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Abstract

Doxorubicin is the most effective single agent in the treatment of non-Hodgkin's lym-

phoma (NHL). Its use is limited because of the cardiac toxicity primarily in elderly

patients (pts) and in pts with history of cardiac disease. Liposomal doxorubicin has

been proven to reduce cardiotoxicity. The aim of this retrospective study was the use

of nonpeghylated liposomal doxorubicin (NPLD) in term of efficacy, response rate

and incidence of cardiac events. We retrospectively collected the experience of

33 Hematological Italian Centers in using NPLD. Nine hundred and forty-six consecu-

tive pts treated with R-COMP (doxorubicin was substituted with NPLD, Myocet)

were collected. Median age was 74 years, the reasons for use of NPLD were: age

(466 pts), cardiac disease (298 pts), uncontrolled hypertension (126 pts), other rea-

sons (56 pts). According to clinicians' evaluation, 49.9% of pts would not have used

standard doxorubicin for different situations (age, cardiomyopathy, previous use of

doxorubicin, and uncontrolled hypertension). Overall 687 pts (72.6%) obtained a

complete remission (CR). About 5% (n = 51) of subjects developed major cardiotoxic

events including heart failure (N = 31), ischemic heart disease (N = 16), acute heart

attack (N = 3), and acute pulmonary oedema (N = 1). After a median follow-up of

32 months, 651 pts were alive and the overall survival (OS) was 72%. After a median

observation period of 23 months disease free survival (DFS) was 58%. Either in uni-

variate or in multivariate analysis OS and DFS were not significantly affected by age

or cardiac disease. Our findings strongly support that including R-COMP is effective

and safe when the population is at high risk of cardiac events and negatively selected.

Moreover, the use of this NPLD permitted that about half of our population had the

opportunity to receive the best available treatment.

K E YWORD S

advanced age, cardiopathy, cardiotoxicity, chemotherapy, liposomal doxorubicin, lymphoma

1 | INTRODUCTION

Anthracyclines play a key role in the treatment of lymphoproliferative

disorders and its introduction since 19701 in CHOP regimen led to

very important results in the cure of lymphomas. Particularly in diffuse

large B cell lymphoma (DLBCL) CHOP regimen has confirmed its

superiority over many other schemes used.2 The combination of

monoclonal anti-CD20 antibody (rituximab) with CHOP has signifi-

cantly improved the efficacy of the regimen and R-CHOP is nowadays

the standard therapy for DLBCL.3 Unfortunately, anthracyclines are

associated with cardiotoxicity, mainly congestive heart failure (CHF),

that can occur during treatment (acute toxicity) or several years after

treatment.4 Anthracycline toxicity is dose dependent and a cumulative

dose of doxorubicin of 550 mg/m2 is associated with 30% risk of car-

diovascular disease but CHF or other cardiotoxicities are now known

to occur at a lower cumulative dose of 200 mg/m2. Using treatment

without anthracyclines to mitigate the cardiovascular risk is associated

to a poorer disease control and worse survival5 suggesting that it is

not possible to propose a first line therapy without anthracyclines

when the objective of the treatment is cure. Different approaches

were used to avoid the cardiotoxic risk such as limiting anthracyclines

dosage but this procedure could be reasonable in very elderly patients

to reduce the whole toxicity6,7 whereas is often associated with a

worse outcome in younger population. Drugs as for example

dexrazoxane, have been demonstrated their protective effect in pedi-

atric but not in adult population.8-10 The use of lyposomal non

peghilated anthracyclines (Myocet) firstly used in the treatment of

patients affected by breast cancer showed in clinical studies a reduc-

tion of cardiotoxicity.11,12 This drug was subsequently used in the

treatment of aggressive lymphoma substituting hydroxydaunorubicin

in the CHOP schema (called COMP). Several studies in Hematology

setting confirmed in high risk and highly selected population the effi-

cacy and particularly the safety of the COMP Scheme.13-18 Due to a

large territorial experience in Italy with this drug, thanks to the possi-

bility to use it according to Italian law 648/96, we retrospectively col-

lected clinical information from a large number of Hematological

Italian Centers with the aim to evaluate the effectiveness and safety

of this regimen in collaboration with the Fondazione Italiana Linfomi.
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2 | PATIENTS AND METHODS

According to Italian law 648/96 and starting from 2008 in Italy liposo-

mal nonpeghilated anthracyclines could be used in elderly patients

(over 65 years) or in cardiopathic patients. Then we had the opportu-

nity to collect a large amount of data from several Hematological Ital-

ian Centers, including patients treated with this type of anthracycline

within the classical regimen R-CHOP.

Data were collected in a centralized data set from medical records

of the single Institutions collecting: some essential clinical characteris-

tics, response to therapy, overall survival and event free survival, car-

diologic events observed during therapy and during the first 2 years of

follow-up. Moreover, we wanted to register why patients were treated

with liposomal anthracycline, to know if the clinicians should have used

standard anthracycline or they have declined the use of anthracycline.

