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Introduction

Diffuse

Introduction of the concept of the cell of origin
(COO) using gene expression profiing (GEP) has
revealed that a germinal center (GC) subtype predicts

large B-cell
comprises a heterogeneous group of non-Hodgkin
lymphoma (NHL) with different tumor biology and clinical
behavior [1]. At present, chemoimmunotherapy with
rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisone (R-CHOP) is used as a standard
treatment in all subtypes of DLBCL, despite knowing
that a substantial group of patients will experience
relapse or refractory disease, resulting in an overall
survival (OS) rate of approximately 60% [2].

Abstract

BACKGROUND: Despite the growing landscape of genetic drivers in Diffuse Large B-cell Lymphoma, yet their
clinical implication is still unclear and R-CHOP regimen remains a “one size fits all” therapy. We aimed in this study
to examine the prevalence of EZH2, BCL211 and MYD 88 genetic polymorphisms in DLBCL patients and correlate
the results with various clinical and survival outcomes.

METHODS: Genotyping of MYD88 (rs387907272 T/C), EZH2 (rs3757441 C/T), and BCL2L11 (rs3789068 A/G)
polymorphisms were conducted using real time polymerase chain reaction analysis in a total of 75 DLBCL patients.

RESULTS: Most of our cases carried the wild TT genotype of MYD88 gene (64%), the mutant TT genotype of
EZH2 gene (52%) and the wild AA genotype of BCL2L11 gene (48%). Regarding cell of origin, Germinal Centre
(GC) phenotype was present in 56% of cases while 44% expressed the Post-GC (PGC) phenotype. Poor response
outcome to first line R-CHOP was significantly correlated with the mutated CC genotype of MYD 88 (p=0.02),
while better response to R-CHOP was significantly associated with younger age <50 years (p <0.0001), good PS
(p=0.046), normal LDH level (p=0.003), earlier stage (p <0.0001), good IPI score (p=0.009), absence of extranodal
disease (p <0.0001) and absence of bulky disease (p=0.004). The median PFS and the 2 year OS were significantly
higher in younger age, earlier stage, good IPI score, absence of extranodal disease, absence of bulky disease and
in GC phenotype.

CONCLUSIONS: Our results emphasized that the mutated genotype of MYD 88 gene polymorphism is significantly
associated with poor response to R-CHOP therapy.

better outcome and OS than an activated B-cell-like
(ABC) subtype [3]. However, GEP is not feasible in
routine clinical settings; therefore, classification of COO
based on immunohistochemical staining has been
introduced in most laboratories using multiple algorithms
that combine cluster of differentiation 10 (CD10), B-cell
lymphoma 6 (BCL6), and multiple myeloma oncogene
1 (MUM1)/interferon regulatory factor 4 for use on
routine paraffin sections [4].

The recent WHO classification of DLBCL in 2016
was based on molecular studies of biomarkers that have
been introduced instead of the original subtyping based on
morphology and immunohistochemistry (IHC) alone [5].
Consequently, several studies have investigated the
prognostic role of different biomarkers aiming at the
addition of new sub-classifications of DLBCL [6].

lymphoma (DLBCL)
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Since the introduction of next-generation
sequencing, huge effort has been made to discover
additional oncogenic drivers and to discriminate
different subtypes of DLBCL according to specific
mutational profiles [7].

The enhancer of zeste homolog 2 (EZH2)
gene is located on chromosome 7q36. It encodes a
histone methyl transferase which catalyzes the reaction
of trimethylation of histone H3 at Lysine 27 that results
in polycomb-dependent chromatin compaction and in
consequence, gene silencing [8]. Aberrant EZH2 gene
activities may increase the risk of cancer development,
and its overexpression is directly correlated with more
advanced stages and worse clinical outcomes [9].
Moreover, single-nucleotide polymorphisms (SNPs)
of EZH2 gene affect the transcriptional regulation of
some genes involved in cancer progression which may
influence disease susceptibility [10].

