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A B S T R A C T
S t a n d a rd therapies for indolent non-Hodgkin’s lymphomas

(NHLs) have not been curative, and new approaches are
needed. New chemotherapy drugs with unique mechanisms of
action are in development. Of greatest interest are the eff e c t i v e
monoclonal antibodies that have recently revolutionized the
management of these patients. The most widely studied of
these agents is rituximab, a chimeric anti-CD20 antibody.
Rituximab induces responses in almost half of patients with
relapsed, follicular/low-grade NHL, and achieves complete
remissions in 6%. It is well tolerated in most patients.
Combinations of rituximab with chemotherapy regimens such
as CHOP (cyclophosphamide, vincristine, doxorubicin, pre d-
nisone) may alter the therapeutic paradigm for these patients.
Radioimmunoconjugates achieve higher response rates than
rituximab, but without a clear prolongation of survival, and
a re currently recommended for rituximab failures. Other
a p p roaches in clinical trials include antisense agents and
lymphoma vaccines. These new agents should be used as a
foundation on which to develop new strategies to increase the
c u re rates of patients with indolent NHLs.
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INTRODUCTION
N o n - H o d g k i n ’s lymphomas (NHLs) re p resent the fifth

most common type of cancer and the sixth most common
cause of cancer death in the United States. More than
56,000 cases are projected for the US in the year 2001.1

Indolent lymphomas, which re p resent almost 30% of 
the NHLs, are a heterogeneous group of primarily B-cell
d i s o rders (Table 1).2

These diseases are at least initially responsive to therapy,
with a relatively long survival, but they are not curable with
conventional therapies. Thus, the management of indolent
NHLs presents a challenge. Only about 15% of patients are

diagnosed with limited disease (stages I and nonbulky II).
For those patients, localized irradiation may result in long-
t e rm, disease-free survival; however, whether these patients
a re cured is not known.3 The remaining 80–90% of patients
p resent with advanced-stage disease. Studies evaluating
patients who do not re q u i re immediate treatment have failed
to demonstrate a survival advantage to early interv e n t i o n ,
leading to a “watch and wait” appro a c h .4 - 7 T h e re f o re, physi-
cians confront issues of how best to treat these patients, and
when to treat them, as well.
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� New therapies are available for indolent non-Hodgkin’s lymphoma (NHL). Despite higher response rates and greater expense, there is not yet
clear evidence for prolongation of survival.

� The paradigm for treatment of indolent NHL is rapidly changing as crucial data become available.
� The new radioconjugates involve teamwork among physicians, nuclear medicine, and radiopharm a c y, and preparation will differ with the 

various pro d u c t s .
� Rituximab and other antibody therapies may be associated with mild to severe infusional reactions that re q u i re premedication, close monitoring,

and adjustment of infusion rate.
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TABLE 1. WORLD HEALTH ORGANIZAT I O N
C L A S S I F I C ATION OF MAT U R E
MALIGNANT B-CELL NHL

Mature (peripheral) B-cell neoplasms

B-cell chronic lymphocytic leukemia/small B-lymphocytic
leukemia

Lymphoplasmacytoid lymphoma

Splenic marginal zone B-cell lymphoma (± villous lymphocytes)

Hairy cell leukemia

Plasma cell leukemia

Plasma cell myeloma/plasmacytoma

Extranodal marginal zone B-cell lymphoma of MALT type

Nodal marginal zone B-cell lymphoma (± monocytoid B cells)

Follicular lymphoma

Mantle cell lymphoma

Diffuse  large B-cell lymphoma

Burkitt lymphoma/Burkitt cell leukemia
N H L = n o n - H o d g k i n ’s lymphoma; MALT=mucosa-associated lymphoid tissue.
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Once treatment is indicated by the presence of incre a s i n g
lymphadenopathy or hepatosplenomegaly, disease-re l a t e d
symptoms, or pro g ressive bone marrow compromise, there 
is no universally accepted standard treatment, and the 
p re f e rred options are rapidly changing as new agents are
i n t roduced. Traditional chemotherapeutic options have
ranged from single agents (eg, chlorambucil or cyclophos-
phamide), to combinations such as CVP (cyclophosphamide,
vincristine, prednisone), to more intensive programs such 
as CHOP (cyclophosphamide, vincristine, doxoru b i c i n ,
p rednisone) (Table 2). However, none of these has led to a
clear prolongation of survival compared with the others.8 , 9

Following an initial response, the lymphoma becomes quies-
cent for a median of 2–4 years but eventually recurs, either
with the same histology or as a more aggressive transform e d
subtype. With each subsequent treatment, response rates 
a re lower and less durable and the median survival is about
6–8 years.1 0

C l e a r l y, new approaches are needed. One area of active
clinical re s e a rch is to identify new chemotherapeutic
agents with unique mechanisms of action (Table 3).
P e rhaps the most active of these are the nucleoside analogs
of which fludarabine has been the most widely used. In ini-
tial trials conducted in patients with relapsed or re f r a c t o ry
disease, responses were induced in 50% of patients, with
10–15% complete remissions (CRs).1 1 - 1 3 Fludarabine was
especially active in small lymphocytic lymphomas. When
used as initial treatment, response rates in patients with
follicular lymphoma were 65% with 37% CRs.1 4 H o w e v e r,
the median duration of response was only 18 months, with
no evidence for cure. Fludarabine has been associated 
with CR and overall response rates higher than alkylating
agent-based regimens, with more durable responses, 
but without a demonstrable prolongation of surv i v a l .
Fludarabine is also associated with more myelosuppre s-
sion, but with similar rates of infection.1 5 , 1 6

