
Fcγ RIIa-H131R variant in lymphoma

Purpose: Low-affinity variants FcγRIIIa-V158F and FcγRI-
Ia-H131R may alter response to rituximab-based chemother-
apy in diffuse large B-cell lymphoma (DLBCL) but available 
clinical evidence is inconclusive. Our purpose was to explore 
their association in terms of treatment response.

Methods: We performed a meta-analysis of published lit-
erature to associate these variants with complete remission 
after upfront immunochemotherapy in DLBCL, and sum-
marized the genetic risk using the model-free approach of 
generalized odds ratio (ORG). PubMed and EMBASE search 
(up to July 2014) yielded five pertinent studies. 

Results: FcγRIIa-H131R was associated with an inferior 
response to treatment (ORG 0.67; 95%CI 0.46-0.97) and 
an additive mode of inheritance, with the genetic risk of 

heterozygotes assigned in the middle between high affin-
ity (H/H) and lower affinity (R/R) genotypes. This effect 
was unrelated to risk stratification, as no association was 
documented for FcγRIIa-H131R variant with the interna-
tional prognostic index (IPI) (ORG 1.02; 95%CI 0.79-1.31 
for IPI 3-5 over 0-2). FcγRIIIa-V158F had no impact on 
treatment response but linkage disequilibrium and defec-
tive antibody-dependent cell-mediated cytotoxicity may 
have affected the outcome. 

Conclusion: FcγRIIa-H131R but not FcγRIIIa-V158F may 
modify treatment response in DLBCL.
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Functional polymorphisms of the receptors for 
immunoglobulins (Fc gamma Receptors, FcγR) have 
been implicated in human disease. Substitution of 
valine (V) to phenylalanine (F) at FcγRIIIa ami-
no acid position 158 (FcγRIIIa-V158F; rs396991) 
or substitution of histidine (H) to arginine (R) at 
FcγRIIa amino acid position 131 (FcγRIIa-H131R; 
rs1801274) result in lower-affinity variants for IgG 
subclasses. Consequently, these variants may mod-
ulate response to rituximab-based immunochem-
otherapy for B-cell lymphomas through altering 
the interaction between anti-CD20 and the host. 

Nonetheless, published evidence is still inconclu-
sive [1]. We have performed a meta-analysis of per-
tinent studies in DLBCL to assess their impact on 
disease response after upfront treatment with rit-
uximab-based regimens. We quantified the genetic 
effect using the model-free approach of ORG [2] and 
explored the mode of inheritance using the degree 
of dominance index [3]. 

Methods

PubMed and EMBASE were searched up to July 
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2014 for pertinent studies on the topic, using “(fc gam-
ma receptor* OR FCGR*) AND (polymorphism* OR 
variant)” as search terms. We manually scrutinized the 
reference lists of eligible articles for additional studies 
and complemented the search with the American Soci-
ety of Hematology (ASH, 2004-2013) and European He-
matology Association (EHA, 2006-2013) proceedings to 
identify potentially missing studies. 

A study was considered eligible if all the follow-
ing conditions were met: (a) It provided full genotype 
distribution for FcγRIIIa-V158F and/or FcγRIIa-H131R; 
(b) had extractable data on DLCBL patients; (c) used rit-
uximab-based chemotherapy as upfront treatment. No 
language restrictions were imposed. Studies on mixed 
lymphoma histologies as well as second-line studies, 
salvage or post-transplantation treatment were a pri-
ori excluded. Studies solely in abstract form were not 
considered.

Two authors (PDZ, LSP) performed the search and 
any discrepancies were discussed and resolved by con-
sensus. We sought for the following information: author, 
publication year, population size and origin, interven-
tion, genotype distribution, IPI classification, response 
to treatment, and criteria used for response.

Treatment response was the main outcome of inter-
est and was stratified as complete remission (CR), partial 
remission (PR) and stable disease (SD)/progressive dis-
ease (PD). The response was evaluated both as dichoto-
mous outcome (CR over no-CR) and as graded (ordinal) 
outcome (with CR being the optimal outcome and SD/PD 
the worst). IPI classification [4] was the secondary out-
come of interest, dichotomized as 3-5 over 0-2 grades. 
IPI determines both disease response and longitudinal 
outcomes after chemotherapy in DLBCL and was includ-
ed to explore whether the genetic effect of FcγR variants 
on response is related or not to IPI risk. 

