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Background: Diffuse large B-cell lymphoma, among non-Hodgkin lymphomas, is one of the

most frequent subtypes. Clinical laboratory data and post-treatment outcomes are scarce

in  the Brazilian population.

Objective: The main objective of this retrospective study was to assess the impact of tumor

markers, including the Myeloid differentiation primary response 88 (MYD88) mutation.

Method: Eighty-three patients were included and treated with R-CHOP or R-CHOP-like regi-

mens.

Results: Median age was 64-years old and 58% were female patients. The median follow-up

was 42 months. The progression free survival (PFS) at this time was 63% and overall survival

(OS),  66%. In the patients with tumors expressing Myc proto-oncogene protein (MYC) and

B-cell lymphoma 2 (BCL2), assessed by immunohistochemistry (IHC), known as dual protein

expressers, median post-progression survival was 31 (15–45) months. An increased prolifer-

ative index were associated with a high rate of progression (hazard ratio 2.31 [95% confidence

interval [1.05–5.12]; p = 0.04). The cell of origin (COO), identified by IHC, was not able to pre-

dict PFS (p = 0.76). The MYD88 L265P mutation was present in 10.8% (9/83) of patients and

did  not show a prognostic correlation.

Conclusion: In conclusion, the MYD88 mutation, although an important tool for diagnosis

and  a possible target drug, presented at a low frequency and was not a prognostic marker

in  this population.
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The mutation analysis technique was described in a previous
study.19 Genomic DNA from 5 micrometers of formalin-fixed
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iffuse large B-cell lymphoma (DLBCL) is the most common
ymphoma in adults, accounting for 40% of all cases.1 Multi-
le genetic lesions of pathogenic significance segregate with
ifferent DLBCL subtypes, suggesting that these tumors rely
n distinct oncogenic pathways.2 The DLBCL cell of origin

COO) can be distinguished according to the gene expres-
ion profiling into two major subtypes, the germinal center
-cell-like (GCB) type and the activated B-cell-like (ABC) type.3

onstitutive activation of the nuclear transcription factor
B (NF-�B) pathway, which is normally transiently activated
y antigen-dependent stimulation in B cells, is characteris-
ic of ABC DLBCL.4 The survival of ABC DLBCL is known to
e inferior to that of GCB DLBCL, and the poor response to
hemotherapy has been attributed to the anti-apoptotic effect
f NF-�B.5

The myeloid differentiation primary response gene 88
MYD88) is an adaptor protein that activates the NF-�B
ignaling through most of the Toll-like receptors (TLRs).6

utations in this gene have been implicated in the
athogenesis and development of therapy resistance in
-cell neoplasms, mainly Waldenstrom’s Macroglobuline-
ia  and ABC-DLBCL.7 The L265P variant is the most

revalent MYD88 mutation in patients with non-Hodgkin
ymphomas.8

In DLBCL, the MYD88 L265P mutation occurs at various
requencies, ranging from 0 to 94% and a general consen-
us on clinical pathology implications has not been reached
ecause it varies according to the population included.9

ome recent studies demonstrated the presence of muta-
ion in association with an immune-privileged anatomical
ompartment, such as the central nervous system (CNS)
r the testis, a non-GCB subtype and older age. No clear
elation to prognosis was demonstrated.8–11 A study with
elapsed refractory DLBCL submitted to autologous stem
ell transplantation showed that the MYD88 L652P muta-
ion alone had no survival impact in patients before or after
ransplantation.12

This study aims to evaluate the MYD88 L265P gene muta-
ion prevalence in patients with DLBCL with focus on possible
ssociations with this gene mutation and clinicopathologic
arameters.

aterial  and  methods

tudy  design  and  sample

his was a retrospective study, with consecutive cases of
LBCL. Patients were diagnosed and treated at Santa Casa de
isericórdia de Porto Alegre, Hospital Santa Rita, a regional

ancer reference center, from 2011 to 2016 and had follow-
p data and tumor DNA available. We  excluded all cases that
ere not treated at this hospital, had no tumor sample avail-
ble, had transformed disease or composite lymphomas, were
atients with other active cancers or those with CNS involve-
ent and those for whom the MYD88 mutation had not been

ested.
. 2 0 1 9;4  1(1):50–56 51

Clinical  parameters  and  biochemical  analysis

The medical records were reviewed to collect clinical data,
pathology and immunohistochemical information. Since this
is a hospital-based study, two qualified and experienced
pathologists reviewed the cases.