Combination regimens have been developed to impro v e
on the activity of single agent fludarabine. One of the most
widely used has been FND—fludarabine, mitoxantrone, 
and dexamethasone.1 7 , 1 8 In a Phase II study of 51 patients
with relapsed or re f r a c t o ry disease, the response rate was 
94% (47% CR) with CRs lasting a median of almost 
2 years.1 8 The Southwest Oncology Group (SWOG) explore d
the combination of fludarabine and mitoxantrone in pre v i-
ously untreated patients.1 9 Despite CR and overall re s p o n s e
rates of 43% and 91%, re s p e c t i v e l y, pro g re s s i o n - f ree 
s u rvival was not clearly better than in the gro u p ’s prior expe-
rience with other chemotherapy regimens. Whether these
somewhat disappointing results were influenced by omission
of dexamethasone cannot be determined with cert a i n t y. 

Combinations of fludarabine and other chemotherapy
agents have been evaluated. Flinn et al2 0 t reated 20 patients
with follicular NHL using fludarabine (20 mg/m2 days 1–5)
and cyclophosphamide (600 mg/m2 day 1) followed by 
granulocyte colony-stimulating factor. The overall re s p o n s e
rate was 92% with 60% CR; however, significant myelosup-
p ression and infections were common. In a Phase I study
f rom the Eastern Cooperative Oncology Group (ECOG) of
cyclophosphamide and fludarabine (cyclophosphamide
1,000 mg/m2 day 1, fludarabine 20 mg /m2 days 1–5 q28
d a y s ) in 27 previously untreated patients, there were 89%
CRs with an overall response rate of 100%.2 1 This combina-
tion was being compared with CVP in an ECOG trial, but it
was closed to accrual because of an unexpected rate of 
l i f e - t h reatening and fatal toxicity related to an excessive
dose of cyclophosphamide.

Cladribine appears to have overall response rates similar 
to those seen with fludarabine, although with fewer CRs 
and more toxicity.2 2 - 2 5 Data with pentostatin are limited and
d i fficult to interpre t .2 6 , 2 7

Other nucleoside analogs in development include
n e l a r a b i n e2 8 and clofarabine (2-chloro - 2 ’ - f l u o ro -
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TABLE 2. THERAPEUTIC OPTIONS FOR
INDOLENT NON-HODGKIN’S 
LY M P H O M A

“Watch and wait”

Radiation therapy

Single alkylating agent

Combination alkylating agent-based 
chemotherapy ± anthracycline

Purine analogs or combinations

New chemotherapy agents

Stem cell transplant

Biologic approaches
Monoclonal antibodies
Interferon
Antisense
Vaccine 

M a v romatis BH, Cheson BD. Oncology Spectrums. Vol 2. No 10. 2001.

TABLE 3. NEW CHEMOTHERAPY DRUGS FOR
NON HODGKIN’S LY M P H O M A

Mechanism of Action R e p resentative Agents

• Cytotoxic • Oxaliplatin

• Apoptosis induction • Nucleosides, retinoids, 
arsenicals

• Protein kinase inhibition • Bryostatin

• Cyclin inhibition • Flavopiridol, UCN-01, 
rapamycin

• Farnesyl transferase inhibition • R115777, BMS-214662

• Histone deacetylation • Depsipeptide

• Antiangiogenesis • Thalidomide, SU5416, 
SU6668

• Proteosome inhibition • PS-341

• Antitubulin agents • Epothilone
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a r a b i n o s y l a d e n i n e ) ,2 9 both with activity in patients with
c h ronic lymphocytic leukemia (CLL) and pro l y m p h o c y t i c
leukemia; tro x a c i t a b i n e3 0; and bendamustine, a hybrid of a
n i t rogen mustard group and a purine-like benzimidazole,
with demonstrated activity in CLL, NHL, and myeloma.3 1

OTHER NEW AGENTS 

Arsenic
I n t e rest in the development of arsenic trioxide as an 

anticancer agent was stimulated by its efficacy in acute
p romyelocytic leukemia.3 2 Sensitivity to arsenic trioxide in
v i t ro has also been demonstrated against a variety of other
tumor types including myeloid leukemias, myeloma, lym-
phoid leukemia and lymphoma, and various solid tumors.
P reclinical studies suggest that arsenic induces apoptosis 
of malignant lymphocytes at clinically achievable doses.
Arsenic reduces survival and viability of both NHL and
CLL cells with a significant decrease in bcl-2 expre s s i o n
and apoptosis of CLL cells.3 3 , 3 4

DNA Hypomethylation and Histone Deacetylation
The process of neoplastic pro g ression is linked to 

imbalances in DNA methylation. Hypermethylation of 
g e n e - p romoter regions is associated with re p ression of
genes that regulate tumor growth and diff e re n t i a t i o n .
Histone acetylation modulates higher order chro m a t i n
s t ru c t u re. Acetylation of lysine tails leads to loosening of
DNA-histone contacts, which results in increased accessi-
bility of transcription factors and increased gene expre s s i o n .
C o a c t i v a t o r-histone acetylase complexes promote gene
e x p ression whereas core p ressor histone deacetylase 
complexes inhibit gene expression. There is potential 
s y n e rgy between DNA methylation inhibition and histone
deacetylase inhibition in restoring gene expression silenced
by hypermethylation. 

