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ABSTRACT

PURPOSE Testicular cancer (TC) treatment is clearly associated with cardiovascular
morbidity and mortality. To enable development of preventive strategies for
cardiovascular disease (CVD), we assessed cardiometabolic risk factors and
quality of life (QoL) in TC survivors.
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Incidence of coronary artery disease, myocardial infarction, and heart failure after
TC treatment was assessed in a multicenter cohort comprising 4,748 patients
treated at the age of 12-50 years between 1976 and 2007. Patients who had de-
veloped CVD and a random sample from the cohort (subcohort) received a ques-
tionnaire on cardiometabolic risk factors and QoL. A subgroup of responders in the

subcohort additionally underwent clinical evaluation of cardiovascular risk factors.
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RESULTS After a median follow-up of 16 years, 272 patients had developed CVD. Com-
pared with orchidectomy only, cisplatin combination chemotherapy was as-
sociated with an increased CVD risk (hazard ratio [HR], 1.9; 95% CI, 1.1 to 3.1).
Patients who were obese or a smoker at diagnosis (HR, 4.6; 95% CI, 2.0 to 10.0
and HR, 1.7; 95% CI, 1.1 to 2.4, respectively), developed Raynaud’s phenomenon
(HR, 1.9; 95% CI, 1.1 to0 3.6) or dyslipidemia (HR, 2.8; 95% CI, 1.6 to 4.7) or had a
positive family history for CVD (HR, 2.9; 95% CI, 1.7 to 4.9) had higher CVD risk.
More TC survivors with CVD reported inferior QoL on physical domains than
survivors who did not develop CVD. Of 304 TC survivors who underwent clinical
evaluation for cardiovascular risk factors (median age at assessment: 51 years),
86% had dyslipidemia, 50% had hypertension, and 35% had metabolic syn-
drome, irrespective of treatment.
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CONCLUSION Cardiovascular events in TC survivors impair QoL. Many TC survivors have
undetected cardiovascular risk factors. We advocate early lifestyle adjustments
and lifelong follow-up with low-threshold treatment of cardiovascular risk
factors, especially in obese and smoking patients treated with platinum-based
chemotherapy. Licensed under the Creative

Commons Attribution 4.0 License

INTRODUCTION

Since the introduction of platinum-based chemotherapy,
survival of patients with testicular cancer (TC) has improved
substantially. Five-year survival rates now range between
99% for localized and 70% for poor risk disseminated
disease."? In addition, the incidence of TC is increasing. As a
result, the number of TC survivors is growing rapidly.?
Therefore, prevention or early detection of late adverse ef-
fects of TC treatment has become increasingly important.
Previous research has shown that TC treatment, particularly
platinum-based chemotherapy, is associated with increased
risk of cardiovascular morbidity and mortality, probably
resulting from vascular damage.*” The mechanisms behind
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vascular damage after TC treatment are not yet fully un-
derstood but may involve development of endothelial dys-
function. This association has been shown in vitro and
in vivo.8** Endothelial dysfunction is influenced by cardio-
vascular risk factors, and TC treatment has been shown to be
associated with development of an unfavorable cardiovas-
cular risk profile, including dyslipidemia, hypertension,
insulin resistance, and overweight. The latter are all aspects
of the metabolic syndrome, which may affect up to 25% of TC
survivors treated with platinum-based chemotherapy.>*2-1¢

In this study, we evaluated risk factors for development of
cardiovascular disease (CVD) after TC treatment. We
assessed cardiometabolic risk factors at diagnosis and during
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Risk Factors for Cardiovascular Disease and QoL in Testicular Cancer Survivors

CONTEXT

Key Objective

How can we identify which patients with testicular cancer (TC) are at risk to develop cardiovascular disease (CVD) after

treatment?

Knowledge Generated

Knowledge of CVD development after TC is relevant because CVD leads to decreased quality of life. Platinum-based
chemotherapy, obesity, and smoking at diagnosis lead to increased CVD risk. Patients who developed Raynaud's phe-
nomena after treatment or dyslipidemia during follow-up were at increased risk for CVD development.

Relevance (M.A. Carducci)

This manuscript reinforces the long term survivorship risks for TC survivors, many diagnosed as adolescent and young
adults. Platinum-based chemotherapy increases the long term risk of vascular disease. Lifelong preventive care is war-
ranted to reduce risk of CVD through known mitigation efforts.*

*Relevance section written by JCO Associate Editor Michael A. Carducci, MD.

follow-up, along with well-known adverse treatment effects
such as hypogonadism and Raynaud’s phenomenon. Our
secondary objectives were to investigate the impact of CVD
on quality of life (QoL) and determine the actual presence of
cardiometabolic risk factors in a random sample of TC
survivors. Previous major studies looked mostly at treatment
associations with CVD risk and did not assess in depth the
characteristics of TC survivors who developed CVD.47*7 Qur
study is the first to investigate a possible association be-
tween early adverse treatment effects such as Raynaud’s
phenomena and subsequent CVD development.

