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SUMMARY

Background—MYC gene rearrangement (MYC-R) is present in approximately 10% of 

aggressive B-cell lymphomas with approximately half harboring a BCL2 gene rearrangement 

(BCL2-R). Multiple retrospective studies of R-CHOP show an inferior outcome in patients with 

MYC-R, both alone and with BCL2-R and/or BCL6-R, and suggest better outcomes with more 

aggressive treatment. In the current study, we aimed to determine the outcome of DA-EPOCH-R, 

an aggressive infusional treatment regimen, in untreated MYC-R aggressive B-cell lymphomas.

Methods—Final analysis of a prospective multi-center study of DA-EPOCH-R (dose-adjusted 

treatment: etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin and rituxiomab) in 

53 patients with untreated MYC-R aggressive B-cell lymphomas. DAEPOCH-R was scheduled to 
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be administered with central nervous system prophylaxis for 6 cycles. Primary endpoints included 

event-free and overall survival. The study was registered at ClinicalTrials.gov (NCT01092182).

Findings—Patient characteristics included median age 61 (range 29–80) years, stage III/IV 

disease in 43 (81%), and high-intermediate/high international prognostic score (IPI) in 26 (49%) 

patients. Characteristics were similar among patients with confirmed MYC-R single-hit (n=19) 

versus those with a BCL2-R and/or BCL6-R, termed double-hit, (n=24) lymphomas. With a 

median follow up of 55.6 (Interquartile range: 50.5–61.1) months, the 48-month EFS and OS for 

all patients was 71% and 77%, respectively, with no differences among patients with single versus 

double-hit tumors or age < versus ≥ 60 years. The EFS at 48-months for low/low-intermediate (0–

2) versus high-intermediate/high (3–5) IPI was 89% versus 50%, respectively, for all patients, and 

92% versus 55% for double-hit patients. Toxicity included grade 4 neutropenia and 

thrombocytopenia on 53% and 13% of cycles, respectively, and fever with neutropenia occurred 

on 19% of cycles. There were 3 treatment related deaths.

Interpretation—In this study, DA-EPOCH-R produced durable remissions in MYC-R aggressive 

B-cell lymphomas and should be considered for the treatment of these diseases.

Funding—Cancer Trials Support Unit and Center for Cancer Research, National Cancer Institute, 

USA, and Genentech Inc.
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INTRODUCTION

Diffuse large B-cell lymphomas are molecularly heterogeneous and vary in their cell of 

origin, oncogenic mutations and deregulated signaling pathways(1–3). A relatively frequent 

molecular event is a MYC 8q24 rearrangement (MYC-R), often accompanied by 

translocations involving BCL2 and/or BCL6, and present in around 10% of diffuse large B-

cell lymphoma(4, 5). These rearrangements have been associated with a poor prognosis in 

multiple retrospective/observational studies of R-CHOP chemotherapy in diffuse large B-

cell lymphoma(5–11). In one of the first studies to assess the clinical impact of MYC-R, 

patients with tumors that contained a MYC-R, some of which also had a BCL2 
rearrangement, had a significantly shorter survival following R-CHOP treatment compared 

to patients without a translocation(6). While the presence of rearrangements involving BCL2 
and/or BCL6 may contribute to the poor prognosis, it has been shown that MYC-R alone 

(single-hit) is associated with a significantly worse prognosis(7, 8, 12, 13).

The recognition of MYC-R in diffuse large B-cell lymphoma and its association with an 

inferior prognosis led to the establishment of a new category of high-grade B-cell lymphoma 

with MYC-R and BCL2 and/or BCL6 translocations, termed high-grade Bcell lymphoma 

double-hit, in the 2016 revision of the World Health Organization (WHO) classification of 

lymphoid neoplasms(14). Although “double-hit” high-grade B-cell lymphoma is now 

recognized as a specific entity, these tumors are pathologically and clinically heterogeneous. 

MYC-R can be found in tumors with morphological features of diffuse large B-cell 

lymphoma and high-grade B-cell lymphoma not otherwise specified (HGBL NOS), which 
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are mostly derived from germinal B-cells, and pasmablastic lymphoma, a post-germinal 

center subtype(4, 14).

The inferior prognosis of MYC-R aggressive B-cell lymphomas with R-CHOP 

chemotherapy has prompted the use of aggressive treatments such as Burkitt lymphoma 

regimens and stem cell transplantation as outlined in the National Comprehensive Cancer 

Network (NCCN) guidance (version 4.2018)(5, 15–17). As there are no prospective studies 

in untreated MYC-R aggressive B-cell lymphomas, there is an unmet medical need to 

evaluate dose-intense treatment in these patients. DA-EPOCH-R is a dose-intense immuno-

chemotherapy platform in which the continuous infusion of 3 of its components and 

pharmacodynamic dose-adjustments may be particularly important for highly proliferative 

lymphomas such as MYC-R aggressive B-cell and Burkitt lymphoma(18, 19). We 

hypothesized that DA-EPOCH-R would overcome the negative prognostic impact of MYC-
R alone and in double-hit aggressive B-cell lymphomas and conducted a prospective 

multicenter study.

