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Abstract
Although the use of monoclonal antibodies as single agents has had a tremendous impact on the
care of patients with non-Hodgkin’s lymphoma (NHL), the greatest benefit has been generated by
the addition of monoclonal antibodies to conventional cytotoxic chemotherapy. Rituximab is the
monoclonal antibody responsible for all clinical improvement noted to date. The addition of
rituximab to cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) chemotherapy
(R-CHOP regimen) improves the response rate, progression-free survival (PFS), and overall
survival (OS) in diffuse large B-cell lymphoma (DLBCL). Adding rituximab to CHOP
chemotherapy improves response rates and PFS in mantle cell lymphoma (MCL). Finally, the
addition of rituximab to a variety of chemotherapy regimens improves the response rates, PFS,
and OS in follicular lymphoma (FL). Several other (epratuzumab, bevacizumab, alemtuzumab)
monoclonal antibody–chemotherapy combinations are currently under study in NHL. This review
will summarize the data supporting the addition of rituximab to chemotherapy in NHL and discuss
preliminary data regarding the use of other monoclonal antibodies in combination with
chemotherapy.

It is well established that combining rituximab (Rituxan, Genentech, South San Francisco,
CA) to most (perhaps all) chemotherapy regimens produces a major clinical benefit when
treating CD20+ B-cell lymphoma. Improvement in most efficacy end points, without added
toxicity, has been consistently demonstrated in most B-cell histologies. Exactly how this
benefit is achieved remains unclear. It is generally accepted that rituximab “sensitizes” the
cells to killing by chemotherapy. Whether this is a synergistic effect or an additive effect is
controversial. Limited preclinical data suggest a synergistic interaction.1 A proposed model
hypothesizes that rituximab binding to CD20 initiates a signal transduction pathway leading
to downregulation of interleukin-10 (IL-10) expression, which results in downregulation of
bcl-2 expression, increasing the cell’s sensitivity to cytotoxic therapy. Consistent with this
hypothesis, two studies suggest rituximab added to chemotherapy overcomes the negative
prognostic effect of bcl-2 overexpression.2–3 Whether there are different mechanisms and
differential sensitization dependent on the cytotoxic agent administered remains uncertain.

Rituximab Plus CHOP for Diffuse Large B-Cell Lymphoma
Three randomized clinical trials (RCT) and one population-based registry trial have shown a
significant improvement in cure rate when rituximab is added to cyclophosphamide,
doxorubicin, vincristine, and prednisone (CHOP, R-CHOP regimen) or CHOP-like
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chemotherapy.4–7 Two of the RCTs (Group d’Etude des Lymphomas de l’Adulte [GELA]
and E4494) were conducted in patients older than 60 years of age with advanced-stage
diffuse large B-cell lymphoma (DLBCL). In an update of the original GELA report, the 5-
year overall survival (OS) rate was 58% in patients who received rituximab plus CHOP (R-
CHOP) compared to 45% (P <.007) in those receiving CHOP.8 The US intergroup trial,
E4494, confirmed these results and demonstrated a 3-year OS of 67% in R-CHOP patients
compared to 58% (P = .05) in CHOP patients.6 No additional benefit for maintenance
rituximab after R-CHOP therapy was observed. The third RCT was conducted in patients
under the age of 60 who had one or fewer adverse prognostic factors.7 The chemotherapy
was either CHOP or cyclophosphamide, doxorubicin, vincristine, etoposide, and prednisone
(CHOEP). The estimated 3-year OS was 93% in the rituximab–chemotherapy patients
compared to 84% (P = .0001) in the chemotherapy-alone patients. Population-based
analysis, performed in the province of British Columbia, revealed a marked improvement in
2-year OS after the introduction of R-CHOP therapy: 78% versus 52% (P <.0001). In
summary, these studies show that the addition of rituximab to CHOP chemotherapy
improved the OS in the three RCTs by 9% to 13% in absolute terms (Table 1). Since OS can
be influenced by factors unrelated to the treatment under investigation (such as the
effectiveness of salvage regimens), progression-free survival (PFS) is considered a better
end point for evaluating the efficacy of a regimen. When analyzed by PFS, the impact of
rituximab is even more striking, with absolute improvements ranging from 13% to 24%
(Table 1).