METHODS
Study Design

Five large Dutch TC treatment centers participated in this
study: University Medical Center Groningen (UMCG), Neth-
erlands Cancer Institute/Antoni van Leeuwenhoek Hospital
Amsterdam (NKI/AVL), Erasmus Medical Center Rotterdam
(EMC), Radboud University Medical Center Nijmegen
(RUMC), and University Medical Center Utrecht (UMCU;
ClinicalTrials.gov identifier: NCT02276430). These hospitals
provided access to the medical records of 4,748 patients with
TC who had completed their treatments between 1976 and
2007. Their age at TC diagnosis ranged from 12 years to 50
years. Patients who developed CVD after TC were identified in
regular oncological follow-up or through contact with their
general practitioner, as reported previously.”® CVD was de-
fined as myocardial infarction, proven coronary artery disease
(Common Terminology Criteria for Adverse Events version 4
[CTCAE-4]: grade 2 or higher, ICD10 120-25), or congestive
heart failure (CTCAE-4 grade 2 or higher, ICD-10 150). CVD
before TC diagnosis was considered an exclusion criterion for
analysis as a CVD case. A case-cohort design was chosen
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(Data Supplement [Box 1], online only) to reduce the number
of medical records to be abstracted while maintaining sta-
tistical power.” Patients who developed CVD were compared
with a hospital-stratified subcohort, comprising 15% of the
cohort in the EMC, RUMC, and UMCU and 25% of the cohort in
the coordinating hospitals NKI/AVL and UMCG, which was
randomly selected from the base cohort. It consisted of 925
patients, of whom 54 developed CVD. We abstracted treatment
data from the medical records for all patients in the base
cohort who developed CVD (cases) and all patients in the
hospital-stratified subcohort (from now on: subcohort pa-
tients). The medical records specified their primary TC
treatment and any relapse or contralateral TC treatment .

All patients with TC underwent hemiorchidectomy. For
early-stage seminoma, orchidectomy was usually followed
by radiotherapy, mostly targeting infradiaphragmatic para-
aortic, ipsilateral iliac, and inguinal lymph nodes, with doses
ranging from 30 to 35 Gy.>° From the mid-1980s, radiation
doses gradually decreased to 26 Gy. Patients with stage II-IV
seminoma and nonseminoma were most frequently treated
with cisplatin-containing chemotherapy—initially with
cisplatin, vinblastine, and bleomycin and since the mid-
1980s with bleomycin, etoposide, and cisplatin.*

During 2015-2017, all patients in the base cohort who had
developed CVD (cases) and all subcohort patients who were
alive were invited to complete a risk factor questionnaire.
The questionnaire assessed life style, use of medication,
family history for CVD, QoL (measured by the SF-36),>*> and
known adverse treatment effects (Raynaud’s phenomenon,
neurotoxicity, ototoxicity, and fatigue).>? In total, 717 pa-
tients were invited to complete the questionnaire, including
190 with CVD. The questionnaire was completed by 120 0of 190
patients with CVD (63%) and 447 of 717 subcohort patients
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(62%) in total. Subcohort patients who completed the
questionnaire and were younger than 40 years at TC diag-
nosis and younger than 75 years at inclusion were then
invited to participate in a cardiometabolic assessment. A
total of 304 subcohort patients participated in the car-
diometabolic study assessment, of whom 18 (6%) had de-
veloped CVD. An overview of study participation rates and
reasons for noninvitation or nonparticipation are shown in
Figure 1. The medical ethics committee (UMCG) approved
this study. All participants gave written informed consent.

Cardiometabolic Study Procedures

The cardiometabolic study assessment consisted of physical
examination, including anthropometrics (weight, height, and
waist/hip circumference) and blood pressure measurement.
Patients could visit one of the participating hospitals or their
general practitioner for the anthropometrics and blood
pressure measurements while sending their fasting blood
samples to a central laboratory (UMCG). Hypertension was
defined as a systolic blood pressure 2140 mmHg, a diastolic
blood pressure 290 mmHg, or use of antihypertensive drugs.>*
A fasting blood sample was drawn to establish lipid profile,
glucose levels, and hormonal status. Dyslipidemia was defined
as a fasting total cholesterol =5.2 mmol/L (201 mg/dL),
LDL 22.5 mmol/L (97 mg/dL), HDL <1.04 mmol/L
(40.2 mg/dL), or triglycerides >4.5 mmol/L (399 mg/dL)
or usage of lipid lowering medication.?>® Diabetes melli-
tus was defined as glucose 27.0 mmol/L (126 mg/dL) or use
of blood glucose lowering medication and prediabetes as

glucose 5.6 to <7.0 mmol/L (101 mg/dL).>” The metabolic
syndrome was defined according to the National Cholesterol
Education Program Adult Treatment Panel II1.?# In the blood
samples, biomarkers for endothelial function (von Wille-
brand factor), hemostasis (coagulation factor VIII, tissue
plasminogen activator [t-PA], plasminogen activator in-
hibitor 1 [PAI-1], fibrinogen), and inflammation (high
sensitivity C-reactive protein) were measured. This bio-
marker selection was based on earlier studies of our
group.® " Hypogonadism was defined as serum testosterone
concentration <10 nmol/L and/or a LH concentration 210 U/L
or testosterone use. All blood samples were drawn between 7:
30 and 11:30 a.m. to limit circadian variation. A morning urine
sample was tested for microalbuminuria, defined as 2.5-
25 mg albumin per mmol creatinine. Macroalbuminuria was
defined as >25 mg albumin per mmol creatinine.

