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Semi-extended, six weekly rituximab infusions in pre-treated
advanced low-grade B cell non-Hodgkin’s lymphoma: a phase
II study
Karl Bremera

Either four or eight weekly rituximab infusions in relapsed

or refractory low-grade or follicular B cell non-Hodgkin’s

lymphoma (NHL) are well tolerated and efficacious. This

phase II trial investigated the safety and efficacy of

six weekly rituximab doses in chemotherapeutically

pre-treated relapsed or refractory low-grade NHL patients.

Sixty-eight patients (median age 64 years) received six i.v.

rituximab infusions 375mg/m2 weekly. All patients had

received one or more prior therapies (median 2; range

1–18). Forty-two patients had progressive disease and

were evaluated for toxicity and efficacy; 12 of these

required re-treatment with six weekly rituximab infusions.

Twenty-six patients received rituximab as remission

consolidation therapy and were assessed for toxicity only.

No patients discontinued because of adverse events. Most

adverse events were National Cancer Institute grade 1

(2–9%) or 2 (3–5%) and usually occurred during the first

infusion. No hematological abnormalities were observed.

Overall response rate was 59% (median time to response 2

weeks) and 10 of 12 re-treated patients responded. Median

time to progression for all patients was 14 months and for

responders 21 months. More than half the 42 patients

evaluated for efficacy and more than 70% of the 25

responding patients still survived longer than 3 years after

treatment. The safety profile and efficacy achieved in this

study compare favorably with those seen with four or eight

weekly doses in pre-treated low-grade NHL. Anti-Cancer
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Introduction
The pathophysiology of low-grade B cell non-Hodgkin’s

lymphoma (NHL) appears to be based on defects in cell

death, as opposed to cell proliferation, resulting in the

accumulation of monoclonal, long-living B lymphocytes.

The majority of these are G0 phase quiescent cells with

defects in the normal pathways of apoptosis [1]. Such

lymphomas are initially sensitive to a variety of che-

motherapeutic agents, including alkylating drugs, anthra-

cyclines, purine analogs and combination regimes, and

treatment results in a high rate of remission. However,

remission is rarely complete or of long duration and

remission rates decrease with subsequent therapy [2,3].

Furthermore, high-dose myeloablative chemotherapy

with autologous or allogeneic stem cell rescue is curative

in only a limited number of patients [4–6].

Since the clinical course of the vast majority of low-grade

NHL patients is characterized by continuing relapses,

alternative treatment options are urgently needed.

Recent immunological studies have shown that during

differentiation, B cells undergo a series of genetic and

phenotypic changes, including sequential acquisition or

loss of surface antigens [7]. The CD20 antigen is

acquired during the transition from pro-B cell to pre-B

cell. CD20 surface expression increases during differ-

entiation, reaching maximum levels on mature cells.

CD20 expression then decreases during further B cell

differentiation and may be absent in mature plasma cells

[7]. The surface expression of the CD20 antigen varies

among the different NHL subtypes [7].

Rituximab (Genentech, South San Francisco, CA and

Hoffmann-La Roche, Grenzach-Wyhlen, Germany), a

chimeric monoclonal anti-CD20 antibody, has recently

been developed as the first targeted monoclonal antibody

therapy for NHL [8]. The mechanisms of rituximab-

mediated killing of CD20+ tumor cells are likely to

include a combination of immune-mediated effects with

complement-mediated lysis and antibody-dependent

cell-mediated cytotoxicity, as well as direct effects

induced by CD20 ligation, including growth inhibition

and apoptosis [9].

Initial clinical trials in patients with previously treated

indolent NHL demonstrated that weekly infusions of
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rituximab over 4 weeks were well tolerated and had

significant clinical activity, with overall response rates of

30–50% [8,10–14]. In an extended treatment with weekly

rituximab infusions over 8 weeks in 37 patients, the

overall response rate was 60% [15]. Here, we report the

results of a phase II study of the safety and efficacy of a

semi-extended rituximab treatment administered as

weekly infusions of 375mg/m2 for 6 weeks in pre-treated

patients with low-grade or follicular NHL.

