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Opinion statement

Improvements in cancer survival have led to the emergence of cardiovascular disease as an
important determinant of adverse outcome in survivors. Cancer therapeutics–related
cardiac dysfunction is the most well-known form of cardiotoxicity. However, newer cancer
therapies bring a broader range of cardiotoxicities. The optimal method to identify
patients at risk of these complications is unclear, but circulating biomarkers comprise
one possible approach. Troponins and natriuretic peptides have garnered the broadest
evidence base for cardiotoxicity risk prediction, but other markers are being investigated.
In this review, we explore evidence for circulating biomarkers in cardiotoxicity prediction
associated with cancer therapies.
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Introduction

Cancer remains the second most common cause of
death in the USA [1]. However, advancements in detec-
tion along with a growing arsenal of therapies have
contributed to improvements in survivorship [1, 2]. This
decline in mortality has led to the emergence of cardio-
vascular disease as an important cause of adverse out-
come in survivors. Rates of cardiovascular mortality are
up to tenfold higher in cancer survivors compared with
the general US population [3], highlighting the impor-
tance of cardiovascular risk evaluation in this popula-
tion, which necessarily includes the early identification
of cardiotoxicities that result from cancer therapies, the
most common manifestation being clinical or subclini-
cal cancer therapeutics–related cardiac dysfunction
(CTRCD). CTRCDhas been variably defined as a decline
in left ventricular ejection fraction (LVEF) of ≥ 5–10 to G
50–55%with or without symptoms [4–7]. Additionally,

cancer therapies are associated with higher risks of ar-
rhythmias, hypertension, ischemia, thromboembolism,
or myocarditis.

Biomarkers have been proposed as one method of
identifying patients at higher risk of cardiovascular con-
sequences and improving the accuracy of risk stratifica-
tion. A biomarker is “any characteristic that can be ob-
jectively measured and evaluated as an indicator of nor-
mal biological process, pathogenic process or pharma-
cological response to intervention” [8]. The definition is
therefore broad and not limited to circulating bio-
markers, but these have been extensively investigated
owing to their potential for rapid and low-cost measure-
ment. In this review, we explore the evidence for circu-
lating biomarkers in cardiotoxicity prediction associated
with cancer therapies.

Anthracyclines
Cardiotoxicity

Anthracyclines are widely used in the treatment of solid and hematologic
malignancies. First reported in the late 1960s [9], the cardiotoxic effects of
anthracyclines are the main contributor to CTRCD. The mechanism of
anthracycline cardiotoxicity remains incompletely understood. Cardiomyocyte
oxidative stress from excess formation of reactive oxygen species and a decrease
in endogenous antioxidants is hypothesized to be an important cause [10].
There is also a significant role for topoisomerase-IIβ which can induce double-
stranded breaks in DNA, decrease antioxidant gene transcription, and adversely
impact mitochondrial biogenesis and function [11, 12]. Topoisomerase-IIβ
deletion in a mouse model was also found to be protective against heart failure
[11].

Anthracycline cardiotoxicity is often regarded as irreversible owing to un-
derlying myocyte damage [13]. There is dose-related cardiotoxicity with the
cumulative percentage of patients experiencing cardiotoxicity increasing from
7% at a cumulative doxorubicin dose of 150mg/m2 to 9% at 250 mg/m2, 18%
at 350 mg/m2, 38% at 450 mg/m2, and 65% at 550 mg/m2 [14]. As a result,
reassessment of LVEF after a cumulative dose of doxorubicin or equivalent of
250 mg/m2 is recommended [5]. In addition, age G 18 or 9 65 years, cardio-
vascular comorbidities, prior high-dose chest radiotherapy, renal failure, and
female sex are also risk factors for anthracycline cardiotoxicity [12].

Cardiac troponins
Cardiac troponin (cTn) is a component of the sarcomere, the contractile unit of
the heart, with isoforms I (cTnI) and T (cTnT) considered cardiac-specific [15].
cTn becomes elevated with cardiomyocyte death. This is most frequently used
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to diagnose myocardial infarction where diagnosis requires levels exceeding the
99th percentile of a normal population and demonstrating a rising and falling
pattern. The latter differentiates acute from chronic myocardial injury which is
important when using cTn in cancer therapy, since multiple potential other
causes of cTn elevation, such as renal dysfunction or sepsis, may contribute.
Troponin assays are not standardized; thus, 99th percentiles often differ.

