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further DNA synthesis [24]. The synergistic effect of bendamustine 
and cytarabine could be related to the individual mechanism of 
action of the two drugs, whose serial administration would avoid 
the saturation of the common pathways. Cells escaping the cell cycle 
arrest induced by bendamustine and trying to repair their damage 
would be prone to incorporate the metabolite ara-CTP into DNA, 
as reported by Staib [19] in acute myeloid leukemia cells. Indeed, the 
sequential treatment with bendamustine followed by cytarabine was 
proven to be more effective than simultaneous addition of the two 
drugs (Figure 2) [21-23]. The S phase of the cell cycle is a crucial step 
of replication in mantle cell lymphoma (MCL) cells, where cyclin D1 
overexpression deregulates the cell cycle at the G1/S phase transition, 
and is likely the engine continuously pushing cells towards S-phase 
(Figure 3). Indeed, both drugs are known to be particularly active in 
patients with MCL.

Studies aimed at providing a rationale for the use of this 
combination in patients with B- and T-cell leukemia/lymphomas 
or chronic lymphocytic leukemia (CLL) demonstrated that 
bendamustine and cytarabine are highly synergistic [23]. A relevant 
and significant improvement of apoptosis when bendamustine and 
cytarabine were combined in a consecutive manner was observed 
in CLL cells, either with or without 17p deletion, or resistant to 
purine analogues [23,24]. Cell lines of diffuse large B-cell lymphoma 
(DLBCL), follicular lymphoma (FL) and T-cell lymphomas have 
also been tested with this combination [23]. A striking synergistic 
cytotoxic effect was observed in DLBCL, and T-cell lymphoma. 
Overall, DLBCL and T-cell lymphoma cells were barely affected by 
the single drugs irrespectively of dose and time of incubation, but 
both achieved an impressive improvement of cytotoxicity when 
the drugs were incubated consecutively. The apoptotic rate that 
characterized DLBCL was more than five-fold greater than the 
maximum effect obtained with the single drugs [23]. The limited 
activity of bendamustine as single drug on aggressive lymphoma cell 
lines resembles what is commonly observed in vivo in clinical trials, 
where DLBCL and T-cell lymphomas are usually less responsive to 
the drug than low-grade lymphomas and MCL [25-27].

Two clinical studies have addressed the tolerability and efficacy 
of the combination of bendamustine and cytarabine, combined 
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Bendamustine is a bifunctional compound that has shown clinical 

activity against various human cancers including non-Hodgkin’s and 
Hodgkin’s lymphoma [1,2], chronic lymphocytic leukemia (CLL) [3], 
multiple myeloma [4,5], breast cancer [6], and small-cell lung cancer 
[7,8].

Structurally, it comprises two main elements (Figure 1): 
a 2-chloroethylamine group and a benzimidazole ring. The 
2-chloroethylamine alkylating group is shared with other alkylators 
like cyclophosphamide, chlorambucil and melphalan. Instead, 
the benzimidazole central ring system is unique to bendamustine 
and has antimetabolite properties typical of purine analogues. This 
ring structure may contribute to the peculiar antitumor activity of 
bendamustine and distinguishes it from conventional alkylators 
[9]. Both preclinical [10,11] and clinical [12] studies have shown 
that bendamustine is active in cancer cells that are resistant to 
conventional alkylating agents.

The benzimidazole central ring is likely to be the moiety 
responsible for its striking effect when combined with cytosine 
arabinoside (cytarabine). Cytarabine is a pyrimidine analogue of 
cytidine with an arabinose as sugar moiety instead of ribose (Figure 
1). The drug activity depends on the phosphorylation of the prodrug 
ara-C to the active metabolite Ara-C triphosphate (Ara-CTP) [13,14]. 
Ara-CTP inhibits DNA polymerase and is incorporated into DNA, 
ceasing DNA replication during the S-phase of the cell cycle [15-17].

Purine analogues like fludarabine and cladribine are known to 
augment the intracellular level of ara-CTP, thereby increasing the 
inhibitory effect of cytarabine on DNA synthesis. Many regimens 
used for treating acute leukemia’s are based on the association of 
these drugs [18]. Bendamustine, similarly to nucleoside analogues, 
has been shown to elicit potent modulation of cytarabine metabolism 
in leukemic blasts in vitro [19-21] enhancing the apoptotic effect of 
cytarabine (Figure 2). Hiraoka et al. [21] found that bendamustine 
up-regulates ENT1, an intracellular nucleoside transporter, thus 
enhancing the uptake of cytarabine to an extent comparable with the 
purine analogue fludarabine.

