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Introduction – current status of clinical practice
in aggressive non-Hodgkin’s lymphoma

Aggressive non-Hodgkin’s lymphoma (NHL)
comprises a clinically and biologically
heterogeneous group of neoplasms. Of these, diffuse
large B-cell lymphoma (DLBCL) is the most
common, accounting for approximately 30% of new
cases.1 Most patients present with advanced disease
and before the rituximab era less than half were
cured with available treatment; the remainder
eventually succumbed to the disease.1,2 

The International Prognostic Index (IPI) was

devised to predict outcomes in DLBCL,3 with the
aim of tailoring each individual’s treatment to their
prognosis. Using the IPI, patients are assigned to one
of four risk groups based on five characteristics –
age, tumour stage, serum lactate dehydrogenase
concentration, performance status and number of
extranodal disease sites.3 Unfortunately,
considerable variation has been observed in the
prognosis of patients within a single category of the
IPI; the factors underlying these differences are not
yet completely understood.4 Several studies have
investigated molecular methods of characterising
DLBCL tumours and linking gene-expression
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signatures with clinical outcomes.5–7 However,
there is a lack of overlap between resulting
models, different techniques were used to obtain
them and the clinical relevance of the observed
genetic alterations remains poorly defined.4 In an
attempt to capture the prognostic significance of
a small number of genes using methods more
widely suited to clinical laboratories, Lossos et
al. built a predictive model based on six genes
which correlate with prolonged (LMO2, BCL6,
FN1) or reduced (BCL2, CCND2, SCYA3)
overall survival (OS) independently of the IPI.8

Current prognostic models are limited by the
fact that many studies drew on patient samples
which were obtained before rituximab was used
widely in DLBCL and prognostic factors can be
modified by therapy. For example, the
combination of rituximab with CHOP
(R-CHOP) or dose-adjusted EPOCH (etoposide,
doxorubicin, vincristine, prednisolone and
cyclophosphamide; R-EPOCH) chemotherapy
regimens overcomes the adverse prognostic
effects of BCL2 expression or of lack of BCL6
expression.9–11 Parameters used in this context
therefore need some redefinition, and further
work which reflects the central role of rituximab
in current treatment paradigms would be
welcomed. To this end, Farinha et al. have
determined that p53 overexpression remains an
independent indicator of inferior survival when
patients are treated with R-CHOP.12

Furthermore, Sehn et al. have recently published
a revised IPI for DLBCL which better reflects
prognosis in the R-CHOP era.13

Since the 1970s, combination chemotherapy
with CHOP has been the mainstay of treatment
for patients with aggressive NHL.1 Complete
response (CR) rates observed with this regimen
were 40–50%,14,15 leaving considerable room for
improvement. Intensified chemotherapy
regimens, such as ACVBP (doxorubicin,
cyclophosphamide, vindesine, bleomycin and
prednisolone) significantly improved event-free
survival (EFS) and OS compared with CHOP

(5-year EFS: 39% versus 29%, p = 0.005; 
OS: 46% versus 38%, p = 0.036).16 Regrettably,
ACVBP was also associated with a significant
increase in the number of treatment-related
deaths compared with CHOP (13% versus 7%,
respectively; p = 0.014).16 CHOP therefore
remained widely held as the best available
therapy for DLBCL. 

Over the past 5 years, the introduction of
rituximab has produced unprecedented advances
in the treatment of DLBCL, improving clinical
outcomes and introducing novel standards in
clinical practice. We will examine data which
established rituximab-based treatment as the
new gold standard for patients with newly
diagnosed DLBCL. Building on this, we will
assess available data which suggest that
rituximab-based treatment holds considerable
promise for patients with relapsed DLBCL and
for patients with non-DLBCL aggressive
lymphomas. Finally, we will examine the role of
rituximab-based maintenance therapy, which is
currently under investigation in aggressive
NHL. 

Is the gold standard applicable to all DLBCL
patient groups?

The primary objective for patients with
DLBCL is cure with first-line treatment.
Rituximab-based therapy has demonstrated
significant benefits in DLBCL, with results from
large-scale trials leading to the modification of
treatment paradigms to include rituximab.
Rituximab’s activity as monotherapy in DLBCL
was demonstrated in a Phase II study in 
54 patients with various aggressive NHL
histologies: a response rate of 37% was observed
in patients with DLBCL.17 Subsequently, 
large-scale trials explored the effects of
rituximab combined with chemotherapy as 
first-line treatment in DLBCL. 

