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Abstract Anthracyclines are a major component in the
therapy of non-Hodgkin's lymphoma. However, due to their
cardiac toxicity potential, curative and palliative treatment is
often limited in patients with preexisting cardiac dysfunction.
Liposomal doxorubicin formulations have been described to
be less cardiotoxic than conventional doxorubicin. In the
current study, we analyzed the efficacy and toxicity of
pegylated liposomal doxorubicin (PLD) as constituent of the
cyclophosphamide, doxorubicin, vincristine, and prednisone
(CHOP) regimen replacing conventional doxorubicin in 21
patients with impaired cardiac left ventricular ejection fraction
or preexisting cardiac risk factors and established diagnosis of
diffuse large B cell lymphoma (n=15), mantle cell lymphoma
(n=3), follicular lymphoma (n=1), and T cell lymphoma
(n=2). Overall and complete response rate were 85% and
40%, respectively. Event-free survival and overall survival
after 2 years were 58%. One lethal event of acute cardiac
death occurred during the first cycle in a patient with
transposition of the big arteries, atrial flutter, and mitral valve
regurgitation. In the remaining 20 patients, no deterioration of
myocardial function was observed in echocardiography
performed before and after treatment. Seven cases of grade
III–IV hematological toxicity were observed as well as four
episodes of neutropenic fever leading to hospitalization. No
infection-related death occurred. However, 25% of patients
developed a hand–foot syndrome (HFS) leading to discontin-
uation of treatment. Importantly, the incidence of HFS

increased considerably when PLD doses of 15 mg/m2/week
were exceeded. We conclude that replacing conventional
doxorubicin with PLD in polychemotherapy regimens such
as CHOP is an efficient alternative in the treatment of patients
with preexisting cardiac dysfunction. However, we recommend
that PLD dose should not exceed 15 mg/m2/week. The
rationale for the use of non-pegylated liposomal doxorubicin
formulations should be evaluated in further studies.
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Introduction

Many standard treatment regimens for aggressive and
indolent lymphoma such as cyclophosphamide, doxorubi-
cin, vincristine, and prednisone (CHOP) contain an anthra-
cycline as a major component of the polychemotherapy
protocol. Anthracyclines are potent anti-lymphoma agents,
and the development of immunochemotherapy in the
treatment of non-Hodgkin's lymphoma improved the
prognosis of these patients impressively [7, 20]. Anthracy-
clines are counted among the antibiotic anticancer drugs
and act as an inhibitor of topoisomerase IIa via DNA
intercaliation. Doxorubicin may also inhibit polymerase
activity, affect regulation of gene expression, and produce
free radical damage to DNA [10]. Most common side
effects are nausea and vomiting, fatigue, hematotoxicity,
and mucositis. A particular challenge in treatment with
anthracycline is early and late cardiotoxicity, which, in its
pathogenesis, is not yet completely understood [25]. As far
as it is elucidated, cardiotoxic events take place by
increasing oxidative stress, suppression of gene expression,
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and induction of apoptosis on cardiac tissue [28] with clinical
manifestations reaching from acute cardiac decompensation
to chronic cardiac insufficience. Anthracycline cardiotoxicity
is exponentially dose dependent with an incidence of up to
30% above 500 mg/m2 [15, 33]. In a retrospective analysis
of 4,018 patient records, Von Hoff and co-workers explicated
several risk factors for the development of cardiotoxicity as
history of hypertension or heart disease, age at time of
exposure (the very young and very old are most susceptible),
high peak serum level of the drug, and concurrent chemo- and
radiotherapy [31].

Based on these findings, the risk for an anthracycline-
caused cardiomyopathy is exponentially elevated in elderly
patients with cardiac predamage. Taking in consideration
that aggressive non-Hodgkin's lymphoma (NHL) is a
potentially curative disease, management of therapy-
limiting adverse events becomes a major task. Concerning
the successful action of anthracyclines as chemotherapeutic
agents, several strategies have been tried to prevent/
attenuate their side effects. Dexrazoxane, a Fe III chelator
which decreases free radical development in myocardiac
tissue, has shown to reduce anthracycline cardiotoxicity in
clinical phase III studies, but negative effects on disease
response rates cannot be excluded [26]. Carvedilol, a
cardioselective beta blocker with antioxidant properties,
seems to reduce cardiotoxic effects of anthracyclines in
animal models [9]. In addition, in recent history, liposomal
formulations of doxorubicin have been developed to reduce
cardiac side effects of anthracycline chemotherapy by
a pharmacokinetic approach. Pegylated non-liposomal
(Myocet©) and pegylated liposomal (Caelyx©) doxorubi-
cin formulations are designed to reduce cardiotoxicity by
restraining in healthy vessels and extravasating in regions
were cell–cell boundaries were disrupted because of tumor
infiltration [27, 32]. Recent data from clinical trials point to
a reduced cardiotoxicity and preserved anti-tumor efficacy
of liposome-encapsulated formulations [12, 24]. Preexisting
data from clinical trials concerning the use of PLD mostly
derived from patients with breast cancer point to an
improved cardiac tolerability and adequate response rates.
In 2004 O' Brien and colleagues showed that PLD provides
comparable efficacy to doxorubicin (PFS of 6.9 versus
7.8 months, OS of 21 versus 22 months), with significantly
reduced cardiotoxicity (HR 3.16) in first-line treatment of
women with metastatic breast cancer [18]. In a clinical
phase I and II study, Anton and co-workers [1, 2] showed
that a combination chemotherapy of trastuzumab, doce-
taxel, and liposomal non-pegylated doxorubicin is an
effective neoadjuvant treatment with favorable cardiotox-
icity profile in patients with stage II and IIIA Her2-
overexpressing breast cancer. Data from clinical studies of
patients with NHL and patients with preexisting cardiac
morbidity treated with liposomal doxorubicin are rare. Zaja