BCL 2 like 11 (BCL2L11) gene (one member of
the BCL2 family) located at chromosome 2g13 is a major
regulator of apoptosis in T- and B-cell homeostasis. It
binds to Bcl-2-like proteins and initiates the process of
apoptosis in lymphocytes which has proven to strongly
affect lymphoma development [11].

Myeloid differentiation primary response gene
88 (MYDA88) is an adaptor protein through which the
activity of the nuclear transcription factor kB signaling
is increased [12]. Several studies have shown that
mutant MYD88 gene is associated with inferior survival
in DLBCL compared to the wild type [13].

In this study, we aimed at examining the
associations of EZH2, BCL211, and MYD88 risk alleles
in patients with DLBCL and correlated the results with the
response outcome to first-line R-CHOP therapy, survival
data, in addition to other clinicopathologic variables
including COO. For the best of our knowledge, this is the
first study to address the clinical and survival outcomes
of these three genes together in DLBCL patients.

Patients and Methods

This study included 75 patients with primary
DLBCL, presented to Kasr El-Aini University Hospital,
in the period from the beginning of July 2017 until the
end of June 2019. The study has gained the ethical
committee approval of both the clinical oncology and
the pathology departments of Cairo University.

Our inclusion criteria were confirmed diagnosis
of DLBCL by histopathology and IHC, sufficient tissue
in retrieved paraffin blocks, full clinical data in medical
records, and treatment with R-CHOP regimen.

Exclusion criteria included scanty tissue in
paraffin blocks, HIV positivity, and treatment protocols
other than R-CHOP. The patients’ medical records

were revised and the patients’ clinicopathological and
survival data were documented.

Clinical staging was done according to modified
Ann Arbor staging system using computed tomography
and/or magnetic resonance imaging. Positron emission
tomography (PET) scan was done for initial staging
in some patients and for the evaluation of treatment
response for all patients at the end of their treatment
cycles. The parameters of the revised international
prognostic index (R-IPI) were calculated for each patient.

All patients received 1% line chemotherapy by
R-CHOP and the median number of cycles was 6 cycles
(range 4-8) as intended curative therapy. The response
to treatment was evaluated using the standard Lugano
criteria, based on [18F] fluorodeoxyglucose (FDG) PET
using the Deauville 5-point scoring system.

All data for progression-free survival (PFS)
and OS had been analyzed in June 2020.

Morphology and IHC

The hematoxylin and eosin-stained slides as
well as the immunostained slides were revised by two
different pathologists. All studied cohort cases showed
the morphologic and immunophenotyping profile of
DLBCL, not otherwise specified according to 2016
WHO classification [5].

Multiple 5 mm thickness sections were cut
from the retrieved paraffin blocks of all cases and
immunohistochemical staining was conducted using the
standard protocol of fully automated Ventana Medical
Systems. The following antibodies were applied: CD10
(clone 56C6, Genemed, South San Francisco, CA, at
1:50 dilution), BCL6 (clone PG-B6p, DAKO, Glostrup,
Denmark, at 1-25 dilution), and MUM1 (clone MUM1p,
DAKO, Glostrup, Denmark, at 1:25 dilution), appropriate
positive and negative controls were included in each run.

The cutoff points for evaluation of marker
positivity were 230% nuclear staining for BCL6, 230%,
membranous staining for CD10, and for MUM1 =30%
nuclear staining.

Immunostaining with CD10, BCL6, and MUM1
was directed toward the classification of cases into
GC or ABC subtypes of DLBCL, according to Hans
algorithm [14]; cases were classified to GC and post-GC
subtypes (PGC).

Extraction of formalin-fixed paraffin-
embedded tissue sections deoxyribonucleic acid
(DNA)

Total genomic DNA was isolated from formalin-
fixed paraffin-embedded tissue sections using genomic
DNA extraction kits (Thermo Scientific # KO721), as per
the manufacturer’s instructions. The DNA was dissolved
in Tris-ethylenediaminetetraacetic acid (EDTA) buffer
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composed of 10 mM Tris-HCI containing 1 mM EDTA
Na2 (pH 7.8). Purified genomic DNA samples were
quantified using ultraviolet absorbance at 260 nm using
a Thermo Scientific NanoDrop TM and then stored at
—-20°C until it was subjected to quantitative polymerase
chain reaction (QPCR) analysis.