Early work evaluating cTnI and cardiotoxicity was performed in patients
receiving high-dose chemotherapy. Cardinale et al. [16, 17] measured cTnI
before and at multiple timepoints within 72 h of chemotherapy and found
that, compared with patients who remained cTnI negative, cTnI-positive pa-
tients experienced a significant decrease in LVEF from 1 to 3 months which
persisted until the end of follow-up at 7 to 12 months [16, 17]. Patients with
positive cTnI weremore likely to experience a decline in LVEF to G 50% (29% vs
0%, p G 0.001) [16] and heart failure occurred only in cTnI-positive patients
[17]. Serum positivity in these early studies was defined by cTnI ≥ 0.5 ng/mL.
Subsequent studies from this group using assays with more contemporaneous
sensitivity (positivity defined by cTnI ≥ 0.08 ng/mL) [18–20] also found cTnI to
be prognostic, correlating with the maximal decrease in LVEF (r = 0.78, p G
0.0001) especially if cTnI remained positive 1 month after the end of chemo-
therapy (r = 0.92, p G 0.0001) [20]. Patients with positive cTnI were also more
likely to experience heart failure, asymptomatic decrease in LVEF, arrhythmias,
or cardiac mortality than those with persistently normal cTnI. Although these
studies form a strong basis for using cTnI to identify cardiotoxicity risk, they
require frequent cTn sampling after chemotherapy which is impractical and
costly. Additionally, these results have not consistently been replicated in
subsequent studies [21, 22].

Relatively fewer studies have used cTnT assays. In one study of hematologic
malignancies, cTnT positivity (≥ 0.03 ng/mL) was associated with a greater
reduction in LVEF at 6 months (10% vs 2%, p = 0.017) [23]. By contrast, a
separate study found no relationship between cTnT positivity (9 0.01 ng/mL)
and reduction in LVEF [24]. This latter study was smaller and lower
anthracycline doses were used. These factors may account for some of the
differences seen but overall data are limited.

There has also been interest in the potential of high-sensitivity cTn assays to
predict cardiotoxicity as they are more precise and can detect cTn levels many
fold lower than conventional assays. By definition, these assays must provide
measurable concentrations above the limit of detection in ≥ 50% of healthy
individuals [25]. Thus, many apparently healthy people may have detectable
high-sensitivity cTn levels. There is evidence that their use can predict future
adverse cardiovascular events in asymptomatic populations [26, 27] driving
enthusiasm to investigate their use for cardiovascular risk stratification in cancer
patients. In one small study comparing high-sensitivity cTnI in patients receiv-
ing anthracycline and non-anthracycline-based therapy, only those receiving
anthracyclines had high-sensitivity cTnI elevations [28]. Approximately 94% of
detected levels would have been outside the range of detection for standard cTnI
assays, indicating previously undetectable levels of cardiomyocyte injury. The
added prognostic significance of these lower levels of detection is unclear,
owing to small study size and lack of follow-up data. One short-term follow-
up study found that high-sensitivity cTnI and cTnT were higher in patients
receiving a cumulative epirubicin dose of ≥ 400 compared with those of G
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400 mg/m2 but found no association between change in high-sensitivity cTnI
and cTnT and change in LVEF [29]. Large-scale prospective studies are needed.

Natriuretic peptides
Amino-terminal proB-type natriuretic peptide (NT-proBNP) and B-type natri-
uretic peptide (BNP) are members of the natriuretic peptide family [30, 31].
Both are considered of equivalent clinical utility [32]. The main trigger for
secretion is wall stretch and wall stress from pressure or volume loading of
the cardiac chambers and therefore, both BNP and NT-proBNP have been
useful in the diagnosis and prediction of incident heart failure [32–34]. Given
that CTRCD is the common cardiotoxicity in cancer patients, there has been
interest in using natriuretic peptides for cardiotoxicity risk prediction. Upper
limits of normal reference values for heart failure are 100 pg/mL for BNP and
300 pg/mL for NT-proBNP in the acute setting and 35 pg/mL for BNP and 125
pg/mL for NT-proBNP in the non-acute setting [32]. Thresholds for prediction
and/or detection of CTRCD have not yet been defined.