The primary end point was the number of cardiologic complica-

tions. Secondary end points were response to therapy, overall sur-

vival, disease free survival, and event free survival.

2.1 | Efficacy and safety response

Although a group of patients was evaluated with FDG-PET,

responses to therapy (complete response: CR; partial response:

PR; progressive disease: PD; non responders: NR) were defined

according to 1999 Cheson et al criteria.19 Overall response rate

(ORR) was calculated as the sum of complete and partial response

rate. Disease-free survival (DFS) was measured from the end of

the therapy to relapse or last contact, and the curves were deter-

mined using only patients in CR after induction therapy. Overall

survival (OS) was dated from the disease onset to last contact.

Event-free survival (EFS) was assessed for major cardiac events

(heart failure, ischemic heart disease, acute heart attack, and

acute pulmonary oedema) and was dated from the end of the

therapy. If a cardiac event was observed during therapy, the

treatment was stopped and the time point registered as the end

of therapy date.

Safety response and all cardiac events were defined according to

the National Cancer Institute's Common Toxicity Criteria.20

2.2 | Statistical analysis

Descriptive statistics was used to summarize continuous and categori-

cal variables.

The Kaplan-Meier method was used to estimate EFS, DFS, and

OS. The log rank test was used to compare the survival curves of groups

that were defined according to different prognostic factors. A competing

risk analysis was carried out with death from cardiotoxicity as the primary

event of interest and death from all other causes as competing event.

Cox regression models were used to investigate the predictors of

mortality from all causes and the predictors of relapse. The predictive and

confounders factors included both demographics (gender, age) and clinical

characteristics (IPI class, symptoms (yes/no), year of diagnosis, previous

cardiac disease (yes/no), LVEF (normal/abnormal), number of R-COMP

cycles (≤3/>3), RT (yes/no), concomitant therapies as cardiotoxic or cardi-

oprotective drugs (yes/no). Stratification was applied in the Cox regres-

sion model when the proportional hazard assumption was violated.

The association of CR and PR with demographic and clinical

patients' characteristics was assessed by performing a multinomial

logistic regression since the proportional odds assumption underlying

the ordinal logistic model was violated.

A P-value <.05 was considered as statistically significant. All sta-

tistical analyses were performed using the R 3.6.0 for Windows.21

3 | RESULTS

3.1 | Characteristics of the study population

Data from 946 patients treated from 1999 and 2015 with R-COMP

were collected from 33 Italian Hematological Centers. The median

number of cases per year per Center was 5 (range 2-21) and the

median period of accrual was 4 years (range 2-8). We also evaluated

the number of patients accrued and the period of accrual for each

Center and all Centers but three were within the global median.

Demographic and clinical characteristics of the study population are

listed in Table 1. Most subjects had diffuse large cell lymphoma

(DLBCL), 11 follicular lymphoma, 23 indolent lymphoma other than

follicular, 15 mantle cell lymphoma, and 5 T-cell lymphoma. The stage

IV was the most represented. Based on IPI classification, more than

half of the patients were at intermediate risk. Median LVEF at diagno-

sis was 60 (range 20-82) for the whole group, and 58 (range 25-80)

for patients with history of cardiac diseases. Median follow-up from

the diagnosis was 42 months (range 1-187).

Reasons for treatment with nonpegylated liposomal doxorubicin

(NPLD) were older age (49.2%, N = 466), pre-existing cardiac comor-

bidity (31.5%, N = 298), uncontrolled hypertension (13.3%, N = 126),

previous anthracycline therapy (2%, N = 19) and severe arrhythmia

(2%, N = 19), other causes not specified (2%, N = 18).

Moreover, clinicians were asked whether they would have pre-

scribed anthracycline also in the case of no availability of liposomal

formulation. This question should provide a measure of the physicians'

confidence in administering standard therapy in these selected

patients. According to the physicians' answers about half of the

patients (474:50.1%) were potentially considered for a standard ther-

apy and the other patients were not considered for the use of anthra-

cycline and clinicians would have provided alternative treatment or

reduction of the anthracycline dose (49.9%).

3.2 | Cardiac toxicity

About 5% (n = 51) of subjects developed major cardiotoxic events

including heart failure (60.7%, N = 31), ischemic heart disease (31.3%,

N = 16), acute heart attack (5.8%, N = 3), and acute pulmonary

480 RIGACCI ET AL.
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oedema (2.2%, N = 1): 9 before the end of the therapy, 22 within a

year from the end of the therapy and 18 after a year from the end of

the therapy. The time of two cardiotoxic events was unknown.

Among subjects that would have received standard

anthracycline-based therapy also in the case of no available liposomal

formulation, the distribution of the cardiotoxic events was as follow:

10 heart failures, 3 ischemic heart diseases, 1 acute heart attack with

no significance differences between the two groups (P = .704).