The two agents induce a block of the cell cycle in the S phase 
(Figure 3) [22], cause cross-links and DNA strand breaks and obstacle 
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Figure 1: Chemical structure of bendamustine and cytarabine.
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with rituximab, in MCL and CLL patients, respectively [28,29]. An 
open-label, single-arm, phase 2 clinical trial combined the drugs 
(R-BAC regimen) in MCL patients aged ≥ 65 years who were 
previously untreated or relapsed/refractory (R/R) to one prior 
immunochemotherapy [28]. Forty patients (median age 70 years; 
n = 20 previously untreated) were enrolled. The major toxicity was 
transient myelosupression, which was significant in the study (87% 
and 57% of patients with grade 3-4 thrombocytopenia/leukopenia), 
while febrile neutropenia was quite rare. Non-hematological toxicity 
was low and 85% of patients, despite the old age, completed at least 
four cycles without significant clinical complications. The overall 
response rate (ORR) was 100% (95% complete remission) for 
previously untreated and 80% (70% complete remission) for R/R 
patients. After a median follow-up of 26 months (range, 11 to 38 
months), the 2-year PFS rate was 95% ± 5% for untreated and 70% 
± 10% for R/R patients. A recent update of this trial revealed that, 
after a median follow-up of 44 months, median PFS has not yet been 
reached in untreated patients for, while it was 37 months for R/R 
patients (unpublished report, personal communication). Of note, 
R-BAC was particularly effective in terms of stem cell harvest, with 
100% CD34+ cell mobilizing success in untreated patients. Based on 
these encouraging results, in order to lower hemato-toxicity, the same 
authors have initiated a multicenter trial (FIL-RBAC500) promoted 
by the Fondazione Italiana Linfomi (FIL), with a reduced cytarabine 
dose of 500 mg/m2 (ClinicalTrials.gov Identifier:NCT01662050). This 
FIL trial will include minimal residual disease (MRD) evaluations in 
parallel with PET-scans and will give final results during 2015.

The R-BAC regimen was used for treating patients with R/R 
CLL in a pilot trial in “ultra-high risk” patients with R/R CLL [29]. 
All patients had symptomatic disease, were heavily pretreated, had 
adverse cytogenetics (17p deletion, 11q deletion, or both), and 
unmutated immunoglobulin heavy chain variable region. Non-
hematological toxicity was again acceptable, while major toxicities 
relied in transient grade 3/4 neutropenia and thrombocytopenia, 
occurring in 84% and 85% of patients, respectively. Overall, ORR 

was 84%, including complete and partial response in 38% and 46% 
of patients, respectively. Patients with 17p deletion had an ORR of 
78%. Median progression-free survival was 16 months while median 
overall survival was not reached (1-year OS 75% ± 13%). Authors 
concluded that R-BAC is an active regimen in heavily pretreated high 
risk patients with CLL.

A Phase 2 Study (ClinicalTrials.gov Identifier: NCT01661881) 
from Dana-Farber Cancer Institute is ongoing for testing rituximab-
bendamustine followed by rituximab/cytarabine in untreated MCL. 
Although it is expected that patients will proceed to autologous stem 
cell transplantation at the conclusion of this regimen, this scheme 
will give further insights on the efficacy of combining cytarabine with 
bendamustine in MCL patients.

While several targeted agents are reaching the clinical practice, 
the association of bendamustine and cytarabine appears one of the 
most appealing chemo-based combinations in terms of tolerability 
and efficacy. Since hematological toxicity was relevant, attempts are 
ongoing in order to lower the impact of the regimen on blood counts 
while sparing its anti-tumor activity. Further trials are needed to 
confirm preliminary results in patients with CLL, while pre-clinical 
data suggest that patients with DLBCL and T-cell lymphomas might 
benefit of this combination in the near future.

Figure 2: Left: Bendamustine enhances the uptake of cytarabine and 
induces increase of Ara-CTP levels in several lymphoma cell lines. Right: 
proportion of apoptotic cells measured with 7-AAD following incubation for 
24 hours with bendamustine (B) and cytarabine (A) in three condition: drug 
alone, simultaneous and consecutive incubation. Histograms refer to mantle 
cell lymphoma cell lines, both of the classical and the blastiod form. Data 
were extrapolated from Visco et al. [22].

Figure 3: Effect of bendamustine on cell cycle in a mantle cell lymphoma 
cell line (JEKO-1) after 24h of incubation: (a) normal cell cycle of JEKO-1 
without the drug; (b) incubation with bendamustine induces accumulation of 
cells in the S phase and development of a debris peak. Figures reproduced 
with permission from Castegnaro et al., and Visco et al. [22,23].
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