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 illness, new treatments are needed to prolong survival, with the
ultimate goal to provide cure. For patients with aggressive
lymphoma, unmet needs include higher initial cure rates, im-
proved salvage chemotherapy options, and less toxic therapies
for old and frail patients. 

Conventional methods of treatment, including chemother-
apy and radiation, are associated with toxicity and lack specific
antitumor-targeted activity. Cell–surface proteins, such as
CD19, CD20, and CD22, are highly expressed on B-cell lym-
phomas and represent key potential targets for treatment.

Antibody therapy directed against CD20 has had the most
important clinical impact to date. CD20 is thought to be
 involved in the regulation of intracellular calcium, cell cycle,
and apoptosis. CD20 is not shed, modulated, or  in ternalized
 significantly upon  antibody binding, thus making it an ideal
 target for passive  immunotherapy.5

Over the past two decades, significant progress has been
made in the development of new therapies for B-cell lym-
phoma. Perhaps the most important advance is the addition of
rituximab (Rituxan, Genentech/Biogen Idec), which the FDA
approved for use in the U.S. in 1997. Rituximab is a chimeric
(mouse and human) monoclonal antibody directed against
the B-cell antigen CD20. It depletes B cells by several mecha-
nisms, including direct antibody-dependent cellular cytotoxi-
city (ADCC), complement-mediated cell death, and signaling
apoptosis.6–11

Phase 1 trials of two doses of rituximab (500 mg/m2 and 375
mg/m2 for four weeks) showed clinical responses with no
dose-limiting toxicity.12 The weekly 375-mg/m2 dose, given
for four weeks, was selected for further phase 2 evaluation and
is currently the standard single-agent dose and schedule. Since
this first reported activity, the role of rituximab has expanded
to include both indolent and aggressive lymphomas.

This article addresses the effect of rituximab on survival and
long-term outcomes in patients with NHL.

TREATMENT
Indolent, Low-Grade Lymphomas

Unlike aggressive lymphomas, indolent B-cell lymphomas
are not considered curable with conventional therapies. Many
patients are observed for prolonged periods without requiring
treatment.13 In one study, more than 50% of the patients
 remained untreated for a median period of almost six years
after diagnosis.14 Treatment goals focus on maintaining good
quality of life with minimal symptoms. The indications for
treatment include the presence of B symptoms (fevers, night
sweats, and weight loss), compromise of normal organ func-
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ABSTRACT
Non-Hodgkin’s lymphoma (NHL) is the most common

hematological malignancy in adults, with B-cell lymphomas
 accounting for 85% of all NHLs. The most substantial ad-
vancement in the treatment of B-cell malignancies, since the
advent of combination chemotherapy, has been the addition of
the monoclonal anti-CD20 antibody rituximab (Rituxan). Since
its initially reported single-agent activity in indolent lymphomas
in 1997, the role of rituximab has expanded to cover both
 indolent and aggressive lymphomas. 

This article focuses on the impact of rituximab on the treat-
ment, survival, and long-term outcomes of patients with indo-
lent and aggressive lymphomas over the past two decades.
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INTRODUCTION 
Non-Hodgkin’s lymphoma (NHL) is the most common adult

hematological cancer. In 2009, almost 66,000 cases were
 anticipated in the U.S. alone.1 The incidence of NHL in the U.S.
over the previous 15 years has increased by approximately 4%
annually, despite the decline in age-adjusted incidence rates for
all cancers combined.

NHL encompasses a heterogeneous group of lymphomas
that have been classified in various ways. In 1995, the World
Health Organization developed a classification that included a
combination of morphology, immunotyping, genetic features,
and clinical syndromes. The goal was to define disease entities
of B cells, T cells, and natural killer (NK) cells that pathologists
could recognize and that had clinical relevance. The lym-
phomas were further subdivided into categories based on
their clinical behavior (indolent, aggressive, or highly  aggres-
sive).2 More recent updates of this classification have clarified
some less common entities but have left the overall schema
 intact.3

B-cell lymphomas account for about 85% of all NHL diag-
noses.4 Although many subtypes of NHL exist clinically, most
are grouped as either indolent (characterized by a prolonged
median survival but generally considered incurable) or
 aggressive (characterized by rapid growth but with the poten-
tial for cure). Because patients with indolent lymphoma even-
tually die with this disease if they do not die of intercurrent
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tion, bulky disease, or the presence of cytopenias resulting
from marrow involvement. Transformation to an aggressive
histological pattern warrants treatment for the aggressive
component. 

