
Regular Article

CLINICAL TRIALS AND OBSERVATIONS

Randomized trial of bendamustine-rituximab or R-CHOP/R-CVP in
first-line treatment of indolent NHL or MCL: the BRIGHT study
Ian W. Flinn,1 Richard van der Jagt,2 Brad S. Kahl,3 Peter Wood,4 Tim E. Hawkins,5 David MacDonald,6 Mark Hertzberg,7

Yiu-Lam Kwan,8 David Simpson,9 Michael Craig,10 Kathryn Kolibaba,11,12 Samar Issa,13 Regina Clementi,14

Doreen M. Hallman,14 Mihaela Munteanu,14 Ling Chen,14 and John M. Burke11,15

1Sarah Cannon Research Institute/Tennessee Oncology, Nashville, TN; 2Ottawa Hospital, University of Ottawa, Ottawa, ON, Canada; 3University of

Wisconsin Carbone Cancer Center, Madison, WI; 4Princess Alexandra Hospital, Brisbane, QLD, Australia; 5Auckland Hospital, Auckland, New Zealand;
6Dalhousie University, Halifax, NS, Canada; 7Westmead Hospital, Westmead, NSW, Australia; 8Concord Repatriation General Hospital, Concord, NSW,

Australia; 9North Shore Hospital, Takapuna, New Zealand; 10West Virginia University, Morgantown, WV; 11McKesson Specialty Health/US Oncology

Research, The Woodlands, TX; 12Compass Oncology, Vancouver, WA; 13Middlemore Hospital, Auckland, New Zealand; 14Teva Branded Pharmaceutical

Products R&D, Inc., Frazer, PA; and 15Rocky Mountain Cancer Centers, Aurora, CO

Key Points

• The complete response rate
for first-line bendamustine/
rituximab was statistically
noninferior to R-CHOP or
R-CVP in indolent NHL or
MCL.

• The safety profile of
bendamustine/rituximab is
distinct from that of R-CHOP/
R-CVP.

This randomized, noninferiority (NI), global, phase 3 study evaluated the efficacy and

safetyofbendamustineplusrituximab(BR)vsastandardrituximab-chemotherapy regimen

(rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone [R-CHOP]

or rituximab plus cyclophosphamide, vincristine, and prednisone [R-CVP]) for treatment-

naive patients with indolent non-Hodgkin’s lymphoma or mantle cell lymphoma. Inves-

tigators preassigned the standard treatment regimen they considered most appropriate

for each patient; patients were randomized to receive BR (n 5 224) or standard therapy

(R-CHOP/R-CVP, n 5 223) for 6 cycles; 2 additional cycles were permitted at investigator

discretion. Response was assessed by a blinded independent review committee. BR was

noninferior to R-CHOP/R-CVP, as assessed by the primary end point of complete response

rate (31% vs 25%, respectively; P 5 .0225 for NI [0.88 margin]). The overall response rates

for BR and R-CHOP/R-CVP were 97% and 91%, respectively (P 5 .0102). Incidences

of vomiting and drug-hypersensitivity reactions were significantly higher in patients

treated with BR (P < .05), and incidences of peripheral neuropathy/paresthesia and

alopecia were significantly higher in patients treated with standard-therapy regimens (P < .05). These data indicate BR is noninferior

to standard therapy with regard to clinical response with an acceptable safety profile. This trial was registered at www.clinicaltrials.

gov as #NCT00877006. (Blood. 2014;123(19):2944-2952)

Introduction

Rituximab-based immunochemotherapy regimens have become the
standard initial treatment of patients with symptomatic advanced
indolent non-Hodgkin’s lymphoma (NHL) andmantle cell lymphoma
(MCL). In patients with advanced indolent NHL, adding rituximab
to cyclophosphamide, doxorubicin, vincristine, and prednisone
(R-CHOP) chemotherapy has been shown to improve progression-
free survival (PFS),1 and adding rituximab to cyclophosphamide,
vincristine, and prednisone (R-CVP) chemotherapy has been shown
to improve overall survival (OS).2

Bendamustine is an alkylating agent that contains a bifunctional
mechlorethamine derivative and a unique benzimidazole heterocy-
clic ring structure. Bendamustine has demonstrated clinical activity
in patients with chronic lymphocytic leukemia3 and in patients with
indolent NHL that has progressed during or within 6 months of
treatment with rituximab or a rituximab-containing regimen.4 The

combination of bendamustine plus rituximab (BR) was also shown
to be active in patients with advanced indolent NHL.5,6

The BRIGHT study was initiated to evaluate the efficacy and
safety of BR compared with the standard rituximab-chemotherapy
regimens (R-CHOP and R-CVP) for patients with treatment-naive
indolent NHL or MCL. The primary objective of this study was to
determine whether the complete response (CR) rate with BR was
noninferior to standard treatment, as assessed by a blinded indepen-
dent review committee (IRC).

