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Abstract
Despite bendamustine-rituximab (BR) showed disappointing efficacy in diffuse large B cell lymphoma (DLBCL), it is still
occasionally used as first-line treatment in older DLBCL patients instead of recommended R-CHOP. This multicentre, retro-
spective study was aimed to clarify circumstances in which BR may be justified in this setting. Patients ≥ 65 years with ECOG
performance status (PS) ≥ 2 or ≥ 75 years regardless of PS were included. A total of 140 patients were analysed (BR, 68; R-
CHOP, 72). BR patients were older (p < 0.001) and were diagnosed more often with high-risk disease (p = 0.03); no difference
regarding comorbidities or PS was seen. Compared with R-CHOP, BRwas associated with marked inferior overall survival (OS)
(16.3 vs. 75.4 months; p = 0.006) and progression-free survival (PFS) (11.0 vs. 62.3 months; p < 0.001). In multivariate analysis,
only high age-adjusted Charlson Comorbidity Index (aaCCI) was associated with inferior PFS in R-CHOP patients (hazard ratio
2.67; p = 0.012). Comparing the subgroup of BR and R-CHOP patients with high aaCCI, there was no difference in OS (p = 0.73)
or PFS (p = 0.75). Due to the observed non-superiority of R-CHOP in older DLBCL patients with comorbidities, we propose that
this subgroup may be treated alternatively with BR, whereas all other older patients are clearly R-CHOP candidates.
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Introduction

Diffuse large B cell lymphoma (DLBCL) is an aggressive
non-Hodgkin lymphoma (NHL) occurring commonly in older
patients, with a median age of 70 years at diagnosis [1, 2]. The

former definition of ‘older NHL patients’ as patients older
than 60 years [3] seems to be abandoned. The age of 75 years
was suggested as a new cut-off for ‘older patients’, due to
higher prevalence of comorbidities and age-related physiolog-
ical changes in this age group [4, 5]. However, when defining
an older patient, other factors in addition to chronological age
must be considered, i.e. functional status and comorbidities.

Standard treatment with R-CHOP (rituximab, cyclophos-
phamide, doxorubicin, vincristine and prednisolone) is ad-
vised irrespective of patient’s age [6–8], despite higher toxic-
ity rates reported in older patients [9, 10]. In order to minimize
toxicity and improve quality of life, R-CHOP was often chal-
lenged, and diverse reduced-intensity dose regimens with/
without anthracyclines were tested [11–14].

Bendamustine is a cytotoxic alkylating agent that is world-
wide approved for the treatment of chronic lymphocytic leu-
kaemia and other indolent NHL. In combination with rituxi-
mab (BR), it was shown not only to be efficient but also well
tolerated in indolent NHL [15, 16]. Consequently, BR was
tested in DLBCL patients, initially in relapse/refractory set-
tings and then also as first-line treatment [17–19]. The
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outcome was rather disappointing. Nevertheless, BR is still
occasionally used as first-line treatment in DLBCL [20–22],
leaving the question whether this is justified as an alternative
to R-CHOP and what are the appropriate candidates for this
treatment approach. To answer that, we have retrospectively
analysed clinical characteristics and outcomes of older
DLBCL patients treated with BR in first-line and compared
them to other older DLBCL patients treated with R-CHOP
regimen.

Materials and Methods

Study design

This retrospective study was conducted at four institutions in
Germany on older consecutive patients with de novo DLBCL

diagnosed from February 2008 until September 2017, with
last follow-up as of January 2019. Of note, older patients were
defined as those ≥ 65 years with Eastern Cooperative
OncologyGroup (ECOG) performance status (PS) ≥2 or those
≥75 years regardless of PS [4, 5, 14]. Only patients that re-
ceived BR or R-CHOP were included in this analysis. All
other patients treated with best supportive care, radiation or
surgery treatment only as well as those treated with alternative
regimen (i.e. R-CVP, R-GCVP) were not included in this
study. Patients with relapsed/refractory DLBCL, secondary
DLBCL and primary central nervous system lymphoma were
excluded. Data regarding patients’ characteristics, diagnosis,
therapy and outcome were obtained reviewing patients’ med-
ical history. Given the advanced age in this analysed popula-
tion, we used the age-adjusted Charlson Comorbidity Index
(aaCCI) in order to assess comorbidities [23]. Other than in
the original aaCCI, no point was assigned for the presence of

Table 1 Patients’ baseline
characteristics Variables Total (n = 140) BR (n = 68) R-CHOP (n = 72) p value

