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1
The Molecular Basis of 
Lymphoma

Lymphomas are neoplasms of T, B or natural killer 
(NK) lymphoid cells and their precursors. Although 
having different characteristics from their normal 
counterparts, the neoplastic cells of many lympho-
mas have the features of lymphoid cells at a particu-
lar stage of differentiation. In addition, lymphoma 
cells can have the characteristics of lymphocytes 
that normally reside in a particular organ or tissue. 
Neoplastic lymphocytes tend to ‘home’ to the tissues 
and specific locations where their normal counter-
parts reside. Lymphomas arise as a result of a series 
of mutations in a single lymphoid cell. Usually, this 
is a cell already committed to the B, T or NK line-
age although rarely the mutation is in a pluripotent 
myeloid-lymphoid stem cell or in a common lym-
phoid stem cell. In the former case, exemplified by 
the 8p11 syndrome (FGFR1 rearranged), patients 
can have a B-cell precursor or T-cell precursor leu-
kaemia/lymphoma during one phase of the disease 
and an acute or chronic myeloid leukaemia during 
another phase [1]. In the latter instance, exempli-
fied by mixed lineage acute leukaemia (designated 
mixed phenotype acute leukaemia in the WHO 
 classification), neoplastic cells express various 
 combinations of B-lineage, T-lineage and myeloid 
markers on cells of the same clone [2]. Lymphomas 
differ from lymphoid leukaemias in that the pre-
dominant disease manifestations are in lymphoid 
organs or tissues whereas in lymphoid leukaemias, 
the predominant manifestations are in the bone 
marrow and the blood.

The mutations leading to lymphoma are very var-
iable. Invariably, they involve oncogenes and often 
there is also loss of function of tumour suppressor 
genes. It is the nature of the molecular events that is 
the crucial factor determining the nature of the lym-
phoma. Sometimes, these molecular changes are the 
result of major chromosomal rearrangements, such 
as a translocation or inversion, and can be predicted 
by standard cytogenetic analysis [3].

An understanding of the normal immune system 
necessarily underpins an understanding of the na-
ture of lymphoma.

The normal immune system

The immune system includes lymph nodes, spleen 
and thymus and, in addition, lymphoid cells in 
many other organs, including particularly the bone 
marrow, the liver, the gastrointestinal tract, the 
upper and lower respiratory tracts and the genitou-
rinary system. Mucosa-associated lymphoid tissue 
(MALT) includes (1) discrete lymphoid structures 
such as the appendix, Peyer’s patches in the submu-
cosa of the intestine, and the tonsils and adenoids 
(collectively referred to as Waldeyer’s ring) in the 
pharynx and (2) lymphocytes in the submucosa of 
various organs that do not form any macroscopically 
recognizable structure. The various components of 
the immune system are interconnected by lymphatic 
channels and by the blood stream. In addition to 
lymphoid cells and certain plasma proteins, the 
normal immune system includes other cells with 
phagocytic and antigen-presenting function, includ-
ing neutrophils, monocytes, macrophages and den-
dritic cells [4]. The immune system has both innate 
and adaptive components, and both of these systems 
have cellular and humoral elements (Table 1.1). 
Innate immunity does not require prior antigen 
exposure and provides an immediate response; it 
includes phagocytic cells, NK cells, gamma/delta 
T cells and the plasma proteins of the complement 
system. Adaptive immunity occurs as a response to 
antigen exposure; it is characterized by specificity 
and immunological memory with the response be-
ing delayed. It is dependent on B cells (which differ-
entiate into antibody-producing plasma cells), CD8-
positive T cells (which damage or destroy  target cells 
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2 1 The Molecular Basis of Lymphoma

expressing the relevant antigen) and CD4-positive 
T cells (which possess effector capability and also 
enhance and regulate the function of other cells in-
volved in the immune response). Immune responses 
to self-antigens can also occur. These are maladap-
tive and often give rise to disease. The bone marrow 
and thymus, being the sites of B and T lymphocyte 

development, are referred to as primary lymphoid 
organs. The lymph nodes and other peripheral 
lymphoid tissues comprise the secondary lymphoid 
tissues.

The structure of a normal or reactive lymph node 
is shown diagrammatically in Figure 1.1 and in his-
tological sections in Figures 1.2–1.4. Lymph nodes 

Table 1.1 The normal immune system.

Innate Adaptive

Characteristics Does not alter with repeat exposure to 
antigens

Is characterized by specificity and immunological memo-
ry; response enhanced by repeat exposure to an antigen

Components Phagocytic cells (neutrophils, monocytes, 
macrophages, interdigitating dendritic 
cells), cells that release inflammatory medi-
ators (eosinophils, basophils, mast cells)
Natural killer cells
Gamma/delta T cells
Complement components and acute phase 
reactants
Cytokines including chemokines
Interferons

B cells and plasma cells
T cells
Antigen-presenting cells (interdigitating  dendritic cells 
including Langerhans cellsa, follicular dendritic cellsb, 
macrophages and B lymphocytesa)
Immunoglobulins

Main sites Blood stream and tissues Lymph nodes, spleen, mucosa-associated  lymphoid tissue
aPresent antigen to T cells.
bPresent antigen to B cells.

Subscapular sinus

Fibrous capsule

Septae

Marginal zone
Mantle zone
Germinal centre

Afferent lymphatic

Secondary
follicle

Primary follicle

Cortex

Paracortex

Medullary cords

Efferent
lymphatic

Vein
Artery

Splenic
hilum

Figure 1.1 Diagram showing the structure of a normal lymph node.
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3The normal immune system

are divided into cortex, paracortex and medulla. 
Within the cortex are primary follicles, which are 
composed of naïve B lymphocytes, which are usu-
ally CD5-positive, and follicular dendritic cells. On 
antigen exposure, proliferation and maturation of 
B cells causes the primary follicle to develop into 
a secondary follicle comprising a germinal centre 
surrounded by a mantle zone of small B lympho-
cytes. Germinal centre B centroblasts switch off 
BCL2 and express BCL6. Centroblasts mature to 
centrocytes, which are located in the light zone of 
the germinal centre and re-express BCL2. MYC, 
expressed in  centrocytes in the light zone in  reactive 
lymph nodes, plays a key role in the formation and 

 maintenance of germinal centres. Outside the man-
tle zone, some lymph node and extranodal germinal 
centres (and particularly splenic germinal centres) 
have a  marginal zone, also composed of B lympho-
cytes. The network of follicular dendritic cells in the 
germinal centre presents antigen to B cells. T cells 
occupy the paracortex, which surrounds and under-
lies the primary and secondary follicles. The para-
cortex also has abundant dendritic cells. The centre 
of the lymph node is the medulla, composed of 
medullary cords and sinuses. The medullary cords 
are occupied by B and T lymphocytes, plasma cells 
and macrophages. Lymph, derived from interstitial 
fluid and containing a variable number of lympho-
cytes, is brought to the lymph nodes by a number 
of afferent lymphatics and is transported from 
the lymph node by an efferent lymphatic, exiting 
from the hilum of the node. Lymphocytes are also 
brought to the lymph node by its arterial supply, 
entering the interstitium of the node through high 
endothelial venules. Lymphocytes characteristically 
recirculate, from lymph nodes or other lymphoid 
tissues through the lymphatics and the blood stream 
back to lymphoid tissues. Homing of lymphocytes to 
tissues similar to those from which they originated 
(e.g. skin or gastrointestinal submucosa) is usual.

The spleen is a lymphoid and reticuloendothelial 
organ of major importance [5]. Its functions include 
phagocytosis of abnormal circulating cells, ‘pitting’ 
of micro-organisms and other inclusions from red 
cells, phagocytosis of antibody-coated bacteria and 

Figure 1.2 Histological section of a lymph node from a 
patient with reactive  lymphadenopathy showing the cortex 
(containing primary and secondary follicles) and the medulla. 
Haematoxylin and eosin (H&E) stain, ×4 objective.

Figure 1.3 Histological section of a lymph node from a 
patient with reactive lymphadenopathy showing the cortex 
(containing secondary follicles) and the medulla. H&E stain, 
×10 objective.

Figure 1.4 Histological section of a lymph node from a 
patient with reactive  lymphadenopathy showing that follicle 
centres are BCL2 negative. Immunoperoxidase, ×10 objective.

