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Cancer Stem Cells: A Matter of Perspective

Peter J. Quesenberry, J. Reagan, B. Ramratnam, and L. Goldberg

Abstract Chronic myelogenous leukemia (CML) is a disease in which a small
number of primitive renewing stem cells give rise to more differentiated hematopoi-
etic cells. The stem cells are the basis for continuation and recurrence of the disease.
Recent reports have suggested that most cancers are driven by rare stem cells which
may have a different sensitivity to therapeutic agents and must be eliminated in
order to obtain a cure of the disease. It would appear most likely that there is a spec-
trum of “stemness” in cancers with some cancers such as acute myeloid leukemia
(AML) consisting almost totally of stem cells, with many carcinomas being a mix-
ture of stem and differentiated cells and a disease such as CML being generated by
rare stem cells. Therapeutic relevance lies in tumors of the latter class.

Introduction

The existence of cancer stem cells has been a given for hematologists due to CML,
a disease in which primitive cells differentiate into mature classes of myeloid cells.
The observations that therapy with imatinib (Gleevec®) could induce a complete
hematologic remission and then that the disease could recur when imatinib was
discontinued indicated the existence of a rare primitive cell with the capacity to
create the disease—a stem cell. However, the major question is the rarity of such a
cell in different cancers. The “differentiating” tumors, i.e., CML, are clearly a
different class of cancer, separate from the undifferentiated cancers, i.e., CML, in
blast crisis or perhaps glioblastoma multiforme or the differentiated frozen cancers,
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Table 1 Cancer stem cell concepts

Concept Examples
Rare cells differentiating into cells that form the bulk of the cancer CML, Multiple myeloma
Cancers in which all the cells have cancer renewal potential — AML, Glioblastoma
the primitive cell neoplasms multiforme
Fixed phenotype cancers in which variable percentages of the cancer ~ Adenocarcinoma breast,
population may have stem cell potential colon carcinoma
Evolving cancers in which initially there are rare cancer stem cells CML in blast crisis

(CML) which then evolve into a cancer in which virtually all the
cells are cancer stem cells

i.e., adenocarcinoma of breast or colon. In a similar vein, cell populations at different
stages of cancer development may progress from a tumor with only rare stem cells
to a tumor consisting totally of stem cells. A major question as to the importance of
the cancer stem cell concept is whether they are rare cells, separate from the major-
ity of the cancer cells in a neoplasm and giving rise to those cells, or whether virtu-
ally all cells in a cancer have cancer-initiating potential and are thus cancer stem
cells. As noted above, this may vary with type of tumor and stage of tumor develop-
ment. If most cells in a cancer have cancer-initiating capacity, then the cancer stem
cell concept does not advance our knowledge of cancer and is of little benefit thera-
peutically. However, if certain cancers have rare stem cells which drives the cancer,
then this would be the target for therapy and would forward our understanding of
cancer (Table 1).

It is apparent that only those cancers in which the stem cells are rare and in which
their sensitivity to different therapeutic interventions is different from the bulk of
the cancer population would be of significant interest as to different therapeutic
strategies for cancer.

The concept that there are stem cells for cancer is not new. Early studies estab-
lished that single cells could cause a cancer [1]. These assumed that most cells in a
cancer were cancer-initiating cells. The concept of rare clonal units driving cancers
recurred and, in the early 1970s, it appeared that Hamburger and Salmon had devel-
oped an in vitro soft agar clonal assay for tumor stem cells [2]. Tumor stem cell
colonies in soft agar were described from different cancers and showing varied
colony growth characteristics and morphology. In a small number of studies on
9 patients with multiple myeloma and 9 patients with ovarian cancer treated with
standard chemotherapy, unique in vitro patterns of chemosensitivity and resistance
to the 6 agents tested were demonstrated, and it was felt that the assay “showed
promise” for further study [3]. In continuing studies, tissue from 100 patients with
ovarian cancer was evalvated, and a maximum plating efficiency of 1% was
observed [4]. Tissue from 65 patients with non-Hodgkin’s lymphoma was grown in
soft agar, and growth was found for 61% with a bone marrow source and 50% with
a lymph node source. Plating efficiency ranged from 0.001% to 0.1% [5]. Myeloma
colonies when studied showed a plating efficiency of 0.1%. In general, it appeared
that these clonal units were actively proliferating cells.
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There was a good deal of work done in this area of research with a clear empha-
sis on utilizing the assay to predict for chemotherapy responsiveness.
Commercialization followed and eventually it became clear that the assays were no
more predictive than standard clinical and pathological information on the patients.
The negative evolution of this work is summarized by Weisenthal and Lippman in
1985. “Neither theoretical concepts nor direct experimental data or clinical correla-
tions support the alleged superiority of clonogenic assays. Clonogenic assays may
not be advantageous compared to other more practical methods of estimating the
general chemosensitivity of proliferating cells. In contrast, there is a growing body
of literature which indicates that early evidence of cell damage in the entire tumor
cell population may accurately predict for a multiple-log stem cell kill and mean-
ingful clinical response” [6].

Interest in these approaches receded and essentially disappeared until the current
flurry of activity on cancer stem cells was initiated by reports in 1994 on the exis-
tence of a cell initiating human acute myeloid leukemia (AML) after transplantation
into SCID mice. In thisreport, Lapidot and colleagues [ 7] reported that CD34 + CD38-
was a leukemic stem cell. They showed by limiting dilution analysis that the fre-
quency of leukemia-initiating cells in the peripheral blood of AML patients was one
engraftment unit in 250,000 cells. Previous studies of hematopoietic stem cells and
surface markers which characterize these stem cells formed a basis for these studies.
The basic assumption was that there was a hierarchy of cancer cells; only a few of
which could actually propagate tumors. The antibodies, CD34 and CD38, had been
characterized on various hematopoietic cell populations and could be used with
fluorescent-activated cell sorting to purify and separate classes of leukemic cells,
just as they are used to separate classes of normal hematopoietic cells. There fol-
lowed work indicating the presence of cancer stem cells in a variety of solid
tumors.

Al-Hajj et al. [8] reported that breast cancer cells were heterogeneous and that
down to 100 CD44 +CD24-/low cells could form tumors in immunodeficient
mice. Tens of thousands of breast cancer cells with alternate phenotypes did not
form tumors. There followed reports of cancer stem cells in many other cancers
(Table 2) using surface epitope labeling, separation by FACS, and growth in
immunodeficient mice.

The general theme here was that using markers that are common to a number of
cell types, a subset of cancer cells could be isolated from different cancers which
could differentially grow in immunodeficient mice. It appeared to some to represent
a breakthrough in the biology of cancer, offering new targets for chemotherapy.
Many inconclusive studies followed on whether the so-called cancer stem cells
would show a differential sensitivity to radiation or chemotherapy. Studies on the
regulation of these cells proceeded. A continuing observation was that the trans-
planted tumor stem cells recapitulated at least some of the heterogeneity in the par-
ent tumor [32]. Many analogies were drawn to the hierarchical system of
hematopoietic stem cells in which a single stem cell which could be purified, gave
rise to a series of cells which progressively gained differentiated characteristics and
lost proliferative and renewal potential.
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Table 2 Cancers and their stem cell markers

Primary tumor Stem cell markers References
Acute myelocytic leukemia CD34+CD38-CDO—IL-3R+CD71-HLA-DR-CD117- [9-13]
Breast CD44 +CD24-Lin-ALDHI1+ [8, 14]
Brain CD133+ [15, 16]
Melanoma CD20+ ABCB5+ [17, 18]
Colorectal CD133+, epCAm+CD44 +ALDH1+ [19-22]
Lung CD24+CD44+CD133+ [23, 24]
Sarcoma CD105+, CD44 + Strol+ [25]
Head and Neck CD44+ [26]
Liver CD133+CD90+CD44+ [27, 28]
Pancreatic CD44+CD24+ESA+CD133+ [29, 30]

Adapted from Table 1 in, “The cancer stem cell paradigm: a new understanding of tumor
development and treatment” Ebben JD, Treisman DM, Zorniak M, et al. (2010). Exper Opin Ther
Targets 14:621-632 [31]

Two critical questions were not rigorously addressed by the cancer stem cell
investigators: (1) Is the xenogeneic model an adequate model for these studies? and
(2) Is the system stable or could it be on a continuum of reversible change as some
claim the hematopoietic stem cells system to be? These two questions are critical to
determining the validity of the cancer stem cell system as recently put forward.

The question of the validity of the assay is of course paramount. This was
addressed by Kelley and colleagues [33] in studies that suggested that observations
on leukemic stem cells were artifacts of the transplant model. They demonstrated
that when murine lymphoma or leukemia cells were carried out in a syngeneic sys-
tem, a very high frequency of stem cells (1 in 10) was able to induce malignant
disease. They studied cells from Eu-myc pre B/B lymphoma, Eu-N RAS thymic
lymphoma, and acute myeloid leukemia in Pu.l-/- mice injected into C57BL/6
nonirradiated hosts. They found that single cell transfer in 3 of 8 recipients gave
lymphoma in 33-76 days. They suggested that the low frequency of leukemia-
initiating cells in xenogeneic transplant models might represent the effect of a hos-
tile xenogeneic environment. Similar results showing a relative high frequency of
leukemia-initiating cells in MLL-AF9 AML model were reported [34], and using
the same model, Krivtsov et al. [35] showed transfer of leukemia with injection of
4 cells. In many of the other cancer stem cell models, a relatively high percent-
age (<up to 20%) of the cells were marked as stem cells. Studies on melanoma
cancer stem cells are informative and probably applicable to many of the other solid
tumor stem cells. Initial studies indicate that there was a frequency of 1 in a million
for cancer induction [18]. Quintana et al. [36] studied melanoma cells from 12 dif-
ferent patients in a modified immunodeficient model of Nod/Scid IL-2 receptor
gamma chain null mice and showed that leukemia induction was increased by
orders of magnitude. In single cell transplants, an average of 27% of unselected
melanoma cells from 4 different patients formed tumors. Boiko et al. [37] used
CD271 as a marker and showed a melanoma cancer stem cell frequency of between
2.5% and 41%, but Quintana et al. [36] subsequently showed that single primary
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melanoma cells could initiate tumors at frequencies of at least one in four. These
studies indicate that details of the transplant model may totally alter outcomes and
that at least some of the reported characterizations of cancer stem cells, especially
leukemic cancer stem cells, are flawed. The reasons for relatively poor growth in
xenogeneic models could be a failure of cytokine or accessory cell support, or other
less well-defined toxic influences.

The interpretation of the cancer stem cell results also depends upon the assump-
tion that the phenotype of the cancer stem cell is stable; it probably is not. The origi-
nal model for the stem cell in AML was the murine hematopoietic stem cell
hierarchical model in which a stable dormant long-term repopulating stem cell
(LT-HSC) gave rise to a hierarchical system of progressive differentiation and loss
of renewal and proliferative potential. Although controversial to some, the extant
data now indicates that this model is incorrect. The system is rather a continuum of
potential linked to cell cycle passage, and when whole marrow is interrogated, the
long-term multilineage repopulating marrow stem cells in the mouse are in active
cell cycle [38]. The hematopoietic stem cell phenotype is continually changing, and
while the population maybe relatively stable, the individual cells are not. That this
probably holds for AML stem cells is supported by recent studies on the heterogene-
ity of AML stem cell and AML at large. Thus, the concept that a single isolated
phenotype will represent a cancer stem cell is also probably wrong.

Is there validity to the concept of a cancer stem cell? There probably is, but whether
xenogeneic systems are valid is a major concern. The disease CML is a clear example
of a cancer stem cell disease. It is a differentiating cancer, and any cancer with these
characteristics probably is fed by rare primitive stem cells. This is evidenced in CML
by relapses seen after withdrawal of imatinib therapy; these had to derive from a stem
cell population. It is of interest here that therapy with imatinib seems to eliminate the
bulk of CML cells and not the stem cells. This, of course, is not “stem cell therapy”
although efforts to eliminate the resistant stem cells continue.

Recent work has described cancer stem cells in Hodgkin’s disease, mantle cell
lymphoma, and multiple myeloma with interesting differential sensitivities to pos-
sible therapeutic agents. The identity of the stem cell for multiple myeloma has
been controversial with some claiming CD138+ cells engrafting in SCID-hu mice
as the key cell [39], while others have defined a CD138-CD19 +CD20+ CD27 +alde-
hyde dehydrogenase-positive cell growing in Nod/Scid mice as the relevant stem
cell [40]. Studies from the Johns Hopkins group have indicated that these cells are
sensitive to anti-CD20 antibodies and also may be differentially sensitive to hedgehog
inhibitors (GDC-04449) and to telomerase inhibitors (imetelstat). These cells were
relatively resistant to dexamethasone, cyclophosphamide, lenalidomide, and borte-
zomib, agents that are quite active against the bulk of myeloma cells. Matsui and
colleagues felt that clonotypic B cells constituted the stem cells for myeloma and
found that these cells were highly tumorigenic, self-renewing, and able to recapitu-
late symptomatic disease in immunodeficient mice. Similar studies were carried out
with mantle cell lymphoma, and an aldehyde dehydrogenase (ALDH)+, CD19+,
and CD5+ cell were characterized as the stem cells. This cell also showed differen-
tial sensitivity to chemotherapy agents as compared to the majority of lymphoma
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Rare Cancer Some cells are All or most cells
stem cell stem cells are Stem cells
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This represents these tumors as they commonly
present. Obviously the rarity of stem cells may vary
with the evolution of any one cancer. In addtion the
tumor cells will show heterogeneity at any one point
in time possibly relating to cell cycle status, circadian
rhythms or other stochastic influences

Fig.1 Evolution of cancer stem cells. Chronic myelogenous leukemia is a disease in which a rare
stem cell feeds into a differentiated cell compartment, while with acute myeloid leukemia, virtu-
ally all the cells act as stem cells. Many of the “solid tumors” have varying mixtures of stem cells
and differentiated cell types

cells [41]. A putative stem cell for Hodgkin’s lymphoma was described as an
ALDH+, CD20+, and CD27+ clonotypic memory B cell [42]. This has led to a
clinical trial combining rituximab, a chimeric anti-CD20 monoclonal antibody, and
standard chemothrapy for Hodgkin’s lymphoma.

Further work has suggested that CML stem cells selectively express CD25 and
CD26 along with WT1 and PRAME [43]. Figure 1 illustrates the different evolu-
tionary phases of tumor development. In this model, the role of the stem cell will
change with evolutionary stage and other variables such as cell cycle status, circa-
dian rhythms, or other stochastic influences.

The challenge going forward will be to define the existence of true cancer stem
cells and whether differential sensitivities of these cells could offer unique thera-
peutic opportunities.
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B and T Cell Development

Loren D. Fast

Abstract Hematopoiesis is the ordered development of the different blood cell
populations from stem cells. One early branch point in hematopoietic development
is the lymphoid pathway which gives rise to B and T lymphocytes and NK cells.
B and T lymphocytes express antigen-specific receptors that are generated by the
genetic joining of segments randomly selected from multiple loci. The cells express-
ing the resulting antigen receptors are subjected to a selection process for receptors
with appropriate binding properties. Following the selection process, the naive cells
enter the circulation and respond when they encounter antigen able to be bound by
the receptor. Once stimulated, the cells mature into functional lymphocytes in a
process that is dictated by the factors and signals that are present in the environment.
While NK cells can develop in the thymus, NK cells do not express antigen-specific
receptors, but instead express a variety of activating and inhibitory receptors.
The integration of responses from these receptors determines if the NK cell will
respond. The developmental process from stem cells into mature functional cells
can be interrupted at any step by genetic mutations which cause uncontrolled prolif-
eration. Thus, an understanding of the changes important for the development of
leukemias and lymphomas facilitates generation of new treatments for these diseases
and also enhances our understanding of lymphocyte differentiation pathways.

The Development and Differentiation of Lymphocytes

The responses of the immune system are divided into two categories: innate immune
responses and adaptive immune responses. Innate immune responses occur rapidly
inresponse to antigen butlack specificity and immunological memory. Immunological
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memory is the ability to mount a more rapid response upon subsequent encounter
with the same antigen. Conversely, adaptive immune responses are antigen-specific
and generate immunological memory but take more time to develop as they require
the expansion of antigen-specific lymphocytes that are originally present in
extremely low frequencies. Because first encounter with antigen both increases the
number and functionality of antigen-specific adaptive immune system effector cells,
immunological memory is established.

Lymphocytes, a subset of white blood cells, are important components of both
innate and adaptive immune responses. There are three main types of lymphocytes:
natural killer (NK) cells, B lymphocytes (B cells), and T lymphocytes (T cells).
NK cells are large, granular lymphocytes that serve as the main effector cells of the
innate immune system. Effector functions mediated by NK cells include secretion
of cytokines and other soluble factors that regulate responses of number of sub-
populations of immune cells and lysis of a variety of target cells. B cells and T cells
are smaller lymphocytes essential to the adaptive immune response. These lympho-
cyte populations use similar mechanisms of random recombination to generate a
highly diverse set of antigen-specific receptors that is key to the enablement of
antigen-specific immune responses. These antigen-specific receptors are called
immunoglobulins (or antibodies) on B cells and T cell receptors (TCR) on T cells.

B cells initially express membrane-bound immunoglobulin. Once activated,
B cells secrete immunoglobulins which are able to trigger a variety of responses
once they bind to antigen. T cells are also capable of providing help to other immune
cells through the expression of activation antigens that serve as ligands for receptors
on other lymphocytes and/or by the production of cytokines that regulate the
immune responses of these immune cells. One subset of T lymphocytes is also able
to mediate cytolytic activity when activated. This chapter will present an overview
of these three populations of lymphocytes, including developmental pathways,
mechanisms responsible for regulation and generation of function, and how dys-
regulated lymphocyte growth can result from oncogenic transformation and subse-
quently lead to development of leukemias and lymphomas.

Hematopoiesis

Hematopoiesis is the term used to describe the overall blood cell development
process. This developmental pathway starts with hematopoietic stem cells (HSC),
which are defined as cells able to both replicate themselves and generate progeny
cells that can ultimately develop into more than ten different lineages. It was origi-
nally thought that receipt of specific signals directed the differentiation of HSC
progeny to a particular pathway in a single step [1, 2]. Yet, recent studies suggest
that the differentiation process is more progressive in nature, with cells gradually
losing the ability to commit to certain lineages as they are placed in specific envi-
ronments. Therefore, cells will eventually reach the point of being fully committed
to a single lineage. Previous studies have shown that transferring cells from one
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environment to another will allow them to develop down alternative pathways if
they are not yet fully committed to a particular pathway, demonstrating the environ-
ment to which differentiating cells are exposed plays an important role in differen-
tiation. One method of distinguishing cells at different stages of hematopoiesis
involves characterization of adhesion molecule and chemokine receptor cell surface
expression. This pattern of cell surface marker expression is important because it
directs cells to certain environments. An alternative approach is to study the expres-
sion of cell surface receptors that respond to signals in that environment and direct
the expression of regulatory factors such as transcription factors. Transcription fac-
tors, which are proteins that bind to DNA and influence gene expression, are impor-
tant because they are responsible for activating loci whose products drive cells
toward certain pathways or away from alternative pathways. For B and T lymphocytes,
it is also important to study the stages involved in the development of the clonal
antigen-specific receptors.

The initial approach to identify HSC has been to sort cells based on their cell
surface markers and then test the ability of the sorted cell populations to repopulate
immunodeficient murine recipients [1]. This approach identified cells expressing the
cell surface marker combination Lin"CD45°CD34*CD38*CD45RA-CD90Ki67*
as the cell population that contained HSC. However, this approach is limited to the
analysis of the expression of cell surface markers and cannot be used to measure the
ability of these cells to respond to specific stimuli. Single-cell level analysis of
HSC-containing populations indicated that responses to different cytokine stimuli
were exceedingly heterogeneous [3]. It was also observed that adding combinations
of different cytokines often generated greater responses than a single cytokine alone.
This observation is consistent with concept of heterogeneous populations within
these HSC populations.

Stochastic differences may also contribute to HSC heterogeneity. Sorting
HSC-containing populations based on cell cycle stage suggested that HSC in differ-
ent stages produced different types of cells [4, 5]. A related experiment used single-
cell mass cytometry, which permits simultaneous analysis of 34 parameters by using
antibodies labeled with transition element isotopes in chelated tags [6]. Analysis of
the resulting multidimensional data segregated healthy human bone marrow cell
populations into a number of different populations. Using this technology, analysis
of HSC-containing populations indicated that even the Lin~ population is still quite
heterogeneous and that the differentiation of HSC, as well as of more differentiated
cells, actually represents a continuum along which cells increasingly develop more
constrained differentiative outcomes as they progress. This data suggests that the
development of cells down unique hematological pathways is not the result of dis-
crete steps, but instead a gradual transition marked by the progressive loss of dif-
ferentiation options.

From HSC, the next step in the development of T and B lymphocytes is the pres-
ence of multipotential progenitor cells (MPP), which are characterized as Lin"CD4
5°CD34+*CD38*CD45RA-CD907Ki67*. MPP have lost self-renewal potential but
still retain the capacity to differentiate down multiple lineage pathways [6]. In mice,
MPP further differentiate into lymphoid-primed MPP (LMPP), or alternatively, to
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common lymphoid precursors (CLP). Both LMPP and CLP are strongly biased
toward lymphoid differentiation but have differing abilities to differentiate along
other pathways (such as the myeloid pathway). The reason for the presence of these
heterogeneous categories of lymphoid precursors in mice remains unclear. In
humans, the cells that migrate to and populate the thymus are CLP
(CD10*CD24-CD34%) [7] . Directing these lymphoid precursors toward the B lym-
phocyte or T lymphocyte pathway appears to be based on the ability to repress
alternative differentiative pathways. Signaling via Notch receptors is important for
repressing the development of other pathways and generating T lymphocytes.
Conversely, the silencing of the Notch! receptor signaling by the Pax5 transcription
factor, along with EBF1, appears to be important in the directing lymphoid precur-
sors toward the B lymphocyte pathway [8].

B Lymphocytes

The development of B lymphocytes in the bone marrow was recently studied using
single-cell mass cytometry multiparameter analysis. The results of this study
identified a progression of B lymphocyte precursors which undergo gradual changes
in cell surface marker expression. These different combinations of surface markers
can be used to define the different precursor populations [6]. In B cell development,
Pro-B cells first give rise to Pre-B1 cells, which then subsequently mature into
Pre-B2 cells. Pre-B2 cells give rise to immature B cells, which in turn lead to
mature- and IL3Ra*-mature B cells. Some of the more dramatic phenotypic changes
that occur as B cells differentiate include the loss of CD38 expression, increased
expression of CD45RA and CD20, and, at the end of B cell differentiation in the
bone marrow, a more modest increase of CD19 and CD123 (IL3Ro). While the
genetic rearrangement needed to generate heavy and light immunoglobulin chains
occurs early in the differentiation of B cells, the cytoplasmic expression of p heavy
chain, the first heavy chain produced, occurs in the pre-B cells. The pu heavy chain
combines with two proteins called .5 and VpreB to generate the pre-B cell receptor
(BCR). A positive signal from the pre-BCR is needed to complete differentiation
into an immature B cell expressing IgM (u heavy chain plus light chain) on the cell
surface [9].

Once the B cells leave the bone marrow, they express additional cell surface
markers including CD21, CD22, and surface IgD. B cells continuously recirculate
through secondary lymphoid organs and move to B cell follicles, which are concen-
trated areas of B cells [9, 10]. When B cells encounter antigen in the follicle, they
move to the boundary between the B cell follicles and the T cell areas in order to
interact with T cells. The costimulatory signal provided by CD40 ligand (CD154)
expressed on activated CD4+ T cells binding to CD40 on B cells drives the initial
proliferation of the antigen-bound B cell. Within days, the cytokines produced by
activated CD4+ T cells dictate a switch from the p heavy chain to the vy, €, or a
heavy chain constant region genes. This switch is mediated by the enzyme,
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activation-induced, cytidine deaminase (AID), which demethylates deoxycytidine
residues in the targeted switch recombination sequences. The resulting deoxyuracil
bases are then excised by a uracil DNA glycosylase (UNG). The excision of bases
triggers the recombination process, which results in the downstream heavy chain
assuming the position of the p heavy chain gene. This is the process by which a
B cell initially producing IgM converts to an IgG-, IgE-, or IgA-producing cell.

Activated B cells choose one of two paths after the initial antigen and
costimulation-driven activation of the B cells [9, 10]. Some of the activated B cells
migrate to extrafollicular areas in the secondary lymphoid organs where they rap-
idly expand and differentiate into antibody-secreting plasmablasts and plasma cells.
These cells provide the earliest source of antigen-specific antibodies, which are an
important component of the specificity mediated by the adaptive immune system.
The remaining antigen-stimulated B cells stay in the follicles where they seed ger-
minal centers. Germinal centers are locally defined environments within the second-
ary lymphoid organs where B cells are able to mature and undergo affinity maturation,
a process that generates higher affinity antibodies [10]. The factors that dictate
which path an activated B cell will take include the B cell’s initial affinity for anti-
gen and the level of T cell help that is generated.

Histologically, germinal centers have been shown to be composed of dark zone
and light zone compartments [10]. The dark zone is located next to the T cell areas
and contains a high density of large, proliferating B cells. These B cells have
decreased surface immunoglobulin and are called centroblasts. The B cells in
the light zone, known as centrocytes, are small, nonmitotic B cells expressing sur-
face immunoglobulin. The light zone also has a network of follicular dendritic cells,
which, while not derived from hematopoietic stem cells, express a number of Fc and
complement receptors that allow them to trap antigens. The follicular dendritic cells
can then present these antigens to B cells. In addition to the follicular dendritic cells,
there is a minor population of follicular CD4+ T cells that provide signals for ger-
minal center B cell survival.

The movement of the B cells to all of these different sites is controlled by the
expression of specific chemokine markers and production of their ligands [10].
Chemokines are chemoattractant cytokines that are able to guide lymphocytes
expressing appropriate receptors toward the cell sources producing the chemokines.
CXCRS5 is found on naive and activated B cells and drives cells toward B cell folli-
cles where cells producing the CXCRS ligand, CXCL13, are located. Once B cells
are activated, they upregulate expression of CCR7, whose ligands, CCL19 and
CCL20, are produced by cells in the T cell area. Cells in the germinal center also
express CXCR4, which recognizes the CXCL12 ligand.

Affinity maturation of B cells takes place within germinal centers [10]. When
B cells proliferate in germinal centers, they exhibit high rates of mutation in the immu-
noglobulin variable region. This process is termed somatic hypermutation and occurs
using the same enzymes that are used for switching heavy chains. AID demethylates
deoxycytidine bases and the resulting deoxyuracil bases are removed by UNG.
The polymerase that fills in the missing bases is error prone so wrong bases are often
added randomly. The consequence of somatic hypermutation is that a number of



16 L.D. Fast

immunoglobulin variants are generated. B cells expressing immunoglobulin variants
that exhibit increased binding affinity to the immunizing antigen are induced to pro-
liferate further. These expanded B cell clones then differentiate into either memory
B cells or long-lived plasma cells that exit germinal centers and move to other sites in
the body, such as the bone marrow. In contrast, the B cells in which the affinity matu-
ration process induced immunoglobulin variants with decreased affinity toward the
immunizing antigen undergo apoptosis. This selective process is the driving force for
the increasing affinity of the antigen-specific antibodies that is observed.

Another consequence of B cell somatic hypermutation is the induction of DNA
strand breaks. These mistakes appear to be the primary driving force for the devel-
opment of a number of different types of B cell lymphomas. Many of the categories
of B cell malignancies that have been identified are listed below [9, 11].

Markers

CD10, CD19, CD24, TdT
CD10, CD19, CD24, TdT

Malignancy Source/origin

Acute lymphocytic leukemia Bone marrow
Chronic myelocytic leukemia-

lymphoid blast crisis

Bone marrow

Chronic lymphocytic leukemia Blood CD19, CD20, CD21, CD24,
BCR, pn, CD5

Small lymphocytic lymphoma Primary follicle CD19, CD20, CD21, CD22,
CD24, BCR, pd

Mantle cell lymphoma Primary follicle CD19, CD20, CD21, CD22,
CD24, BCR, ud

Follicular lymphoma Germinal center CD10, CD19, CD20, CD24,
BCR, ud

Diffuse large B cell lymphoma Germinal center CD10, CD19, CD20, CD24,
BCR, ud

Burkitt lymphoma Germinal center CD10, CD19, CD20, CD24,
BCR, ud

Hodgkin lymphoma Germinal center CDI10, CD19, CD20, CD24,
BCR, ud

Multiple myeloma Post-germinal center CD19, CD138

Waldenstrom macroglobulinemia Post-germinal center CD19, CD138

Marginal zone lymphoma Post-germinal center CD19,CD138

Hairy cell leukemia Post-germinal center CD19, CD138

Plasmablastic lymphoma Post-germinal center CD19, CD138

T Lymphocytes

While development of B lymphocytes occurs in the bone marrow, T lymphocyte
development occurs primarily in the thymus. This means that T lymphocyte precur-
sor cells must be able to migrate from the bone marrow through the blood to the
thymus. Experimental data indicates that the interaction between the chemokine
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receptors, CCR9 and CCR7, expressed on precursor cells and the thymic-produced
chemokines, CCL25 and CCL19-CCL21, is essential to the process of directing
these cells toward the thymus. However, the expression of these receptors does not
appear to play a role in the differentiation of the thymocytes [8].

Precursor cells that settle in the thymus develop along the T lymphocyte pathway
because of signals generated by the Notchl transcription factor and the cytokine,
IL-7. The role of these different signals in thymopoiesis appears to vary somewhat
between mice and humans. These differences include different responses to varying
levels of these respective factors, varying degrees of dependence on these two fac-
tors, and the stages at which T cell precursors respond to the factors. One of the pri-
mary roles of the signals induced by these factors is to repress the ability of early
T cell precursors to differentiate along alternative pathways. However, when these
early thymocytes are removed from the repressive environment of the thymus, they
have been shown to still retain the ability to develop into B lymphocytes, myeloid
cells, dendritic cells, and NK cells in the presence of the appropriate factors. However,
as demonstrated in mice, commitment to the erythroid and megakaryocyte lineages
cannot be achieved once T cell precursors arrive in the thymus, as these pathways are
permanently repressed prior to the thymic arrival. Once reaching the thymus, studies
suggest that the ability of T cell precursors to differentiate into B lymphocytes is
rapidly inhibited, followed by somewhat later inhibition of the myeloid and dendritic
cell pathways, and the NK cell pathway is the latest pathway to be repressed. Analysis
of human T lymphocyte precursors indicates that these cells have already lost myel-
oid differentiation capacity at the time of thymic arrival.

The differentiation stages of murine thymocytes are described as follows: DN1/
ETP, DN2a, DN2b, DN3a, DN3b, and lastly a8 T cells [8]. These stages are defined
according to the expression levels of certain cell markers, including c-kit, CD44,
CD25, and the B-chain of the T cell receptor. The B-chain of the T cell receptor is
first expressed in stages DN3a and DN3b and is therefore an important marker of
these stages. In humans, thymocyte differentiation starts with CD10*CD24-CD34*
cells that mature in a stepwise fashion by first acquiring CD7 and secondly acquir-
ing CDla [7]. Human TCR f-chain rearrangements are initially detected in
CD4CD8 CD34*CDl1a* cells. Cells then begin to express CD4 but not CD8 and
then subsequently express both CD8a and CDS8p in addition to CD4. A number of
studies have suggested that TCR B-chain rearrangements can occur at any of these
stages. The TCR B-chain then associates with a surrogate o.-chain which forms a
pre-TCR. Triggering this pre-TCR results in the expansion of the CD4*CD8* double
positive cells and initiation of a-chain TCR rearrangements [12]. The process of
a-chain TCR rearrangement continues sequentially on both chromosomes until
(1) an a-chain is formed that is able to properly associate with the previously formed
B-chain and (2) the TCR complex is able to bind to a self-major histocompatibility
complex (MHC) molecule/peptide complex and transduce a signal. Receiving this
positive signal allows a T cell to continue differentiating, while no signal results
in death of the cell. Too strong an interaction between the TCR and self-MHC
molecule/peptide complex also causes a cell to undergo activation-induced apop-
tosis (negative selection) eliminating the cell. Presumably, this negative selection
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process removes autoreactive T cells that could contribute to autoimmunity if they
were allowed to complete differentiation and be released to the periphery.

