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AbstrAct 
The significant progress in the treatment of non-Hodgkin lymphomas, translating into prolongation 

of overall survival results in the manifestation of long-term adverse events, like anthracycline-related 

cardiotoxicity. Despite the dose-dependent cardiac dysfunction and the presence of risk factors, the 

increasing probability of cardiotoxicity arises from individual predisposition. Identification of high- 

-risk patients gives the opportunity to implement the prevention strategies to reduce the incidence 

of cardiac complications. 

The study evaluated the utility of biomarkers: N-terminal B-type natriuretic peptide, troponin I and 

electrocardiography with spatial QRS-T angle assessment, as indicators of individual sensitivity of car-

diomyocytes to doxorubicin resulting in myocardial damage. Thirty-five treatment-naïve patients at 

increased risk of cardiotoxicity, were subjected prospectively during (R)-CHOP treatment to echocar-

diographic assessment and analysis of biomarkers: TnI and NT-proBNP plasma level and spatial QRS-T 

assessment before and 24 hours after each cycle of chemotherapy. 

The analysis of QRS-T angle was consistent with the results of NT-proBNP assessment and allowed to 

identify, after the first cycle of chemotherapy, patients at increased risk of developing cardiovascular 

complications, who require thorough echocardiographic analysis and primary cardioprotection im-

plementation. Our data did not reveal the role of TnI in the identification of cardiac events. Our find-

ings, though promising, should be confirmed in a larger group of patients in real-life or clinical trials.
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IntroductIon
The significant progress in the treatment of non-Hodgkin lym-

phomas (NHL), translating into prolongation of overall survival 

(OS), results in the manifestation of long-term adverse reactions 

of applied therapies. Doxorubicin, an anti-cancer anthracycline 

antibiotic and a  key component of CHOP (cyclophosphamide, 

doxorubicin, vincristine and prednisone) regimen, administered 

with or without rituximab (R), the most commonly used in first- 

-line treatment for aggressive lymphomas, is among the most 

potent chemotherapeutic agents which has truly revolutionized 

the management of NHL [1]. However, doxorubicin utility is com-

promised by cardiotoxicity, manifesting initially as asymptomatic 

cardiac dysfunction detected by imaging studies, heart rhythm 

disturbance and diastolic dysfunction, evolving irreversibly to 

congestive heart failure (CHF) and premature cardiac deaths 

[2–4]. The introduction of cardiac imaging technology and de-

tection of even asymptomatic left ventricular (LV) dysfunction 

revealed the higher incidence of anthracycline-induced cardi-

otoxicity than previously estimated [5]. The risk for cardiac dys-

function increases with cumulative dose [6]. However, despite 

the established dose-dependent association and the presence 

of risk factors increasing the probability of cardiotoxicity [7, 8], 

there is interpatient variability in individual risk of heart failure 

(HF) development during lymphoma treatment [9, 10]. Identifi-

cation of high-risk patients gives the opportunity to implement 

the prevention strategies to reduce the incidence of cardiac com-

plications.

objectIve of the work
The major objective of this study was to evaluate the utility of 

biomarkers: N-terminal B-type natriuretic peptide  (NT-proBNP), 

troponin I (TnI) and electrocardiography (ECG), with spatial QRS-T 

angle assessment, as indicators of individual sensitivity of cardio-

myocytes to doxorubicin and myocardial damage. 

MAterIAls And Methods
We evaluated 35 treatment-naïve NHL patients treated at the 

Department of Haematology of Jagiellonian University Hospital, 

Cracow, Poland. The diagnosis of NHL was histopathologically 

confirmed in all cases. Most common subtype was diffuse large 

B-cell lymphoma (n = 25, 71%), followed by indolent lymphoma 

subtypes (n = 3, 9%), mantle cell lymphoma (n = 5, 14%) and 

peripheral T-cell lymphoma (n = 2, 6%). All patients were at in-

creased risk of anthracycline cardiotoxicity, defined as the exist-

ence of at least one risk factor such as: coronary artery disease, 

valvular heart disease, significant arrhythmia, hypertension, dia-

betes, smoking, obesity, previous myocardial infarction or stroke, 

identified as important according to the results of multicenter 

Polish Lymphoma Research Group (PLRG) study [11]. Risk factors 

were determined at diagnosis, based on past medical history 

(PMH) and physical examination.

Patients were treated between 2012 and 2014 with primary car-

dioprotection implemented according to current standard of Eu-

ropean Society for Medical Oncology (ESMO) [12]. All patients re-

ceived 6 (R)-CHOP cycles as the first-line therapy, with 50 mg/m2 

doxorubicin per cycle (cumulative dose of 300 mg/m2). Support-

ive treatment, including prevention of tumour lysis syndrome, 

prophylactic antibacterial, antiviral and antifungal therapy and 

transfusions of red blood cells, platelets or other blood products 

was implemented as required.

Echocardiography was performed as an element of good clinical 

practice, at least 3 times (at diagnosis, mid therapy and after its 

completion) in all patients. Laboratory tests were performed in 

Department of Diagnostics of University Hospital in Cracow. 

