
HAL Id: hal-00535082
https://hal.science/hal-00535082

Submitted on 11 Nov 2010

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Nonpegylated liposomal doxorubicin is highly active in
patients with B and T/NK cell lymphomas with cardiac

comorbidity or higher age
Daniel Heintel, Cathrin Skrabs, Alexander Hauswirth, Karin Eigenberger,

Christine Einberger, Markus Raderer, Wolfgang R. Sperr, Paul Knöbl,
Leonhard Müllauer, Martin Uffmann, et al.

To cite this version:
Daniel Heintel, Cathrin Skrabs, Alexander Hauswirth, Karin Eigenberger, Christine Einberger, et al..
Nonpegylated liposomal doxorubicin is highly active in patients with B and T/NK cell lymphomas with
cardiac comorbidity or higher age. Annals of Hematology, 2009, 89 (2), pp.163-169. �10.1007/s00277-
009-0796-5�. �hal-00535082�

https://hal.science/hal-00535082
https://hal.archives-ouvertes.fr


ORIGINAL ARTICLE

Nonpegylated liposomal doxorubicin is highly active
in patients with B and T/NK cell lymphomas with cardiac
comorbidity or higher age

Daniel Heintel & Cathrin Skrabs & Alexander Hauswirth & Karin Eigenberger &

Christine Einberger & Markus Raderer & Wolfgang R. Sperr & Paul Knöbl &
Leonhard Müllauer & Martin Uffmann & Karin Dieckmann & Alexander Gaiger &

Ulrich Jäger

Received: 5 May 2009 /Accepted: 15 July 2009 /Published online: 28 July 2009
# Springer-Verlag 2009

Abstract We used nonpegylated liposomal doxorubicin
(NPLD) in cytostatic drug combinations to treat 37 patients
with non-Hodgkin's lymphoma and pre-existing cardiac
disorder or elderly patients with reduced physical state who
were ineligible for conventional anthracycline-containing
therapy. High remission rates were observed in this poor-
risk population: Complete remission rates were 75% for
diffuse large B cell lymphoma (DLBCL) and 55% for T/NK
cell neoplasm (overall response rate of 80% and 89%,
respectively). Twenty-seven patients (73%) are still alive
after a median observation time of 14 months. No major
cardiac or gastrointestinal toxicity was observed. Extravasa-
tion of NPLD in two patients resulted in mild inflammation
without tissue damage. Hematologic toxicity was compara-

ble to that of conventional anthracycline-containing regi-
mens. We conclude that NPLD is highly active in
combination chemotherapy for lymphoma with low cardiac
toxicity in patients with pre-existing cardiac disorders or
higher age. Moreover, we also observed remarkable efficacy
in T/NK cell lymphomas.

Keywords Non-Hodgkin's lymphomas . Nonpegylated
liposomal doxorubicin . Efficacy . Cardiac comorbidity .

Older age

Introduction

Anthracycline-based chemotherapy is effective in the
treatment of patients with non-Hodgkin's lymphoma
(NHL) [1–6] and superior to other drugs in controlling
disease in young as well as in elderly patients. However,
elderly patients often have considerable comorbidity,
especially of the cardiovascular system, and are treated
with other drug combinations to avoid anthracycline-
induced cardiotoxicity [7–13]. On the other hand, the
incidence of aggressive lymphomas in the elderly is
increasing.

Cardiotoxicity is probably caused by free radicals
generating myofibril loss and peroxidation of the cardio-
myocyte plasma membrane [14].

The risk of doxorubicin-induced congestive heart failure
(CHF) increases with cumulative dose [15] because of a
low proliferation rate of cardiomyocytes. Other risk factors
are patient's age [15–17], a history of coronary heart
disease, valvular heart disease, hypertension, diabetes,
cigarette smoking, or obesity. In multivariate analysis,

D. Heintel : C. Skrabs :A. Hauswirth :K. Eigenberger :
C. Einberger :W. R. Sperr : P. Knöbl :A. Gaiger :U. Jäger (*)
Department of Internal Medicine I,
Division of Hematology and Hemostaseology,
Medical University of Vienna,
Währinger Gürtel 18–20,
1090 Vienna, Austria
e-mail: ulrich.jaeger@meduniwien.ac.at

