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significant differences in failure-free, progression-free and over-
all survival (OS) (Burton et al 2006). For the elderly patients, 
the three year OS for both chemotherapy regimens is around 
45% (Burton et al 2006).
Rituximab (R), an anti-CD20 monoclonal antibody (mAb), in 
combination with chemotherapy, has improved the outcome of 
DLBCL patients (Coiffier et al 2002; Habermann et al 2006; 
Pfreundschuh et al 2006). However, there is only one trial of 
the Mabthera International Trial Group (MInT) that evaluated 
the impact of rituximab in combination with CHOP-like regi-
mens (Pfreundschuh et al 2006). This trial assessed the role of 
rituximab in young patients, and the event-free survival (EFS) 
and OS were significantly increased. To our knowledge, there 
is no trial that evaluated the role of rituximab associated to 
PMitCEBO in older patients.
Among the different mechanisms of action assigned to rituximab, 
antibody dependent cellular cytotoxicity (ADCC) is believed to 
play the most important role in the B-cell killing effect of this 
anti-CD20 mAb (Renaudineau et al 2009). ADCC refers to the 
method used by effector cells (NK cells and monocytes) that 
express Fc gamma receptors (FcγR) to kill target cells coated 
by IgG. In rituximab’s case, it could be an IgG1 Kappa mAb 
(Shields et al 2001). Expressed by NK cells and monocytes, 
FcγRIIIa has polymorphic alleles that correspond to phenotypic 

Abstract. Introduction: The addition of rituximab to conventional chemotherapy has improved the treatment outcome in diffuse large B-cell 
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Introduction
Non-Hodgkin lymphomas (NHL) include an array of hetero-
geneous malignancies and the most common subset is diffuse 
large B-cell lymphoma (DLBCL), accounting for 30% to 40% 
of all NHL (Ahlgrimm et al 2011). DLBCL is a fast-growing 
and aggressive NHL, and its incidence has doubled over the 
past recent decades, with an increase that predominantly affects 
older patients (Fisher & Fisher 2004; Muller 2005). 
However, treating elderly patients for DLBCL presents sever-
al constraints, particularly the inability of this group to tolerate 
chemotherapy. Dosage reductions and shortening of the period 
of treatment are important characteristics of the regimens de-
veloped for treating elderly patients, and this is the case for the 
PMitCEBO regimen (prednisolone, mitoxantrone, cyclophos-
phamide, etoposide, bleomycin and vincristine), which is an 
acceptable alternative to CHOP (cyclophosphamide, doxoru-
bicin, vincristine and prednisolone), when the toxicity profile is 
preferable (Burton et al 2006). PMitCEBO has the advantage of 
containing about 30% less anthracycline than CHOP, an aspect 
relevant in elderly patients in whom the incidence of cardiac 
toxicity is higher. It is also given over a shorter treatment dura-
tion, induces less alopecia and less gastrointestinal disturbance 
(Burton et al 2006). In phase III trials, comparing CHOP, the 
standard treatment in DLBCL, with PMitCEBO, there were no 
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expression of valine (V) or phenylalanine (F) at position 158 
and can influence the binding of antibody (Dall’Ozzo et al 
2004; Stevenson 2014). The therapeutic efficacy is improved 
when effector cells are homozygous for FcγRIIIa-158V as dem-
onstrated in low grade NHL (Cartron et al 2002; Cornec et al 
2012). Regarding DLBCL patients treated with rituximab plus 
CHOP, the prognostic significance of phenotypical characters 
of FcɣRIIIa is subject of controversy (Fabisiewicz et al 2011; 
Kim et al 2006).The inconsistence is related to response to im-
munochemotherapy, but no study showed influence on survival 
(Kim et al 2006; Mitrovic et al 2007).
In this retrospective, single center study, our aim was to inves-
tigate if FcγRIIIa polymorphism has an impact on the therapeu-
tic response and survival data in DLBCL patients, aged over 65 
years and treated with R-PMitCEBO.