Agents that inhibit histone deacetylase in vitro include
sodium phenylbutyrate, depsipeptide, and hybrid polar
c o m p o u n d s .3 5 , 3 6 These agents induce terminal diff e re n t i a t i o n
in vitro as well as cell-cycle arrest and reversion of the
malignant phenotype of a variety of malignancies.

Depsipeptide (NSC 630176) is a bicyclic peptide origi-
nally isolated from C h romobacterium violaceum, strain 968,
by Fujisawa Pharmaceutical Co., Ltd., that has been shown
to be a histone deacetylase inhibitor.3 7 Incubation of CLL
cells with depsipeptide resulted in an alteration in apoptosis-
associated proteins: an increase in BAX, no change 
in bcl-2, and a decrease in p27 expre s s i o n .3 8 I m p re s s i v e
activity has been noted in patients with T-cell lymphomas,
p a rticularly cutaneous T-cell NHL.

Two currently available hypomethylating agents 
include 5-azacytidine and 5-aza-2-deoxycytidine
(decitabine). The combined administration of a demethylat-
ing agent and a histone deacetylase inhibitor synergize in
reactivating genes that were silenced in cancer cells.3 9

Such combinations re p resent a unique strategy that is 
c u rrently being studied.

Antitubulin Agents
Antitubulin agents include dolastatin-10, a naturally

o c c u rring pentapeptide isolated from the marine mollusk
Dolabella auricularia. Dolastatin-10 is one of the most
potent in vitro cytotoxic anticancer compounds. The com-
pound has antitumor activity against human leukemia and
lymphoma cell lines and solid tumors.4 0 Its cytotoxic eff e c t s
may be related to modulation of apoptosis-associated pro-
teins, such as bcl-2. Reversible myelosuppression was the
dose-limiting toxicity in Phase I trials. Epothilone B analogs
appear to be effective even in taxane-resistant cells and
anecdotal responses have been re p o rted in lymphomas.4 1

Cell-Cycle Inhibitors
Flavopiridol is a semisynthetic flavone derivative. It is

derived from the plant alkaloid rohitukine, which is isolated
f rom the leaves and stems of Dysoxylum binectarifere ru m
used in India as an herbal medicine. Flavopiridol has in vitro
activity against cycling as well as noncycling cells. Its 
antitumor activity may reflect the specific inhibition of
cyclin-dependent kinases (CDKs), which regulate pro g re s-
sion through the cell cycle. These include cyclin D1, which
has been implicated in the pathogenesis of mantle cell 
lymphoma, as well as CDK1, CDK23, and CDK4. It induces
g rowth arrest, cytotoxic cell death, and apoptotic changes in
a variety of tumor types, including leukemias and lym-
phomas. It has also demonstrated sequence-specific synerg y
with cell cycle-active agents including fludarabine and
cytarabine. Flavopiridol induces apoptosis of B-CLL and
lymphoma cells. Little activity has been observed using a
72-hour infusion schedule, whereas responses have been
re p o rted with a 1-hour schedule in CLL and mantle cell 
lymphoma (MCL).4 2 - 4 6 The Cancer and Leukemia Group B
(CALGB) is carrying out a trial in re f r a c t o ry CLL patients
with the shorter infusion schedule.

UCN-01 is an analog of staurosporine isolated from a
S t re p t o m y c e s species originally identified as a selective
inhibitor of PKC.4 7 , 4 8 S u b s e q u e n t l y, it has been found to
inhibit a number of serine/threonine kinases with arrest of
cells in G1 and abrogation of the G2/M checkpoint. UCN-01
demonstrated cytotoxic effects in vitro and in vivo against a
variety of murine and human malignant cell lines. UCN-01
can induce apoptosis in leukemia cells lacking functional
p53 and resistant to apoptosis induced by DNA-damaging
agents. Dose-limiting effects include hypoxia, self-limited
h y p e rglycemia, lactic acidosis with hyperglycemia, nausea
and vomiting, and transient elevation of liver transaminases.
UCN-01 appears to potentiate the activity of fludarabine4 9 , 5 0

and a combination of these two drugs in CLL is now being
studied at the National Cancer Institute.

Antiangiogenesis Agents
An increasing body of evidence implicates angiogenesis

in hematologic malignancies such as multiple myeloma,
lymphoma, and CLL.5 1 , 5 2 Angiogenesis factors such as basic
f i b roblast growth factor (bFGF) upregulate bcl-2, there b y
delaying programmed cell death. New antiangiogenesis
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agents available for clinical trials include thalidomide,
SU5416, and SU6668.5 3 , 5 4 After its approval for the tre a t m e n t
of leprosy and Kaposi’s sarcoma and its recent efficacy in
patients with re f r a c t o ry multiple myeloma, thalidomide is
being investigated in indolent lymphomas as a single agent
and in combination with other chemotherapeutic agents. 

