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Malignant Lymphoma – A Changing Spectrum
Ivy Sng,1FRCPA, FAMS

As 15 September 2009 was World Lymphoma Awareness
Day, it is perhaps timely to review the subject of malignant
lymphoma. There is an increasing incidence of malignant
lymphomas worldwide. Correspondingly our nationwide
Singapore Cancer Registry demonstrates a substantial increase
in the incidence of malignant lymphomas.1 The male and female
age-standardised incidence rates (ASR) rose from 3.1 to 8.2 per
100,000 and 1.9 to 8.0 per 100,000 respectively between two
5-year periods 1968 to 1972 and 1998 to 2002. The annual rate
of increase in ASR is the second highest after prostate cancer
in males and second highest after breast cancer in females.
However, there were only 771 males and 551 females who
were diagnosed with malignant lymphoma during the period
1998 to 2002 ranking as 8th and 10th commonest cancers in
males and females respectively. These figures excluded plasma
cell myelomas and lymphoid leukaemias which at the time of
compilation were regarded separately.
Malignant lymphoid neoplasms are traditionally categorised
into 2 groups – Hodgkin lymphoma (HL) and non-Hodgkin
lymphoma (NHL). Broad categorisation, however, is
unsatisfactory for determining therapeutic approaches and
there are now well developed chemotherapeutic and targeted
immunotherapy regimens besides bone marrow or stem cell
transplantation. The knowledge of disease progression, clinical
outcomes and expected survival are important for physicians
managing malignant lymphomas. Major advances in molecular
genetics have enhanced the understanding of the pathobiology
of the disease process which provide the framework for the
improved classification of lymphomas. The classification of
lymphomas has remained as one of the most controversial
areas of tumour pathology. Most of the difficulties have been
a direct consequence of the inherent biological diversity
in lymphoid neoplasms; a reflection of the physiological
complexity of lymphocyte development and differentiation. In
the early 1980s, there were no less than 6 different lymphoma
classifications. This diversity has caused confusion with regard
to clinicopathological integration and interpretation of results
of international trials. After several international consensus
meetings among pathologists and clinicians, a classification
has evolved with greater reproducibility and better correlation
with clinical relevance. The World Health Organization
(WHO) Classification of Tumours of the Haematopoietic and
Lymphoid Tissues (2001)2 has been revised to the 2008 WHO
Classification based on new and accumulated experimental
data.3 With worldwide acceptance, it is already recognised

as the gold standard in lymphoma diagnosis. It identifies
individual clinicopathological entities, integrating morphology,
immunophenotype, genetics, normal cell counterpart/cell of
origin and clinical features and particularly molecular genetic
studies.
The NHL comprises almost 85% of reported malignant
lymphomas and is a heterogenous group of diseases. They are
divided into 2 major groups of clonal tumours of mature and
immature B lymphoid cells, and T lymphoid cells or natural
killer (NK) cells at various stages of differentiation.4 B cells
and T cells are part of the adaptive immune system which have
the capability for immunological defence mediated through
specific receptors as the immunoglobulin (Ig) and T-cell
receptor complex (TCR) respectively. Conversely, NK cells
which are part of the innate immune system together with NKlike T cells and gamma-delta cells participate in mucosal and
cutaneous immunity without the need to encounter antigen.
Based on this, lymphomas of NK and NK-like T cells occur
not infrequently in extranodal sites. The malignant lymphomas
of T and B cells as well as histiocytic and dendritic cells have
been considered as “non-Hodgkin lymphomas”.
Hodgkin lymphoma a.k.a. Hodgkin’s Disease is one of the
earliest malignant lymphomas described with the recognition
of the Hodgkin and Reed-Sternberg (HRS) cell, a large
mononucleated or multinucleate tumour cell, as being the
neoplastic cell in a background of reactive lymphocytes.
Molecular techniques with the extraction of single HRS cells
from tissue sections by laser-capture single cell dissection5
have led to the detection of monoclonal Ig gene rearrangements
in almost 95% of HL cases. Together with stable p53 gene
mutational status the neoplastic and B-cell origin of HL has
been clarified. Five per cent of HL are of a type, nodular
lymphocyte predominant HL, which is a monoclonal B-cell
neoplasm with histological and immunohistochemical findings
strongly suggesting a relationship to follicular lymphoma.6
The number of HL in the Singapore Cancer Registry Report1
is small, 122 cases during the 5-year period of 1998 to 2002
compared to 1170 cases of NHL. Although HL is regarded as
a tumour distinct from NHL, it is recognised that any type of
NHL can occur simultaneously with HL.7,8 Patients with HL
have an increased risk of developing NHL and some cases
of NHL such as B-cell chronic lymphocytic leukaemia and
follicular lymphoma have been observed to progress to HL.
