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Summary. Aim:This study aims to assess whether FCGR2A and FCGR3A gene polymorphisms may affect
clinical course and outcome in diffuse large B-cell lymphomas (DLBCL) patients treated with R-CHOP
therapy.Materials and methods: The study included 64 DLBCL patients treated with R-CHOP. Genotype
analyses were performed through PCR-RFLP method. Results: The trend of higher incidence of FCGR3A
VF and FF genotypes in patients aged 60 or older (χ2 test, p=0.07) was observed. Significant statistical asso-
ciation between different FCGR2A and FCGR3A gene polymorphisms/genotypes and clinical characteris-
tics (clinical stage, bulky disease, IPI, response to therapy, incidence of relapse and outcome) was not
observed, except for FCGR2A HR genotype, which was more frequent in patients with advanced clinical
stage (III and IV) (OR 6.11 95% CI 1.18-31.54; RR 1.43 95 CI % 1.06-1.93; p=0.02). However, we
observed a trend of better disease free survival (DFS) in patients with FCGR3A FF genotype than in those
with VV and VF genotype (log rank test, p=0.05). FCGR2A genotypes did not influence DFS. No associa-
tion between FCGR2A and FCGR3A gene polymorphisms/genotypes and event free survival (EFS) and
overall survival (OS) was observed. Conclusions: Considering clinical features and course of DLBCL,
FCGR2A HR genotype is associated with advanced clinical stage of DLBCL. A higher frequency of
FCGR3A F allele in DLBCL patients older than 60 years and impact of FCGR3A FF genotype on DFS
were noticed only as a trend.
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«ASSOCIAZIONE DEI POLIMORFISMI DEI GENI FCGR2A E FCGR3A CON LE CARATTERISTICHE E IL DE-
CORSO DEL LINFOMA A GRANDI CELLULE B»
Riassunto. Scopo: Questo studio intende valutare se i polimorfismi dei geni FCGR2A and FCGR3A posso-
no influire sul decorso clinico e sull’esito della terapia nei pazienti con linfoma a grandi cellule B (DLBCL),
trattati con R-CHOP.Materiali e metodi: Lo studio ha interessato 64 pazienti DLBCL trattati con R-CHOP.
L’analisi dei genotipi è stata fatta con metodo PCR-RFLP. Risultati: È stata osservata una più alta incidenza
dei genotipi FCGR3A VF e FF nei pazienti di 60 anni o più (χ2 test=0.07). Non è stata osservata una signi-
ficativa associazione statistica tra i diversi polimorfismi/genotipi dei geni FCGR2A and FCGR3A e le carat-
teristiche cliniche (stadio clinico, interessamento massivo linfonodale, IPI, risposta alla terapia, incidenza di
ricadute ed esito), ad eccezione del genotipo FCGR2A HR, che risultava essere più frequente in pazienti con
stadio clinico avanzato (III e IV) (OR 6,11 95% CI 1,18-31,54; RR 1,43 95 CI% 1,06-1,93; p=0,02). Tutta-
via, è stato osservato un andamento di miglior sopravvivenza libera da malattia (DFS) in pazienti con genoti-
po FCGR3A FF rispetto a quelli con genotipo VV e VF (log-rank test, p=0,05). I genotipi FCGR2A non
hanno influenzato la DFS. Non è stata osservata alcuna associazione tra i polimorfismi/genotipi dei geni FC-
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the
most common histologic subtype of Non Hodgkin’s
lymphoma (NHL) that accounts for almost one third
of all NHL cases (1). The incidence of DLBCL
increases, but underlying etiologic factors remain
largely unknown. Considering clinical course and
outcome, DLBCL represent a heterogeneous group of
lymphoproliferative disorders (2). After conventional
therapy, some patients will achieve complete clinical
remission (CR), but others will relapse or manifest
progressive clinical course.

For many years, cyclophosphamide/doxorubicin/
vincristine/prednisone (CHOP) chemotherapy has
been the standard therapy for advanced DLBCL
providing a long-term overall survival rate (OS) of
about 40%. Introduction of rituximab (R) in the treat-
ment of DLBCL has improved OS and relapse free
survival (RFS) and established R-CHOP therapy as
the standard care in DLBCL (3). Rituximab is a
monoclonal IgG1 antibody against CD20, but its
exact mechanism of activity is not completely under-
stood. Possible mechanisms of action include anti-
body-dependent cellular cytotoxicity (ADCC),
complement-dependent cytotoxicity (CDC) and
induction of apoptosis (4). However, it is assumed that
ADCC plays a major role in the clinical activity of
rituximab. Recent studies demonstrated that ritux-
imab induces polarization of B-cells, involving a reor-
ganization of CD20; such polarized cells are preferen-
tially killed by natural killer (NK) cells (5).