Most notably, the landmark GELA-LNH 98.5

| 28 | Hematology Meeting Reports 2007: 4

B. Coiffier et al.



Maintaining Life: Optimal Strategies to Improve Survival – Expert Investigator Forum 2007

Hematology Meeting Reports 2007: 4 | 29 |

study established eight cycles of R-CHOP as the
gold standard for the first-line treatment of
DLBCL in elderly patients (> 60 years). In this
study, 399 patients were randomised to receive
either eight cycles of R-CHOP or CHOP alone.18

Rituximab plus CHOP significantly improved
the CR rate (R-CHOP: 76%, CHOP: 63%, 
p = 0.005), EFS (p < 0.001) and OS (p = 0.007)
compared with CHOP alone. Rituximab-based
treatment also significantly reduced the risk of
death, disease progression or another event and
of death from any cause (relative risk: 0.58 and
0.64, respectively).18 This was the first study to
show a survival benefit of R-CHOP compared
with CHOP in aggressive lymphoma.

Improvements in EFS and OS initially observed
in the GELA-LNH 98.5 study have been
sustained over time: with a median follow-up
of 5 years, EFS and OS were significantly
increased with eight cycles of R-CHOP
compared with CHOP alone (EFS: 3.8 years
versus 1.1 years, p = 0.00002; OS: not reached
versus 3.1 years, p = 0.0073).19 At this point, 26%
more patients were alive in the R-CHOP group
than in the CHOP group.19 Subgroup analyses
showed that R-CHOP significantly prolonged

EFS in patients with both high- and low-risk age-
adjusted IPI scores.19 R-CHOP was not
associated with any long-term toxicity and was
generally well tolerated.19 The eagerly awaited 
7-year follow-up data were recently presented at
ASCO 2007, further substantiating that the
beneficial effects of rituximab on survival are
maintained: OS in the R-CHOP arm was more
than double that in the CHOP arm (7.669 years
versus 3.469 years, p = 0.0004).20 

A growing evidence base now suggests that the
gold standard should extend across all patients
with DLBCL, as the benefit of rituximab-based
therapy is durable and offers the best chance for
cure in aggressive lymphoma. Valuable lessons
for further improving the treatment of elderly
patients with DLBCL can be gained from the
RICOVER-60 trial. In this study, including 
1,222 evaluable patients, the use of eight cycles
of rituximab with six cycles of biweekly CHOP
(CHOP-14) resulted in the best data ever
reported in a randomised trial in elderly patients
with DLBCL: 3-year EFS and OS were
significantly increased with rituximab plus
CHOP-14 compared with CHOP-14 alone 
(EFS: 66% versus 47%, p < 0.001; OS: 78%

Figure 1: The MInT study showed that rituximab plus CHOP significantly improves EFS and OS in young patients. 
(Reprinted with permission from Elsevier. Pfreundschuh M, et al. The Lancet Oncology 2006; 7:379–391).



versus 68%, p = 0.018).21 These data suggest that
using eight cycles of rituximab allows the
number of dose-dense chemotherapy cycles to be
reduced from eight to six with no loss of efficacy
– longer follow-up is required to be certain that
relapses do not occur. Of additional interest in this
context is whether R-CHOP-14 or R-CHOP-21
should be the standard of care for first-line
treatment of DLBCL. Two ongoing Phase III
studies by the GELA22 and the British National
Lymphoma Investigation are investigating the
potential advantages of R-CHOP-14 over 
R-CHOP-21, in particular in terms of EFS.
Results from these trials should provide further
insight on this matter. 

The MInT study established that rituximab-
based first-line treatment is highly effective in
young patients (< 60 years) with low and
low–intermediate risk DLBCL (age-adjusted IPI
0 or 1).23 After a median follow-up of 34 months,
results from 823 patients showed that rituximab
combined with CHOP-like chemotherapy
significantly increased 3-year EFS and OS
compared with CHOP-like chemotherapy alone
(EFS: 79% versus 59%, p < 0.0001; OS: 93%
versus 84%, p = 0.0001; Figure 1).23 There were
nearly twice as many failures in the
chemotherapy-only arm compared with the
rituximab arm (41% and 21%, respectively),
indicating that rituximab-based treatment could
halve the proportion of young patients requiring
salvage therapy, with no concomitant increase in
adverse events.23 From another perspective,
strong evidence from a Phase II trial conducted
by the DSHNHL group suggests a role for
rituximab added to high-dose chemotherapy
(MegaCHOEP) followed by autologous stem
cell transplantation (ASCT) in the first-line
treatment of younger high-risk patients,
specifically when compared to historical data
from the same patient group.24 

