermediate primary testicular or any primary localisation 79% 
retroperttoneal tumour 
and and 
intermediate tumour markers: any marker level 
aFP 1,000-10,000 ng/ml 
and/or 
[3HCG 1,000-10,000 ng/ml 
(5,000-50,000 IU/1) 
and/or 
LDH 1.5-1 Ox upper limit of normal 
and and 

absence of non-pulmonary visceral presence of non-pulmonary vfsceral 
metastases metastases 

poor primary mediastinal tumour 48% 
or 
primary testicular or 
retroperitoneal tumour 
and 

high tumour markers: 
aFP >10,000 ng/ml 
and/or 
J3HCG >10,000 ng/ml (>50,000 IU/1) 
and/or 
LOH >10x upper limit of normal 
and/or 

presence of non-pulmonary visceral 
metastases 
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Chapter 1 

This prognosis classification is for seminomatous testicular cancer based on the 
presence of non-pulmonary visceral metastases and for non-seminomatous testicular 
cancer on the site of the primary tumour, levels of tumour markers a-fetoprotein (aFP), �
human chorionic gonadotrophin (�HCG), and lactate dehydrogenase (LDH), and the 
presence of non-pulmonary visceral metastases. (Table 1) In case of IGCCC good 
prognosis, the chemotherapy regimen consists of 3 courses BEP or alternatively 4 
courses EP. Patients with IGCCC intermediate or poor prognosis receive 4 courses BEP 
or alternatively 4 courses VIP (Etoposide, lfosfamide, Cisplatin).22 If chemotherapy is 
followed by biochemical complete remission, residual tumour is resected. If residual 
tumour has been radically removed, patients will enter the follow-up phase. In case of 
more than 10% viable tumour in the resected masses or incomplete resection, they will 
receive consolidation chemotherapy with 2 courses VIP. Patients with relapse or 
refractory disease receive salvage chemotherapy.22 

Prognosis after chemotherapy for disseminated testicular cancer 

Disseminated testicular cancer has relatively high cure rates. After cisplatin-containing 
chemotherapy, 5-year survival rate is 48% for patients with IGCCC poor prognosis 
(±15% of patients), 79% for patients with intermediate prognosis (±25% of patients), and 
91 % for patients with good prognosis (±60% of patients).23 About 20% of the patients will 
show platinum-refractory disease (progression during or within 4 weeks after completion 
of cisplatin-based chemotherapy) or a relapse, with about 75% of the cases of treatment 
failure occurring within 2 years after first-line chemotherapy.24 The molecular 
mechanisms behind resistance for cisplatin-based chemotherapy are still poorly 
understood.25 With conventional cisplatin-based salvage chemotherapy, eventually 15-
60% of patients will achieve a long-term remission.22 While follow-up was initially mainly 
focussed on the detection of early (<2 years) and late (>2 years) relapses, and the 
occurrence of second primary testicular tumours (risk 2-5% within the first 15 years), it is 
increasingly recognised that both life expectancy and quality of life are threatened by the 
side effects of testicular cancer treatment.22 

Chemotherapy-related toxicity: the other side of the coin 

Chemotherapy-related toxicity can occur as a short-term side-effect, arising during or 
shortly after treatment and persisting for maximum 1 year, as well as a long-term side
effect, persisting for longer than 1 year or developing more than 1 year after treatment. 26 

The most frequent short-term side effects of standard cisplatin-based chemotherapy are 
gastro-intestinal, haematological, renal and neurological.26 Additional potentially life-
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threatening short-term side effects are bleomycin-induced pulmonary toxicity, occuring in 

approximately 12% of the patients treated with bleomycin and leading to mortality in 

about 1%27
, and thromboembolic events, occuring in about 10% of the patients.28 

Reported short-term thromboembolic events include both arterial events such as 

myocardial infarctions, cerebrovascular events and peripheral arterial occlusions, and 

venous events such as deep venous thrombosis and pulmonary embolism.28 Vascular 

toxicity even may have an important role in the development of bleomycin-induced 

pulmonary toxicity, with endothelial damage as primary event in its development.29 

Long-term effects such as nephrotoxocity, neurotoxicity, ototoxicity, Raynaud-like 

phenomena and gonadal dysfunction occur in 15-25% of the long-term survivors.22
•
26 Life 

expectancy of long-term survivors is threatened by both an increased risk of second 

malignancies30 and non-cancer causes of death. After chemotherapy testicular cancer 

survivors have a standardised mortality ratio of 1.26 (95% confidence interval 1.05-1.49) 

for all non-cancer causes, with as most common causes infectious diseases, respiratory 

diseases and circulatory diseases.31 

In the Dutch cohort of 5-year testicular cancer survivors treated with PVB or BEP, the 20 

years' cumulative incidence of secondary malignancies is 8% (hazard ratio 2.1, 95% 

confidence interval 1.4-3.1, compared to surgery only) and of cardiovascular disease 

(myocardial infarction, angina pectoris and chronic heart failure) 12.2% (hazard ratio 1.7, 

95% confidence interval 1.2-2.4, compared to surgery only).32 Both risks are higher in 

survivors of non-seminomatous testicular cancer than in survivors of seminomatous 

testicular cancer. 32 Coronary heart disease is especially common with an estimated 20 

years' risk of 10%. Non-seminomatous testicular cancer survivors younger than 55 years 

experience twice as often myocardial infarctions than the background population.33 Both 

mediastinal radiotherapy33 and platinum-based chemotherapy regimens33
•
34 have been 

associated with an increased risk for cardiovascular disease compared to treatment with 

surgery alone. 

In vitro, bleomycin as well as cisplatin induce endothelial cell damage and endothelial 

cell death.35 Direct endothelial toxicity as well as associated inflammatory35•
36 and 

prothrombotic37
•
38 features may contribute to the development of thromboembolic events 

and atherosclerosis. In addition to direct chemotherapy-induced vascular damage, long

term atherosclerosis may also be related to the development of an unfavourable 

cardiovascular risk profile.39 After cisplatin-based chemotherapy an increased 

prevalence of risk factors such as excessive weight gain40
, dyslipidemia41 and 

hypertension40
•
4 1 have been reported. The observed metabolic changes are partially 

related to low-normal to subnormal testosterone levels.42
•
43 
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Chapter 1 

To individual-tailored treatment and follow-up 

Further improvement of survival, especially in poor prognosis patients, and reduction of 

chemotherapy-related toxicity are a challenge. Insight into factors that influence 

chemotherapy efficacy and toxicity may contribute to the identification of testicular 

cancer patients who are at increased risk not to be cured by standard chemotherapy 

regimens and/or to experience chemotherapy-induced morbidity and mortality. The 

identification of factors predisposing for reduced chemotherapy efficacy and/or increased 

toxicity may lead to preventive measures. In addition, early detection of treatment failure 

and/or treatment-related toxicity may lead to early intervention and secondary 

prevention. 

Up to now, risk-based decisions with respect to first-line chemotherapy are based on 

IGCCC prognosis. The last major change is the finding that 3 courses of the current 

standard chemotherapy regimen BEP are as effective as four courses in patients with 

IGCCC good prognosis.44 In addition, for patients with a compromised pulmonary 

function, alternative chemotherapy regimens without bleomycin may be considered: 4 

courses EP instead of 3 courses BEP in good prognosis patients, and 4 courses VIP 

instead of 4 courses BEP in intermediate and poor prognosis patients.22 

New biomarkers may contribute to more personalised medicine by contributing to 

diagnosis, staging, prognosis estimation, response prediction and/or treatment 

selection.45 Genetic variations may determine individual differences in response to 

chemotherapy, both with respect to efficacy and toxicity.46 Tumours may have acquired 

genetic variations that affect response to therapy. In addition, host germ-line genetic 

variations may on the one hand influence therapy efficacy by influencing tumour cell 

exposure to drugs, and on the other hand influence host susceptibility to adverse 

effects.46 Especially common germ-line genetic variations, so called gene 

polymorphisms, may be of interest for the identification of patients who are susceptible to 

decreased treatment efficacy and/or increased treatment-related toxicity. Genes of 

interest are involved in drug availability (for example by coding for drug-metabolising 

enzymes), drug effector pathways and repair of chemotherapy-induced damage. 

Aim of the thesis 

The aim of this thesis is to explore predictors of chemotherapy efficacy and 

chemotherapy-related toxicity, in particular vascular toxicity, in testicular cancer patients 

treated with platinum-based chemotherapy. 

14 



General introduction and thesis outline 

Introduction to the University Medical Centre Groningen cohort of 

platinum-treated testicular cancer patients 

From the late 1 970s non-seminomatous testicular cancer patients with disseminated 

disease have been treated with cisplatin-based chemotherapy regimens, initially with 

PVB and later on with BEP. 

The studies in parts I and II of this thesis are based on the cohort of non-seminomatous 

testicular cancer patients treated with platinum-based chemotherapy between January 

1 977 and April 2004 (N=439). This cohort is rather homogeneous with respect to 

received cancer treatment: 88% of the patients have been treated with cisplatin and 

bleomycin (PVB and/or BEP). Disease and treatment characteristics are presented in 

table 2. 

Table 2. Disease and treatment characteristics of non-seminomatous testicular cancer patients 

treated with platinum-based chemotherapy (UMCG 1 977-2004, N=439). 

age at start chemotherapy 
stage {Royal-Marsden)t 

pulmonary metastases t 
non-pulmonary visceral metastasest 

prognosis (IGCCCf 

chemotherapy regimen§ 

disease outcome l 

testicular cancer-related death 

* median (range) or n (%) 

years 
II 
Ill 

IV 

good 
intermediate 
poor 
PVB+ 
PVB 
PVB/BEP 
BEP 
EP 
other 
refractory disease 
early relapse 
late relapse 

28 (1 6-64) 
201 (46%) 
30 (7%) 
207 {47%) 
208 (48%) 
23 {5%) 
214 (50%) 
1 48 (34%) 
70 (16%) 
45 ( 10%) 
43 (10%) 
22 (5%) 
271 (62%) 
29 {5%) 
29 {7%) 

28 (6.5%) 
35 (8.2%) 
30 {7.0%) 
64 {14.6%) 

t presence of pulmonary metastases unknown for 1 patient and presence of non-pulmonary visceral metastases 
unknown for 1 5  patients 

t IGCCC not assessable in 7 patients because of lack on data on tumour marker levels 
§ PVB+ = PVB followed by maintenance therapy with cisplatin and vinblastin 
I after completion of chemotherapy (428 patients) 
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Chapter 1 

With a median follow-up duration of 10 years (range 0-29) and an attained age of 40 

years (range 19-76), 79% of the cohort was alive at last follow-up date. With 15% of the 

cohort having died of testicular cancer, testicular cancer is the most common cause of 

death. (Figure 4) 
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Figure 4. Survival of non-seminomatous 
testicular cancer patients after platinum
based chemotherapy (UMCG 1977-2004, 
N=439): (A) overall and testicular cancer
related survival and (B) testicular cancer
related survival according to IGCCC 
prognosis. 

Data on follow-up status and common, (potentially) treatment-related events during 

chemotherapy and follow-up such as bleomycin-induced pneumonitis, second 

malignancy, venous thromboembolism and cardiovascular disease, are presented in 

table 3. These events contribute largely to the other causes of death. 

Current prospective studies on biomarkers for disease response and acute 

chemotherapy-related vascular toxicity (part 1 1 1  of the thesis) are based on both 

seminomatous testicular cancer patients and non-seminomatous testicular cancer 

patients treated with BEP from 2006. 
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General introduction and thesis outl ine 

Table 3. Follow-up data of non-seminomatous testicular cancer patients treated with platinum

based chemotherapy (UMCG 1 977-2004, N=439). 

. ' 

• , , • - • ~ l 
follow-up duration 

follow-up duration i!3 years 

attained age at last follow-up date 

deceased 

bleomycin-induced pneumonitis t 

second malignan� 

venous thromboembolism§ 

cardiovascular diseasel 

* median (range) or n (%} 
t in patients treated with bleomycin (n=394) 

years 

years 

total 
testicular cancer-related 
other causes 

bleomycin-induced pneumonitis 
cardiovascular 
infectious disease 
second malignancy 
chronic pulmonary disease 
unknown 

total 

second primary testicular tumour 
malignant transformation in mature teratoma 
other second malignancy 

total 
pulmonary embolism 
VAP-related thrombosis 
deep venous thrombosis leg 

total (;i!1 event(s)) 
coronE(ry heart disease 
cerebrovascular disease 
heart rhythm disorder 
peripheral vascular disease 
heart failure 
aortic aneurysm 
valvular dysfunction 
cardlomyopsthy 
pertcardltis 

10 (0-29) 

372 (85%} 

40 (19-76) 

91 (20.7%) 
84 (14.6%) 
26 (5.9%) 
6 (1.4%) 
6 (1.4%) 
5 (1. 1%) 
3 (0.7%) 
2 (0.4%) 
4 (0.9%) 
48 (12.2%) 

25 (6.0%) 
5 (1.2%) 
3 (0.7%) 
18 (4.4%} 
38 (9.0%} 
3 (0. 7%) 
23 (5.5%) 
12 (2.8%) 
38 (9.0%} 
22 (5.2%) 
5 (1.2%) 
5 (1.2%) 
4 (0.9%) 
3 (0.7%) 
2 (0.5%) 
2 (0.5%) 
2 (0.5%) 
1 (0.2%) 

:i: complete follow-up for 413 patients: 1 patient experienced both a second primary testicular tumour and another 
second malignancy 

§ venous thromboembolism during chemotherapy (complete follow-up for 422 patients); VAP = venous access 
port 
cardiovascular disease during chemotherapy and follow-up (complete follow-up for 422 patients): 6 patients 
experienced 2 types of events 

17 



Chapter 1 

Thesis outline 

Part I (chapters 2 and 3) of the thesis is focussed on Jong-term vascular toxicity in 

cancer survivors. Chapter 2 gives an overview of the current knowledge on the 

prevalence and aetiology of the metabolic syndrome, a cluster of cardiovascular risk 

factors which may represent an important connection between cancer treatment and its 

late effect of cardiovascular disease. Chapter 3 presents data on the prevalence and 

development of components of the metabolic syndrome after platinum-based 

chemotherapy for testicular cancer, the implications for vascular structure and function, 

and the role of hypogonadism. 

Part II (chapters 4 and 5) presents data on the exploration of gene polymorphisms in 

prediction of survival and chemotherapy-related vascular toxicity. In Chapter 4 the effect 

of a frequent gene polymorphism of Plasminogen-Activator Inhibitor 1 (PAl-1 ), a factor 

associated with thrombosis risk and prognosis in several cancer types, is explored with 

respect to survival and the occurrence of venous thromboembolism and coronary heart 

disease in testicular cancer patients treated with platinum-based chemotherapy. In 

Chapter 5 the effect of a common gene polymorphism of the bleomycin inactivating 

enzyme bleomycin hydrolase on testicular cancer related survival is investigated in 

patients treated with platinum- and bleomycin-containing chemotherapy. 

Part Ill ( chapters 6 and 7) describes candidate circulating biomarkers for early response 

to chemotherapy and chemotherapy-related vascular toxicity. Chapter 6 presents data of 

the clinical evaluation of circulating total and caspase-cleaved cytokeratin 18 (CK18), 

measured with M65 and M30 ELISAs, as biomarkers of chemotherapy-induced cell 

death. Levels of total and caspase-cleaved CK18 before BEP chemotherapy and 

chemotherapy-induced changes are compared to levels of and changes in the standard 

tumour markers aFP, j3HCG and LOH.  In Chapter 7 circulating endothelial cells are 

explored as potential markers for vascular damage induced by cisplatin-based 

chemotherapy. 

In Chapter 8 the results and recommendations for future research are discussed. 

Chapter 9 contains the summary of the thesis and Chapter 1 O the Dutch summary. 

1 8  
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Chapter 2 

Abstract 

The metabolic syndrome, as cluster of cardiovascular risk factors, may represent an 
important connection between cancer treatment and its common late effect of 
cardiovascular disease. Insight into the aetiology of the metabolic syndrome after cancer 
treatment may contribute to its incorporation into patient care and follow-up plans with 
the aim to identify and treat cancer survivors with increased cardiovascular risk. In this 
Review, we summarise current knowledge on the prevalence and pathophysiology of the 
metabolic syndrome in cancer survivors, and discuss current intervention strategies with 
attention for new developments. 
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Introduction 

Survival rates for cancer have gradually increased. Age-adjusted 5-year survival rate for 

all cancers in adults approximates 50%, with a high survival rate for prostate cancer 

(78%), breast cancer (79%), Hodgkin's disease (81%) and testicular cancer (97%).47 In 

children, adolescents and young adults 5-year survival rate for all cancers even exceeds 

80%.48 As a consequence long-term and late effects of cancer treatment, both physical 

and psychological, are of increasing importance. In survivors of childhood cancer as well 

as of adult-onset cancer, second malignancies and cardiovascular diseases are common 

severe late effects that may affect life expectancy and quality of life.49
•
50 

Cardiovascular disease may be the result of direct cardiovascular damage caused by 

cancer treatment or of accelerated atherosclerosis due to cancer treatment-related 

cardiovascular risk factors.39 From the late 1980s several studies have described the 

prevalence of cardiovascular risk factors in long-term cancer survivors. First in childhood 

cancer survivors51 and later in survivors of adult-onset cancer41
, it was recognised that 

these risk factors tend to cluster into the so-called metabolic syndrome. This syndrome 

may be an important entity, representing the connection to the increased risk of 

cardiovascular disease in cancer survivors. (Figure 1) This review focuses on the 

prevalence and current insights into the pathophysiology of the metabolic syndrome in 

cancer survivors and on intervention strategies. 

survivors 
100% 

0% 

treatment 

metabolic syndrome 

hypertension 

dyslipidaemia 

environmental factors 

I I 
genetic factors 

cancer survival I 

time (years) 

Figure 1. The metabolic syndrome may represent the connection to the increased risk of coronary 
heart disease in cancer survivors. 
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The metabolic syndrome 

The metabolic syndrome consists of factors from metabolic origin that tend to cluster, 

and is associated with an increased risk for type 2 diabetes mellitus and atherosclerotic 

disease. Initially, this clustering was called 'syndrome X' and suggested to be secondary 

to insulin resistance.52 More recently, several clinical criteria have been developed to 

characterise this syndrome.53 Table 1 shows different classification systems. 

Table 1. The metabolic syndrome according to different classification systems. 

Classification 
Name 

Components 
Obligatory 

Central obesity 

Dyslipidaemia - triglycerides 

Dyslipidaemia - HDL-cholesterol 

Blood pressure 

Glucose 

Other 

WHO (1999) 54 

metabolic syndrome 

diabetes mellltus 
or 
impaired glucose 
regulation 
or 
insulin resistance• 

+ 2: 2 of: 

o waist/hip > 0.90 
� waist/hip > 0.85 
or 
body mass index 
> 30 kg/m2 

2: 1.7 mmol/L 

0 < 0.9 mmol/L 
� < 1.0 mmol/L 

2: 140/90 mmHg 

microalbuminuria: 
urinary albumin excretion 
2: 20 µg/min 
or 
albumin/creatinine ratio 
2: 30 m / 

EGIR (1999) 55 

insulin resistance 
syndrome 

no diabetes mellltus 
and 
insulin resistance 
or 
fasting 
hyperinsulinaemia 
(the highest 25%) 

+ 2: 2 of: 

o waist 2: 94 cm 
� waist 2: 80 cm 

> 2.0 mmol/L 
or 
treatment 
< 1.0 mmol/L 
or 
treatment 

2: 140/90 mmHg 
or 
treatment 

fasting plasma glucose 
2: 6.1 mmol/L 

* impaired glucose regulation: impaired fasting glucose (plasma glucose 2:6.1 mmol/L) and/or impaired glucose 
tolerance (oral glucose tolerance test 2h post glucose load plasma glucose .::7.8 mmol/L and <11.1 mmol/L); 
insulin resistance: under hyperinsulinaemic euglycaemic conditions glucose uptake below lowest quartile for the 
background population under investigation. 
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These classifications correspond with respect to the core components dyslipidaemia, 

hypertension, central obesity and insulin resistance. 54•
59 However, over time emphasis 

was alternately laid on insulin resistance or obesity as the driving force, reflected by the 

terms 'insulin resistance syndrome' and 'metabolic syndrome'. The most recently 

proposed criteria emphasise the role of central obesity59 and reflect the hypothesis that 

visceral adipose tissue is causally related to the metabolic syndrome.60 (Figure 2) 

Table 1. (Continued) 

NCEP ATP Ill (2001) 56 

metabolic syndrome 

.: 3 of: 
o waist > 102 cm 
� waist > 88 cm 

.: 1.7 mmol/L 

o < 1.03 mmol/L 
� < 1.29 mmol/L 

.: 130/� 85 mmHg 

fasting plasma glucose 
.: 6.1 mmol/L 

ACE (2003) 57 

insulin resistance 
syndrome 

no diabetes mellitus 
and 
clinical judgement based 
on the number and 
severity of the 
components and takino 
in account risk factors1 

> 1.7 mmol/L 

o < 1.03 mmol/L 
� < 1.29 mmol/L 

> 130/85 mmHg 

fasting plasma glucose 
6.1- 7.0 mmol/L 
or 
impaired glucose 
tolerance 

AHA/NHLBI (2005) 58 

metabolic syndrome 

.: 3 of: 
o waist .: 102 cm 
� waist .: 88 cm 

.: 1.7 mmol/L 
or 
treatment 
o < 1.03 mmol/L 
� < 1 .29 mmol/L 
or 
treatment 
systolic � 130 
or 
diastolic .: 85 mmHg 
or 
treatment 
fasting plasma glucose 
.: 5.6 mmol/L 
or 
treatment 

IDF (2006) 59 

metabolic syndrome 

increased waist 
circumference (ethnicity 
specific) 
or 
body mass index 
> 30 kg/m2 

+ .:  2 of: 

.: 1.7 mmol/L 
or 
treatment 
o < 1.03 mmol/L 
� < 1.29 mmol/L 
or 
treatment 
systolic � 130 mmHg 
or 
diastolic .: 85 mmHg 
or 
treatment 
fasting plasma glucose 
.: 5.6 mmol/L 
or 
previously diagnosed 
type 2 diabetes mellitus 

t risk factors: a.o. body mass index >25 kg/m2 or increased waist circumference (o waist >102 cm; � waist >88 
cm), diagnosis of cardiovascular disease, polycystic ovary syndrome, family history of type 2 diabetes mellitus, 
sedentary lifestyle, age >40 years. 
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l&if·iiliHl:13 

VLOULDL i 
TG i 
HDL .J. 
glucose i 
PAl-1 i 
fibrinogen i 
CRP i 

/
___.. 

/ insulin i 

prothrombotic 
PAl-1 i 
fibrinogen i 

TNF- a i 
IL-6 i 

adiponectin .J. 

TNF- a i  
IL-6 i 

adiponectin .J. 

pro-inflammatory 
TNF- a i  
IL-6 i 
adiponectin .J. 
CRP i 

PAl-1 i FFA i 

FFA i 

insulin resistance ectopic fat 

���· 

Figure 2. Pathophysiology of the metabolic syndrome. 
In obese individuals, adipose tissue releases an excess of free fatty acids (FFA). Associated 
conditions are ectopic fat disposition and increased production of very low density lipoproteins 
(VLDL) and triglycerides (TG) by the liver. A concomitant increase in low density lipoproteins (LDL) 
and decrease in high density lipoproteins (HDL) contributes to atherogenic dyslipidaemia. In 
addition, FFA inhibit insulin-mediated glucose uptake in muscle and stimulate glucose production by 
the liver, contributing to hyperglycaemia. Hyperinsulinaemia is secondary to the decreased insulin 
sensitivity and increased FFA levels. Vascular changes may lead to the development of 
hypertension. The pro-inflammatory state is associated with the excess production of pro
inflammatory cytokines such as tumour-necrosis-factor-a (TNFa) and interleukin-6 (IL-6) by adipose 
tissue and C-reactive protein (CRP) by the liver, and with decreased production of anti-inflammatory 
adiponectin. The production of plasminogen-activator inhibitor-1 (PAl-1) by adipose tissue, and PAl-
1 and fibrinogen by the liver contribute to the prothrombotic state. 
In cancer survivors deficiencies in growth hormone (GH), insulin-like growth factor-1 (IGF-1), thyroid 
hormones (T4 and T3), testosterone, and oestrogen have been related to the metabolic syndrome. 
Although the exact mechanisms have not been elucidated yet, deficiencies of these hormones are 
mainly associated with central obesity and, probably (partially) mediated via increased fat mass, 
with insulin resistance and dyslipidaemia. Toxicity to these hormone axes (depicted in blue bars) 
may be caused by both local and systemic cancer treatments. 
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In contrast to subcutaneous fat, visceral adipose tissue may directly lead to 

manifestations of the metabolic syndrome by its hyperlipolytic state and the contribution 

of the excess of free fatty acids to insulin resistance. Moreover, adipose tissue is 

increasingly considered an endocrine organ that in obese persons releases an excess of 

pro-inflammatory cytokines such as tumour-necrosis-factor-a (TNFa) and interleukin-6 

(IL-6), shows a low release of the anti-inflammatory and insulin sensitising adipokine 

adiponectin and produces plasminogen-activator inhibitor 1 (PAl-1 ).53
•
60 These factors 

may contribute to associated conditions like insulin resistance, pro-inflammatory state 

and prothrombotic state. 

According to the 'lipid overflow-ectopic fat model' the inability of dysfunctional 

subcutaneous adipose tissue to store energy excess ( caused by excess caloric intake 

and/or sedentary lifestyle) leads to fat deposition in visceral adipose tissue and organs 

such as liver, skeletal muscle and heart, a process called ectopic fat deposition.60 

The increasing prevalence of obesity in the general population probably contributes to 

the increased prevalence of the metabolic syndrome in developed countries. At least 

25% of adults in the Americas and Europe has this syndrome61
, and this is associated 

with a 2-fold risk for cardiovascular events.62 

Although there is consensus about the concept of clustering of metabolic risk factors, the 

value of classifying the metabolic syndrome as predictor for cardiovascular risk is far 

from clear.63
•
64 This is fuelled by the lack of evidence that the current classification 

systems for the metabolic syndrome are good predictors for cardiovascular disease, 

stronger than the sum of the separate components. However, considering the metabolic 

syndrome as a risk factor draws the attention to the fact that its components are 

interrelated and probably have the same aetiology. In addition, it may contribute to the 

identification and subsequent treatment of high-risk individuals. With insight into its 

aetiology this treatment may be directed to a central point instead of treatment of the 

separate components. 

The importance of the concept of the metabolic syndrome is further underscored by the 

increasing evidence that its individual components, especially overweight and insulin 

resistance, but also the syndrome per se are associated with cancers such as colon and 

breast cancer. 55-se Proposed mechanisms are amongst others the tumour growth 

stimulating effects of insulin, insulin-like growth factor 1 (IGF-1), adipose tissue derived 

adipokines and pro-inflammatory cytokines, and increased oestrogen levels due to 

aromatase activity of adipose tissue.65
•
66 
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The metabolic syndrome and previous cancer treatment 

When considering the metabolic syndrome in cancer survivors, the question arises 

whether it is more prevalent in cancer survivors than in the healthy background 

population. In addition, the association between the metabolic syndrome and the 

increased risk for certain cancer types makes it more likely that cancer patients will 

display aspects of the metabolic syndrome at time of diagnosis or during follow-up. 

In 1 996 Talvensaari and colleagues described an increased risk for the metabolic 

syndrome in a group of 50 long-term survivors of childhood cancer, mainly treated with a 

combination of chemotherapy and radiotherapy.51 At a median age of 1 8  years and 

follow-up duration of 1 3  years, 1 6% had the combination of obesity, hyperinsulinaemia 

and reduced HDL-cholesterol levels, compared to none of the healthy controls. This 

clustering of risk factors was associated with lower growth hormone levels. At time of this 

publication, the previously mentioned classification systems of the metabolic syndrome 

had not been developed yet. Up to now, the majority of the publications have focussed 

on one or more of the separate components. The number of studies describing the 

metabolic syndrome as a whole is limited. Table 2 gives a summary of the studies until 

now that describe the prevalence of the metabolic syndrome in cancer survivors. Both 

studies on childhood and adult-onset cancer are included. Differences in cancer types 

and used treatment modalities may consequently lead to differences in aetiology. 

However, since an overlap exists in tumour types occurring during childhood and young 

adulthood as well as in treatment strategies, combining the knowledge on the metabolic 

syndrome from studies in childhood cancer survivors and adult cancer survivors may 

contribute to insight into its pathophysiology and intervention strategies. 

The metabolic syndrome in cancer survivors: prevalence 

In survivors of childhood malignant haematological disease the metabolic syndrome is 

observed in up to 39% of those treated with a combination of chemotherapy and cranial 

and/or total body irradiation and up to 8% of those treated with chemotherapy alone.69
"
73 

(Table 2) Two studies compared the prevalence of the metabolic syndrome in childhood 

cancer survivors treated with chemotherapy and cranial radiotherapy to the prevalence in 

healthy controls. The first study showed a comparable prevalence70 while the second 

showed an increased prevalence.71 However, in the first study (subgroups of) cancer 

survivors showed a higher prevalence of abdominal obesity, low HDL-cholesterol and 

hypertension. In the second study all survivors were growth hormone deficient compared 

to 58% being growth hormone deficient and 27% growth hormone insufficient in the first 
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study. Since growth hormone deficiency is associated with an increased risk for the 

metabolic syndrome, this may have contributed to the higher prevalence in the second 

study. 

In survivors of brain tumours the metabolic syndrome was described in 20% of the 

survivors treated with cranial radiotherapy (in 70% combined with chemotherapy).74 No 

metabolic syndrome was observed in survivors treated without cranial radiotherapy. 

(Table 2) In sarcoma survivors, all treated with chemotherapy and in 40% combined with 

cranial and/or total body irradiation, the prevalence of the metabolic syndrome was 

33%.75 The survivors showed a higher prevalence compared to the background 

population at an age less than 40 years, suggesting earlier development of the metabolic 

syndrome. 75 

In adult-onset cancer survivors the metabolic syndrome has been assessed in testicular 

cancer and after stem cell transplantation for haematological disease42
•
76

"
78

, while the 

effect of androgen deprivation on the metabolic syndrome has been studied in patients 

with prostate cancer.79 Reported prevalence varies between 26% and 55%. (Table 2) 

In one of the two studies on testicular cancer survivors the prevalence of the metabolic 

syndrome was higher both in chemotherapeutically treated and only surgically treated 

survivors (26% and 36%) compared to healthy controls (9%).42 The other study did not 

find a higher prevalence of the metabolic syndrome after chemotherapy, radiotherapy or 

surgery alone (40-48%, 42% and 33%) compared to healthy controls (51 %).76 The 

controls in the second study were older than the survivors and may consequently have 

shown a higher prevalence of the metabolic syndrome.76 

The prevalence of the metabolic syndrome after stem cell transplantation for adult-onset 

malignant haematological disease, preceded by chemotherapy and in about three

quarter by total body irradiation, was described in two studies and was reported as 34% 

and 49%, higher than in the reference population.77
•
78 

Prostate cancer patients on androgen deprivation therapy, mainly consisting of 

gonadotrophin-releasing hormone (GnRH) agonists, also showed a higher prevalence of 

the metabolic syndrome (55%) than patients treated with prostatectomy and/or 

radiotherapy (22%) and healthy controls (20%).79 

Drawing conclusions about the prevalence of the metabolic syndrome in cancer 

survivors is hampered by the limited number of studies, use of different classifications, 

and high variability in follow-up duration and age. Moreover, the study populations are 

often small and comparison to a healthy background population and pre-treatment data 

is often lacking. In addition, the contribution of the separate components to the metabolic 

syndrome in cancer survivors is unclear. 
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Table 2. Summary of studies describing the prevalence of the metabolic syndrome in cancer 
survivors. 

RefeteAM: 

Childhood cancer-1: 
Kourti et al. 
2005 69 

Gumei et al. 
2006 7 

Follin et al. 
2006 " 71 

Trimis et al. 
2007 72 

Taskinen et al . 
2007 73 

Pietila et al. 
2009 74 

Hoffman et al. 
2008 75 

��00 

ALL § 
29 0 
23 !? 
ALL 
31 o 
44 !? 

ALL 
6 0 
1 2  !? 

ALL 
50 o' 
30 !? 

mainly 
leukaemia 
17 o 
14 !? 

brain 
tumour 
27 o 
25 !? 

sarcoma 
1 7  o 
15 !? 

'f�1"�fSJ} 

chemotherapy (52) 

1 .  chemotherapy + cranial 
radiotherapy (50) 

2. chemotherapy (25) 

compared to 
healthy persons (730) 
chemotherapy + cranial 
radiotherapy (1 8) 
compared to 
healthy persons (18) 
1 .  chemotherapy + cranial 

radiotherapy ( 1 8) 
2. chemotherapy (62) 

chemotherapy + stem cell 
transplantation (31 )  
+ total body irradiation (28) 

1. surgery +cranial 
radiotherapy (20) 
+ chemotherapy (14) 

2. surgery (32) 
+ chemotherapy (3) 

chemotherapy (32) 
+ cranial and/or total body irradiation 
(13) 

compared to 
reference data healthy 
population 

* Median (range) or mean (± standard deviation); n.a. = not available 

4tt:1:d 
� 

n.a. 

6 (±4) 

4 ( 1-17)  

7 (±3) 

4 (±3) 

9 (1-1 9) 

7 (0-16) 

6 ( 1 - 16) 

1 5  (7-34) 

� •• 
� �QI ,. 