M. Raderer
Department of Internal Medicine I, Division of Clinical Oncology,
Medical University of Vienna,
Vienna, Austria

L. Müllauer
Department of Clinical Pathology, Medical University of Vienna,
Vienna, Austria

M. Uffmann :K. Dieckmann
Department of Radiotherapy and Radiobiology, Medical
University of Vienna,
Vienna, Austria

Ann Hematol (2010) 89:163–169
DOI 10.1007/s00277-009-0796-5



doxorubicin use was significantly associated with an
increased risk of subsequent CHF in a recent study [18].
Hypertension and diabetes were additional independent risk
factors for the development of CHF in patients treated with
doxorubicin [18].

CHF induced by anthracycline-based chemotherapy
seems to have a worse prognosis than idiopathic CHF [19].

Therefore, a number of therapy modifications have been
published. As patients receiving less than six treatments had
no increased risk of CHF, a reduction of treatment cycles
containing doxorubicin could be considered. However,
among patients aged 60 to 74 years, early termination was
associated with worse survival, but among patients older
than 74 years, it was not [20].

Another option, the replacement of doxorubicin by
epirubicin does not protect from cardiotoxicity [21]. The
addition of cardioprotective drugs such as dexrazoxane
increases myelotoxicity [22] and thus probably results in
limited treatment efficacy [23]. Also, the CNOP protocol
with mitoxantrone substituting doxorubicin was significant-
ly inferior to cyclophosphamide, hydroxydaunorubicin,
oncovin, and prednisone (CHOP) regarding response rate
and slightly inferior overall survival [24].

Another published approach is the use of angiotensin II
receptor blockers in NHL patients receiving doxorubicin-
based therapy [25].

Liposomal doxorubicin in its pegylated form has been
evaluated in elderly patients with aggressive lymphomas. The
liposomal formulation leads to reduced organ toxicity
(including cardiotoxicity), without reducing activity in tumor
cells, and similar complete response rates compared to
treatment with doxorubicin in a standard formulation [26, 27].

The liposome-encapsulated doxorubicin administered in
this study is a nonpegylated form and protects from the
accumulation of doxorubicin in skin and mucosa (“hand-
and-foot-syndrome”) [28].

To date, there are few reports about the efficacy of
nonpegylated liposomal doxorubicin (NPLD) in patients
with malignant lymphoma [28]. Recently, NPLD in
combination with rituximab, cyclophosphamide, vincris-
tine, and prednisone (R-COMP) has been shown to be
effective with a low cardiotoxicity profile in 21 patients
with diffuse large B cell lymphoma (DLBCL) [29]. Another
study including 20 patients with aggressive lymphoma
showed a complete response rate of 65% and a partial
response (PR) rate of 25% in frail patients treated with R-
COMP [30].

T cell and NK cell neoplasms are a heterogeneous group
of NHL characterized usually with an aggressive clinical
course [31]. Overall response (OR) to CHOP or CHOP-like
protocols in T/NK cell neoplasms is inferior when
compared with B cell neoplasms. In other than anaplastic

lymphoma kinase (ALK)-positive anaplastic large cell
lymphoma (ALCL), this regimen has low efficacy [31].

Prognosis is dependent on histological subtype, the
International Prognostic Index, or other markers such as
the presence of detectable T cell receptor rearrangements
[32, 33].

In addition, it has been shown that the use of
anthracyclines does not prolong survival in peripheral T
cell lymphoma, not otherwise specified (PTCL, NOS) [34].
Therefore, new combinations or dose-intensified
approaches have been explored. High-dose therapy with
autologous stem cell transplantation as consolidation after
first complete remission (CR) seems to be promising, but
most of the studies are retrospective [35]. Unfortunately,
these strategies cannot be used in elderly patients with a
reduced physical health state.

In a pilot study comparing CHOP with more intensive
regimen (hyper-CAVD; cyclophosphamide, mesna, doxo-
rubicin, vincristine, prednisone, methotrexate, cytarabine), a
higher response has been shown in patients receiving
pegylated doxorubicin HCl liposome injection (HCVID
DOXIL) instead of doxorubicin [36]. However, the CR rate
was similar to previous studies using other therapeutic
agents.