Methods
Study design

Between February 1998 and July 2000, 68 patients

entered this open-label, single-arm, single-center phase

II safety and clinical efficacy study of six weekly infusions

of rituximab 375mg/m2 (Table 1). In total, 42 NHL

patients with relapsed or refractory progressive diseases

were evaluable for safety and clinical efficacy. Of these

patients, 12 were re-treated with weekly rituximab

infusions over 6 weeks after disease relapses. Toxicity

was studied in 26 patients with chemotherapy-induced

complete or partial remissions, who received rituximab as

remission consolidation therapy. Informed consent was

obtained from all patients before receiving study drug.

Patients

Eligibility criteria included: adults (age range 40–79

years), a histologic diagnosis according to standard Kiel

criteria [16] for lymphoma and demonstrated CD20-

positivity of the NHL B cell population in pathologic

lymph nodes or a bone marrow specimen. In the Kiel

classification, the immunocytic (IMC) subtype of low-

grade B cell NHL includes patients with lymphoplasma-

cytoid lymphomas (B cell chronic lymphocytic leukemia

[B-CLL] with plasmacytoid differentiation in the REAL

classification [17]) and lymphoplasmacytic lymphoma

(lymphoplasmacytoid IMC in the REAL classification),

including those with Waldenström’s macroglobulinemia.

The diagnosis of mantle cell lymphoma (MCL) and

follicular NHL were made in accordance with the REAL

classification.

Clinical characteristics at the time of study entry are

listed in Table 1. All patients had a WHO performance

status of p 2. The median age of all patients was 64

years. Most patients (96%) had stage III or IV disease and

nine patients (13%) had systemic symptoms.

Any prior therapy must have been completed at least 1

month before initiation of rituximab treatment. Each

patient received at least one (median 2) cytostatic

chemotherapy regimes prior to this study (Table 2).

Patients with blood lymphocytosis were not excluded, but

those with central nervous system involvement or severe

lymphoma-related symptoms requiring a rapid response

to therapy were excluded from the study. Additional

eligibility criteria for relapsed or refractory patients

included: measurable or evaluable disease, WBC count

X 3000/ml and platelets X 100 000/ml, and adequate liver

and kidney function.

Before beginning therapy, all patients underwent staging

procedures, including: history, physical examination,

complete blood counts, chemistry profile, computerized

tomography of the chest and abdomen, and bone marrow

aspiration/biopsy.

Treatment

Rituximab (MabThera; Hoffmann-La Roche, Grenzach-

Wyhlen, Germany) was administered once weekly on an

outpatient basis for 6 weeks as an i.v. infusion of 375mg/

m2. The drug was given in 500ml of normal saline over

several hours and vital signs were regularly monitored

Table 1. Patient characteristics

Characteristic Number of patients (%)

Evaluable for toxicity 68 (100)
Evaluable for toxicity and efficacy 42 (62)
Median age (years) 64
Age range (years) 40–79
Female 29 (43)
Male 39 (57)
Histological type
CLL 13 (19)
IMC 29 (43)
follicular 22 (32)
MCL 3 (4)
other 1 (2)

Disease stage (except CLL) 55 (81)
I 1 (2)
II 2 (4)
III 5 (9)
IV 48 (87)

B symptoms present 9 (13)
B symptoms not present 59 (87)
Years from diagnosis
median 4
range 0.2–19

ECOG performance status
0 42 (62)
1 21 (31)
2 5 (7)

Table 2. Prior treatment for lymphoma in the study population

Prior therapya Previous treatments (n=227, median 2,
range 1–18)

Alkylating agentsb 115
Anthracyclinesc 45
Interferon-a 40
Fludarabine 9
Other (X 1)d 18

aSome patients have received a treatment (e.g. chlorambucil) on more than one
occasion.
bChlorambucil ± prednisolone or cyclophosphamide, vincristine and prednisolone
or bendamustine or trofosfamide.
cDoxorubicine, epirubicine, mitoxantrone or idarubicine alone or as a component
of a combination chemotherapy regime (e.g. CHOP [cyclophosphamide,
hydroxydaunomycin, oncovin (vincristine) and prednisone]).
dOther single agents (e.g. vinblastine, etoposide, bleomycin) or combination
chemotherapy regime.
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during infusion. Oral pre-medication with an antipyretic

(e.g. 500mg paracetamol) was given routinely.