6% 15 (6-23) 

1 8% 30 (±7) 

8% 

1 7% n.a.(20-45) 
33% 26 (22-31 ) 

6% age-matched 
22% 14 (±5) 

8% 14  (±5) 

39% 15 (7-34) 

20% 17 (5-29) 

0% 13 (4-25) 

33% 37 (1 8-55) 

'similar' age-matched 
(lower at 
age <40) 

t Prevalence of the separate components of the metabolic syndrome according to used classification system for 
analysed group(s) of cancer survivors 

:i: The study on the metabolic syndrome in sarcoma survivors (Hoffman et al.) included also survivors treated as 
adolescent or young adult 
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Table 2. (Continued) 

3 (1-10) 

25 (±5) 

22 (13-27) 

6 (±4) 

6 (±4) 

6 ( 1-20) 

6 (1-1 5) 

17 (3-33) 

compound 

AHA/ 
NHLBI 

IDF 

compound 

WHO 

IDF 
(modified for 
age <18 years) 

NCEP ATPI I I  
(modified) 

Component 
Obesity 
Hypertriglyceridaemia 
Low HDL cholesterol 
Component 
Obesity 
Hypertriglyceridaemia 
Low HDL cholesterol 
Hyperglycaemia 
Hypertension 

Component 
Hyperglycaemia 

Component 
Obesity 
Hypertriglyceridaemia 
Low HDL cholesterol 
Hyperinsulinaemia 
Hypertension 
Component 
Obesity 
Hypertriglyceridaemia 
Low HDL cholesterol 
Hyperinsulinaemia 

Component 
Obesity 
Hypertriglyceridaemia 
Low HDL-cholesterol 
Hyperglycaemia 
Hyperinsulinaemia 
Hypertension 

Component 
Obesity 
Hypertriglyceridaemia 
Low HDL cholesterol 
Hyperglycaemia 
Hypertension 

§ ALL = Acute Lymphoblastic Leukaemia 

6% 
23% 
33% 
1. 2. 
44% 28% 
24% 8% 
66% 44% 
1 2% 0% 
22% 1 6% 

55% 

1. 2. 
39% 2 1 %  
22% 21 % 
1 1 %  1 3% 
22% 3% 
22% 21 % 

48% 
42% 
23% 
58% 

1. 2. 
30% 1 6% 
20% 3% 
25% 1 3% 
0% 0% 
5% 3% 
40% 1 3% 

53% 
53% 
28% 
9% 
41% 

" In this study survivors with confirmed growth hormone deficiency were evaluated 

cranial 
radiotherapy 
growth 
hormone 
deficiency 

growth 
hormone 
deficiency 

cranial 
radiotherapy 
thyroid 
dysfunction 
reduced IGF-1 

growth 
hormone 
deficiency 

cranial 
radiotherapy 
growth 
hormone 
deficiency 
hypothalamic/ 
hypophyseal 
damage 
(=hormone 
therapy) 
low 
testosterone 
inactivity 
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Table 2. (Continued) 

� �M 
� 

Adult-onset cancer 
Nuver et al. testicular 1 .  cisplatin-based 29 (1 7-53) 26% 37 (20-65) 
2005 42 cancer chemotherapy (86) 

1 30 d' 2. orchidectomy only (44) 36% 36 (24-63) 
compared to 
healthy persons (47) 9% 37 (22-55) 

Haugnes et al. testicular 1 .  ctsplatln-based 
2007 76 cancer chemotherapy (464) 

1 135 r:J  a. > 850 mg 26 (15-48) 48% 36 (25-59) 
b. � 850 mg 29 (15-52) 40% 42 (23-60) 

2. radiotherapy (446) 34 (18-51 ) 42% 45 (28-60) 
3. orchidectomy only (225) 29 (16-53) 33% 41 (24-60) 
compared to 
healthy persons (1 1 50) 51% 48  (30-60) 

Braga-Basaria prostate 1 .  androgen deprivation (20) n.a. 55% 70 (±8) 
et al. cancer 2. prostatectomy and/or n.a. 22% 66 (±10) 
2006 79 38 d' radiotherapy ( 1 8) 

compared to 

healthy persons (20) 20% 69 (±8) 
Annaloro et al. mainly chemotherapy + stem cell 37(16-55) 34% 46 (26-63) 
2008 n leukaemia transplantation (85) 

and + total body imldlatlon (66) 

lymphoma + high dose chemotherapy (69) 

47 d' compared to 
38 !? reference data healthy 1 5% n.a. 

population {2100) 
Majhail et al .  mainly chemotherapy + stem cell 45 (1 8-68) 49% 50 (21-71 ) 
2009 78 leukaemia transplantation (86) 

and + total body lrradistlon (66) 

lymphoma + high dose chemotherapy (49) 

55 d' compared to 
31 � reference data healthy 30% age-matched 

population (258) 
* Median (range) or mean (± standard deviation); n.a. = not available 
t Prevalence of the separate components of the metabolic syndrome according to used classification system for 

analysed group(s) of cancer survivors 

The metabolic syndrome in cancer survivors: treatment-related 

pathophysiology 

Insight into the aetiology of the metabolic syndrome in cancer survivors, that may differ 
from the aetiology in the general population, may contribute to efficient preventive and 
therapeutic measures. Both local (surgery and radiotherapy) and systemic cancer 
treatments ( chemotherapy and hormonal therapy) can cause changes in endocrine 
and/or metabolic functions that may contribute to the development of the metabolic 
syndrome. Additionally, miscellaneous causes and the contribution of lifestyle factors will 
be discussed. 
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Table 2. (Continued) 

7 (3-13) 

9 (5-20) 
12 (5-22) 
1 1  (5-21)  
12 (5-21) 

4 (1 -8) 
n.a. 

9 (6-21) 

3 ( 1 -21)  

NCEP ATPIII 

compound 

NCEP ATPIII 

AHA/ 
NHLBI 

AHA/ 
NHLBI 

Hormonal changes 

Component 
Obesity 
Hypertriglyceridaemia 
Low HDL cholesterol 
Hyperglycaemia 
Hypertension 
Component 
Obesity 
Hypercholesterolaemia 
Type 2 diabetes mellitus 
Hypertension 

Component 
Obesity 
Hypertriglyceridaemia 
Low HDL cholesterol 
Hyperglycaemia 
Hypertension 

Component 
Insulin resistance 
Hypertension 

Component 
Obesity 
Hypertriglyceridaemia 
Low HDL cholesterol 
Hyperglycaemia 
Hypertension 

Disturbances of the hypothalamus-pituitary axis 

1 .  
12% 
36% 
58% 
4% 
67% 
1. 
18% 
68% 
3% 
46% 

1. 
75% 
55% 
35% 
65% 
45% 

35% 
49% 

44% 
58% 
41% 
41% 
56% 

2. low 
1 1 % testosterone 
39% 
61% 
2% 
84% 
2. 3. low 
12% 13% testosterone 
70% 67% cumulative 
3% 2% cisplatin dose 
46% 34% 

2. androgen 
33% deprivation 
44% 
50% 
16% 
28% 

hypogonadism 

Damage to the hypothalamus-pituitary axis can lead to growth hormone deficiency and 

through deficiencies in thyrotrophin, gonadotrophin and adrenocorticotrophin to 

secondary deficiencies in thyroid hormones, sex hormones and adrenal hormones. 

Deficiencies in growth hormone, thyroid hormones, testosterone and oestrogen have 

been associated with the metabolic syndrome or its components. (Figure 2) 

The hypothalamus and pituitary are particularly sensitive to radiation, a common 
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treatment in childhood cancer survivors. Cranial radiotherapy with a dose of 1 8-24 Gy 

can lead to isolated growth hormone deficiency, while at 30-50 Gy also deficiencies in 

the gonadotrophin, adrenocorticotrophin and thyrotrophin axes can develop, and a dose 
>60 Gy will cause panhypopituarism.80 The effects of chemotherapy on hypothalamus 

and pituitary have not been studied extensively. With respect to the endocrine 

deficiencies, current information on the association between secondary deficiencies due 

to damage to the hypothalamus-pituitary axis as mainly observed in childhood cancer 

survivors, as well as primary deficiencies due to local or systemic cancer treatment will 

be described. 

Growth hormone deficiency 
Growth hormone stimulates protein synthesis and contributes to lipolysis. Indirectly, via 

stimulation of insulin-like growth factor 1 (IGF-1 ) production by liver and local tissues, it 

exerts insulin-like effects such as stimulation of glucose uptake into peripheral tissues. 

Growth hormone deficiency leads to decrease in linear growth at (pre)pubertal age and 

is associated with changes in body composition. These changes comprise reduction in 

lean body mass and increase in fat mass, and are associated with dyslipidaemia and 

insulin resistance. 81 

The potential role of growth hormone deficiency in the development of the metabolic 

syndrome was first suggested by Talvensaari and colleagues, who showed that 

childhood cancer survivors with a combination of obesity, hyperinsulinaemia and 

reduced HDL-cholesterol (present in 1 6%) had lower growth hormone levels compared 

to survivors without this combination.51 Growth hormone deficiency is the most common 

endocrine dysfunction in survivors treated with cranial radiotherapy and is associated 

with obesity. Both survivors of acute lymphoblastic leukaemia (ALL)82 and brain cancer83
, 

the most common diagnoses amongst childhood cancer survivors, showed a 2- to 3-fold 

risk for developing obesity (BMI � 30 kg/m2) after cranial radiotherapy compared to 

population norms. Since overweight is part of the metabolic syndrome, this may suggest 

that especially childhood cancer survivors treated with cranial radiotherapy are at risk for 

the metabolic syndrome. In contrast, childhood cancer survivors treated without cranial 

radiotherapy are more likely to be underweight.84 It is currently unknown whether 

underweight predisposes cancer survivors to development of the metabolic syndrome. 

Cranial radiotherapy has also been associated with other metabolic changes such as 

dyslipidaemia and insulin resistance in young adult ALL survivors.85 These observations 

support the hypothesis that cranial radiotherapy-induced growth hormone deficiency may 

contribute to the development of the metabolic syndrome. Since cranial radiotherapy is 

currently used less frequently to treat childhood ALL, a decrease in prevalence of growth 
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hormone deficiency can be expected. 

Several authors related growth hormone deficiency directly to clustering of risk factors 

into the metabolic syndrome, while others did indirectly by reporting reduced IGF-1 levels 

as surrogate marker for decreased growth hormone action.10
-
74 (Table 2) 

Although the underlying mechanism and site of damage are unknown, observations in 

cancer survivors treated without cranial radiotherapy suggest that chemotherapy can 

also affect the growth hormone axis, but less extensively than radiation or surgery. After 

chemotherapy regimens including intrathecal administration of methotrexate86 as well as 

systemic chemotherapy alone75 growth hormone deficiency has been described. Gurney 

and colleagues found growth hormone deficiency in 21 % of survivors treated with 

chemotherapy alone compared to 85% of survivors treated with chemotherapy and 

radiotherapy.70 Hoffman and co-workers also observed growth hormone deficiency in 

sarcoma survivors treated with chemotherapy and without cranial radiotherapy. 75 

However, Nuver and colleagues did not find a difference in surrogate marker IGF-1 

between chemotherapeutically treated testicular cancer survivors and healthy controls42 , 

and Trimis and colleagues found no reduction in IGF-1 in ALL survivors treated with 

chemotherapy alone compared to 67% of the survivors treated with chemotherapy and 

radiotherapy.72 (Table 2) 

In summary, growth hormone deficiency is a common long-term effect of treatment in 

childhood cancer survivors, especially after cranial radiotherapy, and is associated with 

the metabolic syndrome. The effect of chemotherapy on growth hormone deficiency and 

its association with the metabolic syndrome is unclear. 

Thyroid hormone deficiency 
The influence of thyroid function on metabolism extends into the euthyroid range with an 

association between low normal thyroid hormone levels and several components of the 

metabolic syndrome: increased waist circumference, increased triglyceride and fasting 

glucose levels, and decreased HDL-cholesterol. 87 Hypothyroidism is mainly seen after 

radiotherapy comprising the thyroid gland region. At risk are survivors of Hodgkin's 

disease and of head and neck cancer. In the Childhood Cancer Survivor Study 28% of 

Hodgkin's disease survivors reported hypothyroidism. The estimated 20-year risk was 

50% for radiation dose MS Gy.88 After radiation for head and neck cancer estimated 5-

year risk for hypothyroidism varies from 20% to 48%.89
•
90 

Hypothyroidism can also be secondary to irradiation of the hypothalamus-pituitary axis. 

Trimis and colleagues observed in 50% of childhood ALL survivors treated with cranial 

radiotherapy thyroid dysfunction compared to none of the survivors treated with 

chemotherapy alone.72 (Table 2) The radiotherapy group showed a higher prevalence of 
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the metabolic syndrome (22% versus 8%). This could, however, also be related to 

reduced IGF-1 levels as described before. 

Total body irradiation as conditioning therapy for haematopoietic stem cell 

transplantation can lead to both primary and secondary hypothyroidism.91 Taskinen and 

colleagues found a prevalence of 13% for hypothyroidism in survivors mainly treated with 

total body irradiation. Of the survivors with the metabolic syndrome 25% were treated for 

hypothyroidism compared to 5% of the survivors without the metabolic syndrome (not 

significant).73 (Table 2) 

The role of chemotherapy in the development of hypothyroidism appears to be limited. In 

the Childhood Cancer Survivor Study 7 ·6% of the survivors treated with chemotherapy 

alone had hypothyroidism compared to 1 ·4% of the healthy controls.88 Nuver and co

workers found no difference in thyroid function between chemotherapeutically treated 

testicular cancer survivors and healthy controls.42 (Table 2) 

In summary, hypothyroidism is mainly found after neck radiation for Hodgkin's disease, 

and head and neck cancer, and after total body irradiation for stem cell transplantation in 

haematological disease. The effects of chemotherapy appear less profound. Data on the 

association between hypothyroidism and the metabolic syndrome in cancer survivors are 

limited. 

Sex hormone deficiency 

Male survivors: testosterone deficiency 
In the general male population low testosterone levels have been associated with 

visceral obesity, insulin resistance and dyslipidaemia and accordingly, an increased risk 

for development of the metabolic syndrome.92 

In cancer survivors low testosterone levels can be primary, resulting from orchidectomy 

and direct damage by radiotherapy or chemotherapy with alkylating agents and heavy 

metals. Secondary gonadal dysfunction is caused by the effect of radiotherapy or GnRH 

agonists on the hypothalamus-pituitary axis. 

In childhood cancer survivors, decrease in testosterone levels has for example been 

associated with cranial radiotherapy for brain tumours.93 

In adult cancer survivors testosterone deficiency has particularly been studied in 

testicular cancer survivors. Nuver and colleagues observed that both patients treated 

with orchidectomy alone and patients treated with orchidectomy plus chemotherapy had 

increased LH levels compared to healthy controls, indicating decreased Leydig cell 

function. Testosterone was decreased only in survivors treated with orchidectomy plus 

chemotherapy.42 Both groups showed a higher prevalence of the metabolic syndrome 
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than healthy controls. Presence of the metabolic syndrome was associated with lower 

total testosterone levels. Haugness and collaegues also found an association between 

low testosterone levels and the metabolic syndrome in testicular cancer survivors.76 The 

lowest testosterone levels were found after a high cumulative dose of cisplatin (>850mg). 

This group had higher odds for the metabolic syndrome compared to healthy controls. 

(Table 2) 

In men treated with chemotherapy for haematological cancer, 32% of the survivors had 

Leydig cell impairment. Although body mass index did not differ between survivors with 

and survivors without Leydig cell impairment, the ratio of truncal to non-truncal fat was 

higher in persons with Leydig cell impairment and inversely correlated to testosterone 

level.94 Androgen deprivation therapy in prostate cancer patients, comprising of 

orchidectomy or GnRH agonists, has been associated with increase in fat mass and 

decrease in lean body mass, rises in insulin levels or hyperglycaemia, and changes in 

serum lipid levels.79
•
95 Braga-Brasaria and colleagues observed the metabolic syndrome 

in 55% of patients treated with androgen deprivation, compared to 22% of patients 

treated with prostatectomy and/or radiotherapy and 20% of healthy controls.79 (Table 2) 

However, recently the question was raised whether the term metabolic syndrome fits the 

observed effects of GnRH agonists, since in a prospective study a somewhat distinct 

pattern of metabolic changes was found with increased subcutaneous fat, HDL

cholesterol and serum adiponectin levels.96 

In summary, testosterone deficiency is a common complication of several cancer 

treatment modalities, including orchidectomy, radiotherapy (local and cranial), 

chemotherapy and therapy with GnRH agonists, and has been associated with the 

metabolic syndrome. 

Female survivors: oestrogen deficiency 
Oestrogen deficiency is associated with central obesity, and probably (partially) mediated 

by increased fat mass, with dyslipidaemia and insulin resistance.97 Induction of low 

oestrogen levels by bilateral oophorectomy leads to an increased prevalence of the 

metabolic syndrome (47% compared to 36% in controls).98 

In cancer survivors low oestrogen levels can be caused by oophorectomy, direct damage 

by radiotherapy or chemotherapy, or secondary gonadal dysfunction due to cranial 

radiotherapy (>30 Gy) on the hypothalamus-pituitary axis. 

Excluding the effect of cranial radiotherapy, in the Childhood Cancer Survivor Study 

another 6% of the female survivors had acute ovarian failure and an additional 8% 

developed premature menopause compared to 0·8% of healthy controls. Risk factors 

were abdominal-pelvic radiotherapy (incidence of acute ovarian failure up to > 70% at 
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�20 Gy) and chemotherapy, especially alkylating agents (cumulative incidence of 

premature menopause up to 8%).99 

Taskinen and colleagues observed that more than half of the female childhood cancer 

survivors after bone marrow transplantation had hypogonadism. 1 00 Of those with 

hypogonadism 63% showed the combination of hyperinsulinaemia and 

hypertriglyceridaemia compared to none of the survivors without hypogonadism. 

Chemotherapy for breast cancer also induces premature menopause in about half of the 

survivors, which is associated with a relative increase in body fat and increases in total 

cholesterol, LDL-cholesterol and triglycerides. 1 01
•

1 02 Whether these changes are 

consequently associated with an increased prevalence of the metabolic syndrome has 

not been reported. In addition, the influence of hormonal therapy with oestrogen receptor 

antagonists and aromatase inhibitors is unclear. While tamoxifen might have a 

favourable effect on total cholesterol and LDL-cholesterol levels 1 02
, the described effects 

of aromatase inhibitors on lipid profile vary from unfavourable to favourable. 103 

In summary, oestrogen deficiency is a common complication of cancer treatment, 

especially after abdominal-pelvic radiotherapy and chemotherapy with alkylating agents. 

Although oestrogen deficiency is associated with unfavourable metabolic changes, its 

influence on the prevalence of the metabolic syndrome in cancer survivors is unknown. 

In addition, the effect of hormonal agents has not been elucidated yet. 

Changes in metabolism 

In childhood ALL survivors treated with cranial radiotherapy reduced energy expenditure 

has been described during exercise 1 °4, but also in rest. 1 05 This may be associated with 

hormone deficiencies such as of growth hormone and thyroid hormones. 105 In addition, it 

has been postulated that damage to the hypothalamus-pituitary axis after cranial 

radiotherapy, may lead to hypothalamic resistance to negative feedback of leptin on 

energy intake and its positive feedback on energy expenditure. Consequently, survivors 

may be at increased risk for developing obesity. 1 06 

Magnesium, although the exact mechanism is unknown, has been associated with 

several components of the metabolic syndrome. Magnesium intake is inversely 

associated with both the metabolic syndrome and its separate components. 1 07 Since 

hypomagnesaemia is a common short- and long-term effect of treatment with cisplatin 108, 

hypomagnesaemia may contribute to the metabolic syndrome after cisplatin-based 

chemotherapy. An inverse association was found between magnesium and the risk of 

cardiovascular disease in survivors of testicular cancer.34 However, Haugnes and 

colleagues found no difference in serum magnesium levels between testicular cancer 
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survivors treated with cisplatin-based chemotherapy and survivors treated with 

radiotherapy or orchidectomy alone, or healthy controls. 76 Although intracellular 

magnesium content may be more representative for the actual magnesium state, this 

has not been described yet in relation to the metabolic syndrome in cancer survivors. 

It is unknown whether cancer treatment, for example chemotherapy, contributes to the 

metabolic syndrome by direct toxicity to fat tissue. It could be hypothesised that direct 

toxicity leads to dysfunctional adipose tissue in cancer survivors, thus contributing to the 

extensively described changes in body composition, insulin resistance and increased 

production of pro-inflammatory adipokines. In addition, direct toxicity to muscle might 

also cause insulin resistance. 

Miscellaneous causes 

Chemotherapy may cause direct endothelial damage, as described for platinum and 

bleomycin.109 Since endothelial dysfunction contributes to insulin resistance110, 

chemotherapy-induced endothelial damage may contribute to the development of the 

metabolic syndrome. 

The metabolic syndrome has also been associated with increased sympathetic nervous 

system activity, although it is unknown whether sympathetic nervous system activity has 

a role in its aetiology or merely in its progression.1 1 1  It seems conceivable that treatment 

related neurotoxicity may also comprise autonomic dysfunction. Impaired arterial 

baroreflex has been associated with increased sympathetic nervous activity and the 

metabolic syndrome.11 1 

Contribution of lifestyle factors 

Lifestyle factors such as physical activity, dietary intake and smoking habits influence the 

risk of developing the metabolic syndrome. Cancer treatment related lifestyle changes, 

due to somatic complications or psychological factors such as stress and health

consciousness, may be important. 

For example, decreased physical activity was noticed in survivors of childhood cancer.112 

Musculoskeletal, neurological and cardiorespiratory restrictions may contribute. Obesity 

in breast cancer survivors has been associated with both pre-treatment obesity and 

decreased physical activity during follow-up.113 In contrast, in long-term survivors of 

testicular cancer a higher level of physical activity was established than in the general 

population.114  

Lifestyle factors may have a more than additive effect to cancer treatment related 

cardiovascular risk. For example, this was found for smoking and radiotherapy on the 
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risk of myocardial infarction in breast cancer survivors. 115 

The metabolic syndrome in cancer survivors and cardiovascular damage 

The increased risk for the metabolic syndrome in cancer survivors may contribute to the 
earlier development of atherosclerosis and related diseases in already predisposed 
persons. On the other hand it might lead to development of atherosclerosis in persons 
who otherwise would not develop it. However, before cardiovascular disease becomes 
overt, signs of cardiovascular damage may already be present. 
Heikens and co-workers observed that survivors of childhood brain cancer had, in 
addition to an unfavourable metabolic risk profile, an increased intima-media thickness of 
the carotid bulb compared to healthy controls. 116 Nuver and collaegues found in a 
subgroup of chemotherapeutically treated testicular cancer survivors with elevated PAl-1 
levels and a metabolic syndrome-like state, decreased distensibility and increased 
stiffness of the common carotid artery. 39 Microalbuminuria as marker for generalised 
endothelial dysfunction, was present in 12% of the testicular cancer survivors compared 
to 5% in the reference population. Smith and co-workers found an association between 
androgen deprivation therapy for prostate cancer and arterial stiffness.95 

In addition, cancer treatment per se may form a risk factor for the development of 
cardiovascular disease. Direct cardiotoxicity has been reported for mediastinal 
radiotherapy and anthracyclines containing chemotherapy 117

, and direct vascular toxicity 
for platinum and bleomycin 109

. Whether the metabolic syndrome has a more pronounced 
effect on cardiovascular risk in survivors with treatment-related cardiovascular damage 
has to be established yet. 

Treatment of the metabolic syndrome in cancer survivors 

The primary treatment goal in individuals with the metabolic syndrome is to reduce the 
risk for atherosclerotic disease and type 2 diabetes mellitus.58 Up to now, it is unknown 
what the central aetiological factor is of the metabolic syndrome and whether there are 
several aetiological factors. The management of the metabolic syndrome in the general 
population mainly consists of symptomatic treatment of its separate components. 118 

Modification of risk factors by lifestyle changes has a central place. Cessation of 
smoking, increased physical activity and dietary changes can reduce several of the risk 
factors. However, when this reduction of metabolic risk factors is insufficient, drug 
therapy may be necessary.58 

Current drug treatments are directed to the separate components of the metabolic 
syndrome. Goals and recommendations have been published by the American Heart 
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Association/National Heart, Lung, and Blood Institute in 2005.58 

The development of multifunctional drugs that target as many components of the 
metabolic syndrome as possible, forms a challenge. Examples of candidate drugs that 
reduce hyperglycaemia and may have additional favourable metabolic effects are 
metformin, Peroxisome Proliferator-Activated Receptor y (PPARy) agonists 
(thiazolidinediones reduce secretion of free fatty acids, and proinflammatory and 
prothrombotic adipokines by adipose tissue), and newer agents such as Glucagon-Like 
Peptide-1 Receptor (GLP-1) agonists and Dipeptidyl Peptidase-4 (DPP-4) Inhibitors 
(both groups may have a favourable effect on dyslipidaemia). 118

•
1 1 9  

Currently, there are no special guidelines for treatment of the metabolic syndrome in 
cancer survivors and consequently its treatment is in conformity with the general 
population. However, when a candidate aetiological factor could be identified, treatment 
of this factor might intervene at a central point and consequently reduce multiple 
components of the metabolic syndrome. Observations that the metabolic syndrome in 
cancer survivors is associated with hormone deficiencies have lead to studies on 
hormone supplementation. A recent meta-analysis on the effect of growth hormone 
therapy on obesity in non-growth hormone deficient adults showed that growth hormone 
therapy leads to decrease in fat mass, especially in visceral adipose tissue, a more 
favourable lipid profile and decrease in insulin levels. 12° Follin and colleagues observed 
in growth hormone deficient childhood ALL survivors that growth hormone replacement 
led to a decreased prevalence of the metabolic syndrome and was associated with 
improvement in cardiac function.71 Pietila and co-workers observed that growth 
hormone-deficient childhood brain tumour survivors without growth hormone 
replacement were at increased risk for the metabolic syndrome.74 Information on the role 
of growth hormone deficiency and replacement in adult cancer survivors is lacking. 
Howell and co-workers performed a randomised, placebo-controlled study on 
testosterone replacement in men with mild Leydig cell insufficiency after chemotherapy 
for haematological disease. 121 Compared to treatment with placebo no change was 
found in body mass index, percentage body fat, total cholesterol, HDL-cholesterol and 
triglycerides during 12 months' treatment with testosterone. Only a small reduction in 
LDL-cholesterol was found. However, this study was performed in a small group of 
survivors with a mild testosterone deficiency. To our knowledge, other studies on the 
effect of testosterone replacement on metabolic risk factors in cancer survivors, for 
example testicular cancer survivors, are lacking. 
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Discussion 

Several groups of cancer survivors, like survivors of childhood cancer, testicular cancer 

and haematological malignancies, are considered at increased risk for the metabolic 

syndrome. The development of the metabolic syndrome in these young survivors has 

been associated with signs of early atherosclerosis and may contribute to the increased 

risk for cardiovascular disease, in addition to direct cardiovascular toxicity of certain 

cancer treatments. It is conceivable that with prolonged survival in other cancer types, an 

increased prevalence of the metabolic syndrome can be expected in these survivors. 

Current data on prevalence and aetiology of the metabolic syndrome, and its impact on 

cardiovascular risk in cancer survivors are scarce and limited. Most data are derived 

from cross-sectional studies. Prospective assessments, including pre-treatment 

metabolic risk profile, may give insight into the development of the metabolic syndrome 

after cancer treatment, and the moment of appearance of its components. Moreover, the 

number of studied survivors is often small and comparison to an adequate background 

population to exclude the effect of normal ageing is often lacking. Up to now, it is 

unknown whether the reported increase in prevalence in cancer survivors reflects merely 

the early development of the metabolic syndrome in predisposed persons or whether the 

metabolic syndrome will also stay more prevalent in cancer survivors during the process 

of ageing. 

Since not all cancer survivors develop the metabolic syndrome, it is important to identify 

individuals at risk. The metabolic syndrome is the product of environmental factors, 

genetic factors and their interactions. 122 (Figure 1) Factors such as smoking, physical 

activity, diet and family history should be considered. Since the metabolic syndrome 

components have a high heritability, future integration of genetic data into the approach 

of the metabolic syndrome may lead to better insight into its development. For example, 

Ross and colleagues discovered that a common polymorphism in the leptin receptor 

gene is associated with an increased risk for obesity in female survivors of childhood 

ALL and interacts with cranial radiotherapy. 123 Another candidate gene polymorphism is 

a CAG repeat length polymorphism of the androgen receptor gene, of which the number 

of repeats is inversely associated with the receptor sensitivity. The modulating effect of 

the polymorphism on metabolic androgen effects, however, appears to be complex. A 

low number CAG repeats has been associated with both beneficial (low fat mass and 

insulin levels) and adverse (low HDL-cholesterol) factors 124
, and the only study analysing 

the effect on the metabolic syndrome found that a lower CAG repeat number is 

associated with the metabolic syndrome. 125 

The Children's Oncology Group has developed risk-based, exposure-related screening 

42 



The metabolic syndrome in cancer survivors 

recommendations for long-term complications such as the metabolic syndrome, 

according to the experience of a panel of clinical experts.126 However, to date there are 

no guidelines available for the screening for the metabolic syndrome in adult cancer 

survivors. In addition, detailed recommendations for its treatment are lacking. To develop 

screening programs, more information is needed on which cancer survivor (sub)groups 

are at increased risk and when aspects of the metabolic syndrome are detectable. As 

long as information on the aetiology is lacking, treatment will be in conformity with the 

treatment in the general population, primarily consisting of lifestyle changes, and when 

these are insufficient drug therapy directed at one or more of its components. However, 

further information on the aetiology in cancer survivors may lead to more specific 

therapies that will intervene at a central point and cover several of the metabolic 

syndrome components. Randomised, placebo-controlled trials may help to discover 

whether replacement with for example growth hormone or testosterone is beneficial for 

prevention and/or treatment of the metabolic syndrome in cancer survivors. 

To establish a good follow-up and intervention program, consciousness of the risk of the 

metabolic syndrome has to come about in cancer survivors as well as in involved 

medical specialists. For example, shared care delivered by specialists on long-term 

follow-up and family doctors may contribute to early identification and treatment. 1 27 

Large-scale studies on cancer survivorship such as the Childhood Cancer Survivor 

Study128 are necessary and may function as source for subset studies on follow-up and 

intervention strategies for the metabolic syndrome. 

Conclusion 

Clustering of metabolic risk factors into the metabolic syndrome is an important entity in 

cancer survivors. It is associated with signs of early atherosclerosis and may represent 

the connection to the increased long-term risk of cardiovascular disease. Although the 

metabolic syndrome is a common long-term complication after cancer treatment, 

information on its prevalence compared to the general population and its association with 

different cancer treatment strategies is limited. 

Knowledge of the aetiology of the metabolic syndrome in cancer survivors will contribute 

to a more causal treatment than current symptomatic treatment strategies. Meanwhile, 

the common prevalence and impact of the metabolic syndrome warrant its incorporation 

in future cancer survivor care plans. 
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Abstract 

Purpose The metabolic syndrome may increase the risk for cardiovascular disease in 

testicular cancer (TC) survivors. We investigated its prevalence, development, vascular 

implications, and the role of gonadal function. 

Patients and methods Non-seminomatous TC survivors treated with platinum-based 

chemotherapy and follow-up �3 years (N=370, study I) were evaluated for development 

of cardiovascular risk factors overweight, hypercholesterolaemia and hypertension. A 

subgroup aged <60 years and followed 3-20 years (N=173, study 1 1) was cross

sectionally compared to controls from the general male population (N=1085) for 

metabolic syndrome prevalence and evaluated for vascular structure and function, and 

testosterone levels. 

Results In TC survivors (study I) 24% had developed a body mass index >27.8 kg/m2
, 

24% hypercholesterolaemia and 30% hypertension, after median follow-up of 

respectively 1.7, 0.9 and 5.1 years. At median follow-up of 5 years (study II) 25% has the 

metabolic syndrome (age-adjusted odds ratio (OR) 2.2 (95% Cl 1.5-3.3) compared to 

controls). Survivors with metabolic syndrome have features of inflammation and pro

thrombotic state, increased carotid artery intima-media thickness and decreased 

baroreflex sensitivity. Survivors with testosterone levels <15 nmol/L (22%) have an 

increased risk for the metabolic syndrome (OR 4.1, 95% Cl 1.8-9.3). 

Conclusion The current data suggest that the metabolic syndrome occurs at earlier age 

in TC survivors treated with chemotherapy compared to normal controls and is 

accompanied by inflammatory and pro-thrombotic features, and signs of atherosclerosis. 

This emphasises the need for guidelines on early detection and treatment. Since low 

testosterone may have a causal role, it is a target for interventions. 

46 



The metabolic syndrome in testicular cancer survivors 

Introduction 

Cardiovascular disease (CVD) is a frequent late effect after treatment for testicular 

cancer (TC) with an estimated 20-year risk of about 18% in Dutch TC survivors. 33 

Coronary heart disease (CHO) is particularly common (estimated 20-year risk 10%) with 

approximately two-fold increased risk for myocardial infarctions in non-seminomatous TC 

survivors with attained age <55 years.33 Consequently, CVD represents a threat to life 

expectancy and quality of life of a large proportion of survivors. Both mediastinal 

radiotherapy33 and platinum-based chemotherapy regimens33
•
34 are associated with 

increased CVD risk compared to treatment with surgery alone. This increased CVD risk 

may be related to accelerated atherosclerosis.39 

Platinum-based chemotherapy is associated with increased prevalence of excessive 

weight gain40
, dyslipidaemia41

, hypertension40.41 and insulin resistance41
. These factors 

are the core components of the metabolic syndrome, which is associated with increased 

risk for atherosclerotic disease in the general population.53 Central obesity with visceral 

adipose tissue deposition may have an important role. Its hyperlipolytic state and excess 

of free fatty acids contribute to insulin resistance. In addition, visceral adipose tissue 

produces pro-inflammatory and prothrombotic factors.53•
60 

We previously reported on increased prevalence of the metabolic syndrome in TC 

survivors compared to healthy controls at median 7 years after chemotherapy.42 In a 

Norwegian cohort of TC survivors with median follow-up of 11 years only survivors 

treated with cumulative cisplatin dose >850 mg showed increased risk for metabolic 

syndrome compared to healthy controls. 129 In both studies testosterone levels were 

inversely associated with the metabolic syndrome.43 

Information on the metabolic syndrome, and its effects on vascular function and 

development of overt CVD in cancer survivors is scarce. Insight into aetiological and/or 

contributing factors may help to identify survivors at increased risk for the metabolic 

syndrome. In order to develop guidelines for follow-up on cardiovascular risk factors in 

TC survivors, information is also needed on development over time of such factors. 

In this study we present data on cardiovascular risk factors and the metabolic syndrome 

in long-term (c:::3 years) non-seminomatous TC survivors treated with platinum-based 

chemotherapy: the prevalence and development over time of cardiovascular risk factors 

(study I), the prevalence of metabolic syndrome compared to the general male 

population, its associated features, and implications for vascular structure and function, 

and its relation to gonadal function (study II). 
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Patients and methods 

Patients 

Patients were selected from our cohort of long-term survivors of disseminated non
seminomatous TC treated with platinum-based chemotherapy at University Medical 
Centre Groningen, between January 1977 and April 2004 (N=439). (Figure 1) For the 
evaluation of the development of cardiovascular risk factors (study I) patients had to 
have a follow-up duration of �3 years. Patients with CHD [defined as myocardial 
infarction or coronary artery disease (proven by angiography, or by treatment with 
angioplasty or bypass surgery)] before start of chemotherapy were excluded. The 
metabolic syndrome and its associated features (study I I) were assessed in a subgroup 
of study I. Inclusion criteria were attained age <60 years and follow-up of 3-20 years. 
Exclusion criteria were history of cardiac disease before or after chemotherapy, 
radiotherapy to head, neck and/or mediastinum, and participation in a previous study on 
cardiovascular risk profile.41 The medical ethical committee approved the study and 
participants gave written informed consent. 

Original populatlon (N = 439) 

Disseminated Non-semlnomatous Testicular Cancer 
Platinum-based chemotherapy < Apnl 2004 

Exclusions for Study I (n = 69) 

Total follow-up period < 3 years due to death {n = 65) 

l Total follow-up period < 3 years due to loss to follow-up {n=2) 
Coronary heart disease pre-chemotherapy (n = 2) 

Study I (N = 370) 

Development of cardiovascular risk factors 
{retrospective evaluabon) Exclusions for Study JI (n = 119) 

Age ;, 60 years and/or total follow-up period > 20 years {n = 46) 
Coronary heart disease after chemotherapy or other cardiac disease {n = 1 6) 
Radiotherapy head/neck {n = 2) 
Previous participation to study on cardiovascular risk factors (n = 55) 

Not amenable for participation (n = 39) 

Deceased (n = 16) 
Lost to follow-up (n =1 OJ 
Active cancer (n = 5) 
Psychosocial reasons (n = 8) 

Survivors approached for study partlclpatlon (N = 212) 

l I No informed consent for Study II (n = 39) I 
Study II (N = 173) 

The metabolic syndrome and associated features 
{cross-sectional evaluation) 

Figure 1 .  Flow diagram of included patients. 

