
High grade B-cell lymphoma with rearrangements of MYC and 
BCL2 and/or BCL6: Double hit and triple hit lymphomas and 
double expressing lymphoma

Allison Rosenthala,* and Anas Younesb

aMayo Clinic Arizona Phoenix, AZ, USA

bMemorial Sloan Kettering Cancer Center New York City, NY, USA

Abstract

Diffuse large B-cell lymphomas with aberrations in MYC, BCL2 and/or BCL6 by genetic 

alterations or protein expression represent a group of high grade B-cell lymphomas with inferior 

outcomes when treated with standard RCHOP chemotherapy. As a result, intensified induction 

regimens have been suggested in an effort to improve outcomes. Conclusions to date have largely 

been drawn from retrospective data although prospective data is slowly starting to emerge. 

Chemoimmunotherapy refractoriness is problematic and relapse rates are high. Patients with 

double hit lymphoma appear to have increased risk of CNS involvement and prophylaxis is 

recommended. There is insufficient evidence available to date to strongly recommend for or 

against consolidative stem cell transplant in this population. Collaborative clinical trials will be 

needed to establish a preferred therapeutic regimen and an appropriate standard of care in this 

unique group of patients with DLBCL.
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1. Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common aggressive B-cell non-

Hodgkin lymphoma (NHL), accounting for 30–40% of B-cell lymphoma in the United 

States. At the molecular and genetic levels, DLBCL is a heterogeneous disease. Based on 

gene expression profiling (GEP) studies, DLBCL can be classified based on the cell of 

origin (COO) into two major groups; germinal center B-cell (GCB) subtype, and the 

activated B-cell (ABC) subtype. Approximately 15%–20% do not fit into these two 

categories, and therefore, are molecularly unclassifiable [1]. Different 

immunohistochemistry (IHC) methods are also used to classify DLBCL based on the COO. 
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The most widely used algorithm is based on publication by Hans et al., which evaluates the 

expression of 3 cellular proteins: CD10, BCL6, and MUM1/IRF4 [2]. Using this algorithm, 

DLBCL is classified as GCB or non-GCB. In general, DLBCL of the GCB subtype is 

associated with a favorable outcome when treated with standard RCHOP chemotherapy 

regardless of how they are defined [3].

In addition to the COO, recent genetic and proteomics studies identified a prognostic role for 

MYC and BCL2 genetic translocations and/or protein co-expression. Earlier studies using 

fluorescent in situ hybridization (FISH) reported that 7% to 10% of DLBCL harbored MYC, 

BLC2 and/or BCL6 translocations, and were called “double hit” lymphoma (DHL), or triple 

hit lymphoma. In the most recent World Health Organization (WHO) revision of lymphoma 

classification, this category is now recognized as “high grade B-cell lymphoma (HGBL) 

with rearrangements of MYC and BCL2 and/or BCL6” [4]. In the 2008 WHO classification, 

most of these cases were included in the B cell lymphoma unclassifiable (BCLU) histologic 

category, which is now eliminated from the 2016 WHO update.

2. High grade B-cell lymphoma with MYC and BCL2 and/or BCL6 

rearrangements

MYC is a transcription factor which regulates the expression of several target genes involved 

in the cell cycle, DNA damage repair, metabolism, protein synthesis, and response to stress 

[5]. In humans, MYC is located on chromosome 8 (8q24) and can be activated by: mutations 

involving regulatory or promoter regions, chromosomal translocation, and copy number 

increase [6]. In normal cells, MYC activates the TP53 pathway resulting in apoptosis 

however cells harboring MYC translocations frequently also have TP53 inactivating 

mutations allowing cells to escape apoptosis. DLBCL with MYC translocations can be 

accompanied by BCL2 and/or BCL6 translocations, which confers aggressive clinical 

behavior. In most published series, MYC translocation can be detected in approximately 

10% of DLBCL (range 4% to 14%), and is predominantly seen in the subset of GCB 

subtype (Table 1) [7–19].