Genotyping of the MYD88 (rs387907272
T/C), EZH2 (rs3757441 C/T), and BCL2L11
(rs3789068) A/G polymorphisms

The SNPs on MYD88 (rs387907272 T/C), EZH2
(rs3757441 C/T), and BCL2L11 (rs3789068) A/G were
identified using a real-time PCR protocol based on the pre-
validated TagMan MGBTM probe for allelic discrimination
assay (Applied Biosystems). Briefly, 1.25 mL of a 40X
combined primer and probe mix (ABl/Life Technologies,
USA) was added to 12.5 mL of 2X TagManTM Universal
PCR Master Mix (ABI/Life technologies, USA) in a 25 mL
final volume of DNAse/RNAse-free water (Invitrogen/Life
Technologies, USA) and template. The cycle conditions
were 95° C for 10 min, 95°C for 15 s, and 60°C for 1
min. The last two steps were repeated 40 times. The
PCR run was performed on Rotor Gene real-time PCR
system (Qiagen, Santa Clarita, CA). Allelic discrimination
plots were produced in Statistical Package for the Social
Sciences (SPSS version 16.0; SPSS, Chicago, IL).

Statistical analysis

Patients’ clinicopathologic parameters were
tabulated and analysis of data was done according to SPSS
software version 16. Chi-square test was performed to test
the correlation between different descriptive variables.

PFS was calculated from the date of diagnosis
to the date of disease progression, relapse, or death
from any reason. OS was calculated from the date of
diagnosis until the date of last follow-up or death from
any reason. The median follow-up time was analyzed
from date of the end of treatment to the date of last
follow-up or death from any reason.

OS and PFS were calculated using the
Kaplan—Meier method and the log rank p test was
used to compare the survival curves between different
groups. p < 0.05 was considered statistically significant.

Results

Patients’ characteristics

The patients’ clinicopathological characteristics
are listed in Table 1. Most of our cases were females
(48 females vs. 27 males) and most of them were
younger than 50 years old (51/75, 68%) with a median
age of 46 years.

Table 1: Characteristics of studied DLBCL cases

Clinicopathologic characters No (%)
Age

<50 years 51 (68)

=50 years 24 (32)
Gender

Male 27 (36)

Female 48 (64)
PS

Good (1-2) 63 (84)

Poor (3-4) 12 (16)
HCV

No 54 (72)

Yes 21 (28)
HBV

No 69 (92)

Yes 6 (8)
Serum LDH level

Normal 39 (52)

High 36 (48)
IPI score

Good (0) 18 (24)

Intermediate (1,2) 18 (24)

Poor (3,4,5) 39 (52)

Stage

Il 12 (16)

1] 54 (72)

\% 9(12)
Extranodal disease

Nodal 48 (64)

Extranodal 27 (36)

Bulky disease

No 54 (72)

Yes 21 (28)
Ccoo

GC 42 (56)

PGC 33 (44)
Response to R-CHOP (1 line)

CR 48 (64)

PR 9(12)

Progression 18 (24)
Relapse

Yes 18 (24)

No relapse 57 (76)
MYD88 (rs387907272) T/C

CcC 6 (8)

TC 21 (28)

TT 48 (64)
EZH2 (rs3757441) C/T

CcC 6 (8)

TC 30 (40)

T 39 (52)
BCL2L11 (rs3789068) A/G

AA 36 (48)

AG 33 (44)

GG 6 (8)

DLBCL: Diffuse large B-cell lymphoma; HCV: Hepatitis C virus; HBV: Hepatitis B virus; LDH: Lactate
dehydrogenase; IPI: International prognostic index; GC: Germinal center; PGC: Post-germinal center;
R-CHOP: Rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone; CR: Complete response;
PR: Partial response; MYD88: Myeloid differentiation primary response gene 88; EZH2: Enhancer of zeste
homolog 2; BCL2L11: B-cell lymphoma 2 like 11; PS: Performance status; COO: Cell of origin.

