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This study evaluated the efficacy and
safety of single-agent bortezomib in indo-
lent B-cell lymphoma that had relapsed
from or was refractory to rituximab. Sixty
patients enrolled: 59 were treated with
bortezomib 1.3 mg/m2 on days 1, 4, 8, and
11 for up to eight 21-day cycles; respond-
ers could receive 4 additional cycles;
maintenance was optional. Fifty-three
evaluable patients completed more than
2 cycles. The median age was 70 years,
53% female, Ann Arbor stage III-IIIE (28%)
and IV (65%); 43 patients (72%) had
more than 2 prior regimens; and 6 pa-

tients went on to maintenance. Over-
all responses are as follows: 1 complete
response (1.9%), 3 unconfirmed com-
plete response (5.7%), 3 partial response
(5.7%), 34 stable disease (64.2%), and
12 progressive disease (22.6%). Median
time to response � 2.2 months (range,
1.2-5.3 months); duration of response �

7.9 months (2.8-21.3 months); 1-year survival
was 73% and 2-year survival was 58%; me-
dian survival � 27.7 months (range, 1.4-
30.9 months); median progression-free sur-
vival � 5.1 months (range, 0.2-27.7 months),
median time to progression � 5.1 months

(range, 0.2-27.7 months), and median
event-free survival � 1.8 months (range,
0.2-27.7 months). Treatment-related grade
3 or 4 adverse events included: thrombo-
cytopenia (20%), fatigue (10%), neutrope-
nia (8.5%), and neuropathy and diarrhea
(6.8% each). This study demonstrates that
bortezomib has modest activity against
marginal zone and follicular lymphoma; it
has the potential for combination with
other agents in low-grade lymphomas.
Maintenance therapy should be explored
further. (Blood. 2010;115:475-480)

Introduction

Indolent B-cell lymphomas tend to be slow-growing but are
incurable. The 5-year survival is 60% to 70%, but as many as
one-third of these lymphomas will transform to a higher-grade
form of lymphoma, usually diffuse large B cell. Our goal was to
evaluate an agent with a novel mechanism of action that might
result in a high durable complete remission rate.

Bortezomib (VELCADE, Millennium) is a small-molecule
proteasome inhibitor, developed as an agent to treat human
malignancies. The antineoplastic effect of bortezomib likely in-
volves several distinct mechanisms, including inhibition of cell
growth and survival pathways, induction of apoptosis, and inhibi-
tion of expression of genes that control cellular adhesion, migra-
tion, and angiogenesis. Thus, the mechanisms by which bortezomib
elicits its antitumor activity may vary among tumor types, and the
extent to which each affected pathway is critical to the inhibition of
tumor growth could also differ. Bortezomib has a novel pattern of
cytotoxicity in National Cancer Institute in vitro and in vivo
assays.1 In addition, bortezomib has shown cytotoxic activity in a
variety of xenograft tumor models, both as a single agent and in
combination with chemotherapy and radiation.2-10 Notably, bort-
ezomib induces apoptosis in cells that overexpress bcl-2, a genetic
trait that confers unregulated growth and resistance to conventional
chemotherapies.11

Currently, bortezomib is approved for the first- and second-line
treatment of multiple myeloma. It is also approved for the
treatment of mantle cell lymphoma in patients who have had at
least one prior therapy.12 Bortezomib is thought to be efficacious in
multiple myeloma via its inhibition of nuclear factor-�B activation,
its attenuation of interleukin-6–mediated cell growth, a direct
apoptotic effect, and possibly antiangiogenic and other effects.13

The mechanism of antitumor activity in non-Hodgkin lym-
phoma is not known; however, bortezomib inhibits the growth
of various human lymphoma cell lines. In a phase 1 study, a
single subject with previously treated refractory follicular
lymphoma (FL) who received bortezomib 1.38 mg/m2 per dose
had a partial response (PR; 50% shrinkage of mediastinal and
intra-abdominal adenopathy) that was sustained for more than
12 months off therapy.14 O’Connor et al15 reported good re-
sponses in FL (1 complete response [CR], 1 unconfirmed
complete response [CRu], and 5 PRs in 9 assessable patients
[overall response rate 78%]); further, PRs were observed in the
2 subjects with marginal zone lymphoma treated with bort-
ezomib monotherapy.16