BCL2 normally serves an anti-apoptotic function. In the event of a t (14; 18), BCL2 

transcription is constitutively dysregulated resulting in a survival advantage for affected B-

cells. BCL2 translocations are found in 20–30% of de novo DLBCL [20] and the vast 

majority of cases are observed in the GCB subtype. BCL6 is expressed in normal mature 

germinal center B-cells and acts as a transcription repressor. When BCL6 is overexpressed, 

it prevents apoptosis in response to DNA damage. Its action is very closely related to p53.

While genetic double hit lymphoma (DHL) is predominantly observed in the GCB subset of 

DLBCL, cases with double MYC and BCL2 protein expression are observed in both the 

ABC and GCB subsets. DHL accounts for a small subset of the cases with double protein 

expression (Fig. 1). The incidence of double protein expressing DLBCL is estimated to be 

19–34%, and is associated with worse prognosis than patients who express MYC alone or no 

proteins (Table 2) [7–19]. The clinical course of double protein expressing lymphomas is 

associated with outcomes intermediate between DLBCL NOS and DHL when treated with 
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RCHOP [16]. It has been suggested that the inferior outcomes seen with ABC subtype 

DLBCL are the result of MYC/BCL2 protein overexpression and resultant biology.

The definition of DHL has been evolving for several years. Initially, this entity was restricted 

to de novo DLBCL [21]. Subsequently, it included cases of transformed follicular 

lymphoma, and other rare entities. DHL is now recognized as “high grade B-cell lymphoma 

(HGBL) with rearrangements of MYC and BCL2 and/or BCL6” [4]. The vast majority of 

the cases of DLBCL with DH genetics are observed in the GCB subtype. BCL2 

translocations occur only in germinal center tumors as an early event [22,23]. MYC 

translocations are a secondary event and are frequently associated with BCL2 or BCL6 

translocations [24–26]. The aggressive clinical course and poor response to therapy seen 

with DHL is in direct contrast to the favorable prognosis typically associated with GCB 

subtype, illustrating the importance of molecular classification for prognosis and selection of 

appropriate therapy. Lymphoma with both MYC and BCL6 translocations (MYC/BCL6) is 

likely a different disease biologically in comparison to DHL with MYC/BCL2 

translocations. MYC/BCL6 lymphoma is much less common and more likely to be 

immunoblastic, ABC subtype, and have less cytogenetic complexity [27]. These tumors are 

clinically distinct from their BCL2 rearranged counterparts [27]. One difference with 

therapeutic implications is MYC/BCL2 DHL frequently exhibits TP53 mutations while 

MYC/BCL6 rearranged lymphomas do not. Triple hit (TH) lymphoma is defined as B-cell 

lymphoma with chromosomal alterations in MYC, BCL2, and BCL6 and has a similar 

prognosis to DHL.

3. Double protein expressing (DE) vs. double hit lymphoma (DHL)

Two retrospective studies have compared characteristics of DE versus DHL [12,16]. In the 

first, 54/193 patients had DE lymphoma by IHC (MYC > 40%, BCL2 > 70%), while 11/193 

were “double hit” by FISH (MYC/BCL2). Presenting characteristics did not differ; however, 

91% of DHL was GCB versus 37% of DE lymphoma. DE patients exhibited a lower 

complete response (CR) rate with RCHOP (p = 0.004), shorter overall survival (OS) (p < 

0.001) and shorter progression free survival (PFS) (p < 0.001) than DLBCL NOS 

independent of IPI or COO. Median OS was 13 months for DHL versus 95 months for non-

translocated patients leading the authors to conclude that DE and DHL do extremely poorly 

and advocated for IHC being sufficient to identify DLBCL with “double hit” biology [16]. 