Staging with the modified Ann Arbor staging
system showed that Stage 3 represented the main bulk
of our cases (72%), while Stages 2 and 4 represented
16% and 12%, respectively. Most of our patients (84%)
had good performance status (PS) (1-2) at presentation.
The high prevalence of infection with hepatitis virus in
our country, especially hepatitis C virus (HCV), was
reflected in our results where the incidence of HCV
infection was 28%.

Twenty-seven patients (36%) had extranodal
lymphoma at presentation and 36 patients (48%) had
high lactate dehydrogenase (LDH). After calculating
the R-IPI score, we found that 52% of our patients
(39 patients) had poor R-IPI score (>3), whereas 18
patients (24%) had good R-IPI score 0, and 18 patients
(24%) had intermediate R-IPI score (1-2).

All  studied cohort cases displayed the
morphological picture of DLBCL in hematoxylin and
eosin stained sections, CD20-positive and CD3-
negative immunophenotyping profile (Figure 1a, b and,
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specified: Hematoxylin and eosin (x 200 original magnification),
(b) CD20, positive membranous immunostaining in lymphoma cells
(immunohistochemistry, x 200 original magnification), (c) CD3:
Negative immunostaining in lymphoma cells with some positive
small reactive T lymphocytes (immunohistochemistry, x 200 original
magnification), and (d) positive membranous immunostaining of
CD10 in lymphoma cells (immunohistochemistry, x 200 original
magnification). (e) Positive nuclear immunostaining of BCL6 in
lymphoma cells (immunohistochemistry, x 200 original magnification),
(f) Positive nuclear immunostaining of multiple myeloma oncogene
1 in lymphoma cells MUM1 (immunohistochemistry, x 200 original
magnification)

c respectively). Forty-two patients (56%) had GC COO
displaying CD10- and BCL6-positive immunostaining
(Figure 1d and e respectively) while 33 patients
(44%) had PGC COO displaying MUM1-positive
immunostaining (Figure 1f), according to criteria of the
applied Hans algorithm.

The core of the study was to study the
genotyping of the MYD88 (rs387907272 T/C), EZH2
(rs3757441 C/T), and BCL2L11 (rs3789068) A/G
polymorphisms. In the MYD-88 gene, the mutant CC
genotype was present in only 6 cases (8%), while the
heterogeneous TC genotype in 21 cases (28%) and the
wild-type TT genotype in 48 cases (64%).

Distribution of the EZH2 (rs3757441 CIT)
genotypes showed that the wild CC genotype was
present in 6 cases (8%), while the TC genotype in
30 cases (40%) and the mutant TT genotype in 39
cases (52%).

Finally, studying the BCL2L11 (rs3789068)
A/G polymorphism showed that the wild-type AA
genotype was present in 36 cases (48%), AG genotype
in 33 cases (44%), and the mutant GG genotype in
6 cases (8%).

Response outcome to first-line RCHOP

Afterfirst-line treatment with R-CHOP, complete
response (CR) was achieved in 64% of patients, partial
response in 12% of patients, and progressive course in
24% of patients.

The better response outcome was significantly
correlated with younger age <50 years (p <0.0001), good
PS (p = 0.046), normal LDH level (p = 0.003), earlier
stage (p <0.0001), better IPI score (p = 0.009), absence
of extranodal disease (p < 0.0001), and absence of
bulky disease (p = 0.004), as shown in Table 2.