Once the naive CD4* and CD8* T lymphocytes leave the thymus, they circulate
throughout the body in the blood or reside temporarily in lymphoid organs (such the
spleen or lymph nodes). Expression of the selectin ligand, CD62L, and lack of
expression of the adhesion molecule, VLLA-4, direct the migration of naive T cells to
lymph nodes. Naive T lymphocytes are unable to migrate to tissues because they
have not yet been activated. Activation is achieved once T cells encounter antigen on
antigen-presenting cells (APCs), such as dendritic cells, in the spleen or lymph nodes.
T lymphocytes need to receive several different signals to become sufficiently acti-
vated and undergo proliferation and differentiation. Required APC signals to T cells
include presentation of antigenic peptides by MHC molecules, presentation of
costimulatory ligands such as CD80/86 on the APC cell surface, and production
of inflammatory cytokines such as type I IFN and IL-12.

The effector responses of CD4* T lymphocytes, known as “T-helper cells,”
primarily consist of the production of cytokines. CD4* T lymphocytes can produce
a wide variety of cytokines, but usually do not produce them all at once. Instead,
CD4* T cells produce a discrete set of cytokines that is determined by the combi-
nation of cytokines already present in the environment when T cell activation
occurs. CD4* T cells are divided into categories based on the cytokines they pro-
duce: T-helper 1 (Thl) cells, T-helper 2 (Th2) cells, T-helper 3 (Th3) cells, and
T-helper 17 (Th17 cells). The cytokines produced by these subsets determine their
mechanism of action. Th1 cytokines include IFN-y, IL-2, and TNF-o, which are
important in the generation of immune responses to intracellular pathogens, such
as viruses. Th2 cytokines include IL-4, IL-5, IL-10, and IL-13. These are impor-
tant in mounting responses to extracellular pathogens, such as worms. The pres-
ence of IFN-y or IL-4 at the initiation of the immune response is crucial in
determining whether an immune response will be skewed toward Thl or Th2.
IFN-y promotes the production of Thl cytokines and inhibits the production of
Th2 cytokines. In contrast, the early presence of IL-4 directs the production of
Th2 cytokines and inhibits Th1 cytokines. The early presence of TGF-§3 directs
CD4* cells to produce Th3 cytokines, TGF-f and IL-10, which facilitate the pro-
duction of IgA in mucosal tissues. When both TGF-f and IL-6 are present early in
the immune response, CD4* T cells are directed toward the Th17 phenotype result-
ing in the production of IL-17 and are often found in inflammatory conditions.

CD8* T lymphocytes, often defined as cytolytic T lymphocytes (CTLs), play a
major role in the Thl response against intracellular pathogens but have also been
shown to produce a variety of different cytokines. While CD8* T cells can produce
Th1 cytokines when activated, the primary method these cells use to eliminate intra-
cellular pathogens is by lysing the pathogen-infected cells. The lysis of these
infected cells is accomplished through exocytosis of cytolytic granules. Main com-
ponents of these granules include serine proteases called granzymes and perforin, a
protein that forms holes in the cell membrane [13]. Perforin facilitates entry of gran-
zymes into the cell cytoplasm where they are able to induce programmed cell death
(apoptosis) in the target cell.
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Naive CD8* T cells do not contain cytolytic granules. Once CD8* T cells receive
sufficient activating signals, they begin producing granzymes and perforin and
packaging these proteins into granules. When an activated and armed CD8* T cell
encounters a cell expressing the same antigen as that which triggered its initial acti-
vation, cytolytic granules are mobilized to the point of contact and triggered to
exocytose stored contents into the extracellular environment next to the target cell.
Once clearance of an infectious pathogen has been accomplished, activated CDS8
T cells are reduced in number via a process called activation-induced cell death.
Yet, even after this contraction, the number of memory CDS8 T cells specific for the
pathogen remains elevated. High levels of granzyme A have been observed in these
resting memory CD8 T cell populations [14, 15]. With additional encounters with
antigens, the process of repeated activation and return to rest results in even higher
resting levels of cytolytic effector molecules. Initially, resting memory CD8 cells
express granzyme A plus low levels of granzyme B or perforin. With more cycles of
activation, these cells begin to express high levels of both granzyme A and gran-
zyme B and low levels of perforin. Eventually, high resting levels of perforin are
also established. These end-stage CD8* cells also are marked by the expression of
NK cell markers, particularly CD57. As CD8* T cells progress through these differ-
ent stages, it has been found that they express an increasing number of these NK
markers, which can alter how they respond to specific antigens.

Five granzymes can be found in human cytolytic granules: A, B, H, K, and M
[13]. These are produced and present in varying amounts depending on cell type.
Out of these five types, granzymes A and B have been most extensively studied.
Granzyme B induces target cell apoptosis through cleavage of caspases that trigger
the apoptotic pathway. While granzyme A may also induce apoptosis via an alterna-
tive pathway, it also contributes to inflammation by cleaving, and thereby activating,
assemblies of proteins called inflammasomes [16]. Inflammasome activation triggers
the cleavage of IL-1f and IL-18 pro forms, which in turn leads to the production of
active cytokines that induce inflammatory responses.

Natural Killer Cells

Natural killer (NK) cells are important effector cells in the innate response to anti-
genic stimulation [17]. These cells produce cytokines and also mediate cytolytic
activity. The development of NK cells primarily occurs in the bone marrow, although
it can occur at other sites as well. Transcription factors that appear to be important
for NK cell maturation include IRF-2, Gata3, Tbx21, and D1x. At an immature
stage, NK cells require a common y-chain and the IL-2RB-chain (both components
of the IL-2 and IL-15 receptor), along with the associated signaling molecules.
Knockout mice studies demonstrated that expression of IL-15 or the IL-15Ra-chain
is essential for the development and maintenance of NK cells, as absence of either
one of these molecules prevents NK cell development. In humans, no individuals
exhibiting loss of IL-15 or IL-15R have been reported, but information can still be
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gained from studying individuals with mutations in other proteins involved in these
pathways. Such studies have indicated that, like in mice, IL-15 is the key regulator
of NK cell development in humans.

Although the phenotype of NK cell precursors has not been identified in humans,
CD3CD161*CD56" cells can be induced in vitro from Lin"CD34* cells. When
these precursor cells are further stimulated with IL-2 and IL-12, CD56 expression
and natural cytotoxicity are acquired. NK cells also undergo a selection process that
results in them expressing a varying number of inhibitory receptors depending on
recognition of MHC molecules expressed in the environment during their develop-
ment [18]. These inhibitory receptors are important in maintaining self-tolerance.
If NK cell receptors interact with self-MHC on another cell, the kill signal will be
inhibited and the self-cell will remain intact. However, if a self-MHC complex is not
present, NK cell cytotoxic potential will be released. This system allows NK cells
to target foreign antigens and also pathogen-infected syngeneic cells (which often
downregulate expression of self-MHC).

NK cells can also develop in sites other than bone marrow, including the lymph
node, thymus, and intestine [17]. In the thymus, the differentiation pathway to NK
cells is the last alternative pathway lost before final commitment to T lymphocyte
lineage. This has raised the question of how NK-cell-inducing signals within the
thymus overcome the dominant push to become T cells. NK cells in the thymus
have been found to express intracellular CD3¢ proteins, a phenotype not observed
in the peripheral NK cells. There is evidence that NK cells can also develop in the
lymph nodes and intestines. The contribution of these non-bone marrow sites to the
overall number of NK cells has not been determined. Unlike NK cells that develop
in the bone marrow, many NK cells that develop in non-bone marrow sites are
CD56M¢"CD16"". The ratio observed is 10:1 CD56 "' CD16"%:CD56*CD16"e NK
cells in the lymph node and intestine, whereas the ratio of these two populations of
NK cells is 1:10 in the peripheral blood and spleen. These two populations of NK
cells have different primary effector functions. The CD56"¢"CD16"" NK cells are
primarily cytokine secretors, while the CD56°*CD16"s" NK cells are primarily
cytolytic effector cells.

Mature NK cells leaving the bone marrow are fully armed with cytolytic gran-
ules containing granzymes and perforin. Activation of NK cells to carry out cytolytic
activity is usually the result of receiving more activating signals than inhibitory
signals. The balance tips toward an activating response in situations where there is
a lack of self-MHC molecules. This happens when the target cells are allogeneic or
have lost expression of MHC molecules because the cell has been infected or
because of oncogenic transformation. Activation can also occur when an NK cell
receives strong activating signals. The strongest activating signal, which is able to
override all inhibitory signals, is triggered by the binding interaction between an
Fc receptor and antibody-coated cells or antigen.

A number of different leukemias and lymphomas have been identified as malig-
nant transformation of cells at all of the different stages of T cell and NK cell dif-
ferentiation [11]. The transformation of the more differentiated T cell stages is
reflected by the identification of a heterogenous group of T cell and NK lymphomas.
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T cell lymphomas have been divided into the cutaneous T cell lymphomas and
peripheral T cell lymphomas categories [19-21]. Peripheral T cell lymphomas
are a heterogenous group of lymphomas that are often derived from cytolytic
cells, including NK cells. These lymphomas occur with a relatively low frequency
(<1 case/100,000). They are further divided into subcategories based on clinical
features including nodal, extranodal, and leukemic. The nodal group of lymphomas
includes peripheral T cell lymphomas not otherwise specified, anaplastic large cell
lymphoma, and angioimmunoblastic T cell lymphoma. The extranodal group con-
tains a number of less common types, including hepatosplenic y5 T cell lymphoma,
enteropathy-associated T cell lymphoma (associated with celiac disease), intestinal
T and NK cell lymphomas, nasal-type NK7/T~ lymphoma, and panniculitis-like
T cell lymphoma.

The leukemia group includes the adult T cell lymphoma (ATL) associated with
human T-lymphotropic virus type 1 (HTLV-1). The geographic distribution of the
ATL is similar to where the HTLV-1 virus is endemic, which includes Japan and the
Caribbean. T cell chronic large granular lymphocyte leukemia, aggressive NK cell
leukemia, and T cell prolymphocytic leukemia also are included in the leukemic
subcategory.

The cutaneous T cell lymphomas are primarily comprised of mycosis fungoides
and the leukemic variant, Sezary syndrome [20]. Mycosis fungoides is a lymphoma
primarily comprised of mature, skin-homing CD4+ clonal cells producing the Th2
cytokines IL-4, IL-5, and IL-10. They usually present as patches, plaques, tumors,
or generalized erythema of the skin. These malignant cells can also be found in the
lymph nodes and peripheral blood. These cells lack expression of T cell markers
such as CD7 and CD26 but usually express clonal TCR. Gene expression profiling
of STAT4, GATA3, Plastin-T, CD1d, and TRAIL has been found to be 90% accurate
in predicating Sezary syndrome.

An understanding of the developmental and differentiation pathways of lympho-
cyte subpopulations including B lymphocytes, T lymphocytes, and NK cells is
important for categorizing the different types of malignant transformed lympho-
cytes. This understanding will facilitate study of the different types of lymphomas
and the mechanisms responsible for their development and provide a basis for the
development of novel and better therapeutic protocols.
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HIV Lymphomagenesis

Liron Pantanowitz and Antonino Carbone

Abstract Patients with human immunodeficiency virus (HIV) infection are at
increased risk of developing non-Hodgkin lymphoma (NHL) and Hodgkin lym-
phoma. Only certain NHL subtypes are AIDS-defining conditions. Risk factors for
developing AIDS-related lymphomas (ARLs) include HIV-specific factors
(e.g., CD4+ count and HIV viral load) and general factors (e.g., EBV and/or HHVS
coinfection). ARLs comprise a heterogeneous group that are divided by the World
Health Organization (WHO) into lymphomas also occurring in immunocompetent
patients (e.g., Burkitt lymphoma), lymphomas occurring more specifically in HIV-
infected patients (e.g., primary effusion lymphoma), and those lymphomas that also
occur in other immunodeficiency states (e.g., polymorphic B-cell lymphomas).
While the pathogenesis of ARL is still incompletely understood, research to date
indicates that immune deregulation leading to loss of control of viruses such as EBV
and HHVS, accompanied by genetic alterations and cytokine production, plays an
important role in HIV lymphomagenesis. This chapter provides a contemporary
overview of ARL and highlights the mechanisms involved in their pathogenesis.

Introduction

Both non-Hodgkin lymphoma (NHL) and Hodgkin lymphoma are conditions likely
to be encountered in patients with human immunodeficiency virus (HIV) infection.
The high frequency of NHL among HIV-positive patients was acknowledged by the
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inclusion of specific types of high-grade NHL in the US Centers for Disease Control
and Prevention (CDC) revised case definition of AIDS [20]. Hodgkin lymphoma,
however, is a non-AIDS-defining cancer (NADC). The proportion of individuals
with NHL presenting as the initial acquired immune deficiency syndrome (AIDS)-
defining illness increased as the incidence of other AIDS-defining conditions
(e.g., Pneumocystis jirovecii pneumonia and Kaposi sarcoma) declined following
the introduction of highly active antiretroviral therapy (HAART). While almost all
AIDS-related lymphomas (ARLs) are of B-cell origin, cases of HIV-related T-cell
NHL may still be observed. ARLs comprise a heterogeneous group including
Burkitt lymphoma, diffuse large B-cell lymphoma (DLBCL), plasmablastic lym-
phoma, primary effusion lymphoma (PEL), and polymorphic lymphoproliferative
disorders. While these ARLs may differ in their clinical presentation (e.g., varying
anatomic distribution) and molecular mechanism of lymphomagenesis, they share
several similarities including an aggressive clinical course with frequent extranodal
disease, plasmacellular differentiation, and an association with the gamma herpes-
viruses Epstein-Barr virus (EBV) and/or Kaposi sarcoma-associated herpesvirus/
human herpesvirus-8 (KSHV/HHVS). Patients with ARL have traditionally toler-
ated chemotherapy poorly. However, their response rates and survival appear to be
improving owing to advances in supportive care and effective HAART. This chapter
focuses specifically on the lymphomagenesis of HIV-related lymphomas.

Overview of AIDS-Related Lymphomas

Classification

ARLs are divided by the World Health Organization (WHO) into three main catego-
ries [73]:

e Lymphomas also occurring in immunocompetent patients, for example, Burkitt
lymphoma, DLBCL, extranodal marginal zone B-cell lymphoma of mucosa-
associated lymphoid tissue type (MALT), peripheral T-cell lymphoma (PTCL),
and classical Hodgkin lymphoma

e Lymphomas occurring more specifically in HIV-infected patients, for example,
PEL, plasmablastic lymphoma, and lymphoma arising in HHV8-associated mul-
ticentric Castleman disease

e Lymphomas also occurring in other immunodeficiency states, for example, poly-
morphic B-cell lymphomas

ARLSs have also been classified according to their location (systemic NHL, pri-
mary central nervous system lymphoma or PCNSL, and primary effusion or body
cavity lymphoma) or categorized based upon clinical behavior (indolent, aggres-
sive, and highly aggressive). Systemic NHL accounts for most ARL, whereas
PCNSL represents approximately 15% and PEL <1% of cases [1, 28, 59]. Effusion
lymphomas in the setting of HIV infection can be further subtyped into primary or
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Table 1 Effusion lymphomas associated with HIV infection

Secondary To systemic lymphomas
HHVS negative
Various histotypes

Primary Primary effusion lymphoma
HHV8+
c-MYC negative
Immunoblastic/anaplastic morphology
Extranodal large cell lymphoma
(HHV8-unrelated PEL-like lymphoma)
HHV8-
c-MYC negative
Centroblastic/immunoblastic morphology
Extranodal Burkitt lymphoma
HHVS-
c-MYC+
Burkitt morphology

secondary lymphomas (Table 1). The majority (70-90%) of ARLs are highly
aggressive, most of which are due to the immunoblastic variant of DLBCL and
Burkitt lymphoma. The aggressive lymphomas consist predominately of the other
variants of DLBCL. Indolent lymphomas in HIV + persons are uncommon and com-
prise >10% of ARLs.

Epidemiology

In the pre-HAART era, NHL represented the second most common cancer
associated with AIDS after Kaposi sarcoma [1]. In the HAART era (post-1996), the
proportion of NHL cases associated with AIDS has since modestly declined.
A meta-analysis involving 23 cohort studies that included 47,936 HIV-infected
patients found a decline in the incidence of ARL from 1992-1996 (0.62% per year)
to 1997-1999 (0.36% per year) [53]. In particular, there has been a marked decline
in the incidence of PCNSL due to the impact of HAART. The change in incidence
restricted to only some NHL subtypes suggests that there may be differential
involvement of immune function in tumor development [76]. Despite the beneficial
effect of HAART on the survival of HIV-infected patients, NHL continues to be
a major source of morbidity and mortality. Compared with the general popula-
tion, the relative risk for ARL shows a 400-fold increase for highly aggressive
lymphomas, 110-fold increase for aggressive lymphomas, and more than 15-fold
increase for indolent lymphomas [31]. Interestingly, those infected with HIV
have a 650-fold increased risk of developing DLBCL and 260-fold risk of having
Burkitt lymphoma [28].
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Clinical-Pathologic Features

ARL is distributed relatively homogeneously throughout the spectrum of HIV-risk
groups [1, 12]. While ARL usually manifests late in HIV infection, these lympho-
mas can arise at any CD4 T-lymphocyte cell count. For example, Burkitt lymphoma
tends to occur at relatively higher CD4+ cell counts (>200 cells/mm?®), whereas
PCNSL and PEL are more often associated with advanced stages of immune
deficiency (CD4 <50 cells/mm?) and hence are more likely to be associated with
opportunistic infections [82]. Patients with ARL are more likely to have advanced
stages of lymphoma at presentation, present with B symptoms (fevers, night sweats,
and weight loss), and develop extranodal disease. Common sites of extranodal ARL
include the CNS, gastrointestinal tract (stomach, anorectum), bone marrow, body
cavities, Waldeyer’s ring, and jaw, and with Burkitt lymphoma, several (10-20%)
patients may have leptomeningeal involvement at diagnosis. Adverse prognostic
factors include a low CD4 count (<100 cells/mm?), age >335 years, intravenous drug
use, poor performance status including International Prognostic Index (IPI), ele-
vated lactate dehydrogenase (LDH), advanced lymphoma stage at diagnosis, prior
AIDS diagnosis, and poor control of HIV viral replication through the use of
HAART [1, 80].

Several of the more aggressive ARL exhibit plasmacellular differentiation. They
exhibit plasmacytoid morphology and demonstrate immunophenotypic and molec-
ular attributes in keeping with plasma cell differentiation. Hence, their pathologic
diagnosis is frequently problematic. ARLs that share similar plasmacellular features
include Burkitt lymphoma with plasmacytoid differentiation, immunoblastic variant
of DLBCL, plasmablastic lymphoma, PEL, and polymorphic lymphoproliferative
disorder (“polyclonal” lymphoma). A combination of clinical, morphologic, viro-
logic, immunophenotypic, and molecular findings is usually required to adequately
differentiate between these various ARLs (Table 2) [55].

Burkitt Lymphoma

Burkitt lymphoma accounts for up to 30% of HIV-associated lymphomas. As noted
before, these lymphomas typically develop in the setting of mild immunodeficiency
(CD4 count >200 cells/mm?). Patients with HIV infection may develop classical
Burkitt lymphoma, less frequently atypical Burkitt lymphoma, and occasionally
Burkitt lymphoma with plasmacytoid differentiation, which is relatively unique to
patients with AIDS [73]. These lymphomas frequently involve bone marrow, periph-
eral blood, leptomeninges, and the face and may also manifest with lymphadenopa-
thy. A high proliferation index is typical, with >90% of cells staining positive for
Ki-67 (Mib-1). Lymphoma cells are medium-sized, non-cleaved lymphocytes that
have a deeply basophilic cytoplasm, lipid vacuoles, and several nucleoli (Fig. 1). In
the plasmacytoid variant, lymphoma cells have a more basophilic cytoplasm with
an eccentric nucleus and single central nucleolus. Burkitt cells are positive for
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Fig. 1 Burkitt lymphoma of an intra-abdominal tumor showing characteristic tumor cells with
non-cleaved nuclei and deeply basophilic cytoplasm with peripheral vacuoles (DQ stain; high
magnification)

B-cell-associated antigens (CD19, CD20), CD10, and BCL-6, in keeping with a
germinal center stage of differentiation. Frequently, there is also CD38 coexpres-
sion and monotypic cytoplasmic immunoglobulin present, although cases with
absent immunoglobulins may be seen. All cases have c-MYC activation and p53
inactivation. EBV genomes can be demonstrated in 30% of classical, 30-50% of
atypical, and 50-70% of plasmacytoid Burkitt lymphomas [73]. No association has
been found between Burkitt lymphoma and HHVS [72].

Diffuse Large B-Cell Lymphoma

There are several morphologic variants of DLBCL, not otherwise specified (NOS).
These include:

* Centroblastic variant comprised of centroblasts with multiple nucleoli (Fig. 2)

* Immunoblastic variant, also called immunoblastic lymphoma (IBL), which by
convention must contain 290% immunoblasts (which have single, central, prom-
inent nucleoli)

* Anaplastic variant with large bizarre tumor cells

Centroblastic lymphoma represents 25-30% of ARL, whereas IBL constitutes
10% of ARL [73]. IBL tends to present in patients with more advanced HIV disease
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Fig. 2 Diffuse large B-cell lymphoma of the salivary gland showing tumor cells with centroblas-
tic morphology (Pap stain; high magnification)

(CD4 count <100 cells/mm?) than centroblastic lymphomas. Primary DLBCL of the
CNS (so-called PCNSL) associated with HIV infection is usually of the immuno-
blastic type. HIV-associated DLBCL tends to be high grade and demonstrates a high
proliferation index (but <90%), and is often associated with necrosis. IBL is the
variant that most commonly exhibits plasmacytoid features. While immunoblasts
typically express pan-B-cell markers (CD20, CD22, CD79a), these markers may be
absent in some cases. Some lymphoma cells may also coexpress BCL-2, CDS5,
CD10, and CD30. Whereas rearrangements of BCL-6 are detected in around 20%
of centroblastic lymphomas, IBL is characterized by an absence of BCL-6 rear-
rangements. EBV is positive in 30% of centroblastic lymphomas (LMP-1 negative),
but is associated with 90% of IBL (LMP-1 positive) [73]. HHV8 has been shown to
be associated with some (40%) cases of IBL in HIV-infected patients that lack effu-
sions and do not have evidence of prior Castleman disease [37, 41].

Plasmablastic Lymphoma

This unique ARL was first described in the jaws and oral cavity of HIV-infected
persons [7, 35, 74]. These lymphomas have subsequently been reported in many
other extranodal sites including the lung, mediastinum, esophagus, anorectum,
orbit, nose and paranasal sinuses, skin, testes, bone, breast, and also within long-
standing sacrococcygeal cysts of HIV-positive individuals. Nodal involvement has
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Fig. 3 Plasmablastic lymphoma of the retroperitoneum showing numerous plasmablasts (H&E
stain; high magnification)

been reported, but is uncommon. This lymphoma arises mainly in young adult
HIV-infected males [18]. Like Burkitt lymphoma, these lymphomas are rapidly
growing destructive tumors that exhibit a proliferation index that ranges from
>60% to 95%. Rarely, they may evolve into plasmablastic leukemia. They consist
of plasmablasts (Fig. 3) which have abundant basophilic cytoplasm, eccentrically
placed nuclei, and occasional perinuclear clearing. Plasmablastic lymphomas have
been subdivided into two morphologic subgroups [25, 69]:

* Plasmablastic lymphoma of the oral mucosa type that is comprised of a mono-
morphic population of plasmablasts/immunoblasts with no or minimal plasma-
cytic differentiation

e Plasmablastic lymphoma with plasmacytic differentiation which is composed
predominantly of plasmablasts/immunoblasts, but in addition exhibits more dif-
ferentiation to mature plasma cells

Plasmablasts typically are negative for CD45, CD20, and/or PAXS, may be immu-
noreactive for the B-cell marker CD79a, and demonstrate strong immunoreactivity
for plasma cell markers (VS38c, CD38, IRF4/MUM-1, or CD138) [79]. Cytoplasmic
immunoglobulins (mainly IgG) are expressed in 50-70% of cases, and EMA, CD56,
CD30, and CD31 are also frequently positive. AIDS-related plasmablastic lymphoma
has virtually an identical tumor suppressor gene expression profile to myeloma [85].
They may also show structural alterations of the MYC locus. EBV appears to be
highly associated (60—75% of cases) with plasmablastic lymphoma.
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The presence of HHVS8 in plasmablastic lymphomas is unlikely, but remains
controversial based on some early reports [11]. The demonstration of HHVS
infection by LNA immunohistochemistry in a plasmablastic lymphoma has been
suggested by some authors to rather indicate that it is a solid form of PEL [60].
The association of plasmablastic lymphoma with HHV8 would certainly help
explain why some of these lymphomas develop from HHV8-related Castleman dis-
ease [40]. In such cases, HHV8-positive plasmablasts present in Castleman disease
have been shown to coalesce into microscopic aggregates and sheets. These collec-
tions of plasmablasts all have similar (lambda) light-chain restriction and are
referred to as microlymphomas [32, 38]. Microlymphomas may arise within
the mantle, and less often in the germinal center of lymphoid follicles. Large sheets
of plasmablasts are thought to represent frank lymphoma. Of interest, the new WHO
classification now includes large B-cell lymphoma arising in HHV8-associated
multicentric Castleman disease (also called HHVS8-positive plasmablastic lym-
phoma) as a unique entity [54]. This new lymphoma corresponds to a naive IgM-
producing plasma cell without immunoglobulin somatic hypermutation.

Classic Primary Effusion Lymphoma

PEL, previously referred to as body cavity-based lymphoma, is a rare lymphoma
that accounts for only a small proportion of ARL [23, 63]. This lymphoma has a
unique tropism for serous cavities of the body. The classic variant of PEL is charac-
terized by lymphomatous effusions of the pleural, peritoneal, and/or pericardial
cavities (Fig. 4). Rare cases have been documented with PEL involving synovial
joints and the subarachnoid space. By definition, there is usually no tumor mass,
lymphadenopathy, or organomegaly present. However, although PEL tends to
remain localized to the body cavity of origin, tissue extension of lymphoma into the
pleura, lung, chest wall, peritoneum, omentum, and gastrointestinal tract may rarely
occur. PEL tends to occur as a late manifestation of HIV, which may partly explain
why these lymphomas have such a poor prognosis (3—5 month median survival) [78].
PEL cells are typically large and pleomorphic with immunoblast-like or anaplastic
cytomorphology. Lymphoma cells are CD45 positive, have an indeterminate pheno-
type (i.e., most cases lack B- and T-cell-associated antigens or have a null lympho-
cyte immunophenotype), have no cytoplasmic or surface immunoglobulin, are
positive for CD30 (75% of cases), and coexpress plasma cell antigens (CD38,CD138,
VS38c, and MUM-1). While PEL is of B-cell origin, cases with an aberrant T-cell
phenotype may occur [4, 75]. BCL-6 is usually absent. Almost all PEL cells are
HHVS8 positive, and they are also frequently (70%) coinfected with EBV [50].
HHVS, rather than EBYV, is the driving force in these tumors. Rearrangement of the
immunoglobulin heavy chain gene and occasionally also the T-cell receptor gene
can be demonstrated. Gene expression profiling of PEL has shown a profile distinct
from other lymphomas, but one that appears to be shared by multiple myeloma
cell lines [57].
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Fig. 4 CT scan showing primary effusion lymphoma (PEL) involving the pleural cavities. In this
particular case, there was tissue infiltration of lymphoma cells causing focal thickening of the
posterior pleura (arrows)

Extracavitary (Solid) Primary Effusion Lymphoma

Solid (tissue-based) HHV8-positive lymphomas are an uncommon lymphoma seen
primarily in HIV-positive individuals [22, 27, 68]. Solid PEL involves mainly extra-
nodal solid tissues such as the lower gastrointestinal tract, lung, or skin and may infre-
quently also present with nodal involvement [13, 29, 56, 65]. Like other
HHV8-associated lymphomas, solid PEL is often associated with Kaposi sarcoma or
multicentric Castleman disease. In rare cases, secondary distant (noncontiguous)
lymphomatous effusions may develop. Apart from their clinical presentation, these
lymphomas are virtually identical morphologically, immunophenotypically, and
genetically to classic PEL. However, patients who developed solid PEL appear to have
a slightly better survival (median 11 months) compared to those with classic PEL.

Polymorphic Lymphoproliferative Disorder

Published cases of an AIDS-associated lymphoid proliferation resembling post-
transplant lymphoproliferative disorder (PTLD) have previously been described
[61, 64]. These “polyclonal” lymphomas represent less than 5% of ARL. They may
be nodal based or arise in extranodal sites including the lung, parotid gland,
perineum, and skin. Like PTLD, these proliferations are composed of a polymor-
phous population of lymphocytes exhibiting a variable degree of plasmacellular
differentiation. The infiltrates range from small cells with plasmacytoid features to
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immunoblasts and even cases with large CD30+ bizarre cells. Admixed mature
plasma cells are frequently present. Polymerase chain reaction (PCR) for clonality
often reveals only a faint band representing a monoclonal subpopulation of lympho-
cytes. Most of the cells express a B-cell marker (CD20), with a subset coexpressing
kappa or lambda light chains. In addition, several of these cases are often positive
for both EBV and HHVS. Like PTLD, these lymphoid proliferations generally lack
genetic lesions involving tumor suppressor genes or oncogenes. When clonal rear-
rangement and cytogenetic abnormalities (e.g., c-MYC, BCL-6, and p53 gene
mutations) arise, they are usually indicative of transformation to DLBCL.

Low-Grade Non-Hodgkin Lymphoma

Indolent lymphomas in the setting of HIV are uncommon. Such lymphomas have
not been considered to be an ARL as their incidence is not significantly increased
with the AIDS epidemic. Among 10 HIV + patients with low-grade NHL identified
from a single institution, cases were diagnosed with follicular lymphoma, small
lymphocytic lymphoma (CLL/SLL), and MALT [58]. Unlike ARL, the median sur-
vival for these patients is comparable to that reported in their HIV-negative
counterparts.

Mature T-Cell Non-Hodgkin Lymphoma

Despite the fact that most ARL are of a B-cell phenotype, several cutaneous and
peripheral T-cell lymphoma (PTCL) subtypes have been documented in HIV-
positive persons [19]. The risk of developing PTCL in HIV-positive individuals is
15 times higher than the general population. Also, there appears to be a slightly
greater proportion of PTCL in Asian and Latin American populations, probably
related to an increased prevalence of viral infections such as EBV and human
T-lymphotropic virus type 1 (HTLV-1) and/or genetic predisposition. PTCL-NOS
and anaplastic large cell lymphoma (ALCL) are the most common HIV-associated
PTCL subtypes to be reported in HIV +persons. Lymphomas such as ALCL mani-
fest almost exclusively with extranodal involvement (Fig. 5) and typically exhibit a
very aggressive clinical course [70]. ALCL is characterized by the expression of
CD30 in anaplastic lymphoma cells. HIV-associated ALCL cells rarely express ana-
plastic lymphoma kinase (ALK). EBV infection is associated with around one-third
of cases.

Hodgkin Lymphoma
Hodgkin lymphoma is presently the most common non-AIDS-defining cancer.

Several studies have shown an increased risk of Hodgkin lymphoma in patients with
AIDS [26, 44]. Although some studies have linked Hodgkin lymphoma to advancing



34 L. Pantanowitz and A. Carbone

Fig. 5 Anaplastic large T-cell lymphoma (ALCL) showing large atypical lymphoma cells
infiltrating through cardiac muscle diagnosed at postmortem (H&E stain; high magnification)

HIV-related immunosuppression [43], the exact relationship with CD4 count is
unclear. In two large cohort studies, researchers found that there was a higher risk of
Hodgkin lymphoma in HIV +persons treated with HAART compared to those who
were not treated [24, 51]. Among these HAART-treated individuals, the relative risk
compared with the general population appeared higher for Hodgkin lymphoma than
for non-Hodgkin lymphoma. These patients typically have B symptoms and widely
disseminated extranodal disease. Mixed cellularity and lymphocyte depleted are the
two unfavorable subtypes most often seen in HIV +patients. CD4 and CD8 immu-
nostaining of background T-cells usually shows an inverted CD4/CDS ratio [83].
Almost all Hodgkin lymphomas in HIV +individuals are also EBV positive.
The median survival in this population has been reported to be 12—18 months.

