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INTRODUCTION
High-grade B-cell lymphoma with 11q aberrations 

(HGBL-11q) is a new mature high-grade B-cell lymphoma 
(HGBL) to be described in the World Health Organization 
Classification 5th edition (WHO-5).1   HGBL-11q is a rela-
tively rare B-cell lymphoma that exhibits a Burkitt-like or an 
intermediate to blastoid appearance but has 11q aberrations 
without MYC translocation.   The concept of HGBL origi-
nated from B-cell lymphoma (BCL), unclassifiable, with fea-
tures intermediate between diffuse large B-cell lymphoma 
(DLBCL) and Burkitt lymphoma (BL) (BCL-U), which was 
proposed as a provisional entity in the WHO 4th edition 
(WHO-4).2   This category was thought to apply to aggres-
sive lymphomas with inferior prognosis, such as BL without 
MYC translocation, atypical BL with marked nuclear atypia, 
BL with BCL2 expression, and double-hit lymphoma, which 
had been discussed previously.   In the revised 4th edition of 
WHO (WHO-4R), BCL-U was reclassified as HGBL with 
MYC and BCL2 and/or BCL6 rearrangements, and HGBL, 
not otherwise specified (NOS).3   HGBL, NOS included cases 

that could not be morphologically, immunohistochemically, 
or genetically classified as BL, Burkitt-like lymphoma with 
11q aberration (BLL-11q), or other aggressive BCLs.   
HGBL without MYC translocation with BLL-11q was tenta-
tively designated as a separate disease as BLL-11q in 
WHO-4R; BLL-11q will be changed to HGBL-11q in 
WHO-5.

BL is an aggressive lymphoma of well-known origin in 
the germinal center dark zone, characterized by marked cell 
proliferation due to MYC translocation.   The dense, cohesive 
growth pattern of medium-sized tumor cells and the “starry 
sky” appearance produced by scattered macrophages are 
characteristic of BL.   BLL-11q was established because 11q 
aberrations were found in MYC-negative BL and post-trans-
plant-associated BL.4-6   Several studies of HIV-associated 
MYC-negative BL with 11q aberrations have been reported.7,8

Recent studies have reported that 11q aberrations were 
not limited to the Burkitt-like morphology cases, but were 
also found in BL, HGBL, and DLBCL.7,9,10   Regarding 
genetic variation, HGBL-11q was more similar to germinal 
center B-cell (GCB) type DLBCL than to BL,10 and it has 
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also been reported to have the same properties of the dark 
zone in the germinal center as those of BL.11

Based on these studies, the International Consensus 
Classification (ICC) proposed a provisional entity named 
“Large B-cell lymphoma with 11q aberration”, composed 
mainly of centroblasts-like cells.12   This name emphasizes 
the fact that large B-cell lymphoma with 11q aberration is 
composed of larger cells than those of BL without MYC 
translocation, and its gene expression is similar to that of 
GCB type DLBCL.   On the contrary, the description of 
HGBL-11q in WHO-5 includes high-grade (HG) morphol-
ogy.1   HG morphology is defined as intermediate morphol-
ogy between DLBCL and BL, or blastoid morphology.1

There are no large cohorts to investigate the frequency of 
HGBL with 11q aberrations in Japan.   HGBL-11q is treated 
with aggressive chemotherapy as in BL.   This disease is dif-
ferent from BL and may have different therapeutic targets, 
but detailed studies have yet to be reported.   Accurate diag-
nosis is essential to understand the biology of HGBL-11q.   
In this study, we used fluorescence in situ hybridization 
(FISH) to select cases with 11q aberrations from aggressive 
BCLs showing GCB type and performed histological and 
immunohistochemical analyses.   This study will facilitate 
HGBL-11q extraction, accumulate data on HGBL-11q, and 
contribute to a better understanding of 11q aberrations and to 
a more compatible treatment.

MATERIAL AND METHOD

Case selection

The Ethics Committee approved this study of Fukushima 
Medical University (No. 30257).   From the archive of 274 
aggressive BCL cases stored in formalin-fixed paraffin-
embedded (FFPE) sections between 2005 and 2020 at 
Fukushima Medical University Hospital, 113 cases of GCB 
type with appropriate immunohistochemistry or FISH were 
selected for this study.   According to Hans’s algorithm using 
immunohistochemistry, whether the disease was GCB or 
non-GCB type was determined.   Cases classified as non-
GCB type by immunohistochemistry were excluded.   The 
113 cases selected were 70 males and 43 females with a 
median age of 68 years (range 4-94 years).   Prior to FISH 
analysis, the diagnoses performed in 113 cases were BL in 8 
cases, BCL-U, intermediate DLBCL and BL, or HGBL in 11 
cases, and DLBCL in 94 cases.   DLBCL included DLBCL, 
NOS, and primary large B-cell lymphoma of the central ner-
vous system (CNS).

