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Abstract Rapid development of anticancer treatments in recent years has greatly improved prognosis of cancer

patients. However, with extension of survival time of cancer patients, various short-term and long-term side effects

brought about by anticancer treatments, especially cardiotoxicity, have become increasingly prominent. Nonetheless,

at present, there is few diagnostic methods with extremely high sensitivity and specificity to detect and accurately

predict whether patients with anticancer treatment will experience cardiovascular complications. Inflammation,

fibrosis and oxidative stress are considered to be important mechanisms involved in cardiotoxicity anticancer

treatments. The cardiovascular biomarkers having the ability to predict and detect cardiovascular dysfunction earlier

than clinical symptoms as well as left ventricular ¢jection fraction monitored by echocardiography, are of great

value to timely treatment adjustment and prognosis evaluation. Cardiac troponin T/I and brain natriuretic peptide/

N-terminal prohormone of brain natriuretic peptide have been routinely used in clinical practice to monitor

cardiotoxicity, and some new biomarkers such as soluble suppression of tumorigenecity-2, myeloperoxidase, growth

differentiation factor-15, galectin-3, endothelin-1, have potential in this area. In the future, larger-scale experimental

studies are needed to provide sufficient evidences, and how to detect them quickly and at low cost is also a problem

to be dealed with.

ALIGNANT tumors and heart diseases
have become the most common diseas-
es and leading causes of death in the
world, and more than 70% of patients
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die from them.!*) Nowadays, anticancer treatments
have progressed great, and developed into a compre-
hensive treatment regimen, which has significantly
improved prognosis of cancer patients. However, with
survival rate improvement of patients with malignant
tumors, side effects of anticancer treatments gradual-
ly emerged, increasing the morbidity and mortality of
complications.!” 1 The cardiovascular disease caused



334 CHINESE MEDICAL SCIENCES JOURNAL

by cardiotoxicity is the primary complication of anti-
cancer treatments.*! In the 2016 practical guideline
published by European Society of Cardiology (ESC),
cardiovascular diseases induced by anticancer therapy
area classified into 9 categories: cardiac insufficiency and
heart failure, coronary artery disease, valvular disease,
arrhythmia (especially prolonged QT interval), hyper-
tension, pulmonary hypertension, thromboembolic dis-
ease, peripheral vascular disease and stroke, and other
cardiovascular diseases such as pericardial disease.™

However, at present, there is no diagnostic method
with high sensitivity and specificity to early detect and
accuratly predict cardiovascular complications in pa-
tients with malignant tumors. When abnormal changes
in left ventricular ejection fraction (LVEF) detected by
echocardiography or related clinical symptoms occur,
cardiac function of patients has usually deteriorated to
such an extent that they need to stop anticancer treat-
ments and be treated with cardioprotective drugs (such
as angiotensin-converting enzyme inhibitors, B-block-
ers, etc.) to alleviate the sympotoms, which has an ad-
verse effect on prognosis of patients to a great extent.
Subtle cardiovascular dysfunction caused by anticancer
therapy can be detected by myocardial strain and re-
lated cardiovascular biomarkers earlier than by LVEF,
which is helpful to delay progress of cardiac com-
plications and improve prognosis by adjusting anti-
cancer therapy or adding cardioprotective therapy.™®
Some studies have revealed that anthracyclines can
induce cardiotoxicity on cardiovascular system through
oxidative stress, inflammatory response and vascu-
lar remodeling.”*? Moreover, studies have shown that
multi-target tyrosine kinase growth and angiogenesis
inhibitors exert cardiotoxic effects by inhibiting vascu-
lar endothelial growth factor and vascular endothelial
growth factor receptor tyrosine kinase to damage vas-
cular endothelial cells and destroy cardiac contractility
and vasodilator function.!*> ' Therefore, through iden-
tifying potential biomarkers that can predict cardio-
toxicity, cardiotoxicity maybe expected to be detected
early, thus guiding treatment and improving prognosis
of patients with anticancer treatment.