Although many active therapies are available for indolent
NHL, patients ultimately die of this disease, which is incurable.
Additional therapeutic options with improved efficacy and
 reduced toxicity are still needed for patients with indolent
NHL. In light of this unmet need, the FDA’s approval of ritux-
imab for the treatment of relapsed or refractory CD20-positive
(CD20+) NHL in 1997 was an important clinical advance. The
approval was based on the pivotal trial reported by McLaugh-
lin et al., in which single-agent rituximab brought about
 significant  response rates in heavily pretreated patients with
indolent lymphoma.15

Initial Therapy for Indolent (Follicular) Lymphoma
Rituximab as first-line therapy has been widely studied in

 patients with indolent lymphomas, both as a single agent and
in combination with conventional chemotherapy (Table 1).
Witzig et al. evaluated the use of single-agent rituximab, 375
mg/m2 weekly for four doses, as an initial therapy for patients
with stage III or IV grade 1 follicular lymphoma (FL). In this
small phase 2 trial of only 37 patients, the reported objective
response rate (ORR) was 72% and the complete remission rate
(CRR) was 36%.16 Similarly, a phase 2 study by Hainsworth 
et al., which evaluated initial therapy in patients with indolent
lymphomas, showed response rates in the range of 50%.17

Using rituximab as a first-line therapy in patients with low-
tumor-burden, indolent NHL, Colombat et al. reported an ORR

of 73%.18 Long-term follow-up results of the completed
 randomized phase 3 Rituximab Extended Schedule Or  
Re-treatment Trial (RESORT, ECOG 4402 [Eastern Coopera-
tive Oncology Group]) are still pending. In this randomized
study, patients received four weekly rituximab treatments. Re-
treatment is then given as a single dose of rituximab every
three months or upon disease progression with four weekly
doses. The aim of the study is to define the benefit  of mainte-
nance therapy or re-treatment with rituximab (in terms of time
to  requiring a therapy other than rituximab) when progressive
disease is documented.

The benefit of adding rituximab to combination chemother-
apy during the initial treatment of FL has been documented in
multiple clinical trials over the past decade. The phase 3 trial
by Marcus et al. compared cyclophosphamide, vincristine,
and prednisone (CVP), with and without rituximab, in 318 pre-
viously untreated patients with stage III and IV CD20+ FL.19

The addition of rituximab to CVP (R-CVP) significantly im-
proved time to disease progression (34 months with R-CVP vs.
15 months with CVP, respectively; P < 0.0001) and duration of
response (38 months vs. 14 months, respectively; P < 0.0001).
Disease-free survival was 21 months with CVP but has not yet
been determined in the group receiving R-CVP.

The East German Study Group evaluated the combination
of rituximab with mitoxantrone, chlorambucil, and prednisone
(MCP), followed by maintenance interferon in treatment-naive
patients with stage III/IV CD20+ FL.20 The ORR was 92% with
rituximab and 75% with chemotherapy alone (P = 0.0009).

Rituximab was also tested in combination with cyclophos-
phamide, hydroxydaunorubicin (doxorubicin), Oncovin (vin-
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Table 1  Randomized Trials Using Rituximab in First-Line and Relapsed Settings in Indolent Lymphomas

Study Regimen Efficacy

Newly diagnosed follicular lymphoma

Marcus, 200819 R-CVP vs. CVP ORR: 81% vs. 57%*
Median TTP: 34 months vs. 15 months* 

Herold, 200720 R-MCP vs. MCP ORR: 92% vs. 75%*
Median PFS (follow-up, 47 months): NR vs. 28.8 months*

Hiddemann, 200521 R-CHOP vs. CHOP ORR: 96% vs. 90%*
OS (2 years): 95% vs. 90% 

Salles, 200822 R-CHVP + IFN vs. CHVP + IFN EFS (5 years): 53% vs. 37%*
OS (5 years): 84% vs. 79%

Relapsed/refractory disease

Van Oers, 200626 R-CHOP vs. CHOP ORR: 85% vs. 72%*
Median PFS: 33 months vs. 20 months*

Forstpointner, 200427 R-FCM vs. FCM ORR: 79% vs. 58%*
Median PFS: 16 months vs. 10 months*
OS (2 years): 90% vs. 70%

* Values were found to be statistically significant with P ≤ 0.05.
CHOP = cyclophosphamide, doxorubicin, vincristine, prednisone;  CHVP = cyclophosphamide, doxorubicin, etoposide, prednisolone;  

CVP =  cyclophosphamide, vincristine, prednisone;  EFS = event-free survival;  FCM = fludarabine, cyclophosphamide, mitoxantrone;  
IFN = interferon;  MCP = mitoxantrone, chlorambucil, prednisolone;  NR = not reached;  ORR = overall response rate;  OS = overall survival;  
PFS = progression-free survival;  TTP = time to progression.



cristine), and prednisone (R-CHOP) as first-line therapy in
428 patients with FL in a randomized phase 3 study with three
years of follow-up.21 This combination showed a significant
prolongation of time to treatment failure (P < 0.001) and pro-
longed duration of remission (P = 0.001) with the addition of
rituximab. A higher ORR was observed in the group receiving
R-CHOP (96%), compared with CHOP alone (90%) (P = 0.011).
Even with a short follow-up, overall survival rates improved in
the group receiving chemotherapy and rituximab (P = 0.016).