Monitoring

Patients underwent a weekly clinical review during

treatment, including physical examination, to assess for

evidence of toxicity or progressive disease. Toxicities

were graded according to National Cancer Institute

(NCI) criteria [18]. Laboratory testing, including hema-

tology (hemoglobin, WBC count and platelet count) and

serum chemistry (electrolytes, creatinine, uric acid and

liver function tests), was performed at baseline, then

weekly prior to therapy and at follow-up. Evaluations for

disease assessment included: physical examination, chest

radiography, computed tomography and bone marrow

aspiration/biopsy (if positive at baseline). Evaluations

were carried out at 1 and 3 months after treatment, every

3 months for 2 years, and every 6 months thereafter.

Response criteria

Strict response criteria as recommended by an interna-

tional workshop to standardize response criteria for NHL

have been used, including regular bone marrow examina-

tions [19].

Statistical methods

Time-to-progression (TTP) was measured from the first

infusion until disease progression. The Kaplan–Meier

product-limit method [20] was used to analyze TTP and

overall survival (OS). Differences in TTP and OS

between subgroups of patients were tested for statistical

significance using the log-rank test [21]; the exact

Mantel–Haenszel test was applied to test for differences

in response rates.

Results
Patient features

All patients had received at least one prior cytostatic

chemotherapy regime (median 2; range 1–18) (Table 2).

The median time interval from the first prior treatment

to the beginning of rituximab infusions was 33 months

(range 2–216 months).

Of the 68 NHL patients, 62 received all six rituximab

doses. Rituximab treatment had to be terminated after

three to five infusions in three patients due to continuous

disease progression and subsequent death. Three pa-

tients received only four of six infusions due to protocol

violation.

Clinical adverse events

All 68 patients were included in the evaluation of toxicity

(Table 3). The rituximab infusions were generally well

tolerated. Infusional side effects occurred most fre-

quently during the first treatment (20 events of NCI

grade 1 and 2 toxicity), declining with subsequent

infusions (seven events of NCI grade 1 and 2 toxicity

due to second infusion).

Most clinical adverse events were mild to moderate (NCI

grade 1 or 2) during the 6-week treatment period and no

toxicity occurred thereafter. The most frequently occur-

ring adverse events consisted of transient chills (12%),

fever or nausea/vomiting (6%), diarrhea (4%) and pain,

dizziness or rush/urticaria (each 3%) (Table 3). No

patient discontinued treatment because of an adverse

event. Tumor lysis syndrome was not observed and no

significant abnormalities in serum chemistry were re-

corded in the study population. In particular, no hepatic

or renal toxicity was noted.

A median of 14 months (range 6–24 months) following

first rituximab treatment period, 12 patients again

presented with disease progression and received a second

course of weekly rituximab infusions over 6 weeks. Only

four non-hematologic adverse events were observed, all of

which were NCI grade 1, including fever, chills and

allergic skin reactions.

Hematologic abnormalities did not occur. During the 6-

week treatment period and the subsequent 6 months, the

median hemoglobin values varied between 12.8 and

14.0 g/dl. Median leucocyte, neutrophil and lymphocyte

counts varied over the ranges 4.6–5.3, 2.5–3.6 and 1.0–

1.8/nl, respectively. Platelet counts remained stable, with

median counts recorded to be between 164 and 179/nl.

Response to treatment

The 26 patients in complete or partial remission received

rituximab infusions as consolidation therapy and were not

assessed for efficacy (Table 1). In the 42 patients who

were evaluated for efficacy, the response rate was 59%,

including 11 (26%) patients in complete remission (Table

4). Subgroup analyses revealed no difference in response

by sex or histology, but significantly higher remission

rates in patients with a normal performance status and

Table 3. Non-hematologic toxicity in the safety population (max-
imum per patient, n=68)

NCI grade [n (%)]

0 1 2

Fever 64 (94) 4 (6) –
Chills 60 (88) 6 (9) 2 (3)
Pain (n=67) 65 (97) 2 (3) –
Nausea 64 (94) 1 (1) 3 (4)
Vomiting 66 (97) 2 (3) –
Diarrhea 65 (96) 1 (1) 2 (3)
Obstipation 68 (100) – –
Hypotension 68 (100) – –
Epidermis 66 (97) 2 (3) –
Sensorium 66 (97) 2 (3) –
Dyspnea 68 (100) – –
Allergic symptoms 66 (97) 2 (3) –
Sweating 68 (100) – –

– = no events recorded.
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who had received a lower number of pre-treatments

(Table 4). Fully-active patients who were able to carry out

normal activities of daily living (ECOG performance score

0) or who had received no more than two pre-treatments

experienced response rates of 73 and 84%, respectively,

compared to those with an ECOG score of 1 (42%) or

more than two prior lymphoma treatments (39%)

(p=0.0019 and 0.0082, respectively) (Table 4). No

site-specific clustering of responses was apparent.

