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Background: In the revised version of WHO classification of 2017th the group
of high-grade B-cell lymphoma double-hit (HGBL DH) was distinguished from highgrade B-cell lymphoma not otherwise specified (HGBL NOS) based on revealing of
rearrangements of genes c-MYC and BCL2 and/or BCL6. Nowadays we have more
data telling us that these provisional entities are represented by different types of
lymphomas which can develop from low-grade (LGL): follicular (FL) or marginal zone
lymphoma (MZL).
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Aims: to characterize clinical and laboratory features of c-MYC/BCL2 HGBL DH,
HGBL TH, c-MYC/BCL6 HGBL DH and HGBL-NOS and to analyze treatment results of
these patients concerning the biological features of disease.

Patients and Methods: We have analyzed the data of 99 patients with HGBLs
that have been treated since 2010 till 2022 years in National Research Center for
Hematology (Moscow, Russia). 6 patients had HGBL TH, 26 patients - c-MYC/BCL2
HGBL DH, 16 patients - c-MYC/BCL6 HGBL DH and 51 patients - HGBL NOS. We
suggested an integral transformation index (ITI) indicating the probability of HGBL
development from LGL (FL or MZL). It included following:
1. Histologically confirmed transformation;

2. Lymphoma history longer than 6 months;
3. Discordant bone marrow involvement.

Results: Morphological signs of transformation from LGL more frequently were
revealed in of patients with c-MYC/BCL2 HGBL DH + HGBL TH - 14/32 (44%) (from
FL) and in patients with c-MYC/BCL6 HGBL DH - 6/16 (38%), in patients with HGBL
NOS – in 4/51 (8%) of patients only, p<0,001. Patients with c-MYC/BCL2 HGBL DH and
HGBL TH, HGBL NOS were predominantly presented by GCB-subtype (93% and 75%)
while c-MYC/BCL6 HGBL DH – by non-GCB (54%), (p=0,002). Double-expressor status
was revealed more frequently in c-MYC/BCL2 HGBL DH +HGBL TH – 18/23 (78%)
and c-MYC/BCL6 HGBL DH – 5/10 (50%), than in HGBL NOS – 16/51 (35%), p=0,004.
Partner of c-MYC rearrangement was IgH gene in majority of c-MYC/BCL6 HGBL DH
cases and in 67% of cases HGBL NOS, while in c-MYC/BCL2 HGBL DH +HGBL TH it
was non-Ig partner in 50% and IgL gene (κ/λ) in 38% of cases, p=0,02. Paraprotein
secretion (PS) was diagnosed in patients with c-MYC/BCL6 HGBL DH (18%) and
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HGBL NOS (20%) (M κ/λ, Bence-Jones protein λ/κ, IgGκ from trace to 5.6 g/l). PS was
associated with spleen (p=0,008) and bone marrow involvement (BM) (p=0,004). In
7/11 (64%) out of cases BM involvement was discordant. Patients with c-MYC/BCL6
HGBL DH had a higher rate of spleen involvement 56% vs 28% and 24%, p=0,03. We
observed DLBCL morphology in majority of c-MYC/BCL6 HGBL DH cases (81%), in
44% of c-MYC/BCL2 HGBL DH +HGBL TH cases, while HGBL NOS was represented
either by Burkitt-like morphology, or by medium-size centroblasts and no cases of
DLBCL were diagnosed in this category, p<0,001.
HGBL NOS had highest median of Ki-67 - 95% (87-100%), c-MYC/BCL2 HGBL DH
and HGBL TH – 88% (50-100%), c-MYC/BCL6 HGBL DH – 82% (70-100%), p=0,003.
When we estimated all HGBL patients considering additional signs such as a history of
lymphoma longer than 6 months and discordant involvement of the BM we revealed
that: 20/49 (41%) of patients with HGBL NOS, 19/32 (59%) of patients with c-MYC/
BCL2 HGBL DH and HGBL TH, 13/16 (81%) of patients with c-MYC/BCL6 HGBL DH
had at least one sign of transformation. ITI significantly increased the probability to
reveal the transformation from LGLs in patients with c-MYC/BCL6 HGBL DH (p=0,03)
and HGBL NOS (p<0,001) but it didn’t influence on prognosis. TP53 mutations were
revealed with compared frequency in all three groups and increased the probability of
relapse or progression in patients with c-MYC/BCL2 and c-MYC/BCL6 HGBL DH.

Conclusion: According to clinal, morphological and cytogenetic data c-MYC/BCL2
HGBL DH and HGBL TH are more homogenous group of GCB-lymphomas that have a
pathogenic link with FL and in majority of cases are represented by transformation of
FL. C-MYC/BCL6 HGBL DH resembles DLBCL and in some cases can be represented
by transformation of LGL. HGBL NOS is represented by lymphomas with aggressive
morphology and clinical manifestation but has more illegible profile. We proposed to
consider additional discordant involvement of the BM and a long (at least 6 months)
history of the disease as signs of transformation. All the above justifies the use of some
of the therapeutic approaches used for the treatment of FL and LMZ for the treatment
of patients with c-MYC/BCL2 HGBL DH, c-MYC/BCL6 HGBL DH, and HGBL NOS.