SU5416 specifically inhibits vascular endothelial cell
g rowth factor (VEGF) signaling through the Flk-1 re c e p t o r
in endothelial cells. SU6668 inhibits the VEGF re c e p t o r
Flk 1/KDR, the platelet-derived growth factor re c e p t o r- b ,
and the fibroblast growth factor re c e p t o r-1 tyrosine kinase.
Both intravenous and oral formulations of SU6668 are
entering Phase I trials.

Proteasome Inhibition
The proteasome is a large, multicentric protease com-

plex with a pivotal role in cellular protein regulation. The
p roteasome degrades proteins that have been conjugated to
ubiquitin, resulting in what is re f e rred to as the ubiquitin-
p roteasome pathway. The ubiquitin-proteasome pathway
plays a critical role in the degradation of intracellular 
p roteins involved in cell-cycle control and tumor gro w t h .
Many tumor cells depend on rapid cell cycling, which
re q u i res expression and degradation of numerous re g u l a-
t o ry proteins. Cells accumulate in the G2-M phase of the
cell cycle with a decrease of cells in G1. The proteasome is
also re q u i red for activation of NFkB, which plays a role in
maintaining cell viability through the transcription 
of inhibitors of apoptosis. Since NFkB can induce dru g
resistance, this agent may make cells more chemosensitive. 

PS-341, a dipeptidyl boronic acid, is a specific and
selective inhibitor of the 26S pro t e a s o m e .5 5 , 5 6 It helps 
eliminate damaged or misfolded proteins and plays a 
re g u l a t o ry role in multiple cellular pathways involving cell
cycle, transcription factor activation, and cell traff i c k i n g .
PS-341 may also induce apoptosis, and it has shown activity
in cell types characterized by overe x p ression of bcl-2. 

BIOLOGIC AGENTS
The introduction of new and active biologic agents has

revolutionized our approach to the indolent NHLs. The first
to be widely tested was interf e ro n -α (IFN). IFN had modest
single-agent activity in the treatment of patients with low-
grade NHL,5 7 - 5 9 leading to a series of Phase III trials. In a
study from the Groupe d’Etude Lymphomes Folliculaire ,6 0

242 evaluable patients with follicular NHL and a high
tumor burden were treated with doxorubicin, cyclophos-
phamide, teniposide, and prednisone for 1 year ± concur-
rent IFN, which was continued out to 18 months. The
advantage in response rate (85% versus 69%), event-fre e
s u rvival (34 months versus 19 months), and overall surv i v a l
at 3 years (86% versus 69%) all favored the group that
received IFN, and the results remained significant with
additional follow-up.6 1

H o w e v e r, at least nine other randomized trials looked at 
IFN during induction,6 2 as maintenance,6 3 - 6 5 or both,6 6 - 6 9 w i t h
inconsistent results. To resolve the contro v e r s y, Rohatiner 

et a l7 0 conducted a meta-analysis using the 1,671 newly
d i a g n o s e d patients from the randomized IFN trials. In 
five studies, the chemotherapy was considered to be less
intensive, defined as not including an anthracycline or
anthracene agent.6 5 - 6 9 In these studies, there was no evi-
dence of any benefit from IFN. In contrast were the re s u l t s
of the analysis of the four trials of “more intensive” 
t re a t m e n t .6 1 - 6 4 Although there was still no improvement in
the response rate when IFN was added to the chemotherapy
agents, time to disease pro g ression was prolonged, with a
significant survival advantage in favor of the IFN arms; 
14% at 5 years and 22% at 8 years, although this benefit
was limited to responding patients. 

H o w e v e r, following publication of this meta-analysis,
Fisher et al7 1 re p o rted their study of 571 pre v i o u s l y
u n t reated patients with stage III or IV low-grade NHL who
received a minimum of six courses of Pro M A C E - M O P P
chemotherapy (procarbazine, methotrexate, doxoru b i c i n ,
cyclophosphamide, etoposide-mechlorethamine, vin-
cristine, procarbazine, prednisone) with involved-field 
radiation to convert partial responses with a negative bone
m a rrow to CRs. Responding patients were randomized
either to receive IFN for 2 years or to observation. There
was no diff e rence in pro g re s s i o n - f ree survival or overall 
s u rvival. It will be interesting to see the revised meta-
analysis once the SWOG data are included.

A problem in comparing the various trials is that they 
d i ffer in eligible histologies, patient risk factors, interf e ro n
type, dose, schedule, whether the agent was administered to
all patients or only responders, and the percent of patients
actually able to complete the full course of IFN therapy.
U n f o rt u n a t e l y, these studies were all initiated before publi-
cation of the International Prognostic Index,7 2 which perm i t s
comparison of prognostic groups among studies.

The role of IFN in NHL remains controversial and its
f u t u re will depend on whether it favorably interacts with
the new chemotherapeutic, antiangiogenic and biologic
therapies currently in development.