Ten patients (24%) presented with an initial blood

lymphocytosis (X 5.0/nl) and eight patients showed a

decrease of more than 50% in blood lymphocyte count 2

weeks after the start of the rituximab infusion period.

Therefore, a median time to response of 2 weeks has

been determined in these lymphocytosis patients.

Re-treatment with six weekly rituximab infusions was

performed in 12 patients. Three of these patients

achieved a complete and seven a partial remission with

an overall response rate of 83%. Two patients showed no

change performance status.

Median and mean follow-up periods were 34 and 28

months, respectively, in the 42 patients evaluated for

efficacy. Median TTP for these patients was 13.5 months

(Fig. 1) and 13 months for the 12 re-treated patients. The

25 responding patients showed a median TTP of 21

months and those with stable or progressive disease of 4

months.

Subgroup analysis for gender, histological subtype or

performance status resulted in similar TTPs, but the 17

patients with two pre-treatments or fewer exhibited a

significantly longer TTP of 21 months than those 23

patients more heavily pre-treated (TTP 6.5 months,

p=0.0082). A similar TTP of 21 months was observed in

Table 4. Clinical responses to treatment

Patient group Total (n) Complete remission [n
(%)]

Partial remission [n
(%)]

No change [n (%)] Progressive disease [n
(%)]

p

Evaluable 42 11 (26) 14 (33) 9 (21) 8 (19)
Male 26 5 (19) 10 (38) 5 (19) 6 (23) NS
Female 16 6 (38) 4 (25) 4 (24) 2 (12)
CLL 9 3 (33) 3 (33) 1 (11) 2 (22) NS
NHL 33 8 (24) 11 (33) 8 (24) 6 (18)
Follicular 8 2 (25) 3 (38) 3 (38) – NS
Immunocytic 22 6 (27) 8 (36) 4 (18) 4 (18)
ECOG 0 23 10 (43) 7 (30) 5 (22) 1 (4) 0.0019
ECOG X1 19 1 (5) 7 (37) 4 (21) 7 (37)
Two or less pre-treat-
ments

19 7 (37) 9 (47) 2 (11) 1 (5) 0.0082

More than two regimes 23 4 (17) 5 (22) 7 (30) 7 (30)

Fig. 1
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Progression-free survival in 42 relapsed NHL patients after six weekly rituximab infusions (32 events, 10 censored).
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the 26 patients who perceived rituximab infusions as

remission consolidation therapy.

More than half of the 42 evaluable patients survived for

more than 3 years after treatment (Fig. 2). In particular,

more than 70% of the 25 responding patients are alive

after a 3-year follow-up period, whereas the non-

responding patients showed a median OS of 13.5 months.

Subgroup analyses exhibited no correlation of OS with

gender or histology, but a correlation was observed with

ECOG performance score and number of pre-treatments.

Median OS was significantly shorter with each 16 months

for patients with reduced performance status (ECOG

scale X 1) or more than two pre-treatment regimes,

whereas median OS has not been reached in patients

with an ECOG score of 0 or fewer pre-treatments

(p=0.024 and 0.0005, respectively).

Discussion
The toxicity of the 6-week rituximab infusion program

was notably mild; in particular, no myelosuppressive

toxicities were observed. This is consistent with the

observations of other studies [11,13,15,22,23]. Only B

lymphocytes were rapidly depleted and levels recovered

after 9–12 months following treatment [11,13–15,23].

Most adverse events associated with the study treatment

were mild and comparable to those seen in other recent

trials [11,13,15,22–26]. Adverse events mainly occurred

during the first infusion, and the majority of patients

experienced no further infusion-related toxicities with

second and subsequent infusions. Although rituximab

destroys normal as well as malignant NHL B cells, no

increased incidence of infection was observed.

