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Key Points

• The R-CEOP regimen
is a valid alternative to
R-CHOP for patients
with de novo DLBCL
and an absolute con-
traindication to
anthracyclines.

•With a median follow-
up of .12 years, a pla-
teau is apparent on the
disease-specific sur-
vival curve, indicating
curative potential.

Doxorubicin plays an integral role in the treatment of patients with diffuse large B-cell

lymphoma (DLBCL) but can be associated with significant toxicity. Treatment guidelines

of British Columbia (BC) Cancer recommend the substitution of etoposide for doxorubicin

in standard-dose R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and

prednisone) (R-CEOP) for patients who have a contraindication to anthracyclines; however,

it is unknown if this compromises treatment outcome. We identified all patients with newly

diagnosed DLBCL who were treated in BC with curative intent with R-CEOP (n 5 70) within

the study period. Outcome in this population was compared with a 2:1 case-matched control

group (n 5 140) treated with R-CHOP and matched for age, clinical stage, and International

Prognostic Index score. The 10-year time to progression and disease-specific survival were

not significantly different for patients treated with R-CEOP compared with patients in the

R-CHOP control group (53% vs 62% [P 5 .089] and 58% vs 67% [P 5 .251], respectively). The

10-year overall survival was lower in the R-CEOP group (30% vs 49%, P5 .002), reflecting the

impact of underlying comorbidities and frailty of this population. R-CEOP represents

a useful treatment alternative for patients with DLBCL and an absolute contraindication to

the use of anthracyclines, with curative potential.

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin lymphoma,
representing ;30% of all newly diagnosed cases.1 It is more common in the elderly, with a median age
at diagnosis in the seventh decade and 30% of patients.75 years of age. The R-CHOP chemotherapy
regimen (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone) has been the backbone
of therapy for several decades, as attempts to improve efficacy with more intensive chemotherapy have
failed to demonstrate further benefit.2 The addition of the chimeric monoclonal antibody rituximab to
R-CHOP led to achievement of overall cure rates in the range of 60% to 70%.3,4

Anthracyclines are a crucial component for efficacy in the treatment of DLBCL5 but can be associated
with cardiotoxicity, leading to cardiomyopathy and congestive heart failure. The risk of cardiotoxicity
increases with age and the presence of cardiovascular risk factors such as a history of coronary artery
disease, hypertension, diabetes, valvular heart disease, and obesity.6 Anthracycline-induced cardiotox-
icity is cumulative and significantly increases above a lifetime doxorubicin dose of 450 to 550 mg/m2,
leading to an empiric dose limit of ;450 mg/m2 in clinical practice.7
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Approximately 5% to 10% of patients diagnosed with DLBCL in
the province of British Columbia (BC) have a contraindication
to treatment with doxorubicin and are at risk of compromised
outcomes. Most of these patients have a preexisting cardiac
condition with a decreased left ventricular ejection fraction. Others
have been previously treated with an anthracycline-containing
regimen for an unrelated malignancy or present with additional
comorbidities that would preclude its use. In an attempt to maintain
treatment efficacy, the BC Cancer Lymphoma Tumor Group
recommends substitution of etoposide for doxorubicin in standard-
dose R-CHOP (R-CEOP) for patients for whom anthracyclines are
contraindicated. The aim of this study was to evaluate the outcome in
patients with de novo DLBCL and a contraindication to doxorubicin
who were treated with R-CEOP over the decade from 2001 to 2009
to allow for mature follow-up and long-term assessment of the
etoposide substitution.