An observational analysis of 376 young
patients (< 60 years) with DLBCL
complements the MInT and GELA findings,

showing that rituximab plus chemotherapy
significantly improved 2-year progression-free
survival (PFS) and OS in both low- and 
high-risk groups.25 Moreover, the dramatic
improvements observed with rituximab-based
regimens in patients of all ages (> 15 years)
have been confirmed by a retrospective,
population-based analysis of 292 patients with
newly diagnosed advanced-stage DLBCL.26

The estimated 2-year PFS with R-CHOP was
69%, compared with 51% for CHOP alone 
(p = 0.002); rituximab also significantly prolonged
2-year OS (78% versus 52%, respectively; 
p < 0.0001). The addition of rituximab to CHOP
reduced the risk of dying within 2 years of
diagnosis by approximately 50%.26

It has been shown that data from clinical trials
supporting the use of rituximab are corroborated
by population-based studies in the setting of
routine patient care. Taken together, the studies
examined in this section show that the gold
standard – treatment with eight cycles of
rituximab in combination with CHOP
chemotherapy – is applicable to all patients with
DLBCL (Figure 2). 

Ongoing studies will explore whether the
addition of new substances, such as the
monoclonal antibody and vascular endothelial
growth factor inhibitor bevacizumab, to the 
R-CHOP regimen will further increase rates of
EFS and OS. A large multinational randomised
double-blind trial has recently begun to address
this important issue. In addition, studies are
underway to investigate how positron emission
tomography imaging can guide induction
treatment. Further investigations are looking at
how outcomes can be improved by assigning
patients to treatment according to their DLBCL
subtype: whether they show a gene expression
profile characteristic of normal germinal centre
B cells, or whether it is more similar to that of an
activated B-cell-like expression profile. Variants
of the R-CHOP regimen, such as R-EPOCH,
may also lead to improved results. 
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Using rituximab to enhance treatment in
relapsed aggressive NHL

What treatment goals can be established for
patients with relapsed aggressive NHL?
Encouragingly, some patients who relapse or
do not achieve remission with initial treatment
can still be cured, although elderly patients,
those with extensive disease, or individuals
with poor performance status are more likely
to receive palliative care and treatment to
alleviate symptoms. 

Mostly, however, the goal of treatment in
relapsed DLBCL is to achieve a CR, thus
offering patients a further chance for a cure.
The PARMA study compared the efficacy of
high-dose chemotherapy (HDT) and ASCT
with that of continuous treatment with DHAP
(dexamethasone, cytarabine and cisplatin)
without transplantation in patients with
relapsed DLBCL.27 ASCT was associated with
significantly higher 5-year OS compared with
DHAP (53% versus 32%, respectively; 
p = 0.038).27 Concerns have been raised
regarding the statistical design and clinical
conclusions of this trial.28–31 Nonetheless,

improvements in supportive care have lead to
stem cell transplantation being offered to an
extended patient population in relapsed
DLBCL.4

Patients in relapse are usually offered salvage
regimens with non-cross-resistant agents. The
most popular regimens are DHAP, ESHAP
(etoposide, methylprednisolone, cytarabine and
cisplatin), ICE (ifosfamide, carboplatin and
etoposide) and mini-BEAM (carmustine,
etoposide, cytarabine and melphalan). These
regimens have an overall response rate (ORR)
of around 60% and a CR rate of about
30%.27,32–35 Individuals who respond to salvage
therapy may then be eligible for HDT and
ASCT, with about a 50% chance of a cure. 

Remission status at transplantation appears
to have a significant effect on subsequent
outcome, with patients achieving a CR having
better PFS than those achieving only a partial
response (PR). Second-line chemotherapy
regimens are associated with CRs of 25–35%
and it is imperative to find regimens which can
improve this proportion. Increasing evidence
suggests that rituximab added to salvage
chemotherapy significantly improves outcomes
in relapsed aggressive NHL.