PATIENTS AND METHODS

Study Design and Participants

We conducted a prospective 13-center non-randomized phase 2 study of DA-EPOCH-R in 

untreated de novo MYC-R aggressive B-cell lymphomas including high-grade B-cell 

lymphoma double-hit, high-grade B-cell lymphoma, high-grade B-cell lymphoma not 

otherwise specified, diffuse large B-cell lymphoma and plasmablastic lymphoma to obtain 

an estimate of its efficacy (Appendix list participating sites). These patients were enrolled on 

a protocol of DA-EPOCH-R that included two separate cohorts; one for MYC-R aggressive 

B-cell lymphomas and one for Burkitt lymphomas. The two cohorts had independent accrual 

goals, study objectives, and differences in treatment algorithms. The two cohorts were to be 

separately reported but combined into a single protocol based on the use of DA-EPOCH-R 

and overlapping study centers. Thus, as intended, patients in the Burkitt lymphoma cohort 

will be independently reported.

Patients with MYC-R aggressive B-cell lymphoma were enrolled between March 25, 2010 

and February 20, 2014, and the data was locked in November 15, 2017. Eligibility included 

a confirmed histological diagnosis of a MYC-R aggressive B-cell lymphoma. Patient 

histology is presented according to the modified World Health Organization Classification of 

Lymphoid Neoplasms 2016(14, 20). The histology was confirmed at each participating 

institution with central review of all histological reports by the National Cancer Institute. 

Additional eligibility included age 18 years or older, no prior systemic chemotherapy, all 

disease stages, any performance status, adequate organ function unless related to disease, 

and a negative pregnancy test in women of child bearing potential. Patients with central 

nervous system (CNS) leptomeningeal involvement and human immunodeficiency virus 

(HIV) infection were eligible. Pretreatment evaluation included standard laboratory 

investigations, whole body computed tomography (CT) scans, bone marrow aspirate and 

biopsy, cerebral spinal fluid (CSF) analysis by flow cytometry and cytology, and as 

clinically indicated, brain MRI/CT(21). Tumor response was assessed per the revised 

response criteria for malignant lymphoma(22). All patients received an interim FDG 
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(fluorodeoxyglucose)-PET (positron emission tomography) scan after two cycles of 

treatment as a research endpoint. The FDG-PET scans were interpreted by each institution 

and were not used for medical decisions. The study was approved by the investigational 

review board of each institution and all patients provided written informed consent.

Procedures

DA-EPOCH-R (starting doses: etoposide 50 mg/m2/day infusion x 96 hours (days 1–5); 

doxorubicin 10 mg/m2/day infusion x 96 hours (days 1–5); vincristine 0.4 mg/m2/day 

infusion x 96 hours (days 1–5); cyclophosphamide 750 mg/m2 intravenous (day 5); 

prednisone 60 mg/m2/bid orally (days 1–5); rituximab 375 mg/m2 intravenous (day 1); and 

filgrastrim 5 μg/kg/day subcutaneously (day 6 until absolute neutropils are > 5000/μl past 

the nadir) was administered for 6 cycles as previously described and in the outpatient setting 

when feasible(23). It was recommended that HIV-positive patients not receive antiretroviral 

therapy during chemotherapy. DA-EPOCH-R was pharmacodynamically dose-adjusted 

based on the neutrophil nadir, which was checked twice weekly. Patients received filgrastim 

beginning 24 hours after the last dose of chemotherapy and continued through the neutrophil 

nadir until absolute neutrophil recovery, defined as 5000 cells per cubic millimeter or higher. 

Pegylated filgrastim was allowed. Bactrim® DS was administered twice daily for 3 days per 

week. Cycles were begun every 21 days providing the ANC ≥ 1000/μl and platelets ≥ 

100,000/μl.

If below these limits, counts were checked daily until recovery and G-CSF was administered 

as indicated. Patients without evidence of leptomeningeal involvement received prophylactic 

intrathecal methotrexate 12 mg on days 1 and 5 of cycles 3 to 6 of DA-EPOCH-R for a total 

of 8 doses. Patients with leptomentingeal involvement received active treatment with 

methotrexate 12 mg intrathecally or 6 mg via Ommaya reservoir twice weekly for 4 weeks, 

then weekly for 6 weeks, and then monthly for 4 months. This study employed commercial 

chemotherapy drugs, which were provided by each institution. The supplier of the drugs 

may vary by institution based on pharmacy purchasing practices. Filgrastim was provided by 

Genetech.

