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BACKGROUND: Diffuse large B-cell lymphomas (DLBCLs) are a biologically heterogeneous group in which various gene alterations

have been reported. The aim of this study was to investigate the frequency and prognostic impact of BCL2, BCL6, and MYC rear-

rangements in cyclophosphamide, doxorubicin, vincristine, and prednisone plus rituximab (R-CHOP)-treated DLBCL cases. METHODS:

Tissue microarrays were constructed from 239 cases of DLBCL, and the expressions of CD10, BCL6, MUM1/IRF4, and BCL2 were eval-

uated by immunohistochemistry. MYC, BCL2, and BCL6 rearrangements were investigated by interphase fluorescence in situ hybrid-

ization on tissue microarrays. Survival analysis was constructed from 145 R-CHOP–treated patients. RESULTS: MYC, BCL2, and BCL6

rearrangements were detected in 14 (6%), 36 (15%), and 69 (29%) of 239 DLBCL patients. Double or triple rearrangements were

detected in 7 (3%) of 239 DLBCL cases. Of these, 4 had BCL2 and MYC, 2 had BCL6 and MYC, and 1 had BCL2, BCL6, and MYC rear-

rangements. The prognosis of these cases was extremely poor, with a median survival of 9 months. MYC rearrangement was associ-

ated with significantly worse overall survival (P ¼ .01), especially for the cases with GC phenotype (P ¼ .009). BCL6 rearrangement

also predicted significantly shorter overall survival (P ¼ .04), especially for the non-GC phenotype (P ¼ .03). BCL2 rearrangement had

no prognostic impact on outcome. International Prognostic Index (P ¼ .004) and MYC rearrangement (P ¼ .009) were independent

poor prognostic factors. CONCLUSIONS: Analysis of MYC gene rearrangement along with BCL2 and BCL6 is critical in identifying

high-risk patients with poor prognosis. Cancer 2012;118:4173-83. VC 2011 American Cancer Society.
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INTRODUCTION
Diffuse large B-cell lymphoma (DLBCL) is the most common histologic subtype of non-Hodgkin lymphoma, and com-
prises a heterogeneous group of diseases with varied morphologic, immunophenotypic, and molecular features.1 Although
more than half of the patients are cured with a combination of rituximab with anthracycline-based chemotherapy, such as
the R-CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone plus rituximab; immunochemotherapy) regi-
men, responses are heterogeneous, and many patients die of their disease.2,3

The International Prognostic Index (IPI) is considered the most important prognostic factor for survival and the best
method to identify high-risk patients who are unlikely to achieve a long-term remission with standard chemotherapy.3,4

However, even within identical IPI risk groups, a substantial variability in outcome has been observed.3 In addition, gene
expression profiling has identified DLBCL subtypes based on cell of origin, including germinal center (GC), activated B-
cell subtype, and unclassified DLBCL.5,6 Hans and colleagues proposed an algorithm to discriminate GC from non-GC
phenotypic DLBCL, based on CD10, BCL6, and MUM1/IRF4 expression, determined by immunohistochemistry.7

Patients with GC phenotype had better survival than those with non-GC phenotype.7,8 The prognostic value of this algo-
rithm has been confirmed among patients treated with anthracycline-based chemotherapy by some studies but not
others.9-13 In addition, even for patients receiving immunochemotherapy, the predictive value of the immunohistochemi-
cally defined GC and non-GC phenotypes remains controversial.14,15

Because the patients with DLBCL have widely various clinical outcomes, the discovery of prognostic markers that
accurately predict outcome is an important area of investigation. Recurrent chromosomal translocations ofMYC, BCL2,
and BCL6 have been reported in DLBCLs.16-20 The MYC translocation is a characteristic cytogenetic event for Burkitt

DOI: 10.1002/cncr.27396, Received: August 1, 2011; Revised: November 4, 2011; Accepted: November 16, 2011, Published online December 27, 2011 in Wiley

Online Library (wileyonlinelibrary.com)

Corresponding author: Nalan Akyurek, MD, Department of Pathology, Gazi University, Medical Faculty, 06500, Besevler-Ankara, Turkey; Fax: (011) 0090 312

2025488; akyurek@gazi.edu.tr

1Department of Pathology, Medical Faculty, Gazi University, Ankara, Turkey; 2Department of Pathology, Medical Faculty, Hacettepe University, Ankara, Turkey;
3Department of Medical Oncology, Medical Faculty, Gazi University, Ankara, Turkey; 4Department of Medical Oncology, Medical Faculty, Hacettepe University,

Ankara, Turkey

Presented at the 99th Annual Meeting of the United States and Canadian Academy of Pathology; March 20-26, 2010; Washington, DC.

Cancer September 1, 2012 4173

Original Article



lymphoma (BL), but has also been reported to occur in
DLBCLs with a frequency of 3% to 16%.13,18,21-27 Such
cases have an adverse prognosis with chemoresistance and
shortened survival, but little is known about the relative
significance of MYC in the context of other established
prognostic features.21-26 Moreover, it is unclear whether
there are identifiable clinicopathologic presentations that
predict the likelihood ofMYC aberrancy.

