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Abstract

Background: Advances in anti-lymphoma therapy prolong
overall survival, making late adverse effects, like doxorubi-
cin-related cardiotoxicity, an even more important clinical
issue. The effectiveness of cardioprotective strategies with
close monitoring, angiotensin-converting enzyme inhibitors
and/or B-blockers as well as liposomal doxorubicin are still
unconfirmed in clinical practice. Methods: This study evalu-
ated the role of a primary cardioprotection strategy in pre-
venting cardiovascular mortality and heart failure occur-
rence in non-Hodgkin lymphoma (NHL) patients with a high
risk of anthracycline cardiotoxicity. Thirty-five NHL patients
were subjected prospectively to ramipril and/or bisoprolol
at NHL diagnosis, before implementing doxorubicin-con-
taining regimens. Additionally, patients with a diagnosis of
asymptomatic/mild heart failure received the liposomal

form of doxorubicin. The clinical outcome and frequency of
all serious cardiac events were compared with the results in
a historical cohort of 62 high-risk cases treated without pri-
mary cardioprotection. Results: NHL patients with a primary
cardioprotection strategy did not experience cardiovascular
deaths in contrast to the retrospective control group where
cardiovascular mortality was 14.5% at 3 years (p < 0.05). Pri-
mary cardioprotection also decreased the frequency of new
cardiotoxicity-related clinical symptoms (2.8 vs. 24.1%; p <
0.05) and prevented the occurrence of cardiac systolic dys-
function (0 vs. 8.5%, respectively; p < 0.05). Although the
study was not planned to detect any survival benefit, it dem-
onstrated a trend towards increased response rates (com-
plete response 82 vs. 67%; p not significant) and prolonged
survival (projected 5-year overall survival 74 vs. 60%; p <
0.05) for patients treated with primary cardioprotection.
Conclusions: A primary personalized cardioprotection strat-
egy decreases the number of cardiac deaths and may poten-
tially prolong overall survival in NHL patients with increased

risk of anthracycline cardiotoxicity. ©2018'S. Karger AG, Basel
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Introduction

Recent advances in anti-lymphoma therapy prolong
overall survival (OS), making long-term adverse effects of
cytostatics more relevant. The CHOP regimen (cyclo-
phosphamide, doxorubicin, vincristine and prednisone,
with [R-CHOP] or without rituximab) is the backbone of
the first-line therapy in nearly half of non-Hodgkin lym-
phoma (NHL) patients. The efficacy of CHOP depends
largely on the use of doxorubicin, an anti-cancer anthra-
cycline antibiotic known for marked cardiovascular tox-
icity. Doxorubicin-related heart failure (HF) and prema-
ture cardiac deaths may influence the outcome of onco-
logical treatment [1, 2].

Early manifestations of doxorubicin-induced cardio-
toxicity, like heart rhythm disturbances or diastolic dys-
function, are often observed [3]. Systolic dysfunction and
decreased left ventricular ejection fraction (LVEF), even
if detected by echocardiography before the occurrence of
clinical signs and symptoms, are probably progressive
and irreversible. Once developed, the prognosis of car-
diomyopathy is dismal. Although the existence of risk
factors for cardiovascular diseases increases the probabil-
ity of doxorubicin cardiotoxicity, it is difficult to predict
which individuals will develop acute HF on a case-by-case
basis [4, 5].

The major objective of this study was to analyse the ef-
ficacy of implemented primary cardioprotective strate-
gies in high-risk patients based on clinical outcome.

Methods

Study Cohort

The study group comprised 97 white Caucasian NHL patients
with increased risk of anthracycline cardiotoxicity treated at the
Department of Haematology of Jagiellonian University Hospital,
Krakow, Poland. Increased cardiotoxicity risk was defined as the
existence of at least one risk factor identified as important in a pre-
vious multicentre PLRG (Polish Lymphoma Research Group)
study on 610 cases [6]. In our previous analysis, patients with cor-
onary artery disease, arterial hypertension, obesity, dyslipidaemia
or diabetes concomitantly with lymphoma, and/or a medical his-
tory of cigarette smoking, myocardial infarction, arrhythmia, val-
vular heart disease or stroke had a significantly higher incidence of
premature cardiovascular deaths.

