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The recent characterization of a group of non-MYC rearranged aggressive B-cell lymphomas,

resembling Burkitt lymphoma (BL), characteristically harboring a telomeric 11q loss or

combined 11q proximal gains/loss pattern has led to the introduction of the provisional entity

of Burkitt-like lymphoma with 11q aberration (BLL-11q). Prompted by the discovery of a

telomeric 11q loss in an HIV1 high-grade B-cell lymphoma patient, we investigated an

extended cohort of aggressive B-cell lymphomas, enriched for cases with histopathological

features intermediate betweenDLBCL and BL, including double- and triple-hit lymphomas (n

5 47), for 11q loss/combined 11q proximal gains/loss pattern by fluorescence in situ

hybridization.We providefirst evidence that 11q aberrations can be found in both BLL in the

context of an underlying HIV infection as well as in high-grade B-cell lymphomas with MYC,

BCL2, and/or BCL6 rearrangements. We therefore propose that the clinicopathological

spectrum ofmalignancies carrying this aberrationmay be broader than previously assumed.

Introduction

MYC-rearrangements by the t(8;14)(q24;q32) involving the immunoglobulin heavy-chain gene or its variants
pose the genetic hallmark in Burkitt lymphoma (BL).1 Recently, a group of aggressive B-cell lymphomas,
resembling BL histomorphologically and transcriptomically but lacking MYC-rearrangements, were found
to feature a 11q-telomeric loss/11q-proximal gains/loss pattern (Burkitt-like lymphoma with 11q aberration
[BLL-11q]). As a result, this provisional entity among aggressive lymphomas has been added to the World
Health Organization (WHO) classification.2,3 Although BLL-11q cases have been observed in posttrans-
plant/immunocompromised patients as well as in selected cases with concurrent MYC-rearrangements,
there are to date no reports in HIV1 or double-hit (DH) lymphoma patients.3-5

The identification of an 11q aberration in a biopsy from an HIV1 patient prompted us to investigate an exten-
sive cohort of aggressive B-cell lymphomas, focusing on cases with histopathological features intermediate
between diffuse large B-cell lymphoma (DLBCL) and BL, including DH and triple-hit (TH) lymphomas,
thereby encompassing entities closely related to BLL-11q. We provide first evidence that 11q aberrations
can be found in both BLL in the context of an HIV infection and high-grade B-cell lymphomas (HGBLs) with
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Key points

� Description of 2 cases
with 11q aberrations
including a
cytogenetic double-hit
constellation and an
HIV1 case.

� Evidence that 11q
aberrations can occur
in high-grade B-cell
lymphoma that do not
necessarily resemble
typical BLL.
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MYC, BCL2, and/or BCL6 rearrangements. These observations indi-
cate a wider spectrum than previously assumed.

Methods

This retrospective study was approved by the ethics committee of the
University of L€ubeck (reference no. 18-356) and conducted in accor-
dance with the Declaration of Helsinki. Patients had given written
informed consent regarding routine diagnostic and academic assess-
ment of their biopsy specimen at the Reference Center for Hematopa-
thology and transfer of their clinical data.We reviewed our institutional
databases (Hematopathology L€ubeck and Department for Hematol-
ogy and Oncology UKSH L€ubeck) to identify patients with HGBL
and data on MYC, BCL2, and/or BCL6 rearrangements. Hereby,
we identified 47 patients with HGBL with MYC, BCL2, and/or
BCL6 rearrangements (n5 29) or triple wild-type DLBCL/HGBL (his-
tomorphologically exhibiting BL-like or blastoid features that would
have been categorized as intermediate between BL and DLBCL in
the previous edition of the WHO classification; n 5 18) with material
available for fluorescence in situ hybridization (FISH) for 11q gains/
losses. Clinicopathological features of the cohort are summarized in
Table 1. Successful cytogenetic analyses/FISH studies were con-
ducted in 47 of 55 cases as outlined in the supplemental Methods.
The Mitelman database has been reviewed in order to identify aberra-
tions on chromosome 11 in aggressive B-cell lymphomas (supple-
mental Methods; supplemental Table 1). All cases were studied for
aberrations in MYC, BCL2, and BCL6 by FISH. In selected cases,
whenever fresh biopsy material was available, additional conventional
cytogenetic analysis was performed, which recurrently (including
case 1) revealed a complex karyotype, as was expected for a cohort
of aggressive B-cell lymphomas enriched for DH and TH cases.6