Patients were subjected to the evaluation by immunochemical 

methods of TnI and NT-proBNP in plasma samples taken prior 

and up to 24 h after anthracycline intravenous administration. 

All values of TnI > 0.01 mg/l and NT-proNBP > 125 pg/ml were 

considered as elevated. Previous studies identified the value of 

NT-proBNP = 400 pg/ml as cut-off for screening for patients with 

higher risk of left ventricular systolic dysfunction and the value 

of 2060 pg/ml as indicator for acute myocardial injury [13, 14]. 

According to these results, in our analysis patients were divided 

into three groups of risk, based on the levels of NT-proBNP: lower 

than 400 pg/ml considered to be at low risk of HF, 400–2000 pg/ml 

– patients at intermediate risk of HF and over 2000 pg/ml consid-

ered as patients at high risk of HF.

Resting ECG with spatial QRS-T angle assessment was performed 

in all patients before and 24 hours after anthracycline infusion. 

The 12-lead resting digital ECG was performed using the Cardiax 

PC. For the study, the QRS-T angle above 90 degrees was estimat-

ed as a pathological value [15, 16]. 

All patients were treated with a  maximum tolerated dose of 

ACE-inhibitors (ramipril), except women with childbearing po-

tential and/or beta-blockers (bisoprolol or similar), started be-

fore implementing (R)-CHOP regimen. Non-pegylated liposomal 

doxorubicin (NPLD) was administered to selected patients in 

case of contraindications to conventional doxorubicin, defined 

as diagnosis of heart failure before chemotherapy or occurrence 
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of systolic and/or diastolic dysfunction of the left ventricle during 

its course. 

Clinical cardiotoxicity was defined as cardiovascular death, 

symptoms of HF such as orthopnoea, fatigue, weakness, sig-

nificantly reduced exercise tolerance, nocturnal dyspnoea, pe-

ripheral oedema or acute symptoms related to ischemic heart 

disease (IHD): unstable angina or myocardial infarction. Echo-

cardiographic cardiotoxicity was identified as cardiac LV systolic 

dysfunction: decline in LV ejection fraction (LVEF) by >10 per-

centage points from baseline to a final value of LVEF below 50%, 

with evaluation of impairment of LV diastolic function [17]. The 

grading scheme was implemented from the current echocardi-

ographic guidelines published by the European Association of 

Echocardiography and the American Society of Echocardiogra-

phy [18]. 

All statistical analyses were performed using STATISTICA soft-

ware.

results
Patients were treated with a  standard dose of anthracy-

cline-containing chemotherapy: R-CHOP and CHOP (in 33 

and 2 cases respectively) with any reductions of anthracycline 

doses. The TnI results were not elevated neither at baseline 

or following the treatment (data not shown). After the anal-

ysis of NT-proBNP plasma levels before treatment and after 

each anthracycline administration, we identified a  subset of 

patients with a  significant rise of NT-pro BNP plasma level 24 

hours after the end of the first chemotherapy cycle (fig. 1):  

54% (n = 19) patients displayed NT-proBNP levels > 400 and  

< 2000 pg/ml, whereas in 9% (n = 3) of patients the level exceed-

ed 2000 pg/ml. After completion of treatment, NT-proBNP levels 

have normalized in 85.71% (n = 30) of patients while in 14.29% 

(n = 5) cases remained elevated > 400 and < 2000 pg/ml. In high- 

-risk group according to NT-proBNP plasma level all patients  

(n = 3) presented normal systolic function of LV in all analyses 

and 1st grade diastolic dysfunction of LV in interim analysis, with 

stabilization after switching to liposomal doxorubicin. In inter-

mediate-risk NT-proBNP patients cohort systolic dysfunction was 

assesed in frontline and further analysis in 1 patients, 1st grade 

diastolic dysfunction of LV in interim analysis, with improvement 

after switching to liposomal doxorubicin was observed in 47,3% 

(n = 9). In low-risk NT-proBNP patients no echocardiographic 

systolic or diastolic dysfunctions were found during observation 

(tab. 1). 

All patients were also subjected to accurate ECG analysis. Sys-

tematic analysis including resting ECG with spatial QRS-T angle 

assessment was performed prior and 24 h post every chemother-

apy cycle. We considered the value of the QRS-T angle > 90 as 

a  risk factor for cardiovascular disease (CVD). The results of the 

test showed QRS-T angle > 90 in 17% (n = 6) of patients. Interest-

ingly, 3 out of 6 patients with QRS-T angle > 90 had NT-proBNP 

levels > 2000 pg/ml; other 3 patients displayed NT-proBNP lev-

els > 400 and < 2000 pg/ml. Four out of 6 patients QRS-T angle  

> 90 developed 1st grade diastolic dysfunction in interim analysis 

fIgure 1. 
The levels of NT-proNBP prior and post every chemotherapy cycle.
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with any abnormalities in systolic function of LV (tab. 1). Diastolic 

dysfunction withdrew after switching to liposomal doxorubicin 

in 3 out of 4 patients. Clinical cardiotoxicity occurred in one pa-

tient in the form of cardiogenic syncope. This patient was in high- 

-risk group, both NT-proBNP and spatial QRS-T angle. 