Introduction
In the revised version of WHO classification the group of highgrade B-cell lymphoma double-hit (HGBL DH) was distinguished
from high-grade B-cell lymphoma not otherwise specified (HGBL
NOS) based on revealing of rearrangements of genes c-MYC
and BCL2 and/or BCL6. HGBL DH comprise the cases with
intermediate (BCLU), DLBCL and blastoid morphology [1]. Data on
the biodiversity of lymphomas is expanding, and with the use of
modern analytical platforms such as next generation sequencing,
whole exome sequencing, it has become possible to determine
the molecular and mutational profile of the tumor, in addition to
identifying repetitive translocations used in routine diagnostics.
Since 2017 year several research groups have differentiated diffuse
large B-cell lymphoma (DLDCL) into 6 molecular subtypes with
distinct pathogenic mechanisms and outcomes (C0 – no alterations,
C1=BN2 (ABC), C2=TP53/CDKNA2 alterations, C3=EZB (GCB),
C4=GCB other, C5=MCD (ABC)) [2-5]. The C1 (BN2) groups within
in the ABC group but has superior prognosis, the C3 (EZB) group
is within GCB-type with inferior prognosis. This segregation
helps to explain clinical heterogeneity of DLBCL. Interestingly, the
genetic aberrations of several DLBCL subtypes reveal potential

Copyright@ Misyurina AE | Biomed J Sci & Tech Res | BJSTR. MS.ID.007117.

pathogenetic links to indolent lymphomas. Mutations specific to
BN2 associate this subtype with marginal zone lymphoma (LMZ).
Translocations involving the BCL6 gene locus, detected in the
BN2 subtype, are rare in indolent LMZ, but often occur in patients
with LMZ when it has turned into an aggressive large cell variant
[6,7]. Follicular lymphoma (FL) shares many genetic aberrations
with the EZB subtype and, in cases of disease transformation, may
histologically resemble both DLBCL and HGBL.

Differences between c-MYC/BCL2 and c-MYC/BCL6 HGBL DH
were identified by Pillai R K, et al. [8]. The authors characterized
6 cases from the University of Pittsburgh Medical Center and 17
cases from the Mitelman c-MYC/BCL6 HGBL DH database. c-MYC/
BCL6 HGBL DH proceeded aggressively with frequent involvement
of extranodal regions. However, in contrast to c-MYC/BCL2 HGBL
DH, they were more likely to be CD10-negative but express IRF4/
MUM-1+ (p = 0.03). The authors also suggested that HGBL TH is
pathogenetically related to c-MYC/BCL2 HGBL DH. Künstner et
colleagues in 2021 performed whole-exome sequencing and deep
panel next-generation-sequencing (NGS) of 47 clinically annotated
cases of HGBL with MYC and BCL2 and/or BCL6 rearrangements.
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They provided evidence of a molecular divergence between
BCL2 and BCL6 rearranged HGBL DH. Beyond a significant
congruency with the C3/EZB DLBCL cluster in BCL2 rearranged
cases on an exome-wide level, they observed an enrichment of
the SBS6 mutation signature in BCL6 rearranged cases. SBS6 is
associated with defective DNA mismatch repair and is found in
microsatellite unstable tumors [9]. Differential gene set enrichment
and subsequent network propagation analysis according to
cytogenetically defined subgroups revealed an impairment of TP53
and MYC pathway signaling in BCL2 rearranged cases, whereas
BCL6 rearranged cases lacked this enrichment, but instead
exhibited showed impairment of E2F targets. Oncogenic drivers,
mutational signatures and perturbed pathways were compared
with data from follicular lymphoma (FL), diffuse large-B-cell
lymphoma (DLBCL) and Burkitt lymphoma (BL) [9]. C-MYC/BCL2
HGBL DH usually attended to GCB lymphomas. They had definite
gene expression signature which distinguish them from other GCB
DLBCL and which is also typical for dark-zone lymphomas [1013]. C-MYC-rearrangement pattern could be distinct from Burkitt
lymphoma and more frequently be related with non-Ig partner
[11]. In pathogenesis of c-MYC/BCL2 HGBL DH plays an important
role pre-existing BCL2 translocation. There are descriptions of
clinical cases c-MYC/BCL2 HGBL DH development from FL in situ
and up to one third of cases are represented by transformation
of follicular lymphoma (tFL) [14,15]. Also, there are common
mutations between c-MYC/BCL2 HGBL DH and FL in genes,
evolving in epigenetic regulation, cell proliferation and apoptosis,
such as BCL2, KMT2D, CREBP, EZH2, etc. [16]. Thus, FL and c-MYC/
BCL2 HGBL DH have common mutational profile.

cases united by common morphological and phenotypic features,
probably it contains certain amount of tFL and MZL.

depended on the length of the period preceding transformation
(the longer it is, the more favorable the prognosis of the disease), as
well as the number of lines of previous therapy [18]. Li et al. (2016)
identified prognostic factors for the c-MYC/BCL2 HGBL DH such as
leukocytosis, elevated LDH activity, CNS involvement, widespread
disease. Petrich et al. established that the most powerful prognostic
factor was a chemosensitivity of the tumor (an achievement of
complete remission (CR) after the first-line treatment) [19]. HGBL
DH is a less homogeneous group compared to c-MYC/BCL2 and
c-MYC/BCL6 HGBL DH, which are more well-defined in molecular
profile and mutational landscape [5]. To date, it is difficult to
trace certain patterns in this category, and rather, it is a basket of