Age

Median (range), years 79 (65–93) 80 (68–91) 77 (65–93) p < 0.001

Age

≥ 80 years (n) 56 (40.0%) 36 (52.9%) 20 (27.8%) p < 0.001

Sex (n)

Male 69/140 (49.3%) 35/68 (51.5%) 34/72 (48.6%) p = 0.73

ECOG performance status (n)

0–1 84/132 (63.6%) 41/65 (63.1%) 43/67 (64.2%) p = 1.0

2–4 48/132 (36.4%) 24/65 (36.9%) 24/67 (35.8%)

n/a 8 3 5

aaCCI score (n)

Low (2–3) 30/140 (21.4%) 12/68 (17.6%) 18/72 (25.0%) p = 0.36

Intermediate (4–5) 78/140 (55.7%) 42/68 (61.8%) 36/72 (50.0%)

High (≥ 6) 32/140 (22.9%) 14/68 (20.6%) 18/72 (25.0%)

LVEF ≤ 50% (n)

Yes 21/96 (21.9%) 14/48 (29.2%) 7/48 (14.6%) p = 0.14

n/a 44 20 24

Ann Arbor stage (n)

Limited (I–II) 53/140 (37.9%) 20/68 (29.4%) 33/72 (45.8%) p = 0.06

Advanced (III–IV) 87/140 (62.1%) 48/68 (70.6%) 39/72 (54.2%)

Extranodal involvement (n)

Yes 105/140 (75.0%) 55/68 (80.9%) 50/72 (69.4%) p = 0.17

Bulky disease (n)

Yes 39/136 (28.7%) 21/67 (31.3%) 18/69 (26.1%) p = 0.57

n/a 4 1 3

aaIPI (n)

Low (0–1) 51/127 (40.2%) 20/60 (30.0%) 33/67 (49.3%) p = 0.03

High (2–3) 76/127 (59.8%) 42/60 (70.0%) 34/67 (50.7%)

n/a 13 8 5

BR bendamustine, rituximab; R-CHOP rituximab, cyclophosphamide, doxorubicin, vincristine and prednisolone;
ECOG: Eastern Cooperative Oncology Group; n/a not available; aaCCI age-adjusted Charlson Comorbidity
Index; LVEF left ventricular ejection fraction; aaIPI age-adjusted international prognostic score
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DLBCL. Due to retrospective nature of the study, comprehen-
sive geriatric assessment was not possible. The age-adjusted
International Prognostic Index (aaIPI) was applied as a prog-
nostic score [3]. This study was approved by the institutional
Ethical Committees. Written informed consent was not taken
due to this retrospective, non-interventional study. All proce-
dures were performed in accordance with the general ethical
principles outlined in the Declaration of Helsinki [24].

Treatment

Patients were assigned to therapeutic strategy according to
physicians’ discretions. BR regimen was administered at the
following dose: bendamustine 90 mg/m2 on days 1 and 2
combined with 375 mg/m2 rituximab on day 1 every 4 weeks,
for up to 6 cycles [15]. In case of dose reduction,
bendamustine was applied at dose of 70 mg/m2.
Alternatively, patients received R-CHOP at standard dose or
reduced dose, for up to 8 cycles. Dose reduction included the
so-called R-miniCHOP [12] as well as each single or com-
bined dose reduction of cyclophosphamide, doxorubicin or
vincristine up to 50% at any time of treatment. Patients with
bulky disease, defined as tumour mass > 7.5 cm, and/or ad-
vanced disease received consolidation radiotherapywhen pos-
sible. In cases of testicular or craniofacial involvement of
lymphoma, prophylactic intrathecal chemotherapy with meth-
otrexate was applied. Majority of the patients received a pre-
phase treatment consisting of prednisolone with or without
vincristine [5].

Outcome

Treatment response was evaluated according to international
workshop criteria for NHL [25]. Overall response (ORR) rate
was defined as the sum of complete and partial remissions.
Overall survival (OS) and progression-free survival (PFS)
were defined according to published recommendations [26].

Statistical analysis

Comparison of categorical variables was done using Pearson’s
chi-square test or Fisher’s exact test, when possible.
Comparison of continuous variables was done using Mann-
Whitney U test. OS and PFS were estimated by the Kaplan-
Meier method and the comparison between groups was done
using log-rank test. The median follow-up time was derived
from OS using ‘reverse’ Kaplan-Meier estimates. In order to
identify a subgroup of patients that do not benefit, regarding
OS and PFS, from R-CHOP treatment, we performed unad-
justed univariate and multivariate analysis in these patients
using a Cox’s proportional hazards model. Two-tailed p values
< 0.05 were considered statistically significant. Statistical
analysis was carried out using SPSS, version 24.