The overall probability of not experiencing a cardiotoxic event

after 5 years was 92.6% [95% CI, 90.3%-94.9%]. Age greater than

75 years (n = 466) did not affect the probability of event-free condi-

tion (χ2 = 0, P = .800; Figure 1).

3.3 | Survival and causes of death

A total of 347 (36.7%) patients died from all causes including progres-

sion of lymphoma (58.8%, N = 204), cardiotoxic (5.2%, N = 18) and

not cardiotoxic (11.5%, N = 40) adverse events, unknown causes

(17.3%, N = 60), or second neoplasia (7.2%, N = 25).

Considering only DLBCL the estimated 3- and 5-years OS were

70.0% [95%CI: 67.0%-73.2%] and 62.1% [95%CI: 58.6%-65.7%],

respectively (Figure 2). The estimated 3- and 5-years lymphoma-

specific survival (cause-specific survival) were 80.4% [77.7%-83.2%]

and 75.8% [72.7%-79.1%], respectively (Figure 3).

We did not observe any difference in OS between patients that

received R-COMP therapy because of age and patients that received

TABLE 1 Demographic and clinical characteristics of the study
population

Variable All patients

Demographics

Age, y (median) 74 (range 26-92)

Gender %F (N) 47.7 (442/926)

Clinical features

Histology, %DLBCL (N) 94.3 (892/946)

Stage, % (N)

I 12.2 (115/942)

II 20.1 (189/942)

III 21.6 (203/942)

IV 46.2 (435/942)

Symptoms, %yes (N) 19.1 (174/913)

IPI, % (N)

Low (0-1) 20.2 (185/917)

Intermediate (2-3) 62.6 (574/917)

High (4-5) 17.2 (158/917)

LVEF ≥50, % (N) 86.6 (722/834)

Previous cardiac disease 32.3 (306/946)

Treatment

R-COMP cycles >3, % (N) 89.7 (849/946)

Radiotherapy, %yes (N) 18.9 (179/946)

Concomitant therapy

Cardioprotective drugs only, % (N) 22.1 (209/946)

Cardiotoxic drugs only, % (N) 1.8 (17/945)

Both 0.2 (2/945)

Previous anthracycline chemotherapy 2.0 (19/946)

Abbreviations: DLBCL, diffuse large B cell lymphoma; IPI, international

prognostic index; LVEF, left ventricular ejection fraction.

F IGURE 1 Event-free survival curves stratified by age in patients
older (solid line) or younger (dotted line) than 75 years

F IGURE 2 Overall survival of non-Hodgkin lymphoma patients
treated with RCOMP therapy. Dotted lines represent 95% confidence
interval of Kaplan-Meier curve

RIGACCI ET AL. 481
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the same therapy because of other causes (χ2 = 0.0, P = .900). We did

not observe any difference in OS either between patients with abnor-

mal and normal LVEF (χ2 = 2.9, P = .09) nor between patients with

and without a previous cardiopathy (χ2 = 1.1, P = .300). Subjects that

according to physicians' opinion would have received standard

anthracycline-based therapy also in the case of no available liposomal

formulation had both a higher overall and lymphoma-specific survival

probability than subjects that would not have received it (χ2 = 20.7,

P < .0001 and χ2 = 11.0, P < .0001, respectively; Figure 4A,B).

On the whole, survival was negatively influenced by adverse IPI

(high and intermediate vs low IPI: HR [95%CI], 4.0 [2.5-6.2] and 2.5

[1.6-3.7], respectively; P < .0001). However, an adequate number of

R-COMP cycles positively affected the survival probability also in

intermediate/high IPI class of patients as shown in Table 2.

Among the 17 patients that died because of cardiac events,

14 were the above-mentioned subjects that experienced a cardiac

event during the observation period. The chance of dying from all

other causes was significantly higher in subjects older than 75 years

(P < .0001) whereas no difference was seen for lethal cardiac events

between the two age groups (P = .431; Figure 5).

3.4 | Response to therapy

Overall 5083 cycles were infused: 684 patients (72.3%) received 6 or

more cycles (max. 8), 165 (17.4%) received 4 or 5 cycles and

97 patients (10.2%) less or equal to 3 cycles.

ORR was attained in 85.2% (806) of subjects with CR in 72.6%

(N = 687) and PR in 12.6% (119), respectively, whereas a few patients

did not respond to therapy (about 14% = 134) or were withdrawn

because of premature death (0.6% = 6). Responses in the 306 patients

with previous cardiopathy were CR 73.5% (N = 225), PR 10.1%

(N = 31) and PD 16.3% (N = 50). Complete remission rate was supe-

rior at the limit of significance (P = .01) for patients who would have

been able to use standard doxorubicin (76%) vs patients who would

not have used doxorubicin (69%).

