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Abstract

Background/Aim: Non-Hodgkin lymphoma (NHL) is a cancer of the
lymphatic system with a high incidence rate globally. Patient responses to
therapies such as chemotherapy and immunotherapy often vary, which is
thought to be related to individual genetic differences. The development of
genomic and bioinformatic technologies allows the identification of gene
variants that play a role in the effectiveness of therapy, thus opening up
opportunities for personalised treatment of NHL. This study aimed to iden-
tify genetic variants that have the potential to improve the effectiveness of
therapy in NHL patients.

Methods: This study used a bioinformatics approach to analyse ge-
netic and clinical data available in several database sources, including
PharmGKB, HaploReg v4.2, GTEx Portal and Ensembl.

Results: This study identified two significant genetic variants, rs396991
in the FCGR3A gene and rs3957357 in the GSTAT gene, that play a role in
improving the effectiveness of NHL therapy. The rs396991 variant showed
increased affinity for IgG1 and effectiveness of antibody-dependent cel-
lular cytotoxicity (ADCC) mechanism in rituximab therapy. Meanwhile, the
rs3957357 variant in GSTAT was associated with better event-free survival
in patients receiving R-CHOP chemotherapy. High expression of FCGR3A
gene inimmune tissues and GSTAT gene in liver also supports their biolog-
ical roles in therapy response.

Conclusions: Genetic variations in FCGR3A (rs396991) and GSTAT
(rs3957357) have potential as predictive biomarkers of R-CHOP therapy
effectiveness in NHL patients. These findings support the application of
genetic analysis as a basis for more personalised and effective therapeutic
strategies in the treatment of NHL.
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Introduction

Non-Hodgkin Lymphoma (NHL) is a hetero-
geneous group of lymphatic system cancers,
with great variation in clinical presentation,

disease course and response to therapy.’? Al-
though immunochemotherapy regimens such
as rituximab, cyclophosphamide, doxorubicin,
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vincristine and prednisolone (R-CHOP) have be-
come the standard of care and provide favour-
able outcomes in some patients, many experience
therapeutic failure or significant toxicity.® Clini-
cal factors such as the International Prognostic
Index (IPI) have been used to predict therapeutic
outcomes, but have not been able to fully explain
the differences in response between individuals.*

Recent years have seen a rise in the focus on host
genetic variables as potential causal factors. The
efficacy and toxicity of R-CHOP regimens may be
influenced by single nucleotide polymorphisms
(SNPs) in genes involved in drug metabolism, de-
toxification, transport and immune response, ac-
cording to pharmacogenetic research.® For NHL,
the gold standard therapy is R-CHOP.® Enzymes
belonging to the cytochrome P450 family that
catalyse the conversion of cyclophosphamide

Methods

This study used a bioinformatics approach to
analyse genetic and clinical data available in
several database sources, including PharmGKB,
HaploReg v4.2, GTEx Portal and Ensembl.'* '3 The
research steps included:

Identification of gene variants that
increase the effectiveness of NHL therapy

Data from PharmGKB were used to identify asso-
ciations between polymorphisms and therapeutic
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to its active form as well as the metabolism of
vincristine and prednisone; isoforms of gluta-
thione S-transferase that aid in the detoxifica-
tion of doxorubicin and vincristine as well as the
scavenging of oxygen radicals from doxorubicin;
ATP-binding cassette transporters that expedite
the removal of doxorubicin, vincristine and pred-
nisone from cells; subunits of NAD(P)H oxidase
that contribute to the formation of oxygen radi-
cals; glucocorticoid receptors; and Fcy receptors
thatare involved in the cellular cytotoxicity mech-
anism caused. Understanding the role of SNPs in
these genes provides a strong basis for the devel-
opment of more personalised therapies.”!!