ADCC is modulated by FCGRs that are
expressed on leucocytes including monocytes, NK
cells, macrofages, dendritic cells, plateles and endothe-
lial cells. “Auto” antibodies bind to FCGRs and acti-
vate immune cell functions, including phagocytosis
and the release of inflammatory mediators. Binding

affinity of FCGR may be determined by gene poly-
morphisms. In FCGR2A, the presence of histidine
(H) or arginine (R) at amino acid position 131 is
encoded by A519G SNP. It is known that the H
isoform (encoded by FCGR2A 519G allele) has a
higher affinity to IgG2 than the R isoform (encoded
by 519A allele) (6). Considering FCGR3A, 559C
allele encodes the high-binding isoform to IgG1 and
IgG3 with valine (V) at amino acid position 158,
while 559A allele encodes the low-binding phenylala-
nine (F) isoform (7, 8). Previously, FCGR2A and
FCGR3A SNPs have been analyzed in the context of
susceptibility to different autoimmune diseases (8-12).
Also, extensive studies assessed the relationship
between FCGR2A and FCGR3A SNPs and response
to therapy containing monoclonal antibodies in cancer
patients: cetuximab in colorectal cancer (13),
trastuzumab in breast cancer (14), alemtuzumab in
CLL (15) and rituximab in DLBCL, follicular
lymphoma and CLL (16-19). Previous reports about
association of different allelic variants of FCGRs and
clinical course of DLBCL (RFS OS) are not consis-
tent (16, 18, 20, 21).

The aim of the present study was to investigate
whether FCGR2A (CD32a) and FCGR3A (CD16a)
gene polymorphisms corresponding to amino acid
positions 131 and 158, associate with clinical presen-
tation, course and outcome in DLBCL patients
treated with R-CHOP.

Patients and methods

Patients

The present study included 64 patients (39 men
and 25 women) with the newly diagnosed DLBCL,
aged 18 to 74 (median 47.5). Patients with previous

GR2A and FCGR3A con eventi liberi da malattia (EFS) e sopravvivenza globale (OS). Conclusioni: Consideran-
do le caratteristiche cliniche e il decorso di DLBCL, il genotipo FCGR2A HR risulta essere associato ad uno sta-
dio clinico avanzato di DLBCL. Sono stati osservati una più alta frequenza dell’allele FCGR3A F in pazienti con
DLBCL di età superiore a 60 anni ed un impatto del genotipo FCGR3A FF sulla DFS

Parole chiave: linfoma a grandi cellule B, recettori FCGR2A eFCGR3A, polimorfismi del gene
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history of low-grade lymphoma, other type of malig-
nant disease and HIV-related lymphoma were not
included in the study. All patients were diagnosed and
treated in our hospital. Diagnosis was based on
histopathology and immunohistochemistry according
to theWorld Health Organization (WHO) classifica-
tion (2). The extent of the disease was categorized
according to Ann Arbor classification and the risk
score was determined by International Prognostic
Index (22).

All patients received R-CHOP therapy (6-8
cycles). As a consolidation therapy for high-risk
patients, autologous stem cell transplantation (ASCT)
was performed in 27 cases. Response to the therapy
was assessed using the International Working Group
criteria (23). The study included patients diagnosed
and treated from October 2000 till November 2009.
Patients were systematically followed till April 2012.
The follow-up period ranged from 1 to 147 months
(median 73 months). The overall characteristics of the
study population are shown in Table 1.

All DLBCL patients were ethnically matched.
Informed consent was obtained from all patients

or patients’ close relatives. The study was approved by
Ethic committee of Military Medical Academy,
Belgrade.

FCGR2A and FCGR3A genotyping

Peripheral blood was collected in EDTA tubes
and stored at -40°C. Each patient’s DNA was
extracted from blood samples by Blood Prep™ Chem-
istry for ABI PRISM™ 6100 Nucleic Acid PrepSta-
tion (Applied Biosystems, USA).

The PCR primers 5’-GGAAAATCCCA-
GAAATTCTCGC-3’and 5’-CAACAGCCTGAC-
TACCTATTACGCGGG-3’ were used to amplify
the sequence of FCGR2A gene that includes locus
131 (35 cycles at 94°C for 15 seconds, 55°C for 30
seconds, 72°C for 40 seconds) (24). PCR products
were incubated with BstUI according to manufac-
turer’s instructions (Fermentas, Latvia), elec-
trophoresed on 3% high resolution agarose gels and
stained with ethidium bromide. The H allele was
identified as a band of 337 bp, while the R allele was
presented as a band of 316 bp and 21 bp.

