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Abstract

Background Trastuzumab following anthracycline causes

cardiotoxicity in up to 28% of patients. Although the car-

diotoxicity is often irreversible once cardiac dysfunction is

detected, the early predictor has not been established yet.

Methods We prospectively observed breast cancer patients

treated with anthracycline or trastuzumab at Tonan

Hospital. All patients underwent echocardiography and

blood sampling at baseline, and every three months during

chemotherapy. Cardiotoxicity was defined as a decline in

left ventricular ejection fraction[10% points.

Results Of 40 patients, 34 patients (85%) were treated with

anthracycline (epirubicin), 18 (45%) with trastuzumab, and

12 (30%) with both agents. Cardiotoxicity was observed in

four patients (10%), who were all treated with both agents.

The absolute levels of high-sensitive troponin T (hs-TnT)

were increased in all four patients with cardiotoxicity, and

all the highest points were observed before or at the time of

detection of cardiotoxicity. The highest level of hs-TnT

was not significantly different in patients with and without

cardiotoxicity. ‘‘Hs-TnT increment from baseline to the

highest value’’ and ‘‘hs-TnT integration value above

baseline’’ were significantly greater in patients with car-

diotoxicity (0.039 vs. 0.007 ng/mL, P = 0.046, 0.113 vs.

0.022 ng months/mL, P = 0.013, respectively). The inte-

gration value had 100% sensitivity and specificity with a

cutoff level at 0.070 ng months/mL.

Conclusions Hs-TnT assay may be able to predict

anthracycline- and trastuzumab-induced cardiotoxicity in

breast cancer patients, and the hs-TnT increment or hs-TnT

integration value above baseline was more reliable than the

absolute value.
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Introduction

Chemotherapy-induced cardiotoxicity (CTIC) is one of the

most feared adverse events. CTIC has become a major

issue for long-term cancer survivors including breast can-

cer patients [1, 2]. Modern comprehensive management of

breast cancer including surgery, chemotherapy with

molecular targeted agents, and radiotherapy has resulted in

prolonged survival especially in patients receiving adjuvant

treatment [3]. However, the gain in life expectancy might

be countered by increased mortality due to cardiac failure.

Anthracycline and trastuzumab are widely used, and are the
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most frequent causes of chemotherapy-induced cardiomy-

opathy as cardiotoxicity, in breast cancer therapy for both

early and advanced diseases [3, 4]. The incidence of CTIC

from anthracycline sequentially with trastuzumab has been

reported to be up to 28%, varying according to the defi-

nition and an observation period in different studies [4–7].

Anthracycline immediately before trastuzumab consider-

ably increases the cardiotoxicity. At the point when cardiac

systolic dysfunction is detected with echocardiography,

CTIC from the two agents is often already irreversible

[4, 8]. Trastuzumab-induced cardiotoxicity is not dose

dependent, different from anthracycline-induced one [4].

Early detection of myocardial damage is then crucial since

it may improve cardiac prognosis [9].

Early predictors of CTIC have not been established yet.

Cardiac troponin T and I are biomarkers of myocardial

damage. Over the last few years, a new generation of tro-

ponin assays has become available, which is referred to as

high-sensitive assays, able to detect very low concentra-

tions of troponin [10]. Several reports showed that high-

sensitive troponin I (hs-TnI) could predict trastuzumab-

induced cardiomyopathy [11, 12]. However, accurate

biomarkers predicting CTIC remain to be established.

Conventional troponin T assays could not predict CTIC

[13], and the role of high-sensitive troponin T (hs-TnT) in

CTIC has not been investigated in a large number of

patients.

High-sensitive troponin assays have recently been

established as the best biomarkers for the early identifica-

tion of microdamage of cardiomyocytes due to acute

myocardial infarction [14]. Furthermore, hs-TnT has been

reported to be able to predict cardiac prognosis of patients

with cardiac failure or hypertension; slight increase of

troponin T was the negative predictive factor [15–19]. This

slight increase can be detected only with high-sensitive

assays. In this study, we prospectively investigated whether

hs-TnT assay can detect subclinical myocardial damage

from chemotherapy including anthracycline or trastuzu-

mab, and how accurately the assay can predict CTIC. We

created some indices based on the data to improve the

diagnostic accuracy.

