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Abstract

Rituximab is a chimeric monoclonal antibody that specifically targets the CD20 surface

marker expressed in neoplastic B-lymphoid cells. It’s used, combined with

chemotherapy or alone in maintenance/consolidation, in the treatment of Non- Hodgkin

Lymphoma (NHL). The role of a polymorphism in a specific Fc gamma receptor –

FcγRIIa - gene in the clinical outcome of patients with NHL was investigated in this

study. We characterized DNA samples from 64 Non-Hodgkin Lymphoma patients

treated with rituximab using a Polymerase Chain Reaction – Restriction Fragment

Length Polymorphism (PCR-RFLP) method. The FcγRIIa HH genotype was

significantly correlated with complete response to rituximab compared to R allele

(p=0.028). In terms of overall or event-free survival, no difference was found according

to FcγRIIa alleles. We hypothesize that HH genotype increases affinity of FcγRIIa

receptor not only for naturally occurring IgG2 but also ameliorate connection with

chimeric IgG1 rituximab, contributing to a genetic individual profile of great interest in

clinical Onco-Haematology.
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Introduction

Non-Hodgkin Lymphoma (NHL) is a heterogeneous group of malignancies of the

lymphoid system. The incidence of NHL is increasing worldwide, predominantly in

developed countries, affecting more males and older individuals. In Europe, there are

121.200 new cases every year and NHL is the 7th more frequent cancer, causing

approximately 65.200 deaths per year in the European Union [1]. B-cell lymphomas

account for approximately 90% of all NHL and the two most common histological

disease entities are follicular lymphoma and diffuse large B-cell lymphoma [2].

Treatment of these diseases is based on the histology and extent of disease. Lymphomas

can be clinically classified as indolent or aggressive which corresponds broadly to

histological classification of low grade and high grade lymphomas. Mantle cell

lymphoma – a histological low grade lymphoma - has an aggressive behaviour and it is

usually considered an aggressive lymphoma. Indolent lymphomas have a median

survival of up to 10 years; early stages may be treated and “cure” with radiation

therapy; advanced stages are characterized by treatment responses followed by relapses.

Aggressive lymphomas have a rapid disease progression, but 30-70% can be cured with

combination chemotherapy [2]. Patients with chemoresistant disease or whose disease

relapses should be treated with novel therapies [3].

NHL represents an appropriate form of cancer to target with immunotherapeutic

modalities. In particular, B-cell lymphomas, express a differentiation marker on cell

surface designated CD20, which is involved in the regulation of B-cell activation [4].

Rituximab is a chimeric IgG1 monoclonal antibody that specifically recognizes the

CD20 marker present in the majority of NHL [5]. It was the first monoclonal antibody

approved in oncology and it’s used nowadays in chemotherapy-resistant or relapsed
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NHL and in first-line therapy, maintenance/consolidation therapy or in stem cell

transplantation procedures [6].

The mechanism of action of rituximab has not been clearly defined. Some authors

suggested that it is able to prevent chemotherapy failure, having a synergistic activity

with chemotherapy [7]. Others postulated three mechanisms of action for rituximab,

including complement mediated cytotoxicity (CDC), antibody-dependent cellular

cytotoxicity (ADCC) and stimulation of apoptosis pathway [8, 9]. A rapid elimination

of circulating B-cells was observed in vivo in all human disease status in which

rituximab has been given in patients with NHL, supporting its clinical effectiveness

[10].

There is increasing evidence that the Fc (crystallisable fragment) of the monoclonal

antibody rituximab is the major component of its therapeutic activity through binding

Fc gamma receptors (FcγR) expressed by effector cells [11]. Polymorphisms in FcγR

genes have been associated with anti-tumour efficacy as this heterogeneous family of

receptors plays a critical role in immunity by linking the humoral to the cellular

responses [12]. FcγR are expressed on a wide variety of cells, including B lymphocytes,

dendritic cells, macrophages, monocytes, natural kill (NK) cells, neutrophils and mast

cells. [12].

Currently there have been described three classes of FcγR: the high-affinity FcγRI,

capable of binding monomeric IgG; and the low-affinity FcγRII and FcγRIII which

interact preferentially with complexed IgG [13]. In humans, there are variants of

subclasses FcγRIIa and FcγRIIIa (131H/R and 158V/F, respectively) with different

affinity to immune complexes due to mutations in or near the IgG-binding site [14]. A

single nucleotide polymorphism (SNP) at codon 131 of the FcγRIIa gene encodes either
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a histidine (H) or an arginine (R). A similar exchange occurs at codon 158 of the

FcγRIIIa gene encoding either a valine (V) or a phenylalanine (F) [15].

