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Aims Cisplatin-based chemotherapy (CBCT) is essential in the treatment of metastatic testicular cancer (TC) but has
been associated with long-term risk of cardiovascular morbidity and mortality. Furthermore, cisplatin can be
detected in the body decades after treatment. We aimed to evaluate the long-term impact of CBCT on cardiac
function and morphology in TC survivors 30 years after treatment.

Methods TC survivors treated with CBCT (1980-94) were recruited from the longitudinal Norwegian Cancer Study in

and results Testicular Cancer Survivors and compared with a control group matched for sex, age, smoking status, and heredity
for coronary artery disease. All participants underwent laboratory tests, blood pressure measurement, and 2D and
3D echocardiography including 2D speckle-tracking strain analyses. Ninety-four TC survivors, on average
60 + 9 years old, received a median cumulative cisplatin dose of 780mg (IQR 600-800). Compared with controls,
TC survivors more frequently used anti-hypertensive (55% vs. 24%, P<0.001) and lipid-lowering medication (44%
vs. 18%, P<0.001). TC survivors had worse diastolic function parameters with higher E/e’-ratio (9.8+3.2 vs.
7.7£2.5, P<0.001), longer mitral deceleration time (221 £ 69 vs. 196 £ 57ms, P <0.01), and higher maximal tricus-
pid regurgitation velocity (25%7 vs. 21 +4m/s, P=0.001). The groups did not differ in left or right ventricular sys-
tolic function, prevalence of arrhythmias, or valvular heart disease. Cumulative cisplatin dose did not correlate with
cardiac parameters.

Conclusion No signs of overt or subclinical reduction in systolic function were identified. Long-term cardiovascular adverse
effects three decades after CBCT may be limited to metabolic dysfunction and worse diastolic function in TC
survivors.
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Introduction

Since its introduction in the late 1970s, cisplatin-based chemotherapy
(CBCT) has revolutionized the treatment of metastatic testicular
cancer (TC) and dramatically increased survival rates.! Today,
cancer-specific survival is nearly universal in localized disease and
~90% in metastatic disease.”* Since TC primarily affects young men,
with a close to normal life expectancy after successful treatment,
evaluation of treatment-related adverse health outcomes are of great
importance.

With increasing survival rates during the past decades, more
attention has been directed to the short- and long-term health
effects of CBCT. Platinum-based compounds are strongly
nephrotoxic, neurotoxic, and ototoxic.* They have also been
implicated in the development of the metabolic syndrome, vascu-
lar damage leading to hypertension, increased incidence of
thromboembolic events, and a wide array of adverse cardiac
effects>® The latter group includes both indirect effects from
hypertension and hyperlipidaemia and the direct effects of myo-
cardial damage through mitochondrial dysfunction, overproduc-
tion of reactive oxygen species, and even necrosis and apoptosis

of cardiomyocytes.®

Exploring these effects becomes especially
pertinent as TC primarily affects young men and circulating
serum-platinum (s-Pt) can be detected decades after cessation of
treatment, possibly exposing cardiomyocytes to continuous long-
term toxicity.7

Several studies have examined the link between CBCT and long-
term cardiac morbidity and mortality, but few have evaluated cardiac
function directly. Both van Schinkel et al® and Altena et al.>'® found
evidence of worse diastolic function in TC survivors, but were not
able to show systolic impairment. However, these studies are limited
by short follow-up, small sample size, and did not use deformation
imaging to assess myocardial function.
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This study aims to assess the impact of CBCT on cardiac risk fac-
tors, cardiac morphology, and left and right ventricular (LV and RV)
function in long-term TC survivors and evaluate whether this popula-
tion is at risk for chemotherapy-induced heart failure, similar to that
seen after treatment with an‘chracyclines.11 Furthermore, we aimed
to evaluate the impact of cumulative cisplatin dose on the same
parameters in this population.

Methods

From April 2017 to May 2018, survivors of unilateral germ cell TC who
had been treated between 1980 and 1994 and who participated in the
third survey in the National study on TC survivors were invited to the
present study (Figure 7). Only survivors living in the south-east of Norway
treated with CBCT without concurrent mediastinal radiotherapy were
eligible for inclusion.

A total of 110 TC survivors of the 783 responders were both residents
in the South-East of Norway and had received CBCT without radiother-
apy. Blood samples were collected and analysed during the third survey
in the National study on TC survivors in 2015-16."> All other data,
including a comprehensive echocardiography, blood pressure measure-
ments, and a self-reported questionnaire on cardiac risk factors, medica-
tions, and cardiac morbidity were collected in 2017-18.