Material and methods
The cohort consisted of 39 patients, aged over 65 years, with 
newly diagnosed DLBCL according to the World Health 
Organization (WHO) classification (Swerdlow et al 2008) re-
ceiving R-PMitCEBO immunochemotherapy. Informed con-
sent was obtained from all patients and the Institutional Review 
Board of Brest University Medical School Hospital approved 
the study. The clinical files were reviewed with particular refer-
ence to age, gender, Ann Arbor stage, International Prognostic 
Index (IPI), response to treatment and survival. OS was deter-
mined by consideration of death events due to any reasons and 
event free survival (EFS), by consideration of death events, re-
lapses or disease progression that determined further treatment. 
Therapy response was evaluated by positron emission tomog-
raphy (PET) according to Cheson et al (2007) revised response 
criteria. All patients underwent PET examination after 3 cycles 
and at completion, at six cycles. Complete remission (CR) was 
considered when all evidence of disease disappeared, partial re-
mission (PR), when measurable disease regressed and no new 
PET positive sites appeared, progressive disease (PD), in case 
of new lesions or increase by  ≥ 50% of previously involved 
sites and stable disease (SD), when CR, PR or PD were not at-
tained. The patients were diagnosed between 2006 and 2011 
and median follow-up was 23 months. Pre-treatment clinical 
features of patients according to FcɣRIIIa polymorphisms are 
shown in Table 1. The patients were devised in two groups, VF/
VV and FF, according to FcɣRIIIa phenotype.
The BioSprint 15 DNA blood kit was used to extract genomic 
DNA from mononuclear cells isolated, according to manufacturer’s 
instructions (Qiagen, Valencia, CA). Polymorphisms were deter-
mined as previously described (Tempescul et al 2015) using allele-
specific polymerase chain reactions (PCRs) with one unmodified 
primer for FcγRIIIa-158V/F (ATATTTACAGAATGGCACAGG) 
and one  3 ′ locked nucle ic  ac id  modif ied  pr imer : 
GAAGACACATTTTTACTCCCAA+C for FcγRIIIa-158V ver-
sus CTCTGAAGACACATTTTTACTCCCAA+A for FcγRIIIa-
158F. Amplifications were performed in a 25μL reaction with 
100 nM dNTPs, 1.5 mM MgCl2, 2.5 units of Taq polymer-
ase (Thermo Fisher Scientific, Waltham, MA), 20 ng genomic 
DNA, and 200 nM of each primer. The first cycle consisted of 
5 min at 94°C followed by a first set of 5 cycles (30 s at 94°C, 
40 s at 61°C, and 60 s at 72°C) and a second set of 30 cycles 
(30 s at 94°C, 40 s at 56°C and 60 s at 72°C) with a final 8 min 

elongation phase at 72°C. The specificity of these PCRs was 
verified by direct sequencing of the DNA products.
Fisher’s test and t test were used to compare the two groups. OS 
and EFS were evaluated, using Kaplan-Meier analysis.

Results

Table 1. Participants demographic and clinical characteristics

There were no significant differences regarding age, gender, 
stage and IPI between the two groups. Although no significant 
influence of FcɣRIIIa polymorphisms on response to treatment 
was observed, the FF group was associated with a trend toward 
an inferior CR rate at the three months and six months PET ex-
aminations. At the end of immunochemotherapy, all the patients 
of the VV/VF group were in CR, but 4 (16%) of the patients 
from the FF group were in PR. Survival estimates showed no 
statistically significant differences in EFS and OS according to 
the genotype. EFS in the FF group was 71% (18 patients), vs. 
64% (9 patients) in the VF/VV group (p=0.12). OS was 67% 
(17 patients) vs 71% (10 patients) in the FF and VV/VF groups, 
respectively (p=0.16).

Discussion
Therapeutic response and survival data of patients with DLBCL 
have improved significantly over recent years, but there are some 
patients who do not respond well or progress despite therapy. 
IPI is widely used to determine patients’ prognosis but this score 
needs to be perfected (Sehn et al 2007). The level of CD20 ex-
pression on tumoral cells (McLaughlin et al 1998), low rituxi-
mab serum concentrations (Berinstein et al 1998), or the pre-
sence of high tumor burden (Coiffier et al 1998) may explain 
the lack of efficacy of rituximab in DLBCL patients. The caus-
es of treatment failure are unknown, but it has been previously 
suggested that polymorphisms of the FcɣRIIIa gene are asso-
ciated with the response to rituximab. This polymorphism was 
shown to be predictive for rituximab monotherapy in NHL and 
Waldenström macroglobulinemia (Cartron et al 2002; Treon et 
al 2005; Weng & Levy 2003), but not in chronic lymphocytic 
leukemia (Farag et al 2004).
The focus of our study was to search for associations between 
FcɣRIIIa polymorphisms and outcome of DLBCL patients, aged 
over 65 years, treated with R-PMitCEBO. To our knowledge there 
are five publications on the role of FcɣRIIIa polymorphisms in 
DLBCL treated with R-CHOP, from which only one study on 