Feature Article

Volume 2 – Number 10 • November/December 2001 O N C O L O G Y  S P E C T R U M S

TABLE 4. MONOCLONAL ANTIBODIES AND
R A D I O I M M U N O C O N J U G ATES FOR 
NON-HODGKIN’S LY M P H O M A

A n t i b o d y A n t i g e n C o n j u g a t e

Rituximab CD20 None

CAMPATH-1H CD52 None

Epratuzumab CD22 None, I-131, Y-90
Hu-1D10 (apoltuzimab) HLA-DR None

Bevacizumab VEG-F None

Tositumomab CD20 I-131
Ibritumomab CD20 Y-90

Lym1 HLA-DR I-131
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MONOCLONAL ANTIBODIES
Rituximab is one of a growing number of monoclonal

antibodies, immunotoxins, and radioimmunoconjugates
being evaluated for the treatment of B-cell malignancies
( Table 4). Rituximab is a chimeric IgG1 anti-CD20 
monoclonal antibody that was genetically engineered in
1990 by IDEC Pharmaceuticals. This antibody demon-
strated excellent B-cell–depleting pro p e rties with no 
toxicity in preclinical animal models. In 1997, rituximab
became the first monoclonal antibody approved by the 
US Food and Drug Administration.

Use in Treating Relapsed/Refractory 
Follicular/Low-Grade NHL

Rituximab binds with high affinity to CD20 present on
the surface of most normal and malignant B cells (Tables 4
and 5). A number of mechanisms of action have been 
p roposed including antibody-dependent cellular 
c y t o t o x i c i t y, complement-mediated cytotoxicity, induction 
of apoptosis, re c ruitment of effector cells, and elaboration 
of cytokines.8 1 Rituximab down-regulates bcl-2 expre s s i o n
in some NHL cell lines through an interleukin-
10–dependent autocrine loop, which may reflect a 
d e c rease in STAT 3 (signal transducer and activator of 
transcription 3) activation.8 2

Initial Phase I studies of rituximab explored doses 
f rom 10–500 mg/m2 as a single dose, then 125–375 mg/m2

weekly for 4 weeks, but no maximum tolerated dose was
identified even at the highest doses.7 3 , 8 3 Tre a t m e n t - re l a t e d
adverse events included fever, chills, nausea, vomiting,
u rticaria, orthostatic hypotension, and bronchospasm, and
o c c u rred mostly during infusion. Peripheral blood B cells
w e re rapidly depleted but re c o v e red within 6 months.
F u rt h e rm o re, 40% of the patients with low-grade histologies
responded. The schedule of 375 mg/m2 weekly for 4 weeks
was selected for subsequent testing based on drug availabil-
ity and because that schedule could be delivered on an 
outpatient basis. 

In the first Phase II multicenter trial,7 4 37 patients who
had relapsed after a median of two prior regimens were
t reated with 375 mg/m2 for 4 consecutive weeks. There
w e re three CRs and 14 partial remissions (response rate,
46%). Responses started as early as 1 month following
therapy and reached a maximum at 4 months. The median
time to pro g ression for responders was 10.2 months, with a
median duration of response of 8.2 months. The subse-
quent pivotal Phase II multicenter trial was conducted in
166 patients with relapsed and re f r a c t o ry follicular/
low-grade NHL, mostly follicular grades I and II, but also
10 patients with follicular grade III NHL, and 33 with
small lymphocytic lymphoma.7 5 T h e re were 45 patients
resistant to their most recent chemotherapy, and 22 who
w e re resistant to all prior treatments. The median number
of prior regimens was three (range 1–10). The overall
response rate was 48%, including 6% CRs; however, 76%
of patients had at least a 20% reduction in tumor size,
although in many of insufficient magnitude to qualify for a
p a rtial response. Responses lasted a median of about a
y e a r. Most adverse events occurred during infusion and
included transient nausea, fever, bronchospasm, rash,
hypotension, and pru r i t u s .7 5

U n f o rt u n a t e l y, all patients eventually relapse following 
rituximab and re q u i re additional therapy. The ability to 
re - t reat would be desirable in order to avoid the myelosup-
p ression associated with repeated courses of chemotherapy.
In a re p o rt by Davis et al,8 4 60 patients who had pre v i o u s l y
responded to rituximab and relapsed at least 6 months later
w e re re - t reated with the antibody using the same dose and
schedule. The overall response rate was 38%, including
10% CRs. Responses were still ongoing in 6 of 23 patients.
No patient developed a human antichimeric antibody. The
time to treatment failure of the initial response and the 
c u rrent response was 9.8 months versus 15.0+ months, 
and the time to pro g ression was 12.4 months versus 
16.7+ months, re s p e c t i v e l y.
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TABLE 5. RESPONSE OF FOLLICULAR/ LOW-GRADE NON-HODGKIN’S LYMPHOMA TO RITUXIMAB

S t u d y P a t i e n t s Prior Therapy CR (%) RR (%) Median TTP (months)

Maloney73* 15 Yes 0 33 6.4

Maloney74 37 Yes 9 41 10.2
McLaughlin75 166 Yes 6 48 13.0

Davis76† 31 Yes 3 39 8.1

Foran77 70 Yes 3 46 11.0
Piro78‡ 37 Yes 14 43 7.7+

Colombat79 50 No 20 73 12

Hainsworth80 41 No 5 54 NR
*Phase I.
† Bulky disease.
‡ 8 weekly infusions.
CR=complete remission; RR=response rate; TTP=time to pro g ression; NR=not re a c h e d .
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Increasing the Activity of Rituximab
A variety of approaches are currently being tried to

i n c rease rituximab’s activity: use earlier in the course of the
disease, increasing the dose or dose intensity, up-re g u l a t i n g
CD20 expression on tumor cells,8 5 enhancing effector cell
f u n c t i o n ,8 1 and developing combinations with chemotherapy
d rugs or other biologic agents.