Immunohistochemistry was performed in all cases, select-
ing the representative areas with the highest percentage of
tumor cells. Sections were subjected to staining protocols with
the following antibodies: CD10 (clone 56C6 – Diagnostic Biosys-
tem, USA), MUM1 (mum1P – Dako, Denmark), BCL2 (clone 124
– Ventana, USA), BCL6 (clone PG-B6 – Dako, Denmark) and Ki-
67 (clone 30-9 – Ventana, USA) and MYC (clone Y-69 – Biocare,
USA). The positivity of the immunostaining was detected by
the percentage of positive cells and intensity of staining. For
the Bcl-2, the positivity cutoff was considered to be when the
reactivity of lymphoma cells with antibodies was ≥40%, ≥40%
for MYC13,14 and for Bcl-6 > 30%.15 According to the expression
of IHC markers, the cases were stratified as GCB and non-GCB
using the algorithm described by Hans et al. (2004).15 The Ki-67
antibody was used to determine the proliferation cell index,
and Ki-67 ≥ 95% was defined as a “high-proliferation” tumor.16

Ki-67-positive cells were evaluated among 1000 tumor cells by
nuclear staining and counted under high magnification (400×)
in the highest labeling area. The Ki-67 labeling index was cal-
culated as positive nuclei × 100/total number of counted nuclei
(%).17,18 Cases with positive expression for MYC  and BCL2 were
considered dual protein expressers.

Mutation  analysis
0 20 40 60 80

Months

Figure 1 – Progression Free Survival (A) and Overall Survival
(B) in the total population.
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Table 1 – MYD88 mutation analyses status and clinicopathologic parameters.

Clinicopathologic parameters All casesn (%) MYD88 wild typen (%) MYD88 mutatedn  (%) p

Gender
Female 48 (57.8) 41 (55.4) 7 (77.8) 0.29
Male 35 (42.2) 33 (44.6) 2 (22.2)

Age
<60 years 33 (39.8) 30 (40.5) 3 (33.3) 1.00
≥60 years 50 (60.2) 44 (59.5) 6 (66.7)

LDH
Normal 38 (50.0) 34 (50.0) 4 (50.0) 1.00
Elevated 38 (50.0) 34 (50.0) 4  (50.0)

R-IPI
Very Good 7 (10.0) 6 (9.7) 1 (12.5) 1.00
Good 43 (61.4) 38 (61.3) 5 (62.5)
Poor 20 (28.6) 18 (29.0) 2  (25.0)

Double expressers (MYC+BCL2+)
Positive 15 (18.1) 14 (18.9) 1 (11.1) 1.00
Negative 68 (81.9) 60 (81.1) 8 (88.9)

Ki67 labeling index
≥95% 19 (23.5) 18 (25.0) 1 (11.1) 0.67
<95% 62 (76.5) 54 (75.0) 8 (88.9)

Biopsy site
Nodal 45 (54.9) 43 (58.9) 2 (22.2) 0.07
Extranodal 37 (45.1) 30 (41.1) 7  (77.8)

Subtype
Non-GCB 48 (59.3) 42 (58.3) 6 (66.7) 0.73
GCB 33 (40.7) 30 (41.7) 3 (33.3)

H: lac
Non-GCB: non-germinal center B-cell; GCB: germinal center B-cell; LD
index.