Natriuretic peptide elevations during chemotherapy have been associated
with new left ventricular dysfunction and heart failure. Persistently elevated
BNP during the first 72 h of high-dose chemotherapy was associated with a
significant decrease in LVEF not seen in patients with no or only transient
elevations [35]. These patients experienced a decrease in mean LVEF from
62.8 to 45.6% at 12-month follow-up. Similarly, only persistently elevated
NT-proBNP was associated with a significant decrease in LVEF in another group
receiving lower dose chemotherapy [21]. In this group, change in NT-proBNP
from baseline to peak levels was predictive of decrease in LVEF at 12 months
(area under the curve [AUC] 0.77, 95% confidence interval [CI] [0.66–0.86]).
The number of cardiac events in this study was small but notably only occurred
in patients with persistently elevated NT-proBNP. More recently, BNP above
100 pg/mL measured at the time that half the cumulative anthracycline dose
was given was found to be a good predictor of incident heart failure (AUC 0.77,
95% CI [0.65–0.90]) [36]. However, the sensitivity at this cutoff was only 38%.
By contrast, other studies have found that increases in BNP and NT-proBNP
during chemotherapy are not associated with cardiotoxicity [22, 24, 29]. Direct
comparison of studies is often challenging due to differences in definitions of
cardiotoxicity, follow-up periods, and, in particular, the variable timing of BNP
or NT-proBNP measurement in studies. Head-to-head studies of BNP and NT-
proBNP are also lacking.

Novel biomarkers
Data on other circulating biomarkers during anthracycline therapy are limited.
Aldosterone, epinephrine, endothelin, galectin-3, and c-reactive protein have
been investigated but show no correlation with change in left ventricular
function during treatment [22, 29]. Recently, there has been interest in micro-
RNA which is involved in myocyte differentiation and development, but ap-
pears to be downregulated with anthracycline therapy [37]. Micro-RNA levels
during doxorubicin therapy have also shownmodest correlation with change in
LVEF (r = − 0.531, p G 0.0001) [38]. These early findings require further
validation and measurement of micro-RNA is currently a slow and expensive
process.
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Consensus recommendations
Major consensus recommendations generally support the use of cTn or natri-
uretic peptides to identify patients at increased risk of cardiotoxicity from
anthracyclines (Table 1).

Trastuzumab
Cardiotoxicity

Approximately 20–25% of breast cancers overexpress the human epidermal
growth factor receptor 2 (HER2), associated with more aggressive disease and
lower disease-free and overall survival [41]. Trastuzumab, a monoclonal anti-
body targeting HER2, was a significant advancement in therapy and a recent
Cochrane meta-analysis found that trastuzumab-containing regimens signifi-
cantly improved progression-free survival (hazard ratio [HR] 0.61, 95% CI 0.54
to 0.70, p G 0.0001) and overall survival (HR 0.82, 95% CI 0.71 to 0.94) [42].
These improvements in outcomes however need to be balanced against the risk
of cardiotoxicity. Rates of asymptomatic decline in LVEF and heart failure have
been reported at up to 18.9% [43] and 4% [44], respectively, in clinical trials,
while a recent meta-analysis estimated the pooled incidence of decline in LVEF
and heart failure to be lower at 8.7% and 1.8%, respectively [45]. The mecha-
nisms of cardiotoxicity remain incompletely understood. HER2 receptors on
cardiomyocytes likely have an important role in cardiomyocyte growth and
survival signals, and deletion in animal models has been associated with greater
risk of developing dilated cardiomyopathy [46]. The risk is higher with prior
anthracycline exposure. Other risk factors include older age, lower baseline
LVEF, and cardiovascular risk factors. Newer anti-HER2 therapies do not have
a high risk of cardiotoxicity [47, 48].