BIOMARKERS WITH POTENTIAL
PREDICTIVE VALUE FOR
CARDIOTOXICITY

Cardiac troponin
Cardiac troponin (cTn) is a protein complex that exists
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only in cardiomyocytes and is related to myocardial
contraction. In the case of myocardial infarction, acute
and chronic myocardial injury, cTn is released into the
blood and the concentration in serum is increased.
Therefore, detection of serum cTh has become the
first choice for diagnosis of acute coronary syndrome.
Detecting high-sensitivity cTn (hs-cTn) can shorten
diagnosis time of acute myocardial infarction, improve
accuracy, and screen patients with asymptomatic acute
and chronic myocardial injury early.!** ** Moreover,
elevated serum troponin concentration caused by cardio-
myocyte necrosis induced by direct or indirect stimulation,
can increase left ventricular filling pressure, excessive
oxidative stress or catecholamine, proinflammatory
factors and other stimulating factors, so cTn will be
elevated in many other cardiovascular diseases, such
as myocarditis, heart failure, cardiomyopathy (including
Takotsubo cardiomyopathy), aortic valve stenosis,
tachyarrhythmia, pulmonary embolism, aortic dissec-
tion, and so on (Table 1).M*%

In the field of cardio-oncology, cardiotoxicity
caused by cancer itself and anticancer treatments
can also trigger abnormal cTn expression through cell
damage, oxidative stress, fibrosis and other pathways.
A recent Meta analysis has shown that anticancer
treatments can elevate serum cTn level, and in pa-
tients receiving anticancer treatments, increased cTn is
related to systolic dysfunction, suggesting its value for
predicting left ventricular dysfunction, which deserves
to be studied further. In addition, reduction of cardio-
toxicity through B-blockers and angiotensin-converting
enzyme inhibitors during anticancer treatments is as-
sociated with decrease of serum cTn concentration.™!
Another study on cardiotoxicity of anthracyclines in
patients with breast cancer has also shown that anth-
racyclines can increase concentration of hs-cTnT, and
increase in hs-cTnT levels at the end of anthracycline
treatment may indicate subsequent cardiotoxicity.™®’
It means that cTn has a potential value in risk strati-
fication for patients receiving anticancer therapy and
prognosis assessment for these patients. In the pre-
vious International CardioOncology Society-One Trial
(ICOS-ONE), researchers found that through prospec-
tive follow-up, chemotherapy regimens containing
anthracyclines increased troponin level even with low
cumulative doses of anthracyclines in adult patients
with low cardiovascular risk.!””? Because anthracycline
drugs have potent clinical therapeutic effects on dif-
ferent solid cancers (especially breast cancer) and
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lymphomas, anthracycline drugs are the main compo-
nents of anticancer chemotherapy.'*® It also reflects
the value of cTn in the early detection of cardiotoxicity
caused by anticancer therapy. In recent years, troponin
has been widely used in clinical practice due to conve-
nience of detection by only taking a tube of blood, low
cost and good diagnostic value. Routinely monitoring
troponin for early detection of cardiotoxicity in patients
receiving anticancer therapy has become a tenden-
cy. The latest European Society of Medical Oncology
(ESMO) consensus also recommends that hs-cTnl/T
baseline measurements be considered for high-risk pa-
tients (previously significant cardiovascular diseases)
and those patients receiving high doses of cardiotoxic
chemotherapy (such as anthracyclines), at the same
time, and regularly monitoring hs-cTnTI/T for patients
receiving anticancer treatments.!”’

Brain natriuretic peptide and N-terminal prohormone
of brain natriuretic peptide

Brain natriuretic peptide (BNP) and N-terminal prohor-
mone of brain natriuretic peptide (NT-proBNP) are hor-
mones secreted by cardiomyocytes under stimulating
by factors such as cardiomyocyte stretch, neurohor-
mone activation and myocardial hypoxia, among which
cardiomyocyte stretch plays a leading role in the pos-
sess. BNP/NT-proBNP acts on distant tissues and has
effects of diuresis, vasodilation, and regulating body’s
water-sodium balance.”™ In contrast, NT-proBNP has
a longer half-life period than BNT.?” Both of them are
widely used in clinic as markers of heart failure. Yang
et al.”" have confirmed that lower NT-proBNP levels
indicate worse endothelial function and can be used
as a sign of cardiac decompensation. It also has value
for early detection of cardiotoxicity of anticancer treat-
ments (Table 1).

