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Abstract

MYC-rearranged B-cell lymphoma (BCL) in the pediatric/young adult (YA) age group differs substantially in disease compo-
sition from adult cohorts. However, data regarding the partner genes, concurrent rearrangements, and ultimate diagnoses in
these patients is scarce compared to that in adult cohorts. We aimed to characterize the spectrum of MYC-rearranged (MYC-
R) mature, aggressive BCL in the pediatric/YA population. A retrospective study of morphologic, immunophenotypic, and
fluorescence in situ hybridization (FISH) results of patients age <30 years with suspected Burkitt lymphoma (BL), diffuse
large B-cell lymphoma (DLBCL) or high-grade B-cell lymphoma (HGBCL), and a MYC-R by FISH between 2013-2022 was
performed. Two-hundred fifty-eight cases (129 (50%) pediatric (< 18 years) and 129 (50%) YA (18-30 years)) were included.
Most MYC-R BCL in pediatric (89%) and YA (66%) cases were BL. While double-hit (DH) cytogenetics (MYC with BCL2
and/or BCL6-R, HGBCL-DH) was rare in the pediatric population (2/129, 2%), HGBCL-DH increased with age and was
identified in 17/129 (13%) of YA cases. Most HGBCL-DH had MYC and BCL6-R, while BCL2-R were rare in both groups
(3/258, 1%). MYC-R without an IG partner was more common in the YA group (14/116 (12%) vs 2/128 (2%), p=0.001). The
pediatric to YA transition is characterized by decreasing frequency in BL and increasing genetic heterogeneity of MYC-R
BCL, with emergence of DH-BCL with MYC and BCL6-R. FISH to evaluate for BCL2 and BCL6 rearrangements is likely
not warranted in the pediatric population but should continue to be applied in YA BCL.

Keywords Pediatric B-cell lymphoma - Young adult B-cell lymphoma - MYC rearrangement - B-cell lymphoma - FISH -
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Introduction

MYC-rearrangements occur in various B-cell lymphomas
(BCL) including, amongst others, Burkitt lymphoma (BL),
diffuse large B-cell lymphoma (DLBCL), and double-hit
lymphoma (DHL), formally known as high-grade B-cell
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B-cell phenotype and may also display isolated MYC rear-
rangements [1-3].

The frequency and distribution of aggressive BCL sub-
types vary according to age. While DLBCL is the most com-
mon subtype identified in adult patients and DHL accounts
for 8% of de novo DLBCL in this population [4], BL is the
most frequently documented subtype in pediatric individu-
als, representing 30-50% of non-Hodgkin lymphoma (NHL)
cases [3]. In contrast, DLBCL accounts for only 10-20% of
NHL cases in the pediatric population [5, 6]. As such, the
transition from the pediatric phase to the young adult (YA)
phase, defined here as ages < 1-17 versus 18-30, respec-
tively, is characterized by a shift in the spectrum of aggres-
sive BCL, with a concurrent decrease in BL and increase
in the frequency of other subtypes [6]. While BL may pre-
dominate among pediatric patients, the scope of additional
MYC-rearranged mature aggressive BCLs remains poorly
defined across the pediatric/YA spectrum.

In this study, we sought to provide a comprehensive
morphologic, immunophenotypic, and genetic appraisal of
MYC-rearranged (MYC-R) mature aggressive BCL in the
pediatric/YA population.

Materials and methods
Study design and cohort

The study population included patients aged <30 years with
suspected HGBCL, DLBCL, or BL with a MYC-R identified
by fluorescence in situ hybridization (FISH) between 2013
and 2022 at Mayo Clinic, Rochester, MN. The cohort was
divided into two groups based on age: the pediatric group
included patients aged 1-17 years and the YA group com-
prised patients aged 18-30 years. Institutional Review Board
approval was obtained for this study.