TP53 (from 4 to 9 exons) to reveal any mutations. In 9 cases we
had a convenient biopsy sample to evaluate 17p13 (TP53) deletion
status. Also, for more precise diagnostics of the prevalence of
lymphoma we used flow cytometry to reveal lymphoma population
in peripheral blood, bone marrow and cerebrospinal fluid. We
suggested an integral transformation index (ITI) indicating the
probability of HGBL development from LGL (FL or MZL). It included
following:

According to the literature date the group of tFL counts from
11 to 30% of patients in studies devoted to the treatment of HGBL
DH [17]. The meaning of revealing double-/triple translocations
in untransformed FL is unclear. Analysis of publications showed
that these lymphomas have a high potential to collect additional
mutations and to transformation to more aggressive lymphomas.
Transformed FL have the same poor prognosis as HGBL DH
[17]. Rusconi et al., (2019) mentioned that the prognosis of TFL
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Since 2014 to 2015 years, it has been made different attempts
to improve the treatment results by chemotherapy intensification
[19,20]. Event-free (EFS) was improved by R-DA-EPOCH and doseintensified (DI) therapeutic approaches comparing with R-CHOP-21.
That was shown by different research groups. An autologous stem
cell transplantation (auto-SCT) didn’t show any profit compared
with observation. The role of CNS prophylaxis is recommended and
highlighted by hematological community. But the group of patients
with primary CNS involvement has a poor prognosis. The auto-SCT
improved overall survival (OS) in patients with partial remission
(PR) of HGBL DH MYC/BCL2, especially transformed from FL.Today
the standard care for HGBL DH is not established (NCCN Guidelines
version 5.2021). R-DA-EPOCH and toxic regimens applied in BL
are possible to prescribe in cases with a good performance status.
Nevertheless in 50% of patients the therapy with R-CHOP is
effective. So, some clinicians recommend this therapeutic strategy
in combination with 2 HD-MTX courses with or without auto-SCT
and participation in clinical trials continue to be promising option.
Aim

The purpose of our study was to characterize clinical and
laboratory features of c-MYC/BCL2 HGBL DH, HGBL TH, c-MYC/
BCL6 HGBL DH and HGBL-NOS and to analyze treatment results of
these patients concerning the biological features of disease.

Patients and Methods

For 2010 year till present in National Research Center for
Hematology, Moscow, Russian Federation have been treated 99
patients: 6 patients with HGBL TH, 26 patients had HGBL DH
MYC/BCL2, 16 patients with HGBL DH MYC/BCL6 and 51 patients
with HGBL NOS. The diagnosis was confirmed by histological
and immunohistochemical study in all cases. Fluorescent in situ
hybridization (FISH) was performed in all patients to reveal
translocation of genes c-MYC (8q24), BCL2 (18q21) and BCL6
(3q27). In 20 patients was performed Sanger sequencing of gene

1.

Histologically confirmed transformation (by two consequent
biopsies or morphological signs of high- and low-grade
lymphomas in one biopsy sample);
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lymphoma history longer than 6 months; 3. discordant bone
marrow involvement (infiltration by small B-cells).

In 22 patients PET-CT results were available before treatment.
Till 2018 year we have had a trend to prescribe Burkitt-like regimens
similar as CODOX-M/IVAC or Hyper-CVAD in young and fit patients
(Table 1 & 2). For 2018 year it was initiated randomized prospective
trail «R-Burkitt Lymphoma-Moscow-04 Versus R-(DA)-EPOCH and
Autologous Stem Cells Transplantation in Patients with High-Grade
B-cell Lymphoma Double-hit (HGBL DH) and High-Grade B-cell
Lymphoma Not Otherwise Specified (HGBL NOS) », NCT03479918.
All patients signed informed consent to participate in the clinical
Table 1: BL-M-04 treatment protocol with rituximab.

study. This study had a restriction concerning of somatic status,
age and comorbidity that should make possible intensified
therapeutic intervention. Also, the prevention of recurrence of CNS
consequences, as well as the use of high-dose methotrexate for
therapeutic purposes, limits the use of R-DA-EPOCH in patients with
a high CNS index IPI, as well as with CNS involvement at the time of
disease onset. Thus, the feasibility of the protocol was limited by
the above reasons. Also, there were unplanned deviations from the
protocol due to the lack of intrathecal prevention of secondary CNS
involvement in several cases, due to the lack of the possibility of its
implementation.

Course A

•
•

Course C

Rituximab 375 mg/m2 IV 0 day,]

•

Dexamethasone 10 mg/m2/day IV 1 - 5 days,

•

•

Methotrexate 1500 mg/m2 12 h IV 1 day,

•
•

Etoposide 100 mg/m2/day IV 4, 5 days,

•

Doxorubicin 50 mg/m2/day IV day 3,
•

•

Dexamethasone10 g/m2/day IV 1 - 5 days,

•

Ifosfamide 800 mg/m2/day 1 h IV 1 - 5 days,

Rituximab 375 mg/m2 IV 0 day,

Methotrexate 1500 mg/m2 12 h IV 1 day,

•
•
•

Vincristine 2 mg IV 1 day,

Vinblastine 5 mg/m2 IV day 1,

Cytarabine 2000 mg/m2/day IV 3 h 2, 3 days,
Etoposide 150 mg/m2/day IV 3-5 days.