In total, conventional cytogenetics were available in 17 cases
(HGBL-DH/TH 5 13; triple wild-type DLBCL/HGBL 5 4) and
revealed a complex karyotype in 8 of 17 cases. One of these cytoge-
netically complex cases concomitantly harbored an 11q aberration.

Results and discussion

In our cohort (n5 47), we identified 4 new cases harboring 11q aber-
rations (supplemental Table 2). As expected, we found 2 Epstein-Barr
virus (EBV)2 cases of BLL-11q among our triple wild-type DLBCL/
HGBL group, negative for MYC by immunohistochemistry. These
were originally diagnosed prior to the introduction of the current
WHO classification as well as the introduction of BLL-11q and dis-
played the canonical 11q gain/loss constellation with 3 hybridization
signals in the 11q23.2�q23.3 region, 1 signal in the 11q24.3, and
a normal centromere signal constellation. Of note and slightly irregular,
one of these cases was CD102 and of non-GCB type according to
the Hans classifier. In all 4 cases, 11q aberrations were identified in
$80% of tumor cells by FISH. Cytogenetic findings are depicted in
Table 1 and supplemental Tables 3.1 and 3.2. In addition, 4 cases
of aggressive B-cell lymphoma presented trisomy 11. Our analysis
of theMitelman database further revealed aberrations on chromosome
11, predominantly trisomies followed by whole-chromosomal dele-
tions, to be a recurrent feature among different B-cell lymphoma enti-
ties. These observations require careful interpretation, as many cases
were diagnosed prior to current WHO criteria, rendering the specific
diagnosis questionable. Moreover, none of the described alterations
correspond to the typical 11q gain/loss pattern (requiring array com-
parative genomic hybridization [aCGH] or target FISH for detection),

which would have escaped conventional cytogenetic analysis. Intrigu-
ingly, we identified 11q aberrations in 2 additional unusual cases that
we present here in detail. Both cases met neither established WHO
criteria nor the recently proposed diagnostic approach by Horn et al13

for BLL-11q with strong BCL2 expression by immunohistochemistry
(both cases), pleomorphic, plasmacytoid morphology (case 1), and
cytogenetic DH constellation with rearrangements affecting MYC
and BCL2 (case 2).

Case 1

A 34-year-old patient with pancytopenia, suppression of CD41 T
cells, rapidly progressive lymphadenopathy, suspected hepatic
involvement, elevated LDH, and inflammatory markers presented to
our department. Cerebrospinal fluid showed infiltration of lymphoid
blasts with rounded nuclei, finely clumped chromatin and basophilic
as well as distinctly vacuolated cytoplasm (L3 cytomorphology
according to FAB classification). An HIV1 infection was newly
diagnosed.

Histopathological LN examination revealed dense, sheetlike infiltrates
of lymphoid blasts with a starry-sky pattern and extended necrosis not
unlike BL. The infiltrates showed a mature germinal-center B-cell
immunophenotype (CD201, CD791, CD101, TdT2) with high prolif-
eration up to 100% and negativity for EBV (Epstein-Barr virus-
encoded RNAs [EBER]). Pleomorphic and partially plasmacytoid
cytology and strong BCL2 expression were atypical for classic BL.
In the LN biopsy, R-banding revealed a complex aberrant karyotype
and 4 subclones with, in particular, a deletion in 11q (Figure 1E). Pres-
ence ofMYC-, IGH-,BCL2-,BCL6-rearrangements or a crypticMYC-
IGH fusion were excluded by FISH, which further confirmed a sole
11q24.3-qter deletion without 11q proximal gain. Although an alterna-
tive/crypticMYC-rearrangement cannot be completely excluded, addi-
tional FISH analyses for alternative far telomeric and centromeric
MYC-breakpoints and minimal expression of MYC by immunohisto-
chemistry argue in favor of wild-type MYC status (Figure 1C).7 The
possibility of false negative immunohistochemistry for MYC, especially
in DH lymphomas, is nevertheless acknowledged.8