The DNA sequence of FCGR3A gene that
includes locus 158 was amplified by two-step PCR.
The first PCR step (35 cycles at 95°C for 1 minute,
57°C for 1 minute and 30 seconds, 72°C for 1 minute
and 30 seconds) was performed with the following
primers: 5’-ATATTTACAGAATGGCACAGG-3’
and 5’-GACTTGGTACCCAGGTTGAA-3’. The
second PCR step (35 cycles at 95°C for 1 minute, 64°C
for 1 minute, 72°C for 1 minute) was performed with
5’-ATCAGATTCGATCCTACTTCTGCAGG
GGGCAT-3’ and 5’-ACGTGCTGAGCTTGAGT-
GATGGTGATGTTCAC-3’ and generated a frag-
ment of 94 bp (25). PCR products were incubated
with NlaIII according to manufacturer’s instructions

Table 1. Characteristics of DLBCL patients treated with R-
CHOP

Characteristics Patients
No (%)

Men 39 (61)
Women 25 (39)

Age < 60 years 49 (77)
≥ 60 years 15 (23)

IPI 0-2 28 (44)
IPI 3-5 36 (56)

Stage I and II 18 (28)
Stage III and IV 46 (72)

Extranodal disease 50 (78)
No extranodal disease 14 (22)

Bulky disease 32 (50)
No bulky disease 32 (50)

B symptoms 44 (69)
No B symptoms 20 (31)

Achievement of complete remission 55 (86)
No complete remission 9 (14)

Relapsed 15 (27)
No relapsed 40 (73)

Autologous stem cell transplantation 27 (42)
No autologous stem cell transplantation 37 (58)

Died 21 (33)
Alive 43 (67)
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(Fermentas, Latvia), electrophoresed on 3% high reso-
lution agarose gels and stained with ethidium
bromide. The V allele was identified as a presence of
two bands at 61 bp and 33 bp, while the F was
presented by one band at 94 bp.

Statistical analysis

The differences in genotype frequencies between
DLBCL patients with different variables of disease
were assessed using the χ2 test and, if required, Fisher’s
exact test. In order to estimate the relative risk of
DLBCL stage III or IV in relation to FCGR2A
genotype, we calculated odds ratio (OR) and 95%
confidence intervals (95% CI) for each genotype,
using the homozygous HH genotype as the referent
group. Event-free survival (EFS) was defined as time
from first day of therapy to progressive disease (PD),
relapse or death from lymphoma. Disease free survival
(DFS) was calculated as time from first day of therapy
to relapse. Overall-survival (OS) was defined as time
from first day of therapy to death from lymphoma.

Survival curves were generated using the method of
Kaplan and Meier and compared by log-rank test. A
p value < 0.05 was considered as statistically signifi-
cant.

Results

FCGR2A genotyping

FCGR2A genotyping was performed in 57
DLBCL patients. HH genotype was found in 28
(49%) patients, HR in 24 (42%), while RR genotype
was found in 5 (9%) patients. Genotype distributions
were in Hardy-Weinberg equilibrium.

Distribution of FCGR2A genotypes with respect
to patients’ characteristic, DLBCL presentation and
response to therapy is shown in Table 2.

We found that patients with HR genotype most
often showed DLBCL in CS III or IV (OR 6.11 95%
CI 1.18-31.54; RR 1.43 95 CI % 1.06-1.93; p=0.02)
(Table 3). Comparing other clinical characteristics, we

Table 2. Distributions of FCGR2A and FCGR3A genotypes in DLBCL patients with respect to clinical characteristics

Patient/DLBCL characteristics FCGR2A FCGR3A
HH (%) HR (%) RR (%) p VV (%) VF (%) FF (%) p

Men 28.1 22.8 5.3 NS 21.9 31.3 7.8 NS
Women 21.0 19.3 3.5 NS 7.8 18.7 12.5

Age < 60 years 40.3 28.1 5.3 NS 25 34.4 17.2 NS
≥ 60 years 8.8 14 3.5 4.7 15.6 3.1

IPI 0-2 24.6 14 5.3 NS 12.5 23.4 7.8 NS
IPI 3-5 24.6 28 3.5 17.2 26.6 12.5

Stage I and II 17.5 3.5 5.3 0.009* 9.4 10.9 7.8 NS
Stage III and IV 31.6 38.6 3.5 20.3 39.1 12.5