F IGURE 3 Cause-specific survival (lymphoma-specific survival) of
non-Hodgkin lymphoma patients under R-COMP regimen. Dotted
lines represent 95% confidence interval of Kaplan-Meier

F IGURE 4 Overall (A) and cause-specific (lymphoma-specific) (B) survival probability stratified by clinician's opinion over the favourable (pos
answer) or unfavourable (neg answer) administration of standard anthracycline-based therapy in case of no available liposomal formulation

482 RIGACCI ET AL.
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As expected, adverse prognosis negatively affected both PR

(intermediate IPI odds ratio (OR): 2.7 [95% CI 2.0-3.7], P < .0001; high

IPI OR: 2.6 [95% CI 2.1-3.3], P < .0001) and NR (intermediate IPI OR:

5.6 [95% CI 4.3-7.2]; high IPI OR: 16.4 [95% CI 13.0-20.8), P < .0001]

whereas symptoms and consumption of cardioprotective drugs signifi-

cantly changed only the likelihood of NR (OR [95% CI]: 1.8 [1.1-2.9],

P = .019; 0.5 [0.3-0.9], P = .020, respectively).

During follow-up, 19.4% (N = 133) of the patients that successfully

responded to R-COMP regimen relapsed. The disease-free survival prob-

ability after 5 years of observation was 76.8% (95% CI: 73.0%-80.7%)

(Figure 6). The chance of relapse was comparable between patients with

abnormal and normal LVEF (χ2 = 1.3, P = .300) at diagnosis.

When compared to patients with better prognosis, patients with

high IPI showed 2.9 (95%CI: 1.5-5.5, P = .002) greater risk of relapse

while patients with intermediate IPI showed an increased but not statis-

tically significant risk of relapse (HR = 1.6 [95% CI: 1.0-2.8], P = .074).

4 | DISCUSSION

The CHOP scheme was ideated in 1972 and continues nowadays to

be considered the standard treatment for DLBCL. Different attempts

have been made over the years to improve the results of CHOP regi-

men22-26 but the only real improvement in CHOP results was the

introduction of a monoclonal anti-CD20 antibody, rituximab, in com-

bination. The study by Coiffier et al27 for the first time after several

years showed a 20% improvement in OS. The exceptional effective-

ness of the scheme is unfortunately burdened by a risk, contained

but present, of cardiotoxicity due to the presence of anthracycline.

Heart failure induced by anthracyclines is unfortunately

unpredictable, but it is well-known that the accumulation of the drug

induces a left ventricular dysfunction particularly over a cumulative

dose of 450 mg. Other risk factors include young age at diagnosis,

female sex, chest radiation, and presence of cardiovascular risk fac-

tors (diabetes, hypertension, dyslipidemia, obesity, and smoking). In a

recent large study on 2440 patients28 treated with anthracyclines

the cumulative 5-year risk of cardiac heart failure (CHF) with all-

cause mortality as competing risk was 4.6% after 3 to 5 cycles of R-

CHOP, 4.5% after 6 and 7.9% after more than 6 cycles. Cumulative

5-year risk for patients treated without anthracyclines was 0.8%.

Moreover, using anthracyclines in first line lymphoma therapy

increases the risk of CHF in patients without a previous history of

heart disease.

In a large retrospective study by Maraldo et al,29 1238 first car-

diovascular events were recorded in 703 patients. The factors

resulting in significant predictors of cardiovascular disease were the

mean heart radiation dose per 1 Gy increase (HR 1.015 [95% CI

1.006-1.024] P:.0014) and the dose of anthracyclines per 50 mg/m2

increase in cumulative dose (HR 1.077 [95% CI 1.021-1.137] P:

.0064). An interpatient variability in risk of anthracyclines induced

CHF confirms a genetic association as reported in several studies.30-34

As reported in the literature the risk of cardiotoxicity is significant in

patients without risk factors therefore patients with signs of cardiac

failure are preventively excluded from treatment with R-CHOP. The

TABLE 2 Five-year estimation of survival probability stratified by
IPI score and number of total R-COMP cycles

Number of R-COMP cycles

5-year survival probability,
% [95% CI] ≤3 >3

Low IPI 68.4% [50.4%-

92.9%]

80.7% [73.8%-

88.3%]

Intermediate IPI 24.5% [12.0%-

50.0%]

64.9% [60.3%-

69.9%]

High IPI NA 50.0% [41.4%-

60.3%]

Abbreviations: CI, confidence intervals; IPI, international prognostic index;

NA, not available.

F IGURE 5 Competing risk analysis of death from cardiac events
and all other causes