All patients had undergone orchiectomy. Subsequent treatment fol-
lowed the protocols of the European Organization for Research and
Treatment of Cancer Genito-Urinary Group or the Swedish-Norwegian
Testicular Cancer Project.’>™™® The majority of patients with dissemi-
nated disease received routinely four cycles of cisplatin, vinblastine, and
bleomycin (CVB) until 1986, later three to four cycles of bleomycin, eto-
poside, and cisplatin (BEP). For patients undergoing primary removal of
retroperitoneal lymph node metastases, two cycles of CBCT was given
as adjuvant therapy.'®

From February to June 2019, a control group of males was recruited
from a database set up from the ‘Lier registry’, a population health study
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Figure | Study inclusion—flowchart of recruitment of participants from the Norwegian national study in testicular cancer survivors.

in conjunction with the Norwegian municipality of Lier."” The control
group was matched for age, smoking status, and heredity for coronary
artery disease (CAD).

Written informed consent was given by all study participants. The
study complies with the Declaration of Helsinki and was approved by the
Regional Committee for Medical Research Ethics (ref. 2011/659
S-08702d).

Transthoracic echocardiography

All participants underwent an echocardiographic study (Vivid E9/E95, GE,
Vingmed, Horten, Norway). Standard echocardiographic images were
obtained from the parasternal long-axis, short axis, apical four-, three-,
and two-chamber and subcostal views. All measurements were analysed
post hoc using dedicated software (EchoPac, GE, Vingmed). All measure-
ments were performed by a single observer. Diastolic function was
assessed by two-dimensional echocardiography (2DE). Right atrial (RA)

and RV dimensions were measured in the apical four-chamber view. Left
atrial (LA) volume was measured using the biplane method in the four-
and two-chamber apical views. Diastolic function was assessed using LA
volume, Doppler-derived velocities across the mitral valve, tissue
Doppler velocities, and tricuspid regurgitation velocity. All measurements
were performed in accordance with recommendations from the
European Association of Cardiovascular Imaging (EACVI)."®"® Diastolic
dysfunction was considered present if more than half of the following cri-
teria were met: average E/e’ >14, septal €’ <7 cm/s or lateral ¢’ <10 cm/s,
TR velocity > 2.8 m/s, LA indexed volume >34 mL/m%"® Heart failure
with reduced ejection fraction (HFrEF) was considered present if the
measured ejection fraction was <40% and the patient experienced symp-
toms of heart failure.?® Heart failure with preserved ejection fraction
(HFpEF) was considered present if the Heart Failure Association Pre-test
assessment, Echocardiography and natriuretic peptide, Functional testing,
Final aetiology (HFA-PEFF) score was equal or greater than five, in ac-
cordance with the 2019 Heart Failure Association/European Society of
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Cardiology consensus recommendation.’ All 2D and 3D measurements
were indexed to body surface area (BSA). LV dimensions, mass, ejection
fraction, and stroke volume were measured in 3D using a semi-automatic
technique.

Two-dimensional echocardiography acquisitions were used for
speckle-tracking strain analysis. Global longitudinal strain (GLS) was cal-
culated from peak systolic longitudinal strain in 16 segments using the ap-
ical four-, three-, and two-chamber views. The frame rate was
63+ 11Hz.

Significant valve pathology was considered present if the patients had
at least one of the following: moderate or severe mitral or aortic valve in-
sufficiency, any aortic, or mitral valve stenosis. Classification of valve dis-
ease was performed according to the guidelines.”*

Blood sampling, blood pressure, and

definitions

Blood samples were obtained from all participants at Oslo University
Hospital. In all patients, total cholesterol, low-density lipoprotein (LDL),
high-density lipoprotein (HDL), triglycerides, C-reactive protein (CRP),
and N-terminal pro-brain natriuretic peptide (NT-proBNP) were ana-
lysed on Cobas 6000 and 8000 (Roche Diagnostics, Mannheim,
Germany).

Blood pressure was measured in the supine position before and after
the echocardiography. The average of the two measurements was used.
Weight and height were self-reported. Metabolic syndrome and obesity
were defined in accordance with guidelines from the American Heart
Association.”> Hypercholesterolaemia was defined as the use of lipid-
lowering medication, total cholesterol of >7mmol/L, or LDL >
3.6mmol/L. Hypertension was defined as systolic blood pressure
>140 mmHg, diastolic blood pressure >90 mmHg, or the use of antihy-
pertensive medication.>*

Statistical analysis

We conducted an a priori power analysis to test the difference in GLS be-
tween two independent groups using a two-tailed test. We used an effect
size of 1% and an alpha of 0.05. Results showed that two equally sized
groups of 84 were required to achieve a power of 0.90.