Cardiac troponins
Studies investigating the role of cTn in trastuzumab have largely enrolled
patients who have already received anthracyclines. Elevated cTnI both immedi-
ately after anthracyclines and after trastuzumab (in patients with normal cTnI
following anthracyclines) has been associated with incident cardiotoxicity in
the adjuvant setting [19, 49, 50]. However, this may be attributable to the
synergistic effects of anthracyclines with trastuzumab. For example, Demissei
et al. [51] found that cardiotoxicity occurred in 39% receiving anthracyclines
with trastuzumab, 14% receiving anthracyclines alone, and 17% receiving
trastuzumab alone, and only patients receiving anthracyclines with or without
trastuzumab experienced a significant increase in high-sensitivity cTnT. By
contrast, patients not receiving anthracyclines appear to have low rates of
cardiotoxicity. Yu et al. [52] followed a cohort receiving paclitaxel, trastuzumab,
and pertuzumab for a median of 21 months and found that only 3 of 67
patients had transient increase in cTnI and only 2 of 67 patients experienced
cardiotoxicity. In another group receiving neoadjuvant lapatinib and/or
trastuzumab prior to surgery, only 5 of 172 patients had elevations in cTnT
and none of the 11 patients who experienced a cardiac event had a cTnT
elevation [53]. More studies are required to understand the true utility of cTn
for trastuzumab therapy without anthracyclines.
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Natriuretic peptides
Studies investigating the use of natriuretic peptides to predict cardiotoxicity
with trastuzumab therapy have shown mixed results. De Iuliis et al. [54] found
that, among patients receiving adjuvant trastuzumab, elevated NT-proBNP
levels at 3 months predicted incident left ventricular dysfunction while elevated
NT-proBNP at 6 and 12 months predicted mortality at 1 year. Demissei et al.
[51] also found that NT-proBNP predicted a decrease in LVEF but this appeared
to be driven predominantly by patients receiving serial anthracyclines; in this
subgroup, each doubling in NT-proBNP was associated with a ~1.3% decrease
in LVEF. By contrast, several studies have found no association between NT-
proBNP levels and cardiotoxicity with adjuvant trastuzumab [49, 50, 55].

Novel biomarkers
Myeloperoxidase is being studied to identify cardiotoxicity risk and has a role in the
innate immune response generating reactive oxidant species [56]. A doubling in
baseline levels of myeloperoxidase was associated with a 30% higher risk of
cardiotoxicity [51] and each standard deviation increase at 3 months into therapy
was associated with a 34% increased risk of cardiotoxicity [50]. Myeloperoxidase
and cTnI together provided additive information: the probability of cardiotoxicity
at 15months with none, one, or both biomarkers elevatedwas 20.4–23.4%, 31.6–
33.9%, and 46.5%, respectively [50]. Importantly, patients enrolled in these studies
had received trastuzumab after anthracyclines. Given the role of oxidative stress in
anthracycline toxicity, whether these findings reflect the mechanisms of
anthracycline or trastuzumab toxicity remains to be elucidated. ST2, growth differ-
entiation factor-15, phosphatidylinositol-glycan biosynthesis class F protein, and
galectin-3 have also been investigated but not found to be consistently associated
with cardiotoxicity [50, 51].

Consensus recommendations
In comparison with anthracyclines, data are generally less robust for the use of
biomarkers in monitoring for trastuzumab-related cardiotoxicity and this is
reflected in consensus recommendations (Table 1).