1
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4 1 The Molecular Basis of Lymphoma

antibody production. It is divided into the white 
pulp and the red pulp (Figure 1.5). The white pulp 
surrounds arteries and arterioles, being composed 
of a peri-arterial and peri-arteriolar sheath of 
T lymphocytes (among which CD4-positive T cells 
predominate) within which, between the branch-
ing arterioles, there are lymphoid follicles. The 
primary lymphoid follicles of the spleen have a 
well-developed marginal zone composed mainly of 
B lymphocytes but also containing T lymphocytes, 
macrophages, dendritic cells and plasma cells. With 
antigenic stimulation, germinal centres and a more 
prominent mantle zone develop. The white pulp is 
the major site of antigen presentation and antibody 
production. The red pulp is composed of venous 
sinuses and splenic cords, the latter containing den-
dritic cells, macrophages, stromal cells, red cells and 
a small transitory population of neutrophils, mono-
cytes, lymphocytes (including B cells and CD8- 
positive T cells) and plasma cells; it is the major site 
of phagocytosis, and is an important component of 
the reticuloendothelial system. In addition to lym-
phoid cells, the spleen contains significant numbers 
of red cells and about 10% of circulating platelets.

The thymus is a lymphoid organ of major impor-
tance in T-cell maturation and in the selection of 
T cells recognizing peptides derived from foreign 
rather than self-antigens. The thymus is composed 
of a cortex and a medulla. It contains functionally 
important epithelial elements, as well as lymphoid 
cells. Maturation and selection of T cells start in the 
cortex and continue in the medulla.

The normal development of a B lymphocyte is 
shown schematically in Figure 1.6 [4,6,7]. B lympho-
cytes originate in the bone marrow from haemopoi-
etic stem cells, which give rise to B-cell precursors 
(B lymphoblasts or ‘haematogones’), which in turn 
give rise to naïve B lymphocytes. These travel to 
the primary follicle of the lymph node or other sec-
ondary lymphoid tissue. There they either meet a 
cognate antigen (presented by a follicular dendritic 
cell), and proliferate and differentiate further, or 
die by apoptosis. B cells that encounter antigen are 
thought to migrate to the mantle zone surrounding 
the  primary follicle. Interaction with antigen-specific 
T cells results in proliferation followed by migra-
tion of the activated lymphocytes to form a primary 
focus of clonal expansion within the follicle centre. 
These B lymphocytes develop into centroblasts and 
centrocytes, leading to formation of the germinal 
centre of the secondary follicle. Immunoglobulin 
(Ig) class switching (isotype switching) and somatic 
hypermutation occur in the germinal centre. Ongo-
ing IGHV mutations and BCL6 mutations are the 
hallmark of germinal centres. Further maturation 
can occur in the marginal zone where the lymphoid 
cell may assume a monocytoid appearance. There-
after, the cell either becomes a long-lived circulating 
memory B cell or develops into a plasma cell in the 
bone  marrow or other tissue. During this process 
of differentiation, there are genetic, immunopheno-
typic and functional changes occurring in the B cell.

The normal development of a T cell is shown 
in Figure 1.7. A haemopoietic stem cell (CD34+, 
CD38+) of bone marrow origin migrates to the 
corticomedullary junction of the thymus where 
development into a T-cell precursor occurs. At this 
stage, the cell, now known as a thymocyte, expresses 
terminal deoxynucleotidyl transferase (TdT), CD7 
and cytoplasmic CD3, and does not express either 
CD4 or CD8, that is ‘double negative’ [8]. It migrates 
into the cortex where rearrangement of T-cell re-
ceptor (TCR) genes (TRA, TRB) commences and 
expression of CD1a, CD4 and CD8 occurs, produc-
ing a ‘double positive’ cortical thymocyte. During 
maturation in the thymus, the cell expresses mem-
brane CD3 and either CD4 or CD8. The thymocyte 
migrates towards the thymic medulla, encountering 
cortical thymic epithelium expressing MHC class I 
or class II  molecules, which present peptides. Cells 
that are not actively selected through encounter 

Figure 1.5 Histological section of a normal spleen showing 
the red pulp and the white pulp. The paler marginal zone is 
clearly apparent. H&E stain, ×4 objective.

1
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5The normal immune system

with a compatible peptide-presenting MHC mol-
ecule die by apoptosis. This is the fate of more than 
98% of the initial thymocyte population. Those that 
do encounter a matching peptide-presenting MHC 
class I molecule develop into CD8-positive medul-
lary thymocytes. Those that encounter a matching 
peptide-presenting MHC class II molecule develop 
into CD4-positive medullary thymocytes. Self-reactive 

T cells are deleted,  probably in the thymic medulla. 
Mature CD4-positive or CD8-positive T cells migrate 
from the thymus to lymph nodes and other lym-
phoid organs where they are located preferentially 
in the  paracortex and the   medulla. The mature T 
cells express in the membrane a complete TCR com-
plex, which is composed of TCR chains and a CD3 
complex, which contains gamma, delta and  epsilon 

Memory cell

Plasma cell

Antigen presented
by dendritic cell or
macrophage

Antigen presented by
follicular dendritic cell
within germinal centre

Immunoblast in
paracortex

Plasmacytoid lymphocyte
in medulla of lymph node

Naïve B cell enters
lymph node

B cell precursor (lymphoblast
or haematogone)

Haemopoietic stem cell

Mantle zone B cell

Centrocyte

Centroblast

Mantle zone

Marginal zone

Naïve B cell in
primary follicle

Follicular
dendritic cell

Antigen presentation by follicular
dendritic cells – selection and
expansion

Marginal zone or
monocytoid B cell

Bone marrow

Medulla of
lymph node

Cortex of
lymph node

Figure 1.6 Diagram showing the normal development of a B lymphocyte. A haemopoietic stem cell in the bone marrow gives 
rise to a B-cell precursor and then to a naïve B cell, which migrates to either secondary lymphoid tissues such as a lymph node 
primary follicle or medulla. If the B cell is presented with antigen by a dendritic cell or macrophage, further development occurs. 
A naïve, immunoglobulin (Ig) M- or IgD-expressing B cell in the primary follicle responds to antigen by class switching and mi-
gration to the mantle zone. The mantle zone B cell then migrates back into the germinal centre and transforms to a centroblast 
and then a centrocyte within what is now a secondary follicle containing a germinal centre. These germinal centre cells undergo 
somatic hypermutation before migrating to the marginal zone and then the blood stream. Post-germinal centre B cells become 
memory cells in blood or tissues or plasma cells in tissues.
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6 1 The Molecular Basis of Lymphoma

chains. There are two groups of mature T cells 
 according to the TCR, the alpha/beta and the gam-
ma/delta. Gamma/delta-expressing T cells account 
for about 5% of T cells and are found in the splenic 
red pulp, mucosas and intestinal and skin epithelia; 
a minority are circulating in the peripheral blood. 
Among CD4-positive cells, there are particular sub-
populations characterised by a distinct immunophe-
notype, function and/or localization. For instance, 
the regulatory T cells (Treg) suppress the immune 
response to cancer and express CD25 and the tran-
scription factor FOXP3, and the T follicular helper 
(TFH) cells have a distinct immunophenotypic pro-
file with expression of BCL6, CD10, CD57 and PD1 
(CD279) and provide help to B lymphocytes within 
the context of germinal centre reaction.7

NK cells originate in the bone marrow, probably be-
ing derived from a lymphoid precursor that is shared 
with B and T lymphocytes and being ultimately derived 
from a haemopoietic stem cell. They do not have a 

complete TCR complex but activated NK cells express, 
in the cytoplasm, the epsilon and zeta chains of CD3.