In contrast to BL, MYC aberrations in DLBCL are
usually associated with multiple cytogenetic abnormalities
and other genetic lesions, such as concurrent rearrange-
ments of BCL2 and/or BCL6. Patients with so-called dou-
ble-hit or triple-hit lymphomas have an extremely poor
prognosis, with few survivors beyond 6 months.28-32 In
the updated 2008 World Health Organization (WHO)
classification, double-hit and triple-hit lymphoma are
classified as B-cell lymphoma, unclassifiable, with features
intermediate between DLBCL and BL.33

BCL6 is the most frequent cytogenetic abnormality
in DLBCL, occurring in up to 30% to 35% of cases.
BCL2 gene rearrangement also occurs in 20% to 30% of
cases of DLBCL.11,13,16-20,27 Clinical studies investigating
the prognostic impact of BCL2 and BCL6 gene rearrange-
ments on patients of DLBCL have yielded conflicting
results.11,13,16-20,25,27,34,35 Conversely, there are very few
data on the prognostic impact of chromosomal transloca-
tions involving MYC, BCL2, and BCL6 genes in patients
with DLBCL treated with R-CHOP.13,21,24,35

In this study, the frequency of MYC, BCL2, and
BCL6 rearrangements was investigated in DLBCLs using
interphase fluorescence in situ hybridization (FISH) anal-
ysis. In addition, the clinicopathological features and
prognostic implications of these gene aberrations in
DLBCLs treated with R-CHOP chemotherapy were
examined.

MATERIALS AND METHODS

Patients

Biopsies from 250 DLBCL patients diagnosed from Janu-
ary 2001 to June 2009 in the Pathology Departments of
Gazi and Hacettepe Universities were included in this
study. The diagnosis of DLBCL was based on the 2008
WHO classification criteria, and BL cases were excluded.
Of the 250 patients, 239 cases in which FISH was success-
fully performed were analyzed in this study. These cases
included 117 males and 122 females, with a median age of
57 years (range, 16-95). Follow-up data were available for
178 of these patients. Clinical data were obtained from
the referring oncologists and medical records. One hun-
dred forty-five patients received R-CHOP therapy,

whereas 29 patients were treated with CHOP or CHOP-
like chemotherapy regimens, and 4 patients received palli-
ative therapy only. The characteristics of the patients who
received R-CHOP therapy were similar to the remaining
cases. For the purpose of achieving homogeneity of the
patient population, the survival analysis was constructed
from 145 patients who had been uniformly treated with
R-CHOP therapy. This group consisted of 69 males and
76 females, with a median age of 56 years (range, 17-95).
The median follow-up for this group was 26 months
(range, 2-96). At the time of analysis, 43 (30%) of 145
patients had died, and 102 (70%) were reported to be
alive.

This retrospective study was approved by the Gazi
University Medical School Research Ethics Board and is
in accordance with the Declaration of Helsinki.

Immunohistochemistry

The hematoxylin and eosin-stained slides from each tu-
mor block were reviewed, and representative areas with
the highest percentage of tumor cells were selected for tis-
sue microarray (TMA) construction. TMA blocks were
constructed with a tissue microarrayer. Immunohisto-
chemistry was performed on 4-lm TMA sections using
CD10, BCL6, MUM1/IRF4, BCL2, and Ki-67. The sec-
tions were stained using automated immunohistochemis-
try on the Ventana Benchmark XT using standard
protocols. Immunoreactivity was determined without any
knowledge of survival or other clinical data. The cases
were then subclassified as GC and non-GC phenotype
using the algorithm described by Hans and colleagues.7

For evaluation of CD10, BCL2, BCL6, and MUM1/
IRF4, the staining was interpreted as positive if 30% or
more of the tumor cells showed expression.7 The Ki-67
antibody was used to determine the proliferation rate, and
Ki-67�80% was defined as ‘‘high proliferation’’ as previ-
ously described.36

FISH Analysis

Interphase FISH analysis was performed on 3-lm TMA
tissue sections using split signal FISH DNA probes for
MYC/8q24, BCL2/18q21, and BCL6/3q27 (Dako,
Glostrup, Denmark) according to the manufacturer’s
instructions. The slides were analyzed with an Olympus
BX-51 fluorescence microscope (Olympus, Tokyo, Ja-
pan). At least 100 intact, nonoverlapping nuclei were
assessed by 2 pathologists, and the percentages of positive
nuclei were averaged. A sample was considered positive
for the rearrangement if >10% of nuclei exhibited break-
ing apart.
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Statistical Analysis

Pearson chi-square test or Fisher exact test was used to test
for differences in the frequencies between groups. Contin-
uous variables were compared using the Mann-Whitney
U test. Spearman test was used to analyze correlations
between different variables.

Progression-free survival (PFS) was defined as the
time interval from initial diagnosis to progressive disease
under therapy, failure to achieve complete remission,
additional therapy, relapse, or death from any cause.
Overall survival (OS) was defined as the time from initial
diagnosis to death or the last contact. Patients were cen-
sored for OS at the time of the last contact if currently
alive and for PFS if no relapse or disease progression had
occurred at the time of their last visit. PFS and OS were
estimated according to Kaplan-Meier and compared by
log-rank test. Multivariate analyses were performed with
the use of a Cox regression model to estimate hazard ratios
for an evolving event. All P values are based on 2-tailed
statistical analysis, considering P values <.05 as signifi-
cant. Statistical analyses were performed using SPSS (ver-
sion 15.0; SPSS Inc, Chicago, Ill) statistical software.

RESULTS
FISH was successfully performed in 239 cases, which were
analyzed in this study (Table 1). A GC phenotype was
found in 49% and a non-GC phenotype in 51% of the
tumors, as defined by the Hans’ algorithm. No significant
differences were observed with regard to age (<60 vs�60
years), sex, primary site of presentation (nodal vs extrano-
dal), stage (I-II vs III-IV), IPI (low- vs high-risk), or high
Ki-67 proliferation index among GC and non-GC sub-
groups. However, BCL2 protein was expressed in a higher
proportion of non-GC than GCDLBCLs (P¼ .03).

MYC, BCL2, and BCL6 Rearrangements

MYC, BCL2, and BCL6 gene rearrangements were
observed in 6%, 15%, and 29% of the cases, respectively
(Table 1). There was no significant difference between
GC and non-GC phenotype cases with regard to MYC,
BCL2, and BCL6 rearrangements.