Patients and methods

Accrual to this multicenter, phase 3, open-label, active-controlled, random-
ized study began in April 27, 2009, and data collection for this report
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continued until March 31, 2012. The clinical centers were located in Canada,
the United States, Brazil, Peru, Mexico, Australia, and New Zealand. An
independent external data safety monitoring board was implemented at the
beginning of the study for review of all available safety data on an ongoing
basis as per the data safety monitoring board charter. Response assessments
were performed by the investigators and an IRC (CoreLab Partners, Princeton,
NJ) according to the International Working Group (IWG) criteria.7

Patients

Eligible adult patients ($18 years of age) had CD20-positive indolent NHL
with one of the following histologies: follicular lymphoma (grade 1 or 2),
lymphoplasmacytic lymphoma, splenic marginal zone B-cell lymphoma,
extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue
type, nodal marginal zone B-cell lymphoma, or MCL. Additional criteria
included bidimensional measurable disease; Eastern Cooperative Oncology
Group performance status score of 0, 1, or 2; estimated life expectancy of$6
months; and adequate hematologic, renal (serum creatinine of#2.0mg/dL or
creatinine clearance$50mL/min via theCockcroft-Gaultmethod), and hepatic
function (#2.5 times the upper limit of normal for alanine aminotransferase,
aspartate aminotransferase, and alkaline phosphatase and total bilirubin
within normal limits). Patients were required to be treatment-naive with a
need for treatment as indicated by the presence of $1 of the following: B
symptoms, large tumor mass (characterized by lymphomas with a diameter
.3 cm in 3 or more regions or by a lymphoma with a diameter .7 cm in
1 region), presence of lymphoma-related complications, or hyperviscosity
syndrome attributed to monoclonal gammopathy. Patients preassigned to the
standard R-CHOP treatment group were further required to have a left
ventricular ejection fraction $50%. Patients who had chronic lymphocytic
leukemia, small lymphocytic lymphoma, or follicular lymphoma (grade 3)
were excluded from the study. Patients were excluded from the study if they
received prior treatment of NHL with the exception of locally delimited
radiation therapy (in which the radiation field did not exceed 2 adjacent
lymphnode regions), hadAnnArbor stage I disease, or had a history of central
nervous system or leptomeningeal lymphoma.Additional ineligibility criteria
included the following: transformed disease; a malignancy other than NHL
within the previous 3 years with the exception of localized prostate cancer
treatedwith hormone therapy, cervical carcinoma in situ, breast cancer in situ,
or nonmelanoma skin cancer that was definitively treated; cardiac disorder,
such as NewYork Heart Association Class III or IV heart failure, or evidence
of ischemia or myocardial infarction within the previous 6 months; evidence
of HIV or active hepatitis B or C infection; or received corticosteroids for
treatment of lymphoma within 28 days of study entry. Pregnant or lactating
women were also excluded from the study.

Study design

During screening, the investigators preassigned patients to themost appropriate
standard treatment (R-CHOP/R-CVP) based on their performance status,
comorbidities, and general health. After confirmation that patients met
the eligibility criteria for the study, the preassigned patients were then
randomized to open-label treatment with either BR or the standard therapy at
a 1:1 ratio (Figure 1). Patients were considered to have met the eligibility
criteria upon a central review of the inclusion/exclusion criteria and
pathology-report review by a central medical monitor. Randomization was
also stratified by the investigator’s predetermined standard treatment (R-CHOP
or R-CVP) and by lymphoma type (indolent NHL or MCL).

The primary objective of this study was to determine whether BR was
noninferior to standard treatment, as assessed by the CR rate among
treatment-naive patients with postbaseline data during the randomized-
treatment period; CR was defined by the IWG criteria7 and evaluated by an
IRC in a blindedmanner. Computed tomography,magnetic resonance imaging,
and/or fluorodeoxyglucose positron emission tomography was conducted
according to the following schedule: screening, which had to be completed
within 6weeks prior to the use of study drug; the last week of treatment cycles
3, 6, and (if applicable) 8; or the end-of-treatment visit. All images were sent
to the IRC for review by 2 blinded readers, with adjudication if needed. An
end-of-treatment visit was scheduled if the last treatment received was not at
cycle 3, 6, or 8. Safety and tolerability were assessed. The final sample size
was determined to be 218 patients per group based on the noninferiority (NI)
ratio and an assumed 5% superiority (Sup) of BR comparedwith R-CHOP/R-
CVP treatment based on available literature. Consistency of treatment effect
for the primary efficacy end point was also checked with a subgroup analysis
by preassigned standard-therapy stratum (BR vs R-CHOP or BR vs R-CVP).