Patients underwent staging of involved sites by CT scan after 2 and 6 cycles and every 4 

months for 2 years and then yearly for 3 years until disease progression. FDG PET scans 

were performed after cycle 2 and 6 (if positive after cycle 2) and as clinically indicated 

thereafter. Radiological scans were reviewed at each participating site and were not centrally 

reviewed.

MYC-rearrangement by fluorescence in-situ hybridization (FISH) using (8q24) break apart 

probes or conventional cytogenetics was required and performed at the participating sites. 

Rearrangement of BCL2 was assayed by FISH with probes from the regions IgH (14q32) 

and BCL2 (18q21), and BCL6 was assayed using (3q27) break apart probes or cytogenetics 

but were not eligibility requirements.

Outcomes

The primary study objectives included event-free survival (EFS) and overall survival (OS) 

with analysis in single and double/triple-hit patients. EFS was determined from the on-study 
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date until the date of progression, documentation of disease following the last treatment 

cycle, death, or last follow-up, and OS was calculated from the on-study date until date of 

death or last follow-up using the Kaplan-Meier method. Secondary outcomes included 

assessment of outcomes on interim (after cycle 2) FDG-PET/CT scans and toxicity of DA-

EPOCH-R.

Statistical Analysis

Due to the absence of comparator prospective trials, the study endpoint was to estimate 

event-free (EFS) and overall survival (OS) of DA-EPOCH-R in patients with MYC-R 

aggressive B-cell lymphoma for a total of 53 patients. All patients were included for analysis 

of outcome and toxicity. Exploratory analyses for differences in EFS and OS were assessed 

in patients with single-hit and double/triple-hit lymphomas (termed double-hit), age < and 

>= 60 years, international-prognostic index, and histology highgrade B-cell lymphoma 

double-hit/not otherwise specified versus diffuse large B-cell lymphoma. The statistical 

significance of the difference between a pair of Kaplan-Meier curves was determined by an 

exact log-rank test. All p-values are two-tailed and presented without adjustment for 

multiple comparisons. We did statistical analyses with SAS (version 9.3). The study 

registered at ClinicalTrials.gov (NCT01092182).

Role of the Funding Source

The Cancer Therapy Evaluation Program provided input into the study design and approved 

the protocol as the study sponsor. Data management was provided by the Cancer Therapy 

Support Unit data operations of the Cancer Therapy Evaluation Program. All sites submitted 

data and responded to queries using the Medidata Rave Clinical Data Management System. 

The funding source was not involved in interpretation of the data or writing of the report. 

The funding source was provided a copy of the manuscript for submission but was not 

required for approval. The communicating author had full access to the data and final 

responsibility for submission.

RESULTS

Clinical Characteristics

Fifty-three untreated patients with MYC-R aggressive B-cell lymphomas were enrolled 

Figure 1. Clinical characteristics include a median age of 61 (range 29–80) years, male sex 

in 40 (75%), stage III or IV disease in 43 (81%), and elevated lactate dehydrogenase (LDH) 

in 31 (61%) patients (Table 1). Three (6%) patients had CSF involvement at diagnosis and 5 

(9%) patients were HIV-positive. Based on the international prognostic index (IPI), 26 

(49%) patients had high-intermediate or high risk disease. Histology included high-grade B-

cell lymphoma double-hit in 24 (45%), high-grade B-cell lymphoma not otherwise specified 

in 10 (19%) and diffuse large B-cell lymphoma in 18 (34%) of patients(14). All patients had 

MYC-R, which included a BCL2-R in 22 (42%) and BCL6-R in 5 (16%) patients. Due to 

the lack of tissue, BCL2 and BCL6 FISH were not performed in 1 and 21 cases, respectively. 

Considering all cases, single-hit and double-hit lymphoma (which includes 3 patients with 

triple-hit) was confirmed in 19 and 24 patients, respectively. There were no significant 
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differences in clinical characteristics among patients with single versus double-hit 

lymphoma with the exception of a worse performance status in the former group (Table 1).

Clinical Outcome

Considering all 53 patients, 39 achieved a CR and 7 achieved a PR for an overall response 

rate of 87%. Four patients did not respond and 3 patients were inevaluable due to infectious-

related deaths on study before staging could be performed. The 3 patients with 

leptomenigeal disease at diagnosis died, one from progressive disease and 2 from treatment-

related infections. Four patients in CR and one patient in PR, but without documentation of 

active disease, underwent an autologous (4) or allogeneic (1) bone marrow transplant 

following therapy Two patients who were in CR received consolidation radiation following 

DA-EPOCH-R.