A logical step was to determine if there was a higher
level of activity for rituximab in previously untre a t e d
patients. Colombat et al7 9 published the results of the
F rench experience with 50 patients who had low-risk 
follicular NHL. The overall response rate was 73%, includ-
ing 20% CRs and 6% unconfirmed CRs (CRu).8 6 Of those
patients whose tumors were PCR positive for the bcl-2
re a rrangement prior to therapy, 57% became negative after
t reatment in the peripheral blood and 31% in the bone 
m a rro w. During the first year, 8% of the CR patients, 
39% of the partial responders, and 50% of those with stable
disease had pro g ressed. The investigators found a close 
c o rrelation between molecular and clinical responses: 
Bcl-2 negative patients had a 59% likelihood of a CR with
1/17 pro g ressing by 12 months versus no CRs in patients
persistently PCR+, of whom 62% relapsed by 12 months.
Longer follow-up will be re q u i red to determine if a molecu-
lar response is associated with more durable responses and
a potential for prolongation of survival. 

H a i n s w o rth et al studied 62 previously untre a t e d
p a t i e n t s8 0: 39% small lymphocytic lymphoma, 39% grade I,
27% grade II, 21% stage II, 32% stage III, and 44% stage
IV (Table 2). Patients who responded to the initial course 
of therapy received repeat 4-week courses at 6-month 
i n t e rvals. After 6 weeks, the response rate was 54% with
5% CRs; this increased to 64% and 15% at 6 months prior
to maintenance therapy. Following a second course,
response status improved in two patients from stable disease
to partial response and in one patient from partial to CR.
Response rates were similar in the small lymphocytic 
lymphoma and follicular histologies. With a median 
follow-up of only 8 months, the actuarial 1-year pro g re s s i o n -
f ree survival was 77%. Although encouraging, the data with
rituximab as initial treatment are too limited to support its
routine use in this setting. 

Increasing Dose Intensity
Several approaches to increasing dose or dose intensity

have been explored including eight weekly infusions
instead of four, thrice weekly administration, and intensified
d o s i n g .7 6 , 8 7 , 8 8 None of these has clearly improved outcome.
Consolidation courses should be studied furt h e r.8 0

Rituximab and Chemotherapy Combinations
Czuczman et al8 9 published the first study of 40 patients

with indolent NHL, 31 of whom were previously untre a t e d ,
who received CHOP + rituximab. The response rate was
100% with 58% CRs. The median duration of response 
and time to pro g ression had still not yet been reached at
45.8+ and 47.2+ months, re s p e c t i v e l y. Almost half the

patients were still in remission from 36+ to 54.5+ months. Of
i n t e rest was that seven of the eight tested patients became
PCR-negative in both blood and bone marro w, and 6 of them
remained in CR. To confirm these promising results, SWOG
and CALGB are comparing CHOP with CHOP + rituximab,
with CHOP followed by tositumomab, in patients with 
p reviously untreated follicular and low-grade NHL. 

Fludarabine has also been combined with rituximab in
indolent NHL9 0 with an overall response rate of 93%, which
included 80% CRs. Initially, toxicity was greater than 
anticipated, requiring a 40% dose reduction of fludarabine
and discontinuation of trimethoprim sulfa. Bcl-2 was no
longer detectable in the blood of all nine patients studied
and in six of seven bone marrow samples.9 1 The clinical 
significance of molecular remissions following rituximab
therapy is unclear. Patients may become PCR-negative yet
have persistent lymphadenopathy.7 5 , 9 2

Rituximab is being evaluated in combination with a 
variety of other combination re g i m e n s .9 2 Davis et al9 3

combined IFN with rituximab in 38 patients with re l a p s e d /
re f r a c t o ry follicular/low-grade NHL. The overall re s p o n s e
rate was 45%, with 11% CRs, which is comparable to 
single-agent rituximab. The median time to pro g ression 
was 25.2 months. 

Combination trials with granulocyte colony-stimulating
f a c t o r, granulocyte-macrophage colony-stimulating factor,
interleukin-2, interleukin-12, and other cytokines are being
conducted in an attempt to augment effector cell function.9 4 , 9 5

OTHER MONOCLONAL ANTIBODIES
Other monoclonal antibodies in development for indolent

NHL include CAMPATH, a human IgG1 monoclonal 
antibody directed against the CD52 antigen present on 
most normal and malignant B- and T-cells. This antibody is
e ffective in the treatment of cutaneous T-cell lymphoma,9 6

T- p rolymphocytic leukemia,9 7 and CLL.9 8 U n f o rt u n a t e l y, its
activity in indolent NHL has been limited, with 14% part i a l
re s p o n s e s ,9 6 which may reflect its diminished activity in the
setting of bulky lymphadenopathy. 