However, BNP and NT-proBNP as biomarkers to
early detecting cardiotoxicity caused by anticancer
treatments are still controversial issues. A study has
shown that there is a consistent temporal correlation
between NT-proBNP and cardiotoxicity during long-
term follow-up,™® which indicating that NT-proBNP has
a certain significance in predicting cardiac toxicity. But
a previous study on longitudinal changes of cardiac
markers in breast cancer patients receiving anticancer
treatments got an opposite result. In the study, even
if the enrolled patients were followed up for a max-
imum of 15 months, no a clear correlation between
NT-proBNP and cardiotoxicity have been found.!*!
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Therefore, the predictive and diagnostic value of BNP
and NT-proBNP for cardiotoxicity induced by anticancer
therapy still needs further studies to verify. Never-
theless, considering their advantages of low cost and
conveniency, BNP/NT-proBNP can be promoted as a
biomarker of myocardial toxicity in patients with anti-
cancer treatments, so as to monitor cardiac function.
Guidelines from the Canadian Cardiovascular Society
(CCS) recommend routine BNP monitoring for early
detection of cardiac dysfunction in patients receiving
cardiotoxic drugs.”* The consensus of the European
Society of Medical Oncology (ESMO) also recommends
routine monitoring of BNP and NT-proBNP for high-risk
patients (previously significant cardiovascular diseases)
and ones receiving high-dose cardiotoxic chemotherapy
(such as anthracyclines) to detect cardiotoxic effects, so
as to treat them in time and delay their progress.!**’

Soluble suppression of tumorigenecity-2
Suppression of tumorigenecity-2 (ST2) is a member
of interleukin-1 (IL-1) receptor family. There are four
subtypes of ST2, which are soluble ST2 (sST2), trans-
membrane ST2 (ST2L), and two splicing variants (ST2V
and ST2LV). Among them, sST2 and ST2L are mainly
related to cardiovascular system. IL-33 is considered
to be a specific functional ligand of ST2. IL-33/ST2 is a
kind of fibroblast-cardiomyocyte intercellular signaling
system, which participates in many processes such as
antigen/allergen reaction, autoimmunity, organ fibrosis
and heart injury, and plays a cardioprotective role in
reducing fibrosis, reducing myocardial hypertrophy
and myocardial compensation and so on. In this
signaling system, sST2 acts as a decoy receptor
that competes with ST2L to bind IL-33 to block its
cardioprotective effect, and is associated with poor
prognosis of patients with heart diseases (Table 1).1*¥
As a biomarker of inflammation, fibrosis, and
myocardial stress, more and more studies have been
conducted on diagnostic and prognostic value of sST2
in heart failure and myocardial infarction. Recently,
Morin et al.”® have conducted an one-year follow-up
study on 196 patients with LVEF < 35% and primary
prophylaxis implanted cardioverter defibrillator, and
monitoring results from baseline and every 3 months
showed that sST2 has significantly independent pre-
dictive value for all-cause mortality. In addition, peri-
odically repeat monitoring does not provide a more ac-
curate risk stratification than baseline measurements
alone. In management of chronic diseases, expensive
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medical costs make many patients give up halfway.
This finding illustrates that monitoring cardiac insuf-
ficiency with sTS2 may save medical costs. Another
large sample analysis of 5301 patients with chronic
heart failure found that sST2 was less affected by age
than NT-proBNP or hs-TnT, helping to achieve more
accurate risk stratification and prognosis management
of heart failure.”” Another study of patients with myo-
cardial infarction also showed that sST2 has predictive
value for cardiovascular adverse events.””” These stud-
ies bring more consideration on potential value of sST2
in diagnosis of cardiac dysfunction of patients with an-
ticancer treatments and predicting prognosis of them.
A previous study showed that sST2 levels in-
creased in breast cancer patients during and after
treatment with anthracyclines, however, the study did
not specify whether the elevated levels of sST2 were
caused by breast cancer itself or cardiotoxicity caused
by anthracyclines.”® Another study followed up breast
cancer patients who received radiotherapy and found
that there was a negative correlation between sST2
levels and cardiac systolic function, and this study
suggested that sST2 could also predict cardiotoxici-
ty induced by radiotherapy.”™ However, sample size
of these studies is small, and accuracy of the results
needs to be further verified. Clinical studies with larger
sample size, longer follow-up time and better trial de-
sign are needed in the future to verify the efficacy of
SSTZ monitoring. Moreover, rapid and routine detec-
tion of sST2 in clinic is also a problem to be solved.