Figure 2: Several studies
demonstrate that rituximab
improves patient outcomes
in DLBCL.
(1. Feugier P, et al. J Clin
Oncol 2005; 23:4117–4126.
2. Pfreundschuh M, et al.
Lancet Oncol 2006; 7:379-
391. 3. Sehn L, et al. J Clin
Oncol 2005; 23:5027–5033.
4. Habermann T, et al. J Clin
Oncol 2006; 24:3121–3127.
1, 3 and 4 are reprinted with
permission from the Ameri-
can Society of Clinical
Oncology. 2 is reprinted
with permission from
Elsevier. The Lancet
Oncology 2006;7: 379–391)



Kewalramani et al. investigated rituximab in
combination with ICE chemotherapy (R-ICE) in
rituximab-naive patients with relapsed/refractory
DLBCL.36 In 34 evaluable patients, R-ICE
significantly increased the CR rate compared
with 147 similar historical controls who had
received ICE alone (53% versus 27%,
respectively; p = 0.01); the advantage of R-ICE
was particularly significant in patients with
relapsed disease (CR: 65% versus 34%, 
p = 0.01).36 A further 25% of patients treated with
R-ICE achieved a PR, yielding an ORR of 78%
compared with 71% in the control group.36

Interestingly, disease status (relapsed or primary
refractory) was a predictor of response to R-ICE
(96% versus 46%, p < 0.01), but second-line
age-adjusted IPI was not.36 Treatment with 
R-ICE allows for good stem cell mobilisation
and harvest. Of 25 responding patients who
underwent ASCT, those who had received 
R-ICE had a better 2-year PFS than controls
(54% versus 43%).36 These results are
encouraging, although the difference between
groups in 2-year OS did not reach significance
(67% and 56%, respectively). Importantly, 
R-ICE was well tolerated and treatment-related
side effects did not preclude transplantation.36

Reports of rituximab used in combination
with intensified chemotherapy followed by
ASCT also show markedly improved results. A
recent study reveals that rituximab plus DHAP
used as a salvage regimen in patients with
relapsed/refractory aggressive NHL increases
the ORR to 62%.37 In another study, of 
22 patients with relapsed/refractory aggressive
NHL, rituximab was incorporated into 
two cycles of DHAP and high-dose sequential
chemotherapy; myeloablative treatment with
BEAM and ASCT followed.38 After 2 years,
57% of patients in the rituximab group were
free from failure compared with 18% of
historical controls who had received the same
treatment without rituximab (p = 0.0051); 
2-year OS was 77% and 37%, respectively 

(p = 0.0051).38 This highlights that the addition
of rituximab to intensified salvage
chemotherapy regimens can improve prognosis.
Data from the HOVON-44 trial strongly
support this conclusion. In this study, 
239 patients with relapsed/progressive
aggressive NHL were randomised to receive
DHAP-VIM-DHAP (VIM: ifosfamide,
methotrexate and etoposide) in conjunction
with rituximab and ASCT or DHAP-VIM-
DHAP followed by BEAM and ASCT. The
addition of rituximab significantly improved 2-
year estimates of disease-free survival (DFS)
and OS (DFS: 82% versus 46%, p = 0.003; OS:
62% versus 48%, p = 0.03).39

Khouri et al. investigated high-dose rituximab
(HD-R) before and after BEAM/ASCT in
relapsed aggressive NHL.40 HD-R was
administered to 67 patients during stem cell
mobilisation (1 day before chemotherapy at 
375 mg/m2 and 7 days after chemotherapy at
1,000 mg/m2) and again on days 1 and 8 after
BEAM/ASCT. Results were compared with 
30 matched historical controls who had received
similar treatment minus rituximab. After a
median follow-up of 20 months, the actuarial 
2-year OS was 80% for patients receiving HD-R
compared with 53% in the control group 
(p = 0.002); DFS was 67% and 43%,
respectively (p = 0.004).40 These results were
achieved with no significant increase in the risk
of infection or toxicity; there were no treatment-
related deaths in either group.40