Pharmacogenomic studies aim to elucidate the genetic bases for interindividual

differences and use such genetic information to predict the efficacy, response rate and

safety of a selected drug [16-19]. To date, the prognostic value of FcγR polymorphisms

as markers to predict treatment outcome in NHL is still being studied [20-22]. In the

present study we analysed FcγRIIa SNP in the genomic DNA isolated from peripheral

blood of patients with NHL who have undergone immunotherapy with rituximab. Our

goal was to determine whether there is any correlation between FcγRIIa polymorphisms

and clinical features of patients with NHL.



7

Patients and Methods

The present study involved the genotypic analysis of 64 patients with NHL admitted

and treated in the Onco-Haematology Department (COV) of the Portuguese Institute of

Oncology, Porto, Portugal. The patients were grouped according to clinical behaviour of

the tumour in two main groups: indolent and aggressive lymphomas. The group

containing indolent lymphomas included patients with follicular lymphoma and one

with lymphoplasmacytic lymphoma, whereas the group of patients with aggressive

lymphomas included mantle cell lymphoma, diffuse large B-cell lymphoma and Burkitt

lymphoma. The Ann Arbor Staging Classification was used to classify clinical staging

[23]. This classification system combined with age, number of extranodal or nodal sites,

Eastern Cooperative Oncology Group (ECOG) classification, Lactate Dehydrogenase

(LDH) levels and haemoglobin levels was used to define prognostic groups according to

International Prognostic Index (IPI) and Follicular Lymphoma International Prognostic

Index (FLIPI) [24, 25].

The baseline characteristics of the patients are summarized in Table 1. Overall, among

64 patients, with a median age at diagnosis of 55 years (range 21-83), 31 are females

and 33 are males. Thirty-one patients (48.4%) presented indolent NHL and 33 (51.6%)

presented aggressive NHL. Follicular lymphoma and diffuse large B-cell lymphoma are

the most common histological entities with 30 (46.9%) and 25 patients (39.1%),

respectively, what is also observed in other population studies.

All patients were submitted to immunotherapy with monoclonal antibody rituximab in

combination with chemotherapy schemes as CHOP, ESHAP, HCVAD, MINE, TT,

DHAP, FC, FND or alone in maintenance/consolidation from May 1999 to July 2005,

in first or subsequent lines. The response to therapeutics with rituximab was evaluated
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according to physical examination and computed tomography images. Responses were

scored according to International Working Group Consensus [26].

Genotype analysis

Blood samples were obtained with the informed consent of the participants prior to their

inclusion in the study. They were collected in EDTA-containing tubes. DNA was

extracted from white blood fraction from each subject by a salting-out procedure [27].

FcγRIIa genotypes were determined based on polymerase chain reaction (PCR) method

adapted from a previously established protocol [28]. The PCR primers for the FcγRIIa

gene at loci 131 were 5’GGAAAATCCCAGAAATTCTCGC3’ and 5’CAACAGCCT

GACTACCTATTAC GCGGG3’. The amplification was performed in a final volume of

50μl reaction volume containing 2 μg of genomic DNA, 0,3μM of each primer, 1U Taq

DNA polymerase, 1,5mM MgCl2 and 0,2 mM dNTP’s. The PCR program consisted of

an initial denaturation step at 94ºC for 3 min, followed by 35 cycles of 94ºC 15s, 55ºC

30s and 72ºC 40s and a final elongation step at 72ºC for 7 min. The PCR products were

analysed on a 2% p/v ethidium bromide-stained agarose gel.

The restriction fragment length polymorphism (RFLP) study was performed using the

restriction enzyme Bsh1236I (Fermentas), according to standard supplier protocols. The

digested products were analysed on a 3,5% p/v ethidium bromide-stained agarose gel

electrophoresis and two digested bands of 337bp and 316bp were visualised in a Image

Master® VDS Pharmacia Biotech (figure 1).

Statistical Analysis

Data were analysed using the computer software SPSS for Windows (Version 13.0) and

treatment outcomes of the patients were compared using Chi-square or Fisher’s exact

test. A cut-off p-value of 0.05 was adopted for all the statistical analysis.