Patients and methods

Study population

We enrolled consecutive patients with histologically or

cytologically confirmed breast cancer undergoing

chemotherapy including anthracycline or trastuzumab at

Tonan Hospital, Sapporo, Japan, between April and

December 2014. Patients were required to have accept-

able bone marrow, hepatic, and renal functions for

chemotherapy and adequate Eastern Cooperative Oncology

Group performance status of 0–2. Exclusion criteria

included symptomatic cardiac failure. Trastuzumab was

administrated triweekly with a loading dose of 8 mg/kg

followed by a maintenance dose of 6 mg/kg.

Study protocol

We prospectively observed troponin T levels and cardiac

functions. All patients underwent chest radiography and

electrocardiogram at baseline to screen signs of cardiac

failure, cardiomyopathy, conduction disturbances, and QT

prolongation. All patients further underwent blood sam-

pling and transthoracic echocardiography at baseline,

every three months during chemotherapy, and every six

months during the first year after the end of trastuzumab

administration. In case of cardiotoxicity, chemotherapy

was discontinued and renin–angiotensin system inhibitor

or ß-blocker was administrated as cardioprotective ther-

apy. Echocardiography and blood sampling were per-

formed monthly during the first three months after

cardiotoxicity. In case of recovery, it was at our discretion

whether to resume chemotherapy or not. The institutional

review board of Tonan Hospital approved the protocol,

and all participating patients provided written informed

consent.

Definition of cardiotoxicity

The endpoint was cardiotoxicity, which was defined as a

decline in LVEF[10% points from baseline [20], symp-

tomatic cardiac failure, acute coronary syndrome, or life-

threatening arrhythmias. LVEF was determined from two-

dimensional echocardiograms according to the established

criteria, the modified Simpson method [21]. Parasternal

and apical views were obtained with a standard echocar-

diograph (Aplio 500, Toshiba Medical Systems Co., Ltd.,

Otawara, Japan).

Measurement and evaluation of biomarker

Plasma troponin T concentration was determined by elec-

tro-chemiluminescence immunoassay analyzer (EcLusys

high-sensitivity Troponin T, Roche Diagnostics, Co., Ltd.,

Tokyo, Japan). The troponin T level was assessed as three

indices: the highest level, hs-TnT increment from baseline

to the highest value, and hs-TnT integration value above

baseline. Figure 1 shows the last index we created, hs-TnT

integration value of the increment from baseline, defined as

an area under the troponin T level and over the baseline

level during chemotherapy until the detection of car-

diotoxicity. Brain natriuretic peptide (BNP) levels in

plasma were measured with a chemiluminescent
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immunoassay (BNP-JP Architect, Abbott Japan Co., Ltd.,

Tokyo, Japan).

Statistical analysis

This study was conducted as a preliminary assessment of

the diagnostic accuracy of hs-TnT. Continuous variables

were expressed as mean ± standard deviation (SD),

mean ± standard error (SE), or median with interquartile

range (IR), as appropriate. Welch’s t test was used to

compare differences of normally distributed continuous

variables in mean values. Fisher’s exact was used to

compare differences of proportions between independent

groups. All statistical tests were two sided, and P value

\0.05 was considered statically significant. All analyses

were performed using SPSS Statistics 22 (IBM Japan, Ltd.,

Tokyo, Japan).

Results

Patient characteristics

A total of 43 patients were enrolled, of which three patients

could not be followed up. Table 1 summarizes baseline

clinical characteristics available for analysis in patients

with and without cardiotoxicity. All 40 analyzed patients

were Japanese women with good performance status.