The study median potential follow-up is 55.6 (Interquartile range: 50.5–61.1) months. For all 

patients, the 48 month EFS and OS were 71% (95% CI: 56.5–81.4%) and 76.7 % (95% CI: 

62.6–86.1%) respectively (Figure 2A and 2B). When considering confirmed single and 

double-hit patients (Table 1 footnote), the EFS at 48-months was 62.7% (95% CI: 37.2–

80.2%) and 73.4% (95% CI: 50.1–87.1%) (p=0.40), respectively, and the OS was 63.2% 

(95% CI: 38–80.4%) and 82% (95% CI: 58.8–92.8%) (p=0.12), which was not statistically 

different (Figures 2C and 2D).

Prognostic Analysis

We performed exploratory analyses of clinical and histological variables. We were interested 

in the effect of IPI and age as older patients often do not tolerate aggressive 

immunochemotherapy and have a worse outcome(5). Analysis of double-hit patients by low/

low-intermediate (0–2) and high-intermediate/high (3–5) risk IPI showed an EFS at 48-

months of 91.7% (95% CI: 53.9–98.8%) and 54.5% (95% CI: 22.9–78%) (p=0.049), 

respectively, and an OS 90.9% (95% CI: 50.8–98.7%) and 72.2% (95% CI: 37.190.3%), 

indicating that high risk patients can achieve durable remissions (Supplementary appendix 

Figure 1A and 1B). We also analyzed the outcome of double-hit patients by age < 60 and >= 

60 years and showed no difference with an EFS at 48-months of 71.6% (95% CI: 35–89.9%) 

and 75% (95% CI: 40.8–91.2%) (p=0.85), respectively, and an OS 70.7% (95% CI: 33.7–

89.5%) and 91.7% (95% CI: 53.998.9%) (Supplementary appendix 1C and 1D). When all 

patients with MYC-R were considered, there was also no significant differences by age in 

EFS or OS (data not shown). We also examined if histology was associated with outcome. 

Considering all patients, the EFS of high-grade B-cell lymphoma double-hit/not otherwise 

specified versus diffuse large B-cell lymphoma yielded an EFS at 48-months of 70.8% (95% 

CI: 51.3–83.6%) and 69.6% (95% CI: 44.5–85.1%) (p=0.95), respectively, and OS of 77% 

(95% CI: 57.7–88.3%) and 75% (95% CI: 50–88.7%), which showed no differences in 

outcome (Supplementary appendix Figure 1E and 1F).

A pre-planned analysis was performed to assess if an interim FDG-PET identified patients at 

significant risk of treatment failure with DA-EPOCH-R, and could be used to direct adaptive 

treatment strategies. Considering patients with negative (Deauville 1–3) and positive 

(Deauville 4–5) scans, the 48-month EFS was 87.4% (95% CI: 58.196.7%) and 64.5% (95% 
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CI: 45.2–78.5%)(p=0.057) and the OS was 87.5% (95% CI: 58.6–96.7%) and 74.2% (95% 

CI: 55–86.2%)(p=0.23), respectively (Figure 2E and 2F).

Although patients with an interim positive FDG-PET scan had a worse outcome, over 60% 

of these patients nonetheless achieved durable remissions.

Dose-Intensity and Toxicity

Toxicity was assessed in all 53 patients and on all 301 cycles (Table 2). Considering all 

cycles, the median (range) dose-level administered was 1 (−5 to 6). Furthermore, the 

maximum dose-level achieved in each patient was level 1 in 19 (36%), level 2 in 14 (26%), 

level 3 in 14 (26%), level 4 in 3 (6%), level 5 in 2 (4%) and level 6 in 1 (2%) patient. Forty-

five patients received all 6 cycles of treatment, and 3 patients received five cycles of 

treatment due to concerns over tolerance. Six patients did not complete treatment due to on 

treatement death in 3 and progressive disease in three patients. Grade 4 neutropenia and 

thrombocytopenia occurred on 160 (53%) and 40 (13%) cycles, respectively and fever and 

neutropenia occurred on 56 (19%) cycles. Grade 2 and 3 motor neurotoxicity occurred in 3 

and 4 patients, respectively, and grade 2 and 3 sensory neurotoxicity occurred in 11 and 4 

patients. There were 3 treatment-related infectious deaths in patients who were 60, 66 and 

75 years old with an IPI of 3, 4, and 5, respectively. These infectious deaths were due to 

respiratory failure/septic shock, sepsis and multi-organ failure/sepsis respectively.