Analyses were carried out using Stata 15.0 (StataCorp LLC, Texas,
USA). Data were presented as mean £ SD or numbers and percentages.
The % test (categorical variables) and the Student’s t-test (continuous
variables) were used to determine differences between groups. For non-
parametric continuous parameters, the Mann—Whitney U test was used.
Correlation between two continuous variables were analysed by means
of linear regression and expressed by the Pearson’s r coefficient. Multiple
regression analysis adjusted for hypertension and dyslipidaemia were per-
formed for intergroup comparison of functional parameters. Two-sided
P-values <0.05 were considered significant. Reproducibility was
expressed as intraclass correlation coefficient.

Results

In total, 94 (85%) of the 110 eligible TC survivors participated in this
study (Figure 7). Age at diagnosis was 30.3 + 8.8 years. Observation
time from treatment to echocardiography was 29.8+4.1years.
Cancer classification and treatment regimens are summarized in
Table 1.

Thirteen participants (7%) reported established CAD. There was a
trend towards more CAD amongst the TC survivors, but it was not
statistically significant (11% vs. 4%, P = 0.09). Twenty-one participants

Table | Classification and treatment in TC survivors
Histology
Seminoma 12 (13)
Non-seminoma 82 (87)
Modified Royal Marsden classification
Stage 1 29 (31)
Stage 1 marker positive/stage 2 44 (47)
Stage 3 4 (4)
Stage 4 17 (18)
Treatment regime
BEP/EP 45 (48)
CVB 33 (35)
BEP + CVB 5(5)
Other 11 (12)
Total number of CBCT cycles
1-2 12 (13)
34 68 (72)
>4 14 (15)

Data are expressed as n (%).
BEP, bleomycin, etoposide, cisplatin; CBCT, cisplatin-based chemotherapy; CVB,
cisplatin, vinblastine, bleomycin; EP, etoposide, cisplatin.

reported atrial fibrillation, with no difference between TC survivors
and controls (11% vs. 12%, P=0.93).

Risk factors and biochemistry

There was no difference in age, smoking status, or heredity for CAD
between the TC survivors and the controls (Table 2). While meas-
ured blood pressure did not show any intergroup difference, TC sur-
vivors were more frequently treated with anti-hypertensive
medication.

The TC survivors had comparable prevalence of dyslipidaemia to
controls but were more frequently treated with lipid-lowering medi-
cation. Total cholesterol and triglycerides were higher in the TC sur-
vivors than in the controls. LDL, HDL, CRP, and NT-proBNP did not
differ (Table 2).

There was a trend towards more Type 2 diabetes in the TC survi-
vors, but it was not significant (P=0.07). BMI did not differ between
the two groups.

LDL and s-creatinine showed weak, significant correlations to cu-
mulative cisplatin dose (R=0.24, P<0.05 and R=0.25, P <0.05). No
other biochemical parameters were associated with cumulative cis-
platin dose.

Cardiac function

Systolic function did not differ between the groups in either ventricle
(Table 3). Four participants fulfilled the criteria for HFrEF, two in each
group.

The TC survivors had slightly worse diastolic function parameters
with greater mitral E and A velocities, longer mitral deceleration time
(DT), higher E/¢'-ratio, and higher tricuspid regurgitation maximal
velocity (TR max) (Table 3).
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Table 2 Risk factors for coronary artery disease and laboratory measurements

TC survivors

(n=94)
Risk factors for coronary artery disease
Age (years) 609
BMI (kg/m?) 274+41
Smoking, n (%) 36 (41)
Heredity for CAD, n (%) 15 (17)
Systolic blood pressure (mmHg) 144+£18
Diastolic blood pressure (mmHg) 8410
High blood pressure, n (%) 74 (90)
High measured blood pressure 58 (71)
Antihypertensive medication 52 (55)
High cholesterol, n (%) 62 (68)
High measured cholesterol 28 (31)
Lipid-lowering medication 41 (44)
Obesity, n (%) 22 (23)
Diabetes mellitus, n (%) 10 (11)
Laboratory measurements
Total cholesterol (mmol/L) 53*+1.2
Low-density lipoprotein (mmol/L) 32+£10
High-density lipoprotein (mmol/L) 13+£03
Triglycerides (mmol/L) 1.9+13
C-reactive protein (mg/L) 26148
NT-proBNP (ng/L) 25 (0-61)
Creatinine (umol/L) 95+23

