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Abstract This study was conducted to evaluate the effi-

cacy and safety of rituximab and Bortezomib in relapsed or

refractory indolent B cell non-Hodgkin’s lymphoma (NHL).

Treatments consisted of rituximab 375 mg/m2, i.v. on days 1,

8, 15, and 22 of cycle 1 and on day one of cycles 2–5, bort-

ezomib 1.6 mg/m2, given by intravenous injection (3-s to 5-s

bolus) on days 1, 8, 15, and 22 of a maximum of five cycles.

The primary end points were the overall survival (OS) and

progression-free survival (PFS). Secondary endpoints

included response rate (ORR; CR) and toxicities. From

January 2008 to December 2010, 60 successive patients at

Tianjin cancer hospital lymphoma department were enrolled

in this study. All patients were recurrent or refractory indo-

lent B cell NHL, including follicular lymphoma grades 1–2

(n = 35), small lymphocytic lymphoma/chronic lympho-

cytic leukemia (LL/CLL; n = 16) and marginal zone lym-

phoma (n = 9). The median follow-up time was 30 months

(range 12–48). The overall response rate was 70.0 %, with a

CR/CRu rate of 31.7 %. The 2-year OS and PFS of all

patients were 75.0 and 41.0 %, respectively. Grade 3–4

neutropenia and thrombocytopenia occurred in 10 and 3.3 %

of patients, respectively. Higher IPI and refractory disease

were independently associated with worse survival and PFS.

RB chemotherapy in patients with refractory or relapsed

indolent B cell NHL was effective with low toxicity.

Keywords Rituximab � Bortezomib � Refractory �
Indolent

Introduction

Indolent B cell lymphomas tend to be slow growing but are

incurable. Recent epidemiological data suggest that the

frequency is rising in our country. The 5-year survival is

60–70 %, but as many as one-third of these lymphomas

will transform to a higher grade form of lymphoma, usually

diffuse large B cell. Because the natural course of these

diseases is characterized by a relatively long median sur-

vival, patients receive multiple cytotoxic therapies during

the course of their disease [1]. Repeated chemotherapy

frequently results in multidrug resistance, and patients die

due to rapid tumor progression [2]. Lymphoma cells over

expressing BCL2 are resistant to apoptosis and establish

intimate relationships with their microenvironment. To

circumvent multidrug resistance, new drugs are necessary,

which are not influenced by the multidrug mechanisms

directed toward alkylating agents and anthracyclines.

Bortezomib (VELCADE) is a small-molecule protea-

some inhibitor, developed as an agent to treat human

malignancies. The antineoplastic effect of bortezomib likely

involves several distinct mechanisms, including inhibition of

cell growth and survival pathways, induction of apoptosis,

inhibition of expression of genes that control cellular adhe-

sion, migration, and angiogenesis. Notably, bortezomib

induces apoptosis in cells that over express BCL2 [3].
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Bortezomib is approved for treatment of multiple myeloma

and, additionally in the USA, for the treatment of patients

with mantle cell lymphoma after at least one previous ther-

apy [4]. Bortezomib is thought to be efficacious in multiple

myeloma via its inhibition of NF-jB activation, its attenu-

ation of interleukin-6-mediated cell growth, a direct apop-

totic effect, and possibly antiangiogenic and other effects [5].

In multiple phase II studies performed in follicular lym-

phoma, bortezomib as a single agent seemed to show vari-

able activity. The overall response rate (ORR) ranged from

16 to 41 %, with few complete remissions (CRs). Biweekly

schedules eventually seemed to be associated with higher

response rates; however, this did not translate into significant

prolonged progression-free survival (PFS) [6].