Statistics

Associations of TC treatment and cardiovascular risk factors
with CVD risk were assessed in multivariable Cox regression
models and presented as hazard ratios (HRs). Time at risk
started at the date of orchidectomy and ended at the date of
diagnosis of the first CVD of interest for patients with CVD
(myocardial infarction, coronary artery disease, or conges-
tive heart failure [ICD-10 120-25, 150]). Patients without
CVD were censored at date of death, emigration, or last
follow-up, whichever came first. Barlow’s weights were used
to adjust the partial likelihood function for case-cohort
analysis'??° (Data Supplement [Box 2]). Regression

Multicenter testicular cancer cohort
Treated for testicular cancer between January 1, 1976, and
December 31, 2007.
Age at diagnosis of testicular cancer >12 and <50 years
(N = 4,748)

Reasons for noninvitation
Dead
Lives abroad
Mentally disabled

Invited, but did not participate
No response to reminder (n =58, 21%)
Active response: not willingto (n =12, 4%)
participate

Investigation of medical records
(n=1,143)

(n =67, 25%)

(n=2,1%)

(n=1,1%)

Known extensive comorbidity (n=1,1%)
Logistic reasons (n=11,4%)

Questionnaire
(n =537)

= e

Cardiometabolic study assessment

Reasons for noninvitation

Dead (n =133, 15%)
Lives abroad (n =16, 2%)
Mentally disabled (n=2,1%)
Known extensive comorbidity (n=1,1%)
Logistic reasons (n =56, 6%)
Invited, but did not participate

No response to reminder (n = 254, 28%)
Active response: not willingto  (n =16, 2%)

participate

(n = 304)

FIG 1. The numbers of enrolled patients in this study, including reasons for noninvitation or nonparticipation. ®Cases: patients who developed
cardiovascular disease. "Subcohort: patients in the random sample from the multicenter testicular cancer cohort. °Of whom 54 patients developed
cardiovascular disease. “Of whom 30 patients developed cardiovascular disease. °Of whom 18 patients developed cardiovascular disease.
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Risk Factors for Cardiovascular Disease and QoL in Testicular Cancer Survivors

TABLE 1. Patient Characteristics and CVD Risk

Patients With CVD Subcohort
Characteristic No., Median %/Range No., Median %/Range HR 95% Cl P
Disease and treatment characteristics
No. 272 925
Description of cardiovascular events
CVD
Myocardial infarction® 174 64.0
Coronary artery disease without myocardial infarction® 76 279
Heart failure, nonischemic etiology® 22 8.1
Age at first CVD diagnosis, years® 51.5 24.5-77.2
<45 62 232
45-55 117 43.8
55-65 69 258
>65 19 7.1
Time from TC diagnosis until first CVD, years® 15.5 0.1-34.4
0-1 8 3.0
19 66 24.8
10-19 114 42.7
20-24 36 135
=25 43 16.1
Vital status at the time of invitation for study participation
Alive 203 74.6
Deceased? 67 246
Died of CVD 30 11.0
Died of described CVD (fatal event) 16 59
Emigrated 2 0.7
Treatment characteristics and CVD risk
Age at TC diagnosis, years <.001
Median 35.6 30.7
Range 16.7-49.8 14.7-49.9
14-30 73 26.8 434 46.9 1 Ref
30-39 110 40.4 354 38.3 2.0 141029
40-49 89 32.7 137 14.8 41 2.7106.3
Histology .23
Seminoma 121 445 358 387 1 Ref
Nonseminoma 1561 55.5 567 61.3 12 09t0 1.8
Treatment period .25
1976-1985 124 45.6 183 19.8 1 Ref
1986-1995 95 349 304 329 0.7 05to0 1.1
1996-2007 53 19.5 438 47.4 0.8 05t0 1.2
Cumulative TC treatment .003
Orchidectomy only 37 13.6 180 19.5 1 Ref
Radiotherapy 88 324 272 29.4 1.1 06to1.9
Chemotherapy 122 449 13 44.6 1.9 1.1 t0 3.1
Radiotherapy + chemotherapy 25 9.2 60 6.5 2.5 1.2t0 5.1
Radiotherapy (primary, relapse, or contralateral tumor treatment)® .37
No 1589 58.5 594 64.2 1 Ref
Yes 113 41.5 23l 35.8 1.2 07t01.9
Subdiaphragmatic only 94 34.6 306 BEN] 1.1 0.7t0 1.7
Supradiaphragmatic + subdiaphragmatic 18 6.6 24 26 19 0.7 to 4.4
Chemotherapy (primary, relapse, or contralateral tumor treatment)” <.001
No 125 46.0 452 489 1 Ref
Yes 147 54.0 473 51.1 2.0 131031
Platinum-containing®® 136 50.0 450 486 2.0 1310 3.0
Cardiovascular risk factors at TC diagnosis and CVD risk
Weight at TC diagnosis <.001
Normal weight (BMI =25 kg/m?) 147 53.9 622 67.2 1 Ref

(continued on following page)
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TABLE 1. Patient Characteristics and CVD Risk (continued)

