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ORIGINAL ARTICLE

BCL2 translocation in high grade B cell lymphoma (NOS, DH/TH) is
associated with reduced progression free survival
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Jos�e-Tom�as Navarrod, Gustavo Tapiae, Sara Alvarez Alonsof, Alejandro Martinf, Oscar Blancog,
Pau Abrisquetah, Josep Castellvii, Ana Garc�ıa-Noblejasj, Reyes Arranzj, Magdalena Adradosk,
Andr�es L�opezh and Santiago Montes-Morenol ; On behalf of Grupo Espa~nol de linfomas y
trasplante (GELTAMO)
aDepartment of Hematology, Hospital Universitario Marqu�es de Valdecilla/IDIVAL, Santander, Spain; bDepartment of Hematology,
Hospital Universitario Gregorio Mara~n�on, Madrid, Spain; cDepartment of Anatomic Pathlogy, Hospital Universitario Gregorio Mara~n�on,
Madrid, Spain; dDepartment of Hematology, ICO-Badalona, Germans Trias i Pujol, Badalona, Spain; eDepartment of Anatomic
Pathology, Hospital Germans Trias i Pujol, Universidad Aut�onoma de Barcelona, Badalona, Spain; fDepartment of Hematology,
Hospital Universitario de Salamanca, IBSAL, CIBERONC, Salamanca, Spain; gDepartment of Anatomic Pathology, Hospital Clinico
Universitario Salamanca, IBSAL, Salamanca, Spain; hDepartment of Hematology, Hospital Universitari Vall d’Hebron, Experimental
Hematology, Vall d’Hebron Institute of Oncology (VHIO), Barcelona, Spain; iDepartment of Anatomic Pathology, Hospital Universitari
Vall d’Hebron, Barcelona, Spain; jDepartment of Hematology, Hospital Universitario de La princesa, Madrid, Spain; kDepartment of
Anatomic Pathology, Hospital Universitario de La Princesa, Madrid, Spain; lDepartment of Anatomic Pathology, Hospital Universitario
Marqu�es de Valdecilla. Translational Hematopathology Lab, IDIVAL, UNICAN, Santander, Spain

ABSTRACT
High Grade B Cell Lymphoma, NOS, and High Grade B Cell Lymphoma with Dual Hit or Triple
Hit have been recently recategorized in the 2016 revision of the WHO classification of lymphoid
neoplasms. In this study we have characterized the genetic, histopathological, and clinical fea-
tures of a series of this type of lymphoid neoplasia (17 HGBCL NOS and 53 HGBCL DH/TH).
HGBCL NOS showed better response to first line treatment than HGBCL with DH/TH but no sig-
nificant differences in PFS or OS were found between the two categories. Survival analysis in
the whole cohort of cases found that only the presence of BCL2 translocation was significantly
associated with PFS. Other clinical features such as IPI, LDH or stage were equivalent in both
categories. Furthermore, both high grade and DLBCL morphological patterns showed equivalent
PFS and OS in this set of High grade BCL NOS/DH/TH.

KEY POINTS

� BCL2 translocation in High Grade B Cell Lymphoma NOS and High Grade B Cell Lymphoma
with DH/TH is associated with reduced progression free survival.

� Both high grade and DLBCL morphological patterns showed equivalent outcome regarding
PFS and OS in HGBCL.
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Introduction

The High Grade Large B cell lymphoma categories

have been redefined in the most recent 2016 revision

of the WHO classification of lymphoid neoplasms. This

group includes at least two different categories

according to the presence or absence of concurrent

translocations in MYC and BCL2 and/or BCL6. Cases of

diffuse B cell lymphomas with high grade morphology

that lack these concurrent hits are now classified as

HGBCL NOS [1]. Cases of diffuse B cell lymphomas

with concurrent hits including MYC and BCL2 and/or
BCL6 translocations are termed High grade B cell
lymphoma with double hit or triple hit (HGBCL DH/
TH). The differential diagnosis of these entities with
conventional DLBCL (NOS) in the diagnostic routine
may have clinical implications for the treatment of
these patients due to its usually aggressive clin-
ical behavior.