Rituximab Plus CHOP for Mantle Cell Lymphoma
Only one relatively small RCT has compared R-CHOP to CHOP in previously untreated
mantle cell lymphoma (MCL).9 The impact of rituximab appears to be less dramatic in this
disease compared with DLBCL and follicular lymphoma (FL), as no improvement in OS
was demonstrated. R-CHOP was superior to CHOP in terms of overall response rate (94% v
75%), complete response rate (34% v 7%) and median time to treatment failure (21 months v
14 months). All differences were statistically significant. No additional toxicity was noted
with the addition of rituximab.

Rituximab Plus Chemotherapy for Follicular Lymphoma
Previous clinical trials incorporating anthracyclines or autologous stem cell transplantation
as part of first-line therapy in FL were able to demonstrate improved PFS but failed to
improve the OS. Since these strategies were associated with increased toxicity, the tradeoff
did not seem justified and these approaches have not been routinely adopted. However, after
the introduction of rituximab, major improvements in PFS without increased toxicity were
demonstrated in frontline RCTs, and the incorporation of rituximab was widely adopted.
With longer follow-up, somewhat surprisingly, four of these RCTs have now demonstrated a
small but statistically significant improvement in OS favoring the addition of rituximab to
frontline chemotherapy.10–13 That the improvement in OS represents a major milestone in
the management of FL is a testament to the contribution of rituximab (Table 2).

The first published study to show an impact on OS was published by the German Low-
Grade Lymphoma Study Group.10 In this trial, rituximab was added lo standard CHOP
chemotherapy. Responding patients went on to receive either autologous stem cell
transplantation or interferon maintenance therapy. The estimated probability of survival at 2
years was 95% for R-CHOP patients and 90% for CHOP patients. Because the absolute
difference was small and the study follow-up short, and due lo the potential confounding
effects of the post remission therapy, many investigators were initially skeptical regarding
the reported OS advantage. This skepticism soon dissipated.
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Reported at the 2006 American Society of Clinical Oncology meeting was the second RCT
demonstrating an OS advantage for the inclusion of rituximab.11 This study, FL2000, was a
combined effort from the GELA and the Groupe Ouest Est des Leucemies et Autres
Maladies du Sang (GOELAMS) study groups. Rituximab was added to the
cyclophosphamide, doxorubicin, vindesine, and prednisone (CHVP) chemotherapy regimen
and with 3.5 years of follow up, major improvements in PFS and OS were noted in the
rituximab-containing chemotherapy arm. Six months later, at the 2006 American Society of
Hematology meetings, two additional RCTs were reported, each demonstrating improved
OS when rituximab was combined with first-line chemotherapy. The first was an update of a
previously published international trial where rituximab was added to the
cyclophosphamide, vincristine, and prednisone (CVP) chemotherapy regimen. The update
revealed an improved 4-year OS (77% v 83%, P <.05). At the same meeting came a report
from the East German Study Group Hematology and Oncology. In this study, rituximab
added to the mitoxantrone, chlorambucil, prednisolone (MCP) regimen resulted in
significant improvement in the 4-year OS (74% v 87%, P <.05). The differences in PFS in
all four trials are even more striking (Table 2).

Based on these data, it is clear that rituximab added to chemotherapy provides major clinical
benefit in the frontline treatment of FL. It is not clear if there is an “optimal” chemotherapy
regimen to combine with rituximab, and for now the choice of chemotherapy will depend on
physician preference and patient-specific factors. It is important to point out that eligibility
for each of the four clinical trials required some features indicating necessity of therapy. The
exact criteria varied from study to study, but the patients could not be considered candidates
for a “watch and wait” approach. Therefore, at the present time we do not know if these data
indicating an OS advantage for rituximab–chemotherapy can be extrapolated to the low
tumor burden population.