F IGURE 6 Estimated probability of not experience relapse
(disease-free survival). Dotted lines represent 95% confidence
intervals of Kaplan-Meier curve
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attempt to use anthracyclines free regimen has not led to expected

results.35,36

For these reasons there is a strong desire to consider alternative

strategies if anthracyclines cannot be avoided: (a) less cardiotoxic ana-

logs for example in adults liposomal-encapsulated doxorubicin,

(b) longer anthracyclines infusion duration for example an infusion of

at least 6 hours has been shown to be cardioprotective,37 (c) cardi-

oprotective agents like dexrazoxane, and (d) reduction of anthra-

cycline dosage, as in mini-CHOP regimen.38

Dexrazoxane is the only one drug approved in US as cardi-

oprotective agent39,40 but its use is limited to a small percentage of

patients due to an unjustified concern that this drug may interfere

with antitumor activity and increase the risk of second neo-

plasms.41-43 The liposomal formulation showed in large randomized

controlled trials and meta-analysis on metastatic breast cancer a

reduction of the cardiotoxic risk, observed with conventional

anthracyclines without affecting antitumor activity.44-46

The safe cardiologic profile of liposomal anthracyclines was well-

documented by studies in which this drug was administered in

selected patients at very high risk of cardiotoxicity (advanced age,

anthracyclines pretreatment, and concomitant cordiotoxic drug).47-50

The aim of our study was to evaluate in a multicentric and real-

life clinical setting the impact of NPLD, as replacement for conven-

tional doxorubicin in R-CHOP regimen, on efficacy and safety within

high or very high-risk population suffering from lymphoma. The main

reason for using NPLD was age; that is why the median age was quite

high (74 years) with a substantial part of the population over 79 years

(83 patients: 9%). One third of the patients were treated with NPLD

because of an history of cardiopathy except uncontrolled hyperten-

sion observed in 13% of patients. The population we studied is

strongly negatively selected and according to the clinicians' declara-

tion about half of the patients would not have been treated with

doxorubicin implying the risk of undertreatment.51

The incidence of cardiac complications was 5.3% in the whole

analyzed population, heart failure was the most frequent toxic effect

and was reported in 31 patients (3.2%), according to literature where

the incidence of heart failure in patients treated with standard doxo-

rubicin was roughly 2% to 3%.52-54

Therefore, despite a high risk selected population the incidence

of cardiac toxicity was mild and superimposable with those reported

in populations treated with standard doxorubicin. The NPLD can be

used in cardiopathic patients without increasing the cardiac toxicity,

meaning that we can treat more patients with the best treatment

available. It is very interesting to observe that physicians should not

have used standard doxorubicin in about half of the referred patients;

the bad prognosis of this group of patients was confirmed by the fact

that although they were treated with an optimal regimen they

achieved worse results than patients treated with standard

anthracyclines. However, the use of NPLD permits us to treat patients

that, with high probability, would have been treated with alternative

schemes, certainly less effective than R-CHOP particularly in DLBCL.

At the same time, we have treated a group of patients considered

potentially available for standard doxorubicin obtaining very high

complete remission rate confirming that the use of NPLD did not

reduce the efficacy of the treatment. The first objective of the study

was to confirm the safety, particularly cardiac, of this NPLD even in a

group of patients with high-risk situations due to age and/or pre-

existing cardiopathy. We observed 73% of complete remission that is

completely superimposable with the results reported in other studies

using R-CHOP particularly if we consider the high median age of the

population treated as reported in the randomized phase III study by

Fridrik et al.17 The overall survival after a median observation of

34 months (range 1-187 month) was 70% (95% C.I.: 67.4-73.4%) and

the DFS after a median observation of 24 months was 76% (95% C.I.:

74-80.7%).

In conclusion, using this liposomal formulation on a high or very

high-risk population, the incidence of cardiotoxicity was absolutely

comparable with the events historically reported using standard doxo-

rubicin. The use of NPLD that significantly reduces the accumulation

and consequently the toxic effect of doxorubicin on myocites permits

to use the standard treatment in a large proportion of the population

and the more patients we can treat adequately the more patients we

can cure. Our study confirms also the effectiveness in term of complete

remission rate of the COMP regimen. Finally we must consider the pos-

sible bias of selection due to the retrospective nature of the study and

for this reason our conclusions should be cautious but we are confident

that either the evaluation performed by a single center or the large

number of patients recruited can mitigate this potential bias.

CONFLICT OF INTEREST

The authors have no competing interest.

ORCID

Luigi Rigacci https://orcid.org/0000-0002-9320-9334

Ombretta Annibali https://orcid.org/0000-0002-3095-5313

Pier Luigi Zinzani https://orcid.org/0000-0002-2112-2651

REFERENCES

1. EM MK, Gottlieb JA, Wilson HE, et al. Moon. Cancer. 1976;38(4):

1484-1493.

2. Fisher RI, Gaynor ER, Dahlberg S, et al. Comparison of a standard reg-

imen (CHOP) with three intensive chemotherapy regimens for

advanced non-Hodgkin's lymphoma. N Engl J Med. 1993;328(14):

1002-1006.

3. Coiffier B, Haioun C, Ketterer N, et al. Rituximab (anti-CD20 mono-

clonal antibody) for the treatment of patients with relapsing or refrac-

tory aggressive lymphoma: a multicenter phase II study. Blood. 1998

Sep 15;92(6):1927-1932.

4. Singal PK, Iliskovic NN. Doxorubicin-induced cardiomyopathy. Engl J

Med. 1998;339(13):900-905.