Clinical features of these cases have been exten-
sively described [2,3] in previous reviews and retro-
spective case series, although some variation in the

CONTACT Santiago Montes-Moreno santiago.montes@scsalud.es Anatomic Pathology Service, Hospital Universitario Marqu�es de Valdecilla.
Translational Hematopathology Lab. IDIVAL. Universidad de Cantabria, Avda de Valdecilla s/n, Santander 39010, Espa~na

Supplemental data for this article can be accessed here.

� 2021 Informa UK Limited, trading as Taylor & Francis Group

LEUKEMIA & LYMPHOMA
2022, VOL. 63, NO. 1, 101–108
https://doi.org/10.1080/10428194.2021.1975189

http://crossmark.crossref.org/dialog/?doi=10.1080/10428194.2021.1975189&domain=pdf&date_stamp=2021-12-31
http://orcid.org/0000-0002-3565-8262
https://doi.org/10.1080/10428194.2021.1975189
https://doi.org/10.1080/10428194.2021.1975189
http://www.tandfonline.com


composition of the cohorts may exist due to various
disease classifications over time. In general, cases of
HGBCL DH/TH often present with poor prognostic
parameters, including elevated LDH, bone marrow and
CNS involvement, and a high IPI score [2]. However,
some clinical heterogeneity may exist, and patients
with so called B-cell lymphoma, unclassifiable, with
features intermediate between diffuse large B-cell
lymphoma and Burkitt lymphoma seem to have
diverse outcomes according to IPI score [3].

Most of these cases show DLBCL morphological fea-
tures, although high grade morphological features
including so called intermediate features between
DLBCL and BL lymphoma [3] or blastoid features can
be found in a small proportion of cases [1]. The pheno-
type is mostly of GCB-type with rare exceptions [3,4].
MYC gene translocations are found in approximately
10% of DLBCL cases. Roughly 50% of these MYC trans-
locations fuze MYC with IG genes, mostly IGH and there
is some evidence suggesting that non-Ig-MYC transloca-
tions do not negatively impact prognosis as IG-MYC
[4–6] in DLBCL type cases. However, in the largest
cohorts of patients so far studied, only cases with
DLBCL morphology were studied, excluding cases with
so called high grade morphological features [4,5]

HGBCL DH/TH carry a MYC translocation concurrent
with BCL2 and/or BCL6 translocations. In approximately
55% of these HGBCL with DH/TH cases MYC is fused
with IG genes (usually IGH) [6,7]. In contrast, the
prevalence of MYC translocation in HGBCL NOS is
lower, ranging 10–20% according to the series [3,7].
Interestingly, MYC partner genes have not been
studied extensively in this specific category of cases
(i.e. HGBCL NOS), possibly due to its rarity. One single
large retrospective cohort of cases found that most
cases previously termed B cell lymphoma with inter-
mediate features between DLBCL and BL lymphoma
harbor MYC-IG fusion [3].

The aim of this study was to characterize the gen-
etic, histopathological, and clinical features of a multi-
centric series of 70 cases of HGBCL, including 53 cases
of HGBCL with DH/TH and 17 cases of HGBCL NOS.

Patients and methods

Case selection

The cases were collected retrospectively from six large
reference centers for lymphoma management in the
GELTAMO group. Eighteen cases were retrieved from
Hospital Universitario Gregorio Mara~n�on (Madrid), 11
from Hospital Universitario Marqu�es de Valdecilla
(Santander), 18 from Hospital Germans Trias i Pujol

(Institut Catala d��Oncologia, Badalona), 9 from Hospital
Cl�ınico Universitario de Salamanca (Salamanca), 8 from
Hospital Vall�d Hebron (Barcelona) and 6 from Hospital
Clinico Universitario de La Princesa (Madrid).

The inclusion of cases was based in the histopatho-
logical diagnosis according to 2008 and 2016 WHO
guidelines. Cases were diagnosed in the referral center
as high grade B Cell Lymphoma (HGBCL) NOS, HGBCL
with DH/TH, large B cell lymphoma with features inter-
mediate between BL and DLBCL. Due to this inclusion
criteria, we had an enrichment in cases with high
grade morphological features (35 cases, 50%) and
cases of HGBCL NOS (25%), in contrast with previously
published large cohorts of HGBCL with DH/TH cases
collected from DLBCL cohorts [4,5,7].

