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Diffuse large B-cell lymphoma
(DLBCL) is a clinically heteroge-
neous disease, affecting patients
of all ages and presenting as lim-
ited or advanced disease in essen-
tially any nodal or extranodal site
in the body. Gene-expression pro-
filing defined 3 molecular sub-
types of DLBCL, termed germi-
nal center B-cell-like (GCB), acti-
vated B-cell-like (ABC), and pri-
mary mediastinal B-cell lym-
phoma (PMBL). GCB-like
DLBCL has a more favorable
prognosis than ABC-like regard-
less of therapy with CHOP or R-
CHOP.1,2 Additional genome-wide
copy number analysis coupled
with gene-expression profiling
provide evident that the DLBCL
subtypes are distinct diseases
using different oncogenic path-
ways with implications for future
treatments.3 Calculation of a sur-
vival score from a six-gene model
is also predictive in the R-CHOP
era, and this model has been suc-
cessfully applied to routine for-
malin-fixed paraffin embedded
tissue.4 To date, it has not been
possible to reliably replicate the
cell of origin with routine immu-
nohistochemistry, in part due to
lack of reproducibility with mark-
ers such as bcl-6.5,6 Recent data
suggest that a 9 microRNA signa-
ture can differentiate the two sub-
types of DLBCL and that some of
the microRNAs in this signature
correlate with clinical outcome.7

Additional subtypes of DLBCL
have been identified, one of
which has been specifically relat-
ed to the B-cell receptor signaling
pathway and its inhibition.8,9 Most
recently, attention has turned to
the microenvironment because
two new signatures, termed “stro-
mal-1” and “stromal-2” predicted
survival in R-CHOP treated
patients.2 The prognostically
favorable stromal-1 signature
reflected extracellular-matrix dep-
osition and histiocytic infiltration
whereas the unfavorable stromal-
2 signature reflected tumor blood-
vessel density. Evaluation of
response by interim positron
emission tomography (PET)
imaging has been associated with
high predictive accuracy in
DLBCL treated with chemothera-
py.10,11 With the use of R-CHOP
and evaluation of PET imaging in
multiple settings, the interpreta-
tion and predictive value has
come into question.12-14 In particu-
lar, false positive readings have
been associated with intense
chemotherapy and rituximab
combinations, use of growth fac-
tors, and readings of minimal
residual uptake by radiologists or
equivocal interpretation by clini-
cians. Recently, lack of agreement
among expert radiologists has
been presented.15 Determination
of the best timing of interim PET
imaging, use of standardized
reading criteria (qualitative and
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quantitative), training and consistent interpre-
tation by radiologists, and evaluation accord-
ing to therapeutic intervention are all neces-
sary to using PET as a valid biomarker. With
increased understanding of the heterogeneity
of DLBCL, the future challenge is to incorpo-
rate biomarker evaluation in the context of
clinical trials toward the development of tar-
geted, biologically-based therapies.   

References

1. Rosenwald A, Wright G, Chan WC, et al. The use of
molecular profiling to predict survival after chemothera-
py for diffuse large-B-cell lymphoma. N Engl J Med
2002;346:1937-47.

2. Lenz G, Wright G, Dave SS, et al. Stromal gene signa-
tures in large-B-cell lymphomas. N Engl J Med
2008;359:2313-23.

3. Lenz G, Wright GW, Emre NC, et al. Molecular subtypes
of diffuse large B-cell lymphoma arise by distinct genet-
ic pathways. Proc Natl Acad Sci USA 2008;105:13520-
5.

4. Malumbres R, Chen J, Tibshirani R, et al. Paraffin-based
6-gene model predicts outcome in diffuse large B-cell
lymphoma patients treated with R-CHOP. Blood
2008;111:5509-14.

5. Hans CP, Weisenburger DD, Greiner TC, et al.
Confirmation of the molecular classification of diffuse
large B-cell lymphoma by immunohistochemistry using
a tissue microarray. Blood 2004;103:275-82.

6. de Jong D, Rosenwald A, Chhanabhai M, et al.
Immunohistochemical prognostic markers in diffuse
large B-cell lymphoma: validation of tissue microarray
as a prerequisite for broad clinical applications - a study
from the Lunenburg Lymphoma Biomarker Consortium.

J Clin Oncol 2007;25:805-12.
7. Malumbres R, Sarosiek KA, Cubedo E, et al.

Differentiation-stage-specific expression of microRNAs
in B-lymphocytes and diffuse large B-cell lymphomas.
Blood, 2008 (Epub).

8. Monti S, Savage KJ, Kutok JL, et al: Molecular profiling
of diffuse large B-cell lymphoma identifies robust sub-
types including one characterized by host inflammatory
response. Blood 2005;105:1851-61.

9. Chen L, Monti S, Juszczynski P, et al. SYK-dependent
tonic B-cell receptor signaling is a rational treatment tar-
get in diffuse large B-cell lymphoma. Blood
2008;111:2230-7.

10. Haioun C, Itti E, Rahmouni A, et al. [18F]fluoro-2-
deoxy-D-glucose positron emission tomography (FDG-
PET) in aggressive lymphoma: an early prognostic tool
for predicting patient outcome. Blood 2005;106:1376-81.

11. Dupuis J, Itti E, Rahmouni A, et al. Response assessment
after an inductive CHOP or CHOP-like regimen with or
without rituximab in 103 patients with diffuse large B-
cell lymphoma: integrating 18fluorodeoxyglucose
positron emission tomography to the International
Workshop Criteria. Ann Oncol 2009;20:503-7.

12. Moskowitz C, Hamlin PA, Horwitz SM, et al. Phase II
Trial of Dose-Dense R-CHOP Followed by Risk-
Adapted Consolidation with Either ICE or ICE and
ASCT, Based upon the Results of Biopsy Confirmed
Abnormal Interim Restaging PET Scan, Improves
Outcome in Patients with Advanced Stage DLBCL. ASH
Annual Meeting Abstracts 2006;108:532.

13. Thomas A, Gingrich R, Smith BJ, et al. FDG-PET as pre-
dictor of outcome in diffuse large B-cell lymphoma: First
analysis of indeterminate reports. J Clin Oncol
2008;26:(Abstract 8510).

14. Cashen A, Dehdashti F, Luo J, et al. Poor predictive value
of FDG-PET/CT performed after 2 cycles of R-CHOP in
patients with diffuse large B-cell lymphoma (DLCL).
ASH Annual Meeting Abstracts 2008;112:371. 

15. Horning SJ, Juweid ME, Schoder H, et al. Interim
positron emission tomography (PET) in diffuse large B-
cell lymphoma: independent expert nuclear medicine
evaluation of ECOG 3404. ASH Annual Meeting
Abstracts 2008;112:372.