Risk Factors

The relative risk of developing ARL compared with the general population is
addressed in section Epidemiology above, which shows that lymphoma risk varies
by histologic subtype. Risk factors for developing ARL include HIV-specific factors
(e.g., CD4 count, HIV viral load, and HAART) and general risk factors (e.g., EBV
and/or HHVS8 coinfection, B-cell dysfunction, and genetics). The risk of ARL
appears to be highest in men and increases with age, chronic HIV infection, with the
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degree of immunosuppression and immune system dysfunction. This explains why
several NHLs are seen mainly in patients with advanced HIV infection, with low
CD4 counts (e.g., below 100/mm?), and those with a history of a low CD4 count
nadir [45]. In one study, investigators showed that HIV + patients with a CD4 count
of 350-499 cells/mm?® were twice as likely to develop NHL than individuals with a
CD4 count >500 cells/mm? [49]. A high HIV viral load is also a risk factor for ARL,
where the risk rises significantly for patients with plasma HIV RNA levels above
100,000 copies/ml [49]. Decreasing HIV viremia, along with concomitant improve-
ment in CD4 cell counts, explains why the overall incidence of NHL has declined
with the widespread use of HAART, which includes non-nucleoside reverse-
transcriptase inhibitors (NNRTIs) and/or protease inhibitors (PIs). Genetics also
seem to play a role in the risk for developing ARL. For example, HIV-seropositive
patients who have a favorable (“protective’”) CCR5-32 deletion have been found to
be threefold less likely to develop ARL [34]. In comparison, a polymorphism in the
gene that encodes for the CXCR-4 chemokine receptor is associated with a two- to
fourfold increase in the risk of developing ARL [30].

Lymphomagenesis

Several review articles have addressed the topic of HIV lymphomagenesis [9, 10,
12, 17]. While the pathogenesis of B-NHL in the setting of HIV infection is still
incompletely understood, immune deregulation leading to loss of control of viruses
such as EBV and HHVS, accompanied by genetic alterations and possibly impaired
T-cell immunosurveillance, is believed to play an important role. In order to under-
stand the pathogenesis of ARL, one needs to first appreciate the normal maturation
of naive B cells (CD45+, CD20+) after passing through a germinal center.
When naive B cells (BCL-6-, MUMI1-, CD138-) enter the germinal center, they
become centroblasts (BCL-6+, MUM1-, CD138-) that subsequently mature into
centrocytes (BCL-6+, MUMI-, CD138-) as they undergo immunoglobulin class
switching, somatic hypermutation of the immunoglobulin variable genes, and muta-
tions of the proto-oncogene BCL-6. B cells that exit the germinal center begin to
differentiate into memory B cells or plasma cells (BCL-6-, MUM1+, CD138+).
As BCL-6 (regulates the germinal center cell reaction) and PAXS (regulates B-cell
transcription programs), expression declines; the synthesis of other markers indica-
tive of plasmacellular differentiation including multiple myeloma oncogene-1
(MUMI or interferon regulatory factor 4), VS38c, CD38, and CD138 (syndecan-1)
increases. There is a simultaneous change from surface to cytoplasmic immuno-
globulin expression, a reduction in CD45 (leukocyte common antigen or LCA), and
CD20 expression in plasma cells.

Various ARLs may arise from transformed B cells at the pre-germinal center,
follicular center, or post-germinal center stage during this differentiation process
(Fig. 6). Burkitt lymphoma and DLBCL develop from follicular center B cells,
while plasmablastic lymphoma and most cases of PEL arise from post-germinal
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Fig. 6 Schematic showing the development of AIDS-related lymphomas with plasmablastic dif-
ferentiation. DLBCL diffuse large B-cell lymphoma, /BL immunoblastic lymphoma, MCD multi-
centric Castleman disease, PBL plasmablastic lymphoma, PC plasma cell, PEL primary effusion
lymphoma

center B cells. The expression of BCL-6, MUMI, and CD138 in these lymphomas
corresponds to the stage from which they are thought to develop [6, 8]. Superimposed
on this model are molecular events (e.g., MYC activation and p53 inactivation), aber-
rant somatic hypermutation resulting in mutations of one or more proto-oncogenes
(e.g., c-MYC, PAX-5, PIM1, RhoH/TTF), and coinfection with EBV and HHVS.
Moreover, cytokines (e.g., IL-6 and IL-10) and HAART likely further modify lym-
phomagenesis. HAART not only improves immune perturbations that may contribute
to B-cell proliferation but also has other beneficial effects (e.g., enhances the respon-
siveness of EBV-specific cytotoxic T-cell lymphocytes and increases EBV-specific
antibodies).

HIV Infection

Early in the AIDS epidemic, investigators presumed that HIV was a transforming
retrovirus directly responsible for the development of ARL. However, we now know
that HIV in fact does not infect lymphoma cells. The Tat (transactivator of transcription)
protein of HIV, however, may be taken up by B lymphocytes, leading to deregulation
of the oncosuppressor protein products of the pRb2/p130 gene [33]. Tat markedly
increases the level of transcription of the HIV dsDNA and also plays a direct role in
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the HIV disease process (e.g., augments angiogenic activity in tumors). While HIV
genomic sequences are rarely identified within lymphoma cells, tumor-associated
macrophages have been found to harbor retroviral insertions [77]. Some authors
have accordingly incorporated this information into a model of HIV lymphomagenesis
in which the clonal proliferation of infected macrophages elaborates inflammatory
cytokines that promote B-cell proliferation, with the eventual evolution to a mono-
clonal process [62]. Furthermore, HIV viral proteins likely also promote B-cell
proliferation through T-cell gene alterations.

Immune Dysregulation

Proliferating viral-infected B-cells are controlled by cytotoxic T-cell (CTL)
responses. However, disturbance of this equilibrium, which can occur in immuno-
compromised situations, may result in uncontrolled lymphoproliferation and the
subsequent development of NHL [71]. HIV lymphomagenesis may also be related
in part to impaired dendritic cell function and the resulting functional disorganiza-
tion of lymph nodes that occurs with HIV infection [3].

Gamma Herpesviruses

Epstein-Barr virus (EBV) and Kaposi sarcoma herpesvirus/human herpesvirus 8
(KSHV/HHVS) are both members of the gamma herpesvirus subfamily. The
172 kbp EBV genome encodes approximately 100 genes, 10 of which are expressed
during latency including six nuclear proteins (EBNAs 1, 2, 3A, 3B, 3C, and LP),
two latent membrane proteins (LMP-1 and 2), and two EBV-encoded RNAs
(EBERs 1 and 2). HHVS, a rhadinovirus, has a 165-kb genome with more than 80
open reading frames (ORF). HHVS8 genes encode numerous proteins that are
homologous to cell-signaling and regulatory-pathway proteins, such as viral
interleukin-6 (vIL-6). While in latency, HHV8 exists as circular episomal DNA and
expresses limited gene products, including LANA-1 (or LNA-1). As with all her-
pesviruses, the life cycle of these two viruses includes both latent and lytic phases.
These viruses establish persistent latent infection in lymphocytes which contributes
to the transformation process and helps drive cell proliferation and escape from
immune attack [36, 66, 81]. Latency is characterized by persistence of the viral
genome, restricted virus expression of latent gene products that alter cell growth
and proliferation, and retained potential for reactivation to lytic replication. The
frequency of EBV and HHVS8 positivity in various ARLs is shown in Table 2.
The relationship of HIV-associated lymphomas with EBV and HHVS is further
elaborated in Table 3.
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Fig. 7 Diffuse large B-cell lymphoma (DLBCL) of the anus showing strong Epstein-Barr Virus-
encoded RNA (EBER) positivity in tumor cells (in situ hybridization; high magnification)

EBYV Coinfection

Many HIV +patients are coinfected with EBV. Of interest, EB V-positive B lymphocytes
occur more frequently in the CNS of HIV-infected individuals than in HIV-negative
persons [2], which may account for the fact that almost all cases of PCNSL are associ-
ated with EBV infection. In many of the ARL, EBV directly infects lymphoma cells
(Fig. 7) [67]. Defective T-cell immunity associated with HIV infection is partly
responsible for the high frequency of EBV-infected B cells in patients with AIDS.
The risk of developing an ARL appears to correlate with the decrease in EB V-specific
cytotoxic lymphocytes [5], and not with the EBV viral load in peripheral blood mono-
nuclear cells, as is the case in transplant recipients [84]. HIV immunosuppression with
EBYV coinfection favors the expansion of B-cell clones that when coupled with genetic
alterations may transform into lymphoma.

HHYVS Coinfection

In 1995, HHV8 DNA sequences were identified within lymphoma cells of PEL [21].
Detecting evidence of viral infection by HHVS8 in neoplastic cells (e.g., LNA-1
immunohistochemistry) is often essential for the diagnosis of PEL. Subsequently,
the spectrum of HHV8-associated lymphomas has been expanded to include cases
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of extracavitary (solid) lymphomas without serous effusions and multicentric
Castleman disease-associated plasmablastic lymphoma [14, 16]. While the exact
mechanisms of HHV8-related oncogenesis are still under active investigation,
researches have shown that this virus owns an elaborate set of tools aimed at over-
coming antiviral responses and promoting tumorigenesis [39]. In PEL cells, the
HHV8 genome exists as mono- or oligoclonal episomes, where most of the infected
cells have been shown to express a latent pattern of gene expression. Latent gene
products believed to play significant roles in lymphomagenesis include LNA-1
(ORF73), viral cyclin (v-Cyc, ORF72), and viral FLICE inhibitory protein (v-FLIP,
ORF71). LNA-1 is required for the segregation and maintenance of viral DNA
during replication, but may also impair apoptosis by binding to and inhibiting the
human tumor suppressor genes TP53 and RB. Other potential genes that may be
involved in lymphomagenesis are the viral interleukin-6 (IL6) and BCL-2 homo-
logues, as well as a viral G-protein-coupled receptor (v-GPCR). Many of these viral
genes are homologous to cellular oncogenes that modulate the cell cycle, apoptosis,
and signal transduction or promote oncogenesis by other mechanisms. For example,
signaling via v-GPCR upregulates vascular endothelial growth factor (VEGF)
expression, which in turn induces angiogenesis.

Gene Dysregulation

ARLSs contain several genetic abnormalities, some of which are peculiar to this
group of lymphomas. DLBCL in AIDS, for example, has several genotypic differ-
ences compared with DLBCL in immunocompetent individuals; these include
greater (20%) c-MYC translocations and absent BCL-2 activation [46]. Aberrant
somatic hypermutation activity noted in DLBCL of HIV-negative patients has also
been reported in many ARL including Burkitt lymphoma, PCNSL, and PEL [48].

BCL-6 Expression

The B-cell lymphoma 6 (BCL-6) gene, located at band 3q27, is a strong repressor
of transcription for many proteins, including itself (autoregulation). BCL-6 is nor-
mally expressed in mature germinal center B cells, but not in differentiated plasma
cells or memory B cells. Downregulation is necessary for normal B cells to exit the
germinal center. BCL-6 overexpression in B-cell lymphomas prevents tumor cells
from undergoing apoptosis, as a result of damaged DNA, and also blocks these cells
from differentiating and exiting the germinal center. Overexpression of BCL-6 also
downregulates several other genes such as p53. This explains why mutations in the
p53 gene of DLBCL are seen almost exclusively in cases without BCL-6 transloca-
tions. Over 70% of all ARL have been shown to contain mutations resulting
in deregulation of BCL-6 [47]. However, only 20% of AIDS-related DLBCL
have BCL-6 mutations compared to 40% of DLBCL seen in HIV-negative hosts.
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ARLSs with BCL-6 overexpression exhibit a better prognosis than those with a post-
germinal center (BCL-6 negative) origin [52].

¢c-MYC Expression

c-MYC overexpression is important in the pathogenesis of AIDS-related Burkitt
lymphoma, as well as certain subtypes of high-grade DLBCL (20% of cases) and
plasmablastic lymphomas in which it signifies a poor prognosis. c-MYC transloca-
tions in AIDS-related DLBCL occur more commonly than in DLBCL of HIV-
negative patients [46]. The breakpoints within the c-MYC gene also differ between
AIDS-related and endemic Burkitt lymphoma [42]. However, almost all tumor cells
in cases of AIDS-related Burkitt lymphoma still have a reciprocal chromosomal
translocation that places the c-MYC gene adjacent to the immunoglobulin loci. This
in turn causes loss of regulation and constitutive expression of c-MYC.

p53 Mutation

Normal activation of p53 is important for cell cycle arrest, apoptosis, senescence, and
differentiation. Downregulation of p53 expression or expression of mutant p53 prod-
ucts results largely in deregulation of apoptosis. In general, the presence of a p53
mutation is associated with poor overall survival. Limited studies have specifically
explored p53 in ARL, even though many (60%) cases of AIDS-related Burkitt-like
lymphoma appear to harbor mutations of this tumor suppressor gene [12].

Conclusion

ARLSs encompass a heterogeneous group of lymphomas. Their heterogeneity likely
reflects the various pathologic mechanisms important in lymphomagenesis includ-
ing HIV-induced immunosuppression, chronic antigenic stimulation, genetic abnor-
malities, cytokine release and dysregulation, dendritic cell impairment, and
coinfection with the herpesviruses EBV and HHV8. However, many of these ARL
also have similarities such as plasmacellular differentiation, which may make them
difficult to differentiate and therefore appropriately manage. In general, ARLs tend
to be aggressive lymphomas with a propensity to present with advanced clinical
disease, bulky tumors, high tumor burden, and involvement of extranodal sites.
Enormous research efforts have allowed us to better understand the mechanisms
involved in HIV lymphomagenesis, and as a result, several plausible pathogenesis
models have been proposed. Although this chapter dealt mainly with the pathogen-
esis of B-cell AIDS-related NHL, the literature addressing mechanisms underlying
other HIV-related lymphomas such as Hodgkin lymphoma is emerging [15].
Elucidating the exact role of HIV lymphomagenesis will hopefully provide us with
potential therapeutic targets in the near future.
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Epstein-Barr Virus Lymphomagenesis
and Therapeutic Targets

Huilan Rao and Roberto N. Miranda

Abstract The pathogenic role of the Epstein-Barr virus (EBV) has been suggested
because it is consistently found in some lymphoproliferative disorders. More than
90% of the population is exposed to the virus, usually during childhood, and after
initial exposure, the virus survives for the lifetime of individuals as an episome, and
expresses a limited set of proteins depending on the immune status of the host.
The variable expression of viral proteins is known as latency pattern with minimal
expression of viral products in immunocompetent hosts, but expression of numerous
viral products in the immunocompromised host. Thus, the more virus products that
are expressed, the more targets for an immune reaction. Since it is acknowledged that
the neoplastic process including lymphoproliferative disorders result from a multi-
step chain of events, multiple pathways are affected, and in particular in EB V-positive
lymphoproliferations, EBV products interact with abnormally activated pathways in
the context of the immune response of the host. In this review we analyze the struc-
ture of the virus and its interaction in the immunocompetent as well as in the immu-
nocompromised host, and discuss the possible roles of EBV products in various
lymphoproliferative disorders. Finally, we discuss the potential role of expressed
EBV viral proteins and activation of pathogenic pathways in the setting of specific
diagnostic categories with the identification of potential molecular targets.
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Epstein-Barr Virus Structure, Expressed Genes,
and Pathogenesis

Epstein-Barr virus (EBV) or human herpes virus 4 is a ubiquitous virus that infects
more than 90% of the human population and usually establishes a persistent latent
infection in the host. Primary infection occurs via salivary contact in infancy and is
usually asymptomatic, however when primary infection occurs in adolescents or
young adults it may manifest as infectious mononucleosis. After primary infection,
the virus usually remains in an asymptomatic latent state within resting memory
B-cells for the lifetime of the host. Cytotoxic T-cells, both CD8+ and CD4+, and
natural killer (NK) cells are in charge to recognize and eliminate the virus-infected
cells [1]. When infected B-cells evade or suppress the T-cell immune response, or the
host’s cellular immune system fails to control EB V-induced B-cell proliferations, the
infected B-cells can transform into neoplastic cells and eventually manifest as a lym-
phoproliferative disorder. EB V-associated lymphoproliferative disorders encompass
a heterogeneous group of disorders, including chronic active EBV infection, B-cell
lymphoma, T/NK-cell lymphoma or leukemia, classical Hodgkin lymphoma, as well
as immunodeficiency and posttransplant lymphoproliferative disorders.

EBYV infection occurs through the binding of the major viral envelope glycoprotein
gp350 to the CD21 receptor on the surface of B cells and through the binding of gly-
coprotein gp42 to human leukocyte antigen (HLA) as a coreceptor [2]. The viral
genome is linear and becomes circular by fusion of either end of the genome, and the
virus persists within cells as an episome. EBV virus expresses genes in two distinct
programs known as the lytic cycle and the latent cycle [3, 4]. During the lytic cycle,
there is production of infectious virus and expression of viral genes that encode pro-
teins involved in DNA replication and in assembly of viral particles. In contrast, dur-
ing the latent cycle only a limited number of viral genes are expressed, and these
include six nuclear proteins, referred to as EBV nuclear antigens (EBNA 1,2, 3A, 3B,
3C, and EBNA-LP), and three latent membrane proteins (LMP 1, 2A and 2B), which
are associated with transforming activity [5]. There are two nontranslated RNA mol-
ecules known as the EBV-encoded RNAs designated as EBER1 and EBER2. In addi-
tion, there are EBV microRNAs (miRNAs), which are encoded in two regions:
BHRF1 (Bam HI fragment H rightward open reading frame 1) and BART (Bam HI-A
region rightward transcript). miRNAs are the only known functional products of the
BARTS transcripts [6]. BHRF1 miRNAs have been found highly expressed in immor-
talized lymphoblastoid cell lines (LCL), whereas BARTs miRNAs have been found
in all EBV-infected cell lines as well as in biopsies of lymphoma cases [6].

There are four types of latent infection, designated as latency 0, I, II, and III, that
reflect the extent of viral protein expression allowed by the host in vivo. Latency 0
refers to infection of cells where most viral genes are not expressed and therefore
cells are not recognized or targeted by EBV-specific T lymphocytes; this stage is
also called “in vivo latency” [1, 7]. EBV resides in memory B cells, which constitute
a long-term reservoir for EBV. Thus, in the absence of production of viral proteins
or antigens, there is no EBV-specific T cells neither is there an immune response
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Table 1 Latency patterns of infection with Epstein-Barr virus and associated lymphoproliferative
disorders

Lymphomas and
Latency type Viral gene expressed cells affected
EBERs BARTs EBNA1 EBNAZ2/3A, 3B, 3C/LP LMP1/2
0 + + - - - Memory B-cells
I + + + - - Memory B-cells, BL
11 + + + - + GCB, CHL, PTCL,
AITL, NK/T
il + + + + + LCL, PTLD,
AIDS-related
lymphoma,
EBV+ DLBCL
of the elderly

AIDS acquired immunodeficiency syndrome, AITL angioimmunoblastic T-cell lymphoma, BART
EBV microRNA, BL Burkitt lymphoma, CHL classical Hodgkin lymphoma, DLBCL diffuse large
B-cell lymphoma, EBER Epstein-Barr virus encoded RNA, GCB germinal center B-cells, LCL
lymphoblastoid cell lines, NK/T NK/T-cell lymphoma, PTCL peripheral T-cell lymphoma

against EBV. Activation of EBV-infected memory B cells can lead to their
differentiation into plasma cells, a process that might switch-on the lytic cycle of
EBYV and produce viral particles [8]. Three latency patterns are associated with dif-
ferent types of lymphoid proliferations (Table 1). In latency type I there is selective
expression of EBNA-1 and LMP-2A, and this pattern is found typically in Burkitt
lymphoma (BL). In latency type I, there is expression of EBNA-1, LMP-1, LMP-2A,
and LMP-2B, and this pattern is found in classical Hodgkin lymphoma (HL), pri-
mary effusion lymphoma, angioimmmunoblastic T-cell lymphoma (AITL), periph-
eral T-cell lymphoma (PTCL) and NK/T cell lymphoma or leukemia. In latency type
III there is expression of all nine latent cycle EBV antigens, and this pattern is typi-
cally found in posttransplant lymphoproliferative disorders (PTLD) and in AIDS-
related lymphoma. Because there are more viral proteins expressed in latency type
II and III infections, respective EBV-associated lymphoproliferations are more
immunogenic than diseases associated with a latency type L.

EBV-Related Lymphoproliferative Disorders

Burkitt Lymphoma

Burkitt lymphoma (BL) is a highly aggressive B-cell lymphoma that was initially
described in children around equatorial Africa [9]. There are three clinical variants
of BL: endemic, sporadic, and human immunodeficiency virus (HIV)-associated.
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The EBV genome is present in almost all cases of endemic BL and there is strong
epidemiological link with endemic malaria. In sporadic BL, EBV is identified in
15-30% of cases, while it is more common in HIV-associated BL.

The neoplastic cells of BL express B-cell lineage and B-cell germinal center cell
markers CD10 and Bcl6. At the molecular level, the neoplastic cells undergo somatic
hypermutation (SHM) and class-switch recombination (CSR) supporting the notion
that they derive from germinal center cells. It is suspected that SHM and CSR pre-
dispose GC cells to chromosome translocations or mutations in non-Ig genes [10].
Virtually all BL cases carry one of three characteristic chromosomal translocations
between the MYC gene in chromosome 8 and one of the immunoglobulin genes on
chromosomes 2, 14, or 22 [1]. The role of MYC deregulation as the key factor in the
pathogenesis of BL is compelling [11-13]. Most cases of BL. show DNA break-
points in rearranged VJ regions or in S regions of the immunoglobulin heavy chain
(IgH) loci, thus it is generally accepted that the chromosomal translocations are
mediated by aberrant SHM or CSR, which require the intervention of DNA-
modifying enzymes known as activation-induced deaminase (AID). Most MYC/Ig
breakpoints in EBV-positive endemic BL appear to originate from aberrant SHM.
On the other hand, the translocations in sporadic cases mostly involve the Ig switch
regions of the IgH locus [14]. EBV may be accounted for the difference in MYC
breakpoints between EB V-positive BL and EBV-negative BL [15].

Genes downstream of MYC regulate cell cycle progression, cell growth, apopto-
sis, and senescence. Deregulated expression of MYC induces p53 response and
triggers apoptosis [16, 17].

EBV has a latency type I pattern, with expression of EBNA1 and LMP2A. Since
EBNAL is the only viral gene product in all latency patterns, it is suspected that
EBNA1 promotes lymphomagenesis in EBV+ processes. Although Kang et al. [18]
suggested that EBNA1 is limited to maintenance of the viral genome, other
researchers showed that EBNA1 may activate the catalytic subunit p91 of the
NADPH oxidase2 (NOX2) at the transcriptional level. Thus EBNA1 generates
reactive oxygen species that may contribute to DNA damage and genomic instabil-
ity [19]. Furthermore, other researchers reported that EBNA1 binds to the deubiq-
uitinating enzyme HAUSP/USP7 and together sequester p53, contributing to p53
degradation [20].

LMP2A expression was recently confirmed in endemic BL using a sensitive
RT-PCR assay [13, 21]. LMP2A contains a 119 amino terminal cytoplasmic domain
that includes eight tyrosine residues, two of which form an immunoreceptor tyrosine-
based activation motif (ITAM) [22]. Experimental data using EBV LCLs in vitro and
LMP2A-transgenic mice indicate that the cytoplasmic tail of LMP2A mimic signals
used by the B-cell receptor (BCR) and promotes B-cell development. In effect,
LMP2A constitutively phosphorylates Lyn and Syk, with Lyn binding to tyrosine
112 and Syk binding to the ITAM motif of LMP2A. Additional studies using
LMP2A-transgenic mice demonstrate that LMP2A constitutively phosphorylates
and activates many of the proteins induced by BCR, such as Lyn, Syk, BLNK, BTK,
Ras, P13K, NF-xB, and MAP kinases [23-26]. LMP2A also increases the levels of
anti-apoptotic Bcl family members and protect B cells from apoptosis [13].
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Chemotherapy is the standard of care for immunocompetent patients with
EBV-associated BL; however it is expected that targeting EBV therapy may con-
tribute to better outcomes, or the use of EBV vaccines may decrease the incidence
of endemic BL.

Diffuse Large B-Cell Lymphoma of the Elderly

EBV-positive diffuse large B-cell lymphoma (EBV+ DLBCL) of the elderly, also
known as age-related EBV+ lymphoproliferative disorder, accounts for 8-10% of
DLBCL cases [27]. Neoplastic cells are B-lymphocytes that lack germinal center
cell markers CD10 and Bcl6, consistent with post GC B-cells. The neoplastic cells
most often display an EBV type III latency, positive for EBV protein products
including LMP1 and EBNA-2, although some cases express latency II, and lack
EBNA expression [28, 29] The variable presence of EBNA?2 expression is attributed
to the variable degrees of immune surveillance in aging individuals.

EBYV infection and waning immunity that is part of the aging process, where a
decrease in T-cell response occurs, naturally appear to be the main driving mecha-
nisms [30]. Decrease in T-cell function leads to EBV reactivation that manifests
with the expression of proteins such as LMP1 that leads to upregulation of anti-
apoptotic proteins Bcl-2, MCL-1, and A20 [31, 32].

The prognosis of EBV-positive DLBCL of the elderly is worse than EB V-negative
DLBCL, partially compounded by a high median age of patients between 70 and 75
years, who are often unable to tolerate aggressive therapeutic regimens, thus an
optimal regimen has not been established for EBV-positive DLBCL of the elderly.
The development of adoptive immunotherapy with cytotoxic T cells (CTLs) directed
against EBV latency antigens has the potential of improving the outcome of this
group of patients.

Classical Hodgkin Lymphoma

Classical Hodgkin lymphoma (CHL) is clinically distinct from non-Hodgkin lym-
phoma and histologically is characterized by an exuberant inflammatory background
and only rare or few neoplastic cells. The neoplastic cells are large mononuclear or
multinucleated known as Hodgkin Reed-Sternberg (HRS) cells. CHL comprises
four histological subtypes [33] and the prevalence of EBV varies with the histologi-
cal subtype. The prevalence is highest (~75%) in mixed cellularity HL, and lowest
(10~40%) in nodular sclerosis HL [34]. It is also notorious that the prevalence of
EBYV in CHL varies with epidemiologic factors; EBV infection is more prevalent
in developing countries and affects mostly childhood, and older adult age groups
(age >50 years).
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The neoplastic cells of CHL are monoclonal B cells at the germinal center stage
of differentiation [35-37]. Analysis of the Ig variable (IgV) gene regions show evi-
dence of somatic hypermutation, revealing a germinal center (GC) or post-GC
origin [38].

EBV is believed to play a causal role in the pathogenesis of CHL. EBV is detected
in HRS cells and the virus is clonal, indicating that infection occurred prior to neo-
plastic transformation [39, 40]. In EBV-positive CHL, the HRS cells demonstrate
latency type II pattern, and express EBNA1, LMP1 and LMP2.

LMP1 is considered the major transforming protein of EBV. It has an integral
membrane protein comprising 386 amino acids and consists of a short amino
(N)-terminal cytoplasmic stretch, 6 trans-membrane (6TM) domains, and a long
carboxyl (C)-terminal cytoplasmic region with no significant extracellular
domain [41]. The 6TM domains regulate their own synthesis and degradation via the
unfolded protein response (UPR) and autophagy. The carboxy terminal domain
induces proliferation and survival of EBV-infected B cells in vitro and in vivo
[42,43]. LMP1 mimics CD40 and can substitute for the signaling of CD40 in B cells
[41, 42, 44].

LMP1 activates the signaling pathways of nuclear factor-kB (NF-kB), acti-
vated protein 1 (AP1), and signal transducer and activator of transcription (STAT).
Aberrant activation of NF-kB plays a determinant role in cell transformation,
while tumor promotion is mediated by its anti-apoptotic functions. Evidence
shows that NF-kB activation by LMP1 is critical for B cell transformation in vitro
and in vivo [45, 46]. LMP1 can induce most of the phenotypic changes of neoplas-
tic cells, including expression of surface antigens CD21, CD23, CD30, CD40,
CD44, and Fas as well as cell adhesion molecules ICAM1, LFA1, and LFA3.
LMP1 also upregulates expression of the anti-apoptotic proteins Bcl-2, A20, Bfl,
and Mcll and stimulates production of cytokines interleukin (IL)-6 and IL-8
[47, 48]. HRS cells express constitutively CD30 that is a trans-membrane protein
which belongs to the tumor necrosis factor (TNF) receptor family [49]. When
stimulated by CD30 ligand, CD30 interacts with TNF receptor-associated factors
TRAF2 and TRAFS, mediating signal transduction that leads to the activation of
the NF-kB pathway. Another potential role of LMP1 is the downregulation of
CD99. Loss of CD99 has been associated with generation of B cells with CHL
immunophenotype.

LMP2A mimics the BCR and competes with BCR to bind tyrosine kinases,
thereby modulating the activity of these tyrosine kinases. LMP2B is not essential
for EBV-induced B-cell transformation in vitro [50].

Mechanisms and cell interactions of HRS in CHL are complex. In EBV+ CHL,
most of the reactive T lymphocytes have a regulatory T-cell phenotype, and LMP1
may mediate their attraction through IL-10 secretion [51]. The presence of regula-
tory cells around HRS cells causes a profoundly immunosuppressive microenviron-
ment, contributing to evade or suppress immune T-cell responses. Thus, the use of
EBV-specific T-cells to deliver immunostimulatory cytokines may counteract
immunoregulatory T-cells and contribute to eliminate HRS cells. Similarly, HRS
cells positive for LMP1 and LMP2A can be targeted with adoptive transfer of
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EBV-CTL (cytotoxic T cells) [52]. Clinical data showed that LMP2-specific CTLs
augmented T-cell responses, migrated to tumor deposits, and caused regression of
tumors in a subset of patients with CHL [53]. LMP1I is another potential target for
CHL immunotherapy. LMP1 effect or function has been targeted directly, using
single-chain antibodies or antisense RNA approaches, and indirectly, by the genetic
or pharmacological interception of its downstream effects on NF-xB [54].

NK/T-Cell Lymphoproliferative Disorders

EBV-related NK/T-cell lymphoproliferative disorders (LPD) include aggressive
NK-cell leukemia, EBV-positive T-cell lymphoproliferative disorders of child-
hood, angioimmunoblastic T-cell lymphoma (AITL), extranodal NK/T-cell lym-
phoma, nasal type, and peripheral T-cell lymphoma, not otherwise specified
(PTCL, NOS).

EBYV can infect CD4+ and CD8+ peripheral blood T-cells as well as NK-cells in
a minority of patients with infectious mononucleosis. The mechanisms of access of
EBV into T cells and NK cells in vivo are speculative. It has been shown that NK
cells activated by EBV acquire CD21 by synaptic transfer from CD21+ B cells, and
these ectopic receptors allow EBV binding to NK-cells. It is possible that NK cells
in close contact with EB V-infected B cells may acquire EBV infection directly and
then expand clonally [55].

Most EB V-associated T-cell lymphomas are thought to arise from chronic active
EBYV infection (CAEBV). CAEBV is considered as a progressive EBV infection
from infected B-cells. Evidence suggests that CAEBV of NK/T-cells develops into
NK/T cell lymphoma [56].

In EBV-positive T-cell LPD of childhood, there is a monoclonal proliferation of
CD4+ or CD8+ cells with viral gene expression of EBNA1, LMP1 and LMP2, con-
sistent with a latency type II pattern. In extranodal NK/T-cell lymphoma, nasal type,
disease usually presents in the nasal or upper aerodigestive tract and most patients
are of Asian origin.