T and B lymphocyte precursors have germline 
genes that are unusual in that they are divided into 
segments. These must be assembled into functional 
genes by a process of deletion and rearrangement 
of gene segments to form the genes that encode the 
various chains of immunoglobulin molecules (IGH, 
IGK and IGL) and, similarly, the TCR genes (TRA, 
TRB, TRG, TRD); surface membrane immuno-
globulin molecules (SmIg) are part of a complex that 
functions as a B-cell receptor. The segments that 
comprise a heavy chain gene are a variable region 
segment (VH), a diversity segment (D), a joining 
segment (JH) and a constant region segment (C); 
the latter is specific for each heavy chain class (Cμ, 
Cδ, Cγ3, Cγ1, Cα1, Cγ2, Cγ4, Cε and Cα2). These 
gene segments are assembled as shown in Figure 1.8. 
The process of VDJ recombination occurs in the 
bone marrow leading to a cytoplasmic μ-expressing 

Haemopoietic stem
cell in bone marrow

T-cell precursor
(prothymocyte) in

circulation

Positive selection by interaction
of TCRαβ with MHC on stellate
epithelial cells or death by
apoptosis

Capsule
Septum or trabeculum

CD4+CD8- (recognizes peptide
in MHC class II context)

CD4-CD8+ (recognizes peptide
in MHC class I context)

Negative selection of cells that react too
strongly to self peptide in MHC context

Dendritic cell or
macrophage

CD4-CD8- thymocyte

CD4-CD8+CD4+CD8-

CD4-CD8-
CD4+CD8+ thymocyte TCRαβ

Thymic cortex

Thymic medulla

Blood stream

Figure 1.7 Diagram showing the normal development of a T lymphocyte in the thymus. Haemopoietic stem cells in the bone 
marrow give rise to T-cell precursors, which enter the thymic medulla and then migrate from the medulla to the cortex. Cortical 
thymocytes undergo positive selection. If they recognize a specific foreign peptide presented in an MHC I or II context by a thymic 
epithelial cell, they survive; if not, they undergo apoptosis. Surviving cells develop into either CD4+CD8− or CD4−CD8+ cells, 
which migrate to the thymic medulla. Medullary thymocytes undergo negative selection. Cells with a strong affinity for a self-
peptide presented by a dendritic cell or a macrophage in an MHC context undergo apoptosis and are thus deleted. Surviving cells 
leave the thymus as T cells, which migrate to secondary lymphoid tissues where they undergo clonal expansion if they recognize a 
peptide presented by a dendritic cell in an MHC context.
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7The normal immune system

pre-B cell. The RAG1 and RAG2 genes are then re-
activated leading to rearrangement of an IGK gene, 
or if this fails, an IGL gene. The rearranged light 
chain-encoding IGK and IGL genes are composed 
of a variable region and a joining region only,

Vκ + Jκ or Vλ + Jλ. Once a light chain gene has 
been effectively rearranged, immunoglobulin is 
expressed on the surface of the cell and the pre-B 
cell becomes an IgM-expressing B cell. The next 
stage of B-cell differentiation, class or isotype swit-
ching (Figure 1.9), occurs within a germinal centre, 

 leading to a cell that expresses IgG, IgA or IgE rather 
than IgM with or without IgD. The final event in 
the genetic development of a B cell is somatic hy-
permutation, a process of multiple point mutations 
and, to a lesser extent, deletions and duplications, 
occurring in the variable region of the gene. Soma-
tic hypermutation occurs in germinal centres, for 
example in lymph nodes, spleen and tonsils, when 
a naïve B lymphocyte recognizes antigen presented 
in an MHC context by an antigen-presenting cell 
such as a dendritic cell. The result of this process is 

A 5′

B 5′

C 5′

D 5′

E 5′

F 5′

G 5′

V1–50                                D1–25                               J1–6                      C 3  γ1  α1  γ2  γ4   ε  α2

V                                D             J                      C 3  γ1  α1  γ2  γ4   ε  α2

V                                      DJ                             C 3  γ1  α1  γ2  γ4   ε   α2

V  DJ                          C 3  γ1  α1  γ2  γ4   ε  α2

VDJ                            C 3  γ1  α1  γ2  γ4   ε  α2

VDJ   C 3  γ1  α1  γ2  γ4   ε  α2

VDJC 3  γ1  α1  γ2  γ4   ε  α2

3′

3′

3′

3′

3′

3′

3′

μ δ γ

μ δ γ

μ δ γ

μ δ γ

μ δ γ

μ δ γ

μ δ γ

Figure 1.8 Diagram showing the rearrangement of an immunoglobulin heavy-chain locus (IGH) in a B-cell precursor in the bone 
marrow.
A Germline IGH showing V (variable), D (diversity), J (joining) and C (constant) regions (only a few representative segments are 
shown; double lines indicate a non-existent break in the gene).
B Lymphocyte-specific enzymes, RAG1 and RAG2, cleave the DNA at one point within the D region and at another within the J 
region (arrows).
C The intervening segments having been excised, the two ends are rejoined by enzymes encoded by ubiquitously expressed 
genes, to give DJ fusion.
D RAG1 and RAG2 are reactivated and cleavage occurs within the V and D regions. 
E Rejoining occurs to give VDJ fusion. 
F Cleavage occurs within the J region and between the final J segment and the first (μ) exon of the C region.
G Rejoining results in a VDJCμ gene, encoding μ heavy chain (a switch region, Sμ, upstream of Cμ, is also included in the 
 sequence so that the sequence can also be represented as VDJSμCμ – see Figure 1.9).
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8 1 The Molecular Basis of Lymphoma

that the immunoglobulin expressed on the surface 
membrane of the B cell more closely matches the 
antigen that has been presented and binding affi-
nity is thereby increased. Naïve B cells that reach 
germinal centres but do not find a matching antigen 
die by apoptosis (Figure 1.10). Each mutation that 
increases affinity for antigen selects for cell survival 
rather than cell death. Continuing cycles of selec-
tion and mutation produce cells with a high affinity 
for the antigen. It is these high-affinity B cells that 
 differentiate into plasma cells and give rise to me-
mory B cells. Plasma cells home to the bone mar-
row, spleen, lymph nodes and gastrointestinal tract. 
Memory cells comprise about 40% of circulating B 
cells, the other 60% being naïve B cells.

The process of rearrangement of gene segments 
also occurs in T cells, which rearrange V, D and J 
segments in genes encoding α, β, γ and δ chains. 
Somatic hypermutation and class switching do not 
occur and it has been hypothesized that it is the 
greater degree of genetic rearrangement occurring 
in B cells that make B-cell lymphomas far more 
common than T-cell lymphomas. Most mature T 
cells have a surface membrane complex composed 
of α and β chains of the TCR together with CD3 and 
either CD4 or CD8, which recognize specific pep-
tides in an appropriate MHC context, MHC class I 

Antigen

Antigen

Antigen

Antigen

Antigen

Memory B cell Plasma cell

Apoptosis

Apoptosis

Apoptosis

Apoptosis

Or

–
+

–
+

–
+

–
+

Naïve B cell

Antigen-experienced
hypermutated B cell

Figure 1.10 The process of somatic hypermutation, which 
occurs within the germinal centre on exposure to antigen. 
Cells that are capable of binding to that antigen are selected 
for survival (+) and cells that are not (–) die by apoptosis; cells 
that undergo mutation of VH and VL segments that lead to a 
higher binding affinity for the antigen are selected for survival 
(+) rather than those with a lower affinity (–); this leads to 
progressive expansion of a clone of antigen-experienced cells 
that have a high affinity for the antigen.

A 5′

B 5′

C 5′

VDJSμ μ δ γC 3     γ1     α1     γ2      γ4      ε       α2

VDJSμ Sα1Cα1 γ2    γ4      ε       α2

VDJSμSα1Cα1 γ2    γ4       ε       α2

3′

3′

3′

Figure 1.9 Class or isotype switching of a B cell, which occurs within a germinal centre. 
A Gene that has undergone VDJ recombination and is expressing IgM (IGK or IGL having also been effectively rearranged); the 
sequence is VDJSμCμ; the switch region of each gene segment is represented in grey. 
B As a result of activation-induced deamination, DNA cleavage occurs between the switch region and the coding region of Cμ 
and also upstream of the switch region of one of the other C segments, in the case illustrated Cα1.
C The intervening sequence having been excised, there is rejoining of two switch regions, in this case Sμ and Sα1 resulting in the 
sequence VDJSμSα1Cα1; the cell is now able to express IgA1.
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9The normal immune system

in the case of CD8-positive cells and MHC class II in 
the case of CD4-positive cells [4].

NK cells, being part of the innate rather than the 
adaptive immune system, appear not to undergo any 
gene rearrangement.

The genetic rearrangement that occurs in B and T 
cells is paralleled by alterations in expression of sur-
face membrane and cytoplasmic antigens [7, 8]. These 
changes are illustrated in Figures 1.11 and 1.12.
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Figure 1.11 Alterations in the expression of surface membrane and cytoplasmic antigens that occur with B-cell maturation. c, 
cytoplasmic; Ig, immunoglobulin; Sm, surface Membrane; TdT, terminal deoxynucleotidyl transferase.
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10 1 The Molecular Basis of Lymphoma

Relationship of lymphomas to 
putative normal homologues

The putative relationship between the normal stages 
of B-cell and T-cell differentiation and B- and T-lin-
eage neoplasms is shown in Figures 1.13 and 1.14.