Pathology

Available hematoxylin and eosin (H&E)-stained sections
of diagnostic biopsy tissue were reviewed and classified
according to morphologic and immunophenotypic criteria
of the International Consensus Classification [1]. Large cell
size was defined as tumor nuclei on average being larger
than those of background histiocytes. Burkitt-like mor-
phology was defined as having a monomorphic population
of medium-sized cells with basophilic cytoplasm, round
nuclei, and finely clumped nuclear chromatin, typically with
a starry-sky background of tingible body macrophages. A
designation of high-grade morphology was used for cases
with intermediate-sized cells, typically with fine chroma-
tin, but without definitive features of BL either because
of increased nuclear pleomorphism, lack of tingible body
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macrophages in a well-sampled biopsy, or for morphology
resembling lymphoblastic lymphoma (blastoid morphology).
Immunophenotypically, a BL-like phenotype was defined as
cases expressing CD10, CD20, and BCL6 without or with
only very dim/subset expression of BCL2.

Fluorescence in situ hybridization analysis

FISH analysis was performed as part of diagnostic evalu-
ation using laboratory-defined algorithms or based on a
pathologist’s request of specific probes. MYC FISH was
performed using concurrent MYC break-apart (BAP)
and IGH/MYC dual color, dual fusion (DF) probe strate-
gies (Abbott Laboratories, Des Plaines, IL) in the setting
of DLBCL, HGBCL, or BL. IGK/MYC and IGL/MYC DF
probe sets were performed using laboratory developed tests.
These were performed either at pathologist discretion up
front, or as a reflex in the setting of a MYC-R without an
IGH partner per laboratory protocol. Cases with a positive
MYC-R with any probe strategy were considered as MYC-R
and underwent testing with BCL2 and BCL6 BAP probes
(Abbott Laboratories) if these were not already performed
up front. Where material was available, additional FISH
probes were performed retrospectively for these probe sets
if not performed at diagnosis.

All FISH analysis was performed on formalin-fixed, par-
affin-embedded (FFPE) or fresh tissue using standard FISH
pretreatment, hybridization, and fluorescence microscopy in
accordance with specimen-specific laboratory protocols [7].
FFPE samples were conserved at room temperature. Fresh
blood/bone marrow and tissue were respectively kept in anti-
coagulant and balanced salt solution at ambient or refriger-
ated temperature. A minimum of one hundred interphase
nuclei for BAP probe strategies and two hundred nuclei for
DF strategies were scored using previously described cutoffs
[8, 9]. FISH analysis was performed by at least two quali-
fied clinical cytogenetic technologists and interpreted by a
board-certified (American Board of Medical Genetics and
Genomics) clinical cytogeneticist.

Statistical methods

Categorical variables are presented as frequencies and per-
centages and continuous variables as means and standard
deviations or medians and ranges. Chi-square tests or Fisher
exact probability tests were used to assess between-group
differences in categorical variables and non-parametric tests
such as Kruskal-Wallis H and Wicoxon rank sum test were
used for non-Gaussian variables. Logistic regression analy-
ses were used to assess the frequency of DH-cytogenetics
adjusting for age. All statistical tests were two-sided with a
significance level of 0.05. Analyses were performed with



Journal of Hematopathology (2024) 17:51-61

53

R [10] version 4.2.1 using the dplyr [11], ggplot2 [12], and
gtsummary [13] packages.

Results
Study cohort

The study cohort comprised 258 pediatric/YA cases, includ-
ing 129 (50%) pediatric patients and 129 (50%) YA patients
(Table 1). Median age in the study population was 17.5 years
(range 1-30) and 194 (75%) were male. When considering
patients from the pediatric group, median age was 9 years
(interquartile range (IQR) 5-13) and 105 (81%) were male.
Among YA patients, median age was 25 (IQR 21-28) and
89 (69%) were male.

FISH analysis results
A MYC-R was detected in 242/256 (94.5%) cases subjected

to the MYC BAP (the MYC BAP probe was not performed in
2 cases). In the remaining 14/256 cases, the MYC BAP probe

rendered equivocal results in 7 (3%) cases and normal results
in 7 (3%) yet exhibited an IGH/MYC fusion by DF FISH.
This indicates a 3% false negative (FN) rate of the MYC
BAP probe in our cohort and a 5.5% FN rate if equivocals
are considered negative. Among the 244 (95%) cases with
complete assessment of IG rearrangement partners, an IGH
partner was identified in 201 cases (82%). IGK and IGL
partners were identified in 7 (3%) cases and 20 (8%) cases,
respectively. No IG partner was identified in 16 (6%) cases.
The remaining 14 cases did not have complete assessment
of IG partners by DF FISH, precluding definitive charac-
terization of MYC-R partners (MYC/IGK DF probe set not
performed in 1 case, MYC/IGL DF probe set not performed
in 1 case, both MYC/IGK and MYC/IGL DF probe sets not
performed in 12 cases). In addition to the MYC-R, a rear-
rangement of BCL2 was identified in 3/258 cases (1%) while
16 (6%) cases harbored a rearrangement of BCL6. No case
displayed triple-hit cytogenetics (concurrent MYC, BCL2,
and BCL6 rearrangements) in our cohort.