Design and methods

Patient selection and study design

The BC Cancer Centre for Lymphoid Cancer and Pharmacy
databases were used to identify the study population. We included
all patients with biopsy-proven de novo DLBCL, primary mediastinal
B-cell lymphoma (PMBCL) and intermediate grade B-cell lym-
phoma not otherwise specified (NOS) treated with R-CEOP with
curative intent prior to March 2009. The latter diagnosis was used
when small biopsy samples did not allow a definitive diagnosis of
DLBCL, although B lineage (CD20 positivity), large abnormal
B cells, and a diffuse architecture were present. Patients who
received partial treatment with anthracyclines were included in this
study, provided that the etoposide substitution (R-CEOP) was
made in .50% of the cycles delivered. Patients with transformed
lymphoma and relapsed DLBCL were excluded from the analysis.
The outcome of the study cohort was compared with a 2:1 ratio
control group of randomly selected sequential patients with DLBCL
treated with R-CHOP in the same time period after matching for
age, clinical stage, and International Prognostic Index (IPI) score.8

Routine staging investigations included history and physical
examination; laboratory analysis; computed tomography scanning
of the neck, chest, abdomen, and pelvis; and bone marrow biopsy.
Fluorodeoxyglucose positron emission tomography scanning was
not used for staging in most patients. Patients with advanced-stage
disease, defined as Ann Arbor stages III or IV or stages I and II with
B-symptoms, bulky disease ($10 cm), or disease that could not be
encompassed within a single involved-field radiation port were
intended to receive 6 to 8 cycles of chemotherapy. The use of
consolidative radiation therapy was at the discretion of individual
treating physicians. All other patients (limited stage) were eligible to
receive 3 cycles of chemotherapy and involved-field radiation
therapy unless they had a contraindication to radiation. The BC
Cancer protocol for R-CHOP includes standard doses adminis-
tered at 21-day intervals (http://www.bccancer.bc.ca/chemother-
apy-protocols-site/Documents/Lymphoma-Myeloma/LYCHOPR_-
Protocol.pdf). Patients with a contraindication to anthracyclines
receive the R-CEOP regimen, with etoposide substituted for
doxorubicin, administered at a dose of 50 mg/m2 IV on day 1 and
100 mg/m2 orally on days 2 and 3. Growth factor use is not
mandated and at the discretion of treating clinicians, unless
clinically indicated as described in the protocol. This retrospective

study was approved by the University of British Columbia-BC
Cancer Research Ethics Board.

Statistical analysis

Clinical characteristics were compared between the study cohorts
using the independent-samples t test for continuous variables
and the x2 test for categorical variables. Time to progression (TTP)
was calculated from the date of diagnosis to the date of first
progression, relapse, or death as a result of treatment toxicity or
lymphoma; living patients without evidence of lymphoma and
patients who died of unrelated causes were censored at the date
of last follow-up or date of death, respectively. Disease-specific
survival (DSS) was calculated from the date of diagnosis to the date
of death from lymphoma or treatment-related toxicity; living patients
or patients who died of unrelated causes were censored at the date
of last follow-up or date of death, respectively. Overall survival (OS)
was calculated from the date of diagnosis to the date of last follow-
up or death from any cause. The Kaplan-Meier method was used
to calculate TTP, DSS, and OS.9 Survival comparisons were
performed using the log-rank test.10 All analyses were performed
using SPSS version 14.0 (SPSS, Chicago, IL or GraphPad
Prism 8.4.1).

Results

Clinical characteristics and treatment details

We identified 70 patients treated with R-CEOP who met the stated
inclusion criteria. Median age was 73 years (range, 34 to 93 years).
The majority of patients were male (69%) and had advanced-stage
disease (83%). The control group was well matched for age, stage,
and IPI risk score but had a slightly lower percentage of male
patients. Clinical characteristics of the 2 study groups are listed in
Table 1.