Similar results were seen in the GELA–GOELAMS FL 2000
trial (Groupe d’Etude des Lymphomes de l’Adulte/Groupe
Ouest Est des Leucémies et Autres Maladies du Sang). This
study was designed to examine the combination of rituximab
with cyclophosphamide, hydroxydaunorubicin (doxorubicin),
etoposide (VP-16), and prednisolone (CHVP) plus interferon-
2 .22 A significant improvement in event-free survival at five
years was noted for the rituximab patients (37% vs. 53%,
 respectively; P = 0.0004). 

A meta-analysis of seven randomized controlled trials
assessed the value of adding rituximab to conventional
chemotherapy for 1,943 patients with FL, mantle-cell lym-
phoma, and other indolent lymphomas.23 This analysis dem -
onstrated improved overall survival with the combination, 
as follows: 

• hazard ratio (HR) for mortality, 0.65 
• 95% confidence interval (CI), 0.51–0.79 
• disease control (HR for the disease event, 0.62; 95% CI,

0.55–0.71)
• response rates (relative risk for  response 1.21; 91% CI,

1.16–1.27) 

Specifically in FL, overall survival was better with rituximab
plus chemotherapy (HR for mortality, 0.60; 95% CI, 0.37–0.98).23

The study authors concluded that the combination of rituximab
and chemotherapy for patients with indolent lymphomas was
superior to chemotherapy alone with respect to overall
 survival, disease-free  survival, and response rates.23

Relapsed/Refractory Indolent 
Non-Hodgkin’s Lymphoma
The pivotal trial upon which the initial  approval of ritux-

imab was based showed the drug’s efficacy as a single agent
in  relapsed/refractory indolent NHL.15 Re-treatment with
 rituximab alone in 57  patients with low-grade FL who had pre-
viously responded to single-agent rituximab yielded a response
rate of 40% and a similar duration of response, indicating
 sensitivity to re-treatment with the same agent.24

Davis et al. studied the use of single-agent rituximab in
 patients with bulky  lesions (larger than 10 cm) and relapsed
NHL.25 Patients receiving rituximab 375 mg/m2 weekly for
four doses had an ORR of 43%. Among patients with a partial
 response, lesion size decreased by 76%.

The addition of rituximab to standard chemotherapy was
found to be beneficial in the treatment of FL patients with
 relapsed/refractory NHL (see Table 1). An international trial
by van Oers et al. evaluated the combination of six cycles of
CHOP with rituximab 375 mg/m2 given intravenously on day
1 of each cycle, compared with chemotherapy alone in 465

patients with advanced disease.26 The ORR was higher with the
addition of rituximab (85% with R-CHOP vs. 72% with CHOP
alone; P < 0.001), and the median progression-free survival rate
was also significantly improved in the rituximab group (33.1
vs. 20 months; P < 0.001). The addition of rituximab to the com-
bination of fludarabine, cyclophosphamide, and mitoxantrone
(FCM) in a similar group of patients also showed  superior
 responses.27

Rituximab with bendamustine (Treanda, Cephalon) was
studied in a phase 2 trial in patients with relapsed disease. This
combination was found to be very effective, with an ORR of
92%.28

Maintenance Therapy for Follicular Lymphoma
Some authors consider rituximab to be an ideal medication

to use as maintenance therapy for an incurable disease such
as FL because of its minimal toxicity and long half-life, which
obviates the need for frequent administration.29 The use of rit-
uximab as maintenance therapy after induction treatment has
been the subject of several studies (Table 2) and is being eval-
uated by two large phase 3 trials: Primary Rituximab and
Maintenance (PRIMA) and RESORT.30,31 

In the PRIMA trial, patients with previously untreated FL
 requiring therapy received a rituximab–chemotherapy regi-
men designated by the participating center as R-CHOP, 
R-CVP, or R-FCM. Responding patients were then randomly as-
signed to receive observation or scheduled re-treatment with
rituximab as a single dose every eight weeks for two years.  The
RESORT trial was designed for asymptomatic patients with
low-tumor-burden, indolent NHL (as discussed in detail on
page 149). 