Control population 

Control data concerning the metabolic syndrome in the general population were 
available from two studies: men 28-60 years old from a representative sample of the 
Groningen population of the Prevention of Renal and Vascular End-stage Disease 
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(PREVENO) study130•
131 and, in order to cover also for young TC survivors, men 18-42 

years old participating as sibling controls to a study on late cardiovascular effects in 
childhood cancer survivors 132

. Controls with a history of CHO were excluded. In 1,020 
out of 1, 120 participants of the PREVENO study and in 65 out of 68 in the childhood 
cancer survivor study, sufficient cross-sectional data were available on waist 
circumference, blood pressure, fasting lipid and glucose levels and medication use, to 
allow for evaluation of presence or absence of the metabolic syndrome. The resulting 
control group existed of 1,085 men with a median age of 44 years (range 18-59). 

Evaluation of the development of cardiovascular risk factors (Study I) 

Medical records, updated from general practitioners' files, were evaluated for disease
and treatment-related characteristics and follow-up data. Cardiovascular risk factors 
overweight, hypercholesterolaemia and hypertension were evaluated for presence pre
chemotherapy and development during follow-up. With respect to overweight, body mass 
index (BMI; calculated by weight(kg)/height(m)2) >25 kg/m2 and BMI >27.8 kg/m2 were 
recorded, the latter corresponding with an earlier US National Institutes of Health 
definition for overweight133 and used in the early phase of establishment of the cohort41

. 

Hypertension was defined as blood pressure systolic >150 mmHg and/or diastolic >95 
mmHg41

•
134 and/or use of antihypertensive drugs, and hypercholesterolaemia as non

fasting cholesterol levels >6.5 mmol/L at �3 separate time points and/or use of 
cholesterol-lowering drugs. Follow-up duration was calculated from start of 
chemotherapy to last assessment of each risk factor and in case of overweight, 
hypertension or hypercholesterolaemia also to date of this diagnosis. 

Assessment of the metabolic syndrome and its associated features (Study II) 

Cross-sectional evaluation consisted of a medical history focused on medication use, 
smoking behaviour and family history for CVO (positive in case of parent or brother/sister 
with CHO, cardiac death or cerebrovascular accident at age <60 years) and assessment 
of weight, height, waist circumference (at umbilical level), hip circumference (at broadest 
part) and blood pressure. 
Fasting blood samples were analysed for HOL-cholesterol and triglycerides (plasma), 
glucose (plasma) and insulin (serum). Leptin and adiponectin were determined by ELISA 
(#EZHL-80SK and #EZHAOP-61K, Linea Research, St. Charles, MO, US, EOTA 
plasma). In addition, markers for inflammation, prothrombotic state and endothelial 
activation were determined. High-sensitivity C-reactive protein (hsCRP, serum), 
fibrinogen, Von Willebrand Factor (vWF) antigen, Plasminogen Activator Type-1 (PAl-1) 
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antigen, and tissue-type Plasminogen Activator (t-PA) antigen (citrate plasma) were 

measured as described previously.39 Urinary albumin excretion and creatinine clearance 

were determined from a 24-h urine sample.39 

For assessment of the metabolic syndrome the American Heart Association/National 

Heart, Lung and Blood Institute (AHA/NHLBI) classification58 was used with presence of 

the metabolic syndrome in case of =::3 of the following criteria: central obesity (waist 

circumference =::102 cm), high triglycerides (=::1.7 mmol/L or medication), low HDL

cholesterol (<1.03 mmol/L or medication), high blood pressure (systolic =::130 mmHg or 

diastolic =::85 mmHg or medication), and high glucose (=::5.6 mmol/L or medication). In 

addition, waist/hip ratio was calculated as measure for central obesity, HOMA-IR index 

(Homeostatic Model Assessment for Insulin Resistance = fasting insulin (mU/L) x fasting 

glucose (mmol/L)/22.5) for insulin resistance and PAl-1/tPA ratio for prothrombotic state. 

As potential risk factor gonadal function was analysed by measuring serum total 

testosterone, luteinising hormone (LH) and follicle-stimulating hormone (FSH). 

As measure for cardiovascular autonomic function, baroreflex sensitivity (BRS) at rest in 

supine position was determined.135 To assess vascular structure and function, the intima

media thickness (IMT) of the common carotid artery was measured and carotid 

distensibility, compliance and stiffness calculated, as described previously.39 

Statistical methods 

The cumulative risk for cardiovascular risk factors in TC survivors (study I) was plotted 

according to the Kaplan-Meier procedure. Presence of a risk factor at last assessment 

was considered an event, with follow-up duration calculated from start of chemotherapy 

to diagnosis of the risk factor. When the risk factor was already present pre

chemotherapy, follow-up duration was set to zero. Median follow-up until development of 

each risk factor was calculated for TC survivors in whom the risk factor developed after 

completion of chemotherapy. 

The risk for the metabolic syndrome and its components in TC survivors (study 1 1 )  was 

compared to general population data by binary logistic regression analysis with 

adjustment for age. 

TC survivors with metabolic syndrome were compared to survivors without metabolic 

syndrome with respect to associated features, vascular structure and function, and 

gonadal function using the non-parametric Mann-Whitney U test for continuous data and 

the X2 test for categorical data. The association between metabolic syndrome and 

markers for inflammation, prothrombotic state, endothelial activation, and vascular 

structure and function was further analysed using linear regression analysis with 

50 



The metabolic syndrome in testicular cancer survivors 

metabolic syndrome as independent variable and adjustment for age. The effect of 

gonadal function on the risk for the metabolic syndrome and its components was tested 

with binary logistic regression analysis. Receiver-Operator-Characteristic (ROC) curve 

analysis was used to estimate the optimal cut-off value for total testosterone levels in 

order to differentiate between persons with and without metabolic syndrome. 

Statistical analyses were performed with SPSS for Windows 16.0 (SPSS Inc., Chicago, 

IL, US). For all analyses, a 2-tailed p-value <0.05 was considered significant. 

Results 

Study population characteristics 

The original cohort of 439 non-seminomatous TC patients treated with platinum-based 

chemotherapy includes 370 patients with absence of pre-treatment history of CHO and 

follow-up �3 years (study I). (Figure 1) From the subgroup of 212 patients approached 

for participation in the study on the metabolic syndrome (study II), 173 patients (82%) 

gave informed consent. Baseline disease- and treatment-related characteristics, and 

follow-up data for the two study populations are shown in Table 1. 

Table 1. Baseline characteristics and follow-up data of the TC patients in study I and the 
subpopulation included in study I I .  

Baseline characteristics 

Age at start chemotherapy (years) 

Chemotherapy regimen· 
BEP/EP 
PVB 
PVB+ 
PVB/BEP 
Other 

Follow-up data 

Follow-up duration (years) 

Age at end follow-up (years) 

Deceased 
Death of testicular cancer 

Coronary heart disease (CHO) 
Age at CHO (years) 
Follow-up duration at CHO (years) 

Median (range) 

N (o/o) 

Median (range) 

Median (range) 

N (o/o) 

N (o/o) 
Median (range) 
Median (range) 

Study I Study II 
(N = 370) {N = 1 73) 

28 (1 6-64) 28 (1 6-52) 

262 (71%) 1 59 (92%) 
27 (7%) 0 (0%) 
� (1 1%) 0 (0%) 
1 5 (4%) 1 (1%) 
24 (7%) 13 (7%) 

12 (3-29) 5 (3-20) 

42 (1 9-73) 37 (1 9-59) 

25 (7%) not applicable 
14 (4%) 

1 9 (5%) not applicable 
49 (30-62) 
1 5  (0-28) 

• Chemotherapy regimen: BEP = bleomycin, etoposide, cisplatin; EP = etoposide, cisplatin; PVB = cisplatin, 
vinblastin, bleomycin; PVB+ = PVB followed by maintenance therapy with cisplatin and vinblastin; PVB/BEP = 

alternating courses of PVB and BEP; Other = CEB (carboplatin, etoposide, bleomycin) or BOPNIP (bleomycin, 
vincristin, cisplatin / etoposide, ifosfamide, cisplatin) 
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Development of cardiovascular risk factors (Study I) 

Assessments of overweight, hypercholesterolaemia and hypertension were available till 

median follow-up of 9.1 years (range 0.2-28.9). At last assessment the prevalence of risk 

factors was: BMI >25 kg/m2 179/359 (50%, new in 26% of the patients compared to pre

chemotherapy), BMI >27.8 kg/m2 85/359 (24%, new in 15%), hypercholesterolaemia 

87/361 (24%, new in 14%) and hypertension 106/359 (30%, new in 23%). 

Figure 2 shows cumulative risks for the risk factors from start of chemotherapy. Median 

time to the development of BMI >25 kg/m2 is 1.6 years (range 0.3-18.9), for BMI >27.8 

kg/m2 1. 7 years (range 0.2-28.4 ), for hypercholesterolaemia 0.9 years (range 0.2-22.4) 

and for hypertension 5.1 years (range 0.2-21.2). 
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Figure 2. Cumulative risk of 
cardiovascular risk factors 
overweight, hypercholesterolaemia 
and hypertension from start of 
chemotherapy (study I). Data are 
shown for patients in whom data on 
the concerned risk factors at start of 
chemotherapy are available. 

The metabolic syndrome and associated features (Study II) 

Prevalence 

At median follow-up of 5 years (range 3-20) and attained age of 37 years (range 19-59) 

the prevalence of the metabolic syndrome was 44/173 (25% ). The prevalence increases 

with ascending age, from 13.3% in survivors 18-30 years old to around 35% in survivors 

40-60 years old. (Figure 3A) High blood pressure is the most frequent component of the 

metabolic syndrome (59%), followed by low HDL-cholesterol (44%), high triglycerides 

(29%), central obesity (17%) and high glucose levels (14%). (Figure 38; Table 2) All 

components tend to increase in prevalence with age. 
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Figure 3. Prevalence of the 
metabolic syndrome in TC survivors 
and in controls: (A) according to age 
category and (B) prevalence of its 
separate components (study I I ). 
* p<0.05 compared to controls (X2 

test) 

Adjusted for age, TC survivors 

show an increased risk for the 

metabolic syndrome compared 

to the general population with an 

odds ratio (OR) of 2.2 (95% 

confidence interval 1.5-3.3). 

(Table 2) This effect 

corresponds with 12.9 years' 

increase in age compared to the 

control population. TC survivors 

especially have an increased 

risk for high blood pressure. 

(Table 2) 

Table 2. Prevalence of and risk for the metabolic syndrome and its separate components after 
chemotherapy for testicular cancer (study I I ,  N=173). The risks are expressed as age-adjusted odds 
ratios (OR) compared to the control population with 95% confidence interval (95% Cl) and p-value 
(binary logistic regression). 

Dependent variable Prevalence OR 95% CI p 

Metabolic syndrome 44/1 73 (25%) 2.2 1 .5-3.3 <0.001 

Separate components 

High blood pressure 1 00/1 71 (59%) 2.5 1 .8-3.6 <0.001 

Low HDL-cholesterol 76/173 (44%} 1 .7 1 .2-2.3 0.003 

High triglycerides 50/173 (29%} 1 .2 0.8-1 .7 0.424 
Central obesity 29/170 (1 7%} 1 .9 1 .2-3.1 0.005 

High glucose 24/170 (1 4%} 2 .3 1 .4-3.7 0.002 
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Table 3. Comparison between TC survivors with the metabolic syndrome and TC survivors without 
the metabolic syndrome with respect to survivor characteristics, cardiovascular risk factors, 
metabolic features and gonadal function (study I I). 

Characteristics * Metabolic syndrome 
present (44) 

Survivor characteristics and cardiovascular risk factors 
Age at start chemotherapy (years) 29 (1 8-48) 
Follow-up duration (years) 7 (3-20) 
Age at study participation (years) 40 (23-57) 
Smoking habits 

Current smoker 1 4/44 (32%) 
Ex-smoker 1 1 /44 (25%) 
Life-long nonsmoker 1 9/44 (43%) 

Positive family history CVD 6/42 (14%) 
Metabolic features 
BMI (kg/m2

) 28.4 (22.9-38.7) 
WaisVhip ratio 0.99 (0.83-1 . 12) 
leptin (ng/ml) 12. 77(2.37-43.29) 
Adiponectin (µg/ml) 5.00 (2.04-1 1 .1 9) 
HOMA-IR index 3.30 (1 .56-23.86) 
Gonadal function 
Testosterone supplementation 1/44 (2%) 
Total testosterone (nmol/L)* 15 (9-31)  
Testosterone <1 5 nmol/L* 1 9/43 (44%) 
FSH (U/L)* 1 6.80 (4.34-47.50) 
LH (U/L)* 6.42 (2.47-18.70) 

* Median (range) or n/N (%) 
t Mann-Whitney U test for continuous data and X2 test for categorical data 
:i: For TC survivors not receiving testosterone supplementation 

Metabolic syndrome associated features 

Metabolic syndrome 
absent (129) 

26 (16-52) 
5 (3-20) 
35 (1 9-59) 

51/1 28 (40%) 
24/128 (1 9%) 
53/128 (41 %) 
1 7/123 (14%) 

24.0 ( 17.4-38.8) 
0.92 (0.80-1 . 15) 
3. 71 (0.24-66. 12) 
7.23 (2.76-17.40) 
2. 1 9  (0.20-2.04) 

8/1 29 (6%) 
1 8  (4-37) 
1 7/121 (14%) 
1 3.90 (2.38-7.50) 
5.45 (1 .59-33.1 0) 

0.086 
0.046 
0.005 

0.546 

1 .000 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

0.451 
<0.001 
<0.001 
0.452 
0 . 190 

There is no difference in smoking behaviour and family history for CVD between 

survivors with and without metabolic syndrome. Survivors with metabolic syndrome have 

more central obesity, reflected by a higher waist/hip ratio, higher plasma leptin and lower 

plasma adiponectin, and increased HOMA-IR index. (Table 3) 

The association of metabolic syndrome with inflammation, prothrombotic state, 

endothelial activation, and signs of vascular damage was analysed with adjustment for 

age. In presence of metabolic syndrome prothrombotic markers fibrinogen and PAl-1/tPA 

ratio are increased. Levels of hsCRP and vWF do not differ. (Table 4) 

TC survivors with metabolic syndrome do not differ with respect to creatinine clearance 

or urinary albumin excretion. In contrast, presence of metabolic syndrome is associated 

with lower BRS at rest and increased carotid artery IMT. (Table 4) 
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Gonadal function 

Median total testosterone level is lower in presence of metabolic syndrome (excluding 
survivors with testosterone supplementation (N=9)). (Table 3; figure 4) A cut-off value of 
total testosterone <15 nmol/L was considered best discriminating for the metabolic 
syndrome (area under the ROC curve 0.65 (95% Cl 0.55-0.74), area under the ROC 
curve of age 0.65 (95% Cl 0.55-0.75)). Unsupplemented total testosterone <15 nmol/L is 
associated with an age-adjusted OR of 4 .1  (95% Cl 1.8-9.3; p=0.001) for the metabolic 
syndrome. (Table 5) Low testosterone shows association with central obesity (OR=5.7  
(95% Cl  2.3-14.1 ) ;  p<0.001) and high glucose levels (OR=2.9 (95% Cl  1 . 1-7 .5); 
p=0.031). 
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Figure 4. Total testosterone level 
with respect to cumulative 
percentage of TC survivors with the 
metabolic syndrome and of TC 
survivors without the metabolic 
syndrome (excluding survivors with 
testosterone supplementation). 

Table 5. Age-adjusted risk for the metabolic syndrome and its components in TC survivors with 
unsupplemented total testosterone levels <15 nmol/L (N=36). (Study 11) 

Metabolic syndrome 4.1 1.8-9.3 0.001 

Central obesity __________ 5.7 2.3-14.1 <0.001 

High blood pressure 1.3 0.6-3.0 0.494 

Low HDL cholesterol 1.1 0.5-2.4 0.800 

High triglycerides 2.0 0.9-4.5 0.077 

High glucose 2.9 1.1-7.5 0.031 

Risks are expressed as age-adjusted odds ratios (OR) compared to TC survivors with otal testosterone levels �15 
nmol/L (N=128) with 95% confidence interval (95%CI) and p-value (binary logistic regression). 
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Table 4. Markers of inflammation, prothrombotic state, endothelial cell activation, and vascular 
function and structure according to presence or absence of the metabolic syndrome (study I I ). 

Fibrinogen (g/L) 
tPA (ng/mL} 

PAl-1 (ng/ml) 
PAl-1/tPA ratio 

Creatinine clearance (mUmin) 
Albumin excretion (mg/24h) 
BRS (In) at rest (ln(ms/mmHg)) 
Carotid IMT (mm} 
Carotid compliance (µm/mmHg) 
Carotid dlstenslblllty (%) 
Carotid stiffness 

* Median (range) 

n=1 69 
n=169 
n=166 
n=157 
n=142 
n=144 
n=1 37 

1 .55 (0.20 - 1 3.40) 
98 {28 - 220) 
3.2 ( 1 .5 - 5.0) 
1 1 .0 (3.7 - 21 .0) 
57.0 (7.8 - 31 2.0) 
5.4 (1 .5 - 31 .6) 

122 (36 - 240) 
5.53 (0. 1 1  - 615.29) 
2.33 {0.80 - 3.59) 
0.62 (0.45 - 1 .05) 
8 .36 (4.29 - 1 7.85) 
6.62 (3.36 - 9.78) 
7.22 (3.92 - 1 3.24) 

t Coeffficient B (95% confidence interval) and p-value for the association between the metabolic syndrome and 
concerning feature (linear regression with metabolic syndrome as independent variable and adjustment for age) 

Discussion 

Our cross-sectional assessment of the metabolic syndrome (study 1 1) shows that this 

syndrome and its components central obesity, low HDL-cholesterol, high blood pressure 

and high glucose levels are more prevalent in TC survivors than in the general 

population. At median follow-up of 5 years 25% of the survivors have the metabolic 

syndrome. The risk for the metabolic syndrome in TC survivors is 2.2 (95% Cl 1.5-3.3) 

times higher than in the general population, corresponding with the risk of men 12.9 

years older. This suggests development of metabolic risk factors at earlier age. 

Retrospective evaluation of the development of cardiovascular risk factors (study I) 

shows that overweight and hypercholesterolaemia develop mainly within the first 5 years 

after platinum-based chemotherapy, after median follow-up of 1.6 years for BMl>25 

kg/m2 and 0.9 years for hypercholesterolaemia. The cumulative risks of overweight and 

hypercholesterolaemia show a plateau after a follow-up period around 10 years. In 

contrast, hypertension develops later, after median follow-up of 5.1 years, and does not 

show a plateau with prolonged follow-up. 
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Table 4. (Continued) 

w • • •• - �----.--,.-x=- _..., • ...,.......,,_ .,...-�- ""• ..,_ r t ....... .....__ ,-.,�•-.-:----- - ,,,...,.,_ __ , ,.,,..,_..._..� _... ._ ...., • ,,._.,,_� , - .,.,.,,._ � .. �, -.,.,., ---.,: 

( •• �. • t : .-• / � • • • ':. ' • \ ... : ' � • u: � ' . .�: < ,: _. ; 
,&,.-=•- •• •-••� -�.,_,_,, •• -�,.-J�h- . ,r. ,_ -- , • ••"•' 0 • . � .... J••-•-L-=••- .u., •. •-'� ., - • •-• • • -•• • ., • ••-" 

1 . 1 0 (0. 16 - 31 .80) 0.36 (-0.75 - 1 .47) 0.523 
96 (37 - 296) -5 (-21 - 10) 0.516  
2 .8  (1 .2 - 6.3) 0.24 (0.01 - 0.46) 0.038 
6.5 ( 1 .5 - 21 .0) 3.5 (2.3 - 4.6) <0.001 
1 9.0 (3.0 - 62.00) 42.1 (29.0 - 55.3) <0.001 

·-· 
3.2 (0.5 -17. 1 )  3.1 (1 .7 - 4.6) <0.001 

,.- • - � -- -...-... ...  ----:-r"" --... --=--------c-.-• •  -:---- -- --- -- ., ...... , ,. .- - ------ ,~ r---- - - - - - - --., --.,--,..- -- -- -- - " -

• - • � • .__ .• I • • • -.... .,. • • • • .., • •• • •< 

1 1 9 (44 - 245) 9 (-2 - 21 )  0 . 120 
4.55 (0.10 - 345.39) 7.67 (-12.67 - 28.09) 0.460 
2.60 (0.84 - 3.64) -0.21 (-0.41 - -0.01 ) 0.037 
0.57 (0.38 - 1 .1 2) 0.044 (0.003 - 0.084) 0.034 
1 0.74 (3.70 - 30.67) -1 .45 (-3.02 - 0. 1 3) 0.071 
7.74 (3.41 - 16.84) -0.62 (-1.37 - 0.14) 0.1 1 0  
6.50 (3.24 - 12.5 1 )  0.33 (-0.42 - 1 .08) 0.390 

The later appearance of hypertension may be related to its development secondary to 

other metabolic risk factors. Moreover, hypertension may reflect the long-term effect of 

direct chemotherapy-induced endothelial damage. 

A considerable proportion of the TC survivors with overweight, hypercholesterolaemia or 

hypertension at the end of follow-up already had these risk factors at start of 

chemotherapy. Unfortunately, it is unknown whether the pre-chemotherapy prevalence of 

these factors is representative for the age-matched general population. On the one hand, 

presence of cancer may contribute to lower cholesterol levels and lower BMI as 

previously described. 136 On the other hand, the metabolic syndrome and its components 

are increasingly recognised as risk factors for the development of several cancer types65 

and may be consequently overrepresented in cancer patients. 

Although we have no longitudinal data on the development over time of cardiovascular 

risk factors in the general population, our data suggest that the metabolic syndrome 

develops at earlier age in TC survivors (study 1 1 )  and that development of cardiovascular 

risk factors can already be observed during the first years of follow-up (study I) .  
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In line with previous studies we have found an association between total testosterone 

levels and metabolic syndrome in TC survivors.42
•
43 In the general population low 

testosterone levels are predictive for the development of metabolic syndrome.92
•
137

•
1 38 

Our data show that survivors with unsupplemented total testosterone <15  nmol/L (22% 

of the evaluated survivors) have an approximately 4 times increased risk for the 

metabolic syndrome, particularly associated with central obesity. We hypothesise that 

decrease in testosterone levels and secondary central, visceral fat deposition have an 

important role in the development of the metabolic syndrome. Unsupplemented 

testosterone < 15  nmol/L also shows an association with high glucose levels. This 

corresponds with the independent association of low to normal testosterone levels with 

insulin resistance, as observed in older men. 1 39 

TC survivors with metabolic syndrome show features of central, visceral fat deposition: 

increased waist-hip ratio, elevated levels of leptin (adipose tissue hormone giving 

feedback at hypothalamic level on energy intake and expenditure), decreased levels of 

adiponectin (adipose tissue hormone with anti-inflammatory and insulin-sensitizing 

effects), and insulin resistance (increased HOMA-IR index). Decreased adiponectin 

levels and increased fibrinogen levels are associated with an inflammatory state. The 

observed increase in both fibrinogen and PAl-1 /tPA-ratio may contribute to a pro

thrombotic state. Low-grade inflammation and prothrombotic state are closely linked in 

the pathobiology of atherosclerosis.140
•
141 The observed association with increased 

carotid IMT and decreased BRS underscores the potential clinical relevance of the 

metabolic syndrome in TC survivors. Increase in IMT is an accepted marker of early 

atherosclerosis 1 42 and decrease in BRS1 43
•
1 44 has also been associated with 

atherosclerosis. Both are considered unfavourable predictors for CVD. 

Although our data suggest a role of the increased prevalence of cardiovascular risk 

factors in the development of CVD in TC survivors treated with platinum-based 

chemotherapy, prolonged follow-up is needed to assess whether subclinical signs of 

atherosclerosis eventually progress to overt CVD. The homogeneity of the study 

population, most survivors having been treated with the current standard regimen BEP, 

excludes analysis of direct toxic effects of chemotherapy on the vasculature. Cisplatin as 

well as bleomycin can induce endothelial damage.35•1 45
·
146 Since cisplatin in plasma 

remains detectable up to 20 years after chemotherapy 147 and may still be partially in 

reactive form 148
, we hypothesise there is an ongoing process of platinum-induced direct 

vascular toxicity. 

The current observations on cardiovascular risk factors and metabolic syndrome in long

term TC survivors suggest that detection and timely treatment from start of 

58 



The metabolic syndrome in testicular cancer survivors 

chemotherapy and during follow-up may contribute to reduction of CVD risk. Overweight 

and hypercholesterolaemia can be detected mainly within the first 5 years after 

chemotherapy. However, the risk for hypertension, that may also be a sign of developed 

vascular damage, extends beyond a follow-up period of 10 years. Therefore, extended 

follow-up, in close collaboration with primary care physicians, seems necessary. 

By implementing prolonged follow-up it will become clear whether TC survivors with 

metabolic syndrome will have a higher CVD risk than TC survivors without metabolic 

syndrome, and than individuals with metabolic syndrome in the general population. If 

previous treatment for TC turns out to be an additional cardiovascular risk factor, 

treatment indications for the metabolic syndrome may be more stringent for TC 

survivors. In addition, a randomised, placebo-controlled trial may help to evaluate 

whether testosterone supplementation contributes to prevention or treatment of 

metabolic syndrome in TC survivors. 

In conclusion, the metabolic syndrome is more prevalent and appears to develop at 

earlier age in TC survivors treated with platinum-based chemotherapy compared to the 

general population. It is associated with subclinical, unfavourable changes in IMT and 

BRS, which may precede overt CVD. The early development of overweight and 

dyslipidaemia advocates the development of guidelines on detection and treatment from 

the start of chemotherapy and during follow-up. In addition, close collaboration with 

primary care physicians seems necessary with respect to extended follow-up and 

treatment of cardiovascular risk factors. Low testosterone and its association with central 

obesity appear to play a central role in the development of the metabolic syndrome and 

is a target for future intervention studies. 
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Abstract 

Purpose High Plasminogen-Activator Inhibitor 1 (PAl-1) expression by tumours has 

been associated with poor prognosis in several cancer types and high systemic PAl-1 

levels with increased thrombosis risk. We investigated whether the germline 4G/5G 

deletion/insertion polymorphism in the PAl-1 promoter (rs1799889), which may influence 

PAl-1 expression, is associated with survival and chemotherapy-related vascular toxicity 

in testicular cancer {TC}. 

Methods Data were collected on PAl-1 4G/5G polymorphism, survival, venous 

thromboembolism (VTE) and coronary heart disease (CHO) for 324 non-seminomatous 

TC patients treated with platinum-based chemotherapy. Genotypes were compared 

regarding survival and disease outcome. Incidences of VTE and CHD were compared 

with adjustment for cardiovascular risk factors and prothrombotic gene polymorphisms of 

coagulation factors 1 1/prothrombin (G2021 QA) and V (G1691A). 

Results The 4G/4G variant of PAl-1 4G/5G polymorphism shows a higher prevalence of 

International Germ Cell Cancer Classification (IGCCC) poor prognosis compared to 

4G/5G and 5G/5G (24% versus 8% and 15%; x2 p=0.003). In addition, the 4G/4G variant 

shows reduced TC-related survival with a hazard ratio of 2.69 (95% Cl 1.26-5. 73; 

p=0.010) for TC-related death (adjusted for IGCCC). This is related to an increased risk 

for refractory disease and early relapses (odds ratio 3.35 (1.48-7.59); p=0.004). PAl-1 

4G/5G polymorphism is not associated with VTE and CHD risk. 

Conclusion The 4G/4G variant of PAl-1 4G/5G polymorphism may be an unfavourable 

prognostic factor as well as predictive factor for response to chemotherapy in TC 

patients. If confirmed, it may contribute to the identification of patients with increased risk 

for refractory disease. 
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Introduction 

The introduction of cisplatin for the treatment of disseminated testicular cancer (TC) in 

the late seventies and the subsequent development of cisplatin-based regimens have led 

to a considerable improvement of survival. 10
•
1 2  Current long-term survival rates for this 

most common malignancy in adult young men exceed 80%.13 

With improved survival, long-term treatment-related toxicity has emerged. Together with 

secondary malignancies, cardiovascular disease belongs to the most important 

treatment-related risks in TC survivors and threatens life expectancy and quality of 

life.32
•33•

149 Chemotherapy-related vascular toxicity can occur as an acute as well as a 

long-term complication. During chemotherapy cardiovascular complications have been 

observed as venous thromboembolism (VTE) and arterial disease.28
•
109

•
1 50 With longer 

follow-up, an increased risk of coronary heart disease (CHO) appears to prevail.33•34 •1 29 

Attention is increasingly drawn to designing chemotherapy regimens that will improve 

prognosis for patients with unfavourable risk features as well as reduce chemotherapy

related toxicity.1 5 1-154 For both purposes, exploratory analyses of germline 

polymorphisms that influence chemotherapy efficacy and/or toxicity by involvement in 

metabolism and/or target pathways of cytotoxic drugs, may contribute. We selected as 

gene of interest the gene for Plasminogen-Activator Inhibitor 1 (PAl-1 ). 

PAl-1 is a major inhibitor of the urokinase plasminogen activator (uPA)/uPA Receptor 

(uPAR) pathway, which is increasingly associated with tumour growth, invasion and 

metastasis. 1 55
•
1 56 High expression of uPA and uPAR by tumours appears to be related to 

poor prognosis in several cancer types.156•
1 57 Although PAl-1 might initially be expected 

to have an opposite effect to uPA, high expression of PAl-1 by tumours has been 

associated with poor prognosis.1 56 

Moreover, PAl-1 is the most important circulating inhibitor of intravascular fibrinolysis. 

Binding of PAl-1 to the active site of endothelial-derived tissue-type Plasminogen 

Activator (t-PA) inhibits the conversion of plasminogen to the active protease plasmin 

and the subsequent plasmin-mediated degradation of fibrin. 1 58
•
1 59 Elevated PAl-1 plasma 

levels may contribute to the development of thrombosis and have been associated with 

both VTE and CHD. 1 60-163 

The PAl-1 gene promoter contains at -675 bp a common single base pair 

deletion/insertion polymorphism, the 4G/5G polymorphism (PAl-1 -675 4G/5G, 

rs1799889).1 64 The 5G allele creates an additional binding site for a transcription 

inhibitor, which may lead to differences in PAl-1 expression. 164
•
165 The 4G allele has 

been associated with higher plasma PAl-1 levels, and with VTE and CHD. 1 65
-

1 67 

However, studies on the association of the PAl-1 4G/5G polymorphism with prognosis in 
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different cancer types are inconclusive. 156 So far, it is unknown whether PAl-1 

expression and the PAl-1 4G/5G polymorphism are related to prognosis and survival in 

TC. 

We investigated whether the PAl-1 4G/5G polymorphism is associated with differences 

in survival and incidence of chemotherapy-related cardiovascular disease in non

seminomatous TC patients treated with platinum-based chemotherapy. For the analysis 

of cardiovascular disease PAl-1 4G/5G polymorphism was combined with the less 

common, but potentially confounding prothrombotic gene polymorphisms of coagulation 

factors factor I I / prothrombin (G2021 0A, rs1 799963) and factor V (G1 691A, also known 

as factor V Leiden, rs6025).168
• 
169 

Patients and methods 

Patients 

Patients with non-seminomatous TC who have been treated with platinum-based 

chemotherapy at the University Medical Centre Groningen, between January 1 977 and 

April 2004, were eligible. Patients with an extragonadal tumour were excluded. Data 

were collected on baseline characteristics, disease characteristics (International Germ 

Cell Consensus Classification (IGCCC) prognosis group, dissemination pattern and 

tumour marker levels), chemotherapy regimen, disease outcome, cardiovascular risk 

factors and development of cardiovascular disease (VTE and CHO). 

DNA collection and genotyping 

After informed consent, germline DNA was isolated from EDTA-blood collected at the 

general practitioner's or at the out-patient clinic. For deceased patients DNA was isolated 

from routinely stored serum. Serum-derived DNA was amplified and quality checked 

(Qiagen REPLl-g Service) and samples assigned 'usable' or 'highly usable' were used 

for genotyping. Genotypes were assessed with an allelic discrimination assay on an ABI 

PRISM®7900HT sequence detection system (Applied Biosystems). For analysis of the 

PAl-1 -675 4G/5G polymorphism a 91 bp DNA fragment was created with a forward 

primer 5'-GCCAGACAAGGTTGTTGACACA-3' and a reverse primer 5'

GCCGCCTCCGATGATACA-3'. The 4G allele was identified with a 5'-VIC

TCCCCACGTGTCCA-MGB-NFQ probe and the 5G allele with a 5'-FAM

CTCCCC�ACGTGTC-MGB-NFQ probe (Applied Biosystems). Genotyping of factor I I  

G2021 0A and factor V G1691A was performed with a validated TaqMan® Genotyping 
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Assay (respectively ID C_8726802_20 and ID C_ 11975250_ 10, Applied Biosystems). 

Assessment of survival 

Last follow-up date including vital status and, if applicable, date and cause of death were 

available from the medical record or the general practitioner's files. Survival time was 

calculated from start of chemotherapy to death or last follow-up date. TC-related death 

was defined as death due to TC and not to chemotherapy-induced toxicity. As described 

previously170, disease outcome was classified as refractory disease (persistence of 

tumour markers lactate dehydrogenase (LDH), a-fetoprotein (aFP) and J3-human 

chorionic gonadotropin (J3HCG) or renewed elevation within 4 weeks after completion of 

chemotherapy), early relapse (within 2 years after start of treatment after an initial 

complete response), late relapse (more than 2 years after start of treatment) or no 

evidence of disease ( complete remission without relapse). 

Cardiovascular toxicity 

VTE (deep vein thrombosis and/or pulmonary embolism) occurring during chemotherapy 

were analysed with adjustment for potential confounding risk factors age at start of 

chemotherapy and IGCCC prognosis. 

For the analysis of CHD all patients experiencing a myocardial infarction or coronary 

artery disease (proven by coronary angiography, or by treatment with coronary 

angioplasty or coronary bypass surgery) during chemotherapy or follow-up were 

included. CHD before start of chemotherapy was exclusion criterion. Data were collected 

on age and follow-up duration at diagnosis of CHD, and the presence or development of 

the following cardiovascular risk factors: positive family history for cardiovascular disease 

(a parent or brother/sister with proven coronary artery disease, myocardial infarction, 

cardiac death or cerebrovascular accident before the age of 60), smoking status, 

hypercholesterolaemia (non-fasting plasma cholesterol levels >6.5 mmol/L at � 3 

separate time points and/or use of cholesterol lowering medication), hypertension (blood 

pressure systolic >150 mmHg and/or diastolic >95 mmHg and/or use of antihypertensive 

medication), overweight (defined as body mass index (BMI) >27.8 kg/m2) and diabetes 

mellitus. 

Statistical methods 

Hardy-Weinberg equilibrium of the genotypes was tested using the i test. Genotype 

groups were compared for patient characteristics, disease characteristics and received 

chemotherapy regimen using the Mann-Whitney U test and Kruskal-Wallis test for 
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continuous variables as appropriate and the i test for categorical variables. 

Overall and TC-related survival were analysed with Kaplan-Meier curves and tested with 

the log-rank test. To adjust for potential confounding factors multivariate Cox regression 

analysis was performed for TC-related survival and multiple logistic regression analysis 

for disease outcome. 