dIscussIon
A  key issue in the treatment of lymphoma patients is the inci-

dence of cardiac events and cardiovascular deaths. Although 

extensive efforts have been devoted to identify effective prima-

ry prevention strategies and select the patients with individual 

susceptibility, there is a  little consensus regarding the best ap-

proach. The high efficiency of cardioprotective drugs (ramipril 

and/or bisoprolol) in combination with NPLD can be successful 

in the treatment of patients with increased risk of cardiovascular 

complications related to anthracyclines [19]. Furthermore, there 

is an increasing evidence that initial damage to the heart during 

anthracycline-based chemotherapy is subclinical and first signs 

of cardiac injury may appear after first dose of doxorubicin in 

predisposed patients. Such an early onset may be determined by 

patient’s individual genetic or enzymatic hypersensitivity to the 

drug [20, 21]. This study placed an emphasis on finding specific 

cardiac biomarkers, released early during myocardial injury. Clin-

ical trials data suggest that searching for specific markers to iden-

tify the individual risk of anthracycline cardiotoxicity may facili-

tate early identification of complications and identify the group 

of patients who benefit the most from in-depth diagnostics 

[22–27]. In our analysis, measurement of TnI seemed to have no 

predictive value for the identification of patients at increased risk 

of cardiac events (data not presented). Brain natriuretic peptide 

(BNP) and NT-proBNP have been considered as potential bio-

markers of cardiac dysfunction but their role in the management 

of cancer patients is much less defined compared to the gener-

al population [28]. In adult patients treated with anthracyclines, 

the natriuretic peptides predicted deterioration in heart function 

[29]. The data from analysis of leukemia patients treated with ida-

rubicin demonstrated the significant increase of BNP plasma con-

centration after the first and third dose with a trend toward the 

dilatation of LV [30]. Suzuki et al. also demonstrated elevated BNP 

levels in 27 patients with a marginal increase in E/A ratio assessed 

in echocardiography after anthracycline-based therapy [31]. An 

important finding of our analysis was that moderate or high in-

crease in plasma NT-proBNP concentration is limited mainly to 

the first cycle of chemotherapy, and occurred in a subset of pa-

tients, pinpointed a group of patients with the necessity of sys-

tolic and diastolic function assessment in echocardiography. The 

mechanism of this phenomenon is unclear and may be caused 

by unidentified compensatory mechanism providing protection 

and limiting the damage [25]. ECG alterations may occur during 

chemotherapy and the most common and relevant finding con-

sists in QT corrected (QTc) interval prolongation [32]. QTc measures 

the total duration of the electric depolarization and repolarization 

of myocardium. Its prolongation is associated to increased risk 

of ventricular arrhythmias, particularly torsades de pointes, and 

sudden death [33]. The mechanism is mediated by the interaction 

between chemotherapeutic agents with potassium ion channel 

(hERG K+). In the past, there have been many attempts to evaluate 

the risk of developing cardiovascular complications by analysing 

the QRS-T angle in resting electrocardiogram [15, 16]. The data 

from the analysis of 967 patients with hypertrophic cardiomyopa-

thy (HCM) showed that the assessment of spatial QRS-T angle can 

differentiate patients with HCM from controls with high sensitivity 

and specificity [34]. Although elongation of QTc during chemo-

therapy is relatively frequent as presented by Naing et al. in the re-

sults of phase I clinical trial (14% of 525 patients enrolled) [35] and 

ECG monitoring is recommended in the follow-up of chemother-

apy-treated patients, the association between this electric disor-

der and major cardiac events occurrence has not yet been proved 

in this set of patients. Our evaluation of QRS-T angle to assess the 

risk of cardiotoxicity in lymphoma patients treated with (R)-CHOP 

regimen can allow to separate the group of patients at high risk of 

anthracycline induced cardiotoxicity. 

The limitation of our analysis is the small sample size. 

tAble 1. 
The relationship beetwen NT-proBNP levels, spatial QRS-T angle and LV systolic and diastolic disorders.

systolic dysfunction diastolic dysfunction
Before treatment 

 n (%)
Interim analysis 

n (%)
After treatment  

 n (%)
Before treatment  

n (%)
Interim analysis 

n (%)
After treatment 

 n (%)

Cardiotoxicity risk according to NT-proBNP level

Low
(n = 13) 0 0 0 0 0 0

Intermediate
(n = 19) 1 (5.3) 1 (5.3) 1 (5.3) 3 9 (47) 4 (21)

High
(n = 3) 0 0 0 0 3 (100) 3 (100)
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conclusIons
The results of QRS-T angle analysis were consistent with the re-

sults of NT-proBNP assessment and allowed to identify patients 

with increased risk of developing cardiovascular complications, 

who require thorough echocardiographic analysis and primary 

cardioprotection implementation. Our data we  did not reveal 

the role of TnI in the identification of high-risk patients of cardio-

toxicity. Our findings, though promising, should be confirmed in 

a larger group of patients in real-life or clinical trials.
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