The Swiss Group for Clinical Cancer Research (SAKK) eval-
uated maintenance rituximab following induction with ritux-
imab monotherapy in a phase 3 trial in patients with newly
 diagnosed NHL and in previously treated patients with FL.32 In
this study, the maintenance schedule consisted of four infu-
sions at two-month intervals. Event-free survival was signifi-
cantly longer among patients who received this maintenance
schedule.

A phase 2 trial by the Minnie Pearl Cancer Research Net-
work compared maintenance rituximab (four weekly doses
 repeated every six months for two years) with re-treatment
using rituximab upon disease progression.33 The study showed
significant prolongation of progression-free survival in the
maintenance therapy group (31.3 vs. 7.4 months, respectively;
P = 0.007), although no difference in overall survival or dura-
tion benefit from rituximab was observed between the two
 cohorts.

ECOG 1496 was a study that compared the use of mainte-
nance rituximab with observation after induction with a non-
rituximab chemotherapy regimen (CVP) in 282 patients with
newly diagnosed FL.34 Improvement in progression-free
 survival at three years (68% with rituximab vs. 33% with CVP;
P < 0.001) and overall survival at three years (91% vs. 86%,
 respectively; P = 0.08) were noted in the maintenance arm. In
the relapsed setting, the prolonged use of rituximab was found
to be beneficial with improved progression-free survival when
it was used after CHOP or R-CHOP and after treatment with
R-FCM.26,35
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Although significant evidence exists for the improved pro-
gression-free survival with the use of maintenance therapy for
FL, the benefit in terms of overall survival is still controversial.
Moreover, because different dosing schedules were used in
these studies, no data are available for the optimal dosing
schedule of maintenance therapy and the recommended
 duration of this treatment. 

Rituximab plus Chemotherapy: Effect on Survival 
In Follicular Lymphoma
There is no doubt that the clinical development of ritux-

imab has been a significant breakthrough in the field of indo-
lent lymphomas. However, its effect on overall survival in this
group of patients is still open to debate. 

An analysis of survival in patients 15 years of age and older
with NHL diagnosed between 1990 and 2004, using data from
the Surveillance, Epidemiology and End Results (SEER) pro-
gram, revealed a markedly improved outcome for patients
with NHL in recent years. This finding may be related, in part,
to the addition of rituximab.36

A large retrospective analysis by Swenson et al. was con-
ducted to examine survival rates of 14,564 patients with FL
 diagnosed between 1978 and 1999 in the U.S.37 Improvement
in survival was noted over the past 25 years, and a reduction
in the relative risk of death by 1.8% per year was observed from

1983 to1999. 
In a second analysis, the Southwest Oncology Group

(SWOG) looked at the survival of patients with FL on three
large randomized clinical trials between 1974 and 2000.38 Over-
all survival rates improved over this period of time. The great-
est improvement was observed with the most recent treatment
approach consisting of CHOP with an anti-CD20 monoclonal
antibody.

The study by Marcus et al., published in 2008, showed
 improved survival rates among untreated patients receiving
CVP plus rituximab when compared with CVP alone (four-year
survival, 83% vs. 77%, respectively; P = 0.029).19 Other studies,
including a Cochrane meta-analysis, have shown similar trends
toward improved survival.23,26,34

These observations can be attributed to multiple factors,
 including improved supportive care measures, enhancements
in education of physicians and patients, and better treatments
of relapsed and transformed cases.39 Despite these un certain-
ties regarding its effect on overall survival, it is clear that
 rituximab has substantially advanced the treatment of indolent
lymphomas in the last decade. 

Diffuse Large B-Cell Lymphoma
As the most common high-grade form of NHL, diffuse large

B-cell lymphoma (DLBCL) accounts for more than 30% of new
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Table 2 Trials Showing Benefit for Maintenance Rituximab after Induction Therapy for Indolent 
Lymphomas

Study Patient Population Treatment Schedule
Median Progression-Free Survival* (Months)
� Maintenance � Observation

Hochster, 2009
34 

Newly diagnosed 4 weekly doses every 
6 months for a total of 
2 years

Ghielmini, 2004
32

Newly diagnosed
and relapsed

Single dose at 3, 5, 7, 
and 9 months

Hainsworth, 2005
33

Relapsed 4 weekly doses every 
6 months for a total of 
2 years

van Oers, 2006
26

Relapsed/resistant Once every 3 months
for a maximum of 2
years

Forstpointner, 2006
35

Relapsed/resistant 4 weekly doses at 3
months and 9 months
after induction

* All values were found to be statistically significant with P ≤ 0.05.

