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Non-Hodgkin’s lymphoma (NHL) derive from mature B-cells (85%
of cases) and in a minority of cases from T-cells. Most B-NHLtypes
derive from germinal center (GO) or post-GO B-cells since they
express various GO markers and have undergone hypermutation
of IgV genes, a phenomenon apparently restricted to GO B-cells.
The pathogenesis of NHL represents a multistep process, involving
the clonal accumulation of genetic lesions that affect protoonco-
genes and tumor suppressor genes. The most common mecha-
nism of genetic lesion is by chromosomal translocations, which
alter the pattern of expression of various protooncogenes by juxta-
position of heterologous regulatory sequences. During the last 15
years, significant progress has been made in identifying the pro-
tooncogenes associated with various B-cell derived NHL subtypes.
In fact, most B-cell derived NHL cases are associated with the
deregulated expression by chromosomal translocation of various
protooncogenes, including: i) BCL-2 in follicular lymphoma; ii) BOL-
1 in mantle cell lymphoma; ii) C-MYC in Burkitt lymphoma; and iv)
BCL-6 in diffuse large cell lymphoma (OLOL). The mechanism of
chromosomal translocation, the functional consequences of these
aberrations on oncogene expression and their role in lymphoma-
genesis will be reviewed. Emphasis will be on recent findings about
the normal and pathological function of the BCL-6 gene, which is
expressed in all GO-derived lymphomas and is involved in chro-
mosomal translocations in DLCL. In addition, recent evidence indi-
cates that, although mutations of the promoter region of BCL-6 are
found in normal GO B-cells, some mutations found in NHL lead to
abnormal BCL-6 regulation in DLCL, follicular lymphoma and
Burkitts lymphoma. Finally, novel findings on the molecular dis-
section of chromosomal abnormalities involving band 1q21, among
the most frequent in NHL, will be presented.

References
— Gaidano 0, Dalla-Favera R. Molecular biology of lymphomas. In: DeVita et al.

(Eds.). Principles and Practice 01 Oncology, 5th ed., JB Lippincott Co., 1997;
2131-2145.

—Ye el al. Alterations of a zinc-finger encoding gene, BCL-6, in diffuse large-cell
lymphoma. Science 1993; 262: 747-750.

— Migliazza et al. Frequent somatic hypermutation of the 5’ non-coding region of
the BCL-6 gene in B cell lymphoma. Proc Natl Acad Sci USA 1995; 92: 12520-
12524.

— Ye et al. Chromosomal translocations cause deregulated BCL6 expression by
promoter substitution in B cell lymphoma. EMBO J 1995; 14: 6209-6217.

— Chang et al. BCL-6, a POZ/Zinc-fingerprotein, isa sequence specifictranscrip-
tional repressor. Proc Natl Acad Sci USA 1996; 93: 6947-6952.

Prognostic factors in mucosa-associated
lymphoid tissue lymphomas

D. de Jong

The Netherlands Cancer Institute, Amsterdam, The Netherlands.

Introduction
Prognostic factors in oncology are developed on the basis of large
and preferably uniformly treated patient series in order to predict
clinical behavior in terms of overall survival, disease-free survival
and reaction to therapy in individual patients. These parameters
can be relatively simple clinical parameters, such as age and
stage, and can also be tissue-based morphological, immunological
and molecular factors. Parameters that may predict prognosis can
be related to tumor growth characteristics, to the interaction of the
patient with the disease and to the patient’s ability to tolerate ther-
apy. Together, these factors serve to guide the choice of therapy.
Modern lymphoma classifications are based on the concept of
“lymphoma disease-entities”. These are characterized by a specif-
ic morphological and immunophenotypical spectrum and charac-
teristic molecular alterations in combination with a characteristic
clinical presentation and course. Also within well-defined entities,
such as mucosa-associated lymphoid tissue (MALT) lymphoma, for
example, a spectrum of clinical behavior can be found and para-
meters to predict this behavior may be identified.