Studies using bortezomib as monotherapy and in combination
with other chemotherapy agents in relapsed/refractory indolent
lymphoma are ongoing.17-20
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This study was designed to evaluate the efficacy and safety of
bortezomib as monotherapy, at the manufacturer’s recommended
dose of 1.3 mg/m2, in patients with indolent B-cell lymphoma who
have relapsed after or who are refractory to rituximab therapy.

Methods

Study design

This was a prospective, open-label, phase 2, multicenter trial to determine
disease response to bortezomib in patients with indolent lymphoma who
had been previously treated and had progressed on prior therapy. In addition
to response, the study evaluated time to progression (TTP), time to best
response, duration of response, 1- and 2-year survival, progression-free
survival (PFS), and toxicity. Responses were evaluated according to the
International Working Group criteria21; additional analyses were done
based on the Follicular Lymphoma International Prognostic Index.22

The protocol was approved by US Oncology’s central institutional
review board with jurisdiction over specific sites that registered patients on
study. All patients were required to sign an informed consent form before
being enrolled into the study in accordance with the Declaration of
Helsinki. Accrual for this study began September 6, 2005; thus, it is not
registered in any clinical trial registry.

Patients

Patients at least 18 years of age were registered to the study if they met all of
the following key inclusion criteria: histologically proven indolent lym-
phoma, including small lymphocytic lymphoma (SLL), follicular center
cell grades 1 and 2, or marginal zone (extranodal, nodal, and splenic) based
on the World Health Organization 1997 classification; prior therapy with
rituximab (Biogen Idec and Genentech USA) was required. The patient
must have relapsed anytime after rituximab therapy or be refractory to
rituximab (rituximab failure, or refractory to rituximab, was defined as
failure to obtain any degree of response or relapse/progression within
6 months of completing rituximab therapy); prior high-dose chemotherapy
was permitted with no limit on the number of prior regimens; measurable
disease more than 1.5 cm in 2 perpendicular dimensions, which had not
been previously irradiated (previously irradiated lesions that had progressed
since prior irradiation could be used as measurable disease); Eastern
Cooperative Oncology Group performance status 0 or 1; normal renal and
hepatic function: platelets more than 50 � 109/L without transfusion
support within 7 days before the assessment, hemoglobin more than or
equal to 7.5 g/dL without transfusion support within 7 days before the
assessment, and absolute neutrophil count more than or equal to 0.75 � 109/L
without the use of growth factors; and not pregnant or breastfeeding.

Patients were excluded if they had any of the following: cutaneous
lymphoma or any lymphoma not meeting the specific inclusion criteria;
lymphocyte count more than or equal to 5000; currently on any investiga-
tional agent, or had received prior bortezomib for current or any disease;
had received any of the following before day 1 cycle 1: antineoplastic drugs
within 21 days, rituximab, alemtuzumab (Campath), or any other unconju-
gated therapeutic antibody within 4 weeks, nitrosoureas within 6 weeks,
radioimmunoconjugates, or toxin immunoconjugates, such as ibritumomab
tiuxetan (Zevalin) or tositumomab (Bexxar) within 10 weeks, or radiation
therapy within 3 weeks; major surgery within 2 weeks before day 1 cycle 1,
renal impairment (creatinine clearance � 20 mL/min); central nervous
system involvement; peripheral neuropathy or neuropathic pain (National
Cancer Institute Common Terminology Criteria for Adverse Events) more
than or equal to grade 2; any serious uncontrolled intercurrent medical or
psychiatric illness, known to be HIV�; myocardial infarction within
6 months of enrollment, or had New York Hospital Association23 class III or
IV heart failure, uncontrolled angina, severe uncontrolled ventricular
arrhythmias, or electrocardiographic evidence of acute ischemia or active
conduction system abnormalities.