Results

Patients’ characteristics

Altogether, 140 older patients were identified that met above-
stated inclusion criteria. Median age at the diagnosis was 79
years (range 65–93). About one-third of the patients (36.4%)
had poor PS (ECOG 2-4) and 33 patients (22.9%) had severe
comorbidities, corresponding aaCCI ≥ 6. Sixty-eight patients
(48.6%) received BR and 72 patients (51.4%) received R-
CHOP. Patients that received BR regimen were older (p <
0.001) and had more often high-risk disease (p = 0.03). No
difference regarding other clinical parameters was observed.
Patients’ baseline characteristics are summarized in Table 1.

Treatment and Outcome

Treatment pattern and treatment response are shown in
Table 2. Data regarding treatment response were missing in
29 patients (18 with BR and 11 with R-CHOP), due to loss to
follow-up (8 patients) or death prior to response evaluation
(21 patients).

Overall, median follow-up was 49.9 months (95% confi-
dence interval [95% CI] 31.4–68.4). Seventy-three deaths
were documented during treatment and follow-up, of which
42 (62.8%) were in the BR group and 31 (43.1%) in the R-
CHOP group. Median OS and PFS in the entire study

Table 2 Treatment pattern and treatment response

BR (n = 68) R-CHOP (n = 72) p value

Number of cycles (n)

Median (range) 6 (1–6) 6 (1–8)

≤ 3 18/68 (26.5%) 23/72 (31.9%)

6 43/68 (58.1%) 36/72 (50.0%)

Dose reduction (n)

Initially 13/68 (19.1%) 23/72 (31.9%) p = 0.12

Intrathecal therapy (n)

Yes 3/68 (4.4%) 8/72 (11.1%) p = 0.21

Radiotherapy (n)

Yes 8/68 (11.8%) 23/66 (34.8%) p = 0.002

n/a 0 6

Treatment response (n)

ORR 42/50 (84.0%) 57/61 (93.4%) p = 0.13

CR 28/50 (56.0%) 47/61 (77.0%)

PR 14/50 (28.0%) 10/61 (16.4%)

n/a 18 11

Progression/relapse 23/48 (47.9%) 10/53 (18.9%) p = 0.003

BR bendamustine, rituximab; R-CHOP rituximab, cyclophosphamide,
doxorubicin, vincristine and prednisolone; ORR overall response rate;
CR complete remission; PR partial remission; n/a not available
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population were 30.4 months (95% CI 0–65.6) and 23.3
months (95% CI 11.3–35.3), respectively. Patients that re-
ceived BR had a significantly inferior outcome than patients
with R-CHOP regimen: median OSwas 16.3 months (95%CI
10.6–22.0) and 75.4months (95%CI 49.0–101.8) (p = 0.006),
respectively. A significant difference regarding PFS was also
observed comparing BR and R-CHOP treatment (11.0 months
[95% CI 5.0–17.0] vs. 62.3 months [95% CI 50.2–74.4]; p <
0.001), respectively. OS and PFS according to treatment are
shown in Fig. 1.

Univariate and multivariate analysis of risk factors for OS
and PFS among patients treated with R-CHOP are shown in
Table 3. Only high (≥ 6) aaCCI was shown to be an indepen-
dent, negative predictive factor for PFS (hazard ratio [HR]
2.67 [95% CI 1.24–5.72]; p = 0.012).

Based on that, we identified 32 patients (22.9%) in the
entire population with a high aaCCI, and performed a sub-
group analysis on these patients; 14 of them were treated with
BR and 18 with R-CHOP regimen. Within this subgroup,
there was no difference between the BR and R-CHOP group

Fig. 1 a Overall survival
according to treatment. b
Progression-free survival accord-
ing to treatment
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regarding OS (16.6 months [95% CI 0–39.4] vs. 22.6 months
[95% CI 3.15–42.5]; p = 0.73) and PFS (9.6 months [95% CI
2.5–16.7] vs. 10.4months [95%CI 0.2–20.6]; p=0.75) as shown
in Fig 2. ORR was also comparable (77.8% vs. 83.3%; p = 1.0).

When comparing only patients aged ≥ 80 years regardless of
PS (n = 56), treatment with R-CHOP showed benefit compared
with treatment with BR, even when statistical significance was
not reached (PFS was 59.0 [95% CI 13.7–104.3 months]
vs.11.0 months [95% CI 5.0–17.9], respectively; p = 0.06).