Thirty-four patients (85%) received anthracycline, 18

(45%) received trastuzumab, and 12 (30%) received both

agents. Epirubicin was used in all patients receiving

anthracycline, practically all patients received it as FEC

100 regimen: 5-fluorouracil 500 mg/m2, epirubicin

100 mg/m2, and cyclophosphamide 500 mg/m2. Cumula-

tive doses of epirubicin were 300–400 mg/m2 in most

patients (91%) receiving epirubicin. Patients receiving both

anthracycline and trastuzumab were all treated with

epirubicin for 3 months followed by trastuzumab for

12 months as a perioperative adjuvant treatment. Taxane

was used in 36 patients, of which 32 (89%) received pre-

ceding anthracycline. Four patients (10%) had distant

metastases. LVEF and BNP level were 70 ± 3.5% and

19 ± 11.4, respectively (mean ± SD). Practically no

patients had chronic heart disease, and risk factors of car-

diac diseases were observed in 21 patients (53%). Car-

dioprotective drugs were used in five patients (13%), who

were not administrated ß-blocker. No patients had a pre-

vious history of chest radiation therapy. Treatment and

follow-up time was 9 (IR, 3–15) months in the whole

population. Patients with cardiotoxicity had significantly

the longer time, 17 (IR, 3–15) months, than without, 6 (IR,

3–12) months. Significantly more patients received trastu-

zumab and that with epirubicin in patients with car-

diotoxicity than without. The other characteristics were

similar between patients with and without cardiotoxicity

(Table 1).

Cardiotoxicity and BNP level

Cardiotoxicity was observed in four patients (10%), who

all were treated with both anthracycline and trastuzumab as

a perioperative adjuvant treatment. All cardiotoxicity was

an asymptomatic decline in LVEF during trastuzumab

monotherapy following anthracycline-containing regimen.

Lowest LVEF during chemotherapy in patients with car-

diotoxicity was 55 ± 7.3% (mean ± SD). All patients

completely recovered after 1–3 months of trastuzumab

discontinuation, and could restart and complete trastuzu-

mab therapy after the recovery without any adverse events

and hs-TnT elevation.

Baseline BNP levels were not significantly different in

patients with and without cardiotoxicity (Table 1). The

maximum levels during chemotherapy were also not sig-

nificantly different in patients with and without car-

diotoxicity (20 ± 6.0 vs. 18 ± 2.2 pg/mL; mean ± SE;

P = 0.70).

Hs-TnT level

Baseline hs-TnT levels were not significantly different in

patients with and without cardiotoxicity (Table 1). Fig-

ure 2 shows timeline of hs-TnT levels in patients with and

without cardiotoxicity. Hs-TnT levels were increased in all

patients with cardiotoxicity (Fig. 2a). All the highest points

Fig. 1 Definition of integration value of high-sensitive cardiac

troponin above baseline. This index is shown as a gray area over

the baseline level during chemotherapy. We calculated the area of

triangles or trapezoids with the troponin values and the measurement

months above baseline, and added the values. For example, this

integration value above baseline is calculated as follows:

(y3 - y0) 9 x3
0/2 ? (y3 - y0) ? (y4 - y0) 9 x4/2. x3

0 = x3 9 (-

y3 - y0)/(y3 - y2)
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were observed before or at the time of detection of car-

diotoxicity. In contrast, the troponin T level was stable in

patients without cardiotoxicity (Fig. 2b, ESM1). Elevated

hs-TnT level in all four patients with cardiotoxicity

returned to their baseline level within their LVEF recovery

time. Figure 3 shows differences with and without car-

diotoxicity in two indices, highest level of hs-TnT during

chemotherapy and the hs-TnT increment. The highest level

was not significantly higher in patients with cardiotoxicity

than without (0.044 ± 0.0109 vs. 0.013 ± 0.0014 ng/mL;

mean ± SE; P = 0.067). The hs-TnT increment was sig-

nificantly greater in patients with cardiotoxicity

(0.039 ± 0.0096 vs. 0.007 ± 0.0013 ng/mL; mean ± SE;

P = 0.046). Figure 4 shows the difference of hs-TnT

integration value above baseline, which was also signifi-

cantly greater in patients with cardiotoxicity

Table 1 Baseline clinical

characteristics of total 40

patients with and without

cardiotoxicity

Variable No cardiotoxicity Cardiotoxicity P

(n = 36) (n = 4)