Here, we report the use of NPLD in combination
chemotherapy in 37 patients with lymphoma with cardiac
comorbidity and/or higher age. For the first time, the
efficacy of NPLD as a part of standard therapy regimen
(COMP) in T/NK cell lymphomas will be shown.

Patients and methods

Patients

A total number of 37 patients were included in the present
retrospective study. The median age was 73 years (range
37–88 years).

The following entities were included (according to the
World Health Organization 2008 classification [37]): 20
DLBCL, nine T/NK cell neoplasms (two angioimmuno-
blastic T cell lymphomas [AITL], two ALCL (ALK status
not known), three PTCL, NOS, and two blastic NK cell
lymphomas, now known as blastic plasmacytoid dendritic
cell neoplasm), three follicular lymphomas (FL), two post-
transplant lymphoproliferative disease (PTLD), two chronic
lymphocytic leukemias (CLL), and one multiple myeloma
(MM).

The median age of the 20 DLBCL patients was 74 years
(range 37–88 years). In 75% (N=15), NPLD was given as
first-line therapy; in 15% (N=3), as second-line therapy;
and in 10% (N=2), as third-line therapy.
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The median age of patients with NK/T cell neoplasm
was 74 years (range 64–80 years). In all of these patients,
NPLD was given as first-line therapy.

Therapy

Reasons for the use of NPLD were: higher age (N=13;
median age 79 years), pre-existing cardiac disorders (N=
16), previous therapy with anthracyclines (N=3), or
reduced physical health state (N=5). Of the 13 elderly
patients, five were in additional reduced general condition,
one had a chronic obstructive pulmonary disease, and one
had elevated B-type natriuretic peptide (BNP) levels. Pre-
existing cardiac disorders included status post myocardial
infarction, cardiomyopathy, reduced left ventricular ejection
fraction (N=6), elevated BNP levels (N=10, median
680 pg/ml), status post heart transplantation, and status
post aortic valve replacement.

Of all 37 patients, 29 (78%) were previously untreated. The
following combination regimens were given: R-COMP
(rituximab 375 mg/m2, cyclophosphamide 750 mg/m2,
vincristine 2 mg, NPLD 50 mg/m2, prednisone; thrice
weekly; N=25), COMP (cyclophosphamide 750 mg/m2,
vincristine 2 mg, NPLD 50 mg/m2, prednisone; thrice
weekly; N=11), and BMD (bortezomib, NPLD, dexameth-
asone; N=1). The median number of NPLD containing
cycles administered per patient was five (range two to eight).

Two patients received additional intrathecal therapy. One
patient with DLBCL received three cycles of liposomal
cytarabine intrathecal, and one patient with testicular
DLBCL received three cycles of liposomal cytarabine and
one cycle of methotrexate intrathecal.

For various reasons, NPLD was reduced to a dose of less
than 50 mg/m2 in 20 patients. The median age of patients
who received a reduced dose was 76 years; the median age
of patients without dose reduction was 70 years. Of the 20
patients with dose reduction, nine had DLBCL, five had
NK/T cell neoplasm, two had CLL, two had FL, and two
had PTLD. In the other group (without dose reduction), ten
had DLBCL, four had NK/T cell neoplasm, one had FL,
and one had MM. In one patient, complete information on
NPLD dose was not available. In the group with reduced
dose, NPLD combinations were given as first-line therapy
in 12 patients (63%), while in the other group, NPLD
combinations were given as first-line therapy in all but one
patient (94%). The median number of NPLD containing
cycles was four in the group with dose reduction and five in
the other group.

In 20 patients, supportive therapy with granulocyte
colony-stimulating factor (G-CSF) was given. Of these,
ten patients had a reduced NPLD dose and ten had no dose
reduction.

Response evaluation was performed according to inter-
national guidelines [38].

Statistical analysis

Statistical analysis (Kaplan–Meier survival analysis) was
performed using WinSTAT© Version 3.0.

Results

Efficacy in diffuse large B cell lymphoma

Patients with DLBCL were treated with R-COMP. CR rate
was 75% (15 out of 20; Table 1). One patient had a PR and
four had no response (NR). After a median follow-up of
14 months, 15 patients are still alive (75%; Fig. 1). All 15
patients with a CR are still alive, while the four NR patients
and the patient with PR have died.