The distribution of MYC-R partners as identified by FISH
was then compared between pediatric and YA patients in
whom all three IG probe sets were performed (128 pediatric

Table 1 Cytogenetic, immunophenotypic, and B-cell lymphoma subtype according to age group

Characteristic All cohort, N=258 Pediatric, N=129! Young adult, N= 129! p value?
Demographics (258 evaluable)
Age 17.5 (9,25) 9(5,13) 25 (21, 28) <0.001
Male gender 194/258 (75%) 105/129 (81%) 89/129 (69%) 0.021
MYC rearrangement partner (244 evaluable)
All IG partner 228/244 (93%) 126/128 (98%) 102/116 (88%) 0.001
IGH 201/244 (82%) 112/128 (88%) 89/116 (77%) 0.03
IGL 20/244 (8%) 11/128 (9%) 9/116 (8%) 0.8
IGK 7/244 (3%) 3/128 2%) 4/116 (3%) 0.6
Non-IG partner 16/244 (6%) 2/128 2%) 14/116 (12%) 0.001
Concurrent rearrangements (258 evaluable)
MYC and BCL2 rearrangements 3/258 (1%) 1/129 (1%) 2/129 2%) >0.9
MYC and BCL6 rearrangements 16/258 (6%) 1/129 (1%) 15/129 (12%) <0.001
DH cytogenetics 19/258 (7%) 2/129 2%) 17/129 (13%) <0.001
Immunophenotypic features
BCL2 expression (72 evaluable) 13/72 (18%) 1/34 (3%) 12/38 (32%) 0.002
BCLG6 expression (68 evaluable) 62/68 (91%) 28/32 (88%) 34/36 (94%) 0.4
MYC expression (41 evaluable) 39/41 (95%) 17/17 (100%) 22/24 (92%) 0.5
Diagnosis (138 evaluable)
BL 107/138 (78%) 62/70 (89%) 45/68 (66%) 0.002
DHL 9/138 (7%) 0/70 (0%) 9/68 (13%) 0.001
DLBCL 20/138 (14%) 7/70 (10%) 13/68 (19%) 0.1
Other 2/138 (1%) 1/70 (1.4%) 1/68 (1.5%) 1

Pediatric < 1-17 years of age, young adult 18-30 years of age. p values refer to the comparison of the pediatric and young adult groups

DH double hit, BL Burkitt lymphoma, DHL double-hit lymphoma, DLBCL diffuse large B-cell lymphoma, /G immunoglobulin

"Median (IQR); n (%)

2Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test
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patients and 116 YA patients). An increased frequency of IG
partners was found in the pediatric group in comparison with
the YA group (126/128, 98% vs 102/116, 88% respectively,
p=0.001). Specifically, IGH rearrangements were more
common in the pediatric group (112/128 (88%) vs 89/116
(77%), p=0.03)). IGK frequency did not differ between
the two groups (3/128 (2%) and 4/116 (3%) respectively,
p=0.6), nor did IGL frequency (11/128 (9%) vs 9/116 (8%),
p=0.8). The absence of an IG partner occurred less often
in the pediatric group compared with the YA group (2/128
(2%) and 14/116 (12%), p=0.001) in keeping with the
higher rate of IGH partners in the pediatric group (Fig. 1A).

The frequency of HGBCL-DH-BCL2 and HGBCL-DH-
BCL6 was also assessed in the pediatric and YA groups.
HGBCL-DH-BCL2 was rare in both pediatric and YA
patients (1/129 (1%) and 2/129 (2%), respectively, p >0.9).
HGBCL-DH-BCL2 occurred in a single pediatric patient
(11-year-old male) and in two YA patients (27-year-old male
and 30-year-old female). The concurrent MYC-R in cases
with a BCL2 rearrangement involved an IGL partner in the
pediatric case and an IGH and non-IG partner in the YA
cases. HGBCL-DH-BCL6 was rare in the pediatric group
(1/129, 1%) versus the YA group (15/129, 12%) (p <0.001).

