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Key Points

• BFR is an effective allogeneic
conditioning for chronic
lymphocytic
leukemia/lymphoma.

• Remarkably, this BFR
regimen resulted in a low
incidence of myelosuppression
and severe acute GVHD.

Myelosuppression, graft-versus-host disease (GVHD), and relapse remain major causes

of morbidity after stem cell transplantation for relapsed lymphoma. In this phase 1/2

study, we tested the safety and efficacy of escalating doses of bendamustine (70, 90, 110,

and 130mg/m2 per day for 3 days), coupled with our historical fixed doses of fludarabine

and rituximab (BFR), as a nonmyeloablative allogeneic conditioning regimen for patients

with relapsed lymphoma (n 5 41) and chronic lymphocytic leukemia (CLL) (n 5 15). Ten

patients entered the phase 1 study; none experienced a dose-limiting toxicity. Forty-six

additional patients were then treated in the phase 2 study at the maximum dose of

130 mg/m2 per day for 3 days. The proportions of transplants from matched siblings or

unrelated donors were 54% and 46%. Remarkably, 55% of patients did not experience

severe neutropenia. Forty-nine patients (88%) did not require platelet transfusion. The

incidence of acute grade II-IV GVHDwas 11%. The 2-year rate of extensive chronic GVHD

was 26%. After a median follow-up duration of 26months (range, 6-50months), the 2-year overall and progression-free survival rates

were 90% and 75%. In conclusion, our new BFR regimen is safe and effective for relapsed CLL and lymphoma patients. This trial was

registered at www.clinicaltrials.gov as #NCT00880815. (Blood. 2014;124(14):2306-2312)

Introduction

Conventional chemoimmunotherapy and recently developed tar-
geted therapies for advanced, relapsed non-Hodgkin lymphoma
(NHL) have led to improved patient outcomes, but a significant
proportion of patients will eventually experience relapse and require
a succession of therapies.1-3 Moreover, the long-term disease-free
survival results of autologous stem cell transplantation (SCT) have
been suboptimal in patients with relapsed indolent lymphoid malignan-
cies and relapsed mantle cell lymphoma.4,5 A significant proportion of
potentially curable diffuse largeB-cell lymphoma cases are refractory to
or ineligible for autologous SCT.

The outlook for patients with NHL has improved with the use of
allogeneic SCT (allo-SCT).6 The past 15 years have witnessed a
dramatic shift in how this procedure is performed, with increasing
numbers of patients receiving less toxic, nonmyeloablative, or
reduced-intensity conditioning regimens that promote the engraft-
ment of donor cells and rely primarily on graft-versus-lymphoma
(GVL) induction.7-10 Numerous regimens of various intensities
continue to be developed to minimize the toxicity of transplantation
while maximizing GVL activity. However, graft-versus-host disease
(GVHD) remains a serious concern, with a risk of acute II-IVGVHD
of 20% to 50% and chronic GVHD of up to 70%.11 An ideal regimen

would allow donor cell engraftment with the shortest period of
neutropenia, least toxicity, and lowest incidence of GVHD while
allowing early disease control via the GVL effect. However, in the
absence of randomized trials, it has been difficult to demonstrate the
superiority of one regimen over another.

Bendamustine was first synthesized in the early 1960s.12

Structurally, it is a nitrogen mustard that consists of chloroethyl-
amine, an alkylating group that is attached to a benzimidazole ring,
a purine analog, and a butyric acid side chain that imparts water
solubility.12 Functionally, it is only partially cross-resistant with
other DNA-binding anticancer agents, such as cisplatin and doxoru-
bicin, and it is not cross-resistantwith other alkylating agents,which are
the major drugs used in the first- and second-line treatment of NHL.13

Bendamustine has proven to be effective in the treatment of several
hematologic malignancies.14-18 Its efficacy and safety profile were
evident from the results of a randomized trial of it plus rituximab vs
R-CHOP (rituximab plus cyclophosphamide, doxorubicin, vincris-
tine, and prednisone): patients with indolent and mantle cell
lymphomas had higher survival rates; fewer toxicities, including
a hematologic toxicity rate of 30% vs 68% (P, .0001); and a lower
rate of infections (36% vs 50%; P 5 .0025).18 Favorable outcomes
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were also reportedwith intense doses of bendamustine as an autologous
SCT conditioning regimen.19 These findings encourage the use of
bendamustine in allo-SCT.

In this phase 1/2 study, we determined the tolerance and efficacy
of an escalating dose of bendamustine (70, 90, 110, and 130 mg/m2

per day for 3 days), coupledwith historical fixed doses of fludarabine
and rituximab, as an allo-SCT conditioning regimen for patients
with resistant or relapsed chronic lymphocytic leukemia (CLL) and
lymphoma.