Formalin-fixed and paraffin-embedded tissue (FFPE)
was available in 24 cases to construct one tissue
microarray, following conventional protocols. Whole
sections were used in the rest of the cases with FFPE
available to perform the complementary immunohisto-
chemical and fluorescent in situ hybridization analysis.

The study and sample collection were approved by
the local ethics committee (CEIC Cantabria, IRB code
GEL INT-2013-01, approved 5-2014) and complies with
the Declaration of Helsinki.

Morphology

All cases were diagnosed according to the WHO classi-
fication of Hematolymphoid Neoplasms. Central review
of the pathological descriptions and slides was per-
formed (SMM) to assign the histopathological pattern
(high grade vs DLBCL). High grade morphology was
considered when the case showed either morpho-
logical features intermediate between Burkitt lymph-
oma and DLBCL or blastoid features. Cases without
these morphological features were considered DLBCL
type morphology [1].

Immunohistochemistry

Immunohistochemical reactions were performed fol-
lowing conventional automated procedures (DAKO,
Autostainer and Omnis automated platforms).

Primary antibodies against CD20 (DAKO, RTU), IRF4/
MUM-1 (DAKO, RTU), BCL-6 (DAKO, RTU), BCL-2 (clone
124, DAKO, RTU), BCL-2 (clone E17, Abcam 1:200),
CD10 (DAKO, RTU), KI67 (DAKO, RTU), CMYC (Abcam,
1:50), CD3 (DAKO, RTU), were used. The cell origin
classification was based on the Hans algorithm [8].
Double positivity for MYC and BCL2 immunohisto-
chemical expression was scored based on previously
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published cuttofs [9] to identify Dual Positive (DP)
HGBCL (i.e. overexpression of MYC and BCL2 in �40%
and �50% of the neoplastic population, respectively).

Interphase FISH analysis

FISH analysis was performed using break-apart FISH
DNA probes for MYC (8q24), BCL2 (18q21), and BCL6
(3q27) (Metasystems) following conventional methods.
All cases with MYC translocation using BA probes were
furher analyzed using Vysis LSI IgH-MYC Dual color Dual
fusion Probes (Metasystems). The cutoff values for
chromosome rearrangement were 10% in each case.

Statistical analysis

Patients� characteristics and response rates were com-
pared using the X2 or Fisher�s exact tests (depending
on the number of observations) for categorical param-
eters and the Mann-Whitney test for continuous
parameters. Overall survival (OS) was measured from
date of diagnosis to death from any cause and pro-
gression free survival (PFS) from the date of diagnosis/
treatment initiation to the date of disease progression,
relapse, or death from any cause. Survival analyses
were performed using the log rank test and shown as
Kaplan-Meier plots. Univariate analyses were per-
formed with Cox proportional hazards regression
model. Differences between the results of comparative

tests were considered significant if the 2 sided p value
was <0.05. Statistical analyses were performed using
IBM SPSS statistics 21.

Results

Clinical features

Baseline patient characteristics are shown in Table 1.
Median age was 62 years (range 30 to 86 years), 40
(57.1%) patients were male, 58 (81.2%) showed stage
III/IV at diagnosis, and 55 (80%) patients had elevated
LDH levels. Based on the international prognostic
index (IPI), 45 (67.2%) patients had high-intermediate
or high risk disease.

6 patients had a previous history of small B cell
lymphoma FL type. Of these patients, 5 cases were
classified as HGBCL with DH/TH and 1 case as HGBCL
NOS (with BCL2 and BCL6 translocations). 4 patients
received previous therapy with R-CHOP (3 patients)
and R-Bendamustine (1 patient). One case (HGBCL
NOS) was not treated for the FL and developed CNS
involvement at the time of presentation of the HGBCL.

Seven (10%) cases presented with CNS involvement
at diagnosis, 3 HGBCL NOS, 4 HGBCL with DH/TH. All
7 cases showed a GCB type phenotype by IHC. Six out
of seven patients presented elevated LDH and IPI 3-5.
Three out of four evaluated cases (75%) had MYC/
BCL2 coexpression by IHC (DP). Three out of six of

Table 1. Summary of the comparison in clinical features of HGL NOS and HGBCL DH/TH. � identifies significant p-values.
All patients HGBCL NOS HGBCL DHL-THL p Value

N¼ 70 N¼ 17 N¼ 53 HGBCL NOS vs HGBCL DHL-THL.