51.6

23.0

31.3

51.5

15.6

12.0

7.4

14.9

17.0

Not yet reached at 26 months of follow-up



diagnoses. The median age of presentation is 60 years. Unlike
indolent lymphomas, DLBCL is an aggressive lymphoma; if it
is untreated, survival can be measured in months. More than
70% of patients with DLBCL present at an advanced stage, and
systemic chemotherapy is the foundation of treatment. Since
its development in the 1970s, CHOP has been the mainstay of
treatment for this group of patients. 

A milestone phase 3 trial found that complex regimens that
included the addition of other chemotherapy agents to CHOP
did not demonstrate any significant difference in overall sur-
vival, disease-free survival, or remission rates over CHOP.40–43

Moreover, CHOP was associated with significantly less tox icity
and cost.

Based on these results, CHOP remained the gold standard
of therapy for DLBCL. Nonetheless, long-term remission
 occurred in only about 45% of patients, so that more than half
of patients relapsed with the best therapy possible in the early
1990s. A relatively small percentage of relapsed DLBCL
 patients (25%–50%) might have been “salvaged” with high-
dose chemotherapy and stem-cell support, yet many patients
were not even eligible for such therapy.

Thus, in the early 1990s, the addition of more chemotherapy
drugs into complex regimens had not improved results with
CHOP, and there was a sense that future improvements in
therapy would not come from additional “standard” drugs.
While rituximab was approved for treatment of low-grade lym-
phoma in 1997, several trials combining rituximab with CHOP
(R-CHOP) for aggressive lymphomas began prior to that time.
Because  rituximab-related toxicities were not overlapping with
those of CHOP, both CHOP and rituximab could be admini -
stered at full doses. Results from large international, random-
ized trials have demonstrated the significant benefits of the
 addition of rituximab to standard chemotherapy for DLBCL.
These trials are summarized next.

Previously Untreated Diffuse Large B-Cell Lymphoma
Based on the efficacy of rituximab in low-grade lymphomas,

Vose et al. conducted a phase 2 study of rituximab with CHOP
chemotherapy in 33 previously untreated patients with
 advanced-stage, aggressive B-cell lymphoma.44 Rituximab at a
dose of 375 mg/m2 was administered on day 1 of each of six
cycles of CHOP. The ORR was 94%; 61% of patients had com-
plete responses (CRs), and 33% had partial responses (PRs).

This was the first report that demonstrated an improved effi-
cacy of the combination without worsening toxicity. 

GELA investigators randomized previously untreated elderly
patients (60–80 years of age) to eight cycles of CHOP alone
(197 patients) or eight cycles of R-CHOP given on day 1 of each
cycle (202 patients).45 The rate of CRs was significantly higher
in the rituximab group (76% vs. 63% receiving CHOP alone, 
P = 0.005). Sixty percent of patients exhibited features of poor
risk, with age-adjusted International Prognostic Index (aaIPI)
scores of 2 to 3. With a median follow-up of two years, event-
free survival rates (57% vs. 38%; P < 0.001) and overall survival
rates (70% vs. 57%; P = 0.007) were significantly higher with
 rituximab (Table 3). Furthermore, toxicity was not greater with
the addition of rituximab. 

A long-term analysis at seven years has confirmed the
 benefit of the addition of rituximab.46 Event-free survival (42%
with R-CHOP vs. 25%; P < 0.0001), progression-free survival
(52% vs. 29%, respectively; P < 0.0001) and disease-free survival
(66% vs. 42% respectively, P = 0.0001) were all statistically bet-
ter for  patients treated with combination therapy. 

A retrospective analysis of the GELA trial suggested that 
R-CHOP increased overall survival preferentially in bcl-2–
positive patients compared with CHOP alone.47 These data
suggested that rituximab may overcome chemotherapy
 resistance associated with bcl-2 in patients with DLBCL. How-
ever, other retrospective analyses have led to conflicting results
on whether the benefit of R-CHOP is primarily or only
 observed in bcl-2 expressing DLBCL.

Habermann et al. randomly assigned patients older than 60
years of age to receive CHOP or R-CHOP, with a second
 random assignment to maintenance rituximab therapy or
 observation in responders (see Table 3).48 This study dem -
onstrated the benefit of the addition of rituximab to CHOP
using a modified schedule of rituximab administration. Three-
year failure-free survival rates were 53% and 46% (P = 0.04). Fail-
ure-free survival was higher for patients who  received main-
tenance therapy with rituximab after CHOP but not for  patients
who received R-CHOP initially.