DISCUSSION

To our knowledge, this is the first prospective study of chemotherapy in MYC-R aggressive 

B-cell lymphoma. In this trial, we assessed the outcome of DA-EPOCH-R to address an 

important unmet clinical need(24). With a median follow-up of 55.6 months, this multicenter 

study yielded a 48-month EFS and OS of 71% and 77%, respectively, in patients with MYC-

R aggressive B-cell lymphomas. The results were similar in the patients with a double-hit 

lymphoma, which showed an EFS and OS of 73.4% and 82%, respectively, at 48-months. 

Notably, patients with MYC-R alone had a marginally worse outcome compared to double-

hit patients. These results are similar to those achieved in the Cancer and Leukemia Group B 

multicenter study of DA-EPOCH-R in de novo diffuse large B-cell lymphoma, which is 

consistent with our earlier findings that suggest DA-EPOCH-R obviates the adverse effect of 

MYC-R(19, 25).

When we initiated this study in 2010, several retrospective studies had identified MYC-R as 

an adverse biomarker for R-CHOP treatment(5–7). Hence, we choose to include all patients 

with MYC-R, irrespective of secondary hits with BCL2 and/or BCL6. However, the most 

recent WHO classification (2016) only identified MYC-R tumors with a BCL2 and/or BCL6 

rearrangement double-hit high-grade B-cell lymphomas as a specific entity based on their 

poor prognosis(14). Despite the exclusion of patients with single-hit MYC-R from the 

classification, they have an adverse prognosis as well(5, 6, 8, 12, 13). Further, the literature 

remains unclear on the contribution of BCL2-R and/or BCL6-R to the adverse prognosis of 

single-hit MYC-R aggressive B-cell lymphomas. It is of interest that alternative mechanisms 

of increased protein production other than rearrangement may also confer a poor prognosis 

with R-CHOP treatment. Notably, a recent retrospective study compared patients with 
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typical double-hit lymphomas to patients with atypical double-hit lymphomas that included 

cases with MYC-R and extra copies of BCL-2; BCL-2-R rearrangements with extra copies 

of MYC; and cases with only extra copies of MYC and BCL-2(26). Patients with atypical 

and typical double-hits had a similar 2-year overall survival of 54% and 49%, respectively, 

which were significantly inferior to patients without abnormalities. These results suggest 

that the alternative mechanisms of MYC and/or BCL-2 expression may also confer an 

inferior outcome.

The outcome of MYC-R lymphomas is dependent on the IPI with all risk groups showing a 

worse outcome compared to non-rearranged patients as shown in a retrospective study of R-

CHOP(5). In the present study, 26 (49%) patients had high-intermediate or highrisk disease 

with advanced stage in 43 (81%) and age over 60 years in 27 (50%) patients, characteristics 

that were similar in patients with single and double-hit lymphomas. When the outcome of 

double-hit lymphomas was analyzed by IPI groups, the EFS at 48-months in patients with 

low/low-intermediate disease was 92% compared to 55% in patients with high-intermediate/

high-risk disease. When patients with single-hit lymphoma are included, similar results were 

observed (data not shown). Unlike what has been observed with R-CHOP, older patients 

faired as well as younger ones(5). Given the older age of many patients with MYC-R 

lymphomas and the accepted need for more aggressive treatment, the absence of an age 

effect in this study suggests that DA-EPOCH-R is effective in older patients and, unlike 

more aggressive “Burkitt-like” regimens, has acceptable tolerance (NCCN Guideline 

4.2018). We also assessed if interim FDG-PET scans could identify patients unlikely to 

achieve durable remissions with DA-EPOCH-R. While almost all FDG-PET negative 

patients achieved durable remissions, more than 60% of FDG-PET positive patients also had 

durable remissions, suggesting interim FDG-PET scans are not highly specific with DA-

EPOCH-R.

Our study has a number of limitations. Five patients underwent consolidation with 

transplantation (4 autologous and 1 allogeneic) following DA-EPOCH-R in the absence of 

documented disease. Although these interventions may have altered the disease course, a 

recent retrospective study showed no benefit of autologous transplant following DA-

EPOCH-R in double-hit lymphomas(27). In comparing single and double-hit cases, it is 

notable that patients with single-hit lymphomas had a significantly worse performance 

status, suggesting that double-hit patients could have a worse outcome with DA-EPOCH0R 

if this characteristic was balanced. The need for specialized tests to detect MYC-R will 

delay study enrollment and likely biased accrual toward lower risk patients in our study(28). 

