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Treatment for hematologic
malignancies has traditionally
included non-specific cytotoxic
agents, such as anthracyclines
vinca alkyloids, alkylating agents,
and corticosteroids, most often in
empiric combinations. In recent
years, major advances in treat-
ment have resulted from the avail-
ability of novel agents that either
target surface antigens or cellular
pathways.

Using such agents, strategies
can be developed to achieve a
major goal of the treatment of
hematologic malignancies: to
individualize therapy, increasing
the likelihood of an efficacious
result while minimizing the expo-
sure of patients to unnecessary
toxicities of treatments that are
unlikely to achieve clinical bene-
fit. This “dream” was first pro-
posed by Paul Erlich as a “magic
bullet” that would have a specific
affinity for the “parasites” (e.g.,
microorganisms, cancer cells), but
would spare normal tissues.1

Nevertheless, it took a hundred
years until monoclonal anibodies
were available for the effective
treatment of cancer. The first step
was developing hybridoma tech-
nology to produce adequate quan-
tities of monoclonal antibodies for
clinical use.2 Next was to identify
tumor-specific cell antigens as
targets for immunotherapy.3

Nevertheless, further progress
towards individualizing therapy

only became possible with an
increased understanding of the
immunology, biology and genet-
ics of the various malignancies.
As a simple example, monoclonal
antibodies are selected on the
basis of tumors that express a spe-
cific antigen. Rituximab, the
chimeric anti-CD20 monoclonal
antibody, has revolutionized our
management of patients with B-
cell malignancies. However, its
use is primarily restricted to dis-
eases that express the appropriate
surface antigen. The antibody
exerts its effects through a variety
of mechanisms including anti-
body dependent cellular cytotoxi-
city (ADCC), complement medi-
ated cytotoxicity (CDC), and
induction of apoptosis. ADCC
requires binding of the Fc portion
of the antibody molecule to the
effector cells by the Fcgamma
receptor. Patients who are
homozygous for 158 valine/valine
alleles of FcgammaRIIIa exhibit a
higher affinity to human IgG1
which translates into a higher
response rate to rituximab treat-
ment than those with a phenylala-
nine allele.4 However, the clinical
impact of these polymorphisms
may be dependent not only on the
antibody being used, but the dis-
ease status and whether the anti-
body is being used alone or in
combination with chemotherapy
5-7. Thus, we need to gain a bet-
ter understanding of the complex-
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ities of lymphoma biology: why do only some
patients who express CD20 respond to ritux-
imab and why do patients become resistant
while still expressing the antigen? Several
types of CD20 mutations have been identified;
however, they were identified in only 22% of
cases, and their clinical relevance remains
unclear.8

One of the most individualized treatment
approaches for lymphoma was anti-idiotype
vaccines, the idiotype being the only truly spe-
cific B-cell marker. Data from Levy and
coworkers 9 suggested that patients who
developed a cellular or humoral immune
response to such a vaccine experienced a
longer time to disease progression than those
who were unable to mount such a response.
These encouraging data led to three random-
ized clinical trials to test the concept.
Unfortunately, the first two to be completed
failed to demonstrate any benefit from the vac-
cine 10 and the future of this technology is
uncertain.

A number of lymphoma-associated genes
have not only been implicated in the pathogen-
esis of the diseases, but may provide a thera-
peutic target. For example, overproduction of
the Bcl-2 protein has been shown to be a poor
prognostic factor in diffuse large B-cell NHL
(DLBCL).11,12 Nevertheless, Mounier et al.13

demonstrated that the addition of rituximab to
the cyclophosphamide, adriamycin vincristine,
prednisone (CHOP) regimen (R-CHOP) was
able to overcome this resistance to therapy
with an improvement in survival for Bcl-2-
positive cases; however, there was no benefit
adding the antibody to CHOP in Bcl-2-nega-
tive patients. Winter et al from the Eastern
Cooperative Oncology Group prospectively
studied Bcl-6 protein expression determined
by immunohistochemistry in samples from
199 patients with DLBCL. Bcl-6 is a transcrip-
tion repressor required for the generation of
germinal centers by B-lymphocytes resulting

in immunoglobulin maturation. It also con-
tributes to the germinal center B-cell pheno-
type of DLBCL. These investigators demon-
strated that the addition of rituximab to CHOP
improved the failure-free survival of DLBCL
patients with tumors that were Bcl-6-negative,
but with no effect on the Bcl-6 positive cases.14