Myeloperoxidase
Myeloperoxidase (MPO), a member of the heme peroxi-
dase superfamily, is secreted by activated polymorpho-
nuclear leukocytes, and catalyzes the transformation of
active substances including hypochlorous acid and other
reactive oxidant species, which posttranslationally mod-
ify the target proteins and contribute to pathogenesis
of systemic inflammatory diseases. It is considered as
a biomarker of oxidative stress and inflammatory re-
sponse.P" I Previous study has shown that MPO levels
in blood are negatively correlated with the prognosis
of a variety of cardiovascular diseases and positively
correlated with risk of cardiovascular death.*¥ MPO
contributes to risk stratification in a variety of cardio-
vascular diseases, such as acute coronary syndrome,*
atherosclerosis, and heart failure”® (Table 1).

Since oxidative stress is considered to be the
core mechanism of cardiotoxicity induced by anthra-
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cyclines,® attention has been extensively paid to the
potential value of MPO in monitoring cardiotoxicity in
anticancer treatments. A study of breast cancer pa-
tients treated with anthracyclines and trastuzumab
found an association between elevated MPO levels
and cardiotoxicity.!”? A recent study of breast can-
cer patients who were also treated with anthracycline
and trastuzumab also found that patients with higher
baseline levels of MPO were more likely to develop
cardiovascular adverse events.[*® These findings in-
dicate that MPO may be a predictor of cardiotoxicity,
and baseline measurement of MPO may contribute to
early risk stratification. However, for HER-2-negative
breast cancer patients who received non-anthracycline
(bevacizumab combined with docetaxel and cyclophos-
phamide), MPO did not show a significant correlation
with cardio-toxicity even if cardiotoxicity was found
during follow-up.®”! Therefore, more in-depth studies
are needed on application of MPO in patients with car-
diotoxicity caused by non-anthracycline therapy, even
for patients treated with anthracycline. However, as a
new biomarker in the field of cardio-oncology, MPO has
a broad research prospect.

Growth differentiation factor-15
Growth differentiation factor-15 (GDF-15) is a mem-
ber of transforming growth factor-p superfamily,®®
which is secreted by cardiac myocytes stimulated by
mechanical stretch, ischemia, injury, inflammation,
and oxidative/nitrification stress.®®! As a biomarker of
myocardial remodeling and pro-inflammation, GDF-
15 is closely related to cardiovascular diseases."
GDF-15 is independently associated with cardiovas-
cular adverse events in patients of chronic heart fail-
ure with reduced ejection fraction (HFrEF)."" Higher
GDF-15 level indicates poor cardiac systolic function,
which is considered to be an independent predictor
of heart failure.l*?! In addition, in patients with acute
coronary syndrome, GDF-15 levels were positively
correlated with risk of cardiovascular adverse events
(including bleeding, spontaneous myocardial infarc-
tion, stroke) and total mortality.”**! Subsequent study
showed that higher GDF-15 levels predicted a three-
fold increased risk of death from heart failure and a
one-fold increased risk of sudden cardiac death/ar-
rhythmia after acute coronary syndrome events. GDF-
15 is seen as a powerful predictor of all-cause death
(Table 1).*

In recent years, GDF-15, a biomarker of pro-
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inflammation, has also been studied for monitoring car-
diac dysfunction associated with anticancer treatments.
Tromp et al.'**! found that GDF-15 level was associated
with cardiotoxicity induced by anti-breast cancer drugs
and had independent predictive value for the event of
decreased LVEF. There is the evidence that GDF-15 levels
continued to increase during a 15-month follow-up in pa-
tients treated with anti-breast cancer drugs (adriamycin,
taxane, trastuzumab), supporting that GDF-15 is asso-
ciated with cardio-toxicity.?? However, related study has
not found evidence of GDF-15 for early prediction of car-
diotoxicity caused by anti-breast cancer drugs.™ ! Con-
sidering limitation of sample size and follow-up time, and
influence of potential confounding factors, the existing
results may not exactly reveal what role GDF-15 plays
in cadiotoxicity. Therefore, GDF-15 cannot be clinically
used.

