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Abstract
Currently, there is no consensus regarding optimal front-line treatment for younger high-risk patients with large B cell lymphoma.
American recommendations list only R-CHOP as standard, while European also include R-ACVBP and R-CHOEP14. We have
been routinely using the latter regimen at our institution since 2011 and performed this retrospective real-life single-center study
to analyze outcomes. Between September 2011 and April 2019, 66 newly diagnosed patients aged 18 to 60 years with B-large
cell lymphoma and high-risk age-adjusted International Prognostic Index score were scheduled to receive 6 or 8 cycles of bi-
weekly chemoimmunotherapy with cyclophosphamide, doxorubicin, vincristine, etoposide, steroids, and rituximab (R-
CHOEP14). After a median follow-up of 4.7 years, the estimated 3-year progression-free survival was 87% (95% CI 80–
96%) and 3-year overall survival 90% (95% CI 83–98%). Grade ≥ 3 hematological side effects occurred in 83% and infectious
in 41% of patients; one patient died of toxicity. Grade ≥ 2 cardiac toxicity occurred in 21% of patients, more frequently than
previously reported. The cumulative 5-year risk of congestive heart failure with all-cause mortality as the competing risk was
17%. R-CHOEP14 is a very effective and manageable regimen for younger high-risk patients with B-large cell lymphoma, but
the risk of cardiotoxicity warrants further investigations.
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Introduction

B-large cell lymphoma (B-LCL) is the most common type of
non-Hodgkin lymphoma (NHL) and affecting all age groups.

R-CHOP (rituximab, cyclophosphamide, doxorubicin, vin-
cristine, and steroids) is the most frequently used front-line
regimen for this disease. However, less than 60% of younger
high-risk patients, commonly defined as those with age-
adjusted international prognostic index (aaIPI) 2-3, are cured
with this regimen [1, 2]. Front-line treatment of this patient
group remains an important unmet need in modern
hematology.

R-CHOEP14 is a regimen consisting of rituximab, cyclo-
phosphamide, doxorubicin, vincristine, and steroids as in
CHOP with the addition of etoposide, given at a dose of 100
mg/m2/day over 3 days per cycle. Cycles are administered
every 2 weeks with obligatory primary G-CSF prophylaxis.
European, but not American, guidelines list R-CHOEP14 as
an alternative treatment for younger high-risk patients [3, 4].
A randomized trial from the pre-rituximab era showed supe-
riority of CHOEP14 over CHOP in patients below the age of
60 [5]. There are no randomized trials of R-CHOEP14 vs. R-
CHOP in high-risk patients. A subgroup analysis of non-
randomized data from the MInT trial performed in younger
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B-LCL patients with aaIPI 0-1 demonstrated no significant
benefit of CHOEP-21 over CHOP-21 when both were com-
bined with rituximab [6]. However, case series and phase II
trials, as well as a phase III trial comparing R-CHOEP14 with
an even more aggressive approach, R-mega-CHOEP, suggest
that more high-risk younger patients with B-LCL can be cured
using R-CHOEP14 [7–14]

Based on these data and unsatisfactory experience, we had
with R-CHOP21 in this patient population; in 2011, we intro-
duced R-CHOEP14 in our center as standard front-line treat-
ment for younger patients with B-LCL, including diffuse large
B cell lymphoma (DLBCL) and primary mediastinal B cell
lymphoma (PMBCL), with aaIPI 2-3. Here, we report our
results.

Methods

Patients

We retrospectively identified adult patients, 18–60 years old,
diagnosed with de novo CD 20+ B-LCL (DLBCL or
PMBCL) and aaIPI ≥ 2 who received R-CHOEP14 as first-
line treatment at our institution. Demographic and clinical
characteristics were extracted from hospital electronic records
and included age, sex, Eastern Cooperative Oncology Group
performance status (ECOG) performance status, clinical stage,
presence of B symptoms, bulky disease (defined as primary
tumor site ≥ 7.5 cm), and lactate dehydrogenase (LDH) levels.
Expression of CD10, BCL6, and MUM1 on immunohisto-
chemistry was used to classify DLBCL in GCB and non-
GCB categories using the Hans algorithm [15]. Cardiac ultra-
sound was performed prior to treatment start only in patients
with history or symptoms suggestive of heart disease.