Cytarabine 150 mg/m2/day IV 1 h 4, 5 days.

Intrathecal administration of dexamethasone 4 mg, methotrexate 15 mg and cytarabine 30 mg is required once during chemotherapy. In case of CNS
involvement intrathecal administration is repeated 3 times a week till the normal cell count in cerebrospinal liquid.

Table 2: m-NHL-BFM-90 treatment protocol with rituximab.
Course A
•
•
•
•
•
•

Rituximab 375 mg/m2 IV 0 day,

Dexamethasone 10 mg/m2/day IV 1 - 5 days,
Methotrexate 1000 mg/m2 12 h IV 1 day,

Ifosfamide 800 mg/m2/day 1 h IV 1 - 5 days,
Etoposide 100 mg/m2/day IV 4, 5 days,

Doxorubicin 25 mg/m2/day IV 1, 2 days,
•

•

Course B

Vincristine 2 mg IV 1 day,

Cytarabine 100 mg/m2/day IV 1 h 4, 5 days.

•
•

Rituximab 375 mg/m2 IV 0 day,

Dexamethasone 10 mg/m2/day IV 1 - 5 days,

•
•
•

Cyclophosphamide 200 mg/m2/day IV 1 h 1 - 5
days,
Methotrexate 1000 mg/m2 12 h IV 1 day,
Doxorubicin 25 mg/m2/day IV 4, 5 days,
•

Vincristine 2 mg IV 1 day.

Protocol involves 6 cycles: A-B-A-B-A-B. One cycle continues 21 days.
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Most of the patients received intensive regimens of
immunochemotherapy. Thus, 56 patients were treated with BLM-04+R or m-NHL-BFM-90+R, 23 with R-DA-EPOCH, 18 with
R-CHOP-21, and 2 with other treatment protocols. In some patients,
based on the anamnesis, clinical indications, and the decision of the
medical commission, an integrated approach was used to combine
immunochemotherapy with lenalidomide or ibrutinib, adding
polatuzumab vedotin. Auto-HSCT was performed in 27 patients.
Statistical analysis was performed in STATISTICA 12.0 software.
Compassion between clinical characteristics was performed using
χ2 test and ANOVA. Survival analysis was carried out using KaplanMeyer method and Log rank test. Differences were considered as
significant at p-value < 0.05. When analyzing event-free survival
(EFS), disease progression, relapse, and death from any cause were
considered.

Results

According to classical clinical and laboratory characteristics,

patients with HGLs had a widespread tumor according to the AnnArbor classification, a high frequency of involvement of extranodal

areas, the central nervous system (CNS) (Figure 1) and bone
marrow involvement (which were strongly associated, p<0,001),
high activity of lactate dehydrogenase (LDH), were belonged to the
high-risk group according to the International Prognostic index
(IPI) (Table 3). Patients with c-MYC/BCL2 HGBL DH and HGBL TH
were younger than those in the c-MYC/BCL6 and HGBL NOS groups,
p=0.01. Morphological signs of transformation from LGL more
frequently were revealed in of patients with c-MYC/BCL2 HGBL
DH + HGBL TH - 14/32 (44%) (from FL) (Figure 2) and in patients
with c-MYC/BCL6 HGBL DH - 6/16 (38%), in patients with HGBL
NOS – in 4/51 (8%) of patients, p<0,001.Patients with c-MYC/BCL2
HGBL DH and HGBL TH, HGBL NOS were predominantly presented
by GCB-subtype (93% and 75%) while c-MYC/BCL6 HGBL DH – by
non-GCB (54%), (p=0,002). Double-expressor status was revealed
more frequently in c-MYC/BCL2 HGBL DH +HGBL TH – 18/23
(78%) and c-MYC/BCL6 HGBL DH – 5/10 (50%), than in HGBL
NOS – 16/51 (35%), p=0,004. Partner of c-MYC rearrangement was
IgH gene in majority of c-MYC/BCL6 HGBL DH cases and in 67% of
cases HGBL NOS, while in c-MYC/BCL2 HGBL DH +HGBL TH it was
non-Ig partner in 50% and IgL gene (κ/λ) in 38% of cases, p=0,02.