Because of CNS involvement, we initiated high-dose methotrexate,
cytarabine, thiotepa, and rituximab and highly active antiretroviral ther-
apy while planning for subsequent crossover into the short course
SC-EPOCH-RR (etoposide, prednisolone, vincristine, cyclophospha-
mide, doxorubicin, and double dose of rituximab) regimen.9,10 Follow-
ing 2 courses of methotrexate, cytarabine, thiotepa, and rituximab, the
patient developed prolonged neutropenia, pneumonia, delirium, and
sepsis, requiring invasive mechanical ventilation and vasopressors.
Chemotherapy was therefore suspended. Subsequently, cerebrospi-
nal fluid again revealed meningeosis, and persistent pancytopenia
was found to be secondary to near total marrow infiltration. Shortly
thereafter, the patient succumbed to septic shock and progressive
lymphoma.

Case 2

A 73-year-old male presented with cervical lymphadenopathy, ele-
vated LDH, and impaired performance status (Eastern Cooperative
Oncology Group 2) because of comorbidities. Excision biopsy
revealed compact infiltrates of an aggressive lymphoma, morphologi-
cally and immunophenotypically resembling DLBCL/HGBL (elevated
proliferative activity and segmental starry-sky pattern alongside a
germinal-center B-cell–like immunophenotype and EBV-negativity
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Table 1. Baseline clinicopathological characteristics in patients with aggressive B-cell lymphomas included in the current study

Characteristics

11q aberration

(n 5 4)

HGBL-DH/TH

(n 5 28)*

Triple wild-type DLBCL/HGBL†

(n 5 15)

Age, y (median 1 range) 52.5 (34-72) 69.5 (35-89) 64 (18287)

Sex (%)

Female — 16 (57.1) 7 (46.7)

Male 4 (100.0) 12 (42.9) 8 (53.3)

R-IPI (%)

0 — 1 (4.5) 1 (6.7)

1-2 1 (25.0) 9 (40.9) 8 (53.3)

.2 3 (75.0) 12 (54.5) 6 (40.0)

Stage (Ann Arbor) (%)

I 1 (25.0) 5 (22.7) 1 (6.7)

II 1 (25.0) 5 (22.7) 7 (46.7)

III 1 (25.0) 3 (13.6) 3 (20.0)

IV 1 (25.0) 9 (40.9) 4 (26.7)

B-symptoms (%)

Yes 2 (50.0) 9 (40.9) 6 (40.0)

No 2 (50.0) 13 (59.1) 9 (60.0)

Immunohistochemistry (%)

Ki-67 93% (90-97) 85 (40-100) 85% (70-95)

CD10 3 (75.0) 19 (67.9) 1 (6.7)

BCL2 1 (25.0) 18 (64.3) —

GCB 3 (75.0) 19 (67.9) 1 (6.7)

Non-GCB 1 (25.0) 3 (10.7) 14 (93.3)

Cytogenetics (%)

MYC 1 (25.0) 28 (100.0) —

BCL2 2 (50.0) 18 (64.3) —

BCL6 — 14 (50.0) —

11q aberration 4 (100.0) — —

Tetrasomy 11 — 1 (3.6) —

Trisomy 11 — 1 (3.6) 4 (26.7)

Partial trisomy 11 — — 1 (6.7)

Monosomy 11 — 1 (3.6)

Extranodal sites (%)

0 1 (25.0) 6 (27.3) 4 (26.7)

1-2 3 (75.0) 16 (72.7) 11 (73.3)

ECOG PS

0-1 1 (25.0) 11 (50.0) 10 (66.7)

$2 3 (75.0) 11 (50.0) 5 (33.3)

LDH (%)

