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Abstract

Rearrangement of MYC is associated with a poor prognosis in patients with diffuse large B cell 

lymphoma (DLBCL) and B cell lymphoma unclassifiable (BCLU), particularly in the setting of 

double hit lymphoma (DHL). Yet, little is known about outcomes of patients who demonstrate 

MYC rearrangement without evidence of BCL2 or BCL6 rearrangement (single hit) or 

amplification (>4 copies) of MYC. We identified 87 patients with single hit lymphoma (SHL), 22 

patients with MYC-amplified lymphoma (MYC amp) as well as 127 DLBCL patients without 

MYC rearrangement or amplification (MYC normal) and 45 patients with double hit lymphoma 

(DHL), all treated with either R-CHOP or intensive induction therapy. For SHL and MYC amp 

patients, the 2 year progression free survival rate (2yPFS) was 49% and 48% and 2 year overall 

survival rate (2yOS) was 59% and 71%, respectively. SHL patients receiving intensive induction 

experienced higher 2yPFS (59% vs. 23%, P=0.006) but similar 2yOS as compared with SHL 

patients receiving R-CHOP. SHL DLBCL patients treated with R-CHOP, but not intensive 

induction, experienced significantly lower 2yPFS and 2yOS (p<0.001 for both) when compared 

with MYC normal patients. SHL patients appear to have a poor prognosis, which may be 

improved with receipt of intensive induction.
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Introduction

The transcription factor MYC is responsible for many cellular functions including regulation 

of cell cycle activity and protein synthesis (Dang, et al 2006, Meyer and Penn 2008). 

Translocation of MYC with the immunoglobulin heavy chain promotor (IgH) or less 

commonly light chain promoters (IgK and IgL) is a defining feature of Burkitt lymphoma, 

which is frequently curable with immunochemotherapy. However, rearrangement of MYC is 

reported to occur in approximately 10% of diffuse large B cell lymphoma (DLBCL) cases 

(Lin and Medeiros 2013, Slack and Gascoyne 2011) and up to 50% of cases of B cell 

lymphoma unclassifiable with features intermediate between diffuse large B cell lymphoma 

and Burkitt lymphoma (BCLU)/Burkitt-like lymphoma (Boerma, et al 2009), and is 

associated with a poor prognosis. For DLBCL patients treated with either front-line 

cyclophosphamide, doxorubicin, vincristine and prednisone (CHOP) with or without 

etoposide, or rituximab-CHOP (R-CHOP), inferior overall survival (OS) was noted for those 

with evidence of MYC rearrangement as compared with those without MYC rearrangement 

(Barrans, et al 2010, Klapper, et al 2008, Savage, et al 2009). Similarly, for patients with 

BCLU, receipt of front-line R-CHOP was associated with a short duration of progression 

free survival (PFS) if MYC-rearranged (Lin, et al 2012). Additionally, patients with 

relapsed/refractory DLBCL with MYC rearrangement appear to respond poorly to salvage 

immunochemotherapy and autologous stem cell transplantation as compared with those 

without MYC rearrangement (Cuccuini, et al 2012).

A subset of MYC-rearranged lymphomas known as double hit lymphoma (DHL), which 

demonstrate rearrangement of BCL2 and/or BCL6 in addition to MYC (Aukema, et al 
2011), are associated with a particularly poor prognosis, although this may be improved for 

patients treated with front-line intensive immunochemotherapy (Howlett, et al 2015, Petrich, 
et al 2014). However, the prognosis for patients with DLBCL/BCLU demonstrating 

rearrangement of MYC with negative testing for rearrangements of BCL2 and BCL6, known 

as “single hit” lymphoma (SHL), is unclear. Outcomes for this subset of patients are 

typically not distinguished from those of DLBCL/BCLU patients harboring MYC 
rearrangement whose tissue samples have not been tested for both BCL2 and BCL6 
rearrangements, for whom the possibility of DHL has not been excluded. SHL is prevalent 

within cases of non-Burkitt MYC-rearranged B cell lymphomas, representing 40% of cases 

of MYC-rearranged DLBCL (Copie-Bergman, et al 2015, Horn, et al 2013) and potentially 

up to 50% of cases of MYC-rearranged BLCU (Lin, et al 2012, Perry, et al 2013).