The trials described above established R-CHOP as standard
first-line  therapy for elderly patients with DLBCL. With respect
to younger patients, the MabThera (rituximab) International
Trial (MInT) confirmed the benefit of adding rituximab to
standard chemo therapy in 824 patients (18 to 60 years of age)
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Table 3 Trials Using Rituximab for Diffuse Large B-Cell Lymphomas in the First-Line Setting

Study Patient Population Regimen Overall Survival Progression-Free Survival

Coiffier, 2002
45

(n = 399)
Previously untreated 

Age 60–80 years

R-CHOP vs. CHOP 70% vs. 57% 57% vs. 38%

Pfreundschuh, 2006
49

(n = 824)
Previously untreated

Age 18–60 years 

R-CHOP-like chemo therapy
vs. CHOP-like chemotherapy

93% vs. 84%
(P = 0.0001)

79% vs. 59%
(P < 0.0001)

Habermann, 2006
48

(n = 632)
Previously untreated 

Age > 60 years 

R-CHOP vs. CHOP Not reached 53% vs. 46%
(P = 0.04)



with only zero (0) to one risk factor, as
 assessed by the IPI (see Table 3).49 Patients
with stage II to IV or stage I disease with
bulky lymphadenopathy were randomly
 assigned to six cycles of CHOP-like chemo -
therapy with or without the addition of
 rituximab. Radiation therapy was sub se-
quently  administered to initial sites of bulky
disease. Three-year event-free survival rates
(79% vs. 59%; P < 0.0001) and overall  survival
rates (93% vs. 84%; P = 0.00001) were both
significantly higher for patients treated with
the addition of rituximab. There were no
 additional major adverse effects.

Sehn et al. compared outcomes during a
three-year period; 18 months pre- and post-
inclusion of rituximab in standard treat-
ment protocols guided care for patients
with newly diagnosed advanced-stage
DLBCL in British Columbia.50 All age and
risk factor groups were included. Adding
rituximab resulted in dramatic improve-
ment in both progression-free survival and
overall survival (Figure 1). These studies
have indicated significant benefit for the
addition of rituximab to chemotherapy for
the treatment of DLBCL in a wide range of
patient ages and risk categories. Although
adding other cytotoxic chemotherapy
agents to CHOP failed to improve out-
comes, R-CHOP is now the gold standard
for treating DLBCL in all subgroups.43

Relapsed/Refractory Diffuse Large B-Cell Lymphoma
Coiffier et al. conducted a randomized phase 2 trial to

 evaluate the efficacy and tolerability of rituximab in patients
with relapsed/refractory DLBCL, mantle-cell lymphoma, or
other  intermediate-grade or high-grade B-cell lymphomas and
previously untreated patients older than 60 years of age.51

Fifty-four patients received eight weekly infusions of ritux-
imab 375 mg/m2 in arm A or one infusion of 375 mg/m2,
 followed by seven weekly infusions of 500 mg/m2 in arm B. 
A total of five complete responses and 12 partial responses
were  observed among the 54 enrolled patients, with no
 difference between the two doses. The ORR was 31%. An analy-
sis of prognostic factors showed that response rates were
lower in  patients with refractory disease, in patients with lym-
phoma not classified as DLBCL, and patients with a tumor
larger than 5 cm in diam eter. Single-agent rituximab is active
in aggressive NHL but not as active as in indolent NHL. This
finding led to the use of combinations of rituximab plus
chemotherapy in such patients.

The combination of rituximab, ifosfamide, carboplatin, and
etoposide (R-ICE) was evaluated in relapsed DLBCL for cyto-
reduction prior to autologous hematopoietic stem cell trans-
plantation (HSCT).52 Thirty-six eligible patients received
 rituximab plus ICE (RICE), and 34 patients received all three
planned cycles. The CR rate was 53%, significantly better than
the 27% CR rate (P = 0.01) achieved among 147 similar con-

secutive historical control patients with DLBCL treated with
ICE; the PR rate was 25%. Progression-free survival in patients
who underwent transplantation after RICE was marginally
better than for 95 consecutive historical controls who under-
went transplantation after ICE alone, but the results did not
reach statistical  significance (54% with RICE vs. 43% with ICE
alone at two years, respectively; P = 0.25). Preliminary results
of the CORAL study (Collaborative Trial in Relapsed Aggres-
sive Lymphoma) demonstrated a decreased response to
 rituximab in the salvage setting of patients previously treated
with rituximab-containing regimens.53

In a phase 2 study, rituximab was evaluated in addition to
etoposide, prednisone, Oncovin (vincristine), doxorubicin,
and cyclophosphamide (EPOCH) in patients with relapsed or
refractory aggressive NHL.54 The ORR of 68% included 28% of
patients in complete remission. At three years, event-free sur-
vival and overall survival rates were 28% and 38%, respectively.

Few studies have explored the use of rituximab as an adjunct
to autologous HSCT after high-dose chemotherapy in patients
with relapsed DLBCL.55–57 These studies have reported posi-
tive results with rituximab in this setting. Larger, randomized
trials are needed to establish a definitive role for rituximab in
these patients. While overall the data on rituximab efficacy in
aggressive NHL is not as strong in relapsed patients as for
 initial R-CHOP, rituximab is active and additional confirmatory
studies are needed in various relapsed settings.