Controls P-value
(n=94)
60+9 0.96
26.7+38 0.21
39 (41) 0.94
17 (18) 0.85
144 +17 0.82
82+9 0.33
60 (68) <0.001
55 (63) 0.26
23 (24) <0.001
51 (54) 0.05
35(37) 0.38
17 (18) <0.001
17 (18) 0.37
4 (4) 0.07
4.8+0.9 <0.01
33109 0.48
13104 0.52
1.5+0.8 <0.05
15+15 0.15
52 (0-67) 0.62

Data are expressed as mean + SD for all parameters except NT-proBNP which is expressed as median (95% confidence interval). P-values derived from the Student’s t-test for
continuous parameters and the y? test for categorical parameters. For non-parametric variables, the Mann—Whitney U test was used. Parameters with statistically significant dif-

ferences between groups are highlighted in boldface.

BMI, body mass index; CAD, coronary artery disease; NT-proBNP, N-terminal pro-brain natriuretic peptide; TC, testicular cancer.

When adjusted for hypertension and dyslipidaemia in a multiple re-
gression analysis, mitral E velocity (0.71+0.03 vs. 0.62+0.03 m/s,
P<0.001), mitral A velocity (0.65+£0.03 vs. 048+0.03 m/s,
P<0.001), mitral DT (21215 vs. 187 £ 12ms, P<0.05), E/e’-ratio
(9.3£0.7 vs. 7.3£ 0.5, P<0.001), and TR max (2.5+0.2 vs. 20+ 0.1
m/s, P<0.01) remained significantly higher in TC survivors than
controls.

Fourteen (8%) participants fulfilled the criteria for heart failure
with preserved ejection fraction (HFpEF). There was a trend towards
more HFpEF amongst the TC survivors, but it was not statistically sig-
nificant [10 (11%) vs. 4 (4%), P = 0.08]. We found no significant corre-
lations between cumulative cisplatin dose and any functional
parameters among TC survivors treated with CBCT.

Diastolic dysfunction was found in 18 (10%) of the participants,
with no statistically significant difference between TC survivors and
controls (12% vs. 7%, P=0.19). Significant valve pathology was found
in 15 (8%) of the participants. The prevalence of valve pathology did
not differ significantly between TC survivors and controls (11% vs.
5%,P=0.18).

Cardiac morphology

Compared with controls, the TC survivors had thinner LV posterior
wall and lower indexed LV mass (Table 3). The TC survivors also had
slightly larger RV end-diastolic area and RV end-systolic area. For the

TC survivors, there were no significant correlations between cumula-
tive cisplatin dose and any morphological parameter.

Intra- and inter-observer intraclass correlations for diastolic
parameters were performed in eight participants and were 0.98 and
0.97 for LA volume, 0.97 and 0.96 for mitral E velocity, 0.97 and 0.91
for E/e’-ratio, and 0.99 and 0.97 for TR max, respectively. We have
performed intra- and inter-observer variability analysis for morpho-
logical and functional parameters in earlier studies.”®

Discussion

In the present study with median 30 years of follow-up, TC survivors
had worse diastolic function and a trend towards more HFpEF and
CAD than controls. They were also more frequently treated for
hypertension and dyslipidaemia. Importantly, our cohort did not have
higher prevalence of HFrEF or reduced systolic function assessed by
strain echocardiography, nor did they have more atrial fibrillation or
valve disease than the controls.

Cardiac function

This is the first study to assess systolic function by GLS in TC survi-
vors treated with CBCT. Compared with EF, GLS is more sensitive
to discrete systolic impairment and detection of early cancer
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Table 3 Echocardiographic data

TC survivors

(n=94)
Morphology
LA volume (mL/m?) 3149
IVSd (mm) 1M1+2
LVIDd (mm) 52+6
LVPWd (mm) 8.6+14
LV mass (g/m?) 70 =15
3D LV EDV (mL/m?) 64+14
3D LV ESV (mL/m?) 2711
RA area (cm*/m?) 92
RV end-diastolic area (cm*/m?) 112
RV end-systolic area (cm*/m?) 7+1
Systolic function
3D LV EF (%) 59+7
3DLVSV (mL) 7717
LV GLS (%) 19.8+£2.6
RV FAC (%) 41£7
TAPSE (mm) 23+4
Diastolic function
Mitral E velocity (cm/s) 69 =15
Mitral A velocity (cm/s) 75 +18
Mitral E/A-ratio 1.0+0.4
Mitral DT (ms) 221 = 69
E/e'-ratio 103
TR velocity (m/s) 2.5+0.7