The risk for VTE during chemotherapy was analysed using logistic regression analysis. A 

Cox proportional hazard model was used to analyse the effect of the genotypes on CHO 

risk during chemotherapy and follow-up. 

All statistical analyses were performed with SPSS for Windows 16.0 (SPSS Inc., 

Chicago, IL). 

Results 

Patient characteristics and genotypes 

DNA of 334 patients of the total cohort of 439 patients was available for genotyping: 52 

living persons did not give informed consent and for 53 deceased patients no serum was 

available for DNA-isolation (n=48) or serum-isolated DNA was assigned 'unusable' after 

quality check by Qiagen REPLl-g Service (n=5)). PAl-1 4G/5G polymorphism could be 

genotyped in 324 (97%) samples. For these 324 patients factor II G20210A 

polymorphism could be genotyped in 321 and factor V G1691A polymorphism in 320. 

Patient characteristics, disease characteristics, chemotherapy regimens and genotype 

frequencies of the 324 patients are presented in Table 1. For 90% of patients follow-up is 

complete till at least 2006. 

PAl-1 4G/5G allele frequencies are in Hardy-Weinberg equilibrium with the following 

distribution: 84 (26%) 4G/4G, 164 (51%) 4G/5G and 76 (23%) 5G/5G (p>0.05). There is 

no apparent difference in distribution of the potential confounding polymorphisms of 

factor II and factor V over the PAl-1 genotype groups (i test p>0.05). Since none of the 

patients experienced CHO before start of chemotherapy, association of PAl-1 4G/5G 

polymorphism with survival as well as chemotherapy-related cardiovascular disease 

could be analysed in 324 (74%) of the total cohort of 439 patients. 

The three PAl-1 genotype groups do not differ with respect to age and received 

chemotherapy regimen. However, the 4G/4G genotype group contains more patients 

with an IGCCC poor prognosis, which appears to be largely attributable to high �HCG 

levels. (Table 2) 
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Table 1 .  Patient characteristics (N=324 ). 
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Age at start chemotherapy (years) 

Follow-up duration (years) 

Age at end of follow-up (years) 

Prognosis (IGCCC) 
Good 
Intermediate 
Poor 
Unknown· 

Chemotherapy regiment 

BEP/EP 
PVB 
PVB+ 
PVB/BEP 

Other 

Median (range) 

Median (range) 

Median {range) 

N (%) 

N (%) 

28 (16-64) 

1 0  (0-28) 

40 (19-73) 

171 (53%) 
107 (33%) 
44 (14%} 
2 

245 {76%} 
18 {5%) 
25 (8%) 
14 (4%) 
22 (7%) 

""' ,-�• ... y • ..- _....,.. • - - - I • • I 
f 

le � ___ ._, ,_. ,,,.___,, � •-- _ _, � ..1. - - - •- - • --- - �•_.. ......... _, ,..,, ___ •• • -•" WJI .. -• ..- - ·• � -- ..,,;.':-"\..•- � ... 

PAl-1 4G/5G polymorphism 
4G/4G 
4G/5G 
5G/5G 

Factor II G20210A polymorphism 
Wildtype (GG) 
Heterozygous variant (GA) 
Not assessable 

Factor V G1691A polymorphism 
Wildtype (GG) 
Heterozygous variant (GA) 
Not assessable 

N (%) 

N (%} 

N (%) 

• IGCCC not assessable because of lack on data on tumour marker levels 

84 (26%) 
164 (51%) 
76 (23%) 

314 (98%) 
7 (2%) 
3 

302 (94%) 
18 (6%) 
4 

t Chemotherapy regimen: BEP = bleomycin, etoposide, cisplatin; EP = etoposide, cisplatin; PVB = cisplatin, 
vinblastin, bleomycin; PVB+ = PVB followed by maintenance therapy with cisplatin and vinblastin; PVB/BEP = 
alternating courses of PVB and BEP; Other = CEB (carboplatin, etoposide, bleomycin) or BOPNIP (bleomycin, 
vincristin, cisplatin / etoposide, ifosfamide, cisplatin) 
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Table 2. Specification of disease characteristics at start of chemotherapy according to PAl-1 
genotype. 

8iseale �it- --� �t(NI �- ..._. 
Prognosis (IGCCC) 

Good N (o/o) 39 (46%) 90 (55%) 42 (56%) 0.359 
Intermediate 25 (30%) 60 (37%) 22 (29%) 0.385 
Poor 20 (24%) 1 3  (8%) 1 1  (1 5%) 0.003 
Unknown 0 1 1 

Non-pulmonary 
visceral metastases N (%) 6 (7. 1%)  4 (2.4%) 5 (6.6%) 0.162 

aFP n=322 
Level (ug/1) Median (range) 89 (1 -540,000) 34 (1 -70,600) 22 (1-19 ,570) 0.377 
Poor risk N (o/o) 6 (7.2%) 3 (1 .8%) 5 (6.7%) 0.077 

J3HCG n=321 
Level (IU/ml) Median (range) 78 ( 1-3,835,200) 68 (0-4,207,160 )  3 7  (1-19,652,000) 0.257 
Poor risk N (%) 13 (1 5.7%) 7 (4.3%) 5 (6.7%) 0.007 

LDH n=323 
Level (U/1) Median (range) 345 (99-3,393) 300 ( 130-1 8,61 3) 279 ( 170-3,204) 0.059 
Poor risk N (o/o) 2 (2.4%) 3 (1 .8%) 2 (2.6%) 0.91 0 

* x2 test for categorical variables and Kruskal-Wallis test for continuous variables 

PAl-1 4G/5G polymorphism and survival 

From the 324 analysed patients 35 (10.8%) are deceased. In 28/324 (8.6%) patients TC 

was the cause of death. Other causes of death were: bleomycin-induced pulmonary 

toxicity (n=1 ), infectious complications (n=2), myocardial infarction (n=1 ), ruptured 

abdominal aortic aneurysm (n=1 ), pulmonary emphysema (n=1) and unknown cause 

(n=1 ). 

The PAl-1 4G/5G polymorphism shows an association with overall as well as TC-related 

survival. Overall survival is worse for the 4G/4G genotype group, mainly due to worse 

TC-related survival within the first years after chemotherapy. (Fig. 1) In the 4G/4G 

genotype 14 patients (16.7%) have died of TC compared to 8 (4.9%) in the 4G/5G group 

and 6 (7.9%) in the 5G/5G group (logrank test p=0.003). TC-related survival is 

comparable for the 4G/5G and 5G/5G genotype, suggesting a recessive effect of the 4G 

allele. In multivariate Cox-regression analysis with adjustment for the potential 

confounding variables age at start of chemotherapy and IGCCC prognosis group, both 

prognosis group and PAl-1 4G/5G polymorphism appear to be independent predictive 

factors for TC-related survival. With adjustment for prognosis group, patients with the 

4G/4G variant have an increased risk for TC-related death with a hazard ratio (HR) of 

2.69 (95% confidence interval 1.26-5. 73; p=0.010) compared to 4G/5G and 5G/5G 

variants combined. (Table 3 and Fig. 2) 
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Figure 1. Kaplan-Meier curves for (A) 

overall survival and (B) TC-related 

survival according to PAl-1 genotype. 

Table 3. Cox-regression hazard analysis for risk of TC-related death according to PAl-1 genotype, 

adjusted for prognosis group according to IGCCC. 

IGCCC 
Good 171  6 1 ref. 
Intermediate 1 07 1 2  3.30 1 .24-8.80 0 .0 1 7  
Poor 44 1 0  7.05 2.53-19.64 <0.001 

PAl-1 genotype 
4G/5G or 5G/5G 240 1 4  ref. 
4G/4G 84 1 4  2.69 1 .26-5.73 0.0 1 0  

* 2 patients with unknown IGCCC 
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0.8 -� 
0.6 

0.4 

0.2 

0.0 
0 
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HR=2.69 (95% Cl 1 .26-5.73) 
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Figure 2. Predicted testicular cancer

related survival according to PAl-1 

genotype after adjustment for IGCCC 

prognosis group. 

Although residual confounding by prognosis group cannot be completely excluded, we 

performed additional analyses that show that the unfavourable effect of the 4G/4G 

variant on TC-related survival remains. We performed Cox-regression analysis stratified 

for IGCCC prognosis group, and multivariate Cox-regression analysis with tumour 

markers LOH, aFP and l3HCG as continuous variables and the presence of non

pulmonary visceral metastases as dichotomous variable. Both analyses show a 

comparable, independent unfavourable effect of the 4G/4G variant (HR for TC-related 

death respectively 2.66 (1.24-5.66), p=0.012 and 2.97 (1.37-6.42), p=0.006). The 

unfavourable effect of the 4G/4G variant on TC-related survival does not show 

predominance for a certain IGCCC prognosis group, l3HCG-producing disease, or 

presence of choriocarcinoma (as l3HCG-producing component) in the primary testicular 

tumour. We found no significant interaction between the PAl-1 4G/4G variant and 

IGCCC prognosis group, l3HCG-producing disease or choriocarcinoma (component) in 

the primary tumour (data not shown). 

Looking specifically at disease outcome after completion of chemotherapy, patients with 

4G/4G genotype show a higher prevalence of refractory disease and early relapses with 

an odds ratio (OR) of 3.35 (95% confidence interval 1.48-7 .59; p=0.004) compared to 

patients with 4G/5G or 5G/5G genotype (adjusted for IGCCC prognosis group). The 

4G/4G genotype shows no significant increased OR for late relapses. (Table 4) After 

completion of first-line chemotherapy 225 patients have been treated with surgery for 

residual mass(es). Of the patients with the 4G/4G variant 7/56 (12.5%) had viable 

tumour compared to 11/169 (6.5%) viable tumour in patients with 4G/5G or 5G/5G 

genotype ('1 test p=0.162). 
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Factor II G20210A polymorphism and factor V G1 691A polymorphism are not associated 

with overall and TC-related survival. (Data not shown) 

Table 4. Disease outcome after completion of chemotherapy (n=322
°

) according to PAl-1 genotype 

(logistic regression analysis with adjustment for prognosis group according to IGCCC). 

�-�-::� �Y.�7� _- :_· :_::::_-._. - -. :._:_!� .. J t.t,,· ':-·· .- - · ·, · "'",·'- · '·- -, -:-�-';,,;:.· _.;·-� ·M 
IGCcct 

Good (1 71 ) 4 (2.3%) ref. 
Intermediate ( 107) 14 (13. 1 %) 6.50 2.06-20.56 0.001 
Poor (42) 12 (28.6%) 14.03 4.1 6-47.35 <0.001 

PAl-1 genotype * 
4G/5G or 5G/5G (240) ref. 
4G/4G (82) 

IGCCC 
Good (1 71 ) 10 (5.8%) ref. 
Intermediate ( 107) 10 (9.3%) 1 .66 0.67-4. 1 3  0.277 
Poor (42) 4 (9.5%) 1 .64 0.48-5.60 0.429 

PAl-1 genotype 
4G/5G or 5G/5G (240) 17 {7. 1%) 1 ref. 
4G/4G (82) 7 (8.5%) 1.17 0.46-2.97 0.743 

* 2 patients with the 4G/4G genotype died before completion of chemotherapy because of respectively bleomycin 
induced pulmonary toxicity and infectious disease 

t 2 patients with unknown IGCCC 

Cardiovascular disease 

Venous thromboembolism 

A total of 26 patients (8.1%) developed VTE during the chemotherapy period, including 

deep vein thrombosis of a leg (n=6), central venous access port related deep vein 

thrombosis of an arm (n=17) and pulmonary embolism (n=3). 

PAl-1 4G/5G polymorphism does not show an association with VTE. Potential 

confounding factor V G1 691A polymorphism is not associated with VTE either, while the 

heterozygous variant of factor II G2021 0A polymorphism shows an increased incidence. 

(Table SA) When excluding central venous access port related deep vein thrombosis of 

an arm, 1 /7 (1 4.3%) patients with the heterozygous variant of factor II G2021 0A 

developed VTE during chemotherapy and 8/314  (2.5%) patients with wildtype factor II 

G20210A (x2 test p=0. 1 62). 
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When considering all VTE combined, both IGCCC prognosis and factor II G2021 0A 

polymorphism are independently associated with an increased risk for VTE. When 

combined in multiple logistic regression analysis, patients with an intermediate or poor 

prognosis have an OR of 2.66 (1 .09-6.53; p=0.032) compared to patients with a good 

prognosis. The presence of the heterozygous variant of the factor II G2021 0A 

polymorphism leads to an OR of 1 4.21 (2.57-78.78; p=0.002) compared to wildtype. 

A. 

PAl-1 genotype 
4G/4G (84) 
4G/5G (164) 

7 (8.3%) 
14 (8.5%) 

5G/5G (76) 5 (6.6%) 

Factor V G1691A polymorphism 
Wildtype (302) 24 (7.9%) 
Heterozygous variant (18) 2 (11.1%) 

Factor II G20210A polymorphism 
Wildtype (314) 22 (7.0%) 
Heterozygous variant (7) 4 (57.1%) 

9. ---

PAl-1 genotype 
4G/4G (84) 5 (6.0%) 
4G/5G (164) 8 (4.9%) 
5G/5G (76) 2 (2.6%) 

Factor V G1691A polymorphismt 

Wildtype (302) 11 (3.6%) 
Heterozygous variant (18) 3 (16.7%) 

Factor II G20210A polymorphism 
Wildtype (314) 14 (4.5%) 

0.867 

0.648 

0.001 

0.594 

0.037 

0.287 

Table 5. 

(A) Venous thromboembolism and 

(B) coronary heart disease according 

to genotypes. 

* x2-test 
t in 1 patient with CHO factor V  G1691A 

polymorphism could not be genotyped 
accurately 

Coronary heart disease 

CHD has been diagnosed in 1 5  

patients (4.6%) after start of 

chemotherapy. Median age at 

CHO diagnosis is 51 years 

(range 30-62) and median 

follow-up duration 1 5  years (0-

28). Although the incidence of 
Heterozygous variant (7) CHO is relatively higher in the 

4G/4G and 4G/5G variants of PAl-1 4G/5G polymorphism (6.0% and 4.9% compared to 

1 (14.3%) 

2.6% in the 5G/5G variants), these differences are not significant. (Table 58) 

In multivariate Cox proportional hazard analysis with cardiovascular risk factors age, 

positive family history, smoking status, hypercholesterolaemia, hypertension, overweight 

and diabetes mellitus, there is no significant effect of PAl-1 4G/5G polymorphism on 

CHO risk (4G/4G HR 6.79 (0.54-84.94), p=0. 1 37;  4G/5G HR 2.43 (0.26-22.78), 

p=0.436). The heterozygous variant of factor V G1 691A polymorphism shows an 

increased risk for the development of CHO with a HR of 6.25 (95% confidence interval 

1 . 1 2-34.93; p=0.037), while factor 11 G2021 0A polymorphism does not affect CHO risk 

(heterozygous variant HR 2.56 (0.26-24.73), p=0.41 6, based on 1 patient with CHO). 
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Discussion 

PAl-1 may have a pleiotropic role in cancer patients. On the one hand PAl-1 is 
increasingly recognised as key player in cancer progression as well as potential 
therapeutic target155-1 57, on the other hand PAl-1 is known as prothrombotic factor that 
may contribute to cardiovascular complications. We investigated whether the PAl-1 
4G/5G polymorphism, which may influence PAl-1 expression, is associated with survival 
and chemotherapy-related cardiovascular disease in non-seminomatous TC patients 
treated with platinum-based chemotherapy. 
The current results show that the homozygous 4G/4G variant of the PAl-1 4G/5G 
deletion/insertion polymorphism is associated with reduced TC-related survival. This 
unfavourable effect of the 4G allele appears to be recessive and at least partially 
independent from the commonly used prognosis classification (IGCCC). The increased 
risk for TC-related death (HR 2.69 (1.26-5.73)) may be related to an increased risk for 
refractory disease. Remarkably, the PAl-1 4G/5G polymorphism is also associated with 
IGCCC prognosis group. Patients with the 4G/4G variant relatively more often belong to 
the poor prognosis group, which suggests more aggressive tumour behaviour. 
Available data on PAl-1 and prognosis in cancer are most consistent with respect to 
expression data. High expression of PAl-1 in tumour tissue has been associated with 
poor prognosis in for example breast cancer, cervical cancer and kidney cancer.171

-174 

Although the exact mechanism behind the effect of PAl-1 on prognosis is unknown, PAl-
1 is increasingly recognized as a multifunctional protein with several tumour-promoting 
features, varying from effects on cell adhesion, migration and invasion to a role in 
apoptosis and angiogenesis.155• 156• 175• 176 

However, studies on the association of the germline PAl-1 4G/5G polymorphism with 
prognosis are inconclusive. 156 The 5G allele contains an additional protein binding site, 
which may bind a repressor to the PAl-1 promoter and thus lead to reduced PAl-1 
transcription. Consequently, some data suggest that the 4G allele is associated with a 
higher basal transcription of the PAl-1 gene 165, while other data suggest an increased 
transcription in response to an acute phase stimulus 164. It has not been established yet 
whether the germline PAl-1 4G/5G polymorphism effects PAl-1 expression by tumour 
tissue. For breast cancer tissue both an association of the PAl-1 4G/5G polymorphism 
with PAl-1 expression m and a lack of association 178 have been described. Moreover, 
tumour-related mutations, copy number variants and epigenetic changes might influence 
PAl-1 expression by tumours. 
With respect to the effect of the germline PAl-1 4G/5G polymorphism on tumour 
characteristics and survival in cancer, study results are inconclusive as well. For 
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example, in breast cancer, results vary from a negative effect of the 4G allele 177 to a 

negative effect of the 5G allele 179 or no effect at all178 . No data are available on tumour 

PAl-1 expression and the effect of germline PAl-1 4G/5G polymorphism in TC patients. 

We analysed germline DNA for the PAl-1 4G/5G polymorphism in TC patients. It is not 

known whether the analysed PAl-1 4G/5G polymorphism is associated with differences 

in PAl-1  expression by tumour tissue and although expression of PAl-1 by host stromal 

cells might be important for invasion by tumour cells and angiogenesis 180
, the effect of 

the polymorphism on PAl-1 expression by surrounding stromal tissue is not known 

either. Nevertheless, the common 4G/4G variant of the PAl-1 4G/5G polymorphism 

appears to be an additional, unfavourable prognostic factor to the commonly used 

IGCCC system and because of its association with poor disease outcome it may 

represent an unfavourable predictive factor for the response to chemotherapy as well. 

Although the current study is an association study that cannot exclude the effect of 

linkage disequilibrium and has been performed in a mainly white patient group, it may 

function as hypothesis generating. Further research on the expression and role of the 

uPA/PAR pathway components and PAl-1 in TC appears to be warranted. 

Regarding the role of PAl-1 as intravascular fibrinolysis inhibitor (tPA pathway), we have 

not found a significant effect of the PAl-1 4G/5G polymorphism on the incidence of 

cardiovascular disease during and/or after chemotherapy. The analysis of CHO is 

complicated by the small number of patients with CHO, the relatively short follow-up 

duration of patients with the 4G/4G variant (median 7 years (range 0-25) compared to 1 0  

years (0-27) for the 4G/5G group and 1 2  years (1 -28) for the 5G/5G group), and the 

lower attained age in patients with 4G/4G (median 38 years (range 20-65) compared to 

40 years (20-73) for the 4G/5G group and 44 years (1 9-70) for the 5G/5G group). 

Moreover, a considerable number of VTE is probably related to a central venous access 

port used for chemotherapy administration (1 7/26 VTE (65%)). Since 1 998 central 

venous access ports have been used less frequently. A larger cohort of TC patients is 

needed to study the effect of gene polymorphisms on VTE risk in patients without a 

central venous access port. However, treatment with chemotherapy per se is a risk factor 

for the development of VTE as well as the presence of a malignancy 181
, which has been 

found to be associated with circulating tumour-derived tissue factor-bearing particles. 182 

Coagulation activation by these factors in combination with the presence of 

prothrombotic gene polymorphisms such as factor II G2021 0A and factor V G1691A may 

further increase the risk for VTE. 181 Of the potentially confounding polymorphisms factor 

II G2021 0A and factor V G 1 691A, the heterozygous variant of factor II G2021 0A shows 

an increased risk for all VTE combined, including central venous access port related 
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VTE, during chemotherapy and the heterozygous variant of factor V G1 691A (factor V 

Leiden) an increased risk for CHO. These observations are in agreement with the 

established role of these polymorphisms in VTE and their potential, moderate role in 

CH0.167•183 However, the polymorphic variants of factor II G2021 0A polymorphism and 

factor V G1691A polymorphism have low frequencies and are present in a relatively 

small fraction of the TC patients experiencing VTE and CHO. In addition, due to the 

combination of a low frequency of the polymorphic variants and relatively low VTE and 

CHO incidence rates, the power of the current study to assess the effects of factor II 

G2021 0A polymorphism and factor V G1691A polymorphism on risk for chemotherapy

related vascular toxicity is low. 

In conclusion, we have found an association between the PAl-1 4G/5G polymorphism 

and TC-related survival, but not with chemotherapy-related cardiovascular toxicity. Since 

the 4G/4G variant of PAl-1 4G/5G polymorphism is associated with IGCCC poor 

prognosis, reduced TC-related survival and higher prevalence of refractory disease, it 

may be an unfavourable prognostic as well as predictive factor for response to 

chemotherapy in TC patients. If the unfavourable effect of the 4G/4G variant can be 

confirmed, it may contribute to the identification of patients with an increased risk of not 

responding to chemotherapy with curative intent. Since our observation suggests that 

PAl-1 may have a role in the prognosis of TC, future research on the role of the 

uPA/PAR pathway, PAl-1 and the PAl-1 4G/5G polymorphism might contribute to the 

fine tuning of the current prognosis classification system and the development of 

alternative treatment strategies. 
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Abstract 

Purpose Response to chemotherapy may be determined by gene polymorphisms 
involved in metabolism of cytotoxic drugs. A plausible candidate is the gene for 
bleomycin hydrolase (BLMH), an enzyme that inactivates bleomycin, an essential 
component of chemotherapy regimens for disseminated testicular germ cell cancer (TC). 
We investigated whether the single nucleotide polymorphism (SNP) A1450G of the 
BLMH gene (rs1050565) is associated with survival. 

Patients and Methods Data were collected on survival and BLMH genotype of 304 TC 
patients treated with bleomycin-containing chemotherapy at the University Medical 
Centre Groningen, the Netherlands, between 1977 and 2003. Survival according to 
genotype was analysed using Kaplan-Meier curves with log-rank testing and Cox
regression analysis with adjustment for confounders. 

Results BLMH gene SNP A1450G has a significant effect on TC related survival (log
rank p=0.001). The homozygous variant GIG genotype (n=31) is associated with 
decreased TC related survival compared to the heterozygous variant A/G (n=133) and 
the wildtype A/A (n=140). With Cox-regression the GIG genotype proves to be an 
unfavourable prognostic factor, in addition to the commonly used IGCCC prognosis 
group, with a HR of 4.97 (95% Cl 2. 17-11.39) for TC related death. Furthermore, the GIG 

genotype shows a higher prevalence of early relapses. 

Conclusion The homozygous variant GIG of BLMH gene SNP A1450G is associated 
with reduced survival and higher prevalence of early relapses in TC patients treated with 
bleomycin-containing chemotherapy. This association is hypothesis generating and may 
eventually be of value for risk classification and selection for alternative treatment 
strategies in patients with disseminated TC. 
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Introduction 

Testicular cancer (TC), the most common malignancy among young adult men, has 

shown an increasing worldwide incidence over the last 30 years. (2> In contrast, mortality 

rate of TC, consisting for about 95% of testicular germ cell tumours (seminomatous and 

non-seminomatous), has decreased. Long-term survival in disseminated testicular germ 

cell cancer exceeds 80%. 13
•
1 84 This improvement in survival is related to the introduction 

of cisplatin for the treatment of disseminated testicular germ cell cancer in the 1 970s and 

the further development of cisplatin-based regimens. 10• 
1 2

• 1 85 

To enable risk-based decisions about treatment of disseminated TC the International 

Germ Cell Consensus Classification (IGCCC) has been developed. The IGCCC 

identifies three prognosis groups with good, intermediate and poor prognosis.23 With 

cisplatin-containing chemotherapy 5-year survival rate is 91 % for the good prognosis 

group, 79% for the intermediate prognosis group and 48% for the poor prognosis 

group.23 

As survival of TC has improved, there is increasing interest for reducing toxicity of the 

current standard chemotherapy regimen, consisting of bleomycin, etoposide and 

cisplatin (BEP). The last major change in this area is the confirmation that 3 courses 

BEP are as effective as 4 courses in good prognosis germ cell cancer.44 In addition to 

reduction of toxicity, further improvement of survival, especially in poor prognosis 

patients, forms a challenge. 

It seems conceivable that toxicity as well as tumour response is influenced by 

polymorphisms of genes involved in metabolism or target pathways of cytotoxic drugs. 

The discovery of an association with such genetic polymorphisms may contribute to 

tailoring of chemotherapy to reduce toxicity and improve survival.46
•
186 

A candidate gene might be the gene for bleomycin hydrolase (BLMH), an enzyme that 

can inactivate bleomycin. Bleomycin has proven to be an essential component of the 

cisplatin-based chemotherapy regimens, PVB (Cisplatin, Vinblastin, Bleomycin) and 

BEP, used in the treatment of TC.187-1 89 However, the use of bleomycin is limited 

because of bleomycin-induced pneumonitis, a complication occurring in approximately 

1 0% of patients treated with bleomycin and fatal in about 1 0% of the cases.27
•
29

•
1 90

•
1 91 

In mice, lack of enzymatic activity of bleomycin hydrolase (BLMH), is associated with 

increased bleomycin-induced pulmonary toxicity. 1 92
•
1 93 In contrast, increased enzymatic 

activity has been found to be associated with human tumour resistance to bleomycin 1 94 

and elevated expression of BLMH has been observed in human tumour cell lines. 1 95•
1 96 

In the BLMH gene an A1450G polymorphic site (rs1 050565) has been identified. This 

single nucleotide polymorphism (SNP) leads to the presence of either isoleucine or 

81 



Chapter 5 

valine as amino acid residue 443. 1 95 The SNP is located in the C-terminal region that is 

thought to be involved in controlling the enzymatic activity. 197
•
1 98 Although the effect of 

this SNP on the enzymatic activity of BLMH and the consequences for the metabolism of 

bleomycin are unknown, the SNP appears to influence the level of bleomycin-induced 

DNA damage.1 99 

We hypothesise that the BLMH gene SNP A1450G influences BLMH activity and may, 

consequently, by an altered metabolism of bleomycin, be associated with differences in 

TC related survival. Therefore, we investigated whether the BLMH gene SNP A1450G is 

associated with differences in survival in non-seminomatous TC patients treated with 

bleomycin-containing chemotherapy. 

Patients and methods 

Patients 

Patients with non-seminomatous TC who have been treated with bleomycin- and 

platinum-containing chemotherapy at the University Medical Centre Groningen, between 

January 1 977 and January 2003, were eligible for this study. Patients with a primary 

mediastinal non-seminomatous tumour were excluded. In total this cohort comprises 372 

patients. 

For these patients data were collected on baseline characteristics (age at start of 

treatment, creatinine clearance according to Cockcroft-Gault formula), clinical stage 

(Royal Marsden Hospital staging), IGCCC prognosis group, combination of 

chemotherapy received, and disease outcome. 

DNA collection and genotyping 

After informed consent, genomic DNA was isolated from peripheral blood samples 

collected into EDTA tubes at the general practitioner's or at the out-patient clinic. For 

deceased patients genomic DNA was isolated preferentially from routinely stored serum 

and if no serum was present from paraffin-embedded histological material. In case no 

normal tissue was available, tumour samples were used. DNA isolation was performed 

as previously described.27 

BLMH genotype was determined by polymerase chain reaction (PCR) and a restriction 

fragment length polymorphism technique, according to the previously described 

procedure.27 In summary, a reverse primer and a forward mismatch primer with a 
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universal M13 primer extension (underlined) 5'-CGA CGT TGT AAA ACG ACG GCC 

AGT AGT GCT GTG TTA GAG CAG GAA CCA ATT-3' (lnvitrogen, Merelbeke, Belgium) 

were used for amplification to create a 150 bp DNA fragment which contains in case of 

A 1450G transition a Munl restriction site. After digestion with Munl (Roche Diagnostics 

GmbH, Mannheim, Germany) and electrophoresis on a 2.5% agarose gel, the A/A 

genotype (wildtype) was identified by a 150 bp fragment, the A/G genotype 

(heterozygous variant) by 150, 111 and 39 bp fragments, and the GIG genotype 

(homozygous variant) by 111 and 39 bp fragments. When BLMH genotype could not be 

accurately determined by this procedure, the DNA sample was sequenced. 

Survival measurements 

Last follow-up date, vital status at last follow-up date and, if applicable, date and cause 

of death were collected from the medical record or available via the general practitioner's 

files. Survival time was calculated from start of chemotherapy to death or last follow-up. 

Overall survival was distinguished from TC related survival, defined as death due to TC 

and not to chemotherapy-induced toxicity. 

With respect to disease outcome distinction was made between refractory disease, 

defined as absence of normalisation of tumour markers lactate dehydrogenase (LDH), 

alpha-fetoprotein (aFP) and beta-human chorionic gonadotropin (BHCG) or renewed 

elevation of tumour marker levels within 4 weeks after completion of chemotherapy, early 

relapses ( occurring within 2 years after start of treatment after an initial complete 

response) and late relapses (occurring more than 2 years after start of treatment). 

Statistical methods 

Distribution of the genotypes was tested for Hardy-Weinberg equilibrium. The 3 BLMH 

genotype groups were compared for patient characteristics using the x2 test for 

categorical variables and the Kruskal-Wallis test for continuous variables. 

Differences in overall and TC-related survival between the genotype groups were 

analysed using Kaplan-Meier curves and tested formally using the log-rank test. To 

analyse the independent effects of BLMH genotype on survival Cox-regression analysis 

was performed with adjustment for potential confounders. All statistical analyses were 

performed with SPSS for Windows 14.0 (SPSS Inc., Chicago, IL). 

83 



Chapter 5 

Results 

Patient characteristics and BLMH genotype 

For 321 patients of the total cohort of 372 patients DNA was available for genotyping. 
BLMH genotype could be accurately assessed in 304 (94.7%) of the 321 DNA samples. 
The analysable group of 304 patients has a median age of 28 years at start of 
chemotherapy (range 16-64 years) and a median survival time of 1 O years (range 0-27 
years). Age at start of treatment, survival time and prognosis group distribution 
(according to IGCCC) do not differ from the group of 68 non-analysable patients. (Data 
not shown) 
Of the 304 analysed patients genotype distribution is as follows: 140 (46%) wildtype 
(A/A), 133 (44%) heterozygous variant (A/G) and 31 (10%) homozygous variant (G/G). 
Allele frequencies are in Hardy-Weinberg equilibrium. Baseline characteristics and 
chemotherapy data for the 3 genotype groups are shown in Table 1. The genotypes do 
not differ significantly with respect to age, creatinine clearance, initial prognosis 
(according to IGCCC) and received cumulative dose of bleomycin and cisplatin. 

BLMH genotype and survival 

Overall, 59 (19.4%) of the 304 evaluated patients have died. With 41 patients (13.5%) 
having died of TC, TC is the most common cause of death. Other most common causes 
of death are cardiovascular disease (n=5: 4 fatal myocardial infarctions and 1 ruptured 
abdominal aortic aneurysm), bleomycin-induced pulmonary toxicity (n=3) and second 
non-TC malignancy (n=3). (Table 2) 
Kaplan-Meier curves for overall survival and TC related survival according to BLMH 
genotype are shown in figure 1. Log-rank testing shows a significant difference for 
overall survival according to BLMH genotype (p=0.006). Overall survival of the 
homozygous variant (G/G) genotype group is decreased compared to the wildtype (A/A) 
and heterozygous variant (A/G) genotype group. (Figure 1A) 
Looking specifically at TC related survival, the homozygous variant (G/G) genotype 
group shows worse TC related survival than the wildtype (A/A) and heterozygous variant 
(A/G) genotype group, mainly within the first years after treatment. (Figure 18) TC 
related survival for the heterozygous variant (A/G) genotype seems merely to follow the 
wildtype (A/A) group, suggesting a recessive instead of a dominant effect of the analysed 
SNP. 
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Table 1. Patient baseline characteristics and chemotherapy data. 

Age (years) Median (range) 28 (17-64) 27 (16-61)  32 (17-59) 0.245 

Stage (Royal Marsden) N(%) 
II 48 (35%) 63 (47%) 17 (55%) 0.073 
I l l 16 (1 1%) 8 (6%) 2 (6%) 
IV 74 (53%) 60 (45%) 11 (36%) 
Unknown 2 (1 %) 2 (2%) 1 (3%) 

Prognosis (IGCCC) N (%) 
Good 60 (43%) 65 (49%) 16 (52%) 0.954 
Intermediate 49 (35%) 43 (32%) 10 (32 %) 
Poor 24 (17%) 19 (14%) 4 (13%) 
Unknownt 7 (5%) 6 (5%) 1 (3%) 

Creatinine clearance (ml/mm) Median (range) 1 1 9  (58-203) 1 1 8  (66-2 13) 115 (55-187) 0.6 1 1  

Chemotherapy regimen* N (%) 
BEP 95 (68%) 96 (72%) 21 (68%) 
PVB 12 (9%) 1 5 ( 1 1 %) 4 (13%) 
PVB+ 13 (9%) 12 (9%) 3 (10%) 
PVB/BEP 10 (7%) 4 (3%) 3 (9%) 
Other 10 (7%) 6 (5%) 0 (0%) 

Cumulative bleomycln dose (mg) Median (range) 270 (60-360) 270 (60-360) 360 (120-480) 0.245 

Cumulative cisplatin dose§ (mg/m2) Median (range) 400 (200-1300) 400 (275-950) 400 (350-1 190) 0.770 

* x2 test for categorical variables and Kruskal-Wallis test for continuous variables 
t IGCCC not assessable because of lack on data on tumor marker levels or presence of non-pulmonary visceral 

metastases in stage IV patients 
i Chemotherapy regimen: BEP = bleomycin, etoposide, cisplatin; PVB = cisplatin, vinblastin, bleomycin; PVB+ = 

PVB followed by maintenance therapy with cisplatin and vinblastin; PVB/BEP = alternating courses of PVB and 
BEP; Other = CEB (carboplatin, etoposide, bleomycin) or BOPNIP (bleomycin, vincristin, cisplatin / etoposide, 
ifosfamide, cisplatin) 

§ Excluding patients who received carboplatin instead of cisplatin 

Table 2. Numbers of deceased patients with causes of death according to BLMH genotype. 

Total 59 (1 9.4%) 29 (20.7%) 18 (1 3.5%) 12 (38.7%) 0.005 

TC related 41 (1 3.5%) 21 (1 5.0%) 10 (7.5%) 10 (32.3%) 0.001 

Other cause 14 (4.6 %) 6 (4.3%) 6 (7.5%) 2 (6.4%) 0.877 
cardiovascular 5 1 3 1 
bleomycin induced pneumonitis 3 3 0 0 
second malignancy 3 0 2 
other 3 2 0 

Cause unknown 4 (1 .3%) 2 (1 .4%) 2 (1 .5%) 0 (0%) 
* x2-test 
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Figure 1. Kaplan-Meier curves for (A) 
overall survival, (B) TC related 
survival and (C) progression free 
survival according to BLMH genotype. 
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3 genotypes were compared for disease outcome after completion of chemotherapy. 
(Table 3) The homozygous variant (G/G) genotype group shows a higher prevalence of 
early TC relapses than the heterozygous variant (A/G) and wildtype (A/A) group 
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(p=0.019). The prevalence of refractory disease also seems to be higher in the 

homozygous variant (G/G) genotype group. These results suggest a worse tumour 

response to chemotherapy. The prevalence of late relapses does not differ. 