The molecular basis of acute 
lymphoblastic leukaemia/
lymphoblastic lymphoma

The molecular basis of acute lymphoblastic leukae-
mia (ALL) and the related lymphoblastic lymphomas 
varies between T- and B-lineage cases and also be-
tween different subtypes. Often, there is a  mutation 
that leads to either dysregulated expression of a 

normal transcription factor gene or to expression of 
a gene encoding an abnormal transcription factor. 
More than one mutation is needed in order to give 
rise to an acute leukaemia. One mutation may inter-
fere with transcription factor function and another 
with intracellular signalling so that cells continue to 
proliferate but differentiation does not occur.

The two most common subtypes of B-lineage 
ALL are those associated with hyperdiploidy and 
with a cryptic reciprocal translocation, t(12;21)
(p13.2;q22.1). The molecular mechanism of leu-
kaemogenesis of the former is unknown while the 
latter is associated with fusion of two transcription 
factor genes to give an ETV6-RUNX1 (previously 
known as TEL-AML1) fusion gene. Several other 
less common subtypes of ALL are also associated 
with the formation of a fusion gene. The subtype 
associated with t(4;11)(q21;q23.3) has a KMT2A-
AFF1 (previously known as MLL-AF4) fusion 
gene, whereas the subtype associated with t(1;19)
(q23;p13.3) has an TCF3-PBX1 (previously known 
as E2A-PBX1) fusion gene. In adults, about one-
quarter of cases of B-lineage ALL are associated 
with t(9;22)(q34.1;q11.2) and a BCR-ABL1 fusion 
gene; it is likely that there are other undiscovered 
molecular events in this subtype, explaining why 
the phenotype is that of ALL since the dysregulated 
tyrosine kinase activity of BCR-ABL1 usually leads 
to chronic myeloid leukaemia.

In T-lineage ALL, the two abnormalities most of-
ten observed are t(5;14)(q35.1;q32.2), in about 20% 
of cases, and TAL1 cryptic deletion/fusion in about 
one-third of cases. The mechanism of leukaemogen-
esis in the former is dysregulation of TLX3 (previ-
ously known as HOX11L2), probably by proximity 
to the transcription regulatory elements of BCL11B 
(previously known as CTIP2) at 14q32.2. In the 
case of TAL1, there is a cryptic deletion that results 
in most of the sequences of TAL1, a transcription 
factor gene on chromosome 1, being fused with the 
promoter of an upstream gene, SIL. This leads to 
dysregulation of TAL1, which is not normally ex-
pressed in T cells. Another frequent mechanism of 
leukaemogenesis in T-lineage ALL is dysregulation 
of a transcription factor gene by proximity to a TCR 
gene (TRA, TRB, TRG or TRD); genes that can be 
dysregulated in this manner include TAL1, TLX1, 
TLX3, MYC, LMO1 and LMO2.

Figure 1.12 Alterations in expression of surface membrane 
and cytoplasmic antigens that occur with T-cell matura-
tion. c, cytoplasmic; Sm, surface membrane; TdT, terminal 
 deoxynucleotidyl transferase.
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11The molecular basis of B-lineage non-Hodgkin lymphoma, chronic B-lineage leukaemias

Second mutations occurring in the cell that gives 
rise to the leukaemic clone may or may not be 
 specific to a cytogenetic/molecular genetic subtype. 
For example, in B-lineage ALL associated with 
ETV6-RUNX1 there has often also been deletion 
of the second ETV6 allele whereas in T-lineage 
ALL an activating mutation of NOTCH1 has been 
found as a second event in all major cytogenetic/
molecular genetic subtypes. NOTCH1 encodes a 
membrane receptor that regulates normal T-cell 
development.

The molecular basis of 
B-lineage non-Hodgkin 
lymphoma, chronic B-lineage 
leukaemias and multiple 
myeloma

The molecular basis of B-lineage non-Hodgkin 
lymphoma (NHL) often involves dysregulation of 
an oncogene as the result of a translocation that 

Memory B Cell
CLL/SLL
Hairy cell leukaemia
Hairy cell leukaemia variant

Plasma cell
Multiple myeloma

Plasmacytoid lymphocyte
Some lymphoplasmacytic lymphoma
PEL
Intravascular B-cell lymphoma

Mantle zone B cell
MCL

Paracortical immunoblast
Some DLBCL

Plasmacytoid lymphocyte
Lymphoplasmacytic lymphoma (some)

Naïve B cell
Some MCL

B-cell precursor
Acute lymphoblastic leukaemia/lymphoblastic lymphoma

Heterogeneous with
regard to somatic
hypermutation
CLL/SLL
PLL
MCL
SMZL
SDRPL

Unknown equivalent
PLL
SDRPL

Marginal zone B cell
MALT lymphoma and nodal and
splenic marginal zone lymphoma

Centrocyte/centroblast
Follicular lymphoma
Burkitt lymphoma
Some DLBCL
NLPHL
Classical HL

Figure 1.13 Putative relationship between normal B-cell differentiation and B-lineage neoplasms. CLL, chronic lymphocytic 
leukaemia; DLBCL, diffuse large B-cell lymphoma; classical HL, classical Hodgkin lymphoma; MALT, mucosa-associated lymphoid 
tissue; MCL, mantle cell lymphoma; NLPHL, nodular lymphocyte-predominant Hodgkin lymphoma; PEL, primary effusion lympho-
ma; PLL, prolymphocytic leukaemia; SLL, small lymphocytic lymphoma; SDRPL, splenic diffuse red pulp lymphoma; SMZL, splenic 
marginal zone lymphoma.
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12 1 The Molecular Basis of Lymphoma

brings it under the influence of an enhancer of 
the  immunoglobulin heavy chain gene (IGH) at 
14q32.33 or of the kappa (κ) or lambda (λ) genes 
(IGK and IGL) at 2p12 and 22q11.22, respectively. 
Examples of this mechanism include the three trans-
locations that can underlie follicular lymphoma, 
dysregulating BCL2, and the three that can underlie 
Burkitt lymphoma, dysregulating MYC. An alterna-
tive mechanism is formation of a fusion gene as the 
result of a translocation, such as the BIRC3-MALT1 
(previously AP12-MALT) fusion gene in gastric 
MALT-type lymphoma with t(11;18)(q22.2;q21.32). 
Sometimes, different molecular abnormalities af-
fect a common signalling mechanism, for example 
dysregulation of MALT1 by proximity to IGH is an 
alternative to formation of a BIRC3-MALT1 fusion 
gene. In some B-lineage lymphomas and leukae-
mias, the molecular mechanisms of oncogenesis are 
largely unknown. This is so for small lymphocytic 
lymphoma/chronic lymphocytic leukaemia (SLL/
CLL), in which many cytogenetic and molecular 
abnormalities have been described (mainly deletions 
or gene amplification rather than translocations) 
without a primary oncogenic event yet being identi-
fied. In some leukaemias and lymphomas, charac-
teristic chromosomal abnormalities have similarly 

been recognized without an associated oncogenic 
molecular change yet being identified. This is so for 
trisomy 3 and deletion 7q31.2 in splenic marginal 
zone lymphoma and for trisomy 12 in CLL.

Cytogenetic and molecular analysis can be very 
important in diagnosis, for example confirming a 
diagnosis of Burkitt lymphoma so that specific treat-
ment regimes can be used, identifying cases of dou-
ble or triple hit high grade B-cell lymphomas with 
prognostic implications or confirming a diagnosis 
of follicular lymphoma or mantle cell lymphoma if 
other features are not diagnostic.

The molecular basis of multiple myeloma often in-
volves translocations that bring oncogenes under the 
influence of enhancers of IGH, for example t(4;14)
(p16.3;q32), t(6;14)(p21;q32), t(11;14)(q13;q32), 
t(14;16)(q32;q23) and t(14;20)(q32;q11). Cytogenetic 
analysis has demonstrated the same chromosomal 
rearrangements in cases of monoclonal gammopathy 
of undetermined significance. The mechanism of 
oncogenesis in plasma cell tumours differs somewhat 
from that in other B-cell neoplasms since translo-
cations usually involve the switch region and thus 
separate an intrinsic and a 3′ enhancer; there can 
therefore be an oncogene under the influence of an 
enhancer on both of the derivative chromosomes 

Cortical      Medullary
Pro-T cell  Pre-T cell   thymocyte  thymocyte

+ CD8+ T cell
Most cases of LGLL
Some T-cell lymphomas

+ CD4+ T cell
MF/SS
ATLL (Treg cells)
ALCL
AITL and other TFH
lymphomas
Many T-cell lymphomas

+ T cell
Most hepatosplenic T-cell 
lymphomas
Cutaneous T-cell 
lymphoma
Some LGLL

Acute lymphoblastic
leukaemia/lymphoblastic lymphoma

Unknown
T-PLL (?intermediate between
cortical thymocyte and mature
T cell or activated T cell)

Figure 1.14 Putative relationship between normal T-cell differentiation and T-lineage neoplasms. AITL, angioimmunoblastic 
T-cell lymphoma; ALCL, anaplastic large cell lymphoma; ATLL, adult T-cell leukaemia/lymphoma; LGLL, large granular lymphocytic 
leukaemia; MF, mycosis fungoides; SS, Sézary syndrome; TFH, T follicular helper cell; T-PLL, T-cell prolymphocytic leukaemia.
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13The molecular basis of B-lineage non-Hodgkin lymphoma, chronic B-lineage leukaemias

rather than just on one. This is the case, for example 
in t(4;14)(p16.3;q32) when both FGFR3 on chromo-
some 14 and MMSET on chromosome 4 are dys-
regulated. Other unknown oncogenic mechanisms 
relate to loss of 13, 13q or 13q14, any of which is 
associated with a worse prognosis (at least when de-
tected in metaphases).