Another alteration in MYC that has been detected in patients with high-grade B cell non-

Hodgkin lymphomas is increased copy number or amplification, although the prognostic 

value of this finding is unclear (Stasik, et al 2010, Testoni, et al 2011, Valera, et al 2013, 

Yoon, et al 2008), which may be due in part to small numbers of these patients studied.
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Through a multicenter analysis, we aimed to determine the impact of clinicopathologic 

characteristics and treatment received on survival of DLBCL and BCLU patients with SHL 

as well as MYC-amplified lymphoma (MYC amp). We also compared the outcomes of these 

patients to those with lymphomas not demonstrating MYC rearrangement or amplification 

by fluorescence in situ hybridization (FISH) (MYC normal) and DHL.

Methods

Patients

Cases of SHL, defined as the presence of MYC rearrangement and/or translocation by 

conventional cytogenetics or FISH along with the absence of BCL2 and BCL6 
rearrangement by FISH, as well as cases of MYC amp lymphoma, defined per prior 

publications (Mossafa, et al 2006, Valera, et al 2013) as >4 copies of MYC by FISH 

regardless of BCL2 and BCL6 FISH results, were collected from 13 United States-based 

academic centers. For the purpose of comparing survival outcomes, all known cases of MYC 

normal lymphoma and DHL were also collected from the University of Pennsylvania and 

Northwestern University. Inclusion criteria included age 18–90 years, DLBCL or BCLU 

histologic classifications and front-line treatment with either R-CHOP or intensive induction 

therapy, defined as either rituximab-EPOCH (etoposide, prednisone, vincristine, 

cyclophosphamide, and doxorubicin), rituximab-hyper-CVAD (hyperfractionated 

cyclophosphamide, vincristine, doxorubicin, and dexamethasone alternating with 

methotrexate and cytarabine), or rituximab-CODOX-M/IVAC (cyclophosphamide, 

vincristine, doxorubicin, and high-dose methotrexate, alternating with ifosfamide, etoposide, 

and cytarabine). All MYC normal patients included received R-CHOP. Patients with 

inadequate clinicopathologic and survival data as well as those known to have human 

immunodeficiency virus (HIV) were excluded. Cases with both MYC rearrangement and >4 

copies of MYC as detected by FISH (n=3) were also excluded. Only one case of MYC 

normal BCLU meeting inclusion criteria was identified and was excluded due to small 

sample size. Cell of origin classification was defined per Hans algorithm (Hans, et al 2004). 

When staging bone marrow aspiration and biopsy was not performed, patients with 

lymphomatous involvement of the peripheral blood by high-grade lymphoma were 

considered to have bone marrow involvement, while patients with no abnormal FDG uptake 

in the bones were considered not to have bone marrow involvement by high grade 

lymphoma (Cheson, et al 2014). Cases were reviewed by hematopathologists at each 

academic medical center. Criteria for performance of FISH for cases of DLBCL and BLCU 

were per the policy of each center. Therapy was prescribed at the discretion of the treating 

physician. Data were censored in March 2016.

Statistical analysis

PFS was defined as the time from diagnosis until disease progression or death and OS was 

defined as the time from diagnosis until death from any cause. Disease progression was 

defined as either evidence of relapse or increase in disease burden for a patient with prior 

disease response, or change in therapy due to lack of disease response in patients without 

prior disease response. Disease response was defined by the Revised Response Criteria for 

Malignant Lymphoma (Cheson, et al 2007). Categorical data were analyzed by Fisher’s 
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exact test and continuous variables by the Wilcoxon-Mann-Whitney test. PFS and OS curves 

were plotted using Kaplan Meier estimates and survival analysis performed using the log-

rank test. Univariate analysis was performed using Cox proportional-hazards regression. 

Statistical significance was defined as a two-tailed p value of <0.05. All statistical analyses 

were performed using Stata version 13 (StataCorp, College Station, TX, USA). This 

protocol was approved by the institutional review board of each participating center.

Results

SHL patients

Baseline characteristics for SHL patients are shown in Table I. For 87 SHL patients with a 

median length of follow-up of 28.9 months (range 0.5–84.5 months), the rate of 2 year (2y) 

PFS (n=73) was 49% and 2yOS 59%. Front-line therapy received was R-CHOP in 27 

patients and intensive induction in 60 patients. As depicted in Fig. 1, 2yPFS was 23% for 

SHL patients receiving R-CHOP as compared with 59% for those receiving intensive 

induction (P=0.006) and 2yOS 50% and 63%, respectively (P=0.22). When classifying SHL 

patients by R-IPI score of 0, 1–2 and 3–5 (Sehn, et al 2007), 2yPFS was 100%, 77% and 

31%, while 2yOS was 100%, 81% and 43%, respectively (P<0.001 and P=0.002, 

respectively) (Fig. 1). Given similar 2yPFS and 2yOS for patients with R-IPI scores of 0 and 

1–2 (P=0.27 and P=0.36, respectively), patients were further classified as R-IPI score of <3 

and ≥3. For patients with R-IPI <3, 2yPFS was 82% and 2yOS 84% and did not differ 

significantly based on receipt of R-CHOP as compared with intensive induction (50% vs. 

