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Clinical Controversies of Double-Hit Lymphoma
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Introduction
Double-hit lymphomas (DHLs), as currently defined by the World 
Health Organization classification, are those lymphomas express-
ing the co-occurrence of MYC and BCL2 or BCL6 rearrange-
ment as detected by fluorescence in situ hybridization (FISH) or 
standard cytogenetics.1 DHLs are not restricted to any particular 
histologic subtype of lymphoma, although most of the available 
data are restricted to diffuse large B-cell lymphoma (DLBCL). 
The presence of cytogenetic abnormalities in addition to MYC 
rearrangement, such as BCL2 or BCL6 rearrangements, general-
ly excludes the diagnosis of Burkitt lymphoma. Aberrant MYC 
expression is associated with uncontrolled cell growth, division, 
and metastasis.2 BCL2 is an anti-apoptotic gene, which when 
dysregulated can lead to extended cell survival.3 BCL6 normal-
ly encodes a transcriptional repressor, and when overexpressed 
can downregulate several other genes, including the p53 tumor 
suppressor gene, which subsequently allows DNA-damaged cells 
to escape from apoptosis.4 Theoretically, lymphomas that harbor 
mutations that lead to both uncontrolled cell growth and an-
ti-apoptotic activity demonstrate enhanced survival of malignant 
cells.5 

Clinical data support the predicted aggressive behavior of 
DHLs. Nineteen patients (4.8%) in the Adult Lymphoma Treat-
ment Study Group with de novo DLBCL with both MYC and 
BCL2 translocations were identified. The dual translocation 
was observed more frequently in patients with high lactate dehy-

drogenase (LDH), B symptoms, bone marrow involvement, and 
advanced stage. Progression-free survival (PFS; 0%) and overall 
survival (OS; 23.3%) rates were significantly lower in patients 
with the dual translocation than in those with other transloca-
tion (compared with PFS rates 36.1% to 69.8% and OS rates 
65.2% to 83.7%; P =.001 for all comparisons).6 

A single-center analysis of 53 patients with DLBCL identified 
17 cases of DHL by FISH or metaphase karyotyping. Median OS 
was significantly shorter for DHL compared with non-DHL (8.2 
vs 56.8 months; P <.001).7 Another study identified 54 (4%) of 
1260 patients with lymphoma with dual translocation by FISH. 
This group was more likely to have bone marrow involvement, 
a high International Prognostic Index (IPI) score, and to have 
demonstrated a median OS of less than 1 year.5 MD Anderson 
reported its experience with 129 cases of DHLs. The 2-year event-
free survival (EFS) was much lower than reported outcomes in 
patients with DLBCL and was reported as 25%, 67%, and 32% 
in patients who received R-CHOP (rituximab, cyclophospha-
mide, doxorubicin, vincristine, and prednisone), R-EPOCH (rit-
uximab, etoposide, prednisone, vincristine, cyclophosphamide, 
and doxorubicin), and R-Hyper-CVAD/MA (rituximab-hyper-
fractionated cyclophosphamide, vincristine, doxorubicin, and 
dexamethasone/methotrexate-cytarabine), respectively.8 

As a result of the poor clinical outcomes in this subset of  
DLBCL, much research interest has been directed at DHL in the 
past few years. Many clinical controversies in diagnosis and treat-
ment surround this subtype of lymphoma, and this article’s aim 
is to review and provide our input regarding these controversies. 

Controversy #1: Is the current definition of “double-hit” lym-
phoma adequate?
We argue that the current definition of “double-hit” lymphoma 
does not encompass all clinically or pathologically distinct sub-
types. MYC, BCL2, and BCL6 rearrangements can be detected by 
FISH or cytogenetics; however, the genes can also be amplified, 
mutated, or overexpressed as detected by immunohistochemis-
try (IHC) or comparative genome hybridization. Many studies 
have investigated the clinical impact of “double-protein”-ex-
pressing lymphoma as detected by IHC, and also found neg-
ative clinical implications (Table)9-14 as observed in “double-hit” 
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lymphoma (as detected by FISH). The use of IHC is an appealing 
alternative to FISH, as FISH is not always readily available, and 
is costly and time-consuming. However, traditional IHC tech-
niques and scoring are performed visually by pathologists and 
have been reported to be quite variable. Additionally, optimal 
cutoff points between positive and negative IHC stains have not 
been firmly established. 