Epratuzumab
Epratuzumab (Immunomedics, Morris Plains, NJ) is a humanized monoclonal antibody of
the IgG1 subclass, directed against CD22, a B-cell specific antigen. CD22 is a 135-kd
membrane sialoglycoprotein that is expressed on pre-B and mature B cells, and expression is
lost upon maturation to plasma cells.14 The exact role of the CD22 antigen is unclear, but it
appears to be involved in cell adhesion and regulation of B-cell activation. Since it is
lineage-restricted and present on most B-cell lymphomas (~85% of DLBCLs), it is an
attractive target for antibody-based therapy. After binding epratuzumab, CD22 is rapidly
internalized. Cell death does not appear to be mediated by complement, but modest
antibody-dependent cellular cytotoxicity and direct killing effects have been demonstrated.
14–15 Epratuzumab is somewhat less potent than rituximab at inducing B-cell depletion. As
a single agent, it has demonstrated a favorable safety profile and modest efficacy in both
indolent and aggressive NHL.16,17 Infusional toxicity appears to be less than that seen with
rituximab and the efficacy was enhanced when combined with rituximab.18,19

There is one published pilot study evaluating the addition of epratuzumab to standard
chemotherapy in untreated DLBCL.20 Fifteen patients received R-CHOP plus epratuzumab
at a dose of 360 mg/m2 on day 1 of each 21-day cycle. The primary end point was the
incidence of grade 4 neutropenia and grade 3 or 4 antibody infusional toxicity. The
secondary end points included traditional measures of efficacy. The regimen proved to be
feasible and safe. No grade 3 or 4 infusional toxicities were noted. Grade 4 neutropenia was
reported in 30% of treatment cycles and three patients developed grade 3 or greater infection
or fever. The overall response rate (ORR) was 87% (13/15) and the 2-year PFS and OS rates
were both 86%. Based on these interesting results, a multicenter phase II study has been
initiated by the North Central Cancer Treatment Group (NCCTG).
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Bevacizumab
Bevacizumab (Avastin, Genentech) is a humanized monoclonal antibody directed against
vascular endothelial growth factor (VEGF).21,22 Targeting angiogenesis has long been a
desired strategy in solid tumors and despite bevacizumab’s lack of appreciable single-agent
activity, it enhances the efficacy of standard chemotherapy in several settings. There is
evidence that angiogenesis may be a rational target in certain lymphomas. Serum
concentrations of VEGF have been shown to be a predictor of poor outcome in patients with
NHL.23 Gene expression profiling revealed the VEGF gene to be over-expressed in
activated B-cell–like DLBCL relative to germinal center–like DLBCL.24 Additionally,
lymphoma patients with high expression of VEGF were shown to be less likely to respond to
standard chemotherapy.25

A pilot study evaluating the addition of bevacizumab to the R-CHOP regimen in DLBCL
has been published.26 Bevacizumab was administered at a dose of 15 mg/kg intravenously
on day 1 of each R-CHOP cycle, repeating every 21 days for eight cycles. The goal of the
study was to obtain preliminary data on safety and efficacy. Thirteen patients, median age of
49 years (range, 26–63), were enrolled. Eight patients had stage 4 disease and nine patients
had an elevated lactate dehydrogenase (LDH), suggesting this was a relatively high-risk
group. Notable toxicities included four central line infections, two central line thromboses,
one elevated transaminase, two episodes of transient hypertension, two episodes of febrile
neutropenia, and one herpes simplex esophagitis. The ORR was 85% and the 1-year PFS
was 77%. Plasma VEGF levels were higher in the two nonresponders compared to
responders. Bevacizumab and rituximab levels were measured and the results suggested that
combining the two monoclonal antibodies in the same regimen had no effect on the
predicted pharmacokinetics.

There are at least three multicenter trials further evaluating the role of bevacizumab in the
treatment of aggressive NHL. The Eastern Cooperative Oncology Group is conducting a
phase II trial of bevacizumab combined with CHOP chemotherapy for untreated peripheral
T-cell lymphoma (PTCL). The Southwest Oncology Group is conducting a phase II trial of
bevacizumab combined with R-CHOP for untreated DLBCL. Finally, an international RCT
is underway, comparing R-CHOP to bevacizumab plus R-CHOP for untreated DLBCL.