Immune checkpoint inhibitors
Cardiotoxicity

Immune checkpoint inhibitors (ICIs) represent a class of monoclonal antibod-
ies that restore the ability of the immune system to recognize and destroy cancer
cells via a T cell–mediated response. Current therapeutic targets of ICIs include
CTLA-4, PD-1, and PD-L1 [57]. Though considerable clinical benefit has been
seen with use of these agents, there are several toxicities, including rash, pneu-
monitis, hepatotoxicity, and gastrointestinal side effects. Cardiotoxicity due to
ICI therapy is a rare, but serious, complication of these agents, withmyocarditis
being the defining cardiovascular complication [57, 58]. Clinical manifesta-
tions include chest pain, heart failure, arrhythmias, heart block, cardiogenic
shock, and even sudden death [58]. The pathophysiology of ICI-myocarditis is
felt to be due to “on target” effects of T cells with direct immune infiltration or
“off target” cross-reactivity to cardiac proteins [57]. The overall incidence of
myocarditis is thought to be between 0.1 and 0.2% [59], and the risk of
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myocarditis is higher in individuals treated with combination ICI therapy. A
recent pharmacovigilance study [60] identified 122 consecutive patients with
myocarditis from ICI therapy with an incidence of 0.39%. Importantly, these
cases occurred early after exposure to ICI (median 30 days) and were associated
with a mortality of 50%.

Cardiac biomarkers
In the same pharmacovigilance study [60], the majority of cases of myocarditis
had an elevation in troponins (94%) and natriuretic peptides (66%). Thus, it is
recommended that cardiac biomarkers are checked in an individual with clin-
ically suspected ICI-myocarditis [61]. In a multi-center registry of 35 patients
with ICI-myocarditis, final or discharge cTnT 9 1.5 ng/mL was associated with a
fourfold increase risk of major adverse cardiac events [62]. Since concomitant
myositis is estimated to be present in 23–25% of patients withmyocarditis [57]
and cTnT has known cross-reactivity with skeletal muscle [63], cTnI may be
more specific for myocardial injury in ICI-myocarditis. However, routine
screening with troponins in the early detection of ICI-myocarditis is not cur-
rently indicated based on mixed results of troponin surveillance in this setting.
One study [64] evaluated screening troponin I and ECG in 76 asymptomatic
patients with advanced melanoma on combination ICI therapy. Minimally
elevated nondiagnostic troponin levels were seen in 17% of patients and none
of the patients in the study developed clinical or subclinical myocarditis.
Another study [65] evaluated troponins in 59 patients treated with nivolumab
for non-small cell lung cancer. One patient with a sustained troponin elevation
consistent with subclinical myocarditis tolerated continued ICI therapy without
cardiac events. Ultimately, the diagnosis of ICI-myocarditis is made based on
characteristic imaging and pathologic findings in combination with elevated
biomarkers and abnormalities seen on electrocardiogram (ECG).

Consensus recommendations
Though no evidence-based algorithm exists, a framework for surveillance of
patients treated with ICI using troponin and natriuretic peptides has been
proposed (Table 2) [57]. Currently, there is no large-scale data on the use of
high-sensitivity troponin to detect myocarditis in this population.

Chimeric antigen receptor T cell therapy
Cardiotoxicity

Chimeric antigen receptor (CAR) T cell therapy uses recombinant fusion pro-
teins that are capable of activating T cells to recognize specific cancer cells in
order to more effectively target and destroy them. The use of CAR-T therapy is
limited by significant toxicity, with cytokine release syndrome (CRS) and
neurotoxicity being the most widely reported [66]. Cardiotoxicity due to CAR-
T therapy canmanifest with arrhythmias, left ventricular dysfunction, profound
hypotension, or shock requiring inotropic support [66]. CAR-T cardiotoxicity is
felt to be due to both direct T cell–mediated cytotoxicity and indirect toxicity
from CRS and systemic inflammation [67]. A recent retrospective review of 137
adult patients treated with CAR-T therapy [68] found that cardiovascular events
occurred in 17 (12%) patients.
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Cardiac biomarkers
Of the 137 patients [68], 53 (38%) had either contemporary or high-sensitivity
troponin T checked before and after CAR-T cell infusion; 29 (54%) had a
troponin elevation after infusion (9 30 ng/L for contemporary and 9 14 ng/L
for high-sensitivity). Cardiovascular events occurred in 16 of 29 patients (55%)
with an elevated troponin compared to 1 of 24 (4.1%) patients with non-
elevated troponins post-CAR-T infusion (p G 0.001). A close relationship was
noted between the development of CRS, myocardial injury, and cardiovascular
events, with all cardiovascular events occurring in patients with grade 9 2 CRS
and 95% of cardiovascular events occurring in patients with an elevated tropo-
nin, suggesting a role for troponin surveillance of cardiovascular events.