In published data of the double-protein-expressing DLBCL, 
most studies have considered the sample to be MYC-positive 
if the IHC stains demonstrate ≥40% MYC-expressing cells. 
However, the cutoff point is more discordant for BCL2 positiv-
ity with studies reporting values of  ≥30% to ≥70% BCL2-pos-
itive cells (Table).5,9,10,12-14 We consider ≥40% MYC-positive 
cells with ≥70% BCL2-positive cells to be a double-protein-ex-
pressing DLBCL. The Figure depicts a representative pathology 
sample of a double-protein-expressing DLBCL.

Controversy #2: Should all patients with DLBCL be tested to 
determine whether they have DHLs?
We argue that all DLBCL patient pathology samples should be 
tested for MYC, BCL2, and BCL6 translocations and by IHC 
because there are adverse clinical implications for these patients 
that will require alternate or targeted treatment approaches (See 
“Controversy #4”). We have described the adverse clinical im-
plications for patients with both traditional double-hit DLBCL 
and double-protein-expressing DLBCL in the Introduction. 
Emerging evidence shows that although these 2 patient groups 
have lower PFS and OS, a patient with double-protein-expressing 
DLBCL may not have DHL. In a combined data set of 290 pa-
tients with DLBCL initially treated with RCHOP, 14 cases (5%) 
of DHL were detected. These patients had worse 5-year PFS and 
OS rates (18% and 27%, respectively) than the remaining pa-
tients who were double-protein-expressing (n = 55; 5-year PFS = 

Table.  Retrospective Studies Detailing Methods of Diagnosis and Outcomes for Patients With 
Double-Protein-Expressing Lymphoma

DE indicates double protein expressor; EFS, event-free survival; IHC, immunohistochemistry; OS, overall survival; PFS, progression-free 
survival; R-ACVBP, rituximab, doxorubicin, cyclophosphamide, vindesine, bleomycin, prednisone; R-CHOP, rituximab, cyclophosphamide, 
doxorubicin, vincristine, prednisone; R-EPOCH, rituximab, etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin.

aCompared with patients without double protein expression.
bValidation cohort.
cR-CHOP/R-miniCHOP: n = 433; R-ACVBP: n = 237.

authors IHC Cutoff 
MYC+ (%)

IHC Cutoff 
bCl2+ (%)

N De (%) Regimen De Impact on 
PFSa

De Impact on 
OSa

Green et al9 ≥40 ≥70 193 29 R-CHOP 3-yr PFS 39% vs 
75% 

(P <.001)

3-yr OS 43% vs 
86% 

(P <.001)

Hu et al10 ≥40 ≥70 466 34 R-CHOP 5-yr PFS 27% vs 
73% 

(P <.001)

5-yr OS 30% vs 
75% 

(P <.001)

Johnson et al11 ≥40 ≥50 167 21 R-CHOP 5-yr PFS 21% vs 
63% 

(P = .020)b

5-yr OS 30% vs 
70% 

(P = .018)b

Molina et al12 ≥40 ≥70 670 21 R-CHOP/ 
R-miniCHOP
or R-ACVBPc

Decreased PFS 
(P = .003) 

Decreased OS
(P = .005)

Perry et al13 ≥50 ≥30 106 44 CHOP+/-R Independent pre-
dictor of EFS  
(P = .0017)

Independent 
predictor of OS  

(P <.001)

Dunleavy et al14 ≥40 Same or more 
intense staining 
as T-cell control

66 20 R-EPOCH 10-yr PFS = 67.5%; 
10-yr PFS not infe-
rior to other groups 

(P = .5)

10-yr OS = 75%; 
10-yr OS not 

inferior to other 
groups (P = .8)
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32%; 5-year OS = 36%; P <.05). Additionally, both groups had 
lower 5-year PFS and OS when compared with patients with-
out double-hit or double-protein-expressing disease (n = 236; 
5-year PFS = 65%; 5-year OS = 71%; P 0.05).11 These data in-
dicate that there may be a difference in these 2 patient groups 
that may require different targeted treatment strategies, as 
described below. 

Some proponents of limiting the amount of patients evalu-
ated for DHL have suggested restricting evaluation to patholo-
gy samples that have a high Ki67 index (or MiB-1 IHC stain-
ing), based on an initial study that demonstrated patients with 
MYC-aberrant DLBCL were more likely to have a Ki67 index 
>80%.15 However, subsequent studies have found that Ki67 in-
dex cannot be used as a baseline predictive factor for double-hit 
status.7, 11 One study found that only 1 out of 14 confirmed cases 
of double-hit lymphoma had a Ki67 index >90%.11 These data 
suggest that testing for double-hit or double-protein-expressing 
lymphoma should not be limited to those DLBCL samples with 
high-proliferation indices. 