Patients and methods

Study oversight and conduct

This investigator-initiated trail (www.clinicaltrials.gov #NCT00880815)was
performed at The University of Texas MD Anderson Cancer Center
(Houston, TX) in accordance with the Declaration of Helsinki and the
International Conference on Harmonized Guidelines for Good Clinical
Practice. The study protocol was approved by the center’s institutional review
board and was in compliance with institutional guidelines. The study drug,
bendamustine, was provided free of charge by Cephalon, who provided no
other financial or logistical support for the study.

Patients

Patients were recruited consecutively between April 2009 and February 2013
and signed informed consent. The eligibility criteria were age 18 to 70 years
and a diagnosis of resistant or relapsed CD201CLL or NHL.With the advent
of publications demonstrating efficacy of bendamustine in T-cell lymphoma,
the protocol was amended to also include these histologies; these T-cell
lymphoma patients did not receive rituximabwith the conditioning. The other
inclusion criteria were an Eastern Cooperative Oncology Group performance
status score of 0 to 2 and adequate liver function (bilirubin and liver enzyme
concentrations up to 3 times the upper limit of normal), renal function
(creatinine,1.6 mg/dL), cardiac function (ejection fraction.40%), and
pulmonary function (.40% of predictive value). In addition, patients were
required to have a 6/6 HLA-compatible sibling donor or HLA-A, -B, -C,
and -DRB1 identical unrelated donor if no sibling donors were available,
according to our department’s standard practice guidelines. The exclusion
criteria included active central nervous system involvement with disease,
prior refractoriness to bendamustine, a prior allo-SCT, pregnancy, breastfeed-
ing, or known infection with HIV, human T-lymphotropic virus, or hepatitis
B or C virus. Additional exclusion criteria were the concurrent presence
of other malignancies (with the exception of squamous cell or basal cell
carcinoma), uncontrolled infection, stroke or myocardial infarction within
6 months of study entry, a prior allogeneic transplant, the use of other
investigational drugs, and hypersensitivity to bendamustine.

Procedure and study design

Escalating doses of bendamustine (70, 90, 110, and 130 mg/m2 per day for
3 days), coupled with fixed standard doses of fludarabine and rituximab, were
administered in an inpatient setting as a preparative regimen. Bendamustine
doses of 70 and 90mg/m2were infused over 30minutes, and doses of 110 and
130mg/m2were infused over 60minutes. Patients received the bendamustine
and 30 mg/m2 per day fludarabine IV over 30 minutes for 3 days (25 to
23 days before allo-SCT); those with B-cell disease were given 375 mg/m2

rituximab on day213 and 1000 mg/m2 on days26,11, and18.6 Allo-SCT
was performed on day 0 (Figure 1).

The dose levels of bendamustine were studied using the continual
reassessment method described by O’Quigley et al,20 with a target toxicity
probability of 30%. To determine the maximum tolerated dose, we defined
a dose-limiting toxicity (DLT) as death, any grade IV nonhematologic
toxicity within 30 days after SCT, and failure to experience engraftment of at
least 50% of donor T cells by days 25 to 30 after transplantation. Amaximum
of 26 patients were to be treated in cohorts of 2, for a maximum of 13 cohorts.

The first cohort was treated at 70 mg/m2 daily for 3 days. Each subsequent
cohort was treated at the dose with the posterior mean Pr {DLT} closest to the
target 0.30, subject to the constraint that no untried dose would be skipped
when escalating. The maximum tolerated dose was defined as the dose with
the posterior mean Pr {DLT} closest to 0.30 at the end of the trial, provided
that it was not terminated early. The continual reassessment method was
implemented using prior toxicity probabilities (p1, p2, p3, and p4) 5 (.15,
.20, .25, and .30) under the model Pr{DLT at dose level j}5 {pj}^exp(a),
where a follows a normal prior with a mean of 0 and variance of 2. The
trial was stopped early if the lowest dose was unacceptably toxic: ie, if
Pr{.15 ^ exp(a). .30 | data}. .90.

The maximum dose of 130 mg/m2 daily for 3 days was reached after
treating the first 10 patients without DLT. The trial was then expanded to 60
patients so that we could obtain a preliminary estimate of response in the
different histologic types included. The study continued to be monitored with
a safety rule but was stopped if there was a more than 95% chance that the
DLT rate was 30% or more.