Rituximab is a chimeric antibody directed against the CD20

antigen present on human B cells. The antibody is able to kill B

cells due to antibody-dependent cytotoxicity (ADCC),

induction of apoptosis, and complement activation. Rituximab

also inhibits NF-jB in cell lines of B cell non-Hodgkin’s

lymphoma, associated with chemo-sensitisation effects [7]. In

the pivotal trial, rituximab produced an overall response rate in

relapsed and refractory indolent lymphomas of 50 % when

used as a single agent [8]. Bortezomib increases CD20

expression in rituximab-resistant cell lines in vitro [9]. Bort-

ezomib and rituximab had additive activity in preclinical

models of lymphoma [10]. Bortezomib in combination with

rituximab alone or plus other chemotherapy drugs was active

and generally well tolerated in early phase studies in follicular

lymphoma and other subtypes of non-Hodgkin’s lymphoma

[11]. In a phase III clinical trial, Bertrand Coiffier [12] reported

that rituximab combined with bortezomibin in treatment of

patients with relapsed or refractory follicular lymphoma, the

median progression-free survival was 12.8 months, the ORR

was 63 %, with a CR/CRu rate of 25 %.

In this study, we retrospectively analyzed a series of 60

patients presenting with relapsed/refractory indolent lym-

phoma treated by rituximab, bortezomib (RB) regimen in

our department between 2008 and 2010. We evaluated the

efficacy and toxicity of RB regimen.

Patients and methods

Patients

Between January 2008 and December 2010, sixty refractory

and relapsed CD20-positive patients with indolent lym-

phoma were enrolled in the study. All the histological

diagnoses, including CD20 positivity, were confirmed with

immunohistochemistry. Patients who met the following

criteria were considered eligible for inclusion in the study:

(1) nodal biopsy confirming diagnosis of follicular lym-

phoma grade 1–2, small lymphocytic lymphoma/chronic

lymphocytic leukemia(SLL/CLL), and marginal zone lym-

phoma as defined by the World Health Organization (WHO)

classification [13]; (2) Eastern Cooperative Oncology Group

(ECOG) performance status \3; (3) C18 years of age; (4)

Ann Arbor stage of III–IV disease; (5) at least one site of

disease measurable in two dimensions using clinical exam-

ination, CT scan, or MRI scans; (6) normal cardiac, renal,

pulmonary, and hepatic function unless abnormal because of

disease involvement; (7) granulocyte count C4.0 9 109/L

and platelet count C100 9 109/L, except in cases of bone

marrow (BM) involvement; and (8) Patients were rituximab

naive or rituximab sensitive (response to and time to pro-

gression C6 months for previous rituximab-containing

treatment). Exclusion criteria were as follows: HIV-positive

or hepatitis B or C virus-positive status.

Treatment

The rituximab/bortezomib schedule was as follows: ritux-

imab 375 mg/m2 i.v. on days 1, 8, 15, and 22 of cycle 1, and

on day one of cycles 2–5, bortezomib 1.6 mg/m2, given by

intravenous injection (3-s to 5-s bolus) on days 1, 8, 15, and

22 of a maximum of five cycles. If the patient had neutrophil

count [1.0 9 109/L; platelet count [50 9 109/L, treat-

ment was restarted at the initial dose after the neutrophil and

platelet counts recovered with granulocyte colony stimu-

lating factor (G-CSF) provided. If the patient had neutrophil

count \1.0 9 109/L; platelet count \50 9 109/L, the fol-

lowing cycle was delayed up to 3 weeks until the blood cell

recovered to normal level, and bortezomib was adminis-

tered at 1.3 mg/m2 with G-CSF given in prevention and

platelet and erythrocyte concentrates administered if nec-

essary. Bortezomib dose modifications were required for

prespecified non-hematological toxic effects.

Patient monitoring and assessment

The following evaluations and procedures were performed

during the pretreatment screening period: medical history

and baseline laboratory and imaging studies. Evaluations

performed during and after treatment included physical

examination, CBC counts, serum chemistry, and imaging

studies (CT scan or MRI) for disease assessment. Treat-

ment response was assessed at 4 weeks after two cycles of

primary chemotherapy. Reassessment carried out for tumor

response was performed 4 weeks after the last treatment

and then every 3 months during the first year, every

6 months in successive years.