Secondary objectives were to compare the following between the BR and
standard-therapy treatment group: overall response rate, whichwas defined as
CR plus partial response; PFS, or the time from randomization to disease
progression or relapse, or death from any cause; event-free survival, or time
from randomization to treatment failure; median duration of response; OS;
quality of life; and safety and tolerability. The CR rate and CR-rate ratio
were calculated for the subpopulations, and P values for NI and Sup were
calculated. Quality of life was measured by the European Organization for
Research and Treatment of Cancer Core Quality-of-Life Questionnaire at
screening and after cycles 1, 3, 6, and 8. Time-to-event (ie, PFS, event-free
survival, duration of response, and OS) data are being collected, but these
data and analyses are not yet mature, because patients are still in the 5-year
follow-up period. Time-to-event and quality of life findings will be discussed
in future publications.

Safety of the treatment regimens was evaluated among patients who
received$1 dose of study drug. Adverse events (AEs) were coded using the

Figure 1. Study design. *Up to 8 cycles at investigator

discretion; B, bendamustine; C, cyclophosphamide; D,

doxorubicin; P, prednisone; R, rituximab; V, vincristine.
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Medical Dictionary for Regulatory Activities version 15.0, and AEs were
recorded and graded according to the Common Terminology Criteria for AEs
version 3.0. Patients were queried as to whether they experienced AEs during
each scheduled visit to receive a cycle of therapy and, if applicable, an end-of-
treatment visit. Safety data are presented for the individual treatment strata
(BR vs R-CHOP and BR vs R-CVP).

The protocol was submitted to the appropriate local independent ethics
committee/institutional review board for each site. All patients provided
written and dated informed consent in accordance with local policies, federal
regulations, and the Declaration of Helsinki.

Treatment

Six cycles were planned for all treatment arms, with amaximumof 8 cycles at
the discretion of the investigator. In the BR arm, rituximab was administered
intravenously at 375mg/m2 on day 1 according to standard procedures at each
center. After the administration of rituximab, bendamustinewas administered
intravenously over 30 minutes at a dosage of 90 mg/m2/d on days 1 and 2.
Cycles of BR were repeated every 28 days. In the standard-therapy arm,
rituximab was administered intravenously at 375 mg/m2 on day 1, cyclophos-
phamide intravenously at 750 mg/m2 (with the option of 1000 mg/m2 for
patients assigned to R-CVP) on day 1, vincristine intravenously at 1.4 mg/m2

(2-mgmaximum) on day 1, and prednisone orally at 100 mg/d on days 1 to 5;
patients assigned to R-CHOP also received doxorubicin intravenously at
50 mg/m2 on day 1. Cycles of R-CHOP or R-CVP were repeated every
21 days. During the assessment period for response to treatment with BR
or standard therapy (ie, prior to the follow-up period), no patient received
maintenance rituximab.

Supportive therapy (eg, antiemetics, antipyretics, and antibiotics) was
given according to the standard of care at the study center. Cytokines could be
prophylactically administered or used in response to severemyelosuppression
according to American Society of Clinical Oncology guidelines.

Statistical methods

The safety analysis included all patients who received$1 dose of any study
drug. The set of efficacy-evaluable patients included all treated patients who
had a baseline and$1 postbaseline response evaluation based on computed
tomography/magnetic resonance imaging or fluorodeoxyglucose positron
emission tomography and clinical data by the IRC, or who discontinued
treatment due to progressive disease and did not havemajor protocol violations.
The set of efficacy-evaluable patients is considered of primary interest for the
efficacy analysis of NI.

The primary efficacy end point of NIwas assessed by stratified z statistics.
To be sufficiently powered for the primary end point, planned study
enrollment was increased to 218 patients per treatment group (BR or
R-CHOP/R-CVP standard therapy) due to recalculation of the NI margin as
0.88 for the CR-rate ratio (BR vs R-CHOP/R-CVP), based on ameta-analysis
following the “FDA Draft Guidance for Industry: Non-Inferiority Clinical
Trials”8 and reserve 50% active control effect. If NI was established, then Sup
was assessed using the Cochran–Mantel–Haenszel test stratified by the
predetermined standard-therapy assignment and lymphoma type. Statistical
tests were 2-sided at the a level of 0.05.

Results

Patient disposition and baseline characteristics

Of 447 patients who met the eligibility criteria and were enrolled,
224 were randomized to receive BR and 223 to standard therapy
(Figure 2). Among patients receiving standard therapy, 104 were
treated with R-CHOP and 119 with R-CVP. Nine patients in the BR
treatment group and 3 patients in the standard-therapy treatment
group withdrew because of AEs. The distribution of demographics
and baseline characteristics was balanced across treatment arms
(Table 1). The histologic subtypes were lymphoplasmacytic (n5 11),
marginal zone (n 5 46), MCL (n 5 74), and follicular lymphoma
(n 5 314); histologic subtypes were not recorded for 2 patients.