Alemtuzumab
Alemtuzumab (Campaih-1H, Bayer, Wayne, NJ) is a humanized IgG1monoclonal antibody
that is approved for use in fludarabine-refractory chronic lymphocytic leukemia. It targets
the CD52 antigen, which is present on normal B cells, T cells, monocytes, and macrophages.
CD52 is expressed on most lymphoid malignancies, although to varying degrees. Expression
is highest in T-prolymphocytic leukemia (T-PLL) and the expression in PTCL is present in
approximately 50% of cases.27 Despite the inconsistent expression of CD52 in PTCL, there
has been interest in studying alemtuzumab in this disease group. This interest can be
explained partly by the lack of other commercially available monoclonal antibodies
available for study in PTCL and partly by the poor results in PTCL with standard therapies.

The Gruppo Italiano Terapie Innovative nei Linfomi (GITIL) has completed a multicenter
prospective clinical trial evaluating the safety and efficacy of alemtuzumab added to the
CHOP chemotherapy regimen for untreated PTCL.28 Eligible patients received standard
CHOP chemotherapy for eight cycles with 30 mg alemtuzumab administered
subcutaneously on day – 1 of each cycle. Twenty-four patients, median age 52 years (range,
28–69), were enrolled. Histologic subtypes included PTCL unspecified (n = 14),
angioimmunoblastic T-cell lymphoma (n = 6), anaplastic large cell lymphoma–ALK-
negative (n = 3), and enteropathy-associated T-cell lymphoma (n = 1). The ORR was 71%
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and the 2-year FFS was 48%. The investigators interpreted these outcomes as an
improvement over standard CHOP therapy. However, the toxicities of the CHOP plus
alemtuzumab regimen were considerable. Major infections included two instances of
invasive aspergillosis, two instances of bacterial sepsis, two instances of bacterial
pneumonia, one instance of Pneumocystis carinii pneumonia, one instance of J-C viral
encephalitis, and one instance of suspected tuberculosis. RCTs are underway comparing
CHOP to CHOP plus alemtuzumab in PTCL. Administration of this regimen outside of a
clinical trial is not recommended at this time.

Summary
Rituximab’s greatest impact on patient outcome is demonstrated when it is combined with
conventional chemotherapy. The addition of rituximab to CHOP chemotherapy has
improved the cure rate in DLBCL by 13% to 24% in absolute terms. Rituximab combined
with chemotherapy improves the OS in FL, an end point no other previous therapy had been
able to influence. Because of the remarkable therapeutic advances noted with these
combinations, there is great interest in combining other monoclonal antibodies with
chemotherapy. Additional study and time will tell if other antibody–chemotherapy
combinations are able to further improve outcomes in NHL.

References
1. Alas S, Emmanouilides C, Bonavida B. Inhibition of interleukin 10 by rituximab results in down-

regulation of bcl-2 and sensitization of B-cell non-Hodgkin’s lymphoma to apoptosis. Clin Cancer
Res 2001;7:709–723. [PubMed: 11297268]

2. Mounier N, Briere J, Gisselbrecht C, Emile JF, Lederlin P, Sebban C, et al. Rituximab plus CHOP
(R-CHOP) overcomes bcl-2-associated resistance to chemotherapy in elderly patients with diffuse
large B-cell lymphoma (DLBCL). Blood 2003;101:4279–4284. [PubMed: 12576316]

3. Wilson KS, Sehn LH, Berry B, Chhanabhai M, Fitzgerald CA, Gill KK, et al. CHOP-R therapy
overcomes the adverse prognostic influence of BCL-2 expression in diffuse large B-cell lymphoma.
Leuk Lymphoma 2007;48:1102–1109. [PubMed: 17577773]

4. Coiffier B, Lepage E, Briere J, Herbrecht R, Tilly H, Bouabdallah R, et al. CHOP chemotherapy
plus rituximab compared with CHOP alone in elderly patients with diffuse large-B-cell lymphoma.
N Engl J Med 2002;346:235–242. [PubMed: 11807147]