Survival estimates were calculated using the Kaplan-Meier method. The curves were

examined by the log-rank test, a statistical test for equality of survival distributions.
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Definitions

Overall response rate (ORR) was considered as complete response (CR), unconfirmed

complete response (CRu) and partial response (PR). All patients who undergone

treatment with rituximab alone in maintenance/consolidation were excluded from

response rate analysis (because most of them were already in CR with previous

chemotherapy). Overall survival (OS) duration was defined as the period of time

between 1st treatment with rituximab and either death or the last clinical evaluation of

the patient. Event-free survival (EFS) was defined as the time interval between the

beginning of treatment with rituximab (day 1 of the 1st cycle) and the occurrence of an

event (recurrence or death) or the time of the last clinical evaluation of the patient.
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Results

Frequency of FcγRIIa alleles

The FcγRIIa polymorphism, according to the amino-acid at position 131 of the FcγRIIa

protein, can be heterozygote (HR allele) or homozygote (HH or RR alleles). The

distribution of HH, HR and RR alleles in the patients was 11 (17.2%), 34 (53.1%) and

19 (29.7%), respectively while considering only two groups [HH and R allele (HR/RR)]

was 11 (17.2%) and 53 (82.8%).

Prognostic characteristics of the population

There were no statistically significant differences between the groups of patients with

different FcγRIIa genotypes (HH genotype or R allele) regarding prognostic

characteristics as aggressive NHL, stage III/IV, ECOG≥2, LDH>190 and IPI/FLIPI 3-5

among the population (p>0,05), as summarized in table 2.

Response to rituximab therapy according to FcγRIIa alleles

The overall response rate for the 55 evaluable patients (excluding those in

maintenance/consolidation) was 89%. The overall response rate for HH genotype was

100% and for R allele was 87% (p=0.251; figure 2). We found no statistically

significant differences in the genotype distribution of the FcγRIIa polymorphism among

patients considering overall response to immunotherapy.

However, our results demonstrate that all patients carrying the HH genotype had

complete responses to rituximab therapy. Complete response rate for HH genotype was

100% and for R allele was 63% (p=0.028; figure 3).

Survival analysis according to FcγRIIa alleles

With a median follow-up duration of 27 months (range 1-85), 17 patients (26.6%) had

relapsed and 3 deaths (4.7%) occurred.

The overall survival at 3-year was 34.9±1.0 for HH genotype and 31.9±1.3 for R allele

(p=0.338; figure 4). The event-free survival at 3-year was 32.1±2.5 for HH genotype
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and 26.4±2.2 for R allele (p=0.449; figure 5). When comparing the FcγRIIa genotypes,

HH genotype or R allele does not have a significant impact on survival.
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Discussion

This study demonstrates that FcγRIIa polymorphism is predictive of complete response

to regimens containing rituximab in Non-Hodgkin Lymphoma (NHL) patients, but is

not predictive of overall or event-free survival. Moreover, a 100% response rate was

obtained in HH genotype carriers with rituximab-based immunochemotherapy,

containing cyclophosphamide, doxorubicin, vincristine and prednisolone (CHOP) or

other schemes. Based on the current observation, rituximab has in some way an

FcγRIIa-dependent mechanism of action which is ameliorated in patients with HH

genotype.

Studies conducted by GELA (Group d’Etude des Lymphomes de l’Adult) demonstrated

the benefit of R-CHOP therapy versus CHOP in a randomized trial in elderly patients

with diffuse large B-cell lymphoma, suggesting that rituximab is able to prevent

chemotherapy failure [7, 29]. Mounier et al suggested that this benefit of rituximab

could be associated with overcoming bcl-2 gene mediated chemoresistance. Bcl-2 is a

protein that regulates programmed cell death, which has been shown to provide

protection from apoptotic stimuli, including drug cytotoxicity [30]. However, several

other authors suggested that the mechanism of action of rituximab is not only confined

to synergistic activity with CHOP chemotherapy. Two additional mechanisms, other

than direct apoptotic action, were proposed for rituximab action: antibody dependent

cellular cytotoxicity (ADCC) and complement dependent cytotoxicity (CDC) [31, 32].