Clinical evaluation

Responses were scored using standard criteria for patients with lymphoma.21

Post-SCT responses in CLL patients were scored according to the recommen-
dations of the National Cancer Institute-Sponsored Working Group.22 Disease
extentwas further assessedbycomputed tomography scansof thechest, abdomen,
and pelvis. In addition, functional imaging with 18F-fluoro-deoxyglucose
positron emission tomography scans was repeated after allo-SCT in patients
with avid scans at study entry. Patients were evaluated 1, 3, 6, and 12 months
after allo-SCT, every 6 months for up to 5 years, and yearly thereafter. All
toxicities were defined using the National Cancer Institute’s Common Ter-
minology Criteria for Adverse Events version 3.

Transplantation and GVHD

Donor chimerism and engraftment were assessed using polymerase chain
reaction–based methods, as described in detail elsewhere.9,10 GVHD pro-
phylaxis consisted of tacrolimus 0.015 to 0.03 mg/kg (starting on day 22)
and methotrexate of 5 mg/m2 on days 1, 3, and 6.9,10 Patients who received
transplantations from matched unrelated donors received an additional dose
of methotrexate of 5 mg/m2 on day 11 and 1 mg/kg of rabbit antithymocyte
globulin IVon days22 and21before allo-SCT.Tacrolimus taperwas initiated
at 6months after allo-SCT in patients with no active GVHD.Acute and chronic
GVHD were graded according to consensus criteria that were reported
previously.23,24 Patients received supportive care with antibiotics, antifungals,
and antivirals, as per institutional guidelines.

Donor lymphocyte infusions (DLIs) were administered, in combination
with rituximab (in cases of B-cell lymphoma), to patients with persistent or
progressive disease after allo-SCT and no GVHD.9,10 Tacrolimus doses were
rapidly tapered. Rituximab was then given at a dose of 375 mg/m2 IV,
followed by 3 weekly doses of 1000 mg/m2. A DLI of 13 107 CD3-positive

Figure 1. Treatment schema of bendamustine, fludarabine, and rituximab

(rituximab was omitted in patients with T-cell lymphoma).
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T cells/kgwas given after the first 2 doses of rituximab if no GVHDoccurred.
An escalated DLI dose was given at 6-week intervals if there was persistent
active disease and no GVHD. DLIs were not routinely administered in
patients with stable mixed chimerism if their disease remained in remission.
Patients who experienced a rapid decrease of donor cells received DLIs with
the goal of achieving complete donor chimerism.

Statistical analysis

Summary statistics of patients’ demographic and clinical characteristics were
obtained from patients’ electronic medical records provided. Patient survival
end points (overall survival [OS] and progression-free survival [PFS]) were
estimated using the Kaplan-Meier method. Survival end points between
patient groups were compared using the log-rank test. The cumulative
incidence rates of nonrelapse mortality and acute and chronic GVHD were
estimated and compared using Gray’s method with the R software package
“cmprsk”.25 All tests were 2 sided, and P values of .05 or less were
considered statistically significant. The statistical analysis was carried out
using SAS software version 9 (SAS Institute, Cary, NC). Statistical plotting
was performed using R software version 2.15.1 (R Foundation, Vienna,
Austria).

Results

Patient characteristics

Sixty eligible patients were considered for allo-SCT during the study
period. Three patients did not undergo conditioning or SCT (2 with
rapidly progressive disease [1with central nervous system involvement]
whilewaiting to start the conditioning regimen and 1with progressive
liver toxicity from salvage conventional chemotherapy). One patient
experienced pulmonary distress and hypoxemia to the first dose of
bendamustine. This patient had a history of obstructive sleep apnea.
He recoveredwith steroid therapy, but the transplantationwas aborted.
Thus, 56 patients were evaluated in this study.

Ten (18%) of these patients entered the phase 1 study: 2 were
treated at a bendamustine dose of 70 mg/m2 per day, 3 at 90 mg/m2

per day, 3 at 110 mg/m2 per day, and 2 at 130 mg/m2 per day for
3 days. The monitoring team accepted to treat 3 patients at levels 2
and 3, as patients number 2 and 3 within each cohort were con-
sidered for a transplant at the same time. None of these patients
experienced DLTs. The remaining 46 (82%) patients entered the
phase 2 part of the study at the maximum dose of 130 mg/m2 per
day for 3 days.

Patients’ characteristics are shown in Table 1. Eleven (20%) patients
had bonemarrow involvement, and 14 (25%) had.1 extranodal site of
involvementwith disease.b-2microglobulinof$3mg/Lwaspresent in
23% of patients.

Both the lymphoma and CLL patients had received a median of
3 previous therapies. Seven (17%) of 41 lymphoma patients who
had experienced recurrence of their disease after a prior autologous
SCTwere enrolled in this study at amedian time of 48months (range,
10-108 months) from their first transplant.