Determination of CR, CRu, partial response (PR), stable

disease (SD), and progressive disease (PD) was defined

using a modification of the International Workshop NHL

Response Criteria published by Cheson et al. [14]. A

complete remission (CR) was defined as the complete
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disappearance of the disease for at least 8 weeks. CRu was

defined as unconfirmed CR. A partial remission was

defined as a 50 % reduction of all measurable lesions

maintained for at least 4 weeks without increase in size of

any area of known malignant disease. Progressive disease

was defined as any new lesion or an increase of C50 % of

previously involved sites from the nadir, and patients not

included in any of these categories were considered to have

stable disease.

Complete response rate (CRR) = number of CR

patients/Total number of evaluable patients 9 100 %.

Overall response rate = (CR ? PR)/Total number of

evaluable patients 9 100 %.

The primary end point was overall survival (OS) and

PFS. Secondary end points were overall response rate,

complete response rate, safety, and tolerability. Overall

survival was defined as the period from the treatment start

date to the date of patient died for any cause or observation

end. Progression-free survival was defined as the period

from the treatment start date to the progression date.

Statistical analysis

Statistical analysis was performed with SPSS 16.0 soft-

ware. The responses between groups were compared by v2

tests; Kaplan–Meier method was used to calculate survival

rate and draw the survival curves. Log rank test was used to

compare the survival rate between two groups. Cox’s

proportional hazards analysis was used to calculate hazard

ratios and the 95 % confidence interval. Multivariate ana-

lysis was performed using Cox regression model. p \ 0.05

was considered statistically significant.

Treatment toxicity was evaluated according to the WHO

criteria.

Results

Patients and response to therapy

From January 2008 to December 2010, sixty refractory and

relapsed CD20-positive patients with indolent lymphoma

at Tianjin cancer hospital lymphoma department were

enrolled in the study. All patients were diagnosed by

pathology according to the WHO (2008) criteria. All

patients had evaluable lesions. Median age at the time of

treatment was 55 years (range 18–65 years). All patients

were refractory and relapsed indolent lymphoma who have

been treated with CHOP-like and fludarabine-based regi-

men with or without rituximab previously. The character-

istics of 60 patients are listed in Table 1.

Table 1 Clinical characteristic of patients (n = 60)

Clinical characteristic Case number 2-year PFS(%) p value

Sex

Male 38 36.7 0.228

Female 22 45.2

Age

B60 42 48.5 0.153

[60 18 32.6

ECOG

0–1 40 53.4 0.014

2 20 33.2

Previous lines of therapy

1 18 35.7 0.142

C2 42 43.5

IPI score

Low risk 18 75.8 0.009

Low-intermediate risk 20 67.6

High-intermediate risk 16 44.1

High risk 6 29.7

Common previous therapies

RCHOP 15 37.4 0.254

RCVP 9 36.1

RFE 12 35.7

RFC 6 40.8

CHOP-like 10 42.9

Flu-based 8 44.2

Bone marrow involvement

Yes 12 36.2 0.034

No 48 45.8

Histology (WHO)

Follicular grade 1–2 35 47.7 0.194

SLL/CLL 16 39.2

Marginal zone 9 41.3

Extranodal involvement

0–1 43 46.4 0.341

C2 17 39.2

Serum LDH

Normal 38 45.6 0.235

Higher than normal 22 39.3

Disease status

Refractory 25 18.0 0.002

Relapse 35 61.0

Time to disease recurrence or progression (mos)

B12 23 33.8 0.023

[12 37 51.2

p value: factors which were related to patients’ 2-year PFS by uni-

variate analysis

ECOG Eastern Cooperative Oncology Group, IPI the international

prognostic index, LDH lactate dehydrogenase, RCHOP rituximab,

cyclophosphamide, epirubicin, vincristine, prednisone, RCVP ritux-

imab, cyclophosphamide, vincristine, prednisone, RFE rituximab,

fludarabine, epirubicin, RFC rituximab, fludarabine, cyclophospha-

mide, Flu-based fludarabine-based regimen
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Short term efficacy

All patients received chemotherapy of RB regimen as

salvage therapy for up to five cycles. All patients were

evaluable for response. At the end of treatment, 19 patients

(31.7 %) achieved CR/CRu, 23 PR (38.3 %), OR rate was

70.0 % (95 % CI 43.6–97.2 %), 13.3 % patients remaining

in stable disease while 16.7 % having disease progression,

as shown in Table 2.