MYC Rearrangements

MYC rearrangements were observed in 14 (6%) of 239
DLBCL patients (Fig. 1A). MYC rearrangement was
more frequent in the high-risk IPI group (P¼ .04). Cases

Table 1. Clinicopathological Characteristics of Patients with MYC, BCL2, and BCL6 Rearranged in DLBCL (N¼239)

Characteristic All DLBCL MYC
Rearranged

P BCL2
Rearranged

P BCL6
Rearranged

P

Patients, No. (%) 239 14 (6) 36 (15) 69 (29)

Age, y
Median [range] 57 [16-95] 49 [17-74] .11 59 [18-77] .77 59 [17-95] .14

<60, No. (%) 141 (59) 11 (79) .16 19 (53) .46 36 (52) .19

‡60, No. (%) 98 (41) 3 (21) 17 (47) 33 (48)

Sex, No. (%)
Male 117 (49) 8 (57) .59 14 (39) .20 34 (49) 1

Female 122 (51) 6 (43) 22 (61) 35 (51)

Presentation, No. (%)
Nodal 148 (62) 9 (64) 1 20 (56) .02 39 (56) .30

Extranodal 91 (38) 5 (36) 16 (44) 30 (44)

Stage, No. (%)
I-II 65 (27) 4 (31) .56 8 (30) .20 22 (45) .60

III-IV 92 (39) 9 (69) 19 (70) 27 (55)

Unknown 82 (34) 1 10 20

IPI score, No. (%)
Low, low-intermediate risk (0-2) 80 (34) 4 (33) .04 11 (48) .15 24 (60) .69

High-intermediate, high risk (3-5) 48 (20) 8 (67) 12 (52) 16 (40)

Unknown 111 (46) 0 13 29

Phenotype, No. (%)
GC 117 (49) 8 (57) .59 20 (56) .47 34 (49) 1

Non-GC 122 (51) 6 (43) 16 (44) 35 (51)

BCL2 protein expression, No. (%) 123 (55) 9 (64) .58 23 (70) .08 35 (53) .76

BCL6 protein expression, No. (%) 118 (51) 9 (64) .40 18 (53) .85 37 (54) .56

CD10 expression, No. (%) 77 (33) 5 (36) 1 15 (43) .24 23 (34) 1

Ki-67 � 80%, No. (%) 83 (35) 10 (77) .005 15 (44) .34 28 (42) .29

Abbreviations: DLBCL, diffuse large B-cell lymphoma; GC, germinal center phenotype; IPI, International Prognostic Index.
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withMYC rearrangement were more likely to have a high
proliferation rate (Ki-67 � 80%, P ¼ .005). However,
there was no association with other clinical features,
including age, sex, nodal/extranodal disease, or stage
(Table 1).

BCL2 Rearrangements

BCL2 rearrangements were observed in 36 (15%) of 239
DLBCL patients (Fig. 1B). BCL2 rearrangement corre-
lated with overexpression of the BCL2 protein (P ¼ .08);
70% of cases with BCL2 rearrangement had BCL2 pro-
tein expression.

BCL2 rearrangements were more common in nodal
than in extranodal presentations (P ¼ .02). There was no

association with other clinical features, including age, sex,
stage, or IPI score (Table 1).

BCL6 Rearrangements

BCL6 rearrangements were detected in 69 (29%) of 239
DLBCL patients (Fig. 1C). BCL6 rearrangement
showed no significant association with clinical features,
including age, sex, nodal/extranodal primary site of pre-
sentation, stage, or IPI score. No association was found
between BCL6 rearrangement and either BCL6 or BCL2
protein expression. No relationship between BCL6 rear-
rangement and a high Ki-67 proliferation index was
observed.

Figure 1. Fluorescence in situ hybridization (FISH) analysis using split signal FISH DNA probes shows (A) MYC rearrangement,
(B) BCL2 rearrangement, and (C) BCL6 rearrangement in diffuse large B-cell lymphoma cases (original magnification, �1000).
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Double or Triple Rearrangements

Double or triple rearrangements were detected in 7 (3%)
of 239 DLBCL cases: concurrent BCL2/MYC rearrange-
ment in 4 cases and BCL6/MYC in 2 cases. An additional
case had rearrangements involving all 3 genes (BCL2/
BCL6/MYC).

Double-hit or triple-hit lymphoma patients
included 4 females and 3 males with a median age of 49
years (range, 17-68). No patient had a prior diagnosis of
lymphoma at the time of clinical presentation. Four cases
had primary extranodal and 3 primary nodal presenta-
tions. The majority of patients had stage III or IV disease

Figure 2. Triple-hit lymphoma case is shown: (A) diffuse large B-cell lymphoma not otherwise specified (H & E, original magnifi-
cation, �400), (B) split signals demonstrating presence of MYC rearrangement, (C) BCL2 rearrangement, and (D) BCL6 rear-
rangement (B-D original magnification, �1000).
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(6 of 7, 86%) and high-risk IPI scores (6 of 7, 86%). Bone
marrow involvement was present in 1 patient (1 of 7,
14%) and central nervous system involvement in 1 patient
(1 of 7, 14%).

The morphology and immunophenotype of the tu-
mor cells was consistent with DLBCL, not otherwise
specified (NOS) in 6 cases and B-cell lymphoma, unclassi-
fiable in 1 case, according to the 2008 WHO classifica-
tion. One case had coexisting follicular lymphoma grade
3B and DLBCL at diagnosis. BCL2 protein expression
was found in 6 (86%) of 7 cases. The majority of cases (5
of 7, 71%) had a GC phenotype, whereas 2 cases had a
non-GC phenotype. The majority of these cases (6 of 7,
86%) had a high proliferation rate (Ki-67 �80%). Mor-
phological features consistent with DLBCL-NOS and
rearrangements of MYC, BCL2, and BCL6 are shown in
the case of triple-hit lymphoma in Figure 2.