This article aimed to identify the role of gene
variants in improving the effectiveness of NHL
therapy through genomic and bioinformatic ap-
proaches.

efficacy. SNPs were filtered from the PharmGKB
database based on Level of Evidence (LOE) rang-
ing from 3 to 1A, which represents moderate to
strong pharmacogenomic associations. To en-
sure statistical and clinical relevance, only vari-
ants supported by cohort studies involving more
than 100 individuals and showing a p-value <
0.01 were included in the analysis. Functional
validation was conducted using HaploReg v4.2 to
identify whether the SNPs were located in cod-
ing regions, affected transcription factor binding
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Figure 1: The bioinformatics process used to discover gene variants that increase the effectiveness of non-Hodgkin lymphoma drugs
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sites, or were linked with regulatory motifs. This
analysis was performed by comparing therapeu-
tic outcomes (therapeutic response) between in-
dividuals with genotypes to NHL treatment.

Gene expression analysis in various

tissues

Data from the GTEx Portal were used to explore
gene expression in various body tissues, espe-
cially spleen and blood vessels, which play an
important role in NHL cancer pathogenesis. Com-

Results

Based on research that has been conducted, it
was found that SNP can affect the effectiveness
of NHL treatment (rituximab, cyclophosphamide,
doxorubicin, vincristine and prednisolone), which
was identified through the PharmGKB database.
A total of 90 SNPs of effectiveness accessed on 11
February 2025 associated with therapeutic effec-
tiveness met the inclusion criteria and showed
significance based on LOE 1A-3. This LOE was
determined based on the number of studies sup-
porting an association between genetic variation
and drug response, with support from cohort
studies involving more than 100 samples and
showing SNP significance (p < 0.01).'
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parison of gene expression between individuals
with different genotypes was performed to see
differences in expression patterns that may af-
fect response to therapy.'* *

Frequency of gene variants worldwide

Using the Ensembl database to search gene se-
quences and look for polymorphisms associated
with efficacy.!® These polymorphisms were then
linked to the affinity between the receptor and
the drug in a population with NHL (Figure 1).

SNPs obtained from PharmGKB were further val-
idated for gene coding and missense expression
using HaploReg v4.2, resulting in 2 validated SNPs
associated with therapeutic efficacy (Table 1).
This validation is important to ensure that the
identified SNPs have a significant clinical impact
in determining patient response to LNH chemo-
therapy therapy.

The results of FCGR3A gene expression analysis
showed that this gene is highly expressed in im-
mune system tissues, particularly lymph, lym-
phocytes and immune-related organs such as
tonsils and spleen (Figure 2). Violin plot images

Table 1: Genetic variants and their relationship with drug efficacy in non-Hodgkin lymphomas

q - Phenotype -
Variant Genes Sig N categories Drugs Association
Allele C is associated with
Atoximb, cyophosphamice, R CERARIEREE
rs396991 FCGR3A Yes 113 Efficacy doxorubicin, vincristine, in people with lymphoma ularge
prednisone (R-CHOP therapy) B-Cell, diffuse as compared to
allele A
AA + AG Patients with the AA +
AG genotype and diffuse large
B-cell lymphoma may have a lon-
ger event-free survival time when
153957357 GSTAT Yes 106 Efficacy Cyclophosphamide, doxorubicin,  treated with the R-CHOP chemo-

prednisone, rituximab, vincristine

therapy regimen as compared to
patients with the GG genotype.
Other genetic and clinical factors
may also influence event-free
survival time

Sig: significance; N: number of cases;
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Figure 2: Bulk tissue gene expression for FCGR3A (ENSG00000203747.12)

showed that the highest expression levels were
found in lymphocytes and lymphatic tissues, re-
flecting the major role of FCGR3A in the modula-
tion of immune responses, especially in the acti-
vation of natural killer (NK) cells and phagocytes
through the mechanism of antibody-dependent
cellular cytotoxicity (ADCC). Expression was also
detected in tissues such as lung and liver, albe-
it at a lower intensity. This expression pattern
strengthens the understanding that FCGR3A has
an important contribution in the body’s immune
defense function, as well as potential as a bio-
marker in the study of cancer diseases and auto-
immune disorders involving immune cell activity
in lymphatic tissues.'” 18