5. Grann VR, Hershman D, Jacobson JS, et al. Outcomes and diffusion

of doxorubicin-based chemotherapy among elderly patients with

aggressive non-Hodgkin lymphoma. Cancer. 2006;107(7):1530-

1541.

6. Pettengell R, Schwenkglenks M, Bosly A. Association of reduced rela-

tive dose intensity and survival in lymphoma patients receiving

CHOP-21 chemotherapy. Ann Hematol. 2008;87(5):429-430.

7. Baudry E, Huguet S, Couderc AL, et al. Cyclophosphamide dose adjust-

ment based on body weight and albuminemia in elderly patients treated

with R-mini-CHOP. Cancer Chemother Pharmacol. 2019;83(4):775-785.

484 RIGACCI ET AL.

 10991069, 2020, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hon.2764 by U

niversity M
odena, W

iley O
nline L

ibrary on [01/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-9320-9334
https://orcid.org/0000-0002-9320-9334
https://orcid.org/0000-0002-3095-5313
https://orcid.org/0000-0002-3095-5313
https://orcid.org/0000-0002-2112-2651
https://orcid.org/0000-0002-2112-2651


8. Lipshultz SE, Rifai N, Dalton VM, et al. The effect of dexrazoxane on

myocardial injury in doxorubicin-treated children with acute lympho-

blastic leukemia. N Engl J Med. 2004;351(2):145-153.

9. Barry EV, Vrooman LM, Dahlberg SE, et al. Absence of secondary

malignant neoplasms in children with high-risk acute lymphoblastic

leukemia treated with dexrazoxane. J Clin Oncol. 2008;26(7):1106-

1111.

10. Lipshultz SE, Scully RE, Lipsitz SR, et al. Assessment of dexrazoxane

as a cardioprotectant in doxorubicin-treated children with high-risk

acute lymphoblastic leukaemia: long-term follow-up of a prospective,

randomised, multicentre trial. Lancet Oncol. 2010;11(10):950-961.

11. Schmid P, Krocker J, Jehn C, et al. Primary chemotherapy with

gemcitabine as prolonged infusion, non-pegylated

liposomaldoxorubicin and docetaxel in patients with early breast can-

cer: final results of a phase II trial. Ann Oncol. 2005 Oct;16(10):1624-

1631.

12. Coltelli L, Fontana A, Lucchesi S, et al. Cardiac safety of adjuvant non-

pegylated liposomal doxorubicin combined with cyclophosphamide

and followed by paclitaxel in older breast cancer patients. Allegrini G

Breast. 2017;31:186-191.

13. Rigacci L, Mappa S, Nassi L, et al. 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. 2007;25(4):

198-203.

14. Visani G, Ferrara F, Alesiani F, et al. R-COMP 21 for frail elderly

patients with aggressive B-cell non-Hodgkin lymphoma: a pilot study.

Leuk Lymphoma. 2008;49(6):1081-1086.

15. Luminari S, Montanini A, Caballero D, et al. Nonpegylated liposomal

doxorubicin (MyocetTM) combination (R-COMP) chemotherapy in

elderly patients with diffuse large B-cell lymphoma (DLBCL): results

from the phase II EUR018 trial. Ann Oncol. 2010;21(7):1492-1499.

16. Corazzelli G, Frigeri F, Arcamone M, et al. Biweekly rituximab, cyclo-

phosphamide, vincristine, non-pegylated liposome-encapsulated

doxorubicin and prednisone (R-COMP-14) in elderly patients with

poor-risk diffuse large B-cell lymphoma and moderate to high ‘life
threat’ impact cardiopathy. Br J Haematol. 2011 Sep;154(5):579-589.

17. Fridrik MA, Jaeger U, Petzer A, et al. Cardiotoxicity with rituximab,

cyclophosphamide, non-pegylated liposomal doxorubicin, vincristine

and prednisolone compared to rituximab, cyclophosphamide, doxoru-

bicin, vincristine, and prednisolone in frontline treatment of patients

with diffuse large B-cell lymphoma: a randomised phase-III study from

the Austrian Cancer drug therapy working group.

[Arbeitsgemeinschaft Medikamentöse Tumortherapie AGMT](NHL-

14). Eur J Cancer. 2016;58:112-121.

18. Annibali O, Chiodi F, Cenfra N, et al. ‘Real life’ experience in a ‘diffi-
cult to treat’ patient population of non-Hodgkin lymphomas using the

R-COMP regimen. Avvisati G Leuk Lymphoma. 2016;57(12):2919-

2922.

19. Cheson BD, Horning SJ, Coiffier B, et al. Report of an international

workshop to standardize response criteria for non-Hodgkin's lympho-

mas. NCI sponsored international working group. J Clin Oncol. 1999;

17(4):1244 Review.

20. Common Terminology Criteria for Adverse Events (CTCAE) Version

4.0 Published: May 28, 2009 (v4.03: June 14, 2010)

21. R Core Team. R: A Language and Environment for Statistical Computing.

Vienna, Austria: R Foundation for Statistical Computing; 2019.