Table 2: Correlation of patients’ outcome to R-CHOP with
prognostic factors including MYD88 (rs387907272 T/C),
EZH2 (rs3757441 CI/T), and BCL2L11 (rs3789068 A/G)
polymorphisms

Patient outcome to R-CHOP CR PR Progression Total p-value (Chi-square)

Age
<50 years 42 3 6 51 <0.0001
250 years 6 6 12 24

PS
1-2 42 9 12 63 0.046
3-4 6 0 6 12

LDH
High 18 9 9 36 0.003
Normal 30 0 9 39

R-IPI
Good (0) 10 3 5 18 0.009
Intermediate (1,2) 18 0 0 18
Poor (3,4,5) 20 6 13 39

Stage
1l 9 3 12 <0.0001
1] 38 3 13 54
\% 1 3 9

Extranodal sites
No 42 6 0 48 <0.0001
Yes 6 3 18 27

Bulky disease
No 37 9 54 0.004
Yes 1 0 10 21
COO
GC 27 6 9 42 0.712
PGC 21 3 9 33

MYD88 (rs387907272 ) T/C
CcC 2 3 1 6 0.002
TC 9 3 9 21
T 37 3 8 48

EZH2 (rs3757441) C/T
CcC 3 0 3 6 0.480
TC 21 3 6 30
T 24 6 9 39

BCL2L11 (rs3789068) A/G
AA 25 6 5 36 0.174
AG 18 3 12 33
GG 5 0 1 6

R-CHOP: Rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone; PS: Performance status; CR:
Complete response; PR: Partial response; MYD88: Myeloid differentiation primary response gene 88; EZH2:
Enhancer of zeste homolog 2; BCL2L11: B-cell lymphoma 2 like 11; LDH: Lactate dehydrogenase; R-IPI: Revised
international prognostic index; GC: Germinal center; PGC: Post-germinal center; COO: Cell of origin.

Furthermore, results revealed thatthe frequency
of the wild-type MYD 88 (rs387907272) TT genotype
was associated with better response to treatment as
77% of cases developed CR versus 33.3% and 42.8%
in the mutated CC and TC genotypes, respectively, with
statistically significant p value (p = 0.02).

No significant correlation with response
outcome was detected with the EZH2 (rs3757441 C/T)
and BCL2L11 (rs3789068) A/G polymorphisms.

Survival results

The median follow-up period was 16.8 months
(range: 11.5-28.2 months). Median PFS of the whole
group was 25.7 months (95% CI = 19.9-31.5 months).
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Survival results are tabulated in Table 3.
Higher PFS was significantly associated with younger
age (p < 0.0001), earlier ymphoma stages (p = 0.015),
better IPI score (p = 0.014), absence of extranodal sites
(p <0.0001), and absence of bulky disease (p = 0.016).
Regarding the subgroup COO; GC showed better PFS
than PGC phenotype although it did not reach statistical
significance (p = 0.07).

Table 3: Correlation of PFS and OS with prognostic factors
including MYD88 (rs387907272 T/C), EZH2 (rs3757441 CIT), and
BCL2L11 (rs3789068) A/G polymorphisms

Median PFS (months) [95% CI] p-value

2-year OS (%) p-value

Age

<50 32.5[28.4-34.5] <0.0001 78.4 0.001
>50 8.6 [4.9-12.4] 62.5

PS
0-2 25.7 [19.9-31.6] 0.354 77.8 0.076
3-4 11.6 [6.7-22.7] 50.0

LDH
High 25.7 [19.4-32.1] 0.811 63.9 0.329
Normal NR* 82.1

R-IPI
Good (0) NR 0.014 722 0.18
Intermediate  23.3 [18.3-27.7] 77.8
(1.2)
Poor (3,4,5)  18.7[9.3-28.0] 71.8

Stage
2 NR 0.015 83.3 <0.0001
3 32.5[26.1-38.8] 75.9
4 19.6 [5.3-33.9] 44.4

Extranodal sites
No NR <0.0001 89.6 <0.0001
Yes 10.5[8.3-12.8] 44.4

Bulky disease
No 32.5[26.1-38.8] 0.016 741 0.238
Yes 10.6 [9.6-11.6] 714

CO0
GC NR 0.074 83.3 0.027
PGC 25.7 [19.9-31.5] 60.6
MYD88 (rs387907272) T/C
cC NR 0.390 100.0 0.432
TC 18.7 [6.0-31.3] 61.9
T 25.7 [21.2-30.2] 75.0