Total (n=39) VV/VF (n=14) FF (n=25) 
Median age 76.35 (66-89)  79 (71-89)  76 (66-87)  
Sex Male/Female  11/28 3/11 8/17
Stage Ann Arbor 
I-II 10 (26%)  5 (36%)  5 (20%)  
III-IV 29 (74%)  9 (64%)  20 (80%)  
IPI
Low/Low 
intermediate 23 (70%) 14 (67%)  9 (75%)  

High/High 
intermediate 10 (30%) 7 (33%)  3 (25%)  
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Korean patients shows a significant association with the response 
to immunochemotherapy (Kim et al 2006). However, there are 
no studies on the elderly patients treated with R-PMitCEBO. Our 
data support the majority of the findings published on DLBCL 
R-CHOP treated patients by showing no interaction between 
FcɣRIIIa polymorphisms and treatment outcome. Although 
not significant, these analyses indicate a trend toward an un-
favorable outcome, regarding response to therapy and OS, for 
the FF group, under R-PMitCEBO therapy. This similar trend 
was reported for patients treated with R-CHOP in the largest 
study on the role of FcɣRIIIa polymorphisms, but even though 
the sample size was important, the differences in outcome did 
not reach significance (Ahlgrimm et al 2011). One possible ex-
planation is that polymorphisms in FcɣRs affect response only 
when patients are treated with rituximab monotherapy and not 
immunochemotherapy (Fabisiewicz et al 2011). This might be 
due to a main tumor cell killing mechanism other than ADCC, 
when rituximab is associated to cytotoxic agents.

Conclusion
Our study demonstrates no association between FcɣRIIIa poly-
morphisms and R-PMitCEBO treatment outcome suggesting 
that ADCC may not be the major mechanism of lymphoma cell 
killing on this group of patients. The new monoclonal antibod-
ies engineered to overcome the differences in binding of their 
Fc parts, due to polymorphisms, seem not to offer an important 
benefit for DLBCL patients treated with immunochemotherapy. 

References
Ahlgrimm M, Pfreundschuh M, Kreuz M, Regitz E, Preuss KD, 

Bittenbring J. The impact of Fc-gamma receptor polymorphisms 
in elderly patients with diffuse large B-cell lymphoma treated with 
CHOP with or without rituximab. Blood 2011;118(17):4657-4662. 
doi: 10.1182/blood-2011-04-346411

Berinstein NL, Grillo-Lopez AJ, White CA, Bence-Bruckler I, Maloney 
D, Czuczman M, et al. Association of serum Rituximab (IDEC-
C2B8) concentration and anti-tumor response in the treatment of 
recurrent low-grade or follicular non-Hodgkin’s lymphoma. Ann 
Oncol 1998;9(9):995-1001. 

Burton C, Linch D, Hoskin P, Milligan D, Dyer MJ, Hancock B, et al. 
A phase III trial comparing CHOP to PMitCEBO with or without 
G-CSF in patients aged 60 plus with aggressive non-Hodgkin’s lym-
phoma. Br J Cancer 2006;94(6):806-813. doi: 10.1038/sj.bjc.6602975

Cartron G, Dacheux L, Salles G, Solal-Celigny P, Bardos P, Colombat 
P, et al. Therapeutic activity of humanized anti-CD20 monoclonal 
antibody and polymorphism in IgG Fc receptor FcgammaRIIIa gene. 
Blood 2002;99(3):754-758.

Coiffier B, Haioun C, Ketterer N, Engert A, Tilly H, Ma D, et al. 
Rituximab (anti-CD20 monoclonal antibody) for the treatment of 
patients with relapsing or refractory aggressive lymphoma: a mul-
ticenter phase II study. Blood 1998;92(6):1927-1932.

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(4):235-242. doi: 10.1056/NEJMoa011795

Cornec D, Tempescul A, Querellou S, Hutin P, Pers JO, Jamin C, et al. 
Identification of patients with indolent B cell lymphoma sensitive 
to rituximab monotherapy. Ann Hematol 2012;91(5): 715-721. doi: 
10.1007/s00277-011-1369-y

Dall’Ozzo S, Tartas S, Paintaud G, Cartron G, Colombat P, Bardos P, 
et al. Rituximab-dependent cytotoxicity by natural killer cells: in-
fluence of FCGR3A polymorphism on the concentration-effect re-
lationship. Cancer Res 2004;64(13):4664-4669. doi: 10.1158/0008-
5472.CAN-03-2862

