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Background and Objectives

Diffuse large B-cell lymphomas (DLBCL) are common lymphomas that have been clas-
sified into three subgroups on the basis of their patterns of gene expression. The aim
of this study was to characterize the clinical, biological, immunophenotypic and cyto-
genetic features of DLBCL with concurrent t(14;18) and 8q24/c-MYC rearrangement.

Design and Methods

Sixteen cases of DLBCL with the dual translocation were identified between 1998
and January 2006. The clinical features of these cases were examined and morpho-
logical, immunohistochemical, flow cytometric and cytogenetic analyses were per-
formed.

Results

All patients had aggressive features: B symptoms (81%), ECOG performance status
>2 (81%), elevated lactate dehydrogenase (100%), stage IV disease (100%) with at
least one extra-nodal localization (bone marrow, blood and central nervous system
involvement in 93%, 50% and 50%, respectively) and age-adjusted IPI score of 3 in
81%. Despite intensive chemotherapy regimens (including allogeneic transplants), all
patients died of disease progression. Progression-free and overall survival was 4 and
5 months, respectively. Immunophenotyping analysis (CD20, CD10, Bcl-6, Mum-1,
Bcl-2 CD138, MIB1, CD19, CD5, CD38 and sIg) was performed and showed DLBCL
with a germinal center (GC) profile. Ki-67 staining ranged from 70 to 90%. All cases
assessed by cytogenetics analysis [conventional cytogenetic and/or fluorescence in
situ hybridization (FISH)] had a complex karyotype. In one case, we identified a
8q24/c-MYC translocation variant never reported in DLBCL before: t(8;9)(q24;p13)
and t(14;18)(q32;q21). The BCL-6 rearrangement was investigated by FISH and found
to rearranged in four cases. 

Interpretation and Conclusions

In conclusion, DLBCL with concurrent t(14;18) and 8q24/c-MYC rearrangement is a
subgroup of GC-DLBCLwith poor outcome. It is worth searching for the coexistence of
dual translocations in Bcl-2-positive DLBCL with unusual aggressive presentation.
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Diffuse large B-cell lymphomas (DLBCL) are classi-
fied as a distinct lymphoma entity in the World
Health Organization (WHO) classification.1 In

adults, DLBCL account for 30% to 40% of all lymphomas
and represent the most frequent group of non-Hodgkin's
lymphomas (NHL). DLCBL include various groups of lym-
phoid neoplasms and have heterogeneous clinical, histo-
logical, immunophenotypic, cytogenetic, and molecular
features. The International Prognostic Index (IPI) is a clini-
cal and biological score that segregates DLBCL patients
into four prognostic groups with distinct median overall
survivals.2 The IPI score takes into account factors that are
linked to the patient’s characteristics (age, performance sta-
tus), disease extension and tumor growth (disease stage,
lactate dehydrogenase [LDH] level in the serum and extra-
nodal involvement). However, it has been established that
differences in clinical features and treatment responses are
also dependent on genetic and molecular features that
modify disease aggressiveness. Indeed, DLBCL are classi-
fied into three subgroups (germinal-center [GC] B-cell, acti-
vated B-cell, and primary mediastinal) according to pat-
terns of gene expression.3 Gene rearrangements (such as
BCL-2, BCL-6 or 8q24/c-MYC) and protein expression
(such as Bcl-2 or Bcl-6) have also been shown to have
major prognostic value.4-7

A tandem t(14;18) and 8q24/c-MYC rearrangement is a
situation referred to as a dual translocation. t(14;18)
(q32;q21) is reported to be present in 85% to 90% of cases
of follicular lymphoma (FL).8 The translocation t(14;18) is
also found in 10% to 40% of DLBCL.4,5,9 The translocation
between these two chromosomes juxtaposes the BCL-2
locus (located at 18q21) next to the regulatory regions of
the IGH (locus at 14q32). This modifies the regulatory
region of the proto-oncogene BCL-2 leading to Bcl-2 over-
expression. Bcl-2 is an anti-apoptotic protein and its over-
expression opposes mitochondrial apoptotic pathways.10 