Expression analysis of the GSTAI gene showed
that it is highly expressed in metabolic tissues,
especially the liver (Figure 3). Violin plot imag-
es show that the highest expression levels were
consistently found in liver tissue, reflecting the
major role of GSTA1 during xenobiotic detoxifi-
cation and oxidative stress protection by means
of its glutathione S-transferase enzyme activity.
Expression was also detected in other tissues
such as the terminal ileum of the small intestine,
pancreas and kidney, albeit in lower levels. Mean-
while, most other tissues, including brain tissue,
skeletal muscle and the reproductive system,
showed very low to undetectable expression.
This expression pattern supports the under-

Bulk tissue gene expression for GSTA1 (ENSG00000243955.6)
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Figure 3: Bulk tissue gene expression for GSTA1 (ENSG00000243955.6)
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Figure 4: Allele frequencies of FCGR3A and GSTAT gene variants in various populations

standing that GSTAI plays an important role in
the metabolic and detoxification functions of or-
gans, particularly the liver and may have poten-
tial as a biomarker in the study of liver disease,
toxin exposure, or metabolic disorders related to
oxidative stress.!* 1

Genetic allele frequency analysis of FCGR3A
(rs396991) showed significant variation among
global populations (Figure 4). The A allele was
the dominant allele in all populations observed,
with the highest frequency found in African pop-
ulations (AFR) at 75 % in the America (AMR) and
67 % in Africa. Other populations such as Europe
(EUR), East Asia (EAS) and South Asia (SAS)
showed A allele frequencies of 69 %, 70 % and 66
%, respectively, while the C allele had relatively
lower frequencies, ranging from 25 % to 34 %.
This distribution pattern indicates that FCGR3A
allelic variants had a wide but uneven distribu-
tion, which may be related to natural selection,
immunological adaptation to the environment, or
human migration history. This allelic variation is
important in the context of immune response, as
SNP rs396991 in FCGR3A is known to affect Fcy-
Rllla receptor activity, which impacts the effi-
ciency of ADCC mechanisms, as well as sensitivi-
ty to antibody-based therapies such as rituximab.

Genetic allele frequency analysis of GSTA1
(rs3957357) showed considerable variation

among global populations. The G allele was the
dominant allele in almost all populations ob-
served, with the highest frequency found in EAS
populations at 86 %, followed by AFR at 68 % and
AMR at 70 %. On the other hand, populations such
as EUR and SAS showed lower frequencies of the G
allele at 57 % and 65 %, respectively. In contrast,
the A allele has a higher frequency in certain pop-
ulations such as the AMR with a frequency of 75
% and the AFR at 67 %, suggesting a difference in
frequency between subpopulation groups within
a region. EUR and SAS populations showed A al-
lele frequencies of 69 % and 66 % respectively,
while in EAS populations, the A allele was minor
with a frequency of only 14 %. This variation is
important to note because the rs3957357 allele in
GSTA1 is known to play arole in regulating the ex-
pression of the GSTA1 gene, which has an import-
ant function in the hepatic detoxification process
through the glutathione pathway. Therefore, this
difference in allele frequency may have an impact
on an individual’s response to drug exposure.

Discussion

Genetic variations in the FCGR3A and GSTA1
genes have a significant influence on an individ-
ual’s response to drug therapy used to treat NHL.
This can be seen in Figure 5.