The OR rate of the relapsed patients was significantly

higher than the refractory patients (43.3 vs. 26.7 %,

p = 0.018). The CR rate of the relapsed patients was sig-

nificantly higher than the refractory patients (21.7 vs.

10.0 %, p = 0.026; Table 2).

Survival analysis and prognostic factors

All the 60 patients were followed up until December 2011.

The median follow-up time was 30 months (range 12–48);

ten patients (16.7 %) died, eight patients died of disease

progression, and two patients died of other diseases. The

2-year OS and PFS of all patients were 75.0 and 41.0 %,

respectively (Fig. 1). OS and PFS of relapsed patients were

significantly higher than that of refractory patients: 2-year

OS was 84.0 versus 58.0 % (p = 0.006), and 2-year PFS

was 61.0 versus 18.0 % (p = 0.002; Figs. 2, 3). According

to the IPI at the start of RB regimen, OS and PFS of patients

with low or low-intermediate risk was more favorable as

compared with that of the high or high-intermediate risk

group: 2-year OS was 78.0 versus 42.0 % (p = 0.002), and

2-year PFS was 72.0 versus 38.0 % (p = 0.009; Figs. 4, 5).

A univariate analysis showed that ECOG (p = 0.014), IPI

score (p = 0.009), bone marrow involvement (p = 0.034),

disease status (p = 0.002), and time to disease recurrence or

progression (p = 0.023) were related to patients’ 2-year PFS

(Table 1). A multivariate analysis showed that IPI score

(p = 0.004) and disease status (0.000) were independent

factors related to patients’ 2-year PFS (Table 3).

Fig. 1 Overall survival and progression-free survival of all patients

(n = 60)

Fig. 2 Overall survival according to disease status: relapsed (n = 35)

versus refractory (n = 25)

Table 2 Response to RB regimen with relapsed or refractory indolent B cell lymphoma

Response (%) v2 test of OR rate v2 test of CR rate

CR/CRu PR SD PD

Case number 19 (31.7) 23 (38.3) 8 (13.3) 10 (16.7)

Disease status

Refractory 6 (10.0) 10 (16.7) 3 (5.0) 6 (10.0) v2 = 6.734 v2 = 5.438

Relapse 13 (21.7) 13 (21.6) 5 (8.3) 4 (6.7) p = 0.018* p = 0.026*

* p \ 0.05
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Toxicity

The toxicities of RB regimen included hematologic and

non-hematologic toxicity. The major hematologic toxicity

was myelosuppression. Grade 3 or 4 neutropenia, anemia,

and thrombocytopenia were observed in six (10 %), four

(6.7 %), and two patients (3.3 %), respectively. Neutrophils

count were recovered to normal level after G-CSF

administration. The duration of myelosuppression is short,

and blood cell support is only rarely required. Only one

patient developed febrile neutropenia during chemotherapy,

who improved after subsequent neutrophil recovery and

appropriate use of antibiotics. The major non-hematologic

toxicities were nausea, fatigue, diarrhea, and peripheral

sensory neuropathy. The symptom was relieved when

appropriate administration was given. Peripheral neuropa-

thy events were reported in ten patients (16.7 %), including

two patients (3.3 %) with events of grade 3 or higher. Most

events were peripheral sensory neuropathy. Two patients

modified dose of bortezomib to 1.3 mg/m2 because of

peripheral neuropathy. The adverse effects related to rit-

uximab were hypersensitivity (fever, chills, rush, and

hypotension) and were moderate in most patients. During

the first rituximab infusion, nine patients (15.0 %) had

hypersensitivity. Subsequent rituximab infusions were well

tolerated without recurrence of adverse reactions. Of the

infections, 12 (20 %) patients had infections during che-

motherapy, and 2 (3.3 %) patients had grade 3–4 infection.