Efficacy

In the evaluable patient population, there were 213 patients in the BR
treatment group and 206 patients in the standard-therapy treatment
group. BR therapy was noninferior to the standard therapy by IRC-
assessed CR rate: 31% in the BR treatment group and 25% in the
standard-therapy treatment group (CR-rate ratio 1.26; P5 .0225 for
NI); the CR rate for BR was greater than the 22% threshold for NI
(ie,.88% of the CR rate for standard therapy). The higher CR rate
with BR treatment was not statistically superior to standard therapy
(P5 .1269) (Table 2). Overall response rates were 97% for the BR
treatment group and 91% for the standard-therapy treatment group,
which was statistically superior for the BR treatment group (CR-rate

Figure 2. Patient disposition in the BRIGHT study.

*Efficacy-evaluable population of all treated patients who

have a baseline and$1 postbaseline efficacy evaluation,

or who discontinued due to progressive disease (PD) and

did not have major protocol violations.
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ratio: 1.04; 95% confidence interval [CI]: 0.99-1.09; P 5 .0102).
Analyses by treatment stratum among evaluable patients demon-
strated numerically higher CR rates for BR compared with R-CHOP
(P 5 .197 for NI) and R-CVP (P 5 .054 for NI), and overall
response rates of 96% (95% CI: 89.8-98.9) for BR compared with
96% (95%CI: 89.8-98.9) for R-CHOP among patients preassigned
to R-CHOP and 97% (95% CI: 92.6-99.5) for BR compared with
86% (95%CI: 78.3-92.1) for R-CVP among patients preassigned to
R-CVP.

IRC-evaluated CR rates in the randomized population results
were generally similar to the primary analysis of the evaluable
population (Figure 3). The investigator-assessed analysis of the
evaluable population found that BR was significantly superior to
standard therapy (CR-rate ratio: 1.51; 95%CI: 1.07-2.12; P5 .005).
Subanalyses were also conducted by histology (Table 3). NI was not
reached when comparing treatment arms in patients with indolent
NHL, as determined by IRC analysis (CR-rate ratio: 1.16; 95% CI:
0.81-1.65; P5 .1289) (Figure 3). NI approached significance in the
follicular-lymphoma subset (CR-rate ratio: 1.27; 95%CI: 0.87-1.84;
P 5 .0569) (Figure 3). In contrast, Sup was demonstrated when
comparing BRwith standard therapy in patients with MCL (CR-rate
ratio: 1.95; 95% CI: 1.01-3.77; P 5 .018; 22 patients received
R-CHOP and 11 R-CVP) (Figure 3). Analyses by treatment stratum
demonstrated a greater difference in response rate between BR and
R-CVP than between BR and R-CHOP when assessed by the IRC,
whereas the reverse was true for the assessment by the investigators
(Figure 3). The agreement between IRC and investigator assessment
of response to BR or standard therapy was relatively high (70%
for BR and 71% for R-CHOP/R-CVP), with only 7% of patients
determined to be a responder by one assessment and not the other.
The main difference between the assessments was in the degree of
response (partial response vsCR). InR-CHOP/R-CVP–treated patients,
a lower CR rate was assessed by the investigators (19%) comparedwith
the IRC (25%). In contrast, IRC and investigator assessments of
the CR rate for BR patients were equivalent (31% for both).

Safety profile

The safety population consisted of 103 and 98 patients in the BR
and R-CHOP treatment strata, respectively, and 118 and 116 patients
in the BR and R-CVP treatment strata, respectively. Analysis of
treatment exposure showed that 92% of the BR treatment groups,
95% of the R-CHOP treatment group, and 88% of the R-CVP
treatment group received $6 treatment cycles.

Mean relative dose intensities were $96% for individual drugs
except prednisone (93% to 94%) and vincristine (70% to 73%).
Vincristine as per protocol was given up to amaximum dose of 2mg.
Treatment delays and dose reductions are shown for the 4 treatment
strata (supplemental Table 1, available on the Blood Web site).
Neutropenia was the most common specified reason for dose delay
across the groups. Dose reductions for AEs were most common for
bendamustine (8% of patients) and vincristine (12% of patients in
the R-CHOP treatment stratum and 19% of patients in the R-CVP
treatment stratum [reductions from cycle 1 dose, not related to 2-mg
maximum]). The most common reasons for dose reductions were
neutropenia, thrombocytopenia, and rash for bendamustine; infusion-
related reactions for rituximab; neutropenia for cyclophosphamide

Table 1. Patient characteristics at baseline

Characteristic BR (n 5 224) R-CHOP/R-CVP (n 5 223)

Age, median, years (range) 60 (28–84) 58 (25–86)

Sex (male/female, %) 61/39 59/41

Baseline ECOG performance

status, n (%)

0 144 (64) 143 (64)