Normal 2 (50.0) 6 (27.3) 6 (40.0)

Elevated 2 (50.0) 16 (72.7) 9 (60.0)

CNS involvement at diagnosis (%)

Yes 1 (25.0) 1 (4.5) —

No 3 (75.0) 21 (95.5) 15 (100.0)

CHOP, cyclophosphamide/hydroxydaunoribicin/vincristine/prednisolone; CNS, central nervous system; CR, complete remission; ECOG, Eastern Cooperative Oncology Group; GCB,
germinal center B cell; LDH, lactate dehydrogenase; PPD, progressive disease; PR, partial remission; PS, performance status; R, rituximab; R-IPI, revised International Prognostic Score; SD,
stable disease; tnDLBCL (NOS), triple-negative diffuse large B-cell lymphoma (not otherwise specified); VGPR, very good partial remission.
*Comprehensive clinical follow-up was available in n 5 22 HGBL-DH/TH patients.
†Histomorphologically exhibiting BL-like or blastoid features.
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[EBER]; CD201, CD791, CD101, BCL21, Tdt2). FISH revealed
rearrangements affectingMYC and BCL2 genes. FISH for the detec-
tion of 11q aberration displayed the canonical 11q gain/loss signal
constellation as demonstrated in the previous 2 cases (Figure 1J).

Despite advanced age and comorbidities, the patient received cytor-
eductive treatment with 6 cycles of R-CHOP (rituximab, cyclophos-
phamide, doxorubicin, vincristine, and prednisolone), which was well
tolerated, leading to a rapid complete response. The patient has
been in complete remission for 50 months, which constitutes an unex-
pectedly encouraging outcome.11,12

BLL-11q reflects a provisional entity of aggressive B-cell lymphoma
with a characteristic pattern of 11q imbalance, lack ofMYC-rearrange-
ments, Burkitt-like histopathology, and a mutational pattern, distinct
from BL.3,4 To date, the putative oncogenic drivers located within
the described 11q abnormalities, however, remain speculative.

In addition to 2 new cases of BLL-11q with a typical immunopheno-
typic profile, expectedly identified within our group of DLBCL/
HGBL, we present 2 unusual cases of aggressive lymphoma harbor-
ing 11q aberration patterns, which challenge the currently established
spectrum of aggressive B-cell lymphomas with an 11q aberration pat-
tern twofold.2,13,14

First, we argue that the clinicopathological presentation among
these cases appears more heterogeneous than previously appreci-
ated, now encompassing both HIV-associated cases as well as
HGBL-DH/TH. This is, however, basically in keeping with earlier
studies questioning the concept of 11q alterations being BLL-11q
exclusive, as these aberrations, including gain/loss patterns, are recur-
rently encountered in MYC1 lymphomas. In their pivotal study, Sala-
verria et al established the incidence of 11q gain/loss patterns in a
group of 514 samples from the MMML project with available aCGH
data to be 0.7% in DLBCL (2/267) and 1.6% in IG-MYC molecularly
defined Burkitt lymphoma (mBL) (1/63).2,15,16 Moreover, the latter
study alongside a recent publication by Gonzalez-Farre et al report
on cases with isolated terminal 11q deletion.4 Further studies
are needed to refine clinicopathological criteria for this provisional

entity. Our findings, however, support the recently proposed diagnos-
tic screening for 11q aberrations in MYC2 HGBL with features
of BL.13

Second, the isolated 11q24.3-qter deletion rather than the more com-
mon gain/loss pattern observed in the otherwise prototypic BLL-11q
case 1 (beyond the underlying HIV-infection) further accentuates the
need for a definitive minimal cytogenetic definition potentially nar-
rowed down to cases with isolated 11q deletion. These were included
in a recent study on the genomic landscape of BLL-11q and exhibited
no distinct genomic or clinical features.3 Moreover, the alleged 11q
driver genes (ETS1, NFRKB) map to this region. The possibility that
this definition may be too permeable as it potentially neglects the
oncogenic role of gains affecting 11q is, however, acknowledged,
and the recurrent encounter of 11q deletions in aggressive B-cell lym-
phomas, especially those without Burkitt-like features, underscores
the need for caution when including aggressive B-cell lymphomas
with an isolated 11q deletion into the BLL-11q category.

