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Abstract This phase I trial was designed to develop a new
effective and well-tolerated regimen for patients with aggres-
sive B cell lymphoma not eligible for front-line anthracycline-
based chemotherapy or aggressive second-line treatment strat-
egies. The combination of rituximab (375 mg/m2 on day 1),
bendamustine (70 mg/m2 on days 1 and 2), and lenalidomide
was tested with a dose escalation of lenalidomide at three dose
levels (10, 15, or 20 mg/day) using a 3+3 design. Courses
were repeated every 4 weeks. The recommended dose was
defined as one level below the dose level identifying ≥2/6
patients with a dose-limiting toxicity (DLT) during the first

cycle. Thirteen patients were eligible for analysis. Median age
was 77 years. WHO performance status was 0 or 1 in 12
patients. The Charlson Comorbidity Index showed relevant
comorbidities in all patients. Two DLTs occurred at the second
dose level (15 mg/day) within the first cycle: one patient had
prolonged grade 3 neutropenia, and one patient experienced
grade 4 cardiac adverse event (myocardial infarction). Addi-
tional grade 3 and 4 toxicities were as follows: neutropenia
(31 %), thrombocytopenia (23 %), cardiac toxicity (31 %),
fatigue (15 %), and rash (15 %). The dose of lenalidomide of
10 mg/day was recommended for a subsequent phase II in
combination with rituximab 375 mg/m2 on day 1 and
bendamustine 70 mg/m2 on days 1 and 2.
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Introduction

Non-Hodgkin's lymphoma (NHL) has the highest incidence
among patients older than 60 years of age [1, 2]. The 5-year
overall survival of this elderly group of patients is 58 %
following upfront treatment with the rituximab, cyclophos-
phamide, doxorubicin, vincristine, and prednisone (R-CHOP)
regimen [3]. However, approximately 25 % of patients will
not achieve complete remission or will experience relapse
after R-CHOP-like treatments. A substantial proportion of
these patients can be cured even in relapsed/refractory disease
with intensive salvage chemotherapy regimens and autolo-
gous stem cell transplantation [4].

Pre-existing comorbidities constitute the most important
factors influencing treatment regimen and treatment failure
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rates, and more than half of the very elderly patients (older
than 80 years) are not fit enough to receive front-line
anthracycline-based standard therapy for a newly diagnosed
aggressive B cell lymphoma [5–7]. Moreover, no standard
therapy is available for relapsing patients if they are not
eligible for intensive salvage regimens. Therefore, new ef-
ficacious and more tolerable treatment regimens are needed
for elderly and frail patients with aggressive B cell lympho-
ma who are not candidates for intensive treatments.

We tested a three-drug regimen of ri tuximab,
bendamustine, and lenalidomide (RBL) as a new combination
for the treatment of aggressive B cell lymphoma in
elderly/frail patients. Bendamustine retains activity in
rituximab-refractory indolent lymphoma and in transformed
indolent lymphomas [8, 9]. In patients with indolent or mantle
cell lymphoma, the bendamustine–rituximab combination
achieved at least comparable remission rates in a large ran-
domized trial and led to a statistically significant longer PFS
when compared with the R-CHOP standard regimen [10].
Tolerability was better with R-bendamustine than with R-
CHOP [11]. Activity has also been shown in aggressive
lymphoma subtypes and very elderly patients [12–15].

The rationale for adding lenalidomide to R-bendamustine
is a hypothesized synergistic effect of the combination with
the other two drugs. Single-agent lenalidomide has been
shown to produce durable responses in patients with relapsed
or refractory aggressive lymphoma [16, 17]. The combination
of lenalidomide with rituximab is active in elderly patients
with relapsed/refractory diffuse large B cell lymphoma
(DLBCL) with a high proportion of patients achieving a
complete remission (CR) with lenalidomidemaintenance [18].

Given the predictable pharmacokinetic properties of
bendamustine and lenalidomide that allow for dose adjust-
ments based on changes in renal function, this combination is
thereby qualified as an appropriate treatment regimen for
elderly patients with comorbidities or younger patients not
suitable for a salvage treatment because of limited organ func-
tion (e.g., cardiac toxicity from previous therapy) [19].We here
report on the results of a dose-finding phase I multicenter trial
examining the feasibility and tolerability of the combination of
RBL in patients with aggressive B cell lymphoma not eligible
for high-dose chemotherapy or anthracycline-based therapy.