The c-MYC gene is located at 8q24. Translocation
t(8;14)(q24;q32) was the first recurrent chromosomal
abnormality ever reported in lymphoproliferative disor-
ders.11 It juxtaposes the c-MYC locus next to the IGH locus,
resulting in overexpression of c-Myc protein, a key tran-
scription factor that promotes cell cycling and tumor pro-
liferation. Three recurrent translocations are observed in
Burkitt’s lymphoma (BL): t(8;14)(q24;q32); t(2;8)(p12;q24)
and t(8;22)(q24;q11). However, 8q24/c-MYC rearrange-
ments are identified in 7% to 15% of GC-derived DLBCL
and reported to be predominantly associated with extra-
nodal localizations.5,12-15 The present study describes the
clinical and biological features of 16 cases of DLBCL with
concurrent t(14;18) and 8q24/c-MYC rearrangement. 

Design and Methods

Case selection and treatment
From 1998 to January 2006, we identified 16 DLBCL

cases with a dual translocation. Patients who had human

immunodeficiency virus infection and those who had
developed a NHL after a solid organ transplants were
excluded. This study was approved by the local ethics
commission. 

The initial staging evaluation included the following
assessments: a complete history and physical examination,
blood cell counts, complete biochemical profile including
LDH level, bone marrow aspiration and/or biopsy, com-
puted tomography scan (thorax, abdomen and pelvis) and
lumbar puncture. The clinical staging system was based on
the Ann Arbor classification and IPI score was calculated as
reported by Shipp et al.2,16

All patients but one received chemotherapy (with or
without rituximab). Nine patients received CHOP, R-
CHOP or high-dose CHOP-like (CEEP) regimens.2 Because
of central nervous system (CNS) involvement, seven
patients received chemotherapy regimens incorporating
high-dose methotrexate (COPADM) followed or not by
high-dose cytarabine (CYVE).20 We planned to perform
autologous stem cell transplantation for all patients (under
the age of 60 years) in complete or partial remission after
initial chemotherapy. In two patients under the age of 50
years old who had HLA matched sibling donors, we per-
formed allogeneic stem cell transplantation upfront. This
decision was based on our previous results with DLBCL
patients with concurrent t(14;18) and 8q24/c-MYC
rearrangement. DHAP and IVAM regimens were used as
salvage chemotherapy.21,22 Three patients actually under-
went autologous stem cell transplantation and two other
patients, as described above, underwent allogeneic stem
cell transplantation. Because of multiple organs failures at
diagnosis, one patient (case 16) received only steroids.
Progression-free survival (PFS) and overall survival (OS)
times were calculated from the date of identification of the
dual translocation.

Morphological analysis 
Morphological features were assessed on hematoxylin-

eosin-safran-stained histological sections of seven lymph
nodes (inguinal, cervical, retroperitoneal), three extran-
odal (tonsil, skin, thoracic wall) and ten bone marrow
paraffin-embedded biopsies obtained at diagnosis.
Lymphoid neoplasms were classified according to the
WHO Classification proposals of lymphoid tissues (WHO
classification) (2001) and subclassified, when possible,
according to the Kiel classification as proposed by the
WHO classification. Peripheral blood and/or bone marrow
aspirate smears (12 cases) and pleural effusion (1 case)
stained with Wright-Giemsa were also analyzed and clas-
sified according to the WHO classification.1