The first cohort consisted of 62 cases evaluated retrospectively
(abbreviated from here onwards as “retrospective patients” [RPs]),
who were treated between 2002 and 2011. The unsatisfactory car-
diac outcome of these patients became the impetus for implement-
ing primary cardioprotection strategies in accordance with the
current guidelines of the European Society for Medical Oncology
[7]. The next 35 patients were observed prospectively (“prospec-
tive patients” [PPs]) and treated with primary cardioprotection in
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Table 1. Clinical characteristics of the study population

Characteristics Retrospective  Prospective p
group group
(n=62) (n=135)
Age, years
Median 59.5 53 ns
Quartiles 53-68 38-68
Range 22-85 20-83
Female 26 (42) 22 (63) <0.05
Male 36 (58) 13 (37)
ECOG performance status
<2 53 (85) 27 (77) ns
>2 9 (14) 8 (23)
Clinical stage of lymphoma
i 11 (18) 12 (34) ns
/v 51 (82) 23 (66)
IPI score at diagnosis
Median 2 3 <0.05
Quartiles 2-3 2-4
Range 0-4 1-4
Number of cardiovascular risk factors
Median 1 3 <0.05
Quartiles 1-2 2-4
Range 1-4 1-8
Coronary artery disease at
baseline 1(1.61) 5(14.29) <0.05
Arterial hypertension 33 (53) 26 (74) <0.05
Obesity 26 (42) 5(14) <0.05
Dyslipidaemia 18 (29) 16 (46) ns
Diabetes 9 (14) 4(11) ns
Smoker 7 (11) 23 (66) <0.05
Myocardial infarction in PMH 1 (2) 2 (6) ns
Arrhythmia in PMH 5(8) 10 (29) <0.05
Valvular heart disease in PMH 0 (0) 2(6) ns
Stroke in PMH 1(2) 2(6) ns

Values are n (%) unless otherwise indicated. ECOG, Eastern
Cooperative Oncology Group; IPI, International Prognostic In-
dex; PMH, past medical history; ns, not significant.

the period 2012-2017. Demographic and other clinical character-
istics of both cohorts are summarised in Table 1. RPs had fewer
risk factors of anthracycline cardiotoxicity and more favourable
International Prognostic Index (IPI) scores; otherwise, the groups
were fully comparable.

Oncological Status and Treatment

The diagnosis of NHL was histopathologically confirmed in all
cases. Diffuse large B-cell lymphoma was most common (n = 74,
76%), followed by indolent lymphoma subtypes (1 =9, 10%), man-
tle cell lymphoma (n = 7, 7%) and peripheral T-cell lymphoma
(n=7,7%).

All patients received 6 (R)-CHOP cycles as the first-line thera-
py, with 50 mg/m? doxorubicin per cycle (cumulative dose of 300
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mg/m?). Supportive treatment, including prevention of tumour ly-
sis syndrome, prophylactic antibacterial, antiviral and antifungal
therapy and transfusions of red blood cells, platelets or other blood
products, was implemented as required. Possible effects of con-
solidation strategies and subsequent therapy lines in relapsing pa-
tients were taken into account in this analysis, as they were evenly
distributed in the 2 compared cohorts.

Cardiac Assessment

Anthracycline cardiotoxicity risk factors were determined at
diagnosis based on a physical examination and patients’ past med-
ical history. Cardiovascular events were assessed according to the
guidelines of the European Society of Cardiology. Hypertension
was recognized according to the guidelines of the European Soci-
ety of Hypertension. In the retrospective study, available archival
data were used.