In the second, 21% of 307 patients were DE (>40% MYC, >50% BCL2) and 10 patients 

were “double hit” by FISH. Both were associated with advanced stage and extra-nodal 

disease but DHL patients were more likely to have poor performance status (PS), higher 

LDH, and high IPI. GCB immunophenotype was seen more commonly with DHL while DE 

lymphoma was more frequently ABC phenotype. Inferior OS and PFS were seen when 

MYC/BCL2 were co-expressed but not with MYC expression alone by IHC [12].

In an analysis of DLBCL (n = 893) treated with RCHOP, DE (34%) (MYC > 40%, BCL2 > 

70%) lymphomas were more likely to be ABC subtype and have advanced stage, higher 

Ki67, and higher IPI. DE lymphoma had lower response rates (RR), PFS, and OS compared 

to non-protein expressing DLBCL [14]. Gene expression profiling across ABC and GCB 

subtypes identified a significantly higher frequency of BCL2 (p < 0.0001) and MYC 
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expression (p = 0.0009) in the ABC DLBCL group compared to GCB. After excluding DE 

cases, ABC subtype was no longer associated with inferior outcome. This data suggests that 

MYC/BCL2 co-expression is a superior predictor of prognosis over COO in patients with 

DLBCL receiving RCHOP [14].

4. Treatment options

Patients with DHL and DE lymphoma are challenging to study as definitions have not been 

uniform (studies include DHL and DE as one) and incidence of true DHL is low (8–10%). 

The optimal treatment strategy for DHL and DE DLBCL is still poorly defined, with limited 

data on the value of frontline autologous transplant. Most of the data available is from 

retrospective studies or subgroup analyses of prospectively treated DLBCL cohorts; however 

some prospective data is beginning to emerge. Many patients have primary refractory 

disease and relapse is common contributing to poor outcomes [7,9,12,14,16,18,25, 28–31]. 

Survival after relapse is particularly poor as salvage therapies are ineffective in this 

population, highlighting the need for novel drugs and combinations for these patients.

4.1. Induction regimens

Initial reports of treatment outcome of patients with DE and DHL treated with standard 

RCHOP were disappointing which has led many to propose intensification of therapy (as 

used in MYC driven BL) as a means to improve outcomes. Treatment has been intensified 

using dose adjusted rituximab, etoposide, prednisone, vincristine, cyclophosphamide, and 

doxorubicin (DA-R-EPOCH), hyper-fractionated cyclophosphamide, doxorubicin, 

vincristine, dexamethasone, methotrexate, cytarabine with rituximab (R-hyperCVAD 

alternating with MTX/ cytarabine), and cyclophosphamide, vincristine, doxorubicin, 

methotrexate, ifosfamide, etoposide, cytarabine, and rituximab (CODOX-M/ IVAC) but is 

not yet clear that regimens such as these have improved outcomes. Drawing conclusions 

regarding the true benefit of dose intensification of upfront therapy has been a challenge due 

to small patient numbers, mostly retrospective data, and lack of a proper control arm.

In a series of 54 MYC/BCL2 DHL cases (17 DLBCL, 36 BCLU) that were treated with 

CHOP, RCHOP, or high-dose (HD) chemotherapy (ALL type regimen [n = 2 patients]) with 

or without stem cell transplant (SCT)(high dose chemoradiotherapy followed by auto [n = 3 

patients] or allo [n = 1 patient]), 59% died within 6 months of diagnosis and only 6 patients 

were alive at 5 years [25]. Poor OS was also seen in a larger series of 303 DLBCL patients 

treated with CHOP or RCHOP. Fourteen percent of the patients had MYC rearrangement by 

FISH (83% of which had concurrent BCL2 or BCL6 rearrangements [27 DHL]). MYC 

rearranged cases were associated with inferior 2-year OS (35% vs 61%) compared to non-

MYC rearranged DLBCL [9]. In another retrospective study of DLBCL patients treated with 

RCHOP, the subset of patients with DHL (n = 14) had significantly worse outcomes (5-year 

PFS 18% vs 65%; 5-year OS 27% vs 71%) compared to DLBCL as did those with DE 

lymphoma (5-year PFS 32% and 5-year OS 36%) [12].