Cytogenetic and molecular analysis in NHL can 
reveal not only initial or early events in oncogenesis 
but also genetic alterations that are of prognostic 
significance or correlate with disease progression, 
such as loss or inactivation through mutation of the 
tumour suppressor gene, TP53. Cytogenetic/molec-
ular analysis also gives information as to the nature 
of apparent high-grade transformation. It has been 
found, for example, that transformation of follicular 
lymphoma to diffuse high-grade B-cell lymphoma 
does indeed represent transforming events in a cell 
of the neoplastic clone, whereas in CLL, many ex-
amples of ‘Richter’s transformation’ (about 20–25%) 
actually represent an independent neoplasm, 

 sometimes Epstein–Barr virus  (EBV)-related, result-
ing from immunosuppression.

In addition to the putative oncogenic events, 
molecular analysis will show whether or not somatic 
hypermutation has occurred. This gives information 
as to the nature of the cell in which the oncogenic 
mutations occurred, that is whether pre-germinal 
centre, germinal centre or post-germinal centre, and 
may throw some light on possible aetiology. Such in-
formation can also be of prognostic significance, for 
example in CLL somatic hypermutation correlates 
with a better prognosis.

Cytogenetic and molecular genetic analysis often 
yields information of prognostic significance, for 
example in CLL and multiple myeloma. Sometimes, 
specific abnormalities indicate likely refractoriness 
to treatment, for example cases of gastric MALT 
lymphoma with t(11;18) do not usually respond to 
elimination of Helicobacter pylori infection. Some 
genetic abnormalities observed in B-lineage NHL 
are summarized in Table 1.2.

Table 1.2 Cytogenetic and molecular genetic abnormalities observed in different subtypes of B-lineage 
 non-Hodgkin lymphoma.

Lymphoma Cytogenetic abnormality Molecular abnormality

Follicular lymphoma t(14;18)(q32.33;q21.33) Dysregulation of BCL2 by proximity to IGH

t(2;18)(p11.2;q21.33) Dysregulation of BCL2 by proximity to IGK at 2p11.2

t(18;22)(q21.33;q11.22) Dysregulation of BCL2 by proximity to IGL at 22q11.22)

Mantle cell lymphoma t(1;14)(q13.3;q32.33) Dysregulation of CCND1, the gene encoding cyclin D1, by 
proximity to IGH

Diffuse high grade B-cell 
lymphoma

t(14;18)(q32.33;q21.33)

t(3;14)(q27.3;q32.33)

Dysregulation of BCL2 by proximity to IGH
 
Dysregulation of BCL6 by proximity to IGH

Burkitt lymphoma t(8;14)(q24.21;q32.33)

t(2;8)(p11.2;q24.21)

t(8;22)(q24.21;q11.22)

Dysregulation of MYC by proximity to IGH at 14q32.33
 
Dysregulation of MYC by proximity to IGK at 2p11.2
 
Dysregulation of MYC by proximity to IGL at 22q11.22

Gastric and sometime 
pulmonary or intestinal 
MALT-type lymphoma

t(11;18)(q22.2;q21.32) 

t(1;14)(p22.3;q32.33)

BIRC3-MALT1 fusion
 
Dysregulation of BCL10 by proximity to IGH

MALT lymphoma of 
ocular adnexae, skin or 
thyroid

t(3;14)(p13;q32.33) Dysregulation of FOXP1 by proximity to IGH

MALT lymphoma of 
 salivary gland

t(14;18)(q32.33;q21.32) Dysregulation of MALT1 by proximity to IGH
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14 1 The Molecular Basis of Lymphoma

The molecular basis of 
T-lineage and NK-lineage 
non-Hodgkin lymphoma and 
leukaemia

The molecular basis of T-lineage NHL is less well 
established than that of B-lineage neoplasms.

Recurring cytogenetic/molecular genetic ab-
normalities have been observed in association 
with T-cell prolymphocytic leukaemia (T-PLL). 
About three-quarters of cases show either inv(14)
(q11.2q32.13) or t(14;14)(q11.2;q32.13). These chro-
mosomal rearrangements involve the TRAD locus 
at 14q11.2 and two oncogenes, TCL1A and TCL1B, 
at 14q32.13. TCL1A and TCL1B are dysregulated 
and, when overexpressed, inhibit apoptosis.

Anaplastic large cell lymphoma is also associated 
with several recurring cytogenetic abnormalities, of 
which t(2;5)(p23.2-23.1;q35.1) is the most frequent, 
with known oncogenic mechanisms (Figure 1.15).

However, for the majority of T-cell and NK-cell 
disorders, no recurring abnormality has been 
discovered and in those instances when recurring 
cytogenetic abnormalities have been detected, the 
molecular basis is not yet known.
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haematological/

pathological features  
141–3

immunophenotype  
142–3

prognosis  144
treatment  144

AIDS see HIV-related 
disease

alemtuzumab
Sézary syndrome  131
T-cell prolymphocytic 

leukaemia  149
T follicular helper 

lymphomas  154
T-LGLL and CLPD-NK  

140
ALK expression, ALCL  

155, 157–8
ALK-positive large B-cell 

lymphoma  101
alpha heavy chain 

disease see 
immunoproliferative 
small intestinal 
disease

amyloid  169, 183, 184, 
185

anaplastic diffuse large 
B-cell lymphoma  102

anaplastic large cell 
lymphoma (ALCL)  
155

clinical features  155
cytogenetic and 

molecular genetic 

abnormalities  14, 
157–8

diagnosis  158
haematological/

pathological features  
155, 156

immunophenotype  
155, 156–7

prognosis  158
treatment  158

ARIDIA  88
asparaginase  144
ataxia telangiectasia  145, 

148
ATM  148

B cell precursors, genetic 
rearrangements  6–8

B-cell prolymphocytic 
leukaemia (B-PLL)

clinical features  43
cytogenetic and 

molecular genetic 
abnormalities   
43–4

diagnosis  45
haematological/

pathological features  
43, 44

immunophenotype  
43–5

prognosis  45–6
treatment  46

B cells
normal development  

4, 5
surface membrane/

cytoplasmic antigen 
expression  9

B-lineage neoplasms, 
molecular basis  
11–13

B symptoms  47, 187
BCL1 (CCND1)  60, 61
BCL2  12, 49, 51, 52–3, 

 55
Burkitt lymphoma  99, 

106

high-grade B-cell 
lymphoma   
109–12

BCL6  53, 157
Burkitt lymphoma  99, 

106
high-grade B-cell 

lymphoma  109–12
Hodgkin lymphoma  

190, 192
BCR-ABL1 fusion gene  

10, 21, 24
belinostat  154
Bence Jones protein  63, 

169–70, 179
bendamustine

lymphoplasmacytic 
lymphoma  65

MALT lymphomas   
71

T-cell prolymphocytic 
leukaemia  149

bexarotene  131
BIRC3-MALT1 fusion 

gene  12, 71
bisphosphonates  177
Borrelia burdorferi  69
bortezomib

lymphoplasmacytic 
lymphoma  65

mantle cell lymphoma  
62

plasma cell neoplasms  
177, 185

BRAF  176
BRAF V006E mutations  

83, 84
breast implant-associated 

ALCL  155, 158
brentuximab vedotin

anaplastic large cell 
lymphoma  158

Hodgkin lymphoma  
192

peripheral T-cell 
lymphoma  168

Burkitt leukaemia variant  
95
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Burkitt lymphoma  95
clinical features  95
cytogenetic and 