Table 3: Comparative characteristics of patients with c-MYC/BCL2 HGBL DH&HGBL TH, c-MYC/BCL6 HGBL DH и HGBL NOS.
Clinical And Laboratory Characteristics

C-MYC/BCL2
HGBL DH&HGBL
TH, N=32

C-MYC/BCL6 HGBL
DH, N=16

HGBL NOS N=51

P

Median of age, years old

39 (25-82)

55 (39-74)

51 (28-82)

P=0,01

44/51 (86%)

p>0,05

ECOG≥2

28/32 (88%)

13/16 (81%)

43/51 (84%)

More than 1 extranodal site of involvement

26/32 (81%)

12/16 (75%)

39/51 (77%)

III-IV stage according to Ann-Arbor
LDH activity higher than normal
IPI score (3-5)

Lymphoma history ≥6 months

30/32 (94%)
25/28 (89%)
22/26 (85%)
8/32 (25%)

13/16 (81%)
10/13 (77%)
13/16 (81%)
7/16 (44%)

Median duration of history, months

2,0 (0,1–96,0)

3,5 (0,3–204)

Morphological signs of transformation

14/32 (44%)

6/16 (38%)

Non-GCB-subtype

2/27 (7%)

Monoclonal paraprotein secretion
Morphological signs of DLBCL

0

2/11 (18%)

14/32 (44%)

13/16 (81%)

GCB- subtype

25/27 (93%)

7/16 (44%)

Double-expressor

18/23 (78%)

c-MYC rearrangement (c-MYC-R)

Median of Ki-67, %

88 (50-100)

39/50 (78%)
42/51 (82%)
12/49 (25%)
1,8 (0,5–24)

p>0,05
p>0,05
p>0,05
p>0,05
p>0,05
p>0,05

9/46 (20%)

p=0,026

0

p<0,001

4/51 (8%)

9/16 (56%)

10/40 (25%)

82 (70-100)

95 (87-100)

30/40 (75%)

p<0,001
p=0.002
p=0.002
p=0.003

5/10 (50%)

16/46 (36%)

P=0,004

32/32 (100%)

16/16 (100%)

16/51 (31%)

p<0,001

IgH

1/8 (12,5%)

5/6 (83%)

2/3 (67%)

p=0,02

non-IgH

4/8 (50%)

0

0

Mutations of TP53

Partner for c-MYC- rearrangement
IgL (κ/λ)
Bone marrow involvement

7/22 (32%)

3/8 (37,5%)
12/30 (40%)
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2/12 (17%)

1/6 (17%)
9/16 (56%)

13/33 (39%)

1/3 (33%)
22/51 (43%)

p>0,05

p>0,05
p>0,05
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Discordant bone marrow involvment

4/12 (33%)

5/9 (55%)

11/22 (50%)

p>0,05

Thrombocytopenia at the onset of the disease

4/27 (15%)

5/14 (36%)

12/47 (25%)

p>0,05

1/14 (7%)

13/50 (26%)

Circulating tumor cells in peripheral blood

4/8 (50%)

0/3

Score according to integral transformation index from 1 to 3

18/32 (59%)

12/16 (75%)

CNS involvement at the time of disease progression or relapse

2/28 (7%)

3/16 (19%)

12/32 (38%))

5/16 (31%)

CNS involvement at the time of disease onset
Spleen involvment

Kidney/Adrenal Involvement

7/28 (25%)
7/30 (28%)

9/16 (56%)

2/3 (75%)

20/51 (39%)
4/51 (8%)

12/51 (24%)
8/50 (16%)

p>0,05
p=0,03
p>0,05
p>0,05
p=0.03
p=0.08

Figure 1: Clinical portrait of a patient with c-MYC/BCL2 HGBL DH with multiple extranodal lesions (scapula, soft tissues,
CNS). Tumor B-lymphocytes in the biopsy of the cerebrospinal fluid according to the cytological study.

Figure 2: An example of follicular lymphoma (cytological type 2) transformed into c-MYC/BCL2 HGBL DH after 9 years of
follow-up.
A.
Peripheral lymph node biopsy at the onset of the disease is represented by follicle-like structures without clear boundaries,
represented by cells of different sizes (centrocytes and centroblasts), foci of large, atypical cells (hematoxylin-eosin staining).
B.
Immunohistochemical staining with antibodies to BCL2 (cytoplasmic expression),
C.
Cor biopsy specimen with diffuse infiltrate of large cells with rounded, irregularly shaped nuclei, high mitotic activity
(8–9 mitotic figures in x400 field of view), morphological signs of apoptosis.
D.
Staining with antibodies to Ki-67 (proliferative activity index up to 90%).
E.
According to the FISH results, t(8;14) (q24;q32) translocation was detected.
F.
according to the FISH results, a translocation involving the BCL2/18q21 gene locus was detected.
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Figure 3:
A.
Morphological picture of c-MYC/BCL2 HGBL DH, staining with hematoxylin-eosin (the tumor is represented by a diffuse
lymphoid proliferation of an average size of fairly monomorphic cells with blast morphology (lymphoblastoid morphology),
the presence of mitotic figures. Compartmentalization of the tumor tissue due to thin fibrous layers is noted);
B.
Immunohistochemical staining with antibodies to Ki-67 (proliferation index of 90–95% of positive cells);
C.
Immunohistochemical staining with antibodies to c-MYC (over 90% of positive cells, intense nuclear reaction);
D.
Immunohistochemical staining with anti-CD10 antibodies (membrane expression);
E.
Immunohistochemical staining with antibodies to BCL2 (cytoplasmic expression).
F.
FISH revealed a translocation involving the BCL2/18q21 gene locus and one additional signal from the centromeric part
of the BCL2/18q21 gene locus (additional derivative of chromosome 18);
G.
FISH revealed a translocation involving the MYC/8q24 gene locus.