IGH
IGK
IGL

non-IG

0 5 10 15 20 25 30

A Age (years) B

HGBCL-DH-BCL6 was identified in a 14-year-old individ-
ual in the pediatric group and in individuals aged 19 to 29 in
the YA group. The MYC-R in cases with a BCL6 rearrange-
ment involved an IGL partner in the pediatric case and IGH
(5/15), IGL (1/15) and non-1G partner (5/15) in the YA cases
(IGK/MYC and IGL/MYC DF probe sets not performed in
4/15 YA cases). In total, the frequency of DH cytogenetics
was significantly lower in pediatric vs YA cases (respec-
tively 2/129 (2%) and 17/129 (13%), p <0.001). Further-
more, the frequency of DH cytogenetics increased statisti-
cally significantly with increasing age (coefficient estimate
0.14, p<0.001) (Fig. 1B).

Morphologic and genetic correlation

In our study cohort, 138 cases had slides available for ret-
rospective pathology review. Taking into account morpho-
logic, phenotypic and genetic features, the following diag-
noses were rendered: BL (N=107; 78%), DLBCL (N =20;
14%), and HGBCL with MYC and BCL2 rearrangements or
HGBCL with MYC and BCL6 rearrangements (N=9; 7%)
(Table 2, Fig. 2). Examples of morphologic and genetic cor-
relation and final diagnoses are illustrated in Fig. 3. While

isolated MYC rearrangement
MYC and BCL2 rearrangements

D MYC and BCL6 rearrangements

5 10 15 20 25 30

Age (years)

Fig. 1 Cytogenetic features of study cohort according to age. A Distribution of MYC rearrangement partner according to age. B Frequency of

BCL2 and BCL6 rearrangements in our cohort according to age
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Table 2 Cytogenetic, cytomorphologic, and immunophenotypic features according to B-cell lymphoma subtype

2

Characteristic BL, N=107" DHL, N=9! DLBCL, N=20" Other, N=2! p value
Demographics
Age group <0.001
Pediatric 62/107 (58%) 0/9 (0%) 7/20 (35%) 1/2 (50%)
Young adult 45/107 (42%) 9/9 (100%) 13/20 (65%) 1/2 (50%)

Mean age 15 (8,22) 26 (25, 29) 20 (15, 24) 16 (11, 22) 0.001
Male gender 82/107 (77%) 3/9 (33%) 10/20 (50%) 2/2 (100%) 0.004
MYC rearrangement partner <0.001

All IG partner 103/104 (99%) 4/4 (100%) 11/16 (68%) 2/2 (100%)
IGH 94/104 (90%) 3/4 (15%) 8/16 (50%) 2/2 (100%)
IGL 7/104 (7%) 1/4 (25%) 2/16 (13%) 0/2 (0%)
IGK 2/104 2%) 0/4 (0%) 1/16 (6%) 0/2 (0%)
No IG partner 1/104 (1.0%) 0/4 (0%) 5/16 31%) 0/2 (0%)
Concurrent rearrangements
BCL2 rearrangements 0/107 (0%) 2/9 (22%) 0/20 (0%) 0/2 (0%) 0.006
BCL6 rearrangements 0/107 (0%) 719 (78%) 0/20 (0%) 0/2 (0%) <0.001
Cytomorphologic and immunophenotypic features
Starry sky pattern 91/107 (85%) 2/9 (22%) 3/20 (15%) 0/2 (0%) <0.001
CD20 expression 70/70 (100%) 6/6 (100%) 15/15 (100%) 2/2 (100%) Not applicable
CD10 expression 64/64 (100%) 4/6 (67%) 12/14 (86%) 2/2 (100%) 0.004
BCL6 expression 48/51 (94%) 4/6 (67%) 10/11 91%) 0/0 (NA%) 0.10
MUMI1 expression 7/31 (23%) 3/4 (15%) 5/11 (45%) 0/0 (NA%) 0.057
BCL2 expression 3/53 (6%) 517 (11%) 4/11 (36%) 1/1 (100%) <0.001
MYC expression 32/32 (100%) 3/4 (15%) 3/4 (15%) 1/1 (100%) 0.044
TdT expression 0/28 (0%) 0/1 (0%) 0/4 (0%) 1/1 (100%) 0.059
EBER positivity 6/19 (32%) 0/4 (0%) 1/6 (17%) 0/0 (NA%) 0.6
Ki67 100 (95, 100) 90 (85, 93) 85 (70, 95) 97 (96, 98) <0.001