Treatment

R-CHOEP14 was administered as usual [8]. Treatment was
generally given in an outpatient setting with obligatory G-CSF
primary prophylaxis. Patients were instructed to check blood
counts at least once weekly and report to our outpatient de-
partment in case of need for transfusions or immediately to a
hospital emergency room in case of fever. Until December
2015, patients were scheduled to receive 8 cycles of R-
CHOEP14. Due to occurrences of cardiac failures, at that
time, we changed to 6 cycles of R-CHOEP14 and 2 cycles
of R-CHOP. In addition, patients deemed at high risk for
central nervous system involvement were scheduled to receive
intrathecal methotrexate prophylaxis for at least 6 cycles until
beginning of 2016 and 2 cycles of systemic intravenous high-
dose methotrexate after that. These included patients with in-
volvement of urogenital organs, heart, paranasal sinuses and
breast, extension to structures in immediate vicinity of CNS

(e.g., spinal radices), and intravascular lymphoma.
Radiotherapy, 30–36 Gy in fractions of 2 Gy daily was given
to sites of initial bulky disease (> 7.5 cm in biggest diameter),
extranodal sites that could be irradiated without undue risk
(usually soft tissue and bone), and sites that were in PR after
end of chemotherapy.

Outcomes

Interim response assessments were usually performed using
CT and final response assessments using PET-CT, according
to standard criteria [16]. Patients were followed clinically,
every 3–4 months for the first 3 years after end of treatment
and every 6–12 months thereafter. Radiological examinations
were repeated only when clinically indicated. Toxicities and
adverse events were graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
(NCI CTCAE) version 5.0 [17]. Only symptomatic patients
underwent cardiac evaluation. Congestive heart failure (CHF)
was defined as left ventricular ejection fraction (LVEF) <
50%.

Statistical analysis

Collected data were summarized with descriptive statistics
(count and frequency for categorical variables, median and
range for continuous variables). Progression-free survival
(PFS) was defined as time from diagnosis to end of front-
line therapy without achieving remission, relapse, or death.
Overall survival (OS) was defined as time from diagnosis to
death. PFS and OS probabilities were estimated with the
Kaplan Meier method. The long-rank test was used for uni-
variate comparisons of potential prognostic predictors.
Patients’ age followed a bimodal distribution and was convert-
ed to a binary variable with a cut-off at 40 years. Comparisons
based on application of additional radiotherapy were restricted
to patients with at least a partial response after completing
chemoimmunotherapy. Cumulative incidence curves were
computed to illustrate the risk of CHF with all-cause mortality
as competing risk and were grouped by number of cycles with
R-CHOEP (≤ 6 vs > 6), combined hematologic toxicity during
treatment (anemia, neutropenia, and thrombocytopenia), and
mediastinal irradiation. Difference between groups was
assessed with the modified χ2 test. Statistical significance
was determined at an α level of 0.05 throughout the analysis.
All p values are based on two-sided tests. The analysis was
done with RStudio for OS X version 1.2.1335 (RStudio Inc.).

Results

We identified 66 patients 18 to 60 years old (median 40) who
fulfilled criteria for inclusion in this analysis. aaIPI was 2 in 37
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(56%) and 3 in 29 (44%). Other demographic and clinical
characteristics are summarized in Table 1.

The overall response rate to immunochemotherapy was
94%; 38 (58%) patients had CR, 24 (36%) had PR, 3 failed
to respond, and 1 died of toxicity during treatment (Table 2).
Forty patients (61%), 18 in CR and 22 in PR, were irradiated.
All of the latter achieved CR for a total CR rate of 91%. Two
patients in PR were not irradiated, one achieved CR after
splenectomy, and the other responded to salvage therapy and
underwent autologous stem cell transplantation (ASCT).

Median follow upwas 4.7 years (range 0.2–8.3). At the end
of follow-up, 57 of the 60 patients who achieved CR remain
alive and in continuous CR, 2 relapsed and died, and 1 died of
secondary malignancy. Of the 4 patients with progressive dis-
ease, 3 died, and one remains alive following salvage therapy
and ASCT, resulting in a total of 6 deaths (9%) (Table 3).
Estimated 3-year PFS was 87% (95% CI 80–96%) and 3-
year OS 90% (95% CI 83–98%) (Fig. 1). No events occurred
beyond 3 years of follow up; estimated 5-year OS and PFS are
identical as 3 years.