Epratuzumab, a humanized monoclonal antibody
d i rected against CD22 on B cells, has activity in indolent
and aggressive NHL.9 9 , 1 0 0 Hu1D10 is a humanized antibody
d i rected against an epitope of HLA-DR and shows activity
with excellent tolerability in early studies.1 0 1

RADIOIMMUNOCONJUGATES
The two most widely studied of the promising radioim-

munoconjugates are iodine-131 tositumomab and yttrium
90-ibritumomab tiuxetan. 

I-131 Tositumomab
I-131 tositumomab consists of an anti-CD20 monoclonal

antibody (B1) bound to I-131. The isotope is primarily a 
γ- e m i t t e r, and dosimetry provides the correct infused dose
(mCi) to deliver the desired absorbed therapeutic total body
dose (cGy). The pilot study included 53 patients who had
received a median of three prior re g i m e n s ,1 0 2 , 1 0 3 with an 
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overall response rate of 71% including 38% CRs, and a
median pro g re s s i o n - f ree survival of 12 months, with 20.3
months for the CRs. In a follow-up Phase II study,1 0 4

47 patients with relapsed or re f r a c t o ry low-grade or 
t r a n s f o rmed lymphomas were treated with tositumomab with
an overall response of 57% and CR of 32%. The multicen-
ter pivotal trial1 0 5 included 60 patients who had a median of
four prior regimens. Responses were induced in 65% (81%
in those with a low-grade [primarily follicular] histology),
including 20% CRs. Response correlated with histology,
tumor burden, prior radiotherapy, and number of prior 
therapies. Import a n t l y, the response duration in 53% of
patients was longer than with the last chemotherapy, which
is unusual with chemotherapy for follicular NHL.1 0 T h e
median duration of response (6.5 months) was also signifi-
cantly longer than to the last therapy (3.4 months), and the
median duration of response for the CRs was not reached at
a median follow-up of 47+ months versus 6.1 months for the
patients’ last therapy. 

Data are limited on using a radioimmunoconjugate as 
initial therapy. Kaminski et al re p o rted on 76 pre v i o u s l y
u n t reated patients with follicular lymphoma,1 0 6 of whom 
97% achieved a response with a CR in 76%. Further follow-
up is needed to better assess the duration of response. These
patients had less hematologic toxicity but a higher incidence
of flulike symptoms and human antimurine antibody (65%).

Several approaches are under investigation to impro v e
the activity of I-131 tositumomab, including re p e a t e d
c o u r s e s ,1 0 3 dose escalation requiring stem cell support ,1 0 7

and sequencing with chemotherapy.

Y-90 Ibritumomab Tiuxetan
Y-90-ibritumomab tiuxetan consists of the murine 

rituximab covalently bound to tiuxetan, which stably
chelates Y-90. Y-90 differs from I-131 by being a 
β-emitter with a longer path length. Unlike I-131, Y- 9 0
cannot be used for imaging; there f o re, I-111 is used
instead. In the Phase I/II studies, patients with a low-
grade histology had an overall response of 82% with 26%
CR and 56% partial re s p o n s e .108 

To better clarify its role, a subsequent Phase III trial was
conducted with 143 patients with relapsed CD20-positive
NHLs (small lymphocytic, follicular, and transformed) who
w e re randomized to receive either rituximab or ibritumomab
t i u x e t a n .109 The two treatment groups were similar with
respect to known prognostic factors. Ibritumomab tiuxetan
resulted in grade IV neutropenia in 32% of patients,
although only 7% re q u i red hospitalization for infection.
Grade IV thrombocytopenia occurred in 5%. Ibritumomab
tiuxetan was more active with an overall response rate of
80% versus 56% for rituximab (P=.002); with 34% CR/CRu
with the radioimmunoconjugate and 20% with the unconju-
gated antibody. Surprisingly, there was no diff e rence in the
median response duration (13.8+ and 15.5+ months). 

Both ibritumomab tiuxetan and tositumomab appear to
be highly effective in patients who have failed rituximab.
Witzig et al1 1 0 re p o rted on 54 patients re f r a c t o ry to 

rituximab. The overall response rate was 54% with 
15% CRs. The median duration of response of 7.7+ months
c o m p a red favorably with the 6.5 months following the prior
c h e m o t h e r a p y. The median time to pro g ression had not been
reached. Toxicities included a median absolute neutro p h i l
count nadir of 700/mm3 and platelets of 50,000/mm3.
H o rning et al1 1 1 t reated 21 patients with I-131 tositumomab,
most with a follicular grade I or II NHL. The overall
response rate was 57% with 14% CRs, lasting a median of
16 months. The median time to pro g ression for all patients
and for responding patients was 6 months and 19 months,
re s p e c t i v e l y. The median neutrophil nadir was 1,200/mm3,
and platelets were 90,000/mm3. The high salvage rate of 
rituximab failures with a radioimmunoconjugate and their
g reater toxicity supports the use of a radioimmunoconjugate
after rituximab therapy.