53



54

Gustinanda et al. Scr Med. 2026 Jan-Feb;57(1):49-57. M
( A
Antibody-dependent cellular
cytotoxicity (ADCC)
n”,&”!
extracellular 4
p— R+ \ ]
' CHOP ;
ry FCGR1A (o) e
) expression in . -
macrophages &
-------------- >@ 1S396991 ) ---+-neooemores
high expression of
FCGRIA gene in the spleen
v decrease cyclophosphamide . .
FCGRIA A, detoxification increase therapeutic
expression in =3 ) response
dendriticcells =+ &0 =7 A
v gEi)eee--- ]
L]
ﬂumor cell exposure L EFS +t
to drugs :
L]
.
[ ]
'
(A :
'
.
----------------------------- 13| Gs7al i i S
high expression of GSTAT @
gene in the liver
- J

Figure 5: The mechanism of FCGR3A and GSTA1 genes affecting the effectiveness of rituximab,
cyclophosphamide, doxorubicin, vincristine and prednisolone (R-CHOP) regimen

FCGR3A

The Fc division of IgG is bound to the Fc gamma
receptor, which is abbreviated as FcyR.?’ Every
member of the immunoglobulin superfamily is an
FcyR. FcyRs play a significant role in several ef-
fector activities of the immune system, including
opsonised phagocytosis, release of inflammatory
mediators and cellular cytotoxicity that is reli-
ant on antibodies. Based on their affinity, three
distinct types of FcyRs have been identified.
There are other types of FcyRs, including FcyRI
(CD64), FcyRII (CD32) and FcyRIII (CD16), which
are classified as low-affinity receptors. There is
a highly conserved region outside of cells that all
three types of FcyRs share. Only macrophages,
NK cells, myeloid precursor cells, neutrophil cell
lines and macrophage cell lines include the Fc
gamma receptor III (CD16). The gamma Fc Il re-
ceptor’s expression on macrophages is controlled
by IFN-y. The gamma Fc III receptor is responsi-
ble for mediating ADCC, which is antigen-depen-
dent cellular cytotoxicity.?!

Individual differences in the FCGR3A gene great-
ly impact the efficacy of pharmacological treat-
ment for NHL. As seen in Figure 4, researchers
found that individuals with diffuse large B-cell

lymphoma (DLBCL) who had the C allele were
more likely to have a full response to rituximab
treatment than those with the A allele. This lends
credence to the idea that the clinical response to
immunochemotherapy treatments like R-CHOP
(which includes rituximab) is heavily influenced
by genetic variables and more specifically by cer-
tain allelic variations. There is still much mys-
tery around the precise mechanism of action of
R-CHOP therapy in the treatment of DLBCL.

The monoclonal antibody rituximab binds to
cancerous B cells by recognising and eliminating
their CD20 antigen.?>* The ADCC pathway, which
is triggered by effector cells via the FcR of immu-
noglobulin G (IgG) fragment, is responsible for the
mechanism of action.?* %> Inheritance differences
in the FcyR, which is implicated in the ADCC path-
way, are anticipated to impact Rituximab’s effica-
cy. Because these genetic variants may influence
the affinity of rituximab for ADCC effector cells,’
they explain how FcR polymorphisms influence
responsiveness to R-CHOP treatment for DLBCL.

In NHL cancer therapy rituximab, an anti-CD20
monoclonal antibody, works by targeting B lym-
phoma cells and triggering ADCC through in-
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teraction with FcyRIlla receptors on immune
effector cells.?® The rs396991 mutation in the
FCGR3A gene affects the affinity of Fc receptors
to rituximab, thus contributing to differences
in patient response to therapy. Individuals with
the C allele have a higher binding affinity to I[gG1
(rituximab antibody class), which increases the
effectiveness of ADCC and therapeutic response.
This is consistent with study Kim et al,” that the
FCGR3A gene variant had a significant impact on
improving faster complete response (CR) in NHL
patients undergoing R-CHOP therapy (p = 0.022;
HR: 1.654; 95 % CI: 1.076-2.542). In addition, a
low IPI score was identified as a favourable prog-
nostic factor for both overall survival (0OS) (P =
0.007; HR: 0.199; 95 % CI: 0.061-0.646) and event-
free survival (EFS) (p < 0.001; HR: 0.107; 95 %
CIl: 0.042-0.271). Therefore, genetic variation in
FCGR3A is an important factor in the prediction
of patient response to rituximab and can be used
in personalised medicine approaches for optimi-
sation of NHL therapy.’