Survival Analysis

We studied clinicopathological characteristics and their
association with PFS and OS by univariate analysis for
145 R-CHOP–treated patients (Table 2). Among clinical
parameters, an IPI score>2 (high-risk IPI) was associated
with worse OS (P < .001), as was advanced stage (stage
III or IV, P ¼ .03). By univariate analysis, CD10, BCL6,
MUM1/IRF4, and BCL2 expressions and high prolifera-
tion rate were not prognostic for PFS or OS. Similarly, no
significant difference in PFS (P ¼ .1) or OS (P ¼ .3) was
observed between the GC and non-GC phenotypes.

Considering FISH analysis, patients withMYC gene
rearrangements had significantly worse OS (P ¼ .01;
Fig. 3A) than those withoutMYC rearrangement, but not
PFS (P ¼ .1). In particular, when analyzed according to
GC and non-GC phenotypes, the prognostic implication
of MYC rearrangement was statistically significant only
for the GC phenotype, in which patients with MYC rear-
rangement had significantly shorter OS (P ¼ .009) and
tended to have worse PFS (P¼ .09). However, no signifi-
cant prognostic impact ofMYC rearrangement on PFS (P
¼ .6) or OS (P ¼ .1) was observed for the patients with
non-GC phenotype.

BCL6 rearrangement had a significantly unfavorable
impact on OS (P¼ .04; Fig. 3B) but not on PFS (P¼ .1).
When analyzed according to GC and non-GC pheno-
types, cases with BCL6 rearrangement had significantly
inferior OS (P¼ .03) if they had non-GC phenotype, but
not if they had GC phenotype (P ¼ .3). BCL2 rearrange-
ment was not significantly associated with PFS (P¼ .4) or
OS (P ¼ .2; Fig. 3C) in either the GC or the non-GC
subgroup.

All 6 patients with double-hit lymphoma (BCL2/
MYC or BCL6/MYC rearrangements) were treated with
R-CHOP, and 1 patient with triple-hit lymphoma
(BCL2/BCL6/MYC rearrangements) received only
CHOP chemotherapy. The prognosis of the cases with
double-hit lymphoma and triple-hit lymphoma was
extremely poor, with a median survival of 9 months and a
2-year OS rate of 14% (PFS, P¼ .003 and OS, P< .001;
Fig. 4). Only 1 BCL2/MYC double-hit lymphoma case
was currently in complete remission at 30 months after
the diagnosis.

In a multivariate analysis incorporating IPI, stage,
and BCL6 and MYC rearrangements, only IPI (P ¼ .01)
and MYC rearrangement (P ¼ .02) remained as inde-
pendent prognostic factors for OS, whereas the prognostic
significance of BCL6 rearrangement disappeared. With
respect to PFS, only IPI (P ¼ .001) was independently
associated with PFS.

Table 2. Univariate Analysis of the Clinicopathological
Characteristics in 145 DLBCL Patients Treated With
Cyclophosphamide, Doxorubicin, Vincristine, and Prednisone
Plus Rituximab

Characteristic DLBCL,
No. (%)

PFS
P

OS
P

Patients 145

Age
<60 years 87 (60) .20 .50

‡60 years 58 (40)

Sex
Male 69 (48) .50 .60

Female 76 (52)

Presentation
Nodal 88 (61) .10 .20

Extranodal 57 (39)

Stage
I-II 53 (37) .01 .03

III-IV 67 (46)

Unknown 20 (17)

IPI score
Low, low-intermediate risk (0-2) 64 (44) <.001 <.001

High-intermediate, high risk (3-5) 35 (24)

Unknown 46 (32)

Phenotype
GC 68 (47) .10 .30

Non-GC 77 (53)

BCL2 protein expression 75 (52) .40 .20

BCL6 protein expression 77 (53) .20 .34

CD10 expression 44 (30) .20 .08

Ki-67 � 80% 54 (37) .90 .90

MYC rearranged 11 (8) .10 .01

BCL2 rearranged 24 (17) .40 .20

BCL6 rearranged 42 (29) .10 .04

Abbreviations: DLBCL, diffuse large B-cell lymphoma; GC, germinal center

phenotype; IPI, International Prognostic Index; OS, overall survival; PFS,

progression-free survival.
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DISCUSSION
Several studies have examined the prognostic factors for
predicting survival and for determining optimal therapeu-
tic strategies in DLBCL. In the present study, GC/non-
GC phenotype according to Hans’ algorithm had no
prognostic impact, in agreement with the majority of
studies among R-CHOP–treated patients.13-15,37 This
might be explained by the addition of rituximab to chem-
otherapy, as it may modify the prognostic impact of
BCL6 or BCL2 protein expressions.13,34,35

Recently, the prognostic impact of chromosomal
translocations involving MYC, BCL2, and BCL6 genes
have been widely investigated in DLBCLs, but only a
small number of studies have been conducted in the ritux-
imab era (Table 3).13,16,19-25,35,38 In this study, the fre-

quency of MYC rearrangement was 6%, which is
comparable to the previous studies, which have reported
in 3% to 16% of DLBCL.13,18,21-27 Several studies have
analyzed the clinicopathologic presentations predicting
the likelihood of MYC rearrangement. MYC rearrange-
ment was significantly associated with a high proliferation
rate, whereas the other studies did not show any correla-
tion between a high proliferation rate and the presence of
MYC rearrangement.21-24

In this study, MYC-rearranged DLBCLs were more
frequently found in the high-risk IPI group. Barrans and
colleagues found patients with MYC-rearranged DLBCL
were significantly associated with an advanced stage and a
higher IPI score.21 Niitsu and colleagues showed that
patients with MYC-rearranged DLBCL significantly

Figure 3. Overall survival curves are shown according to (A) MYC rearrangement status, (B) BCL6 rearrangement status, and (C)
BCL2 rearrangement status. Patients with MYC and BCL6 rearrangements showed inferior overall survival to those without MYC
and BCL6 rearrangement.