Patients With CVD Subcohort
Characteristic No., Median %/Range No., Median %/Range HR 95% CI P
Overweight (BMI 25-30 kg/m?) 91 339 257 27.8 1.2 07to 1.7
Obesity (BMI >30 kg/m?) 34 122 46 50 46 2.01t010.0
Smoking at TC diagnosis .002
No 110 40.4 512 556.4 1 Ref
Yes 162 59.6 413 44.6 1.7 11t024
Data resulting from study questionnaire
Completed questionnaires (n) 120 447
Treatment toxicities and CVD risk"
Raynaud's phenomenon 34 28.8 79 179 19 1.1t0 3.6 .034
Only temporarily 9 75 21 47
Persisting complaints 25 20.8 58 13.0
Neurotoxicity 46 383 134 30.0 1.3 0.8t0 2.3 .32
Only temporarily 13 10.8 48 10.7
Persisting complaints 33 275 86 19.2
Hearing problems
Tinnitus 21 17.5 60 134 1.3 07t023 48
Hearing loss 16 133 36 8.1 0.9 04t020 .83
Unilateral 7 5.8 7 1.6
Bilateral 9 75 29 6.5
Cardiovascular risk factors during follow-up and CVD risk!
Hypertension 25 20.8 99 221 1.2 07t020 49
Dyslipidemia 29 242 70 167 2.8 1.6to 47 <.001
Diabetes mellitus 7 5.8 21 4.7 1.4 0.5t0 3.5 .52
Family history and CVD risk*
Family history of any CVD 76 63.3 196 439 29 1.7t0 49 <.001
Family history of cardiac disease 44 36.7 86 19.2 2.7 1.6t0 4.5 <.001

NOTE. All P values are for heterogeneity and corrected for age at diagnosis of TC. Bold indicates significant P values <.05.

Abbreviations: CVD, cardiovascular disease; HR, hazard ratio; ref, reference; TC, testicular cancer.

aForty patients (16%) developed heart failure after myocardial infarction or coronary artery disease.

"These patients developed heart failure because of nonischemic causes: due to valvular disease (n = 7), heart rhythm disorders (n = 2), or
cardiomyopathy (n = 1); in 12 patients underlying pathophysiology was unknown.

°Of five patients, the date of the cardiovascular event was unspecified and could not be retrieved from the medical records of the hospital or general
practitioner. For these patients, age and timing after TC diagnosis could not be calculated.

dCause of death was unknown in nine of the 67 dead patients (13.4%).

°HRs are corrected for administration of chemotherapy.
fHRs are corrected for administration of radiotherapy and BMI.
9Cisplatin or carboplatin-containing chemotherapy regimens.

"Treatment toxicities developed <1 year after TC treatment as reported in the questionnaire.

iCorrected for age at TC diagnosis and chemotherapy treatment (yes/no) in a multivariate Cox analysis.

JFor patients with CVD, only risk factors developed before diagnosis of the first CVD were taken into account.

kFamily history was reported in the patient questionnaire and considered positive when one or more first-degree family members developed
respectively any CVD (including myocardial infarction, coronary disease, heart failure, sudden cardiac death, peripheral artery disease, cardiac
arrythmias, cerebral vascular events, valvular heart disease, thromboembolisms, or aortic aneurysms) or cardiac disease (myocardial infarction,
coronary disease, heart failure, or sudden cardiac death) before the age of 65 years.

analyses were adjusted for age at TC diagnosis. Cardiovas-
cular risk factors which occurred during follow-up were
modeled as time varying covariates. Missing baseline data on
cumulative treatment and cardiovascular risk factors at
diagnosis were handled by performing multiple imputation
by chained equations (Data Supplement [Box 2]). Missing
information from the questionnaires was handled by in-
troducing a dummy variable in the model. Competing risk
analysis was performed using death due to other causes than

3516 | © 2023 by American Society of Clinical Oncology

CVD as competing event.3° Differences in QoL were assessed
using unweighted linear regression with each scalar re-
sponse to the items of the QoL questionnaire treated as a
separate dependent variable, corrected for age at completion
of the questionnaire, years between TC diagnosis, and
completion of the questionnaire and years after CVD (which
was zero for noncases). P values .05 were considered sig-
nificant. STATA statistical software (version SE13, StataCorp,
College Station, TX) was used for analysis.
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TABLE 2. Burden of CVD: Fatigue Scores and Quality of Life

Patients With CVD (n = 120)

Subcohort Patients Without CVD (n = 417)

Characteristic

Median (range)

Median (range)

Age at completion of questionnaire, years 61 (41-85) 52 (27-79)

Time after TC diagnosis, years 27 (8-40) 19 (7-38)