The ORG metric [5] was usedto perform a single-step 
estimation of the genetic risk based on the mutational 
load. Previous methodologies require multiple model 
testing through genotype merging (recessive, domi-
nant, additive), usually without a priori biologic justi-
fication, and inferences may be problematic when mul-
tiple genetic contrasts are significant. Moreover, these 
genetic contrasts are not independent to correspond to 
a x2 test. The ORG metric provides a model-free, direct 
interpretation of gene-to-disease associations; it mea-
sures the odds of having the outcome of interest rela-
tive to the odds of not having the outcome of interest, 
when the affected subject has higher mutational load 
than the non-affected subject, i.e. the risk is proportion-
al to the increased genetic exposure (with wild-type 
homozygous considered as having the lowest genetic 
exposure and homozygous mutants the highest) [2,6]. 
Relative effects were pooled across eligible studies to 
calculate the combined random-effect estimates (with 
95% confidence intervals/95% CI). Heterogeneity was 
measured using the Cochran’s Q test and I2 [7]. Due to 
the low power of the Q test, a pQ <0.10 is suggestive 

of significant heterogeneity. Hardy-Weinberg equilibri-
um (HWE) was considered as a quality criterion to rate 
individual studies, and was assessed using the x2 test 
[8]. Even if the ORG is more suitable in the presence of 
deviation from HWE [6], we performed a complemen-
tary sensitivity analysis after exclusion of studies that 
deviated from HWE. 

For significant effects, we further explored the 
mode of inheritance using the degree of dominance 
h index [9]. The degree of dominance assigns the ge-
netic risk of heterozygotes between the two extreme 
homozygotes, using two independent genetic contrasts 
(additive and co-dominant). In brief, the additive model 
compares the effect of extreme homozygotes and the 
co-dominant model compares the effect of heterozy-
gotes vs the average of two homozygotes. When the 
co-dominant model is significant, dominance is present 
regardless of the significance of the additive model. As 
a result, the mode of inheritance h will indicate domi-
nance of the wild type allele for -1 ≤h <0 or dominance 
of the mutant allele for 0 <h ≤1. If the additive model 
is significant and the co-dominant model is not, then 
perfect additivity is suggested and h=0 [9].

Results 

The databases search (last updated July 7, 
2014) retrieved a total of 1144 non-duplicate 
publications. After title and abstract screening, 
1111 articles were excluded on the basis of rele-
vance. The remaining 33 articles were evaluated 
in full text and their reference lists were screened 
for additional publications. A total of five articles 
met all the specified criteria [10-14] (the selec-
tion process is displayed in the flow chart (Figure 
1). The individual study characteristics and out-
comes of interest are shown in Table 1. Four out 
of 5 studies referred to Caucasian populations 
and a single study was conducted in Asian popu-
lation. All have used R-CHOP combinations, but 
the number of cycles and frequency of treatment 
administration differed. Four studies applied the 
same criteria for response [15]. One did not cite 
the criteria it used to evaluate response and gen-
otype frequencies deviated from HWE (p<0.05) 
[14]. 

There was no supporting evidence of asso-
ciation between FcγRIIIa-V158F and CR to im-
munochemotherapy (ORG 0.85; 95%CI 0.52-1.38; 
I2=38%, pQ=0.16 for homogeneity). After exclud-
ing the study [14] that deviated from HWE, the 
combined effects did not alter (ORG 0.80; 95%CI 
0.46-1.40; I2=48%, pQ=0.12 for homogeneity). The 
association was also not significant for ordinal 
response (ORG 0.95; 95%CI 0.50-1.82; I2=52%, 
pQ=0.10 for homogeneity; Table 1). On the con-
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Table 1. Summary characteristics of eligible studies and outcomes of interest