MYC, BCL2, BCL6 Rearrangements in DLBCL/Akyurek et al

Cancer September 1, 2012 4179



correlated with poor performance status, bone marrow
involvement, high IPI score, and elevated lactate dehydro-
genase levels.23 On the basis of these findings, one can rec-
ommend the routine screening for MYC rearrangements

in DLBCL cases, with high-risk features and/or a high
proliferation rate.

DLBCL withMYC rearrangements has a poor prog-
nosis, with outcomes that are inferior to both BL and to
other types of DLBCL. When treated with CHOP-like or
augmented CHOP-like regimens, the 5-year survival is
only 44% compared with 67% for DLBCL without a
MYC aberration.23 Furthermore, the negative impact of
MYC expression supersedes the favorable prognosis of
GC phenotype of DLBCL, with significantly inferior
event-free survival and OS compared with either non-GC
phenotype or non–MYC-associated DLBCL treated with
CHOP.22

The presence ofMYC rearrangement retains its neg-
ative prognostic significance even in patients treated with
rituximab and anthracycline-based immunochemother-
apy, and is an independent predictor of outcome in
DLBCL.21,24 In our study, patients with MYC gene rear-
rangement showed significantly worse OS than nonrear-
ranged patients, especially in GC phenotype DLBCL.
TheMYC rearrangement and IPI score remained as inde-
pendent prognostic indicators by multivariate analysis in
this study. Savage and colleagues found that for DLBCL,

Figure 4. Overall survival curve of patients with double-hit
lymphoma (DHL) shows inferior survival to that of the other
diffuse large B-cell lymphoma (DLBCL) cases.

Table 3. Summary of Recent Studies with MYC, BCL2, and BCL6 Rearrangements in Diffuse Large B-Cell Lymphoma Patients

Gene Study No. of
Patients

Frequency
of the
Abnormality,
%

Clinicopathologic
Parameters

Treatment
Regimen

Survival

MYC Our study 239 6 High-risk IPI group and high

proliferation rate

R-CHOP (145 cases) Worse OS

Savage 200924 135 9 High risk of central nervous

system relapse and high

proliferation rate

R-CHOP Worse OS and PFS

Barrans 201021 245 14 High IPI score and high stage R-CHOP Worse OS

Klapper 200822 177 8 Low-risk IPI group CHOP or CHOEP Worse OS

Niitsu 200923 252 11 High IPI score, poor perform-

ance status, high lactate

dehydrogenase level and

bone marrow involvement

CHOP or CyclOBEAP Worse OS and PFS

Copie-Bergman 200913 68 3 NA R-CHOP NS

Yoon 200825 156 9 High IPI score CHOP or CHOP-like Worse OS

BCL2 Our study 239 15 Nodal presentation R-CHOP (145 cases) NS

Copie-Bergman 200913 71 20 NA R-CHOP NS

Barrans 200320 137 13 NS CHOP Worse OS for

GC type

BCL6 Our study 239 29 NS R-CHOP (145 cases) Worse OS

Shustik 201035 164 20 High IPI score CHOP or R-CHOP Worse OS for

R-CHOP

Copie-Bergman 200913 69 30 NA R-CHOP Worse OS

Iqbal 200738 133 19 NA CHOP NS

Barrans 200219 111 25 NS NA Worse OS

Offit 199416 102 22 Extranodal presentation CHOP Favorable OS

Abbreviations: CHOEP, CHOP plus etoposide; CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone; CyclOBEAP, cyclophosphamide, vincristine,

bleomycin, etoposide, doxorubicin, prednisone; GC, germinal center phenotype; IPI, International Prognostic Index; NA, not available; NS, not significant; OS,

overall survival; PFS, progression-free survival; R-CHOP, CHOP plus rituximab.
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MYC rearrangements had a negative prognostic impact by
multivariate analysis for both PFS and OS, as well as a
higher risk of central nervous system relapse even when
treated with R-CHOP.24

Even in pediatric patients with DLBCL, the presence
of 8q24 rearrangements independently reduces event-free
survival by 6-fold.39 By contrast, Copie-Bergman and col-
leagues found that presence ofMYC rearrangement did not
predict shortenedOS inDLBCLs treated with R-CHOP.13

Half of our cases withMYC rearrangement also had
BCL2 and/or BCL6 rearrangements. The poor clinical
outcome of the group of tumors withMYC rearrangement
is likely to be a consequence of the synergistic interaction
between multiple dysregulated genes.