BL Burkitt lymphoma, DHL double-hit lymphoma, DLBCL diffuse large B-cell lymphoma, /G immunoglublin

'n (%); median (IQR)
2Fisher’s exact test; Kruskal-Wallis rank sum test

BL was the most common diagnosis in both pediatric (89%)
and YA (66%) age groups, a significantly higher proportion
of pediatric MYC-R B-cell lymphomas were BL (p =0.002).
Most BL cases (49/52; 94%) had a typical phenotype
(CD10+, BCL6+, BCL2-). The rearrangement partner was
usually IGH (94/104, 90%), while IGL (7/104, 7%), IGK
(2/104, 2%) and no 1IG partners (1/104, 1%) were found less
frequently. Most DLBCL cases had a germinal center B-cell
phenotype per the Hans algorithm (12/13, 92%). In 7/20
(35%) DLBCLs, an immunophenotypic profile compatible
with BL was present, yet morphologic attributes precluded
a diagnosis of BL (3 pediatric and 4 YA patients). Of these
7 DLBCL with a BL immunophenotype, 4 had MYC::IGH,
one IGL::MYC, one had a non-IG partner, and one case
was incompletely assessed (no IGL and IGK BAP probes).
MYC rearrangement partners among cases with a diagno-
sis of DLBCL and complete assessment of IG partners by
FISH were IGH (8/16; 50%), IGL (2/16; 13%), and IGK
(1/16, 6%). No 1G partner was detected in 5/16 (31%). The

mediastinum was the biopsy site in 3/20 (15%) DLBCL, and
all three occurred in YA. These may represent primary medi-
astinal large B-cell lymphoma, but due to lack of further
clinical, imaging, or gene expression profiling information
this remains speculative. One of these three had an IGL part-
ner, and the MYC partner was not determined in two cases.

Nine cases had DHL cytogenetics, all of which occurred
in YA patients (2 HGBCL-DH-BCL2 and 7 HGBCL-DH-
BCL6). Of the HGBCL-DH-BCL2, one had high grade and
one had large cell morphology and the one with evaluable
stains was GCB phenotype. Of the HGBCL-DH-BCL6, one
had high grade (14%) and 6 (86%) had large cell morphol-
ogy; Hans algorithm on these 7 showed 3 GCB, 2 non-GC,
and 2 not available. A BL-like immunophenotype was
observed in 1/7 (14%) HGBCL-DH-BCL6 with available
information. Of the 4 DHL cases with complete assessment
for IG rearrangement partners, 3 (75%) had an IGH part-
ner and 1 (25%) had an IGL partner. No IGK partner was
observed.

@ Springer



56

Journal of Hematopathology (2024) 17:51-61

22

20

0.8

Relative frequency of aggressive B-cell lymphoma subtypes
&
Frequency

0.0

BL
DHL
DLBCL
Other

Pediatric Young adult

Age (years)

Fig. 2 Distribution of B-cell lymphoma subtypes of study cohort according to age

EBYV in situ hybridization (EBER) was performed on
29/138 (21%) cases with available biopsy tissue slides for
pathologic review. EBER was positive in 6/19 (32%) cases of
BL, 0/4 (0%) of HGBCL and 1/6 (17%) of DLBCL. Among
EBV-positive BL, four occurred in the pediatric, and two in
the YA population, and all showed IGH partners.