EZH2 (rs3757441) C/T
cc 11.6 [6.8-14.9] 0.938 50.0 0.912
TC 25.7[20.7-30.7] 76.6
T NR 74.4

BCL2L11 (rs3789068) A/G
AA 32.5[24.3-37.4] 0.162 75.0 0.193
AG NR 66.7
GG NR 100.0

*NR: Not reached; PFS: Progression-free survival, OS: Overall survival; PS: Performance status;
LDH: Lactate dehydrogenase; R-IPI: Revised international prognostic index; GC: Germinal center;
PGC: Post-germinal center; COO: Cell of origin; MYD88: Myeloid differentiation primary response gene 88;
EZH2: Enhancer of zeste homolog 2; BCL2L11: B-cell lymphoma 2 like 11.

The median OS of the whole group was estimated
to be 37.1 months (95% CI = 29.3 — NR months). Due
to the relatively short follow-up period, the median OS
of the different subgroups could not be calculated, so
we decided to calculate the 2-year OS for the analyzed
subgroups. The 2-year OS of the studied group was 72%.

The 2-year OS of patients younger than
50 years was 78.4% versus 62.5% in older patients
(p = 0.001). Patients with Stage 2 disease have 2-year
OS of 75% compared to 66.7% for Stage 3 and 44.4%
for Stage 4 (p < 0.0001). The presence of extranodal
disease was associated with poorer 2-year OS (22.2%
vs. 89.6%) in those without extranodal disease.
Regarding the COO, GC phenotype was associated
with better outcome versus PGC origin (p = 0.02).

There was no significant correlation between
PFS or OS and the studied gene polymorphisms;
MYD88 (rs387907272 T/C), EZH2 (rs3757441 C/T),
and BCL2L11 (rs3789068).

Figures 2 and 3A illustrate the PFS and Os of
the studied cohort of patients respectively. Figure 3B
illustrates the OS of studied cohort according to cell of
origin.

Discussion

DLBCL comprises a heterogeneous group of
NHL with different molecular subtypes, encountering an
abundance of altered cellular pathways. MYD88, EZH2,
and BCL2L11 genetic polymorphisms and mutations
have been described at various frequencies of DLBCL in
some studies [7] but their clinicopathologic implications
and correlations with response to therapies have not been
sufficiently studied especially in Egyptian population.

Most of our cases carry the wild TT genotype of
MYD88 (rs387907272) T/C gene polymorphism (64%),
the mutant TT genotype of EZH2 (rs3757441) C/T gene
polymorphism (52%), and the wild AA genotype of
BCL2L11 (rs3789068) A/G gene polymorphism (48%).

There is a wide variability in prevalence
of MYD88 mutation in DLBCL patients as reported
among different investigators. In addition, they have
suggested that the frequency of MYD88 mutation
may vary according to different tumor locations and
molecular subtypes of DLBCL [13], [15]. Lee et al., in a
meta-analysis of 40 studies, concluded that the overall
prevalence rate of MYD88 mutation was 29% [13].

Mutations in EZH2 gene were found in 22%
of GC DLBCL and were absent from ABC DLBCL as
reported by Morin et al. [16]. The frequency of BCL2
mutations in GC DLBCL is very high compared to
ABC-DLBCL, mantle cell lymphoma, small lymphocytic
lymphoma, and peripheral T-cell ymphoma as reported
by Schuetz et al. [17]. Saito et al. reported also a high
number of BCL2 mutations in GC DLBCL and suggested
that they were the result of somatic hypermutation [18].
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Figure 2: Progression free survival (PFS) for the whole cohort of
patients
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(3B) Kaplan -Meier analysis of OS of the studies cohort according
to the cell of origin. The dashed line represents the 2-year OS cutoff