With the recognition that classical HL is of B-cell lineage, this
overlap between HL and many forms of B-cell malignancy is
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now appreciated. The term “gray zone lymphomas” has been
applied to two B lineage lymphomas with features that overlap
morphologically and immunophenotypically.
The 2008 WHO Classification has introduced 2 new
categories of high-grade B-cell lymphomas: entities in which
features of diffuse large B-cell lymphoma (DLBCL) overlap
with Burkitt lymphoma (BL) or with classical Hodgkin
lymphoma (CHL). The DLBCL/HL category encompasses
lymphomas that exhibit the morphology of classical HL but
immunophenotype of DLBCL or vice versa, leading to the term
“B-cell lymphoma unclassifiable with features intermediate
between DLBCL and classical Hodgkin lymphoma”. An
example is that of primary mediastinal large B-cell lymphoma
(PMBL) and classical HL as HL can occur in the mediastinum
and with the latest molecular studies they share similar
molecular signature features.9-11 These gray zone lymphomas
generally have a more aggressive clinical course and poorer
outcome than classical HL or PMBL and there is no consensus
on the optimum treatment although some groups recommend
treating these cases as aggressive B-cell lymphomas. The
DLBCL/BL category encompasses cases that resemble BL
morphologically but have one or more immunophenotypic or
molecular genetic deviations that would exclude it from the
BL category: conversely some cases have immunophenotypic
and/or genetic features of BL but display cytologic variability,
unacceptable for BL.3 The designation of these 2 new “gray
zone” case groups as formal diagnostic entities has taken
some pressure off pathologists who previously felt compelled
to classify the unclassifiable. The diagnostic specifications
of BL, DLBCL, and CHL are well defined so that only truly
intermediate cases are included within the new entities. We
should not consider them as representing single diseases.
Further study in due time will allow assignment to discrete
groups with predictable clinical behaviour and optimal therapy.
The first-line approach to the diagnosis of malignant
lymphomas is morphological assessment with immunophenotyping. Molecular studies are helpful research tools but in
routine practice they are applied only when morphologic and
immunohistochemical studies yield inconclusive findings.
DNA analysis can provide information on the clonality of the
lymphoid population and nucleic acid amplification testing also
known as the polymerase chain reaction (PCR) can help in
distinguishing lymphoma from reactive lymphoid hyperplasia
and define the lineage of the lymphoma.12 Practically all B-cell
lymphomas show rearrangements of the immunoglobulin (Ig)
heavy chain and light chain genes, whereas T-cell lymphomas show rearrangements of the T-cell receptor (TCR) beta
and gamma chain gene. NK cell lymphomas and histiocytic
neoplasms lack both Ig and TCR gene rearrangements. These
gene rearrangements are sensitive and specific indicators of
the lineage of the lymphoma and neoplastic clones and can
be detected in small fractions of the tissue. However, there
can be a significant false negative result due to the failure of
the “universal” primer to hybridise the rearranged Ig or TCR
gene due to partial rearrangement or somatic hypermutation.
Recent developments with BIOMED-2 multiple PCR strategy

are shown to reduce this.13,14 While lineage is the defining
feature of most lymphoid malignancies, in recent years there
has been a greater appreciation of lineage plasticity within the
haemopoietic system.15 Lineage switch or demonstration of
multiple lineages is however less frequent in mature lymphomas than immature haematopoietic neoplasms, in particular
acute leukaemias. The detection of genetic features continue
to play an important role in the defining of lymphomas and
fluorescence-in-situ hybridisation (FISH) and comparative
genomic hybridisation techniques are used for detecting
specific chromosomal translocation e.g. t(14:18) in follicular
lymphoma and t(8:14) in BL.