Treatment

Patients received 1.3 mg/m2 bortezomib administered as intravenous bolus
over 3 to 5 seconds on days 1, 4, 8, and 11 of each 21-day cycle, up to a
maximum of 8 cycles. Patients were treated until CR or other response as
follows: CR, these patients received an additional 4 cycles of therapy once a
CR was achieved, for a total maximum of 12 cycles. For any response less
than CR, after completion of 8 21-day cycles, patients may have received
maintenance doses (day 1, 4, 8, and 11 every 42 days) for up to 2 years or
until progression. Patients on maintenance therapy were assessed every
6 weeks. If patients progressed, they were taken off treatment and were to
be followed every 2 months for additional therapy, date of relapse, survival,
and toxicities (for 30 days after last dose).

All patients received allopurinol 300 mg/day for days 1 to 30; acyclovir
or famciclovir was given for herpes zoster prophylaxis at the discretion of
the physician.

Assessments and response and toxicity criteria

At baseline, patients had the following assessments: medical history,
complete physical examination, Eastern Cooperative Oncology Group
performance status, clinical and radiologic assessment of disease, assess-
ment of other lesions, bone marrow to confirm staging and bcl-2 status,
complete blood count, complete metabolic profile, creatinine clearance, and
lactic dehydrogenase. These were repeated within 7 days after the last dose.
Patients were seen every 2 months thereafter; total study participation was
limited to 2 years.

Responses were based on the International Working Group criteria for
non-Hodgkin lymphoma.21 Radiologic assessment of tumors (chest com-
puted tomograph, pelvic/abdominal computed tomograph) and evaluation
of patient response were done between days 15 and 22 of each even-
numbered cycle. Patients had to have completed 2 full cycles of therapy to
be evaluable for response.

Adverse events were recorded throughout the trial and for up to 30 days
after the last dose of any study drug. Toxicities and adverse events were
graded using the Common Terminology Criteria for Adverse Events,
Version 3.0.24

Statistical analysis

The primary objective of this study was to determine the response rate (CR,
CRu, and PR) produced by bortezomib in patients with relapsed or
refractory indolent lymphoma. The secondary objectives were to determine
time to response, duration of response, TTP, response in patients who
relapse within 6 months or later than 6 months of completing rituximab
therapy, survival at 1 year and 2 years, PFS, event-free survival, and
toxicity. The analysis between the sensitive and refractory patients was
noncomparative; no significance testing was done.

A sample size of 60 indolent lymphoma patients was needed to
determine that an increase in response rate, from 8.5% to 20% (95%
confidence interval, 10%-32%), would deem bortezomib as “effective”
using a 1-sample binomial exact method (STPlan Software), with an alpha
of 0.05 and a power of 80% 1-sided test. A stopping rule was used; with
ongoing review, at least 2 responses in the first 20 patients were required
to continue.

Descriptive statistics were used to characterize the patient population.
Response rate was determined based on the evaluable population, and a
2-sided 95% confidence interval of response rates was calculated. Among
tumor responders, the duration of response was measured from the first date
for CR, CRu, or PR (whichever status was recorded first) to the date of
progression or death or the date of last contact. Survival (defined as the time
from the date of start of treatment to the date of death or date of last
contact), PFS (defined as time from the date of start of treatment to the date
of progression or death to any cause), TTP (defined as time from the date of
start of treatment to the date of progression or death to progression), and
event-free survival (defined as time from the date of start of treatment to the
date of treatment failure or death from any cause) were estimated using the
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method of Kaplan-Meier25 with point probabilities at every 3-month time
point. If the patient had not failed, progressed, or died, the patient was
censored on the date of last follow-up or the date of start of new treatment
(if the new treatment was given before the progression date). The toxicity
profile of bortezomib was evaluated in the safety population, defined as all
patients who received at least one dose of study drug. SAS software
(version 9.1) was used to perform analyses and R software (Version 2.6.0)
was applied to prepare figures of survival analyses.