Morphological classification

The 113 cases were reclassified into BL morphology, HG 
morphology, and large cell (LC) morphology in this study.   
These morphological classifications were made according to 
the description in WHO-5.   BL morphology case was 
defined as medium-sized, round or square uniform nuclei, 
small and multiple nucleoli, coarsely granular or finely 
clumped chromatin, cohesive growth patterns, and diffuse 

starry-sky appearance.13   HG morphology was further classi-
fied into two categories: HG-intermediate (HG-int) morphol-
ogy and HG-blastoid morphology.14   HG-int morphology 
was defined as cases with medium to large sized, irregular 
round or square nuclei, small and multiple nucleoli or single 
prominent nucleoli, coarsely granular or slightly vesicular 
chromatin, and cohesive growth patterns.   HG-int was appli-
cable when cases were not classified as BL morphology or 
LC morphology.   Cases with nuclei slightly larger than those 
of BL and a well-defined nucleolus were classified as HG-int 
in this study, whereas in the past, they were referred to as 
atypical BL.   HG-blastoid morphology was defined as 
medium-sized nuclei resembling lymphoblastic lymphomas 
with fine chromatin and no or inconspicuous nucleoli.   LC 
morphology showed large-sized, irregular round nuclei, mul-
tiple or single prominent nucleoli, and coarsely granular or 
vesicular chromatin.15

Some studies have demonstrated that increased apoptotic 
bodies and coarse apoptotic debris within macrophages were 
characteristic features of 11q aberrations.16,17   In this study, a 
starry sky appearance was classified into three levels accord-
ing to the extent to which macrophages were scattered: dif-
fuse (>50%), partial (10–49%), and none (<10%).   A field of 
view with many macrophages was selected and evaluated by 
counting 50 macrophages and the number of apoptotic bodies 
within the macrophages.   We defined increased apoptotic 
bodies as an average of five or more apoptotic bodies within 
macrophages.   These were reviewed by three pathologists 
(S.Y., Y.O., and Y.H.).

Immunohistochemistry

Thinly sliced FFPE sections of 4 μm thickness were 
deparaffinized, and immunohistochemistry was performed 
using a fully automated immunohistochemistry system Leica 
BOND-III (Leica Biosystems, Australia).   The antibodies 
used in this study were: CD20 (FB1, in-house produced18), 
CD10 (ready-to-use product/RTU, 56C6, Leica Biosystems, 
UK), BCL6 (RTU, LN22, Leica Biosystems), MUM1 (RTU, 
EAU32, Leica Biosystems), BCL2 (RTU, BCL-2/100/D5, 
Leica Biosystems), Ki-67 (RTU, MM1, Leica Biosystems), 
c-myc (dilution: 1: 50, Y69, Abcam, UK), TdT (RTU, 
SEN28, Leica Biosystems), CD5 (dilution: 1: 50, SP19, 
Thermo Fisher Scientific, UK), and Cyclin D1(RTU, EP12, 
Leica Biosystems).   Expression of c-myc was evaluated in 
10% increments, and 40% or more was considered positive.   
CD10, BCL6, and MUM1 were deemed positive if they 
stained at least 30% of tumor cells according to the Hans 
algorithm.19   BCL2 was considered positive if it stained 
more than 50% of tumor cells.

In situ hybridization (ISH) of Epstein-Barr Virus encoded 
small RNA (EBER)

ISH was performed using Leica BOND III to detect EBV 
infected cells.   The BOND EBER probe (RTU, PB0589, 
Leica Biosystems) was used in ISH.
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Fluorescence in situ hybridization (FISH)