Controls P-value
(n=94)
3119 0.77
1012 0.12
51+5 0.20
9.2+1.7 <0.01
77 =13 <0.01
67+£10 0.1
28+5 0.22
912 0.71
10+2 <0.01
6+1 <0.01
58+5 0.24
80+ 15 0.20
203+22 0.25
42+5 0.15
23+4 0.23
60 =13 <0.001
55+14 <0.001
1.1+0.4 <0.05
196 = 57 <0.01
8+2 <0.001
2104 <0.001

Data are expressed as mean + SD. P-values derived from the Student’s t-test for continuous parameters and the % test for categorical parameters.

DT, deceleration time; EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic volume; FAC, fractional area change; GLS, global longitudinal strain; IVSd, interventric-
ular septum in end-diastole; LA, left atrium; LV, left ventricle; LVIDd, left ventricular internal diameter in end-diastole; LVPW(d, left ventricular posterior wall in end-diastole; RA,
right atrium; RV, right ventricle; RWT, relative wall thickness; SV, stroke volume; TAPSE, tricuspid annular plane systolic excursion; TC, testicular cancer; TR velocity, tricuspid
regurgitation velocity. Parameters with statistically significant differences between groups are highlighted in boldface.

treatment induced myocardial dysfunction and is currently recom-
mended for the management of patients undergoing cardiotoxic
treatment.”®

We found no reduction in systolic function in the TC survivors
compared with controls. Nor did we find any impact of cumulative
cisplatin dose on functional parameters. This supports the notion
that CBCT does not affect systolic cardiac function in long-term TC
survivors.

Similarly to earlier studies, we found that TC survivors had worse
diastolic function than controls.®'® There was also a non-significant
trend towards more HFpEF in the TC survivors, although the num-
bers were low for both groups. Hypertension is a major risk factor
for the development of both diastolic dysfunction and heart failure.?’”
Both the present study and earlier studies have shown increased
prevalence of hypertension in patients treated with CBCT.®%®
However, diastolic function remained worse in TC survivors after
controlling for hypertension. Furthermore, there were no morpho-
logical signs of long-standing hypertension in the TC survivors, who
in fact had lower LV mass than controls. It is likely that metabolic
changes in TC survivors are more complex than hypertension and
dyslipidaemia. A recent study found epigenetic changes in CBCT-
treated TC survivors associated with a host of metabolic processes.”

Although it is not unreasonable to ascribe some of the reduction
in diastolic function to metabolic factors, we cannot rule out a direct
toxic effect of cisplatin leading to worse diastolic function. Both van
Schinkel et al® and Altena et al.”'® identified decline in diastolic func-
tion at 10 and 3 months after initiation of CBCT, respectively. It is un-
likely that hypertension alone could explain an acute impairment of
diastolic function. It should be mentioned, however, that the preva-
lence of TC survivors who fulfilled task force criteria for diastolic dys-
function remained low, both in the present study and earlier studies.

Cardiac morphology

TC survivors had slightly lower LV mass and greater RV areas than
controls. The difference in RV area is likely secondary to greater RV
afterload in the TC survivors, as evident by a ~20% higher TR regur-
gitation velocity. Etiologically, cisplatin has been associated with
increased incidence of pulmonary arterial hypertension in humans.?’
Furthermore, CBCT has been implicated in endothelial cell damage
causing increased vessel stiffness and impaired endothelial function.*
While no prior study have assessed LV mass or RV areas in TC survi-
vors, van Schinkel et al® found a small reduction in both LV and RV
volumes on CMR 3 months after initiation of CBCT. This could indi-
cate that the higher RV areas found in the present study are
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secondary to a long-term increase in RV afterload, rather than an
acute effect of CBCT.

While we did not find increased systemic blood pressures in TC
survivors, they were much more frequently treated with antihyper-
tensive drugs. It could very well be that more frequent medical
check-ups and attention to hypertension in TC survivors leads to ear-
lier and better treatment of systemic hypertension, causing a para-
doxical drop in LV afterload, and less concentric remodelling.