Results

Patient characteristics

Patient characteristics at baseline are summarized in Table 1. Sixty
patients were enrolled on the protocol and 59 were treated;
53 patients completed more than 2 cycles of treatment and were
evaluable for response. Patients were heavily pretreated;
43 patients (72%) had received at least 2 prior regimens; 50% of
patients had received 3 or more prior treatment regimens (overall
mean was 3.1 prior regimens; range, 1-12). Besides rituximab,
prior treatments included chemotherapy (single-agent and combina-
tions), radioimmunotherapy, and steroids.

Treatment outcomes

The overall response rate (CR, CRu, and PR) was 13.3%; however,
an additional 64% of patients had disease stabilization. Twelve
patients had durable stable disease (SD) lasting 6 months or longer.
Overall, one CR was achieved at cycle 6; the 3 CRu were achieved
at a median of 4 cycles (range, 2-8). All other best responses of PR,
SD, and progressive disease (PD) were determined at a median of
2 cycles (ranges, PR [2-2], SD [2-6], PD [1-2]). Median cycles until
best response for rituximab refractory patients were 2 for all
response categories (for CR and CRU range was not applicable; for
SD and PD, range was 2-4 and 2-2, respectively); for rituximab-
sensitive patients, best responses were achieved at cycle 6 for CR
(range, not applicable) and CRu (range, 4-8) and cycle 2 for PR
(range, not applicable), SD (range, 2-6), and PD (range, 1-2).

Efficacy is summarized in Table 2; time to response and
duration of response are also presented. Responses by prior
rituximab response status are presented in Table 3, and responses
by histology subtype are summarized in Table 4. The response rates
seen in the refractory and relapsed subgroups were similar. When
broken down by histology, the majority of patients had FL
(n � 36). The response rate was 17% in patients with follicular
disease. There were only 6 patients with marginal zone lymphoma;
however, there was one CRu in this small group of patients. There
were no responses (CR or PR) in small lymphocytic disease, and all
stabilization of disease was limited to 6 months or less. Table 5
summarizes patient status and reasons for treatment discontinua-
tion. Survival at 1 year was 73% and at 2 years, 58%. Median

Table 1. Patient characteristics at baseline

Characteristic Value

No. of subjects enrolled 60

Median age, y (range) 70.1 (40.4-87.2)

Sex, n (%)

Male 28 (46.7)

Female 32 (53.3)

Race, n (%)

White 53 (88.3)

Black 4 (6.7)

Hispanic 2 (3.3)

Other 1 (1.7)

Eastern Cooperative Oncology Group performance status*

0 33 (55.0)

1 27 (45.0)

Laboratory values

Normal hemoglobin 35 (58.3)

Normal LDH 44 (73.3)

Stage

IE-IIE 4 (6.7)

III 15 (25.0)

IIIE 2 (3.3)

IV 39 (65.0)

Histology

Follicular center cell, grade 1 23 (38.3)

Follicular center cell, grade 2 17 (28.3)

Small lymphocytic 12 (20.0)

Marginal zone, extranodal 5 (8.3)

Marginal zone, nodal 2 (3.3)

Unspecified 1 (1.7)

Prior therapy†

Chemotherapy 60 (100)

Hormone/biologic therapy 1 (1.7)

Radiotherapy 13 (21.7)

Sites of metastasis‡

Soft tissue/lymph node(s) 59 (98.3)

Viscera 21 (35.0)

Bone 16 (26.7)

*Assessed before first treatment.
†Subjects may have had more than 1 type of prior therapy.
‡Patients may have had more that 1 site of metastasis.

Table 2. Efficacy (n � 53 evaluable subjects)

n (%) 95% CI

Best response (all patients)*

CR 1 (1.9) 0.0-10.1

CRu 3 (5.7) 1.2-15.7

PR 3 (5.7) 1.2-15.7

SD† 34 (64.2) 49.8-76.9

PD 12 (22.6) 12.3-36.2

Of 60 patients registered, 1 patient was not treated because of ECOG PS outside
inclusion criterion on day 1 of cycle 1; 6 remaining patients were not evaluable
because of intercurrent illness or injury (n � 1 lower extremity edema and n � 1
pathologic fracture of the femur) and n � 1 each disease progression, administration
of prohibited concomitant medication, thrombocytopenia, and investigator decision
that local radiotherapy would be a preferred treatment option.