The pathogenesis of EBV in NK/T-cell lymphoma may be similar to that of
CHL, since both have a latency type II pattern of EBV infection. In this model,
LMP1 mimics and activates NF-xB pathway, as previously discussed. Yang et al.
[57] reported that increased IL-9 levels induced by the EBERs possess
anti-apoptotic effects and promote T-cell proliferation and transformation.
Further research is needed to determine how EBV infects NK/T cells and the
pathogenic role of EBV.

Since LMP1 expression in EBV-associated NK/T cell lymphomas activates the
NF-«B pathway, targeted therapies have been applied to inhibit NF-kB activation.
Several targets that inhibit the NF-kB pathway have been identified [58]. For exam-
ple, bortezomib, a proteasome inhibitor, leads to increased levels of I-kB kinase and
inhibits activation of NF-xB. Dehydroxymethylepoxyquinomicin, another inhibitor
of NF-«xB, induces apoptosis of EBV-transformed B cells [48].
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Immunodeficiency-Related Lymphoproliferative Disorders

Congenital Inmunodeficiency-Related Lymphoproliferation

Congenital immunodeficiency also called primary immunodeficiency is present at
the time of birth, and may occur as a result of defects in B- or T-lymphocytes, or both.
X-linked lymphoproliferative disease (XLP) is an inherited syndrome characterized
by extreme sensitivity to EBV infection that leads to severe infectious mononucleo-
sis, acquired hypogammaglobulinemia, and/or malignant lymphoma [59]. The defec-
tive gene in XLP has been identified as src homology 2 domain protein 1A (SH2D1A)
also known as signaling lymphocytic activation molecule (SLAM)-associated pro-
tein (SAP) gene [60]. SAP is a key regulator of normal immune function in T cells,
NK cells, and in certain B-cell lines. Evidence both from knockout mice and from
XLP patients show that SAP deficiency has multiple immunologic effects. These
include significantly impaired Th2-like CD4+ T-cell responses, reflected as poor
IL-10 production in in vitro assays of T-dependent B cell responses that associate
with in vivo defective Ig class switching, affinity maturation of antibody responses,
and memory B cell development [61]. Both functional cytotoxic T-cell defects and
abnormal cytokine production as a result of SAP deficiency may explain the failure
to control EBV infection and predisposition to B-cell lymphoma.

For some patients with primary immunodeficiency, there is promise with hematopoi-
etic stem cell transplant (HSCT).

Lymphoproliferative Disorders Associated with Human
Immunodeficiency Virus and Acquired Immunodeficiency Syndrome

There is an increased frequency of EBV infection in human immunodeficiency
virus (HIV)/acquired immunodeficiency syndrome (AIDS)-associated lymphomas.
AIDS patients have 10-20 times more EBV-infected B-cells than healthy counter-
parts and the risk of NHL is 60-200 times higher than persons noninfected with
HIV [1]. EBV is detected in up to 60% of all HIV-related lymphomas, including
nearly 100% of primary CNS lymphomas, 80% of DLBCL with immunoblastic
features, 30—50% of BL, 70% of primary effusion lymphomas, and nearly 100% of
CHL [62, 63]. The increased risk for EBV-related lymphoma among HIV-infected
individuals appears related to multiple factors, including duration and degree of
immunosuppression, induction of cytokines leading to B-cell proliferation, and
coinfection with HHVS8. HIV infection can act as chronic stimuli for the B-cell
system, characterized by marked hyperplasia of germinal centers, which greatly
increases the chances of MYC translocations. HIV also induces abnormal immune
response and probably increases the number of EB V-infected B-cells that are at risk
of being recruited into the germinal center reaction [48]. There is constitutive
expression of LMP1 that supports an EBV-driven proliferation.
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The use of highly active antiretroviral therapy (HAART) has resulted in a fall in
the incidence of opportunistic infections and AIDS-related malignancies, includ-
ing lymphoma. However, EBV-associated lymphoma still is one of the most fre-
quent causes of death in HIV-infected patients. Therefore, there is a need in
identifying viral targets and evaluate the potential benefit of molecular-targeted
chemotherapy.

Iatrogenic Immunodeficiency-Associated Lymphoproliferative
Disorders

The WHO classification includes the category of “Other iatrogenic immunode-
ficiency-associated lymphoproliferative disorders” that are lymphoid proliferations
or lymphomas that arise in patients treated with immunosuppressive drugs for
autoimmune diseases or conditions other than in the transplant setting. The most
common subtype of lymphoma is DLBCL. The better-known agent is methotrexate
(MTX), which is commonly used in patients with rheumatoid arthritis. MTX
directly reactivates EBV with subsequent release of infectious virions [64]. Since
patients with rheumatoid arthritis have impaired T-cell responses to EBV products
[65], therapy with MTX results in higher EBV loads in their blood and
immunodeficient conditions that predispose to EBV-driven lymphoma.

Posttransplant Lymphoproliferative Disorders

Posttransplant lymphoproliferative disorders (PTLD) constitute a heterogeneous
group of lymphoproliferations that occur in the setting of allogeneic transplantation
of solid organs (SOT) or hematopoietic stem cells (HSCT). In patients with PTLD,
the incidence of EBV ranges from 73 to 100% [5]. Morphologically, PTLD can be
subdivided into monomorphic, polymorphic, plasmacytic, or HL-like variants. Most
PTLD are of B-cell origin, and 10-15% are of T-cell origin [66, 67].

Patients with PTLD have impaired anti-EBV cellular immunity because of iatro-
genic immunosuppression, resulting in EBV-induced transformation of B-cells.
In addition, the immunomodulation used to prevent graft-versus-host disease (GVHD)
remove T-cells nonspecifically from the graft and increases the risk of PLTD [68].

The pathogenic mechanisms of EBV in PTLD are presumably similar to those in
CHL. Because approximately 50% cases of PTLD are derived from aberrant GC B
cells that lack a functional BCR, HRS cells escape apoptosis through alternative
survival signals. It is considered that LMP1 and LMP2A replace survival signals
induced by activated CD40 and BCR receptors and activate NF-kB signaling path-
way, inducing proliferation of neoplastic cells. As already mentioned, the decreased
cytotoxic T-cell surveillance also increases the susceptibility to EBV.
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In the absence of effective T-cell surveillance, EBV+ lymphomas in
immunodeficient individuals usually express a latency type III pattern. All the
EBNA and LMP viral proteins are expressed together with various noncoding small
RNAs (EBERs and miRNAs). EBNA3 family of proteins (EBNA3A, 3B, and 3C)
are nuclear phosphoproteins that act as transcriptional regulators. Only EBNA3A
and EBNA3B have been shown to be essential for B-cell transformation. A number
of functional domains have been characterized for these proteins, including transac-
tivation, repression, and nuclear localization domains, but their roles have not been
elucidated. It has been noted that conserved regions of EBNA3A, 3B, 3C are capa-
ble of binding to RBP, while EBNA3A and 3C can bind to the ATPase/Helicase
DP103 [69]. Krauer et al. [70] showed that EBNA-3 disrupt the DNA damage and
replication at the G2/M checkpoint. EBNA3A and EBNA3C together have been
found to interfere with the proapoptotic protein Bim [71]. EBNA3C appears to also
have repressor functions potentially mediated via its interaction with a histone
deacetylase [72]. In addition, studies have shown that EBNA3C is an immortalizing
oncogene capable of cooperating with (Ha)-ras in cotransformation assays and is
capable of overriding Rb-mediated pathways [73].

In latency III, EBNAZ2 acts as a transcription factor to induce expression of the
viral LMP genes and many cell genes. EBNA?2 interacts with a sequence-specific
DNA-binding protein, Jk-recombination-binding protein (RBP-Jx) [3], to transcrip-
tionally activate cellular genes such as CD21 and CD23 and key viral genes LMP1
and LMP2A [74, 75]. In addition, EBNA?2 can modify chromatin structure through
recruitment of SWI/SNF. EBNA-LP interacts with EBNA?2 and is required for the
efficient outgrowth of virus-transformed B cells in vitro. The transcriptional activa-
tion mediated by EBNA2/EBNA-LP is modulated by the EBNA3 family of pro-
teins, repressing transactivation.

Therapeutic Targets of EBV

The association of EBV with various lymphoproliferative disorders suggests that
EBYV plays a pathogenic role. Various pathways linked with tumorigenesis are acti-
vated in these processes, and plausible mechanisms involving viral products have
been identified. Thus, the identification of the molecular mechanisms associated
with EBV tumor promotion and progression may contribute to identify molecular
targets for immune attack, small molecules or interfering RNA. Other therapeutic
options include adoptive immunotherapy, antiviral therapy, and therapies against
EBV-driven signaling or transfer of antigens.

Adoptive transfer of EBV-specific cytotoxic T-cells (CTLs) has been proven
effective in treating posttransplant EBV-associated lymphomas. The research in this
field has moved quickly from animal experiments to the bedside [75]. EB V-specific
CTL have been successfully infused in patients subjected to hematopoietic stem cell
transplant (HSCT) and solid organ transplant (SOT), both with therapeutic and pro-
phylactic purposes. In a study that included 108 HSCT recipients and 21 SOT
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recipients, patients received virus-specific CTL as a preemptive approach. No events
of lymphoproliferation were reported at follow-up, except for one patient who
received an infusion lacking a well-defined EB V-specific component [76]. The suc-
cess of CTL therapy in PTLD has not been reproduced in CHL and BL probably due
to cell mechanisms that evade EB V-specific immune responses. For example, HRS
cells create a microenvironment that suppresses EB V-specific T-cell responses.

EBV-related lymphoproliferations have different latency patterns that reflect the
interaction between the immune response of the host and the virus. Thus, the virus
expresses as many proteins as the immune system of the host allows. As a rule, the
most immunosuppressed the host is, the more viral particles are produced, and thus
EBV+ neoplasms express more viral antigens. Of the viral antigens, EBNAI,
LMP1, LMP?2 are the targets more frequently challenged using CTL therapy. In par-
ticular, cytotoxic LMP1 or EBNA1-specific CD4+ T cells, have proven effective
not only in vitro against LCLs and infected NK/T cells, but also against naturally
expressed targets in NK/T cell lymphoma and CAEBV [77, 78]. These therapies
need further refinement in generating such in vitro and in demonstrating their
efficacy in vivo.

Antiviral therapy is another therapeutic approach. A phase I/II trial of arginine
butyrate and ganciclovir in 15 patients with refractory EBV+ lymphoid malignan-
cies was well tolerated, achieving good antitumor response in ten patients [79].
Cidofovir, another antiviral drug, downregulated LMP1 expression and decrease
BCL-2 levels in lymphoma cells.

Anti-CD30 monoclonal antibody, which inhibits growth of CD30-expressing
tumor cells has been used in patients with refractory CHL, independent of EBV
status, achieving success [80]. Another study showed that the combination of MTX
and irradiation significantly induced apoptosis and growth inhibition in two EBV-
expressing NK/T-cell lines, via downregulation of NF-kB signaling. The NF-kB
inhibition highlighted an efficacious therapeutic approach for patients with nasal
T/NK-cell lymphoma and other EB V-related lymphomas.

Further experience and better delivery of molecular therapies may provide safe
and efficacious therapeutic benefits for EBV-related lymphoproliferative disorders,
which coupled with other therapies that target simultaneously other mechanisms of
oncogenesis may contribute to better management of these disorders.
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Antigen-Driven Lymphomagenesis

Reve Shields and James N. Butera

Abstract Chronic antigenic stimulation has been postulated to play a central role in
the pathophysiology of Non-Hodgkin lymphoma. Mucosa-associated lymphoid tis-
sues or MALT lymphoma of the stomach and its association with Helicobacter pylori
is one of the most well studied examples of this phenomenon. Furthermore, other
infectious and noninfectious entities have been described to produce monoclonal
lymphocyte proliferation with resultant malignant lymphoproliferative disorders.
Among these are Chlamydia psittaci, hepatitis C virus infection, rheumatoid arthri-
tis, systemic lupus erythematosus, Sjogren disorder, and Hashimoto thyroiditis. This
review focuses on these entities and summarizes the available data which associates
these conditions with the development of malignant lymphoma.

Introduction

Over the recent decades, several studies have linked certain persistent infections,
autoimmune and chronic inflammatory conditions to an increased incidence of lym-
phomas. The magnitude of this risk is still unclear as risk varies considerably among
these studies. There are several hypotheses on how chronic infections lead to the
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development of lymphoma. In the case of lymphotropic viruses such EBV, HTLV-1,
and HHV-8, there is evidence of direct infection of these viruses with subsequent
immortalization and transformation of B-cells in vitro through the expression of
viral oncogenes [1, 2]. An alternative hypothesis has emerged where certain micro-
bial species are able to escape the host’s immune surveillance, establish a chronic
infection, and acquire the ability to persist chronically in the host [3, 4]. These per-
sistent infections trigger a sustained lymphoid proliferation due to the presence of
chronic antigen stimulation. The microorganism responsible is not thought to be
directly tumorigenic but can be viewed as a chronic source of antigens that create a
milieu which promote lymphoid proliferation. Likewise, in patients with chronic
autoimmune disease, there is a persistent inflammatory state due to auto-antigen
stimulation creating an ideal microenvironment for lymphomagenesis.

The precise mechanism for “indirect” antigen-driven lymphomagenesis is still
unclear and may vary among different disease states and infectious organism.
Certain infectious organisms that have been linked to lymphoma through the pro-
cess of indirect lymphomagenesis are Helicobacter pylori, Chlamydia psittaci,
Hepeatitis C virus, Borrelia burgdorferi, and Campylobacter jejuni. In this chapter,
we will discuss the first three organisms in detail. The unifying pathologic entity is
the presence of the antigen that drives lymphoproliferation. In Hepatitis C, the HCV
envelope protein is a potential antigen responsible for B-cell lymphoproliferation
while a specific antigen has not been elucidated in others [5]. Many autoantigens
have also been identified in certain autoimmune disorders particularly Sjogren syn-
drome and autoimmune thyroiditis [6, 7]. Bacterial or viral antigens or autoantigens
bind to the B-cell receptor and trigger lymphoproliferation. Chronic infection of the
host produces inflammatory cytokines that create a local environment suitable to
sustain B-cell proliferation [8]. In certain models, lymphoma progression is thought
to be a stepwise process, which starts with oligoclonal lymphoproliferation.
Immunoglobulin analysis of these lymphomas reveals a biased immunoglobulin
V gene use and somatic hypermutation suggesting antigen selection [9-11]. Ongoing
antigen stimulation amplifies B-cell proliferation and exposes these B-cell to the
development of mutations [12]. B-cells that undergo somatic hypermutation and
class-switching are generally genetically unstable and have an increased risk of
transformation to lymphoma [13].

Chronic infection and inflammation lead to the formation of reactive oxygen spe-
cies which can also create genetic defects and lead to tumorigenesis [12]. Initially,
lymphoid proliferation is dependent on the presence of antigen; however, genera-
tion of these genetic defects can often lead to antigen independence and malignant
transformation [14, 15]. Several studies have shown that elimination of the source
of antigens through bacterial or viral eradication can in some cases lead to lym-
phoma regression and cure.

Advancement in the management of lymphomas is due to the progress in our
understanding of the pathogenesis and etiology of this diverse malignancy. In this
chapter we will talk about lymphomas that are infection driven. We will also discuss
autoimmunity and inflammation and review the risk factors and current knowledge
that associate these entities to lymphomas. Although much has been learned over
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the past decades to elucidate the steps in antigen-driven lymphomagenesis, there is
still much to be learned. Discovery of these steps can lead to breakthroughs that can
be exploited to eliminate the source of antigenicity, determine therapeutic targets,
and halt the progression of lymphoma.

Helicobacter pylori

Marginal zone lymphomas are subdivided into three entities by the World Health
Organization (WHO): nodal marginal zone lymphoma, splenic marginal zone lym-
phoma, and extranodal marginal zone lymphoma [16]. Extranodal marginal zone
lymphoma of mucosa-associated lymphoid tissue (MALT lymphoma) is the third
most common form of non-Hodgkin lymphoma (NHL) [17]. Gastric MALT lym-
phomas comprise about 50% of MALT lymphomas and typically have an indolent
clinical course. Extranodal MALT lymphomas are different from splenic and mar-
ginal zone lymphomas as they typically occur in organs that normally lack lym-
phoid tissue such as the gastrointestinal tract, lung, liver, salivary glands, ocular
adnexa, thyroid tissue, and skin. It has long been known that these lymphoid folli-
cles accumulate in response to chronic antigenic stimulation from Helicobacter
pylori (H. pylori) infection or autoimmune disease [18, 19].

H. pylori is a gram-negative bacterium that colonizes the human gastric mucosa
in approximately 50% of the world population. Those that are infected develop a
chronic gastritis that may remain largely asymptomatic. However, about 10% of the
population develop peptic ulcer disease, 1% develop gastric adenocarcinoma and
0.01% develop MALT lymphoma [20]. A causative association between H. pylori
infection with gastric MALT lymphoma was first provided by the presence of the
bacteria in up to 90% of gastric MALT lymphoma specimens [21-23]. Supporting
this association is that the incidence of gastric MALT lymphoma is highest in H. pylori
endemic areas [3] and seroprevalence for H. pylori is much higher in patients with
gastric MALT lymphoma [24, 25]. Hussel and colleagues have shown in vitro that
when B-cells from gastric biopsies of MALT lymphoma patients were cultured with
heat-killed H. pylori, lymphocyte proliferation occurred [23]. Furthermore, eradica-
tion of H. pylori bacteria with antibiotic therapy lead to complete long-term regres-
sion of the MALT lymphoma in 70-80% of cases and is considered to be the first
line therapy for this lymphoma [26, 27].

H. pylori plays an important role in both clonal expansion and subsequent
malignant transformation. Unlike EBV, HIV, HTLV-1, and HHV-8 viruses where
these viruses directly infect and transform B-cells in vitro, H. pylori induce a
chronic activation of the immune system and subsequent proliferation of lympho-
cytes and eventual transformation to MALT lymphoma [1, 2, 28]. Under healthy
conditions, the stomach lacks MALT as the low pH prevents survival of bacteria
and lymphocytes in the gastric wall [29]. The first step in the pathogenesis of
MALT lymphoma is infection of H. pylori resulting in secretion of bacterial urease
that neutralizes gastric pH [30]. These events result in lymphoid infiltration and
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subsequent development of MALT lymphoma [30]. In vitro experiments show
that H. pylori-activated T-cells were found to stimulate the gastric MALT lym-
phoma cells and removal of these T-cells from the tumor cell suspension stopped
tumor cell proliferation [24]. These CD4-positive T-cells isolated from gastric
MALT lymphoma directly respond in vitro to proteins from H. pylori and provide
proliferative signals to malignant B-cells in a T-cell-dependent manner [24, 25].
H. pylori infection has the ability to persist in the host tissues and have the ability
to sustain lymphoid proliferation giving a selective advantage to these lymphoid
clones that are dependent on antigen stimulation [3, 31]. Hence, eradication of
H. pylori infection early in the course of the disease leads to the eradication
of MALT lymphoma. In this model, H. pylori is not directly involved in lymphom-
agenesis but is a chronic source of antigens which fuels lymphoid proliferation and
eventually, under precise circumstances, development to lymphoma [32].

Interestingly, the antigen is not a permanent prerequisite for malignant expansion
or persistence. Persistent B-cell clonal expansion and exposure of these B-cells to
chronic inflammation lead to genetic and molecular derangements that lead to antigen
independence. Genetic abnormalities identified in MALT lymphoma include triso-
mies in chromosomes 3, 7, and 12; p53 mutations; p16 deletions; and recurrent chro-
mosomal translocations including t(11;18)(q21,21), t(1;14)(p22,q32), t(14;18)
(q32;921), and t(3;14)(p14.1,q32) [33—41]. These recurrent chromosomal transloca-
tions are found exclusively in MALT lymphomas in frequencies of about 3-30% [35,
41-44]. The t(11;18)(q21,21), t(1;14)(p22,932), and t(14;18)(q32;q21) translocations
involve different oncogenes which all ultimately target the same nuclear factor kappa
B (NF-xB) signaling pathway in lymphocytes [45-48]. The transcription of NF-kB
signaling pathway regulates the expression of genes that are involved in cell prolifera-
tion, inflammatory cascade, and eventual apoptosis. Chronic antigen stimulation gen-
erated through the B-cell receptor is then bypassed by activation of the NF-kB
pathway leading to antigen independence. Of note, the t(11;18) positive MALT lym-
phomas do not respond to H. pylori eradication and is associated with adverse clinical
features and in general require a more aggressive treatment approach such as radia-
tion when antibiotic therapy fails [49]. Most of the t(1;14)-associated MALT lym-
phoma are diagnosed at advanced stages and is unlikely to respond to H. pylori
eradication [50]. The role of t(3;14) translocation which deregulates the FOXP1 gene
is still unclear. Despite the recognition of these chromosomal translocations in MALT
lymphoma, only a small proportion is positive for these translocations and there is
more we need to know to advance our knowledge of MALT lymphomas.

Chlamydia psittaci

Ocular adnexal lymphomas (OAL) are a diverse group of lymphomas that account
for approximately 1-2% of all (NHL) and 8% of extranodal lymphomas [51, 52].
About 35-50% of cases are of extranodal marginal zone lymphoma MALT type
and is the most common histologic subtype of primary OAL [53-55] with higher
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frequencies of about 80-90% observed in Japan and Korea [56, 57]. Ninety-five
percent of reported cases of OAL are B-cell neoplasms. Recently, Ferreri and col-
leagues [58] reported the presence of C. psittaci infection in 32 of 40 (80%) OAL
specimens in an Italian cohort and of those that were positive 66% were of MALT
type. Furthermore, Ferreri and colleagues [59] demonstrated that eradication of
C. psittaci infection using antibiotic therapy caused a response in 6 out of 9
treated patients including 2 complete responses. However, several other studies
have reported dissimilar results. In the United States, Rosado [60] and Vargas
[61] in South Florida and New York State, respectively, reported absence of
C. psittaci infection suggesting a geographical variation in the prevalence of
C. psittaci infection.

C. psittaci is an obligate intracellular pathogen that is transmitted by inhalation,
contact, or ingestion. Psittacosis is an infection caused by C. psittaci caused by
exposure to droppings of infected birds, cats, and household animals. Half of
patients with OAL have reported exposure to household animals [58]. Macrophages
and monocytes are carriers of C. psittaci, which is transported to various organs
causing local and systemic infections [62]. Clinical presentation of OAL is diverse
and dependent upon the organ involved. The ocular adnexa involve the lacrimal
apparatus, the extra ocular muscles, eyelids, eyelashes, eyebrows, and conjunctiva.
The orbit is the most commonly involved (40%) followed by the conjunctiva
(35-40%) and lacrimal gland (10-20%) [63—65]. The clinical presentation ranges
from painless well-circumscribed to diffuse ill-defined erythematous lesions with a
wide variety of symptoms such as blurry vision, lid erythema, exophthalmos, and
proptosis. OAL has an indolent clinical course and 85-90% present as stage I dis-
ease. Radiation therapy is the treatment of choice for patients with localized disease
with local control rates ranging from 86 to 100% and local recurrence rates from
0 to 15% [64, 66, 67]. There is limited data on the role of systemic chemotherapy;
however, single agent chlorambucil and fludarabine has been reported as active
agents against OAL [68].

C. psittaci is also linked to chronic infections of the conjunctiva which may dis-
play features of inclusion conjunctivitis. It also has the ability to persist in ocular
tissues chronically and endure systemically over several years. Similar to the better-
defined pathogenesis of H. pylori and gastric MALT lymphomas, OAL arises in
tissues that are devoid of lymphoid tissue and persist in the setting of preexisting
chronic inflammation [69]. Polymerase chain reaction analysis of immunoglobulin
heavy-chain gene rearrangements shows somatic hypermutation in 66% of cases
[70] and a clonal B-cell population in 55% of cases of OAL [71]. Coupland and
colleagues have analyzed germ-line mutations in OAL patients and recognized that
the most commonly involved genes are those implicated in the assembly of autoan-
tibodies [70]. C. psittaci have a tendency to cause persistent infections due to its
ability to inhibit apoptosis of infected cells and its ability for immune modulation
[72, 73]. The pathogenesis of C. psittaci in lymphoma is not as clearly defined as
compared to H. pylori in gastric MALT lymphoma. One mechanism is that C. psittaci,
similar to gastric MALT, can potentially trigger both humoral and cell-mediated
immune responses that may cross-react to self-antigens to break local tolerance.
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Additional clonal expansion can lead to subsequent genetic mutations. Molecular
cytogenetic studies in OAL reveal common abnormalities such as trisomy 13 and
trisomy 18 [74, 75]. Chromosomal translocations, similar to gastric MALT are also
found in OAML with t(14;18)(pq32,21) as the most common (7-11%) [75, 76] fol-
lowed by t(11;18)(q21,q21) (0-10%) [34, 75]. Again, similar to gastric MALT, the
oncogenic products of these mutations lead to ability to enhance activation of NF-kB
pathway which activates several genes responsible for lymphocyte proliferation,
survival, and apoptosis inhibition. There is evidence of geographic variations in the
incidence of these cytogenetic abnormalities in OAL. How these genetic and molec-
ular differences correlate with C. psittaci infection and how they affect prognosis
and treatment still remain to be defined.

Hepatitis C Virus

Hepeatitis C virus (HCV) is a major public health problem and is known to infect 3%
of the world population, affecting about 170 million people worldwide. It is esti-
mated that 80% of infected individuals will be unable to clear the virus. Most of
these individuals will develop a chronic hepatitis with 30% ultimately developing
cirrhosis and hepatocellular carcinoma [77]. HCV chronic infection is also associ-
ated with a variety of extrahepatic manifestations including autoimmune-related
disorders and B-cell lymphoproliferative disorders [78]. The most common of
which is essential mixed cryoglobulinemia (MC), which is a chronic benign immune
complex-mediated systemic vasculitis with underlying B-cell proliferation that pre-
disposes to overt B-cell malignancy [78-80]. Epidemiological studies report a
higher frequency of HCV infection in B NHL than in any other hematologic dis-
eases. In 1994, Ferri and colleagues reported a surprisingly high prevalence of HCV
infection in patients with NHL in Italy, which is a highly endemic area for HCV
[79]. Additional studies in United States [81] and Japan [82] reported similar results;
although there may be some geographical variability, as the Netherlands [83, 84]
and Canada [85] have reported otherwise. Most studies report different histologic
subtypes: marginal zone lymphoma (most common), lymphoplasmacytic lym-
phoma, and diffuse large B-cell lymphoma [86]. The association of HCV infection
and NHL is further supported by the observation that eradication of HCV by the use
of interferon and ribavirin could induce complete remissions in patients with
lymphomas [87].

The precise mechanism of how chronic HCV infection leads to cryoglobuline-
mia and the subsequent development of malignant B-cell lymphoma are not fully
elucidated. One possibility is that HCV can stimulate B-cell proliferation by direct
infection of lymphocytes, such as the case in liver hepatocytes [87]. Viral sequences
have been found in B-cells and monocytes; however, recent studies suggest that
there is no convincing evidence that viral replication occurs in these cells [87].
Other studies have also shown that malignant cells in HCV-associated NHL are
uninfected [88]. Taken together, the hypothesis of direct infection by HCV makes it
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less likely. An alternative model has been proposed linking the role of HCV infection
in lymphomagenesis through a process of chronic antigen stimulation. Multiple
studies have demonstrated the presence of oligoclonal and monoclonal expansion in
HCV-infected patients. Sequencing of immunoglobulin variable regions in MC type
IT and NHL with chronic HCV infection have revealed somatic hypermutation
which is a trademark of antigenic stimulation [89].

The HCV virus is a positive stranded RNA virus belonging to the Flaviviridae
family [90]. The HCV mature protein consists of the core protein, envelope proteins
El and E2, and six structural proteins (NS1-5B). A possible candidate antigen in
this model of antigen-driven lymphoproliferation is the HCV-E2 envelope glyco-
protein. Several studies reveal anti-HCV E2 B-cell clones isolated from patients
with HCV-associated NHL [91]. The HCV E2 glycoprotein has the ability to bind
to the CD81 B-cell surface protein and lower the threshold for B-cell activation and
subsequent proliferation [92, 93]. Furthermore, CD81 has been found to be upregu-
lated in HCV infected patients and has a positive correlation with HCV viral
load [94]. The other possible candidate for the source of the antigen is the HCV
nonstructural protein (NS3) which has been known to promote oncogenic transfor-
mation [94] by its interaction with p53 to prevent apoptosis [95]. The HCV core
protein has also been shown in vitro to promote immortalization of different cell
lines as well as interfere with c-myc-induced apoptosis [95]. Other regulatory pro-
teins, such as the B-lymphocyte stimulator (BlyS), are overexpressed in HCV-
induced lymphoproliferation inducing expansion of B-cell clones and autoantibody
production [96]. Other genetic events contribute to B-cell clonal expansion and
immortalization such as bcl-2 overexpression. Studies of peripheral blood mononu-
clear cells in chronically infected patients with HCV have revealed high levels of
bcl-2 overexpression with a much higher increase in patients with MC type II and
NHL [97]. Furthermore, antiviral treatment and eradication of HCV lead to a
decrease in bcl-2 translocation [97].

As described above, there are several essential steps that have been elucidated in
the pathophysiology of HCV-induced clonal expansion. However, there are likely
more steps that are involved in lymphomagenesis leading to a maladaptive response
to antigen stimulation. More studies are needed as the identification of these steps
can give us better therapeutic strategies and targets in the future.

Rheumatoid Arthritis

Several studies have documented an increased risk of rheumatoid arthritis (RA) and
NHL [98-105]. The first published case reports of this association were in the
1940s—1970s [106, 107]. Between 1980 and 1990, several large studies have shown
that the risk ratio of NHL in patients with RA is about 2 when compared to the
general population. These studies were confirmed by a recent meta-analysis. Two
possible explanations for this association were hypothesized: (1) chronic
inflammation causes chronic antigenic stimulation and lymphomagenesis, and
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(2) treatment-related immunosuppression favoring lymphoma development.
Whether either or both are primarily responsible for the increased association
between NHL and RA is still a subject of much debate [100, 101, 104]. Studies to
date have been unsuccessful at separating the inherent risk of RA in the develop-
ment of NHL from its treatment effects. In a recently published large Swedish
study, there appears to be a strong correlation between RA inflammatory disease
activity and the development of NHL [108]. In this trial a “high inflammatory
activity” is defined as the entire period from onset of RA until the diagnosis, the
number of tender and swollen joints, erythrocyte sedimentation rate, and physician’s
global assessments. A high inflammatory activity was seen in 23% of RA patients
who had developed NHL and in only 1% of RA control patients. Interestingly, the
authors also found an increased lymphoma risk as the inflammatory activity
increased. This would suggest that the increased lymphoma risk seen in RA patients
is, at least in part, related to its associated chronic inflammatory state.

The effect of disease-modifying antirheumatic drugs (DMARDs) on the devel-
opment of NHL is the subject of much controversy. Part of this challenge is that
patients who may have more active disease may be the same population who are
treated often or treated more aggressively with antirheumatic therapy. As a result,
separating the severity of RA and its treatment outcome has been challenging. Many
DMARDs have been evaluated for their role in lymphomagenesis including metho-
trexate (MTX), antitumor necrosis factor (TNF) therapy, antimalarial agents, aza-
thioprine, gold salts, sulfasalazine, and steroidal and nonsteroidal anti-inflammatory
drugs [109-120]. These studies have revealed conflicting results although the bulk
of the literature is centered on MTX and anti-TNF therapy.

Although initial studies suggest an association between RA and MTX use with
NHL, two large studies have refuted this. Moder and colleagues found 39 hemato-
logic malignancies among 16,263 RA patients, but found no association with
MTX use [120]. Another study found no association with MTX use in 19,562
patients with RA [104]. This is difficult to reconcile with the many published case
reports and case series of spontaneous remissions of NHL as a result of MTX ces-
sation [121, 122]. In fact, the WHO has recognized the entity of “Methotrexate-
associated lymphoproliferative disorder” (LPD) as a subcategory of
“Immunodeficiency-associated LPD” [123]. A recent published review, which
included 26 patients with autoimmune disorders, showed spontaneous complete
remissions of their LPD after withdrawal of their MTX. In this study, 21 of the 26
patients had RA (80%) and 22 of the 26 had NHL. There was frequent extranodal
disease present (32%) and EBV infection could be demonstrated in a high propor-
tion (56%) of cases. Complete remissions occurred within 4 weeks of discontinu-
ation of therapy in 88% of patients [122]. It may be possible, that a small subset
of cases of NHL in RA patients is, in fact, induced by MTX. The high number of
EBV-positive cases in this series questions the possibility that EBV infection may
be an etiologic link between MTX and lymphomagenesis in RA patients. However,
more detailed reviews on this subject found EBV to be present in 12% of RA
patients who develop NHL [124]. It is likely that in a subset of RA patients, the
interactions between DMARDs (particularly MTX) and EBV are essential in the
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pathogenesis of NHL. The association between anti-TNF therapy in RA and NHL
has often been debated. While some studies have noted an association between the
two, others have not. However, recently, a large analysis of 19,562 patients with
RA did not show an increased risk of lymphoma [104].