molecular genetic 
abnormalities  12, 
13, 98–9

diagnosis  99
diagnostic algorithm  

110
differentiation from 

HGBL  111
haematological/

pathological features  
95–7

HIV-related  115, 116, 
117, 118

immunophenotype  97
karyogram  98
prognosis  99
treatment  99

Campylobacter jejuni  69
Castleman’s disease  183
CCND1 (cyclin D1, BCL1, 

PRAD1)  60, 61, 176
CCND2, CCND3  61, 176
CD28  153
CD79B  106
CDKN1B (p27)  83
CEBPB  157
central nervous system, 

primary DLBCL  
101, 102, 106

centroblastic diffuse large 
B-cell lymphoma  
102

chemotherapy
Burkitt lymphoma  99
CHOP  62, 107
plasma cell myeloma  

177
see also specific agents 

and regimens
Chlamydophila 

(Chlamydia) psittaci  
69

chlorambucil
CLL  39
MALT lymphomas  71

chlormethine  131
CHOP

DLBCL  107
mantle cell lymphoma  

62
chronic lymphocytic 

leukaemia (CLL)  29
Binet staging  30

clinical features  29–31
cytogenetic and 

molecular genetic 
abnormalities  12, 
13, 37–8

diagnosis  38–9
haematological/

pathological features  
31–5

immunophenotype  
35–7

prognosis  39
Richter’s syndrome  

30–1, 34–5, 38
transformation  13, 

29–31
treatment  39–40

chronic 
lymphoproliferative 
disorder of NK cells 
(CLPD-NK)  135

clinical features  135
cytogenetic and 

molecular genetic 
abnormalities  139

diagnosis  139–40
haematological/

pathological features  
135

immunophenotype  137
prognosis  140
treatment  140

ciclosporin  140
cladribine

hairy cell leukaemia  85
hairy cell leukaemia 

variant  89
classical Hodgkin 

lymphoma  187, 188
haematological/

pathological features  
189–90

see also Hodgkin 
lymphoma

coeliac disease  161, 162
cold haemagglutinin 

disease (CHAD)  
183, 184, 185

CRLR2 rearrangements  23
cryoglobulinaemia  183, 

184, 185
cutaneous follicular 

lymphoma  54–5
cutaneous MALT 

lymphoma  69, 70
see also MALT 

lymphomas

CXCR4  64, 65, 180
cyclin D1  60
cyclophosphamide

Burkitt lymphoma  99
CLL  39
lymphoplasmacytic 

lymphoma  65
T-cell prolymphocytic 

leukaemia  149
T-LGLL and CLPD-NK  

140
cytarabine  107

del(6)(q23)  71
del(7)(q22-32)  77
diffuse large B-cell 

lymphoma (DLBCL)  
101

clinical features  101, 102
cytogenetic and 

molecular genetic 
abnormalities  105–6

diagnosis  106
diagnostic algorithm  

110
germinal centre type 

vs. activated B-cell 
type  105

haematological/
pathological features  
101–4

HIV-related  115, 116, 
117

immunophenotype  
104–5

prognosis  106–7
treatment  107

DNMT3A  153
Down syndrome, ALL  23
DUSP22-IRF4 fusion gene  

131

enteropathy-associated 
T-cell lymphoma 
(EATL)  161

clinical features  161
cytogenetic and 

molecular genetic 
abnormalities  162, 
164

diagnosis  164
haematological/

pathological features  
161–2

immunophenotype  
162, 163

prognosis  164

Epstein–Barr virus (EBV)  
95

aggressive NK-cell 
leukaemia  141, 143, 
144

CLL  29
HIV-related disease  

115, 117
Hodgkin lymphoma  

187
peripheral T-cell 

lymphoma  167
T follicular helper 

lymphomas  151, 
152, 153

ETV6-RUNX1 (TEL-
AML1) fusion gene  
10, 11, 21, 24

extranodal marginal 
zone lymphoma of 
MALT type (MALT 
lymphoma)  69, 183

clinical features  69
cytogenetic and 

molecular genetic 
abnormalities  71

diagnosis  71
haematological/

pathological features  
69–70

HIV-related  115
immunophenotype  70
prognosis  71
treatment  71

EZH2  106

FGFR3  176
flower cells  122, 123
fludarabine

CLL  39
T-cell prolymphocytic 

leukaemia  149
follicular lymphoma  47

clinical features  47
cytogenetic and 

molecular genetic 
abnormalities  12, 
13, 52–3

diagnosis  53
diagnostic algorithm  

110
grading  49–50
haematological/

pathological features  
47–50

immunophenotype  
50–2
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karyogram  52
paediatric  54
primary cutaneous  

54–5
prognosis  54
in situ  52
treatment  54

Follicular Lymphoma 
International 
Prognostic Index 
(FLIPI)  54

FYN  153

gastric MALT lymphoma  
69, 70

cytogenetic and 
molecular genetic 
abnormalities  71

treatment  71
see also MALT 

lymphomas
GATA3  167
germinal centre type 

DLBCL  101, 105, 
106

GNA13  106

haematogones  25, 26
hairy cell leukaemia 

(HCL)
clinical features  81
cytogenetic and 

molecular genetic 
abnormalities  83–4

diagnosis  84–5
haematological/

pathological features  
81–2, 83

immunophenotype  
82–3, 84

prognosis  85
treatment  85

hairy cell leukaemia 
variant (HCL-v)  
87–9

hairy cells  81, 82, 87
hallmark cells, ALCL   

155
hand mirror cells  15
Helicobacter pylori  69, 71
hepatitis C  69, 73, 78
hepatosplenic T-cell 

lymphoma  164–5
herpes zoster  30
high-grade B-cell 

lymphoma (HGBL)  
109

diagnostic algorithm  
110

with MYC and BCL2 
and/or BCL6 
rearrangement  
109–12

NOS  112
HIV-related disease  

115–16
Burkitt lymphoma  95
clinical features  116
cytogenetic and 

molecular genetic 
abnormalities  118

diagnosis  118
diffuse large B-cell 

lymphoma  101
haematological/

pathological features  
116–17

Hodgkin lymphoma  
187

immunophenotype  117
prognosis  118
treatment  118

Hodgkin cells  189
Hodgkin lymphoma

clinical features  187
cytogenetic and 

molecular genetic 
abnormalities  190, 
192

diagnosis  192
haematological/

pathological features  
189–90

HIV-related  115, 116, 
117, 118

imaging  188
immunophenotype  

188, 190, 191
natural history  187
prognosis  192
risk factors for  187
subtypes  187, 188
treatment  192

human herpesvirus 8 
(HHV8)  115, 116

human T-cell 
lymphotropic virus 1 
(HTLV-1)  121, 125

hypercalcaemia  122

iAMP21  23, 24
ibrutinib  39
idelalisib

CLL  39

MALT lymphomas  71
IDH1  176
IDH2  153, 176
IGH-FOXP1 fusion gene  

71
IGH/IL3  21–2, 24
imatinib  26
immune system  1–2

B cells  4, 5
genetic rearrangements  

6–9
lymph nodes  2–3
NK cells  6
spleen  3–4
T cells  4–6
thymus  4

immunoblastic diffuse 
large B-cell 
lymphoma  102

immunodeficiency-related 
lymphomas  115, 
118

see also HIV-related 
disease

immunoproliferative small 
intestinal disease 
(IPSID)  69

see also MALT 
lymphomas

immunosuppression, 
HTLV-1 infection  
121

in situ follicular 
lymphoma  52

in situ mantle cell 
neoplasia  57

innate immunity  1, 2
interferon

adult T-cell leukaemia/
lymphoma  126

hairy cell leukaemia   
85

mycosis fungoides   
131

splenic marginal zone 
lymphoma  78

intestinal T-cell 
lymphomas  161

clinical features  161
cytogenetic and 

molecular genetic 
abnormalities  162, 
164

diagnosis  164
haematological/

pathological features  
161–2

immunophenotype  
162, 163

prognosis  164
intravascular large B-cell 

lymphoma  101
ITK-SYK fusion gene  153

JAK1  148, 157–8, 162–3
JAK3  148, 162–3

Kaposi’s sarcoma-
associated 
herpesvirus see 
human herpesvirus 8

KLF2  67, 77
KMT2A-AFF1 (MLL-AF4) 

fusion gene  10, 21
KMT2D  67
KRAS  176

lenalidomide
MALT lymphomas  71
mantle cell lymphoma  

62
plasma cell myeloma  

177
T follicular helper 

lymphomas  154
Lennert lymphoma  167
light chain-associated 

amyloidosis  184
light-chain/light- and 

heavy-chain 
deposition disease  
184

lymph nodes
adult T-cell leukaemia/

lymphoma  123
anaplastic large cell 

lymphoma  156
CLL  34
DLBCL  101–2, 103
follicular lymphoma  49
high-grade B-cell 