Patients recovered by appropriate use of G-CSF and anti-

biotics. No toxicity-related death was observed. (Table 4).

Discussion

Patients with relapsed or refractory indolent NHL have

limited options and poor prognosis. Treatment of patients

with relapsed or refractory indolent lymphomas is becoming

increasingly difficult when such immunochemotherapy like

Fig. 5 Progression-free survival according to IPI score: IPI L/LI

(n = 38) versus IPI H/HI (n = 22)

Fig. 4 Overall survival according to IPI score: IPI L/LI (n = 38)

versus IPI H/HI (n = 22)

Fig. 3 Progression-free survival according to disease status: relapsed

(n = 35) versus refractory (n = 25)
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R-CHOP, R-CVP, and R-FCM has been applied already

in previous therapies. Multiple efficient second-line

treatments are available, but new therapeutic options are

needed, especially in those patients who develop resis-

tance to standard therapy or experience histologic

transformation. Because overall survival has been mark-

edly prolonged over the last decade [15], cumulative or

long-term treatment toxicities have become important to

consider to preserve patient quality of life and avoid

therapy-related death.

Proteasome inhibitors such as bortezomib have a wide

spectrum of demonstrated activity against cancer cells,

including nuclear factor jB inhibition and modulation as

well as pro- and antiapoptotic pathway and cell-cycle

modification [16]. Preclinical data have been generated in

the investigation of the mechanisms of action of bortezo-

mib in lymphoma cell lines, mainly in mantle cell and

diffuse large B cell lymphoma cell lines [17].

Di Bella et al. reported [18] the efficacy and safety of

single-agent bortezomib in patients with relapsed or

refractory indolent lymphoma, fifty-nine patients were

treated with bortezomib 1.3 mg/m2 on days 1, 4, 8, and 11

for up to eight 21-day cycles; ORR was 13.3 %, CR/CRu

was 7.6, 64.2 % patients received stable disease, and

22.6 % patients with progressive disease. 1-year survival

was 73 % and 2-year survival was 58 %; median survival

was 27.7 months (range 1.4–30.9 months); median pro-

gression-free survival was 5.1 months (range 0.2–

27.7 months), Treatment-related grade 3 or 4 adverse

events included: thrombocytopenia (20 %), fatigue (10 %),

neutropenia (8.5 %), and neuropathy and diarrhea(6.8 %

each). This study demonstrates that bortezomib has modest

activity against relapsed or refractory indolent lymphoma;

it has the potential for combination with other agents in

low-grade lymphomas.

The phase II VERTICAL study [19] reported that sev-

enty-three patients received five 35-day cycles of bortezo-

mib, bendamustine, and rituximab: Bortezomib was given at

a dose of 1.6 mg/m2 on days 1, 8, 15, and 22, bendamustine

50, 70, or 90 mg/m2 on days 1 and 2, and rituximab 375 mg/

m2 on days 1, 8, 15, and 22 of cycle one and day one of

subsequent cycles, up to five cycles. The ORR was 88 %

(including 53 % complete response). Median duration of

response was 11.7 months (95 % CI 9.2–13.3). Median

progression-free survival was 14.9 months (95 % CI

11.1–23.7). Toxicities were manageable; myelosuppression

was the main toxicity (25 and 14 % of patients experienced

grade 3–4 neutropenia and grade 3–4 thrombocytopenia,

respectively). Transient grade 3–4 neuropathy occurred in

11 % of patients.

Jonathan et al. reported [20] the efficacy and toxicity of

bendamustine, rituximab, and bortezomib in patients with

relapsed indolent and mantle cell non-Hodgkin’s lymphoma,

bendamustine was given 90 mg/m2 on days 1 and 4; ritux-

imab 375 mg/m2 on day 1, and bortezomib 1.3 mg/m2 on

days 1, 4, 8, and 11. Twenty-eight-day cycles were planned.