Immunohistochemistry
Immunohistochemistry on paraffin sections was per-

formed in 11 cases. Primary antibodies against the fol-
lowing antigens were used CD10 (56C6) from
Novocastra (Newcastle, UK) and CD20 (L26) CD3, Bcl-
6 (PG-B6p), Bcl-2 (124), Mum1 (Mum1p), Ki-67 (Mib1)
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and CD138 (Mi15) all from DakoCytomation (Trappes,
France). Antigen retrieval was carried out by microwav-
ing the slides for 20 minutes in either citrate buffer (pH
6.0) for most antibodies, 1 mM EDTA buffer (pH 8.0) for
anti-CD10 and anti-Mum1 antibodies or TRS-H (pH
9.9)(DakoCytomation, Trappes, France) for anti-Bcl-6
antibody. Tissue sections were stained using either a
three-step indirect immunoperoxidase technique (LSAB
kit, DakoCytomation, Trappes, France) for extra-
medullary biopsies or a two-step visualization system
based on a peroxidase-conjugated dextran backbone
(Dako Envision+TM System, DakoCytomation, Trappes,
France) for bone marrow biopsies. Immunolabeling
with anti-Bcl-6 and anti-Ki-67 antibodies was not
assessable on bone marrow sections because of Bouin’s
fixation.  According to Hans’s method, immunohisto-
chemical detection of CD10, Bcl-6 and Mum1 was used
to classify DLBCL into GC or non-GC groups.23 The GC
subgroup included all CD10+ tumors and those with a
CD10–/BCL-6+/MUM1– immunophenotype. Other
cases were assigned to the non-GC group, including
MUM1+ tumors, regardless of their Bcl-6 status
(CD10–/Bcl-6+/MUM1+ or CD10–/Bcl-6–/MUM1+).
Positivity of immunohistochemistry was assessed by
estimation of overall positivity.

Flow cytometry analysis
Ficoll-separated mononuclear cells from blood (1

case), pleural effusion (1 case), cerebrospinal fluid (1
case) and bone marrow aspirates (9 cases) were ana-
lyzed with a four-color FACSCALIBUR flow cytometer
(Becton Dickinson, USA), and antibody combinations
including allophycocyanin-conjugated CD19, peridinin
chlorophyll protein-conjugated CD45, fluorescein isoth-
iocyanate-conjugated CD10, CD20 and anti-Ig-kappa
and phycoerythrin-conjugated CD5, CD38, anti-Ig
lambda. The antibodies were purchased from Immu-
notech (France), Becton Dickinson (USA), and
Dakopatts (Denmark). The positivity threshold was set
at 30% of CD19+ cells for all markers. 

Conventional cytogenetic analysis
Nodal tissues were systematically disaggregated with

a scalpel blade to obtain a single-cell suspension.
Unstimulated bone marrow aspirates, blood single-cell
suspensions or pleural effusions were cultured at 37°C
for 17 to 24 hours in RPMI 1640 medium supplemented
with 20% fetal calf serum, glutamine and antibiotics.
Cells were exposed to colcemid overnight followed by
hypotonic treatment (KCl 0.075 M) for 35 min and then
fixed with ethanol and acetic acid (3:1). Chromosome
analysis was based on RHG-banded metaphases. The
karyotypes are described according to the ISCN 1995
nomenclature.24

Fluorescence in situ hybridization (FISH)
FISH analysis was performed on cytogenetic prepara-

tions, using probes specific for BCL2, BCL6 and MYC
rearrangements, as previously described.25 The t(14;18)
translocation was analyzed using the Cα2-COS-Ig10
and PAC-210C12 probes or the dual commercial ISI
IGH/BCL2 probe (Vysis, Downers Grove, IL, USA).25

The 8q24/c-MYC rearrangements were analyzed using
the 861F11 and 932H6 YAC probes or the dual-color
break apart LSI MYC probe (Vysis, Downers Grove, IL,
USA).26 BCL6 rearrangements were analyzed using the
dual-color break-apart LSI BCL6 probe (Vysis, Downers
Grove, IL, USA). Additional FISH probes used to confirm
the involvement of partner genes [t(2;8), t(8;22)] were:
BAC 316 G9-5’CCN, BAC 525 L16-3’tel, BAC 1021 F11-
3’tel for the kappa locus; and BAC 526 G4-5’ CEN, BAC
60 B5-3’tel, BAC 865 E9-3’tel for the lambda locus.27

Results

Patients’ clinical characteristics 
The clinical characteristics and treatment of the 16

cases are listed in Table 1. All patients presented with
poor prognosis features: B symptoms were present in 13
cases and ECOG Performans Status was >2 in 13 cases;
all cases had stage IV disease and elevated LDH level in
the serum. Seven cases had an elevated leukocyte count
with circulating tumor cells. Extranodal sites of disease
were bone marrow (15 cases), CNS (8 cases), blood (7
cases), pleural effusion (5 cases), skin (2 cases), liver (1
case), lung (1 case), testis (1 case) and stomach (1 case).
Furthermore, 14 cases had at least two extranodal local-
izations. The age-adjusted IPI score was 2 in 3 cases and
3 in 13 cases. 