1 70 (31) 69 (31)

$2 10 (4) 10 (4)

Histologic classification, n (%)

Lymphoplasmacytic 5 (2) 6 (3)

Marginal zone 28 (12) 18 (8)

Mantle cell 36 (16) 38 (17)

Follicular, grade 1 84 (38) 70 (31)

Follicular, grade 2 70 (31) 90 (40)

Missing 1 (, 1) 1 (, 1)

Median time from diagnosis,

months (range)

1.5 (0.1–267) 1.4 (0.1–86)

Ann Arbor stage, n (%)

Stage I 1 (,1) 1 (,1)

Stage II 21 (9) 21 (9)

Stage III 48 (21) 49 (22)

Stage IV 154 (69) 152 (68)

FLIPI risk group

(follicular lymphoma), n (%)

Low 32 (21) 31 (19)

Intermediate 56 (36) 55 (34)

High 66 (43) 74 (46)

IPI risk group (without follicular

lymphoma), n (%)

Low 65 (29) 64 (29)

Low intermediate 86 (38) 82 (37)

High intermediate 54 (24) 64 (29)

High 19 (8) 13 (6)

B symptoms, n (%)

Present 81 (36) 88 (39)

Absent 136 (61) 127 (57)

Unknown 7 (3) 8 (4)

ECOG, Eastern Cooperative Oncology Group; FLIPI, Follicular Lymphoma

International Prognostic Index; IPI, International Prognostic Index.

Table 2. IRC assessment of response

Response category, n (%) BR (n 5 213) R-CHOP/R-CVP (n 5 206) CR-rate ratio* P (NI)† P (Sup)*

CR 67 (31) 52 (25) 1.26 .0225 .1269

95% CI (25.3, 38.2) (19.5, 31.7) (0.93, 1.73)

Partial response 139 (65) 135 (66) NA NA NA

Stable disease 6 (3) 18 (9) NA NA NA

Progressive disease 1 (,1) 0 NA NA NA

Unknown 0 1 (,1) NA NA NA

Overall response (CR 1 partial response) 206 (97) 187 (91) NA NA NA

95% CI (93.3, 98.7) (86.0, 94.4) NA NA NA

NA, not applicable.

*CR-rate ratio and P value for a Sup test are calculated using the Cochran–Mantel–Haenszel test stratified by predetermined standard treatment and lymphoma type

(mantle cell vs other types).

†P value is calculated based on weighted z statistics for an NI test of CR-rate ratio (BR vs R-CHOP/R-CVP) of 0.88.
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and doxorubicin; and peripheral neuropathy and sensory neuropathy
for vincristine.

Several differences were apparent in the safety profile of the
different treatment regimens. Among the most common nonhemato-
logic AEs of any grade, the standard rituximab-chemotherapy
regimens (ie, R-CHOP/R-CVP) were associated with a significantly
higher incidence (P, .05) of peripheral neuropathy/paresthesia and
alopecia vs BR (Table 4). The R-CVP treatment regimen was also
associated with a significantly higher incidence (P , .05) of
constipation. The BR regimen was associated with a significantly
higher incidence (P , .05) of drug hypersensitivity, vomiting, and
nausea when compared with the R-CVP regimen. The use of
5-hydroxytryptamine3 (5-HT3) receptor antagonists was similar
across treatments. However, aprepitant was used by a higher pro-
portion of patients in the R-CHOP arm (23% overall, 19% cycle 1)
than with the other treatment regimens (BR 9% overall, 2% cycle 1;
and R-CVP 3% overall, 2% cycle 1). In most cases in this study,
aprepitant was used in addition to 5-HT3 receptor antagonists.
Prednisone was given as a component of the standard-therapy
regimens; additional low-dose corticosteroids were also given as
concomitant therapy (eg, to prevent infusion-like reactions in
subsequent cycles for patients who previously experienced infusion
reactions) to 86% of patients receiving BR and 75% of patients
receiving R-CHOP/R-CVP. The incidence of infections was not
statistically different across treatment arms. The incidence of
opportunistic infections was slightly higher in patients receiving
BR (10%) vs R-CHOP (7%) and in patients receiving BR (12%) vs
R-CVP (9%). The most common nonhematologic AEs of grade$3
are shown in Table 4.

Twenty-one patients in the study had died at the point of data
cutoff in March 2012; 12 deaths (5%) were in the BR treatment
arm and 9 (4%) in the standard-therapy arm. Three deaths, 2 in the
group preassigned to R-CVP and treated with BR (cardiac arrest;
respiratory failure and septic shock secondary to pneumonia) and 1 in
theR-CVP treatment group (septic shock), occurred during treatment
or within 30 days after the last dose of study drug. The deaths of 3
patients in the BR treatment group were possibly related to treatment
(pneumonia, chronic obstructive pulmonary disease, and sepsis).
Grade 3/4 reductions in lymphocyte count were more common in
patients receiving BR, and grade 3/4 reductions in neutrophils were
more common in patients receiving the standard chemotherapy
regimens, most notably R-CHOP (Table 4). Hematologic supportive
care is summarized by cycle in Table 5. In the preassigned treatment
strata, a greater number of patients receiving R-CHOP (61%) used
growth colony-stimulating factors than in the corresponding patients
receiving BR (27%). Use in patients receiving R-CVP (27%) was
similar to that in the corresponding patients receiving BR (30%).