Time after CVD diagnosis, years 8 (0-31) =

Median (IQR) Mean (SE) Median (IQR) Mean (SE) P

Fatigue score 15 (7-21) 15 (0.7) 9 (6-16) 12 (0.3) .003

Quality of life (scale scores)
Physical functioning 80 (55-95) 72 (2.3) 95 (85-100) 89 (0.9) <.001
Social functioning 88 (63-100) 82 (2.1) 100 (75-100) 87 (1.0) .01
Role limitations due to physical health 100 (25-100) 70 (3.7) 100 (100-100) 85 (1.5) .001
Role limitations due to emotional health 100 (100-100) 83 (3.1) 100 (100-100) 88 (1.5) 18
Mental health 80 (68-92) 77(0.7) 84 (72-88) 79 (0.8) 1
Energy and vitality 65 (45-80) 62 (2.1) 70 (56-80) 68 (1.0) .002
Bodily pain 90 (68-100) 80 (2.0) 100 (80-100) 88 (1.0) .036
General health 55 (35-70) 54 (2.1) 70 (55-85) 63 (1.0) <.001

NOTE. P values were corrected for age at completion of questionnaire, years between TC diagnosis, and completion of the questionnaire and years
after CVD (which was 0 for subcohort patients without CVD) using a linear regression model. Items that were left blank (missing data) were not taken
into account when calculating scale scores. Hence, scale scores represent the average for all items in the scale that the respondent answered (scale

scores range from 0 to 100). Bold indicates significant P values <.05.
Abbreviations: CVD, cardiovascular disease; TC, testicular cancer.

RESULTS
Patients With CVD

After a median follow-up of 16.1 years (IQR, 9.7-24.5 years;
range, 0-38.5 years), 272 TC survivors in the study pop-
ulation of 4,748 patients had developed CVD: 64% of them
had experienced a myocardial infarction and 28% had cor-
onary artery disease without infarction (Table 1). Of these
patients, 16% developed heart failure afterward. Of the CVD
events, 6% were fatal (n = 16).

Impact on QoL

Of the TC survivors who completed the risk factor ques-
tionnaire (n = 537; Fig 1), those who developed CVD after TC
treatment reported a lower QoL on several domains than TC
survivors without CVD (Table 2). TC survivors with CVD
reported lower physical functioning (median score, 80 [IQR,
55-95] compared with 95 [IQR, 85-100] in subcohort pa-
tients without CVD, P < .001), which was accompanied by role
limitations because of physical health. TC survivors with CVD
also reported less energy and vitality, experienced more
bodily pain (P = .002 and P = .036, respectively), and had a
lower general health score than the TC survivors without
CVD (P < .001). Furthermore, TC survivors who developed
CVD reported more fatigue than patients who did not
(P < .003). Social and mental health was not impaired in TC
survivors with CVD.

Journal of Clinical Oncology

Risk Factors Associated With CVD Development

Compared with orchidectomy only, treatment with che-
motherapy was associated with increased CVD risk (HR, 1.9;
95% CI, 1.1 to 3.1) and when patients also received radio-
therapy, this risk further increased (HR, 2.5; 95% CI, 1.2 to
5.1). Treatment with radiotherapy only was not associated
with CVD risk (HR, 1.1; 95% CI, 0.6 to 1.9; Table 1).

TC survivors with CVD were older at TC diagnosis than
subcohort patients (median age, 35.6 v 30.7 years; P < .0001;
Table 1). Presence of obesity at TC diagnosis (HR, 4.6; 95%
CI, 2.0 t010.0) and smoking at TC diagnosis (HR, 1.7; 95% CI,
1.1 to 2.4) was associated with increased CVD risk (Table 1).

Analysis of raw data (without imputation of missing vari-
ables), and analysis only including patients with complete
data, did not notably change the results (Data Supplement
[Tables 1, 2a, and 2b]). Competing risk analysis using death
due to other causes than CVD as competing event resulted in
estimates pointing in the same direction (Data Supplement
[Table 3]). There were no significant differences in baseline
characteristics between patients participating in the study
questionnaire and patients who did not participate (Data
Supplement [Table 4]).

TC survivors who developed dyslipidemia during follow-up

had an increased CVD risk (HR, 2.8; 95% CI, 1.6 to 4.7).
Patients who reported a positive family history for CVD were

ascopubs.org/journal/jco | Volume 41, Issue 19 | 3517
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TABLE 3. Cardiovascular Risk Factors in Subcohort Members Who
Participated in the Study Visits for Cardiometabolic Assessment

Characteristic No., Median %/Range
Total number of subcohort members 304
Follow-up duration at study visit, years 218 7.9-39.0
Age at study visit, years 51.1 27.2-74.3
Medication use
Antihypertensive drugs 72 237
Lipid-lowering drugs 47 15.5
Diabetic drugs 15 49
Testosterone suppletion 24 79
Cardiovascular risk factors
Current smoker 45 15.0
Hypertension 150 49.5
Dyslipidemia® 260 85.5
High LDL (2.5 mmol/L) 223 82.0
Low HDL (<1.04 mmol/L) 57 20.7
High triglycerides (>4.5 mmol/L) 9 3.3
High total cholesterol (=5.2 mmol/L) 151 549
Diabetes?® 28 9.2
Diabetes mellitus or prediabetes® 122 40.1
Overweight (BMI > 25) 196 64.5
Obesity (BMI > 30) 35 11.6
Metabolic syndrome 107 352
Anthropometrics
BMI, kg/m? 259 18.1-36.2
Waist circumference, cm 96 71-131
Waist/hip ratio 1.0 0.8-1.2
Gonadal function
Testosterone, nmol/L® 14.6 0.7-55.4
LH, U/L° 7.3 0.4-46.6
Hypogonadism 103 34
Proteinuria and renal function
Microalbuminuria 20 7.0
Macroalbuminuria 5 18
Urine albumin, mg/L 3.0 0.4-607.8
Urine albumin-creatine ratio, mg/mmol 04 0-71.6
Biomarkers®
High VWF (>150%) 29 13
High FVIII (>150%) 47 21
High Hs-CRP (5.0 mg/L) 27 12
High t-PA (>10 pg/L) 139 63
High PAI-T (>43 pa/L) 61 28
High fibrinogen (>4.0 g/L) 16 7