Consensus recommendations
No guideline recommendations exist regarding surveillance of cardiotoxicity in
patients receiving CAR-T therapy. A cardiac monitoring protocol has recently
been proposed by Ghosh et al. [66] consisting of baseline biomarkers with
cardiac troponin and natriuretic peptide, ECG, a risk factor questionnaire, and
an echocardiogram or cardiac MRI. Seven days post-CAR T cell infusion, pa-
tients receive biomarkers, ECG, and echocardiograms. If there is concern for
cardiotoxicity, or grade 9 2 CRS, an inpatient cardio-oncology evaluation is
performed. Patients evaluated for cardiotoxicity, or with abnormalities on the
seventh day investigation, have a cardiac MRI performed within 1 month after
CAR-T therapy.

Anti-vascular endothelial growth factor therapy
Cardiotoxicity

Angiogenesis inhibitors targeting the vascular endothelial growth factor (VEGF)
signaling pathway (VSP) have emerged as successful therapeutic options in the
treatment of several cancers, especially renal cell carcinoma and colorectal cancer.
VSP inhibition can be accomplished through two distinct mechanisms. Agents can
either [1] interact with the extracellular VSP components by competitively binding
to the VEGF receptor (e.g., bevacizumab) or blocking signaling through the VEGF
receptor (e.g., ramucirumab) or [2] inhibit tyrosine kinase activity of the intracel-
lular domain (e.g., sorafenib, sunitinib) [69]. Anti-VEGF agents have several known
cardiotoxicities associated with their use, the most common being an almost
universal increase in blood pressure. A recent meta-analysis of 77 studies noted
an overall incidence of severe hypertension in 7.4%, arterial thromboembolism in
1.8%, cardiac ischemia in 1.7%, and cardiac dysfunction in 2.3%of patients treated
with anti-VEGF agents [70].

Cardiac biomarkers
There is limited data regarding the use of cardiac biomarkers in the surveillance
of cardiotoxicity associated with anti-VEGF use. In a cohort of patients with
advanced renal cell carcinoma treated with anti-VEGF therapy, 52 of 159
patients (33%) developed cardiotoxicity when hypertension was excluded as
an event [71]. Of the 38 patients who had elevation in NT-proBNP levels during
treatment, twelve also developed decreased LVEF. Of these twelve patients, ten
developed abnormal natriuretic peptide levels at the same time, while two had a
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rise in NT-proBNP prior to a drop in LVEF. Troponins were elevated in only 4 of
the 159 patients (3%), and only associated with symptoms in one patient. A
more recent study prospectively followed patients treated with sunitinib for
metastatic renal cell carcinoma [72]. Left ventricular dysfunction occurred in
9.7% of patients and biomarker elevation occurred in a total of 18.9% of
patients (6.7% with elevation in high-sensitivity troponin I and 12.2% with
an elevation in BNP). However, most of the patients with biomarker elevation
did not have a corresponding decline in LVEF. LVEF declines and biomarker
elevation occurred early and were not sustained.

Consensus recommendations
In the absence of evidence-based criteria, it is reasonable to obtain natriuretic
peptides at baseline and then every 3months on anti-VEGF therapy. Individuals
who are felt to be at higher risk for cardiotoxicity due to the presence of other
comorbidities, such as coronary artery disease, diabetes mellitus, hypothyroid-
ism, or hypertension, may benefit from more frequent monitoring [69, 73].

Proteasome inhibitors
Cardiotoxicity

Proteasome inhibitors (PIs) promote the accrual of pro-apoptotic factors, ulti-
mately leading to programmed cell death of cancer cells. Bortezomib forms
stable, reversible interactions with the 26S proteasome while carfilzomib forms
irreversible interactions with the 20S proteasome, allowing for greater protea-
some inhibition [74]. Proteasomes are of particular importance to
cardiomyocytes, cells that are under constant physiologic stress with limited
regenerative potential [73]. As such, potentially serious cardiovascular compli-
cations have been reported with PIs, including heart failure, hypertension, and
arrhythmias [74].