In contrast to other results, these investigators
were unable to demonstrate that Bcl-2 expres-
sion exerted a negative effect on patient out-
come. Winter et al updated and expanded these
data at the 10th International Conference on
Malignant Lymphoma (ICML) and included
an evaluation of p21, a cyclin-dependent
kinase inhibitor that is a downstream effector
of p53. They also found that rituximab
appeared to benefit patients with DLBCL
whose tumors were positive for p21 but not
those with p21 negative tumors. When com-
bining the various markers, the best outcome
was in patients with Bcl-2-negative/p21-posi-
tive tumors, while those with Bcl-2-
positive/p21-negative patients had the worst
outcome. Results with other combinations
were intermediate between the two.15 An inter-
national group of investigators included in the
Lunenberg Consortium have been evaluating
various biologic factors for their ability to
improve on the predictability of the
International Prognostic Index (IPI).16 They
were able to identify 7 factors with clinical rel-
evance in DLBCL: Ki-67, MUM1, Bcl-2, Bcl-
6, CD5, CD10, and HLA-DR expression
which, when validated, will be incorporated
into a new prognostic system to better predict
outcome and, eventually, direct treatment.17

Biological parameters have also been evaluat-
ed in other lymphoma histologic subtypes. For
example, DNA microarray signatures may pre-
dict patients most likely to respond to ritux-
imab in follicular lymphomas.18 Recently,
Hartmann et al.19 evaluated the expression of
33 genes with potential prognostic importance
in patients with mantle cell lymphoma using
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quantitative RT-PCR. They identified and val-
idated a 5-gene model to predict survival: the
genes included RAN, MYC, TNFRSF10B, 2,
and SLC29A2. They hypothesized that this test
could eventually be adopted into a risk-direct-
ed strategy for patients with mantle cell lym-
phoma.

Transcription factors are critical in malignant
transformation of cells through activation or
repression of downstream target genes. Thus,
these factors are potential therapeutic targets
since the result of blocking their activity could
result in a loss of malignant cells of their
advantage in growth and survival. Thus, inter-
fering with Bcl-6 directed pathways could
potentially reprogram tumors to exhibit a nor-
mal phenotype. A number of small molecules
has been generated by Melnick and coworkers
that specifically kill BCL-6 positive DLBCL
cells through an effect on the BCL6 target
genes, but with no effect on control genes.
Such agents would be of a high level of inter-
est for clinical trials.20

The pattern of gene expression may not only
be important as a diagnostic and prognostic
technology, but may also direct therapy. Using
DNA microarrays, DLBCL can be distin-
guished into several clinically important sub-
groups with varying responsiveness to therapy
and outcomes.21,22 For example, Rosenwald and
coworkers 21 demonstrated that DLBCL can
be distinguished into two main categories
based on gene expression profiling, a germinal
center B cell (GCB) type and a less favorable
activated B cell (ABC) type. The majority of
genes that predicted poor survival belonged to
the proliferation gene expression signature,
more highly expressed in dividing cells. These
observations supported the rationale for an
infusional chemotherapy regimen such as DA-
R-EPOCH which is now being compared with
R-CHOP in CALGB 50303. A crucial part of
this study will be the DNA microarray results
which will hopefully determine whether a gene

signature can predict which therapy is more
likely to be effective in individual patients.