While this is also an issue for standard of care, the results we present may well over estimate 

the benefit of DA-EPOCH-R in an unselected population of patients. Our study also did not 

employ central histological review, raising the possibility that some patients did not have de 

novo MYC-R aggressive B-cell lymphomas. However, all patients were required to have a 

MYC-R, which is the unifying molecular characteristic of these patients. The exploratory 

analyses of prognostic variables are limited by relatively small numbers and should be 

interpreted with caution. We observed 3 treatment-related deaths, which is higher than we 

and others have reported with DA-EPOCH-R, indicating these patients are at risk of severe 

toxicity(23).
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These results suggest DA-EPOCH-R may improve upon the outcome of R-CHOP. One of 

the early observational studies that assessed the prognostic impact of MYC-R evaluated 245 

biopsies from de novo diffuse large B-cell lymphoma patients treated with RCHOP(5). 

Among 35 patients (14%) with MYC-R, which included 26 (74%) patients with double-hit 

BCL2-R, the 2-year overall survival was 35% compared to 61% for patients without MYC-

R. A similar result was reported from a retrospective cohort of 135 de novo diffuse large B-

cell lymphoma in which the 5-year overall survival of patients with and without a MYC-R 

was 33% and 72%, respectively(6). In this series, only 25% of MYC-R patients also 

harbored a BCL2-R. Not all studies, however, have found MYC-R confers as dismal a 

prognosis following R-CHOP treatment(12). In a retrospective analysis of 36 patients from a 

phase III randomized study of 14-day versus 21-day R-CHOP, the 2-year overall survival of 

MYC-R patients was 75% versus 85% in non-rearranged patients (p=0.016)(12). In that 

series, 16 patients with BCL2-R doublehit lymphoma had a 2-year overall survival of 63% 

compared to 84% in non-rearrange patients, which was not statistically different. In this 

subset analysis, the authors did not report the IPI risk category of their double-hit patients, 

which strongly influence outcome. Furthermore, one should consider that phase III clinical 

trials may be subject to entry bias toward more favorable patients, as suggested by the 

unusually high EFS of 85% in the non-MYC-R patients in that study(12, 29). Although we 

cannot rule out bias toward better prognosis patients in our study, the distribution of 

prognostic factors was similar to an observational study that showed a 2-year EFS of 23% 

for R-CHOP treated single-hit MYC-R patients compared to 59% for more aggressively 

treated patients(8). A comparison of our results to these retrospective studies of R-CHOP in 

MYC-R aggressive B-cell lymphomas must be tempered by potential differences in 

distribution of high-risk IPI patients and accrual biases.

Several observational studies suggest that aggressive treatment is more effective than R-

CHOP in MYC-R lymphomas. In a single center study of 129 patients treated with RCHOP, 

DA-EPOCH-R or R-HyperCVAD/MA (rituximab, hyperfractionated cyclophosphamide, 

vincristine, doxorubicin, dexamethasone, alternating with cytarabine plus methotrexate), 

patients who received DA-EPOCH-R had a significantly better 2-year EFS of 67% 

compared to 25% for patients who received R-CHOP(11). In a larger multicenter 

retrospective study of 311 double-hit lymphomas, patients who received ‘intensive therapy’ 

with DA-EPOCH-R, R-CODOX-M/IVAC or R-HyperCVAD, had significantly better EFS 

compared to R-CHOP (median 21.6 versus 7.8 months, respectively)(15). The overall 

conclusion of these studies is that patients with double-hit lymphoma clinically benefit from 

more intensive treatment, a finding that has been reached by other studies as well(8–10).

While the optimal intensive regimen for MYC-R aggressive B-cell lymphomas remains 

undefine, the favorable outcome and relative tolerance of DA-EPOCH-R in MYC-R 

lymphomas compared to other intensive regimens has led to its acceptance as one standard 

(NCCN Guidelines 4.2018) with phase II confirmation from the present trial(811, 16, 17). 

Presently, the NCI National Clinical Trials Network (NCTN) is undertaking a phase I trial of 

DA-EPOCH-R with venetoclax (NCT03036904) in MYC-R DLBCL in an effort to further 

improve the outcome of these tumor types.
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RESEARCH IN CONTEXT

Evidence before this study

We performed a Pubmed literature search of clinical reports on MYC-R aggressive Bcell 

lymphoma published in the last 10 years. All of the published articles presented 

retrospective analyses/reviews of clinical data and overall showed an inferior prognosis 

with standard R-CHOP chemotherapy. The association of MYC-R with an inferior 

prognosis led to the establishment of a new category of high-grade B-cell lymphoma with 

MYC-R and BCL2 and/or BCL6 translocations, termed high-grade B-cell lymphoma 

double-hit, in the 2016 revision of the World Health Organization (WHO) classification 

of lymphoid neoplasms. The inferior prognosis of these lymphomas with R-CHOP 

chemotherapy prompted the use of aggressive treatments as outlined in the National 

Comprehensive Cancer Network (NCCN) guidance (version 4.2018). We developed a 

study of DA-EPOCH-R, a dose-intense immuno-chemotherapy platform, in patients with 

previously untrearted MYC-R aggressive B-cell lymphomas based on the hypothesis that 

infusional chemotherapy will overcome the adverse prognosis of highly proliferative 

lymphomas such as MYC-R aggressive B-cell lymphoma.