5. Sehn LH, Donaldson J, Chhanabhai M, Fitzgerald C, Gill K, Klasa R, et al. Introduction of
combined CHOP plus rituximab therapy dramatically improved outcome of diffuse large B-cell
lymphoma in British Columbia. J Clin Oncol 2005;23:5027–5033. [PubMed: 15955905]

6. Habermann TM, Weller EA, Morrison VA, Gascoyne RD, Cassileth PA, Cohn JB, et al. Rituximab-
CHOP versus CHOP alone or with maintenance rituximab in older patients with diffuse large B-cell
lymphoma. J Clin Oncol 2006;24:3121–3127. [PubMed: 16754935]

7. Pfreundschuh M, Trumper L, Osterhorg A, Pettengell R, Trneny M, Imrie K, et al. CHOP-like
chemotherapy plus rituximab versus CHOP-like chemotherapy alone in young patients with good-
prognosis diffuse large-B-cell lymphoma: A randomised controlled trial by the MabThera
International Trial (MInT) group. Lancet Oncol 2006;7:379–391. [PubMed: 16648042]

8. Feugier P, Van Hoof A, Sebban C, Solal-Celigny P, Bouabdallah R, Ferme C, et al. Long-term
results of the R-CHOP study in the treatment of elderly patients with diffuse large B-cell
lymphoma: A study by the Groupe d’Etude des Lymphomes de l’Adulte. J Clin Oncol
2005;23:4117–4126. [PubMed: 15867204]

9. Lenz G, Dreyling M, Hoster E, Wormann B, Duhrsen U, Metzner B, et al. Immunochemotherapy
with rituximab and cyclophosphamide, doxorubicin, vincristine, and prednisone significantly
improves response and time to treatment failure, but not long-term outcome in patients with
previously untreated mantle cell lymphoma: Results of a prospective randomized trial of the
German Low Grade Lymphoma Study Group (GLSG). J Clin Oncol 2005;23:1984–1992. [PubMed:
15668467]

Kahl Page 5

Semin Hematol. Author manuscript; available in PMC 2010 August 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



10. Hiddemann W, Kneba M, Dreyling M, Schmitz N, Lengfelder E, Schmits R, et al. Frontline
therapy with rituximab added to the combination of cyclophosphamide, doxorubicin, vincristine,
and prednisone (CHOP) significantly improves the outcome for patients with advanced-stage
follicular lymphoma compared with therapy with CHOP alone: Results of a prospective
randomized study of the German Low-Grade Lymphoma Study Group. Blood 2005;106:3725–
3732. [PubMed: 16123223]

11. Foussard C, Mounier N, Van Hoof A, Delwail V, Casasnovas RO, Deconinck E, et al. Update of
the FL2000 randomized trial combining rituximab to CHVP-interferon in follicular lymphoma
patients. J Clin Oncol 2006;24:424s.

12. Mabthera (rituximab) plus cyclophosphamide, vincristine, and prednisone (CVP). Blood
2006;108:146a.

13. Herold M, Haas A, Srock S, Neser S, Al Ali K, Neubauer A, et al. Addition of rituximab to first
line MCP (mitoxantrone, chlorambucil, prednisolone) chemotherapy prolongs survival in
advanced follicular lymphoma—4 year follow up of a phase III trial of the East German Study
Group Hematology and Oncology. Blood 2006;108:147a.

14. Carnahan J, Wang P, Kendall R, Chen C, Hu S, Boone T, et al. Epratuzumab, a humanized
monoclonal antibody targeting CD22: Characterization of in vitro properties. Clin Cancer Res
2003;9:3982S–3990S. [PubMed: 14506197]

15. Carnahan J, Stein R, Qu Z, Hess K, Cesano A, Hansen HJ, et al. Epratuzumab, a CD22-targeting
recombinant humanized antibody wit a different mode of action from rituximab. Mol Immunol
2007;44:1331–1341. [PubMed: 16814387]

16. Leonard JP, Coleman M, Ketas JC, Chadburn A, Ely S, Furman RR, et al. Phase I/II trial of
epratuzumab (humanized anti-CD22 antibody) in indolent non-Hodgkin’s lymphoma. J Clin Oncol
2003;21:3051–3059. [PubMed: 12837807]