We observed DLBCL morphology in majority of c-MYC/BCL6
HGBL DH cases (81%), in 44% out of c-MYC/BCL2 HGBL DH +HGBL
TH cases (Figure 3), while HGBL NOS was represented either by
Burkitt-like morphology, or by medium-size centroblasts and no
cases of DLBCL were diagnosed in this category, p<0,001. HGBL
NOS had higher median of Ki-67 - 95% (87-100%), compared with
c-MYC/BCL2 HGBL DH and HGBL TH – 88% (50-100%), c-MYC/
BCL6 HGBL DH – 82% (70-100%), p=0,003.
Paraprotein secretion (PS) was diagnosed in patients with
c-MYC/BCL6 HGBL DH (18%) and HGBL NOS (20%) (M κ/λ,
Bence-Jones protein λ/κ, IgGκ, from trace to 5.6 g/l). Paraprotein
secretion was associated with spleen (p=0,008) and bone marrow
involvement (p=0,004). In 7/11 (64%) of cases bone marrow
involvement was discordant BM. Patients with c-MYC/BCL6 HGBL
DH had higher rate of spleen involvement 56% vs 28% and 24% in
c-MYC/BCL2 HGBL DH and HGBL NOS, p=0,03. When we estimated
all HGBL patients considering additional signs such as a history of
lymphoma longer than 6 months and discordant involvement of
the bone marrow we revealed that: 20/49 (41%) of patients with
HGBL NOS, 19/32 (59%) of patients with c-MYC/BCL2 HGBL DH
and HGBL TH, 13/16 (81%) of patients with c-MYC/BCL6 HGBL DH
had at least one sign of transformation. ITI significantly increased
the probability to reveal the transformation from LGLs in patients
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with c-MYC/BCL6 HGBL DH (p=0,03) and HGBL NOS (p<0,001) but
it didn’t influence on prognosis. In some patients who underwent
flow cytometry of bone marrow cells, two tumor clones of
B-lymphocytes were detected, which indicates the ongoing clonal
evolution of the disease. Interesting that we detected different
tumor clones in different loci of lymphoma presentation. Thus, it
was detected one B-cell clone in peripheral blood and pleural fluid,
and another were found in cerebral fluid. Analyzing PET-CT data,
we observed the difference between maximum and minimum FDG
accumulation was at median of 5,5-fold (2-10). Probably there is a
relationship between the presence of indolent lymphoma in some
loci and degree differences between the maximum and minimum
levels of FDG accumulation according to PET-CT.
The Effectiveness of Therapeutic Approaches

According to our data, the 5-year OS in HGBL NOS patients
was 62%, in patients c-MYC/BCL2 HGBL DH and HGBL TH
patients - 52%, and c-MYC/BCL6 HGBL DH - 42% (p>0.05); 5-year
EFS was 52%, 41% and 22%, respectively, (p>0.05) (Figure 4).
When assessing the rate of complete remissions with the use
of various types of therapy (BL-M-04 with rituximab/R-NHLBFM-90 vs R-(DA)-EPOCH, vs R-CHOP), despite the superiority of
methotrexate-containing therapeutic approaches, no significant
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differences were found, probably, due to the limited number of
observations. Response to induction chemotherapy was a strong
predictor of survival, p<0.05. Interestingly, that relapses occurred
only in the HGBL NOS cohort - 6 cases, including two relapses into
the CNS - 20 and 8 months after the end of treatment. In a third of
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relapse cases, it was possible to achieve remission of the disease,
while patients “double- hit” and “triple-hit” lymphomas had no
delayed events, and treatment failure had a primary progressive
nature which were practically incurable.

Figure 4: Overall and event-free survival of patients with c-MYC/BCL2 HGBL DH+HGBL TH, c-MYC/BCL6 HGBL DH and
HGBL NOS (p>0,05).

TP53 mutations were revealed with compared frequency in all
three groups and increased the probability of relapse or progression
in patients with c-MYC/BCL2 and c-MYC/BCL6 HGBL DH, p<0,05.
Interestingly that OS and EFS in cases with HGBL DH developed
due to transformation of FL didn’t differ as we showed in previous
publications than in de novo HGBL DH/TH [21]. The role of autoHSCT is difficult to assess because primary progressive course
of the disease in some cases didn’t allow to use this therapeutic
option. In the c-MYC/BCL2 HGBL DH+HGBL TH group, auto-HSCT
was performed in 15 patients, 8 of them were in partial remission,
5 out of 8 had disease progression despite auto-HSCT. In evaluating
the role of prevention of secondary CNS involvement, we analyzed
a population of 89 patients in whom it was possible to assess the
status of CNS involvement at the onset of the disease. Most patients
were prevented/treated for CNS involvement with HD-Mtx (1.0–1.5
g/m2), which was administered to 51/89 patients (57%), in 26/89
(29%) of patient’s methotrexate was administered systemically and
endolumbally as part of a chemotheraputic triplet; in 22/89 (25%)
of patients - only endolumbally. 18/89 (20%) patients did not
receive any prophylaxis for a several reasons. The risk of secondary
CNS involvement was high in all groups (p>0.05).
In 16 patients CNS involvement was detected at the onset
of the disease: ten of them received methotrexate systemically
and intrathecally, 6 received treatment only with intrathecal
triplet administration due to advanced age and aggravated
somatic status. The incidence of CNS involvement due to disease
recurrence/progression was 4/51 (8%) in the HD-Mtx group,
1/22 (5%) in the intrathecal prophylaxis group, and 5/17 (29%)
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in group without any prophylaxis due to the lack of the possibility
of its implementation (moreover, 2 two patients relapsed in the
central nervous system occurred in the delayed period - after 20
and 8 months). Thus, despite 4 cases of resistance to systemic
administration of methotrexate at a dose of 1.0-1.5 g/m2 (in 8%
of patients), the probability of relapse involving the CNS after its
use was statistically significantly reduced, p=0,02. Intrathecal
administration of the triplet also showed benefits in the prevention
of CNS relapses compared with no prevention, p = 0,04. Two out
of 6 patients with CNS involvement at the onset of the disease,
who were unable to undergo high-dose chemotherapy, achieved
complete remission of the disease, as well as sanitation of the
cerebrospinal fluid after R-CHOP therapy in combination with
intrathecal triplet administration (one patient with HGBL NOS,
one with HGBL TH). In the latter case, polatuzumab vedotin and
lenalidomide were additionally used in therapy due to its ability to
penetrate the blood-brain barrier.