Monti et al.22 have identified a subset of B-
cell receptor (BCR) DLBCLs that demon-
strate increased expression of BCL6 transcrip-
tion factors. BCR DLBCL exhibit spleen tyro-
sine kinase (SYK) dependent tonic (non-
induced) and ligand-induced BCR signaling
which may provide a survival pathway for the
malignant lymphocytes.23 This pathway could
potentially be exploited to therapeutic advan-
tage. Friedberg and coworkers recently pre-
sented their preliminary data from a clinical
trial of Fostamatinib disodium, an oral SYK
inhibitor.24 Their series included 68 patients
with relapsed or refractory DLBCL (N=23),
follicular lymphoma (n=21) and “other”
(n=24; 11 cases of SLL/CLL, 9 MCL, 1 lym-
phoplasmacytic and 1 marginal zone lym-
phoma). Fostamatinib disodium was well-tol-
erated; neutropenia was the most prominent
serious adverse event. There were no signifi-
cant gastrointestinal effects and no patient
experienced alopecia. Eight patients in the
phase 2 portion of the study required dose
modification to 150 mg twice daily. The over-
all response rates were 21% (DLBCL), 10%
(follicular lymphoma) and 54% for the
SLL/CLL cohort. Based on these encouraging
results, further study of this agent are warrant-
ed.

Recent attention has also focused on novel
agents that target the epigenetic alterations in
lymphomas. Inappropriate silencing of genes
can result from two potential mechanisms:
transcriptional repression by mutated or aber-
rantly expressed transcription factors, and epi-
genetic silencing by hypermethylation of
tumor suppressor or DNA repair genes. The
consequence is the genetic reprogramming of
cells to exhibit a malignant phenotype. The
cells inherit alterations in gene expression that
are not caused by changes in the primary DNA
sequence, but which are increasingly being
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recognized for their roles in carcinogenesis.
These epigenetic changes may involve cova-
lent modifications of amino acid residues in
the histones that are wrapped around the DNA,
with changes in the methylation status of cyto-
sine bases in the context of CpG dinucleotides
within the DNA itself. Methylation of CpG-
islands in the promoter regions of genes has
been associated with heritable silencing of nor-
mal genes. In contrast to genetic alterations,
gene silencing by epigenetic modifications is
potentially reversible. Agents that inhibit cyto-
sine methylation and histone deacetylation can
result in decondensation, demethylation and
reestablishment of gene transcription. Thus,
DNA methylation and histone modifications
are attractive targets for the development and
implementation of new clinical strategies. A
number of drugs are already in clinical trials to
target these mechanisms. Histone deacetylase
inhibitors in clinical trials include depsipep-
tide, vorinostat, panobinostat, and
MGCD0103, the first two in T-cell lym-
phomas, the latter two being most effective in
Hodgkin lymphomas.25-28

Cancer cells, in general, and lymphoma cell
in particular are characterized by defects in
programmed cell death, or apoptosis. There are
primarily two pathways that lead to apoptosis,
an extrinsic pathway triggered by the death
receptor domains, and a mitochondrial-based
intrinsic pathway that involves a balance
between the Bcl-2 family proteins and BAX
and other proapoptotic proteins, with activa-
tion of caspases resulting in cell death. A num-
ber of agents are in clinic trials that are direct-
ed at various sites in the apoptotic machinery
and which have demonstrated clinical activity.
Of note is oblimersen sodium (bcl-2 antisense
oligonucleotide) which, when added to flu-
darabine and cyclophosphamide in relapsed
and refractory chronic lymphocytic leukemia,
improves the major response rate (complete
remission plus nodular partial emission) when

compared with chemotherapy alone, with a
longer duration of response, and, in fludara-
bine sensitive patients, has been demonstrated
to also prolong survival 29. Other agents with
demonstrated activity either in vitro or in vivo
include ABT-263 and YM-155, obatoclax, and
AT-101.

To achieve the goal of individualized thera-
py, it is essential to include laboratory correla-
tive studies along with the therapeutic clinical
trials. For example, in the Cancer and
Leukemia Group B, tissue microarrays are
generated from all patients on study as well as
receptor polymorphism analysis for patients
with follicular lymphoma on antibody-based
trials. Pharmacogenetics are included in other
studies as there is increasing evidence suggest-
ing that germline polymorphisms related to the
metabolism, transport, therapeutic targets
and/or pathways of anticancer agents might
help predict therapeutic outcome. 