The CLL patients were generally considered to have high-risk
disease (Table 1). Two patients had Richter’ transformation. Ten
(91%) of 11 patients with data that could be evaluated had unmutated
immunoglobulin variable heavy-chain gene. A total of 33% of the
patients had 17p13.1 deletions, and 20% had 11q22.3 deletions. All
patients received prior therapies with nucleoside analogs (47% were
resistant), rituximab, and an alkylator. In addition, 20% of patients
were also resistant to lenalidomide and 13% to ofatumumab, and 1
patient progressed while receiving ibrutinib.

Transplantation and engraftment

All patients received unmanipulated grafts from the peripheral
blood (52 patients) or bone marrow (4 patients). The median number
of CD34-positive cells infused was 5.58 3 106/kg. Thirty-one
patients (55%) never experienced an absolute neutrophil count
(ANC) #0.5 3 109/L (Figure 2A). Patients recovered an ANC
.0.5 3 109/L at a median of 0 days after allo-SCT (range, 0-16
days). The median number of days of granulocyte-colony stimulat-
ing factor treatment was 1.5 days (range, 0-8 days), as 23% of
patients recoveredwith no growth factor support. Forty-nine patients
(88%) did not require platelet transfusions (Figure 2B). Platelet
counts recovered to .20 3 109/L in the remaining 7 patients after
a median of 11 days (range, 10-19 days). Patients who required
transfusions had thrombocytopenia prior to study entry.

Donor chimerism

All patients who underwent allo-SCT, both from sibling or unrelated
donors, experienced donor cell engraftment. By day 30 after SCT,
the median values of donor myeloid and T cells were both 97%.

Table 1. Demographic and clinical characteristics of allogeneic SCT
patients who were given bendamustine, fludarabine, and rituximab

Characteristic Value

No. of patients 56

Median age, y (range) 59 (30-70)

Age $60 y 24 (43)

Sex

Male 35 (63)

Female 21 (38)

LDH above normal 13 (23)

Median b-2 microglobulin (range) 2.2 (1.4-5.0)

PET1, no./total (%) 14/51 (27)

Median no. of prior chemotherapies (range) 3 (1-7)

Prior autologous transplantation 7 (13)

Histologic types

Follicular lymphoma 13 (23)

Mantle cell lymphoma 16 (29)

Diffuse large B-cell lymphoma 9 (16)

Peripheral T-cell lymphoma 3 (5)

CLL/Richter 13/2 (23/4)

IgHV unmutated 10/11(91)

ZAP70 positive 7/11(64)

17p deletion (FISH) 5 (33)

Complex cytogenetic 5 (33)

Median time from diagnosis to transplantation,

y (range)

4.3 (0.4-19.2)

Disease status at transplantation

CR 25 (45)

PR 25 (45)

Chemorefractory 6 (10)

Donor

Matched related 30 (54)

Matched unrelated 26 (46)

Stem cell source

Peripheral blood/marrow 52/4 (93/7)

ABO-mismatched recipient/donor 27 (48)

Cytomegalovirus status

R1/D1 22 (39)

R1/D2 17 (30)

R2/D1 8 (14)

R2/D2 9 (16)

Data are n (%) unless otherwise indicated.

FISH, fluorescence in situ hybridization; PET, positron emission tomography.
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These increased to 100% by day 90. Donor cell recovery was similar
in both sibling and unrelated transplantations. In 2 patients whowere
tested for engraftment on day 8, the percentages of donor cells were
0% and 8%, respectively. These both increased to 90% by day 30
without intervention.

Two patients experienced secondary graft rejection. One was
a patient with CLL in Richter transformation who experienced
rejection of sibling donor cells 17 months after allo-SCT. He
remained alive, in molecular complete response (CR), 29 months
after transplantation. Another patient experienced a secondary graft
failure after receiving a suboptimal number of unrelated donor
marrow cells (CD34 count, 1.3 3 106/kg). He recovered with
autologous cells.

Clinical response

Fifty patients (89%) experienced a CR, 3 (5%) experienced a partial
response (PR), and 2 (10%) had stable disease. One patient was not
evaluable because of early death. With a median follow-up duration
of 26months (range, 6-50months), the estimated 2-year OS and PFS
rateswere 90% (95%confidence interval [CI], 82% to 99%) and 75%
(95% CI, 63% to 89%) (Figure 3A), respectively.