84%, P=0.20 for 2yPFS and 67% vs. 86%, P=0.34 for 2yOS). For patients with R-IPI ≥3, 

2yPFS was 31% and 2yOS 43% and also did not differ significantly based on receipt of R-

CHOP as compared with intensive induction (23% vs. 36%, P=0.46 for 2yPFS and 47% vs. 

41% for 2yOS, P=0.93) (Fig. 1).

Univariate analysis of baseline characteristics for SHL patients is shown in Table II. 

Characteristics predictive of 2yPFS were elevated LDH, stage III–IV disease, ECOG 

performance status (PS) ≥2, ≥2 sites of extranodal disease, age >60 and bone marrow 

involvement. Characteristics predictive of 2yOS were stage III–IV disease, ECOG PS ≥2, 

elevated LDH, bone marrow involvement, ≥2 sites of extranodal disease, age >60 and 

presence of B symptoms. Of note, receipt of R-CHOP as compared with intensive induction 

was associated with a HR of 2.5 for 2yPFS (95% CI 1.3–5.1, P=0.009) but was not 

predictive of 2yOS.

Thirty-six SHL patients demonstrated evidence of MYC translocation with IgH (n=34) or 

IgK (n=2) and were further classified as MYCIg. For MYCIg patients, 2yPFS (n=29) was 

29% and similar for those receiving R-CHOP as compared with intensive induction (29% for 

both, P=0.94), while 2yOS was 42% and also did not differ by receipt of R-CHOP as 

compared with intensive induction (32% vs. 47% respectively, P=0.27) (Fig. 2).

MYC amp patients

Baseline characteristics for MYC amp patients are shown in Table I. For 22 MYC amp 

patients with a median length of follow-up of 28.0 months (range 0.5–132.4 months), 2yPFS 
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(n=22) was 48% and 2yOS 71%. Front-line therapy received was R-CHOP in 12 patients 

and intensive induction in 10 patients. As depicted in Fig. 3, receipt of R-CHOP as 

compared with intensive induction resulted in similar 2yPFS (47% vs. 49%, P=0.93) and 

2yOS (71 vs. 73%, P=0.91) for MYC amp patients. When analyzing the subgroup of MYC 

amp patients who also demonstrated rearrangement of BCL2 and/or BCL6 (n=8), the 2yPFS 

was 16% and 2yOS 71% for this cohort, and did not differ significantly based on treatment 

with R-CHOP (n=3) or intensive induction (n=5), (2yPFS 0% vs. 33%, P=0.41 and 2yOS 

67% for both, P=0.89).

Univariate analysis of baseline characteristics for MYC amp patients revealed that only 

ECOG PS ≥2 was predictive of 2yPFS as well as 2yOS (data not shown).

All patients

Baseline characteristics for MYC normal and DHL patients are shown in Table I. The 

median length of follow-up for all patients was 19.9 months (range 0.5–156.1 months). 

MYC normal patients experienced a 2yPFS of 70% (n=125) and 2yOS of 79% and DHL 

patients (36% treated with R-CHOP and 64% with intensive induction) experienced a 2yPFS 

of 33% (n=45) and 2yOS of 37%. As depicted in Fig. 4, both 2yPFS and 2yOS were 

significantly lower for SHL as compared with MYC normal patients (P=0.004 and P<0.001, 

respectively) but similar for MYC amp as compared with MYC normal patients (P=0.06 and 

P=0.25, respectively). When compared with DHL patients, 2yPFS and 2yOS were similar 

for both SHL (P=0.13 and P=0.12, respectively) and 2yPFS for MYC amp patients (p=0.24); 

however, 2yOS was significantly higher for MYC amp patients (P=0.04). For SHL patients 

with DLBCL histologic classification, 2yPFS was 53% (28% for R-CHOP patients and 67% 

for intensive induction patients) and 2yOS was 62% (49% for R-CHOP patients and 72% for 

intensive induction patients). When compared with MYC normal patients, 2yPFS and 2yOS 

were significantly lower for SHL DLBCL patients receiving R-CHOP (P<0.001 for both) 

but similar for SHL DLBCL patients receiving intensive induction (P=0.85 and P=0.21, 

respectively) (Fig. 4). For SHL patients with BCLU histologic classification, 2yPFS was 

41% (0% for R-CHOP patients and 49% for intensive induction patients, P=0.03) and 2yOS 

was 47% (50% for R-CHOP patients and 53% for intensive induction patients). As 

previously mentioned, only one case of BCLU without MYC rearrangement was identified, 

so a survival analysis of BCLU patients based on MYC rearrangement status could not be 

performed.