Rituximab and B-Cell Non-Hodgkin’s Lymphoma
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Figure 1. Overall survival according to treatment regimen in diffuse large B-cell
lymphoma. Results of a randomized trial of non-rituximab containing regimens
as historical controls for British Columbia outcome data with R-CHOP. 
MACOP-B = methotrexate,  Adriamycin, cyclophosphamide (Cytoxan),
 Oncovin,  prednisone–bleomycin;  m-BACOD = methotrexate–bleomycin,
Adriamycin, cyclophosphamide, Oncovin, dexa methasone;  ProMACE–Cyta
BOM =  prednisone, methotexate,  Adriamycin,  cyclophosphamide, etoposide/
cytarabine, bleomycin, Oncovin, methotrexate;  R-CHOP = rituximab–
cyclophosphamide, hydroxydaunorubicin (doxorubicin), Oncovin (vincristine),
 prednisone. (From Sehn LH, et al. J Clin Oncol 2005;23:5027–5033. 
© 2008 American Society of Clinical Oncology;50 and Fisher RI, et al. 
N Engl J Med 1993;328:1002–1006. © 1993 Massachusetts Medical Society.43) 
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Maintenance Therapy for Diffuse Large B-Cell 
Lymphoma
Unlike the situation with indolent lymphomas, there is no ap-

parent benefit to maintenance rituximab in DLBCL. In an
ECOG trial, responding patients were randomly assigned to
 receive maintenance rituximab or to observation alone.48 Two-
year failure-free survival was 76% for maintenance therapy
and 61% for obser vation alone, but these figures were
 confounded depending on whether rituximab was used initially.
No significant differences in survival were seen when ritux-
imab was included either as maintenance or as induction ther-
apy. Failure-free survival was prolonged with maintenance
therapy after CHOP but not after R-CHOP.  This study con-
firmed the role of R-CHOP as standard first-line therapy in
older DLBCL patients, with maintenance therapy to be used
only for  patients not previously treated with rituximab.

ADVERSE EFFECTS 
Rituximab is usually well tolerated, and toxicities are

 generally mild.12,24,58 Common side effects include pruritus,
nausea, vomiting, dizziness, headaches, fevers, and rigors. A
major concern is the potential for an infusion-related reaction,
such as  rigors, chills, anaphylactic reactions potentially lead-
ing to  myocardial infarction and cardiogenic shock. These
 reactions occur most commonly during the first administration
of rituximab. Although infusion reactions are rarely fatal,
 predisposing cardiac conditions can increase the risk of death.
 Pre medication with acetaminophen and antihistamines is rec-
ommended prior to infusion. Reactions usually abate if the
 infusion is discontinued and can then be restarted at a slower
rate. The benefit of premedication with glucocorticoids is not
entirely clear, but they are useful if a reaction occurs. Muco-
cutaneous reactions, including Stevens–Johnson syndrome,
have also been reported within one to 13 weeks following
 rituximab exposure.

Tumor lysis syndrome has also occurred in patients with
bulky lymphoma. Hepatitis B reactivation with fulminant hep-
atitis, hepatic failure, and death have been reported in patients
with previous hepatitis B infection who have been treated with
rituximab. Consultation with a hepatologist and administration
of antiviral therapy should be considered if hepatitis B antigen
is detectable. The risk of reactivation of hepatitis C is not well
defined. The use of live vaccines, including those against
 herpes zoster, is not recommended during rituximab therapy
secondary to the risk of causing an active infection. Ritux-
imab-treated patients are also at risk for other viral infections,
including  cytomegalovirus, herpes simplex, parvovirus B19,
and West Nile virus.

Late-onset neutropenia has been described as a possible
complication of adding rituximab to chemotherapy.59 In a
 retrospective review, patients who received chemotherapy
plus rituximab for CD20+, B-cell NHL had a higher rate of late-
onset neutropenia compared with historical controls receiving
chemotherapy alone.

A study published in 2009 reported 57 cases of progressive
multifocal leukoencephalopathy (PML) following the admin-
istration of rituximab, usually with additional therapy, in HIV-
negative patients.60 PML, a viral infection that affects the white
matter of the brain, is usually fatal. This cohort of patients was

treated with a median of six doses of rituximab. The median
time from last rituximab dose to PML diagnosis was 5.5
months, and median survival after the diagnosis of PML was
two months. In accordance with these data, the FDA issued a
boxed (black-box) warning. 