Another argument has been to limit testing for double-hit or 
double-protein-expressing DLBCL to those samples that have a 
germinal center B-cell–like (GCB) cell of origin as initial stud-
ies reported that MYC-rearranged DLBCL16,17 and FISH-defined 
double-hit DLBCL18 were strongly associated with GCB deriva-
tion. However, a large study of 893 patients demonstrated that 
double-protein-expressing lymphomas were more likely to have 
activated B-cell (ABC) cell of origin.10 Therefore, until a clear-
cut way to predict which DLBCL sample will be a double-hit 
or double-protein-expressing lymphoma, we feel that all DLBCL 
samples should be closely scrutinized for rearrangements and 
protein expression.

Controversy #3: Should all patients receive intrathecal prophy-
laxis for central nervous system disease?
A clinical dilemma is whether these patients require central ner-
vous system (CNS) prophylaxis. Multiple cases of an increased in-
cidence of CNS involvement have been reported. A small study 
described 40 patients with DLBCL with leukemic-phase disease, 
14 of whom had CNS disease. Eight of these patients had 
FISH-confirmed double-hit lymphoma. In logistic regression 
analysis, double-hit status was found to be the one independent 
factor correlated with CNS involvement.19 In the MD Anderson 
experience, the incidence of CNS involvement at diagnosis was 
4%, with a cumulative incidence of CNS involvement of 13% at 
3 years. In patients who did not have documented CNS disease 
at the time of diagnosis, the incidence of eventual CNS involve-
ment was lower in those receiving prophylactic intrathecal ther-
apy (5% at 3 years) than in those who did not (15% at 3 years; 
P =.017).8 At this time, secondary to the paucity of data, we can 
make no firm recommendations about using CNS prophylaxis 
in this set of patients, but feel that these data indicating a potential 

higher risk of CNS disease should be discussed with the patient, 
along with the risks of intrathecal chemotherapy administration.

Controversy #4: What are the best treatment options for pa-
tients with double-hit or double-protein-expressing lymphoma?
As described in the Introduction, prognosis for this patient 
group when treated with standard DLBCL therapy of R-CHOP 
is guarded, and novel approaches are needed to improve survival 
in this group. Strategies previously investigated for this patient 
group include intensification of induction regimens and/or im-
mediate consolidation with autologous or allogeneic stem cell 
transplantation (SCT). From the start, this strategy is hampered 
by the typical demographics of this group, in which elderly pa-
tients—the majority with comorbid conditions—are heavily over-
represented.11 Additionally, published data to guide treatment 
options for this group is limited to mostly small retrospective 
studies, the majority with a focus on FISH-defined DHL. Many 
of these studies have contradictory findings. 

Data evaluating the need for a more intensive induction che-
motherapy are described by several small retrospective analyses. 
In a single-center analysis, 33 patients with DHL received thera-
py with R-CHOP (n = 15), R-EPOCH (n = 12), or R-CODOX-M/
IVAC (n = 6; rituximab-cyclophosphamide, vincristine, doxoru-
bicin with methotrexate/ifosfamide, etoposide, and cytarabine). 
Although this was a small retrospective analysis, the median PFS 

FIGURe. Representative Pathology Sample 
Depicting Double Protein Expressing Diffuse 
Large B Cell Lymphoma

A. Hematoxylin and eosin staining
B. MYC immunohistochemical (IHC) staining (~70% positive 

in this sample)
C. MIB-1 IHC staining (~90% positive in this sample)
D. BCL2 IHC staining (~80% positive in this sample)
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and OS for patients who received R-EPOCH were 21 and 34 
months, respectively, compared with 6 and 8 months for pa-
tients who received RCHOP, and 6 and 7 months for patients 
who received R-CODOX-M/IVAC. This small study indicated 
a possible improvement in clinical outcomes for patients with 
DHL who receive therapy with R-EPOCH.20 In another small 
single-center analysis, 31 patients with DHL received therapy 
with R-CHOP (n = 15), R-EPOCH (n = 8), R-Hyper-CVAD 
(n = 6), or other (n = 2). This study demonstrated no statistical 
difference in PFS or OS when comparing R-CHOP with the oth-
er regimens. However, this study was small and restricted by the 
low number of patients.21 