In patients with indolent disease (CLL and follicular lymphoma),
mantle cell lymphoma, and aggressive lymphoma (diffuse large
B-cell and peripheral T-cell lymphoma), the 2-year OS rates were

91% (95%CI, 80% to 100%), 94% (95%CI, 83% to 100%), and 83%
(95% CI, 65% to 00%), respectively (P 5 .63) (Figure 3B); the
2-year PFS rates were 77% (95% CI, 61% to 97%), 68% (95% CI,
48% to 96%), and 83% (95% CI, 65% to 100%) (P5 .75). A similar
outcome was observed in patients who underwent a sibling (n5 30)
or unrelated donor transplantation (n 5 26). The 2-year OS rates
were 89% (95%CI, 77% to 100%) and 92% (95%CI, 83% to 100%),
respectively (P 5 .61) (Figure 3C); the 2-year PFS rates were 69%
(95% CI, 54% to 90%) and 83% (95% CI, 69% to 100%) (P5 .50).

In patients with CR, PR, and refractory disease at study entry, the
2-year OS rates were 86% (95% CI, 72% to 100%), 91% (95% CI,
80% to 100%), and 100%, respectively (P 5 .69); the 2-year PFS

Figure 2. Reduced risk of myelosuppression after BFR conditioning for alloSCT.

(A) Proportion of patients with normal platelet counts at study entry and who maintained

a platelet count.203 109/L after transplantation. (B) Proportion of patients with normal

ANC at study entry who maintained counts of 0.5 3 109/L after transplantation.

Figure 3. Survival after BFR conditioning for alloSCT. (A) OS and PFS rates

after nonmyeloablative allogeneic transplantation with bendamustine, fludarabine,

and rituximab conditioning. (B) OS rates by histologic type. (C) OS rates by donor

type. FL, follicular lymphoma; MCL, mantle cell lymphoma. DLBCL/TCL, diffuse

large B-cell and T-cell lymphoma.
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rateswere 77% (95%CI, 61% to 97%), 80% (95%CI, 63% to 100%),
and 40% (95% CI, 14% to 100%) (P 5 .12).

A total of 5 (71%) of the 7 lymphoma patients who experienced
recurrence of their disease after a prior autologous SCT remained
alive at amedian follow-up of 30months (range, 12-40months) after
allo-SCT.

Five patients with CLL had a 17p13.1 deletion. Three had
undergone 3 prior lines of therapy, 1 had undergone 4, and 1 with de
novo disease received 1 line of therapy prior to allo-SCT. Three had
received transplantation from a matched unrelated donor and 2
from a sibling donor. One patient experienced a response to DLI
18 months after transplantation. All patients were alive, with 4 being
in CR, at 24, 24, 29, and 56 months.

DLI

Overall, 9 patients experienced disease progression after allo-SCT.
One patient with refractory mantle cell lymphoma received a level 1
dose of bendamustine; of the other 8, 1 with refractory CLL/Richter
received a level 2 dose and 7 received level 4. Two cases of disease
progression occurred in the central nervous system, with remission
elsewhere. One of these 2 patients had a history of central nervous
system involvement by peripheral-T-cell lymphoma and did not
experience a response to a prior autologous SCT. Five patients
received a DLI and rituximab, 1 because of graft failure (with no
response) and 4 because of progressive disease (1 with follicular
lymphoma, 2 with CLL, and 1 with mantle cell lymphoma). Two
patients (follicular lymphoma and CLL [described above]) experi-
enced a CR.

GVHD and toxicity

Patients had at least 6 months of follow-up after transplantation and
were therefore evaluable for GVHD. The incidence rate of grade
II-IVacuteGVHDwas11%(Figure 4A). This rate did not statistically
significantly differ after adjusting for matched siblings and unrelated
donors (7% and 15%, respectively [P5 .27]). Four patients had grade
III acuteGVHD (1 sibling and 3matched unrelated donors). Grade IV
acute GVHD was observed in only 1 patient. The 2-year cumulative
incidence rate of extensive chronic GVHD was 26% (Figure 4B); in
siblings and matched unrelated donors, the rates were 20% and 34%,
respectively (P5 .23).

Nonhematologic toxicity was not dose limiting at any bend-
amustine dose with the conditioning. None experienced alopecia.
Only 1 patient (2%) experienced a grade III oral mucositis; none
had a grade IV. Nausea and vomiting were mild in all patients. No
grade III-IV nephrotoxicity was observed. No grade III-IV cardiotox-
icity was observed. No episode of veno-occlusive disease was
reported.