When NHL occurs in patients with RA, it is not exclusive to one subtype. Most
studies suggest a modest overrepresentation of diffuse large cell lymphoma (40-50%)
in these patients although this has been refuted in one large case-control study where
no bias was found in the representation of the different subtypes in NHL [110].

Systemic Lupus Erythematosus

Most of the literature on systemic lupus eryhtematosus (SLE) and NHL evolve
around establishing an association between these two entities. Many published series
have documented an association with SLE and NHL with a relative risk (RR) of 3—7
times the risk of the general population [125-128]. Although others seem to refute
this relationship, a large-scale meta-analysis estimated a 2.7-fold increased RR of
NHL in patients with SLE [129]. Although some studies have attempted to deter-
mine the impact of disease severity, immune suppression, and EBV infection on the
risk of NHL in patients with SLE, this has not been as well studied compared to
patients with RA [125, 130]. The mean duration of SLE at the time of diagnosis of
NHL was 17.8 years. Renal disease or immune suppressants did not appear to confer
an increased risk of NHL development [125]. As in the case with RA, the subtype of
diffuse large B-cell lymphoma appears to be overrepresented [125-128].

Sjogren Syndrome

Sjogren syndrome (SS) is an autoimmune epithelitis histologically characterized as
lymphocytic infiltration of the salivary and lacrimal glands. Clinical manifestations
include dry mouth and eyes (sicca). Approximately one-half of these patients will
develop a systemic disease. Primary SS can be separated into three categories accord-
ing to the extent of organ damage and the course of the disease. Stage I disease
accounts for 45% of patients where sicca is the only manifestation of the disease.
Stage II patients (approximately 50%) experience lymphocytic organ damage which
can involve the pulmonary, renal, hepatic, gastrointestinal, vascular, and dermato-
logic systems. Approximately 5% of stage III patients will develop lymphoma.
Risk estimates of NHL in SS range from a RR between 4 and 44-fold the risk of
the general population [98, 125, 127-129, 131]. In one large cohort, which evalu-
ated 676 patients with primary SS, a RR of 8.7 (95% CI, 4.3-15) of NHL was noted
[132]. Similar to RA patients, characteristics associated with more severe disease
such as parotid enlargement, hypocomplementemia, and palpable purpura, carry the
highest risk of NHL [133-136]. Mixed monoclonal cryoglobulinemia, leg ulcers,
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low CD4 counts, and a low CD4/CD8 ratio have also been reported to be associated
with a higher risk of NHL [132—137]. The median time to development of NHL in
SS patients is 7.5 years [138, 139]. There is also an increased frequency of circulat-
ing monoclonal immunoglobulins, free light chains, increased levels of circulating
CD5-positive B-cells and monoclonal cryoglobulinemia [140, 141] in patients with
SS, which strongly suggests a lymphoproliferative process.

Benign myoepithlial sialadenitis (MESA) lesions are characteristic of SS. These
are primarily composed of CD4-positive T-cell lymphocytes, monocytoid cells, and
marginal zone B-cells. These cells surround and infiltrate salivary ducts and histo-
logically show proliferation of ductal epithelial cells [142]. Although B-cells only
represent a minority of the infiltrating cells, they are thought to undergo clonal
expansion in the presence of this T-cell milieu. In fact, oligoclonal lymphocytes are
frequently seen in the benign SS-associated MESA [143]. The monoclonal expan-
sion seen on these B-cells is similar to the one seen in HCV and H. pylori-induced
inflammatory changes. Furthermore, different clones of B-cells can arise at different
sites in the same patient with SS [144].

The biological event implicated in the transition from a benign reactive poly-
clonal or oligoclonal process to monoclonal expansion and subsequently to malig-
nant lymphoma is not well understood. Many believe that this is a multistep process.
It is speculated that chronic stimulation by exoantigens or autoantigens plays a role
in this process by driving the proliferation of specific B-cells. This process of lym-
phoproliferation increases the risk of their transformation to lymphoma. This pro-
cess of malignant transformation typically arises from the affected exocrine glands
of SS patients but may also arise from visceral organs and lymph nodes [144]. One
study found eleven different B-cell clones in seven patients with MESA. In this
same study, eight were derived from the same V1-69 VH gene segment and the
remaining three were derived from a V3-7 VH gene segment. MESA clones show
conservative amino acid sequence motifs in the third complementary determining
regions (CDR3). The marked VH gene restriction together with the similar CDR3
sequences suggest that MESA clones are directed against and may bind to similar
or the same common antigen [144]. Pisa and colleagues found t(14;18) transloca-
tions in five SS-associated lymphomas which are also found in relatively high fre-
quency in H. pylori-associated MALT lymphoma [145]. It has also been shown that
p53 abnormalities and antirheumatic factor producing B-cells may also play a role
in some cases of SS-associated lymphomas [146, 147].

There is a wide spectrum of NHL subtypes in SS patients. These include follicu-
lar lymphoma, small lymphocytic, diffuse large B-cell lymphoma and lymphoplas-
macytic lymphoma. However, the majority are MALT lymphomas or their nodal
counterparts, nodal marginal zone lymphoma subtypes [6, 131, 139, 148]. In a large
European multicentered, retrospective clinical study, it was noted that 54% of NHL
in patients with SS typically present at stages I or II, with 54% of cases involving
the salivary glands. Lymphadenopathy was present in 63% of cases and 18% were
exclusively nodal disease [139].

There is an interesting relationship between SS- and HCV-associated B-cell lym-
phoma. Type II mixed cryoglobulinemia is associated with both SS-related and



Antigen-Driven Lymphomagenesis 73

HCV-related B-cell lymphoproliferative disorders. HCV can infect the salivary
gland epithelium, produce chronic inflammatory salivary lesions and cause sicca
symptoms similar to that seen in SS. Salivary gland lymphomas are associated with
HCV infection. Similar immunologic, molecular, and pathogenic events have been
reported in both SS-related and HCV-related lymphoproliferation [149-151].

Hashimoto Thyroiditis

Hashimoto thyroiditis (HT, ak.a. struma lymphomatosa), first described by
Hashimoto in 1912, is an autoimmune inflammation of the thyroid gland commonly
affecting middle-aged women. Histological features of HT include a diffuse
infiltration of lymphoid cells commonly associated with formation of lymphoid fol-
licles [152]. HT is present in approximately 55-60% of patients with thyroid lym-
phoma [153—155]. This association has led investigators to postulate that chronic
antigenic stimulation of HT plays an important role in the pathophysiology of these
tumors. Clonal B-lymphocytes can be seen in 10-30% of patients with HT [156—
158]. However, similar to SS, clonality does not equal malignancy. These patients
who have known clonal B-lymphocytes on biopsy have been followed for many
years and often do not develop thyroid lymphoma [152]. It has been observed that
there is a sequence similarity between the clonal bands in patients with HT and the
clonal bands demonstrated in their respective thyroid lymphoma. This is supportive
of the argument that primary thyroid lymphoma may evolve from HT [154]. The
most common subtype of thyroid lymphomas is DLBCL, which accounts for
approximately 70% of all cases. However, 40% of these patients will have evidence
of MALT lymphoma in the background tissue. Approximately 6-27% of thyroid
lymphomas are of MALT type [159].

Conclusion

Much progress has been made in the understanding of the association between
chronic inflammation from infection and the development of lymphoma. Suppression
of infection and eradication of the antigen suggest that lymphoma progression can
be halted. There have been significant advances in the characterization of molecular
mechanisms involved in lymphomagenesis. How these mechanisms can be exploited
is an area of interest and needs further research. An important endeavor in the
upcoming years is the identification of other pathogens that may play a role in lym-
phoma development. Their discovery may lead to identification mechanisms that
we can utilize to prevent and treat these lymphomas. Similarly, an association
between autoimmune disorders and lymphoma has been established. Risk of lym-
phoma is mainly due to degree of inflammatory activity and severity of disease.
There is still great controversy on whether lymphoma risk is due to the disease itself
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versus whether this is a consequence of treatment. We need to better identify these
individuals at a high risk of lymphoma so we can adequately intervene and decrease
this risk.
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Preclinical Modeling in Lymphoid Malignancies

Richa Dawar and Francisco J. Hernandez-Ilizaliturri

Abstract Non-Hodgkin’s lymphoma (NHL) is one of the most common cancers in
the United States, accounting for about 4% of all cancers. In spite of aggressive
chemotherapy and management, a majority of the patients relapse, making refrac-
tory NHL one of the dreaded nightmares for oncologists. Laboratory studies con-
ducted on tumor cell lines, primary tumor cells isolated from cancer patients, and
murine models contribute significantly to development of cancer therapeutics.
The heterogeneity of the disease, limited availability of the biopsies, and variability
of the disease in patients have necessitated the development of animal models to
evaluate potential drug therapies. Moreover, the preclinical models also help us to
understand the pathogenesis of the disease and the role of immune system in lym-
phoma. As we enter into an era of targeted therapeutics, these models provide new
platforms for designing new anti-lymphoma drugs. In this chapter, we summarize
the various tumor cell lines and murine models including tumor xenografts, synge-
neic models, genetically engineered mice, and humanized mice used to study the
initiation and growth of lymphoma, lymphoma microenvironment, and efficacy of
new therapies. Later in the chapter, we also discuss the advantages and disadvan-
tages of each model and explain how each of them aid in understanding of the
pathogenesis of lymphoma and interactions between tumors and host environment.
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Introduction

Non-Hodgkin’s lymphoma (NHL) is one of the most common types of cancer
diagnosed in the United States, and its incidence has been increasing over the past
30 years. According to latest published cancer statistics (2012), approximately
79,190 lymphoma new cases will be diagnosed, and 20,130 lymphoma patients are
expected to die from their disease despite currently available treatment [1].
Lymphoma is a heterogeneous group of malignancies with diverse biology, clinical
behavior, and prognosis. The management of NHL, involving intense chemotherapy
and stem cell transplant, is often associated with significant short- or long-term
treatment-related toxicities. Although some aggressive forms of NHL can be cured
by currently available treatment strategies, a significant number of patients relapse
after a variable period of remission or exhibit primary refractory disease to upfront
or salvage treatments. The management of relapsed/refractory lymphomas contin-
ues to be a challenge for the practicing oncologist.

In general, the clinical outcome of lymphoma patients has improved over the
last decades as a result of several factors that include (1) the better understanding
of the pathogenesis and biology of lymphoid malignancies, (2) the advanced tech-
nology resulting in a more precise diagnosis (i.e., immunophenotyping, cytogenetic
or gene expression profiling studies) and staging (i.e., functional imaging), (3) the
identification and validation of clinically based score indices or biomarkers capable
of predicting clinical outcomes and/or response to therapy, and (4) the development
and incorporation of novel and effective agents in the management of lymphoid
malignancies (i.e., monoclonal antibodies).

Laboratory studies conducted on cell lines, lymphoma mouse models, and tumor
cells isolated from cancer patients are contributing significantly not only in deci-
phering the pathogenesis of lymphoid malignancies but also in identifying prognos-
tic markers of clinical outcome and therapeutic targets for drug development. In this
contribution, we present an overview of preclinical models utilized in lymphoma
translational research and provide examples of how those models are paving the
road for future clinical studies. In addition, we present the limitations of each model
utilized stressing the need to develop more clinically relevant laboratory models to
study lymphoid malignancies.

Laboratory Models in Lymphoma

Parallel to biotechnology advances, the development and implementation of laboratory
models to study lymphomas have become more complex. In general, preclinical
models can be categorized depending on the material utilized (human or murine cell
lines vs. primary tumor cells) and the setting tested (in vivo vs. in vitro). The use of
various preclinical models to study a targeted agent is more accurate in predicting
efficacy in subsequent clinical studies than preclinical evaluations conducted using
only one model system. A significant number of peer-reviewed journals encourage
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development of resistance to chemotherapy agents, biologics, and monoclonal
antibodies. Our group of investigators believe that cell lines are excellent candi-
dates to study mechanisms involved in the development of resistance for several
reasons: (1) comparative analysis can be performed between various lymphoma cell
lines and their resistant clones generated following chronic exposure of parental
cells to a particular drug/biological agent (e.g., mAb), (2) availability—lymphoma
cell lines can be grown in large quantities for a long period of time so that validation
of initial results or clarification of conflictive data can be repeated at any time,
(3) lymphoma cell lines consist of a relatively “homogeneous” population in which
nonmalignant cells are absent (as opposed to tissue biopsy samples) which is impor-
tant when performing sensitive assays such as gene and amino acid sequencing.

Diploid transformed (coinfected with EBV virus) or non-transformed cells can
be established or are commercially available in several tissue and cell culture facili-
ties. Transformed cells tend to proliferate faster and grow easier in vitro than non-
transformed cells. EBV has been used to immortalize malignant B cells and
established cell lines for several decades, and these cells harbor the EBV virus in the
latent stage. The human T-cell leukemia virus-1 (HTLV-1) is a retrovirus frequently
used to transform benign or malignant T cells and establish cell lines. Normal T cells
isolated from peripheral blood are unable to grow spontaneously in vitro. However,
they can be infected with HTLV-1 virus in order to induce growth in a liquid as well
in a semisolid culture medium [2]. These transformed T cells are able to actively
transcribe HTLV-1 RNA and are considered to be infectious requiring special han-
dling by laboratory personnel.

Seeding non-transformed neoplastic cells directly into suspension cultures is the
widely used procedure to establish a lymphoma cell line. The success rate is very
low and often unpredictable. Examples of widely used continuous transformed or
non-transformed NHL cell lines are listed in Table 1. Matsuo and Drexler [3]
observed that malignant cells which were derived from the relapsed lymphoma
patients or from patients with poor prognosis had an enhanced growth potential
in vitro compared with cells derived from previously untreated or good prognostic
features patients.

In contrast to what is observed in solid tumor malignancies, the growth in vitro
of hematological malignant cells requires nonadherent culture techniques and prop-
agates easily in cell suspensions. In addition, nonadherent cells do not require
mechanical or chemical (i.e., enzymatic disruption) manipulation for harvesting,
and therefore nonspecific activation or death is minimal. On the other hand, some
lymphoma cell lines (i.e., natural killer- [NK] or T-cell lymphoma cell lines) require
special nutrients, cytokines, or culture conditions for optimal growth.

Normal Lymphocytes
Short-term culture of peripheral lymphocytes is a standard technique in human

genetics and provides an unlimited source of diagnostic material for mutational
analysis, investigation of chromosomal abnormalities, and identification of hereditary
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Table 1 Established transformed and non-transformed cell lines commonly utilized in lymphoma

preclinical models

Human cell lines

Features

Burkitt’s lymphoma (BL)
Raji

Daudi

BL-2

BJA-B
Jijoye

CA46

Ci-1

Diffuse large B-cell lymphoma (DLBCL)
RL

SU-DHL-4

NU-DHL-1

U2932

CRO-AP/2

Follicular lymphoma (FL) transformed cells

Karpas 422

MC116

Derived from a BL of the left maxilla of an
11-year-old black male, Epstein—Barr nuclear
antigen (EBNA) positive

Derived from a 16-year-old male with BL, cells are
negative for beta-2-microglobulin and carry the
translocation (t) (8;14)(q24;q32)

BL cell line isolated from a tumor biopsy obtained
from a Caucasian child. The cells carry the
1(8;22)(q24;q11)

Epstein—Barr virus (EBV)-negative BL cell line
with t(2;8)(p12;q24)

Lymphoblastic cell line derived from a 7-year-old
boy with Burkitt’s lymphoma, EBV positive

Human cell line established from the ascites fluid
of a patient with Burkitt’s lymphoma; the cells
are EBNA-negative, carry the t(8;14), and
express Bcl-2 and c-Myc proteins

Human B-cell lymphoma cell line with the t(2;8),
t(14;22)

Human germinal center B-cell (GCB) DLBCL cell
line carries the translocation (t) (14;18)

Human cell line from the peritoneal effusion of a
38-year-old man with GCB-DLBCL and carries
the t(14;18)

Human cell line established from the left inguinal
lymph node of a 73-year-old Caucasian man
with GCB-DLBCL and carries the t(3;8) and
t(14;18)

Human cell line derived from the ascites of a
29-year-old woman with activated B-cell
(ABC) DLBCL. The cells overexpress the
BCL-2, BCL-6, and p53 proteins

Human B-cell lymphoma cell line from the
diagnostic pretreatment pleural effusion of a
49-year-old HIV+ homosexual male with
primary effusion lymphoma (PEL) and
previous history of Kaposi’s sarcoma; cells
were described to be EBV+ and HHV-8+ and to
carry a BCL-6 point mutation

Human transformed FL cell line with the t(14;18)
(932,q21)

Human cell line derived from the pleural effusion
of a patient with B-cell lymphoma. Cells are
EBV-negative, carried the t(8;14)(q24;q32)

(continued)
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Table 1 (continued)

Human cell lines Features

DoHH2 Human transformed FL cell line with t(14;18)
(932;q21)

Mantle cell lymphoma (MCL)

Granta 519 Derived from a case of high-grade MCL, t(11;14)
(q13;q32) is present

Mino MCL cell line, cells expressed cyclin D1 and p53
and carried the t(11;14)

7138 Human cell line was derived from a patient with

MCL with blastoid transformation. The cells
have the t(11;14)(q13;q32) abnormality and
overexpress cyclin D1

Jeko MCL cell line established from peripheral blood
mononuclear cells of a patient with a blastoid
variant of MCL, cells negative for Epstein—Barr
virus and overexpress cyclin D1, Bcl-2, c-Myc,
and Rb proteins and show Bcl-1/J(H) gene
rearrangement

Rec-1 Human B-cell line established from a patient with
MCL. The cells carried the t(11;14)(q13;q32)
and overexpress cyclin D1

T-cell lymphoma
SUP-T1 Human T-cell lymphoblastic lymphoma cell line
HUT 102 Human cell line was derived from the peripheral

blood of a 26-year-old black male patient with
mycosis fungoides

HUT 78 Human cell line derived from 50-year-old male
patient with Sezary’s syndrome. The cell line
expresses CD52 antigen

alterations in genome structures. As with any clinical specimen, special considerations
regarding biohazard safety are required to prevent infections. Isolation of peripheral
lymphocytes is based on density gradient centrifugation of heparinized whole blood.
Subsequently, addition of mitogens stimulates cell proliferation to obtain a large
number of lymphocytes for chromosomal analysis by staining techniques, in situ
hybridization or isolation, and direct sequencing of DNA.

In some circumstances, normal lymphocyte cell proliferation or “long-term’
maintenance of hematological cells with differentiation properties is required; this
can be accomplished using feeder cells. The usage of feeder layer cell culture
was introduced by Dexter et al. [4]. Embryonic fibroblasts, macrophages, or thymo-
cytes are examples of feeder cells that are known to provide the specific microenvi-
ronment signals required by the hematological cells. Normally, feeder cells are
inactivated for cell proliferation (but not for survival) by radiation or mutagen treat-
ment. In addition to secreting matrix proteins, growth factors, and/or other stimulat-
ing factors, feeder cells provide specific cell-cell contacts and cell adhesion.

5
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Additional in vitro systems have been developed in order to characterize and
study the process of cell differentiation in hematological cells. Terminal differentia-
tion of hematological cells can be induced by in vitro exposure to certain chemi-
cals (i.e., retinoid acid or lipopolysaccharides), cytokines (i.e., interleukin-2),
hormones (i.e., tumor growth factor-beta, epidermal growth factor, humoral growth
factor, glucagon, steroids, or thyroxine), or cell-cell/cell-matrix interactions [5-8].

Induction of cell differentiation can be achieved by homologous or heterologous
cell—cell interaction. Homologous cell—cell interaction requires a high cell density to
facilitate efficient cell-cell communication. However, for the investigation of hema-
tological cell differentiation, heterologous stimulation by fibroblasts and thymocytes
among other cell types is more frequently used. Earlier, Burgess and Metcalf [9, 10]
and Cross and Dexter [11] developed various cloning methods for hematopoietic
cells based on semisolid agar culture containing colony-stimulating growth factors.
The HL-60 (lymphoblast) and the Friend erythroleukemia (MEL) cell lines are widely
used examples of established progenitor cells for studying hematopoiesis [12].

Preclinical Animal Models

The development of an animal model of human lymphoma that closely resembles
the biological behavior observed in lymphoma patients is difficult. Several models
using subcutaneously grown xenografts in mice result in localized disease with no
evidence of systemic dissemination. In 1990, Ghetie et al. described a model that
injected Daudi cells intravenously in severe combined immunodeficiency (SCID)
mice [13]. Inoculated animals that were left untreated developed hind leg paralysis
(surrogate end point prior to death) within 3—-6 weeks of tumor seeding. Following
these reports, several human lymphoma cell lines have been used in similar models
(Raji, Ramos, and Namalwa cells). The i.v./SCID lymphoma model is preferred to
study therapeutic strategies for several reasons: (1) the inoculation of lymphoma
cells via tail vein injection results in disseminated disease as opposed to localized
disease (resembling disseminated lymphoma more typically seen in humans),
(2) the delivery and bio-distribution of monoclonal antibodies to large subcutaneous
nodules is compromised due to limited blood supply, and (3) the i.v./SCID model
is highly reproducible (>90% engraftment), unlike subcutaneous lymphoma models
where only 60—70% of the animals develop tumors at an even more erratic growth
rate [14—17]. In addition, in vivo modeling provides essential tumor—host interac-
tions and is a more accurate means of modeling human cancer. Murine models are
used to investigate the factors involved in malignant transformation, invasion,
and metastasis as well as to examine the response to therapy. Currently, existing and
characterized mouse models can be divided in the following five categories:
(1) syngeneic murine models, (2) syngeneic models with murine tumor cells engi-
neered to express human antigen, (3) genetically engineered mice (GEM) predisposed
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to develop a specific type of cancer, (4) orthotopic xenograft of human tumors into
immunodeficiency mice (SCID mice), and (5) humanized xenograft mice model:

(a) Syngeneic models are best used to study the interactions between cancer cells
and the tumor microenvironment (Table 2). Various studies have demonstrated
the importance of lymphoma in regulating the tumor microenvironment [18,
19]. Syngeneic models are also used to define the role of immune system in
tumor rejection and to evaluate how specific treatments modulate the immune
system (i.e., cancer vaccines). The reproducible evaluation of the immune
response against cancer antigens is one of the principal applications of synge-
neic mouse models. CD8+ T cells infiltrating the tumor bed or changes in
cytokine production are commonly utilized surrogate markers to detect and
quantify immunological responses [20]. For example, various investigators
correlated CD8+ infiltration into the tumor bed following vaccination with sur-
vivin or an idiotype-binding peptide with anti-lymphoma activity [21, 22].
Alvarez and colleagues [23] studied the antitumor response of a genetically
engineered vaccine in a lymphoma syngeneic mouse model. Following the
administration of a FC-CD40L vaccine, they demonstrated an increased pro-
duction of interleukin (IL)-17, IL-6, and interferon (IFN)-gamma compared
with controls. In addition, FC-CD40L vaccination induced regression of estab-
lished tumors and increased survival.

(b) Syngeneic models with murine tumor cells engineered to express human anti-
gens are commonly utilized to evaluate the antitumor activity of monoclonal
antibodies targeting human antigens. A classic example of this type of animal
model is the murine malignant cells 38C13 expressing human CD20 antigen
that has been used to evaluate the therapeutic potential of rituximab in vivo. In
addition, this particular type of model has been used to define the mechanisms
that affect rituximab antitumor activity. Golay et al. [24] demonstrated that
complement is required for the therapeutic activity of rituximab in vivo in the
38C13 murine model of B-cell lymphoma. In addition, Dayde and colleagues
[25] used the syngeneic CD20-modified EL4-mouse T-cell lymphoma model to
evaluate the relationship between tumor burden and rituximab dose responses
in vivo. In this model, EL4 murine T-cell lymphoma cells were transduced with
human CD20 c¢cDNA and transfected with luciferase plasmid (EL4-huCD20-
Luc). Subsequently, cells were inoculated into C57BL/6J mice via tail vein
injection. Using functional imaging to assess response to therapy, Dayde et al.
demonstrated a linear relationship between tumor burden and rituximab efficacy.
Additional examples of syngeneic lymphoma models using modified murine
cancer cells are presented in Table 3.

(c) Spontaneously developed lymphoma in genetically engineered mice (GEM) or
transgenic mice models are based on the knockout or transgenic technology and
are widely used in basic and applied hematological research. GEM models are
invaluable tools to study the mechanisms involved in lymphomagenesis and
to characterize the relationship between disease phenotypes and underlying
genetic lesions. The genetic profile of these mice is altered at the germline level
in one or several genes (by mutation, deletion, or overexpression) thought to be
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Table 2 Selective syngeneic models of NHL (modified from Donnou et al. [26])

Model Injection site  Lymphoma type Strain (haplotype) References
Pi-BCL1 (m) v DLBCL BALB/c(H-2¢) [55]
38C13 (m) IvV/IP NHL C3H/HeN(H-2¢) [56]
FL5.12 transfected v NHL BALB/c(H-2%) [57]
with Bcl2 (m)
A20 (m) v DLBCL BALB/c(H-2%) [58]
IS [59]
SC [22]
LMycSN-p53null (m) SC NHL C57BI/6(H-2%) [60]
S11 (m) SC BL BALB/c nude(H-29)  [61]
BCL1 (m) 1P DLBCL BALB/c(H-2¢) [56]
A20.ITA-GFP (m) IS/1C DLBCL/PCNSL BALB/c(H-29) [18]
Helicobacter felis Stomach MALT lymphoma BALB/c(H-29) [62]

IV intravenous, /P intraperitoneal, IS intrasplenic, /C intracerebral, /O intraocular, SC subcutane-
ous, DLBCL diffuse large B-cell lymphoma, BL Burkitt’s lymphoma, MALT mucosa-associated
lymphatic tissue, PCNSL primary central nervous system lymphoma, PIOL primary intraocular
lymphoma, SCID severe combined immunodeficiency. (m) murine origin, (h) human origin

Table 3 Syngeneic lymphoma models with murine tumor cells engineered to express human
antigens (modified from Donnou et al. [26])

Name Injection site Lymphoma model  Strain/haplotype References
38C13 Her2/neu (m) v NHL C3H/HeN(H-2¥) [63]

SC
38C13 CD20+ (m) IC PCNSL C3H/HeN(H-2%)  [64]

10 PIOL

1V intravenous, SC subcutaneous, /C intracerebral, /O intraocular, NHL non-Hodgkin’s lymphoma,
PCNSL primary central nervous system lymphoma, PIOL primary intraocular lymphoma

involved in the transformation process from low-grade to high-grade lymphoma
or malignancy. Subsequently, the effect of altering these genes is studied over
time, and therapeutic responses to these tumors may be followed in vivo. GEM
or transgenic models develop malignancies whose genetic profiles and histopa-
thology appear similar to the molecular characteristics and natural behavior of
human tumors. It is also possible to assess the different stages of tumor progres-
sion including vey early manifestations of malignancy when using GEMs.

The development of “spontaneous” lymphomas in GEM/transgenic mice is
considered to be more physiological than other mouse models, and lymphoma
develops under no artificial selective pressure or favorable growth conditions. In
general, lymphomas are allowed to develop in their physiological microenviron-
ment. Lymphoma GEMs are immunocompetent and in contrast to lymphoma
SCID mouse models, are more clinically relevant to human malignancies.
Moreover, due to the presence of an intact immune system, the evaluation of
cytokines and effector cell function in the biology and immunological treatment
of lymphoid malignances can be more accurately studied. Recent advances in
genetic engineering have facilitated the development of transgenic mouse
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models recapitulating major known genome modifications present in specific
subtypes of lymphomas or to infect mice with oncogenic viruses capable of
inducing B-cell lymphoma. In this approach, the desirable oncogenic DNA and
its regulatory elements are inserted in murine cells during embryogenesis at the
one cell stage (immediately after ovule fertilization). Regulatory elements
specific for the oncogene of interest are indispensable in order to ensure the suc-
cess in transgenesis, especially in lymphoma transgenic mouse models.

An example of GEM mouse lymphoma is the Epu-myc mouse often used to
study lymphomagenesis. The Epu-myc model was designed based on the semi-
nal work by Croce et al. [27]. The Ep-myc transgenic mouse carries the c-myc
oncogene coupled to the immunoglobulin heavy locus (IgH) enhancer Eu and
results in the development of aggressive pre-B-cell or B-cell lymphomas
accompanied by lymphoblastic leukemia but not Burkitt’s lymphoma (BL).
B-cell lymphoma development in the Ep-myc model occurs in 100% of ani-
mals, but the onset of the disease is rather variable. Mori and colleagues [28]
described two distinct tumor phenotypes in the Ep-myc model: (1) the first type
arises earlier in the life span of the mice and is composed mainly of immature
B cells resembling BL; (2) the second type develops late in life (400 days after
birth) and is composed of mature B cells simulating DLBCL [28].

Modifications of the original model had been studied with interesting findings.
Kovalchuk et al. demonstrated that if the c-myc gene is placed under the enhancer
region of the immunoglobulin light chain gene, the offspring of transgenic mice
develop a high-grade lymphoma that resembles BL [29]. In contrast, Sheppard
et al. generated a peculiar transgenic mouse model with translocation of N-myc
gene under the IgH enhancer. A fraction of the transgenic mice (25%) carrying
that particular gene rearrangement developed a form of indolent B-cell lym-
phoma late in their life span (9—12 months after birth) [30]. Infection of N-myc
transgenic mice with the Moloney leukemia virus increased the incidence of
lymphoma and accelerated the lymphomagenesis process [31].

Similar approaches have been utilized to establish transgenic mouse models
of mantle cell lymphoma (MCL). At the molecular level, MCL is characterized
by the deregulation of Bcl-2 family members (Mcl-1, BIM) altering apoptosis,
as well as cell cycle (cyclin D1) regulated in part by the ubiquitin—proteasome
system (UPS). Mcl-1 or cyclin D1 upregulation is the result of the chromo-
somal translocation t(11:14)(q13:q32), the hallmark cytogenetic abnormality of
MCL [32-34]. Deregulation of cyclin D1 is considered the primary molecular
event involved in the pathogenesis of MCL progression. While transgenic mice
carrying the cyclin D1 gene under the IgH enhancer Ep exhibit abnormalities in
the cell cycle of B-cell lymphocytes, animals do not develop lymphoma during
their life span [35]. This observation further stresses the fact that most lym-
phoid malignancies involve a multistep mutagenesis process.