Serious clinical cardiotoxicity was defined as cardiovascular
death or typical symptoms of HF (orthopnoea, fatigue, weakness,
significantly reduced exercise tolerance, nocturnal dyspnoea and
peripheral oedema), or acute symptoms related to ischemic heart
disease: unstable angina or myocardial infarction.

Echocardiography was performed in all RPs who developed
clinical signs or symptoms of cardiac failure, as an element of stan-
dard clinical practice, and at least 3 times (at diagnosis, mid-ther-
apy and after its completion) in all patients in the prospectively
observed cohort. In the echocardiographic assessment, serious
cardiotoxicity was identified as cardiac left ventricle (LV) systolic
dysfunction: decline in LVEF by >10 percentage points from base-
line to a final value of LVEF below 50% [8]. The impairment of the
LV diastolic function was evaluated [8]. The grading scheme was
implemented from the current echocardiographic guidelines pub-
lished by the European Association of Echocardiography and the
American Society of Echocardiography: grade I (mild) - impaired
LV relaxation; grade I (moderate) — pseudo normal LV filling; and
grade III (severe) — restrictive LV filling [9].

Primary Personalized Cardioprotection Strategy

Patients in the prospective cohort were subjected to primary
cardioprotection with a maximum tolerated dose of angiotensin-
converting enzyme (ACE) inhibitors (ramipril) and/or B-blockers
(bisoprolol or similar). Cardioprotection was initiated with
ramipril, except in women with childbearing potential. It was ad-
ministered at an initial dose of 1.25 mg once daily and gradually
increased to 10 mg once daily in 4 steps by doubling the dose at an
interval of 7 days. In case of persistent hypotension, the dose was
reduced to the highest tolerated level. After setting the ramipril
dose, bisoprolol was added and titrated from an initial dose of 1.25
mg to 10 mg daily by incrementing the dose as above. 15/35 (42.8%)
patients who were already on ACE inhibitors and/or p-blockers
other than ramipril and/or bisoprolol were substituted with equiv-
alent doses of ramipril and/or bisoprolol. Cardioprotection was
always started before implementing doxorubicin-based chemo-
therapy; however, in some cases, it was fully adjusted after the first
cycle of (R)-CHOP.

Non-pegylated liposomal doxorubicin (NPLD) was adminis-
tered to selected PPs when there were contraindications to conven-
tional doxorubicin, defined as diagnosis of HF before chemother-
apy or occurrence of systolic and/or diastolic dysfunction of the
LV during its course. Echocardiography was performed in PPs at
diagnosis, at mid-therapy and after its completion.

240 Chemotherapy 2018;63:238-245
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Follow-Up

The study encompassed the period of active chemotherapy
treatment (6 months), close cardiovascular monitoring with clini-
cal and echocardiographic assessments (first 12 months after com-
pleting chemotherapy) and further follow-up for survival. Re-
sponse to treatment was assessed according to Cheson criteria. In
order to determine OS and progression-free survival, all patients
or their families were contacted to confirm survival status or cause
of death and to obtain information concerning symptoms of HF
or cardiac death.

Statistical Analysis

Univariate analyses were carried out using the x? test or Fisher’s
exact test for categorical variables and the Mann-Whitney test for
continuous variables. Kaplan-Meyer curves were used to deter-
mine OS. Differences in survival of the population subgroups were
tested by the Cox test. Results were considered statistically signifi-
cant if p < 0.05. All statistical analyses were performed using Sta-
tistica software.

Results

Cardiovascular diseases and anthracycline cardiotox-
icity risk factors were determined at diagnosis based on
physical examination and medical history. PPs, subjected
to primary cardioprotection, had significantly more risk
factors of cardiotoxicity compared to RPs (Fig. 1; Table
1). Both ramipril and bisoprolol were effectively dosed in
26 of 35 (74%) patients: 13 women and 13 men. Due to
contraindications, monotherapy with bisoprolol was
used in the other 8 women and ramipril alone in 1 case.