Pretreatment and hybridization were performed using 
Leica Elite (Leica Biosystems, USA).   FISH analysis was 
performed on interphase nuclei of FFPE samples (4 μm thick 
sections) using DNA probes.   For MYC translocation, BCL2 
translocation, and BCL6 translocation, ZytoLight SPEC 
MYC Dual Color Break Apart Probe (Zytovision GmbH, 
Germany), ZytoLight SPEC BCL2 Dual Color Break Apart 
Probe (Zytovision GmbH, Germany) and ZytoLight SPEC 
BCL6 Dual Color Break Apart Probe (Zytovision GmbH, 
Germany) were used.   We confirmed translocations of BCL2 
and BCL6 by FISH only in cases with positive for MYC 
translocations or 11q aberrations.   For copy number analysis 
of 11q23.3 and 11q24.3, Zytolight SPEC 11q gain/loss Triple 
Color Probe (Zytovision GmbH, Germany) was used.   To 
analyze the gain or loss of 11q, we used probes that were 
labeled with different fluorescent dyes.   Specifically, we used 
a green fluorescent dye probe that was directly labeled with 
the minimal region of gain at 11q23.3, an orange fluorescent 
dye probe that was directly labeled with the minimal region 
of loss at 11q24.3, and a blue fluorescent dye probe that was 
directly labeled with the centromere of chromosome 11.   The 
FISH signal for the MYC, BCL2, and BCL6 Break Apart 
probe counted 200 cells with a positive cutoff of 10%.   The 
11q gain/loss probe FISH signal counted 200 cells.   As for 
the 11q aberrations, 11q24.3 loss has been shown to be 
highly specific compared to 11q23.3 gain.9,16,20,21   200 cells 
were counted, and 11q aberrations were defined as those with 

one or more copy deletions in more than 20% of the cells.   
Only the gain or loss of 11q23.3 and gain of both 11q23.3 
and 11q24.3 were excluded from 11q aberrations.

Final Diagnosis

BL morphology or HG morphology case with MYC trans-
location was comprehensively diagnosed as BL.   BL mor-
phology or HG morphology case with 11q aberrations was 
diagnosed as HGBL-11q in the absence of MYC transloca-
tion.   This study interpreted the HG morphology case with 
both MYC translocation and 11q aberrations as BL (described 
as BL-11q).   LC morphology cases with 11q aberrations 
were described as DLBCL-11q.

RESULTS

Morphological reclassification and final diagnosis

The 113 eligible GCB type aggressive BCLs were reclas-
sified into BL morphology cases (n=6), HG morphology 
cases (n=14), and LC morphology cases (n=93).   Based on 
the FISH result, these cases were finally classified as BL 
(n=7), BL-11q (n=1), HGBL-11q (n=6), DLBCL/HGBL with 
MYC and BCL2 rearrangements (DLBCL/HGBL-MYC/
BCL2) (n=8), HGBL, NOS (n=5), DLBCL-11q (n=2) and 
GCB type DLBCL (n=84) (Figure 1 and Table 1).   FISH 
examination revealed 11q aberrations in nine cases (9/113, 
7.96%).   11q aberrations were found in seven HG morphol-
ogy cases (five HG-int and two HG-blastoid cases) and two 

Fig. 1.  Morphological classification and final diagnosis
Numbers in parentheses indicate the number of cases.
*DLBCL included DLBCL, NOS, and primary large B-cell lymphoma of the CNS.
BCLs, B-cell lymphomas; GCB, germinal center B-cell; BL, Burkitt lymphoma; HG, High-grade; LC, Large cell; BL-11q, BL with 11q aber-
rations; HGBL-11q, High-grade B-cell lymphoma with 11q aberrations; HGBL, High-grade B-cell lymphoma; NOS, not otherwise specified; 
DLBCL, Diffuse large B-cell lymphoma; DLBCL-11q, DLBCL with 11q aberrations; FISH, Fluorescence in situ hybridization
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LC morphology cases.   No 11q aberrations were observed in 
the BL morphology cases.   HGBL-11q was found in six 
cases of HG morphology (42.9%, 6/14) and BL-11q in one 
HG morphology (7.14%, 1/14).   BCL2 and BCL6 transloca-
tions were not observed in cases with 11q aberrations.   No 
11q aberrations were identified in the six cases of BL mor-
phology.   DLBCL-11q was found in two cases of LC mor-
phology (2/93, 2.15%).   There were no cases of DLBCL/
HGBL-MYC/BCL2 with 11q aberrations.

Histological features in aggressive BCLs with 11q 
aberrations

Histological characteristics are described in Table 2.   In 
HGBL-11q (n=6), four cases showed HG-int morphology, 
and two showed HG-blastoid morphology (Figure 2).   
HG-int morphology cases in HGBL-11q showed a cohesive 
growth pattern with medium to large nuclei, coarsely granu-
lar or dense nuclei, and inconspicuous nucleoli.   Of the six 
HGBL-11q cases, only two pediatric cases had a diffuse 
starry sky appearance (2/6, 33.3%), and the average number 
of apoptotic bodies in macrophages was more than five 
(Figure 3).   Although HG-int morphology in HGBL-11q has 
more prominent nuclear shape irregularity than typical BL, it 
was challenging to accurately distinguish BL or HGBL-11q 
based on the histology alone.   One HG-blastoid morphology 
case (Case 5) showed cohesive growth, but this pattern was 
not observed in the other case (Case 3).   HG-blastoid mor-
phology cases did not show a starry-sky appearance and 
increased apoptotic bodies.   HG-blastoid morphology cases 
had medium-sized round nuclei with somewhat irregular 
nuclei size and fine chromatin.