Methods

Study population

The study was activated in December 2009. According to
the SAKK 38/08 protocol, this analysis is based on all
patients enrolled in the phase I part of the trial including
the first five patients in phase II having completed the first
cycle of therapy as an extension cohort.

Patients with aggressive B cell NHL relapsed/refractory
disease not suitable for intensive salvage regimens or for
anthracycline-based first-line chemotherapy were eligible.
No specific criteria were predefined for ineligibility for
intensive salvage therapy or anthracycline-based standard
first-line therapy. The decision on whether patients were
not considered fit enough to receive intensive salvage ther-
apy or anthracycline-based first-line therapy was left to the
treating physician. DLBCL and subtypes of DLBCL
according to WHO 2008, follicular lymphoma grade 3b
(FL3b) and transformed follicular lymphoma (tFL), were
included.

Further patient requirements were as follows: WHO per-
formance status of 0–2, cardiac function with ejection fraction
of more than 40 %, calculated creatinine clearance
>50 mL/min, and adequate liver function and blood values
[20]. Patients with immunohistological evidence of bone mar-
row involvement ≥25 %, known CNS involvement, and un-
stable cardiovascular disease were excluded.

Study design

This single-arm multicenter phase I/II trial was carried out in
seven Swiss cancer centers. The study was conducted in
compliance with the Declaration of Helsinki and the Inter-
national Conference on Harmonization Good Clinical Prac-
tices. Ethical approval was obtained from the ethics
committee and institutional review board for each site, and
patients provided written informed consent.

Four dose levels were predefined for phase I
according to a 3+3 dose escalation design. One addi-
tional dose level (dose level −1) of three patients was
allowed in the event that dose level 1 was considered
too toxic. Dose finding for lenalidomide in combination
with rituximab and bendamustine was performed with
increasing doses of lenalidomide starting from 10 mg/day
up to a maximum of 20 mg/day. At the highest dose
level, an additional dose escalation for bendamustine
from 70 to 90 mg/m2 was scheduled (Table 1).

Rituximab was given at a standard dose of 375 mg/m2 i.v.
on day 1 of each cycle. Bendamustine was administered i.v.
on days 1 and 2, and lenalidomide was taken orally daily for

Table 1 Dose escalation schedule

Dose
level

Rituximab
(mg/m2)

Bendamustine
(mg/m2)

Lenalidomide
(mg)

−1 375 70 5

1 375 70 10

2 375 70 15

3 375 70 20

4 375 90 20
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21 days on a 28-day treatment cycle. Treatment was sched-
uled for six cycles or until the occurrence of unacceptable
toxicity or progressive disease, whichever occurred first.

To assess the safety of the recommended dose (RD), five
additional patients were analyzed as an extension cohort.
Premedication with 1 g paracetamol and an antihistamine
had to be administered 1 h before each rituximab infusion,
followed by bendamustine and lenalidomide. With the aim
of properly assessing hematologic toxicities, the administra-
tion of granulocyte colony-stimulating factor (G-CSF) in
cycle 1 was not allowed.

Adverse events (AEs) and laboratory values were graded
using the National Cancer Institute Common Terminology
Criteria for Adverse Events, version 3.0. Relationship of
serious adverse events (SAEs) to the study drug was deter-
mined by the investigator and was reviewed by an indepen-
dent expert group. Dose-limiting toxicities (DLTs) were
assessed as possibly, probably, or definitely related to the
study drug. DLT was defined as one of the following events
occurring within the first cycle: therapy-related death, six or
more missed doses of lenalidomide due to trial drug-related
toxicity, delay of >2 weeks of cycle 2 due to trial drug-
related toxicity, any grade 3 or 4 non-hematological AE
related to trial treatment, neutrophils ≤0.5×109/L for
≥6 days, and platelets ≤20 or 21–50×109/L with major
bleedings. The maximum tolerated dose (MTD) was defined
as the dose level containing ≥2/6 patients with a DLT during
the first cycle. The tentative RD was determined as one level
below the MTD.

This study used an electronic excel-based age-adjusted
Charlson Comorbidity Index (CCI) calculator that made
collecting comorbidity data and calculating CCI information
easier and immediately available [21]. The risk definition of
comorbidities is based on the assigned relevance for
diseases [22]. Three age-adjusted risk groups were de-
fined according to the sum of the comorbidities: low
risk score (2–4), intermediate risk score (5–7), and high
risk score (≥8).