Patients who were planned to receive 6 cycles of R-
CHOEP14 had significantly better PFS compared with those
in whom 8 cycles were planned (100% vs. 81% at 3 years, p =
0.027); the difference in OS did not reach statistical

significance (Fig. 2). Sex, age (< 40 vs ≥ 40 years), risk
(aaIPI 2 vs 3), histology (PMBCL vs DLBCL: Fig. 3), cell
of origin (GCB vs non-GCB), bulk, or additional radiotherapy
did not significantly influence OS or PFS.

Fifty-five (83%) patients experienced at least one episode
of acute grades 3 to 4 hematological toxicity during therapy
(Table 4). Despite universal G-CSF support, 45 (68%) had
neutropenia grade ≥ 3 resulting in a relatively high frequency
of serious infective complications. One patient died of neutro-
penic infection, the only case of treatment-related mortality in
our series. Neurologic side effects grade ≥ 2, mostly sensory
neuropathy, occurred in 13 (20%) patients and were severe
(grades 3–4) in three.

Symptomatic cardiac toxicity grade ≥ 2 occurred in 14
(21%) patients and was severe (grades 3–5) in 4 (6%)
(Table 5). Eleven patients presented with dyspnea, 2 with
precordial oppressions, and one with orthostatic syncope.
Ten patients (15%) were diagnosed with CHF; three had
reduced left ventricular global longitudinal strain or dyski-
nesia. In one, no specific cardiac pathology was identified,
but symptoms repeatedly occurred immediately after ad-
ministration of doxorubicin and etoposide and ceased after
these drugs were withheld. Moderate to severe diastolic
dysfunction was noted only in patients with significantly
depressed LVEF. Median time from lymphoma diagnosis
to CHF diagnosis was 9 months; LVEF recovered to > 50%
in 2 patients, one underwent heart transplantation, in one a
cardioverter-defibrillator was implanted, and one died of
CHF. The cumulative risk of CHF was 9% in the 1st year,
14% at 3 years, and 17% at 5 years. The risk of developing
CHF in relation to the number of cycles of R-CHOEP,

Table 1 Patient characteristics

Characteristic n = 66

Age, years

Median (range) 40 (18–60)

Sex

Male 39 (59%)

Female 27 (41%)

ECOG performance status

0 or 1 26 (39%)

> 1 40 (61%)

Ann Arbor clinical stage

II 7 (11%)

III 6 (9%)

IV 53 (80%)

B-symptomsa 47 (71%)

Bulky disease 42 (64%)

Elevated LDH 62 (94%)

Cell of origin

Non-GCB 16 (24%)

GCB 9 (14%)

Unknown 12 (18%)

PMBCL 29 (44%)

ECOG Eastern Cooperative Oncology Group, GCB germinal center B
cell–like, LDH lactate dehydrogenase, PMBCL primary mediastinal B
cell lymphoma
aOne missing datum for B-symptoms

Table 2 Response to chemoimmunotherapy

Response n = 66

Complete response 38 (58%)

Partial response 24 (36%)

Complete response after additional radiotherapy 60 (91%)

Partial response after additional radiotherapy 2 (3%)

No response 3 (5%)

Therapy associated death 1 (2%)

Table 3 Causes of death

n = 66

Total deathsa 6 (9%)

Tumor-related 5

Therapy-related (front-line treatment only) 1

Therapy-related (including salvage treatment) 1

Secondary neoplasia 1

aMore than one cause of death was documented in some cases
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hematological toxicity (anemia, neutropenia and thrombo-
cytopenia) during treatment, and mediastinal irradiation
was calculated with all-cause mortality as the competing
risk. Number of cycles of R-CHOEP and mediastinal irra-
diation did not significantly influence the risk of CHF (p =
0.577 and p = 0.867 respectively). There was a trend to-
wards increased risk of CHF in patients who experienced
hematologic toxicity compared with those who did not (39
vs 9% at 3 years, p = 0.051).

Three secondary malignancies occurred: one lung carcino-
ma, one AML, and oneMDS (with later progression to AML).
Interestingly, two of those three patients also developed CHF.