Seven patients died. Two deaths were related to disease pro-
gression, 1 to acuteGVHD, and 1 to chronicGVHD.One patient (2%)
developed a grade IV gastrointestinal bleeding; she had a history of
exposure to involved field radiation to the stomach and scleroderma
with involvement of the esophagus, with 26 prior endoscopies. She
later died of sepsis. Two additional patients died because of infection
(1 fungal and 1 West Nile virus infection). The latter patient had
undergone autologous SCT 4 years earlier because of transformed
lymphoma; she had a history of traveling to endemic areas and being
exposed to ticks. She developed symptoms of fever and headache on
day 3 after her transplantation anddied on day 26 after allo-SCT. Thus,
the treatment-related mortality (TRM) rates at 100 days and 2 years
were 1.8% and 9%, respectively (Figure 4C).

Discussion

In this study of bendamustine-based conditioning for allo-SCT for
lymphoidmalignancies, we found that higher doses of bendamustine
(up to 130 mg/m2 per day for 3 days) could be administered safely in
combinationwith standardfludarabine and rituximab in the setting of
both related and unrelated donor nonmyeloablative hematopoietic
SCT. Recovery of neutrophils and platelets was prompt; 31 patients
(55%) never experienced an ANC#0.53 109/L, and 87% required
no platelet transfusion. Furthermore, the incidence of grade II-IV
acute GVHD was 11%, which is lower than the 35% to 70% seen in
the scientific literature.26 Moreover, our findings showed a low
incidence of extensive chronic GVHD, despite a patient cohort that
was older than average; 46% of patients received a transplantation
from an unrelated donor. This outcome of immunosuppression with

Figure 4. GVHD and TRM. (A) Incidence of acute II-IV GVHD. (B) Incidence of

extensive chronic GVHD. (C) TRM rate.
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no severemyelosuppression, togetherwith a low incidence ofGVHD,
could also be due to bendamustine being an alkylator with a purine
ring that has additional immunosuppressive properties.

Approximately50%ofpatientswithCLLandmantle cell lymphoma
and more than 70% of patients with aggressive lymphoma experience
relapsed disease after allo-SCT. Therefore, new conditioning regimens
are required. In the search for the optimal conditioning regimen, we
tested the safety and efficacy of bendamustine, fludarabine, and
rituximab with escalating doses of bendamustine, a drug with
more activity than in standard therapies for resistant and relapsed
lymphoid malignancies.

Wewere surprisedby the low levelofmyelosuppression in this study.
We underestimated the number of patients who would not require
growth factors, as all patients received granulocyte-colony stimu-
lating factor by day 7 after SCT, as per our standard supportive care.
Through the course of the trial, it was noted that many patients with
normalANCcounts at studyentrymaintainedanANCof.500cells/mL
throughout and did not need growth factor support. This observation
prompted us to modify our administration of growth factors, which
led to the full recovery of counts in 23% of patients with no growth
factor support.

Although our studywas limited by its single-arm design, wewere
encouraged by the low incidence of grade II-IV acute and chronic
extensiveGVHD.One study evaluated low-dose total-body irradiation,
with or without fludarabine and followed by mycophenolate mofetil
and a calcineurin inhibitor, in 611 SCT patients with hematologic
malignancies.27 The incidence of acute GVHD at day 120was 43% for
grade II-IV disease and 11% for grade III-IV, with a 2-year relapse rate
of 51%.

Strategies that mitigate GVHDmay be associated with increased
relapse rates. In a phase 1/2 study of reduced-intensity conditioning
hematopoietic SCT in which maraviroc was combined with standard
GVHD prophylaxis, the incidence of grade II-IV acute GVHD was
29%, but the relapse rate was 56% at 1 year.28 We have previously
found a 37% incidence rate of acute II-IV GVHD with the use of a
fludarabine, cyclophosphamide, and rituximab conditioning regi-
men in CLL. The cumulative incidence of extensive chronic GVHD
was 56% and the TRM rate at 1 year was 17%.9 The relapse rate in
thatfludarabine, cyclophosphamide, and rituximabstudywas45%,with
37 of 39 (95%) relapses occurringwithin 18months of transplantation.9

In this current study, the BFR conditioning regimen showed a prom-
ising efficacy pattern. Despite the low acute GVHD rate, we did not
note an increase in the relapse rate, suggesting that GVL was not
altered substantially.29 Although this studywas not powered to show
differences in response between different histologic subtypes, the
PFS rates among patients with indolent, mantle cell, and aggressive
lymphoid histologic disease were similar.

In conclusion, in CLL/lymphoma patients undergoing related
or unrelated donor nonmyeloablative conditioning for allo-SCT,
a bendamustine dose of 130mg/m2 per day for 3 days combinedwith
fludarabine and rituximab is safe and effective. This regimen resulted
in a low incidence of myelosuppression and a low cumulative
incidence of clinically significant GVHD, with no major adverse
events. It may be considered as a platform for outpatient allogeneic
transplantation.