Statistical analysis

The primary objective of phase I was to determine the MTD
(based upon first cycle DLTs) and to identify RD of the
combination of rituximab, bendamustine, and lenalidomide.
The number of patients that was required to establish the
tentative RD in phase I ranged from 4 to 30 patients,
depending on which dose level was the MTD. Together with
patients from phase I, a safety analysis was performed after
enrolment of five patients treated in the phase II part of this
study to confirm the safety of the established RD. Categor-
ical variables were summarized by frequencies and percent-
ages and continuous variables by descriptive statistics.
Statistical analyses were performed using SAS® 9.2.

Results

Patient characteristics

This report presents the results of the phase I analysis including
a five-patient extension cohort based on data obtained from the
SAKK database. A total of 14 patients were enrolled. One
patient was not eligible due to inadequate blood values; thus,
13 patients remained eligible for analysis. Their main clinical
characteristics are summarized in Table 2. Median age was
77 years (range 67–88); WHO performance status was 0/1 in
12 patients. CCI showed relevant comorbidities with interme-
diate risk score in 11 and high risk score in 2 patients. With the
exception of two patients with previously untreated DLBCL,
all patients had relapsed/refractory disease after R-CHOP
treatment for DLBCL, tFL, or FL3b. Both tFL had refractory
disease prior to study inclusion (Table 3). Median time
from initial diagnosis of relapsed/refractory patients to regis-
tration was 4.89 years (range, 0.23–10.29). For eight
relapsed/refractory patients, the study treatment was given as
second-line treatment; the other three patients had already
received two or more previous treatment lines for relapsed
disease. Six relapsed/refractory patients achieved a CR, three
a partial remission (PR), and one patient was progressive to
previous line of treatment prior to study registration. Two
patients had previously been treated with rituximab and
bendamustine. Of these, one patient achieved a partial response
with the RBL regimen. The second patient had only one
treatment cycle and refused response evaluation. Three patients
were initially treated in the pre-rituximab era with either CHOP
or cyclophosphamide, vincristine, prednison (CVP) alone.
Two of these patients received rituximab-based chemotherapy
at the time of relapse prior to inclusion in this trial.

Treatment exposure

Five patients received only one treatment cycle due to either
the occurrence of DLT (n=2), death (n=1, the cause of death
remained unknown), progressive disease (n=1), and grade 3
cutaneous rash (n=1). Four patients received more than one
cycle but not the complete planned treatment of six courses.
Reasons for early stopping were as follows: progressive
disease, patient refusal, and cutaneous toxicity. Four patients
completed all six treatment cycles (Table 3). Discontinua-
tion of lenalidomide occurred twice with a dose reduction of
lenalidomide from 15 to 10 mg, as prescribed by the proto-
col, whereas no dose reductions or discontinuations of in-
travenous treatment were necessary.

MTD and RD for subsequent studies

A total of eight patients were analyzed for DLT occurring
during cycle 1 of phase I. The first cohort of three patients
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with a daily dose of 10 mg lenalidomide of phase I dose
escalation showed no DLT. In the second cohort with 15 mg
lenalidomide, the occurrence of a delay of cycle 2 due to
prolonged grade 3 neutropenia defined the first DLT. With
the extension of the cohort by another three patients, an
ischemic cardiac event with elevated troponin occurred at
the same dose level, defining a serious non-hematologic AE.
This last event was rated possibly related to trial treatment and
thereby judged as the second DLT according to protocol. As a
consequence, the lenalidomide dose for patient number 8 was
reduced from dose level (DL) 2 to DL 1 on day 9 of cycle 1
(i.e., 15 mg for 8 days and 10 mg for 13 days). Thus, the
recommended daily dose for a subsequent phase II was
established as oral lenalidomide 10 mg on days 1–21 in
combination with rituximab 375 mg/m2 on day 1 and
bendamustine 70 mg/m2 on days 1 and 2 every 4 weeks.

Response to treatment

Two out of the eight patients in the phase I part experienced
a progressive disease. Five patients were included in the
extension phase part: one patient had an unconfirmed CR
and was in remission at the follow-up visit 9 months after
inclusion into the trial. Two patients achieved a PR. One
patient had progressive disease after 1 cycle, and one patient
died of unknown cause after a first cycle of study treatment
before any evaluation of response was performed.