Recent studies using comparative genomic hybridization and array-based
genomic studies had demonstrated additional chromosomal changes with
genomic loses of tumor suppression genes (i.e., ATM, CDKN2A, TP53) or
gains of oncogenic genes (i.e., MYC, SYK, or BCL2). Such findings lead
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Table 4 Lymphoma transgenic/GEM models

Model name (references) Lymphoma type

SL/KH [65] Pre-B lymphoma

Ep-N-myc [30] Indolent B-NHL

NFS.V+ [66] Marginal zone lymphoma

B6-1-MYC [29] Burkitt-like lymphoma

VavP-Bcl2 [67] Follicular lymphoma

Eu-BRD2 [31] DLBCL

Bcl6 Knock in [68] Germinal center, DLBCL

Bcl6/Myc transgenic [68] Post germinal center, DLBCL
IL-14aTGxc-Myc TG (DTG) [38] Blastoid variant of mantle cell lymphoma
Myc/BCR"/HEL [69] Burkitt-like lymphoma

Ep-myc [28] From follicular to DLBCL (time-dependent)
RzCD19Cre [70] NHL, hepatitis C induced

UVB induced [71] Mature B-cell lymphoma

DLBCL diffuse large B-cell lymphoma, NHL non-Hodgkin’s lymphoma, UVB ultraviolet beam
light

Table 5 Advantages and disadvantages of transgenic mouse models in lymphoma

Advantages Disadvantages

1. Permits the study of the tumor and its 1. Limited correlation between disease occurring
microenvironment in transgenic mice and humans (one or two

2. Provides insightful information regarding genes mutated vs. hundreds of genes)
tumor biology 2. Cost and infrastructure needed

3. Useful in validating postulated oncogenes 3. Time to develop and validate a model is long
or tumor suppression genes 4. Tumor development is slow and variable

unless manipulated with viral infections

investigators to postulate a model of multistep genetic alterations which leads
to molecular pathogenesis and progression (i.e., clonal evolution) in MCL [36].
Subsequent transgenic MCL lymphoma mouse models used a double transfec-
tion of cyclin D1, and N-myc/L-myc under the Ep enhancer led to the develop-
ment of pre-B-cell or mature B-cell murine lymphomas [37]. Another transgenic
mice model developed by Ford and colleagues using the double transfection of
IL-14a and c-myc genes results in a blastoid variant of MCL in vivo [38].
Additional examples of transgenic mouse models in lymphoma are summa-
rized in Table 4.

Advances in transgenic technology continue to contribute greatly to our
understanding of lymphoma development. Currently, available models assist
scientists in identifying or validating new oncogenes and their role in the devel-
opment, maintenance, and progression of lymphoma. On the other hand, this
model has limitations (see Table 5) like other preclinical models, stressing the
need to use multiple models rather than depending in only one system when
conducting preclinical studies.
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Table 6 Examples of severe combined immunodeficiency (SCID) mouse models in lymphoma

Name Injection site Lymphoma model Strain/haplotype References
7138 v Human MCL SCID mice(H-2¢) [72]
BJA-B 1V/SC Burkitt’s lymphoma SCID mice(H-29) [73]
SU-DHL-4 IV DLBCL SCID mice(H-29) [39]
SC C.B-17 SCID mice(H-2%)  [47]
Ramos SC Burkitt’s lymphoma SCID mice(H-29) [73]
SC-1 SC Follicular lymphoma  SCID mice(H-2%) [73]
DoHH-2 SC Follicular lymphoma  SCID mice(H-2%) [73]
Granta 519  SC MCL C.B-17 SCID mice(H-2%)  [47]
HKBML SC Brain DLBCL C.B-17 SCID mice(H-2%)  [49]
Raji 1C PCNSL Nude mice(H-2%) [48]
MCl116 IC PCNSL Nude mice(H-2°) [74]
CA46 10 PIOL SCID mice(H-2¢) [75]

1V intravenous, SC subcutaneous, /C intracerebral, /O intraocular, MCL mantle cell lymphoma,
DLBCL diffuse large B-cell lymphoma, PCNSL primary central nervous system lymphoma, PIOL
primary intraocular lymphoma

(d) Human tumor xenograft is one of the most frequently used lymphoma mouse

models to study human cancer. It required the implantation or injection of
primary human tumor cells or cell lines subcutaneously or orthotopically
(into naive tumor site) of immunosuppressed, immune-deficient, or newborn
immune naive mice. After tumor engraftment, the biological and antitumor
activity of mAbs, chemotherapy drugs, or targeted agents can be determined.
While results obtained from humor tumor xenograft experiments are thought to
predict response to a given therapy in humans, the correlation between murine
models and clinical activity observed in clinical trials is modest at best, espe-
cially when evaluating mAbs and targeted agents.

In general, there are several types of xenograft mouse models, and these are dif-
ferent in the degree of immunodeficiency (nude mouse vs. obese/nonobese (NOD)
severe combined immunodeficiency (SCID) mouse models). It has been shown
that lymphomas are the most difficult malignancies to implant and grow in nude
mice. The reasons are the enhanced natural killer (NK) cell function, macrophage
activity, and naturally occurring antitumor antibodies in nude mice. Failure to grow
such hematological malignancies in nude mice led to the development of SCID
mice (Table 6 shows some examples of SCID mice models used in NHL).

In the field of lymphoma, xenograft mouse models have been utilized to eval-
uate the biological activity of rituximab and to optimize its antitumor effects.
Most of these studies used murine models of human tumor cell lines implanted
subcutaneously or via tail vein injection in SCID mice models [15, 39].

Using xenograft mouse models, several investigators have studied the mech-
anisms-of-action of rituximab in B-cell lymphomas. Clynes demonstrated that
FcyR receptor expression is necessary to eradicate NHL in a murine animal
model, suggesting that ADCC plays a significant role in rituximab’s activity
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[40]. We confirmed that effector cells (both natural killer cells and neutrophils)
are necessary for optimal antitumor activity of rituximab and corroborating
findings have been reported by other investigators [15]. Furthermore, specific
polymorphisms in the FcyRIIla gene have been associated with differences in
the clinical and molecular response to anti-CD20 mAb therapy in patients with
indolent NHL [41]. Modulation of immune responses is also an attractive strat-
egy to enhance the biological activity of mAbs. Xenograft mouse models of
lymphoma had aid in evaluating the antitumor activity of rituximab in combina-
tion with agents potentiating rituximab-mediated ADCC such as cytokines (i.e.,
IL-2 or G-CSF) or immunomodulatory agents (i.e., lenalidomide) [16, 17, 42].

Recently, newly engineered mAbs targeting CD20 with better biological
properties when compared to rituximab have been evaluated in preclinical lym-
phoma models or clinical trials in B-cell lymphoma. Both the EMAB-6 [43]
and the humanized GA101 mAbs had been tested against the human SU-DHL4
tumor implanted in to the SCID/beige mice [44]. Our group of investigators
evaluated the antitumor activity of ofatumumab in SCID and compared to
rituximab in a BL in a SCID mouse model [45].

In addition to the use of disseminated lymphoma mouse models, xenograft
mice studies more often used alternative routes of tumor inoculation (i.e., sub-
cutaneous or intracerebral) to (1) evaluate the antitumor activity of biological
or chemotherapy agents, (2) study the anti-angiogenic properties of certain tar-
geted drugs, or (3) determine the degree of inhibition in a signaling pathway by
a specific pharmacological inhibitor [46-50].

In contrast to GEM/transgenic mice models, human tumor xenografts
develop a more homogenous cancer across animals inoculated (especially when
animals are inoculated with lymphoma cell lines vs. patient-derived tumors),
and the disease usually develops within weeks instead of months. These proper-
ties made human tumor xenografts an attractive model to study response to
therapy. On the other hand, the major disadvantage of xenograft mouse models
resides in the degree of immunodeficiency present in the host. Xenograft mouse
models require a host deficient in adaptive immunity in order to engraft human
cancer cells, and therefore, these models are not useful when evaluating vaccine
strategies. Moreover, as the scientific community is recognizing the importance
of the tumor microenvironment in cancer biology and therapeutics, it is ques-
tioning the clinical relevance of the human xenograft mouse model.

Humanized mice are immune-deficient mice reconstituted with the human
immune system and then implanted with human cancer cell line cells. For the
establishment of the humanized mice, the newborn mice must be irradiated and
then engrafted with human CD34+ hematopoietic stem cells derived from human
umbilical cord blood. However, the timing of obtaining cord blood, irradiating
newborn mice, and verifying the humanized phenotype of the NOD/SCID mice
after engraftment makes this procedure very complex and cumbersome [51, 52].
Recently, humanized xenograft mouse models have been developed by reconsti-
tuting SCID mice with human peripheral blood cells. This type of humanized
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mouse model appears to be suitable to evaluate vaccination strategies in
lymphomas [53]. In response to the challenges faced when studying the biological
activity of complement fixating antibodies targeting CD20 in B-cell lymphoma,
Sato and colleagues developed a humanized NOD/Shi-SCID mouse model bear-
ing lymphoma cell lines [52]. Similarly, other investigators had evaluated the
biological activity of an anti-CD40 antibody (CP-870.893) [54].

Preclinical lymphoma models continue to evolve parallel to the development of
newer therapeutic agents and in response to a better understanding of the biology of
B-cell and T-cell neoplasm. A significant effort needs to be placed on T-cell lym-
phoma not only in the clinical arena but also at the bench side, where significant
challenges exist in developing, using, and validating T-cell lymphoma preclinical
models.

The use of well-established and characterized models is a valuable tool to identify
surrogate markers of tumor response to a given treatment and to develop/optimize
current or future therapeutic strategies against hematological malignancies. In addi-
tion, given the intricate biology of each subtype of lymphoma and the complex
mechanism(s) of action of biological and targeted agents, adequate preclinical stud-
ies must be conducted in several types of preclinical models in order to accurately
predict what may be observed in clinical practice. The constant change in the interac-
tion between the lymphoma cells and the tumor microenvironment is challenging
physicians and scientists to develop innovative preclinical models where such inter-
actions can be studied. While cancer cell lines and novel mouse models are the
backbone of preclinical modeling, the study of primary cancer cells isolated from
lymphoma patients is becoming a necessary tool to study novel agents in a more
clinically relevant setting. Robust and structured collaborations between clinical
medicine and life sciences are needed in an attempt to obtain primary tumor cells in
their microenvironment obtained from patients with de novo or relapsed/refractory
lymphoid malignancies and to further develop in vitro or in vivo models using this
invaluable material source.
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Prognostic Factors in B-Cell Lymphomas

Diana O. Treaba

Abstract The development of staging systems, especially the modified Ann Arbor
staging system and of the International Prognostic Index and its type-specific lym-
phoma variants (i.e. FLIPT and MLIPI.) represent important steps in the therapeutic
decision and prognosis. The chapter is reviewing the impact of the staging system
and of the IPI on various low- and high-grade B-cell lymphomas and also is inte-
grating various prognostic factors identified and emerged from diverse areas that
characterize these lymphomas, including histologic, immunophenotypic, cytoge-
netic, and molecular profiles; clinical presentation; and clinical course.

Introduction

The heterogenous group of B-cell lymphomas includes low- and high-grade lym-
phomas, characterized by specific morphological, immunophenotypic, cytogenetic,
and molecular profiles. A direct reflection of this heterogeneity is the large variety
of factors evaluated for their possible association with the response to therapy, dis-
ease evolution and overall outcome. A first step in assessing prognosis was the
development of the Ann Arbor lymphoma staging system, originally described in
1971 [1] for patients with Hodgkin disease (Table 1), which is now also largely
used, in a slightly modified version, however (Costwolds) [2], for non-Hodgkin
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Table 1 Ann Arbor staging system, modified from Carbone et al. 1971 [1]

Stage Sites of involvement
I A single lymph node region or a single extralymphatic organ or site
1I Two or more lymph node regions on the same side of the diaphragm or involvement

of a single extralymphatic organ or site and of 1 or more lymph node regions on
the same side of the diaphragm

1 Lymph nodes regions on both sides of the diaphragm, may be accompanied by
localized involvement of extralymphatic organ or site, or by involvement of the
spleen or both

v Diffuse or disseminated involvement of one or more extralymphatic organs,
including any involvement of the liver, bone marrow, or nodular involvement
of the lungs, with or without associated lymph node enlargement

Table 2 International Prognostic Index, modified from Ship et al., 1993 [3]

Risk group Points 5-year survival (%)
Low risk 0-1 73
Low-intermediate risk 2 51
High-intermediate risk 3 43
High risk 4-5 26

Note: one point is assigned for each of the following risk factors: age greater
than 60 years; stage III or IV disease; elevated serum LDH; ECOG perfor-
mance status of 2, 3, or 4; more than 1 extranodal site

lymphomas in spite of its limitations (does not take into consideration aspects such
as the lymphoma grade, the presence of bulky disease, and often the bone marrow
involvement in low-grade lymphomas, i.e. chronic lymphocytic leukemia/small
lymphocytic lymphoma). The Ann Arbor staging system predicts a better prognosis
for B-cell lymphomas with low Ann Arbor stages (I and II) than in advanced stages
(ITII-IV) and also has an impact in the therapeutical decision. A revolutionary step
in the research for assessing prognosis was the development in 1993 of the
International Prognostic Index (IPI) (Table 2) [3], a clinical tool now widely used to
assess survival. Five clinical prognostic factors independently associated with sur-
vival, age, stage, number of extranodal sites, performance status, and serum LDH
level, are evaluated at diagnosis to assess the relative risk of death. The IPI defines
four groups of patients with similar relative risk, low, low-intermediate, high-
intermediate, and high associated with a predicted 5-year survival of 75%, 51%,
43%, and 26%, respectively. For patients under 60 years, the age-adjusted index
was also developed, and includes only the stage of disease, performance status and
LDH. The predicted 5-year survival for the age adjusted-IPI groups being 83%,
69%, 46%, and 32%, respectively [3]. The revised IPI in the Rituximab era (R-IPI)
identifies three prognostic groups with a very good, good, and poor outcome and
with associated 4-year overall survivals of 94%, 79%, and 55% respectively [4].
Other disease-specific variations of the IPI were later on defined: Follicular
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Lymphoma International Prognostic Index—FLIPI [5], Mantle cell Lymphoma
International Prognostic Index —MIPI [6], etc.

Prognostic Factors in B Lymphoblastic Lymphoma

An aggressive lymphoma of B-lymphoblasts involves nodal or extranodal sites,
without or with minimal involvement of the peripheral blood and/or bone marrow.
This lymphoma comprises less than 10% of the cases of lymphoblastic lymphoma,
and has a better prognosis in children than in adults, with an estimated 80% cure
rate in children and 50% cure rate in adults [7].

Prognostic Factors and Clinical Parameters in B Lymphoblastic
Lymphoma

Amongst the poor prognosis clinical factors in children with B lymphoblastic lym-
phoma are considered infancy, age >10 years, slow response to initial therapy, and
CNS disease at diagnosis [7]. In adults a short survival was associated with a failure
to achieve complete remission, age older than 40 years, B symptoms, LDH level
more than two times the upper limits of normal, and hemoglobin level of less than
10.0 g/dL [8]. In adults, a higher complete remission rate was associated with an age
of less than 40 years, lactic dehydrogenase (LDH) level of less than two times the
upper limits of normal, early stages of disease, and no or one extranodal site of
disease [8]. The role of bone marrow involvement is controversial being not vali-
dated as a prognostic factor by Morel et al. [9] but recognized in the study of Mazza
et al. [10]. Other factors with significant role in prognosis are: stage of disease
[10, 11], symptoms, bulky disease, response to therapy [10].

Prognostic Factors and Cytogenetic Abnormalities
in B Lymphoblastic Lymphoma

The following cytogenetic abnormalities and translocations are associated with a
poor prognosis: 1(9;22)(q34;q11.2); BCR-ABLI, t(v;11g23); MLL rearrangements,
and hypodiploidy while the t(12;21)(p13;q22) TEL-AML1 (ETV6-RUNX1), hyper-
diploidy and t(5;14)(q31;q32); IL3-IGH are associated with a good prognosis. The
t(1;19)(q23;p13.3); E2A-PBX1(TCF3-PBX1) had a poor outcome when treated
with conventional antimetabolite-based therapy, but has an improved prognosis
with the more recently introduced intensive therapy protocols [7, 12]. In addition,
mutations of the p5S3 gene were found to be associated with a poor overall survival,
and treatment failure [13, 14].
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Prognostic Factors in Chronic Lymphocytic Leukemia/Small
Lymphocytic Lymphoma

Chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) is a
mature B-cell neoplasm which comprises 6.7% of all non-Hodgkin lymphomas.
While the chronic lymphocytic leukemia involves predominately the bone marrow
and blood (>5 x 10°/L circulating neoplastic lymphoid cells) the small lymphocytic
lymphoma has a predominant extramedullary distribution and <5 x 10%/L circulating
neoplastic lymphoid cells [7]. CLL/SLL has a very heterogenous course and prog-
nosis, with a median survival estimated at approximately 8—10 years; however, the
individual survival is highly variable [15].

Prognostic Factors and Histological Features in CLL/SLL

The heterogeneity of CLL/SLL is also noticeable in its morphological presentation
where not only a classical but also an atypical morphology has been described. The
atypical CLL/SLL cases usually include a subset of lymphoid cells (>10% of the
neoplastic cells) of medium to large size, with irregular, clefted nuclei, and con-
spicuous nucleoli, and include prolymphocytoid cells, more pleomorphic than the
ones noted in prolymphocytic leukemia, and in some cases plasmacytoid cells. Of
interest, patients with atypical CLL/SLL with Binet stage B and RAI stage I and II
have a lower median survival than patients with classical CLL/SLL (5.7 vs. 8.2) [16].
Furthermore, the atypical CLL/SLL cases had a higher association of trisomy 12
than classical CLL patients [15—17], presented at a more advanced clinical stage,
had a greater probability of progression to a higher stage [18], usually required
immediate treatment and their survival was shorter [16].

Prognostic Factors and Immunophenotypical Markers
in CLL/SLL

An atypical immunophenotype has been reported in a subset of the CLL/SLL cases
CD5-, CD23—, FMC7+, CDllc+, strong slg, or CD79b+, but does not usually
associate with an atypical morphology. Criel et al. [16] identified some differences
between the immunophenotype of classical CLL/SLL and the atypical CLL/SLL
cases with more mature B-cell markers, strong surface Ig staining, FMC?7 positivity,
CD11a, and CD11c more frequently expressed in the atypical cases. In the study of
Geisler et al. [19], in CD5+ CLL/SLL cases, the IgM-fluorescence intensity, CD23,
and FMC7 had significant prognostic importance, with high IgM-fluorescence
intensity, high FMC7, and low CD23 expression being associated with a short sur-
vival [19]. However, the expression of CD23 is debatable since other researchers,
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noted a higher expression of CD23 in the cases with atypical morphology than in
the classical CLL control group [18]. Two independent prognostic markers, CD38
and ZAP-70, are associated with a poor prognosis. Damle et al. [20] suggested first
the correlation between the expression of CD38, a surface adenosine diphosphate-
ribosyl cyclase by the neoplastic lymphoid cells in CLL/SLL and the underlying
IgVH mutational status: with positive cases, CD38+ “>” or “=" 30% correlating
with unmutated IgVH genes and negative cases CD38+ “<” 30% correlating with
mutated [gVH. While later studies did not support this surrogate association [20-23],
with discordant results noted in up to 30% of the patients with CLL/SLL the expres-
sion of CD38+ by the CLL/SLL neoplastic lymphoid cells is documented as an
important independent poor prognostic variable. Expression of ZAP-70, a cytoplas-
mic tyrosine kinase on neoplastic CLL/SLL cells, identifies a subtype of CLL/SLL
with a distinct gene expression profile, and an inferior clinical outcome [24] and is
a stronger predictor than the mutational IgVH status for the need of treatment in
CLL [25]. Evaluation of the proliferation rate in CLL/SLL cases suggests an
increased proliferation rate (increased percentage of Ki-67 positive cells) with dis-
ease progression [26]. A few studies [27, 28] showed that elevated intracellular
p27(Kipl) level in CLL/SLL cells of early- and intermediate-stage B-CLL patients
contributes to rapid progression of the disease. The expression of p53 by immuno-
histochemistry (cutoff 20% positive lymphoma cells) was associated with a poor
survival [13]. In the study of Masato Ito et al. [29] the expression of MUM1/IRF4
(multiple myeloma oncogene I) in CLL/SLL cases is an independent unfavorable
prognostic marker, being associated with a shorter survival. Mona Leuenberger
et al. [30] identified that expression of activation-induced cytidine deaminase (AID)
protein in small lymphocytic lymphoma cells (cutoff for positivity 5%) correlates
with an unfavorable clinical course and adverse biological parameters such as a
higher proliferation rate (>20% MIB1 positive nuclei) and a complex genetic
background.

Prognostic Factors and Clinical Features in CLL/SLL

The Ann Arbor staging system is used in the cases of strict small lymphocytic lym-
phoma, because of lack of significance in the classical chronic lymphocytic leukemia
when the bone marrow is usually involved [7]. The 10-year freedom from relapse for
stages I and II for patients treated with irradiation was 80% and 62% respectively, but
decreased to 11% in stages III and IV [31]. The development of the two widely used
clinical staging systems, Rai-Sawitsky (USA) and Binet (Europe) provide a separa-
tion of the CLL/SLL patients in low-, intermediate-, and high-risk patients. Originally
developed in 1975, the 5-stage Rai-Sawitsky system [32] was later modified in
1987 [33] (Table 3) to include: 3-stages based on parameters such as lymphocyto-
sis, anemia, thrombocytopenia, peripheral blood, bone marrow, lymph nodes,
splenic, and liver involvement. The Binet [34] 3-staging system uses an anatomi-
cally distributed lymph node involvement and anemia/thrombocytopenia (Table 4).
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Table 3 Rai-Sawitsky system, modified from [32]

Low risk (previous stage 0) Lymphocytosis in the blood and marrow only

Intermediate risk (previous stages I and II): Lymphocytosis with enlarged lymph nodes in any
site, or splenomegaly or hepatomegaly

High risk (previous stages II and IV) Lymphocytosis with disease-related anemia

(hemoglobin <11 g/dL) or thrombocytopenia
(platelets, 100 x 10°/L)

Table 4 Binet staging system, modified from Binet et al. 1981 [34]

Stage A Hemoglobin greater than or equal to 10 g/dL, platelets greater
than or equal to 100 x 10°/L, and fewer than 3 lymph node
areas involved

Stage B Hemoglobin and platelet levels are at stage A and 3 or more
lymph node areas are involved
Stage C Hemoglobin less than 10 g/dL or platelets less than

100 % 10%/L, or both

In the Binet stage the areas of involvement are defined each as one: head and neck
lymph nodes (multiple sites count as one area), axillary lymph nodes (bilateral counts
as one area), inguinal lymph nodes (bilateral counts as one area), splenomegaly and
hepatomegaly. There are limitations within the staging systems, which do not iden-
tify amongst the patients diagnosed in early stage the ones that will have an acceler-
ated clinical course, nor amongst the patients diagnosed in advanced stage the ones
that may still retain an indolent course [15]. Furthermore the nature of cytopenias
(autoimmune causes, bone marrow involvement, hypersplenism) [15], and a pro-
gressive recording of the degree of lymphocytosis are not analyzed by these clinical
stages. In the study of Zent et al. [35], cytopenia in patients with CLL secondary to
bone marrow failure was a predictor of poor prognosis (median survival 4.4 years),
while the survival from the onset of cytopenia secondary to autoimmune disease was
similar to patients with CLL but without cytopenia (median 9.3 vs. 9.7 years).

The progressive assessment of the peripheral blood lymphocytosis as an indicator
of rate of disease progression was initially suggested as a potential prognostic factor
by Galton in 1966 [36]. Nowadays defined as the interval required for the peripheral
blood lymphocytes to double their amount, the lymphocyte doubling time is consid-
ered an adverse prognostic factor if rapid (<12 months), and predicts an aggressive
clinical course and a short survival [37, 38]. The rate of lymphocyte proliferation
assessed by the [*H] thymidine uptake of the CLL lymphocytes, the percentage of the
S-phase lymphocytes and also the mitogenic activity after polyclonal lymphocyte
stimulation have been also reported to predict a poor prognosis [39].

Another indicator for poor prognosis is the serum CD23 (sCD23) level. In a
multivariate analysis of Binet stage A CLL patients, the sCD23 determination at
study entry was the only variable predictive of disease progression with a relative
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risk of clinical worsening at 5.8 for patients with sCD23 value above 574 U/mL.
In addition, during follow-up, sCD23 doubling time increased by 3.2 the risk of
death of the entire population [40, 41]. Two other independent prognostic factors
associated with a poor prognosis are the 8, microglobulin and the serum thymidine
kinase. The elevated B, microglobulin is an independent predictor of shortened pro-
gression free survival for both untreated and previously treated patients, and is also
associated with a high tumor burden and extensive bone marrow infiltration, short
duration of remission and inferior survival following treatment [41, 42]. Increased
levels of serum thymidine kinase correlate with the proliferative activity in CLL/
SLL and are predictive of progression-free survival in Binet stage A [43, 44].

Prognosis and Molecular, Cytogenetic, and Oncogenetic
Abnormalities in CLL/SLL

The CLL/SLL has been divided in two subtypes based on the mutational status of
the IgVH genes: unmutated (40-50% of the cases) and mutated (50-60% of the
cases) [20, 45]. The unmutated subtype is characterized by a more aggressive dis-
ease, with an atypical morphology, advanced clinical stage at diagnosis, adverse
cytogenetic features and resistance to therapy. The VH3-21 using CLL/SLL has a
poor outcome and represents an adverse prognostic factor independent of the IgVH
mutational status [46]. Cytogenetic abnormalities identify two major risk groups:
low-risk: normal karyotype or isolated del(13q) (del (13q)) being noted in up to
50% of the cases; and high-risk: del(17p) (noted in up to 10% of the cases), del(11q)
(noted in up to 20% of the cases), and trisomy 12 (noted in up to 18% of the cases)
[7,47, 48]. Trisomy 12 is linked to atypical morphological and immunophenotypi-
cal CLL/SLL [7, 16, 18]. The presence of high expression of lymphocyte-activation
gene 3 (LAG3) in CLL cells as well as of lipoprotein lipase (LPL) gene correlate
with unmutated IGHV, a poorer prognosis and a reduced treatment-free survival
[49, 50], while the expression of metalloproteinase 29 (ADAM?29), is overexpressed
in mutated IGHV [49]. Furthermore, the ratio of the LPL/ADAM29 expression
seems to provide a better prognostic assessment than ZAP-70 in advanced stages of
the disease [49].

Prognostic Factors in Mantle Cell Lymphoma

Mantle cell lymphoma is a B-cell neoplasm, usually composed of monomorphic
small to medium sized lymphoid cells with irregular nuclear contours and an under-
lying CCND1/IgH translocation. It comprises approximately 3—-10% of the non-
Hodgkin lymphomas, and has a median survival of 3-5 years [7].
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Prognostic Factors and Histopathological Features
in Mantle Cell Lymphoma

Argatoff et al. [51] identified that a nodular pattern of lymph node involvement by the
mantle cell lymphoma is associated with an increased overall survival (47 months)
than a diffuse pattern (39 months). However, this finding is not consistently reported
since a study of Majilis et al. [52] concludes that both the nodular and diffuse pat-
terns are associated with poor survival rates. Morphologically, two aggressive vari-
ants of the mantle cell lymphoma [7] have been described: blastoid and pleomorphic.
In the blastoid variant the neoplastic lymphoid cells resemble lymphoblasts and have
a high mitotic index of at least 20-30 mitoses/10 hpf (high power fields). The pleo-
morphic variant is characterized by variable in size cells, with large oval to irregular
nuclei some with conspicuous nucleoli and usually a pale cytoplasm. Amongst the
WHO 2008 classification’s listed “other variants” [7], the small cell variant, has been
associated with a better outcome [51]. The cases of “in-situ” mantle cell lymphoma
may suggest a better prognosis, and an initial “wait-and-see policy” is usually con-
sidered, however if the “in-situ” mantle cell lymphoma is associated with overt lym-
phoma elsewhere, therapy is recommended [53]. A high mitotic score has also been
identified as an adverse histopathological factor, with the high mitotic rate ranging
among studies from >10/10 hpf to >20/10 hpf [7, 51, 54].

Prognostic Factors and Sites of Involvement
in Mantle Cell Lymphoma

Peripheral blood involvement by mantle cell lymphoma (Fig. 1) has been usually asso-
ciated with a poor prognosis [51, 55]. However, a “leukemic” presentation of mantle
cell lymphoma (peripheral blood, bone marrow and splenic involvement) with mini-
mal or without lymphadenopathy [56, 57] has been associated with a better prognosis
and an improved survival, with a median survival of 156 months from diagnosis [57].

Prognostic Factors and Immunophenotypic Features
in Mantle Cell Lymphoma

The mantle cell lymphoma cells classical immunophenotype is CD20, CD5, CD43,
bcl2, cyclin D1 [7] and in a large number of cases SOX11 [58], positive B-lymphoid
cells. Only a small subset of cases can be weakly CD23 positive, while in their large
majority mantle cell lymphomas are CD23, CD10, and bcl6 negative. Aberrant
immunophenotype mantle cell lymphomas have been described with CD10 and
bcl6 expression in some of the blastic/pleomorphic variants, and there are also CD5
negative cases [7]. As in other lymphomas a correlation between the index of prolif-
eration as highlighted by the number of Ki-67 positive cells and prognosis has been



Prognostic Factors in B-Cell Lymphomas 109

83 % e.'in
d Ogn B ©
»

P - O @
' )
- - I' A
1 .
4 -

>

LY

-u‘";‘
‘B8 °

) © @
2 = ah 4 J A

Fig. 1 Peripheral blood involvement by mantle cell lymphoma, Wright-Giemsa stain, objective
100x, oil immersion

increasingly noted, with indices of >35% being associated with a poorer prognosis
[6, 59, 60]. The index of proliferation ranges from 1.2 to 91% in mantle cell lym-
phoma cases [6, 51], and Katzenberger et al. [59] identified median survivals of
approximately 1 year for Ki-67 indices of 61-90%, and about 4 years for Ki-67
indices of 5-20% [59]. His et al. evaluating the immunohistochemical expression of
PIM] (a cell cycle-related gene upregulated in blastoid MCL) in untreated mantle
cell lymphoma patients of <70 years of age, found that the PIM1 expression was
associated with shorter progression free survival and event free survival indepen-
dent of clinical factors, and that the PIM 1 expression is predictive of a poor outcome
[60]. The rare Cyclin DI negative mantle cell lymphoma, is associated with a
significantly better outcome [61]. The overexpression of p53, (Fig. 2) by the lym-
phoma cells also delineates a subset of aggressive mantle cell lymphomas with a
decreased overall survival [62].

Prognostic Factors and Cytogenetic and Oncogenetic
Abnormalities in Mantle Cell Lymphoma

A complex karyotype and an increased number of chromosomal alterations (gains: 3q,
9q and 13q; loses: 1p, 9p, 9q, and 17p; 10p alterations) have been associated with a
poorer prognosis [7, 63]. Aggressive blastoid/pleomorphic variants have a higher kary-
otypic complexity, a higher frequency of 1p and 17p deletions and 10p alterations,
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Fig. 2 p53 expression by blastoid variant of mantle cell lymphoma, objective 20x

a higher proliferation index and a poor survival. Gains of chromosomes 3q and 17p
losses detected by conventional cytogenetics are prognostic markers indicating poor
outcome [63] and are associated with a poorer prognosis independent of the prolifera-
tion index. Mutations in p16™&* at 9p22-24, and p53 at 17p13, are associated with a
worse prognosis, and often are detected in the blastoid and pleomorphic variants [7,
63-65]. Large/complex 13q losses as well as losses/copy number neutral LOH at 19p13
are reported to be associated with an improved survival [66].

Prognostic Factors and Clinical Features
in Mantle Cell Lymphoma

The advanced stage disease, age >65 years, high tumor burden, the presence of B
symptoms and poor performance status are all associated with a poor prognosis. In
contrast, younger age (<65 years), normal LDH serum levels as well as normal beta
2-microglobulin seem to be associated with a better outcome [67]. The Mantle cell
lymphoma International Prognostic Index (MIPI) [6], derived from a trial of 455
patients with advanced stage disease identifies four independent prognostic factors:
age, Eastern Cooperative Oncology Group performance, lactate dehydrogenase and
leukocyte count. Based on their MIPI the mantle cell lymphoma patients are
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separated into three risk groups: low risk (median survival was not reached after
a median 32 months follow-up; the 5-year OS rate was 60%), intermediate risk
(median survival 51 months) and high risk (median survival 29 months).

Prognostic Factors in Follicular Lymphoma

Follicular lymphoma is a B-cell lymphoma derived from germinal center B-lymphoid
cells and consists of both centrocytes and centroblasts with usually at least a par-
tially follicular pattern. Follicular lymphoma comprises 22% of all lymphomas,
with a higher incidence (approximately 35%) in USA and Western Europe. The
median age at diagnosis is 5965 years old, and also occurs in patients less than 20
years old. The t(14;18)(q32;q21) juxtaposing the anti-apoptotic gene bcl2 to the
immunoglobulin heavy chain gene locus on chromosome 14 is seen in approxi-
mately 90% of the low-grade follicular lymphomas [7].