Efficacy in T/NK cell neoplasm

Patients with T/NK cell neoplasm were treated with COMP.
Five patients with T/NK cell neoplasm had a CR (56%),
three had a PR (33%), and one had an early relapse.
Therefore, the OR rate was 89% (Table 1). To date, four
patients of this group died, three after a PR and one after
early relapse.

In detail, both patients with AITL and both patients with
ALCL had a CR. Of three patients with PTCL, NOS, two
had PR and one had CR. Of the two blastic NK cell
lymphomas (blastic plasmacytoid dendritic cell neoplasms),
one had PR and one had early relapse. The OR in AITL,
ALCL, and PTCL, NOS was 100% (Table 1).

Overall survival analysis for patients with DLBCL
treated with R-COMP and T/NK cell neoplasms treated
with COMP showed no significant difference between these
entities (Fig. 1).

Efficacy in other hematological malignancies

Of three FL patients with R-COMP, two had a CR and one
a PR. The two patients with CR are still alive, while the
patient with PR died. The patients with a CR had NPLD as
first-line therapy, while in the patient with a PR, NPLD was
used as second-line therapy. Therefore, the CR rate for a
first-line therapy in FL patients was 100%.

CLL patients were treated with R-COMP. One CLL
patient had stable disease (SD), and one did not respond.
Both patients are still alive. The patient with SD had NPLD
as a third-line therapy, while the patient who did not
response had NPLD as a second-line therapy.
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Of two PTLD patients treated with COMP, one had a CR
and one had a PR. Both patients are still alive.

The myeloma patient had BMD as first-line treatment
and reached PR.

Efficacy and dose reduction

Of 20 patients with reduced NPLD dose (R-COMP in 13
patients, COMP in seven patients), 12 (60%) had a CR, and
four (20%) had a PR. The OR was 80% in this group. One
patient had SD, and three did not respond (15%). All three
nonresponders and two of the PR patients died. All patients
who did not respond in this group had DLBCL.

In the group without dose reduction, 69% (11 out of 16)
had a CR and 19% (three out of 16) had a PR (OR=88%).
Only one patient did not respond and died after follow-up.
This patient had a DLBCL.

Overall survival analysis for patients with and without
dose reduction showed no significant difference (Fig. 2).

Cardiac toxicity

No major cardiac toxicity was observed. In patients with
cardiac disorders (N=16), the median BNP level was
938.5 pg/ml (range 346.7–4,845.0 pg/ml; normal range 0–
125 pg/ml), while in the other patients, the median BNP
level was 187.1 pg/ml (range 62.9–810.8 pg/ml).

In six patients of our cohort, BNP levels before and after
NPLD-containing therapy were available (Fig. 3). Median
BNP levels were 407.7 pg/ml (range 62.9–2,098.0 pg/ml)
before and 514.3 pg/ml (range 53.4–1,212.0 pg/ml) after
NPLD-containing therapy (Fig. 3). No major increase of
BNP was observed in most patients. In one patient, BNP
level even decreased from 2,098 pg/ml before to 330.7 pg/ml
after therapy. This patient had DLBCL and received R-
COMP as a first-line therapy. The patient had a CR and is
still alive after a follow-up of 14 months.

No cardiac event in any patient during or after therapy
with NPLD was observed.

Hematologic toxicity

Hematologic toxicity was comparable to that of conven-
tional anthracycline-containing regimens: CTC grade 3 or 4
toxicity for leucopenia/neutropenia occurred in 22 patients
(59% of all patients, 82% of patients with DLBCL, and
56% of patients with T/NK cell neoplasm; Table 2).

In the patient group without dose reduction, the
percentage of grade 3 or 4 hematologic toxicity was 79%
(11 out of 14), while in patients with dose reduction,
hematological toxicity occurred in 65% (11 out of 17;
Table 2).