After induction chemotherapy, five and seven
patients reached complete remission (CR) and partial
remission (PR), respectively. Four patients progressed
during initial therapy. We performed autologous or allo-
geneic stem cell (from a matched sibling donor) trans-
plantations in three and two cases, respectively. Status
at the time of transplantation was CR in two cases and
PR in three cases. The median PFS and OS were 4 and 5
months, respectively. All patients died of disease pro-
gression. Only one patient (case 2) survived more than
1 year. At the time of relapse, she received salvage
chemotherapy (IVAM) and reached a second CR but
relapsed a few months later. Because of a PR status after
induction therapy, one patient (case 4) received three
cycles of DHAP regimen before autologous stem cell
transplantation. Five patients received rituximab in
association with chemotherapy. Addition of rituximab
did not modify either PFS or OS.

Morphological findings
Figures 1 and 2  show the morphology of tumor cells

in two cases (case 5 and 2, respectively). The morphol-
ogy of the tumor cells was consistent with the diagno-
sis of DLBCL (non-Burkitt type) according to the WHO
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2001 classification. In the majority of cases, peripheral
blood and bone marrow aspirate smears showed medi-
um-sized to large lymphoid cells with round to ovoid

nuclei, fine chromatin and centrally located or few or no
vacuoles. In most cases apoptosis was moderate to
absent with a high mitotic index. Histologic sections of

Figure 1. High-grade lym-
phoma with morphological
features of atypical BL, involv-
ing bone marrow (case 5). A.
HES x 400: diffuse infiltrate of
medium-sized lymphoid cells
with irregular nuclei and high
mitotic index. B. Morphology
of tumor cells. C. Immuno-
histochemistry x 200: Bcl-2
labels 100% of neoplastic
cells. 

Figure 2. Morphological and
immunohistochemical features
of DLBCL of an immunoblastic
subtype involving a lymph node
(case 2). A. (HES x 400) sheets
of immunoblastic cells with
high mitotic index. Immuno-
histochemistry: tumor cells
exhibited a GC profile: CD20
positive, CD10 positive, Bcl-6
positive, Bcl-2 positive and 60-
70% of cells are immunos-
tained with Ki67. B. Morphology
of tumor cells.  

Table 1. Patients’ clinical characteristics.

Prior history or
CasesAge/Gender IPI score Extra-nodal sites concomitant low Therapy Response SCT Survival 

grade lymphoma (months)

1 59/M 3 BM, skin, CNS, blood Yes, FL CEEP, COPADM PR autologous (BEAM) 4
2 65/F 3 pleural effusion, CNS no CHOP, IVAM CR 16
3 45/M 3 BM, lung no COPADM, CYVE PR 8
4 50/F 3 BM no CEEP, DHAP PR autologous (BEAM) 7
5 62/F 2 BM, CNS, blood no COPADM, CYVE PR 4
6 71/F 2 pleural effusion, BM no R-CHOP PR 10
7 36/M 2 BM, liver, CNS no COPADM PR allogeneic (Bu/Cy) 4
8 69/F 3 BM, blood no R-CHOP PR 5
9 56/M 3 BM, pleural effusion, no COPADM CR autologous  (BEAM) 8