BL-11q (n=1, Case 7) showed HG-int morphology, which 
differed from typical BL morphology.   BL-11q showed a 
cohesive growth pattern with medium to large nuclei, 
coarsely granular nuclei, and conspicuous nucleoli.   No 
starry sky appearance and no increase in apoptotic bodies 
were observed.

DLBCL-11q (n=2, Case 8 and Case 9) showed LC mor-
phology.   These cases showed diffuse proliferation of centro-
blastic tumor cells with vesicular and large nuclei and multi-
ple nucleoli.   There was little uniformity in the morphology 
of the tumor cells.   The morphology of DLBCL-11q was 
identical to that of centroblastic type DLBCL.   DLBCL-11q 
showed a partial starry-sky appearance and numerous phago-
cytosed apoptotic bodies in its macrophages (Figure 3), and 
the average number of apoptotic bodies was more than five.

Immunohistochemical and EBER-ISH findings in 
aggressive BCLs with 11q aberrations

Immunohistochemistry results are shown in Table 3.
HGBL-11q all showed c-myc >40%.   Two pediatric 

HGBL-11q and two adults HGBL-11q showed c-myc >70%.   
MUM1 was positive only in one case in HGBL-11q.   The 
Ki-67 positivity rate was >95% in three cases of HGBL-11q.   
The primary brain HGBL-11q was positive for BCL2, but the 
other HGBL-11q was negative for BCL2.   Thus, HGBL-11q 
included complicated cases that were not immunohistochemi-
cally distinguishable from BL and DLBCL, NOS.   In partic-
ular, two pediatric cases of HGBL-11q showed typical BL 
traits and did not differ from BL immunohistochemically.   
Indeed, HGBL-11q had previously been diagnosed with atyp-
ical BL, HGBL, BCLU, or DLBCL (Table 3).   DLBCL-11q 
showed slightly fewer Ki-67 positive cells, expression of 
c-myc >40% and was negative for BCL2.   DLBCL-11q was 
similar to the BL phenotype except for Ki-67 positivity.   In 
all cases with 11q aberrations, EBER-ISH was negative.

Patterns of 11q aberrations in the FISH

The patterns of 11q aberrations are shown in Table 3 and 
Figure 4.   The 11q aberrations included two patterns: a com-
bination of 11q23.3 gain and 11q24.3 loss and 11q24.3 loss 
only.   A variety of 11q23.3 gain and 11q24.3 loss was seen in 
eight cases, and 11q24.3 loss only in one case.   Most of the 
11q23.3 gain patterns included three copies, an increase by 

BL (n=7) BL-11q (n=1) HGBL-11q 
(n=6)

HGBL, NOS  
(n=5)

DLBCL/
HGBL-MYC/
BCL2 (n=8)

DLBCL 
(n=84)

DLBCL-11q 
(n=2)

Clinical 
findings

Age (years) 
(median)

8-52 (13.0) 83 8-87 (68.5) 13-90 (66.0) 46-78 (71.0) 19-94 (68.5) 68-75 (71.5)

Sex
   Male 7 (100%) 1 (100%) 6 (100%) 4 (80.0%) 5 (62.5%) 46 (54.8%) 2 (100%)
   Female 0 (0%) 0 (0%) 0 (0%) 1 (20.0%) 3 (37.5%) 38 (45.2%) 0 (0%)
CNS primary 0 (0%) 0 (0%) 2 (33.3%) 0 (0%) 0 (0%) 6 (7.14%) 0 (0%)

Morphological 
classification

BL morphology 6 (85.7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
HG morphology 1 (14.3%) 1 (100%) 6 (100%) 5 (100%) 1 (12.5%) 0 (0%) 0 (0%)
LC morphology 0 (0%) 0 (0%) 0 (0%) 0 (0%) 7 (87.5%) 84 (100%) 2 (100%)

Chromosomal 
abnormality

MYC-R 7 (100%) 1 (100%) 0 (0%) 2 (40.0%) 8 (100%) 9 (10.7%) 0 (0%)
11q aberrations 0 (0%) 1 (100%) 6 (100%) 0 (0%) 0 (0%) 0 (0%) 2 (100%)

BL, Burkitt lymphoma; BL-11q, Burkitt lymphoma with 11q aberrations; HGBL-11q, High-grade B-cell lymphoma with 11q aberrations; 
HGBL, High-grade B-cell lymphoma;. NOS, not otherwise specified; DLBCL, Diffuse large B-cell lymphoma; DLBCL-11q, Diffuse large 
B-cell lymphoma with 11q aberrations; CNS, Central nervous system; HG, High-grade; LC, Large cell; MYC-R, MYC rearrangement

Table 1.  Clinical findings, morphological classification, and chromosomal abnormality of GCB type aggressive BCLs
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one copy, and only BL-11q had four copies of 11q23.3.   The 
pattern of 11q24.3 loss was one copy deletion in all cases.   
No clustered amplification of 11q23.3 was observed.   In this 
study, heterozygous deletion of 11q24.3 was common in all 
11q aberrations, and homozygous deletion was not found.   