Acknowledgments

The authors thank Ann Sutton for editing this manuscript.
Bendamustine was provided by Cephalon.

Authorship

Contribution: I.F.K., R.L.B. Jr, and A.G. conceived of and designed
the study; I.F.K., W.W., M.K., F.T., S.A., A.A., P.A., S.C., E.J.,
B.O., U.R.P., G.R., R.L.B. Jr, and A.G. collected and assembled
data; I.F.K.,W.W., andR.L.B. Jr analyzed and interpreted data; I.F.K.
and A.G. wrote the manuscript; and I.F.K., W.W., M.K., F.T., S.A.,
A.A., P.A., S.C., E.J., B.O., U.R.P., G.R., R.L.B. Jr, and A.G. gave
final approval of the manuscript.

Conflict-of-interest disclosure: The authors declare no competing
financial interests.

Correspondence: Issa F. Khouri, Department of Stem Cell Trans-
plantation andCellular Therapy,Unit 423, TheUniversity of TexasMD
Anderson Cancer Center, 1515 Holcombe Blvd., Houston, TX 77030;
e-mail: ikhouri@mdanderson.org.

References

1. Coiffier B, Lepage E, Briere J, et al. CHOP
chemotherapy plus rituximab compared with
CHOP alone in elderly patients with diffuse large-
B-cell lymphoma. N Engl J Med. 2002;346(4):
235-242.

2. van Oers MHJ, Van Glabbeke M, Giurgea L, et al.
Rituximab maintenance treatment of relapsed/
resistant follicular non-Hodgkin’s lymphoma: long-
term outcome of the EORTC 20981 phase III
randomized intergroup study. J Clin Oncol. 2010;
28(17):2853-2858.

3. Advani RH, Buggy JJ, Sharman JP, et al. Bruton
tyrosine kinase inhibitor ibrutinib (PCI-32765) has
significant activity in patients with relapsed/
refractory B-cell malignancies. J Clin Oncol. 2013;
31(1):88-94.

4. Peniket AJ, Ruiz de Elvira MC, Taghipour G, et al;
European Bone Marrow Transplantation (EBMT)
Lymphoma Registry. An EBMT registry matched
study of allogeneic stem cell transplants for
lymphoma: allogeneic transplantation is
associated with a lower relapse rate but a higher
procedure-related mortality rate than autologous
transplantation. Bone Marrow Transplant. 2003;
31(8):667-678.

5. Tam CS, Bassett R, Ledesma C, et al. Mature
results of the M. D. Anderson Cancer Center risk-
adapted transplantation strategy in mantle cell
lymphoma. Blood. 2009;113(18):4144-4152.

6. Khouri IF, Champlin RE. Nonmyeloablative
allogeneic stem cell transplantation for non-
hodgkin lymphoma. Cancer J. 2012;18(5):
457-462.

7. Rezvani AR, Storer B, Maris M, et al.
Nonmyeloablative allogeneic hematopoietic cell
transplantation in relapsed, refractory, and
transformed indolent non-Hodgkin’s lymphoma.
J Clin Oncol. 2008;26(2):211-217.

8. Sorror ML, Storer BE, Sandmaier BM, et al. Five-
year follow-up of patients with advanced chronic
lymphocytic leukemia treated with allogeneic
hematopoietic cell transplantation after
nonmyeloablative conditioning. J Clin Oncol.
2008;26(30):4912-4920.

9. Khouri IF, Bassett R, Poindexter N, et al.
Nonmyeloablative allogeneic stem cell
transplantation in relapsed/refractory chronic
lymphocytic leukemia: long-term follow-up,
prognostic factors, and effect of human leukocyte

histocompatibility antigen subtype on outcome.
Cancer. 2011;117(20):4679-4688.

10. Khouri IF, Saliba RM, Erwin WD, et al.
Nonmyeloablative allogeneic transplantation with
or without 90yttrium ibritumomab tiuxetan is
potentially curative for relapsed follicular
lymphoma: 12-year results. Blood. 2012;119(26):
6373-6378.

11. Ferrara JLM, Levine JE, Reddy P, Holler E. Graft-
versus-host disease. Lancet. 2009;373(9674):
1550-1561.

12. Cheson BD, Rummel MJ. Bendamustine: rebirth
of an old drug. J Clin Oncol. 2009;27(9):
1492-1501.

13. Leoni LM, Bailey B, Reifert J, et al. Bendamustine
(Treanda) displays a distinct pattern of cytotoxicity
and unique mechanistic features compared with
other alkylating agents. Clin Cancer Res. 2008;
14(1):309-317.