Because of the very poor outcome and resistance to
lower-dose therapies, an intensive chemotherapy regimen
used for BL (CODOX-M/IVAC) has been examined in
patients with aggressive B-cell lymphomas characterized
by complex patterns of cytogenetic abnormalities, but this
therapy did not improve survival in this group of patients
in 1 study.40

BCL6 gene rearrangement is the most common
chromosomal translocation identified in DLBCL, occur-
ring in up to 30% to 35% of cases.13,16,18,19,27,38 The fre-
quency of BCL6 rearrangement was 29% in our study. It
has been reported that BCL6 rearrangement occurs more
frequently in patients with extranodal disease and, inter-
estingly, has an association with non-GC pheno-
type.13,16,18,19,38 However, in our study, no significant
correlation was found between BCL6 rearrangement and
the site of presentation. We also did not find a correlation
between BCL6 rearrangement and BCL6 protein expres-
sion, consistent with recent observations.19,35 It has been
suggested that BCL6 rearrangements does not directly
lead to BCL6 expression. However, BCL6 mutations and
a number of alternative translocation partners may be
related to deregulation of BCL6 expression.38 Ohno and
colleagues found that nonimmunoglobulin/BCL6 trans-
location correlated with low-level BCL6 protein expres-
sion, and was associated with a poor prognosis.41

Different studies investigating the prognostic signif-
icance of the BCL6 rearrangement in DLBCL have
yielded conflicting results, which probably reflects the het-
erogeneity of the disease and various molecular techniques
used. For example, BCL6 rearrangement has been associ-
ated with a favorable prognosis in DLBCL patients treated
with CHOP-like chemotherapy in some studies, but not
in others.11,16,18,19,38

In the present study, BCL6 rearrangement was also
associated with an inferior outcome in patients treated

with R-CHOP on univariate analysis, but was not an in-
dependent prognostic factor. Otherwise, BCL6 rearrange-
ment did not correlate with the presence of high-risk
clinical features. In agreement with our results, investiga-
tors have reported results of 2 other large series and have
also demonstrated that BCL6 rearrangement is associated
with significantly worse OS in patients treated with R-
CHOP.13,35 Shustik and colleagues noted that BCL6 rear-
rangement correlated with the presence of high-risk clini-
cal features, but was not a prognostic factor independent
of the IPI score.35 Although we did not find any correla-
tion among BCL6 rearrangement and GC/non-GC phe-
notype, the poor survival effect of BCL6 rearrangement
was particularly evident in non-GC phenotype DLBCL
in our study. Thus, BCL6 rearrangement could be a bio-
marker of more aggressive disease in the non-GC
subgroup.

In the present study, the frequency of BCL2 rear-
rangement was 15% in DLBCL patients. Moreover, no
significant difference in the frequency of BCL2 rearrange-
ment was observed between GC and non-GC phenotype
cases. However, we observed that BCL2 rearrangement
correlated with BCL2 protein expression, which was more
frequently observed in non-GC phenotype cases. It has
been suggested that alternative mechanisms other than
(14;18)(q32;q21), such as 18q21 amplification or activa-
tion of nuclear factor-jB pathway, may be primarily re-
sponsible for the up-regulation of BCL2 expression in the
non-GC subgroup.42 In our cohort, 24% of DLBCL cases
showed amplification at BCL2 locus (data not shown). Of
these cases, roughly 2/3 had non-GC phenotype, and 1/3
had GC phenotype. This observation lends further evi-
dence to the presence of alternative mechanisms for BCL2
overexpression in non-GC DLBCL. The prognostic role
of BCL2 rearrangement is still controversial. In the pres-
ent study, BCL2 rearrangement was not predictive of OS
in patients treated with R-CHOP, in accordance with
most reports.11,13,18,43 Barrans and colleagues demon-
strated that GC type DLBCL patients with t(14;18) had
significantly worse survival.20

Double-hit and triple-hit lymphomas are rare neo-
plasms, with estimated frequencies ranging from 1% to
12% of DLBCLs. BCL2/MYC double-hit lymphomas
(62%) formed the great majority of double-hit lympho-
mas. BCL6/MYC double-hit lymphomas were relatively
rare (8% of all cases), and triple-hit lymphomas that
involved BCL2/BCL6/MYC (16%) were more frequent
than BCL6/MYC double-hit lymphoma cases in these
studies.11,21,24-27 In our study, in accordance with the
reported cases in the literature, most patients presented as
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de novo DLBCL.29-32 However, in a recent study on 20
patients with BCL2/MYC double-hit lymphoma, low-
grade follicular lymphoma history was reported in 6
(30%) of the cases.44

In conclusion, our findings and other studies con-
firm that double-hit and triple-hit lymphomas are charac-
terized by aggressive clinical behaviors. Patients usually
present with poor prognostic parameters, including
advanced stage, B symptoms, elevated lactate dehydrogen-
ase, poor performance status, bone marrow and central
nervous system involvement, and a high IPI score.
Patients with these lymphomas have poor prognosis and
resistance to multiagent chemotherapy, even if treated
with R-CHOP or high-intensity treatment regimens.
This poor outcome is likely related to synergistic action of
MYC-induced growth promotion and the antiapoptotic
effect provided by BCL2. The presence ofMYC rearrange-
ment in DLBCL was associated with a poor prognosis,
and is an independent predictor of shortened OS in the
R-CHOP treatment era. Because there are no clinical,
morphological, or immunophenotypic features to identify
such cases, all DLBCL cases should be analyzed for MYC
abnormality using FISH, especially if the proliferation
index is >80%. In addition, determination of BCL2 and
BCL6 rearrangements is also imperative to identify dou-
ble-hit and triple-hit lymphoma, which have clinically
more aggressive behavior and extremely poor prognosis.
BCL6 rearrangement was also associated with worse prog-
nosis in DLBCL, particularly in the non-GC subgroup.
Patients with these abnormalities have a poor response to
R-CHOP, and novel therapeutic approaches should be
developed for these cases.

FUNDING SOURCES
No specific funding was disclosed.

CONFLICT OF INTEREST DISCLOSURES
The authors made no disclosures.

REFERENCES

1. Swerdlow SH, Campo E, Harris NL, et al. WHO Classification of
Tumours of Hematopoietic and Lymphoid Tissues. 4th ed. Lyon,
France: IARCH Press; 2008.