Abbreviations: FVIII, coagulation factor VIII; Hs-CRP, high sensitivity
C-reactive protein; LH, luteinizing hormone; PAI-1, plasminogen
activator inhibitor 1; t-PA, tissue plasminogen activator; VWF, von
Willebrand factor.

aTwenty-seven missing: Could not be assessed because of nonfasting
blood samples. Use of lipid-lowering medication was also assumed to
indicate the presence of dyslipidemia.

bPatients using testosterone suppletion excluded.

°The biomarkers could not be measured in all participating centers and,
therefore, were missing in a part of the participants. The expressed
percentages refer to the percentages of performed measurements,
excluding missing values.
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more prone to develop CVD (HR, 2.9; 95% CI, 1.7 to 4.9).
Patients who had developed Raynaud’s phenomenon after
TC treatment seemed to have a higher risk of developing CVD
(HR, 1.9; 95% CI, 1.1 to 3.6), correcting for administration of
chemotherapy (Table 1).

Study Visit for Cardiometabolic Assessment

The cardiometabolic assessment (304 patients participating)
took place at a median follow-up duration of 22 years after
TC diagnosis (range, 8-39 years) and a median age of 51 years
(range, 27-74 years; Table 3). Participants often had hy-
pertension (50%), of which 48% was untreated. The prev-
alence of dyslipidemia was 86%, of which 82% was
untreated. Dyslipidemia mostly presented as high LDL (82%)
and/or high total cholesterol (55%). Prediabetes was also
prevalent: 40% of the participants had a high fasting glu-
cose. Of the participating TC survivors, 35% met the criteria
for metabolic syndrome. Hypogonadism was present in 34%.
Patients treated with orchidectomy only rarely reported
Raynaud’s phenomenon (Table 4).

Most cardiovascular risk factors were equally present in
patients treated with orchidectomy only and in patients
treated with chemotherapy or radiotherapy; only micro-
albuminuria was more frequently present in patients treated
with chemotherapy (Table 4).

Prevalence of cardiovascular risk factors generally increased
with increasing age at the time of the study visit (Data
Supplement [Table 5]). However, the prevalence of dysli-
pidemia was already 82% in patients younger than 40 years,
which was similar to the prevalence among the oldest
subcohort members (81% in patients older than 60 years).

At the study visit, biomarkers for endothelial dysfunction,
low-grade inflammation, and hemostasis were more often
elevated (Table 3), especially t-PA and PAI-1 (63% and 28%
respectively). Compared with survivors who had not de-
veloped metabolic syndrome, more TC survivors with
metabolic syndrome had high t-PA (81% v 51%; P < .001),
high PAI-1(44% v 17%; P < .001), and high fibrinogen (18% v
3%; P = .005).

DISCUSSION

In this large case-cohort study with long-term follow-up,
we studied risk factors contributing to the development of
serious cardiovascular morbidity in TC survivors. Besides
having been treated with platinum-based chemotherapy,
obesity and smoking at the start of treatment, development
of Raynaud’s phenomenon or dyslipidemia after treatment,
and a family history of CVD were important risk factors. We
also studied the QoL of TC survivors. Although previous
studies in unselected TC survivors showed similar health-
related QoL compared with the general population,?* our
study showed that the development of CVD after TC treat-
ment clearly affects the survivors’ QoL: patients who
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TABLE 4. Presence of Treatment Toxicity and Cardiovascular Risk Factors in Subcohort Members According to Treatment Modality (n = 304)

Characteristic Chemotherapy Radiotherapy Orchidectomy Only P
No. 159 76 69
Age at study visit for cardiometabolic assessment, years, median (range) 48 (27.2-74.3) 53 (34.3-71.1) 53 (29.6-69.2) <.001

Treatment toxicities developed <1 year after testicular cancer treatment, No. (%)