More prospective trials are necessary to verify
the findings listed above and further define the
best treatment approach in patients with
relapsed/refractory DLBCL. The CORAL
randomised trial is comparing R-ICE with 
R-DHAP; patients are stratified by previous
exposure to rituximab and there is also a
subsequent randomisation for maintenance 
rituximab versus observation after HDT/ASCT
(Figure 3).41 In addition, the Phase III LY-12
study will further assess the efficacy of second-
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line treatment with two cycles of R-GDP
(rituximab plus gemcitabine, dexamethasone
and cisplatin) compared with two cycles of 
R-DHAP before BEAM/ASCT, in patients with
relapsed/refractory DLBCL. Again, a second
randomisation to rituximab maintenance or
observation is planned. It is hoped that
conclusions of these studies will guide the
choice of rituximab-based treatment in patients
with relapsed DLBCL. The overall benefit of
rituximab in this context is highlighted by a large
retrospective study in 957 patients with high-risk
B-cell lymphoma, which demonstrated that 
5-year EFS was significantly improved with
rituximab plus HDT with autograft; in 
415 relapsed patients, 5-year EFS was 59% for
patients treated with rituximab and 34% for
patients who were not.42 Future treatment
paradigms are likely to include additional
consolidation or maintenance therapy to further
optimise patient outcomes.

What is the role of maintenance therapy in
aggressive lymphoma?

The underlying concept of maintenance
therapy in aggressive NHL is to maintain the

period of remission, which may increase the
number of patients achieving a cure.
Maintenance therapy involves the continued,
regular treatment of patients after induction
therapy in order to prevent malignant cells
becoming re-established and therefore maintain
remission. This type of treatment is gaining
momentum, with maintenance therapy being
incorporated into an increasing number of trials. 

Rituximab has minimal acute side effects, a
low risk of long-term toxicity and convenient
administration, making it a suitable candidate for
maintenance therapy. Elderly patients may
particularly benefit from rituximab maintenance
treatment, as they may be unable to withstand
the side effects associated with dose-intensive
chemotherapy regimens and stem cell
transplantation. 

The ECOG 4494 trial investigated the
efficacy of induction therapy with CHOP or 
R-CHOP and also assessed the effectiveness of
rituximab maintenance therapy compared with
observation only in those patients who
responded to induction treatment.43 The study
included 632 patients (≥ 60 years) with
previously untreated DLBCL; of these, 415
responded to induction therapy and were
randomised to rituximab maintenance or

Figure 3: CORAL study design.
(Hagberg and Gisselbrecht: Annal Oncol
2006; 17 (Suppl 4):iv31–iv32).
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observation arms. R-CHOP induction therapy
significantly improved 3-year failure-free
survival (FFS), which was 53% compared with
46% for patients receiving CHOP alone 
(p = 0.04).43 Rituximab maintenance therapy
significantly prolonged 2-year FFS from the
second randomisation (76% versus 61%, 
p = 0.009), but had no significant effect on OS.43

Interestingly, rituximab maintenance therapy
significantly prolonged FFS after CHOP, but
not after R-CHOP, induction therapy 
(p = 0.0004 and p = 0.81, respectively).43 

Results of the ECOG study suggest that use of
rituximab maintenance after R-CHOP was of
limited benefit. However, it should be noted that
the standard induction regimen of eight cycles of
rituximab plus six to eight cycles of CHOP was
not employed in this trial, which may have
affected overall efficacy. In addition, patients
with a CR or PR were included in the
maintenance arm, and the study was not
adequately powered to evaluate the efficacy of
maintenance treatment.43 The observations
nonetheless give rise to as yet unanswered
questions: does exposure to rituximab as part of
first-line therapy affect the efficacy of
subsequent therapy if it is required? And if so,
what are the optimal schedules to maximise the

efficacy of rituximab in both induction and
maintenance therapy? In this context, results
from the ongoing Phase III NHL-13 trial may
provide more definitive information (Figure 4).44

In NHL-13, an induction regimen of eight cycles
of rituximab combined with four to eight cycles
of CHOP-like chemotherapy will be
administered to patients with DLBCL or grade
3b follicular lymphoma. Those patients who
have shown a CR or an unconfirmed CR (CRu)
following induction will subsequently receive
rituximab maintenance therapy (1×375 mg/m2

every 2 months for 2 years) or undergo
observation only. The trial will evaluate the
ability of rituximab maintenance to prolong EFS
in these patients. Subgroup analyses according
to lymphoma type, IPI and induction treatment
will be performed. Recruitment of 440 patients
in more than 20 countries is planned by the end
of 2008 – currently, 89 patients have entered the
trial. In addition to NHL-13, the CORAL and
LY12 studies in relapsed/refractory DLBCL
may be of particular interest, as they include
standard rituximab-containing induction
therapies, with a second randomisation to
rituximab maintenance therapy or observation.41 