Patients were treated with a standard dose of anthra-
cycline-containing chemotherapy: R-CHOP and CHOP
(in 90 and 7 cases, respectively). Conventional doxorubi-
cin was the most often used anthracycline in the whole
study (100% of RPs and 48.5% of PPs). NPLD was admin-
istered in 52.5% (n = 16) of patients in the PP group, to-
gether with an ACE inhibitor and/or a B-blocker. In 6
patients, Myocet was given at diagnosis due to contrain-
dications for conventional doxorubicin: HF with pre-
served (n = 4) or mid-range impairment (n = 2) of LVEF.
A further 10 patients received NPLD after the 4th course
of chemotherapy: 1 patient who developed cardiovascu-
lar syncope due to arrhythmia with no subsequent differ-
ences in EF, and 9 asymptomatic patients with new dia-
stolic dysfunction on echocardiographic examination.
All newly recognized cases of diastolic dysfunction were
in grade I, which meant impaired LV relaxation, and this
occurred only in patients with pre-existing arterial hyper-
tension.

During the lymphoma treatment, 15 (24%) RPs and
only 1 (3%) PP experienced new cardiological symptoms.
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Fig. 1. Distribution of the number of anthracycline cardiotoxicity risk factors in the study groups: historical group
with standard management (retrospective cohort) and modern group with cardioprotection (prospective cohort)

(p = 0.0058). Values above columns are numbers of patients.

Table 2. Cardiovascular events during active chemotherapy (first 6 months) and 1 year after completion of chem-

otherapy
Total Retrospective Prospective p
(n=97) (n=62) (n=35)
Cardiovascular deaths 9(9.3) 9 (14.5) 0(0)
First 6 months 5 5 0 <0.05
7-18 months 4 4 0 <0.05
19-36 months 0 0 0 ns
Clinical cardiotoxicity symptoms
(first 18 months) 16 (16.5) 15 (24.2) 1(2.9) <0.05
Angina pectoris 4(4.1) 4 (6.5) 0(0) ns
Myocardial infarction 2(2.1) 2(3.2) 0(0) ns
Dyspnoea 13 (13.4) 13 (21) 0(0) <0.05
Ankle oedema 9(9.3) 9 (14.5) 0 (0) <0.05
Nycturia 6(6.2) 6(9.7) 0(0) ns
Arrhythmia requiring treatment 5(5.2) 4(6.5) 1(2.9) ns
Cardiovascular syncope 1(1) 0(0) 1(2.9) ns

Values are n (%). ns, not significant.

They are summarised in Table 2: in the RP group, angina
pectoris was diagnosed in 4 (6.5 %) patients and myocar-
dial infarction in 2 (3%) patients. The other symptoms
occurring in RPs included significant exertional dys-
pnoea in 13 (21%), ankle oedema in 9 (14.5%), nycturia
in 6 (10%) and arrhythmia in 4 (6.5%) patients.

Primary Cardioprotection Reduces
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Echocardiography confirmed LV systolic dysfunction
in 12.9% of RPs (8 of those 15 who experienced new car-
diological symptoms). It was regarded as important in 2
patients, where LVEF decreased by 16 and 26%. Diastolic
dysfunction was not assessed in the RPs. No important
impairment of LVEF on echocardiography was detected

Chemotherapy 2018;63:238-245 241
DOI: 10.1159/000492942

Downloaded by: M. Dlugosz-Danecka - 494069
188.146.101.104 - 10/30/2018 10:57:27 AM



1.0
YN S
. %,
08 — Dby —
e ‘Lm-l-w
S
I*--e""‘&-_--
206 Plmm
=
3
2
o
8 04
. . . 0.2
Fig. 2. Comparison of overall survival (OS):
patients from the prospective cohort treat-
ed with cardioprotection (blue line) are
compared to the historical group with stan- 0
dard management (red line) (F Coxa test: 0 1 2 3 4 5 6
T1 = 13.70390; T2 = 21.29610; F(16, 52) = Time, years
2.091354; p = 0.02340).
in the PP group; mild diastolic dysfunction occurred in 9 Discussion

cases and did not progress after switching the treatment
to liposomal doxorubicin.