Galectin-3
Galectin-3 (Gal-3) is a kind of stromal cell polysaccha-
ride binding protein, which is mainly secreted by mac-
rophages under inflammatory reaction, stress, tissue
injury and other stimulating factors. Gal-3 is consid-
ered as a biomarker reflecting myocardial fibrosis by
promoting activation of fibroblasts and participating
in myocardial fibrosis and remodeling.*”! Gal-3 has
important predictive value for heart failure, cardio-
vascular diseases, and all-cause mortality, and has
diagnostic and prognostic value for both ejection frac-
tion preserved heart failure (HFpEF) and HFrEF.[4¢>%
Another study has shown that Gal-3 contributes to risk
stratification of cardiovascular diseases and directs
treatment, especially in older adults (Table 1).5%"
Animal studies have found that doxorubicin can
induce expression of Gal-3 through stress-activated
protein kinase/c-Jun-NH2 terminal kinase signal, pro-
moting myocardial fibrosis and resulting in cardiac
toxicity.® Gal-3 is considered to be a novel biomarker
for monitoring cardiotoxicity induced by anticancer
treatments. Previous studies found that Gal-3 levels
were abnormal in some breast cancer patients who
received TAC (docetaxel, doxorubicin and cyclophos-
phamide) chemotherapy regimen one year after the
end of chemotherapy.”™ However, due to limitation of
sample size and follow time, the results do not show
that Gal-3 can predict cardiotoxicity in its early stage.
In addition, radiotherapy can also cause cardiotoxicity
through mechanism of fibrosis.”™™ Abnormally high lev-
els of Gal-3 can be induced by radiotherapy.®™ There-
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fore, for patients with malignant tumors who receive
radiotherapy (especially in the mediastinum and left
chest), more studies are needed to explore the link be-
tween Gal-3 and cardiotoxicity caused by radiotherapy
in the future.

Endothelin-1

Endothelin-1 (ET-1) is a potent vasoconstrictor peptide
synthesized and secreted mainly by cardiomyocytes,™® *”!
which can cause vasoconstriction by acting on vascular
smooth muscle cells and exert positive muscle strength
effect by acting on cardiomyocytes (Table 1).0°%
Anticancer drug doxorubicin can promote production of
reactive oxygen species, destroy function of endothe-
lium-based cardiomyocytes, cause secretion of ET-1,
thus leading cardiotoxicity.® ET-1 has two functional
receptors: A receptor and B receptor. Some research-
ers have found that blocking ET-1 receptor can reduce
cardiotoxicity of doxorubicin and play a cardioprotective
role.’®® Researcheres should take a step further by veri-
fying whether ET-1 can diagnose and detect cardiotoxic-
ity caused by anticancer treatments earlier.

CLINICAL SETTING OF BIOMARKERS FOR
CARDIOTOXICITY

In clinical practice, baseline measurements and
regular routine monitoring of cTnT/I and BNP/NT-proB-
NP are recommended for high-risk patients (previously
significant cardiovascular disease) and those treated
with cardiotoxic drugs on the basis of current guide-
lines and consensus.!*® %! Periodic routine monitoring
of GDF-15 can be performed at the same time with
consent of cancer patients if possible, which contrib-
ute to assess severity of cardiotoxicity in patients re-
ceiving anticancer drugs, and then adjust anticancer
treatment regimens or add cardioprotective therapy in
time. Monitoring of sST2 and Gal-3 is beneficial for risk
stratification and guiding treatment in elderly patients.
In addition, due to the widespread use of anthracy-
clines in the treatment of different solid tumors and
lymphomas, *®! periodic monitoring of MPO and ET-1 to
assess cardiac and vascular toxicity has a certain value
in evaluating prognosis of tumor patients treated with
anthracyclines. However, more in-depth studies and
larger clinical trials are needed to explore their mech-
anism and specific applicable population before these
biomarkers (sST2, MPO, GDF-15, Gal-3, ET-1, etc.) are
widely used in clinical practice.
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In conclusion, rapid development of comprehen-
sive anticancer treatments not only prolongs survival
time of patients, but also brings cardiotoxicity and a
variety of cardiovascular complications. Biomarkers
may be of great value for early detection, treatment
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Table 1. Features of the biomarkers for cardiotoxicity in anticancer treatments
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guidance and prognosis evaluation of cardiotoxicity.
Although immature, cTnT/I and BNP/NT-proBNP have
been recommended for routine clinical use in monitor-
ing cardiotoxicity."” ?*! Some novel biomarkers (sST2,
MPO, GDF-15, Gal-3, ET-1, etc.) have been considered