and colleagues published a study on 30 patients with
a median age of 69 years and primary diagnosis of
diffuse large-cell lymphoma treated with pegylated liposo-
mal doxorubicin as component of rituximab + CHOP
(R-CHOP) regimen and observed overall response and
complete response rates of 76% and 59%. Projected 2-year
event-free survival and overall survival in this study were
65.5% and 68.5% [34]. Besides hematologic and infectious
adverse events, PLD formulations may result in the
development of hand–foot syndrome (HFS). HFS is a
potentially dose-limiting cutaneous toxicity of many che-
motherapeutic agents, which manifests with palmar and
plantar erythema, edema, and dysesthesia with varying
degrees of pain, scaling, and vesiculation [17]. HFS has
been reported as a side effect of several classical and
modern therapeutic agents such as cytarabin, 5-FU,
capecitabine, sorafenib, and sunitinib, with a time of onset
varying from 24 h to 10 months after starting the causative
medication [3]. A review published in 1991 by Baack and
co-workers noted that the risk of HFS may be affected by
four specific pharmacologic properties: dose, peak plasma
level, total cumulative dose, and schedule of administration.
At this time, the pathogenesis is incompletely understood,
but clues from the histopathologic findings, risk factors,
and clinical features have led to two primary theories to
explain HFS; one contends that drugs cause the syndrome
via a direct toxic effect, while the other invokes a “host-
versus-altered host” response [4, 17]. In literature (Caelyx
Product information, Schering–Plough Corporation, 2006),
occurrence of therapy-limiting HFS is stated 4–7% during
treatment with liposomal doxorubicin, and few is known
about an effective treatment of this adverse event. As
published earlier, reduction of dose intensity seems to be a
successful approach to reduce the risk of HFS and has been
used in patients with several different tumor types [8, 16].
Moreover, only symptomatic treatment and patient educa-
tion seem to have a beneficial effect on development of
HFS and patients' quality of life, but valid clinic data are
lacking. In our study, we retrospectively analyzed data of
patients with NHL treated with liposomal non-pegylated
doxorubicin instead of conventional formulations because
of high age and/or other preexisting risk factors for the
development of anthracycline-dependent cardiomyopathy.
We want to raise the question if such therapy is active
against NHL and feasible by reasons of adverse events
especially in older and cardiac-impaired patients.

Patients and methods

In the current study, we retrospectively analyzed clinical
data of 21 patients (15 diffuse large B cell lymphoma, 3
mantle cell lymphoma, 1 follicular lymphoma, 2 T cell
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lymphoma) who were treated with PLD as a component of
R-CHOP regimen. Sixteen patients were at primary
diagnosis, whereas five experienced a recurrent disease.
Average age at diagnosis was 67.5 years (median 72 years)
with a third of the patients over the age of 75. Patients were
treated with PLD because of cardiac risk factors, poor
general condition, and/or high age. The study was approved
by the local ethics committee. Demographic data of the
patients included are listed in Table 1. Response was
evaluated after three and six cycles of chemotherapy via
CT scan, laboratory testing, and clinical assessment using
the International Working Group (IWG) response criteria
for non-Hodgkin's lymphomas [6]. Before and after treat-
ment, left ventricular ejection fraction was assessed by 2-D
echocardiography and quantified as recommended by the
American Society of Cardiology [14]. To objective side
effects, NCI Common Terminology Criteria for Adverse
Events were used (http://ctep.cancer.gov/).