Table 3. Disease outcome and median follow-up duration to diagnosis of TC relapse after 
completion of chemotherapy (n=300). 

Disease outcome 
Refractory disease 17 (6%) 8 (6%) 6 (5%) 3 (10%) 0.529 
Early relapse ( <2 years) 22 (7%) 13 (9%) 4 (3%) 5 (16%) 0.019 
Late relapse (> 2 years) 23 (8%) 11 (8%) 9 (7%) 3 (10%) 0.856 
No evidence of disease 238 (79%) 106 (77%) 112 (85%) 20 (64%) 0.021 

Survival time at relapse (years) 
Median 2.11 1.68 3.96 1.12 0.363 
(range) (0.33-22.66) (0.51-22.66) (0.33-16.09) (0.37-6.56) 

• x2-test for categorical variables and Kruskal-Wallis test for continuous variables 

Cox-regression model 

In order to analyse the independent effect of BLMH genotype on TC related survival, a 

multivariate Cox-regression analysis was performed with adjustment for the following 

disease and chemotherapy related confounders: age at start of chemotherapy, stage, 

prognosis according to IGCCC, separate levels of the tumour markers LOH, aFP and 

BHCG, cumulative dose of the cytotoxic agents bleomycin and cisplatin, and creatinine 

clearance. Prognosis group according to IGCCC and BLMH genotype appeared to be 

independent prognostic factors for TC related survival. (Table 4) 

Table 4. Cox-regression hazard analysis for risk of TC related death according to BLMH genotype, 
adjusted for prognosis group according to IGCCC. 

�*N• :11' Oea1Mit 1'C - 95% CI � 
IGCCC 

Good 141 4 1 ref. 
Intermediate 102 17 6.43 2.16-19.12 0.001 
Poor 46 15 21.59 6.91-67.45 0.000 

Genotype 
AJA 140 21 1 ref. 
A/G 133 1 0  0.59 0.26-1.33 0.202 
GIG 31 10 4.97 2.17-11.39 0.000 

* 15 patients with unknown IGCCC 

Adjusted for IGCCC, patients with the homozygous variant (G/G) genotype showed a 

significantly increased risk for TC related death with a hazard ratio (HR) of 4.97 (95% 
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confidence interval 2. 1 7-1 1 .39; p=0.000) compared to the wildtype (A/A) group. The 

presence of the heterozygous variant (A/G) genotype does not affect the risk for TC 

related death when adjusted for prognosis group. Based on this Cox-regression model 

with adjustment for prognosis group, predicted TC related survival for each BLMH 

genotype group is shown in Figure 2. 
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Figure 2. Predicted TC related 

survival according to BLMH 

genotype after adjustment for 

prognosis group (IGCCC). For the 

homozygous variant genotype the 

HR for TC related death is 4.97 (95% 

confidence interval 2. 1 7-1 1 .39). 

With multivariate Cox-regression analysis a comparable relationship was found between 

BLMH genotype and progression free survival (data not shown). Adjusted for IGCCC, 

patients with the homozygous variant (G/G) genotype showed an increased risk for 

disease progression (either in refractory disease or as a relapse) with a HR of 3. 1 0  (95% 

confidence interval 1 .50-6.44; p=0.002) compared to the wildtype (A/A) group. 

Discussion 

Bleomycin is an essential component of the platinum-based chemotherapy regimens for 

disseminated testicular germ cell cancer. Since metabolic inactivation of bleomycin by 

BLMH appears to be associated with human tumour resistance to bleomycin 1 94, we 

investigated whether the BLMH gene SNP A1 450G influences survival in non

seminomatous TC patients treated with bleomycin-containing chemotherapy. The 

presented results suggest that presence of the homozygous variant (G/G) genotype is 

associated with decreased overall survival, compared to the heterozygous variant (A/G) 

and wildtype (A/A) genotypes. This decreased overall survival is caused by a higher 

prevalence of deaths due to TC in the homozygous variant (G/G) genotype group. 

Cox-regression analysis shows that, after correction for the commonly used IGCCC 
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prognosis group, the homozygous variant (G/G) genotype is an independent, 

unfavourable prognostic factor with an approximately 5 times increased risk (hazard ratio 

(HR) 4.97; 95% confidence interval 2.1 7-1 1 .39) for TC related death. 

Furthermore, the homozygous variant (G/G) genotype is associated with reduced 

progression free survival and a higher prevalence of early relapses (relapses occurring 

within 2 years), and seems also, although not significantly, to be associated with a higher 

prevalence of refractory disease. This suggests that tumour response to chemotherapy 

in this group is worse compared to the heterozygous variant (A/G) and wildtype (A/A) 

genotype group. 

Patients in the homozygous variant (G/G) genotype group have received a comparable 

cumulative dose of bleomycin during first line chemotherapy. With the exception of 1 

patient in the homozygous variant (G/G) genotype group, none of the patients with 

refractory disease or relapse received additional bleomycin-containing chemotherapy. In 

addition, the genotype groups do not differ with respect to renal function (as estimated by 

Cockcroft-Gault formula), suggesting that they have been exposed to a similar amount of 

bleomycin. 

The aforementioned data show that the observed difference in TC related survival and 

disease outcome cannot be explained by differences in initial IGCCC prognosis or 

differences in cumulative bleomycin dose. Since the effect of the analysed SNP on 

bleomycin pharmacokinetics is unknown, it is unclear whether the associations with 

disease outcome and TC related survival are due to an altered metabolism of bleomycin .  

Based on its location, the BLMH gene SNP A1 450G is a plausible candidate for 

influencing the enzymatic activity of BLMH. The SNP is located in the C-terminal region 

that intrudes the active-site cleft of BLMH and might influence by its position the 

substrate specificity as observed for the yeast BLMH homolog Gal6.200
•
201 Although in the 

variant genotypes substitution of isoleucine by valine would unlikely lead to change in the 

protein conformation of BLMH, it has been suggested that this region forms a likely 

candidate for interaction with a protein regulating the positioning of the C-terminal arm.200 

Moreover, data have been published that suggest that this SNP is functional. Tuimala et 

al. found an association between the BLMH gene SNP A1 450G and the level of 

bleomycin-induced DNA damage, that appears to be lower in smoking individuals with 

the heterozygous variant (A/G) and homozygous variant (G/G) genotype.199 

Aforementioned associations suggest that presence of a variant BLMH genotype may 

lead to a change in BLMH activity. Theoretically, increased BLMH activity would lead to 

increased inactivation of bleomycin, contributing to bleomycin resistance. In this study 

the prevalence of refractory disease seems, although not significant, to be higher in the 
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homozygous variant (G/G) genotype group. However, the analysis of an association 

between BLMH genotype and refractory disease may be limited by the relatively small 

number of patients with initial refractory disease. 

A contribution of the homozygous variant (G/G) BLMH genotype to bleomycin resistance 

would also suggest a protective effect of this genotype against bleomycin-induced 

toxicity to normal tissues. In an earlier report of our group on the effect of BLMH 

genotype on bleomycin-induced pulmonary toxicity, in a largely overlapping cohort, we 

did not find differences in the development of bleomycin-induced pulmonary toxicity 

according to BLMH genotype.27 A possible explanation for this lack of relationship 

between BLMH genotype and bleomycin-induced pulmonary toxicity, is that other factors 

than BLMH genotype may play a more important role in the development of pulmonary 

toxicity.29 

An alternative explanation for the observed difference in disease outcome and TC 

related survival, is the involvement of BLMH in intracellular response pathways to 

bleomycin and/or to other cytotoxic agents, although other substrates of BLMH, besides 

bleomycin, homocysteine202 and probably amyloid precursor protein in Alzheimer's 

disease203
•
204, are currently unknown. BLMH is supposed to have a conserved cellular 

function, because of its wide distribution in nature and its importance for neonatal 

survival, as shown in BLMH-knockout mice.1 93
•
195

•
200 It has been found to have a 

structure resembling the proteasome205 and is able of binding Ubiquitin-Conjugating 

Enzyme 9 (UBC9), suggesting a role in intracellular protein processing and 

degradation.206 Besides, BLMH binds ribosomal proteins and may consequently have a 

protective role against cytotoxic proteins that bind to RNA.207 

In addition to the involvement of BLMH in intracellular response pathways to cytotoxic 

agents, a linkage disequilibrium to a yet unknown gene that is located near the locus of 

the BLMH gene (chromosome 1 7q1 1 . 1 -q1 1 .2) and that may influence TC related 

survival, cannot be excluded since the present study is an association study. 

Nevertheless, our results suggest that presence of the homozygous variant (G/G) 

genotype of the BLMH gene SNP A1450G is an independent, unfavourable prognostic 

factor for survival in TC patients treated with chemotherapy. Furthermore, the 

homozygous variant seems to be associated with worse tumour response to 

chemotherapy. Since this is the first study describing an unfavourable influence of the 

homozygous variant (G/G) of the BLMH gene SNP A1 450G on survival in TC patients, 

confirmation in other TC patient cohorts is needed. 

The results of the current study are hypothesis generating and not yet applicable to 

clinical practice. Studies in patients with other forms of cancer treated with bleomycin-
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containing chemotherapy or studies in TC patients not treated with bleomycin may give 

insight into whether the influence of BLMH genotype on survival is specific for testicular 

cancer and/or treatment with bleomycin. In case presence of the homozygous variant 

(G/G) of the BLMH gene SNP A1450G appears to be associated with decreased 

bleomycin efficacy, substitution of bleomycin by ifosfamide may be warranted since no 

differences in response rate and survival have been observed.208 

In conclusion, although it is currently unknown what the underlying mechanism is of the 

worse TC related survival in patients carrying the homozygous (G/G) variant of the 

BLMH gene SNP A 1450G, confirmation of the observed association may have 

consequences for risk classification in patients with disseminated TC and may be of use 

to select patients who will benefit from alternative treatment strategies. 
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Abstract 

Circulating full length and caspase-cleaved cytokeratin 18 (CK1 8) are considered 

biomarkers of chemotherapy-induced cell death measured using a combination of the 

M30 and M65 ELISAs. M30 measures caspase-cleaved CK1 8 produced during 

apoptosis and M65 measures total CK1 8, including the levels of both caspase-cleaved 

and intact CK1 8, the latter of which is released from cells undergoing necrosis. Previous 

studies have highlighted their potential as prognostic, predictive and pharmacological 

tools in the treatment of cancer. Disseminated testicular germ cell cancer (TC) is a 

paradigm for a chemosensitive solid malignancy of epithelial origin and has a cure rate of 

80-90%. We conducted M30/M65 analyses in 34 TC patients before and during 

treatment with bleomycin, etoposide and cisplatin. Pre-chemotherapy serum levels of 

total and caspase-cleaved CK1 8 are correlated with established TC tumour markers 

lactate dehydrogenase (LDH), a-fetoprotein (aFP) and J3-human chorionic gonadotrophin 

(J3HCG), probably reflecting tumour load. Pre-chemotherapy levels as well as cumulative 

percentage change of total and caspase-cleaved CK1 8 from baseline to end of study are 

highest in poor prognosis patients. Moreover, area under the curve profiles of total and 

caspase-cleaved CK1 8 during chemotherapy mirror dynamic profiles for LDH, aFP and 

J3HCG. Consequently, CK1 8 levels appear to reflect chemotherapy-induced changes that 

correlate with changes in markers routinely used in the clinic for management of patients 

with TC. This is the first clinical study where CK1 8 levels correlate with established 

prognostic markers and provides impetus for their exploration in other epithelial cancers 

where there is a need for informative circulating biomarkers. 
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Introduction 

The development of novel, targeted anticancer therapies coupled with an increased 

understanding of the molecular processes that occur during cancer progression bring 

with them an ever more pressing need for the development of clinically robust 

biomarkers. 209•21 0 Ideally these assays may provide information such as optimal patient 

selection for the design of clinical trials as well as enable real-time evaluation of 

treatment efficacy and/or toxicity.45•211 These biomarkers may also facilitate no-go/go 

decision making that is crucial during the drug discovery process.21 2 

The M30- and M65-based sandwich ELISAs determine the circulating levels of different 

forms of the protein cytokeratin 18 (CK18) and are proposed as surrogate biomarkers of 

drug-induced cancer cell death. 21 3•215 Cancers of epithelial origin contain relatively large 

intracellular pools of soluble and insoluble cytokeratins. During necrotic and apoptotic 

cell death, CK18 and other cytokeratins are released into the blood in either their intact 

or caspase-cleaved forms where they remain relatively stable in the circulation of cancer 

patients.216 

The M30 detection antibody recognises a neo-epitope mapped to positions 387-396 of 

CK18, so called CK18-Asp396, that is only revealed after caspase cleavage of the protein 

and is postulated as a selective biomarker of apoptosis.217 The M65 ELISA detects a 

common epitope present in the full length protein as well as in the caspase-cleaved 

fragment215 and is thus believed to measure, in addition to apoptosis, intact CK18 that is 

released from cells undergoing necrosis. 218 Both assays have now been validated as 'fit 

for purpose' in the analysis of plasma and serum collected from subjects entered into 

clinical trials21
9-

222 and have been extensively applied as pharmacodynamic biomarkers 

of chemotherapy-induced cell death in different cancer types treated with different 

chemotherapeutic agents213'215•223·225. 

Testicular germ cell cancer (TC) is the most common malignancy in men between 15 

and 35 years old. At time of diagnosis, up to 50% of TC patients have disseminated 

disease and the current standard chemotherapy regimen consists of a combination of 

bleomycin, etoposide and cisplatin (BEP). TC can be considered a paradigm for a 

chemosensitive solid tumour, as the cure rate for disseminated TC is high (80-90%). 

However, about 20-30% of the patients diagnosed with disseminated disease will display 

intrinsic resistance or will acquire resistance to first-line chemotherapy and about 10% 

will eventually die from TC. 

Approximately 90% of the patients with disseminated TC have elevated levels of one or 

more of the following serum tumour markers: lactate dehydrogenase (LDH), alpha

fetoprotein (aFP) and beta-human chorionic gonadotrophin (J3HCG). Normalisation of 
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these tumour markers is the most commonly used criterion for favourable tumour 

response.227 Levels usually decrease within 5 to 1 2  days after start of chemotherapy.228 

When marker levels normalise during or after completion of chemotherapy, patients are 

considered to have a complete biochemical tumour response. In the cases where 

residual disease is present, it will be treated surgically.229
•
230 Upon complete remission, 

regular measurement of serum tumour markers is an essential component of the follow

up of TC patients.231
•
232 In addition, LDH, aFP and l3HCG are used, in combination with 

the localisation of the primary tumour and the presence of non-pulmonary visceral 

metastases, for prognosis estimation according to the International Germ Cell 

Consensus Classification (IGCCC). Initial increase in aFP levels after start of 

chemotherapy appears to be associated with unfavourable outcome.233 

It must be noted, however, that initial levels of these serum tumour markers have a 

limited predictive value for disease outcome in the individual patient. Moreover, up to 

1 0% of patients with disseminated TC do not have elevated tumour markers. Thus, 

additional serological biomarkers may contribute to a better prediction of response to 

chemotherapy and disease outcome. 

We have conducted an exploratory study where we have investigated changes in serum 

and plasma concentrations of total CK1 8 (M65 antigen) and caspase-cleaved CK1 8 

(M30 antigen) in TC patients before and serially after treatment with BEP chemotherapy, 

and their association with changes in the clinically used tumour markers LDH, aFP and 

l3HCG, and treatment outcome. 

Patients and methods 

Patients and collection of blood samples for analysis of CK18 and caspase

cleaved CK18 

Blood samples were collected from two groups of patients and analysed for the acute 

effects of chemotherapy for disseminated TC. All patients received BEP chemotherapy, 

consisting of a combination of bleomycin (30 mg on days 2, 8 and 1 5  of each course), 

etoposide (1 00 mg/m2 on days 1 -5) and cisplatin (20 mg/m2 on days 1 -5) for 3 or 4 

courses of 3 weeks. 

We collected blood samples of 1 1  consecutive TC patients participating in a prospective 

study on acute effects of BEP chemotherapy and treated from May 2006 to November 

2006. For this study both serum and heparin plasma were collected on day 1 (before 

start of chemotherapy) and heparin plasma for days 2 (24 hours after start), 3 (48 hours 
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after start), 6, 8 and 15 of the first course and days 1, 8 and 15 of the following courses. 

Samples were stored at -20°C. 

To extend our exploratory analysis, we selected from our serum bank a group of 23 TC 

patients treated with BEP chemotherapy at the University Medical Centre Groningen, the 

Netherlands, between January 2004 and May 2006. Selection was based on the 

availability of serum samples and diversity with respect to the histologic composition of 

the primary tumour, IGCCC prognosis group, disease outcome and levels of tumour 

markers LOH, aFP and J3HCG. From the stored serum samples (at -20°C) we selected 

samples from before start of chemotherapy and from days 1, 8 and 15 of each 

chemotherapy course. If no samples were available for days 1, 8 or 15, a sample from 1 

day before or after was analysed. 

The analysis of blood samples was approved by the local medical ethical committee and 

written informed consent was obtained from each participant. 

lmmunohistochemistry for CK18 and caspase-cleaved CK18 in tumour material 

Paraffin-embedded testicular tumour material was collected for each patient before start 

of chemotherapy and analysed for CK18 and caspase-cleaved CK18. For 

immunohistochemistry 3 µm sections were cut and placed on APES-coated slides, 

deparaffinised and dehydrated. The presence of testicular germ cell tumour components 

was confirmed by a pathologist using standard hematoxylin-eosin staining. 

For staining of CK18, endogenous peroxidase was blocked (30 minutes 0.3% H202) and 

in addition, sections were pre-treated with 0.1 % protease XXIV for 30 minutes (Sigma

Aldrich, St. Louis, MO, USA), followed by incubation with avidin and subsequently biotin 

blocking solution, both for 15 minutes (Vector Laboratories, Burlingame, CA, USA). For 

staining of caspase-cleaved CK18, sections were preheated by microwave for 8 minutes 

at 700 W in citrate buffer (0.1 M, pH 6.0) followed by blocking of endogenous peroxidase 

activity as described above. Subsequently, slides were incubated for 1 h with the primary 

antibody: CAM5.2 (Becton-Dickinson, San Jose, CA, USA) recognising both CK18 and 

CK8, which show a similar tissue distribution234, or M30 antibody (Boehringer Mannheim 

GmbH, Mannheim, Germany) to detect CK18-Asp396
. A secondary biotinylated rabbit 

anti-mouse antibody followed by a tertiary StreptAB-complex/HRP and peroxidase

conjugated rabbit anti-mouse antibody followed by peroxidase-conjugated goat anti

rabbit antibody (antibodies from DAKO, Glostrup, Denmark) were used, respectively. 

DAB was used as chromagen to visualise peroxidase activity. Counterstaining was 

performed with hematoxylin. lmmunoglobulin-class-matched control sera were used as 

negative controls. Normal appendix tissue served as a positive control for CK18 and CK8 
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and colon carcinoma tissue for caspase-cleaved CK1 8. 

Semi-quantitative analysis of CK18 and caspase-cleaved CK18 in tumour material 

Evaluation of staining was performed by a pathologist without knowledge of the clinical 

data. With respect to CK1 8/CK8 (recognised by CAM5.2), tumour components showing 

no positive cells were considered negative (-), while tumour components showing 

stained tumour cells were considered positive (± in presence of focal positive staining or 

+ in presence of diffuse positive staining). For caspase-cleaved CK1 8, tumour 

components showing positivity in less than 5 high-power fields (with a field diameter of 

0.55 mm) were considered negative (-). Focal positivity for caspase-cleaved CK1 8 was 

scored +, whereas the presence of massive positivity was scored ++. Heterogeneity and 

pattern of staining regarding each tumour component were also recorded. 

Determination of CK18 (M65) and caspase-cleaved CK18 (M30) in blood 

The M30 apoptosense and M65 ELISA kits were both obtained from PEVIVA AB 

(Bromma, Sweden) and these assays, previously validated for clinical trial use, were 

performed under dedicated GCLP conditions as previously described.219
"
221 Background 

variation for total CK1 8 and caspase-cleaved CK1 8 is considered as +/- 30% of the level 

seen at start of each chemotherapy as discussed previously.220 Any peaks or troughs 

seen in CK1 8 levels falling outside of this range may be considered a direct result of 

chemotherapy: either tumour response or toxicity. 

Statistics 

Data were analysed statistically with SPSS software package (SPSS Inc., Chicago, IL). 

Groups were compared for CK1 8 levels by using the Mann-Whitney U test, whereas 

changes in CK1 8  levels over time were tested with the paired Wilcoxon signed rank test. 

The Kruskal-Wallis nonparametric test was performed to test for differences amongst the 

distributions of the three prognosis groups. Post hoc pairwise comparisons were made 

with Bonferonni correction when appropriate. 

To calculate the cumulative percentage change in CK1 8 levels over the entire treatment 

period, values with a 30% threshold from the predose value for each chemotherapy 

course were judged to be either a 'peak' (increase above threshold), a 'trough' (decrease 

below threshold), or 'no change' (remaining either above, below or within the 30% 

threshold in line with the previous reading220
).  At each peak and trough, the absolute 

values of CK1 8 and caspase-cleaved CK1 8 were recorded and summed over the entire 

treatment period to give the cumulative percentage change. 
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To calculate the area under the curve (AUC) values from the measured concentrations at 

sequential, specific sampling points, the trapezoidal equation was used as follows: 

�
{

Cn + Cn + I  
} L..J ---- • (fn + I - fn 

n=I 2 

where Cn and tn are the concentration and time point, respectively, for the nth time point. 

To determine the extent to which the AUC values of total CK18, caspase-cleaved CK18 

and the standard tumour markers LDH, aFP and r3HCG are proportional to each other, 

weekly AUC data for all five markers were normalised between 0 and 1 using minmax 

normalization235 so that a direct comparison could be made between these markers in 

terms of the AUC profile over the entire period. All tests were performed two-sided and 

P values <0.05 were considered statistically significant. 

Results 

Patient characteristics 

General patient characteristics are summarized in Table 1. Among the total group of 34 

patients there were 4 patients with refractory disease. 

CK18 and caspase-cleaved CK18 in primary tumour material 

For each patient, every testicular germ cell tumour component was scored separately for 

the expression of CK18/CK8 and caspase-cleaved CK18. All non-seminomatous 

histologic components were positive for CK18/CK8 (all +), with the embryonal carcinoma 

(EC) component showing most positivity (Figure 1A), followed by the choriocarcinoma 

(ChC) component. These two components were also most often positive for caspase

cleaved CK18 (EC 22/22 ++; ChC 1/6 + and 5/6 ++), with the variable presence of so

called aponecrosis in EC components. Noteworthy, the yolk sac tumour (YS) component 

was negative for caspase-cleaved CK18 when it had the reticular pattern, whereas it 

showed positivity for caspase-cleaved CK18 with aponecrosis in the solid pattern, which 

is histologically more similar to the EC pattern (YS 3/6 -, 2/6 + and 1/6 ++). Mature 

teratoma (MT) and immature teratoma (IT) components showed variable expression of 

caspase-cleaved CK18 (MT 11/12 - and 1/12 +; IT 3/5 - and 2/5 +) (Figure 1 B). 
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Table 1. General patient characteristics. 

Number of patients 

Age (years) 

Histology 
Non-seminoma 
Seminoma 

Stage* 
I I  
I l l  
IV 

Prognosis groupt 

Good 
Intermediate 
Poor 

Chemotherapy regimen 
4 BEP 
3 BEP 

Response to  chemotherapy 
Complete biochemical response 
Complete biochemical response + surgery 

Teratoma 
Necrosis 

Refractory disease 

* Royal Marsden classification 

�--

11 

Median (range) 35 (19-46) 
N (%) 

10 (91%) 
1 (9%) 

N (%) 
9 (82%) 
1 {9%) 
1 (9%) 

N (%) 
10 (91%) 
1 (9%) 
0 (0%) 

N (o/o) 
2 (1 8%) 
9 (82%) 

N (%) 
7 (30%) 
13 (57%) 
8 
5 
3 (13 %) 

t International Germ Cell Cancer Consensus Classification (IGCCC) 

23 

31 (19-53) 

21 (91%) 
2 (9%) 

15 (65%) 
1 (4%) 
7 (31%) 

11 (48%) 
7 (30%) 
5 (22%) 

20 (87%) 
3 (13%) 

4 (36%) 
6 (55%) 
4 
2 
1 (9%) 

The seminoma (S) component was negative for both CK18/CK8 (7/8 - and 1/8 ±) and 

caspase-cleaved CK18 (8/8 -; Figure 1 C) with the exception of one patient who had a 

mixed germ cell tumour with focal positivity for CK18/CK8 in the S component. 

Circulating CK18 (M65) and caspase-cleaved CK18 (M30) before chemotherapy 

Pre-chemotherapy serum levels of total CK18 and caspase-cleaved CK18 were 

analysed in the complete group of 34 TC patients and varied significantly according to 

IGCCC prognosis group. (Figure 2A) Patients in the poor prognosis group showed the 

highest median level of total CK18 (2456 U/1), followed by the intermediate prognosis 

group (642 U/1) and then good prognosis group (366 U/1). Median caspase-cleaved CK18 

levels follow the same pattern (poor prognosis group 648 U/1, intermediate prognosis 

group 219 U/1 and good prognosis group 144 U/1). 
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CK18/CK8 (CAM5.2) CK18 - Asp396 (M30) 

:- ... . 
Figure 1. Expression of CK18/CK8 
(CAM5.2) and caspase-cleaved CK18 
(M30) in different testicular germ cell 
tumour components. A 

B 

C 

A 
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0 C") 
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CG 
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co 
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(A) Embryonal carcinoma (EC): 
positive for CK18/CK8 and apoptotic 
cells positive for caspase-cleaved 
CK18. 
(B) Mature teratoma (MT): in general 
positive for CK18/CK8 and negative 
for caspase-cleaved CK18. 
(C) Seminoma (S): negative for both 
CK18/CK8 and caspase-cleaved 
CK18. 

+ � B !! -500 

a -750 

0 M65 
0 M30 

good (n=21) intermediate (n=B) poor (n=S) good (n=11 )  intermediate (n=7) poor (n=S) 

Prognosis group Prognosis group 

Figure 2. (A) Pre-chemotherapy serum levels of total CK18 (M65) and caspase-cleaved CK18 
(M30) according to prognosis group (IGCCC) in total group of analysed patients (n=34). (B) 
Cumulative percentage changes in total CK18 (M65) and caspase-cleaved CK18 (M30) levels over 
entire treatment period grouped by IGCCC prognosis for samples collected from serum bank 
(n=23). *significant different from good prognosis group (P<0 .05); **significant different from good 
and intermediate prognosis group (P<0 .05) 
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Changes in circulating CK18 (M65) and caspase-cleaved CK18 (M30) during the 

first chemotherapy course 

For the 11 patients participating in the prospective study, data were available at early 

time points at 24 hours, 48 hours, 5 days, 7 days, 14 days and 21 days after start of 

chemotherapy (151 chemotherapy course). (Figure 3) Up to 7 days after start of 

chemotherapy there was a significant increase in median total CK18 level (pre

chemotherapy 384 U/1, after 7 days 483 U/1 ; p = 0.010) and median caspase-cleaved 

CK18 level (pre-chemotherapy 267 U/1, after 7 days 338 U/1 ; p = 0.026). This peak was 

followed by a decrease in total CK18 levels compared to baseline values resulting in a 

median level of 294 U/1 at 14 days (p = 0.021) and 307 U/1 (p = 0.016) at 21 days after 

start of chemotherapy. Caspase-cleaved CK18 levels were also decreased compared to 

pre-chemotherapy levels 14 days after start of treatment (median 203 U/1; p = 0.008). 

1 ,000 Figure 3. Changes in circulating 
- M 65 

CK1 8 (M65) and caspase-cleaved 8 0 M30 

800 0 
CK1 8 (M30) in serum of TC patients 

• (n=1 1 )  during the first course of BEP 

• • 
chemotherapy. The median values 2. 600 

0 • 
0 0 • are connected by a line. *median 0 • o  • 

M • •  :!E • level significant different from • 
r:: 

400 baseline (P<0.05) ca • 

200 
0 

0 

0 1 2 5 7 14  21 

Time (days) 

Circulating CK18 (M65) and caspase-cleaved CK18 (M30) profiles in patients from 

the three /GCCC prognosis groups 

Typical examples of individual patient profiles from each of the three groups are shown 

in Figure 4. Arrows indicate the start of each chemotherapy course and error bars at 

each of these points indicate the 30% signal-to-noise ratio: thus, values outside this 

range are considered significant. Patients in the good and intermediate prognosis group 

(Figures 4A and 48, respectively) displayed repeated drug-induced spikes in total CK18 

and caspase-cleaved CK18 levels throughout the course of therapy, whereas total CK18 

and caspase-cleaved CK18 levels were initially very high and decreased rapidly upon 
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the first chemotherapy course with the absence of clear peaks for patients in the poor 

prognosis group (Figure 4C). The four patients with refractory disease showed a profile 

similar to the 30 patients with a favourable tumour response. 
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co 
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ca 
IC) 
co 400 
::E 
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Time (weeks) 

-+- M30 
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Figure 4. Circulating CK1 8 (M65) and 

caspase-cleaved CK1 8 (M30) profiles in a 

patient from the three IGCCC prognosis 

groups: (A) good prognosis, (B) intermediate 

prognosis, (C) poor prognosis. Arrows indicate 

the start of each chemotherapy course and 

error bars indicate 30% signal-to-noise ratio 

for each chemotherapy course. 

Cumulative changes in circulating 

CK18 (M65) and caspase-cleaved 

CK18 (M30) over the entire treatment 

period 

Changes in circulating total CK18 and 

caspase-cleaved CK18 were analysed in 

the 23 patients for whom serum samples 

were available throughout the entire 

o .---.---.-........ ----.----,..---..--......---.-------.---. treatment period. Cumulative percentage 

C 
3,500 

3 ,000 

�2,500 
2. 

; 2,000 

; 1 ,500 

co 
:i: 1 ,000 

500 

0 

1 2 3 4 5 6 7 8 9 10 1 1  12  

t t t t changes in total CK18 (good prognosis 
Time (weeks) 

-+- M30 
--- M65 

1 2 3 4 5 6 7 8 9 10 1 1  1 2  
t t t t 

Time (weeks) 

166.5%, intermediate prognosis 121.3% 

and poor prognosis -119.4%) and 

caspase-cleaved CK18 (good prognosis 

90.4%, intermediate prognosis 69. 7% 

and poor prognosis 25.5%) over the 

entire treatment period differed highly 

according to IGCCC prognosis group. 

Patients in the poor prognosis group 

showed the largest cumulative decrease 

in both total and caspase-cleaved CK18 

(Figure 28). The median cumulative 
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change in total CK1 8 in the poor prognosis group differed significantly from the good 

prognosis group (P=0.002) and intermediate prognosis group (P=0.008), whereas the 

median cumulative changes in caspase-cleaved CK1 8 also differed between the poor 

prognosis patients and good prognosis patients (P=0.01 1 ), but not between the poor and 

intermediate prognosis patients. 

Correlation between circulating CK18 (M65), caspase-cleaved CK18 (M30), and 

standard tumour markers 

Pre-chemotherapy serum levels of total CK1 8 and caspase-cleaved CK1 8 were strongly 

positively correlated with circulating levels of the standard TC tumour markers LDH, 

l3HCG and aFP. (Table 2) 

ALIC analysis of median week-by-week changes in total CK1 8 (Figure SA) showed a 

significant difference according to IGCCC prognosis group during the first 2 weeks of 

chemotherapy and was able to distinguish patients in the poor prognosis group during 

subsequent chemotherapy courses. Similarly, caspase-cleaved CK1 8 levels showed 

significant variation according to prognosis group during the first 2 weeks of treatment. 

(Figure 58) Of particular note is the finding that ALIC analyses of total and caspase

cleaved CK1 8 levels during chemotherapy exhibited profiles that were remarkably similar 

to those of the standard tumour markers. (Figure SC) Spearman's correlation analysis 

showed a significant correlation between both total CK1 8 and caspase-cleaved CK1 8 

with LDH in all three prognosis groups, l3HCG in intermediate and poor prognosis groups 

and aFP in the poor prognosis group. (Table 3) 

LDH (n = 34) 

aFP (n = 20)* 

J3HCG (n = 22)* 

0.698 <0.001 0.586 <0.001 

0.129 0.588 0.475 0.034 
0.866 <0.001 0.864 <0.001 

Good (n = 1 1 )  LDH (n = 1 1 )  
aFP ( n  = 5)* 
J3HCG (n = 8)* 

Intermediate (n = 7) LDH {n = 7) 
aFP {n = 4)'" 
J3HCG (n = 5)* 

Poor (n = 5) LDH (n = 5) 
aFP (n = 4)* 
J3HCG (n = 5)* 

1 06 

0.804 0.593 
-0.262 0.182 
-0.295 0.092 

0.654 0.579 
0.546 0.547 
0.561 0.579 
0.980 0.967 
0.975 0.963 
0.963 0.973 

Table 2. Correlation between circulating 

CK1 8 (M65), caspase-cleaved CK1 8 (M30) 

in serum and standard tumour markers 

before start of chemotherapy. 

Table 3. Correlation between serum levels of 

CK1 8 (M65), caspase-cleaved CK1 8 (M30) in 

serum and standard tumour markers during 

chemotherapy, using weekly AUC data. 

Samples were from the retrospective study 

(n=23). Values in bold indicate significance 

(p<0.05). *analysis includes patients in whom 

concerned tumour marker was elevated 

before start of chemotherapy. 
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Figure 5. Area under the Curve (AUC} data for 

(A) circulating CK1 8 (M65} and (B) caspase

cleaved CK1 8 (M30} according to IGCCC 

prognosis group. (C} Levels of CK1 8 (M65}, 

caspase-cleaved CK1 8 (M30), and standard 

tumour markers LOH, aFP and �HCG 

combined as normalised AUC data. The arrows 

indicate the start of each chemotherapy course. 

Discussion 

The high levels of intact and caspase
cleaved CK18 in the circulation of patients 
with epithelial malignancies have been 
attributed to shedding into the blood from 
dying tumour cells.223

•
225

•
226 Similarly, 

increases in circulating levels of CK18 
following chemotherapy have also been 
reported, and thus this protein is 
considered to be a serological biomarker 
of tumour cell death.223

•
226

•
236 

The expression of CK18 in non
seminomatous histological components of 
TC renders CK18 and its caspase-cleaved 
fragment CK18-Asp396 candidate 
biomarkers for chemotherapy-induced 
tumour cell death and cell death mode 
(apoptosis versus necrosis) in non
seminomatous TC patients. This 
exploratory study shows that serum levels 
of total CK18 (M65 antigen) and caspase
cleaved CK18 (M30 antigen) before 
chemotherapy are associated with 
prognosis group according to IGCCC 
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classification and are correlated with pre-chemotherapy levels of tumour markers LDH, 

aFP and J3HCG. In addition, changes in total CK18 and caspase-cleaved CK18 are 

observed during chemotherapy. These changes consist of an overall decrease, 

combined with peaks during most chemotherapy courses in the good and intermediate 

prognosis group. ALIC analysis shows that changes in total CK18 and caspase-cleaved 

CK18 are strongly correlated with chemotherapy-induced changes in LDH, aFP and 

J3HCG. 