In light of an integrative interpretation of the Mitelman database entries
regarding 11q aberrations in B-cell neoplasms, revealing predomi-
nantly trisomies followed by whole chromosomal deletions, to be a
recurrent feature among different B-cell lymphoma entities, previous
reports on the incidence of typical gain/loss 11q aberrations in
DLBCL and IG-MYC mBL as well as our current observations, we
acknowledge the fact that our findings might merely represent uncom-
mon and coincidental varieties and do not necessarily challenge the
independence of the BLL-11q entity. However, as case 2, which pre-
sented with the typical 11q gain/loss pattern and not only an isolated
11q deletion, should preferably remain within the HGBL-DH/TH cat-
egory according to the current WHO classification, we still argue
that our observations expand on the previously described spectrum
of B-cell lymphomas with typical 11q gain/loss patterns and isolated
11q deletions (encompassing ETS1 and NFRKB) in the histopatho-
logically atypical case 1 and warrant further critical evaluation regard-
ing the independence of the BLL-11q entity. Given the oftentimes
complex karyotypes of HGBL-DH/TH, a random 11q deletion would
appear plausible, whereas the early clonal ($80% tumor cells showed

Table 1. (continued)

Characteristics

11q aberration

(n 5 4)

HGBL-DH/TH

(n 5 28)*

Triple wild-type DLBCL/HGBL†

(n 5 15)

Frontline therapy regimen (%)

CHOP-like 3 (75.0) 14 (63.6) 14 (93.3)

R-based 4 (100.0) 18 (81.8) 14 (93.3)

Others — 3 (13.6) —

Refusal of treatment — 1 (4.5) 1 (6.7)

Frontline therapy response rates (%)

CR 2 (50.0) 7 (25.0) 8 (53.3)

PR 1 (25.0) 8 (28.6) 5 (33.3)

SD — 2 (7.1) —

PD 1 (25.0) 5 (17.9) —

CHOP, cyclophosphamide/hydroxydaunoribicin/vincristine/prednisolone; CNS, central nervous system; CR, complete remission; ECOG, Eastern Cooperative Oncology Group; GCB,
germinal center B cell; LDH, lactate dehydrogenase; PPD, progressive disease; PR, partial remission; PS, performance status; R, rituximab; R-IPI, revised International Prognostic Score; SD,
stable disease; tnDLBCL (NOS), triple-negative diffuse large B-cell lymphoma (not otherwise specified); VGPR, very good partial remission.
*Comprehensive clinical follow-up was available in n 5 22 HGBL-DH/TH patients.
†Histomorphologically exhibiting BL-like or blastoid features.

14 DECEMBER 2021 • VOLUME 5, NUMBER 23 AGGRESSIVE B-CELL LYMPHOMAS WITH 11q ABERRATION 5223



the aberrations by FISH) and incidental acquisition of an 11q gain/loss
pattern appears far less probable.6 Current observations from conven-
tional cytogenetics support the assumption that 11q aberrations are
not a coincidental finding in the context of complex aberrant karyo-
types in aggressive B-cell lymphomas.

Furthermore, previous efforts strongly emphasized the sizable overlap
between the group of HGBL-DH/TH and Burkitt(-like) lymphoma.
From our own institutional experience, performing additional FISH
testing forBCL2 andBCL6 in 99 cases with Burkitt(-like) morphology
and a known MYC rearrangement, we gather a frequency of 15%
HGBL-DH/TH, which is in keeping with previous reports by Dave et
al and others.17,18 Of further interest, there is scarce evidence from
2 studies analyzing cytogenetics of HIV-related HGBL illustrating
that 11q alterations, yet predominantly isolated gains, were detectable
by aCGH in a minor subset of patients.19,20

Gene-expression studies suggest that BLL-11q is germinal
center–derived and mutationally bears closer resemblance to
HGBL/DLBCL than to BL.4