2. Sehn LH, Donaldson J, Chhanabhai M, et al. Introduction of com-
bined CHOP plus rituximab therapy dramatically improved out-
come of diffuse large B-cell lymphoma in British Columbia. J Clin
Oncol. 2005;23:5027-5033.

3. Sehn LH, Berry B, Chhanabhai M, et al. The revised International
Prognostic Index (RIPI) is a better predictor of outcome than the
standard IPI for patients with diffuse large B-cell lymphoma treated
with RCHOP. Blood. 2007;109:1857-1861.

4. Ziepert M, Hasenclever D, Kuhnt E, et al. Standard International
Prognostic Index remains a valid predictor of outcome for patients

with aggressive CD20þ B-cell lymphoma in the rituximab era. J
Clin Oncol. 2010;28:2373-2380.

5. Alizadeh AA, Eisen MB, Davis RE, et al. Distinct types of diffuse
large B-cell lymphoma identified by gene expression profiling. Na-
ture. 2000;403:503-511.

6. Rosenwald A, Wright G, Chan WC, et al. The use of molecular
profiling to predict survival after chemotherapy for diffuse large-B-
cell lymphoma. N Engl J Med. 2002;346:1937-1947.

7. Hans CP, Weisenburger DD, Greiner TC, et al. Confirmation of
the molecular classification of diffuse large B-cell lymphoma by
immunohistochemistry using a tissue microarray. Blood.
2004;103:275-282.

8. Colomo L, Lopez-Guillermo A, Perales M, et al. Clinical impact of
the differentiation profile assessed by immunophenotyping in
patients with diffuse large B-cell lymphoma. Blood. 2003;101:78-84.

9. Zinzani PL, Dirnhofer S, Sabattini E, et al. Identification of out-
come predictors in diffuse large B-cell lymphoma. Immunohisto-
chemical profiling of homogeneously treated de novo tumors with
nodal presentation on tissue micro-arrays. Haematologica.
2005;90:341-347.

10. Chang CC, McClintock S, Cleveland RP, et al. Immunohistochem-
ical expression patterns of germinal center and activation B-cell
markers correlate with prognosis in diffuse large B-cell lymphoma.
Am J Surg Pathol. 2004;28:464-470.

11. van Imhoff GW, Boerma EJ, van der Holt B, et al. Prognostic
impact of germinal center-associated proteins and chromosomal
breakpoints in poor-risk diffuse large B-cell lymphoma. J Clin
Oncol. 2006;24:4135-4142.

12. Moskowitz CH, Zelenetz AD, Kewalramani T, et al. Cell of origin,
germinal center versus nongerminal center, determined by immuno-
histochemistry on tissue microarray, does not correlate with out-
come in patients with relapsed and refractory DLBCL. Blood.
2005;106:3383-3385.

13. Copie-Bergman C, Gaulard P, Leroy K, et al. Immuno-fluorescence
in situ hybridization index predicts survival in patients with diffuse
large B-cell lymphoma treated with R-CHOP: a GELA Study. J
Clin Oncol. 2009;27:5573-5579.

14. Natkunam Y, Farinha P, Hsi ED, et al. LMO2 protein expression
predicts survival in patients with diffuse large B-cell lymphoma
treated with anthracycline-based chemotherapy with and without
rituximab. J Clin Oncol. 2008;26:447-454.

15. Nyman H, Adde M, Karjalainen-Lindsberg ML, et al. Prognostic
impact of immunohistochemically defined germinal center pheno-
type in diffuse large B-cell lymphoma patients treated with immu-
nochemotherapy. Blood. 2007;109:4930-4935.

16. Offit K, Lo Coco F, Louie DC, et al. Rearrangement of the bcl-6
gene as a prognostic marker in diffuse large-cell lymphoma. N Engl
J Med. 1994;331:74-80.

17. Bastard C, Deweindt C, Kerckaert JP, et al. LAZ3 rearrangements
in non-Hodgkin’s lymphoma: correlation with histology, immuno-
phenotype, karyotype, and clinical outcome in 217 patients. Blood.
1994;83:2423-2427.

18. Kramer MH, Hermans J, Wijburg E, et al. Clinical relevance of
BCL2, BCL6, and MYC rearrangements in diffuse large B-cell lym-
phoma. Blood. 1998;92:3152-3162.

19. Barrans SL, O’Connor SJ, Evans PA, et al. Rearrangement of the
BCL6 locus at 3q27 is an independent poor prognostic factor in
nodal diffuse large B-cell lymphoma. Br J Haematol. 2002;117:322-
332.

20. Barrans SL, Evans PA, O’Connor SJ, et al. The t(14;18) is associ-
ated with germinal center-derived diffuse large B-cell lymphoma
and is a strong predictor of outcome. Clin Cancer Res.
2003;9:2133-2139.

21. Barrans S, Crouch S, Smith A, et al. Rearrangement of MYC is
associated with poor prognosis in patients with diffuse large B-cell
lymphoma treated in the era of rituximab. J Clin Oncol.
2010;28:3360-3365.

22. Klapper W, Stoecklein H, Zeynalova S, et al. Structural aberrations
affecting the MYC locus indicate a poor prognosis independent of
clinical risk factors in diffuse large B-cell lymphomas treated within

Original Article

4182 Cancer September 1, 2012



randomized trials of the German High-Grade Non-Hodgkin’s Lym-
phoma Study Group (DSHNHL). Leukemia. 2008;22:2226-2229.

23. Niitsu N, Okamoto M, Miura I, Hirano M. Clinical significance of
8q24/c-MYC translocation in diffuse large B-cell lymphoma. Cancer
Sci. 2009;100:233-237.