Five cases with LC morphology showed increased copy num-
bers of both 11q23.3 and 11q24.3, but this pattern is not char-
acteristic of HGBL-11q and was not classified as 11q 
aberrations.

Case Final 
diagnosis

Morphological 
classification Nuclear size

Irregularity 
of nuclear 
shape 

Chromatin 
pattern Nucleoli Starry-sky  

appearance

Increased 
apoptotic bodies 
(Average numbers)

Cohesive 
growth 
pattern

BL-1 BL BL Medium - Finely clumped inconspicuous Diffuse 2.3 +
BL-2 BL BL Medium - Finely clumped inconspicuous Diffuse 2.1 +
BL-3 BL BL Medium - Finely clumped inconspicuous Diffuse 2.9 +
BL-4 BL HG-int Medium to Large + Finely clumped conspicuous Diffuse 1.8 +
BL-5 BL BL Medium - Finely clumped conspicuous Diffuse 1.7 +
BL-6 BL BL Medium - Finely clumped inconspicuous Diffuse 1.3 +
BL-7 BL BL Medium - coarsely granular inconspicuous Partial 2.2 +
Case 1 HGBL-11q HG-int Medium to Large + Finely clumped inconspicuous Diffuse 5.7 +
Case 2 HGBL-11q HG-int Medium to Large + Finely clumped inconspicuous Diffuse 5.5 +
Case 3 HGBL-11q HG-blastoid Medium to Large + Fine inconspicuous None NA -
Case 4 HGBL-11q HG-int Medium to Large + coarsely granular inconspicuous None NA +
Case 5 HGBL-11q HG-blastoid Medium + Fine inconspicuous None NA +
Case 6 HGBL-11q HG-int Medium to Large + coarsely granular inconspicuous None NA +
Case 7 BL-11q HG-int Medium to Large + Finely clumped conspicuous None NA +
Case 8 DLBCL-11q LC Large + Vesicular inconspicuous Partial 5.3 +/-
Case 9 DLBCL-11q LC Large + Vesicular inconspicuous Partial 6.1 +/-

BL, Burkitt lymphoma; HGBL-11q, High-grade B-cell lymphoma with 11q aberrations; BL-11q, Burkitt lymphoma with 11q aberrations; 
DLBCL-11q, Diffuse large B-cell lymphoma with 11q aberrations; HG-int, High-grade-intermediate; HG-blastoid, High-grade-blastoid; LC, 
Large cell; NA, not available; BCLs, B-cell lymphomas

Table 2.  Histological findings of aggressive BCLs with 11q aberrations

Fig. 2.  Histological findings of HGBL-11q, BL-11q, DLBCL-11q and BL
(A) Case 1 HGBL-11q (HG-int), (B) Case 2 HGBL-11q (HG-int), (C) Case 3 HGBL-11q (HG-blastoid), (D) Case 4 HGBL-11q (HG-int), (E) 
Case 5 HGBL-11q (HG-blastoid), (F) Case 6 HGBL-11q (HG-int), (G) Case 7 BL-11q (HG-int), (H) Case 8 DLBCL-11q (LC), (I) Case 9 
DLBCL-11q (LC), (J) BL-6 (BL)
HGBL-11q was characterized by irregular nuclei and variations in size when compared to typical BL. BL-11q also showed HG-int morphol-
ogy, not BL. DLBCL-11q is identified as the centroblastic type of DLBCL.
HG-int, High-grade intermediate morphology; HG-blastoid, High-grade blastoid morphology; HGBL-11q, High-grade B-cell lymphoma with 
11q aberrations; BL-11q, Burkitt lymphoma with 11q aberrations; DLBCL-11q, Diffuse large B-cell lymphoma with 11q aberrations; HG, 
High-grade; LC, Large cell, BL: Burkitt lymphoma
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Clinical data of aggressive BCLs with 11q aberrations

Clinical data is provided in Table 4.   HGBL-11q was 
found in two children and four adults.   BL-11q and DLBCL-
11q were adult cases.   All Aggressive BCLs with 11q aberra-
tions were male.   HGBL-11q was also found in both nodal 
and extra-nodal sites.   There were two cases of primary 
HGBL-11q in the central nervous system.   Pediatric cases 
(Case 1 and 2) achieved remission with intense chemother-
apy and have not experienced a relapse.   Case 6 and Case 7 
had a history of DLBCL and had been treated with R-CHOP 
(Rituximab, Cyclophosphamide, Doxorubicin, Vincristine 
and Prednisolone) therapy before developing HGBL-11q, 
therefore these two patients were treated with RB (Rituximab 
and Bendamustine) therapy.