The importance of Fc gamma receptor (FcγR) engagement for ADCC was demonstrated

primarily by Clynes et al that observed, in a melanoma model, abolishment of

antitumoral responses in FcγRγ-/- mice, even in the presence of a polyclonal collection

of antibodies [33]. Furthermore, the activity of rituximab and trastuzumab (a

monoclonal antibody whose target is HER2 in breast cancer women) was greatly
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reduced in FcγRγ-/- mice. Additionally, a single amino acid substitution in the Fc

domain of an engineered anti-HER2 antibody abolished antitumoral responses in vivo,

despite its retained capacity to inhibit the growth of HER2 expressing breast cancer

cells in vitro [34]. These experiments suggest that ADCC is an important mechanism of

antitumoral cytolysis which depends on FcγR profile of effector cells. Moreover, Ansell

et al observed in NHL patients that interleukin-12 in combination with rituximab

enhances the lytic activity of NK cells, suggesting that rituximab induces lymphoma B-

cells phagocytosis through neutrophils, macrophages and NK cells, known as important

mediators of ADCC [35].

The FcγR profile of effector cells depends of single nucleotide polymorphisms (SNP).

The major polymorphisms of FcγRIIa and FcγRIIIa are point mutations that result in the

expression of FcγRIIa HH, HR or RR genotypes and of FcγRIIIa VV, VF or FF

genotypes [36]. These two polymorphisms have been recently correlated with rituximab

activity in NHL [20-22]. Data from three clinical studies, two in follicular lymphoma

(FL) and one in diffuse large B-cell lymphoma (DLBCL), revealed potential impact of

SNP in response to rituximab. In the first genetic study that assesses rituximab

responses in patients with FL according to FcγRIIIa polymorphism, Cartron et al

reported that objective responses were significantly higher in patients with VV

genotype, in comparison to F allele carriers (p=0.03) [22]. In a further study, these data

were confirmed by Weng et al, demonstrating contributions not only of FcγRIIIa, but

also of FcγRIIa polymorphisms in FL patients treated with rituximab. Patients carrying

FcγRIIIa-158V/V genotype have significantly higher clinical objective responses than

FcγRIIIa-158F carriers (p=0.002). The presence of HH genotype for FcγRIIa gene was

also associated with favourable objective response rates, when compared with R carriers

(p=0.027) [20]. A third reported study, by Kim et al, demonstrated that FcγRIIIa
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polymorphism is predictive of response to R-CHOP chemotherapy in DLBCL patients

(p=0.002), although the same association was not observed for FcγRIIa genotypes (p=

0.178) [21].

Regarding FcγRIIa polymorphism, Weng and colleagues were the only group who also

found association between FcγRIIa-131HH genotype and event-free survival in contrast

to the lack of association, consistent with our results, observed by Cartron et al and

Kim et al [20-22].

In the present study we demonstrate that FcγRIIa polymorphism correlates with

complete response in rituximab based regimens in NHL patients (p=0.028), confirming

data from Weng et al [20]. Kim and co-workers reported no differences in overall

response rates between FcγRIIa genotypes (HH genotype: 95%; HR genotype: 92% and

RR genotype: 75%). However, these authors did not analyse complete response rates in

their clinical evaluation (HH genotype: 88%; HR genotype :76% and RR genotype

63%) as we’ve done, otherwise our results could be identical [21].

The rituximab recognition and binding to CD20 positive B-cells may directly induce

apoptosis and indirectly cellular cytotoxicity. In ADCC, rituximab binds to CD20 and

then bridges the effector cells, such as neutrophils, macrophages and NK cells, via the

FcγR present on these cells. Effector cells then become activated and kill the antibody-

coated tumour cells. This event depends on the FcγR affinity of effector cells to the

different IgG subclasses. FcγRIIIa-158V/V encoded receptor binds with greater affinity

to human IgG1 and IgG3 than FcγRIIIa-158F encoded receptors. This increased binding

affinity may translate an enhanced activation of effector cells and better ADCC.

Equally, FcγRIIa-131H/H encoded receptor binds with greater affinity to human IgG2

than FcγRIIa-131R encoded receptors, having similar effects in cellular cytotoxicity

[37].
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Since FcγRIIa represents the sole FcγR capable of binding with human IgG2, the ability

to interact with this antibody subclass depends on the individual HH genotype. We

hypothesize that FcγRIIa-131H/H encoded receptor has a greater affinity not only

human IgG2 but to all natural or engineered IgG’s. Consequently, FcγRIIa

polymorphism may influence the binding affinity of rituximab - a chimeric IgG1 - to its

encoded receptor, endorsing the ADCC activity.