24. Savage KJ, Johnson NA, Ben-Neriah S, et al. MYC gene rearrange-
ments are associated with a poor prognosis in diffuse large B-cell
lymphoma patients treated with R-CHOP chemotherapy. Blood.
2009;114:3533-3537.

25. Yoon SO, Jeon YK, Paik JH, et al. MYC translocation and an
increased copy number predict poor prognosis in adult diffuse large
B-cell lymphoma (DLBCL), especially in germinal centre-like B cell
(GCB) type. Histopathology. 2008;53:205-217.

26. Obermann EC, Csato M, Dirnhofer S, Tzankov A. Aberrations of
the MYC gene in unselected cases of diffuse large B-cell lymphoma
are rare and unpredictable by morphological or immunohistochemi-
cal assessment. J Clin Pathol. 2009;62:754-756.

27. Tibiletti MG, Martin V, Bernasconi B, et al. BCL2, BCL6, MYC,
MALT 1, and BCL10 rearrangements in nodal diffuse large B-cell
lymphomas: a multicenter evaluation of a new set of fluorescent in
situ hybridization probes and correlation with clinical outcome.
Hum Pathol. 2009;40:645-652.

28. Aukema SM, Siebert R, Schuuring E, et al. Double-hit B-cell lym-
phomas. Blood. 2011;117:2319-2331.

29. Kanungo A, Medeiros LJ, Abruzzo LV, Lin P. Lymphoid neoplasms
associated with concurrent t(14;18) and 8q24/c-MYC translocation
generally have a poor prognosis. Mod Pathol. 2006;19:25-33.

30. Le Gouill S, Talmant P, Touzeau C, et al. The clinical presentation
and prognosis of diffuse large B-cell lymphoma with t(14;18) and
8q24/c-MYC rearrangement. Haematologica. 2007;92:1335-1342.

31. Niitsu N, Okamoto M, Miura I, Hirano M. Clinical features and
prognosis of de novo diffuse large B-cell lymphoma with t(14;18)
and 8q24/c-MYC translocations. Leukemia. 2009;23:777-783.

32. Johnson NA, Savage KJ, Ludkovski O, et al. Lymphomas with con-
current BCL2 and MYC translocations: the critical factors associated
with survival. Blood. 2009;10:2273-2279.

33. Kluin PM, Harris NL, Stein H, Leoncini L. B-cell lymphoma,
unclassifiable, with features intermediate between diffuse large B-cell
lymphoma and Burkitt lymphoma. In: Swerdlow SH, Campo E,
Harris NL, et al, eds. WHO Classification of Tumours of Haema-
topoietic and Lymphoid Tissues. 4th ed. Lyon, France: IARC;
2008:265-266.

34. Obermann EC, Csato M, Dirnhofer S, Tzankov A. BCL2 gene ab-
erration as an IPI-independent marker for poor outcome in non-

germinal-centre diffuse large B-cell lymphoma. J Clin Pathol.
2009;62:903-907.

35. Shustik J, Han G, Farinha P, et al. Correlations between BCL6
rearrangement and outcome in patients with diffuse large B-cell
lymphoma treated with CHOP or R-CHOP. Haematologica.
2010;95:96-101.

36. Miller TP, Grogan TM, Dahlberg S, et al. Prognostic significance
of the Ki-67-associated proliferative antigen in aggressive non-
Hodgkin’s lymphomas: a prospective Southwest Oncology Group
trial. Blood. 1994;83:1460-1466.

37. Fu K, Weisenburger DD, Choi WW, et al. Addition of rituximab
to standard chemotherapy improves the survival of both the germi-
nal center B-cell-like and non-germinal center B-cell-like subtypes
of diffuse large B-cell lymphoma. J Clin Oncol. 2008;26:4587-4594.

38. Iqbal J, Greiner TC, Patel K, et al. Distinctive patterns of BCL6
molecular alterations and their functional consequences in different
subgroups of diffuse large B-cell lymphoma. Leukemia.
2007;21:2332-2343.

39. Poirel HA, Cairo MS, Heerema NA, et al. Specific cytogenetic
abnormalities are associated with a significantly inferior outcome in
children and adolescents with mature B-cell non-Hodgkin’s lym-
phoma: results of the FAB/LMB 96 international study. Leukemia.
2009;23:323-331.

40. Mead GM, Barrans SL, Qian W, et al. A prospective clinicopatho-
logic study of dose-modified CODOX-M/IVAC in patients with
sporadic Burkitt lymphoma defined using cytogenetic and immuno-
phenotypic criteria (MRC/NCRI LY10 trial). Blood.
2008;112:2248-2260.

41. Ohno H. Pathogenetic and clinical implications of non-immuno-
globulin; BCL6 translocations in B-cell non-Hodgkin’s lymphoma.
J Clin Exp Hematop. 2006;46:43-53.

42. Iqbal J, Neppalli VT, Wright G, et al. BCL2 expression is a prog-
nostic marker for the activated B-cell-like type of diffuse large B-cell
lymphoma. J Clin Oncol. 2006;24:961-968.

43. Iqbal J, Sanger WG, Horsman DE, et al. BCL2 translocation
defines a unique tumor subset within the germinal center B-cell-like
diffuse large B-cell lymphoma. Am J Pathol. 2004;165:159-166.

44. Snuderl M, Kolman OK, Chen YB, et al. B-cell lymphomas with
concurrent IGH-BCL2 and MYC rearrangements are aggressive
neoplasms with clinical and pathologic features distinct from Burkitt
lymphoma and diffuse large B-cell lymphoma. Am J Surg Pathol.
2010;34:327-340.

MYC, BCL2, BCL6 Rearrangements in DLBCL/Akyurek et al

Cancer September 1, 2012 4183