Risk factors for CAD

Hypertension is an important risk factor for CAD, and one in which
the prevalence greatly increases with increasing age.>* Although gen-
erally well treated, hypertension was nearly universal in the TC survi-
vors. Earlier studies in younger TC survivors with shorter follow-up
times have found lower prevalence in absolute numbers, but still a
significantly increased age-adjusted risk for hypertension.>*' Similarly,
use of lipid-lowering medication was more than twice as common in
the TC survivors. While HDL and LDL did not differ between the
groups, triglycerides and total cholesterol were higher in the TC sur-
vivors. The difference in total cholesterol is likely explained by
greater concentrations of very low-density lipoproteins (VLDL) car-
rying triglycerides. Although, we did not measure VLDL directly, in-
crease in VLDL has previously been linked to cispla‘cin-treatment.3 2

A previous study in this cohort found no pre-treatment differences
in hypertension between TC survivors treated with CBCT and TC
survivors treated with only surgery. However, a decade later, those
treated with CBCT were much more likely to suffer from
hypertension.>

Haugnes et al.® found a hazard ratio of 5.7 for CAD in TC survivors
treated with CBCT and assessed after a median of 19years.
However, recent studies have suggested that the majority of CAD
events after CBCT occurs during the second decade after treatment,
and there is evidence that patients surviving past those two decades
have a substantially lower hazard ratio for CAD.>* While the present
study was not powered to assess prevalence of CAD, we did find a
non-significant trend towards more CAD in the TC survivors.

Limitations

It could be that after three decades, most TC survivors who were to
suffer adverse cardiac effects of their CBCT would already be
deceased. We cannot rule out a survival bias. Similarly, a recent paper
assessed the risk of positive selection bias in long-running longitudinal
studies using this cohort of TC survivors, and found that those who
failed, for various reasons, to participate in the follow-ups are at
higher risk for death.” As such, the applicability of our findings is like-
ly limited in patients recently treated with CBCT. However, as TC
mostly affects young male with a low baseline risk of cardiovascular
disease, it is the long-time survivors that make up most patients in a
cardiological practice or hospital setting.

The cohort of patients in this study has all been a part of the
Norwegian national study on TC survivors. As a result, they have
received closer and more frequent medical attention than their
peers. It is therefore likely that conditions like hypertension and dysli-
pidaemia have been identified and treated earlier than would other-
wise be the case. This could potentially reduce the generalizability of
these results to non-study TC survivor populations. Conversely, it
suggests that the adverse effects of CBCT can be mitigated by close

medical surveillance and early treatment of cardiovascular risk
factors.

While this is the largest echocardiographic study to date to assess
long-term TC survivors, it is not powered to evaluate minor
increases in risk for rare outcomes. Our data does not show an
increased prevalence in heart failure or valve pathology, but we can-
not rule out minor increases in risk.

Although we did not find any correlation between cumulative cis-
platin dose and risk factors or echocardiographic parameters, most
TC survivors in the present study were treated with similar regimes
and received comparable cumulative cisplatin doses. This reduces
statistical power and could potentially mask a dose-dependent effect.

While the number of participants experiencing symptoms due to
cardiac disease was low, we did not systematically assess
symptomatology.

Clinical implications

The number of TC survivors treated decades ago with CBCT is
growing rapidly, and the survivors are reaching an age where cardio-
vascular disease is common.” Therefore, it is essential to know if
increased cardiovascular risk could be attributed to CBCT to provide
the proper level of surveillance and follow-up for these patients.

We did not find any signs of reduced systolic function, either symp-
tomatic in the setting of heart failure or discrete subclinical alterations
in cardiac function. While we did find slightly worse diastolic function
in the TC survivors, the effect size was small with limited clinical con-
sequence. Careful monitoring regarding CAD risk factors and per-
haps a more aggressive stance in their treatment might be warranted.
However, the results from this study suggest that long-term follow-
up with echocardiography in asymptomatic TC survivors treated
with CBCT is in most cases not necessary.

Conclusions

Thirty years after cessation of treatment, TC survivors were more
likely to use antihypertensive and lipid-lowering medication, and dia-
stolic function was slightly worse than controls. No overt or subclin-
ical reduction in systolic function could be identified in the TC
survivors, suggesting that the risk of chemotherapy-induced heart fail-
ure decades after treatment remains low. While these patients
should be closely monitored for CAD and risk factors for CAD, this
study does not support routine follow-up with echocardiography in
TC survivors.
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