DISCUSSION
This study selected 113 cases of aggressive GCB type 

BCLs, and FISH was performed to determine the frequency 
and characteristics of HGBL-11q and other lymphomas with 
11q aberrations.   As a result, nine cases with 11q aberration 
were extracted (9/113, 7.96%), including BL-11q (n=1), 
HGBL-11q (n=6), and DLBCL-11q (n=2).   Although the HG 
morphology itself was infrequent, 6 of the 14 HG morphol-
ogy were diagnosed with HGBL-11q (6/14, 42.9%).   As in 
previous reports, cases that resemble BL morphology but 
could not be confirmed as BL or were suspected to be HGBL 

had a high probability of containing the 11q aberrations.   In 
a previous study, 52% of MYC translocation-negative BL-like 
lymphoma or HGBL, NOS had 11q aberrations.16   These 
results suggest that 11q aberrations are frequently seen in 
cases of HG morphology and that it is essential to actively 
search for 11q aberrations.

Some cases of HGBL-11q resembled BL in exterior 
appearance, especially in the HG-int morphology of pediatric 
cases.   These cases could not be strictly classified as BL 
morphology because the nuclei of the tumor cells were 
slightly larger than typical BL, and the nuclear irregularities 
and size discrepancies were somewhat more pronounced.   
However, these pediatric cases would have been diagnosed as 
BL or atypical BL if FISH had not been performed, as they 
showed immunohistochemically typical features of BL.   
Cohesive growth and a starry sky appearance were common 
findings in some of BL and HGBL-11q.

The histological finding of many apoptotic bodies and 
coarse apoptotic debris in macrophages is a characteristic of 
11q aberrations cases.16,17   Yu et al. reported that these find-
ings in more than 50% of macrophages are predictive of the 
presence of 11q aberrations.17   In this study, increased apop-
totic bodies in a starry-sky appearance were observed in two 
pediatric HGBL-11q and two DLBCL-11q.   The increased 
apoptotic bodies in macrophages were rarely seen in BL, and 
an average increase of more than five bodies was not recog-
nized in BL.   In DLBCL without 11q aberrations, the local 
increase in apoptotic bodies was seen in only five cases 

Fig. 3.  Increased apoptotic bodies in macrophages
(A) Case 1 HGBL-11q, (B) Case 2 HGBL-11q, (C) Case 8 DLBCL-11q, (D) Case 9 DLBCL-11q, (E) BL-6, (F) BL-4
In HGBL-11q and DLBCL-11q, increased apoptotic bodies within macrophages were observed (yellow arrowhead). While partial 
increased apoptotic bodies within macrophages were often observed in BL, they typically did not exceed an average of five.
HGBL-11q, High-grade B-cell lymphoma with 11q aberrations; DLBCL-11q, Diffuse large B-cell lymphoma with 11q aberrations, BL, 
Burkitt lymphoma
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Fig. 4.  FISH analysis
(A) Case 1 HGBL-11: 11q23.3 gain (three green signals) and 11q24.3 loss (one orange signal), (B) Case 8 
DLBCL-11q: 11q23.3 gain (three green signals) and 11q24.3 loss (one orange signal), (C) Case 7 BL-11q: 
11q23.3 gain (four green signals) and 11q24.3 loss (one orange signal), (D) BL-11q: MYC split signal 
positive
FISH, Fluorescence in situ hybridization; HGBL-11q, High-grade B-cell lymphoma with 11q aberrations; 
DLBCL-11q, Diffuse large B-cell lymphoma with 11q aberrations; BL-11q, Burkitt lymphoma with 11q 
aberrations

Age Sex Site Stage BM involvement Treatment Response Outcome

Case 1 8 M Intra-abdominal tumor(bulky), 
systemic LNs

Ⅳ + B-NHL-14 Group B CR ANED

Case 2 13 M Parotid gland I - B-NHL03 Group 2 CR ANED
Case 3 63 M Brain - - R-MPV→WBRT→HD-AraC CR Alive, relapse
Case 4 74 M Brain - NT No treatment - DOD
Case 5 74 M Ileocecum-ascending colon, 

intra-abdominal LNs
Ⅱ - EPOCH→R-CHOP→R-

MA→R-CHOEP
CR TUM

Case 6 87 M Cervical LNs I - RB ND ND
Case 7 83 M Systemic LNs, retroperitoneum Ⅲ - RB→GDP PD DOD
Case 8 68 M Para-aortic LNs Ⅱ - R-CHOP CR TUM
Case 9 75 M Spleen ND NT Splenectomy ND TUM