*Median time to response (n � 7) was 1.4 months (range, 1.2-5.3 months).
Median duration of response was 7.9 months (range, 2.8-22.4 months).

†Includes 11 with SD � 6 months.

Table 3. Responses by rituximab status (refractory vs sensitive)

n (%) 95% CI

Best response (rituximab-refractory, n � 30)

CRu 1 (3.3) 0.1-17.2

PR 2 (6.7) 0.8-22.1

SD* 19 (63.3) 43.9-80.1

PD 8 (26.7) 12.3-45.9

Best response (rituximab-sensitive, n � 23)

CR 1 (4.3) 0.1-21.9

CRu 2 (8.7) 1.1-28.0

PR 1 (4.3) 0.1-21.9

SD† 15 (65.2) 42.7-83.6

PD 4 (17.4) 5.0-38.8

Refractory patients relapsed within 6 months of rituximab; sensitive patients
relapsed more than 6 months after rituximab therapy.

*Includes 6 with SD � 6 months.
†Includes 5 with SD � 6 months.
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survival � 27.7 months (range, 1.4-30.9 months); median PFS �
5.1 months (range, 0.2-27.7 months), median TTP � 5.1 months
(range, 0.2-27.7 months), and median event-free survival �
1.8 months (range, 0.2-27.7 months). Overall survival and PFS are
detailed in Figures 1 and 2, respectively.

Six patients went on to receive maintenance therapy; 3 of these
patients’ best response was stabilization of disease, one patient
achieved a PR after 9 cycles of therapy (total), responding after
1.2 months and held the response for 7.9 months before progress-
ing. Two patients had CRu; time to response was 2.9 and
5.3 months and responses held for 29.3 and 6.4 months, respectively.

Drug delivery

The median number of cycles completed was 4 (range, 1-21). Six
patients (10%) less than CR (including CRu) after 8 cycles went on
to receive maintenance therapy. The mean relative dose intensity of
bortezomib was 85.9% (median dose intensity, 89.0%); 33.9% of
patients had a dose delay, 3.4% had a dose reduction, and 28.8%
had a delay and reduction. Main reasons for delay were thrombocy-
topenia or fatigue; doses were reduced mainly due to thrombocyto-
penia and discontinued mainly because of fatigue.

Toxicity

Bortezomib was generally tolerated in this study, although the
reason given for treatment discontinuation was toxicity in 33.3% of
patients. Most of the toxicities were grades 1 to 3 with limited
grade 4 events being reported. Grades 3 and 4 events were reported,
whereas grade 1 and 2 events were treated symptomatically until
resolution. The most frequent severe (grade 3) and very severe
(grade 4) events were thrombocytopenia, fatigue, neutropenia,

Table 4. Responses by histology subtype (n � 53 evaluable
subjects)

Characteristic n (%)

Best response (by histology)

Follicular (n � 36)

CR 1 (2.8)

CRu 2 (5.6)

PR 3 (8.3)

SD 22 (41.5)

SD � 6 mo 13

SD � 6 mo 9

PD 8 (22.2)

Marginal zone (n � 6)

CRu 1 (16.7)

SD 2 (33.3)

SD � 6 mo 0

SD � 6 mo 2

PD 3 (50.0)

Small lymphocytic (n � 10)

SD 9 (90.0)

SD � 6 mo 9

SD � 6 mo 0

PD 1 (10.0)

Unknown/unspecified

(n � 1)

SD 1 (100.0)

SD � 6 mo 1

Table 5. Patient status

Characteristic Value

Total no. of subjects 60

Status, no. (%)

Alive 32 (53.3)

Dead 28 (46.7)

Cause of death, no. (%)

PD 22 (36.7)

Lymphocytic leukemia 2 (3.4)

Myelodysplastic syndrome 1 (1.7)

Pneumonia 1 (1.7)

Pneumonitis 1 (1.7)

Unknown (no autopsy) 1 (1.7)

Reason for discontinuation, no. (%)

Progressive disease/recurrence 25 (41.7)

Toxicity 20 (33.3)

Investigator decision 7 (11.7)

Patient request 4 (6.7)

Normal completion 2 (3.3)

Other* 2 (3.3)

Median total of cycles received (range) 4 (1-21)

*“Other” represents patients discontinued because of error in calculation of PD or
protocol deviation (n � 1 each).

