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ABSTRACT: Lymphomas with recurrent chromosomal breakpoints activating multiple oncogenes, including MYC, BCL2, and BCL6 are often referred
to as “Dual Hit” or “Double Hit” lymphomas (DHL). In the updated classification for malignant lymphomas by the World Health Organization (WHO),
the novel category of “B-cell lymphoma unclassifiable with features intermediate between diffuse large B-cell lymphoma (DLBCL) and Burkitt’s lymphoma
(BL)” was proposed in an attempt to create a (temporary) container for aggressive mature B-cell lymphomas that should not be diagnosed as either BL or
DLBCL. DHL make up an important part of this novel WHO category, the other part representing heterogeneous cases of aggressive B-cell lymphoma
that have features of BL. DHL are highly aggressive lymphomas with generally poor response to first line and salvage treatment. Limited data is available
to guide therapeutic decisions, and despite aggressive measures including high dose (HD) chemotherapy followed by autologous hematopoietic cell trans-

plantation (AHCT), outcome is unsatisfyingly poor. Herein, we report a case of a patient with DHL and review the relevant literature.
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Introduction

Lymphomas with recurrent chromosomal breakpoints
activating multiple oncogenes, including MYC, BCL2, and
BCL6 are often referred to as “Dual Hit” or “Double Hit”
lymphomas (DHL). In the updated classification for malig-
nant lymphomas by the World Health Organization (WHO),
the novel category of “B-cell lymphoma unclassifiable with
features intermediate between diffuse large B-cell lymphoma
(DLBCL) and Burkitt’s lymphoma (BL) was proposed in an
attempt to create a (temporary) container for aggressive mature
B-cell lymphomas that should not be diagnosed as either BL
or DLBCL. DHL make up an important part of this novel
WHO category, the other part representing heterogeneous
cases of aggressive B-cell lymphoma that have features of
BL."” In a population-based cohort of 303 patients with pre-
viously untreated, de novo DLBCL, 245 were evaluable at

the MYC locus, and of these, 14% were found to have MYC
translocation. Of those with MYC rearrangements, 83% had
concurrent abnormalities of BCL2 and/or less commonly
BCL6. 'The majority of double-hit cases in this series were
“classic” MYC/BCL2 double-hit.?2 DHL are highly aggressive
lymphomas with generally poor response to first line and sal-
vage treatment, with a median overall survival (OS) of 0.2-1.5
years.>™ With a reported incidence of approximately 10-15%,
limited data is available to guide therapeutic decisions, and
despite aggressive measures including high dose (HD) che-
motherapy followed by autologous hematopoietic cell trans-
plantation (AHCT), outcome is unsatisfyingly poor.

Herein, we report a case of a patient with DHL treated
aggressively, still living and enjoying good quality of life
almost 2 years post-diagnosis. A review of the relevant litera-
ture is also discussed.
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Case Report

A man in his 50s presented to an outside facility with fatigue,
cervical lymphadenopathy, and increased lactate dehydroge-
nase (LDH = 369 U/L). Positron emission tomography scan
(PET/CT) revealed right cervical, supraclavicular, and axillary
lymphadenopathy. Complete blood count and renal function
were normal. Cervical lymph node biopsy revealed a B-cell lym-
phoma with t(14,18)(q32;q21) BCL2 and t(8;22)(q24;q11.2)
MYC translocation (Fig. 1); bone marrow biopsy was without
disease involvement; and diagnosis of Stage IIA DHL with an
International Prognostic Index (IPI) score 1, was made. DHL
seeming evolved from stage 1A DLBCL, diagnosed four years
earlier, after achieving complete remission following four cycles
of rituximab, doxorubicin, cyclophosphamide, vincristine, and
prednisone (R-CHOP) and an abbreviated course of radiation
treatment to right cervical lymphadenopathy (total 1800 cGy
of planned 4500 ¢Gy) in March 2007.

Upon transfer to our clinic, seven months after his pre-
sentation to the outside facility, eastern cooperative oncology
group score (ECOG score 0), and the overall grim prognosis
of his disease, decision for aggressive treatment with ritux-
imab plus hyperfractionated cyclophosphamide, vincristine,
doxorubicin, dexamethasone alternating with methotrexate
and cytarabine (R-Hyper-CVAD) was made, and cycle 1laand
1b were administered over a period of two months. Secondary
to development of renal failure after cycle 1b, therapy was
switched to rituximab, ifosfamide, carboplatin, and etoposide
(R-ICE). He was admitted on day 12 of cycle 1 for collection.
A total of 5.71 x 10E®/kg granulocyte-colony stimulating
factor/plerixafor mobilized CD 34+ cells were collected for
future consolidation with HD chemotherapy followed by
AHCT. PET/CT staging demonstrated completeremission
after one cycle of R-ICE.