Safety analysis

Safety and toxicity analysis was performed for all treatment
cycles of the first 13 patients (Table 4). Eight patients experi-
enced at least one serious grade 2, 3, or 4 AE during treatment.

Of the five patients in the extension cohort, one patient died
of unknown cause at the end of cycle 1; autopsy was not
performed. This patient experienced grade 3 fatigue, possibly
related to the study treatment, but grade 2 fatigue was already
present at baseline. A second patient had more than six missed
doses of lenalidomide within the first cycle due to rash and
pruritus (grade 3). One further patient experienced a grade 3
supraventricular arrhythmia during the first cycle.

In summary, the most common grade 3 and 4 AEs related
to trial treatment over all administered cycles were neutro-
penia (n=4, 31 %) with febrile neutropenia in a single
patient and thrombocytopenia (n=3, 23 %). The following
grade 3 and 4 non-hematologic AEs were the most often
experienced: cardiac events (n=4, 31 %), rash (n=2, 15 %),
and fatigue (n=2, 15 %).

A second patient died from pneumonia 36 days after the
last drug administration in cycle 3. Some of the AEs (sensory
neuropathy, dysphagia, anorexia, arachnoiditis, muscle weak-
ness, headache) were rated unrelated to treatment by the
responsible physician. All of the mentioned unrelated AEs

Table 2 Patient characteristics

Overall
(N=13)

Sex, n (%)

F 5 (38)

M 8 (62)

Age (years), median (min, max) 77.0 (67.0, 88.0)

WHO performance status, n (%)

0 7 (54)

1 5 (38)

2 1 (8)

Charlson Comorbidity Index score, n (%)

5 4 (31)

6 5 (38)

7 2 (15)

8 1 (8)

10 1 (8)

Stage (Ann Arbor staging), n (%)

Stage I 2 (15)

Stage II 4 (31)

Stage III 5 (38)

Stage IV 2 (15)

B symptoms, n (%)

No 11 (85)

Yes 2 (15)

Number of extranodal sites involved, n (%)

0 4 (31)

1 6 (46)

2 1 (8)

4 2 (15)

IPI, n (%)

1 4 (31)

2 6 (46)

3 3 (23)

Primary diagnosis

DLBCL 9 (69)

tFL 2 (15)

FL3b 2 (15)

Prior treatmentsa

R-CHOP 10 (77)

CHOP 2 (15)

R-CVP 2 (15)

CVP 1 (8)

R-bendamustine 2 (15)

Radiotherapy 4 (31)

Number of prior chemotherapy regimens, n (%)

0 2 (15)

1 8 (62)

2 1 (8)

3 1 (8)

4 1 (8)

IPI International Prognostic Index [32]
a A patient may have received several prior treatments
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were grade 3 with the exception of dysphagia rated as
grade 4 toxicity. Importantly many of the AEs were
already present at baseline.

Discussion

Most often (elderly) patients with aggressive lymphoma and
significant comorbidities cannot be treated with a curative
intent, neither front line nor at relapse, and the outcome of
patients not suitable for intensive regimens is poor with a
median survival of less than 6 months [3, 6, 23]. For these
patients, an ideal treatment regimen would provide high
anti-lymphoma efficacy while maintaining an acceptable
quality of life.

Based on the potential synergistic effect of lenalidomide
in combination with rituximab, we designed the RBL regi-
men (rituximab, bendamustine, and lenalidomide) to possi-
bly provide a new active and tolerable regimen for elderly
and frail patients [24]. An acceptable toxicity profile of the
rituximab and bendamustine combination in old patients
(median age of 85 years) with aggressive lymphoma was
already reported by a small German phase II study, which
also showed a good clinical activity (complete remission
rate 54 %) with bendamustine given at 120 mg/m2/day on
two consecutive days [18].

Despite a much lower bendamustine dose in comparison
with the abovementioned German study, our phase I trial of
the RBL combination established a lenalidomide dose
(10 mg/day) much lower than the usual monotherapy dose
of 25 mg/day [25]. In line with our results, a phase I/II trial
of relapsed/refractory multiple myeloma (MM) patients

established a recommended bendamustine dose of
75 mg/m2/day on two consecutive days in combination with
lenalidomide 10 mg/day for 21 days every 4 weeks [26].