Biomarkers Physiopathologic mechanism

Clinical value for cardiotoxicity Correlations with CVD

Advantages

cTn

BNP/
NT-proBNP

sST2

MPO

GDF-15

Gal-3

ET-1

Involving in acute and chronic
myocardial injury and cell death

Diuresis, vasodilation and reg-
ulation of human water-sodium
balance;

Related to endothelial function
Act as a decoy receptor that
competes with ST2L to bind IL-
33 to block its cardioprotective
effect (reducing fibrosis, reduc-
ing myocardial hypertrophy,
myocardial compensation and
S0 on)

Play an anti-inflammatory role
after catalytic reaction;
Reflective of oxidative stress
and inflammatory response

Involving in myocardial remod-
eling and pro-inflammation

Involving in myocardial fibrosis

Vasoconstriction;
Positive muscle strength effect;
Involving in endothelial function

Prediction of left ventricular
dysfunction;

Evaluation of efficacy of cardi-
ac protective therapy;
Evaluation of prognosis

Consistent temporal correla-
tion between NT-proBNP and
cardiotoxicity

Prediction of cardiac systolic
dysfunction;

Risk stratification;
Evaluation of prognosis

Early risk stratification of
cardiotoxicity induced by
anthracyclines

Prediction of left ventricular
dysfunction;

Correlation between GDF-15
level and severity of
cardiotoxicity

Risk stratification;
Evaluation of prognosis

Blocking ET-1 receptor can
reduce cardiotoxicity of doxo-
rubicin and play a cardiopro-

tective role

Myocarditis, HF, cardiomy-
opathy (including Takotsu-
bo cardiomyopathy), aortic
valve stenosis, tachyar-
rhythmia, pulmonary em-
bolism, aortic dissection
Acute and chronic cardiac
dysfunction and even HF

Acute and chronic cardiac
dysfunction and even HF,
MI

CVD such as ACS,
atherosclerosis, and HF

HFrEF, ACS, bleeding,
spontaneous MI, stroke,
sudden cardiac death ,
arrhythmia

HFpEF and HFrEF

Incident CVD

Convenience of
detection;

Low cost
Superior diagnostic value

Convenience of
detection;
Low cost

Independent predictive
value for all-cause
mortality;

Less affected by age;
Early risk stratification
may be achieved at the
baseline level

Early risk stratification of
cardiotoxicity induced by
anthracyclines may be
achieved at the baseline

level
Independent predictive

value for all-cause mor-
tality;

Related to severity of
cardiotoxicity
Independent predictive
value for all-cause
mortality;

Contribute to risk stratifi-
cation and guide treat-
ment in the elderly
Related to cardiotoxicity
induced by anthracy-
clines

CVD: cardiovascular disease; cTn: cardiac troponin; HF: heart failure; BNP: brain natriuretic peptide; NT-proBNP:
N-terminal prohormone of brain natriuretic peptide; sST2: soluble suppression of tumorigenecity-2; ST2L: transmembrane

suppression of tumorigenecity ST2; IL-33: interleukin-33; MI: myocardial infarction; MPO: myeloperoxidase; ACS: acute
coronary syndrome; GDF-15: growth differentiation factor-15; HFrEF: heart failure with reduced ejection fraction; Gal-3:
galectin-3; HFpEF: heart failure with preserved ejection fraction; ET-1: endothelin-1.
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to be concerned with cardiotoxicity in preceding stud-
ies. More studies are needed to explore their applica-
tion values in cardiotoxicity management of patients
with malignant tumors receiving anticancer treat-
ments.
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