CNS, stomach, blood
10 63/M 3 BM Yes, FL COPADM, CYVE CR 4
11 48/M 3 BM, blood no R-CEEP CR allogeneic (TBI/Cy) 8
12 73/M 3 BM, blood no R-CHOP CR 6
13 55/M 3 BM, CNS, blood no COPADM Prog 3
14 59/M 3 BM, pleural effusion, no R-CHOP Prog 1

peritoneal effusion, CNS, testis
15 70/F 3 BM, CNS, pleural effusion Yes, NOS CHOP Prog 1
16 72/M 3 BM, skin Yes, NOS steroids Prog 1

BM,; bone marrow; CNS, central nervous system; PR, partial response, CR, complete response; SCT, stem cell transplantation; TBI, total body irradiation, Cy,
cyclophosphamide; Bu: busulfan. 
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nodal and extranodal biopsies showed a diffuse infil-
trate of medium- to large-sized non-cleaved lymphoid
cells with vesicular, sometimes irregular nuclei. Two
cases of nodal lymphomas presented with a nodular and
diffuse architecture (cases 4 and 6). Seven cases were
subclassified as centroblastic (including the two cases
with prior or co-existing FL) and one as immunoblastic.
Among the cases with involved  bone marrow biopsy
(n=8), six showed an interstitial infiltrate of large lym-
phomatous cells (including a massive, diffuse infiltrate
in four cases). All these cases had a high mitotic index.
The two other cases showed focal involvement with
paratrabecular nodules of small lymphoid cells. In one
case (case 5), tumor cells had the appearance of atypical
BL. In this case, bone marrow biopsy revealed a diffuse
infiltrate of medium-sized, non-cleaved lymphoid cells,
with irregular nuclei and basophilic cytoplasm.

Immunophenotypic findings
Immunophenotypic findings are summarized in Table

2. Immunohistochemistry analysis was performed in 11
cases. All tumor cells were positive for CD20 and nega-
tive for CD3. We demonstrated a GC profile (CD10+

[11/11] Bcl6+ [6/7] and Mum1– [11/11]) in all cases (Hans’
system). Bcl-2 protein was consistently expressed with
strong immunostaining (100%) in ten out of 11 cases,
including the case of so-called atypical BL. The Ki-67
staining ranged from 70% to 90%.

Flow cytometry analysis was performed on peripher-
al blood and/or bone marrow aspirates in 13 cases.
Lymphoma cells demonstrated a B-cell lineage. All cases
were positive for CD19, CD20 and CD38. Only one
case (case 8) was CD5 positive. In 11 cases, lymphoma
cells were CD10 positive. A monotypic surface
immunoglobulin light chain was observed in 12 cases (κ
in 6 cases and λ in 6 cases).

Conventional cytogenetic (CC) and FISH findings
CC and FISH findings are presented in Table 3 and

Figure 2 shows the karyotype and FISH analysis in one
case (case 9). CC was performed in ten cases. All cases
had a complex karyotype with several abnormalities.
CC showed t(14;18) in eight cases (patients 3-6, 8-10). In
two cases (cases 2 and 7), CC suggested a 14q32
rearrangement that was confirmed by FISH. CC
showed t(8;22)(q24;q11) in three cases (cases 5, 8 and
10), t(8;14)(q24;q32) in two cases (cases 3 and 7) and
t(2;8)(p12;q24) in one case (case 9). Interestingly, CC
identified a t(8;9)(q24;p13) in one case (case 4). 

IGH/BCL2, BCL6 and 8q24/c-MYC rearrangements
were assessed in all cases using FISH. FISH was per-
formed from BM aspirates in 14 cases and pleural effu-
sion in two cases. A total of 200 interphases cells was
systematically analyzed. All cases were positive for
both IGH/BCL2 and 8q24/c-MYC rearrangements. Four
of 16 cases also had a BCL6 rearrangement. 