The 6-week rituximab treatment regime for patients with

low-grade NHL who had relapsed or failed primary

therapy resulted in a favorable 59% response rate in 42

evaluable patients. Most of the responses were partial,

which is typical of single-agent therapy in relapsed or

refractory low-grade NHL. Median TTP for all patients

was 13.5 months and that of the responding patients was

21 months. The clinical responses compare favorably with

a previous 8-week phase II trial of weekly rituximab

therapy, which achieved the same response rate in 37

patients with recurrent or relapsed low-grade or follicular

NHL and similar median TTPs for all as well as

responding patients [15].

Previous studies with four weekly infusions of rituximab

in pre-treated indolent NHL patients reported overall

response rates of 30–60% [8,10–14] and median TTP in

responders of 10–13 months [10,11,23]. In a study by

Davis et al., patients with bulky relapsed or refractory low-

grade or follicular NHL had an overall response rate of

43%, with a median TTP of 8.1 months [22]. These

response data are apparently lower than those after six or

eight rituximab infusions, which may be due to different

histologic subtypes of study populations, differences in

rituximab antibody serum levels [15,22] and different

Fig. 2
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Overall survival in 42 relapsed NHL patients after six weekly rituximab infusions (16 events, 26 censored).
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densities of CD20 antigen expressed on the cell surfaces

of malignant NHL cells of low-grade histology subtypes

[27]. However, randomized trials would be necessary to

clarify whether eight or six rituximab infusions result in

increased response data compared with a four-infusion

program.

Due to multiple mechanisms of action of rituximab [9],

CD20+ NHL cells are killed within short time intervals.

The median time to response of 2 weeks observed in this

study is the fastest to be reported so far. In previously

reported trials, intervals of 1–2 months have been

determined [24,25,28,29].

Subgroup analyses of the current study revealed ECOG

performance status as a prognostic factor, which is

consistent with the findings of Igarashi et al. [23].

Furthermore, this Japanese study showed that the

absence of B symptoms and of extranodal disease are

factors for an increased likelihood of response to

rituximab therapy. Age, sex, lactate dehydrogenase and

tumor size have been found to be without prognostic

influence [22,23].

Recently, rituximab has been applied as first-line treat-

ment in patients with newly-diagnosed indolent NHL.

Compared with pre-treated low-grade NHL patients,

increased response rates of 47 [26], 60 [14] and 73% [25]

have been observed. In addition, two trials evaluated the

feasibility of administering repeated courses of rituximab

as periodic maintenance treatment. They achieved an

increase of the major response rates and prolonged TTP,

as well as median response duration [14,26]. Further-

more, rituximab has been studied as re-treatment at the

time of progression in NHL patients who previously

responded to rituximab. In agreement with data reported

by Davis et al. [24], our re-treated patients exhibited no

differences in toxicity, response rate or TTP compared

with the patients after initial rituximab exposure.

In this 6-week rituximab study, the response data appear

inferior to the most encouraging recent chemotherapy

results for relapsed indolent NHL. Treatment with the

potentially bifunctional agent, bendamustine, has been

shown to yield high remission rates of 73–92% [30–32].

However, in the current study, remission data are

comparable to those reported in single-agent studies

with the purine analogs, fludarabine [33] and 2-CdA

[34,35]. Both fludarabine and 2-CdA induced remission

rates of 30–70% in pre-treated low-grade NHL.

Use of rituximab prior to and during treatment with

fludarabine, bendamustine, or CHOP [cyclophospha-

mide, hydroxydaunomycin, oncovin (vincristine) and

prednisone] for patients with low-grade or follicular

NHL has been reported [36–39]. Up to 100% of these

patients achieved a partial or complete response and 75%

of the patient population remained in remission after 3

years of follow-up [36]. It remains to be determined if

this approach is superior to standard chemotherapy alone.

The optimal role of rituximab in the treatment of low-

grade NHL continues to be defined. Rituximab produces

high response rates with minimal toxicity in refractory

diseases and in previously untreated patients. In patients

who are elderly, who have poor performance status, who

may have difficulty in tolerating chemotherapy or in

whom myelosuppressive toxicities appear clinically con-

traindicated, monotherapy with rituximab may provide an

attractive treatment option. Additional indications for use

of rituximab are likely to be defined in the future.
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