The role of rituximab in consolidation
treatment has also been explored in young

B. Coiffier et al.

Figure 4: NHL-13 trial design
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patients (< 60 years) with poor risk DLBCL,
for example in the GELA LNH 98.3 trial,
which compared rituximab consolidation
treatment (375 mg/m2 weekly for 4 weeks, 
2 months after HDT) with observation only
after ASCT.45 After a median follow-up of 
3 years, a trend towards improved 3-year EFS
was observed in patients who had received
rituximab compared with control (80% versus
72%, respectively; p = 0.10).45

Data regarding rituximab maintenance
therapy in mantle cell lymphoma (MCL) are
also encouraging. Ghielmini et al. examined
the use of rituximab maintenance treatment
(375 mg/m2 every 2 months for four times)
after induction with rituximab monotherapy in
61 patients with newly diagnosed, refractory
or relapsed MCL.46 Median EFS exhibited a
non-significant improvement overall
compared with observation only (12 months
versus 6 months, respectively), and rituximab
maintenance significantly improved median
EFS in a subgroup of previously treated
patients (11 months versus 5 months,
p = 0.04).46 Rituximab maintenance treatment

also significantly prolonged response duration
compared with observation only in patients
with MCL who had received R-FCM
(rituximab plus fludarabine, cyclophosphamide
and mitoxantrone) induction treatment
(p = 0.049, Figure 5); a substantially higher

proportion of these patients who were treated
with rituximab maintenance therapy had
ongoing remissions beyond 2 years compared
with those undergoing observation only (45%
and 9%, respectively).47 Authors of the Phase II
study from the Wisconsin Oncology Network
suggested that 2 years of maintenance
rituximab after induction treatment with
rituximab plus modified Hyper-CVAD 
(cyclophosphamide, vincristine, doxorubicin,
dexamethasone, cytarabine and methotrexate)
prolongs PFS.48 This suggestion is strongly
supported by a matched pair analysis of ASCT
with rituximab purging followed by rituximab
maintenance, compared with historical
controls who had received standard
chemotherapy.49 A follow-up analysis showed
superior 5-year PFS and OS with the
rituximab-based regimen (PFS: 72% versus
19%, p = 0.0001; OS: 80% versus 38%, 
p = 0.0017).50 Taken together, these results
emphasise that rituximab shows sustained
efficacy through all phases of treatment and
provides considerable benefits when used as
maintenance therapy in MCL. 

Future studies aim to clarify the role of
rituximab maintenance therapy in all subtypes
of aggressive NHL and establish where and
how intensive dose schedules need to be used
to optimise patient outcomes. 

Figure 5: Rituximab mintenance
therapy prolonged response 
duration compared with 
observation only in patients with
MCL.
(This research was originally 
published in Blood. Forstpointner R,
et al. Blood 2006;108:4003-4008.
© the American Society of
Hematology).



Improving treatment options in non-DLBCL
aggressive lymphomas

The term ‘aggressive NHL’ covers a highly
varied group of malignancies. These histologies
include MCL, HIV/AIDS-related NHL,
Burkitt’s lymphoma (BL), primary central
nervous system lymphoma (PCNSL), primary
mediastinal large B-cell lymphoma (PMLBCL)
and primary testicular lymphoma. Although
these are less common than DLBCL, progress
in these areas is ongoing, often including the use
of rituximab, and may involve extension of the
treatment principles examined earlier.

Mantle cell lymphoma
Owing to its unique biology, MCL is now

recognised as a distinct subtype of B-cell NHL,
accounting for approximately 6–8% of all new
lymphoma cases and occurring more frequently
in men.51 Its clinical course is characterised by a
high response to induction treatment, but this is
short-lived and median OS is generally around
3 years, with a low proportion of long-term
survivors.51–53 The main goal of treatment is to
extend PFS, usually with HDT followed by
transplant. The reclassification of MCL from an
indolent to an aggressive lymphoma has
important ramifications for its treatment and has
instigated a flurry of clinical research, often
involving targeted agents such as rituximab. 