We observed two DLTs: one hematologic and one non-
hematologic AE. The most common and expected AEs for
the total trial population were neutropenia, grade 3 and 4
thrombocytopenia, and cardiac events. No hematologic grade
3 toxicities occurred with lenalidomide 10 mg/day during the
first cycle neither in phase I or in the first five patients of phase
II. However, in later treatment cycles, more severe neutropenia
occurred leading to treatment delays and the use of G-CSF.
Hematologic toxicities were also themost common grade 3 and
4 AEs occurring in the abovementioned myeloma trial [26].

A variety of non-hematologic AEs were mostly related to
pre-existing comorbidities; some of them difficult to be
discriminated from study drug-related events. This was es-
pecially true for constitutional symptoms like fatigue. The
RBL seems to cause more skin-related toxicity than reported
for each drug alone in lymphoma patients.

Grade 3 and 4 cardiac events were the most important
non-hematologic AEs in our study. The cause of death of an
87-year-old woman after the first cycle during phase II re-
mains unexplained as no preceding symptoms with the
exception of fatigue were reported. Although the cause of
death remains open, a sudden cardiovascular event is the
most probable explanation. The number of cardiac events in
this frail patient group is not surprising. The risk of cardio-
vascular death or events related to atherosclerotic disease is
markedly increased after 75 years of age [27]. Grade 3
cardiac arrhythmia and a prolonged QT interval were the
only reported cardiac events for the same drug combination
in relapsed/refractory MM patients [26]. A much lower

Table 3 Summary of treatment by patient

Patient Diagnosis Total cycles Dose level Reasons for stopping treatment DLT

1 DLBCL, r 6 DL 1 6 cycles completed

2 tFL, R 4 DL 1 Progressive disease

3 DLBCL, r 6 DL 1 6 cycles completed

4 FL3b, r 6 DL 2 6 cycles completed

5 DLBCL, r 2 DL 2 Progressive disease

6 tFL, R 1 DL 2 DLT Prolonged neutropenia

7 DLBCL, r 1 DL 2 DLT Cardiac event (myocardial infarction)

8 DLBCL 6 DL 2/ DL 1 6 cycles completed

9 DLBCL 1 RD Death

10 DLBCL, r 1 RD Progressive disease

11 FL3b, r 5 RD Patient refusal

12 DLBCL, r 1 RD Unacceptable toxicity: grade 3 rash

13 DLBCL, r 3 RD Unacceptable toxicity: various AE led
to delay more than 2 weeks

DLBCL diffuse large B cell lymphoma primary diagnosis, r relapsed, R refractory to previous treatment, tFL transformed follicular lymphoma,
FL3b follicular lymphoma 3b relapsed/refractory, DLT dose-limiting toxicity, RD recommended dose
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median age of 63 years in the MM study compared to
77 years in our trial might explain the difference in frequen-
cy. Therefore, the arrhythmogenic potential of the regimen
has to be carefully observed in the ongoing phase II trial.

A second death was recorded in our study due to pneumo-
nia. A direct causality of the study treatment with the fatal
event could not be established nor excluded, but it is plausible
because of the immunosuppressive effect of the treatment.
Nevertheless, a fatal infection is a well-known risk of cancer
chemotherapy in elderly frail patients, which should be
weighted considering the expected benefit of treatment of
chemosensitive (and potentially curable) diseases such as B
cell lymphomas. In this study, we evaluated the RBL regimen
in patients not eligible for either anthracycline-based front-line
chemotherapy or intensive salvage regimens. WHO perfor-
mance status of the majority of our patients was only mini-
mally impaired, but the CCI risk score was indicative of
additional relevant comorbidities for most patients (Table 2).

The CCI provides a summary score of burden of illness and
has predictive value of cancer treatment tolerance [28–31].
Serious adverse events in this predefined comorbid age group
are much more likely and expected than in trials with a
younger patient population.

According to protocol, formal assessment of response
was not scheduled for phase I patients. Nevertheless, objec-
tive remissions were observed in three out of four evaluable
patients (one CR and two PR) of the extension cohort.
Based on these results, further accrual of the ongoing phase
II trial is warranted.