In a retrospective analysis of 69 de novo DLBCL patients treated with RCHOP, selected for 

high proliferation index, 28% were MYC/BCL2 (>40%/>40%) double protein expressing 

lymphoma and 25% co-expressed MYC/BCL6 (>40%/>25%). MYC overexpression alone 
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or with BCL2 overexpression and/or low BCL6 expression correlated with worse prognosis 

independent of IPI score [32]. Another series attempted to improve survival by adding 

etoposide to RCHOP (RCHOEP) in young patients (age < 60 years). Forty seven percent of 

106 patients were found to have DE lymphoma (MYC > 40%/BCL2 ≥ 70%). Eight (8%) 

patients had DHL (MYC/BCL2 or BCL6). Double protein expressing lymphoma was 

associated with a trend towards reduced PFS with RCHOP (n = 84) but not RCHOEP (n = 

56). There were too few DHL patients to perform statistical analysis [26].

Other analyses have looked at intensification of therapy with mixed results [29,33]. In a 

retrospective analysis of DLBCL with abnormal MYC and BCL2 signals, 52/60 were 

“double hit” (MYC/BCL2) by FISH (23 DLBCL, 37 BCLU or FL) and ten patients had pre-

existing follicular lymphoma (FL). The majority were treated with R-hyper-CVAD. For the 

“double hit” group, median OS was 18.6 months and intensification of therapy did not affect 

outcome [29]. In a Danish cohort of DLBCL/BCLU patients (n = 157), 11% were DHL 

(MYC/BCL2) which amounted to 7% of primary DLBCL cases and 21% of transformed 

lymphomas. The majority were treated with RCHOP (11 patients) while 3 patients received 

RICE/RDHAP, 1 patient received RCHOEP, and 1 underwent high dose chemotherapy 

followed by autologous SCT. All DHL were GCB by immunophenotype. In this analysis, 

presence of a “double hit” had no impact on overall response rate (ORR), relapse rate, or OS 

although treatments varied widely, patients included had primary, transformed or relapsed 

disease and observation period was limited to 1 year. ORR for DHL was 59% and no clinical 

characteristics were specific to DHL [33].

MD Anderson Cancer Center has published a detailed report of their institutional experience 

with DHL (n = 129) [31]. This report again highlights the unsatisfactory outcomes 

associated with RCHOP in DHL as well as the poor outcome associated with patients who 

do not achieve a CR to initial therapy. For patients treated with RCHOP (n = 57), CR rate 

was 40% while 2-year OS was 41%. Thirty-four patients were treated with R-hyper-CVAD 

with superior CR rate of 68% but shorter PFS and OS. Those treated with DA-R-EPOCH 

had better event free survival (EFS) and a trend towards improved OS. Two year EFS rates 

for RCHOP, DA-R-EPOCH, and R-hyperCVAD alternating with MTX/cytarabine were 

25%, 67%, and 32% respectively. For patients who progressed, 3-year OS rate was 7%. For 

patients who underwent SCT as salvage, 3-year OS rate was 15% [31].

Preliminary results of a prospective multicenter study of DA-R-EPOCH for MYC 

translocated DLBCL (n = 52) have been reported. Fourteen patients were DHL (MYC/

BCL2) and 24/52 overexpressed BCL2 by IHC. With a median follow-up of 14 months, 

PFS, time to progression (TTP), and OS were 79%, 86%, and 77% respectively. The PFS 

was 87% for DHL (n = 14) and 64% for MYC translocation with BCL2 overexpression (n = 

24). Compared to RCHOP, DA-R-EPOCH resulted in a higher CR rate for DHL, as well as 

longer PFS and OS [34]. While these results are encouraging, the numbers are small and 

long term follow up is needed. Additional prospective trials will be needed to consider this 

the standard of care for DHL. Together, with a recent report of a comprehensive analysis 

from a recent randomized study, the poor prognostic implication of DHL remains 

undetermined [17].
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In conclusion, the data available from several retrospective analyses and early results of one 

prospective trial suggest intensification of therapy may improve response rates and outcome 

for DHL. At this time, prospective clinical trials are preferred. If no trials are available, a 

patient with adequate performance status and organ function should receive DA-R-EPOCH 

on the basis of available data. The implications of intensification and DE lymphoma 

outcomes are difficult to assess as many studies lumped DE and DHL patients into the same 

group. With more strict definitions, future studies should be able to distinguish the two 

populations with greater ease.