Discussion

The primary objective of this randomized, multicenter, global, phase
3 study in patients with treatment-naive indolent NHL andMCLwas
met; the BR regimen was noninferior to standard therapy (R-CHOP/
R-CVP) with regard to CR rate as assessed by the IRC among
efficacy-evaluable patients (31%vs 25%, respectively;P5 .0225 for
NI). The overall response rates were 97% for the BR treatment group

Figure 3. CR-rate ratios with 95% CIs. CR-rate ratio

and P value for a Sup test are calculated using the

Cochran–Mantel–Haenszel test stratified by predeter-

mined standard treatment and lymphoma type (mantle

cell vs other types). P value is calculated based on

weighted z statistics for an NI test of CR-rate ratio (BR

vs R-CHOP/R-CVP) of 0.88. (Top) BR compared with

combined R-CHOP/R-CVP group. (Bottom) Analysis by

preassigned treatment group. *CR-rate ratio and P value

for a Sup test are calculated using the Cochran–Mantel–

Haenszel test stratified by predetermined standard

treatment and lymphoma type (mantle cell vs other

types). †P value is calculated based on weighted z

statistics for an NI test of CR-rate ratio (BR vs R-CHOP/

R-CVP) of 0.88.
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and 91% for the standard-therapy treatment group (P5 .0102). The
difference in CR rate between BR and the standard chemotherapy
regimens was greatest in patients preassigned to R-CVP, although
the difference was not statistically significant. The last patient was
enrolled on July 11, 2011, so time-to-event results are not sufficiently
mature, as per the 5-year minimum follow-up specified in the proto-
col, to evaluate the secondary endpoints of PFS and OS; follow-up is
ongoing. Overall, the proportion of patients preassigned to R-CVP
was higher than expected based on the literature,9 especially in
Canada. The ratio of R-CHOP to R-CVP preassignment was similar
for all regions (53% to58%ofpatients being preassigned toR-CHOP),
with the exception of Canada, where only 9% of patients were
preassigned R-CHOP. The rate of use in Canada may reflect the
favorable toxicity profile of R-CVP and that OS has not been
shown to be inferior to R-CHOP therapy.10,11

Response rates in the BRIGHT study can be compared with the
phase 3 trial of BR vs R-CHOP in patients with indolent NHL and
MCL performed by the StudyGroup for Indolent Lymphomas (StiL)
trial in Germany.6 In the cooperative StiL trial, in which response
was determined by the investigators with the World Health
Organization criteria,12 the CR rate in the BR treatment group was
significantly higher than in the R-CHOP treatment group (40% vs
30%, respectively; P 5 .021). These results are very similar to the
investigator-determined CR rate (by IWG criteria) in the BRIGHT
patients preassigned to R-CHOP (40% for BR vs 26% for R-CHOP;
P 5 .033, evaluable population). The R-CVP regimen was not
studied in the StiL trial, but CR with BR was numerically higher
than R-CVP (P 5 .119 for NI) in BRIGHT.

The analysis of AEs and other safety parameters showed that
there were some statistically significant differences between the
treatment regimens. The finding that the BR treatment regimens
resulted in a higher incidence of nausea and vomiting was not
expected. A review of antiemetic treatment revealed that although
the use of 5-HT3 antagonists was similar between regimens, the use
of aprepitant in addition to 5-HT3 antagonists in the BRIGHT study
was much lower in patients receiving BR, particularly in the first
cycle, suggesting that long-term experience with R-CHOP and
R-CVP led to better anticipation of the degree of nausea and vomiting
associated with those regimens. Of note, low-dose corticosteroids
were used by approximately similar proportions of patients in the
BR and standard-therapy arms (eg, to prevent severe reactions
in subsequent cycles in patients who had previously experienced
infusion reactions); however, the R-CHOP and R-CVP regimens
also incorporate 5 days of prednisone 100 mg/day, which the BR
regimen does not. Skin reactions and drug hypersensitivity were also
more commonly reported for the BR regimen than for R-CHOP or
R-CVP. Severe reactions were infrequent (,3%); however, these
require careful management, as a fatal event of toxic epidermal
necrolysis in a patient receiving BR has been reported.5 Also, the
nausea and vomiting for the BR treatment group were observed at

rates similar to those seen in prior clinical development studies, as
were drug hypersensitivity and skin reactions.4,13,14