Pathologic review of the biopsy material revealed
two unusual cases of MYC-R B-cell lymphoma: a case
of a 6-year-old boy with BL-like morphology, isolated
MYC::1GH rearrangement, CD10 positivity and a high Ki67
proliferative index (>95%) showed TdT positivity. Cases
like this are now best considered B lymphoblastic leukemia/
lymphoma based on recent genetic studies [1, 14]. Another
case (27-year-old male) with IGH::MYC rearrangement
showed HGBCL morphology without Burkitt-like features
and with expression of CD10 and strong BCL2, but without
BCL2 or BCL6 rearrangements; it was felt this was best cat-
egorized as HGBCL, NOS.

Discussion

As an endeavor to address the information gap regarding
the scope and distribution of MYC-R mature aggressive
BCL subtypes in the pediatric and YA population, we pro-
vide a pathologic and genetic assessment MYC-R, mature
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aggressive BCL in a large cohort. We illustrate that while
the majority of MYC-R BCL in pediatric and YA patients are
BL, and that DH cytogenetics are rare in the pediatric group,
the frequency of DHL rises with increasing age and DH
cytogenetics in YA are predominantly HGBCL-DH-BCL6.
Furthermore, the false negative rate of MYC BAP alone in
our cohort was up to 5.5%, in line with previously published
data in adult cohorts and further supporting the use of both
MYC BAP and MYC::IGH probes in routine practice in all
age groups [8, 9].

Mature aggressive BCL with a MYC-R encompass a bio-
logically and clinicopathologically heterogeneous group
of disorders. In line with epidemiology considerations and
concerns related to chemotherapy toxicity, therapeutic man-
agement approaches vary between pediatric and YA patients.
Distinctly, in adults with DLBCL/HGBCL, anthracycline-
based regimens with cytogenetic risk-adapted therapy are
standard practice [15]. As DH cytogenetics portend poorer
response and overall-survival rates with R-CHOP therapy
[16, 17], higher intensity regimens such as a DA-EPOCH-R
are routinely used in adult patients in this setting [15]. In
contrast, pediatric patients with aggressive BCL are gener-
ally treated with chemotherapy regimens designed for BL
regardless of morphology including Berlin-Frankfurt-Miin-
ster (BFM) and LMB-96 based regimens [6]. While excel-
lent outcomes have been reported with BL-regimens in this
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Fig.3 Examples of morphologic and genetic correlation from the
study cohort (all H&E, 400x). A Burkitt lymphoma.case with Bur-
kitt morphology and phenotype and MYC::IGH. B High-grade B-cell
lymphoma with MYC and BCL2 rearrangements. Case with non-Bur-
kitt high-grade morphology, non-Burkitt phenotype, MYC::IGH and

population [6], a scarcity of data has nonetheless precluded
a refined assessment of the significance of DH cytogenetics
and preferred therapeutic options across the pediatric to YA
transition [18].

The relationship between age and genomic attributes in
mature aggressive BCL is complex and not fully elucidated.
Current evidence suggests that the biology of BL in YA
patients may not differ significantly from that of pediatric
patients and these two groups have been found to share sig-
nificant molecular homogeneity [19, 20]. In contrast, the
biology of DLBCL may be more influenced by age. Diverg-
ing pathogenetic mechanisms of disease have been sup-
ported by distinct genetic alterations such as the recurrent
loss of 4p16 and 19q13.32 and gain of 16p11.2 in pediatric
DLCBL compared with adult DLBCL [21]. Further, the
genomic complexity of DLBCL appears to augment with

BCL2 rearrangement. C High-grade B-cell lymphoma with MYC and
BCL6 rearrangements. Case with non-Burkitt high-grade morphol-
ogy, Burkitt-phenotype, MYC and BCL6 rearrangement. D Diffuse
large B-cell lymphoma. Case with large cell morphology, Burkitt
phenotype, MYC rearrangement with non-IG partner

increasing age. In fact, a gradual increment in the genomic
complexity of DLBCL observed with age was described as
consistent with an “age evolution model” by Klapper et al.
[22]. While different in scope, our results remain in line with
this model as a significant increase in the heterogeneity of
MYC rearrangement partners and in the frequency of DH
cytogenetics with age is documented.