HGBL-11q, High-grade B-cell lymphoma with 11q aberrations; BL-11q, Burkitt lymphoma with 11q aberrations; DLBCL-11q, Diffuse large 
B-cell lymphoma with 11q aberrations; ND, No data, BM, Bone marrow; NT, No test; B-NHL-14 Group B, R-COPADM (Rituximab, 
Cyclophosphamide, Vincristine, Prednisolone, Doxorubicin, High-dose methotrexate); B-NHL03 Group 2 (P [Prednisolone, Vincristine, 
Cyclophosphamide, Methotrexate-IT, Hydrocortisone-IT, Cytarabine-IT], 2A [Prednisolone, Methotrexate, Vincristine, Cyclophosphamide, 
THP-adriamycin, Dexamethasone, Methotrexate-IT, Hydrocortisone-IT], 2B [Methotrexate, Cytarabine, Methotrexate-IT, 
Hydrocortisone-IT]); R-MPV, Rituximab, methotrexate, procarbazine, vincristine; WBRT, whole brain radiotherapy; HD-AraC, High-dose 
cytarabine; EPOCH, Etoposide, Prednisolone, Vincristine, Cyclophosphamide, Doxorubicin; R-CHOP, Rituximab, Cyclophosphamide, 
Doxorubicin, Vincristine, Prednisolone; R-MA, Rituximab, Methotrexate, Cytarabine; R-CHOEP, Rituximab, Cyclophosphamide, 
Doxorubicin, Vincristine, Etoposide, Prednisolone; CR, Complete remission; PD, Progressive disease; ANED, Alive, no evidence of disease; 
DOD, Died of disease progression; TUM, Treatment or disease unrelated mortality 
Stage was classified using the St.Jude/Murphy classification for pediatric cases and the Ann Arbor classification for adult cases.

Table 4.  Clinical data of aggressive BCLs with 11q aberrations
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(5/84, 5.95%) and was rare.   These results suggest that the 
11q aberrations may induce marked apoptosis and phagocy-
tosis.   The finding of increased apoptotic bodies can be a dis-
tinguishing point between BL and HGBL-11q harboring 
immunohistochemical BL phenotype and between usual 
DLBCL and DLBCL-11q.   However, it is important to note 
that increased apoptotic bodies are not always present in 
HGBL-11q.

As mentioned above, morphological and immunohisto-
chemical differentiation between BL and HGBL-11q can 
often be difficult, and FISH screening for chromosomal 
abnormality is ultimately essential for an accurate pathologi-
cal diagnosis.   However, it is not practical to perform FISH 
on 11q in all cases of aggressive BCLs.   Therefore, we have 
developed a flowchart to distinguish HGBL-11q from other 
aggressive BCLs (Figure 5).   In cases that show BL or HG 
morphology and no MYC translocation, FISH of 11q can be 
used to differentiate HGBL-11q from HGBL, NOS.   In this 
study, HGBL-11q and HGBL, NOS were found in approxi-
mately equal numbers.   It is possible that HGBL-11q was 
included among the previously diagnosed HGBL, NOS, and 
it is expected that the frequency of HGBL-11q will increase 
by performing FISH on 11q.

It has also been reported that 11q aberrations are rarely 
found in DLBCL.10,16   In this study, DLBCL-11q was seen in 
two LC morphology cases (2/93, 2.15%), although the num-
ber was small.   It is also described as “Large B-cell lym-
phoma with 11q aberration”12 in the ICC, and the morphol-
ogy is centroblast-like cells, which may include LC 

morphology.   However, the number of DLBCL-11q is very 
small, and the differences in clinical behavior and pathologi-
cal findings between DLBCL, NOS are currently unclear.   At 
this time, it is not realistic to perform FISH for 11q in all 
cases that could be diagnosed as DLBCL, NOS.   Increased 
apoptotic bodies may be a clue to diagnosing DLBCL-11q, 
but this matter needs to be investigated in future case series.