Conclusions

In the past, the diagnosis of a lymphoma was
based solely on its morphologic appearance
under the microscope. The distinction among
various subtypes became possible with the
availability of immunohistochemistry. Adding
additional features such as genetics, age and
even tumor location, the number of subtypes of
lymphoma has increased to more than 60 30.
Nevertheless, marked differences in response
to treatment and outcome are apparent even
within a very specific diagnosis. In the future,
instead of assigning a diagnosis and, therefore
prognosis, using the particular morphologic,
immunologic, and clinical features of the lym-
phoma, the designation will be based on the
results of genetic, molecular, and biological
studies. Thus, a patient’s lymphoma will be
defined by the individualized, targeted treat-
ment to which it is most likely to respond.

B.D. Cheson

| 88 | Hematology Meeting Reports 2008;2(5)



New Drugs in Hematology

Hematology Meeting Reports 2008;2(5) | 89 | 

References

1. Ehrlich P. On immunity with special reference to the cell
of life. Proc Royal Soc London 1900;66:424-48.

2. Kohler G, Milstein C. Continuous cultures of fused cells
secreting antibody of predefined specificity. Nature
1975;256:495-7.

3. Nadler LM, Ritz J, Hardy R, Pesando J, Schlossman SF.
A unique cell surface antigen identifying lymphoid
malignancies of B cell origin. J Clin Invest 1981;67:134-
40.

4. Weng WK, Levy R. Two immunoglobulin G fragment C
receptor polymorphisms independently predict response
to rituximab in patients with follicular lymphoma. J Clin
Oncol 2003;21:3940-7.

5. Farag SS, Flinn I, Modali R, Lehman TA, Young D, Byrd
JC. FcgRIIIa and FcgRIIIa polymorphisms do not predict
response to rituximab in B-cell chronic lymphocytic
leukemia. Blood 2004;103:1472-4.

6. Lin TS, Flinn IW, Modali R, et al. FCGR3A and
FCGR2A polymorphisms may not correlate with
response to alemtuzumab (CAMPATH-1H) in chronic
lymphocytic leukemia. Blood 2005;105:289-91.

7. Kim DH, Jung HD, Kim JG, et al. FCG3A gene polymor-
phisms may correlate with response to front-line R-
CHOP thearpy for diffuse large B-cell lymphoma. Blood
2006;108:2720-5.

8. Terui Y, Mishima Y, Yokoyama M, Modaira M, Yakeuchi
K, Hatake K. Identification of CD20 mutation associated
with modification of CD20 expression and poor progno-
sis after rituximab in non-Hodgkin's lymphoma. Ann
Oncol 2008;19(supplement 4):abstract 100.

9. Hsu FJ, Caspar C, Czerwinski D, et al. Tumor-specific
idiotype vaccines in the treatment of patients with B-cell
lymphoma - long term results of a clinical trial. Blood
1997;89:3129-35.

10. Levy R, Robertson M, Leonard J, Vose J, Denney D.
Results of a phase 3 trial evaluating safety and efficacy
of specific immunotherapy, recombinant idiotype (ID)
conjugated to KLH (ID-KLH) with GM-CSF, compared
to non-specific immunotherapy, KLH with GM-CSF, in
patients with follicular n on-Hodgkin's lymphoma
(FNHL). Ann Oncol 2008;19(supplement 4):abstract
057.

11. Gascoyne RD, Adomat SA, Krajewski S, et al.
Prognostic significance of bcl-2 protein expression and
bcl-2 gene rearrangement in diffuse aggressive non-
Hodgkin's lymphoma. Blood 1997;90:244-51.

12. 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.