Twenty patients (54%) received G-CSF for primary or
secondary prophylaxis in at least one cycle of treatment.
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Fig. 2 Overall survival of all patients with (N=20) and without (N=
16) dose reduction of NPLD. Median survival is not reached in both
groups
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Fig. 1 Overall survival of patients with DLBCL treated with R-
COMP (N=20) and patients with NK/T cell neoplasia treated with
COMP (N=9)

OR (%) CR (%) PR (%) NR (%) ER (%)

DLBCL 80 75 5 20 –

T/NK cell neoplasms 89 56 33 – 11

PTCL, NOS 100 33 67 – –

ALCL 100 100 – – –

AITL 100 100 – – –

NK 50 – 50 – 50

Table 1 Clinical outcome in
patients with different hemato-
logical malignancies treated
with NPLD-containing regimens

OR overall response, CR
complete remission, PR partial
response, NR no response, ER
early relapse
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Nonhematologic toxicity

No gastrointestinal toxicity was observed. Of note, extrav-
asation of NPLD occurred in two patients, but resulted in
mild inflammation only, without major tissue damage.

Discussion

We show that NPLD-containing chemotherapy regimens
were effective in 20 patients with DLBCL, and our data
confirm two previous studies including 20 and 21 patients,
respectively. In addition, efficacy was also shown in T/NK
cell neoplasms. There are only two reports about the use of
pegylated liposomal doxorubicin in this entity. One report
mainly including patients with DLBCL showed only poor
outcome in a small subgroup with aggressive T cell
lymphoma [28, 39]. This study included younger patients
with a median age of 55 years. In another report, liposomal
doxorubicin was used as a part of an intensive treatment
regimen [35]. In this subgroup, a high OR rate has been
shown, possibly indicating higher efficacy of liposomal
doxorubicin in T/NK cell neoplasms. However, this data
still needs further follow-up. Such intensive multidrug
regimen may not be suitable for our patient cohort
including elderly patients, patients with a reduced general
condition, or patients with cardiac morbidity. Efficacy of
NPLD has not been reported as a part of a standard
chemotherapy regimen including elderly or frail patients,
until now. However, in our study, COMP has been effective
and safe in nine patients with NK/T cell neoplasms at a
median age of 74 years. This is a novel finding. Of note, in
three patients with PTCL, NOS, which represents a high-
risk group, a response to NPLD-containing treatment was
observed.

In our cohort, in patients with NK/T cell neoplasms, no
significant difference regarding overall survival compared
to patients with DLBCL was found (Fig. 1).

We analyzed the impact of dose reduction of therapy
with R-COMP and COMP on OR rates. In our study, there
was only little difference regarding OR rate in patients with
or without reduced dose (80% vs. 88% respectively). This
data showed that NPLD could also be effective with a
reduced dose. On the other hand, full-dose NPLD did not
promote a significantly higher toxicity, so that NPLD could
be used in full dose also in elderly patients or patients with
comorbidities. No difference was observed regarding
overall survival (Fig. 2).

Importantly, nonhematologic toxicity was mild in our
study. There was no gastrointestinal toxicity observed.

None of the patients had a cardiac event during or after
NPLD-containing regimen. Moreover, no significant cardi-
ac toxicity was observed in our patient cohort when using
BNP levels as a marker for cardiac dysfunction. We showed
BNP levels in six patients before and after therapy.

NPLD is known to be cardioprotective when compared
with doxorubicin. Echocardiography has been used to
determine cardiac function before treatment with NPLD
[29, 40]. BNP as marker for cardiac dysfunction could be
used for therapeutic monitoring [41–43]. However, BNP
levels can currently not be used instead of echocardiogra-
phy and the predictive value of BNP elevations remains
uncertain [44, 45]. Natriuretic peptides may be associated
with impairment of left ventricular diastolic filling in the
development of doxorubicin-induced cardiac dysfunction
[46]. We analyzed BNP levels before and after therapy. In
only one of our selected patients, a major increase of BNP
could be observed. However, the use of BNP as a follow-up
marker should be analyzed in larger patient cohorts
receiving NPLD-containing therapy.

Anthracycline-based therapy is also characterized by the
risk of extravasation with severe tissue necrosis [47].
Interestingly, in two patients, extravasation occurred and
resulted only in a mild inflammation. This is another
advantage of therapy with NPLD compared with doxorubicin.