Conclusion

A dose of lenalidomide 10 mg daily on days 1–21 in combi-
nation with rituximab 375 mg/m2 on day 1 and bendamustine
70 mg/m2/day on days 1 and 2 has shown to be feasible in this

Table 4 Summary of grade 3, 4, or 5 adverse events including DLT (after baseline)

Overall

(N=13)

AE category AE Grade 3 n (%) Grade 4 n (%) Grade 5 n (%) Total n (%)

Blood/bone marrow Hemoglobin 1 (8) 1 (8)

Leukocytes 1 (8) 1 (8)

Neutrophils 1 (8) 2 (15) 3 (23)

Platelets 2 (15) 2 (15)

Plateletsa 1 (8) 1 (8)

Cardiac arrhythmia Atrial fibrillationa 1 (8) 1 (8)

Atrial flutter 1 (8) 1 (8)

Sinus tachycardia 1 (8) 1 (8)

Cardiac general Elevated troponina 1 (8) 1 (8)

Constitutional symptoms Fatiguea 2 (15) 2 (15)

Death Death NOSb 1 (8) 1 (8)

Dermatology/skin Pruritus 1 (8) 1 (8)

Rash 2 (15) 2 (15)

Gastrointestinal Anorexiab, a 1 (8) 1 (8)

Dysphagiab, a 1 (8) 1 (8)

Nausea 1 (8) 1 (8)

Infection Febrile neutropenia 1 (8) 1 (8)

Pneumonia 1 (8) 1 (8)

Urinary infection 1 (8) 1 (8)

Musculoskeletal/soft tissue Muscle weakness of lower extremityb 1 (8) 1 (8)

Neurology Arachnoiditisb 1 (8) 1 (8)

Sensory neuropathyb, a 1 (8) 1 (8)

Pain Sternal, thoracic 1 (8) 1 (8)

Headacheb 1 (8) 1 (8)

Pulmonary/upper respiratory Pneumonia 1 (8) 1 (8)

a AE already present at baseline
b AE unrelated to trial treatment (relationship assessed as unrelated or unlikely)
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frail and mostly pretreated patients. The safety of the regimen
has to be addressed further in the currently ongoing phase II
part of the trial. Special attention will be given to the selection
of patients with cardiac risk factors and to supportive care in
this elderly patient population.

Acknowledgments This trial was sponsored by the Swiss Group for
Clinical Cancer Research (SAKK). SAKK was responsible for the
study design, study conduct, analysis, and manuscript writing. Roche
Pharma (Schweiz) AG, Mundipharma Medical Company (Schweiz),
and Celgene GmbH supported the study in part financially, supplied
the study drug, and offered comments in the process of manuscript
writing. This trial was also supported by the Swiss State Secretariat for
Education and Research (SER).

Conflict of interest EZ has participation in the Roche and Celgene
advisory boards. All other authors declare no conflict of interest.

References

1. Weisenburger DD (1994) Epidemiology of non-Hodgkin's lym-
phoma: recent findings regarding an emerging epidemic. Ann
Oncol 5(Suppl 1):19–24

2. Morton LM, Wang SS, Devesa SS, Hartge P, Weisenburger DD,
Linet MS (2006) Lymphoma incidence patterns by WHO subtype
in the United States, 1992–2001. Blood 107:265–276

3. Feugier P, Van Hoof A, Sebban C, Solal-Celigny P, Bouabdallah R,
Fermé C, Christian B, Lepage E, Tilly H, Morschhauser F, Gaulard
P, Salles G, Bosly A, Gisselbrecht C, Reyes F, Coiffier B (2005)
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 23:4117–4126

4. Gisselbrecht C, Glass B, Mounier N, Gill DS, Linch DC, Trneny
M, Bosly A, Ketterer N, Shpilberg O, Hagberg H, Ma D, Brière J,
Moskowitz CH, Schmitz N (2010) Salvage regimens with autolo-
gous transplantation for relapsed large B cell lymphoma in the
rituximab era. J Clin Oncol 28:4184–4190

5. van Spronsen DJ, Janssen-Heijnen MLG, Breed WPM, Coebergh
JWW (1999) Prevalence of co-morbidity and its relationship to
treatment among unselected patients with Hodgkin's disease and
non-Hodgkin's lymphoma, 1993–1996. Ann Hematol 78:315–319