In our patients, CK18 and caspase-cleaved CK18 levels also vary with different 

histological components of germ cell tumours.237
•
238 It seems conceivable that the large 

variation in blood levels of total CK18 and caspase-cleaved CK18 before chemotherapy 

is partially caused by the present tumour masses, their histological composition and the 

baseline levels of spontaneous tumour cell death. Moreover, the observed association 

with IGCCC prognosis group and tumour markers LDH , J3HCG and aFP, suggests that 

the height of circulating CK18 levels is primarily influenced by tumour load. 

Since CK18-Asp396 is expressed during apoptosis and released during loss of cell 

membrane integrity with further progression of apoptosis or secondary necrosis, we 

prospectively analysed changes in total CK18 and caspase-cleaved CK18 in 11 TC 

patients shortly after start of chemotherapy. An increase in total CK18 and caspase

cleaved CK18 levels was observed up to 7 days after start of chemotherapy. In previous 

studies on the effects of chemotherapy in patients with breast cancer and prostate 

cancer, increases in total and caspase-cleaved CK18 levels were found within 1-3 days 

after start of chemotherapy.224•
239 We observed the highest increase 7 days after start of 

treatment, which may reflect the cumulative effect of the 5 day dosing scheme of 

cisplatin and etoposide during BEP chemotherapy. 

During the following courses, an overall decrease is observed with the superposition of 

peaks for both total and caspase-cleaved CK18 after start of each chemotherapy course 

in good and intermediate prognosis patients. Poor prognosis patients show the most 

pronounced overall decrease in total and caspase-cleaved CK18. The profiles and ALIC 

changse of total and caspase-cleaved CK18 appear to mirror the profiles of the standard 

tumour markers. The strong correlation between the pre-chemotherapy levels and the 

following ALIC changes in total and caspase-cleaved CK18 on the one hand and LDH,  

aFP and J3HCG on the other hand, suggest that the overall decrease in total and 

caspase-cleaved CK18 are indicative of treatment response by reflecting the decrease in 

tumour load due to chemotherapy-induced tumour cell death. A comparable association 

has been found between docetaxel-induced increases of caspase-cleaved CK18 and 

baseline levels of PSA, reflecting tumour volume in prostate cancer patients.224 In 
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addition, circulating caspase-cleaved CK18 levels in breast cancer patients correlated 
with the number of involved organs.225 

In addition, the peaks of total and caspase-cleaved CK18 observed after the start of 
each chemotherapy course in good and intermediate prognosis group patients indicate a 
drug-induced effect, which may reflect tumour response. The fact that these peaks are 
not observed in patients with poor prognosis is possibly related to high initial levels of 
total and caspase-cleaved CK18. With this exploratory analysis in a small number of 
selected patients it cannot be proven that M65 and M30 peaks are specific enough for 
chemotherapy-induced tumour cell death. Neither can it be excluded that these peaks 
(partially) reflect chemotherapy-induced toxicity to normal epithelial tissue. Recently, 
elevated serum levels of caspase-cleaved CK18 have been found in for instance patients 
with an acute myocardial infarction.240 

The 4 TC patients who eventually did not respond to BEP chemotherapy after an initial 
decrease in tumour markers, showed patterns of total and caspase-cleaved CK18 
comparable to responding patients, including chemotherapy-induced peaks. In case 
these peaks are tumour cell death-related, they may represent cell death of 
chemotherapy-sensitive subpopulations of cells, reflected by initial decrease of tumour 
markers. However, the number of refractory patients in this study is too small to draw 
firm conclusions. Consequently, the presence of chemotherapy-induced peaks in total 
and caspase-cleaved CK18 may not exclude future treatment failure. Correspondingly, 
increases in CK18 have been observed in breast cancer patients with stable disease 
instead of clinical response to chemotherapy.239 

With regard to the treatment of disseminated TC, the question remains whether 
determination of total CK18 and caspase-cleaved CK18 has additional value for 
monitoring tumour response to chemotherapy. The current results suggest that total 
CK18 and caspase-cleaved CK18 reflect drug-induced changes in tumour. However, to 
have a predictive value for the individual patient, serum total CK18 and caspase-cleaved 
CK18 need to show distinct patterns for patients with a favourable disease outcome and 
for those with a non-favourable disease outcome. Because the cure rate is so high for 
disseminated TC (80-90%) a larger study containing more non-responding patients is 
needed to assess whether changes in total and caspase-cleaved CK18 are specific 
enough for tumour cell response and whether pre-chemotherapy levels and early 
changes in total and caspase-cleaved CK18 are predictive for disease outcome in 
testicular cancer patients treated with chemotherapy. 
This study is the first example in a clinical setting where circulating levels of total CK18 
and caspase-cleaved CK18 correlate with internationally recognised circulating 
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biomarkers that are routinely and successfully used as prognostic indicators and for 

monitoring treatment response in TC. The correlation between CK1 8 levels and IGCCC 

prognosis group and their overall agreement with LOH, aFP and j3HCG levels suggest 

that circulating CK1 Bmay also have a prognostic value in TC patients. The concordance 

of total CK1 8 and caspase-cleaved CK1 8 with these prognostic markers of TC adds to 

the momentum for future exploration of circulating CK1 8 in other epithelial cancers 

where informative circulating biomarkers are needed. 
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Abstract 

Purpose Chemotherapy-induced endothelial damage may contribute to the increased 

incidence of cardiovascular disease in testicular cancer patients. Early markers for 

chemotherapy-related vascular toxicity may contribute to the identification of patients at 

increased risk for vascular disease. We explored circulating endothelial cells (CECs) as 

candidate marker for acute chemotherapy-related vascular toxicity. 

Methods 41 Testicular cancer patients treated with cisplatin-based chemotherapy were 

evaluated for CECs (CD146+, CD105+), along with von Willebrand Factor (vWF), tissue

type plasminogen activator (tPA), plasminogen activator inhibitor type 1 (PAl-1 ), 

fibrinogen and high-sensitivity C-Reactive Protein (hsCRP) at baseline, during cisplatin

based chemotherapy and one month after completion. lntima media thickness of the 

common carotid artery (IMT) was measured at baseline and one month after 

chemotherapy completion. 

Results CECs and vWF showed a cumulative increase during chemotherapy, with 

persistently elevated levels one month after chemotherapy completion. tPA, PAl-1, 

fibrinogen and hsCRP increased during chemotherapy, all returning to baseline levels 

after completion. Throughout treatment, the pattern of changes in CECs and vWF were 

comparable, with a positive correlation for changes over time (rs for areas under the 

curve=0.63; p<0.001). Carotid IMT did not change compared to baseline. Patterns of 

CECs and the other biomarkers were not distinctive for the 4 patients experiencing a 

vascular event during chemotherapy. 

Conclusion CEC levels increase during cisplatin-based chemotherapy for testicular 

cancer. The correlation between changes in CECs and vWF over the whole 

chemotherapy period suggests that changes in CECs represent chemotherapy-induced 

systemic vascular damage. Longer follow-up may help to establish the predictive value 

of CECs for long-term cardiovascular morbidity in testicular cancer survivors. 
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Introduction 

Through the introduction of platinum-based chemotherapy in the late seventies, 

disseminated testicular cancer has become a highly curable disease. In the growing 

group of successfully treated testicular cancer patients long-term chemotherapy-related 

side effects are increasingly recognised as a threat to life expectancy as well as quality 

of life.241 Important long-term effects include the development of second malignancies 

and cardiovascular disease (CVD).32
•
34

•
41•

242 CVD can manifest during or shortly after 

treatment28
•
243

, as well as on the long term.33
•
34

•
41

·
1 49

•
242 

Direct vascular damage as well as an increased prevalence of cardiovascular risk factors 

may contribute to cancer treatment-related CVD. In vitro studies show that both cisplatin 

and bleomycin can induce endothelial cell death.35•
38

•
244 In addition, these cytotoxic drugs 

change endothelial cell function, including the increased expression of adhesion 

molecules35•
245·

246
, production of pro-inflammatory cytokines36 and procoagulant 

activitity.35•
38 Ultimately, this chemotherapy-induced endothelial activation may lead to 

accelerated atherosclerosis and overt CVD. 

There are few clinical studies investigating early vascular effects in patients treated with 

cisplatin-and/or bleomycin-based regimens. In a previous prospective study in 65 

testicular cancer patients the intima media thickness (IMT) of the common carotid artery 

showed an increase within 10 weeks after completion of chemotherapy as sign of 

treatment-related vascular toxicity. 109 In long-term testicular cancer survivors median 7 

years after treatment we found early, subclinical signs of atherosclerosis, such as 

microalbuminuria and elevated levels of markers for endothelial activation, prothrombotic 

state and inflammation.39 In both studies, shortly after completion of chemotherapy as 

well as on the long term, cisplatin-based chemotherapy was associated with an increase 

in plasma von Willebrand factor (vWF). 39
• 
109 vWF, released by endothelial cells upon 

cellular activation, is a predictive marker for cardiovascular events.247-249 

Markers specific for early chemotherapy-induced endothelial damage can aid to identify 

patients at increased risk for vascular complications. In addition to vWF, levels of 

circulating endothelial cells (CECs) may contribute to the detection of chemotherapy

induced vascular toxicity. In physiological circumstances CECs are present in the 

circulation in low quantities. CEC count may be influenced by endothelial cells released 

from the local vessel wall by venipuncture and forces caused by the vacuum during the 

blood draw.250 Still, in addition to cardiovascular disease, increased CEC levels have 

been observed in a wide variety of other human conditions, including inflammatory, 

autoimmune and infectious diseases and cancer. 250-252 
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Recently, an increased number of CECs along with increased levels of soluble Inter

Cellular Adhesion Molecule-1 (slCAM-1 ) was found in long-term testicular cancer 

survivors as potential sign of vascular toxicity at median 5 years after chemotherapy, 

compared to chemotherapy-naive patients.253 However, few studies have assessed 

changes in CECs during the course of antineoplastic treatments and these studies were 

designed to evaluate CECs as markers of treatment efficacy rather than systemic 

vascular damage.254-256 A recent paper describes increases in CECs during adjuvant 

chemotherapy regimens, which suggests that chemotherapy leads to release of CECs 

from the systemic vasculature, in addition to tumour vessels that regress in response to 

therapy. 257 

We hypothesise that CECs may be used as cellular biomarkers for chemotherapy

induced systemic vascular damage. Therefore, we conducted a prospective study in 

patients with disseminated testicular cancer to explore early effects of cisplatin-based 

chemotherapy on CEC levels and their relation to endothelial activation, prothrombotic 

state and inflammation. 

Patients and methods 

Patients 

Patients with disseminated testicular cancer, between 1 8-50 years old, receiving first line 

cisplatin-based chemotherapy at the University Medical Centre Groningen between May 

2006 and June 2009, were eligible. Exclusion criteria were previous chemotherapy or 

radiotherapy, pre-treatment history of cardiovascular disease, use of erythropoietin and 

estimated glomerular filtration rate (GFR) <60 mUmin. The study was approved by the 

local ethics committee and written informed consent was obtained from all participants. 

Following orchidectomy, all patients received, depending on their International Germ Cell 

Consensus Classification (IGCCC) prognosis, 3 or 4 three-weekly courses of BEP 

chemotherapy (bleomycin, 30 mg on days 2, 8 and 1 5; etoposide, 1 00 mg/m2 on days 1 

to 5; and cisplatin, 20 mg/m2 on days 1 to 5). During the first 6 days of each course 

patients were hydrated with 4 liters NaCL 0.9%/day and received daily anti-emetic 

therapy with dexamethason and odansetron. 

Biomarkers and vascular structure 

Blood samples were drawn at day 1 ,  8 and 1 5  of each chemotherapy course 

(abbreviated as c1 d1 (= baseline), c1 d8, c 1d15, c2d1 , etc.) and one month after 
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completion of chemotherapy (after c3d15 for a total of 3 chemotherapy courses and after 

c4d15 for a total of 4 chemotherapy courses). Assessment of vascular structure, 

consisting of measurement of the common carotid artery IMT, took place at baseline and 

one month after chemotherapy completion. 

CECs 
Blood was drawn in CellSave Preservative Tubes (Veridex LLC, Raritan, NJ, USA). The 

first tube was discarded to avoid contamination with traumatically detached endothelial 

cells. Samples were maintained at room temperature, shipped via overnight courier to a 

central laboratory (Veridex, Enschede, the Netherlands) and processed within 96 hours 

after the blood draw. The CellTracks® AutoPrep® System in combination with the 

CellTracks® Analyzer II System (Veridex, Raritan, NJ, USA) were used to enumerate 

CE Cs. (250
) In short, CE Cs were magnetically isolated from a blood volume of 4 ml using 

anti-CD146 conjugated ferrofluids. After enrichment, the nuclear dye 4,6-diamidino-2-

phenylindole (DAPI), phycoerythrin (PE) conjugated anti-CD105, and allophycocyanin 

(APC) conjugated anti-CD45 were added to make the cells visible for fluorescence 

detection. Next, fluorescence images for DAPI, PE and APC were acquired. CECs are 

defined as positive for CD146, DAPI, CD105 and negative for CD45.250 

Endothelial activation, prothrombotic state and inflammation 
As marker for endothelial activation vWF248

•
249 was measured (reference values 50-

100% ). The prothrombotic plasminogen activator inhibitor type 1 (PAl-1, reference 

values 3-43 µg/I) and the fibrinolytic protein tissue-type plasminogen activator (tPA, 

reference values 1.5-10 µg/I) were measured by enzyme-linked immunosorbent assay 

(ELISA), as described elsewhere. 109 The inflammatory proteins fibrinogen (reference 

values 1.7-4.0 g/I) and high-sensitivity C-reactive protein (hsCRP, reference values 

<3.0 mg/L) were determined as markers of systemic inflammation, in citrate and EDT A 

plasma by turbimetric and nephelometric assays, respectively.39 Levels of hsCRP were 

retrospectively determined from stored samples on a subset of time points (day 1 and 8 

of each course, and one month after chemotherapy completion). 

Vascular structure: /MT 
The IMT of the right common carotid artery was measured with a wall tracking system 

consisting of an ultrasound scanning device with a 7 .5-MHz linear array transducer (Wall 

Tracking System 2.0;  Esaote AU-5, Maastricht, the Netherlands). The mean IMT was 

calculated from three repetitive measurements. 109 
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Statistics 

Statistical analyses were performed in SPSS software package version 16 (SPSS Inc., 
Chicago, IL, USA). The non-normally distributed data are represented as median 
(range). For comparisons the non-parametric Mann-Whitney U test or Kruskal-Wallis test 
was applied, as appropriate. To calculate changes within a patient the Wilcoxon's signed 
rank test was used. Correlations were calculated with Spearman's bivariate correlation 
test. 
For individual patients, changes over time in CECs and biochemical markers were 
estimated by calculating the area under the curve (ALIC) values from the measured 
levels at sequential sampling points with Graphpad Prism version 4.03 (Graphpad 
Software Inc., La Jolla, USA). AUCs were calculated for absolute changes in CECs and 
biochemical markers, for each chemotherapy course separately (with the values 
measured on day 1 of the course considered as baseline) as well as for the whole 
chemotherapy period up to one month after chemotherapy completion (with the values 
measured on c1d1 as baseline). Two-sided p-values SO.OS were considered statistically 
significant and p-values >0.05 not significant (p=NS). 

Results 

Patients 

From the 53 testicular cancer patients approached for participation in the study, 41 
(77%) gave informed consent. (Figure 1) Of the 41 included patients, 2 dropped out after 
chemotherapy completion because of progressive disease, so that 39 patients were 
evaluated one month after chemotherapy completion (median interval 49 days, range 28-
98). The general patient characteristics are summarized in Table 1. 

Original population (N = 78) 

Disseminated Testicular Cancer 
Cisplatin-based chemotherapy 
May 2006-June 2009 

Patients approached for 
study participation (N = 53) 

I 
1 

Study participation (N = 41) 

I 

Study complete until 1 month 
after chemotherapy (N = 39) 

1 16 

Exclusions (n = 25) 
Age <18  years or >50 years (n = 8) 
History of cardiovascular disease (n = 1 )  
Psychosocial reasons ( n  = 4 )  
Start o f  chemotherapy <24 hours ( n  = 1 1 )  
Previous radiotherapy ( n  = 1 )  

No informed consent (n = 12) 

Study not completed (n = 2) 
Progressive disease (n = 2) 

Figure 1. Flow diagram 
of included patients. 
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Age at start chemotherapy (years) 31 ( 1 8-46) 
Histology 

Non-seminoma 35 (85.4%) 
Seminoma 6 (14.6%) 

Prognosis (IGCcct) 
Good 33 (80.5%) 
Intermediate 7 (1 7. 1 %) 
Poor 1 (2.4%) 

Chemotherapy regimen+ 

3 courses BEP 29 (70.7%) 
4 courses BEP 11 (26.8%) 
4 courses EP 1 (2.4%) 

Smoking habits 
Current smoker 10 (24.4%) 
Ex-smoker 22 (53.7%) 
Life-long nonsmoker 9 (22.0%) 

G-CSF during chemotherapy 4 (9.8%) 

Blood transfusion 5 (12.2%) 

Biomarkers before start of chemotherapy 

CECs 

Table 1. Patient and treatment 

characteristics. 

* Median (range) or n/N (%) 
t IGCCC= International Germ Cell 

Consensus Classification 
:i: B= bleomycin 

E= etoposide 
P= Cisplatin 

The median baseline number of CECs was 25 cells/4 ml (6-75 cells/4 ml; Table 2) 
Baseline CEC levels were not correlated to age (rs= -0.25, p=NS) and levels of 
leucocytes (rs= -0.05, p=NS). Neither were CEC levels correlated to levels of elevated 
tumour markers a-fetoprotein (aFP; rs= 0.31, p=NS), 13-human chorionic gonadotrophin 
(l3HCG; rs= 0.001, p=NS) and lactate dehydrogenase (LOH; rs= -0.05, p=NS). Levels did 
not differ between IGCCC prognosis groups (good prognosis: median 22 CECs/4 ml (6-
75), intermediate prognosis: median 31 CECs/4 ml (14-54), poor prognosis: 25 CECs/4 
ml (n=1 ); p=NS). Smoking status did not influence CEC levels (active smokers: median 
24 CECs/4 ml (7-74), ex-smokers: median 22 CECs/4 ml (6-54), life long non-smokers: 
median 27 CECs/4 ml (6-75); p=NS). 

Endothelial activation, prothrombotic state and inflammation 

Before start of chemotherapy the median level of vWF was 100% (42-297%). Levels of 
vWF were not related to age (rs= 0.29, p=NS) or smoking status (active smokers: median 
116% (62-256), ex-smokers: median 100% (50-162), life-long non-smokers: median 95% 
(42-297); p=NS). Baseline levels of tPA, PAl-1, fibrinogen and hsCRP are summarised in 
Table 2. 
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Patients in the IGCCC intermediate prognosis group showed more systemic 

inflammation (fibrinogen/hsCRP: good prognosis: median 2.7 g/l (1.5-5.4)/ 1.5 mg/l 

(0.2-87.1), intermediate prognosis: median 4.3 g/l (3.1-5.8)/18.6 mg/l (0.7-39.6), poor 

prognosis: 3.7 g/l / 5.4 mg/l (n=1 ); p=0.003/0.03). 

Table 2. CECs, biochemical markers and intima media thickness (IMT) at baseline and one month 

after completion of chemotherapy, and correlation of biochemical markers and IMT with (changes) 

in CECs. 

� 
• 

CEC (cells/4ml) 38 25 (6-75) 36 sat (23-316) 

vWF (%) 40 100 (42-297) 36 13ot (56-249) 0.12 0.34* 0.63* 

PAI (ug/L) 41 27 (4-98) 36 32 (6-126) -0.36* -0. 14  -0.22 

tPA (ug/L) 41 7.7 (3.9-12.4) 35 7.8 (3.7-28) -0.46§ -0.24 -0.07 
Fibrinogen (g/L) 41 2.8 (1.5-5.8) 38 3.0 (1.8-5.1) -0.13 -0.22 0.16 

hsCRP (mg/L) 40 2.0 (0.2-87 .1) 40 2.2 (0.4-29.1) -0.02 -0.19 0.13 

IMT (mm) 37 0.54 (0.45-0.82) 32 0.55 (0.43-0.76) -0.27 -0.02 0.02 

* Spearman correlation coefficient for correlation between CECs and markers/lMT at baseline, one month after 
completion of treatment, and for AUC for changes throughout treatment (one month after completion - baseline) 

t p<0.01 compared to baseline (Wilcoxon signed rank test) 
:i: p<0,05 
§ p<0.01 

Levels of biomarkers during and one month after completion of chemotherapy 

CECs 

Numbers of CECs increased during successive courses. (Figure 2A) Compared to 

baseline there was a maximal 5.6-fold increase in number of CECs/4 ml during 

treatment (range 1.2-34.6), with 1413 CECs/4ml as highest number of CECs during 

chemotherapy. Intra-individual maximal numbers of CECs occurred median on day 8 of 

the third course (c3d8, range c1d8 - 1 month after chemotherapy completion). One 

month after chemotherapy completion CEC levels were persistently higher than at 

baseline (Figure 2A, Table 2) and did not differ between patients who received three or 

four chemotherapy courses (3 courses: median 71 CECs/4 ml (29-316), 4 courses: 

median 40 CECs/4 ml (23-256); p=NS). Omission of data from patients who had 

received granulocyte-colony stimulating factor (n=4) or blood transfusions (n=5) did not 

change the results (data not shown). 
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Figure 2. Levels of (A} CECs, (B) vWF, (C) PAl-1 , (D} tPA, (E) fibrinogen, (F} hsCRP before, 

during and after completion of cisplatin-based chemotherapy for testicular cancer. The sample at 

course 1 - day 1 is the baseline sample, drawn before start of chemotherapy. The box-and-whisker 

plots show the 101'\ 25th , 50th, 75th and 90th percentile. *p<0.05 compared to baseline value 

(Wilcoxon signed rank test}; the grey areas comprise normal reference values. References values 

for CECs (4-80 CECs/4 ml} are based on a study in 255 healthy individuals.250 

Endothelial activation, prothrombotic state and inflammation 

Over the successive chemotherapy courses vWF levels increased with a median 2.2-fold 
maximal increase compared to baseline (range 1 .0-4.6). (Figure 28) Intra-individual 
maximal vWF levels were reached median on day 1 of the third course (c3d1 ,  range 
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baseline-c4d8). One month after chemotherapy completion, vWF levels were still higher 

than at baseline. (Figure 2B, Table 2) 

PAl-1 and tPA also changed during successive chemotherapy courses: PAl-1 levels 

decreased toward the last week, whereas tPA levels increased during the first week of 

each course. (Figure 2C+D) Fibrinogen and hsCRP decreased during the first week of 

each course and returned to baseline levels during the second and third week of each 

chemotherapy course. (Figure 2E+F) One month after chemotherapy, the median levels 

of tPA, PAl-1,  fibrinogen and hsCRP did not differ from baseline. (Figure 2C-F, Table 2) 

Correlations between CECs and markers for endothelial activation, prothrombotic 

state and inflammation 

Correlations between CECs and the other markers before chemotherapy and one month 

after chemotherapy completion are summarised in Table 2. Levels of vWF and CECs 

were not correlated at baseline, whereas they were moderately positively correlated one 

month after chemotherapy completion. All time points taken together, a moderately 

positive correlation existed between CE Cs and vWF (rs=0.33, p<0.0001 ), a weak positive 

correlation between CECs and fibrinogen (rs=0 . 15, p=0.001 ), but not between CE Cs and 

tPA, PAl-1 ,  and hsCRP (rs=0.05, 0.02 and 0.001 ,  p=NS for all). 

Throughout the first three courses the relative changes in CECs and vWF showed a 

similar profile, with rises during the first week of each course for both markers. (Figure 3) 

A strongly positive correlation existed between median percentage levels of CECs and 

vWF at the subsequent time points (rs=0.76; p=0.005). 

Changes over time in CECs and markers for endothelial activation, prothrombotic 

state and inflammation 

Changes in CECs and vWF throughout the whole chemotherapy period up to one month 

after chemotherapy completion were positively correlated (rs for ALICs =0.63, p<0.001 ). 

(Table 2) Changes in CECs did not correlate with changes in the other markers tPA, PAl-

1, fibrinogen and hsCRP, whereas tPA and PAl-1 were mutually correlated (rs for ALICs 

=0.37, p=0.02) as well as fibrinogen and hsCRP (rs for ALICs =0.42, p=0.007). 

Large increases in CECs during the first chemotherapy course (ALIC for CECs during the 

first course > 75th percentile) were associated with higher levels of CE Cs and vWF 

throughout the complete chemotherapy period up to one month after completion (> 75th 

percentile: median ALIC for CECs 8848 (5650-40700) and median ALIC for vWF 6745 

(5090-1 1582); <15th percentile: median ALIC for CECs 5464 (674-30083) and median 

ALIC for vWF 41 93 (1 792-1 1 645); p=0.004 for CECs and p=0.01 1 for vWF). 
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Figure 3. Median relative changes in 
CECs and vWF during chemotherapy 
and one month after completion of 
chemotherapy, compared to baseline 
(=100%). The black line represents 
median changes in CECs, the grey 
line vWF. 

Compared to baseline, the IMT of the carotid artery one month after chemotherapy 

completion did not change. (Table 2) At baseline the IMT was related to age (rs=0.51, 

p=0.001 ), but not to levels of CECs (rs =-0.28, p=NS) or vWF (rs=-0.09, p=NS). In 13 out 

of 31 (41.9%) patients with IMT assessments at both time points the IMT had increased 

(delta IMT >0.02 mm(109)) one month after treatment. Levels of markers were not 

different between patients with or without an increase in IMT (data not shown). 

Cardiovascular events 

Four out of 41 patients (9.8%) developed a vascular event during chemotherapy, and 

one patient presented with pulmonary embolisms prior to chemotherapy. (Table 3) 

Before and after the vascular events the profiles of changes in CECs were not distinctive 

when compared to the profiles of patients not experiencing a vascular event. (Figure 4) 

For all biomarkers, time point specific marker levels and changes over time (represented · 

by the AUC) were not different in patients who developed a vascular event during 

chemotherapy. 

Table 3. Characteristics of patients with cardiovascular events. 

Patient Age Cardlov■scular risk 
Vascular event Timing 

Disease 
factors outcome 

34 smoking pulmonary embolisms at diagnosis uncomplicated 

2 35 none pulmonary embolisms course 2 uncomplicated 
day 6 

3 27 none pulmonary embolisms course 3 uncomplicated 
day 1st 

4 43 none ischemic course 4 recovery without 
cerebrovascular event day 8 residual 
and renal infarction impairments 

5 45 smoking ischemic course 4 death due to 
family history for cvo· cerebrovascular day 8 progressive 

accident disease 

* CVD = cardiovascular disease; t accidental finding on CT-scan 
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Discussion 

In this prospective study in patients with disseminated testicular cancer we assessed 

changes in CECs along with other markers for endothelial activation, prothrombotic state 

and inflammation to explore their role as early indicators for chemotherapy-induced 

vascular damage. Numbers of CECs increased cumulatively over successive courses of 

cisplatin-based chemotherapy and were persistently elevated one month after 

chemotherapy completion. Moreover, changes in CECs showed a strongly positive 

correlation with changes in vWF. 

CECs are considered promising cellular markers for vascular damage, since they are 

thought to have detached directly from the vessel wall following vascular injury.251 

Elevated levels of CECs have been described in a wide variety of human conditions, 

including inflammatory, autoimmune, infectious and cardiovascular diseases.250-252 

However, since technologies and definitions used to detect and enumerate CECs vary 

greatly between different reports, it is highly unlikely that the same events are scored. 

Therefore, clinical observations between these studies cannot be extrapolated.258 In this 

study we used a standardised and validated method that enumerates cells that express 

both CD146 and CD105, lack the pan-leukocyte marker CD45 and are morphologically 

defined by the presence of a nucleus. Earlier studies found that anti-CD146-driven 

immunomagnetic isolation identifies cells that have typical endothelial cell gene 

expression259
, that peak upon vascular damage260 and correlate with other biomarkers of 

vascular injury.252 

Measurement of CECs with the anti-CD146 immunobead method found median 15 

CECs/4 ml (range 0-97) in healthy men and women, aged 19-63 years old. 250 A positive 
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correlation between CEC levels and age has been reported.252 In addition, patients with 

various types of disseminated malignancies have higher CEC levels than healthy 

controls.250
•
252 Although we did not find a relation between baseline CEC levels and 

disease burden reflected by IGCCC prognosis group or levels of tumour markers, the 

baseline CEC levels in our study may be influenced by the disseminated malignancy. 

The cumulative increase of CECs throughout the whole chemotherapy period up to one 

month after completion may be attributed to several factors. Firstly, chemotherapy

induced vascular damage may lead to shedding of endothelial cells from the systemic 

vasculature. Secondly, CECs can be released from the tumour vasculature when the 

metastatic lesions regress in response to chemotherapeutic treatment. Thirdly, repeated 

venipunctures during treatment may contribute to increases in CEC levels. To our 

knowledge it is unknown whether supportive medications like steroids can induce 

changes in numbers of CECs. Since we did not investigate the origin of the CECs in our 

study, we are not able to distinguish between systemic and tumour vasculature. 

Little is known of the kinetics of CECs after a pathogenic stimulus, and therefore, it is 

difficult to interpret to what extent the cumulative increase of CECs can be explained by 

cells that persist in the circulation for days to weeks and/or by repetitive chemotherapy

induced release of CECs. In patients undergoing isolated limb perfusion, fast rises in 

CD146+ CECs were seen directly after cannulation of a large vesse1.<250> CECs 

decreased within 24 hours after this procedure, though this decrease was mainly 

ascribed to dilution resulting from fluid infusion. In renal cell cancer patients treated with 

the tyrosine kinase inhibitor sunitinib, VEGFR2+ CD34+ CD45- CECs increased during 

treatment and decreased to pre-treatment levels during the 2-week rest period.261 The 

first study shows that CEC levels rapidly increase following a pathogenic stimulus to the 

vasculature, whereas the latter indicates that cancer treatment-related increases in 

CECs may decrease within two weeks after cessation of treatment. For testicular cancer 

patients, persisting release of CECs from the tumour vasculature is less likely, since 

most patients had normalisation of tumour markers after one chemotherapy course, 

which may imply that vascular turn-over in tumours is less active. Repeated shedding of 

CECs from systemic vasculature due to chemotherapy-induced damage could explain 

the cumulative increases during chemotherapy and the persistent elevation after 

completion. 

Recently, chemotherapy-induced increases in CECs were described for patients with 

different disseminated malignancies.257 Since an increase in CECs was also observed in 

patients receiving adjuvant chemotherapy257
, it can be concluded that CEC release 

during chemotherapy is (at least partially) derived from the systemic vasculature. 
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The similar pattern and correlation for changes in CECs and vWF over the whole 

treatment period underscores the hypothesis that changes in CECs reflect 

chemotherapy-related vascular damage. The absence of relations between CECs and 

the other explored markers (PAl-1, tPA, fibrinogen, hsCRP) may be attributed to the fact 

that these markers represent separate phenomena in vascular pathophysiology, such as 

endothelial activation, induction of a prothrombotic state and inflammation. These 

phenomena may collectively lead to endothelial dysfunction and CVD on the long term. 

Changes in IMT have been used as surrogate endpoint in different intervention trials262
-

264, with changes in IMT reflecting atherosclerosis status. In a previous study in 65 

testicular cancer patients an increase in IMT of 0.02 mm was found within 10 weeks after 

completion of 4 courses BEP chemotherapy (4th without bleomycin).109 Overall, the IMT 

did not change in the current study. This may be explained by the fact that more than two 

third of the patients were treated with 3 courses of BEP, thereby receiving lower 

cumulative chemotherapy doses. 

Timing of chemotherapy-related vascular complications in testicular cancer patients is 

twofold: acute toxicity may occur during of shortly after treatment, whereas long-term 

effects can arise up to decades after chemotherapy completion. In the current study, 

changes in CECs and the other analysed biomarkers did not distinguish patients 

experiencing vascular toxicity during chemotherapy from patients without cardiovascular 

complications. Prolonged follow-up is needed to establish the predictive value of 

(changes in) these markers for late cardiovascular effects of chemotherapy for testicular 

cancer. 

In conclusion, we found increases in CECs during cisplatin-based chemotherapy for 

disseminated testicular cancer, with persistent elevation one month after chemotherapy 

completion. The correlation between changes in CECs and vWF over the whole 

chemotherapy period suggests that the increase in CECs reflects systemic vascular 

damage. If proven predictive for the development of overt CVD, CECs may function as 

early biomarkers for endothelial toxicity. Identification of patients at increased risk for 

vascular toxicity may contribute to early detection and eventually treatment or secondary 

prevention of chemotherapy-related vascular disease. 
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Chapter 8 

Background: chemotherapy efficacy and toxicity in testicular cancer 

Testicular cancer is the most common malignancy in young men aged 15-35 years.1 ·3 

The introduction of cisplatin for the treatment of disseminated testicular cancer mid-

1970s, initially in combination with vinblastin and bleomycin (PVB) and later with 

etoposide and bleomycin (BEP), has led to a considerable increase in cure rates.1 0
-

1 2  In 

order to improve treatment efficacy, intensified chemotherapy regimens are tested in 

patients with poor prognostic factors and patients with refractory disease or relapses. For 

identification of patients who will benefit from alternative treatment strategies, candidate 

markers are explored in addition to the current prognostic factors of the International 

Germ Cell Consensus Classification (IGCCC).23 

With current survival rates exceeding 90% against the background of an estimated 

yearly 4% increase in testicular cancer incidence 1 , the group of long-term testicular 

cancer survivors is growing. In this group both life expectancy and quality of life are 

threatened by treatment-related side effects.22 In addition to second malignancies30, 

cardiovascular disease is an important cause of increased morbidity and mortality in 

testicular cancer survivors.31
-
33 Chemotherapy-related vascular toxicity can occur during 

chemotherapy, observed as venous thromboembolism and arterial disease.28 With 

longer follow-up vascular toxicity is particularly observed as coronary heart 

disease.33
•
34

·
1 29 In addition to direct endothelial damage by cisplatin and bleomycin, 

development of an unfavourable cardiovascular risk profile may further increase the risk 

for cardiovascular disease. 

Individual-tailored treatment, leading to further improvement of survival and reduction of 

treatment-related toxicity, is the current challenge. 

Aim of this thesis is to explore predictors of chemotherapy efficacy and chemotherapy

related toxicity, in particular vascular toxicity, in testicular cancer patients treated with 

platinum-based chemotherapy. 
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Part I. Long-term vascular toxicity in cancer survivors 

The metabolic syndrome develops early after platinum-based chemotherapy for 

testicular cancer 

Cancer survivors are at increased risk for development of an unfavourable 

cardiovascular risk factor profile. The described risk factors central obesity, 

dyslipidaemia, hypertension and insulin resistance tend to cluster and are the core 

components of the metabolic syndrome.41 This syndrome and its associated 

inflammatory and prothrombotic features 140•
141 may represent an important connection 

between cancer treatment and its common severe late effect of atherosclerotic disease. 