GSTA1

This gene produces a protein that belongs to an
enzyme family involved in attaching electrophilic
compounds, including as carcinogens, medicines,
environmental contaminants and oxidative stress
byproducts, to glutathione. This mechanism
plays a key role in neutralising and eliminating
these harmful compounds. A specific subgroup
of this enzyme family contributes significantly
to cellular defence against reactive oxygen spe-
cies and lipid peroxidation byproducts. Genetic
polymorphisms in this gene may influence an in-
dividual’s capacity to process various drugs. It is
found within a genomic region that includes re-
lated genes and pseudogenes on chromosome 6.
Additionally, alternative splicing of this gene gen-
erates multiple transcript variants.?

When it comes to patients with DLBCL, the clini-
cal success of the R-CHOP chemotherapy regimen
is heavily influenced by the rs3957357 muta-
tion in the GSTAI gene. Researchers have shown
that GG genotype patients had a shorter event-
free survival (EFS) time after receiving R-CHOP
compared to AA or AG genotype patients. This
improved outcome suggests a potential pharma-
cogenomic advantage associated with the pres-
ence of the A allele. The longer EFS observed in
patients with the AA or AG genotype could be
attributed to differences in the expression or ac-
tivity of the GSTA1 enzyme, which is involved in
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the detoxification pathway. Increased enzyme
activity in these genotypes may lead to more ef-
ficient metabolism and clearance of chemother-
apeutic agents, resulting in lower toxicity and
better therapeutic outcomes. In contrast, indi-
viduals with the GG genotype are associated with
shorter EFS in the same treatment, possibly due
to reduced GSTAI activity. This may lead to less
optimal drug metabolism, higher systemic toxici-
ty or lower drug efficacy, ultimately affecting the
overall response to chemotherapy.?¢

GSTA1 an enzyme encoded by this gene, is in-
volved in the detoxification of drugs such as cy-
clophosphamide and its active metabolites by
conjugating them with glutathione.?” As a result,
the medicine is more soluble in water and may be
eliminated from the body more quickly. But the
rs3957357 mutation is linked to GSTAI enzyme
downregulation, which means alkylating drugs
like cyclophosphamide are less effectively detox-
ified. Consequently, the amount of time that tu-
mor cells spend exposed to medicines increases.
A lower risk of events (HR: 0.38; 95 % CI: 0.20-
0.72; p = 0.003) was associated with the GSTA1
rs3957357 genotype in DLBCL patients under-
going R-CHOP, which is in agreement with a re-
search by Rossi et al.?® Presented results support
GSTA1 rs3957357’s role as a possible NHL predic-
tive biomarker.

This study was limited by the exclusive use of
secondary data from public databases. The SNP
associations observed may also be confounded by
population stratification, linkage disequilibrium
with other variants, or environmental exposures.
To strengthen the findings, future studies should
include prospective validation using genotyped
NHL patient samples with detailed clinical re-
sponse data. Functional assays are also needed
to confirm the biological impact of these SNPs on
protein expression and drug interaction. Integra-
tion with epigenetic and transcriptomic data may
further refine the role of these variants in treat-
ment outcomes.

Conclusion

This study successfully identified two import-
ant genetic variants that have the potential
to improve the effectiveness of NHL thera-
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py, namely rs396991 in the FCGR3A gene and
rs3957357 in the GSTA1 gene. The rs396991
variant (allele C) in the FCGR3A gene is known
to increase affinity to IgG1l, thus strengthening
the ADCC mechanism which is key to the effec-
tiveness of rituximab therapy in the R-CHOP
regimen. Meanwhile, the rs3957357 variant in
the GSTA1 gene plays arole in the detoxification
process of chemotherapy drugs, where AA or
AG genotypes are associated with better event-
free survival (EFS) than GG genotypes. These
findings suggest that genetic variation plays
an important role as a predictive biomarker of
therapeutic effectiveness, opening up opportu-
nities for the application of personalised medi-
cine in the clinical management of NHL.
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