The genetic hallmark of BL is a translocation juxtapos-
ing MYC with an IG locus, most often IGH (80%), but also
IGL and IGK [23]. In contrast to BL, DLBCL/HGBCL
exhibits more heterogeneity with regards to MYC rear-
rangement partners. While IG partners are documented
in 48-63% of cases, no IG partner is found in 37-52%
[24-26]. Several non-IG partners have been described
including PAX5, BCL6, BCLI1A, IKZF1, and SOCS1 [27,
28]. In line with these considerations, MYC was rearranged
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with an IG partner in nearly all BL cases in our cohort
(99%), whereas 31% of DLBCL cases had a non-1G part-
ner. When considering the spectrum of MYC-R partners
according to age groups, a statistically significant increase
in cases without an IG partner was identified among YA
cases (12% vs 2% in the pediatric group, p=0.001). The
prognostic implications of MYC-R with non-IG partners
remain contentious, and while the prognostic significance
of non-IG partners has been called into question [16, 24],
the increased frequency of cases with no IG partner in
YA patients and in DLBCL cases remains in keeping with
increased heterogeneity of disease with advancing age
across the pediatric/YA spectrum.

In our study cohort, DH cytogenetics were rarely docu-
mented in the pediatric population (2%). These results mir-
ror those identified in a cohort of 50 pediatric patients with
DLBCL derived from the German Berlin-Frankfurt-Mun-
ster multicenter trial by Oschlies et al. in which no BCL2
rearrangements were identified [29]. In contrast, DHL was
identified in 13% of YA patients in our study. YA DHL is
predominantly HGBCL-DH-BCL6 (15/17 DHL cases, 88%),
contrasting the figures documented in adult populations in
whom HGBCL-DH-BCL2 prevail, accounting for 80-90%
of DH/TH lymphomas [30].

While the 5th edition WHO has eliminated HGBCL
with MYC and BCL6 rearrangements as a diagnostic entity
[2], the International Consensus Classification separates
HGBCL-DH-BCL?2 yet retains HGBCL-DH-BCL6 as a
provisional entity [1]. While there is clear biologic data to
support separating these two entities [4, 31], the clinical sig-
nificance and biology of HGBCL-DH-BCL6 remains under-
studied. Data is limited, but some studies do suggest benefit
from more aggressive therapy regimens in patients with
HGBCL-DH-BCL6, arguing that more data is needed before
elimination of this category [24, 26, 32-35]. Additionally, in
up to 30% of cases of HGBCL-DH-BCL6, MYC-R involve
the BCL6 gene as the rearrangement partner [30, 36]. This
profile has been described as “pseudo-double hit” [37]. Our
study design did not allow for specific identification of this
phenomenon. While HGBCL-DH-BCL6 lymphomas appear
molecularly and prognostically heterogeneous [24, 26, 30,
33-36, 38, 39], potential distinct clinico-biologic correlates
of “pseudo-double hit” BCL remain poorly studied [36,
40, 41]. Accordingly, further data is needed to assess the
clinical relevance of genetic testing to identify BCL6::MYC
rearrangements.

We speculate that distinguishing HGBCL-DH-BCL6
from DLBCL, NOS may prove even more relevant in YA
patients who are more likely to be eligible for and toler-
ate intensive chemotherapy regimens than older adults. Our
findings support continuing to evaluate for HGBCL-DH-
BCL6 in the YA cohort, although further data is needed to
determine the best therapeutic options for these patients.

@ Springer

Given the rarity of their occurrence, whether to perform
BCL2 and BCL6 FISH probes in the pediatric age group
remains an open question, and one which our study alone
cannot fully answer. Our data suggest that minimal harm
would be done if these were not performed, especially
since pediatric patients with mature aggressive BCL are
generally treated with BL-like regimens regardless of sub-
type [6].

Our study has limitations related to the use of a refer-
ence laboratory cohort with somewhat limited access to
tissue specimens and absence of outcome data. Since cases
in our cohort were identified based on pathologist-initiated
FISH testing and our study focuses specifically on those
with MYC-R, we are unable to discuss the incidence of
MYC rearrangement in the P/YA population.

In conclusion, our study provides a large-scale assess-
ment of the spectrum of MYC-R BCL in pediatric and
YA patients and of FISH analysis results for MYC, BCL2,
BCL6 rearrangements and MYC IG rearrangement part-
ners. These data directly inform clinical practice with
regard to FISH testing and probe selection, and lay ground-
work for further studies looking at the clinical significance
of MYC partners and high-grade B-cell lymphoma in the
pediatric and YA population.
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