6. Thieblemont C, Grossoeuvre A, Houot R, Broussais-Guillaumont F,
Salles G, Traulle C, Espinouse D, Coiffier B (2008) Non-Hodgkin's
lymphoma in very elderly patients over 80 years. A descriptive
analysis of clinical presentation and outcome. AnnOncol 19:774–779

7. van de Schans SAM, Wymenga ANM, van Spronsen DJ, Schouten
HC, Coebergh JWW, Janssen-Heijnen MLG (2012) Two sides of
the medallion: poor treatment tolerance but better survival by
standard chemotherapy in elderly patients with advanced-stage
diffuse large B-cell lymphoma. Ann Oncol 23:1280–1286

8. Friedberg JW, Cohen P, Chen L, Robinson KS, Forero-Torres A,
La Casce AS, Fayad LE, Bessudo A, Camacho ES, Williams ME,
van der Jagt RH, Oliver JW, Cheson BD (2008) Bendamustine in
patients with rituximab-refractory indolent and transformed non-
Hodgkin's lymphoma: results from a phase II multicenter, single-
agent study. J Clin Oncol 10:204–10

9. Kahl BS, Bartelett NL, Leonard JP, Chen L, Ganjoo K, Williams
ME, Czuczman MS, Robinson KS, Joyce R, van der Jagt RH,
Cheson BD (2010) Bendamustine is effective therapy in patients
with rituximab-refractory, indolent B-cell non-Hodgkin lympho-
ma. Cancer 116:106–114

10. Rigacci L, Puccini B, Cortelazzo S, Gaidano G, Piccin A, D'Arco A,
Freilone R, Storti S, Orciuolo E, Zinzani PL, Zaja F, Bongarzoni V,
Balzarotti M, Rota-Scalabrini D, Patti C, Gobbi M, Carpaneto A,
Liberati AM, Bosi A, Iannitto E (2012) Bendamustine with or
without rituximab for the treatment of heavily pretreated non-
Hodgkin's lymphoma patients. Ann Hematol 91:1013–1022

11. Rummel M, Niederle N, Maschmeyer G, et al (2012)
Bendamustine plus rituximab (B-R) versus CHOP plus rituximab
(CHOP-R) as a first-line treatment in patients with indolent and
mantle cell lymphomas (MCL): updated results from the StiL
NHL1 study. J Clin Oncol 30: Abstract 3

12. Ogura M, Ando K, Taniwaki M, Watanabe T, Uchida T, Ohmachi
K, Matsumoto Y, Tobinai K (2011) Feasibility and pharmacoki-
netic study of bendamustine hydrochloride in combination with
rituximab in relapsed or refractory aggressive B cell non-
Hodgkin's lymphoma. Cancer Sci 102(9):1687–92

13. Walter E, Schmitt T, Dietrich S, Ho A, Witzens-Harig M (2012)
Rituximab and bendamustine in patients with CD20+ diffuse large
B-cell lymphoma not eligible for cyclophosphamide, doxorubicin,
vincristine and prednisone-like chemotherapy. Leuk Lymphoma
53:2290–2

14. Horn J, Kleber M, Hieke S, Schmitt-Gräff A, Wäsch R, Engelhardt
M (2012) Treatment option of bendamustine in combination with
rituximab in elderly and frail patients with aggressive B-non-
Hodgkin lymphoma: rational, efficacy, and tolerance. Ann
Hematol 91:1579–1586

15. Weidmann E, Neumann A, Fauth F, Atmaca A, Al-Batran SE,
Pauligk C, Jäger E (2011) Phase II study of bendamustine in
combination with rituximab as first-line treatment in patients
80 years or older with aggressive B-cell lymphomas. Ann Oncol
22:1839–44

16. Witzig TE, Vose JM, Zinzani PL, Reeder CB, Buckstein R, Polikoff
JA, Bouabdallah R, Haioun C, Tilly Guo HP, Pietronigro D, Ervin-
Haynes AL, Czuczman MS (2011) An international phase II trial of
single-agent lenalidomide for relapsed or refractory aggressive B-cell
non-Hodgkin's lymphoma. Ann Oncol 22:1622–1627

17. Czuczman MS, Vose JM, Witzig TE, Zinzani PL, Buckstein R,
Polikoff J, Li J, Pietronigro D, Ervin-Haynes A, Reeder CB (2011)
The differential effect of lenalidomide monotherapy in patients
with relapsed or refractory transformed non-Hodgkin lymphoma
of distinct histological origin. Br J Haematol 154:477–481