Discussion

Whether anything is better than R-CHOP21 for front-line
treatment of high-risk B-LCL is a heated debate in modern
hematology. Opponents of etoposide containing regimens
usually cite the fact that no randomized trial showed their
superiority and that in an American randomized trial, R-
CHOP and DA-R-EPOCH had equivalent results [18].
Proponents rely on results of a number of controlled or retro-
spective studies [7–14] and the fact that a French randomized
trial has shown superiority of R-ACVBP (another etoposide
containing regimen) over R-CHOP, albeit in intermediate risk
patients [19]. In clinical trials, performed in Germany and
Scandinavia, PFS at 2 to 5 years of R-CHOEP14-treated pa-
tients ranged from 75 to 81% (except for 65% in a Nordic trial
that considered prematurely stopping treatment for toxicity as
an event) and OS from 80 to 82% [8–10, 14]. Similar results
were achieved in Scandinavian population-based studies with
historical controls treated with R-CHOP; PFS was 70% and
OS ranged from 75 to 84% [11–13], and in studies using DA-
R-EPOCH for PMBCL [20–22].

With a 3-year PFS of 87% and OS of 90%, our results are
as good or slightly better than published data. While the re-
sults of this retrospective uncontrolled study including both
DLBCL and PMBCL patients treated over a period of 8 years
will probably not convince the non-believers to switch from
R-CHOP to R-CHOEP14, these are real-life data from an
unselected cohort treated at a single institution with a median

Fig. 2 Overall survival (left) and progression-free survival (right) depending on number of cycles of R-CHOEP14. Vertical bars indicate censured
patients

Fig. 1 Overall survival (OS–full line) and progression-free survival
(PFS–dashed line) of the whole cohort. Vertical bars indicate censured
patients
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follow-up of almost 5 years and one single patient lost to
follow-up after more than 3 years in CR. This gives additional
credibility to our results. To our knowledge, no study, whether
controlled, phase 2 or real life, prospective or retrospective,
ever reported such results with R-CHOP in a similar patient
population. Treatment of younger patients with high-risk B-
LCL remains an important unmet need that was not filled by a
number of new, expensive new drugs, including lenalidomide
and ibrutinib as the latest additions to the list [23, 24].
Therefore, despite the lack of randomized trials, we strongly
believe that available data suggest that the addition of

etoposide can improve outcomes of younger patients with
newly diagnosed high-risk B-LCL and that treatment with
R-CHOEP14 (or R-ACVBP) should at least be discussed with
them.

Acute toxicity of this approach is certainly higher than
with R-CHOP21, resulting in 1/3 of patients developing
neutropenic fever, but with careful follow-up and prompt
and adequate therapy of infections, treatment mortality can
even in a real-life setting be kept to a low 2%, similar to
that described in clinical trials and not significantly differ-
ent from that of R-CHOP [8–10, 25–28]. Our data, similar
to those emerging from other sources, suggest that 6 cycles
of effective front-line therapy are enough for treatment of
DLBL, and that additional 2 do more harm than good [29].
This could be due to increasing toxicity or postponing ra-
diotherapy, an effective and not cross-resistant therapeutic
option.

We irradiated 61% of our patients. This is higher than in
any other series except the German [7–10, 14]. We believe
that this helped eliminate bulky disease as a negative prog-
nostic factor. Few patients developed late side effects at-
tributable to radiotherapy. After a median follow-up of
almost 5 years, the incidence of second primary malignan-
cies was 4%, and the risk of CHF does not seem to be
increased by mediastinal irradiation. This might change
with longer follow-up.

The risk of symptomatic cardiac toxicity, most frequent-
ly CHF, in our series is higher than reported elsewhere, and
CHF occurred earlier than expected for doxorubicin-
related cardiomyopathy [7, 8, 30]. We do not have a

Fig. 3 Overall survival (left) and progression-free survival (right) depending on histology (primary mediastinal B cell lymphoma (PMBCL) vs. diffuse
large-B cell lymphoma (DLBCL)). Vertical bars indicate censured patients

Table 4 Toxicities (grades 3–5)

Toxicityb n = 66

Anemia 32 (49%)

Thrombocytopenia 14 (21%)

Neutropenia 45 (68%)

Febrile neutropenia 24 (36%)

Infection without neutropenia 3 (5%)

Mucositis 4 (6%)

Nausea 2 (3%)

Diarrhea 1 (2%)

Vomiting 1 (2%)

Neurologica 13 (20%)