Median age (range), y 62 (30–86) 61 (30–84) 62 (38–86) 0.113
Gender 0.064

Male 40/70 (57.1%) 13/17 (76.5%) 27/53 (50.9%)
Female 30/70 (42.9%) 4/17 (23.5%) 26/53 (49.1%)

IPI score 0.397
0-1-2 22/67 (32.8%) 7/17 (41.2%) 15/50 (30%)
3-4-5 45/67 (67.2%) 10/17 (58.8%) 35/50 (70%)

Ann Arbor stage 0.175
I-II 13/69 (18.8%) 5/17 (29.4%) 8/52 (15.4%)
III-IV 56/69 (81.2%) 12/17 (70.6%) 44/52 (84.6%)

Performance status (ECOG) 0.923
0-1 42/64 (65.6%) 10/15 (66.7%) 32/49 (65.3%)
�2 22/64 (34.4%) 5/15 (33.3%) 17/49 (34.7%)

Elevated LDH 55/68 (80.9%) 10/17 (58.8%) 45/51 (88.2%) 0.013�
Extranodal site >1 32/56 (57.1%) 10/15 (66.7%) 22/41 (53.7%) 0.384
Bone marrow involvement 27/60 (45%) 5/15 (33.3%) 22/45 (48.9%) 0.294
Mass bulky 21/50 (42%) 3/13 (23.1%) 18/37 (48.6%) 0.108
Previous indolent lymphoma 7/70 (10%) 1/17 (5.9%) 6/53 (11.3%) 0.454
Histopathological pattern <0.0001�

High Grade 35/70 (50%) 17 (100%) 18/53 (34%)
DLBCL 35/70 (50%) – 35/53 (66%)

CNS 7/69 (10.1%) 3 /17 (17.6%) 4/52 (7%) 0.228
Treatment 0.094

CHOP like 41/70 (58.6%) 7 /17 (41.2%) 34/53 (64.2%)
High intensity 29/70 (41.4%) 10/17 (58.8%) 19/53 (35.8%)

Response 0.065
PRþ CR 55/70 (78.6%) 16/17 (94.1) 39/53 (73.6%)
PD 15/70 (21.4%) 1/17 (5.9%) 14/53 (26.4%)
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these cases had bone marrow involvement. Regarding
histopathological and FISH features, five out of the
seven (71.4%) showed high grade morphological pat-
tern and two out of four cases carried IgH-MYC trans-
location. Of note these patients with CNS involvement
showed reduced OS (Supplementary material).

The treatment in 41 patients was R-CHOP or R-
CHOP like (33 R-CHOP, 3 R-ESHAP, 3 DA-EPOCH-R and 1
BRCAP). In contrast 29 patients received a high inten-
sity treatment including 24 patients treated with
Burkitmab [10], 3 with HyperCVAD and 2 patients with
other regimens.

There was no significant difference in the treatment
intensity between HGBCL NOS and HGBCL with DH/TH
cases (10/17 (58.8%) HGBCL NOS and 19/53 (35.8%)
HGBCL with DH/TH cases received high intensity treat-
ment p¼ 0.083).

Considering 70 patients with evaluable response,
overall response rate was 78.6%: 33 (47.1%) achieved
a CR and 22 (31.4%) achieved a PR. 15 (21.4%)
patients showed progressive disease. 8 patients who
were in first CR/PR received consolidation with
Autologous Stem-cell transplantation (ASCT) and 8 in
after a second response. HGBCL with DH/TH patients
showed a trend toward a reduced overall response
rate in comparison with HGBCL NOS (p 0.065, Table 1).

The median follow up for PFS and OS was
82,6months (range, 3,77–154) and 98months (range,
40–154), respectively. The overall response rate and
progressive disease rate at the end of the treatment
was 78.6 and 21.4%, respectively. The 2-years PFS for
the 70 patients was 41.4%.