4.2. Role of hematopoietic stem cell transplant

The role of hematopoietic stem cell transplant (SCT) consolidation in this population 

remains unclear with limited available data and conflicting reports regarding benefit. In the 

MD Anderson experience, there was no EFS or OS benefit with autologous or allogeneic 

SCT (n = 26) [31]. For patients achieving a CR with induction, the 2-year EFS for patients 

receiving consolidative autologous SCT (n = 23) was 68% compared to 53% for those who 

did not (n = 48)(p = 0.133). This is not enough data to draw definitive conclusions about up-

front autologous SCT but suggests it should be considered in responding patients and 

evaluated in larger studies with extended follow-up.

In a series of 311 patients, 83 underwent SCT consolidation: 39 in first CR (28 autologous, 

11 allogeneic) and 14 during first response but not CR. For patients achieving CR with front 

line therapy, no difference in median OS was appreciated for those who underwent SCT 

versus those that did not. Two year OS for patients achieving CR was >75% indicating 

response to induction therapy may be the best predictor of long term outcome [35]. One 

hundred and fifty four patients had documented progression (106 treated) and most 

commonly received RICE (rituximab, ifosfamide, carboplatin, etoposide) as salvage. Li and 

coworkers described 52 patients with DHL induced primarily with RCHOP (30 patients) or 

R-hyper-CVAD/MTX-cytarabine (28 patients). Eleven went on to autologous or allogeneic 

SCT at the discretion of the treating physician. With a median OS of 18.6 months, they 

concluded that neither intensification of therapy nor stem cell transplant were beneficial 

[29].

In a retrospective analysis, outcomes for 32 patients with DHL were reported. Twenty-five 

patients received R-CODOX-M/IVAC with 80% achieving at least a PR and 36% achieving 

a CR. Nineteen patients went on to receive a consolidative SCT (11 autologous, 8 

allogeneic). Median OS was 28 months and median PFS was 11 months. Eighty two percent 

of patients undergoing SCT were alive at 2 years, 60% without progression [36] suggesting 

SCT may improve survival in those who have good disease control prior to transplant but 

still does not address those patients who progress on therapy or do not respond.

In a subset analysis of SWOG 9704 (RCHOPx8 vs RCHOPx6 followed by autologous 

SCT), Nineteen of 198 patients were DE (>40% MYC, >30% BCL2) and 3 were DHL by 

FISH (MYC/BCL2). Twelve of sixteen DE lymphoma patients were randomized (5 SCT, 7 

no SCT). Two year PFS was 29% for no SCT and 60% for SCT. Two thirds of the DHL 

patients were randomized to transplant however all 3 progressed and died at a median of 6.5 

months. While there was a trend towards benefit of up-front SCT in DE patients, nearly a 
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third of MYC+ patients by IHC were never randomized secondary to progression or death 

further supporting the notion that RCHOP induction is insufficient [37].

Oregon Health and Science University has reported their experience with 16 patients with 

DHL (MYC/BCL2) and three patients with triple hit lymphoma (THL) treated with DA-R-

EPOCH x6 + IT prophylaxis (14 patients), RCHOP (1 patient), or R-hyperCVAD (1 patient) 

followed by autologous SCT consolidation. Fifteen patients achieved CR after induction and 

all went on to receive high dose chemotherapy followed by hematopoietic stem cell rescue. 