The incidence of fatiguewas similar betweenBRand the standard
chemotherapy regimens but was higher in patients preassigned to
R-CVP. This is likely attributable to the factors that led investigators
to preassign these patients to the R-CVP arm. The increase relative to
theBR treatment arm in both peripheral neuropathy and alopeciawas
expected with the standard treatment regimens. Together with the
long-term consequences of doxorubicin with regard to cardiac safety
and myelosuppression, these toxicities are the main concerns for
physicians and patients in the standard treatment of indolent NHL
and MCL. In the current study, the use of colony-stimulating
factors in patients receiving R-CHOP was approximately double
that in patients receiving BR or R-CVP. Even so, the incidence of
grade 3/4 neutropenia for R-CHOP was still greater than for BR
or R-CVP.

Comparison of the AE profiles with those reported in the StiL
trial6 shows differences and similarities, probably due to differences
inmethods. For example, theWorldHealthOrganization toxicity scale
used in the StiL trial is designed to be expanded by investigators,12

whereasCommonTerminologyCriteria forAEs (version 3.0),which
was used in theBRIGHT study due to regulatory requirements, includes
a comprehensive list of AEs. The increases in peripheral neuropathy/
paresthesia and alopecia in the R-CHOP treatment groups are ob-
served in both studies, as are higher rates of skin reactions and drug
hypersensitivity in the BR treatment groups. Alopecia was reported
at 100% in the StiL trial for the R-CHOP treatment group, which is
broadly consistent with experience. It is not known why a lower rate
of 51%was reported in the current study. The higher rate of infection
reported for the R-CHOP group in the StiL trial was not observed
in the BRIGHT study, in which the rates of infection were similar in
the R-CHOP and BR treatment groups.

There aremany options for the frontline treatment of patientswith
low-grade NHL and MCL. In the FOLL05 study, treatment-naive
patients with advanced follicular lymphoma were randomized into
an R-CHOP, R-CVP, or fludarabine and mitoxantrone (FM) arm. Of
note, the R-CHOP and FM regimens were superior to R-CVP, as
assessed by time-to-treatment failure and PFS. FM had a worse AE
profile than R-CHOP, because FM was associated with a higher rate
of grade 3/4 neutropenia and more secondary cancers.15,16 Moreover,
the R-CHOP and R-CVP overall response rates from the FOLL05
studywere comparablewithfindings from theBRIGHTstudy;whereas
the overall response rates from the FOLL05 study were 93% for the
R-CHOP arm and 88% for the R-CVP arm,16 the overall response
rates were 96% for patients receiving R-CHOP and 86% for patients
receiving R-CVP in the BRIGHT study.

In conclusion, theBRIGHT study has demonstrated that BRhas a
unique safety profile distinct from that of the standard chemotherapy
regimens studied and one that in several important aspects is fa-
vorable. The efficacy of the BR regimen as measured by CR and

Table 3. IRC assessment of response by histologic subtypes (evaluable analysis)

Histologic subtype, n/N (%)

CR CR 1 partial response

BR R-CHOP/R-CVP BR R-CHOP/R-CVP

Indolent NHL 49/178 (28) 43/174 (25) 173/178 (97) 160/174 (92)

Follicular 45/148 (30) 37/149 (25) 147/148 (.99) 140/149 (94)

Marginal zone 5/25 (20) 4/17 (24) 23/25 (92) 12/17 (71)

Lymphoplasmacytic 0/5 1/6 (17) 3/5 (60) 6/6 (100)

MCL 17/34 (50) 9/33 (27)* 32/34 (94) 28/33 (85)*

*R-CHOP, n 5 22.
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Table 4. Nonhematologic AEs and hematologic laboratory data by chemotherapy regimen

Characteristic

Preselected for R-CHOP Preselected for R-CVP

BR (n 5 103), n (%) R-CHOP (n 5 98), n (%) BR (n 5 118), n (%) R-CVP (n 5 116), n (%)

Nonhematologic AE (all grades)

occurring in >10% of patients

Nausea 65 (63) 57 (58) 74 (63) 45 (39)†

Vomiting 30 (29) 13 (13)† 30 (25) 15 (13)‡

Constipation 33 (32) 39 (40) 32 (27) 51 (44)†

Diarrhea 23 (22) 21 (21) 23 (19) 29 (25)

Abdominal pain 10 (10) 11 (11) 15 (13) 16 (14)

Dyspepsia 9 (9) 13 (13) 14 (12) 13 (11)

Fatigue 45 (44) 45 (46) 68 (58) 62 (53)

Pyrexia 18 (17) 12 (12) 19 (16) 15 (13)

Chills 11 (11) 5 (5) 14 (12) 6 (5)

Edema peripheral 5 (5) 12 (12) 14 (12) 10 (9)