PD: disease progression, SD: stable disease, PR: partial remission, CR: complete remission, IPI: international prognostic index, n/
a=not applicable; *263 had  received R-CHOP and were evaluable for response/ 512 were evaluable for IPI stratification; R: rituximab, 
CHOP: cyclophosphamide, vincristine, doxorubicin, prednisone, effects in brackets are for ordinal response

trary, FcγRIIa-H131R was associated with an in-
ferior response, estimated both as dichotomous 
(ORG 0.67; 95%CI 0.46-0.97; I2=0%, pQ=0.46 for 
homogeneity) and ordinal outcome (ORG 0.56; 
95%CI 0.35-0.90; I2=0%, pQ=0.71 for homogene-
ity). These effects were consistent across studies 
(absence of statistical heterogeneity). The mode 
of inheritance indicated perfect additivity (h=0) 
for FcγRIIa-H131R variant. The interpretation is 
that the genetic risk of heterozygotes would lie 
in the middle between the two homozygous, i.e 
the high affinity (H/H) and the lower affinity (R/R) 
genotype. There was no association between Fcγ-
RIIIa-V158F (ORG 1.13; 0.87-1.46; I2=0, pQ=0.83 
for homogeneity) or FcγRIIa-H131R variant (ORG 
1.02; 0.79-1.31; I2=0, pQ=0.69 for homogeneity) 
and IPI index. 

Discussion

 DLBCL accounts for the majority of lymph-
oproliferative disorders [16] and IPI [4] remains 
the most valid tool to predict all longitudinal 
outcomes, including event-free, progression-free 
and overall survival [17]. In the present study, 
we reviewed the association of RIIa-H131R and 
FcγRIIIa-V158F variants with treatment response 
in DLBCL and found supportive evidence that 
RIIa-H131R variant is a significant moderator of 
treatment and results in lower CR rates. Notably, 
this effect appears independent of IPI risk strat-
ification, given that RIIa-H131R variant was not 
associated with IPI score. On the contrary, no as-

sociation was found for the FcγRIIIa-V158F vari-
ant and treatment response.

The biologic activity of rituximab is medi-
ated through three different mechanisms that 
include a direct pro-apoptotic effect, comple-
ment-mediated cytotoxicity and antibody-de-
pendent cell-mediated cytotoxicity (ADCC) [18]. 
ADCC is considered a major contributor to an-
ti-CD20 efficacy in B-cell lymphomas [19] and 
requires effector cells that bind the Fc portion of 
the antibody through the FcR. It has been shown 
that ADCC activity is potentiated for natural kill-
er cells that express valine homozygous (V/V) 
FcγRIIIa-158 over phenylalanine homozygous 
(F/F) [20,21]. An analogous biologic effect is doc-
umented for FcγRIIa-131 expressed in neutro-
phils and macrophages, where the substitution 
of arginine (R) to histidine (H) results in higher 
affinity and increased phagocytosis of IgG2-op-
sonized particles [22]. To date, these biologic al-
terations have not been associated either with 
better response rates or significant differences in 
longitudinal outcomes across individual studies 
in lymphomas [1], with some notable exceptions 
in follicular lymphoma [23].

Natural killer-mediated ADCC is impaired in 
DLBCL and FcγRIIIa expression is reduced over 
healthy controls, suggesting a reduced activation 
potential. How this phenomenon affects individ-
ual response to R-CHOP is yet to be determined 
[24] and may attenuate functional differences of 
FcRIIIa variants. Moreover, a non-significant as-
sociation may also imply insufficient sample size 
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rather than lack of biologic effect and meta-anal-
ysis may partially compensate for underpowered 
studies. However, population differences and clin-
ical heterogeneity are inevitable and may moder-
ate outcomes of interest; a meta-analysis cannot 
compensate for residual confounders. Further-
more, haplotype analysis and linkage disequilibri-
um could not be addressed due to the lack of bilo-
cus genotype data across eligible studies. There is 
supporting evidence that FcγRIIa-H131R and Fcγ-
RIIa-V158F are in linkage disequilibrium among 
white patients [23,25] which may have impacted 
genetic effects. 

In conclusion, this study provided support-
ing evidence that FcγRIIa-H131R but not FcγRI-
Ia-V158F variant moderate disease response in 
DLBCL patients receiving rituximab as upfront 
treatment, and the genetic effect is unrelated to 
IPI risk stratification. In future studies treatment 
modifications may be warranted for low affinity 

genotypes, particularly if suboptimal response to 
treatment is translated in different longitudinal 
outcomes.
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Figure 1. Flow chart showing the paper selection procedure.
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