paraffin-embedded (FFPE) DLBCL sample was extracted
with the QIAamp DNA FFPE Kit (QIAGEN GmbH, Germany)
following the manufacturer specifications. The minimum
necessary DNA concentration needed for the polymerase
chain reaction (PCR) assay was 10 ng/mL.20 Isolated DNA was
subjected to PCR amplification in a final volume of 25 mcL,
containing 1 U of Platinum Taq DNA polymerase (Thermo
Fisher Scientific, Waltham, MA,  USA), 10 pMol of primers
flanking the codon 265 mutation region, 200 mM dNTPs,
MgCl2 1.5 mM,  1× of the Taq DNA polymerase buffer, and
10–50 ng of genomic DNA. The primers were as follows:
Forward 5′-AGACTGGGCTTGTCCCAC-3′ and Reverse bio-5′-
AGATTTGGTGCAGGGGTTG-3′, generating a 175 bp amplicon.
The reaction consisted of 45 ◦C of an initial denaturation step
of 15 min  at 95 ◦C, followed by 45 cycles of 94 ◦C for 30 s, 60 ◦C
for 30 s, 72 ◦C for 30 s and a final extension step at 72 ◦C for
10 min. The PCR amplicons were confirmed after electrophore-
sis on agarose gel. Ten microliters of the PCR product were
then sequenced using primer 5′-AGACTGGGCTTGTCCCAC-3′

and pyrosequencing was performed using the PyroMark
Vacuum Prep Workstation and the PyroMark Q24 (Qiagen)
according to the manufacturer’s instructions.

Statistical  analysis
Data are displayed as mean ± standard deviation or median
(interquartile range). Comparisons between groups (MYD88
positive and negative) were made using the Student t-test
tate dehydrogenase enzyme; R-IPIP: revised international prognostic

for continuous variables and the chi-square test for cate-
gorical variables. Survival analysis was performed using the
Kaplan–Meier method and log-rank test to assess significance.
Multivariate analysis was performed using a Cox propor-
tional hazards model. Factors significant at the p = 0.20 level
in univariate analysis were included in a stepwise regression
multivariate analysis with entry and removal limits set at
p = 0.20. A p-value of 5% was set for statistical significance. All
the analysis was conducted using the Statistical Package for
Social Sciences 21.0 (SPSS

®
Inc, Chicago, IL).

Ethical  considerations

This research project was conducted in accordance with reso-
lution number 466/12 of the Brazilian National Health Council
and preserves the ethical principle of confidentiality. It was
approved by research ethics committee at Santa Casa de
Misericórdia de Porto Alegre (CAE: 24896013.0.0000.5335). The
study was conducted in accordance with the provisions of the
Declaration of Helsinki and all experiments described herein
comply with the current laws of Brazil.

Results
From 2011 to 2016, according to the WHO  2016 criteria,1 151
patients were diagnosed with DLBCL at the Pathology Unit,
Hospital Santa Rita. Sixty-five patients were excluded from
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he analysis, including 6 CNS lymphomas, 4 transformed and
omposite lymphomas, 6 cases where tumor tissue samples
ere unavailable, 26 patients not treated in the hospital and

3 cases lacking the MYD88 mutation analysis. A final group
f 83 DLBCL patients was analyzed for this study. The median
ollow-up was 42 (0–77) months.

The median age was 64 (15–92) years old. Fifty patients
60%) were 60-year-olds or older and the majority of the
atients were female (58%). The median time from first symp-
oms to treatment initiation was 3 (0–32) months. Very good,
ood and poor R-IPI scores were found in 7%, 61% and 32%
f the population, respectively. The BCL-2 and MYC were
xpressed in 18% of patients, assessed by IHC, and 23% of
he sample showed high Ki67%. Non-GCB COO were demon-
trated in 59.3%. R-CHOP was the first line treatment in 75
85.2%) patients. Seven patients (9.2%) did not receive ritux-
mab  upfront due to B hepatitis positivity serology. In this
tudy, the PFS was 63% and the OS was 66% at the median
ollow-up of 42 months (Figure 1).