17. Leonard JP, Coleman M, Ketas JC, Chadburn A, Furman R, Schuster MW, et al. Epratuzumab, a
humanized anti-CD22 antibody, in aggressive non-Hodgkin’s lymphoma: Phase I/II clinical trial
results. Clin Cancer Res 2004;10:5327–5334. [PubMed: 15328168]

18. Leonard JP, Coleman M, Ketas J, Ashe M, Fiore JM, Furman RR, et al. Combination antibody
therapy with epratuzumab and rituximab in relapsed or refractory non-Hodgkin’s lymphoma. J
Clin Oncol 2005;23:5044–5051. [PubMed: 15955901]

19. Strauss SJ, Morschhauser F, Rech J, Repp R, Solal-Celigny P, Zinzani PL, et al. Multicenter phase
II trial of immunotherapy with the humanized anti-CD22 antibody, epratuzumab, in combination
with rituximab, in refractory or recurrent non-Hodgkin’s lymphoma. J Clin Oncol 2006;24:3880–
3886. [PubMed: 16864854]

20. Micallef IN, Kahl BS, Maurer MJ, Dogan A, Ansell SM, Colgan JP, et al. A pilot study of
epratuzumab and rituximab in combination with cyclophosphamide, doxorubicin, vincristine, and
prednisone chemotherapy in patients with previously untreated, diffuse large B-cell lymphoma.
Cancer 2006;107:2826–2832. [PubMed: 17099879]

21. Presta LG, Chen H, O’Connor SJ, Chisholm V, Meng YG, Krummen L, et al. Humanization of an
anti-vascular endothelial growth factor monoclonal antibody for the therapy of solid tumors and
other disorders. Cancer Res 1997;57:4593–4599. [PubMed: 9377574]

22. Ryan AM, Eppler DB, Hagler KE, Bruner RH, Thomford PJ, Hall RL, et al. Preclinical safety
evaluation of rhuMAbVEGF, an antiangiogenic humanized monoclonal antibody. Toxicologic
pathology 1999;27:78–86. [PubMed: 10367678]

23. Salven P, Manpaa H, Orpana A, Alitalo K, Joensuu H. Serum vascular endothelial growth factor is
often elevated in disseminated cancer. Clin Cancer Res 1997;3:647–651. [PubMed: 9815732]

24. Lossos IS, Alizadeh AA, Eisen MB, Chan WC, Brown PO, Botstein D, et al. Ongoing
immunoglobulin somatic mutation in germinal center B cell-like but not in activated B cell-like
diffuse large cell lymphomas. Proc Natl Acad Sci U S A 2000;97:10209–10213. [PubMed:
10954754]

25. Hazar B, Paydas S, Zorludemir S, Sahin B, Tuncer l. Prognostic significance of microvessel
density and vascular endothelial growth factor (VEGF) expression in non-Hodgkin’s lymphoma.
Leuk Lymphoma 2003;44:2089–2093. [PubMed: 14959852]

Kahl Page 6

Semin Hematol. Author manuscript; available in PMC 2010 August 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



26. Ganjoo KN, An CS, Robertson MJ, Gordon LI, Sen JA, Weisenbach J, et al. Rituximab,
bevacizumab and CHOP (RA-CHOP) in untreated diffuse large B-cell lymphoma: Safety,
biomarker and pharmacokinetic analysis. Leuk Lymphoma 2006;47:998–1005. [PubMed:
16840188]

27. Rodig SJ, Abramson JS, Pinkus GS, Treon SP, Dorfman DM, Dong HY, et al. Heterogeneous
CD52 expression among hematologic neoplasms: Implications for the use of alemtuzumab
(CAMPATH-1H). Clin Cancer Res 2006;12:7174–7179. [PubMed: 17145843]

28. Gallamini A, Zaja F, Patti C, Billio A, Specchia MR, Tucci A, et al. Alemtuzumab (Campath-1H)
and CHOP chemotherapy as first-line treatment of peripheral T-cell lymphoma: Results of a
GITIL (Gruppo Italiano Terapie Innovative nei Linfomi) prospective multicenter trial. Blood
2007;110:2316–2323. [PubMed: 17581918]