The commonest lymphomas worldwide are the mature B-cell
lymphomas of which DLBCL and follicular lymphomas (FL)
account for more than 60% of all lymphomas.16 In a review
of the pathology reports and standardisation according to the
WHO Classification, there were 1410 cases of NHL reported to
the Singapore Cancer Registry during 1998 to 2002 of which
78% or 1095 cases were mature B-cell lymphomas and 17%
were mature T-cell and NK-cell lymphomas.17 About half of
the B-cell lymphomas (507 cases) were DLBCL. The mature
(post-thymic) T-cell and NK-cell lymphomas collectively
referred to as peripheral T-cell lymphomas (PTCL) account
for less than 15% of all NHL worldwide. There is an overall
higher frequency of PTCL in Asia and Central/South America
than in Western Countries,18 especially of those induced
by Epstein-Barr Virus (EBV) and Human T-lymphotropic
Virus-1 (HTLV-1), the latter particularly in Japan. The entity
Nasal NK/T-cell lymphoma with its association with EBV is
not uncommon in Singapore and extranasal sites have been
reported but adult T-cell lymphoma leukaemia due to HTLV-1
infection is a rarity.19,20 Irrespective of their pathobiological
heterogeneity, PTCL are, with few exceptions, aggressive
diseases with poor outcome with standard chemotherapy.21
With the sequencing of the human genome, we enter the
period with hope that personalised genomic medicine may
contribute to better survival outcome of malignant lymphomas.
Through gene expression profiling, Alizadeh et al in 2000 have
identified 2 major groups of DLBCL. One termed germinal
centre B-cell like (GCB) with the gene expression profile of
germinal centre B cell, accounted for 45% to 50% of cases
studied.22 The other termed activated B-cell like (ABC) has
the profile of activated peripheral B cells. The third molecular
subtype, primary mediastinal DLBCL (PMBCL), was subsequently identified and shares similarities with classical HL.11
The genetic and molecular differences between these subtypes
of DLBCL strongly suggest that they correspond to different
clinical entities. Rosenwald et al23 found that patients with these
tumours differ in clinical outcome with 5-year survival rates
of 59%, 39% and 64% in GCB, ABC and PMBCL patients
respectively. The peculiar clinical phenomenon of late relapses
seems to occur mainly in lymphomas with GCB profile.24
Prognostic models based on pre-treatment characteristics
such as the International Prognostic Index are currently used
to predict outcome in DLBCL. Can we translate the results of
gene expression profiling of DLBCL to prognosticate results in
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clinical practice? Unfortunately the correlation between gene
expression subtypes of DLBCL with those defined as GC and
non-GC large B-cell lymphoma by morphology and immunohistochemistry is variable.25 Combination chemotherapy with
R-CHOP has significantly improved the survival of patients
with DLBCL. Whether gene expression signature correlates
with survival after treatment of DLBCL has been the subject
of further study. The Lymphoma/Leukaemia Molecular Profiling Project embodying major research institutes created a
multivariate model from gene expression signatures termed
B-cell “stromal-1” and “stromal-2” which predicted survival
both in patients receiving CHOP and R-CHOP chemotherapy.26
The prognostically favourable signature stromal-1 reflected
extracellular matrix deposition and histiocyte infiltration. By
contrast, the prognostically unfavourable stromal-2 signature
reflected tumour blood-vessel density. The conclusion is that
survival after treatment of DLBCL is influenced by differences
in immune cells, fibrosis and angiogenesis in the microenvironment of tumour. Targeted therapy with angiogenesis inhibitor
may form a basis for clinical trials in DLBCL and combined
treatment that targets oncogenic mechanism as well as tumour
microenvironment may prove synergistic.
Gene expression profiling has now been applied to several
small series of peripheral T-cell lymphomas.27 The largest
series to date has been performed on 151 lymphomas as part
of the International PTCL Project21 where 1314 cases of PTCL
and NKTCL were studied with a participating consortium of
22 institutions which included Singapore General Hospital.
Preliminary results have shown that there are distinctive
molecular classifiers for subgroups as angioimmunoblastic
T-cell lymphomas, ALK positive anaplastic large cell
lymphoma and adult T-cell leukaemia/lymphomas. The
peripheral T-cell lymphoma – unspecified was molecularly
heterogenous although there is a molecular subgroup with
worse survival.28 If these gene classifiers reflect the biology
of tumour cells as well as their microenvironment, we can
look forward to the more precise identification of oncogenic
pathways and tumour-host interactions to lead to better
therapies and outcomes in future.
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