As reviewed in chapter 2 knowledge on the prevalence and aetiology of the metabolic 

syndrome in cancer survivors is limited. Although current data suggest an association 

between cancer treatment and increased metabolic syndrome prevalence, they are 

based on small study populations and comparison to the general population is often 

lacking. Because of high cure rates during the last three decades, testicular cancer 

survivorship is a paradigm for cancer survivorship-related issues in relatively young adult 

cancer survivors. In chapter 3, a cross-sectional study in long-term (�3 years) non

seminomatous testicular cancer survivors treated with platinum-based chemotherapy 

supports the hypothesis that cancer treatment contributes to an increased metabolic 

syndrome prevalence. At a median follow-up duration of 5 years and median attained 

age of 37 years, metabolic syndrome prevalence is 25%, corresponding with a 2-fold 

increased risk compared to the age-matched general male population. Retrospective 

evaluation shows that development of cardiovascular risk factors can already be 

observed during the first years of follow-up, particularly the development of overweight 

and hypercholesterolaemia. Since overweight and hypercholesterolaemia are surrogate 

parameters, it is not clear whether they are representative for the metabolic syndrome. 

Nevertheless, in the analysed patient group presence of the metabolic syndrome is 

associated with higher body mass index and total cholesterol levels. (Data not shown) 

Prevalence of the metabolic syndrome and its components are age-related, with the 

components obesity, dyslipidaemia and impaired glucose tolerance increasing in 

prevalence up to an age of 60-70 years in the general male population.265
-
267 The 

question arises whether our observations merely reflect an earlier occurrence of the 

metabolic syndrome in cancer survivors, which may be assigned to as earlier ageing, or 

whether cancer treatment will contribute to development of the metabolic syndrome in 

persons who otherwise would not develop it. In addition, there may be a birth cohort 

effect with higher prevalence in more recent birth cohorts. (255> The analysed cohort of 
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non-seminomatous testicular cancer patients comprises a period of 30 years of 

treatment. We do not have control data regarding the evolution of the concerned risk 

factors in the age-matched general population. Prolonged follow-up and prospective 

studies with comparison to healthy control persons may help to clarify these issues. 

The metabolic syndrome as predictor of chemotherapy-related vascular toxicity 

Testicular cancer survivors with the metabolic syndrome have inflammatory and 

prothrombotic features, which may contribute to the development of atherosclerosis. The 

hypothesis that cancer treatment contributes to cardiovascular disease via the metabolic 

syndrome, is further supported by the association of the metabolic syndrome with higher 

carotid artery intima-media thickness (IMT) and lower baroreflex sensitivity (BRS), which 

both may be considered early signs of atherosclerosis. 

We found no differences in high-sensitivity C-reactive protein (hsCRP), Von Willebrand 

Factor (vWF) and 24-h urinary albumin excretion between survivors with the metabolic 

syndrome and survivors without. This may be due to high interindividual variation in 

these parameters. In addition, it can be hypothesised that there is a difference in the 

development over time of parameters for atherosclerotic disease. For example, in 

previous studies increase in IMT and decrease in BRS were already observed during 

and shortly after chemotherapy 1 °9, while microalbuminuria was reported in survivors with 

a median follow-up duration of 7 years.39 

Prolonged follow-up will show whether testicular cancer survivors with the metabolic 

syndrome will eventually more often develop overt cardiovascular disease. 

Aetiology of the metabolic syndrome a'fter treatment for testicular cancer 

Testicular cancer survivors are at increased risk for primary hypogonadism, after 

chemotherapy as well as after orchidectomy only.42
'
268 Primary hypogonadism may be 

compensated by increased pituitary production of luteinising hormone (LH), stimulating 

the testicular testosterone production. The lower unsupplemented total testosterone 

levels in testicular cancer survivors with metabolic syndrome (median 15 nmol/L) 

compared to survivors without metabolic syndrome (median 18 nmol/L), suggest that 

low-normal to subnormal testosterone levels contribute to the development of the 

metabolic syndrome. Although the prevalence of hypogonadism, defined as total 

testosterone <10 nmol/L and/or LH >10 U/L, does not differ significantly between 

survivors with the metabolic syndrome (26%) and survivors without (14%), total 

testosterone as continuous variable is inversely associated with the risk for metabolic 

syndrome (age-adjusted odds ratio 0.90, 95% confidence interval 0.83-0.97). In a 
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Norwegian cohort of testicular cancer survivors total testosterone was also inversely 

associated with the metabolic syndrome (age-adjusted odds ratio 0.95, 95% confidence 

interval 0.93-0.96).43 

Low-normal to subnormal testosterone levels are predictive of the development of the 

metabolic syndrome in the general male population.92
•
1 37

•
1 38 In the analysed group of 

testicular cancer survivors, unsupplemented testosterone levels <15 nmol/L - present in 

22% of the survivors without testosterone supplementation - are associated with a 4-fold 

increased risk for the metabolic syndrome. Our data suggest that low-normal to 

subnormal testosterone levels particularly contribute to the metabolic syndrome by 

central obesity and insulin resistance. In prostate cancer patients, androgen depletion 

therapy - although leading to lower testosterone levels - is also associated with the 

separate components abdominal obesity and hyperglycaemia.79 In men treated with 

chemotherapy for haematological cancer, testosterone levels were inversely correlated 

with central obesity as well.94 

While low-normal to subnormal testosterone levels may contribute to the metabolic 

syndrome by central obesity and insulin resistance, hypertension may depend on other 

causal factors. Since hypertension develops later than overweight and 

hypercholesterolaemia, it may be secondary to the development of the other metabolic 

risk factors and/or reflect the direct long-term effect of chemotherapy on the vasculature. 

A direct long-term effect of chemotherapy is suggested by the higher prevalence of 

hypertension, independent of total testosterone levels, in testicular cancer survivors after 

cisplatin-containing chemotherapy compared to survivors treated with surgery only or to 

healthy control persons.40 

Both obesity and insulin resistance have been considered causal factors of the metabolic 

syndrome. Visceral fat accumulation is thought to play an important role in the 

development of the metabolic syndrome by release of proinflammatory cytokines, low 

release of anti-inflammatory and insulin-sensitising adiponectin, and production of 

procoagulant plasminogen-activator inhibitor-1 (PAl-1 ).60
•
140 Accordingly, testicular 

cancer survivors with the metabolic syndrome show stronger features of central obesity 

(higher waist/hip ratio, insulin resistance, higher leptin levels and lower adiponectin 

levels) in combination with inflammatory features (increased fibrinogen and decreased 

adiponectin) and prothrombotic features (increased fibrinogen and PAl-1/tPA-ratio). 

In addition, it can be hypothesised that cancer treatment may directly induce metabolic 

changes by toxicity to adipose tissue, independently of decrease in testosterone levels. 

In adipose tissue, changes related to oxidative stress and ageing, such as increased p53 

expression, have been associated with inflammation and insulin resistance. 269 
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Lifestyle factors such as physical activity, dietary intake and smoking habits influence the 

risk for the metabolic syndrome. In our cross-sectional study smoking habits did not differ 

between testicular cancer survivors with the metabolic syndrome and survivors without. 

There is no indication that testicular cancer survivors show more often a positive history 

for smoking than the general male population. (Data not shown) However, we do not 

have additional information on other lifestyle aspects such as physical activity and diet. 

Although in the Childhood Cancer Survivor Study it was observed that cancer survivors 

report less physical activity than siblings and that physical inactivity is associated with a 

cardiovascular risk factor cluster (as surrogate for the metabolic syndrome)270, a 

previous study in long-term testicular cancer survivors showed a higher level of physical 

activity than in the general population. 1 14 

Future perspectives: detection and treatment of the metabolic syndrome in 

testicular cancer survivors 

Early detection of metabolic syndrome features or its aetiological factors may contribute 

to treatment or prevention of the metabolic syndrome and subsequently reduction of 

long-term cardiovascular disease. Since a considerable proportion of the testicular 

cancer survivors has one or more of the cardiovascular risk factors overweight, 

hypercholesterolaemia and/or hypertension before start of chemotherapy or will develop 

these risk factors mainly within the first 5 years after chemotherapy, regular assessment 

of cardiovascular risk factors, beginning from start of chemotherapy, seems warranted. 

The assessment of cardiovascular risk factors could be incorporated into the standard 

oncological follow-up. Because of the later appearance of hypertension, regular blood 

pressure assessment may be continued by primary care physicians after discharge from 

oncological follow-up, 1 O years after treatment. In addition, attention for life style factors 

seems necessary in future studies on the metabolic syndrome in testicular cancer 

survivors. 

Insight into additional features of the metabolic syndrome in cancer survivors may 

contribute to the early identification of persons at risk for developing the metabolic 

syndrome. Hormones secreted by adipose tissue, so called adipokines such as 

adiponectin, leptin and resistin, have been associated with obesity, insulin resistance 

and inflammatory state. Since these biomarkers may reflect fat tissue distribution and/or 

dysregulation, they may help to distinguish 'simple' from 'complicated' obesity.271 

Especially low adiponectin levels appear to be strongly associated with the metabolic 

syndrome, independently of obesity status.271 The additional value of adipokines in the 

identification of cancer survivors at increased risk for metabolic syndrome and 
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atherosclerotic disease has still to be determined. 

Management of the metabolic syndrome in the general population mainly consists of 

symptomatic treatment, with a central place for lifestyle changes. 118 Insight into health 

behaviour of cancer survivors may contribute to the development of lifestyle intervention 

programs. In case lifestyle changes lead to insufficient reduction of metabolic risk 

factors, drug therapy is necessary. Current drug treatments are directed to the separate 

components of the metabolic syndrome. 118 Since cancer treatment per se may be a risk 

factor for the development of cardiovascular disease by direct cardiovascular toxicity, it 

needs to be established yet whether adjustment of treatment guidelines for cancer 

survivors is needed. In addition, certain drug treatments used in the general population 

may be less effective or lead to undesired effects in cancer survivors. Since insulin and 

insulin-like growth factor (IGF) signalling systems influence cancer risk and cancer 

prognosis272
, potential tumour-promoting and anti-tumour effects are of importance when 

considering drug treatment of the metabolic syndrome in cancer patients.273 Currently, 

there is an increasing interest in the use of the antidiabetic drug metformin in cancer 

patients because of its interference with insulin signaling and direct inhibitory effects on 

cancer cell growth.274 

Instead of targeting the components of the metabolic syndrome separately, new 

treatment strategies may target multiple components of the metabolic syndrome. For 

example, in addition to LDL-cholesterol lowering effects, statins are evaluated for anti

inflammatory effects.1 18 An interesting multifunctional candidate drug is the group of 

Peroxisome Proliferator-Activated Receptor y (PPARy) agonists. These drugs, used for 

reduction of insulin resistance in the treatment of type 2 diabetes mellitus, have shown 

additional favourable effects on the metabolic syndrome by increasing HDL-cholesterol 

levels, decreasing triglycerides, decreasing blood pressure, decreasing inflammatory 

markers such as hsCRP and IL-6, and increasing adiponectin. 118 In addition, PPARy 

agonists appear to have endothelium protecting effects.35 Moreover, there is increasing 

interest for PPARy agonists because of potential anti-tumour effects.275 Studies on the 

vascular protecting effects of PPARy agonists during cisplatin-based chemotherapy for 

testicular cancer may be considered. 

Moreover, identification of an aetiological factor may contribute to a treatment strategy 

intervening at a central point and reducing multiple components of the metabolic 

syndrome. Since testicular cancer survivors are at increased risk for developing 

(compensated) hypogonadism and low-normal to subnormal testosterone levels are 

associated with an increased risk for the metabolic syndrome, testosterone may be a 

target of intervention. Although testosterone therapy has been associated with 
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favourable effects on metabolic risk factors such as decrease in visceral obesity and 

insulin resistance276
, its long-term effect on cardiovascular disease has not been 

determined yet. Studies on testosterone supplementation in cancer survivors are scarce. 

A small placebo-controlled study on testosterone replacement in men with mild Leydig 

cell insufficiency after chemotherapy for haematological cancer showed no changes in 

body composition and serum lipid profile with the exception of a small reduction in LDL

cholesterol. 121 

Other cut-off values than the currently used cut-off values for hypogonadism may be 

needed for testosterone supplementation therapy in order to prevent and/or treat the 

metabolic syndrome. This issue has to be established in a randomised, placebo

controlled trial. Based on our data testicular cancer survivors with unsupplemented total 

testosterone <1 5 nmol/L may be randomly assigned to a testosterone supplementation 

arm or a placebo arm, and subsequently the effect of testosterone supplementation on 

testosterone levels and metabolic syndrome features evaluated and compared to 

survivors without testosterone supplementation. 

Part II .  Gene polymorphisms in prediction of survival and chemotherapy

related vascular toxicity 

Gene polymorphisms as predictors of response to chemotherapy 

Since genetic variations may cause individual differences in response to chemotherapy, 

they may be of use in prediction of both chemotherapy efficacy and toxicity. Especially 

host germline genetic variations, that are present in normal host tissue and potentially in 

tumour tissue, may be of interest for the identification of patients susceptible to 

decreased treatment efficacy and/or to increased treatment-related toxicity. Common 

genetic variations with the least frequent allele present in >1 % of the population are so

called gene polymorphisms. 

Gene polymorphisms of Plasminogen-Activator Inhibitor 1 (PAl-1) and bleomycin 

hydrolase (BLMH) are associated with testicular cancer-related survival 

Chapter 4 describes the exploration of a common single base pair deletion/insertion 

polymorphism in the promoter of the Plasminogen-Activator Inhibitor 1 (PAl-1 )  gene 

(PAl-1 -675 4G/5G). High Plasminogen-Activator Inhibitor 1 (PAl-1 )  expression by 

tumours has been associated with poor prognosis in several cancer types. Our data 

show that testicular cancer patients with the germline 4G/4G variant of the PAl-1 4G/5G 
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polymorphism (26%) are at a 2. 7-fold increased risk for testicular cancer-related death 

when compared to patients with the 4Gl5G or 5Gl5G variant. 

In chapter 5 a common single nucleotide polymorphism (SNP) of the gene for bleomycin 

hydrolase (BLMH), an enzyme inactivating bleomycin, is explored. Patients with the 

homozygous GIG variant of the germline BLMH gene SNP A1450G (10%) show a 5-fold 

increased risk for testicular cancer-related death when compared to patients with the 

homozygous A/ A or heterozygous A/G variant. 

Since both studies are association studies, we can not exclude that the observed effects 

are caused by other genetic variations that are in linkage disequilibrium with the 

analysed polymorphisms. 

Our findings are hypothesis generating and need confirmation in another cohort. 

Knowledge on the underlying mechanism(s) may make a causal effect between the 

analysed polymorphisms and disease outcome more plausible. 

Potential mechanisms behind the effect of PAl-1 4G/5G polymorphism and BLMH 

gene SNP A1450G on testicular cancer-related survival 

Tumour response to initial chemotherapy appears to be worse in patients with the 4Gl4G 
variant of the PAl-1 4Gl5G polymorphism as well as in patients with the homozygous 

GIG variant of BLMH gene SNP A 1450G. When considering refractory disease and early 

relapses (<2 years) as a continuum, the risk for refractory disease and early relapses is 

for both variants about 3-fold increased. 

It may be hypothesised that PAl-1 4G/5G polymorphism influences chemotherapy 

efficacy by differences in tumour behaviour. The observed association between PAl-1 

4Gl4G variant and IGCCC poor prognosis supports this hypothesis. Although PAl-1 is a 

major inhibitor of the urokinase plasminogen activator (uPA)/uPA Receptor (uPAR) 

pathway, which is increasingly associated with tumour growth, invasion and 

metastasis 155•1 56
, high expression of PAl-1 by tumours has paradoxically also been 

associated with poor prognosis.156 It has been suggested that the balance between the 

proteolytic uPA and anti-proteolytic PAl-1 may regulate cell adhesion and tissue 

remodelling.m PAl-1 production by tumour itself may be hypothesised to protect against 

uPA-induced proteolysis of tumour tissue. However, production of PAl-1 by host stroma 

cells in the tumour microenvironment may be at least as important, since it may 

contribute to stable stroma that supports tumour cell migration and endothelial cells 

during angiogenesis. This is suggested by failure of invasion into host tissue and of 

tumour vascularisation when malignant keratinocytes are implanted in host PAl-1 

deficient mice. This effect can be restored by introduction of PAl-1 by a viral vector277 
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and cannot be compensated for by PAl-1 overexpressing tumour cells 180
. Moreover, PAl-

1 expression by endothelial cells has been found to protect endothelial cells from 

apoptosis. 278 

In cancer types such as breast cancer, cervical cancer, kidney cancer and soft-tissue 

sarcoma high expression of PAl-1 in tumour tissue has been associated with poor 

prognosis. 1 71-1 74•
279 The American Society of Clinical Oncology has recommended uPA 

and PAl-1 expression as prognostic factor in the decision process round adjuvant 

chemotherapy in node-negative breast cancer.280 

Although the 4G allele of the PAl-1 4G/5G polymorphism may lead to higher transcription 

levels of PAl-1 due to lack of a binding site for a repressor to the PAl-1 promoter164•
1 65

, it 

has not been established yet whether the germline PAl-1 4G/5G polymorphism effects 

PAl-1 expression by tumour tissue and by surrounding host stroma cells. No data are 

available on tumour PAl-1 expression in testicular cancer and its relation to prognosis. 

The uPA/PAl-1 system is a candidate for research on new, additional prognostic 

biomarkers in testicular cancer. 

BLMH gene SNP A1 450G may influence specifically bleomycin efficacy by differences in 

bleomycin inactivation and consequently in tumour cell exposure to bleomycin. BLMH 

gene SNP A1450G is a so-called non-synonymous SNP, leading to the presence of 

either isoleucine or valine as amino acid residue 443 in BLMH. Although the amino acid 

substitution may not lead to change in protein conformation, it has been suggested that 

the involved region may interact with a protein regulating the positioning of the C

terminal arm that intrudes the active-site cleft of BLMH and thereby influence substrate 

specificity as observed for a yeast BLMH homolog.200
•
201 

Based on our data it can be hypothesised that the G allele is associated with increased 

BLMH activity leading to increased bleomycin inactivation and through this to bleomycin 

resistance. The G allele was previously found to be associated with reduced bleomycin

induced DNA damage in blood lymphocytes in vitro. 1 99 In addition, the G allele was also 

found to be associated with increased cleavage of another substrate 'amyloid precursor 

protein' and associated Alzheimer's disease.203
•
204 

The question is whether the observed effect size on disease outcome and survival may 

be attributed to increased bleomycin inactivation. Bleomycin has proven to be an 

important component of platinum-based chemotherapy regimens for testicular cancer. 

Omission of bleomycin from PVB was associated with increased initial failure of 

chemotherapy (1 1 %  versus 3%)188 and increased prevalence of death due to 

progressive malignancy (1 5% versus 5%). 187 With omission of bleomycin from BEP a 

higher prevalence of incomplete response and progression was observed (6.2% versus 

1 34 



General discussion and future perspectives 

1.5%).189 The effect size of the GIG variant is comparable to the effect of treatment 

without bleomycin, suggesting that patients with the GIG variant may not benefit from 

bleomycin treatment because of increased inactivation. 

The question remains why no protective effect of the GIG variant was found against 

bleomycin-induced pulmonary toxicity in a previous study in a largely overlapping 

cohort.27 The effect of the BLMH gene SNP A1450G may be dependent on the tissue

specific expression of BLMH. Natural expression of BLMH is low in lung tissue compared 

to high in testicular tissue.195 Because of the low basal expression of BLMH in lung 

tissue, other factors than BLMH and its gene polymorphism such as age, smoking 

behaviour, cumulative bleomycin dose and renal function may play a more important role 

in the development of bleomycin-induced pulmonary toxicity.29 

Alternatively, the observed association with disease outcome and testicular cancer

related survival is at least partially independent of bleomycin inactivation. Although few 

substrates are known, BLMH is supposed to have a conserved cellular function. 

Introduction of the polymorphic variant into a testicular cancer cell line may help to 

distinguish whether presence of the polymorphic variant leads to reduction of bleomycin

induced cellular toxicity and cell death. To get more insight into the clinical effect, the 

BLMH gene SNP A 1450G may be analysed with respect to disease outcome in both 

patients treated with BEP and patients with EP or VIP. Alternatively, the gene 

polymorphism may be studied in relationship to disease outcome in another cancer type 

treated with bleomycin, for example Hodgkin's lymphoma. A comparable association 

would make an effect via reduced bleomycin efficacy more plausible. 

Gene polymorphisms as predictors of chemotherapy-related vascular toxicity 
Since high systemic PAl-1 levels lead to increased thrombosis risk, PAl-1 4G/5G 

polymorphism was also analysed with respect to chemotherapy-related vascular toxicity. 

We can not prove an effect of the PAl-1 4G/5G polymorphism on the incidence of 

vascular disease (coronary heart disease or venous thromboembolism) during and/or 

after chemotherapy. Especially the analysis for coronary heart disease is complicated by 

the relatively short follow-up duration of patients with the 4G/4G variant, median 7 years 

compared to the median follow-up duration of 15 years at the diagnosis of coronary heart 

disease. 

Nevertheless, cancer patients are at increased risk for thrombosis, which may 

hypothetically be augmented by chemotherapy-related vascular toxicity. Venous 

thromboembolism and arterial events are potentially life-threatening and may occur 

during chemotherapy. As recently stated, there is a need for a risk- and/or biomarker-
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based approach to identify patients with a thrombosis risk high enough to justify 

thromboprophylaxis. <281l The prothrombotic polymorphisms factor II G2021 0A and factor 

V G 1 691A (factor V Leiden) have been proposed as clinical risk factors for cancer

related venous thromboembolism. 1 81 In the analysed group of testicular cancer patients, 

the heterozygous variant of factor II G2021 QA shows an increased risk for venous 

thromboembolism during chemotherapy and the heterozygous variant of factor V 

G1 691A an increased risk for coronary heart disease. However, since the polymorphic 

variants of factor II G2021 0A polymorphism and factor V G1 691A polymorphism have 

low frequencies, they contribute to a small fraction of the vascular events in testicular 

cancer patients. This underscores the need for studies on additional predictors for 

vascular toxicity. 

Future perspectives: gene polymorphisms in prognosis classification and 

treatment decisions 

Up to now, studies on genetics in testicular cancer have mainly been focussed on the 

genetic predisposition for developing testicular cancer. These two studies show that 

gene polymorphisms may also contribute to prognosis classification and predicting 

treatment efficacy. Confirmation of the observed associations with disease outcome and 

survival may have consequences for prognosis classification and eventually decisions on 

alternative treatment strategies. 

A positive association between the 4G/4G variant genotype of PAl-1 4G/5G 

polymorphism, tumour PAl-1 expression and unfavourable disease outcome may further 

support the hypothesis that the 4G/4G variant contributes to an unfavourable prognosis 

by influencing PAl-1 expression in testicular tumour tissue and/or its microenvironment. 

In case the 4G/4G variant of the PAl-1 4G/5G polymorphism contributes to aggressive 

tumour behaviour and consequently, independently of received treatment, worse disease 

outcome, it may be considered an unfavourable prognostic factor. 

If confirmed that the G/G variant of BLMH gene SNP A1 450G is a predictor of reduced 

efficacy of bleomycin treatment, this may have consequences for the choice for 

bleomycin as part of first-line chemotherapy in testicular cancer. Alternative 

chemotherapy regimens may be considered for the treatment of testicular cancer 

patients carrying the G/G genotype, for example 4 courses of EP instead of 3 courses of 

BEP in patients with IGCCC good prognosis or VIP instead of BEP. 

Particularly gene polymorphisms which are common and of known functionality are 

candidate predictors for chemotherapy efficacy and toxicity. In addition to gene 

polymorphisms involved in availability of cytotoxic drugs, gene polymorphisms involved 
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in repair of chemotherapy-induced damage, such as DNA repair genes, are of interest. 

With respect to toxicity, gene polymorphisms that potentially mediate the susceptibility 

for treatment-related toxicity may be considered. Examples are a common polymorphism 

in the leptin-receptor gene that has been associated with an increased risk for obesity 

and a CAG repeat-length polymorphism of the androgen receptor gene that has been 

associated with receptor sensitivity for testosterone. 

Since multiple gene variants may influence chemotherapy efficacy and toxicity, and show 

interaction, combined analysis of gene polymorphisms in pathways may be considered. 

For example, polymorphisms in genes involved in DNA repair may be explored with an 

array. 

Part Ill . Circulating biomarkers for early response to chemotherapy and 

chemotherapy-related vascular toxicity 

Biomarkers for early response to chemotherapy 

In addition to biomarkers that are predictive for the risk of decreased treatment efficacy, 

biomarkers that contribute to early detection of actual treatment failure may further 

contribute to personalised medicine by allowing for treatment switch. Use of serum 

tumour markers is a minimal invasive method to monitor treatment effects. For testicular 

cancer the current serum tumour markers aFP, �HCG and LDH are assessed before 

chemotherapy. Their pre-chemotherapy levels are included in the IGCCC prognosis 

classification. In order to find early signs of treatment failure, changes in tumour markers 

have been studied with respect to disease outcome. For example, tumour marker decline 

rates of aFP and �HCG have been found of prognostic value, independently of IGCCC 

prognosis.282
•
283 In contrast, a surge in aFP levels after start of chemotherapy appears 

an adverse prognostic factor.233 However, the optimal use of changes in tumour markers 

in prognosis assessment is still unclear and prospective data are currently being 

collected in clinical trial setting. 284 

Production of tumour markers aFP and �HCG depends on the histological components 

of the testicular tumour. Up to 10% of the patients with disseminated nonseminomatous 

testicular cancer do not have elevated levels of standard tumour markers aFP, �HCG 

and LDH. Additional serum biomarkers may contribute to better prediction of disease 

outcome, particularly for patients without elevated standard tumour markers. 
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Circulating cytokeratin 18 as biomarker for chemotherapy-induced tumour cell 

death 

Full-length cytokeratin 18 (CK18), component of the intracytoplasmatic cytoskeleton of 
epithelial cells and released upon cell death, and its caspase-cleaved fragment CK18-
Asp396, selectively released upon apoptotic cell death, are currently under analysis as 
potential prognostic and predictive tools during treatment for epithelial cancer types and 
may confer information about the mechanism of cell death. 
In chapter 6 circulating total CK18 (measured with M65 ELISA), and caspase-cleaved 
CK18 (measured with M30 ELISA) are explored as biomarkers for chemotherapy
induced tumour cell death during SEP-chemotherapy for testicular cancer. Both serum 
total CK18 and caspase-cleaved CK18 show a moderately to strongly positive correlation 
with the standard serum tumour markers aFP, J3HCG and LOH before start of 
chemotherapy, suggesting that pre-chemotherapy serum CK18 levels reflect 
spontaneous tumour cell death and with this potentially tumour load. In addition, the 
moderately to strongly positive correlation between chemotherapy-induced changes in 
CK18 and standard tumour markers, particularly in patients with IGCCC poor prognosis, 
suggests that changes in CK18 levels reflect chemotherapy-induced tumour cell death. 
Nevertheless, the question remains whether CK18 has an additional value as biomarker 
for prognosis classification and monitoring of disease response in testicular cancer. The 
4 patients with refractory disease in the total group of 34 analysed patients, showed 
dynamic profiles of CK18 and caspase-cleaved CK18 comparable to responding 
patients, including chemotherapy-induced peaks. Since the patients with refractory 
disease also showed an initial overall decline in standard tumour markers, the observed 
changes may represent cell death of chemotherapy-sensitive tumour components. 
We did not collect control data from healthy control persons. Although median CK18 
level in IGCCC good prognosis patients (366 U/1) is higher than the normal reference 
median value (264 U/1), only 3/21 patients with IGCCC good prognosis have pre
chemotherapy CK18 levels above the normal reference range (>480 U/1). In addition, 
chemotherapy-induced CK18 peaks do not discriminate chemotherapy-induced tumour 
cell death from chemotherapy-induced toxicity to normal epithelial tissue. 
Since CK18 and standard tumour markers aFP, [3HCG and LOH are moderately to 
strongly correlated, additional value of CK18 as predictive biomarker for testicular cancer 
outcome is less plausible. Although CK18 is present in all non-seminomatous histologic 
components, it may have limited additional value to LOH in non-seminomatous testicular 
cancer patients with slightly to not elevated levels of standard tumour markers. 
Particularly in patients with low tumour load it may be difficult to discriminate between 
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chemotherapy-induced tumour cell death and chemotherapy-induced toxicity to normal 

epithelial tissue. Nevertheless, the moderately to strongly positive correlation between 

CK1 8 and established tumour markers in testicular cancer, suggests that CK1 8  may be a 

biomarker of interest for epithelial cancers lacking circulating serum biomarkers. 

Circulating endothelial cells as biomarkers for early chemotherapy-induced 

vascular toxicity 

In chapter 7 circulating endothelial cells (CECs) are explored as candidate markers for 

acute chemotherapy-induced vascular toxicity. In testicular cancer patients pre

chemotherapy CEC levels are within the normal range, while during cisplatin-based 

chemotherapy CECs increase cumulatively with peaks during each chemotherapy 

course. Upon chemotherapy CECs show a median 5.6-fold maximal increase and are 

still elevated compared to baseline one month after completion of chemotherapy. Overall 

changes in CECs over the total chemotherapy period until one month after completion 

correlate with changes in von Willebrand Factor (vWF), a factor released upon 

endothelial cell activation and predictive for cardiovascular events (rs for areas under the 

curve 0.63). This correlation suggests that changes in CECs reflect chemotherapy

related vascular damage. 

CECs are thought to have detached directly from the vessel wall following vascular 

injury. Raised CEC levels have been found in various cancer types. Accordingly, the few 

studies that have assessed changes in CECs during systemic cancer treatment were 

aimed to evaluate CECs as markers of treatment efficacy instead of systemic vascular 

damage. The question is to what extent the measured CECs originate from systemic 

and/or tumour vasculature. This may depend on the ratio of systemic and tumour 

vasculature, and differences in their sensitivity for chemotherapy toxicity. 

Since most patients showed normalisation of tumour markers after the first 

chemotherapy course, it seems conceivable that the ongoing release of CECs during 

chemotherapy that correlates with changes in vWF, reflects damage to the systemic 

vasculature. Increase in CECs has also been observed in patients receiving adjuvant 

chemotherapy, suggesting that CECs measured during chemotherapy originate at least 

partially from the systemic vasculature. 

The question remains whether CECs do have a predictive value for the extent of 

chemotherapy-induced vascular damage. The intima-media thickness (IMT) of the right 

common carotid artery, used as marker of vascular damage, did not differ from baseline 

after completion of chemotherapy. Therefore we could not correlate changes in CECs to 

changes in IMT. In the 4 out of 41 patients who developed a cardiovascular event during 
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treatment (2 patients with an ischaemic cerebrovascular accident and 2 patients with 

pulmonary embolisms), levels and dynamic profiles of CECs before and after the event 

were not discriminative from patients without cardiovascular complications. 

It may be hypothesised that changes in CEC levels reflect a separate component in the 

process of vascular toxicity. During chemotherapy no correlation was found between 

changes in CECs and other explored markers involved in endothelial activation, 

prothrombotic state and inflammation: PAl-1, tPA, fibrinogen and hsCRP. 

While in the observed acute cardiovascular events in testicular cancer survivors a 

prothrombotic state is thought to play an important role, CECs may be more predictive 

for long-term atherosclerotic disease. An increased number of CECs has been found in 

long-term testicular cancer survivors treated with chemotherapy compared to 

chemotherapy-naive survivors. <253> With prolonged follow-up, including carotid artery 

intima-media thickness measurement, it may be evaluated whether patients with high 

CEC levels during and after chemotherapy are more prone to development of 

atherosclerotic disease. In future studies on chemotherapy-induced vascular damage the 

analysis of CECs may be combined with the evaluation of endothelial progenitor cells 

(EPCs), which may have a role in the repair of damaged vasculature. 

Future perspectives: early detection of treatment failure and toxicity 

In the search for circulating biomarkers for tumour response and vascular toxicity, the 

ideal markers are sensitive and specific for respectively chemotherapy-induced tumour 

cell death and endothelial cell damage. 

The use of CK18 as tumour marker in testicular cancer, appears limited since it is not 

discriminative between chemotherapy-induced tumour cell death and toxicity to normal 

epithelial tissue. In search for tumour-specific biomarkers, circulating tumour cells and 

circulating tumour-specific DNA and RNA are under study. MicroRNAs (miRNAs) are 

highly tissue-specific and have been linked to the development of specific 

malignancies.285 Since circulating miRNAs appear to discriminate between patients with 

specific cancer types and healthy persons, they are currently under analysis as markers 

in cancer classification and prognosis assessment, and are candidate markers for 

monitoring treatment efficacy.286 In cancer, mitochondrial DNA (mtDNA) shows a high 

frequency of mutations in tumour cells. This mutant mtDNA is detectable in body 

fluids.287 In testicular germ cell cancer circulating mtDNA levels appear higher than in 

healthy persons, also in patients without elevated standard tumour markers.288 

Since a prothrombotic state appears to have an important role in the development of 

cardiovascular events during chemotherapy, search for biomarkers during chemotherapy 
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may be focussed on factors involved in blood coagulation. 

To individual-tailored treatment and follow-up: use of predictors of 

chemotherapy efficacy and chemotherapy-related toxicity 

Platinum-based chemotherapy regimens have led to high cure rates in disseminated 

testicular cancer. Nevertheless, a considerable proportion of the patients will not benefit 

from this successful therapy and show refractory disease or early relapse. Even when 

successfully treated for testicular cancer, survivors are still at risk for treatment-related 

complications, particularly cardiovascular disease. In the following step towards healthy 

long-term survival, individual-tailored treatment and follow-up will have an important role 

and may be guided by risk stratification. 

Predictors of chemotherapy efficacy and toxicity comprise multiple factors: pre

chemotherapy patient and tumour characteristics as well as early signs of actual 

chemotherapy efficacy and toxicity, as monitored by biomarkers. This thesis contains 

exploratory data on predictors of chemotherapy efficacy and chemotherapy-related 

vascular toxicity. 

The described analyses on PAl-1 4G/5G polymorphism (chapter 4) and BLMH gene 

SNP A1450G (chapter 5) show that with a hypothesis-driven candidate approach, 

associations can be found between common genetic variants and reduced testicular 

cancer-related survival. If confirmed, these observations may be translated to clinical 

practice by supplementing the existing IGCCC prognosis classification and contributing 

to decisions on alternative treatment strategies. As susceptibility genes have been found 

for the development of testicular cancer by genome wide association studies6•7 , a 

genome wide approach may also be used in order to find candidate genes or gene 

pathways for prognosis classification and prediction of treatment efficacy and toxicity. In 

addition, tumour tissue gene expression signatures may further contribute to prognostic 

and therapy predictive profiles.289 

Although circulating CK18 (chapter 6) appears to be an early marker for tumour 

response to chemotherapy, its additional value as biomarker in testicular cancer patients 

is less plausible. More tumour-specific biomarkers such as circulating tumour-derived 

DNA and RNA are interesting candidates for research on early detection of treatment 

failure, particularly in patients without elevated standard tumour markers. 