Hematologic toxicity corresponded to that of conven-
tional anthracycline-containing regimens. However, the use
of G-CSF according to international guidelines is recom-
mended to avoid fatal infectious complications.
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Fig. 3 BNP levels measured before and after NPLD-containing
therapies in six patients. Median BNP levels were 407.7 pg/ml (range
62.9–2,098.0 pg/ml) before and 514.3 pg/ml (range 53.4–1,212.0 pg/ml)
after NPLD-containing therapy

Table 2 Hematological toxicity of NPLD-containing therapy

Hematological
toxicity
grade III–IV (%)

Hematological
toxicity
grade I–II (%)

DLBCL 82 12

T/NK cell neoplasms 56 33

Dose reduction 65 24

Without dose
reduction

79 14
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We conclude that NPLD is highly active in combination
chemotherapy for B cell lymphomas with low incidence of
cardiac toxicity in patients with pre-existing cardiac
disorders or higher age. Moreover, we herewith report high
efficacy in T/NK cell neoplasms representing a high-risk
population. This data warrants investigation in large clinical
trials. A randomized study evaluating cardiac effects of
substitution of conventional doxorubicin by NPLD in
combination chemotherapy (R-CHOP vs. R-COMP) is
currently being conducted by the Austrian Cooperative
Group on Cancer Drug Therapy (AGMT).

References

1. Armitage JO, Potter JF (1984) Aggressive chemotherapy for
diffuse histiocytic lymphoma in the elderly: increased complica-
tions with advancing age. J Am Geriatr Soc 32:269–273

2. Gomez H, Mas L, Casanova L et al (1998) Elderly patients with
aggressive non-Hodgkin's lymphoma treated with CHOP chemo-
therapy plus granulocyte-macrophage colony-stimulating factor:
identification of two age subgroups with differing hematologic
toxicity. J Clin Oncol 16:2352–2358

3. Peters FP, Lalisang RI, Fickers MM et al (2001) Treatment of
elderly patients with intermediate- and high-grade non-Hodgkin's
lymphoma: a retrospective population-based study. Ann Hematol
80:155–159

4. Salminen EK (1995) The outcome of > or =70-year-old non-
Hodgkin's lymphoma patients. Int J Radiat Oncol Biol Phys
32:349–353

5. Tirelli U, Zagonel V, Serraino D et al (1988) Non-Hodgkin's
lymphomas in 137 patients aged 70 years or older: a retrospective
European Organization for Research and Treatment of Cancer
Lymphoma Group study. J Clin Oncol 6:1708–1713

6. Grann VR, Hershman D, Jacobson JS et al (2006) Outcomes and
diffusion of doxorubicin-based chemotherapy among elderly patients
with aggressive non-Hodgkin lymphoma. Cancer 107:1530–1541

7. Kouroukis CT, Browman GP, Esmail R et al (2002) Chemother-
apy for older patients with newly diagnosed, advanced-stage,
aggressive-histology non-Hodgkin lymphoma: a systematic re-
view. Ann Intern Med 136:144–152

8. Martelli M, Guglielmi C, Coluzzi S et al (1993) P-VABEC: a
prospective study of a new weekly chemotherapy regimen for elderly
aggressive non-Hodgkin's lymphoma. J Clin Oncol 11:2362–2369

9. O'Reilly SE, Connors JM, Howdle S et al (1993) In search of an
optimal regimen for elderly patients with advanced-stage diffuse
large-cell lymphoma: results of a phase II study of P/DOCE
chemotherapy. J Clin Oncol 11:2250–2257

10. Sonneveld P, Michiels JJ (1990) Full dose chemotherapy in elderly
patients with non-Hodgkin's lymphoma: a feasibility study using a
mitoxantrone containing regimen. Br J Cancer 62:105–108

11. Tirelli U, Zagonel V, Sorio R et al (1994) Mitoxantrone in
combination with etoposide and prednimustine in patients older
than 70 years with unfavorable non-Hodgkin's lymphoma: a
prospective study in 52 patients. Semin Hematol 31:13–22

12. Zinzani PL, Gherlinzoni F, Storti S et al (2002) Randomized trial
of 8-week versus 12-week VNCOP-B plus G-CSF regimens as
front-line treatment in elderly aggressive non-Hodgkin's lympho-
ma patients. Ann Oncol 13:1364–1369