Discussion

We described a series of 16 cases of DLBCL with con-
current t(14;18) and 8q24/c-MYC rearrangement. Mufti
et al. were the first to report this dual translocation in a
patient with acute lymphoblastic leukemia.28 In our
series, the morphological and immunophenotypic find-
ings were consistent with the diagnosis of DLBCL with
a GC profile in all cases. In contrast to Kunango and col-
leagues, but as recommended by the WHO classifica-
tion, we classified the present lymphoid neoplasms as
DLBCL according not only to morphological criteria but
also to immunophenotypic and cytogenetic findings.29

All patients had very aggressive clinical and biological
features: stage IV disease, multiple extranodal sites of
disease, elevated LDH level, intermediate-high (n=3) or

Table 2. Immunophenotypic findings.

Immunohistochemistry                                                        Flow cytometry sIgκ/λ
Cases Morphology Materials CD20 CD10 Bcl-6 Mum1 Bcl-2 CD138MIB1 CD19 CD5 CD20 CD10 CD38

1 DLBCL BM, blood 95% Neg Pos Pos Pos κ
2 DLBCL, IB LN 100% 100% 100% Neg 100% Neg60-70%
3 DLBCL, CB BM 100% 100% NE Neg 100% Neg NE 70% Neg Pos Neg Pos κ
4 DLBCL CB LN, BM 100% 100% >60% Neg 100% Neg 80%
5 DLBCL BM 20% 100% NE Neg 100% ND NE 98% Neg Pos Pos Pos κ
6 DLBCL CB LN, BM, pleural 100% 70% >50% Neg 100% Neg70-80% 99% Neg Pos Pos Pos λ
7 DLBCL BM, blood 94% Neg Pos Pos Pos Neg
8 DLBCL BM, blood 82% Pos Pos Pos Pos κ
9 DLBCL LN, BM, pleural 96% Neg Pos Pos Pos λ

10 DLBCL, CB LN, BM 100% 100% NE Neg 70% ND 70% 95% Neg Pos Pos Pos λ
11 DLBCL, CB tonsil, LN, BM, blood 100% 100% >60% Neg 100% Neg 90% 90% Neg Pos Pos Pos κ
12 DLBCL BM, blood NE 100% NE Neg 100% ND NE 91% Neg Pos Pos Pos κ
13 DLBCL BM, blood 99% Neg Pos Pos Pos λ
14 DLBCL, CB LN, BM 100% 100% 10-20% Neg 100% ND 70% 99% Neg Pos Neg Pos λ
15 DLBCL pleural, thoracic wall 100% 100% Neg Neg 100% ND 80% ND ND ND ND ND ND
16 DLBCL,CB LN, skin 100% 100% > 50% Neg 100% ND 80% 97% Neg Pos Pos Pos λ

IB, immunoblastic; CB, centroblastic; LN, lymph node; BM, bone marrow; NE, not evaluable; ND, not done; Neg, negative; Pos, positive; FL, follicular lym-
phoma; NOS not otherwise specified.
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high (n=13) IPI score and high Ki-67 staining (70% to
90%). Extranodal sites of disease were bone marrow
(93%), CNS (50%), blood (44%) and pleural effusion
(31%). The median PFS and OS were 4 and 5 months,
respectively. These results are clearly worse than those
reported in standard intermediate-high or high IPI
DLBCL and consistent with the findings of both.
Kanungo and Macpherson.2,29,30 In the same period of
time, we identified 22 DLBCL patients with complex
karyotypes without t(14;18) and 8q24/c-MYC rear-
rangements. In this cohort, six patients died of disease
progression. The other patients are still alive with a
median follow-up of 17.5 months (range, 9 to 94
months). This suggests that the poor prognosis of
patients with t(14;18) and 8q24/c-MYC rearrangement is
due to this specific dual translocation and not to karyo-
type complexity. The duration of response and out-
comes of the patients with the dual translocation were
worse than those of patients with BL or transformed
lymphoma.31-33 This may be related to Bcl-2 protein that
opposes mitochondrial apoptotic pathways and confers
resistance to chemotherapy-induced apoptosis whereas
c-MYC protein promotes cell cycling and tumor prolif-
eration.