The patient developed, though, prolonged severe
thrombocytopenia (grade3) requiring a total of four units of
platelet transfusion. Bone marrow biopsy revealed normal
cellularity, normal myeloid and erythroid maturation, and
decreased megakaryocytes without evidence of cytogenetic
abnormalities or other signs of treatment-related myelodys-
plastic syndrome. Two cycles of weekly rituximab 375 mg/m?
without additional chemotherapy but with platelet transfu-
sion support were initiated in the following month to allow
time for marrow stromal and hematopoietic recovery prior
to AHCT, assuming that in contrast to intensive systemic
chemotherapy, rituximab may only cause minor marrow
stroma injury but provide some protection from relapse. Sys-
temic chemo- and immunotherapy was complemented by
intra-thecal CNS prophylaxis consisting of a total of three
courses of methotrexate alternating with three courses of
cytarabine.

Following this treatment, PET/CT prior to AHCT
revealed no evidence of active disease, and R-BEAM (ritux-
imab, carmustine, etoposide, cytarabine, and melphalan)
HD chemotherapy followed by infusion of 5.71 x 10E®kg

CD34+ cells was given. AHCT was tolerated well, and the
patient remains in complete remission by PET/CT one year
later. His most recent performance status is an ECOG 0 with
normal complete blood count and no impairment of renal
function.

Discussion

Improvements in OS of patients with DLBCL have
been achieved since the combination of standard dose
anthracyline-containing regimens, such as CHOP, with the
anti-CD20 antibody rituximab.®” However, one-third of the
patients present with disease that is either refractory to initial
therapy or relapses.®’ Cytogenetic and molecular diagnos-
tics have shed light on this dire situation. Translocation of
the MYC gene, which is involved in many cellular functions
including proliferation, is prognostically unfavorable with two
year OS less than 30%.1°12 Similarly, translocation of BCL2,
a central anti-apoptotic gene, has been found to be a marker
of poor prognosis.!®* In DHL, there is a synergistic adverse
clinical effect of combined activation of these genes; MYC pro-
motes cellular proliferation and BCL2 blocks cellular death.
Combined MYC and BCL-2 translocations or overexpression
is thus characterized by poor response to standard therapy and
by an aggressive clinical course resulting in extremely poor
prognosis with OS in the range of 4.5-6 months, with one
year survival <30%" (Table 1).

The British Columbia Cancer Agency identified
54 patients who had concurrent BCL2 and MYC transloca-
tions.* Treatment consisted of CHOP (n = 23), R-CHOP
(n = 11), high-dose chemotherapy with or without stem
cell transplantation (n = 6), and palliation (n = 14). Only
six patients remained in remission, with a follow-up of
5 years, whereas the majority of patients died within 6 months.
Le Gouill et al conducted a study including 16 patients with
DHL treated with CHOP like regimens (n = 9) or, in the
case of central nervous system involvement, a methotrexate
containing regimen. Autologous and allogeneic transplant
was performed in three and two patients, respectively. The
median OS was 5 months.? Despite improved outcomes of
DLBCL after incorporation of rituximab in immunochemo-
therapy, the prognosis for DHL remains dismal. Kobayashi
et al reported on 93 consecutive DLBCL patients with
revised IPI good and poor risk categories and with double
and non-double hit immunohistochemical phenotype. None
of the DHL patients were found to have a good IPI score.
Complete response rates were 93.2% for the non-DHL
patients and 40% for the DHL patients, and PFS and OS
in DHL patients were significantly shorter when compared
with poor risk non-DHL.

Data evaluating alternative therapies is limited and
largely based on small patient numbers either reported
as case series or as small subgroup analyses within larger
lymphoma trials and stated responses have been over-

all poor. For example, all four patients with DHL
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Table 1. Double hit ymphoma studies and outcomes.

MEDIAN OVERALL

ADVANCED STAGE
(STAGES Ill/1V)%

=
14
(S
o
w
[
'
<
[
4
<
|
o
0
4
<
o
-

DHL/SAMPLE TREATMENT RECEIVED

STUDY AUTHOR

SURVIVAL (MONTHS)

ALLOTRANSPLANT (ALLO) OR
AUTOTRANPLANT (A)

3(A), 2(allo)

100

100

CHOP+/-R; CHOP with HD MTX

16/16

Le Gouill et al.2

3 (A —unclear if after CR1 or relapse) 18

CyclOBEAP+/-R; CHOP+/- R and HD MTX

19/394
23/54
20/20

Nitsu et al.'®

Unavailable

85
92

6 (information unavailable)

1(A)

CHOP or CHORP like, high dose chemotherapy
CHOP, R-ICE, R-EPOCH, CODOX-M/R-IVAC

Johnson et al.3

4.5
2.5

Snuderl et al.?5

1 (information unavailable)

CHOP or CHORP like, high dose chemotherapy*

without transplant

13/39

Macpherson et al.2¢

65

None

CHOP, CODOX-M/IVAC, R-Hyper-CVAD
CHOP-R, R-HyperCVAD, CODOX, FM

23/27
52/52

Tomita et al.?”
Li et al.’®

70 18.6

11 (A or allo; unclear if after CR1

or relapse)

cyclophosphamide and etoposide after 4 cycles of CHOP like regimen.