Raynaud's phenomena 48 (30) 5 (6) 3 (4.3) <.001
Only temporarily 15 (9) 1(1) 0 (0)
Persisting complaints 33 (21) 4 (5) 3(4.3)
Neurotoxicity 77 (48) 12 (16) 6 (8.7) <.001
Only temporarily 32 (20) 2 (3) 0 (0)
Persisting complaints 45 (28) 10 (13) 6 (8.7)
Hearing problems, persisting complaints
Tinnitus 34 (21) 6 (8) 2 (3) .001
Hearing loss® 20 (13) 4 (6) 0 (0) .001
Cardiovascular risk factors at cardiometabolic study assessment, No. (%)
Hypertension 86 (54) 33 (43) 31 (45) 212
Dyslipidemia® 135 (85) 67 (88) 58 (84) 507
Diabetes® 15 (9) 8 (11) 5 (7) 47
(Pre)diabetes® 65 (41) 32 (42) 25 (36) 424
Overweight (BMI >25) 97 (67) 56 (74) 43 (62) 116
Obesity (BMI >30) 15 (9) 9 (12) 11 (16) 362
Metabolic syndrome 58 (37) 28 (37) 21 (30) 757
Proteinuria and renal function
Microalbuminuria, No. (%) 20 (13) 4 (5) 1(1) .018
Macroalbuminuria, No. (%) 5 (3) 0 (0) 0 (0) 115
eGFR, mL/min 82 (29-122) 86 (49-130) 85 (50-121) 376
Gonadal function, No. (%)
Hypogonadism 55 (35) 31 (41) 17 (25) 165
Biomarkers, No. (%)°
High VWF (>150%) 17 (14) 3 (5) 9 (20) 081
High FVIII (>150%) 24 (21) 12 (21) 11 (23) 920
High Hs-CRP (5.0 mg/L) 8 (7) 12 (21) 7 (16) .016
High t-PA (>10 ng/L) 58 (59) 43 (74) 28 (61) 128
High PAI-1 (>43 pg/L) 35 (29) 15 (26) 11 (25) 828
High fibrinogen (>4.0 g/L) 5 (4) 6 (10) 5(1) 162

NOTE. The chemotherapy category includes patients who were treated with chemotherapy, with or without radiotherapy. P values were calculated
for categorical variables using chi-square tests and for continuous variables using one-way ANOVA tests because of a normal distribution. Bold

indicates significant P values <.05.

Abbreviations: ANOVA, analysis of variance; eGFR, estimated glomerular filtration rate; FVIII, coagulation factor VIII; Hs-CRP, high sensitivity
C-reactive protein; PAI-1, plasminogen activator inhibitor 1; t-PA, tissue plasminogen activator; vVWF, von Willebrand factor.

@Both unilateral and bilateral hearing loss.

bTwenty-seven missing: Could not be assessed because of nonfasting blood samples. Use of lipid-lowering medication was also assumed to

indicate the presence of dyslipidemia.

°The biomarkers could not be measured in all participating centers and, therefore, were missing in a part of the participants. The expressed
percentages refer to the percentages of performed measurements, excluding missing values.

experienced CVD reported inferior QoL on physical domains
compared with TC survivors who did not develop CVD.

In patients with TC who participated in the cardiometabolic
study assessment, we observed a high prevalence of car-
diovascular risk factors, which were often not previously
identified and were thus untreated. This confirms the finding

Journal of Clinical Oncology

of a recent study that showed a higher prevalence of hy-
pertension and hypercholesterolemia in TC survivors com-
pared with the general male population, even from the start
of treatment."’

Of note, cardiovascular risk factors (except for micro-
albuminuria) were equally prevalent in patients treated with
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chemotherapy, radiotherapy, or orchidectomy only. Patients
with TC in our study seemed to develop cardiovascular risk
factors irrespective of treatment modality, which suggests
that platinum-based chemotherapy has limited influence on
the development of these risk factors. The development of
cardiovascular risk factors could also not be explained by
factors such as the presence of hypogonadism. In addition,
patients with TC appear to have an unfavorable cardiovas-
cular risk profile even at the time of diagnosis.™'*'7 In our
study, being obese at TC diagnosis was an important risk
factor for developing CVD after treatment (HR, 4.7; 95% CI,
2.4 to 9.3). Although obesity is a known independent car-
diovascular risk factor in the general population, fat tissue
may also act as a body reservoir for platinum, and obesity at
TC diagnosis could thus be related to circulating platinum
levels long after chemotherapy.

In our study, treatment with platinum-based chemotherapy
almost doubled the risk of CVD development compared with
orchidectomy only (HR, 1.9; 95% CI, 1.1 to 3.1). Previous
studies showed that TC treatment with chemotherapy is
associated with an approximately three-fold increased risk
of CVD compared with TC survivors treated with orchid-
ectomy only.>*® The exact role of bleomycin versus platinum
could not be investigated in this study as both were mostly
combined. From in vitro data, it is known that both agents
induce alterations in endothelial cell function.® Circulating
platinum levels remain detectable up to 20 years after
chemotherapy.3>3¢ Circulating platinum residuals may re-
sult in chronic endothelial activation and have been asso-
ciated with known late effects such as hypertension.3?35
Whether the amount of long-term circulating platinum is
also associated with CVD events has not yet been investi-
gated. Impaired renal function is an important determinant
of long-term exposure to circulating platinum residuals and
may cause higher platinum levels during a longer period of
time, thus contributing to endothelial activation leading to
CVD.3? Development of Raynaud’s phenomenon after
treatment—which is a marker of compromised endothelial
function3’—was associated with a higher CVD risk. Another
marker for endothelial activation is albuminuria, which was
more prevalent in TC survivors treated with chemotherapy.
Albuminuria coincides with higher vascular stiffness in TC
survivors.?® In our study, TC survivors with the metabolic
syndrome had elevated t-PA, PAI-1, and fibrinogen levels
than survivors without the metabolic syndrome. This indi-
cates an active fibrinolytic system, which also contributes to
atherosclerosis.>*~*

We, therefore, suggest a future study to determine whether a
combination panel, including markers of subclinical endo-
thelial damage (presence of Raynaud’s phenomenon, al-
buminuria, and fibrinolytic markers), could predict which
patients are at increased cardiovascular risk.