Translocation t(14;18) is a cytogenetic abnormality
associated with FL. We postulated that the 8q24/c-MYC
rearrangement is an additional oncogenic event arising in
FL cells and linked to aggressive transformation.34

Transformation from indolent lymphoma with t(14;18)

to aggressive lymphoma with 8q24/c-MYC rearrange-
ment was described by McDonnell and Korsmeyer.35

These authors demonstrated that mice with overexpres-
sion of Bcl-2 had an indolent follicular hyperplasia that
progressed to DLBCL with 8q24/c-MYC rearrangement
in half of the cases. In our series, one patient had a prior
history of documented FL (case 1) and one (case 10 ) had
coexisting FL and DLBCL cells at diagnosis. We isolated
low grade lymphoma within the bone marrow in two
cases (case 15 and 16), although there was not sufficient
material to classify the low grade NHL. Thus, four cases
out of 16 were considered as aggressive transformation
of prior indolent lymphoma. However, it remains possi-
ble that the 12 remaining cases were transformed FL or
low grade NHL in which the underlying FL or low grade
NHL was not detected. In Kanungo’s report, three
patients were diagnosed as having DLBCL and nine
patients as having BL or atypical BL. One case had a low-
grade B-cell lymphoma neoplasm but no case had a prior
history of FL.29 Yano and colleagues reported on a series
of 36 patients with transformed FL with BCL2 rearrange-
ment and identified three patients with a 8q24/c-MYC
rearrangement.36 Macpherson et al. reported on a series
of 13 DLBCL with this dual translocation including six
patients with transformed FL.30 In Thangavelu’s report,
two patients out of six had a prior history of FL.37 Indeed,
most cases do not have t(14;18) prior to 8q24/c-MYC
rearrangement. The 8q24/c-MYC rearrangement is
observed in BL, atypical BL and DLBCL. In the present
series, t(8;14)(q24;q32) and t(8;22)(q24;q11) transloca-
tions were the most frequent translocations. This obser-
vation is consistent with Kunango’s findings.
Interestingly, we also identified a 8q24/c-MYC transloca-
tion variant associated with t(14;18)(q32;q21). The
t(8;9)(q24;p13) translocation has never previously been
reported in DLBCL. We identified PAX-5 as the partner
gene. To the best of our knowledge, only three such
cases have been reported in the literature in patients
with B-cell acute lymphocytic leukemia.38,39

The Bcl-6 protein is a transcriptional repressor
expressed within GC B cells and required for GC forma-
tion in response to antigen stimulation.40,41 Cattoretti et al.
demonstrated the oncogenic role of Bcl-6 in DLBCL.42

Compared to activated B-like DLBCL, GC-DLBCL have
been shown to have a better prognosis.43 Our findings
and other studies do not confirm this result in the sub-
group of DLBCL with t(14;18) and 8q24/c-MYC
rearrangement. However, only four patients in our series
had the Bcl-6 rearrangement and conclusions are not,
therefore, possible. Based on transcriptional and genom-
ic profiling analysis, two reports highlighted the molec-
ular differences that distinguish BL and atypical BL from
DLBCL.14,15 Hummel and colleagues distinguished three
subgroups of DLBCL without a molecular BL-signature.14

According to their classification, our series of patients
would be classified in the so-called c-MYC-complex sub-
group. In Hummel’s study, 46% of the cases of DLBCL

Figure 3. Case 9. A. The karyotype shows complex cytogenetic
abnormalities including t(14;18) and t(2;8); arrows indicate
abnormal chromosomes.  B. Interphase FISH in case 9: IGK FISH
assay; one fusion signal from the intact IGK locus and a dissocia-
tion of one red and one green signal (arrows) indicating a break-
point in the IGK locus. C. Metaphase in case 9: IGK FISH assay
showing a fusion of the dual color probe on the chromosome 2
with an intact IGκ locus, an isolated green signal from the telom-
eric probe on derivative chromosome 8, and a single red signal
from the centromeric probe on a marker chromosome [der (2),
probably]. D. The same metaphase with the dual color c-MYC FISH
assay showing one fusion from the normal chromosome 8, one
red signal from the derivative chromosome 8 (5’ centromeric c-
MYC probe) and one green signal from the marker chromosome
(3’ telomeric c-MYC probe).
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with 8q24/c-MYC breakpoints had concurrent BCL2 and
BCL6 translocations. The authors demonstrated that the
presence of 8q24/c-MYC breakpoints is associated with
a poor 5-year survival rate. They hypothesized that the
c-MYC breakpoint is a secondary event which appears
during clonal evolution. Dave and colleagues showed
that the molecular signature of DLBCL with c-MYC
t(8;14) differs from that of BL.15 These two reports con-
firm the molecular differences between BL and DLBCL
and show that DLBCL with 8q24/c-MYC constitute a
heterogeneous subgroup of DLBCLs. 