Discussion

The management of older patients with DLBCL poses a great
challenge. They present with similar clinical characteristics as
their younger counterparts [17, 27, 28]; however, difficulties
are seen in age-related comorbidities, polypharmacy, heterog-
enous functional status and lack of social support in older
patients. Given this context, physicians are often concerned
regarding patients’ eligibility for the standard R-CHOP treat-
ment. Additionally, some of the older patients refuse therapy
advised by their oncologists. As a result, one-third of DLBCL
patients > 75 years receive no treatment at all in routine clin-
ical care [9, 27, 29].

Despite the general recommendation to apply R-
CHOP as first-line treatment [6–8], only about half of
older DLBCL patients (50–60%) are treated in this

manner [29, 30]. The use of alternative regimens seems
to be increasing [13, 14, 29].

BR is regarded to be very effective in indolent NHL [16,
31]; however, its efficacy in DLBCL seems to be rather dis-
appointing. In two small phase II studies (13 and 24 patients,
respectively) on older, de novo DLBCL patients,
bendamustine was applied at a dose of 120 mg/m2 in combi-
nation with rituximab every 21 days. The reported median
PFS in both studies was about 6 months [17, 18]. One of these
studies included only patients with advanced disease [18] and
the other one only patients ≥ 80 years [17]. Storti et al. con-
ducted recently a trial with BR in older (> 70 years) and frail
DLBCL patients (n = 45). Bendamustine was given at lower
dose (90 mg/m2) every 4 weeks up to 6 cycles. This less
intense approach was very well tolerated with only 15% re-
ported severe toxicities. The median PFS was 10 months [19].

To the best of our knowledge, our retrospective, multicentre
study analysed the largest population of de novo DLBCL pa-
tients treated with BR. Clinical characteristics of our 68 BR
patients were comparable to those in the trial from Storti
et al., not taken into account comprehensive geriatric assess-
ment, which was not available in our analysis due to its retro-
spective nature. Treatment pattern of BR, dose and schedule,
was also the same, and more importantly, findings regarding
PFS (median PFS 11.0 months) were comparable with those
from Storti et al. [19]. This implies that data from this controlled
clinical trial indeed reflect real-world patients and outcomes.

Table 3 Univariate and
multivariate analysis of OS and
PFS in R-CHOP patients

Variable Univariate analysis Multivariate analysis

OS HR 95% CI p value HR 95% CI p value

Age ≥ 80 years 1.37 0.62–3.02 0.43 1.24 0.50–3.04 0.64

Sex (male) 1.34 0.64–2.80 0.43 1.41 0.63–3.16 0.40

ECOG 2–4 1.39 0.62–3.16 0.42 0.95 0.32–2.84 0.93

High aaCCI (≥6) 2.27 1.07–4.80 0.03 2.07 0.91–4.70 0.08

Advanced stage (III–IV) 1.42 0.67–3.02 0.36 0.99 0.34–2.88 0.99

Bulky disease 0.82 0.33–2.03 0.67 0.76 0.33–2.26 0.86

Extranodal manifestation 0.91 0.42–1.96 0.81 0.98 0.37–2.62 0.98

aaIPI high (2–3) 1.32 0.61–2.90 0.48 1.50 0.65–3.47 0.34

PFS

Age ≥ 80 years 1.34 0.64–2.85 0.44 1.25 0.52–3.0 0.62

Sex (male) 1.12 0.58–-2.35 0.66 1.02 0.45–2.29 0.96

ECOG 2–4 1.60 0.75–3.42 0.22 0.89 0.30–2.67 0.84

High aaCCI (≥6) 2.79 1.36–5.69 0.005 2.67 1.24–5.72 0.012

Advanced stage (III–IV) 1.38 0.67–2.83 0.37 0.79 0.23–2.74 0.72

Bulky disease 0.67 0.27–1.63 0.38 1.69 0.77–3.71 0.19

Extranodal manifestation 1.02 0.48–2.16 0.96 1.12 0.45–2.80 0.80

aaIPI high (2–3) 1.39 0.66–2.92 0.39 1.68 0.76–3.69 0.20

OS overall survival; PFS progression-free survival; HR hazard ratio; CI confidence interval; ECOG Eastern
Cooperative Oncology Group; n/a not available; aaCCI age-adjusted Charlson Comorbidity Index; aaIPI age-
adjusted International Prognostic Score
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Of note, our patients treated with BR had significantly in-
ferior PFS compared with those treated with R-CHOP regi-
men (about 4 years; p < 0.001). Despite that BR initially
showed high efficacy (ORR 84.0%), half of these patients
(47.9%) experienced relapse/progression compared with only
about 20% treated with R-CHOP (p = 0.003). These findings
are consistent with the recently published data [21]; however,
our data have to be interpreted with caution due to the low
number of response data. About one-third of R-CHOP pa-
tients proceeded to consolidation radiotherapy compared with

only 11%BR patients (p = 0.002). The outcome of BRwith or
without radiotherapy was inferior compared with R-CHOP
(data not shown).