Prognostic Factors and Histological Features
in Follicular Lymphoma

In 1983 Mann and Berard [68] introduced a grading system for follicular lymphoma
that remains widely used [7]. The grading is based on counting the absolute number
of centroblasts in ten neoplastic lymphoid follicles, and is expressed per high-power
microscopic field (hpf, 40x) of 0.159 mm? Grade 1 has 0-5 centroblasts per hpf,
grade 2 has 6-15 centroblasts per hpf and grade 3 has >15 centroblasts per hpf.
In addition, the grade 3 follicular lymphoma is subdivided in grade 3a, with >15
centroblasts per hpf, but has still admixed centrocytes, while grade 3b has solid
sheets of centroblasts without centrocytes. The method of grading was maintained
because of its proven capacity to predict the overall survival as well as the failure-
free survival [69]. The low-grade follicular lymphomas (grade 1: 05 centroblasts/
hpf, and grade 2: 6-15 centroblasts/hpf) are indolent lymphomas with a median
survival reported as 14 years in 2004 [70]. These low-grade follicular lymphomas
are often not curable with the known therapy regimens. Of interest, the more aggres-
sive grade 3 follicular lymphomas (>15 centroblasts/hpf), are often described as a
heterogenous group, with grade 3a follicular lymphoma with associated t(14;18) in
73% of the cases (and thus closer in expression to low-grade follicular lymphomas),
and follicular lymphoma grade 3b with only 13% of the cases harboring the trans-
location and biologically, based also on the associated secondary chromosomal
abnormalities, being closer to diffuse large B-cell lymphomas [71]. In their study,
His et al. [72] came to the conclusion that grades 3 follicular lymphomas seem to
have a similar survival rate of 44 months. While diffuse areas in low-grade follicular
lymphomas do not significantly influence the overall prognosis, diffuse areas in



112 D.O. Treaba

grade 3 follicular lymphomas, now considered diffuse large B-cell lymphomas
components [7] will significantly alter the overall prognosis.

Prognostic Factors and Immunophenotypical Features
in Follicular Lymphoma

The neoplastic follicles are CD20 positive— B-lymphoid follicles with expression
of germinal center markers (CD10 and bcl6) and also with expression of the anti-
apoptotic marker bcl2. On occasions expression of MUM-1 which is generally not
seen in follicular lymphomas has been described in follicular lymphomas, espe-
cially in the higher grades follicular lymphomas. Naresh et al. [73], identified that
78.9% of follicular lymphomas of grades 3a and 3b were MUM I-positive, while
only 7.4% of the follicular lymphomas of grades 1 and 2 were MUMI1-positive
(»<0.0001). Nine of ten follicular lymphomas of grade 3b (90%) were MUM1-
positive. Furthermore, MUMI1 expression showed a significant inverse correlation
with CD10 and Bcl-6 expression [73]. A subset of the high-grade follicular lympho-
mas, some with focally diffuse areas has been reported to co-express CD43 [74].
An association between the histological grade of follicular lymphomas and the pro-
liferation index Ki-67 is also reported with lower grade follicular lymphomas asso-
ciated with a proliferation fraction of <20% while most grade 3 follicular lymphomas
have proliferation rates of >20%. In the study of Broyde et al.[75] in follicular lym-
phomas, the mean Ki-67 proliferation index increased with the grade, from
19.6+18% in grade 1 to 61.6+28% in grade 3. However, there was no definite asso-
ciation between Ki-67 proliferation index and survival. Wang et al. described [76] a
subset of low-grade follicular lymphomas associated with a high proliferation rate,
and this subset had a more aggressive behavior, comparable to grade 3 follicular
lymphomas. Figure 3 demonstrates an example of a low-grade follicular lymphoma
with a high proliferation rate. A high prevalence of cyclin D3 IR expression (noted
in >20% of the neoplastic lymphoid cells) as well as of p27 was reported in grade 3
follicular lymphomas [77], and was concordant with a high proliferation rate in
these high-grade follicular lymphomas. This discovery raised the speculation that
Cyclin D3 may have a role in driving the proliferation of the neoplastic follicular
cells, and also that the association between cyclin D3 and proliferation is likely
tumor-specific. A high expression of the tumor suppressor gene p53 expression
(“>" or “=" 45% of the neoplastic follicle cells) was also detected by immunostain-
ing in neoplastic follicles and may predict histological transformation [78].
The overexpression of the suppressor of cytokine signaling 3 protein—SOCS3 by
some of de novo follicular lymphomas when evaluated immunohistochemically
segregated after adjusting for FLIPI subgroups, a group of follicular lymphomas
with a decreased overall survival. These findings, while reported only in a single
study to date, suggest that the overexpression of SOCS3 may be an independent
poor prognostic factor in patients with de novo follicular lymphomas [79].
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Fig. 3 Low-grade follicular lymphoma on left hematoxylin and eosin (H&E) stained slide,
objective 20x; anti-CD10 antibody highlights the neoplastic follicle cells, objective 20x, anti-bcl2
antibody highlights both the neoplastic follicles and the interfollicular cells, objective 20x, and the
MIB-1 antibody to the KI-67 antigen highlights the high proliferation rate (approximately 60-70%)
in the neoplastic follicles, objective 20x

Prognostic Factors and Clinical Features. Follicular Lymphoma
International Prognostic Index

Developed from the results of a multicentric retrospective study of 4,167 patients
[5] the Follicular Lymphoma International Prognostic Index is based on five prog-
nostic parameters: age (=60 years vs. <60 years), Ann Arbor stage (III-IV vs. I-1I),
hemoglobin level (<120 g/L vs. 2120 g/L), number of nodal areas involved (>4 vs.
<4), serum LDH level (above normal vs. normal or below)[5]. The patients are
divided in three risk groups: low, intermediate and high. Patients with a good prog-
nosis (0—1 adverse factors) have according to this study a 10-year overall survival
of 71%. Patients with intermediate risk group (2 risk factors) had a 10 years overall
survival of 51% and patients in the high-risk group (= or >3 risk factors) had a 10
years overall survival of 36% [5].

In a second and prospective FLIPI study of 1,093 patients the prognostic factors
were changed to age >60 years, hemoglobin 12 g/dL, serum beta 2 microglobulin
higher than the upper normal limit, longest diameter of the largest lymph node
>6 cm and bone marrow involvement. As a consequence, the FLIPI2 score defined
three risk groups: patients in the low-risk group (number of risk factors 0) with a
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3-year survival rate of 99%, patients with intermediate risk (number of risk factors
1-2) have a 3-year survival rate of 96%, while patients in a high-grade group (3-5
risk factors) have a 3-year survival rate of 77% [80].

Prognosis and Cytogenetic and Oncogenetic Abnormalities
in Follicular Lymphoma

The t(14;18) has been documented in up to 90% of the low-grade follicular lym-
phomas, and in approximately 90% of the cases there are other genetic abnormali-
ties [7]. The presence of a complex karyotype and also the presence of six
chromosomal abnormalities are associated with a poor prognosis. Associated with
a poor prognosis are chromosomal abnormalities: del6q23-26, dell7p, —1p, +12,
+18p, +Xp, and also mutations in TP53. Alterations of chromosomes 1p36, 9p,
and 6qg21 are associated with an increased risk of transformation to a higher grade
lymphoma [81]. A few cases of high-grade follicular lymphomas have associated
t(14;18) and MYC rearrangements. MY C rearrangements have been also described
when transformation to a more aggressive lymphoma takes place [82]. Microarray
studies of gene expression highlight the importance of follicular lymphoma’s
specific “microenvironment” signature and median overall survival. Involvement
of the neoplastic tissue by T-cells and monocytes (immune response type 1)
suggest a favorable prognosis, and is associated with a median overall survival of
11.2 years. The involvement by monocytes and dendritic cells (immune response
type 2) suggest a poor outcome and are associated with a median overall survival
of 3.9 years [83].

Transformation of Follicular Lymphomas
to High-Grade Lymphomas

Transformation to high-grade lymphomas has been described in follicular lym-
phomas and occurs in 25-60% of the follicular lymphomas [84, 85], being associ-
ated with a poor prognosis, and disease refractory to therapy. While progression to
diffuse large B-cell lymphoma, is most often encountered, progression to Burkitt
lymphoma or B lymphoblastic lymphomas have also been described. In their study
of 276 patients, Silvia Montoto et al. [85] described high-grade transformation of
follicular lymphomas to diffuse large B-cell lymphomas in 11% (30/276) after a
median follow-up of 6.5 years, with a risk of 15 and 22% at 10 years and at 15
years, respectively. In the multivariate analysis, grade 3 histology and the FLIPI
retained prognostic significance. Only FLIPI predicted high-grade transformation
in grade 1-2 patients. Twenty-eight patients received salvage treatment for high-grade
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transformation, with a CR rate of 52%. The median survival from transformation
was 1.2 years.

Prognostic Factors in Marginal Zone Type Lymphomas

Prognostic Factors in Extranodal Marginal Zone Lymphoma
of Mucosa-Associated Lymphoid Tissue (Malt Lymphoma)

Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT
lymphoma) is an indolent B-cell lymphoma, with an incidence of 7-8% amongst the
B-cell lymphomas, and comprises approximately 50% of the primary gastric lym-
phomas. The lymphoma cells infiltrate the marginal zone of reactive B-lymphoid
follicles and also extend in the interfollicular region. In epithelial tissues the neoplas-
tic cells infiltrate the epithelium forming lymphoepithelial lesions. Morphologically,
it consists of a heterogenous lymphoid population of small centrocyte-like cells,
monocytoid B-cells, immunoblasts and centroblasts like cells. Plasma cell differen-
tiation is noted in up to 30% of the cases [7]. The median age at diagnosis is 61 years
old, and the 5-year overall survival is reported between 86 and 95% and there is no
significant difference between GI or non-GI lymphoma and between localized and
disseminated disease [7, 86].

Prognostic Factors and Histological and Immunophenotypical Features
in Extranodal Marginal Zone Lymphoma of Mucosa-Associated
Lymphoid Tissue (MALT Lymphoma)

The low depth of lymphoma invasion in GI locations is associated with a better
outcome [87]. In prior studies a histological separation of “low-grade” and
“high-grade” MALT lymphomas was made [88, 89], based on an increased
number of large transformed cells in the later, with the higher grades reported to
be associated with a poorer outcome. However, this “grading” of MALT lym-
phomas is not recognized in the 4th edition of the WHO Classification [7].
MALT lymphoma’s transformation to diffuse large B-cell lymphoma is associ-
ated with a poorer outcome [87, 89-91]. The proliferation rate as highlighted
by the number of Ki-67 positive nuclei is usually low (ranges from 3 to 35%,
average 13.2%)[75], and no significant association was found between Ki-67
and overall survival. Of interest, expression of CD43 positive in ocular lympho-
mas was found to be associated with a higher rate of subsequent distant recur-
rence and the rate of lymphoma-related death [92]. The expression of bcl-10 by
immunohistochemistry appears to identify those MALT lymphomas with underlying
genetic aberrations [93].
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Prognostic Factors and Clinical Features in Extranodal Marginal Zone
Lymphoma of Mucosa-Associated Lymphoid Tissue (MALT Lymphoma)

Amongst the adverse clinical prognostic factors are the poor performance status,
bulky tumor, and incompletely resected tumor [93], and high levels of LDH, beta
2-microglobulin, and serum albumin [89, 93]. An early stage MALT lymphoma had
the best prognosis [93] while presentation with disseminated disease was reported
to carry a poorer prognosis [94].

Prognostic Factors and Cytogenetic Abnormalities Extranodal Marginal
Zone Lymphoma of Mucosa-Associated Lymphoid Tissue
(MALT Lymphoma)

A prognostic role has been designated by several studies to the presence of t(11;18)
(q21;921), in gastric MALT lymphomas. The translocation between API2-MALT is
predictive of resistance to antibiotic therapy to H. pylori [95], and also to resistance to
oral alkylating agents, with less than 10% of durable remission at long-term follow-up
[96]. In addition, patients with t(11;18)-positive or aneuploidy-positive MALT lym-
phomas have a higher tendency for recurrence and for bone marrow involvement than
the MALT lymphomas that lacked chromosomal abnormalities (recurrence rate
approximately 50% vs. 20%, bone marrow involvement 25% vs. none)[97]. In addi-
tion, both API2-MALT] fusion and aneuploidy were disproportionately detected in
the lung (90% of the primary pulmonary MALT lymphomas had either t(11;18) or
trisomy 3 and/or 18) findings suggesting that primary pulmonary MALT lymphomas
may have a poorer prognosis than those arising in other sites [97, 98].

Prognostic Factors in Nodal Marginal Zone Lymphoma

This B-cell lymphoma comprises less than 2% of all non Hodgkin lymphomas, and
morphologically resembles lymph nodes involved by extranodal marginal zone
lymphoma or splenic marginal lymphoma types without evidence of extranodal or
splenic disease. The median age at diagnosis is 60 years, and the 5-year survival
ranges from 60 to 80% [7, 99, 100].

About half of all patients have an International Prognostic Index (IPI) score
between 1 and 2 at diagnosis. The Follicular Lymphoma International Prognostic
Index can be also used to assess the risk score. In the study of Arcaini et al. on 51
patients, the univariate analysis identified a worse overall survival associated with
FLIPI, age >60 years and increased lactate dehydrogenase while on the multivariate
analysis, only FLIPI predicted a worse overall survival [101]. The prognosis of
nodal marginal zone lymphoma appears to be less favorable than other marginal
zone lymphomas [99, 102]. A pediatric form has been also described, with a male
sex predominance, usually localized in the head and neck regions, and characterized
by a long survival and a very low relapse rate [103, 104].
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Prognostic Factors in Splenic Marginal Zone Lymphoma

A rare B-cell lymphoma, splenic marginal zone lymphoma (SMZL) comprises less
than 2% of all non Hodgkin lymphomas, characterized by small lymphoid cells that
surround and replace the splenic white pulp germinal centers, efface the follicle
mantle and merge with a peripheral (marginal) zone of larger cells; both small and
large cells infiltrate the red pulp [7]. The lymphoma involves the splenic hilar lymph
nodes, the bone marrow and the peripheral blood where characteristic “villous”
lymphocyte morphology has been described.

Arcaini et al. [105] described three risk adverse prognostic factors: hemoglobin
<12 g/dL, albumin <3.5 g/dL, and lactate dehydrogenase (LDH)>upper limits of
normal. Three risk groups were identified using this model: low risk (0 factors),
intermediate risk (1 factor), and high risk (2-3 risk factors) with 5-year cause-
specific survival of 88%, 73%, and 50%, respectively. A subset of cases has unmu-
tated IgVH genes and in this group 7q31 deletions are more frequent as is a shorter
overall survival [106]. A study of cDNA microarray analysis identified a shorter
survival with CD38 expression, naive IgV , genes, and the expression of a set of
NF-kB pathway genes, including TRAFS, REL, and PKCA [107], while on a study
of splenic a marginal zone lymphoma on mice Bahler et al. [108] suggest the exis-
tence of two different groups of splenic marginal zone lymphomas one IgD+, and
carrying unmutated V,, genes consistent with a naive B-cell origin and the other
one IgD-, with mutated V , genes consistent with a memory B-cell origin. Other
adverse prognostic factors suggested are: lack of response to therapy, involvement
of nonhematopoietic sites, bone marrow involvement, the presence of M compo-
nent, elevated, beta 2-microglobulin level, leukocyte count >20,000/pL, lympho-
cyte count >9,000/uL, and the overexpression of p53 [109, 110]. Loses of 7 and
17p have been associated with a shorter survival [111], while translocations t(2;8)
(p12;q24) and t(14;18)(q32;q21) seem to be associated with a more aggressive
disease [110].

Prognostic Factors in Splenic B-Cell Lymphoma/Leukemia,
Unclassifiable

A rare B-cell lymphoma, comprising <1% of the non-Hodgkin lymphomas, char-
acterized by with diffuse infiltration of the splenic red pulp by a population of
small monomorphous B-lymphoid cells. There is peripheral blood involvement
with villous lymphocytes and also involvement of the bone marrow (sinusoids).
This is an indolent lymphoma, with good response after splenectomy [7, 112].
An increased p53 expression [7] was noted in some cases, and it seemed to be
associated with a more aggressive disease, and a poorer prognosis [113, 114].
A more detailed evaluation of specific prognostic factors is however still lacking,
due to the rarity of this disease.



118 D.O. Treaba
Prognostic Factors in Lymphoplasmacytic Lymphoma

This B-cell lymphoma comprises approximately 1% of the non-Hodgkin lymphomas,
and is characterized by a clonal population of small lymphoid cells, plasmacytoid
lymphocytes, and plasma cells, with usual involvement of the bone marrow and
occasionally lymph node and splenic involvement. This lymphoma does not fulfill
the criteria for other B-cell lymphomas with plasmacytic differentiation. The median
survival is 5-10 years, and there is a slight male predominance. An association with
hepatitis C virus infection, cryoglobulinemia type II, and rarely amyloid deposition
was reported. A monoclonal paraprotein, often of IgM type is associated, but some
cases can have other paraproteins or no paraproteins. Waldenstroms’ macroglobu-
linemia is considered a lymphoplasmacytic lymphoma with bone marrow involve-
ment and an IgM paraprotein of any concentration [7].

Prognostic Factors and Histological Features
in Lymphoplasmacytic Lymphoma

Involvement of >50% of the bone marrow space by lymphoma, as well as an
increased number of large transformed cells, a polymorphous variant, and the trans-
formation to diffuse large B-cell lymphoma are indicators of a more aggressive
behavior [115-117].

Prognostic Factors and Immunophenotypical Features
in Lymphoplasmacytic Lymphoma

The proliferation index (percentage of Ki-67 positive cells) ranged from 5 to 20%
in patients with lymphoplasmacytic lymphoma in one study [75], where an associa-
tion between Ki-67 and prognosis was not identified, while in other studies [117,
118] an increased Ki-67 was indicative of a more aggressive disease.

Prognostic Factors and Clinical Features in Lymphoplasmacytic
Lymphoma

In 2009, the International Prognostic Scoring System for Waldenstrom macroglobu-
linemia was developed based on five high-risk covariates (ISSWM): age >65 years,
hemoglobin <11-5 g/dL, platelet count <100 x 109/L, beta 2-microglobulin >3 mg/L
and serum monoclonal protein concentration (IgM paraproptein) >7.0 g/dL esti-
mated by densitometry. Three risk group patients were identified: low risk: with <1
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adverse characteristic and age <65 years, intermediate risk with 2 adverse
characteristics or only age >65 years, and high-risk patients with >2 adverse char-
acteristics. The 5-year survival rates were 87%, 68%, and 36% respectively [119].

Several studies indicate that some pretreatment parameters: including older
age, male sex, B-symptoms, cytopenias, low albumin serum levels and high beta
2-microglobulin (41 U/L) are markers of poor prognosis in Waldenstrom macro-
globulinemia [120—-123]. In particular, hemoglobin and high beta 2-microglobulin
levels at diagnosis are important prognostic markers in Waldenstrom macroglobu-
linemia [120, 123]. In early disease stages, serum beta 2-microglobulin, serum
thymidine kinase, Karnofsky performance status, and platelet count indepen-
dently predict progression-free survival in patients with lymphoplasmacytic
lymphoma [123].

Prognosis and Molecular and Cytogenetic Abnormalities
in Lymphoplasmacytic Lymphoma

Molecular and cytogenetics-based studies have been also used to identify possible
prognostic factors in lymphoplasmacytic lymphoma and amongst the various cyto-
genetic abnormalities encountered the most frequent structural abnormality (approx-
imately 30-50% of the cases) identified was del(6q) which involves the q13 to q25
region [124]. While the presence of the deletion of 6q does not influence the disease
presentation, initiation of treatment or survival, it has been suggested as a possible
marker of transformation in LPL/WM to large cell lymphoma [116, 124].

Studies of micro RNA profiling identified in Waldenstrom macroglobulinemia
(WM) a characteristic microRNA signature with an increased expression of
microRNA-363%/-206/-494/-155/-184/-542-3p, and a decreased expression of
microRNA-9*. The increased expression of the five miRNAs is an important adverse
prognostic factor and correlates with the International Prognostic Staging System.
In addition, because therapeutic agents alter the levels of the major miRNAs
identified, by downmodulation of five increased miRNAs and up-modulation of
patient-downexpressed miRNA-9*, the microRNAs may provide the basis for the
development of new microRNA-restricted therapeutic target in WM [123].

Prognostic Factors in Burkitt Lymphoma

A highly aggressive B-cell lymphoma composed of monomorphic medium-sized
transformed cells, with an extremely short doubling time and with often presenta-
tion in extranodal sites or as an acute leukemia [7]. The incidence is approximately
1% of the non-Hodgkin lymphomas in USA and 2.2% in Europe. The large majority
of the cases are associated with MYC rearrangements, with t(8;14)(q24q32) being
most often encountered and with a lower incidence of translocations t(2;14) and
t(14;22). However, in spite of a classical immunophenotype and morphology in up
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to 10% of cases of classical Burkitt lymphoma a myc translocation can not be
demonstrated by FISH. There are three clinical variants recognized: endemic, spo-
radic and immunodeficiency associated. After the introduction of CODOX-M/IVAC
combination chemotherapy, rituximab and dose-adjusted (DA)-EPOCH [124, 125],
Burkitt lymphoma achieved a cure rate of more than 90%.

Prognostic Factors and Morphological Features
in Burkitt Lymphoma

The clinical variants of Burkitt lymphoma do not have distinct morphological fea-
tures. Burkitt lymphoma has an extremely high proliferation index (>95% Ki-67
positive cells) and a high fraction of apoptosis. The apoptotic Burkitt lymphoma
cells attract benign monocytes and macrophages [126, 127] in the tumoral tissue
and a characteristic “starry sky pattern” occurs. In a small group of reported cases a
prominent granulomatous pattern was described and these cases were associated
with a localized disease and a favorable response to chemotherapy [126—129].

Prognostic Parameters and Immunohistochemical Features
in Burkitt Lymphoma

Several studies have indicated that a subset of the Burkitt lymphomas can express
CD30 positivity, and in the study of Tumwine et al. the expression of CD30 by
Burkitt lymphoma is associated with an improved survival —12.3 years than 6.8 year
noted in the CD30 negative cases [130]. The expression of c-Flip [131] was found
highly related to a poor prognosis, mostly characterized by adults with a chemoresis-
tant disease, resulting in a high death rate within the first year of diagnosis. The
2-year overall survival with c-Flip expression was 24% compared with 93% in the
absence of this marker. The study of Nomura Y et al. identified a significant differ-
ence in the overall survival between the Burkitt lymphoma cases with high caspase
expression, bcl2 negative (76%) and low caspase-3, bcl2 negative (50%) groups. In
addition, the association of low caspase-3 expression, bcl-2 positive identified a
group of Burkitt lymphoma with the worst prognosis (16%) [132].

Prognostic Parameters and Clinical Aspects
in Burkitt Lymphoma

The International Prognostic Index (IPI), based on five clinical parameters: age >60
years, stage III-IV, spread of lymphoma to more than one site beyond the lymph
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nodes, high levels of lactate dehydrogenase, and poor general health is used to
predict disease free survival and overall survival. A low IPI score (0-1) is associated
with an overall survival rate of 73%, while an IPI score of 5, is associated with a
5-year overall survival of 26%.

In patients with HIV and Burkitt lymphoma, several factors have been identified
to associate with an adverse prognosis: a history of previous opportunistic infection
(AIDS-defining diagnosis), a poor performance status, bone marrow involvement,
and a CD4 count less than 100 cells/pL at diagnosis [133—-136]. The British HIV
Association (BHIVA) guidelines recommend the use of a HIV-related NHL prog-
nostic index that combines the original IPI with the CD4 cell count at the time of
diagnosis. HIV-BL treated with intensive chemotherapies, showing complete
response rate ranging from 63 to 100%.

Prognostic Factors and Cytogenetics Abnormalities
in Burkitt Lymphoma

Thirty to 40% of Burkitt lymphoma cases harbor only the t(8;14) or its variant trans-
locations: t(8;22)(q24:;q11) and t(2;8)(p12;q24). The variant translocations seem to
have a poorer survival rate and the t(8;22)(q24;q11) has an increased frequency in
patients with AIDS [137]. The rest of Burkitt lymphoma cases exhibit one to two
additional abnormalities: preponderant abnormalities of 1q, trisomy 7, trisomy 12
or alterations at 13q [138]. The prognostic analysis has identified a subset of Burkitt
lymphoma patients exhibiting loss of 13q, particularly 13q14.3, and with a significant
decrease in 5-year overall survival (77% vs. 95%)[139]. These observations indi-
cate that del(13¢g) occurs in childhood Burkitt lymphoma at frequencies higher than
previously detected by classical cytogenetics and underscores the importance of
molecular cytogenetics in risk stratification.

Prognostic Factors in Diffuse Large B-Cell Lymphoma,
Not Otherwise Specified

An aggressive B-cell lymphoma, with a diffuse pattern of growth, the Diffuse Large
B-cell Lymphoma consists of large neoplastic lymphoid cells with nuclei being
more than twice the size of the nucleus of a small lymphocyte or larger than the
nuclei of macrophages. This is the most common type of adult non-Hodgkin lym-
phomas with an incidence of approximately 25-30%. The median age at diagnosis
is 64 years old, but it can occur at any age. A slight male predominance has been
reported [7].
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Prognostic Factors and Histological Features in Diffuse
Large B-Cell Lymphoma, NOS

The most frequently identified morphological variants: centroblastic, immunoblastic,
anaplastic, as well as the rare variants (pseudorosette formation, myxoid and
fibrillary stroma, signet ring cells, spindle cells, microvillous projection, intracyto-
plasmic granules, etc.) do not appear to have a definite impact on the survival; how-
ever, some studies did associate the immunoblastic variant with a worst outcome
[140, 141]. The discordant morphology noted in bone marrow involvement by a
subset of diffuse large B-cell lymphomas was associated with older age, elevated
lactate dehydrogenase, advanced stage, and increased number of extranodal sites
and was not a negative prognostic factor independent of the IPI score. The morpho-
logically concordant bone marrow involvement by diffuse large B-cell lymphoma is
associated with a very poor prognosis, and remains an independent prognostic fac-
tor for progression-free survival [142].

Prognostic Factors and Immunophenotypical Features
in Diffuse Large B-Cell Lymphoma, NOS

A more favorable prognosis has been reported for diffuse large B-cell lymphomas
(DLBCL) with a germinal center (GC) immunophenotype (CD10 and bcl6 posi-
tive—Hans algorithm (Fig. 4) [143]) and also the LMO2 expression [144].
Furthermore, the LMO2 expression is associated with t(14;18) but not with bcl6
translocations in diffuse large B-cell lymphomas and appears to be a potential marker
for the GC immunophenotype [144, 145]. The expression of IRF4/MUM-1 (non ger-
minal center— ABC immunophenotype in Hans algorithm (Fig. 4) [143]), CD5 [146,
147] (which is also associated with an increased incidence of CNS involvement),
bcl2 [148], anaplastic lymphoma kinase [149, 150], cyclin D2 [151], and cyclin D3
[152], survivin, XIAP and CD95 positivity [153] were found to be unfavorable fac-
tors to therapy response and shorter survival. In addition, expression of caspase [153,
154], lung resistance protein [156] nuclear overexpression of P14 (ARF)[156], pro-
tein kinase C-beta [151], FOX-P1 [157, 158], adhesions molecules (CD44 and CD45
-ICAM1) [159], and lack of HLA-DR [160] expression are also associated with a
worse outcome. In addition, the patients with EBV-positive DLBCL [162] (detected
by in situ hybridization) have a worst clinical outcome than patients with EBV-
negative DLBCL. Analysis of Ki-67 proliferation index [162, 163] has shown that
high proliferation indices >40% and notable >90% is associated with a poorer prog-
nosis. The study of Meyer et al. [164] identified SPARC (secreted protein, acidic and
rich in cysteine) expression in the microenvironment of DLBCL, which can be used
for prognosis, separating a subgroup of patients with ABC DLBCL who have
significantly longer survival. More aggressive chemotherapy protocols should be
considered for patients with ABC DLBCL without SPARC + stromal cells. The CD68
expression by cells present in the microenvironment did not predict survival [165].
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Diffuse large B-cell ymphoma with a germinal center immunophenotype,
modified after Hans et al, 2003

Diffuse large B-cell ymphoma with a non -germinal center immunophenotype,
modified after Hans et al, 2003

Fig. 4 Hans algorithm, modified from Hans et al., 2003 [143]

Prognostic Factors and Clinical Features in Diffuse
Large B-Cell Lymphoma, NOS

The International Prognostic Index was revised in 2007 due to addition of Rituximab
(R-IPI) to the therapy with CHOP [4] and identifies three prognostic groups with a
very good (score 0; 4-year progression-free survival [PFS] 94%, overall survival
[OS] 94%), good (score 1-2; 4-year PFS 80%, OS 79%), and poor (score 3-5;
4-year PFS 53%, OS 55%) outcome, respectively. The R-IPI does no longer identify
a risk group with less than a 50% chance of survival [4].

Prognosis and Cytogenetic and Oncogenetic Abnormalities
in Diffuse Large B-Cell Lymphoma, NOS

The study of Alizadeh et al. [165] identified two molecularly distinct forms of
DLBCL which had gene expression patterns corresponding to different stages of
B-cell differentiation: the germinal center B cells (germinal center B-like
DLBCL) and genes normally induced during in vitro activation of peripheral
blood B cells (activated B-like DLBC). Patients with a germinal center B-like
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profile DLBCL had a significantly better overall survival than those with activated
B-like DLBCL. Diffuse large B-cell lymphomas with high BCL-6 gene expres-
sion have a median overall survival (OS) of 171 months, while DLBCL with low
BCL-6 gene expression had a median OS of 24 months. BCL-6 gene expression
was an independent survival predicting factor in multivariate analysis together
with the elements of the International Prognostic Index (IPI) [166]. Adverse
prognostic factors in diffuse large B-cell lymphomas are the TP53 mutations and
c-myc rearrangements [167, 168].

Prognostic Factors in Diffuse Large B-Cell Lymphoma Subtypes

Prognostic Factors in T-Cell/Histiocyte-Rich Large
B-Cell Lymphoma

T-cell/histiocyte-rich large B-cell lymphoma comprises approximately 1-2% of the
non-Hodgkin lymphomas. The T-cell/histiocyte-rich large B-cell lymphoma has a
male predominance, with a median age of 40 years [7, 169]. This is an aggressive
lymphoma, usually diagnosed in an advanced disease stage. In univariate analysis,
the proliferation fraction and the p53 overexpression, as well as the clinical vari-
ables incorporated in the International Prognostic Index (IPI), correlated with the
response to treatment and survival. However, only the IPI score identified was
relevant for prognosis in a multivariate analysis [170]. Poppe et al. identified the
recurrent t(9;14)(p13;q32), PAX5/IGH gene rearrangement in cases of T-cell/
histiocyte-rich large B-cell lymphomas and suggested an association between the
presence of this translocation and a “de novo” diffuse large B-cell lymphoma with
an adverse prognosis [171].

Prognostic Factors in Primary Large B-Cell
Lymphoma of the CNS

Restricted at the time of diagnosis to primary intracerebral or intraocular loca-
tions, Primary diffuse large B-cell lymphoma of the CNS represents <1% of all
non-Hodgkin lymphomas. The median age is approximately 60 years, and there
is a slight male preponderance. This is an aggressive lymphoma with relapses in
the CNS but also systemic [7]. The International Extranodal Lymphoma Study
Group identified in a series of 378 patients with primary CNS (this study
included both B and T-cell lineage lymphomas) the following adverse factors:
age >60 years, performance status >1, elevated lactate dehydrogenase serum
level, high CSF protein concentration, and involvement of deep regions of the
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brain (periventricular regions, basal ganglia, brainstem, and/or cerebellum)
independently associated with a worse survival [172]. Other studies however,
identified only the age and the performance status as independent prognostic
factors [173, 174]. Hottinger et al., in a study of 45 patients with primary central
nervous system lymphoma identified a correlation between serum markers like
YKL-40 (a tissue marker of inflammation related to carcinogenesis) and MMP-9
(remodeling permeability) with the radiographic disease status, and the longitu-
dinal increase in serum levels of YKL-40, but not the serum MMP-9 levels, can
predict survival [175]. A larger subset of the primary CNS large B-cell lympho-
mas is of non-germinal center origin, however, a statistically significant differ-
ence in the overall survival between the germinal and non-germinal center
groups was not seen [176].