Cardiaca 14 (21%)

aGrades 2–5
bNumber of patients with at least one documented episode of toxicity
after ≥ 1 treatment cycle
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straightforward explanation for that. Our patients treated
with R-CHOP or regimens containing both doxorubicin
and e topos ide d i f f e ren t f rom CHOEP, such as
eBEACOPP or DA-R-EPOCH, do not develop CHF more
frequently than reported in the literature (data not shown).
One possible explanation is that clinical studies usually
report only side effects that occur during or immediately
after treatment with the single exception of second primary
malignancies, and population-based studies did not report
toxicities of R-CHOEP14 at all. Thus, published data
might underestimate the risk of CHF occurring after R-
CHOEP14. The risk of CHF in our series seems to be
higher in patients with other therapy-related toxicities, in-
cluding hematological and neoplastic. Doxorubicin and
etoposide are both inhibitors of topoisomerase 2, an en-
zyme involved in DNA repair [31, 32]. Etoposide is gen-
erally not considered cardiotoxic, but in in vitro models,
exposure of human cardiomyocytes to etoposide results in
decreased beating amplitude, cytoskeletal and mitochon-
drial damage, sarcomeric deterioration, upregulated apo-
ptosis signaling, and even cell death [33]. Administering
doxorubicin and etoposide together at the same time to
genetically susceptible patients might result in a “double
hit”–type synergistic damage and increase in both acute
and late side effects. This is not seen with DA-R-
EPOCH, a regimen in which doxorubicin and etoposide

are administered together in continuous infusion resulting
in low peak concentrations, and eBEACOPP, a regimen in
which the dose of doxorubicin is lower and the dose of
etoposide higher than in R-CHOEP14, suggesting that a
sufficiently high peak dose of doxorubicin is needed for
the expression of the cardiotoxicity of etoposide. While
this hypothesis remains purely speculative, we believe it
opens possibilities for developing experimental models
that might shed additional light on this important but still
incompletely understood late side effect of effective anti-
neoplastic agents.

In conclusion, 6–8 cycles of R-CHOEP14 result in ex-
cellent antitumor outcomes in younger patients with newly
diagnosed high-risk B-LCL. Acute toxicity is acceptable
and manageable, but a significant number of patients de-
velop CHF, earlier than expected for pure doxorubicin-
induced cardiomyopathy. A possible solution to this prob-
lem might be the approach developed by the Nordic Group,
which administers 4 cycles of R-CHOEP14 and 2 cycles of
R-CHOP combined with high-dose methotrexate [14]. This
results in comparable efficacy, ostensibly with less cardiac
side effects, and we have lately adopted this approach in
our center.

Funding This study was funded by the University of Zagreb (grant num-
bers 1118002 and 1119002).

Table 5 Cardiac toxicities (grades 2–5)

Patient sex and
age

Symptoms NYHA LVEF Other abnormalities Outcome

M, 50 years Dyspnea II 30% Ventricular and supraventricular
arrhythmia

Recovered to NYHA I,
LVEF reduction persists

F, 39 years Dyspnea III 25% Died of sAML

F, 27 years Orthostatic syncope III 15% Cardiac arrest Died of intractable heart failure

F, 45 years Dyspnea IV 21% Ventricular and supraventricular
arrhythmia

ICD, recovered to NYHA I,
LVEF reduction persists

F, 55 years Precordial oppressions I 50% Septal dyskinesia Complete recovery

M, 24 years Dyspnea IV 10% Ventricular and supraventricular
arrhythmia

Heart transplant

M, 51 years Dyspnea II 45% Recovered to NYHA I,
LVEF reduction persists

M, 40 years Dyspnea IV 15% Recovered to NYHA I, LVEF 50%

M, 57 years Dyspnea III 25% Recovered to NYHA II,
LVEF reduction persists

M, 45 years Dyspnea III 35% Complete recovery

M, 44 years Dyspnea II 55% LVGLS reduction Complete recovery

M, 48 years Dyspnea II 60% LVGLS reduction Complete recovery

M, 52 years Dyspnea II 35% Recovered to NYHA I, LVEF reduction
persists

F, 33 years Palpitations, precordial
oppressions

III 60% Complete recovery

NYHANewYork Heart Association functional class, LVEF left ventricular ejection fraction, sAML secondary acute myeloid leukemia, ICD implantable
cardioverter-defibrillator, LVGLS left ventricular global longitudinal strain
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