The prevalence of the MYD88 L265P mutation was 10.8%.
he mutated cases were more  frequent in older patients, the
on-GCB subtype and extranodal lymphoma, however no sig-
ificant difference in clinicopathologic parameters between
atients with mutated and wild type MYD88 was observed

Table 1). The MYD88 status mutation did not impact on treat-
ent response or survival, although MYD88-mutated patients
id slightly better (Figure 2).
The COO, identified by IHC, was not associated with prog-

osis. The PFS, at median follow-up, was 63 months for the
CB subtype and 62 months for the non-GCB (p = 0.76).
. 2 0 1 9;4  1(1):50–56 53

Poor R-IPI category and high Ki67 index were associated
with a decreased PFS in univariate and multivariate analysis
(Table 2 and Figure 3). An expression of BCL2 and MYC  in IHC
was a significant prognostic marker in the univariate analysis
(Figure 4).

Discussion

Although the use of rituximab was approved later in Brazil
in the public health system, RCHOP has been the first-line
treatment in our DLBCL patients; according to interna-
tional guidelines. DLBCL is the predominant subtype of
non-Hodgkin’s lymphomas in Brazil, but clinical and labo-
ratory data, as well as outcomes, are scarce.21,22 This study
contributes to demonstrated results of the DLBCL patient
characteristics, prognostic implications and outcomes. Con-
sidering a regional reference cancer center, with the providing
of public and private health care, the PFS of 63% and OS of
66% in a 42-month median follow-up were consistent with
international results.

The MYD88 mutation can be a powerful driver of high
NF-�B activity, a characteristic of DLBCL’s ABC or non-GCB sub-
types. The incidence of the MYD88 L265P mutation in DLBCL
patients varies from tumor site to tumor site. Kraan et al.
(2013)23 suggested that the MYD88 L265P mutation in DLBCL
is associated with an immune-privileged anatomical compart-
ment, such as the CNS or the testis. In this study, we excluded
primary CNS DLBC and those patients with a CNS DLBCL sec-
ondary involvement because the treatment and outcome of
this group of patients are significantly different. There was a
paucity of testis cases. The MYD88 mutation was more  fre-
quent in extranodal lymphoma and in the non-GCB subtype
as described previously,8,24,25 nonetheless this association was
not significant in this sample. In the authors opinion, this
can be explained by the low frequency of the mutation in the
studied population (10.8%). The prognostic value of the MYD88
mutation has been a matter of controversy. Some studies have
reported that the MYD88 L265P mutation is significantly asso-
ciated with lower survival rates, but this was not proved in a
meta-analysis conducted by Lee et al. (2017).9 Their conclusion
was that more  studies are needed to demonstrate the nega-
tive prognostic effect of the MYD88 L265P mutation in DLBCL
patients. In our study, no prognostic relevance of MYD88 was
demonstrated.

The DLBCL classification, according to the COO, into GCB
and ABC, has been studied by gene expression profiling (GEP).
The ABC subtype, in Lenz et al. (2008),25 was associated with an
inferior PFS with traditional RCHOP. Following this landmark
study, numerous other groups have reported similar findings
showing inferior outcomes.3,26–28 Although this suggests a
worse prognosis for the ABC subset, in recent prospective
randomized trials in DLBCL, the COO determination failed
to identify prognostic subgroups.29,30 Because GEP is expen-
sive and not readily available in routine practice, several
algorithms have been proposed in recent years; these algo-

rithms have been based on IHC staining or tissue microarray
analysis, which is a surrogate for GEP analysis.31 Although
these algorithms have been validated in many  studies, the
reproducibility of scoring such parameters across laboratory
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Table 2 – Multivariate analysis by Cox model for progression and death in the population with poor R-IPI,
double-expressers and high Ki67.