The 2-years OS was 51.4%. No significant differences
neither in 2-year PFS nor in OS were found when com-
pared low/low intermediate (0–2) and high intermedi-
ate/high (3–5) risk IPI patients (Supplementary material).

No significant differences were found in survival
according to the treatment intensity although a trend
was observed for longer PFS in patients treated with
high intensity regimens. Patients treated with low
intensity regimens showed 2 year-PFS and 2 year-OS of
34.1% and 46.7% respectively. Patients treated with
high intensity regimens showed 2 year-PFS and 2 year-
OS of 51.7% and 58.6% (p-value > 0.05).

Histopathological features. High grade
morphological features and BCL2 protein
overexpression are found in a significant
proportion of HGBCL

Based on the 2016 revision of the WHO classification
of lymphoid neoplasms 17 cases were considered

HGBCL NOS and 53 cases were HGBCL DH/TH
(Figure 1). The histopathological pattern was DLBCL in
35 (50%) cases (all classified as HGBCL with DH/TH).
35 cases (50%) showed high grade morphology (17
HGBCL NOS and 18 HGBCL with DH/TH).

According to the immunohistochemical classifica-
tion for the cell of origin based on the Hans algorithm
[8], most of the evaluated cases were of the GCB sub-
type (60 out of 63 cases, 95%). HGBCL, NOS included
11 GCB (91.3%) and 1 non-GCB cases (8.3%). HGBCL
with DH/TH included 49 GCB (96.1%) and 2 (3.9%) non
GCB cases.

BCL2 protein overexpression (i.e. positive in �50%
of the neoplastic population) was found in 43 out of
60 (72%) cases. BCL2 protein overexpression was more
frequent in HGBCL with DH/TH compared with HGL,
NOS (77.1% vs 50% p 0.07, Supplementary material).

MYC protein overexpression (i.e.� 40% of the neo-
plastic population) was observed in 27 out of 38
(71.7%) cases. No significant difference in the propor-
tion of cases with MYC protein overexpression was
observed between the HGBCL with DH/TH and HGBCL,
NOS categories. Furthermore, no significant differences
were found in the number of cases with MYC protein
overexpression between MYC-IGH translocated cases
and MYC-nonIgH translocated cases (73.3% vs 68.8%,
p 0.546).

Concurrent MYC and BCL2 protein overexpression
(Dual Positive, DP) was observed in 15 out of 33
(45.5%) cases. DP cases were more frequently found in
the HGBCL with DH/TH subtype, although differences
were not statistically significant (50% in HGBCL DH/TH
vs 28% in HGBCL NOS p 0.283).

FISH results. IgH-MYC rearrangement is more
prevalent in HGBCL NOS than in HGBCL with
DH/TH

MYC/8q24, BCL2/18q21 and BCL6/3q27gene transloca-
tions were observed in 63 out of 70 cases (90%), 50
(71%) and 22 (33%) of the cases, respectively. Isolated
MYC translocation (without concurrent BCL2 or BCL6
translocation) was found in 10 cases (14%).

HGBCL NOS showed MYC/8q24, BCL2/18q21 and
BCL6/3q27 translocations in 10 (58.8%), 3 (17.6%), and
3 (17.6%) out of 17 cases, respectively. HGBCL with
DH/TH showed MYC/8q24, BCL2/18q21 and BCL6/3q27
translocations in 53 (100%), 47 (88.7%) and 19 (38.8%)
out of 53 cases, respectively (Figure 1 and
Supplementary Table 2).

MYC translocated tumor samples were evaluated
for IgH partner gene using IGH-MYC Dual color Dual
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fusion probe as described above. Seventeen cases of
40 cases analyzed (42.5%) demonstrated IGH-MYC
rearrangement.

An increased prevalence of IGH-MYC rearrangement
was observed in the HGBCL, NOS when compared
with HGBCL with DH/TH (85.7% vs 33.3%, p¼ 0.016)
(Supplementary Table 2). As expected, an increased
prevalence of BCL2 translocated cases was found in
the HGBCL with DH/TH category, when compared
with HGBCL NOS (88.7% vs 17.6%, p< 0.0001).
Furthermore, BCL2 translocation was also more fre-
quently found in cases with non-IGH-MYC transloca-
tion (p¼ 0.006).