Treatment with radiotherapy only was not associated with

increased CVD risk. A previous study in TC survivors*® and our
current study suggest that supradiaphragmatic radiotherapy

3520 | © 2023 by American Society of Clinical Oncology

is associated with CVD, although on the basis of only 18
patients who received supradiaphragmatic radiotherapy.

Our study had several limitations that should be mentioned
here. First, we made a cross-sectional assessment of car-
diovascular risk factors, but the cardiovascular risk factors in
patients who had developed CVD were derived only from
questionnaires sent to the patients and their general prac-
titioners. As a result, the information tended to be incom-
plete. For example, information on cardiovascular risk
factors at TC diagnosis was often not mentioned in the
patients’ medical records (ie, information on BMI or pres-
ence of obesity was missing for 22% of the patients with CVD
and for 26% of all subcohort patients). Second, some se-
lection bias could have been present in our data as patients
who experienced a higher disease burden could have been
more inclined to participate in a study evaluating late ad-
verse treatment effects. Because patients who were alive
were invited for participation to the questionnaire, this
resulted in selection bias on the basis of survival and age.
Furthermore, discrepancies in cutoff values of cardiovas-
cular risk factors exist between different countries.

An important strength is that this is the first study to
thoroughly compare a large group of TC survivors who
developed overt CVD to a large cohort. Until now, most
studies have been epidemiological: to study their CVD risk,
TC patients were compared to general population
controls.4 %718 Furthermore, in our random sample of TC
survivors, cardiovascular risk factors and biomarkers were
measured, and most participants gave their consent for a
future invitation for a follow-up study to assess the asso-
ciation between observed cardiovascular risk factors and
development of CVD.

To confirm the effectiveness of stringent treatment of
modifiable cardiovascular risk factors—such as being
overweight or a smoker, having high lipid levels, hyper-
tension or a high blood glucose level—on CVD risk in TC
survivors, future prospective studies are needed. Smoking
cessation might require extra attention since a recent study
showed that Danish TC survivors treated with chemotherapy
consume more tobacco than the general population.“> Also of
interest are studies to assess whether platelet aggregation
inhibitors or statin-based, lipid-lowering therapy could
prevent atherosclerosis development and signs of early
vascular aging in TC survivors. These intervention studies
are urgently needed; similar to adult childhood cancer
survivors,“? cardiovascular morbidity shortens the remain-
ing lifespan of patients with successfully treated TC*744 and,
as shown in this study, decreases their QoL.

In conclusion, TC survivors are at risk of developing CVD if
they are treated with platinum-based chemotherapy, were
obese or smoking at diagnosis, develop dyslipidemia during
follow-up, had a positive family history of CVD, or develop
Raynaud’s phenomenon. TC survivors who develop CVD
reported inferior QoL on physical domains compared with
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survivors who did not develop CVD. Many TC survivors have a
high burden of cardiometabolic risk factors. As soon as
possible after diagnosis, these patients should be encour-
aged to adopt a healthy lifestyle: stop smoking, be physically
active, and maintain healthy dietary habits. Lifelong follow-
up with low-threshold treatment of cardiovascular risk

AFFILIATIONS

"Department of Medical Oncology, University Medical Center Groningen,
University of Groningen, Groningen, the Netherlands

2Department of Epidemiology, Netherlands Cancer Institute,
Amsterdam, the Netherlands

3Department of Medical Oncology, Erasmus Medical Center, Rotterdam,
the Netherlands

“Department of Medical Oncology, Radboud University Medical Center,
Nijmegen, the Netherlands

5Department of Urology, Radboud University Medical Center, Nijmegen,
the Netherlands

®Department of Medical Oncology, Netherlands Cancer Institute,
Amsterdam, the Netherlands

"Department of Medical Oncology, University Medical Center Utrecht,
Utrecht, the Netherlands

8Department of Vascular Medicine, University Medical Center
Groningen, University of Groningen, Groningen, the Netherlands

CORRESPONDING AUTHOR

Jourik A. Gietema, MD, PhD, Department of Medical Oncology,
University Medical Center Groningen, University of Groningen, PO Box
30001, 9700 RB, Groningen, the Netherlands; e-mail: j.a.gietema@
umcg.nl.

EQUAL CONTRIBUTION
S.L, HJ.G, M.S,, and J.A.G contributed equally to this work.

PRIOR PRESENTATION

Presented in part at the 2022 ASCO Annual Meeting, Chicago, IL, June
3-7,2022.

SUPPORT
Supported by a Dutch Cancer Society (KWF) grant (NKI 2011-5209).

REFERENCES

[l

1563-1574, 2021

ISARSARE I

1505-1512, 2018

factors is needed, especially in obese and smoking patients
treated with platinum-based chemotherapy. As oncologists,
we should be working together with other health care
professionals toward improving the lifespan and QoL of
these young men after we have treated them successfully for
TC.
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