22. Rodriguez V, Cabanillas F, Burgess MA, et al. Combination chemo-

therapy ("CHOP-Bleo") in advanced (non-Hodgkin) malignant lym-

phoma. J Blood. 1977;49(3):325-333.

23. Klimo P, Connors JM. MACOP-B chemotherapy for the treatment of

diffuse large-cell lymphoma. Ann Intern Med. 1985 May;102(5):

596-602.

24. Miller TP, Dahlberg S, Weick JK, et al. Unfavorable histologies of

non-Hodgkin's lymphoma treated with ProMACE-CytaBOM: a

groupwide Southwest Oncology Group study. J Clin Oncol. 1990 Dec;

8(12):1951-1958.

25. Skarin AT, Canellos GP, Rosenthal DS, et al. Improved prognosis of

diffuse histiocytic and undifferentiated lymphoma by use of high dose

methotrexate alternating with standard agents (M-BACOD). J Clin

Oncol. 1983 Feb;1(2):91-98.

26. Fisher RI, Young RC, Longo D, VT DV. ProMACE-MOPP combination

chemotherapy for diffuse lymphomas. Semin Oncol. 1985 Mar;12(1

Suppl 2):29-32.

27. Feugier P, Van Hoof A, Sebban C, et al. Long-term results of the R-

CHOP study in the treatment of elderly patients with diffuse large B-

cell lymphoma: a study by the Groupe d'Etude des Lymphomes de

l'Adulte. J Clin Oncol. 2005;23(18):4117-4126.

28. Baech J, Hansen SM, Lund PE, et al. Cumulative anthracycline expo-

sure and risk of cardiotoxicity; a Danish nationwide cohort study of

2440 lymphoma patients treated with or without anthracyclines. Br J

Haematol. 2018;183(5):717-726.

29. Maraldo MV, Giusti F, Vogelius IR, et al. Cardiovascular disease after

treatment for Hodgkin's lymphoma: an analysis of nine collaborative

EORTC-LYSA trials. Lancet Haematol. 2015 Nov;2(11):492-502.

30. Armenian SH, Ding Y, Mills G, et al. Genetic susceptibility to anthra-

cycline related congestive heart failure in survivors of haematopoietic

cell transplantation. Br J Haematol. 2013;163:205-213.

31. Jensen BC, HL ML. Pharmacogenomics as a risk mitigation strategy

for chemotherapeutic cardiotoxicity. Pharmacogenomics. 2013;14:

205-213.

32. Aminkeng F, Bhavsar AP, Visscher H, et al. Canadian pharmaco-

genomics network for drug safety consortium. A coding variant in

RARG confers susceptibility to anthracycline-induced cardiotoxicity

in childhood cancer. Nat Genet. 2015;47:1079-1084.

33. Visscher H, Rassekh SR, Sandor GS, et al. Genetic variants in

SLC22A17 and SLC22A7 are associated with anthracycline

induced cardiotoxicity in children. Pharmacogenomics. 2015;16:

1065-1076.

34. Leong SL, Chaiyakunapruk N, Lee SW. Candidate gene association

studies of anthracycline-induced cardiotoxicity: a systematic review

and meta-analysis. Sci Rep. 2017;7:39.

35. REI P, Peroja P, Jantunen E, Turpeenniemi-Hujanen T, Kuittinen O.

Treatment of diffuse large B-cell lymphoma in elderly patients:

replacing doxorubicin with either epirubicin or etoposide (VP-16).

Hematol Oncol. 2019;37(2):136-142.

36. Jaime-Pérez JC, Padilla-Medina JR, Salazar-Cavazos L, Fernández LT,

Gómez-Almaguer D. Treatment of diffuse large B-cell lymphoma with

and without anthracyclines and rituximab in patients older than

60 years: 10-year results at a Latin American center. Hematol Oncol.

2019 Apr;37(2):226-229.

37. Zalupski M, Metch B, Balcerzak S, et al. Phase III comparison of doxo-

rubicin and dacarbazine given by bolus versus infusion in patients

with soft-tissue sarcomas: a southwest oncology group study. J Natl

Cancer Inst. 1991;83(13):926-932. https://doi.org/10.1093/jnci/83.

13.926.

38. Peyrade F, Jardin F, Thieblemont C, et al. Attenuated

immunochemotherapy regimen (R-miniCHOP) in elderly patients

older than 80 years with diffuse large B-cell lymphoma: a multicentre,

single-arm, phase 2 trial. Lancet Oncol. 2011;12(5):460-468. https://

doi.org/10.1016/S1470-2045(11)70069-9.

39. Marty M, Espie´ M, Llombart A, et al. Multicenter randomized phase

III study of the cardioprotective effect of dexrazoxane (Cardioxane) in

advanced/metastatic breast cancer patients treated with

anthracycline-based chemotherapy. Ann Oncol. 2006;17:614-622.