No. % No. %

Age (yrs.)a 55 ±2.0 57 ±4.3 0.74

Female 36 100 4 100 1.00

BMI (kg/m2)a 22 ±0.5 23 ±1.1 0.45

ECOG performance status

0 29 81 4 100 1.00

1 5 14 0 0

2 2 6 0 0

Chronic heart disease

Stable angina pectoris 1 3 0 0 1.00

Cardiovascular risk factorb 18 50 3 75 0.61

Hypertension 6 17 1 25

Diabetes mellitus 2 6 0 0

Dyslipidemia 12 33 2 50

Obesity (BMI C25) 5 14 0 0

Current smoking 11 31 1 25

Chromic kidney disease 1 3 0 0

Left ventricular ejection fraction (%)a 70 ±1.0 73 ±1.0 0.096

BNP level in plasma (pg/mL)a 19 ±1.9 23 ±5.2 0.33

Hs-TnT level in plasma (ng/mL)a 0.007 ±0.0017 0.005 ±0.0019 0.32

Chemotherapy

Anthracycline (epirubicin) 30 83 4 100 1.00

Cumulative dose (mg/m2)c 400 (300–400) 400 (400–400) 0.19

Trastuzumab 14 39 4 100 0.034

Both of them 8 22 4 100 0.005

Taxane 33 92 3 75 0.36

Paclitaxel 18 50 1 25

Docetaxel 15 42 2 50

Distant metastases 4 11 0 0 1.00

Cardioprotective drugs 5 14 0 0 1.00

RAS inhibitor 2 6

Statin 3 8

Treatment and follow-up time (mo.)c 6 (3–12) 17 (15–18) \0.0001

BMI body mass index, ECOG Eastern Cooperative Oncology Group, BNP brain natriuretic peptide, Hs-TnT

high-sensitive troponin T, RAS renin–angiotensin system
a Mean ± standard error
b There is some overlap
c Median (interquartile range)
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(0.113 ± 0.0178 vs. 0.022 ± 0.0038 ng months/mL;

mean ± SE). Furthermore, hs-TnT integration value above

baseline had not only the lowest P value, 0.013, but also

100% sensitivity and specificity with cutoff level at

0.070 ng months/mL (Fig. 4).

Discussion

Absolute highest level of hs-TnT

In this study, we made two important clinical observations.

First, hs-TnT assay may be able to predict CTIC from

anthracycline and trastuzumab in breast cancer patients.

Cardiac troponin is an early organ-specific biomarker of

myocardial damage. In several cardiac biomarkers, only

high-sensitive troponin assays are shown to detect not only

immediately after the onset of acute myocardial infarction,

but also poor cardiac prognosis of patients with cardiac

failure or hypertension [14–19]. In regard to CTIC, several

studies showed hs-TnI levels elevated after trastuzumab

following anthracycline administration [11, 12, 23]. Con-

ventional troponin T assays could not predict CTIC [13].

However, whether ‘‘hs-TnT’’ assay can predict CTIC due to

anthracycline and trastuzumab is not investigated in a large

number of patients. It is well established that anthracycline

Fig. 2 Timeline of high-sensitives cardiac troponin T level in

patients with and without cardiotoxicity. Line graph with cardiotox-

icity (a) ends at the time of detection of cardiotoxicity (arrow). Each

value without cardiotoxicity (b) is expressed as mean ± standard

deviation. Case 4 reached only 0.014 ng/mL as the highest level and

0.012 ng/mL as the increment; however, the elevation continued for

12 months until the detection of cardiotoxicity

Fig. 3 High-sensitive cardiac

troponin T level in patients with

cardiotoxicity. Highest level of

high-sensitive cardiac troponin

T (left) does not show

significant difference with and

without cardiotoxicity. The

increment from baseline to the

top value (right) shows the

significant difference. Each

value is expressed as

mean ± standard error
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causesmyocardial necrosis, from the cumulative dose versus

cardiac failure relationship [4], from troponin I elevation

after anthracycline administration, predicting a decline in

LVEF [22]. One preliminary study, whose number of can-

didates was 19, has recently suggested that hs-TnT could

predict CTIC due to administration of anthracycline and

trastuzumab [24]. These findings are compatible with our

results. Our results have demonstrated hs-TnT could detect

preclinical myocardial damage due to anthracycline and

trastuzumab. High-sensitive assays are essential to evaluate

the levels specific to individual patients. High-sensitive

assays including the one we used (EcLusys high-sensitivity

Troponin T, Roche Diagnostics) have smaller coefficient of

variation than the conventional ones; the coefficient of the

range including 99th percentile is under 10% [10]. The

detection limit of conventional troponin T assays is around

0.010 ng/mL, which is not sensitive to detect the slight

increase from baseline. Only few healthy people over the

detection limit can be conventionally detected at baseline. In

one of the four patients with cardiotoxicity in this study, Case

4 (Fig. 2a), hs-TnT increased to the level of only 0.014 ng/

mL. The precisely detected absolute, highest levels of hs-

TnT would reflect the risk of CTIC, as with hs-TnI

[11, 12, 22]. This slight increase can be detected only with

high-sensitive assays. Indeed, highest level of hs-TnT was

significantly higher in patients with than without car-

diotoxicity in this study.