Table 2. Proposed surveillance strategy for ICI-associated cardiotoxicity

Baseline (all patients) During ICI treatment (high-risk patients)
• Clinical history and risk
factor assessment

• ECG
• cTn
• BNP or NT-proBNP*
• Echocardiogram

• ECG, cTn, and BNP assessment before ICI doses two to four
• If normal at dose four, reduce to alternate doses for six to 12; and if still normal, then reduce
to every three doses until completion of therapy
• Consider echocardiography (post-second or pre-third dose) in high-risk patients; consider
3–6 monthly echocardiography in selected patients if abnormal left ventricular or right
ventricular function at baseline
• If new cTn or BNP elevation, ECG, or echocardiogram abnormality, refer to cardio-oncology
specialist

All patients: If new cardiac symptoms (e.g., chest pain, dyspnea, palpitations), check ECG, echocardiogram, cTn, and BNP. Refer patient to
cardio-oncology specialist if any new abnormalities.
cTn cardiac troponins, BNP B-type natriuretic peptide, ECG electrocardiogram, ICI immune checkpoint inhibitor, NT-proBNP N-terminal proB-type
natriuretic peptide
*A BNP or NT-proBNP elevation is defined as concentrations above the upper limit of normal according to local laboratory range if baseline is
normal, or as a 25% increase from baseline if baseline is elevated. Adapted from Lyon et al. [57]
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Cardiac biomarkers
A recent study found that cardiovascular events occurred in 51% of patients
treated with carfilzomib and 17% of those treated with bortezomib. The
majority of cardiac events (86%) occurred within the first 3 months after
starting therapy [75]. Patients receiving carfilzomib-based therapy with a base-
line elevated BNP 9 100 pg/mL or NT-proBNP 9 125 pg/mL had an increased
risk of cardiovascular event (OR 10.8, p G0.001). Elevated natriuretic peptides
occurringmid-first cycle of treatment with carfilzomibwere also associated with
a significantly higher risk of cardiovascular event (OR 36.0, p G 0.001). Another
study assessed biomarker fluctuation in 65 consecutive patients treated with
bortezomib for AL amyloidosis [76]. NT-proBNP and troponin T were found to
significantly increase in patients with stage III/IV AL amyloidosis within the first
3 months of therapy, and these increases eventually stabilized and improved
after 4–6 months. Increases in NT-proBNP of 9 5000 pg/mL were associated
with death after the first year of diagnosis.

Consensus recommendations
There are no formal guidelines with regard to the use of biomarkers such as BNP
and NT-proBNP with respect to monitoring for PI-induced cardiotoxicity.
Though the above data suggests some predictive utility, natriuretic peptides
should be interpreted with caution in patients with multiple myeloma with
renal involvement, as they can be elevated in the absence of cardiac dysfunction
[77].

Future directions

The heterogeneity of current trial designs, populations, and assays makes syn-
thesizing relevant conclusions challenging. Consideration in this regard for
future studies may assist in strengthening the evidence base for circulating
biomarkers. Longer follow-up data are also needed. Although high-sensitivity
cTn is fast becoming the standard assay globally, most of the studies described
are based on traditional cTn assays and more data on high-sensitivity assays are
required. Global longitudinal strain has in recent years established a strong
evidence base for identifying risk for CTRCD, but a comparison of the utility of
strain versus biomarkers and the incremental ability of both together to identify
cardiotoxicity risk remains unclear. Finally, an important but unanswered
question is whether biomarker-guided management of cardiotoxicity can im-
prove patient outcomes.

Conclusions

Cardiac biomarkers are emerging as important diagnostic tools in the
prediction, surveillance, and diagnosis of cardiotoxicity from a wide range
of cancer treatments. More evidence is needed to establish standards in
care regarding the timing and frequency of testing, thresholds for clinically
significant changes, and whether interventions based on these thresholds
have meaningful outcomes. Ultimately, the goal of biomarker-based diag-
nostic algorithms is to identify individuals at high risk for cardiotoxicity to
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prompt the initiation of treatment strategies that mitigate cardiovascular
risk while allowing for effective treatment of the patient’s cancer.
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