Variable Progression Death

HR (95% CI) p  HR (95% CI) p

Poor R-IPIa 2.45 (1.17–5.15) 0.02 3.34 (1.54–7.25) 0.02
Double expressers 2.05 (0.91–4.63) 0.08 1.78 (0.76–4.16) 0.18
Ki67 > 95% 2.31 (1.05–5.12) 0.04 2.20 (0.95–5.03) 0.06

HR: hazard ratio; CI: confidence interval; R-IPI: revised international prognostic index.
a Good and very good R-IPI were considered a single category.
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Figure 4 – Progression Free Survival in MYC+/BCL2+
expression by IHC (dual protein expressers) vs no
according to Ki67 proliferative index ≥ or < than 95% (B).

techniques is not completely uniform.17 This study, using the
Hans algorithm, could not associate non-GCB DLBCL with a
worse outcome and in part this could be explained by the
methodology used. The COO prognostic impact is not yet a
consensus in literature and this biomarker needs to be evalu-
ated in future prospective clinical trials.

“Double-expressers” refers to immunohistochemical
detection of MYC  and BCL2 overexpression phenotype
in DLBCL of lymphoid neoplasms. The WHO  classification
defines overexpression as greater than 40% of MYC-expressing
cells and greater than 50% of BCL2-expressing cells.1 However,
the cutoff points to define overexpression vary from study
to study, resulting in heterogeneous groups of patients.32–34

Probably due to this limitation, data on double-expresser

lymphoma outcome with traditional treatment are still con-
troversial. In our study, double-expressers of DLBCL presented
inferior outcome in a univariate analysis. The IHC analysis
coexpression of these markers.

methodology, the lower BCL2 cutoff positivity (≥40%),35 and
the small number of double expressers cases may have
interfered in this result.

In the present report, we  analyzed the relationship between
Ki-67 expression and clinical outcomes of DLBCL patients
treated with rituximab plus chemotherapy. Ki-67 is a nuclear
protein antigen present in all proliferating cells during the
active part of the cell cycle. It has been associated with pro-
liferative cellular activity.36 In DLBCL, the wide variation of
prognostic significance of Ki-67 among study groups may
be explained by diverse study populations, sample sizes,
method of Ki-67 staining/assessment, chosen Ki-67 cutoff, and
heterogeneous therapeutic regimens.17,37,38 A recent meta-
analysis was conducted to explore the correlation between
Ki-67 expression and the survival outcome in lymphoma.
The results revealed that high Ki-67 expression in patients
with lymphoma was associated with worse prognosis, both
for the OS (HR = 2.19, 95%CI: 0.95–5.03; p = 0.000) and the PFS
(HR = 1.727, 95%CI: 1.159–2.571; p = 0.007).16 A large prospective
study from the Lunenburg Lymphoma Biomarker Consortium,
including 2451 patients, also identified high Ki-67 expression
as a predictive factor of response to Rituximab in DLBCL.18

However, an optimal cutoff point needs to be further defined

and validated for lymphoma.39 In this study, we  are able to
find a correlation between high Ki67 and a higher rate of pro-
gression (HR 2.31, CI95% 1.03–5.59, p = 0.04). As Ki67 is done
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or all patients in our center, although not valuable in making
reatment decisions, can assist in the closer monitoring of this
roup of patient treatment responses.

onclusion

his unique center and retrospective study contributes to
he demonstration of results in a Brazilian cohort of DLCBL
atients, where all the limitations related to the public health
ystem do not negatively impact on the PFS and OS. The
YD88 mutation in this group of patients presented a low

requency and was not associated to clinical laboratory fea-
ures, and neither was it a prognostic marker. The DLBCL
OO, determined by IHC was not able to discriminate poor
esponse to RCHOP treatment patients. Patients with expres-
ion of BCL2/MYC demonstrated an inferior PFS in a univariate
nalysis. High R-IPI and high Ki67 proliferative index were
ssociated with increased risk in progression and death rates.
valuation of prognostic or predictive biomarkers in the man-
gement of DLBCL within prospective clinical trials will be
mportant in the future.
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