18. Zinzani PL, Pellegrini C, Gandolfi L, Stefoni V, Quirini F,
Derenzini E, Broccoli A, Argnani L, Pileri S, Baccarani M
(2011) Combination of lenalidomide and rituximab in elderly
patients with relapsed or refractory diffuse large B-cell lymphoma:
a phase 2 trial. Clin Lymphoma Myeloma Leuk 11:462–6

19. Balducci L, Extermann M (2000) Management of the frail person
with advanced cancer. Crit Rev Oncol Hematol 33(2):143–8

20. WHO (2008) WHO classification of tumours of haematopoetic and
lymphoid tissue, 4th edn. WHO, Geneva

21. Hall WH, Ramachandran R, Narayan S, Jani AB, Vijayakumar S
(2004) An electronic application for rapidly calculating Charlson
comorbidity score. BMC Cancer 20:4–94

22. Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. J Chronic Dis 40(5):373–383

23. Kouroukis CT, Browman GP, Esmail R, Meyer RM (2002)
Chemotherapy for older patients with newly diagnosed,
advanced-stage, aggressive-histology non-Hodgkin lymphoma: a
systematic review. Ann Intern Med 136:144–152

24. Fowler N, Hagemeister F, McLaughlin P, Kwak L, Romaguera J,
Fanale M, Neelapu S, Fayad L, Orlowski L, Wang M, Pro B,
Lacerte L, Samaniego F (2011) Lenalidomide plus rituximab is a
highly effective and well-tolerated biologic therapy in untreated
indolent B cell non-Hodgkin lymphoma. Ann of Oncol 22:
Abstract 137

Ann Hematol (2013) 92:1033–1040 1039



25. Wiernik PH, Lossos IS, Tuscano JM, Justice G, Vose JM, Cole CE,
Lam W, McBride K, Wride K, Pietronigro D, Takeshita K, Ervin-
Haynes A, Zeldis CB, Habermann TM (2008) Lenalidomide
monotherapy in relapsed or refractory aggressive non-Hodgkin's
lymphoma. J Clin Oncol 26(30):4952–7

26. Lentzsch S, O'Sullivan A, Kennedy RC, Abbas M, Dai L, Pregja
SL, Burt S, Boyiadzis M, Roodman GD, Mapara YM, Agha M,
Waas J, Shuai Y, Normolle D, Zonder JA (2012) Combination of
bendamustine, lenalidomide, and dexamethasone (BLD) in pa-
tients with relapsed or refractory multiple myeloma is feasible
and highly effective: results of phase 1/2 open-label, dose escala-
tion study. Blood 119:4608–4613

27. Berry JD, Dyer A, Cai X, Garside DB, Ning H, Thomas A,
Greenland P, Van Horn L, Tracy RP, Lloyd-Jones DM (2012)
Lifetime risks of cardiovasculare disease. N Engl J Med 366:321–9

28. Extermann M, Overcash J, Lyman GH, Parr J, Balducci L (1998)
Comorbidity and functional status are independent in older cancer
patients. J Clin Oncol 16:1582–1587

29. Extermann M (2000) Measuring comorbidity in older cancer pa-
tients. Eur J Cancer 36:453–471

30. Extermann M (2000) Measurement and impact of comorbidity in
older cancer patients. Crit Rev Oncol Hematol 35:181–200

31. Mandelblatt JS, Bierman AS, Gold K, Zhang Y, Ng JH, Maserejan
N, Hwang Y, Meropol NJ, Hadley J, Silliman RA (2001)
Constructs of burden of illness in older patients with breast cancer:
a comparison of measurement methods. Health Serv Res 36:1085–
1107

32. The International Non-Hodgkin's Lymphoma Prognostic Factors
Project (1993) A predictive model for aggressive non-Hodgkin's
lymphoma. N Engl J Med 329(14):987–94

1040 Ann Hematol (2013) 92:1033–1040


	Rituximab,...
	Abstract
	Introduction
	Methods
	Study population
	Study design
	Statistical analysis

	Results
	Patient characteristics
	Treatment exposure
	MTD and RD for subsequent studies
	Response to treatment
	Safety analysis

	Discussion
	Conclusion
	References