Clinical prognostic factors
The International Prognostic Index (IPI), which was initially devel-
oped for diffuse large cell lymphomas, has proven to be of value in
many types of lymphoma, including MALT lymphoma. Since the IPI
is built up of basic factors that describe the growth characteristics
and aggressiveness of the tumor (stage, number of extranodal
sites, lactate dehydrogenase) and basic characteristics of patients
and their ability to tolerate therapy (age, performance status), this
broad applicability in lymphoma may be expected. However, strat-
ification on the basis of these general parameters would ignore the
specific characteristics of individual lymphoma disease-entities.
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A more disease-specific approach to develop clinical prognos-
tic factors would include the characteristic clinical properties of
MALT lymphoma. Endoscopic ultrasound examination has been
shown to be a highly sensitive technique for analyzing the extent of
the disease in the gastric wall in gastric MALT lymphoma. Until
now, this parameter has been one ofthe few to be significantly pre-
dictive of the response to therapy in Helicobacter pylori eradication
protocols for low-grade gastric MALT lymphoma. In view of the
essentially different dissemination pattern of extranodal MALT lym-
phomas stage, as defined by the Ann Arbor system, may not fully
appreciate the impact of different lymphoma localization. Staging
systems, specifically tailored to these characteristics, may prove to
be a more valuable prognosfic factor.

Pathological prognostic factors
In the current model of the evolution of MALT lymphoma, a precur-
sor stage of follicular, H. pylori-associated gastritis, is thought to
evolve into low-grade gastric MALT lymphoma and ultimately to
proceed to transformation to high-grade disease (diffuse large B-
cell lymphoma) on the basis of the accumulation of genomic alter-
ations. In the early phases of lymphoma development, the prolifer-
ation of tumor cells is stillat least partly dependent on immunolog-
ical drive, mediated through the presence of H. pylori antigens.
Therefore, two important biological transitions that justify different
therapeutic approaches should be recognized by pathologists: the
transition from low-grade to high-grade disease and the transition
from the antigen-dependent tothe antigen-independent phase.
Morphologically, the transition to high-grade disease (diffuse large
B-cell lymphoma} is marked by dominance of neoplastic blasts in
large sheets which are possibly also diffusely intermingled in the
infiltrate. These features can be recognized in endoscopic biopsy
samples and should be reported to guide the choice of fherapy.

The transition from the antigen-dependent to the antigen-inde-
pendent phase is much more difficult to recognize. Tumors that
have progressed to the antigen-independent phase do not require
antigen-mediated T-cell help to support the growth of malignant B-
cells. Therefore, removal of the source of antigen in the form of
bacterial eradication would not be enough to abolish tumor growth
and reach remission in these cases. In a small series of patients
(n=22), an increased number of neoplastic blasts (up to 10%) with-
out overt sheets of neoplastic blasts, predicted a worse tumor
response to therapy in a H. pylori eradication protocol. This sug-
gests that this transition may indeed be morphologically defined.

Immunological and molecular prognostic factors
Many of the known prognostic factors in lymphoma are developed
on a trial-and-error basis in large series of patients. Identification of
the specific factors that are involved in the development and pro-
gression of specific lymphoma entities, however, may help to mark
clinically relevant transitions in behavior and may prove to be more
essential as prognostic markers. Since the different developmental
stages from precursor stages to low-grade and into transformed
phases can be recognized, MALT lymphoma is a highly suitable
model for identifying these factors. Thus far, p53, bcl-6, c-mycand
DCC have been implicated in the transition from low-grade to trans-
formed disease. Recently, it has been suggested that bcl-10 may
be involved in the transition into the antigen independent phase or
that it may play a role in transformation. Further research will be
needed to dissect the different factors that are involved in clinically
relevant transitions. This knowledge may form the basis of the
development of specifically tailored treatment protocols.
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Introduction
The late 1980s and 1990s have seen a significant increase in our
understanding of the immune system and the biology of the non-
Hodgkin’s lymphomas (NHL). The diversity of the diffuse large B-cell
lymphomas (DLBCL) is more readily appreciated with the accep-
tance of the revised American European lymphoma (REAL) classifi-
cation and the soon to be released World Health Organization
(WHO) classification. A modified version of the diffuse aggressive B-
lineage lymphomas, to include expected provisions to the WHO
scheme, is shown in Table 1. Modern classification of NHLs is based

on a synthesis of morphology, immunophenotypic findings, molecu-
lar genetic studies and cytogenetic features. In difficult cases ancil-
lary studies may be required but at a minimum, the determination of
lineage is mandatory. Clinically equivalent cases of peripheral T-cell
lymphoma have a much worse prognosis than do DLBCLs.

Table 1. Diffuse large 8-cell lymphomas.

Diffuse large B-cell lymphoma subtypes:
Mediastinal (thymic) large B-cell lymphoma
Intravascular large B-cell lymphoma
Primary effusion lymphoma

Diffuse large B-cell lymphoma variants:
Centroblastic
Immunoblastic
T-cell rich 8-cell lymphoma (TCRBCL)
Anaplastic large B-cell lymphoma
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