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To the Editor
Diffuse large B-cell lymphoma (DLBCL) is a heteroge-

neous disease with variable clinical and pathologic presen-
tations. The prognosis of DLBCL patients can be estimated
using the International Prognostic Index (IPI) or its revised
variant (R-IPI) [1]. Furthermore, using gene expression pro-
filing, DLBCL can be divided based on its cell of origin (COO)
into germinal center type (GCB), activated B-cell, or type 3
with the latter two collectively known as non-germinal
center type (non-GCB) with poor prognosis relative to the
former type [2]. However, such complementary DNA
(cDNA)-based assays needed for classification remain
prohibitive for routine clinical use almost two decades after
the initial report. Immunohistochemical (IHC) algorithms,
such as the one proposed by Hans et al., [3] are rapid alter-
natives that are readily available and have demonstrated
reasonable concordance to gene expression profiling.
The antiapoptotic B-cell lymphoma 2 (BCL-2) oncogene
confers a negative prognostic impact in GCB DLBCL when
overexpressed irrespective of MYC status [4]. Non-GCB
DLBCL appears to arise from postgerminal center B cells
and involves activation of the nuclear factor signaling path-
way (NFjB). BCL-2 overexpression can also be seen in con-
junction with MYC, resulting in the entity called ‘‘double
expressing lymphoma’’ [5]. Our aim with this analysis was
twofold: first, to assess the prognostic impact of COO
assignment using the Hans algorithm in DLBCL patients from
the Middle East and North Africa (MENA) region; and second,
to examine whether BCL-2 overexpression alters the
expected COO-based prognosis.

After due Institutional Review Board approval, adult
patients with newly diagnosed DLBCL at our center between
2010 and 2015 were identified. Clinical and pathologic vari-
ables were retrospectively abstracted. COO analysis was
determined by the Hans criteria as previously described
[3]. Categorical and continuous variables were compared
using chi-square and Wilcoxon tests, respectively. Time to
end point analysis was computed using the method of
Kaplan and Meier with log ranks. Relapse, progression, or

http://crossmark.crossref.org/dialog/?doi=10.1016/j.hemonc.2018.07.005&domain=pdf
https://doi.org/10.1016/j.hemonc.2018.07.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:damlajmo@ngha.med.sa
https://doi.org/10.1016/j.hemonc.2018.07.005
https://doi.org/10.1016/j.hemonc.2018.07.005
www.sciencedirect.com
http://www.elsevier.com/locate/hemonc


BCL-2 overexpression overcomes cell of origin stratification in diffuse large B-cell lymphoma 175
death was considered an event for progression-free survival
(PFS) estimation. Analysis was computed using the JMP Pro
Version 11 (SAS Institute, Cary, NC, USA) software and EZR
on R Commander Version 1.35 [6].

A total of 122 patients were identified and analyzed.
Median follow-up of the entire cohort was 32.9 (0.2–
123.7) months, during which the estimated 3-year overall
survival (OS) was 66.1% and PFS was 55.1%. Stratifying
patients to GCB and non-GCB, baseline characteristics
between the strata with regard to age, sex, stage, perfor-
mance status, lactate dehydrogenase level, extranodal
disease, BCL-2 expression, IPI, therapy delivered, and the
use of involved field radiotherapy were similar (Table 1).
A majority of patients were treated with combinational
chemotherapy containing rituximab and 13 patients died
without receiving any therapy. The estimated PFS at 3 years
was significantly higher for GCB versus non-GCB at 66.9%
Table 1 Baseline characteristics of patients stratified by cell of

Characteristic GCB (n = 59)

Age, median (range) 60 (18–95)
Gender, n (%)
Male 37 (63)
Female 22 (37)

Stage, n (%)
I/II 11 (19)
III/IV 48 (81)

ECOG, n (%)
0–2 37 (64)
3–4 18 (31)
N/A 3 (5)

Lactate dehydrogenase, n (%)
Normal 13 (22)
High 42 (73)
N/A 3 (5)

Extranodal disease, n (%) 21 (36)
BCL-2 expression, n (%) 26 (44)
IPI, n (%)
Low 19 (32)
Low to intermediate 11 (19)
High to intermediate 13 (22)
High 16 (27)

Chemotherapy used, n (%)
R-CHOP 43 (73)
R-CHOP/R-CVP 8 (14)
R-CVP 1 (2)
Palliative 2 (3)
Not treated 5 (8)