Figure 1. Overall survival.

Figure 2. Progression-free survival.
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neuropathy, and diarrhea. Grade 1 to 4 treatment-related toxicities
occurring in more than 2 patients are summarized in Table 6.

Antivirals were given prophylactically (at the discretion of the
physician); 23 patients received acyclovir or famciclovir, 3 patients
received both, and 3 patients were treated solely with topical
antivirals. Only 1 patient developed a herpes zoster infection while
on treatment; this patient had received no antiviral prophylaxis.
Serious infections were limited to sepsis (grade 3, n � 1) and
pneumonia (grade 3, n � 2). Several patients had more minor
infections (n � 3; 1 each respiratory, urinary tract, and sinus) or
fever (n � 4; associated with pneumonia, viral illness, urinary tract
infection, and sinus infections).

Discussion

This is the largest study to date of single-agent bortezomib in the
treatment of indolent lymphomas, exploring the safety and efficacy
of bortezomib in patients who were either refractory to rituximab
(relapsing within 6 months of completing rituximab therapy) or
had relapsed more than 6 months after rituximab. Responses (CR
or PR) were comparable between the 2 groups.

The treatment of indolent lymphoma continues to present
challenges; subtypes, such as FL, are typically more responsive
than other subtypes15,26; however, Goy et al27 noted that other
subtypes responded as well.

To date, only 2 full-length publications address single-agent
bortezomib as a treatment for indolent lymphoma15,27; both studies
were comparably small, with 24 and 50 assessable patients,
respectively. Their results were comparable with our findings in
patients with SLL. O’Connor et al noted that patients with SLL
were slow to respond or failed to respond15; however, Goy et al27

reported a CR in 1 of 4 SLL patients. Follicular lymphoma patients
fared better, although the sample size was limited. Goy et al27 noted
that 1 of 5 FL patients achieved a CR in their study, and O’Connor
et al15 noted that 6 of 10 FL patients achieved a CR (1), CRu (1), or
PR (4), for a response rate of 60%.

This study is the first to report TTP as an objective in patients
with relapsed or refractory indolent lymphoma; thus, there are no
data for comparison of 12-, 24-, and 30-month PFS using single-
agent bortezomib, either as induction or maintenance. Furthermore,
the median duration of response was 7.9 months, with a median of
1.4 months elapsing before attainment of best response. This is a
durable response, and it has been suggested that second and third

responses may be achieved with additional courses of bortezomib;
however, additional courses of bortezomib increase the likelihood
of cumulative toxicities (ie, neuropathy and thrombocytopenia).
The toxicity attributed to bortezomib (ie, thrombocytopenia, neu-
ropathy, and fatigue) may limit its utility in combination given the
fact that a third of patients discontinued study treatment because of
adverse events.

This current study demonstrates that bortezomib has modest activity
as a single agent with the potential to be combined with other agents for
indolent lymphoma with the hope of improving the response rate and
prolonging PFS; stabilization of disease was achieved in nearly two-
thirds of patients, suggesting that a rather long treatment does not
provide a higher rate of complete or partial responses. The current study
population was heavily pretreated; 72% of patients had received 2 or
more prior regiments for the treatment of their disease, which may
explain (in part) the lower than anticipated response rates. The ongoing
Lym 2001 study of rituximab with or without bortezomib may be of
interest, although no results are currently available (Ali Nourbaksh,
Millennium Pharmaceuticals, oral communication, December 2008).
Any synergy that exists between these agents may be revealed in the
final data.
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