Added Value of this Study

To our knowledge, this study provides the first prospective information on the treatment 

of MYC-R aggressive B-cell lymphomas. The study provides evidence that the majority 

of patients with MYC-R aggressive B-cell lymphomas, including patients with MYC-R 
alone or those with additional BCL-2 and/or BCL-6 rearrangements, can achieve durable 

remissions with DA-EPOCH-R treatment.

Implications of All the Available Evidence

Based on these results and retrospective studies, regimens such as DA-EPOCH-R should 

be considered for the treatment of these lymphomas. Comparison of DA-EPOCH-R with 

another aggressive regimen is a relevant future research question.
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Figure 1. 
Flow diagram of patients enrolled on study. The analysis of survival outcome includes all 

patients enrolled. The analysis of treatment response excludes 3 patients who died prior to 

restaging.
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Figure 2. 
Kaplan–Meier Estimates of event-free (EFS) and overall survival (OS) of MYC-R 

lymphoma. A. EFS of 53 patients with MYC-R lymphoma at 48-months was 71% (95% 

confidence interval [CI], 56.5–81.4%). B. OS of 53 patients with MYC-R lymphoma at 48-

months was 76.7 (95% CI: 62.6–86.1%). C. EFS of single-hit (n=19) versus double-hit 

(n=24) lymphoma at 48-months was 62.7% (95% CI: 37.2–80.2%) and 73.4% (95% CI: 

50.1–87.1%), respectively. D. OS of single-hit (n=19) versus double-hit (n=24) lymphoma at 

48-months was 63.2% (95% CI: 38–80.4%) and 82% (95% CI: 58.892.8%), respectively. E. 

EFS of MYC-R lymphoma by negative (n=17) verus positive (n=31) interim FDG-PET at 

48-months was 87.4% (95% CI: 58.1–96.7%) and 64.5% (95% CI: 45.2–78.5%), 

respectively. F. OS of MYC-R lymphoma by negative (n=17) verus positive (n=31) interim 

FDG-PET at 48-months was 87.5% (95% CI: 58.6–96.7%) and 74.2% (95% CI: 55–86.2%), 

respectively.

Dunleavy et al. Page 15

Lancet Haematol. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dunleavy et al. Page 16

Ta
b

le
 1

:

Pa
tie

nt
 a

nd
 T

um
or

 C
ha

ra
ct

er
is

tic
s

C
ha

ra
ct

er
is

ti
cs

A
ll 

M
Y

C
-R

M
Y

C
-R

 O
nl

y
M

Y
C

-R
 +

 B
C

L
2-

R
/

B
C

L
6-

R
P

 v
al

ue
3

N
um

be
r

P
er

ce
nt

N
um

be
r

P
er

ce
nt

N
um

be
r

P
er

ce
nt

To
ta

l P
at

ie
nt

s
53

10
0

19
59

1
24

46
2

A
ge

 M
ed

ia
n 

(R
an

ge
)

61
 (

29
–8

0)
63

 (
36

–8
0)

62
 (

35
–7

6)

M
al

e 
se

x
40

75
16

84
14

58
0.

10

St
ag

e 
II

I 
or

 I
V

43
81

14
74

20
83

0.
48

E
le

va
te

d 
L

D
H

31
 (

n=
51

)
61

11
58

14
58

1.
00

E
C

O
G

 P
S 

2–
4

11
21

13
68

4
17

0.
00

13

E
xt

ra
no

da
l s

it
es

 ≥
 2

12
23

5
26

6
25

1.
00

B
on

e 
m

ar
ro

w
 p

os
it

iv
e

9
17

3
16

5
21

1.
00

C
SF

 p
os

it
iv

e
3 

(n
=

44
)

7
2 

(1
7)

12
1 

(2
1)

5
0.

58

IP
I 

Sc
or

e

 
0–

1
12

23
4

21
6

25

0.
76

 
2

15
28

5
26

7
29

 
3

17
32

7
37

8
33

 
4–

5
9

17
3

16
3

13

H
IV

 P
os

it
iv

e
5

9
3

16
0

0
0.