14. Rummel MJ, Al-Batran SE, Kim SZ, et al.
Bendamustine plus rituximab is effective and has
a favorable toxicity profile in the treatment of
mantle cell and low-grade non-Hodgkin’s
lymphoma. J Clin Oncol. 2005;23(15):3383-3389.

BLOOD, 2 OCTOBER 2014 x VOLUME 124, NUMBER 14 ALLOGENEIC TRANSPLANTATION WITH BFR CONDITIONING 2311

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/124/14/2306/1380435/2306.pdf by guest on 19 M

ay 2023

mailto:ikhouri@mdanderson.org


15. Fischer K, Cramer P, Busch R, et al.
Bendamustine in combination with rituximab for
previously untreated patients with chronic
lymphocytic leukemia: a multicenter phase II trial
of the German Chronic Lymphocytic Leukemia
Study Group. J Clin Oncol. 2012;30(26):
3209-3216.

16. Damaj G, Gressin R, Bouabdallah K, et al.
Results from a prospective, open-label, phase II
trial of bendamustine in refractory or relapsed
T-cell lymphomas: the BENTLY trial. J Clin Oncol.
2013;31(1):104-110.

17. Ohmachi K, Niitsu N, Uchida T, et al. Multicenter
phase II study of bendamustine plus rituximab in
patients with relapsed or refractory diffuse large
B-cell lymphoma. J Clin Oncol. 2013;31(17):
2103-2109.

18. Rummel MJ, Niederle N, Maschmeyer G, et al;
Study group indolent Lymphomas (StiL).
Bendamustine plus rituximab versus CHOP plus
rituximab as first-line treatment for patients with
indolent and mantle-cell lymphomas: an open-
label, multicentre, randomised, phase 3 non-
inferiority trial. Lancet. 2013;381(9873):
1203-1210.

19. Visani G, Malerba L, Stefani PM, et al. BeEAM
(bendamustine, etoposide, cytarabine,

melphalan) before autologous stem cell
transplantation is safe and effective for resistant/
relapsed lymphoma patients. Blood. 2011;
118(12):3419-3425.

20. O’Quigley J, Pepe M, Fisher L. Continual
reassessment method: a practical design for
phase 1 clinical trials in cancer. Biometrics. 1990;
46(1):33-48.

21. Cheson BD, Pfistner B, Juweid ME, et al;
International Harmonization Project on
Lymphoma. Revised response criteria for
malignant lymphoma. J Clin Oncol. 2007;25(5):
579-586.

22. Hallek M, Cheson BD, Catovsky D, et al;
International Workshop on Chronic Lymphocytic
Leukemia. Guidelines for the diagnosis and
treatment of chronic lymphocytic leukemia:
a report from the International Workshop on
Chronic Lymphocytic Leukemia updating the
National Cancer Institute-Working Group 1996
guidelines. Blood. 2008;111(12):5446-5456.

23. Przepiorka D, Weisdorf D, Martin P, et al. 1994
consensus conference on acute GVHD grading.
Bone Marrow Transplant. 1995;15(6):825-828.

24. Filipovich AH, Weisdorf D, Pavletic S, et al.
National Institutes of Health consensus

development project on criteria for clinical trials in
chronic graft-versus-host disease: I. Diagnosis
and staging working group report. Biol Blood
Marrow Transplant. 2005;11(12):945-956.

25. Gray RJ. A class of K-sample tests for comparing
the cumulative incidence of a competing risk. Ann
Stat. 1988;16:1141-1154.

26. Gooley TA, Chien JW, Pergam SA, et al. Reduced
mortality after allogeneic hematopoietic-cell
transplantation. N Engl J Med. 2010;363(22):
2091-2101.

27. Storb R, Gyurkocza B, Storer BE, et al. Graft-
versus-host disease and graft-versus-tumor
effects after allogeneic hematopoietic cell
transplantation. J Clin Oncol. 2013;31(12):
1530-1538.

28. Reshef R, Luger SM, Hexner EO, et al. Blockade
of lymphocyte chemotaxis in visceral graft-versus-
host disease. N Engl J Med. 2012;367(2):
135-145.

29. Khouri IF, Saliba R, Challagundla P, et al. Bfr
(bendamustine, fludarabine, rituximab) vs. FCR
nonmyeloablative allogeneic conditioning in
relapsed/refractory chronic lymphocytic leukemia
(CLL): outcome results including minimal residual
disease analysis [abstract]. Blood. 2013;122:541a.

2312 KHOURI et al BLOOD, 2 OCTOBER 2014 x VOLUME 124, NUMBER 14

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/124/14/2306/1380435/2306.pdf by guest on 19 M

ay 2023