Discussion

Here we report the largest series of SHL and MYC amp patients and demonstrate the poor 

prognosis for patients with SHL. The 2yPFS and 2yOS for these patients was similar to that 

of DHL patients and inferior to that of MYC normal patients, even when excluding SHL 

patients with BCLU to allow for comparison of SHL DLBCL patients to MYC normal 

patients (all with DLBCL and received R-CHOP). While 2yPFS and 2yOS were 

significantly lower for SHL DLBCL patients receiving R-CHOP as compared to MYC 

normal patients, 2yPFS and 2yOS were similar for SHL DLBCL patients receiving intensive 

induction as compared to MYC normal patients. The latter finding suggests that receipt of 
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intensive induction therapy may overcome the poor prognosis associated with SHL in 

DLBCL patients. Another important finding is that while SHL patients treated with intensive 

induction achieved a significantly higher 2yPFS and a higher (but non-statistically 

significant) 2yOS as compared to SHL patients treated with R-CHOP, SHL patients with R-

IPI score ≥3 and evidence of MYC translocation with an Ig partner appear to have a poor 

prognosis which is not significantly improved by receipt of intensive induction.

Our findings regarding SHL patients are similar to those in other published pathologic series 

also incorporating patients with both DLBCL and BCLU histologic classifications. Sixty-

one DLBCL/BCLU SHL patients treated at the MD Anderson Cancer Center experienced a 

2yOS of 41% which was not significantly different from that of DHL patients (Li, et al 
2015). Additionally, 31 SHL patients captured within the Molecular Mechanisms in 

Malignant Lymphomas Network were reported to have similar survival to that of DHL 

patients (Aukema, et al 2014). However, a report of 17 SHL DLBCL patients treated at the 

University of Nebraska suggests a similar prognosis to that of a comparison group of 

DLBCL patients without MYC rearrangement, and both of these cohorts experienced 

prolonged survival as compared with DHL patients (Caponetti, et al 2015). In the context of 

these reports, our series is of importance due to analysis of a larger cohort of SHL patients as 

well as reporting of outcomes based on clinical characteristics and therapy received. 

Similarities in genomic complexity between SHL and DHL patients as previously suggested 

(Aukema, et al 2014) may explain the similar survival outcomes experienced by SHL and 

DHL patients in our series. Future pathologic studies of SHL and DHL patients should focus 

on molecular analysis of these subtypes of MYC-rearranged lymphoma.

The poor prognosis of MYCIg patients demonstrated in our series is validated by other 

published reports. A Danish series identified 12 DLBCL patients with MYC translocated to 

an immunoglobulin gene partner who experienced significantly reduced OS when compared 

with patients with MYC translocated to a non-immunoglobulin gene partner or without 

MYC translocation (Pedersen, et al 2014). A publication from the GELA/LYSA describing 

24 DLBCL/BCLU patients with MYC translocated to an immunoglobulin gene partner 

reported inferior OS for these patients as compared with patients demonstrating MYC 
translocated to a non-immunoglobulin gene partner, the latter of whom experienced similar 

OS to that of patients without MYC translocation (Copie-Bergman, et al 2015). Our series is 

of importance due to the inclusion of a larger number of patients with an identifiable MYC 
translocation partner (N=36) as well as analysis of survival outcomes based on therapy 

received.

In regard to MYC amp patients (n=22), our analysis demonstrated a 2yPFS of 48% and 

2yOS of 71% for this cohort which did not differ significantly by front-line therapy received. 