Fabisiewicz A, Paszkiewicz-Kozik E, Osowiecki M, Walewski J, 
Siedlecki JA. FcgammaRIIA and FcgammaRIIIA polymorphisms 
do not influence survival and response to rituximab, cyclophospha-
mide, doxorubicin, vincristine, and prednisone immunochemothera-
py in patients with diffuse large B-cell lymphoma. Leuk Lymphoma 
2011;52(8):1604-1606. doi: 10.3109/10428194.2011.574760

Farag SS, Flinn IW, Modali R, Lehman TA, Young D, Byrd JC. Fc 
gamma RIIIa and Fc gamma RIIa polymorphisms do not predict 
response to rituximab in B-cell chronic lymphocytic leukemia. 
Blood 2004;103(4):1472-1474. doi: 10.1182/blood-2003-07-2548

Fisher SG, Fisher RI. The epidemiology of non-Hodgkin’s lymphoma. 
Oncogene 2004;23(38):6524-6534. doi: 10.1038/sj.onc.1207843

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(19):3121-3127. doi: 10.1200/
JCO.2005.05.1003

Kim DH, Jung HD, Kim JG, Lee JJ, Yang DH, Park YH, et al. FCGR3A 
gene polymorphisms may correlate with response to frontline R-CHOP 
therapy for diffuse large B-cell lymphoma. Blood 2006;108(8):2720-
2725. doi: 10.1182/blood-2006-01-009480

McLaughlin P, Grillo-Lopez AJ, Link BK, Levy R, Czuczman MS, 
Williams ME, et al. Rituximab chimeric anti-CD20 monoclo-
nal antibody therapy for relapsed indolent lymphoma: half of pa-
tients respond to a four-dose treatment program. J Clin Oncol 
1998;16(8):2825-2833. 

Mitrovic Z, Aurer I, Radman I, Ajdukovic R, Sertic J, Labar B. 
FCgammaRIIIA and FCgammaRIIA polymorphisms are not asso-
ciated with response to rituximab and CHOP in patients with dif-
fuse large B-cell lymphoma. Haematologica 2007;92(7):998-999.

Muller AM. Epidemiology of non-Hodgkin’s lymphoma (NHL): trends, 
geographic distribution, and etiology. Ann Hematol 2005;84(1):1-
12. doi: 10.1007/s00277-004-0939-7

Pfreundschuh M, Trumper L, Osterborg A, Pettengell R, Trneny M, 
Imrie K, et al. CHOP-like chemotherapy plus rituximab versus 
CHOP-like chemotherapy alone in young patients with good-prog-
nosis diffuse large-B-cell lymphoma: a randomised controlled trial 
by the MabThera International Trial (MInT) Group. Lancet Oncol 
2006;7(5):379-391. doi: 10.1016/S1470-2045(06)70664-7

Renaudineau Y, Devauchelle-Pensec V, Hanrotel C, Pers JO, Saraux 
A, Youinou P. Monoclonal anti-CD20 antibodies: mechanisms 
of action and monitoring of biological effects. Joint Bone Spine 
2009;76(5):458-463. doi: 10.1016/j.jbspin.2009.03.010

Sehn LH, Berry B, Chhanabhai M, Fitzgerald C, Gill K, Hoskins P, et 
al. The revised International Prognostic Index (R-IPI) is a better pre-
dictor of outcome than the standard IPI for patients with diffuse large 
B-cell lymphoma treated with R-CHOP. Blood  2007;109(5):1857-
1861.doi: 10.1182/blood-2006-08-038257

Shields RL, Namenuk AK, Hong K, Meng YG, Rae J, Briggs J, et al. 
High resolution mapping of the binding site on human IgG1 for 
Fc gamma RI, Fc gamma RII, Fc gamma RIII, and FcRn and de-
sign of IgG1 variants with improved binding to the Fc gamma R. J 
Biol Chem 2001;276(9):6591-6604. doi: 10.1074/jbc.M009483200

Stevenson GT. Three major uncertainties in the antibody therapy of 
cancer. Haematologica 2014;99(10):1538-1546. doi: 10.3324/
haematol.2013.084640

Swerdlow SH, WHO Classification of Tumours of Haematopoietic and 
Lymphoid Tissues: International Agency for Research on Cancer 2008. 