At a median follow-up of 18 months, estimated 2-year PFS was 91% and 2-year OS was 

91%. One patient relapsed 6 months post-transplant. Fifteen additional patients received 

DA-R-EPOCH alone. Four were primary refractory and four relapsed or died. This 

experience suggests autologous SCT as an upfront consolidation strategy may benefit DHL 

patients in first CR, however, prospective studies with more patients are necessary to 

confirm this benefit [38].

Additional reports from small retrospective studies reviewed the role of consolidation 

strategies with either autologous or allogeneic SCT, but no strong conclusions could be 

made due to the heterogeneity of induction regimens, patient characteristics, and selection 

bias [39,40].

In conclusion, there is no strong scientific evidence to indicate that consolidation with SCT 

is beneficial. Our recommendation is to use DA-R-EPOCH, and if patients achieve rapid CR 

by functional imaging (after 2–3 cycles), and remain in CR at the end of therapy, is to 

observe the patient without consolidative SCT. For those that are not in remission at the 

completion of therapy, consideration should be given to alternate chemotherapy or clinical 

trials. Currently available data does not support the use of autologous SCT in patients with 

chemotherapy refractory disease and little is known about the benefit of allogeneic SCT in 

this scenario.

4.3. Role of CNS prophylaxis

In two large retrospective analyses, the incidence of central nervous system (CNS) 

involvement in DHL is estimated to be 4–7% [31,35]. MD Anderson reports a 13% 3-year 

cumulative risk of CNS involvement in their experience with DHL [31]. The available 

evidence suggests the risk of CNS involvement is similar in DHL and BL [30]. The 

incidence of CNS disease in DE lymphoma has not been well quantified although at least 

one report suggests a higher risk of CNS relapse in DE lymphoma (MYC > 40%, BCL2 > 

50%) with an incidence of 9.4% versus 2.4% in non-double expressers [41]. In addition to 

high IPI, leukemic presentation of DHL may also predict for CNS involvement [42].

Accordingly, it is recommended that all patients with DHL and DE lymphoma have 

diagnostic lumbar puncture as part of their initial staging. Prophylactic CNS therapy is 

recommended for all DHL patients, as it may decrease the incidence of CNS disease [43,44].
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5. Conclusions and future directions

In the 2016 World Health Organization (WHO) revision of lymphoma classification, DHL is 

now recognized as “high grade B-cell lymphoma (HGBL) with rearrangements of MYC and 

BCL2 and/or BCL6” [4]. In the 2008 WHO classification, most of these cases were included 

in the B cell lymphoma unclassifiable (BCLU) histologic category, which is now eliminated. 

Most retrospective studies suggested that DHL and DE lymphoma carry a poor prognosis 

when treated with conventional therapy, such as RCHOP. However, recent analysis of the 

role of MYC and BCL2 in a large randomized study suggested that DHL may not have an 

inferior prognosis [17]. Similarly, a small prospective study from the NCI using DA-R-

EPOCH also suggested that the majority of these patients can be cured without the need for 

consolidative autologous SCT [34]. There is a clear need to conduct prospective studies in 

patients with DHL and DE lymphoma, to determine the true prognosis of these patients. 

Given the rarity of DHL, such a trial will require collaborative multicenter efforts. A 

randomized study looking at intensified induction chemotherapy with or without a BCL2 

inhibitor is planned.

For the time being, our recommendation is to treat DHL patients with DA-R-EPOCH with 

CNS prophylaxis. Patients who achieve a CR at interim PET and remain in CR at the end of 

6 cycles of DA-R-EPOCH can be observed without consolidative SCT given the paucity of 

evidence for a strong OS or PFS benefit in patients achieving CR to first line therapy. Strong 

consideration should also be given to CNS prophylaxis in DE lymphoma as there may be an 

increased risk of CNS involvement.

Patients who have primary refractory disease or relapse have extremely poor outcomes with 

no standard treatment recommendations. Future directions should explore novel therapies 

aimed at targeting the underlying oncogenic process, such as MYC and BCL2 inhibitors.