Due to retrospective character of the study, data regarding
choice of treatment regimen (BR vs. R-CHOP) are not known,
leaving thereby a potential selection bias. The comparison of
these patient groups showed that our R-CHOP patients were
significantly younger and had less frequently high-risk disease
compared with BR patients. Yet none of these parameters was
shown to have an impact on survival in our study. Regarding

Fig. 2 a Subgroup analysis of
overall survival in patients with
high (≥ 6) age-adjusted Charlson
Comorbidity Index according to
treatment. b Subgroup analysis of
progression-free survival in pa-
tients with high (≥ 6) age-adjusted
Charlson Comorbidity Index ac-
cording to treatment

Ann Hematol (2019) 98:2729–27372734



PS and comorbidities, factors that are commonly referred as
those that influence treatment choice, we observed no differ-
ence between R-CHOP and BR patients, implying that treat-
ment decision was often subjective and not based on a rational
basis. Defining patients as not R-CHOP candidates should be
made with caution, because alternative regimens can obvious-
ly result in undertreatment.

The IPI was known to be a valuable prognostic factor in
DLBCL. Interestingly, neither aaIPI nor factors included in
the original IPI were shown to be predictive for OS or PFS
in our analysis. This might reflect the fact that our patient
population is not representative (i.e. small sample size).
Another possible explanation is that in older DLBCL patients,
the negative prognostic impact of high comorbidity burden
overbalances all other prognostic factors. This is supported
by the fact that other authors also failed to prove the value
of these prognostic factors in older DLBCL patients [6, 21].

Comorbidities are known to be an independent prognostic
factor for survival in DLBCL patients [1, 6]. To evaluate these,
we used in our study the aaCCI, a comorbidity score that takes
into account not only number of comorbidities but also pa-
tient’s age (for each decade above the fourth additional point is
assigned). Its independent predictive value regarding PFS
could be confirmed in our cohort treated with R-CHOP (HR
2.67; p = 0.012). When analysing survival in the subgroup of
patients that were not only old but also comorbid (with high
aaCCI ≥6), no difference in terms of survival was observed
irrespective of the applied treatment (PFS in BR and R-CHOP
was 9.6 months and 10.4 months, respectively; p = 0.73). That
implies that old and comorbid patients, who are not seen as
candidates for a curative approach, may be treated with BR in
the first-line setting. It seems that they do not benefit from the
treatment intensification with R-CHOP. Given the lower tox-
icity profile [16, 21, 31], compared with other alternative reg-
imens (i.e. R-CVP), BR could be preferred in the palliative
constellation of old and comorbid DLBCL patients.

All other patients, including very old (≥ 80 years) but fit
ones, are R-CHOP candidates. A subgroup analysis of our
patients ≥80 years, irrespective of PS, showed that they do
benefit from R-CHOP compared with BR treatment (PFS
was 59.0 months vs. 11.0 months; p = 0.06). However, the
question of appropriate R-CHOP dose remains unclear. Due to
higher toxicity reported in this patient population [9, 10], dose
reduction seems to be meaningful. Particularly, when consid-
ering that moderate dose reduction is not supposed to nega-
tively affect survival [6, 30]. Alternatively, R-miniCHOP [12]
could be applied in very old patients due to apparently accept-
able toxicity and superior efficacy compared with BR. In our
population, we observed no difference in terms of survival
regardless of applied dose (data not shown).

Well known, relevant limitations of our data are the retro-
spective character of this study with a potential selection bias,
and low sample size in the subgroup analysis. However,

prospective data, especially in the setting of multicentre, ran-
domized controlled trials, in this patients’ group are rare and
not to be expected [32–34]. This is why such real-life data and
retrospective studies help to better understand this patient pop-
ulation and to improve treatment.

The results of our retrospective study highlight that it is
important to follow recommendations for curative treatment
of older DLBCL patients with R-CHOP, irrespective of age,
whenever possible. Treatment with alternative regimens
seems to be futile. Only in the subgroup of old and comorbid
patients, when a palliative approach is intended, BR could be
applied given the potential lower-toxicity profile and compa-
rable outcome to R-CHOP.
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