Bagacean et al 2015

Volume 7 | Issue 4 Page 301 
HVM Bioflux

http://www.hvm.bioflux.com.ro/

Tempescul A, Bagacean C, Riou C, Bendaoud B, Hillion S, Debant M, 
et al. Ofatumumab capacity to deplete B cells from chronic lym-
phocytic leukaemia is affected by C4 complement exhaustion. Eur 
J Haematol  2015. doi: 10.1111/ejh.12573

Treon SP, Hansen M, Branagan AR, Verselis S, Emmanouilides C, 
Kimby E, et al. Polymorphisms in FcgammaRIIIA (CD16) recep-
tor expression are associated with clinical response to rituximab in 
Waldenstrom’s macroglobulinemia. J Clin Oncol 2005;23(3):474-
481. doi: 10.1200/JCO.2005.06.059

Weng WK, Levy R. Two immunoglobulin G fragment C receptor poly-
morphisms independently predict response to rituximab in patients 
with follicular lymphoma. J Clin Oncol 2003;21(21): 3940-3947. 
doi: 10.1200/JCO.2003.05.013

Acknowledgement
The authors acknowledge financial support from POSDRU 
grant no. 159/1.5/138776 titled: “Model colaborativ institution-
al pentru translatarea cercetarii stiintifice biomedicale in prac-
tica clinica” (Dr. Bagacean), Romanian National Authority for 
Scientific Research, CNCS - UEFISCDI project number PN-
II-ID-PCE-2012-4-0417 (Drs. Zdrenghea and Bagacean), and 
grant 1494 /2014 from the University of Medicine and Pharmacy 
Cluj (Dr. Zdrenghea). 

Authors
•Cristina Bagacean, “Iuliu Hatieganu” University of Medicine 
and Pharmacy, 8 Babes Street, 400012, Cluj-Napoca, Romania, 
e-mail: bagacean.cristina@umfcluj.ro

•Naelle Lombion, Hematology Department, Institute of Cancerology 
and Haematology, 2 Avenue Maréchal Foch, 29200, Brest, 
France, e-mail:naelle.lombion@chu-brest.fr

•Adrian Tempescul, Hematology Department, Institute of 
Cancerology and Haematology, 2 Avenue Maréchal Foch, 
29200, Brest, France, e-mail: adrian.tempescul@chu-brest.fr

•Jean-Christophe Ianotto, Hematology Department, Institute of 
Cancerology and Haematology, 2 Avenue Maréchal Foch, 29200 
Brest, France, e-mail: jean-christophe.ianotto@chu-brest.fr

•Christian Berthou, Hematology Department, Institute of 
Cancerology and Haematology, 2 Avenue Maréchal Foch, 
29200 Brest, France, e-mail: christian.berthou@chu-brest.fr

•Yves Reneaudineau, Research Unit INSERM ESPRI, ERI29/
EA2216 Immunotherapy and B CellDiseases, Réseau épi-
génétique et Réseau canaux ioniques du Cancéropôle Grand 
Ouest, Labex IGO, European University of Brittany, 2 Avenue 
Maréchal Foch, 29200 Brest, France, e-mail: yves.renaudineau@
univ-brest.fr

•Mihnea Zdrenghea, “Iuliu Hatieganu” University of Medicine 
and Pharmacy, 8 Babes Street, 400012, Cluj-Napoca, Romania

•“Prof. Dr. Ion Chiricuta” Institute of Oncology, 34-36 Republicii 
Street, 400015 Cluj-Napoca, Romania, e-mail: mzdrenghea@
umfcluj.ro

•Victor Cristea, “Iuliu Hatieganu” University of Medicine and 
Pharmacy, 8 Babes Street, 400012, Cluj-Napoca, Romania, e-
mail: victor.cristea@umfcluj.ro

Citation

Bagacean C, Lombion N, Tempescul A, Ianotto JC, Berthou C, Renaudineau Y, 
Zdrenghea M, Cristea V. Diffuse large B-cell lymphoma response to Rituximab-
PMitCEBO regimen is not predicted by FcγRIIIa158 polymorphism. HVM Bioflux 
2015;7(4):298-301. 

Editor Ştefan C. Vesa
Received 30 August 2015
Accepted 23 September 2015

Published Online 26 September 2015

Funding

POSDRU grant no. 159/1.5/138776 titled: “Model colaborativ institutional pentru 
translatarea cercetarii stiintifice biomedicale in practica clinica”, Romanian National 
Authority for Scientific Research, CNCS - UEFISCDI project number PN-II-ID-
PCE-2012-4-0417, and grant 1494 /2014 from the University of Medicine and 
Pharmacy Cluj

Conflicts/ 
Competing 

Interests
None reported