Although cardiovascular disease in testicular cancer survivors is diagnosed after median 

follow-up of 15 years from chemotherapy, the underlying changes may be detected 

during treatment or during the first years of follow-up. Further exploration of biomarkers 
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for a prothrombotic state may contribute to risk stratification for thromboprophylaxis 

during chemotherapy in order to reduce the risk of chemotherapy-related venous 

thromboembolism and arterial events. With respect to long-term atherosclerotic vascular 

disease, prolonged follow-up is needed to assess whether high CEC levels (chapter 7) 

during and after chemotherapy are predictive for the accelerated atherosclerotic 

phenotype. The current observations on the early development of cardiovascular risk 

factors clustered into the metabolic syndrome and the potentially causal role of low

normal to subnormal testosterone levels (chapter 3), may be a stimulus to develop and 

prospectively test follow-up programs with treatment guidelines on cardiovascular risk 

factors. 

Although the described data are derived from a relatively large and homogeneously 

treated cohort of testicular cancer patients with a long follow-up duration of median 1 O 

years, the total number of analysed patients is rather small for drawing firm conclusions. 

Further elaboration in multicentre studies of chemotherapy efficacy- and toxicity-related 

issues may pave the way for more individual-tailored treatment by preventive measures 

and/or early detection and intervention. Since testicular cancer survivors will be 

discharged from oncological follow-up after 1 O years, collaboration between oncology 

specialists and primary care physicians may provide timely detection and treatment of 

long-term complications of cancer treatment. 127
•
290 Availability of cancer survivorship care 

plans for both primary care physicians and cancer survivors may facilitate the care for 

long-term cancer survivors.290 The testicular cancer survivor himself remains the key 

person, who will, when well informed and aware of the risks, participate in follow-up 

programs and make lifestyle adjustments in order to improve quality of life and life 

expectancy after being treated successfully for testicular cancer. 
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Background 

Testicular cancer, the most common malignancy in young men aged 1 5-35 years, has 

high cure rates. Treatment of disseminated testicular cancer with platinum-based 

chemotherapy - the current standard regimen consists of bleomycin, etoposide and 

cisplatin (BEP) - has led to a considerable increase in cure rates. With current survival 

rates exceeding 90%, the group of long-term testicular cancer survivors is growing. Life 

expectancy and quality of life of testicular cancer survivors are threatened by treatment

related side effects. Cardiovascular disease is an important cause of increased morbidity 

and mortality during both chemotherapy and long-term follow-up. Direct chemotherapy

induced vascular toxicity as well as development of an unfavourable cardiovascular risk 

profile may contribute to the increased risk for cardiovascular disease. Individual-tailored 

treatment, leading to further improvement of survival and reduction of treatment-related 

toxicity, is the current challenge. 

Aim of this thesis is to explore predictors of chemotherapy efficacy and chemotherapy

related toxicity, in particular vascular toxicity, in testicular cancer patients treated with 

platinum-based chemotherapy. 

Part I. Long-term vascular toxicity in cancer survivors 

Cancer survivors are at increased risk for development of an unfavourable 

cardiovascular risk factor profile. The risk factors central obesity, dyslipidaemia, 

hyperte_nsion and insulin resistance are the core components of the metabolic syndrome. 

This syndrome may represent an important connection between cancer treatment and its 

late effect of cardiovascular disease. 

Chapter 2 gives an overview of the current knowledge on the prevalence and aetiology 

of the metabolic syndrome in cancer survivors and its treatment. Information on these 

issues is scarce. Current data suggest an association between cancer treatment and 

increased metabolic syndrome prevalence. However, the reported prevalences, up to 

39% in childhood cancer survivors and up to 55% in adult-onset cancer survivors, are 

based on small study populations and comparison to the general population is often 

lacking. The metabolic syndrome in cancer survivors has been linked to treatment

related hormonal changes, particularly deficiencies in growth hormone, thyroid 

hormones, testosterone and oestrogen. In childhood cancer survivors secondary 

endocrine deficiencies due to damage to the hypothalamus-pituitary axis by cranial 

radiotherapy are observed, with growth hormone deficiency being the most common 

hormonal change. Adult-onset cancer survivors experience predominantly primary 
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endocrine deficiencies. These primary deficiencies show an evident relation to local 

cancer treatment with surgery and/or radiotherapy. Although the role of systemic 

treatments with chemotherapy and hormonal therapy may be less profound, deficiencies 

of testosterone and oestrogen are common complications. Information on other potential 

aetiological factors in cancer survivors is limited. 

By analogy with the general population, presence of the metabolic syndrome or a 

metabolic syndrome-like state has been linked to the increased prevalence of 

atherosclerosis. Current treatment of the metabolic syndrome in cancer survivors is 

symptomatic, conform the treatment of the metabolic syndrome in the general 

population. Identification of aetiological factors may contribute to alternative, more causal 

treatment strategies. Further insight into the aetiology and development of the metabolic 

syndrome after cancer treatment may help to develop follow-up guidelines enabling early 

detection and treatment of survivors at increased risk for cardiovascular disease. 

Chapter 3 reports on the metabolic syndrome in the University Medical Centre 

Groningen cohort of long-term (�3 years) non-seminomatous testicular cancer survivors 

treated with platinum-based chemotherapy. A cross-sectional study in a subgroup of 

survivors with a median follow-up duration of 5 years and median attained age of 37 

years (N=1 73) shows a metabolic syndrome prevalence of 25%, corresponding with a 

2.2-fold increased risk compared to the age-matched general male population (N=1 085). 

Retrospective evaluation of cardiovascular risk factors overweight, 

hypercholesterolaemia and hypertension in the total cohort long-term platinum-treated 

testicular cancer survivors (N=370) shows that these risk factors can already be 

observed during the first years of follow-up: 24% had developed a body mass index 

>27.8 kg/m2, 24% hypercholesterolaemia and 30% hypertension, after median follow-up 

of respectively 1 .7, 0.9 and 5.1 years. 

Presence of the metabolic syndrome is associated with inflammatory features (increased 

fibrinogen and decreased adiponectin) and prothrombotic features (increased fibrinogen 

and PAl-1 /tPA-ratio), which may be involved in the development of atherosclerosis. 

Accordingly, testicular cancer survivors with the metabolic syndrome have an increased 

carotid artery intima-media thickness and decreased baroreflex sensitivity in comparison 

to survivors without the metabolic syndrome. Both are considered early signs of 

atherosclerosis. Unsupplemented total testosterone levels are lower in testicular cancer 

survivors with the metabolic syndrome than in survivors without: median 15  nmol/L 

versus 1 8  nmol/L. In testicular cancer survivors, unsupplemented testosterone levels 

< 15  nmol/L (present in 22% of the survivors without testosterone supplementation) are 

associated with a 4-fold increased risk for the metabolic syndrome. Low-normal to 
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subnormal testosterone levels <15 nmol/L are particularly associated with central obesity 

and insulin resistance. 

The current data suggest that the metabolic syndrome occurs at earlier age in testicular 

cancer survivors treated with chemotherapy compared to normal controls and is 

accompanied by inflammatory and prothrombotic features, and signs of atherosclerosis. 

This emphasizes the need for guidelines on early detection and treatment. Since low 

testosterone may have a causal role, it is a target for interventions. 

Part I I .  Gene polymorphisms in prediction of survival and chemotherapy

related vascular toxicity 

Since genetic variations may cause individual differences in response to chemotherapy, 

they may be of use in prediction of both chemotherapy efficacy and toxicity. In part I I  

common germline genetic variations, so-called gene polymorphisms, are explored with 

respect to these issues 

Chapter 4 describes the exploration of a common single base pair deletion/insertion 

polymorphism in the promoter of the Plasminogen-Activator Inhibitor 1 (PAl-1 ) gene 

(PAl-1 -675 4G/5G, rs1 799889). High Plasminogen-Activator Inhibitor 1 (PAl-1 ) 

expression by several cancer types has been associated with poor prognosis, and high 

systemic PAl-1 levels have been associated with increased thrombosis risk. 

Analysis in non-seminomatous testicular cancer patients treated with platinum-based 

chemotherapy (N=324) shows that the germline PAl-1 4G/5G polymorphism, of which 

the 4G allele has been associated with increased transcription, is associated with 

disease outcome and testicular cancer-related survival. Testicular cancer patients with 

the 4G/4G variant (26%), show a higher prevalence of refractory disease and early 

relapses (<2 years) after platinum-based chemotherapy: 1 9.5% of the patients with the 

4G/4G variant compared to 5.8% of the patients with the 4G/5G or 5G/5G variant. 

Adjusted for IGCCC prognosis group, this corresponds with a 3.35-fold increased risk for 

refractory disease or early relapse. Eventually 1 6.7% of the patients with the 4G/4G 

variant died of testicular cancer compared to 5.8% of the patients with the 4G/5G or 

5G/5G variant, corresponding with a 2.69-fold increased risk for testicular cancer-related 

death. Although IGCCC poor prognosis classification and �HCG levels conform IGCCC 

poor prognosis are more prevalent in patients with the 4G/4G variant, the 4G/4G variant 

shows an independent, unfavourable effect on testicular cancer-related survival. 

PAl-1 4G/5G polymorphism does not show an association with chemotherapy-related 

cardiovascular toxicity (coronary heart disease or venous thromboembolism) during 

and/or after chemotherapy. 
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If our observations can be confirmed, PAl-1 4Gl5G polymorphism may be an additional 

biomarker in testicular cancer patients contributing to the identification of patients who 

are at increased risk of not responding to standard chemotherapy. 

In chapter 5 a common single nucleotide polymorphism (SNP) of the gene for bleomycin 

hydrolase (BLMH), an enzyme inactivating bleomycin, is explored with respect to 

testicular cancer-related survival. The investigated germline BLMH gene SNP A1450G 

(rs1 050565) leads to the presence of either isoleucine or valine as amino acid residue 

443 in BLMH (a so called non-synonymous SNP). The SNP is located in a region 

controlling the enzymatic activity of BLMH and has been associated with the level of 

bleomycin-induced DNA damage. 

A study in non-senimomatous testicular cancer patients treated with bleomycin-and 

platinum-containing chemotherapy (N=304) shows that patients with the germline 

homozygous GIG variant (1 0%) of BLMH gene SNP A1 450G show worse testicular 

cancer-related survival. From testicular cancer patients with the GIG variant 1 6% died of 

testicular cancer compared with 6% of the patients with the homozygous A/A or 

heterozygous A/G variant. Adjusted for IGCCC prognosis group, presence of the GIG 
variant corresponds with a 4.97-fold increased risk for testicular cancer-related death 

compared to the A/A variant. Tumour response to initial chemotherapy appears to be 

worse in patients with the homozygous GIG variant with a 3.1 0-fold increased risk for 

refractory disease or relapse. 

Although the underlying mechanisms are still unknown, confirmation of the association 

with disease outcome and survival may have consequences for prognosis classification 

and eventually decision on alternative treatment strategies. 

Part Ill. Circulating biomarkers for early response to chemotherapy and 

chemotherapy-related vascular toxicity 

In addition to biomarkers that are predictive for the risk of decreased treatment efficacy 

or treatment-related toxicity, biomarkers that contribute to early detection of actual 

treatment failure or toxicity may further contribute to personalised medicine by allowing 

for treatment adjustments. Since up to 1 0% of the patients with disseminated 

nonseminomatous testicular cancer do not have elevated levels of standard serum 

tumour markers alpha-fetoprotein (aFP), beta-human chorionic gonadotropin (J3HCG) or 

lactate dehydrogenase (LOH) at start of chemotherapy, additional serum biomarkers 

may contribute to a better prediction of disease outcome. 

In chapter 6 cytokeratin 18  (CK1 8), a cytoskeleton component released upon epithelial 

cell death, is explored as biomarker for chemotherapy-induced cell death. Total 
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circulating CK1 8 (measured with M65 ELISA), comprising full-length CK1 8 and its 

caspase-cleaved fragment CK1 8-Asp396
, as well as the separate caspase-cleaved 

fragment CK1 8-Asp396 (measured with M30 ELISA), are evaluated. 

In 34 testicular cancer patients treated with BEP chemotherapy, 23 retrospectively and 

1 1  prospectively sampled, pre-chemotherapy levels of both serum total CK1 8 and 

caspase-cleaved CK1 8 show a moderately to strongly positive correlation with aFP, 

J3HCG and LOH. Particularly IGCCC poor prognosis patients show high CK1 8 levels 

during the first 2 weeks of the first chemotherapy course, followed by a rapid decline 

during the subsequent courses. In the IGCCC intermediate and good prognosis groups a 

peak in CK1 8 is observed after the start of each chemotherapy course. Additional 

analysis of early changes in CK1 8 and caspase-cleaved CK1 8, shows an increase in 

CK1 8 and caspase-cleaved CK1 8 levels 7 days after start of the first chemotherapy 

course, probably reflecting the cumulative effect of the 5-day dosing scheme, and a 

following decrease to below baseline levels at 1 4  and 21 days after start of 

chemotherapy. The overall dynamic profiles of CK1 8 and caspase-cleaved CK1 8 during 

chemotherapy mirror the profiles of aFP, J3HCG and LOH. CK1 8 levels correlate 

particularly with LOH and with standard tumour markers in patients with an IGCCC poor 

prognosis. 

The correlation between CK1 8 and the established tumour markers aFP, J3HCG and 

LOH, suggests that pre-chemotherapy serum CK1 8 levels reflect tumour load and 

chemotherapy-induced changes in CK1 8 chemotherapy-induced tumour cell death. 

However, chemotherapy-induced CK1 8 peaks do not discriminate chemotherapy

induced tumour cell death from chemotherapy-induced toxicity to normal epithelial tissue. 

Moreover, since CK1 8 and standard tumour markers aFP, J3HCG and LOH are 

moderately to strongly correlated, the additional value of CK1 8 as biomarker in testicular 

cancer patients is less plausible. Nevertheless, it suggests that CK1 8 may be a 

biomarker of interest for epithelial cancers lacking circulating serum biomarkers. 

Chapter 7 describes an exploratory study on circulating endothelial cells (CECs) as 

candidate markers for acute chemotherapy-induced vascular toxicity. Prospective 

analysis in 41 testicular cancer patients treated with BEP chemotherapy shows that 

CECs increase cumulatively during subsequent chemotherapy courses with a median 

5.6-fold maximal increase and are still elevated compared to baseline levels one month 

after completion of chemotherapy. Overall changes in CECs over the whole period until 

one month after completion mirror and correlate with changes in von Willebrand Factor 

(vWF), a factor released upon endothelial cell activation and predictive for cardiovascular 

events (rs for areas under the curve 0.63). Patients with a high area under the curve for 
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CECs during the first chemotherapy course, showed a higher AUC for both CECs and 
vWF over the whole treatment period. 
During chemotherapy no correlation is found between changes in CECs and other 
explored markers for endothelial activation, prothrombotic state and inflammation: PAl-1 , 
tPA, fibrinogen and hsCRP. The intima-media thickness of the right common carotid 
artery, used as marker of vascular damage, did not differ from baseline after completion 
of chemotherapy. In the 4 out of 41 patients who developed a cardiovascular event 
during treatment (2 patients with an ischaemic cerebrovascular accident and 2 patients 
with pulmonary embolisms), CEC levels before and after the event were not 
discriminative from background levels of patients without cardiovascular complications. 
The observed correlation between CECs and vWF supports the hypothesis that changes 
in CECs reflect chemotherapy-induced vascular damage. Prolonged follow-up with 
extension of the study population may help to evaluate whether changes in CECs 
correlate with the severity of vascular toxicity and predict the (long-term) risk for 
cardiovascular disease. 
In Chapter 8 the studies in this thesis are discussed and translated to recommendations 
for future research and treatment. In the step towards further improvement in testicular 
cancer-related survival with good long-term health, individual-tailored treatment and 
follow-up will have an important role. For individual-tailored treatment recognition of 
patients at increased risk is of importance. Predictors of chemotherapy efficacy and 
toxicity may comprise both pre-chemotherapy patient and tumour characteristics as well 
as early biomarkers for actual chemotherapy efficacy and toxicity. Recognition of 
patients at increased risk may eventually contribute to an individual-tailored approach by 
preventive measures and/or early detection and intervention with the ultimate goal of 
further survival improvement with good long-term health. 
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Chapter 1 0  

Achtergrond 

Testiskanker, de meest voorkomende maligniteit onder 1 5-35 jarige mannen, is goed te 

genezen. Behandeling van uitgezaaide testiskanker met platinum-bevattende 

chemotherapie heeft geleid tot een aanzienlijke toename in genezing. Met het huidige 

chemotherapieregime, bestaand uit bleomycine, etoposide en cisplatin (BEP), is de 

overlevingskans groter dan 90%. Behandelingsgerelateerde bijwerkingen bedreigen 

levensverwachting en kwaliteit van leven van de groeiende groep 

testiskankeroverlevenden. Hart- en vaatziekten zijn een belangrijke oorzaak van 

toegenomen morbiditeit en mortaliteit tijdens chemotherapie en gedurende langetermijn 

follow-up. Zowel directe chemotherapiegerelateerde vasculaire toxiciteit als de 

ontwikkeling van een ongunstig cardiovasculair risicoprofiel dragen mogelijk bij aan het 

verhoogde risico voor hart- en vaatziekten. De uitdaging ligt in het verder verbeteren van 

de overleving en het verminderen van behandelingsgerelateerde toxiciteit: een 

individuele aanpak. 

Doel van dit proefschrift is het onderzoeken van voorspellers voor chemotherapie

effectiviteit en chemotherapiegerelateerde toxiciteit, in het bijzonder vasculaire toxiciteit, 

bij testiskankerpatienten die behandeld worden of zijn met platinum-bevattende 

chemotherapie. 

Deel I. Langetermijn vasculaire toxiciteit onder kankeroverlevenden 

Kankeroverlevenden hebben een verhoogd risico op het ontwikkelen van een ongunstig 

cardiovasculair risicofactorprofiel. De risicofactoren centrale obesitas, dyslipidemie, 

hypertensie en insulineresistentie zijn de kerncomponenten van het metabool syndroom. 

Dit syndroom is mogelijk een belangrijke schakel tussen de behandeling van kanker en 

het langetermijneffect hart- en vaatziekten. 

Hoofdstuk 2 geeft een overzicht van de huidige kennis over de prevalentie en etiologie 

van het metabool syndroom onder kankeroverlevenden en de behandeling. De 

informatie hierover is schaars en suggereert een verband tussen de behandeling van 

kanker en een verhoogde prevalentie van het metabool syndroom. De gerapporteerde 

prevalenties, tot 39% voor overlevenden van kanker op kinderleeftijd en tot 55% voor 

overlevenden van kanker op volwassen leeftijd, zijn echter gebaseerd op kleine 

onderzoekspopulaties en vaak ontbreekt een vergelijking met de algemene bevolking. 

Het metabool syndroom onder kankeroverlevenden wordt in verband gebracht met 

behandelingsgerelateerde hormonale veranderingen, in het bijzonder deficienties van 

groeihormoon, schildklierhormoon, testosteron en oestrogeen. Onder overlevenden van 
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kinderkanker worden secundaire horrnoondeficienties ten gevolge van schade aan de 

hypothalamus-hypofyse as door schedelbestraling gezien. Hierbij is 

groeihorrnoondeficientie de meest voorkomende horrnonale verandering. Overlevenden 

van kanker op volwassen leeftijd ondervinden voomamelijk primaire 

hormoondeficienties. Deze primaire deficienties zijn duidelijk gerelateerd aan lokale 

behandeling door middel van chirurgie en/of radiotherapie. Hoewel de rol van 

systemische behandeling met chemotherapie en hormonale therapie mogelijk minder 

groot is, komen deficienties van testosteron en oestrogeen hierbij regelmatig voor. 

lnformatie over andere etiologische factoren bij kankeroverlevenden is beperkt. 

Naar analogie van de algemene bevolking, wordt aanwezigheid van het metabool 

syndroom of een op het metabool syndroom gel ijkende conditie in verband gebracht met 

een verhoogde prevalentie van atherosclerose onder kankeroverlevenden. De huidige 

behandeling van het metabool syndroom is symptomatisch. Herkenning van etiologische 

factoren kan bijdragen aan de ontwikkeling van een alternatieve, meer causale 

behandelingsstrategie. Meer inzicht in de etiologie en ontwikkeling van het metabool 

syndroom na behandeling voor kanker leidt mogelijk tevens tot de ontwikkeling van 

follow-uprichtlijnen voor vroege opsporing en behandeling van kankeroverlevenden met 

een verhoogd risico op hart- en vaatziekten. 

Hoofdstuk 3 betreft onderzoek naar het metabool syndroom binnen het cohort 

langetermijn (�3 jaar) non-seminoom-testiskankeroverlevenden behandeld met platinum

bevattende chemotherapie in het Universitair Medisch Centrum Groningen. Cross

sectioneel onderzoek naar het metabool syndroom in een subgroep van deze 

overlevenden, met een follow-up duur van mediaan 5 jaar en een bereikte leeftijd van 

mediaan 37 jaar (N=173), toont een prevalentie van 25%. Dit komt overeen met een 2,2-

voudig verhoogd risico op het metabool syndroom in vergelijking tot de algemene 

mannelijke bevolking (N=1085). Retrospectieve analyse van de cardiovasculaire 

risicofactoren overgewicht, hypercholesterolemie en hypertensie binnen het totale cohort 

langetermijn testiskankeroverlevenden (N=370) laat zien dat deze risicofactoren al 

gedurende de eerste jaren van de follow-upfase kunnen warden waargenomen: 24% 

ontwikkelde overgewicht (body mass index >27.8 kg/m2), 24% hypercholesterolemie en 

30% hypertensie, na een mediane follow-upduur van respectievelijk 1,7; 0,9 en 5, 1 jaar. 

Aanwezigheid van het metabool syndroom is geassocieerd met kenmerken van 

inflammatie (verhoogd fibrinogeen en verlaagd adiponectine) en kenmerken van een 

verhoogde tromboseneiging (verhoogd fibrinogeen en PAl-1/tPA-ratio), processen die 

betrokken kunnen zijn bij de ontwikkeling van atherosclerose. Overlevenden met het 

metabool syndroom tonen een toegenomen intima-mediadikte van de arteria carotis en 
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afgenomen baroreflexgevoeligheid in vergelijking met overlevenden zonder het metabool 

syndroom. Beide worden beschouwd als vroege verschijnselen van atherosclerose. 

Testiskankeroverlevenden met het metabool syndroom hebben lagere ongesuppleerde 

totaal-testosteronspiegels dan overlevenden zonder het metabool syndroom: mediaan 

15 nmol/I versus 1 8  nmol/1. Laag-normale tot subnormale testosteronspiegels <1 5 

nmol/L (aanwezig bij 22% van de overlevenden zonder testosteronsuppletie) zijn 

geassocieerd met een 4-voudig verhoogd risico op het metabool syndroom en in het 

bijzonder met de componenten centrale obesitas en insulineresistentie. 

De in dit proefschrift beschreven bevindingen suggereren dat testiskankeroverlevenden 

na behandeling met chemotherapie op jongere leeftijd het metabool syndroom 

ontwikkelen dan mannen uit de algemene bevolking en dat dit vergezeld gaat van 

kenmerken van inflammatie, verhoogde tromboseneiging en atherosclerose. De 

gevonden associaties benadrukken de noodzaak van richtlijnen met betrekking tot 

vroege opsporing en behandeling van het metabool syndroom onder 

testiskankeroverlevenden. Lage testosteronspiegels spelen mogelijk een causale rol en 

vormen een aanknopingspunt voor interventies. 

Deel II. Genetische polymorfismen als voorspel lers van overleving en 

chemotherapiegerelateerde vasculaire toxiciteit 

Aangezien genetische variaties kunnen leiden tot individuele verschillen in de respons 

op chemotherapie, kunnen ze van waarde zijn voor het voorspellen van zowel 

effectiviteit als toxiciteit van chemotherapie. In deel II warden veel voorkomende 

kiembaan genetische variaties, zogenaamde genetische polymorfismen, onderzocht met 

betrekking tot ziekterespons en chemotherapiegerelateerde toxiciteit. 

Hoofdstuk 4 gaat over een veel voorkomend deletie/insertie-polymorfisme van een 

enkele nucleotide in de promoter van het Plasminogen-Activator Inhibitor 1 (PAl-1 ) gen 

(PAl-1 -675 4G/5G, rs1 799889). Hoge PAl-1 expressie door verschillende kankersoorten 

is geassocieerd met een slechte prognose, en hoge systemische PAl-1 spiegels zijn 

geassocieerd met een verhoogd tromboserisico. Onderzoek onder non-seminoom

testiskankerpatienten behandeld met platinum-bevattende chemotherapie (N=324) laat 

zien dat het kiembaan PAl-1 4G/5G-polymorfisme, waarvan het 4G allel in verband is 

gebracht met toegenomen transcriptie, geassocieerd is met ziekterespons en 

testiskankergerelateerde overleving. Testiskankerpatienten met de 4G/4G-variant (26%) 

tonen een hogere prevalentie van refractaire ziekte en vroege recidieven binnen 2 jaar: 

1 9,5% van de patienten met de 4G/4G-variant in vergelijking tot 5,8% van de patienten 

met de 4G/5G- of 5G/5G-variant. Gecorrigeerd voor IGCCC-prognosegroep, 
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correspondeert dit met een 3,35-voudig verhoogd risico op refractaire ziekte of vroeg 

recidief. Uiteindelijk overleed 16, 7% van de patienten met de 4Gl4G-variant aan 

testiskanker, in vergelijking tot 5,8% van de patienten met de 4Gl5G- of 5Gl5G-variant, 

overeenkomend met een 2,69-voudig verhoogd risico op overlijden aan testiskanker. 

Hoewel een IGCCC slechte prognose en hierbij passende J3HCG-spiegels vaker 

voorkomen bij patienten met de 4Gl4G-variant, wordt een onafhankelijk, ongunstig effect 

van de 4Gl4G-variant op testiskankergerelateerde overleving gezien. 

Het PAl-1 4Gl5G-polymorfisme toont geen associatie met chemotherapiegerelateerde 

cardiovasculaire toxiciteit (coronairlijden of veneuze trombo-embolieen) tijdens en/of na 

chemotherapie. 

Als deze observaties bevestigd worden, kan het PAl-1 4Gl5G-polymorfisme als extra 

biomarker bijdragen aan de identificatie van testiskankerpatienten met een verhoogd 

risico niet te responderen op standaard platinum-bevattende chemotherapie. 

In hoofdstuk 5 wordt een veel voorkomend enkel-nucleotide polymorfisme (SNP) in het 

gen voor een enzym dat bleomycine inactiveert, bleomycine hydrolase (BLMH), 

onderzocht in relatie tot testiskankergerelateerde overleving. De onderzochte BLMH-gen 

SNP A1 450G (rs1050565) is een zogenaamde niet-synonieme SNP en leidt tot de 

aanwezigheid van isoleucine of valine als aminozuurresidu 443 in BLMH. De SNP 

bevindt zich in een gebied dat de enzymatische activiteit van BLMH reguleert en is in 

verband gebracht met de mate van bleomycine-ge"induceerde DNA-schade. 

Onderzoek in non-seminoom-testiskankerpatienten behandeld met bleomycine- en 

platinum-bevattende chemotherapie (N=304) laat zien dat patienten met de kiembaan 

GIG-variant (1 0%) van de BLMH-gen SNP A1450G een slechtere 

testiskankergerelateerde overleving hebben. Van testiskankerpatienten met de GIG

variant overleed 16% aan testiskanker in vergelijking met 6% van de patienten met de 

A/A- of A/G-variant. Gecorrigeerd voor IGCCC-prognosegroep, correspondeert 

aanwezigheid van de GIG-variant met een 4,97-voudig toegenomen risico op overlijden 

aan testiskanker ten opzichte van de A/A-variant. Patienten met de GIG-variant lijken 

een slechtere tumorrespons op initiele chemotherapie te hebben met een 3, 1 0-voudig 

verhoogd risico op refractaire ziekte of recidief. 

Hoewel de onderliggende mechanismen nog onbekend zijn, kan bevestiging van de 

gevonden associatie met ziektebeloop en overleving gevolgen hebben voor 

prognoseclassificatie en besluitvorming rondom alternatieve behandelingsstrategieen. 
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Deel Ill. Circulerende biomarkers voor vroege respons op chemotherapie 

en chemotherapiegerelateerde vasculaire toxiciteit 

Naast biomarkers die voorspellend zijn voor het risico op afgenomen chemotherapie

effectiviteit en chemotherapiegerelateerde toxiciteit, kunnen biomarkers die een rol 

spelen bij de vroege opsporing van therapiefalen of het optreden van toxiciteit bijdragen 

aan een individuele behandelingsstrategie door aanpassingen mogelijk te maken. 

Aangezien bij het starten van chemotherapie tot 1 0% van de patienten met uitgezaaide 

non-seminoom-testiskanker geen verhoogde serumspiegels heeft van de standaard 

tumormarkers alpha-foetoprote'ine (aFP), beta-humaan chorion gonadotrofine (�HCG) 

en lactaatdehydrogenase (LDH), kunnen extra serumbiomarkers mogelijk bijdragen aan 

een betere voorspelling van het ziektebeloop. 

In hoofdstuk 6 wordt cytokeratine-1 8 (CK1 8), een cytoskeletcomponent dat vrijkomt bij 

epitheliale celdood, onderzocht als biomarker voor chemotherapie-ge'induceerde 

celdood. Zowel het totaal circulerend CK1 8 (gemeten met M65-ELISA), dat intact CK1 8 

en het apoptosegerelateerde caspase-gekliefde fragment CK1 8-Asp396 omvat, als het 

afzonderlijke caspase-gekliefde fragment CK1 8-Asp396 (gemeten met M30-ELISA) wordt 

onderzocht. 

Bij 34 testiskankerpatienten behandeld met BEP-chemotherapie , 23 retrospectief en 1 1  

prospectief gesampled, laten serumspiegels van totaal CK1 8 en caspase-gekliefd CK1 8 

voor de behandeling een matig tot sterk positieve correlatie met aFP, �HCG en LDH 

zien. Met name patienten met een IGCCC slechte prognose hebben hoge CK1 8-

spiegels tijdens de eerste 2 weken van de eerste chemotherapiecyclus, gevolgd door 

een snelle afname tijdens de daaropvolgende cycli. Binnen de intermediaire en goede 

prognosegroep wordt een piek in CK-1 8 gezien na het starten van iedere 

chemotherapiecyclus. Nadere analyse van vroege veranderingen in CK1 8 en caspase

gekliefd CK1 8 toont een toename in CK1 8 en caspase-gekliefd CK1 8 7 dagen na de 

start van de eerste chemotherapiecyclus, hetgeen mogelijk het cumulatieve effect van 

het 5-daagse doseringsschema weerspiegelt. Daaropvolgend, 14 en 21 dagen na de 

start van de eerste chemotherapiecyclus, wordt een afname tot onder de 

uitgangsspiegels waargenomen. Het dynamische profiel van CK1 8 en caspase-gekliefd 

CK1 8 gedurende chemotherapie lijkt op het profiel van aFP, �HCG en LDH. CK1 8-

spiegels correleren met name met LDH en bij patienten met een IGCCC slechte 

prognose tevens met de standaard tumormarkers. 

De correlatie tussen CK1 8 en de bestaande tumormarkers aFP, �HCG en LDH, 

suggereert dat serum CK1 8-spiegels voor de start van chemotherapie de tumorload 

weerspiegelen en dat chemotherapie-ge'induceerde veranderingen in CK1 8 gerelateerd 
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zijn aan tumorceldood. Echter, chemotherapie-ge"induceerde CK18-pieken maken geen 

onderscheid tussen chemotherapie-ge"induceerde tumorceldood en chemotherapie

ge"induceerde toxiciteit voor normaal epitheliaal weefsel. Bovendien is de toegevoegde 

waarde van CK18 als biomarker voor ziekterespons bij testiskankerpatienten minder 

aannemelijk, aangezien CK18 en de standaard tumormarkers aFP, �HCG en LDH matig 

tot sterk met elkaar gecorreleerd zijn. Niettemin kan CK18 een interessante biomarker 

zijn voor epitheliale vormen van kanker waarvoor momenteel circulerende 

serumbiomarkers ontbreken. 

Hoofdstuk 7 betreft onderzoek van circulerende endotheelcellen (CECs) als 

kandidaatmarkers voor acute chemotherapiegerelateerde vasculaire toxiciteit. 

Prospectieve analyse van 41 testiskankerpatienten behandeld met BEP-chemotherapie 

toont dat CE Cs cumulatief toenemen gedurende opeenvolgende chemotherapiecycli met 

een mediaan 5,6-voudige maximale toename. CECs zijn 1 maand na het afronden van 

de chemotherapie nog steeds verhoogd ten opzichte van de uitgangswaarde. De 

veranderingen in CECs gedurende de gehele periode tot 1 maand na het afronden van 

de chemotherapie weerspiegelen en correleren met de veranderingen in von Willebrand 

Factor (vWF), een factor die vrijkomt bij endotheelcelactivering en voorspellend is voor 

cardiovasculaire complicaties (rs voor de oppervlaktes onder de curve 0.63). Een groat 

oppervlak onder de curve voor CECs gedurende de eerste chemotherapiecyclus is 

geassocieerd met een grater oppervlak onder de curve voor zowel CECs als vWF 

gedurende de gehele behandelperiode. 

Tijdens chemotherapie wordt geen correlatie gevonden tussen veranderingen in CECs 

en andere onderzochte markers voor endotheelactivering, trombotische neiging en 

inflammatie: PAl-1, tPA, fibrinogeen en hsCRP. De intima-mediadikte van de rechter 

arteria carotis communis, gebruikt als marker voor vasculaire schade, verschilde na 

afronding van de chemotherapie niet van de uitgangssituatie. Bij de 4 patienten die 

tijdens behandeling een cardiovasculaire complicatie ondervonden (2 patienten met een 

ischemisch cerebrovasculair accident en 2 patienten met longembolieen), waren de 

CEC-spiegels voor en na het optreden van deze complicatie niet onderscheidend ten 

opzichte van de CEC-spiegels van patienten zonder een cardiovasculaire complicatie. 

De correlatie tussen CECs en vWF ondersteunt de hypothese dat veranderingen in 

CECs chemotherapie-ge"induceerde vasculaire schade weerspiegelen. Verlengde follow

up met uitbreiding van de studiepopulatie is van belang voor de evaluatie of 

veranderingen in CECs correleren met de ernst van de vasculaire schade en of CECs 

het (langetermijn) risico op hart- en vaatziekten voorspellen. 

In hoofdstuk 8 worden de studies in dit proefschrift besproken en warden 
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aanbevelingen gedaan voor toekomstig onderzoek en behandeling. Om tot verdere 

verbetering van testiskankergerelateerde overleving met een goede langetermijn 

gezondheid te komen, zullen behandeling en follow-up op maat van belang zijn. Voor 

een individuele aanpak is herkenning van patienten met een verhoogd risico van belang. 

Voorspellers voor chemotherapie-effectiviteit en chemotherapiegerelateerde toxiciteit 

kunnen bestaan uit zowel patient- en tumorkarakteristieken voor de start van 

chemotherapie als vroege biomarkers voor feitelijke chemotherapie-effectiviteit en 

chemotherapiegerelateerde toxiciteit. Herkenning van patienten met een verhoogd risico 

kan bijdragen aan een individuele aanpak middels preventieve maatregelen en/of vroege 

opsporing en interventie met als uiteindelijk doel het verder verbeteren van overleving 

met een goede langetermijn gezondheid. 
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