The present report describes a subgroup of DLBCL
defined by a concurrent t(14;18) and 8q24/c-MYC
rearrangement. To the best of our knowledge, our series
is the most important reported in the literature so far.
DLBCL with t(14;18) and 8q24/c-MYC rearrangement
are characterized by an aggressive clinical presentation,
morphological and immunophenotypic features of GC-

DLBCL, complex karyotype and very poor prognosis. It
is worth searching for concurrent t(14;18) and 8q24/c-
MYC rearrangement in Bcl-2-positive DLBCL with an
unusually aggressive presentation because, given their
dismal prognosis, these patients need to be identified as
soon as possible and should be considered eligible for
innovative upfront, treatments.
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Table 3. Cytogenetic findings.

Cases Convential cytogenetics FISH
IGH/BCL-2 c-MYC BCL-6

1 ND pos pos neg
2 48~50,XX,add(3)(q27),+3,iso(6)(p10),-8,add(9)(p12-13),-14,add(18)(q21),

+mar1,+mar2,+min1,+min2,inc[cp10]/46,XX[5]pos pos pos
3 46,XY,t(8;14)(q24;q32),t(14;18)(q32;q21),i(17q)[8]/46,XY[5] pos pos neg
4 46,X,-X,der(?)t(?;2)(?;q12),add(3)(p21),del(6)(q21qter),+7,t(8;9)(q24;p13),

+11,t(14;18)(q32;q21),-15,add(17)(p11)[7]/47,idem,+mar[4]47-52,idem,+mars[9] pos pos neg
5 46,XX,add(1)(p36),add(3)(q27),t(8;22)(q24;q11),add(9)(p?),t(14;18)(q32;q21)[20] pos pos neg
6 47,XX,add(2)(p1?6),-4,i(6)(p10),+7,del(10)(q22qter),t(14;18)(q32;q21),+mar[20] nt(8;14) pos pos neg
7 52,XY,+X,+Y,+7,del(9)(p13p24),t(8;14)(q24;q32),add(14)(q32),add(18)(q21), pos pos neg

+20,+der(21)t(1;21)(q11;p11)[18]/46,XY[2]
8 74-75,XX,+X,add(X)(q2?5),+iso(1q),+2,+3,+3,der(3)(3pter->3q27::8q13 pos pos pos

->8q24::22q11->22qter),+4,+4,t(4;7)(q24-25;q35),+5,+6,+7,+7,t(8;22)(q24;q11),
+9,+9,+11,+12,+12,+13,t(14;18)(q32;q21),+15,+16,+16,+17,add(17)(p12),
+18,+19,+20,+21,+21,+mar1,mar2,+mar3[20] pos

9 47,XY,-2,add(3)(q27),der(8)t(2;8)(p12;q24),add(9)(q34),t(14;18)(q32;q21), pos pos neg
+17,+mar[10]/46,XY[10]

10 50,XY,+X,+?Y,t(8;22)(q24;q11),+12,add(14)(q32),t(14;18)(q32;q21),
+mar[10]/46,XY[3] pos pos neg

11 ND pos pos pos
12 ND pos pos neg
13 ND pos pos neg
14 ND pos pos neg
15 47,XY,add(4)(p13-15),+7,t(14;18)(q32;q21)[18]/48,idem,+mar[2] pos pos neg
16 ND pos pos pos
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