Even more importantly, 9 patients from the RP group
(14.5%) compared to none (0%) of the PP group died due
to cardiac complications during either active chemother-
apy or within 30 months of its completion (Table 2). In
the RP cohort, 5 patients died due to cardiovascular
causes within the first 6 months (angina and myocardial
infarction in 2 cases, dyspnoea and HF in 2 cases and
rhythm disturbances in 1 case) and a further 4 patients
during the next 12 months of follow-up (as a consequence
of HF in 2 patients, pulmonary embolism in 1 patient and
HF with coexisting thrombosis in 1 patient).

The study was not designed to detect any differences in
response rates and OS. In both cohorts, there were no sig-
nificant differences in complete response (82 and 68% of
complete response in the PP and RP cohorts, respectively;
p not significant). As there were no cardiac deaths in pa-
tients treated with primary cardioprotection, Kaplan-
Meier analyses revealed important OS differences: in both
cohorts, the median OS was not reached; a projected
5-year OS was 74 and 60% for PPs and RPs, respectively
(Cox test; p < 0.05; Fig. 2). The trend for an increased com-
plete response rate and prolonged OS in the PP cohort was
observed although patients had a significantly higher IPI
(median 3 vs. 2; p < 0.05) and more cardiotoxicity risk fac-
tors (median 3 vs. 1; p < 0.05) than the RP cases.

242 Chemotherapy 2018;63:238-245
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Premature cardiovascular mortality has become one of
the main problems in oncology. The identification of pa-
tients with individual susceptibility as well as finding ef-
fective primary prevention strategies for cardiac damage
is essential in lymphoma patients. Our previous analysis
of 610 patients performed by the PLRG revealed that pre-
mature cardiovascular mortality in lymphoma patients
treated with doxorubicin-based chemotherapy is the sec-
ond most common cause of death, responsible for 30% of
all deaths (5% of all cases) during the treatment and fol-
low-up phase [6].

A number of risk factors may predispose a patient
to cardiotoxicity caused by anthracyclines. Patients
with a medical history of heart diseases, especially
those with arterial hypertension, are at particular risk
[10]. Selection of high-risk patients based on the re-
sults of the physical examination and past medical his-
tory proved to be very effective; in the RP cohort the
cardiovascular mortality (n = 9, 14.5%) was nearly 3
times higher compared to 5% in the PLRG observa-
tional study. Among PPs, the number of risk factors
was even higher (median 3 vs. 1 in RPs; p < 0.05). Fur-
thermore, patients with 5 or more risk factors were
present only in the PP group (6 of 35 patients, 17%;
Fig. 1). Despite a very high risk of developing doxoru-
bicin-related cardiotoxicity, our primary cardiopro-
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tection protocol implemented in all PPs reduced the
number of cardiac deaths to 0.

Doxorubicin cardiotoxicity has a direct effect on the
myocardium, limiting its use in patients with heart dis-
eases. NPLD, thanks to a specific biodistribution and
pharmacokinetic properties, shows similar efficacy and
less cardiac toxicity [11]. The mechanism of antitumor
activity of the liposomal and conventional form is similar,
whilst NPLD is less toxic, as shown by animal studies [12].
Liposomes do not penetrate the healthy tissue through
the wall of normal capillaries but cross capillaries of in-
flamed tissue, leading to the preferential release of doxo-
rubicin into the tumour [13]. Several clinical studies have
confirmed the usefulness of NPLD in metastatic breast
cancer treatment [14-16]. There is only 1 small phase III
trial indicating the cardiac advantage of the COMP
scheme in comparison to CHOP in lymphoma patients
[17]. Similar conclusions come from the PLRG retrospec-
tive observation demonstrating the beneficial effects of
liposomal doxorubicin in lymphoma patients with coex-
isting cardiovascular disorders [18].