13. Mounier N, Briere J, Gisselbrecht C, et al. Rituximab
plus CHOP (R-CHOP) overcomes bcl-2-associated
resistance to chemotherapy in elderly patients with dif-
fuse large B-cell lymphoma (DLBCL). Blood
2003;101:4279-84.

14. Winter JN, Weller EA, Horning SJ, et al. Prognostic sig-
nificance of Bcl-6 protein expression in DLBCL treated
with CHOP of R-CHOP: a prospective correlative study.
Blood 2006;107:4207-13.

15. Winter JN, Zhang L, Li S, et al. P21, BCL-2, and the IPI,
but not Bcl-6, predict clinical outcome in DLBCL treat-
ed with rituximab(R)-CHOP: long-term followup from
E4494. Ann Oncol 2008;19(supplement 4):abstract 051.

16. Shipp MA, Harrington DP, Anderson JR, et al.
Development of a predictive model for aggressive lym-
phoma: The International Non-Hodgkin's Lymphoma
Prognostic Factors Project. New Engl J Med
1993;329:987-94.

17. The Lunenburg Lymphoma Biomarker Consortium
(LLBC). First results of an international study to estab-
lish a new clinico-biological prognostic index for diffuse
large B-cell lymphoma (DLBCL). Ann Oncol
2008;19(supplement 4):abstract 054bis.

18. Bohen SP, Troyanskaya O, Alter O, et al. Predicting rit-
uximab response of follicular lymphoma using cDNA
microarray analysis. Blood 2002;100(suppl 1):316a
(abstr 1222).

19. Hartmann E, Fernàndez V, Moreno O, et al. FIve-gene
model to predict survival in mantle-cell lymphoma using
frozen or formalin-fixed, paraffin-embedded tissue. 
J Clin Oncol 2008;26:e-pub ahead of print.

20. Melnick A. Therapeutic targeting of the BCL6 oncogene
in diffuse large B-cell lymphomas. Ann Oncol
2008;19(supplement 4):Absract 046.

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

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

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

24. Friedberg J, Sharman J, Schaefer-Cutillo J, et al.
Tamatinib fosdium (TAMP), an oral SYK inhibitor, has
significant clinical activity in B-cell non-Hodgkin's lym-
phoma (NHL). Ann Oncol 2008;19(supplement 4):
abstract 102.

25. Piekarz RL, Robey R, Sandor V, et al. Inhibitor of histone
deacetylation, depsipeptide (FR901228), in the treatment
of peripheral and cutaneous T-cell lymphoma: a case
report. Blood 2001;98:2865-8.

26. Olsen E, Kim YH, Kuzel T, et al. Vorinostat (suberoy-
lanilide hydroxamic acid, SAHA) is cliinically active in
advanced cutaneous T-cell lymphomas (CTCL): results
of a phase IIb trial. J Clin Oncol 2006;24(18S):422s
(abstr 7500).

27. Spencer A, DeAngelo DJ, Prince HM, et al. Oral panobi-
nostat (LBH589), a novel deacetylase inhibitor (DACI),
demonstrates clinical activity in relapsed/refractory
Hodgkin lymphoma (HL). Ann Oncol 2008;19(supple-
ment 4):abstract 136.

28. Younes A, Kuruvilla J, Pro B, et al. Isotype-selective his-
tone deacetylase (HDAC) inhibitor MGCD103 demon-
strates clinical activity and safety in patients with
relapsed/refractory classical Hodgkin lymphoma (HL).
Ann Oncol 2008;19(supplement 4):abstract 137.

29. O'Brien S, Moore JO, Boyd TE, et al. Randomized phase
III trial of fludarabine plus cyclophosphamide with or
without oblimersen sodium (Bcl-e antisense) in patients
with relapsed or refractory chronic lymphocytic
leukemia. J Clin Oncol 2007;25:1114-1120.

30. Harris NL, Swerdlow S, Campo E, et al. The World
Health Organization (WHO) classification of lymphoid
neoplasms: what's new? Ann Oncol 2008;19 (suppl
4):abstract 112.