From a clinical perspective, the course of BLL-11q has only been sys-
tematically reported in pediatric patients, where it was shown to com-
pare favorably to other aggressive lymphomas.21 In contrast, Sevilla et

al reportedMYC-negative BLL, prior to the discovery of the 11q gain/
loss pattern, to harbor an inferior outcome, compared with MYC1

BL.22 The aggressive course of disease in case 1 allows room for
speculation as to why the patient did not benefit from treatment. Immu-
nochemotherapy of lymphomas in HIV1 patients, however, remains
challenging, and T-cell depletion prior to the initiation of highly active
antiretroviral-therapy and immunochemotherapy adversely affect clini-
cal outcome.23

Here, we present evidence that 11q alterations can occur in
HGBL, which do not necessarily resemble typical BLL. We derive
the questions, whether the clinicopathological spectrum of malig-
nancies carrying this aberration may be broader than previously
assumed and whether BLL-11q indeed constitutes a distinct
entity.
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Figure 1. Representative images of histopathological and (molecular) cytogenetic findings of case 1 and case 2. Case 1: Histopathological lymph node (LN)

examination revealed dense, sheetlike infiltrates of lymphoid blasts presenting with a starry-sky pattern and extended areas of necrosis not unlike BL (A; Giemsa stain, original

magnification 320). The infiltrates showed a mature B-cell immunophenotype (CD201, CD791, CD101, BCL21, Tdt2) with high proliferative activity (B; Ki-67, 70%-97%;

original magnification 320) and minimal reactivity for MYC by immunohistochemistry, in keeping with MYC wild-type status by FISH and rendering an oversight of a cryptic yet

functionally relevant MYC rearrangement relatively unlikely (C; original magnification 320). Bone marrow smear showed significant infiltration of lymphoid blasts with L3 cyto-

morphology (D; original magnification 3100). R-banded chromosomes showed a complex aberrant karyotype with 4 subclones (E): 46,XY,t(3;16)(p14;q23)?c,t(4;5)(p16;q21),

add(6)(q22),add(11)(q23�24), add(13)(q14),add(22)(q13)[5]/46,sl,–add(6)(q22),add(6)(q27)[4]/46,sdl1,del(6)(q13q14), –add(13)(q14),t(13;17)(q31;q24)[8]/46,sdl2,

del(2)(q11.2q24),t(7;17)(p11;q21)[4]/47,sdl2,1der(5)t(4;5)[2].nuc ish(FOXP1x2)[100],(far-cenMYCx2)[100],(cenMYCx2)[100],(MYCx2) [100],(MYCfar-telx2)[100],(D11Z1,

ATM,FDX)x2[100],(D11Z1x2,RP11-414G21x2, ETS1x1)[83/100],(KMT2Ax2)[100],(IGHx2)[100],(P53,MPO)x2[100]. Case 2: Excision biopsy revealed compact infiltrates of an

aggressive lymphoma, morphologically and immunophenotypically resembling DLBCL with elevated proliferative activity and segmental starry-sky pattern (F-G; hematoxylin and

eosin stain, original magnification 310; 403) alongside a high proliferative activity (H; Ki-67, 90%-95%; original magnification 320) and GCB-like immunophenotype; CD201 (I;

original magnification 320), CD791, CD101, BCL21, Tdt2. Cytogenetic analysis exhibited rearrangements affecting both MYC and BCL2 genes. FISH image at diagnosis with

a custom assay with probes RP11-414G21 (labeled in spectrum green), RP11-629A20 (spectrum orange), and CEP11 for centromere of chromosome 11 (spectrum aqua;

Abbott-Vysis, Abbott Park, IL) shows the canonical signal constellation for 11q aberration cases: gain of 11q23.2�q23.3 evidenced by 3 green signals, loss of 11q24.3 evi-

denced by 1 red signal, and 2 blue signals of the control probe for the centromere region of chromosome 11 per cell. The 11q aberration pattern was present in 80 of 100

malignant cells, indicating a primary genomic lesion (J; 363).
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