Of 29 patients evaluable for efficacy, 24 (83 %) achieved an

Table 3 Univariate and multivariate analysis of risk factors which affected PFS

Risk factors Univariate analysis Multivariate analysis

HR (95 % CI) p value HR (95 % CI) p value

IPIH/HI (vs. L/LI) 5.94 (1.82–10.96) 0.009* 4.87 (1.02–9.54) 0.004*

Refractory (vs. relapse) 6.75 (1.89–14.33) 0.002* 5.52 (1.43–11.68) 0.000*

ECOG (0–1 vs. 2) 4.08 (1.03–9.76) 0.014* 3.46 (1.12–14.71) 0.117

BMI (Y/N) 3.28 (0.65–11.81) 0.034* 1.58 (0.33–10.69) 0.145

TTDR/p (B1 year vs. [1 year) 3.92 (0.86–14.04) 0.023* 2.36 (0.97–13.15) 0.128

HR hazard ratio, CI confidential interval, H/HI high or high intermediate, L/LI low or low intermediate, BMI (Y/N) bone marrow involvement

(Yes/No), TTDR/P time to disease recurrence or progression

* p \ 0.05

Table 4 Toxicities observed in patients during RB treatment

(n = 60)

Toxicity Grade

1 2 3 4

Hematological

Neutropenia 2 3 4 2

Anemia 3 2 3 1

Thrombocytopenia 4 2 2 0

Febrile neutropenia 0 1 0 0

Non-hematological

Nausea 10 8 1 1

Diarrhea 6 4 2 2

Constipation 5 4 1 0

Hypersensitivity (fever, chills, hypotension) 6 2 1 0

Fatigue 8 5 1 1

Peripheral sensory neuropathy 5 3 1 1

Herpes zoster 3 2 2 0

Infection 6 4 2 0
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objective response (with CR rate 52 %). With median fol-

low-up of 24 months, 2-year progression-free survival is

47 % (95 % CI 25–69 %). Common non-hematologic

adverse events were generally grade 1 or grade 2 and

included nausea (50 %), neuropathy (47 %), fatigue (47 %),

constipation (40 %), and fever (40 %).

Our results showed that RB is effective in patients with

relapsed/refractory indolent B cell lymphoma. In the entire

population, ORR was 70.0 %, with a CR/CRu rate of

31.7 %. 2-year OS was 75.0 %, and 2-year PFS was

41.0 %. The results from this study showed that addition of

weekly bortezomib to rituximab therapy had the similar

results as bortezomib, bendamustine, and rituximab regi-

men, and the toxic effects were tolerable.

In this study, high or high-intermediate risk of IPI and

refractory disease were independently associated with

worse survival and PFS. Secondary IPI score at the start of

R-B therefore might be an effective way to predict patient’s

outcome as primary IPI at the first diagnosis. Moreover, the

outcome of patients with refractory disease was signifi-

cantly worse as compared to that of relapsed patients, as

most published studies have found.

Besides, RB regimen was quite tolerable. Grade 3 or 4

neutropenia, anemia, and thrombocytopenia were observed

in six (10 %), four (6.7 %), and two patients (3.3 %),

respectively, which was much lower than the incidence of the

other bortezomib-based second-line regimen, such as phase

II VERTICAL study [19]. The duration of myelosuppression

is short. Only one patient developed febrile neutropenia

during chemotherapy. Peripheral neuropathy events were

reported in ten patients(16.7 %), including two patients

(3.3 %) with events of grade 3 or higher, which was also

lower than other reports [19, 20]. All neuropathies were

transient. None of these adverse events were associated with

serious conditions or subsequent treatment-related death.

According to the non-hematologic toxicity, such as nausea,

diarrhea, and constipation, it was mild and controllable.

In conclusion, our study showed the RB regimen was

highly effective in patients with relapsed or refractory

indolent lymphomas. The toxicity of such therapy was

relatively low. However, the treatment for patients with

high IPI score or primary refractory disease is still insuf-

ficient. For these patients, novel therapeutic approaches are

therefore warranted.

Conflict of interest None.
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