Note: *High dose chemotherapy

Abbreviations: CHOP, doxorubicin, cyclophosphamide, vincristine, prednisone; R-ICE, rituximab, ifosfamide, carboplatin, etoposide; CODOX-M/R-IVAC, cyclophosphamide, vincristine, adriamycin, methotrexate,

intrathecal cytarabine, intrathecal methotrexate/rituximab, ifosfamide, etoposide, cytarabine, intrathecal methotrexate; R-EPOCH, rituximab, etoposide, prednisone, vincristine, cyclophosphamide, adriamycin;

CyclOBEAP, cyclophosphamide, vincristine, bleomycin, etoposide, doxorubicin, prednisone; HD MTX, high dose methotrexate; R-Hyper-CVAD, rituximab plus hyperfractionated cyclophosphamide, vincristine,

doxorubicin, dexamethasone alternating with methotrexate and cytarabine; FM, Fludarabine, mitoxantrone and dexamethasone.

treated on a study protocol with modified CODOX-M/
IVAC

methotrexate, ifosfamide, etoposide, and cytarabine)'’

(cyclophosphamide, vincristine, —doxorubicin,
died from disease within 5 months of treatment initia-
tion. The MD Anderson Cancer Center recently reported
outcomes of patients with both MYC rearrangement and
BCL2. Nine of the 19 patients with DHL were treated
with R-Hyper-CVAD and the rest with R-CHOP; prog-
nosis remained poor.!® Niitsu et al published their expe-
rience with 19 DHL patients treated with either CHOP
with or without rituximab or CyclOBEAP (doxorubicin
with alternating courses of cyclophosphamide, etoposide,
vincristine, bleomycin, and prednisone) administered over
12 weeks. Compared with CHOP, this regimen was
observed to have a better median OS, 16 months vs.
8 months, suggesting increased activity against this pheno-
type.? So far, AHCT as part of front-line therapy has been

reported not to add substantial benefit in these patients,?%2!

although the feasibility and efficacy of front-line AHCT
has not been extensively investigated in DHL. Recently,
ABT 263, a BCL2 inhibitor has been shown to sensitize
DHL cells to conventional therapeutic agents,?? and fur-
ther clinical testing is warranted and novel treatments need
to be explored.

Given the nowadays recognized frequency of double-
hit biology, it is possible that more patients with relapsed or
refractory DLBCL after R-CHOP may fall in this category
than previously considered. “Primary” DHL may be missed
among DLBCL cases as the result of insufficient cytogenetic
and molecular characterization during initial diagnostic
work-up. “Secondary” DHL — as in our patient — may present
an evolutionary path from primary DLBCL, on which chro-
mosomal injury, selection pressure, and cancer cell-inherent
abilities to accommodate to prior chemotherapy insult lead
to the acquisition of genetic alterations, which modify tumor
biology. Our patient’s clinical course and his response to inten-
sive multi-agent chemotherapy followed by HD chemotherapy
plus AHCT are somewhat surprising when compared to other
cases of DHL, and imply that there are unexplored markers
in DHL which may portend a rather benign DHL pheno-
type or a favorable outcome after chemotherapy and whose
identification may help delineate the responders from the
non-responders.

Currently, the US Intergroup is evaluating dose-adjusted
rituximab, etoposide, prednisone, vincristine, cyclophosph-
amide, and doxorubicin (R-EPOCH) therapy for MYC-driven
DLBCL, including patients with double-hit biology.?* While
enrollment in clinical trials should be the primary goal for
DHL patients, our case supports the concept of choosing an
aggressive treatment approach incorporating AHCT as a rea-
sonable option, which in our opinion should not be precluded
from physically fit patients not having access to clinical tri-
als. Although, a front-line approach to highly aggressive
NHLs with HD chemotherapy followed by AHCT is seen
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Figure 1. Chromosomal analysis.
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(p13;?),+1-5 mar[cp9]).

controversial,?*

incorporation of AHCT in a high-risk situ-
ation or in a potential “evolutionary relapse” setting as in our
patient seems justified.?
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