Discussion

Thus, our analysis revealed the clinical heterogeneity of the
groups of patients with c-MYC/BCL2 HGBL DH and HGBL TH,
c-MYC/BCL6 HGBL and HGBL NOS. The c-MYC/BCL2 HGBL DH
and HGBL TH had a close pathogenetic relationship with FL, as
indicated by various co-authors. Among our patients, some had not
only histological signs of transformation, but also a long-term (up
to 9 years) history of FL. Lower median of age in this group (39
years old) compared with 60 years old, according to the literature
data, may be due to some selection of patients on admission. The
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c-MYC/BCL2 HGBL DH and HGBL TH group was predominantly
represented by the GCB subtype, with a certain c-MYC gene
rearrangement pattern (predominantly non-IgG or IgL partner),
which is consistent with the literature data. In most cases, a blastoid
morphological type of tumor was detected, morphological features
of DLBCL were detected in 44% of the patients. In 2 patients,
several tumor populations were identified in the bone marrow,
which indicates a clonal evolution of the disease. These tumors can
consist of several clones with different mutational profile due to
opportunity of divergent lymphoma subclones development and
therefore different chemosensitivity. It can be partly reflected by
clinicians when tumor foci with different intensity of accumulation
of the radiopharmaceutical are detected according to PET-CT data
and revealing of several tumor clones in biopsy samples according
to flow cytometry.

In the c-MYC/BCL6 HGBL DH group, there were cases of
transformation from both FL and MZL. Interestingly, most of
patients showed a morphological pattern of DLBCL with a median
value of the proliferative activity index of 82%, which was lower
than in other groups and more convinient with DLBCL. The partner
for rearrangement of the c-MYC gene in most cases was the IgH
gene. More than half of the patients had tumor involvement of the
spleen and 18% of patients had monoclonal paraprotein secretion.
According to Wright, et al., 2020, the c-MYC/BCL6 HGBL DH
mutation profile is similar to the MZL mutation profile, despite
the fact that there were no morphologically confirmed cases of
MZL transformation in the group studied by the authors [5]. In
our study, cases of MZL transformation into c-MYC/BCL6 HGBL DH
were verified. The HGBL NOS group is less well defined. All cases in
it are united by morphological features of “aggressive lymphoma”.
So, the tumor was presented either by a Burkitt-like morphological
picture, or by medium-sized centroblasts. The median proliferative
activity index was 95%. Interestingly, a quarter of the patients had
a long history of the disease (more than 6 months), which indicates
that morphological cases of transformation of indolent lymphomas
can also occur in this group.

Response to first-line therapy correlated with TP53 mutation
status. The accurate testing of mutational profile should be widely
applicated in diagnostics of HGBL DH/TH or NOS, especially for
TP53 mutation status to learn more about tumor diversity, to
estimate a prognosis, and to get a potential for individualized
treatment. The data obtained by us are not only of scientific
importance but can be applied to the development of therapeutic
approaches that consider the pathogenesis of a particular type of
HGBL.As we can trace the connection in pathogenesis between FL
and c-MYC/BCL2 HGBL DH, we can assume a potential benefit from
the application of new drugs used in the FL treatment. We had a
very different experience ranged from positive to dramatic in the
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treatment of c-MYC/BCL2 HGBL DH and HGBL TH. Thus, we have
seen CR achievement in two patients with HGBL TH: one underwent
R-CHOP-21 (№6) with polatuzumab and lenalidimide and another conventional treatment with R-CHOEP-21 (№8), resulted with PR,
followed by HD-Mtx and auto-SCT. In both cases was diagnosed wild
type of TP53. Although we observed treatment failure in c-MYC/
BCL2 HGBL DH and HGBL TH after DI regimens and consequent
therapy including CAR-T therapy, auto-SCT and salvage.
According to current studies, prevention of secondary CNS
involvement is recommended for patients with HGBL DH and can
reduce the risk of an adverse event to 5.4% [22,23]. Despite of
this HD-Mtx-containing treatment does not cure CNS involvement
in all cases. We couldn’t to achieve a CR in young patient with
primary CNS involvement with intratumor and leptomeningeal
infiltration using HD-Mtx-containing treatment. We observed
an appearance of TP53 mutation (that hasn’t been revealed in
primary biopsy) in progression of c-MYC/BCL2 HGBL DH resulting
in enlargement of tumor in CNS, despite of HD-Mtx-containing
treatment. Thus, in patients with CNS involvement, the addition of
drugs that cross the blood-brain barrier to methotrexate should be
considered. Considering heterogeneity of patients in concerning
to chemotherapy response, all cases of CR achievement using
new therapeutic approaches (immunotherapy, target-therapy,
immunomodulating treatment) should be validated on the lager
cohort of patients in a randomized trial. There is a data that
lenalidomide can improve treatment results in DLBCL patients
[24]. Also, lenalidomide maintenance for 24 months after obtaining
a CR or PR to R-CHOP significantly prolonged PFS in elderly patients
with DLBCL [25].