Results

Cardiac risk factors

All patients were treated with liposomal pegylated instead
of conventional doxorubicin because of high age and/or

cardiac risk factors. Nine patients had a history of manifest
myocardial ischemia and coronary heart disease, two
patients had a known dilatative cardiomyopathy, one patient
had a bilateral pulmonary embolism in the recent medical
history, and seven patients showed an impairment of left
ventricular ejection fraction under conventional doxorubi-
cin or had already been treated with a cumulative threshold
dose of anthracycline, respectively. Cardiac risk factors
indicating the use of a liposomal doxorubicin formulation
are specified in Table 2. The majority of patients showed
cardiac impairment due to ischemic cardiomyopathy with a
relevant number of the patients showing more than one
cardiac risk factors.

Toxicity

On the whole, a number of 78 cycles were applied during
which one lethal event of acute cardiac death occurred
during the first cycle in a patient with transposition of the
big arteries, atrial flutter, and mitral valve regurgitation. In
echocardiography performed before and after treatment
with liposomal doxorubicin, no deterioration of myocardial
function was observed in the 20 patients evaluated. For a
detailed listing of left ventricular ejection fraction, see
Table 3. An average number of 3.7 cycles were applied
(median, 4 cycles). Severe adverse events leading to
therapy termination were hematotoxicity grade III–IV
(19%), HFS (25%), and infections (28.5%). The incidence
of HFS seems to correlate with the applied peak dose as no
case of HFS was observed in patients when less than
15 mg/m2/week of PLD was applied (Fisher test, p=0.052;
see Table 4).

Remission status

Remission was evaluated using the IWG response criteria
for lymphoma at the end of chemotherapy. Furthermore,
remission was assessed with clinical and laboratory
examinations every 3 months. Complete remission was
present in 8/20 (40%), and partial remission was observed
in 9/20 (45%) leading to an overall response rate of 85%.

Table 1 Demographic data

Patients

Diagnosis

Diffuse large-cell lymphoma 15

Mantle cell lymphoma 3

Follicular lymphoma 1

T cell lymphoma 2

Age

<65 years 8

65–75 years 6

>75 years 7

Gender

Male 14

Female 7

IPI (diffuse large-cell lymphoma)

Low risk/Low–intermediate risk 8

High–intermediate risk/High risk 7

Ann Arbor stage

I/II 6

III/IV 15

Therapeutic situation

Initial diagnosis 17

Relapse 4

Table 2 Cardiac risk factors indicating LPD

Cardiac risk factor

Cardiomyopathy 2

Congenital heart failure 1

Ischemic cardiopathy 9

Reduction of LVEF under anthracycline 4

Cumulative anthracycline (500 mg/m²) dose reached 3

Cardiac arrhythmia 5
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One patient showed a stable disease, whereas two patients
with T cell lymphoma had a progressive disease.

Event-free survival and overall survival

Twenty of the 21 patients could be analyzed for event-free
survival and overall survival. In the study, an event was
defined as death by any cause as well as tumor progression
and newly developed cardiac disease. Data were analyzed
using the Kaplan–Maier method. The median overall
survival and event-free survival were not reached. Two-
year overall survival and event-free survival were 58%
(Fig. 1). Interestingly, no difference in median event-free
survival was observed between the two patient groups who
received PLD ≤15 mg/m2/week vs. PLD >15 mg/m2/week
(Fig. 2). As expected, patients with low or intermediate–
low international prognostic index (IPI) had a superior
outcome compared to intermediate–high or high-risk
patients (Fig. 3).

Discussion

In the current study, we addressed the question if substitution
of conventional doxorubicin by a liposomal formulation is a
feasible and effective therapeutic option in patients with
contraindication for anthracycline-based treatment. We retro-
spectively analyzed data of 21 patients treated with liposomal
pegylated doxorubicin as a component of R-CHOP regimen.
PLD was indicated in patients with preexisting cardiac
impairment, high age, and/or impaired general condition. In
the 21 patients analyzed, a number of 78 cycles have been
administered, with a median number of four cycles per patient.
Complete remission was present in 40%; partial remission
was observed in 45% leading to an overall response rate of