lymphoma  109–10
Hodgkin lymphoma  

189–90
mantle cell lymphoma  

58
normal and reactive 

structure  2–3
peripheral T-cell 

lymphoma  167
splenic marginal zone 

lymphoma  73, 74
T follicular helper 

lymphomas  151, 152
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lymphoblastic lymphoma 
(LBL)  15

diagnostic algorithm  
110

differentiation from 
HGBL  111

molecular basis  10–11
see also acute 

lymphoblastic 
leukaemia

lymphoepithelioid 
peripheral T-cell 
lymphoma  167

lymphoma cells  1
lymphomatoid papulosis  

131
lymphoplasmacytic 

lymphoma  63
clinical features  63
cytogenetic and 

molecular genetic 
abnormalities  64

diagnosis  64–5
haematological/

pathological features  
63–4

immunophenotype  64
prognosis  65
treatment  65

MAFA, MAFB  176
MALT lymphoma 

International 
Prognostic Index 
(MALT-IPI)  71

MALT lymphomas  69, 
183

clinical features  69
cytogenetic and 

molecular genetic 
abnormalities  13, 71

diagnosis  71
haematological/

pathological features  
69–70

HIV-related  115
immunophenotype  70
prognosis  71
treatment  71

mantle cell lymphoma 
(MCL)  57

clinical features  57
cytogenetic and 

molecular genetic 
abnormalities  13, 
60–1

diagnosis  61

differentiation from 
HGBL  111

haematological/
pathological features  
57–9

immunophenotype  
59–60

karyogram  60
prognosis  61
treatment  61–2

MAP2K1  84, 88
MCL International 

Prognostic Index 
(MIPI)  61

mediastinal (thymic) large 
B-cell lymphoma  
101, 102, 103, 106

melphalan  177
methotrexate

DLBCL  107
T-LGLL and CLPD-NK  

140
mitoxantrone  149
MMSET  176
monoclonal B-cell 

lymphocytosis 
(MBL)  29

monoclonal gammopathy 
of undetermined 
significance (MGUS)  
169, 179

clinical features  179
cytogenetic and 

molecular genetic 
abnormalities  180

diagnosis  180
haematological/

pathological features  
179, 180

immunophenotype  
179–80

prognosis  180–1
monocytoid B-cell 

lymphoma see nodal 
marginal zone 
lymphoma

monomorphic 
epitheliotropic 
intestinal T-cell 
lymphoma (MEITL)  
161–4

clinical features  161
cytogenetic and 

molecular genetic 
abnormalities  162, 
164

diagnosis  164

haematological/
pathological features  
161–2

immunophenotype  
162, 163

prognosis  164
MTCP1  148
mucosa-associated 

lymphoid tissue 
(MALT)  1

see also MALT lymphomas
multiple myeloma (plasma 

cell myeloma)  169
clinical features  169, 170
cytogenetic and 

molecular genetic 
abnormalities  
12–13, 175–6

diagnosis  176
haematological/

pathological features  
169–73

immunophenotype  
173–5

prognosis  176–7
treatment  177

mutations  1
MYC  148, 162, 176

Burkitt lymphoma  98, 
106

high-grade B-cell 
lymphoma  109–12

Hodgkin lymphoma  
192

mycosis fungoides  127
clinical features  127
cytogenetic and 

molecular genetic 
abnormalities  130

diagnosis  130–1
haematological/

pathological features  
127–8

immunophenotype  
129–30

prognosis  131
treatment  131

MYD88  64, 65, 67, 71, 
106, 180, 181

NK-cell lymphoma  167
cytogenetic and 

molecular genetic 
abnormalities  14

NK cells  6, 9
aggressive NK-cell 

leukaemia  141–4

chronic 
lymphoproliferative 
disorder of NK cells  
135–40

nodal marginal zone 
lymphoma  67–8

nodular lymphocyte-
predominant 
Hodgkin lymphoma 
(NLPHL)  187, 188

haematological/
pathological features  
189–90

see also Hodgkin 
lymphoma

NOTCH1  11, 25
NOTCH2  67, 77
NRAS  176

ocular adnexal MALT 
lymphoma  69

treatment  71
see also MALT 

lymphomas

paraproteins
lymphoplasmacytic 

lymphoma  63
monoclonal 

gammopathy of 
undetermined 
significance  179–81

multiple myeloma  169, 
170–1

plasma cell neoplasms  
183–6

splenic marginal zone 
lymphoma  73

Pautrier’s microabscesses  
127, 128

PAX5  64, 192
pentostatin

hairy cell leukaemia   
85

T-cell prolymphocytic 
leukaemia  149

T-LGLL and CLPD-NK  
140

peripheral T-cell 
lymphoma

HIV-related  115
NOS  166–8

plasma cell leukaemia  
169, 170

plasma cell myeloma 
(multiple myeloma)  
169
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clinical features  169, 
170

cytogenetic and 
molecular genetic 
abnormalities  
12–13, 175–6

diagnosis  176
haematological/

pathological features  
169–73

immunophenotype  
173–5

molecular basis  12–13
prognosis  176–7
treatment  177

plasma cell neoplasms  
183

clinical features  183, 184
cytogenetic and 

molecular genetic 
abnormalities  185

haematological/
pathological features  
183–5

monoclonal 
gammopathy of 
undetermined 
significance  179–81

prognosis  185
treatment  185–6
see also plasma cell 

myeloma
plasmablastic lymphoma  

101
HIV-related  115, 116

plasmacytoma  169, 171
plasmapheresis  65
POEMS syndrome  183–6, 

184
popcorn cells  189
post-transplant disorders  

115
pralatrexate  154
primary cutaneous acral 

CD8-positive T-cell 
lymphoma  132

primary cutaneous 
anaplastic large cell 
lymphoma (ALCL)  
131

primary cutaneous 
CD4-positive small/
medium T-cell 
lymphoproliferative 
disorder  132

primary cutaneous CD8-
positive aggressive 

epidermotropic 
cytotoxic T-cell 
lymphoma  132

primary cutaneous 
DLBCL, leg type  
101, 102, 104, 106

primary cutaneous γδ 
T-cell lymphoma  
132

primary cutaneous T-cell 
lymphomas  127–32

primary effusion 
lymphoma  101

HIV-related  115, 117, 
118

prolymphocytic 
leukaemia see B-cell 
prolymphocytic 
leukaemia

psoralens  131
PTPN12  157
PTPRD  67
pulmonary MALT 

lymphoma  69, 70
cytogenetic and 

molecular genetic 
abnormalities  71

see also MALT 
lymphomas

Reed–Sternberg cells  187, 
189

Reed–Sternberg-like cells
anaplastic large cell 

lymphoma  155
peripheral T-cell 

lymphoma  167
T follicular helper 

lymphomas  151,  
152

rheumatoid arthritis  135
RHOA  153
ribavirin  78
Richter’s syndrome  30–1, 

101
cytogenetic and 

molecular genetic 
abnormalities  38

haematological/
pathological features  
34–5

rituximab
Burkitt lymphoma  99
CLL  39–40
DLBCL  107
follicular lymphoma  54
hairy cell leukaemia  85

hairy cell leukaemia 
variant  89

lymphoplasmacytic 
lymphoma  65

MALT lymphomas  71
mantle cell lymphoma  

62
splenic marginal zone 

lymphoma  78
rouleaux  169, 170, 179

SERPINA1  157
Sézary cell leukaemia 

(T-PLL, cerebriform 
variant)  145, 146

Sézary cells  127, 128, 129
Sézary syndrome (SS)  127

clinical features  127
cytogenetic and 

molecular genetic 
abnormalities  130

diagnosis  130–1
haematological/

pathological features  
127–9

immunophenotype  
129–30

prognosis  131
treatment  131

skin
adult T-cell leukaemia/

lymphoma  122, 123
cutaneous follicular 

lymphoma  54–5
cutaneous MALT 

lymphoma  69, 70
mycosis fungoides  

127–31
primary cutaneous 

T-cell lymphomas  
127–32

Sézary syndrome  
127–31

T-cell prolymphocytic 
leukaemia  146–7

small cell lymphocytic 
lymphoma  12, 29

haematological/
pathological features  
34

somatic hypermutation  
7, 8

spleen  3–4
B-PLL  44
CLL  34
hepatosplenic T-cell 

lymphoma  164–5

splenic diffuse red pulp 
lymphoma  91

splenic marginal zone 
lymphoma  73–6

T-cell prolymphocytic 
leukaemia  146

T-LGLL  135, 137
splenic B-cell lymphoma/

leukaemia, 
unclassifiable  87

see also hairy cell 
leukaemia variant; 
splenic diffuse red 
pulp lymphoma

splenic diffuse red pulp 
lymphoma (SDRPL)  
90–3

splenic marginal zone 
lymphoma (SMZL)  
73

clinical features  73
cytogenetic and 

molecular genetic 
abnormalities  77–8

diagnosis  78
haematological/

pathological features  
73–6

immunophenotype  76–7
karyogram  77
prognosis  78
treatment  78

starry sky appearance  95, 
96, 109

STAT3  139, 157–8, 162–3
STAT5B  132, 139, 140, 

148, 162–3
stem cell transplantation

adult T-cell leukaemia/
lymphoma  126

aggressive NK-cell 
leukaemia  144

anaplastic large cell 
lymphoma  158

CLL  40
follicular lymphoma  54
lymphoplasmacytic 

lymphoma  65
mantle cell lymphoma  

62
peripheral T-cell 

lymphoma  168
plasma cell neoplasms  

185
Sézary syndrome  131
T follicular helper 

lymphomas  154
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Strongyloides stercoralis  
121