Additional small retrospective studies have attempted to an-
swer the question of whether consolidation with SCT should 
be required for patients with DHL. One small study supporting 
the use of SCT for this population included 36 patients with 
DHL where 24 patients (66%) were treated with a dose-intense 
(DI) induction regimen (R-Hyper-CVAD, R-EPOCH, or R-CO-
DOX-M/IVAC) and 12 patients (33%) received a standard-dose 
(SD) induction regimen (R-CHOP or R-CHOP–like). The group 
found a statistically significant increase in the PFS of patients 
treated with a DI (46 months) versus SD regimen (8 months; 
HR = .26; P =.005). Within the DI group, 42% of the patients 
underwent SCT (73% allogeneic). Of the patients who received 
DI and SCT, there was additional increase in OS compared with 
patients who received SD; this was not seen in the patients who 
received DI and did not receive SCT. However, this study is likely 
limited by small numbers and generally favorable patient char-
acteristics in those patients selected for intensive induction and 
SCT.22 

In contrast, other small studies do not support a survival ad-
vantage for the patients who receive SCT as a frontline therapy 
for DHL. A retrospective study of 52 patients with DHL was 
reported with 19 patients who received R-CHOP and 30 pa-
tients who received aggressive therapy with the R-Hyper-CVAD 
regimen. Eleven patients went on to autologous SCT. There was 
no statistically significant difference in PFS or OS between the 
patients who received R-Hyper-CVAD or other treatments and 
those who underwent SCT versus no SCT.18 In a retrospective 
review of 27 patients with DHL, 20 patients received treatment 
with an aggressive regimen of R-CODOX-M/IVAC, with the 
remainder receiving R-CHOP–like regimens. Fourteen patients 
went on to receive SCT (7 autologous and 7 allogeneic). Over-
all, the 2-year EFS was 35%. For patients who received R-CO-
DOX-M/IVAC and those who received this regimen followed by 
SCT, the 2-year EFS was 37% and 43%, respectively.23 These pa-
tients were likely highly selected for good performance status but 
did not have improved survival despite the aggressive therapy. 

In a retrospective study of 54 patients with DHL, 6 patients 
received high-dose chemotherapy with or without SCT; howev-
er, this group had similar poor outcomes compared with those 

patients (n = 14) treated with palliative care (median survival, 3 
months vs 1 month, respectively; P >.05).5 

Two large retrospective studies support the notion that regard-
less of induction regimen or SCT, achieving a complete response 
(CR) to induction therapy is a more accurate prognostic factor 
than the choice of therapy. In MD Anderson Cancer Center’s 
experience of 129 patients with DHL, CR rates in response 
to frontline R-EPOCH (68%) or R-Hyper-CVAD/M (68%) 
were higher than those observed among patients who received 
R-CHOP (40%; P ~.01 for both comparisons). Interestingly, 
despite a higher CR rate after R-Hyper-CVAD/M, the clinical 
outcomes were similar between these patients and those who 
received R-CHOP. In contrast, patients receiving R-EPOCH 
demonstrated a longer EFS (P =.004) and OS (P =.057) than 
those patients who received R-CHOP. In patients who achieved 
a CR with induction therapy (n = 71), the 2-year OS rates were 
70% and not statistically different between patients who did (n = 
23) or did not (n = 48) receive SCT.8 

The largest retrospective study of patients with DHL described 
311 patients treated at 23 academic centers. Of the patients, 32% 
(n = 100) received R-CHOP, 21% (n = 64) R-EPOCH, 21% (n = 
65) R-Hyper-CVAD, 14% (n = 42) R-CODOX-M/IVAC, 3% (n 
= 9) RICE (rituximab, ifosfamide, carboplatin, etoposide), and 
10% (n = 31) other. After achieving CR, 53 patients (17%) went 
on to receive SCT (autologous, n = 39). Although PFS was pro-
longed for patients who received any intensive induction regi-
men compared with R-CHOP (P =.001), OS was not statistically 
different between the 2 groups (P =.564). Among patients who 
achieved CR to frontline therapy, median OS was similar for 
those who were observed (103 months) and those who under-
went consolidation SCT of any type (OS not reached; P =.14). 
This study concluded that achievement of CR with induction 
therapy, a measure of chemotherapy sensitivity, was a more im-
portant predictive factor of outcome than type of induction ther-
apy or whether or not a patient received SCT.24 In summary, data 
gleaned from these retrospective studies indicate that:

•  A more-intensive induction regimen than R-CHOP is likely 
needed to induce CR in patients with DHL

•  CR appears to be a more predictive factor of outcome than 
choice of initial therapy 

•  Patients with DHL do not necessarily need to proceed di-
rectly to consolidation with SCT, especially those who can 
achieve CR with induction therapy 