Mucosal inflammation 3 (3) 15 (15) 9 (8) 11 (9)

Drug hypersensitivity* 18 (17) 6 (6)‡ 15 (13) 4 (3)†

Infusion-related reaction 23 (22) 20 (20) 29 (25) 25 (22)

Infection* 57 (55) 56 (57) 63 (53) 58 (50)

Opportunistic infection* 10 (10) 7 (7) 14 (12) 10 (9)

Pneumonia/respiratory infection* 19 (18) 14 (14) 17 (14) 15 (13)

Decreased appetite 24 (23) 15 (15) 18 (15) 11 (9)

Arthralgia 14 (14) 8 (8) 14 (12) 23 (20)

Back pain 7 (7) 12 (12) 16 (14) 14 (12)

Myalgia 6 (6) 4 (4) 7 (6) 14 (12)

Musculoskeletal pain 4 (4) 4 (4) 8 (7) 13 (11)

Headache 25 (24) 19 (19) 23 (19) 26 (22)

Dysgeusia 16 (16) 13 (13) 12 (10) 12 (10)

Peripheral neuropathy/paresthesia* 9 (9) 43 (44)§ 17 (14) 55 (47)§

Insomnia 17 (17) 24 (24) 20 (17) 23 (20)

Anxiety 11 (11) 10 (10) 6 (5) 8 (7)

Cough 16 (16) 20 (20) 18 (15) 14 (12)

Dyspnea 8 (8) 14 (14) 9 (8) 12 (10)

Rash/urticaria* 21 (20) 12 (12) 28 (24) 19 (16)

Alopecia 4 (4) 50 (51)║ 4 (3) 24 (21)║
Nonhematologic AE (grade ‡3)
occurring in ‡3% of patients

Nausea 3 (3) 0 1 (,1) 0

Vomiting 5 (5) 0 2 (2) 0

Abdominal pain 2 (2) 3 (3) 0 3 (3)

Drug hypersensitivity 3 (3) 0 2 (2) 0

Fatigue 4 (4) 2 (2) 4 (3) 1 (,1)

Pneumonia 2 (2) 0 5 (4) 1 (,1)

Infusion-related reaction 6 (6) 4 (4) 7 (6) 4 (3)

Infection 12 (12) 5 (5) 8 (7) 8 (7)

Hyperglycemia 0 2 (2) 1 (,1) 5 (4)

Back pain 0 1 (1) 0 4 (3)

Syncope 1 (,1) 0 0 3 (3)

Dyspnea 2 (2) 2 (2) 3 (3) 1 (,1)

Hematologic laboratory data (grade 3/4)

White blood cell count 33 (32) 71 (72)§ 51 (43) 44 (38)

Absolute neutrophil count 40 (39) 85 (87)§ 58 (49) 65 (56)

Lymphocyte count 63 (61) 32 (33)§ 74 (63) 32 (28)§

Hemoglobin 0 3 (3) 6 (5) 6 (5)

Platelet count 10 (10) 12 (12) 6 (5) 2 (2)

*Composite event composed of multiple preferred terms: drug hypersensitivity included cytokine-release syndrome, hypersensitivity, and anaphylactic shock; infections

included candidiasis, catheter site infection, cellulitis, chronic sinusitis, diverticulitis, ear infection, febrile neutropenia, folliculitis, fungal skin infection, gastroenteritis,

gastroenteritis viral, oral or genital herpes, herpes simplex or zoster, incision site infection, influenza, localized infection, oral candidiasis, postoperative wound infection,

pyrexia, sinusitis, tooth abscess, tooth infection, urinary tract infection, and viral infection; opportunistic infections included candidiasis, Clostridium difficile colitis,

cytomegalovirus, oral or genital herpes, herpes simplex or zoster, Pneumocystis jiroveci infection or pneumonia, and Pseudomonas infection; pneumonia/respiratory infection

included bronchitis, lower respiratory tract infection, nasopharyngitis, pneumonia, and upper respiratory tract infection; peripheral neuropathy/paresthesia included peripheral

neuropathy, sensory neuropathy, hypoesthesia, and paresthesia; and rash/urticaria included drug eruption; erythematous, exfoliative, generalized, heat, macular,

maculopapular, and papular rashes; palmar–plantar erythrodysaesthesia syndrome; and urticaria.

†P , .01, Pearson’s x-square test.

‡P , .05, Pearson’s x-square test.

§P , .0001, Pearson’s x-square test.

║P , .0001, Fisher’s exact test.
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overall response rates was equivalent to the standard regimens.
Follow-up is continuing for PFS and OS, and new studies should
provide further data on long-term toxicities. The combination of these
results and the long-term safety data from other studies suggests
that BR may be an important alternative treatment option for the
initial therapy of patients with low-grade NHL and MCL.5,6,13,17
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