subcutaneous 
panniculitis-like 
T-cell lymphoma  
165–6

T-cell large granular 
lymphocytic 
leukaemia (T-LGLL)  
135

clinical features  135
cytogenetic and 

molecular genetic 
abnormalities  139

diagnosis  139–40
haematological/

pathological features  
135–7

immunophenotype  
137–9

prognosis  140
T-cell lymphomas

adult T-cell leukaemia/
lymphoma  121–6

anaplastic large cell 
lymphoma  155–8

cutaneous
hepatosplenic  164–5
intestinal  161–4
molecular basis  12, 14

peripheral  115, 166–8
subcutaneous 

panniculitis-like  
165–6

see also T follicular 
helper lymphomas

T-cell prolymphocytic 
leukaemia (T-PLL)  
145

clinical features  145
cytogenetic and 

molecular genetic 
abnormalities  148

diagnosis  149
haematological/

pathological features  
145–7

immunophenotype  
147–8

karyogram  149
prognosis  149
treatment  149

T-cell/histiocyte-rich large 
B-cell lymphoma  
101, 102

T cells
normal development  

4–6
surface membrane/

cytoplasmic antigen 
expression  10

T follicular helper (TFH) 
lymphomas  151

clinical features  151
cytogenetic and 

molecular genetic 
abnormalities  153

diagnosis  153
haematological/

pathological features  
151–2

immunophenotype  
152–3

prognosis  153
treatment  154

TAL1  10, 25
TBX2 (TBET)  167
TCF3-PBX1 (E2A-PBX1) 

fusion gene  10, 22
TCL1A, TCL1B  14, 148
TCP3  99
TET2  153
thalidomide  177
thymic large B-cell 

lymphoma  101, 102, 
103, 106

thymus  4
T cell development  4–6

TLX3 (HOX11L2)  10, 25
TNFAIP3  71
tofacitinib  140
TP53  78, 83, 88, 148

Hodgkin lymphoma  
192

TP63  158
TR rearrangements

anaplastic large cell 
lymphoma  157, 158

T follicular helper 
lymphomas  153

trisomy 3  71
trisomy 7  98
trisomy 18  71
tropical spastic 

paraparesis  121
tyrosine kinase inhibitors, 

ALL  26

VAD chemotherapy 
regimen  177

vemurafenib  85
venetoclax

CLL  39
mantle cell lymphoma  

62
villous lymphocytes  73, 

74

Waldenström’s 
macroglobulinaemia  
63–5

zidovudine  126
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HOT OFF THE PRESS!

Problem Solving 
in Cancer and Fertility
Edited by Eleni M Karapanagiotou, Julia Kopeika, 
Ruth E Board, Caroline Archer, Melanie C Davies and
Janine Mansi

• Structured problem solving approach including 13
perspective chapters and examining 23 case studies

• A valuable tool for doctors, nurses and graduate
medical trainees in oncology, gynaecology,
obstetrics, urology and fertility

• Produced in partnership with the Association of
Cancer Physicians (ACP)

The treatment of cancer in young women and men
is increasingly turning from focusing purely on
survival to a recognition of the long-term effects
of treatment on subsequent quality of life. In this
regard, fertility is a very high priority for patients. 

978-0-99559546-0 Paperback £39.99

Multi-award-winning series on oncology from 

Case-based learning and
reference resources from the
Association of Cancer
Physicians and EBN Health

Association of Cancer
Physicians Series on Medical
Oncology

To find out more, see sample
chapters or purchase copies
visit:www.ebnhealth.com 
or call +44(0)1865 522326 

Multi-award-winning series on oncology from the Association of Cancer
Physicians and EBN Health



the Association of Cancer Physicians

Problem Solving 
in Acute Oncology
Second Edition
Edited by Alison Young, Leeds Teaching Hospitals NHS Trust,
UK, Ruth E. Board, Lancashire Teaching Hospitals NHS
Foundation Trust, UK, Pauline Leonard, Whittington Health
NHS Trust, UK, Tim Cooksley, The Christie  NHS
Foundation Trust, UK, Andrew Stewart, University Hospitals
Bristol NHS Foundation Trust, UK, Caroline Michie, NHS
Lothian, UK 

• Hands-on, practical guide to acute oncology for
hospital and community teams, GPs and allied care
professionals, including 38 case studies

• A valuable tool for doctors, nurses, graduate medical
trainees, those planning acute services and anyone
involved in cancer care

• Produced in partnership with the Association of
Cancer Physicians (ACP)

978-0-9955954-3-9 Paperback £39.99

Problem Solving in Cancer
Immunotherapy
Editors: Ruth E Board, Lancashire Teaching Hospitals 
NHS Trust, UK, Paul Nathan, East and North Hertfordshire
NHS Trust, UK, Tom Newsom-Davis, Chelsea and
Westminster Hospital NHS Trust, London, UK, Sophie Papa,
Guy’s and St Thomas’ Hospital NHS Trust, London, UK, Peter
Johnson, University Hospital Southampton NHS Trust, UK 

• A multidisciplinary review including the latest 
developments in cancer immunotherapy from over 
70 experts and leaders

• Hands-on, practical guide to immunotherapy for
hospital and community teams, GPs and allied care
professionals, including 23 case studies

• A valuable learning tool for doctors, nurses, graduate
medical trainees, care managers and anyone involved
in cancer care 

• Produced in partnership with the Association of
Cancer Physicians (ACP)

978-0-99559542-2 Paperback £39.99



BMA Oncology Book of the Year!

Problem Solving through Precision Oncology 
Editors: Ellen R. Copson; Peter Hall; Ruth E. Board; Gordon Cook; Peter Selby

• Winner of best oncology title – BMA Book Awards 2017
• A clear overview of the latest developments in precision oncology from 

76 experts and leaders in this field
• Hands-on, practical guide to applying personalised medicine in real world

situations, including case studies
• A valuable learning tool for doctors, nurses, graduate medical trainees and

anyone involved in cancer care

978-1-84692-111-7     Paperback £39.99

     BMA Oncology Book of the Year!

Problem Solving in Older Cancer Patients
Editors: Alistair Ring; Danielle Harari; Tania Kalsi; Janine Mansi; Peter Selby
Winner of best oncology title - BMA Book Awards 2016
• Joint project with the British Geriatric Society (BGS)
• 134 contributors who are all experts in their fields
• Overview of the latest developments, as well as 32 real-life case studies - a

practical, hands-on guide
• Valuable learning resource for doctors, nurses, medical graduates and anyone

managing cancer in older patients

978-1-84692-110-0 Paperback £39.99

BMA Oncology Book of the Year!

Problem Solving in Patient-Centred and
Integrated Cancer Care
Editors: Galina Velikova; Lesley Fallowfield; Jane Younger; Ruth E Board;
Peter Selby
• A multidisciplinary review including the latest developments in person-

centred cancer care from 90 experts and leaders
• Hands-on, practical guide to patient-centred and integrated care for hospital

and community teams, GPs and allied care professionals, including case studies
• A valuable learning tool for doctors, nurses, graduate medical trainees, care

managers and anyone involved in cancer care

978-0-99559540-8 Paperback £39.99

How to order your books

• Visit www.ebnhealth.com for sample chapters and to buy online
• Email info@ebnhealth.com for details
• Call +44 (0)1865 522326
• Available through all good bookshops!

See www.ebnhealth.com for details