Induction chemotherapy regimens used in
MCL can be broadly divided into three
categories: doxorubicin-containing regimens
such as CHOP, regimens based on purine
analogues such as FCM, and intensive
combination chemotherapy such as 
Hyper-CVAD.51 A growing body of evidence
underlines the potential of integrating rituximab
into these regimens. 

Lenz et al. performed a randomised trial
comparing CHOP with R-CHOP in 122 patients
with previously untreated MCL.54 R-CHOP
significantly increased the ORR, CR rate and

time to treatment failure (TTF) compared with
CHOP alone (ORR: 94% versus 75%, 
p = 0.0054; CR: 34% versus 7%, p = 0.00024;
median TTF: 21 months versus 14 months, 
p = 0.0131).54 These data merit further
investigation, although no significant difference
in PFS was noted between groups.54 A more
dramatic impact of rituximab-based induction
therapy was observed by Forstpointner et al.,
who assessed the efficacy of induction therapy
with rituximab plus FCM or FCM alone in 
147 patients with relapsed/refractory follicular
lymphoma or MCL.55 R-FCM improved ORR
compared with FCM alone in 48 evaluable
patients with MCL (58% versus 46%,
respectively; not significant).55 The benefit of 
R-FCM induction treatment in these patients
extended to a significant increase in 2-year OS
compared with FCM alone (median OS: not
reached versus 11 months, respectively; 
p = 0.0042).55 An improvement in response rates
with R-MCP compared with MCP was also
observed by Herold et al., although these did
not reach significance.56 Despite this, taken
together these data demonstrate that significant
improvements in patient outcomes can be
achieved with rituximab-based induction
therapy in MCL. 

Convincing data supports rituximab
combined with Hyper-CVAD as induction
therapy before ASCT in MCL. In particular,
Romaguera et al. treated 97 previously
untreated patients with MCL with rituximab
plus Hyper-CVAD, alternating every 21 days
with rituximab plus high-dose methotrexate and
cytarabine (M-C), for six to eight cycles. This
regimen provided a CR/CRu in 87% of patients,
a 3-year FFS of 64% and OS of 82%.57 The
benefit was further increased in patients aged
under 65 years (3-year FFS: 73%).57 Initially,
there appeared to be no plateau in survival
curves, indicating that patients may still harbour
minimal residual disease and may benefit from
maintenance therapy.57 Subsequent analyses at
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57 months revealed that FFS did in fact plateau
in 14 patients who had presented with the
blastoid cytological variant, and median OS had
yet to be reached.58 In this patient subgroup,
treating with rituximab plus Hyper-CVAD may
potentially provide longer-term disease
control.58 Another study supports this, showing
that Hyper-CVAD/M-C with or without
rituximab (± R) significantly prolongs 3-year
PFS and OS compared with standard
anthracycline induction therapy (PFS: 78%
versus 55%, p = 0.05; OS: 97% versus 68%, 
p = 0.01).59 The authors of this second study
noted that in eligible patients HyperCVAD/M-
C±R with ASCT was the most effective means
of improving long-term DFS.59

The finding that immunochemotherapy is
superior to chemotherapy alone as first-line
treatment in MCL has been consolidated by a
recent Cochrane meta-analysis (Figure 6).
Analysis of seven trials with a total of 
1,943 patients (260 with MCL) revealed that, in
MCL, rituximab-based induction therapy
significantly improved OR (p = 0.009), time to
progression (p < 0.001) and OS (p = 0.04)
compared with chemotherapy alone.60 Recently
published National Comprehensive Cancer
Network guidelines now recommend
rituximab-based chemotherapy for both first-
line and salvage therapy of MCL.61

Following up-front treatment, improvements

in PFS and OS have been demonstrated with
ASCT when compared with interferon therapy.52

The European MCL Network study in patients
who had achieved PR or CR with CHOP-like
induction therapy showed that a significantly
longer PFS was obtained with consolidation by
myeloablative radiochemotherapy followed by
ASCT than with interferon-α maintenance
treatment (39 months versus 17 months,
respectively; p = 0.0108).52

Rituximab has been used in combination with
high-dose chemotherapy as part of the
preparatory regimen for ASCT in MCL with
promising results. An OS and EFS of 89% and
79%, respectively, have been demonstrated at
54 months in patients aged 60 years and under.62