Hs-TnT increment from baseline to the highest value

and hs-TnT integration value above baseline

The second clinical observation is that the hs-TnT incre-

ment and hs-TnT integration value above baseline were

more reliable than the absolute value. Baseline levels of hs-

TnT have great interindividual variability, affected not

only by cardiac failure, but also by hypertension, cardiac

hypertrophy, and renal dysfunction [17–19, 25]. Lower

limit of hs-TnT assay is very low, 0.003 ng/mL, that this

assay can assess the baseline level of each patient with

sufficient precision. The absolute highest level of hs-TnT

highly depends on the baseline level, and just the absolute

level does not directly reflect myocardial damage due to

chemotherapy. We then considered ‘‘hs-TnT increment

from baseline to the highest value’’ to be more suitable to

evaluate the elevation and the myocardial damage. This

index seems unaffected by the baseline level, and thus we

believe it to directly reflect CTIC. Indeed, the hs-TnT

increment in this study was also significantly greater in

patients with cardiotoxicity than without; patients without

cardiotoxicity recorded hardly any increase in their levels

of hs-TnT. Furthermore, cardiac troponin is a deviation

enzyme, and it is better for the evaluation to test at multiple

time points rather than at only one. We adopted ‘‘integra-

tion value’’ as an evaluation method. Integration value is

well established to clinically measure the size of myocar-

dial infarction, using creatine phosphokinase activity [26].

On the other hand, we had already pointed out the problem

of great interindividual variability of baseline levels of hs-

TnT, and to solve it we then created another new index,

‘‘hs-TnT integration value above baseline’’. This index was

also significantly higher in patients with cardiotoxicity than

without; 100% sensitivity and specificity with cutoff level

at 0.070 ng months/mL. That is, all patients developed

cardiotoxicity over 0.070 ng months/mL in hs-TnT inte-

gration value above baseline, and never developed under

the value. This method of evaluating hs-TnT levels or such

a precise predictive biomarker of CTIC had never been

published before. These fine results cannot be

Fig. 4 Increased integration

value of high-sensitive cardiac

troponin T above baseline in

two types of graph. This index

is defined in Fig. 1. The

integration value shows

significant difference with and

without cardiotoxicity, having

the lowest P value of three

troponin T indices. Each value

in the left bar graph is

expressed as mean ± standard

error. Right scatter graph shows

100% sensitivity and specificity

with a cutoff level. Each case

with cardiotoxicity corresponds

to that in Fig. 2a
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accomplished without a precise measurement of baseline

levels of hs-TnT, and initial analysis of the baseline value

has to be conducted. A slight change of the baseline level

has a substantial influence on the hs-TnT integration value

above baseline. Patients without cardiac failure have very

low troponin levels and, therefore, the levels cannot be

detected without high-sensitive assays [17–19].

High-sensitive cardiac troponin assay as biomarker

of CTIC

High-sensitive cardiac troponin assays have two charac-

teristics that can help define a more aggressive strategy for

prevention of CTIC. First, myocardial damage can be

evaluated moment to moment with high-sensitive cardiac

troponin assays. This test can be easily performed with

routine blood sampling. Pathophysiology of CTIC can be

interpreted with cardiac troponin. For example, hs-TnT

elevation was observed exclusively in patients with tras-

tuzumab following anthracycline despite normal LVEF or

an asymptomatic decline in this study, suggesting sub-

clinical myocardial damage due to anthracycline that

would have otherwise remained unrecognized. BNP could

not predict CTIC in several studies including ours [27, 28].