08

H
is

to
lo

gy

 
H

G
B

L
 D

H
24

45
0

0
24

10
0

N
A

 
H

G
B

L
 N

O
S

10
19

6
32

0
0

N
A

 
D

L
B

C
L

18
34

13
68

0
0

N
A

 
Pl

as
m

ab
la

st
ic

1
2

0
0

0
0

N
A

T
ra

ns
lo

ca
ti

on
s

 
M

Y
C

53
 (

n=
53

)
10

0
19

10
0

24
10

0
N

A

 
B

C
L

2
22

 (
n=

52
)

42
0

0
22

92
N

A

 
B

C
L

6
5 

(n
=

32
)

16
0

0
5

21
N

A

1 B
as

ed
 o

n 
32

 c
as

es
 w

ith
 B

C
L

2 
an

d 
B

C
L

6 
FI

SH
 a

na
ly

si
s.

Lancet Haematol. Author manuscript; available in PMC 2019 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dunleavy et al. Page 17
2 B

as
ed

 o
n 

52
 c

as
es

 w
ith

 B
C

L
2 

an
d/

or
 B

C
L

6 
FI

SH
 a

na
ly

si
s.

3 M
Y

C
-R

 o
nl

y 
ve

rs
us

 M
Y

C
-R

 +
 B

C
L

2-
R

 a
nd

/o
r 

B
C

L
6-

R
 (

Fi
sh

er
 e

xa
ct

 f
or

 a
ll 

ex
ce

pt
 C

oc
hr

an
-A

rm
ita

ge
 tr

en
d 

te
st

 f
or

 c
om

pa
ri

so
n 

of
 I

PI
).

A
bb

re
vi

at
io

ns
: L

D
H

-l
ac

ta
te

 d
eh

yd
ro

ge
na

se
; E

C
O

G
-E

as
te

rn
 C

oo
pe

ra
tiv

e 
O

nc
ol

og
y 

G
ro

up
; I

PI
-i

nt
er

na
tio

na
l p

ro
gn

os
tic

 in
de

x;
 C

SF
-c

er
eb

ra
l s

pi
na

l f
lu

id
-l

ep
to

m
en

ig
ea

l d
is

ea
se

; H
IV

-h
um

an
 

im
m

un
od

ef
ic

ie
nc

y 
vi

ru
s.

H
G

B
L

 D
H

-h
ig

h 
gr

ad
e 

B
-c

el
l l

ym
ph

om
a,

 d
ou

bl
e-

hi
t, 

w
ith

 M
Y

C
 a

nd
 B

C
L

2 
an

d/
or

 B
C

L
6 

re
ar

ra
ng

em
en

ts
. H

G
B

L
 N

O
S-

H
ig

h 
gr

ad
e 

B
-c

el
l l

ym
ph

om
a,

 n
ot

 o
th

er
w

is
e 

sp
ec

if
ie

d,
 th

at
 h

av
e 

fe
at

ur
e 

in
te

rm
ed

ia
te

 
be

tw
ee

n 
di

ff
us

e 
la

rg
e 

B
-c

el
l l

ym
ph

om
a 

(D
L

B
C

L
) 

an
d 

B
ur

ki
tt 

ly
m

ph
om

a 
(B

L
) 

bu
t d

o 
no

t h
ar

bo
r 

a 
ge

ne
tic

 d
ou

bl
e 

hi
t. 

Sy
no

ny
m

 is
 B

-c
el

l l
ym

ph
om

a,
 u

nc
la

ss
if

ia
bl

e 
w

ith
 f

ea
tu

re
s 

in
te

rm
ed

ia
te

 b
et

w
ee

n 
D

L
B

C
L

 a
nd

 B
L

. D
L

B
C

L
-d

if
fu

se
 la

rg
e 

B
-c

el
l l

ym
ph

om
a.

 N
A

-n
ot

 a
pp

lic
ab

le
.

Lancet Haematol. Author manuscript; available in PMC 2019 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dunleavy et al. Page 18

Table 2:

DA-EPOCH-R Toxicity

Toxicity Total
Nos.

Grade 2
Nos.
(%)

Grade 3
Nos. (%)

Grade 4
Nos. (%)

Grade 5
Nos. (%)

Nos. of Patients 53

Nos. of Cycles 301

Haematological Toxicity (% cycles)

 Neutropenia 189 - 29 (10%) 160
(53%)

0

 Thrombocytopenia 99 - 59 (20%) 40 (13%) 0

Infection (% cycles)

 Fever and Neutropenia 56 0 54 (18%) 2 (1%) 0

 Other 24 (8%) 15 (5%) 1 (0.3%) 0

Gastrointestinal (% cycles)

 Mucositis 44 26 (9%) 18 (6%) 0 0

 Constipation 30 30
(10%)

0 0 0

Neurological (% patients)

 Sensory 15 11
(21%)

4 (8%) 0 0

 Motor 7 3 (6%) 4 (8%) 0 0

Treatment-related death (% patients)

 Sepsis/organ failure 3 (6%)
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