Reversible posterior leukoencephalopathy (RPLE), a sub -
acute neurological syndrome manifested as headaches, corti-
cal blindness, and seizures with a characteristic appearance on
magnetic resonance imaging (MRI), has also been described
in rare cases.61,62 It is not clear whether these events are directly
related to rituximab, because most of these patients have
 received multiple therapies, but RPLE has also been reported
after other antibody and small-molecule therapeutics. Cardiac
arrhythmias, renal toxicity, and bowel obstruction with per-
foration have also been reported.57

Rituximab induces B-cell depletion, which may compromise
the immune system; however, recovery of the normal B-cell
population usually occurs six to nine months after discontinu-
ation of therapy.15 Despite this depletion, rituximab has not
been definitively shown to cause a significant decrease in
 circulating immunoglobulin levels, although this may occur
with more prolonged maintenance strategies. Stable immuno-
globulin levels are likely to reflect that plasma cells are long-
lived and do not express CD20. 

In a prospective study, van der Kolk et al. investigated the
 effect of rituximab on the humoral immune response to two
 primary antigens and two recall antigens.63 After rituximab
treatment, the humoral immune response to the recall antigens
was significantlydecreased when compared with the response
before treatment. 

FUTURE DIRECTIONS
Attempts to improve upon rituximab have focused on anti-

body engineering, including humanized instead of chimeric
 antibodies, stronger binding affinity for CD20, or enhancing
effector functions such as antibody-dependent, cell-mediated
cytotoxicity (ADCC) or complement activation. Ofatumumab
(Arzerra, GlaxoSmithKline) is a humanized monoclonal anti-
CD20 antibody that targets a small loop epitope of CD20. Com-
pared with rituximab, in the laboratory it delivers stronger
complement-dependent cytotoxicity, even in lymphoma cells
with low expression of CD20. Approved by the FDA in Octo-
ber 2009 for the treatment of fludarabine and alemtuzumab–
refractory chronic lymphocytic leukemia (CLL), the drug also
showed activity in relapsed/refractory FL.64,65

Additional humanized antibodies under development  in-
clude some with enhanced ADCC, stronger binding to low-
affinity polymorphisms of FcgRIII, or targeting other epitopes
on the CD20 molecule. Whether these agents are more effec-
tive, less immunogenic, or faster to infuse with fewer infusion
reactions resulting may be difficult to determine. 

Other proteins on the surface of B cells are also potential
 antibody targets. CD22 has a pattern of expression similar to
that of CD20 on normal and malignant B lymphocytes, and it
is targeted by epratuzumab (UCB/Immunomedics).66,67

 Because CD22 is internalized upon antibody binding, it might
be better suited for delivering toxins inside CD22+ cells. Ex-
amples of this approach include inotuzumab ozogamicin
(CMC-544, Wyeth), an anti-CD22 immunoconjugate with the
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antitumor antibiotic calicheamicin, and CAT-3888 (Cambridge
Antibody Technology), formerly called BL22, which uses a
Pseudomonas exotoxin fragment.68,69 

CONCLUSION
Rituximab (Rituxan) has changed the treatment paradigms

and outcomes for all CD20+ NHL and represents  arguably the
most noteworthy advance in lymphoma treatment over the past
decade. In patients with NHL, the addition of rituximab to
standard treatment significantly enhanced  response to therapy
and overall outcomes. Rituximab is currently approved for
treatment of relapsed and refractory  indolent lymphomas as
single-agent therapy and as initial therapy in combination with
standard chemotherapy regimens. In patients with DLBCL, it
is approved for use as initial therapy with CHOP or other an-
thracycline-based chemotherapy. The drug was also recently
approved for use with chemotherapy in previously treated and
untreated patients with CLL. 

Benefits have been sustained among all age groups, and the
drug has been safe and well tolerated in elderly patients as well.
Overall survival of patients with NHL has improved over the
last two decades. While some of this improvement may stem
from earlier or more precise diagnosis and better supportive
care, the results of many trials reviewed in this article indicate
significant improvement in outcomes with the addition of
 rituximab to the therapeutic armamentarium.

Despite these advances, questions remain, mainly in the
field of indolent lymphomas. More research is under way to
 establish the optimal schedule, timing, and duration for main-
tenance rituximab. Reports of clinical trials demonstrating
longer follow-up of indolent lymphoma are eagerly awaited in
an attempt to clarify the effect of rituximab on overall sur-
vival.

Rituximab represents a paradigm shift in treatment of B-cell
NHL; it marks the beginning of a new age of targeted thera-
pies in oncology, being the first approved therapeutic mono-
clonal antibody for cancer.  In the years to come, we anticipate
more clinical trials combining rituximab with targeted treat-
ments that might further improve outcomes while minimizing
toxicity. 
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