ACE inhibitors and/or p-blockers may reduce the car-
diac toxicity of doxorubicin during cancer treatment,
which is suggested by different guidelines [19, 20] and
still examined in many clinical observations [21, 22]. The
results of prospective randomised studies confirmed the
role of ACE inhibitors and p-blockers in cardioprotection
[23-25]. However, only 1 of these studies demonstrated
prolonged OS.

An optimal algorithm for echocardiography in cancer
patients is still being discussed and has not yet been clear-
ly defined in high-risk subgroups [26]. In the retrospec-
tive cohort, overt cardiotoxicity was diagnosed in patients
based on clinical symptoms and 2D echocardiography
evaluation of systolic dysfunction. This was the historical
algorithm used in many oncological centres. The new
protocol of echocardiographic surveillance implemented
in the prospective cohort, evaluating the systolic and dia-
stolic cardiac function in all patients, allowed switching
from conventional to liposomal doxorubicin at the right
time. In contrast to RPs, where both new acute symptoms
of HF and echocardiographic impairment of LVEF were
observed, none of these symptoms were diagnosed in PPs.

In this analysis, primary cardioprotection with maxi-
mum tolerated doses of an ACE inhibitor and/or a
B-blocker (ramipril and/or bisoprolol) was used in all PPs,
whereas NPLD was limited to PPs with concomitant con-
traindication for conventional doxorubicin. We con-
firmed the high efficacy of our strategy, especially in the
elimination of cardiovascular deaths in PPs compared to

Primary Cardioprotection Reduces
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the unfavourable outcomes of RPs not subjected to well-
planned primary cardioprotection. It has been demon-
strated that all cardiotoxic events, including all cardiovas-
cular deaths, occurred either during the active 6 months
of chemotherapy or during the first year after completing
anthracycline-based chemotherapy [27] (Table 2). For
this period, we evaluated the efficacy of cardioprotective
procedures by analysing the incidence of cardiovascular
events (deaths and symptomatic cardiotoxic effects) in
high-risk patients in both groups. Despite a higher IPI and
more risk factors of cardiotoxicity prior to chemotherapy,
there were significantly fewer cardiotoxic complications
in patients undergoing primary cardioprotection. Impor-
tantly, cardiovascular deaths were not observed in PPs,
whilst several RPs died due to cardiovascular reasons (Ta-
ble 2). Moreover, PPs had a better quality of life as they
were free of cardiac symptoms.

The study was not designed to detect any response rate
and OS differences. Prolonged OS, although confirmed
by Cox statistics, should be interpreted with caution, as
this is a comparison to a historical control group. How-
ever, it should be noted that the OS benefit was clear de-
spite IPI imbalance favouring the control group (median
2vs. 3in PPs; p < 0.05).

The greatest limitation of our study is the lack of ran-
domization. It should, however, be emphasized that there
is an imbalanced distribution of risk factors favouring
RPs. This analysis is a real-life experience, where we treat
more and more high-risk patients (Fig. 1). More difficult
patients require closer surveillance, as cardioprotection
strategies should be individually tailored to each patient.
Our study used personalized cardioprotection: ramipril
and bisoprolol were chosen because they carry the lowest
risk of hypotension as an adverse effect; B-blockers were
favoured in women, and doxorubicin was switched to its
liposomal form only in patients developing HF, as is rec-
ommended by international guidelines [19, 20].

Taken together, the use of cardioprotective drugs
(ramipril and/or bisoprolol) in combination with NPLD
can be successful in the treatment of patients with an in-
creased risk of cardiovascular complications related to
anthracyclines. The high efficacy of this treatment has
been demonstrated by the complete elimination of car-
diovascular deaths and LV systolic impairment as well as
the improvement in quality of life by minimizing cardiac
symptoms related to chemotherapy. Although the analy-
sis was limited to a small group of patients and the follow-
up is not long, the differences are significant enough for
the proposed primary cardioprotection to be considered
in lymphoma patients with high cardiovascular risk.

Chemotherapy 2018;63:238-245 243
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