F u rther studies are need to better define the role of 
tositumomab and ibritumomab tiuxetan. Whether one or
the other would better serve a particular subpopulation
has yet to be determined. Longer follow-up is also needed
to assess impact on overall survival and long-term eff e c t s
including secondary malignancies and myelodysplastic
s y n d romes. It is also not yet known whether chemother-
apy can be delivered safely and effectively following
radioimmunoconjugate therapy.

ANTISENSE AGENTS 

Antisense bcl-2 Oligonucleotides
The bcl-2 protein results from the t(14;18) translocation

commonly found in NHL and associated with inhibition of
apoptosis. Attempts to down-regulate bcl-2 have led to
development of antisense bcl-2 oligonucleotides. Waters 
et al1 1 2 published their results of a Phase I trial of a bcl-2 
antisense agent in 17 patients with relapsed and re f r a c t o ry
indolent NHL. There was one CR and two minor re s p o n s e s .
Reduction in bcl-2 protein correlated with response. 
The drug was relatively well tolerated with dose-limiting
toxicities including thrombocytopenia, hypotension, fever,
and asthenia. This agent will likely have its greatest eff e c t
by sensitizing tumor cells to other therapies.

VACCINES
Several vaccine strategies are being evaluated for 

l y m p h o m a s .1 1 3 , 1 1 4 The most common are anti-idiotype 
vaccines, DNA vaccines, and those that use dendritic cells
to augment the host antitumor response. Randomized 
studies are ongoing.

STEM CELL TRANSPLANTATION
The experience with stem cell transplantation (SCT) for

low grade NHL is limited because of the older age of the
population, the relatively long natural history of the disease,
and the tendency for peripheral blood and bone marro w
involvement; also, most patients have already re c e i v e d
extensive prior therapy for their disease. The experience
with autologous SCT (ASCT) for low-grade NHL has 
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generally been disappointing with little indication for a
major impact on surv i v a l .1 1 5 - 1 1 8 The most favorable re s u l t s
have been re p o rted in highly selected cases. Serious com-
plications of ASCT for NHL include up to a 20% actuarial
risk of myelodysplastic syndrome and acute myelogenous
l e u k e m i a .1 1 9 - 1 2 2 The actuarial incidence at 10 years is almost
20%, and the outcome in these patients is extremely poor.
This therapy should only be given in a clinical re s e a rc h
trial. Ongoing studies are exploring the role of rituximab as
a potential in vivo purging agent.

T h e re are limited data available on the use of allogeneic
bone marrow transplant in indolent NHL. In an analysis of
81 patients from the International Bone Marrow Tr a n s p l a n t
R e g i s t ry,1 2 3 transplanted at a median age of 41 years, 
56% never achieved a CR; the projected survival at 3 years
was 46%, with 43% disease-free survival. The median 
follow-up was only 23 months. However, transplant-re l a t e d
m o rtality was 44%. Chemosensitivity prior to transplant was
the strongest predictor of outcome. Studies are ongoing to
d e t e rmine if a radioimmunoconjugate such as tositumomab
or ibritumomab tiuxetan can replace total body irr a d i a t i o n
in the bone marrow transplantation setting.1 0 7

When bone marrow transplant and ASCT are compare d ,
the long-term survival figures are relatively comparable;
ASCT is accompanied by a greater likelihood of dying fro m
disease re c u rrence, whereas bone marrow transplant
results in a high frequency of death from graft versus host
disease, infection, and veno-occlusive disease. On the
other hand, there may be some benefit from a moderate
amount of graft versus host disease in the form of graft 
versus lymphoma eff e c t.

P re l i m i n a ry data are promising for submyeloablative
S C T.1 2 4 , 1 2 5 The goal is to achieve immunosuppression with
m y e l o s u p p ression, but without myeloablation. Patients with
residual disease or mixed chimerism are then treated with
donor leukocyte infusions. This approach appears to be
most promising in patients with chemotherapy-re s p o n s i v e
disease and low tumor burden CLL and indolent NHL. 

CONCLUSIONS
We are clearly in a transition period in treating patients

with indolent NHL. Even within histologic types there is
marked clinical hetero g e n e i t y. New technologies such as
DNA micro a rray analysis, initially used for diffuse large 
B-cell lymphomas,1 2 6 a re currently being evaluated for 
low-grade lymphomas. The result might be the ability to
m o re accurately classify patients into prognostic subgro u p s
and to direct more targeted therapies.

We are fortunate to now have several new, unique
chemotherapy agents and, more import a n t l y, active 
monoclonal antibodies and radioimmunoconjugates.
N e v e rtheless, we are merely at the beginning of a new era,
with numerous important issues to be addressed. The role of
rituximab in relation to chemotherapy and the radioimmuno-
conjugates remains to be defined. A new paradigm—based
on data rather than intuition—will have to be developed 
for the treatment of lymphomas. Physicians should be

encouraged to enter their patients into clinical trials so that
we can continue to make pro g ress toward increasing the 
likelihood of cure in patients with indolent NHL.  
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