40. Vejpongsa P, Yeh ET. Prevention of anthracycline-induced

cardiotoxicity: challenges and opportunities. J Am Coll Cardiol. 2014;

64:938-945.

41. Tebbi CK, London WB, Friedman D, et al. Dexrazoxane-associated

risk for acute myeloid leukemia/myelodysplastic syndrome and other

RIGACCI ET AL. 485

 10991069, 2020, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hon.2764 by U

niversity M
odena, W

iley O
nline L

ibrary on [01/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1093/jnci/83.13.926
https://doi.org/10.1093/jnci/83.13.926
https://doi.org/10.1016/S1470-2045(11)70069-9
https://doi.org/10.1016/S1470-2045(11)70069-9


secondary malignancies in pediatric Hodgkin's disease. J Clin Oncol.

2007;25:493-500.

42. Swain SM, Vici P. The current and future role of dexrazoxane as a car-

dioprotectant in anthracycline treatment: expert panel review.

J Cancer Res Clin Oncol. 2004;130:1-7.

43. Mamot C, Drummond DC, Hong K, Kirpotin DB, Park JW. Liposome-

based approaches to overcome anticancer drug resistance. Drug

Resist Updat. 2003;6:271-279.

44. van Dalen EC, Michiels EM, Caron HN, Kremer LC. Different anthra-

cycline derivates for reducing cardiotoxicity in cancer patients.

Cochrane Database Syst Rev. 2010;5:CD005006.

45. Batist G, Ramakrishnan G, Rao CS, et al. Reduced cardiotoxicity and

preserved antitumor efficacy of liposome-encapsulated doxorubicin

and cyclophosphamide compared with conventional doxorubicin and

cyclophosphamide in a randomized, multicenter trial of metastatic

breast cancer. J Clin Oncol. 2001;19:1444-1454.

46. Harris L, Batist G, Belt R, et al. Liposome-encapsulated doxorubicin

compared with conventional doxorubicin in a randomized multicenter

trial as first-line therapy of metastatic breast carcinoma. Cancer.

2002;94:25-36.

47. Venturini M, Bighin C, Puglisi F, et al. A multicentre phase II study of

nonpegylated liposomal doxorubicin in combination with trastuzumab

and docetaxel as first-line therapy in metastatic breast cancer. Breast.

2010;19:333-338.

48. Brain EG, Mertens C, Girre V, et al. Impact of liposomal doxorubicin-

based adjuvant chemotherapy on autonomy in women over 70 with

hormone receptor-negative breast carcinoma: a French geriatric

oncology group (GERICO) phase II multicentre trial. Crit Rev Oncol

Hematol. 2011;80:160-170.

49. Baselga J, Manikhas A, Corte's J, et al. Phase III trial of nonpegylated

liposomal doxorubicin in combination with trastuzumab and paclitaxel

in HER2-positive metastatic breast cancer. Ann Oncol. 2014;25:

592-598.

50. Zinzani PL, Federico M, Oliva S, et al. The more patients you treat, the

more you cure: managing cardiotoxicity in the treatment of aggressive

non-Hodgkin lymphoma. Leuk Lymphoma. 2015;56(1):12-25.

51. Björkholm M, Svedmyr E, Sjöberg J. How we treat elderly patients

with Hodgkin lymphoma. Curr Opin Oncol. 2011 Sep;23(5):421-428.

52. Von Hoff DD, Layard MW, Basa P, et al. Risk factors for doxorubicin-

induced congestive heart failure. Ann Intern Med. 1979;91(5):

710-717.

53. Lefrak EA, Pitha J, Rosenheim S, Gottlieb JA, et al. A clinicopathologic

analysis of Adriamycin cardiotoxicity. Cancer. 1973;32(2):302-314.

54. Fornaro A, Olivotto I, Rigacci L, et al. Comparison of long-term out-

come in anthracycline-related versus idiopathic dilated cardiomyopa-

thy: a single centre experience. Eur J Heart Fail. 2018;20(5):898-906.

How to cite this article: Rigacci L, Annibali O, Kovalchuk S,

et al. Nonpeghylated liposomal doxorubicin combination

regimen (R-COMP) for the treatment of lymphoma patients

with advanced age or cardiac comorbidity. Hematological

Oncology. 2020;38:478–486. https://doi.org/10.1002/

hon.2764

486 RIGACCI ET AL.

 10991069, 2020, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hon.2764 by U

niversity M
odena, W

iley O
nline L

ibrary on [01/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/hon.2764
https://doi.org/10.1002/hon.2764

	Nonpeghylated liposomal doxorubicin combination regimen (R-COMP) for the treatment of lymphoma patients with advanced age o...
	1  INTRODUCTION
	2  PATIENTS AND METHODS
	2.1  Efficacy and safety response
	2.2  Statistical analysis

	3  RESULTS
	3.1  Characteristics of the study population
	3.2  Cardiac toxicity
	3.3  Survival and causes of death
	3.4  Response to therapy

	4  DISCUSSION
	  CONFLICT OF INTEREST
	REFERENCES