Involved field radiotherapy, n (%) 16 (27)
End of treatment response, n (%)
Complete response 40 (68)
Partial response 5 (8)
Progressive disease 6 (10)
N/A 8 (14)

Autologous HSCT, n (%) 2/8 (25)
Follow-up months, median (range) 35 (0.2–123

BCL-2 = B-cell lymphoma 2; CHOP = rituximab with cyclophosphamide
cyclophosphamide, vincristine, and prednisone; ECOG = Eastern Coope
HSCT = hematopoietic stem cell transplantation; IFRT = involved field
available.
versus 43.9%, respectively (p = .016), but OS was similar at
71.9% versus 62.4% (p = .24; Fig. 1). However, stratifying
patients by COO and positive BCL-2 expression showed that
the estimated 3-year OS was similar at 58.7% versus 52.8%
for GCB and non-GCB, respectively. Similarly, patients with
negative BCL-2 expression had a superior estimated 3-year
OS at 77.3% versus 75.4% for GCB and non-GCB (p = .035),
respectively, as shown in Fig. 2. Thus, the negative progno-
sis portended by COO assignment was overcome by the
impact of BCL-2 expression.

Since the original depiction of COO assignment using
cDNA microarrays, significant effort has been made to
establish surrogate techniques that can be widely adopted
for routine practice. More than one IHC criteria were
described and the Hans algorithm is among the most widely
used due to its relative ease of application. However, con-
cordance with gene expression is not absolute and other
origin.

Non-GCB (n = 63) p
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10 (16)
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, doxorubicin, vincristine, and prednisone; CVP = rituximab with
rative Oncology Group; GCB = germinal center B-cell lymphoma;
radiotherapy; IPI = International Performance Index; N/A = not



Fig. 1 Progression free survival (PFS) and overall survival (OS) by cell of origin (COO). GCB = germinal center B-cell lymphoma.

Fig. 2 Overall survival (OS) by cell of origin (COO) and B-cell
lymphoma 2 (BCL-2) expression. GCB = germinal center B-cell
lymphoma.
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efforts of classification using formalin-fixed paraffin-
embedded tissue such as the Lymph2Cx emerged as a
promising test but remains to be further validated and
commercialized [7,8].

Recent attempts have been made toward improving the
worse prognosis observed in non-GCB DLBCL. In a Phase II
trial, combining lenalidomide with the backbone of ritux-
imab, cyclophosphamide, vincristine, doxorubicin, and
prednisone (R-CHOP) improved outcomes compared with
historical controls, and a Phase III trial (ROBUST) is currently
ongoing to confirm these observations [9]. Previously, the
addition of the proteasome inhibitor bortezomib did not
improve PFS in non-GCB DLBCL [10]. Despite such disap-
pointment, the quests to improve results seen with R-CHOP
remain ongoing. The recent approval of the BCL-2 inhibitor
venetoclax (previously ABT-199) for the treatment of
chronic lymphocytic leukemia (CLL) expanded the spectrum
of targeted therapy in oncology [11]. Current efforts are
underway to examine its efficacy in other malignancies.
Mutations within BCL-2, especially those arising from
t(14;18)(q32;q21), are typically detected in the GCB sub-
type of DLBCL, but increased protein expression can also
be due to post-transcriptional mechanisms notwithstanding
translocations [12].

Herein, we demonstrated that COO assignment resulted
in improved PFS but not OS in GCB versus non-GCB patients
from the MENA region. It is possible that a larger sample size
could have detected a survival difference given the
divergent OS curves observed. That said, such COO-based
prognosis was nullified when stratified by BCL-2 overexpres-
sion. Importantly, however, BCL-2 expression quantification
via IHC requires standardization for optimal scoring and
some preliminary work has emerged with this regard
recently [13]. Our analysis is limited by its retrospective
nature and sample size. Furthermore, IHC staining for the
MYC oncogene was not performed resulting in our inability
to identify ‘‘double expresser’’ lymphoma. However, the
inferior outcome in cases of MYC overexpression is only
observed if BCL-2 is co-expressed [5]. Despite these limita-
tions, this report generates additional insight that IHC
methodology can discriminate outcome in patients from
the MENA region using tools that are readily available in
all pathology labs and would have implications for routine
clinical practice. In conclusion, our results show that COO
assignment using IHC demonstrated superior PFS for GCB
over non-GCB; however, this was mitigated by BCL-2
overexpression. This raises possibilities regarding further
exploration of the currently available BCL-2 inhibitors.
These observations warrant further study.
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