Extranodal disease 39.3 35.7 3.6 NS 25.4 38.1 14.3 NS
No extranodal disease 10.7 7.1 3.6 4.8 11.1 6.3

Bulky disease 30.3 16.1 3.6 NS 11.1 25.4 12.7 NS
No bulky disease 19.6 26.8 3.6 19.0 23.8 8.0

B symptoms 36.8 29.8 3.5 NS 20.3 34.4 14.1 NS
No B symptoms 12.3 12.3 5.3 9.4 15.6 6.2

Achievement of complete remission 45.4 36.4 3.6 NS 22.6 41.9 17.7 NS
No complete remission 5.5 7.3 1.8 8.1 6.5 3.2

Relapsed 14.6 10.4 2.1 NS 9.8 11.8 4.0 NS
No relapsed 37.5 31.2 4.2 17.6 39.2 17.6

*p values were obtained by χ2 test or Yate’s corrected χ2 test; NS- statistical significance not found
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did not observe significant statistical difference in the
frequencies of FCGR2A genotypes. Furthermore, no
significant statistical difference in the CR rate, inci-
dence of relapse, duration of DFS, EFS and OS in
patients with different FCGR2A genotypes was
observed.

FCGR3A genotyping

FCGR3A genotyping was performed in 64
DLBCL patients. VV genotype was found in 19
(30%) patients, VF in 32 (50%), while FF genotype
was found in 13 (20%) patients. Distribution of
FCGR3A genotypes was in Hardy-Weinberg equilib-
rium.

We did not observ significant statistical differ-
ence in frequencies of analyzed FCGR3A genotypes
between men and women. However, we noticed the
trend of higher incidence of genotypes containing F
allele (VF and FF) in patients aged 60 or older (χ2

test, p=0.07).
Considering characteristics of DLBCL, CR rate

and incidence of relapse, we did not observe signifi-
cant statistical difference in the frequencies of
FCGR3A genotypes.

Distribution of FCGR3A genotypes with respect
to patients’ characteristic, DLBCL presentation and
response to therapy is shown in Table 2.

Analyzing the duration of EFS and OS, no
significant statistical difference between patients with
different FCGR3A genotypes was shown. However,
we observed the trend that patients with FF genotype
showed better DFS than patients with VV and VF
genotypes (log rank test, p=0.05) (Figure 1).

Discussion

FCGRs are an important part of the regulatory
system which modulates antibody-dependent cellular
cytotoxicity. Data from the literature indicate that
single nucleotide polymorphisms of FCGR genes may
influence the affinity of monoclonal antibodies to the
Fc receptors on the effector cells (4, 26). In the current
study, we analyzed the association of FCGR2A and
FCGR3A SNPs with clinical characteristics and
outcome of DLBCL treated with R-CHOP.

Frequencies of FCGR2A and FCGR3A geno-
types obtained in this study are similar to those previ-
ously reported by Kim and coworkers (16), Mitrovic

Figure 1. Disease free
survival (DFS) by FCGR3A
genotype. Survival curves
were plotted by Kaplan
Meier’s method and com-
pared by log-rank test (0.05)
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and coworkers (20) and Ahlgrimm and coworkers
(18).

With respect to patient characteristics, FCGR3A
genotypes containing F allele (VF and FF) were more
frequently found in patients older than 60 years.
Similar results were reported in a German study (18).
These authors found that the oldest patients (aged 61
to 80 years, median 70 years) most often showed
FCGR3A VF genotype (DLBCL group treated with
CHOP). Furthermore, in the same study, DLBCL
patients with FCGR3A VV genotype were presented
with a slightly decreased incidence of B-symptoms. In
our study, the other clinical characteristics except age
were not associated with FCGR3A genotypes.

Analyzing FCGR2A, we observed significant
statistical association between HR genotype and
adverse clinical stages III and IV. In the study of
Ahlgrimm and coworkers, patients with bulky disease
most often showed FCGR2A HR genotype (18). A
Korean study reported that extranodal DLBCL
involvement was more common with the FCGR2A
HH genotype (16). In general, results reported by
Kimm, Ahlgrimm (16, 18) and also by the present
study, indicate the association between high-binding
FCGR2A isoform H and adverse characteristics of
DLBCL (advanced clinical stage, bulky disease and
extranodal involvement). In contrast, high-binding
FCGR3A isoform V was associated with favorable
characteristics (decreased incidence of B-symptoms).
Furthermore, the age over 60 years is considered as
adverse characteristic in DLBCL patients. Both
studies, Ahlgrimm’s and ours, reported the higher
incidence of low-binding FCGR3A isoform F in the
group of oldest patients.