The 2yOS rate of patients captured in our analysis is higher than that of 48% reported for 8 

DLBCL patients with MYC increased copy number reported by the University of Arizona 

(Stasik, et al 2010). Also, our finding of similar 2yOS for MYC amp as compared with 

MYC normal patients differs from that of a South Korean analysis, which demonstrated 

significantly shorter OS for 11 DLBCL patients with MYC increased copy number as 

compared with those without MYC rearrangement or increased copy number (Yoon, et al 
2008). To the contrary, results from a European series suggest that MYC increased copy 
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number does not predict for reduced survival in the absence of concurrent del(8p) (Testoni, 
et al 2011). Interestingly, we demonstrate a relatively low 2yPFS (18%) but high 2yOS 

(67%) for 8 MYC amp patients with concurrent rearrangement of BCL2 and/or BCL6, 

which differs from a prior report demonstrating a median OS of approximately 1 year for 

these patients (Li, et al 2012). Even though our analysis of MYC amp patients is the largest 

reported, we feel that the prognosis of increased copy number of MYC for DLBCL and 

BCLU patients remains unclear, and a larger sample size of patients would need to be 

studied to determine the prognostic significance of factors such as degree of copy number 

increase, histologic classification and therapy received.

Our study is not without limitations. First, as screening of all DLBCL and BCLU cases for 

MYC rearrangement and/or copy number change was not the practice of all participating 

centers, we cannot exclude the possibility that selection bias influenced the decision to test 

specific cases. We are unaware of any large series of SHL and MYC amp patients who were 

identified by random testing to compare to our series. However, the distribution of the 

baseline characteristics of age >60, stage III–IV disease, LDH >normal and ≥2 sites of 

extranodal disease in our DHL cohort are very similar to those of a previously-published 

unselected DHL cohort (Johnson, et al 2009). Similarly, distribution of these characteristics 

seen in our MYC normal cohort also appears similar when compared to previously-

published unselected cohorts of DLBCL patients not demonstrating MYC rearrangement 

(Klapper, et al 2008, Savage, et al 2009). Second, diagnostic tissue specimens were not 

centrally reviewed. Nevertheless, cases were reviewed locally by hematopathologists at 

academic medical centers which we believe indicates high-quality interpretation and 

reporting of results. Finally, front-line therapy received by patients was not dictated by a 

specific protocol.

In conclusion, treatment with front-line intensive induction therapy may improve survival 

outcomes for SHL patients, and in those with DLBCL, overcome the poor prognosis 

associated with the presence of sole MYC rearrangement. The prognosis for MYC amp 

patients appears more favorable and not altered by receipt of intensive induction therapy, 

although a relatively small sample size of these patients analyzed in our series may limit the 

accuracy of this finding. It is apparent that certain clinicopathologic features, such as 

elevated R-IPI score and evidence of MYC translocation to an Ig partner, may predict for 

poor prognosis in SHL patients, even when treated with intensive induction. Ongoing 

research efforts to identify patients with MYC-altered lymphomas at risk for treatment 

failure with available front line immunochemotherapy regimens, as well as the feasibility 

and benefit of incorporating novel non-cytotoxic agents into such regimens for these 

patients, are warranted.
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Fig. 1. Survival outcomes for SHL patients
Progression free survival (A) and overall survival (B) for SHL patients by front-line therapy 

received. Progression free survival (C) and overall survival (D) for SHL patients by R-IPI 

score. Progression free survival (E) and overall survival (F) for SHL patients by R-IPI score 

and front-line therapy received. II indicates intensive induction.
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Fig. 2. Survival outcomes for SH MYCIg patients
Progression free survival (A) and overall survival (B) for SHL MYCIg patients by front-line 

therapy received. II indicates intensive induction.
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Fig. 3. Survival outcomes for MYC amp patients
Progression free survival (A) and overall survival (B) for MYC amp patients by front-line 

therapy received. II indicates intensive induction.
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Fig. 4. Survival outcomes for all patients
Progression free survival (A) and overall survival (B) for all patients by front-line therapy 

received. Progression free survival (C) and overall survival (D) for MYC normal and SHL 

DLBCL patients by front-line therapy received. II indicates intensive induction.
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Table I

Patient clinicopathologic characteristics.