85%. From randomized clinical trials, complete remission
rates for aggressive lymphoma treated with R-CHOP-14
regimen are ranging from 55% [23] to 78% [21] with 3-
year event-free survival rates of 66.5% [21]. Data from
clinical trials of NHL patients treated with liposomal
doxorubicin are rare. Zaja and colleagues published a study
on 30 patients with a median age of 69 years and primary
diagnosis of diffuse large-cell lymphoma treated with
pegylated liposomal doxorubicin as a component of
R-CHOP regimen and observed overall response and
complete response rates of 76% and 59%, respectively.
Projected 2-year event-free survival and overall survival in
this study were 65.5% and 68.5% [34]. A Greek and an
Austrian research group obtained similar results using a
liposomal non-pegylated doxorubicin formulation as
R-CHOP component in patients with aggressive NHL with
complete response rates of 52% with a median time to
progression of 26 months [29] and 75% CR rates with 73%
of the patients alive after a median observation time of
14 months [13]. From the studies mentioned above, only
Heintel and colleagues included elderly patients with cardiac
comorbidity as well as patients with relapsed disease and T
cell lymphoma so that we conclude that this might be the
reason for the inferiority of our remission rates compared to
the published data of Zaja and Tsavaris. These findings are
consistent with a recent study published by Gimeno et al. in
which 35 frail, elderly patients were treated with
intermediate-dose non-pegylated liposomal doxorubicin
(30 mg/m2) in R-CHOP-like regimen [11]. In this study,
overall and complete response rates of 86% and 69%,
respectively, with 2-year overall survival rates of 70% were
reported. Major toxicities observed in our study were
infections (28.5%), hand–foot syndrome (25%), and neutro-
penia (19%). Published data from studies assessing liposo-
mal doxorubicin in lymphoma treatment show similar results
[13, 29, 34]. Previously published data from randomized
clinical trials assessing the R-CHOP-14 regimen suggest
rates of common toxicity criteria (CTC) grade 3/4—
infections between 16% [23] and 29% [21] as well as
neutropenia CTC grade 3/4 between 19% [5] and 48% [21],
respectively. Therefore, we conclude that replacement of
conventional doxorubicin seems to have no negative effect
on incidence and severity of infectious complications and
hematotoxicity. In our study, 25% of the patients developed a
HFS, which was one of the major reasons for preterm
therapy termination. In our patients, development of HFS
seems to correlate positively with the dose intensity as
published before [8]. The company recommends a dose of
10 mg/m2 Caelyx/week as several studies indicate a
significant increase of HFS with higher dosage [22].
Unfortunately, randomized studies assessing efficacy of
R-CHOP regimen with this dosage are lacking. In our
collective, dose escalation seems not to have a positive effect

Table 3 Left ventricular ejection fraction before and after therapy

Left ventricular ejection fraction n=21 n=20

Normal (≥55%) 8 8

Mildly reduced (45–54%) 4 3

Reduced (30–44%) 7 7

Highly reduced (<30%) 2 2

Table 4 Incidence of HFS according to LPD dose

LPD dose Patient number HFS

<15 mg/m2/week 11 0

≥15 mg/m2/week 10 5
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on event-free survival as no difference was found between
average event-free survival in the subgroups treated
with <15 mg/m2 and ≥15 mg/m2, respectively (see Table 4
and Fig. 1). The reason for this observation could be
the increasing number of therapy interruptions when
doses >15 mg/m2/week were administered. Clinical studies
using liposomal pegylated or non-pegylated doxorubicin
instead of conventional doxorubicin in polychemotherapy
regimens for several tumor entities show that rates of
cardiotoxic events of non-pegylated liposomal formulations
were in between pegylated liposomal at one end and
conventional doxorubicin on the other end [2, 26, 30].
Previous reports provide evidence that PEG-modified lip-
osomes may be of little advantage in terms of maximizing
drug accumulation in tumor sites compared to other liposomal
formulations [19]. In the study published by Heintel et al.,
non-pegylated liposomal doxorubicin was included in the
R-CHOP-14 schedule showing complete remission rates of
75% with 73% of the patients alive after a median
observation time of 14 months. No case of HFS and no
cardiotoxic event were observed [13]. In our study, during

the 78 cycles applied, only one event of acute cardiotoxicity
was recorded. This 70-year-old patient with serious cardiac
predamage died from acute cardiac decompensation. In
echocardiography performed before and after treatment, no
significant change was found among the remaining 20
patients analyzed, and to date, no cardiac event pointing to
a chronic cardiac toxicity was recorded.

Altogether, we conclude that replacement of conventional
doxorubicin by its liposomal pegylated formulation is a
feasible therapeutic option, which is effective in patients with
cardiac impairment, high age, and reduced general condition.
Major therapy-limiting events were infections (28.5%), the
development of a HFS in 25% of subjects. The incidence of
HFS increases considerably when doses of 15 mg/m2/week
were exceeded. As no prophylaxis or curative treatment
option for HFS is known, we recommend that the applied
doses of PLD should not exceed 15 mg/m2/week, or
alternatively, a non-pegylated liposomal doxorubicin formu-
lation should be evaluated. However, these results are based
on a small retrospective analysis and should be confirmed in
a prospective randomized trial.

Fig. 3 Event-free survival of patients with low/intermediate vs.
intermediate–high or high-risk patients

Fig. 2 Event-free survival of patients receiving PLD ≤15mg/m2/week vs.
PLD >15 mg/m2/week

Fig. 1 Event-free survival
and overall survival
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