Clinical correlation. BCL2 translocation status is
an independent risk factor for PFS. HGBCL with
DH/TH cases show a reduced response rate to first
line treatment

According to WHO 2016 categories, the 2 years PFS for
HGBCL NOS, HGBCL with DH-TH was 64.7% and 34%

respectively. We found no statistically significant differ-
ences in PFS between the two categories (p> 0.05,
Figure 2) although HGBCL with DH/TH showed a clear
trend toward a reduced PFS in comparison with the
other subtype. Two year OS was 64.7% and 47.2% for
HGBCL NOS, HGBCL with DH/TH, respectively. No sig-
nificant differences were found in OS according to
WHO categories (Figure 2).

Subgroup analysis showed that the 2-year progres-
sion-free survival and 2 year overall survival according
to the dual hit components (MYC & BCL2 DH vs MYC
& BCL6 DH) was 35.3% vs 50% (p 0.349) and 52.9% vs
50% (p¼ 0.977), respectively. The 2-year progression-
free survival and 2 year overall survival for HGBCL TH
was 23% and 30%. No significant difference was found
with DH cases (p value >0.05).

In line with the reduced PFS of HGBCL with DH/TH
we also found a reduced response to first line treat-
ment rate in this category in comparison with the
HGBCL NOS. Overall response (CR and PR) in HGBCL
with DH/TH was 73.6%, which turns out to be

Figure 1. Classification of the High-Grade B cell Lymphoma study cohort according to 2016 WHO classification. (A) Morphological
features of HGBCL. Two examples of high grade morphology are ahown including morphological features intermediate between
BL and DLBC and Blastoid features. (B) Representative example of MYC translocation as demonstrated with Break apart and DF
probes for the detection of MYC and IgH-MYC translocations, respectively. (C) HGBCL NOS showed MYC/8q24, BCL2/18q21 and
BCL6/3q27 translocations in 10, 3 and 3 out of 17 cases, respectively. HGBCL with DH/TH showed MYC/8q24, BCL2/18q21 and
BCL6/3q27 translocations in 53, 34 and 19 out of 53 cases, respectively.
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unfavorable compared to 94.1% for HGBCL NOS
(p> 0.05) (Supplementary table 1).

The identification of BCL2 translocation by FISH was
associated with reduced PFS in the whole cohort of
patients. Patients with BCL2 translocation had a 2 year
PFS of 32%, compared to 65% in those without the
translocation (log rank p value 0.01, Figure 2). The
relative risk of progression associated with the pres-
ence of BCL2 translocation was 2.5 (p value 0.013) in
the univariate analysis. A trend toward reduced PFS
was also found in the HGBCL NOS subgroup (p 0.059).
Overall survival was not affected by the BCL2 trans-
location status however in the whole cohort.
Importantly, the identification of BCL2 translocation
was associated with reduced OS (p 0.023) in the
HGBCL NOS category.

Other clinical features such as IPI, LDH or stage
were equivalent in both groups (Supplementary
table 1).

Discussion

High Grade B Cell Lymphoma, NOS and High Grade B
Cell Lymphoma with Dual Hit or Triple Hit have been
recently recategorized in the 2016 revision of the
WHO classification of lymphoid neoplasms. In this
study we have characterized the genetic, histopatho-
logical, and clinical features of a series of this type of
lymphoid neoplasia including 17 cases considered
HGBCL NOS and 53 cases of HGBCL with DH/TH.

Cases of HGBCL with DH/TH often present with
poor prognostic parameters, including elevated LDH,
bone marrow and CNS involvement, and a high IPI
score [2]. In our series, most patients had multiple
high risk parameters, including advanced age,
advanced stage disease at diagnosis and elevated
LDH. Based on the international prognostic index (IPI),
59 (65.6%) patients had high-intermediate or high risk
disease. In addition, a considerable proportion of our