6. Practice points

• MYC and BCL2 double protein expressing lymphoma cases are more commonly 

seen in the ABC subtype, but can be GCB whereas DHL are by definition GCB 

subtype.

• All newly diagnosed patients with DLBCL should have MYC, BCL2, and BCL6 

expression assessed by IHC and FISH for MYC rand BCL2 rearrangements.

• Lack of uniform IHC cutoffs for MYC, BCL2, and BCL6 protein expression 

complicates study comparisons and makes drawing conclusions difficult. 

Standardized cut-offs for positivity have since been established: MYC ≥ 40%, 

BCL2 ≥ 50% and BCL6 ≥ 30%.

• Retrospective data that suggested a poor prognosis of “double hit” and double 

protein expressing lymphomas are recently challenged by prospective studies and 

more comprehensive data analysis from larger randomized studies.

• CNS prophylaxis is recommended for all patients with DHL and should be 

strongly considered for patients with DE lymphoma.
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• Patients with “double hit” lymphoma who have primary refractory or relapsed 

disease have extremely poor outcomes with current standard therapies and 

should be considered for clinical trials when available.

7. Research agenda

• Rationally designed clinical trials combining targeted agents with 

chemoimmunotherapy in first and subsequent lines of therapy for DHL and DE 

lymphomas.

• Determining the role for stem cell transplant (autologous or allogeneic) in DHL 

and DE lymphomas.

• Development of novel therapeutics targeting mechanisms of chemotherapy 

resistance including:

– BET inhibitors

– BCL2 inhibitors

– CDK inhibitors

– PD-1/PDL-1 inhibitors.
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Fig. 1. 
Relationship among cell of origin in diffuse large B-cell lymphoma in terms of MYC/ BCL2 

protein expression and genetic translocations.
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Table 1

Incidence of MYC translocations in Diffuse Large B-cell Lymphoma and Prognostic Impact.

Study Number of patients % MYC translocations Treatment Impact on overall survival

Savage et al. [7] 135 9% RCHOP Adverse

Obermann et al. [8] 220 4% RCHOP Adverse

Barrans et al. [9] 245 14% RCHOP Adverse

Visco et al. [10] 296 8% RCHOP Adverse

Akyurek et al. [11] 239 6% RCHOP Adverse

Green et al. [16] 189 11% RCHOP Adverse

Johnson et al. [12] 290 12% RCHOP Adverse

Horn et al. [13] 407 9% RCHOP Adverse

Hu et al. [14] 384 6%a RCHOP Unspecified

Cunningham et al. [15] 359 (1080) 10% RCHOP Adverse

Kojima et al. [19] 100 10% RCHOP Adverse

Tzankov et al. [18] 432 9% RCHOP Adverse

Copie-Bergmann et al. [17] 574 8.9% RCHOP/RACVBP Adverse (IG onlyb)

RACVBP = rituximab plus doxorubicin, cyclophosphamide, vindesine, bleomycin, and prednisone.

a
Inferred from text.

b
Immunoglobulin partner only.
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Table 2

Incidence of MYC/BCL2 protein co-expression in diffuse large B-cell lymphoma patients treated with R-

CHOP.

Study Predicts OS/PFS % double IHC positive Cut- point for MYC + Predominantly ABC subtype

Kluk et al. [45] Yes Not available 50% Unspecified

Green et al. [16] Yes 29% 40% Yes

Johnson et al. [12] Yes 21% 40% Yes

Horn et al. [13] Yes 26% 40% Unspecified

Hu et al. [14] Yes 33% 40% Yes

Valera et al. [24] Yes 27% 10% Unspecified

Perry et al. [46] Yes 44% 50% No

Yan et al. [47] Yes 28% 40% Yes

Scott et al. [3] Yes 31% 40% Yes

Overall survival (OS); Progression free survival (PFS); IHC (immunohistochemistry).
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