The impact of FCGR2A and FCGR3A SNPs on
outcome of patients with B-cell malignancies has
previously been investigated. Persky and coworkers

reported an association of at least one FCGR3A V
allele and improved overall survival in follicular
lymphoma patients receiving therapy containing
rituximab (19). Similar findings in follicular
lymphoma were published elsewhere (27, 28).
Analysis of FCGR2A and FCGR3A SNPs in CLL
showed no apparent association with clinical outcome
(17). However, there are conflicting data on associa-
tion between FCGR2A and FCGR3A SNPs and
outcome in aggressive NHL (16, 18, 20, 21). A
Korean study reported a higher CR rate in the carriers
of FCGR3A VV compared to VF and FF. A statisti-
cally significant difference in response rate was not
observed according to FCGR2A genotypes. They also
found that the group with FCGR3A VV genotype
had a more rapid time to CR. A significant influence
of FCGR2A genotypes on the time to achievement of
CR was not observed (16). In the present study, we
did not observe the difference in CR nor relapse rate
according to FCGR2A and FCGR3A genotypes.

When comparing DFS, EFS and OS, we did not
observe any impact of FCGR2A. With respect to
FCGR3A, we observed a trend of better DFS, but not
EFS and OS, in patients with FF genotype. German
group reported that EFS and progression free survival,
but not OS curves for FCGR3A FF showed a trend to
be lower in DLBCL patients treated with R-CHOP
(18). Kim and coworkers reported that neither
FCGR2A nor FCGR3A showed any impact on EFS
or OS (16).

It should be mentioned that B-cell malignancies
display different sensitivity to rituximab. Anti-CD20
immunotherapy is rapidly evolving and the diversity
of mAbs being tested in ongoing clinical trials reflects
the uncertainty regarding the critical mechanism of
action for this monoclonal antibody (29). Some of
these new anti-CD20 antibodies show a higher

Table 3. FCGR2A genotype frequences and risk for advanced clinical stage by SNPs

FCGR2A genotypes CS I and II (%) CS III and IV (%) OR (95% CI) RR (95% CI) p*

HH 17.5 31.6 1
HR 3.5 38.6 6.11 (1.18-31.54) 1.43 (1.06-1.93) 0.02
RR 5.3 3.5 0.37 (0.05-2.60) 0.62 (0.21-1.89) 0.29
HR+RR 8.8 42.1 2.67 (0.78-9.17) 1.29 (0.93-1.78) 0.10

*p values by Fisher exact test
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affinity for FCGR3A 158 F isoform, such as GA-101,
AME-133v and rhuMAb v114 (4, 19). On the other
hand, anti-CD20 antibodies are not specific for
malignant cells, but for all B-cells expressing CD20. It
is known that high affinity of FCGR may induce
severe B-lymphocyte depletion. Furthermore, Weng
and coworkers reported the association between high
affinity FCGR3A V allele and rituximab-induced
neutropenia in NHL patients subjected to autologous
transplantation (30). Also, we should keep in mind the
delicacy of the immune-effector mechanisms. For
example, Alizadeh and coworkers indicated FCGR2A
H allele as a crucial determinant of susceptibility to
several autoimmune diseases and also confirmed an
association of FCGR3A VV genotype with suscepti-
bility to RA in Caucasian (12). Furthermore, beside
binding affinity of different FCGR2A and FCGR3A
allelic variants, efficiency of ADCCmay be influenced
by number of FCGR2A and FCGR3A expressed on
effector cells. In addition, effects of FCGR2A and
FCGR3A may be nullified by inhibitory FCGRs,
such as FCGR2B and FCGR3B.

In summary, we presented the results of a one-
institution study that included ethnically matched
DLBCL patients uniformly treated with R-CHOP.
According to our knowledge this is the first study on
FCGR2A and FCGR3A polymorphisms in
lymphoma patients in our population. Obtained
frequencies of FCGR2A and FCGR3A genotypes are
similar to those previously reported by other Euro-
pean groups. Furthermore, we reported the association
of FCGR2A HR genotype and adverse clinical stages
III or IV. A higher frequency of FCGR3A F allele in
DLBCL patients older than 60 years and impact of
FCGR3A FF genotype on DFS were noticed only as
a trend. This study and previous reports suggest the
association of FCGR2A and FCGR3A genotypes
with DLBCL characteristics, rather than the course
and outcome of DLBCL. However, the possible
approval of new anti-CD20 antibodies with better
affinity for the FCGR3A F allele in clinical usage may
impose the need for FCGR3A genotyping as an inte-
gral part of the routine diagnostic practice.
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