Kahl Page 7

Semin Hematol. Author manuscript; available in PMC 2010 August 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kahl Page 8

Ta
bl

e 
1

Pu
bl

is
he

d 
Tr

ia
ls

 C
om

pa
rin

g 
R

itu
xi

m
ab

 P
lu

s C
H

O
P 

to
 C

H
O

P 
fo

r P
at

ie
nt

s w
ith

 D
LB

C
L

St
ud

y 
G

ro
up

St
ud

y 
T

yp
e

N
Fo

llo
w

-u
p

PF
S

O
S

R
-C

H
O

P
C

H
O

P
R

-C
H

O
P

C
H

O
P

B
C

C
A

5
R

eg
is

try
29

2
2y

r
68

%
51

%
78

%
52

%

U
S 

in
te

rg
ro

up
6

R
C

T
63

2
3y

r
52

%
39

%
67

%
58

%

In
te

rn
at

io
na

l7
R

C
T

82
4

3y
r

79
%

59
%

93
%

84
%

G
EL

A
8

R
C

T
39

9
5y

r
54

%
30

%
58

%
45

%

N
O

TE
. A

ll 
di

ff
er

en
ce

s i
n 

PF
S 

an
d 

O
S 

ar
e 

st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
 a

t t
he

 .0
5 

le
ve

l.

A
bb

re
vi

at
io

ns
: B

C
C

A
, B

rit
is

h 
C

ol
um

bi
a 

C
an

ce
r A

ge
nc

y;
 G

EL
A

, G
ro

up
 d

’E
tu

de
 d

es
 L

ym
ph

om
as

 d
e 

I’
A

du
lte

.

Semin Hematol. Author manuscript; available in PMC 2010 August 10.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kahl Page 9

Ta
bl

e 
2

R
an

do
m

iz
ed

 C
lin

ic
al

 T
ria

ls
 C

om
pa

rin
g 

R
itu

xi
m

ab
 P

lu
s C

he
m

ot
he

ra
py

 to
 C

he
m

ot
he

ra
py

 A
lo

ne
 fo

r U
nt

re
at

ed
 F

ol
lic

ul
ar

 L
ym

ph
om

a

St
ud

y 
G

ro
up

R
eg

im
en

N
Fo

llo
w

-u
p

PF
S

O
S

R
-C

he
m

o
C

he
m

o
R

-C
he

m
o

C
he

m
o

G
LS

G
10

C
H

O
P

42
8

2 
ye

ar
82

%
64

%
95

%
90

%

G
EL

A
-G

O
EL

A
M

S1
1

C
H

V
P-

IF
N

35
8

3.
5 

ye
ar

67
%

46
%

91
%

84
%

In
te

rn
at

io
na

l1
2

C
V

P
32

1
4 

ye
ar

54
%

17
%

83
%

77
%

O
SH

O
13

M
C

P
20

1
4 

ye
ar

71
%

40
%

87
%

74
%

N
O

TE
. A

ll 
di

ff
er

en
ce

s i
n 

PF
S 

an
d 

O
S 

ar
e 

st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
 a

t t
he

 .0
5 

le
ve

l.

A
bb

re
vi

at
io

ns
: C

he
m

o,
 c

he
m

ot
he

ra
py

; R
, r

itu
xi

m
ab

; G
LS

G
, G

er
m

an
 L

ow
 G

ra
de

 L
ym

ph
om

a 
St

ud
y 

G
ro

up
; G

EL
A

, G
ro

up
 d

’E
tu

de
 d

es
 L

ym
ph

om
as

 d
e 

I’
A

du
lte

; G
O

EL
A

M
S,

 G
ro

up
e 

O
ue

st
 E

st
 d

es
Le

uc
em

ie
s e

t A
ut

re
s M

al
ad

ie
s d

u 
Sa

ng
; O

SH
O

, E
as

t G
er

m
an

 S
tu

dy
 G

ro
up

 H
em

at
ol

og
y 

an
d 

on
co

lo
gy

.

Semin Hematol. Author manuscript; available in PMC 2010 August 10.