The elevated high-sensitive cardiac troponin levels in other

studies were gradually normalized even if trastuzumab was

not discontinued [12, 24]. This is one of the reasons why

trastuzumab in combination with anthracycline is consid-

ered to promote or elicit anthracycline-induced cardiomy-

opathy. The second characteristic of high-sensitive cardiac

troponin is that it may also be a reasonable approach to

developing a surrogate marker of CTIC. The approach is

expected to be cost-effective and sophisticated enough to

help prevent CTIC. Highly specialized and expensive

imaging that requires highly specialized expertise such as

three-dimensional echocardiography, cardiac strain imag-

ing, cardiovascular magnetic resonance, and radionuclide

angiography, is not a generally applicable strategy in rou-

tine medical care. High-sensitive cardiac troponin may

allow us to indicate those at high risk of CTIC and to

specifically tailor the therapy based on the value. Early

detected anthracycline-induced cardiomyopathy appears to

be reversible [9]. Cardioprotective therapy of carvedilol

and enalapril has recently shown to be beneficial in patients

with a hematological malignancy at very high risk of CTIC

[29]. This is why early detection of CTIC is becoming

more important. Based on the cutoff level given from our

results of hs-TnT integration value above baseline,

0.070 ng month/mL, examples of patients with very high

risk of CTIC from anthracycline and trastuzumab are as

follows: highest level of hs-TnT C0.040 ng/mL, hs-TnT

elevation increment from baseline C0.030 ng/

mL 9 2 months, 0.025 ng/mL 9 3 months, or 0.015 ng/

mL 9 4 months. Expert consensus of American Society of

Echocardiography and the European Association of Car-

diovascular imaging recommends measurement of cardiac

troponin at baseline and during chemotherapy [30]. When

abnormal, a consultation with cardiologist is also recom-

mended. Oncologists should consider discontinuing tras-

tuzumab when cardiac troponin is significantly or

continuously elevated, and collaborating with cardiologists

during treatment. Early suspension of trastuzumab may

facilitate patient’s ability to resume and complete trastu-

zumab therapy after recovery from subclinical myocardial

damage; all four patients with cardiotoxicity in this study

could do so successfully.

Study limitation

This study has two limitations. First, the definition of CTIC

is different from a recently stated consensus [30]. The

consensus is a decline in LVEF[10% points, ‘‘and to a

value\53% (normal reference value for two-dimensional

echocardiography)’’. It is a natural consequence of the

rather fragmented landscape of CTIC research that the

reported frequency of CTIC varies with the definition: a

number of different definitions of CTIC have been used

historically [31]. Despite the widespread use of the current

consensus, the clinical importance is unknown. In this

study, we adopted the most sensitive criteria of CTIC, as in

BCIRG-006 study regarding trastuzumab [20]. The criteria

are a decline in LVEF [10% points including asymp-

tomatic decline to a value C53%. Of the 12 patients using

both anthracycline and trastuzumab in this study, 4 as

many as 33% developed cardiotoxicity, despite the almost

no concomitant risk factors: high baseline LVEF, practi-

cally no cardiovascular diseases, and no chest radiation

therapy. All the cardiotoxicity was an asymptomatic

decline in LVEF to a value [50%, which is not known

whether to affect the cardiac prognosis of breast cancer

patients [31]. Epidemiological evidence suggests that, even

without an overt decline in LVEF, anthracycline carries a

substantial long-term risk of cardiac failure, especially for

older patients [32]. Moreover, the previously described

consensus states that even an asymptomatic decline in

LVEF \10% points includes subclinical left ventricular

dysfunction [30].

Second limitation of this study is that hs-TnT was

measured only every 3 months. Of the four patients with

cardiotoxicity, two patients (50%) had hs-TnT elevation at

the time of detection of cardiotoxicity (Fig. 2). In theory,

cardiac troponin elevation precedes declines in LVEF.

More frequent measurement is required to predict and

prevent CTIC, to validate this study, and to determine the

threshold for abnormality. Measuring monthly or at the

beginning of each treatment cycle is more reasonable.
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Conclusion

Hs-TnT assay may be able to predict CTIC from anthra-

cycline and trastuzumab in breast cancer patients, and hs-

TnT increment from baseline to the highest value and hs-

TnT integration value above baseline were more reliable

than the absolute value. If periodic high-sensitive cardiac

troponin measurement is included in daily medical practice

during chemotherapy at high risk of cardiomyopathy, it

may help to develop a more aggressive strategy for pre-

vention of CTIC. However, independent validation is

necessary before hs-TnT application in clinical practice.

We suggest that future studies include the concept of

increment from baseline or the integration value to assess

myocardial damage of CTIC from high-sensitive cardiac

troponin assays.
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