In conclusion, besides the synergistic role of rituximab when combined with

chemotherapy, the pharmacogenomic FcγRIIa profile of the patients may be predictive

of complete response to therapeutics. More studies should be considered, with larger

populations, separate histological identities, with a longer period of follow-up and

correlating this polymorphism with other genetic variations. Modulation of FcγRIIa /

IgG’s interaction presents evidently a promising approach for the treatment of various

immunologic diseases, including haematological cancer.
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Tables

Table 1. Patients’ characteristics and immunotherapy outcomes

PATIENTS’ CHARACTERISTICS N (%)
Histological Entities (n=64)
Follicular Lymphoma 30 (46.8%)
Diffuse Large B-Cell Lymphoma 25 (39.1%)
Mantle Cell Lymphoma 6 (9.4%)
Burkitt Lymphoma 2 (3.1%)
Lymphoplasmacytic Lymphoma 1 (1.6%)
Clinical Staging (n=64)
IVA 33 (51.6%)
IIIA 11 (17.2%)
IA 6 (9.4%)
IIIB 5 (7.8%)
IVB 3 (4.7%)
IIA 3 (4.7%)
IB 2 (3.1%)
IIB 1 (1.5%)
Rituximab Regimen (n=64)
R-CHOP 19 (29.7%)
R-ESHAP 18 (28.1%)
RTX alone (maintenance/consolidation) 13 (20.2%)
R-HCVAD 5 (7.8%)
R-MINE 4 (6.3%)
R-TT 2 (3.1%)
R-DHAP 1 (1.6%)
R-FC 1 (1.6%)
R-FND 1 (1.6%)
Line of Treatment (n=64)
1st line 18 (28.1%)
Maintenance/Consolidation 7 (10.9%)
2nd line 25 (39.1%)
3rd line 11 (17.2%)
4th line 3 (4.7%)
Rituximab Response (n=55)
Complete Response (CR) 27 (49%)
Unconfirmed Complete Response (CRu) 11 (20%)
Partial Response (PR) 11 (20%)
Stable Disease (SD) 3 (5.5%)
Progression (P) 3 (5.5%)
Maintenance/Consolidation (n=9) not included in response analysis
Survival (n=64)
Alive without cancer 41 (64.1%)
Alive with cancer 12 (18.8%)
Dead with cancer 10 (15.6%)
Dead without cancer 1 (1.5%)
Total number of patients 64 (100%)
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R – rituximab; CHOP - cyclophosphamide, doxorubicin, vincristine and prednisolone; ESHAP -
etoposide, methylprednisolone, cytarabine and cisplatin; HCVAD - cyclophosphamide, dexamethasone,
doxorubicin and vincristine; MINE - mesna, ifosfamide, mitoxantrone and etoposide; TT - topotecan and
paclitaxel; DHAP - dexamethasone, cytarabine and cisplatin; FC – fludarabine and cyclophosphamide;
FND - fludarabine, mitoxantrone and dexamethasone.
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Table 2. Patients’ prognostic characteristics according to genotype

FcγRIIa (n=64)

R allele (HR/RR) HH

N (%) N (%)

p-value

Aggressive (n=33) 27 (81.8%) 6 (18.2%)

Indolent (n=31) 26 (83.9%) 5 (16.1%)
0.828

Stage III/IV (n=52) 43 (82.7%) 9 (17.3%)

Stage I/II (n=12) 10 (83.3%) 2 (16.7%)
0.958

ECOG≥2 (n=2) 1 (50.0%) 1 (50.0%)

ECOG<2 (n=40) 34 (85.0%) 6 (15.0%)
0.195

LDH>190 (n=34) 28 (82.4%) 6 (17.6%)

LDH≤190 (n=27) 22 (81.5%) 5 (18.5%)
0.930

IPI/FLIPI 3-5 (n=10) 9 (90.0%) 1 (10.0%)

IPI/FLIPI 0-2 (n=54) 44 (81.5%) 10 (18.5%)
0.512
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Figure Legends

Figure 1. Ethidium bromide-stained electrophoresis of digested PCR-RFLP product

samples of FcγRIIa polymorphism: 100bp ladder (lane M); RR genotype (lane 7); HR

genotype (lanes 1,4,5,6) and HH genotype (lanes 2,3)

Figure 2. Overall response rate in patients according to genotype.

Figure 3. Complete response rate in patients according to genotype.

Figure 4. Overall survival in patients according to genotype.

Figure 5. Event-free survival in patients according to genotype.