Furthermore, BL with MYC translocations has been 
reported to also have 11q aberrations.9   There are also case 
reports of BL and HGBL-11q composite lymphoma.22   One 
case of BL-11q was present in this study.   It is unclear 
whether BL-11q is clinically or molecular pathologically dif-
ferent from pure BL, but for the time being, it should be diag-
nosed and treated as BL.   Importantly, since 11q aberrations 
have been observed in aggressive BCLs other than HGBL-
11q, it is suggested that the 11q aberrations may be second-
ary copy number abnormalities in addition to other chromo-
somal abnormalities.   However, chromosomal aberrations 
are not as complex in pediatric BL as they are in adult  BL,23 
and pediatric HGBL-11q may be significantly affected by the 
11q aberrations themselves.   This study did not examine 
whole chromosome aberrations by G-banding, nor did it 
examine copy number aberrations in regions other than 
11q23.3 and 11q24.3; therefore, the exact chromosome aber-
rations could not be ascertained.   We would expect less com-
plex additional chromosomal abnormalities in pediatric cases 
than in adult cases, and it is possible that 11q aberrations may 
directly affect tumorigenesis.

Although genetic variation was not examined in this 

Fig. 5.  Diagnostic flowchart of HGBL-11q
Classification should take into account the patient’s immune status.
HG-int, High-grade intermediate morphology; HG-blastoid, High-grade blastoid morphology; GCB, Germinal center B-cell; BL, Burkitt lym-
phoma; HG, High-grade; LC, Large cell; MYC-R, MYC rearrangement; FISH, Fluorescence in situ hybridization; HGBL-11q, High-grade 
B-cell lymphoma with 11q aberrations; HGBL, High-grade B-cell lymphoma; NOS, not otherwise specified; DLBCL, Diffuse large B-cell 
lymphoma; DLBCL-11q, Diffuse large B-cell lymphoma with 11q aberrations
*Age or tumor location is not a consideration.
**DLBCL-11q is currently included in DLBCL, NOS, but its classification may change in the future.
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study, HGBL-11q and BL also differ in terms of genetic 
mutations.   BL shows MYC translocation and mutations in 
TCF3, ID3, and CCND3, with an exceptionally high fre-
quency of mutations in ID3.24-26   HGBL-11q was reported to 
have no mutations in ID3, TCF3, CCND3, and SMARCA4, 
suggesting it may be genetically different from BL.10,20,27   
Recurrent genetic mutations found in HGBL-11q include 
BTG2, DDX3X, ETS1, EP300, GNA13, and epigenetic modi-
fier genes; HGBL-11q is genetically more similar to GCB 
type DLBCL than it is to BL.10   Candidate genes for HGBL-
11q include GNA13, ETS1, and NFRKB,27 but a more defini-
tive one is yet to be found.

HGBL-11q overwhelmingly affects males more than 
females,9,10 and all patients with 11q aberrations were male in 
this study (Table 4).   The reasons why aggressive BCLs with 
11q aberrations are more common in males are still unknown.   
The small number of cases with 11q aberrations in this study 
may have led to a bias, and more cases need to be analyzed to 
determine the exact sex ratio.   Most case reports of HGBL-
11q have been conducted in children and young adults,8,21,28-33 
but some cases in middle and old age have been reported.7,22,34-37   
In this study, two HGBL-11q cases were pediatric patients, 
while five HGBL-11q and two DLBCL-11q cases were mid-
dle-aged and elderly patients.   Although HGBL-11q tends to 
be more frequent among younger patients, it is important to 
recognize that the tumor can occur in middle-aged and older 
patients.   Exclusion of HGBL-11q on the basis of age is not 
recommended.   However, it is unclear whether the 11q aber-
rations have the same significance in younger and older 
patients.   The differences in HGBL-11q according to age and 
site of origin need to be studied in detail in the future.   
HGBL-11q also occurs in post-organ transplant and immuno-
compromised patients associated with HIV infection.8,38,39   
Immunocompromised and post-organ transplant patients 
were excluded from this study, and EBV infection was not 
implicated in any cases.   In Japan, the association of 11q 
aberrations with HIV infection and medically-induced immu-
nodeficiency has yet to be clarified.   In this study, two cases 
of primary CNS HGBL-11q were found.   A case report of 
orbital primary HGBL-11q showed direct infiltration of the 
optic nerve,40 but no HGBL-11q of central nervous system 
origin was found in the literature.

To conclude, we performed 11q gain/loss FISH on 113 
GCB type aggressive BCLs and found six cases of HGBL-11q, 
one case of BL-11q, and two cases of DLBCL-11q.   The 
spectrum of 11q aberration is not limited to those with HG 
morphology.   However, DLBCL-11q requires clinical and 
molecular pathological investigation.   In addition, HGBL-
11q is not limited to children and young adults but also 
occurs in middle-aged and older adults.   Therefore, morpho-
logically suspected 11q aberration should be aggressively 
searched for 11q aberration by FISH, regardless of age.
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