The primary indication for initiating treatment with R-CEOP was the
presence of cardiac dysfunction (n5 63; 90%). Five patients (7%)
had been previously exposed to an anthracycline during therapy
for a remote unrelated malignancy, while 2 patients (3%) were
considered too frail for treatment with R-CHOP due to multiple
comorbidities. The majority of patients (67%) did not receive any
anthracycline during treatment of their lymphoma, whereas 33% of
patients received partial treatment with doxorubicin, limited to less
than half of the cycles delivered. Of the 23 patients in the R-CEOP
group who received partial anthracyclines, 13 received only 1 cycle,
9 received 2 cycles, and 1 received 3 cycles with doxorubicin
included. In these cases, patients were switched from R-CHOP to
R-CEOP after reaching a lifetime dose for doxorubicin of 450 mg/m2

or when a contraindication to doxorubicin emerged (Table 2). In total,
only 22 patients received 8 cycles of chemotherapy, 6 (9%) in the
R-CEOP cohort and 16 (11%) in the R-CHOP cohort. In the
R-CEOP cohort, 24% received radiation therapy as part of their
primary treatment, which was similar to the 17% in R-CHOP control
group. (Table 1)

Outcome

With a median follow-up time for living patients of 12.4 years (range,
0.6-18.7 years), 59 out of 70 patients (84%) in the R-CEOP group
have died, compared with 93 out of 140 patients (66%) in the
R-CHOP control group. Overall, 27 out of 70 patients (39%) in the
R-CEOP group, compared with 49 out of 140 patients (33%) in
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R-CHOP group, died due to lymphoma or treatment toxicity, with
similar rates of death due to toxicity alone in each group (3/70 [4%]
in the R-CEOP group vs 5/140 [4%] in the R-CHOP group). In total,
32 out of 70 patients (46%) receiving R-CEOP died of unrelated
causes, compared with 47 out of 140 patients (33%) receiving
R-CHOP, possibly reflecting the higher degree of comorbidities
within the R-CEOP population. A higher proportion of patients
treated with R-CEOP who died of unrelated causes eventually died
of cardiac causes compared with those treated with R-CHOP
(13/32 [41%] vs 13/47 [28%]; P 5 .23), although this was not
statistically significant.

TTP was not significantly different for patients receiving R-CEOP
compared with R-CHOP (log-rank P 5 .089), with 5-year and 10-
year TTP estimates of 53% and 53% vs 69% and 62%, respectively
(Table 3 and Figure 1). This was also true for TTP according to
clinical stage at presentation, with no significant differences
observed between the subgroups. (Figure 2) Interestingly, TTP
was also similar in patients who received R-CEOP and partial
therapy with doxorubicin compared with those who did not receive
any anthracycline (supplemental Appendix and supplemental
Figure 1) Five-year and 10-year OS were lower for patients
receiving R-CEOP compared with R-CHOP (47% and 30% vs
65% and 49%, respectively; log-rank P 5 .002) due to a higher
number of deaths from unrelated causes likely due to the frailty of

this population (Table 3 and Figure 3). However, 5-year and 10-year
DSSs were not significantly different (62% and 58% vs 74% and
67%, respectively; P5 .250) (Table 3 and Figure 4). Overall results
were unchanged when the analysis was limited to patients with
a histologic diagnosis of DLBCL, excluding those with intermediate
grade lymphoma, NOS, and PMBCL (data not shown). As this
was a historical cohort, cell-of-origin (COO) data (assessed by
immunohistochemistry using the Hans algorithm) was available on
only 12 patients in the R-CEOP group (8 germinal center B cell
(GCB) and 4 non-GCB). Only 2 of 8 GCB and 1 of 4 non-GCB
R-CEOP patients died due to lymphoma.

Toxicity and tolerance

As this was a retrospective population-based review, details
regarding specific toxicities during therapy were not retrievable.
However, deaths due to toxicity were similar between the groups
(4% in each cohort) (Table 2). Causes of toxic deaths were
pneumonia (n5 2) and myocardial infarction (n5 1) in the R-CEOP
group and pneumonia (n5 2), sepsis (n5 1), myocardial infarction
(n5 1), and fulminant liver failure (n5 1) in the R-CHOP group. The
percentage of patients who completed all planned therapy was
comparable between the groups (78% vs 79%, respectively).
Despite the presence of significant comorbidities in patients receiving
R-CEOP, treatment was generally well tolerated, with a high
completion rate.