Despite the ongoing explosion of data on
different molecular mechanisms in DLBCL, the five-
drug chemoimmunotherapy R-CHOP remains the
frontline standard of care for all cases. Regarding
response to R-CHOP in our study, CR was achieved in
64% of patients, the median of PFS was 25.7 months,
and the 2-year OS of the studied group was 72%. We
noticed as expected that better response outcome as
well as PFS were significantly correlated with better
IPI score and its individual components; younger age
<50 years, good PS, normal LDH level, earlier stage,
and absence of extranodal disease, in addition to the
absence of bulky disease. Regarding the subgroup
COO; GC type was associated with better OS versus
PGC origin and that matches with results from other
studies [2], [3], [6].

Our response outcomes coincide with the
results from many studies evaluating the significant
effect of IPl or adjusted IPI in predicting response
to R-CHOP as well as correlation with survivals in
DLBCL [19]. The limitation of the original IPI score in
predicting patients who will suffer an aggressive course
of the disease highlighted the unmet need to develop
and validate new prognostic tools. These tools include
molecular and genetic markers to identify those patients
with poorer outcome and give them more intensified
therapy.

Furthermore, our results revealed that
the wild MYD 88 (rs387907272) TT genotype was
significantly associated with better response to
R-CHOP (77% of cases developed CR) in comparison
with other mutated CC and CT genotypes (p = 0.02)
but this was not reflected in PFS and OS. In their
series of 129 DLBCL patients, Salar et al. reported
that MYD88 mutation is not only associated with
worse response after CHOP like schedule but also
with very poor response to the 2" line therapy and
consequently to a dismal outcome [20]. On the other
hand, Yu et al. studied MYD88 mutation in 53 DLBCL
patients and did not find a significant association
between the MYD88 mutation and treatment response
or survival [21].

Hence, the prognostic value of the MYD88
mutation has been a matter of controversy, but what
should be taken in consideration is that these patients
when treated with the standard R-CHOP regimen tend
to have poor outcomes [13], and some series show
that they may respond to the selective Bruton tyrosine
kinase inhibitor “Ibrutinib” [22].

Given the crucial role of MYD88 gene and its
clear clinical implications, we expect that analysis of
this gene will be used more routinely in clinical practice
not only as a diagnostic biomarker but also as a
prognostic and therapeutic tool directing personalized
medicine.

Although some studies suggested that EZH2
mutations are associated with resistance to R-CHOP
regimen [23], in our study, there was no significant
correlation between response to R-CHOP therapy or
survivals with either EZH2 or BCL2L11 polymorphisms.
This is in contrary with findings by Deng et al. who found
that EZH2/Bcl-2 coexpression correlated to worse
objective response rate in DLBCL patients [24]. On the
other hand, Cummin et al. found that overall outcomes
are similar in mutant and wild-type EZH2 mutations
when adjusted for COO and IPI [25].

In summary, although our study is a cross-
sectional study, yet it evaluated the possibility of using
polymorphisms of MYD 88, EZH2, and BCL2L11
as stratifying factors with potential therapeutic
implications. Our results emphasized that the mutated
MYD 88 polymorphism is associated with poor
response to R-CHOP therapy. This result can help us
to identify a high-risk subgroup of newly diagnosed
DLBCL and hence think of other therapeutic options
beyond the “one size fits all” standard R-CHOP
regimen.

We need to validate these results on a large
scale using a multicentric pool of DLBCL patients.
Furthermore, we encourage running a Phase 3 ftrial
to randomize those patients with poor phenotypic and
genotypic characteristics in the standard R-CHOP
regimen versus another more intensified regimen
hoping to obtain better outcomes.
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Conclusion

Our results emphasized that the mutated

genotype of MYD 88 gene polymorphism is significantly
associated with poor response to R-CHOP therapy,
however EZH2 and BCL211 didn’t reveal significant
correlation with OS and PFS.
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