13. Zinzani PL, Storti S, Zaccaria A et al (1999) Elderly aggressive-
histology non-Hodgkin's lymphoma: first-line VNCOP-B regimen
experience on 350 patients. Blood 94:33–38

14. Singal PK, Iliskovic N (1998) Doxorubicin-induced cardiomyop-
athy. N Engl J Med 339:900–905

15. Von Hoff DD, Layard MW, Basa P et al (1979) Risk factors for
doxorubicin-induced congestive heart failure. Ann Intern Med
91:710–717

16. Hequet O, Le QH, Moullet I et al (2004) Subclinical late
cardiomyopathy after doxorubicin therapy for lymphoma in
adults. J Clin Oncol 22:1864–1871

17. Limat S, Demesmay K, Voillat L et al (2003) Early cardiotoxicity
of the CHOP regimen in aggressive non-Hodgkin's lymphoma.
Ann Oncol 14:277–281

18. Hershman DL, McBride RB, Eisenberger A et al (2008)
Doxorubicin, cardiac risk factors, and cardiac toxicity in elderly
patients with diffuse B-cell non-Hodgkin's lymphoma. J Clin
Oncol 26(19):3159–3165

19. Batist G, Barton J, Chaikin P et al (2002) Myocet (liposome-
encapsulated doxorubicin citrate): a new approach in breast cancer
therapy. Expert Opin Pharmacother 3(12):1739–1751

20. Chrischilles EA, Link BK, Scott SD et al (2003) Factors
associated with early termination of CHOP therapy and the
impact on survival among patients with chemosensitive
intermediate-grade non-Hodgkin's lymphoma. Cancer Control
10:396–403

21. Jensen BV, Skovsgaard T, Nielsen SL (2002) Functional moni-
toring of anthracycline cardiotoxicity: a prospective, blinded,
long-term observational study of outcome in 120 patients. Ann
Oncol 13(5):699–709

22. Hochster H, Liebes L, Wadler S et al (1992) Pharmacokinetics of
the cardioprotector ADR-529 (ICRF-187) in escalating doses
combined with fixed-dose doxorubicin. J Natl Cancer Inst 84
(22):1725–1730

23. Swain SM, Whaley FS, Gerber MC et al (1997) Delayed
administration of dexrazoxane provides cardioprotection for
patients with advanced breast cancer treated with doxorubicin-
containing therapy. J Clin Oncol 15:1333–1340

24. Magnus B, Tomas A, Anders A et al (2008) CNOP (mitoxantrone)
chemotherapy is inferior to CHOP (doxorubicin) in the treatment
of patients with aggressive non-Hodgkin lymphoma (meta-
analysis). Eur J Haematol 80(6):477–482

25. Nakamae H, Tsumura K, Terada Y et al (2005) Notable effects of
angiotensin II receptor blocker, valsartan, on acute cardiotoxic
changes after standard chemotherapy with cyclophosphamide,
doxorubicin, vincristine, and prednisolone. Cancer 104:2492–
2498

26. Zaja F, Tomadini V, Zaccaria A et al (2006) CHOP-rituximab with
pegylated liposomal doxorubicin for the treatment of elderly
patients with diffuse large B-cell lymphoma. Leuk Lymphoma
47:2174–2180

27. Tsavaris N, Kosmas C, Vadiaka M et al (2002) Pegylated
liposomal doxorubicin in the CHOP regimen for older patients
with aggressive (stages III/IV) non-Hodgkin's lymphoma. Anti-
cancer Res 22:1845–1848

28. Visani G, Isidori A (2009) Nonpegylated liposomal doxorubicin
in the treatment of B-cell non-Hodgkins lymphoma: where we
stand. Expert Rev Anticancer Ther 9(3):357–363

29. Rigacci L, Mappa S, Nassi L et al (2007) Liposome-encapsulated
doxorubicin in combination with cyclophosphamide, vincristine,
prednisone and rituximab in patients with lymphoma and
concurrent cardiac diseases or pre-treated with anthracyclines.
Hematol Oncol 25:198–203

30. Visani G, Ferrara F, Alesiani F et al (2008) R-COMP 21 for frail
elderly patients with aggressive B-cell non-Hodgkin lymphom a: a
pilot study. Leuk Lymphoma 49(6):1081–1086