Discussion

Anthracyclines remain a key component of therapy for the treatment
of aggressive lymphoma, despite a toxicity profile that includes
a risk of cardiotoxicity.11 As the majority of patients with DLBCL
are older, a substantial number of patients are not candidates for
anthracycline-based therapy due to preexisting cardiac abnormalities

Table 1. Baseline demographics and clinical characteristics at

diagnosis

Characteristic R-CEOP R-CHOP P

Number of patients 70 140

Age, y

Median 73 73 .997

Range 34-93 21-92

Sex

Male 48 (69) 75 (54) .037

Female 22 (31) 65 (46)

Stage

Limited 12(17) 20 (14) .587

Advanced 58 (83) 120 (86)

Diagnosis

DLBCL 66 (94) 132 (94) 1.00

PMBCL 0 (0) 8 (6)

IGBCL NOS 4 (6) 0

B-symptoms*

Yes 31 (44) 52 (37) .318

IPI

0, 1 14 (20) 27 (19) 1.0

2 27 (39) 55 (39)

3 20 (28) 30 (22)

4, 5 9 (13) 28 (20)

Radiation therapy 17 (24) 24 (17) .218

Data are presented as n (%) of patients unless otherwise indicated.
IGBCL, intermediate grade B-cell lymphoma NOS.
*Information on B-symptoms is missing in 4 patients and 1 patient in the R-CEOP and

R-CHOP group, respectively

Table 2. Treatment details and toxicity

R-CEOP R-CHOP

Anthracycline received

No anthracycline 47 (67) —

Partial anthracycline 23 (33) —

Reason for etoposide substitution

Cardiac contraindication 63 (90) —

Prior exposure 5 (7) —

Other comorbidities 2 (3) —

Treatment tolerance

Percentage of deaths due to toxicity 3 (4) 5 (4)

Completed planned treatment 54 (78) 110 (79)

Data are presented as n (%) of patients.

Table 3. Survival outcomes at 5 and 10 years for R-CEOP vs R-CHOP

R-CEOP R-CHOP

5-y % 10-y % 5-y % 10-y % P

TTP 53 53 69 62 .089

DSS 62 58 74 67 .251

OS 47 30 65 49 .002
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and additional comorbidities. These patients require treatment
modification, with the goal of optimizing outcomes while minimizing
toxicity.

Several strategies have been employed to minimize the cardiotox-
icity associated with doxorubicin. Dexrazoxane, a free-radical
scavenger, has been shown to be cardioprotective in patients
treated for a variety of cancer types12 but has not been extensively
studied in hematologic malignancies. Moreover, concerns have
been raised regarding the possibility of a reduction in therapeutic
efficacy if dexrazoxane is administered coincidently with standard
chemotherapy. Modification of the anthracycline dosing schedule
using a continuous infusion strategy to lower the peak dose
delivered failed to reduce long-term cardiotoxicity.13 Similarly,
structural analogs, such as epirubucin and mitoxantrone, did not
appear to be less cardiotoxic when used at doses equipotent to

doxorubicin.14,15 The role of nonpegylated liposomal doxorubicin in
place of conventional doxorubicin in standard R-CHOP (R-COMP)
has also been assessed.16-18 However, a randomized phase 3 trial
comparing R-COMP to standard R-CHOP in 88 patients with newly
diagnosed DLBCL and normal cardiac function failed to demon-
strate a significant reduction in cardiotoxicity.17

In the current study, we examined outcomes in patients with DLBCL
and a contraindication to anthracyclines who were treated with
R-CEOP in which etoposide is substituted for doxorubicin in
otherwise standard-dose R-CHOP. Etoposide has proven efficacy
in non-Hodgkin lymphoma and importantly does not induce cardiac
toxicity.19,20 This regimen is universally used in BC, and therefore,
results should be representative of population-based expectations.
Using the BC Cancer Lymphoid Cancer and Pharmacy databases,
we identified all patients who were treated with curative intent with
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R-CEOP over an entire decade prior to March 2009 in the province
of BC. The most common reason for doxorubicin omission was
a cardiac contraindication (90%), while a minority of patients had
been previously exposed to doxorubicin or had significant other
comorbidities. Despite the frailty of this population, R-CEOP was
generally well tolerated, with a low rate of treatment-associated
toxic deaths (4%) and a high rate of therapy completion (78%).