In limited prospective data, the R-EPOCH regimen has come 
forth as a promising frontline treatment for patients with dou-
ble-hit or double-protein-expressing DLBCL. The NIH analyzed 
2 prospective studies of 59 patients with DLBCL who received 
R-EPOCH at their institution (10% with MYC rearrangement). 
They found no difference in 4-year EFS between patients with 
and without MYC rearrangement (83% vs 76%, respectively; P 
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=.46).25 The same group reviewed 66 patients with DLBCL who 
received R-EPOCH (20% double-protein-expressing) and found 
no difference in 10-year OS between double-protein-expressing 
patients versus all others.14 The NIH group led a multicenter 
prospective phase II study including 52 patients with MYC-re-
arranged DLBCL (BCL2 was rearranged in 14/31 and overex-
pressed by IHC in 24/43 cases tested). With a median follow-up 
of 14 months, this preliminary report described PFS and OS of 
79% and 77%, respectively. PFS was 87% and 64%, respectively, 
in cases that were FISH-positive and IHC-positive for BCL2.26

With a paucity of data using standard regimens, attention 
has turned to evaluation of these patient groups in clinical tri-
als. Intuitively, drugs that directly or indirectly interfere with 
MYC function are attractive therapeutic targets. Preclinical data 
showed that mammalian target of rapamycin (mTOR) complex 
1–dependent evasion of senescence is critical for cellular trans-
formation and tumor maintenance by MYC in B-lymphocytes.27 
In mouse models of MYC-associated lymphoma, mTOR inhibi-
tion demonstrated promising activity.28 In a phase II study, temsi-
rolimus (an mTOR inhibitor) demonstrated single-agent activity 
in DLBCL.29 Although preclinical data showed that an aurora 
A kinase inhibitor in combination with a histone deacetylase 
inhibitor enhanced lymphoma cell death through repression of 
C-MYC and C-MYC-responsive microRNAs,30 in a small clinical 
trial of this combination, the 3 patients with DHL developed 
progressive disease.31 MLN9708, a second-generation protea-
some inhibitor, degraded MYC and induced cell death at nano-
molar concentrations in preclinical lymphoma models32; howev-
er, a phase I trial in relapsed/refractory lymphoma showed only 
modest single-agent activity.33 Bromodomain and extraterminal 
proteins have demonstrated selective sensitivity toward MYC in-
hibition, and small-molecule inhibitors of this pathway may pres-
ent a future therapeutic option for MYC-associated lymphomas.

Another obvious druggable target is BCL2. ABT-199 is a 
platelet-sparing BCL2 inhibitor that has shown early success in 
chronic lymphocytic leukemia. As a single agent, a very prelimi-
nary report described responses to ABT-199 in 3 of the 8 patients 
with relapsed/refractory DLBCL treated in the higher-dose co-
horts.34 Recently published preclinical data showed that ABT-
199 may enhance the antitumor activity of chemotherapy agents 
including doxorubicin, cytarabine, and bortezomib in DHL cell 
lines.35 These data have prompted clinical investigation of ABT-
199 combinations; however, the trials are still in early stages. 

Other potentially interesting therapies for double-hit or 
double-protein-expressing lymphomas under early investigation 
include small-molecule inhibitors of BCL636 and chimeric anti-
gen receptor modified T-cells directed against CD19+ B-cells.37

As there are no definitive data to describe the best treat-
ment for these patients, our practice is to enroll these patients 
in a clinical trial if available. Outside of a clinical trial, dose-ad-
justed R-EPOCH is our preferred regimen. We do not routine-

ly refer patients for consolidation to SCT, especially those who 
achieve CR with induction chemotherapy. 
Conclusion
In summary, many diagnostic and clinical controversies surround 
double-hit and double-protein-expressing DLBCL. In our opin-
ion, although both double-hit and double-protein expressing 
lymphomas appear to have poor prognosis, these groups should 
be classified separately as they appear to have different clinical 
outcomes. We feel that all DLBCL should be tested for both dual 
translocation and dual protein-expressing status as treatment rec-
ommendations may differ from other DLBCL. Our practice is to 
enroll these patients in clinical trials when available; we prefer 
dose-adjusted R-EPOCH for treatment off-study. We do not rou-
tinely refer patients for consolidation to SCT, especially those 
who achieve CR with induction chemotherapy. Secondary to the 
increased incidence of CNS involvement of these lymphomas, 
CNS prophylaxis should at least be discussed with the patient. 
We strongly support investigation of new agents in this patient 
population.
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