31. de Leval L, Gaulard P (2008) Pathobiology and molecular
profiling of peripheral T-cell lymphomas. Hematology Am Soc
Hematol Educ Program 2008:272–279

168 Ann Hematol (2010) 89:163–169



32. Savage K (2008) Prognosis and primary therapy in peripheral T-
cell lymphomas. Hematology Am Soc Hematol Educ Program
2008:280–288

33. Schützinger C, Esterbauer H, Hron G et al (2008) Prognostic
value of T-cell receptor γ rearrangement in peripheral blood or
bone marrow of patients with peripheral T-cell lymphomas. Leuk
Lymphoma 49(2):237–246

34. Armitage J, Vose J, Weisenburger D et al (2008) International
Peripheral T-Cell and Natural Killer/T-Cell Lymphoma Study:
pathophysiology findings and clinical outcomes. J Clin Oncol 26
(25):4124–4130

35. Horwitz S (2008) Novel therapies and role of transplant in the
treatment of peripheral T-cell lymphomas. Hematology Am Soc
Hematol Educ Program 2008:289–296

36. Pro B, Fayad L, Romaguera J et al (2007) Preliminary results of a
phase II study of HCVlDDoxil alternated with methotrexate-
cytarabine in patients with newly diagnosed T-cell lymphoma.
Blood 110 (abstract #3456)

37. Swerdlow SH, Campo E, Harris NL et al (2008) WHO
classification of tumours of haematopoietic and lymphoid tissues,
4th edn. International Agency for Research on Cancer, Lyon

38. Cheson BD (2008) New response criteria for lymphomas in
clinical trials. Ann Oncol 19(4):35–38

39. Tulpule A, Espina BM, Berman N et al (2006) Phase I/II trial of
nonpegylated liposomal doxorubicin, cyclophosphamide, vincris-
tine, and prednisone in the treatment of newly diagnosed

aggressive non-Hodgkin's lymphoma. Clin Lymphoma Myeloma
7(1):59–64

40. Cortes J, DiCosimo S, Climent MA et al (2009) Nonpegylated
liposomal doxorubicin (TLC-D99), paclitaxel, and trastuzumab in
HER-2-overexpressing breast cancer: a multicenter phase I/II
study. Clin Cancer Res 15(1):307–314

41. Weber M, Hamm C (2006) Role of B-type natriuretic peptide
(BNP) and NT-proBNP in clinical routine. Heart 92(6):843–849

42. Doust JA, Glasziou PP, Pietrzak E et al (2004) Systematic review
of the diagnostic accuracy of natriuretic peptides for heart failure.
Arch Intern Med 164:1978–1984

43. Perik PJ, De Vries EG, Boomsma F et al (2005) Use of natriuretic
peptides for detecting cardiac dysfunction in long-term disease-
free breast cancer survivors. Anticancer Res 25(5):3651–3657

44. Daugaard G, Lassen U, Bie P et al (2005) Natriuretic peptides in
the monitoring of anthracycline induced reduction in left
ventricular ejection fraction. Eur J Heart Fail 7(5):940–941

45. Meinardi MT, Van Veldhuisen DJ, Gietema JA et al (2001)
Prospective evaluation of early cardiac damage induced by
epirubicin-containing adjuvant chemotherapy and locoregional
radiotherapy in breast cancer patients. J Clin Oncol 19:2746–2753

46. Nousiainen T, Vanninen E, Jantunen E et al (2002) Natriuretic
peptides during the development of doxorubicin-induced left
ventricular diastolic dysfunction. J Intern Med 251(3):228–234

47. Rudolph R, Stein SR, Patillo RA (1976) Skin ulcers due to
adriamycin. Cancer 38:1087–1094

Ann Hematol (2010) 89:163–169 169


	Nonpegylated...
	Abstract
	Introduction
	Patients and methods
	Patients
	Therapy
	Statistical analysis

	Results
	Efficacy in diffuse large B cell lymphoma
	Efficacy in T/NK cell neoplasm
	Efficacy in other hematological malignancies
	Efficacy and dose reduction
	Cardiac toxicity
	Hematologic toxicity
	Nonhematologic toxicity

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