We compared outcomes in patients treated with R-CEOP to those
of a control group of patients treated with R-CHOP who were
matched for age, stage, and IPI score. Patients in the R-CEOP cohort
had a poorer OS, partly due to a higher rate of death from unrelated

causes, reflecting their underlying comorbidities. TTP and DSS of the
R-CEOP cohort was not significantly different from that observed in
the R-CHOP control group, although due to modest cohort size,
statistical power was limited. Interestingly, R-CEOP patients who
received partial treatment with anthracyclines appeared to have
a similar outcome compared with those who received no anthracycline
therapy at all. With a median follow-up of.12 years, there appears to
be a plateau on the R-CEOP DSS curve, suggesting that a majority of
patients may be cured with this non-anthracycline-based regimen.

A number of clinical trials have addressed the management of elderly
patients with DLBCL. Dose-reduced R-CHOP (R-miniCHOP) has
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become a popular regimen for patients who are too frail for R-CHOP,
but it remains inappropriate in patients with a contraindication to
anthracyclines.21 Several trials have investigated the role of bend-
amustine and rituximab in the frontline setting for patients unfit to be
treated with R-CHOP.22,23 While bendamustine and rituximab can
induce high response rates, the OS rates are generally low, making
this a palliative regimen. In the majority of trials evaluating elderly
patients with DLBCL, those with significant cardiac dysfunction have
been excluded. More recently, Fields et al reported a phase 2
multicenter trial showing encouraging results with the combination of
rituximab, gemcitabine, cyclophosphamide, vincristine, and prednis-
olone (R-GCVP) in patients considered unfit for anthracycline-
containing chemotherapy due to cardiac comorbidity.24 With
a median follow-up of 25 months, in 61 patients treated, the 2-year
progression-free survival (PFS) and OS were 50% and 56%,
respectively.

Our study represents the largest experience describing the safety
and efficacy of R-CEOP in patients with DLBCL and a contraindi-
cation to anthracyclines. A recent study by Rashidi et al reported the
outcome of 26 patients treated at a single institution with
R-CEOP.25 After a short median follow-up of 19 months, 2-year
PFS and OS of this very frail population were 49% and 59%,
respectively. Interestingly, only COO was significantly associated
with PFS and OS, with a notably better outcome seen in patients
with GCB subtype. Unfortunately, in our analysis, COO data were
only available for a small number of patients, although no obvious
difference in outcome by COO was observed.

Our study demonstrates that the substitution of etoposide for
doxorubicin in otherwise standard-dose R-CHOP is feasible and
well tolerated in patients with significant comorbidities. It should be
noted that the intent of this trial was not to definitively compare the
efficacy of R-CEOP with R-CHOP, as the modest patient number
limits the power to demonstrate noninferiority. In addition, while this
matched comparison was controlled for age, stage, and IPI score,
imbalances in other relevant factors, such as COO, cannot be
excluded. However, with a median follow-up of .12 years, long-
term disease control with R-CEOP was relatively high, suggesting
that a significant proportion of patients may be cured by this
combination. The standard management of patients with DLBCL

continues to require the use of an anthracycline when feasible.
Alteration of doxorubicin in the R-CHOP regimen should only be
considered within clinical trials or if doxorubicin cannot be safely
administered. However, treatment intent for these patients should
not necessarily be palliative. For patients with de novo DLBCL
and an absolute contraindication to anthracyclines, the R-CEOP
regimen represents a valid alternative to R-CHOP with curative
potential.
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