Figure 2. Outcome according to diagnostic categories HGBCL NOS and HGBCL DH/TH and the presence of BCL2 translocation by
FISH. (A) Two year PFS for HGBCL NOS, HGBCL DH-TH was 64.7 and 34% respectively (p> 0.05). B. Two year OS was 64.7 and
47.2% for HGBCL NOS, HGBCL DH/TH respectively (p> 0.05). C) Patients with BCL2 translocation had a 2 year PFS of 32%, com-
pared to 65% in those without the translocation (log rank p-value 0.01). D. Patients with BCL2 translocation had a 2 year OS of
46%, compared to 65% in those without the translocation (log rank p-value > 0.05).
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cases (7 cases, 10%) showed CNS involvement at diag-
nosis similar to previously published data [11]. 6 out
of 7 cases showed elevated LDH, IPI 3–5 and were
classififed as HGBL, NOS (3 cases), HGBCL with DH/TH
(4 cases). Of note these patients had reduced OS. 75%
of these cases in our series had MYC/BCL2 coexpres-
sion by IHC (DP), in line with evidence supporting a
higher risk of CNS involvement at relapse in DP DLBCL
cases [12]. Accordingly, it might be recommended that
patients with a diagnosis of HGBCL with DH/TH and
HGBCL NOS have diagnostic lumbar puncture as part
of their initial staging. Furthermore, prophylactic CNS
therapy might be considered in these patients, espe-
cially in those patients with a PS � 2 or bone marrow
involvement [11].

Regarding clinical outcome based on WHO classifi-
cation HGBCL with DH/TH patients were characterized
by a reduced response rate to first line treatment in
comparison with HGBCL NOS cases but no significant
differences in PFS or OS were found between the two
groups. In addition, two year PFS for HGBCL with DH/
TH was 34%, consistent with other previously pub-
lished retrospective cohorts [2,13].

Our analysis showed that the main feature related
with this unique refractoriness to therapy might be the
presence of BCL2 gene translocation. BCL2 translocation
was significantly associated with reduced PFS. Of note,
BCL2 translocation was present in 89.7% of the HGBCL
with DH/TH in contrast with only 17.4% of HGBCL NOS
cases. Consistent with this feature, BCL2 protein overex-
pression by immunohistochemistry was more frequently
found in HGBCL with DH/TH than in HGBCL NOS. This
association between the presence of BCL2 translocation
and poor outcome has been previously found by others
in historical DLBCL cases (before current classification
schemes), particularly of the GCB subtype [14,15].

We realize that our study has some limitations,
mainly related to the retrospective nature of the case
selection and inclusion based on WHO criteria. This
led to an overrepresentation of cases with high grade
morphology and the inclusion of patients with non-
uniform treatment. However, the multicenter collec-
tion of cases enabled us to reach a significant number
of cases with a rare condition. Although some sub-
groups (i.e. triple hit HGBCL and BCL2 translocated
HGBCL NOS) might be underrepresented, survival esti-
mates for the main subgroups (HGBCL MYC&BCL2 DH
and HGBCL NOS) might be adequate.

Interestingly cases with BCL2 translocation showed
more frequently non-IgH-MYC translocations in our
series. Conversely, MYC-IgH translocation was signifi-
cantly more frequently found in HGBCL NOS than in

HGBCL with DH/TH. Few previous reports have shown
a very high prevalence of IG-MYC translocations in so
called B cell lymphoma with features intermediate
between DLBCL and BL [3] in contrast with the
expected rough prevalence of 50% found in cases with
HGBCL with DH/TH with DLBCL morphology [4,5] and
55% for cases of HGBCL with DH/TH, irrespective of the
morphological pattern [7]. These findings might be
consistent with MYC rearrangement occurring as a sec-
ondary genetic event in the evolution of a BCL2- trans-
located clone but this hypothesis should be confirmed
with more accurate genetic analysis using novel tech-
nologies [16]. Further research may include the charac-
terization of the transcriptome of BCL2 translocated
cases to identify potential avenues for targeted therapy
[14]. Recent data suggest that the application of tran-
scriptome analysis by digital PCR may identify a Double
Hit gene expression signature that is to be complemen-
tary to the genetic analysis by FISH [17,18].

In summary our findings suggest that High Grade B
Cell Lymphoma is a relatively homogeneous group of
neoplasms with regards to clinical outcome but with
some morphologic and genetic diversity. BCL2 gene
translocations are associated with poor response to ther-
apy and reduced PFS and might serve as poor prognos-
tic marker to identify patients for novel treatment
options in patients with High Grade B Cell Lymphoma.
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