Clinical trail «Polatuzumab Vedotin and Combination
Chemotherapy for the Treatment of Previously Untreated Double or
Triple Hit Lymphoma» (ClinicalTrials.gov Identifier: NCT04479267)
will expand our knowledge about the role of immunoconjugates in
the therapy of HGBL DH/TH. Younes et colleagues in 2019 showed
that in patients age younger than 60 years, ibrutinib plus R-CHOP
improved EFS, PFS, and OS with manageable safety. In patients
age 60 years or older, ibrutinib plus R-CHOP was associated with
increased toxicity, leading to compromised R-CHOP administration
and worse outcomes [26]. Unfortunately, this work does not
provide information on the presence of a mutation/deletion of
the TP53 gene. The findings from this monocentric retrospective
study performed by Porpaczy and colleages in 2021 indicate that
TP53 mutation status does not seem to affect outcomes in DLBCL
patients treated with CAR T-cell therapy [27]. According to our
center, we had a negative experience with CAR-T cell therapy in a
patient with a progressive course of HGBL DH and the presence of
a TP53 mutation and deletion. Perhaps the clinical effect could be
achieved with earlier use of CAR-T therapy.
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Thus, the analysis of therapy failures serves as a basis for
us to search for new approaches. Nowadays an attempt to
improve therapeutic results considering LymphGen algorithm
give promising results [5]. An addition of tucidinostat (histone
deacetylase inhibitor) to patients with double-expressor lymphoma
had a benefit especially in double-expressor group, according to
Zhang MC et colleagues, 2020 [28]. Thus, according to the study
data among 49 patients, the complete response rate was 86%,
with overall response rate achieving 94%. The 2-year progression
survival (PFS) and overall survival (OS) rates were 68% (95% CI
52-79) and 83% (95% CI 68-91). Comparing with historical control
(NCT01852435), the 2-year PFS and OS rates of double-expressor
lymphoma (DEL) were improved, and negative prognostic effect
of histone acetyltransferases CREBBP/EP300 mutations was
also mitigated by CR-CHOP. Continuing the theme of the use of
genetic diagnostics in order to select therapy encouraging results
have been reported from the phase 2 Guidance-01 clinical trial
(NCT04025593) [28]. This was a randomized phase II study

above justifies the use of some of the therapeutic approaches used
for the treatment of FL and LMZ for the treatment of patients with
c-MYC/BCL2 HGBL DH, c-MYC/BCL6 HGBL DH, and HGBL NOS.

Targeted sequencing was performed used a simplified method
to classify patients into six genetic subtypes MCD, BN2, N1, EZB,
TP53 and NOS, using mutations in 18 genes, BCL2 translocation, and
BCL6 fusion. MCD and BN2 patients were treated with BTK inhibitor
ibrutinib 420 mg/d, N1 and NOS patients with immunomodulatory
agent lenalidomide 25mg d1-10, EZB patients with histone
deacetylase inhibitor tucidinostat 20mg d1, 4, 8, 11, and TP53
patients with intravenous demethylating agent decitabine 10 mg/
m2 d1-5 followed by standard R-CHOP. The complete and overall
response rates were 85% and 91% in R-CHOP-X arm, and 65% and
72% in R-CHOP arm, respectively. With a median follow-up of 14.1
months, 1-year PFS and OS rates were 96% and 98% in R-CHOP-X
arm, and 79% and 94% in R-CHOP arm, respectively (PFS: HR
0.22, 95%CI 0.09-0.61; OS: HR 0.28, 95%CI 0.05-1.60). However,
the limitation of this study is the selection by somatic status, as
well as the lack of information on the presence of a prognostically
unfavorable group of c-MYC/BCL2 HGBL DH or TH as well as data
about patients with CNS involvement.
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Conclusion

According to clinal, morphological and cytogenetic data c-MYC/
BCL2 HGBL DH and HGBL TH are more homogenous group of GCBlymphomas that have a pathogenic link with FL and in majority of
cases are represented by transformation of FL. C-MYC/BCL6 HGBL
DH resembles DLBCL and in some cases can be represented by
transformation of LGL. HGBL NOS is represented by lymphomas
with aggressive morphology and clinical manifestation but
has more illegible profile. We proposed to consider additional
discordant involvement of the bone marrow and a long (at least 6
months) history of the disease as signs of transformation. All the
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