MYC normal (n = 127) SHL (n = 87) MYC amp (n = 22) DHL (n = 45)

Sex

 Male 64 (50%) 57 (66%) 13 (59%) 24 (53%)

 Female 63 (50%) 30 (34%) 9 (41%) 21 (47%)

Age

 Median 62 57 53 60

 ≤60 59 (46%) 48 (55%) 14 (64%) 20 (44%)

 > 60 68 (54%) 39 (45%) 8 (36%) 25 (56%)

Lactate dehydrogenase

 Normal 44 (35%) 17 (20%) 5 (23%) 7 (16%)

 >Normal 62 (49%) 59 (68%) 13 (59%) 31 (68%)

 Unknown 21 (16%) 11 (12%) 4 (18%) 7 (16%)

Stage

 I–II 59 (46%) 20 (23%) 2 (9%) 11 (24%)

 III–IV 67 (53%) 67 (77%) 20 (91%) 34 (76%)

 Unknown 1 (1%)

ECOG performance status

 <2 111 (87%) 57 (66%) 18 (82%) 36 (80%)

 ≥2 9 (7%) 20 (23%) 3 (14%) 7 (16%)

 Unknown 7 (4%) 10 (11%) 1 (4%) 2 (4%)

Bone marrow involvement

 No 106 (83%) 44 (51%) 14 (64%) 27 (60%)

 Yes 18 (14%) 40 (46%) 7 (32%) 14 (31%)

 Unknown 3 (3%) 3 (3%) 1(4%) 4 (9%)

Extranodal sites of disease ≥2

 No 87 (69%) 37 (43%) 13 (59%) 29 (64%)

 Yes 38 (30%) 50 (57%) 9 (41%) 16 (36%)

 Unknown 2 (1%)

B symptoms

 No 91 (72%) 47 (54%) 15 (68%) 29 (64%)

 Yes 32 (25%) 38 (44%) 7 (32%) 14 (31%)

 Unknown 4 (3%) 2 (2%) 2 (5%)

Histologic classification

 DLBCL 127 (100%) 54 (62%) 17 (77%) 37 (82%)

 BCLU 33 (38%) 5 (23%) 8 (18%)

Ki67 % expression

 Median 80 90 80 80

 <90 61 (48%) 16 (18%) 10 (46%) 30 (67%)

 ≥90 36 (28%) 56 (64%) 8 (36%) 10 (22%)

 Unknown 30 (24%) 15 (18%) 4 (18%) 5 (11%)
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MYC normal (n = 127) SHL (n = 87) MYC amp (n = 22) DHL (n = 45)

Cell of origin

 Non-germinal center 41 (32%) 12 (14%) 7 (32%) 5 (11%)

 Germinal center 71 (56%) 62 (71%) 12 (55%) 39 (87%)

 Unknown 15 (12%) 13 (15%) 3 (13%) 1 (2%)

R-IPI score

 0 16 (12%) 6 (7%) 1 (4%) 3 (7%)

 1–2 56 (44%) 25 (29%) 11 (50%) 18 (40%)

 3–5 45 (35%) 49 (56%) 9 (42%) 19 (42%)

 Unknown 10 (9%) 7 (8%) 1 (4%) 5 (11%)

DLBCL, diffuse large B cell lymphoma; BCLU, B cell lymphoma unclassifiable with features intermediate between diffuse large B cell lymphoma 
and Burkitt lymphoma; R-IPI, Revised-International Prognostic Index
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Table II

Univariate Cox Regression Analysis for SHL patients.

Progression at 2 years Survival at 2 years

P-value HR (95% CI) P-value HR (95% CI)

Sex (male vs. female) 0.37 0.44

Age ≥60 (yes vs. no) 0.007 2.6 (1.3–5.3) 0.006 2.8 (1.3–5.8)

ECOG PS ≥2 (yes vs. no) <0.001 3.9 (1.8–8.3) <0.001 5.2 (2.3–11.6)

Bone marrow involvement (yes vs. no) 0.01 2.5 (1.2–5.2) <0.001 4.6 (2.0–10.8)

≥2 sites of extranodal disease (yes vs. no) 0.01 2.8 (1.2–6.2) 0.008 3.1 (1.3–7.3

B symptoms (yes vs. no) 0.07 0.03 2.3 (1.1–4.9)

Ki67 % expression at least 90 (yes vs. no) 0.68 0.35

Histologic classification (BCLU vs. DLBCL) 0.34 0.31

Cell of origin (GCB vs. non-GCB) 0.85 0.31

LDH >normal (yes vs. no) 0.03 9.6 (1.3–71.0) 0.04 4.7 (1.1–19.6)

Stage (I–II vs. III–IV) 0.005 7.7 (1.9–32.4) 0.02 5.6 (1.3–23.4)

HR, hazard ratio; CI, confidence interval; BCLU, B cell lymphoma unclassifiable with features intermediate between diffuse large B cell 
lymphoma and Burkitt lymphoma; DLBCL, diffuse large B cell lymphoma; GCB, germinal center B cell
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