This compared favourably with historical
controls who had received standard-dose CHOP
or CHOP-like chemotherapy and exhibited an
OS of 42% and EFS of 18% at the same time
point.62 Rituximab-augmented myeloablation
for first-line ASCT also significantly improved
EFS compared with historical controls who did
not receive rituximab, further supporting the
benefit of including rituximab during the
preparative stages of ASCT.63 Ongoing separate
studies run by the European MCL Network are
addressing the question of which chemotherapy
regimen rituximab is best incorporated into
before ASCT in MCL, as well as the efficacy of
rituximab maintenance treatment compared
with that of interferon-α in patients with
previously untreated MCL who are ineligible
for ASCT. It is important to note that, as
described earlier, several studies support the
promising efficacy of rituximab maintenance in
MCL.46–50

Primary mediastinal large B-cell lymphoma
PMLBCL is recognised as a separate disease

entity from DLBCL in the WHO/REAL
classification. It arises in the thymus, mainly in
young adults, and accounts for approximately
5% of all patients with aggressive lymphomas.
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Figure 6: A Cochrane meta-analysis demonstrated that
rituximab-based induction treatment significantly 
improves OS in MCL (Lenz G. et al. J Clin Oncol 2005;
23:1984–1992. Forstpointer R, et al. Blood 2004; 104:
3064–3071 and unpublished data 2005. Herold M, et al.
ICML 2005:abstract 060. Schulz H, et al. J Natl Cancer Inst
2007; 99:706–714).



Several groups have assessed the use of
rituximab in combination with chemotherapy in
patients with PMLBCL, with some promising
results.64–66 For example, in one study of 
74 patients, R-CHOP significantly improved 
3-year FFS compared with historical controls
treated with CHOP alone (93% and 53%,
respectively; p = 0.0006).66

Burkitt’s and Burkitt-like lymphoma
In BL, rituximab plus dose-adjusted EPOCH

has been effective induction therapy.67 Results
from the ongoing CALGB10002 Phase II trial
in previously untreated patients with BL treated
with rituximab and high-intensity chemo-
therapy with filgrastim (granulocyte-colony
stimulating factor) may confirm these findings.

Primary central nervous system lymphoma
In PCNSL, high-dose methotrexate-based

chemotherapy improves survival when
compared with radiotherapy.68 Currently,
research is focused on improving survival and
minimising neurotoxicity. As most PCNSLs
are CD20-positive, and a limited amount of
intravenous rituximab can cross the blood-
brain barrier, intrathecal or intraventricular
administration may allow the addition of
rituximab to this regimen.

In summary, rituximab in combination with
chemotherapy has demonstrated efficacy in
diverse non-DLBCL aggressive lymphomas.
An important question remains as to which of
the various rituximab-based treatment options
best translate into extended survival for these
patients. Because these disease subtypes are
rare, and only small numbers of patients are
affected, larger-scale studies are not feasible and
clinical decisions may need to be based on
Phase II studies and comparisons with historical
controls. However, experience gained with
rituximab suggests that results from large-scale
trials generally reflect those obtained during
smaller studies. Additional research is required

into minimising toxicity which, though
expected with intensive chemotherapy, is
considerable in many of the regimens used. 

Conclusions

It is clear that the clinical introduction of
rituximab has markedly changed treatment
paradigms in aggressive NHL. In particular, the
use of rituximab has rejuvenated the first-line
treatment of DLBCL. Landmark studies have
firmly established the gold standard of first-line
therapy as eight cycles of rituximab in
combination with CHOP-like chemotherapy.
Application of this gold standard across the full
spectrum of patient groups has seen a dramatic
increase in survival and cure rate. In addition to
building on this success to further improve
patient outcomes after first-line treatment,
efforts can now be directed towards optimising
the treatment of relapsed patients. In this
context, the combination of rituximab with
salvage chemotherapy regimens has already
shown significant improvements in response
rates, PFS and OS. Ongoing large-scale
prospective studies will help define which
rituximab-based regimen is most effective in
second-line treatment. In non-DLBCL subtypes
of aggressive lymphoma, an increasing number
of studies are using rituximab-based treatment;
data from patients with MCL and PMLBCL, in
particular, are encouraging. An important role
for rituximab-based maintenance therapy is also
emerging, both in DLBCL and MCL. Further
investigation is warranted to fully explore the
potential of rituximab-based treatment for
patients with all subtypes and stages of
aggressive lymphoma. 
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