Prognostic Factors in Primary Cutaneous Diffuse
Large B-Cell Lymphoma, Leg Type

Primary cutaneous diffuse large B-cell lymphoma, leg type, comprises 4% of all
cutaneous lymphomas. The median age at diagnosis is 76 years, has a higher
incidence in women, a 5 year survival of 50% [7], and has frequent relapses and
extracutaneous dissemination. Location on the leg and multiple skin lesions
were predictive of death in multivariate analysis. Multiple skin lesions at diag-
nosis were predictive of death in a multivariate analysis [177]. FOXP1 gene
gains have been identified in 82% of PCLBCL, leg type in a series [178], and the
overexpression of FOXP1 is suggested to indicate an unfavorable prognosis.
Inactivation of p16INK4a/CDKN2A gene might be a diagnostic feature of large
B cell lymphoma leg type and is also associated with an unfavorable prognosis
[179, 180].

Prognostic Factors in EBV Positive Diffuse Large
B-Cell Lymphoma of the Elderly

EBYV positive diffuse large B-cell lymphoma of the elderly (median age at diagno-
sis—71 years old) occurs in patients without a prior lymphoma or underlying
immunodeficiency [7]. This is an aggressive B-cell lymphoma with a median sur-
vival of 2 years. The histological subtypes described (polymorphous and large —
cell lymphoma subtype) have no association with the prognosis. The presence of
B-symptoms and age >70 years are the most reliable adverse prognostic factors.
The absence or the presence of one or both of these factors is associated with a
median overall survival of 56, 25, and 9 months respectively [181, 182].
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Prognostic Factors in Other Lymphomas of Large B-Cells

Prognostic Factors in Diffuse Large B-Cell Lymphoma
with Chronic Inflammation

This Diffuse large B-cell lymphoma arises in a background of long standing chronic
inflammation, is associated with Epstein Barr virus, and involves body cavities or
narrow spaces (former pyothorax-associated lymphoma)[7]. It is an aggressive lym-
phoma with a 5-year survival of 15% in advanced clinical stages [183]. Amongst
the reported adverse prognostic factors in a multivariate analysis are increased lac-
tate dehydrogenase levels, performance status, and advanced clinical stages (III/
IV)[183]. In a study of 106 patients with pyothorax-associated lymphoma, the over-
all prognosis was poor, with a 5-year survival of 21.6% [184]. Of interest, loss of
EBV nuclear antigen-2 (EBNA-2) expression in pyothorax-associated lymphomas
is correlated with a poor prognosis, with a 1 year survival [185].

Prognostic Factors in Primary Mediastinal (Thymic)
Large B-Cell Lymphoma

Primary mediastinal (thymic) large B-cell lymphoma arises within the thymus from
putative B-cell origin, and accounts for 2-4% of the non-Hodgkin lymphomas. The
patients are young adults with a female predominance [7]. These lymphomas have
usually a good prognosis. More than half of the patients usually present in Ann
Arbor stage I/I1 [186, 187], and amongst adverse prognostic factors are considered:
an elevated serum lactate dehydrogenase level, a low performance score, more than
one extranodal site, and an intermediate or high International Prognostic Index
score [186, 187]. The age-adjusted International Prognostic Index was not predic-
tive of survival in the study of Savage et al. [188]. Extension into adjacent thoracic
viscera and pleural or pericardial effusion [7, 189] are associated with a poor
prognosis.

Prognostic Factors in Intravascular Large B-Cell Lymphoma

Intravascular large B-cell lymphoma is a rare extranodal large B-cell lymphoma,
which occurs in adults (median age 67 years old) with an almost equal male to
female ratio [7]. This is an aggressive lymphoma with neoplastic lymphoid cells
noted within the lumina of small blood vessels from various organs, with a protean
clinical presentation, and a poor response to chemotherapy [190-192]. The multi-
variate analysis revealed that a lack of anthracycline-based chemotherapies, age
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older than 60 years, and thrombocytopenia less than 100 x 10°/L were independently
unfavorable prognostic factors, while the CD5 positivity was not [191]. Isolated
skin involvement is rare, and has been suggested to have a significantly better prog-
nosis overall [7].

Prognostic Factors in ALK-Positive Large B-Cell Lymphoma

ALK-positive large B-cell lymphoma is a very rare lymphoma (<1% of DLBCL),
which associated t(2;17)(p23;q23) clathrin (CLTC)-ALK with an overall median
survival for advanced stage patients III/IV of 11 months [7, 193, 194]. A longer
survival (>156 months) has been occasionally reported in children [195, 196].

Prognostic Factors in Large B-Cell Lymphoma Arising
in HHVS8-Associated Multicentric Castleman Disease

A rare lymphoma composed of a monoclonal proliferation of HHV-8 infected lym-
phoid cells expressing IgM and arising in the setting of multicentric Castleman
disease. An increased association with HIV infection is also noted [7]. These are
rare but very aggressive lymphomas with a very short survival [197], and the search
is still in process for more detailed prognostic factors identification.

Prognosis in Borderline B-Cell Lymphomas with Features
Intermediate Between Distinct Entities

Two variant B-cell lymphoma entities are recognized by the 4th Edition of the WHO
Classification of Lymphomas that have emerged from the territory of “grey-zone”
lymphomas: a B-cell lymphoma unclassifiable, with features intermediate between
diffuse large B-cell lymphoma and Burkitt lymphoma and a B-cell lymphoma
unclassifiable, with features intermediate between diffuse large B-cell lymphoma
and classical Hodgkin lymphoma [7]. The B-cell lymphoma unclassifiable, with
features intermediate between diffuse large B-cell lymphoma and Burkitt lym-
phoma, is also called “double hit lymphoma” due to the presence of dual MYC and
BCL?2 translocations. Of interest, the incidence of dual MYC and BCL2 transloca-
tions in de novo DLBCL was reported as 3—4% in separate studies [198—200]. These
lymphomas have poor prognostic parameters, including elevated LDH, bone mar-
row and CNS involvement, and a high IPI score. This poor outcome is probably
secondary to the combination of MYC and BCL2, and/or related high genomic
alterations. The BCL6+/MYC+ double hit lymphomas are less common, and many
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of these cases represent BCL2+/BCL6+/MYC+ triple-hit lymphomas with
involvement of BCL2 as well [7, 201-203]. The B-cell lymphoma unclassifiable,
with features intermediate between diffuse large B-cell lymphoma and classical
Hodgkin lymphoma is more common in young men, who usually present with
symptoms secondary to a large mediastinal mass. This lymphoma is usually associ-
ated with a poorer prognosis and a more aggressive course than classical Hodgkin
lymphoma or primary mediastinal large B-cell lymphoma.
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Prognostic Factors in Peripheral T-Cell
Lymphomas

Brady E. Beltran and Jorge J. Castillo

Abstract Peripheral T-cell lymphoma (PTCL) is a heterogeneous group of diseases
characterized by an aggressive clinical course and resistance to standard chemo-
therapy regimens. PTCL comprises approximately 10—15% of all lymphomas in the
Western world, although it could be found as high as 30—40% in Asian countries.
Several clinical, pathological, genetic, and molecular prognostic factors have been
described in order to risk stratify and treat our patients more appropriately. However,
due to the rarity of these conditions, most studies are small in size and retrospective
in nature. The present chapter goes in depth into the multiplicity of prognostic fac-
tors described in patients with PTCL, according to the most common subtypes, such
as PTCL, not otherwise specified, anaplastic large cell lymphoma, angioimmuno-
blastic lymphoma, and adult T-cell f/lymphoma, among others. Our hope is that
larger, prospective studies will be done to clarify the role of prognostication and
modeling of therapy for patients with these hard-to-treat lymphomas.

Introduction

Peripheral T-cell lymphomas (PTCLs) are a group of rare aggressive non-Hodgkin
lymphomas [1], which constitute approximately 12% of all lymphomas in the
United States and Europe [1, 2]. There is, however, a different incidence rate of
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PTCLs in different parts of the world; for example, in Asia and South America, the
incidence of PTCL approximates 25-30% [1, 2]. PTCLs are a heterogeneous group
of tumors and can be subdivided into specified and not otherwise specified (NOS)
forms [2, 3]. PTCL-NOS represents about 60—70% of all PTCLs [1]. In general,
PTCL had a bad prognosis, stage by stage, when compared to aggressive B-cell
lymphomas [4].

Several prognostic systems have been developed for PTCL. Probably the most
widely used tool is the International Prognostic Index (IPI), a prognostic model
designed for aggressive NHL subtypes. The IPI, when applied to aggressive T-cell
lymphomas, is able to identify a group of patients who had a poor outcome (corre-
lating with high IPI scores) and a group of patients with an improved outcome
(correlating with low IPI scores). These findings were similar to diffuse large B-cell
lymphoma [5].

Peripheral T-Cell Lymphoma Not Otherwise Specified

PTCL-NOS is the most common subtype of systemic PTCL seen worldwide [4].
PTCL-NOS is an aggressive disease. The overall survival (OS) for this entity at
10—15 years was only 10% [5]. PTCL-NOS is a diagnosis of pathological exclusion;
if a PTCL cannot be classified according to WHO criteria, then it belongs to the
group of PTCL-NOS. This is probably the reason this entity is the most common
subtype of PTCL and also explains the clinical and molecular heterogeneity seen in
such patients. PTCL-NOS appears in the fifth or sixth decade of life and does not
show a sex predilection [6-9]. PTCL-NOS presents often as advanced disease (i.e.,
stage III-IV) with lymph node, skin, liver, spleen, bone marrow, and peripheral
blood involvement [6-9]. B symptoms are reported in about 45% of cases at
diagnosis.

Several clinical prognostic factors for survival have seen described in patients
with PTCL-NOS. In an early study, bulky disease and thrombocytopenia were
independent predictors of survival [5]. More recently, Castillo et al. showed that
lymphopenia, defined as an absolute lymphocyte count of 1,000/uL or less, was an
important prognostic factor for OS in patients with a diagnosis of PTCL-NOS
independent from the PIT score [10]. In a large study of 340 cases of PTCL-NOS
by the International T Cell Lymphoma Project, Weisenburger et al. showed that the
prognostic factors in the original IPI score were highly significant predictors of OS
in patients with PTCL-NOS. However, only patients with an IPI score of O or 1
(low risk) had a favorable FFS [11], likely a reflection of the poor prognosis a
diagnosis of PTCL-NOS carries per each IPI category when compared to
DLBCL.

In 2004, Gallamini et al. developed a new prognostic model called Prognostic
Index for PTCL-NOS or PIT, which includes few similar clinical parameters than
the IPI score such as age, lactate dehydrogenase (LDH) levels, and performance
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status. However, a new criterion was introduced, bone marrow involvement [12].
The PIT score reportedly separated patients into more specific prognostic groups
than the IPI score. From the 322 PTCL-NOS patients who were evaluated, 20% had
no adverse features, 34% had one adverse feature, 26% had two, and 20% had three
or more. The 5-year OS for the group with no adverse prognostic features was 62%
compared to 18% for patients with 3—4 adverse prognostic factors. However, in the
above mentioned analysis by Weisenburger et al., the PIT score did not appear to be
superior to the IPI score [11].

To refine the prognosis of patients with PTCL-NOS, new models have been
proposed. Went et al. developed a clinicopathological index that has also shown
prognostic value, with the addition of the immunohistochemical expression of
Ki-67 (a proliferation marker) to other clinical factors (i.e., age, performance sta-
tus, and LDH levels) [13, 14]. More recently, the International PTCL Clinical and
Pathology Review Project established the IPTCLP score; three variables were used
to construct this score: age, performance status, and platelet counts. Depending on
the number of adverse prognostic factors (0, 1, 2, or 3), patients were classified
into low-risk, low-intermediate risk, high-intermediate risk, or high-risk groups,
respectively. Gutierrez-Garcia et al. demonstrated that the IPTCLP score as
reported above was the most significant to predict OS in comparison with other
PTCL scores [15].

Moving into pathological and molecular prognostic factors, a study demonstrated
p53 was the most important prognostic factor and was correlated with expression of
p-glycoprotein [16]. Also, anti-apoptotic genes like BCL2 and BCLXL are consid-
ered as bad prognostic markers [17]. Molecules involved with chemotaxis such as
CXCR3 and CCR4 were expressed in PTCL-NOS [13], and the phenotype CXCR3-
positive/CCR4-negative showed to be an adverse independent prognostic factor for
survival in PTCL-NOS [13]. In a separate study, EBV expression by the malignant
cells was an adverse predictor of survival in older patients with PTCL-NOS [18].
Furthermore, in a recent large study, EBV infection defined by expression of EB V-
encoded RNA detected by an in situ hybridization technique was also predictive of
poor survival in younger patients [11].

The T helper cell phenotype (CD4 positive, CD8 negative) was identified as a
favorable prognostic factor when compared to a cytotoxic phenotype (CD4 nega-
tive, CD8 positive) [11, 13, 14]. In fact, Asano et al. have reported that a cytotoxic
phenotype is predictive of poor survival in PTCL-NOS [19], but other investigators
did not find similar association [11, 20, 21]. However, a study using gene expres-
sion profiling (GEP) identified a molecular subgroup of PTCL-NOS with features
of cytotoxic lymphocytes and a poor survival [22]. Additionally, by using GEP
methods, evidence of nuclear factor-kappa B (NF-«xB) inactivity showed a better
survival in patients with PTCL-NOS with a median OS of 25 months versus a
median OS of 12 months in patients with increased NF-kB activity [23, 24]. In a
separate GEP-based study, PTCL-NOS was characterized by an overexpression of
genes involved in a “proliferation signature,” and it was associated with a shorter
survival [25].
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Angioimmunoblastic Lymphoma

Angioimmunoblastic T-cell lymphoma (AITL) represents a particular clinicopatho-
logical entity, among predominantly nodal peripheral T-cell lymphomas. It gener-
ally occurs in elderly patients presenting with skin rash, arthralgias, generalized
lymphadenopathy, hepatosplenomegaly, anemia, hypergammaglobulinemia, and
autoimmune phenomena. The histologic features of AITL are a partial or complete
effacement of the lymph node architecture by a polymorphous infiltrate that is typi-
cally associated with a proliferation of follicular dendritic cells (FDCs) and a prom-
inent arborization of high endothelial venules. The neoplastic cells are small- to
medium-sized cells typically with a clear cytoplasm, usually aggregate in small
clusters and display minimal cytologic atypia. An increase in background EBV-
infected B cells may also occur, and, in rare cases, an overt diffuse large B-cell
lymphoma could develop concurrently or after therapy for AITL [26-29]. It is
though that the cell of origin of AITL derives from a follicular helper T-cell (TFH)
subset [30-36], as AITL tumor cells usually express CD4, CD10, BCL6, and
CXCLI13 [33-36].

AITL is rare accounting for approximately 2% of all non-Hodgkin lymphomas
(15G). In previous studies, the 7-year overall survival was reported at 30% [37].
Results from a retrospective study from an Italian group described male sex, medi-
astinal lymphadenopathy, and anemia as adverse prognostic factors [37], and inter-
estingly, the International Prognostic Index (IPI) and the Prognostic Index for PTCL
(PIT) were of limited value to stratify risk groups in this entity [37]. Finally, specific
chromosomal abnormalities do not seem to be associated with survival, but complex
karyotypes adversely impact the outcome [38].

Adult T-Cell Leukemia/Lymphoma

Adult T-cell leukemia/lymphoma (ATLL) is a distinct peripheral T-cell malignancy
associated with a retrovirus as HTLV 1 [39-41]. HTLV-1 is an RNA retrovirus,
endemic in southwestern Japan, the Middle East, North Africa, the Caribbean, and
South America. The Shimoyama classification defined four clinical subtypes: acute,
lymphomatous, chronic, and smoldering [42]. The acute and the lymphomatous
forms are considered aggressive entities with very short survival, and the remaining
variants are considered indolent with survival times between 2 and 5 years. More
recently, a cutaneous form has also been described [43].

A Japanese study analyzed clinical data of 854 ATLL patients to find relevant
prognostic factors. It demonstrated that advanced performance status (PS), high
lactic dehydrogenase (LDH) level, age >40 years, more than three lesions, and
hypercalcemia are prognostic factors defined in multivariate analysis [44].
However, other clinical factors were related to poor prognosis, such as thrombocy-
topenia, eosinophilia, and bone marrow involvement [45—47]. Takasaki et al. [48]
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Table 1 Clinical and molecular prognostic factors in ATLL

Clinical Molecular

Eosinophilia p53

Hypercalcemia pl6

Bone marrow involvement IL-5

LDH CCR-4

ECOG Lung resistance-related protein

>40 years old -
Thrombocytopenia -
>3 involved lesions -
International prognostic index -

Prognostic index for peripheral Lymphopenia -
T-cell lymphoma, NOS

reported that visceral organ involvement, including the bone marrow, was an
adverse prognostic factor in ATLL. Thrombocytopenia (<100 x 10%/1) and monocy-
tosis (=0.8 x 10°/1) were also found to be significant adverse prognostic factors by
multivariate analysis (Table 1).

Beltran et al. described different clinical factors in acute and lymphomatous
subtypes. Low albumin level and presence of B symptoms were independent fac-
tors for worse survival in lymphomatous ATLL, and high f2-microglobulin level
was independent factor for worse survival in acute ATLL [49]. Aggressive ATLL
variants have a distinct, almost mutually exclusive profile of prognostic factors.
Recently, IPI was described as a good model prognostic only in lymphomatous
form of ATLL [50]. Beltran et al. confirmed this founding and suggested PIT
score could be useful as prognostic model in aggressive ATLL [51]. Phillips et al.
published a new prognostic model obtained from 89 ATLL patients from a multi-
center US study. The study identified 3 prognostic categories based on Eastern
Cooperative Oncology Group performance status, stage, age, and calcium level at
diagnosis [52].

Immune and molecular factors are seen to be associated with a unfavorable sur-
vival in ATLL like high interleukin-5 (IL-5) serum level, CCR-4 expression, lung
resistance-related protein, p5S3 mutation, and p16 deletion [45, 53-56].

Anaplastic Large Cell Lymphoma

Anaplastic large cell lymphoma (ALCL) is a CD30-positive neoplasm of T-cell or
null-cell lineage with characteristic clinicopathologic features and accounts for
28% of all lymphomas [57]. Two subtypes of systemic ALCL are in the World
Health Organization (WHO) classification scheme [58], depending of the expres-
sion of anaplastic lymphoma kinase (ALK). ALK-positive ALCL is a group with an
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excellent prognosis when treated with standard chemotherapy [59-62]. ALK-
positive ALCL usually affects young patients and has a better prognosis compared
with patients with ALK-negative ALCL. However, ALK-negative ALCL may have
a more favorable prognosis than those with PTCL-NOS [63].

With gene profile and comparative genomic hybridization (CGH) studies, it was
confirmed that ALK-positive and ALK-negative ALCL have unique gene expres-
sion signatures and genomic imbalances and was defined that there are different
diseases at a molecular and genetic levels [64—66].

Despite this biological difference, the IPI score is a good prognostic tool for this
entity, although with expected survival differences. The 5-year survival for IPI score
0-1 patients was 90% and 74% for ALK-positive and ALK-negative patients,
respectively; however, patients with IPI score of 4-5 had a poor outcome with
5-year survivals of 33% and 13%, respectively [63]. The presence of stage IV and
anemia is an important unfavorable prognostic factor in patients with ALK-positive
ALCL [67]. Similarly, the PIT score identified different risk categories within
ALCL. However, given the relative low frequency of bone marrow involvement, it
essentially gives the same information already provided by the IPI score [68].

The dominant chemokine expression found CXCR3-positive/CCR4-negative to
be an independent prognostic factor and significantly prognostic of a poor prognosis
in ALK-negative ALCL [13].

Extranodal T/NK Lymphoma Nasal Type

Extranodal natural killer/T-cell lymphoma (NKTCL), nasal type is a distinct entity
in the WHO classification of lymphoid tumors. NKTCL has a specific geographical
distribution and is more prevalent in Asia and in Central and South America [68—73].
EBV is present in the genome of neoplastic cells in virtually all cases [72]. The
NKTCL cell of origin has a typical NK phenotype, but in some cases, a cytotoxic
T-lymphocyte phenotype could be found [72]. The nasal cavity and the upper aerodi-
gestive tract are the most commonly involved sites, but skin, the gastrointestinal
tract, lung, testis, and soft tissues can be also affected [68, 69, 72, 74]. The prognosis
of extranodal NK/T-cell lymphoma is very poor [73]. The survival rate is 30% to
40%. Nonnasal disease is more aggressive than nasal disease [72, 73, 75].
Radiotherapy is an excellent treatment in early-stage NKTCL with nasal disease and
has been associated with a good outcome [71-73, 76, 77].

Adverse prognostic factors for nasal disease are unfavorable IPI score, advanced-
stage disease (stage III or IV), high circulating EBV DNA levels, and detection of
EBYV in bone marrow cells by in situ hybridization [72, 73, 76, 78—82]. In a separate
study, lymphopenia, B symptoms, and advanced stage were independent predictors
for OS and PFS in this entity [83], and a high proportion of large/transformed cells
in the tumoral population have a negative impact on survival [71-75]. As mentioned
previously, extranasal cases are very aggressive and have poor response to chemo-
therapy [72, 73].
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Two models prognostic were published in this entity. One of them is from a
Korean group. They proposed a new prognostic model based using four parameters:
B symptoms, LDH levels, stage, and regional lymph node involvement. In a com-
parative study, this model demonstrated to be better than the IPI score [70].

The second prognostic index showed that four factors, nonnasal type, stage, per-
formance status, and extranodal involvement, were significant prognostic factors.
This model demonstrated the 4-year OS was 55% for patients with no adverse factors,
33% with one adverse factor, 15% with three factors, and 6% with four factors [84].

Prognosis of Uncommon PTCL Subtypes

Subcutaneous panniculitis T-cell lymphoma (SPTCL) was seen in 1% of cases
evaluated in the International PTCL project [63]. Prognosis is good, 82% to 5-year
OS. It is rarely associated with hemophagocytic syndrome (17%), which is associ-
ated with a worse prognosis (5-year OS 91% vs. 46%) [85].

EATL occurs in patients with an established history of gluten-sensitive enteropa-
thy but most often occurs following a short history of celiac disease and/or derma-
titis herpetiformis. Most patients are older males presenting with refractory celiac
disease or abdominal pain. It affects jejunum, often in association with intestinal
perforation or obstruction. Survival is extremely short with 5-year OS of 20% [86].
A recent study found a median OS of ten months, and the median FFS was only six
months. The IPI score was not a good predictor of survival in contrast with the PIT
score. The presence of clinical sprue predicted for adverse survival independently of
the PIT [86].

Hepatosplenic T-cell lymphoma (HSTCL) is related with immunosuppression
states such as transplant immunosuppressive treatment or treatment with tumor
necrosis factor inhibitors [87]. This entity has recurrent cytogenetic abnormalities,
like isochromosome 7q, which are associated with trisomy 8 [88, 89]. These cyto-
genetic abnormalities, however, do not appear to have prognostic significance [88].
HSTCL has a distinct gene expression-profiling signature in comparison with other
PTCLs. KIR and killer lectin-like receptors, both NK molecules, are frequently
overexpressed [89]. The clinical course aggressive with median survival is <2 years,
and standard chemotherapy does not appear to be curative; however, long-term sur-
vivors have been reported following allogeneic transplant.

T-cell large granular lymphocytic (LGL) leukemia is an entity with persistent
(>6 months) increase in peripheral blood LGLs and affects adults with a median age
of 55 years and equal gender distribution. It arises more commonly in patients with
autoimmune disorders [90]. LGL leukemia has an indolent clinical behavior with a
median survival of >10 years. In contrast to the other mature T-cell leukemias,
median survival is good [91]. Aggressive LGL leukemia and high-grade transfor-
mation, however, have a much poorer prognosis. A retrospective review of 286
patients with T-LGL leukemia identified anemia, severe neutropenia, and lym-
phopenia as poor prognostic factors [92].
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Prognostic Factors in HIV-Associated
Lymphoma

Jodi L. Layton and Jorge J. Castillo

Abstract In recent years, since the advent of highly active antiretroviral therapy
(HAART), the incidence and prognosis of lymphoma in patients with HIV infection
have changed dramatically. Although lymphoma is now not only the most common
malignancy but also the most common cause of death, the prognosis in HIV-infected
patients has improved, in big part due to the introduction of HAART but also due to
better supportive therapy, such as antibiotic prophylaxis and growth factors. Overall,
the immunological status of HIV-positive patients nowadays is not as deteriorated
as it was in the past, allowing for HIV-positive patients with lymphoma to be treated
with standard therapies. The identification of reliable and easy-to-use prognostic
factors in this population is warranted, not only to lead discussions about goals of
therapy but also to direct our therapies according to risk. In this chapter, we will
review the classification and provide an overview of the therapy of HIV-associated
lymphomas. We will then discuss the variety of clinical, pathological, and molecu-
lar prognostic factors associated with survival for patients with HIV and diffuse
large B-cell, Burkitt, primary CNS, plasmablastic, primary effusion, and peripheral
T-cell lymphoma.

Early in the AIDS epidemic, a higher incidence of several malignancies was identified.
In addition to Kaposi sarcoma and invasive cervical cancer, an increased incidence of
aggressive high-grade B-cell lymphomas became recognized as AIDS-defining malig-
nancies due to their striking association with immunosuppression. In the post-HAART
era, lymphoma has become the most common malignancy seen in patients with HIV/
AIDS, and it is also the most common cause of mortality in these patients.
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Classification of HIV-Associated Lymphomas

In the most recent version of the WHO classification of hematologic malignancies
[1],AIDS-related lymphomas (ARL) have been classified as follows: (1) lymphomas
also occurring in immunocompetent patients, which include diffuse large B-cell
lymphoma (DLBCL), primary central nervous system lymphoma (PCNSL),
Burkitt/Burkitt-like lymphoma (BL/BLL), and Hodgkin lymphoma, among others;
(2) lymphomas occurring more specifically on HIV/AIDS patients, which include
plasmablastic lymphoma (PBL) and primary effusion lymphoma (PEL); and
(3) lymphomas occurring in other immunodeficient states, such as polymorphic
lymphoma, which is also seen in post-transplanted patients. Of note, PCNSL, PBL,
and PEL are considered variants of DLBCL but, given their distinct presentation
and therapy, will be discussed separately.

General Considerations

Patients with HIV/AIDS often present with advanced lymphoma stage and a more
aggressive clinical presentation. Prior to highly active antiretroviral therapy
(HAART), these patients often already had history of opportunistic infections
(OI) and carried a diagnosis of AIDS. Not surprisingly, response and overall sur-
vival (OS) rates were abysmal. Patients suffered increased toxicity and frequent
infections during treatment of their lymphoma, requiring dose reductions and
treatment delays. Trials were conducted to identify more tolerable treatment regi-
mens and prognostic factors that could be utilized to tailor treatment based on
AIDS-related clinical characteristics and tumor factors. Multiple studies attempted
to improve treatment outcomes by employing several strategies: attempting low-
dose chemotherapeutic regimens, supplementing with colony-stimulating factors
with standard-dose regimens, and administering single-agent antiviral regimens
as they became available.

Large registries following the epidemiology of the HIV population include
patients from both the pre- and post-HAART eras. Analysis from the Swiss HIV
Cohort Study demonstrates an overall decline of ARLSs in the post-HAART era. The
incidence of lymphoma in the pre-HAART era peaked at 13.6 cases per 100,000
person/years, declining to 1.8 cases per 100,000 person/years in the post-HAART
era [2]. Currently, the risk of ARL is approximately 1.2% per year with a standard
incidence ratio (SIR) for DLBCL of 31 and BL/BLL of 25, respectively [3]. In con-
trast, BL appears to be increasing in incidence in the post-HAART era as it tends to
occur at relatively higher CD4* counts [4].

While the use of HAART has somewhat leveled the playing field, appropriate
treatment for ARLs remains somewhat controversial. Experts emphasize utilizing
clinical and histological characteristics to guide treatment choices. In general,
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patients with ARL should be treated with standard regimens, similar to the treatment
of immunocompetent patients. For example, the combination of rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP), which is
considered the standard of care for immunocompetent patients with DLBCL [5],
can be used at standard doses in patients with HIV-associated DLBCL [6]. Similarly,
more intensive regimes such as CODOX-M/IVAC, a commonly used regimen in
immunocompetent patients with BL/BLL [7], can be used in patients with HIV-
associated BL/BLL [8, 9]. However, patients with ARL and CD4 count <50 cells mm?
should not receive rituximab, given a high risk of infectious complications [10].
Any patient with a new diagnosis of ARL who is not receiving antivirals should be
started on HAART, and if the patient is already on HAART and there is evidence of
HIV progression, HAART should be optimized, since a response to HAART during
treatment of ARL has been associated with better response and survival rates [11-
13]. Zidovudine should not be used concurrently with chemotherapy, given its bone
marrow suppressive properties. Finally, all patients with ARL should receive growth
factor support and antibiotic prophylaxis to minimize neutropenia and potential life-
threatening infections.

As therapy and survival for ARLs improve, there is an increased interest on iden-
tifying relevant prognostic factors, which should be validated prospectively, if pos-
sible and easy to use in clinical settings. Ideally, these prognostic factors will be also
helpful on identifying appropriate therapeutic approaches depending on the risk
stratification of our patients. Risk-stratified therapy is the current object of investi-
gation by the AIDS Malignancy Consortium, a clinical trials unit sponsored by the
National Cancer Institute to investigate novel therapeutic approaches in patients
with HIV infection and cancer.

Diffuse Large B-Cell Lymphoma

The reported incidence of DLBCL is approximately 75% of all ARLs. The relative
risk for ARL was estimated at 60- to 200-fold than that of immunocompetent
patients [1], but appears to be declining in the post-HAART era [14]. Despite over-
all improved health of HIV-positive patients, they still typically present with more
advanced stage disease and aggressive tumor biology with higher proliferation
index, B symptoms, and extranodal involvement as compared to HIV-negative
counterparts [15, 16]. Many early studies grouped all ARL patients together to
determine the most effective chemotherapeutic regimens and supportive medica-
tions (i.e., growth colony-stimulating factors) in addition to defining significant
prognostic indicators to better predict response and outcomes based on multiple
variables. The introduction and widespread use of HAART caused a paradigm shift
not just on clinical outcomes of HIV patients but also on the efficacy of treatments
for ARL. As HIV became better treated, previously defined prognostic indicators
became irrelevant.
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Pre-HAART Era

Early studies that evaluated varying chemotherapy regimens often characterized
patients via anticipated pertinent clinical characteristics including a previous AIDS
diagnosis, CD4* count <50 or <100 cells/mm?, performance status ECOG >2 or
Karnofsky performance status (KPS) <60-70%, nodal involvement, presence of
extranodal disease and number of sites, lactate dehydrogenase (LDH) levels, sexual
behavior, and race [17-19] (Table 1).

During the early development of antiviral therapy for HIV (early 1990s), single-
agent antivirals were utilized to help establish the safety of concurrent ARL treat-
ment with antiviral therapy. A phase I/II dose escalation of CEOP (cyclophosphamide,
epirubicin, vincristine, and prednisone) with or without single-agent didanosine
(ddI) or zidovudine demonstrated that the use of a single-agent antiviral did not
adversely affect overall survival. They cited CD4* count <100 cells/mm?, previous
diagnosis of AIDS, and KPS <70% as poor prognostic indicators [20]. Patarca and
colleagues studied the use of modified VACOP-B (vincristine and mitoxantrone vs.
doxorubicin, cyclophosphamide, etoposide, methylprednisolone, and bleomycin)
with or without ddI, demonstrating CD4* count as a prognostic factor. Interestingly,
the use of ddI did not affect OS, and 3-2-microglobulin and HIV p24 antigen levels
were of no prognostic significance [21].

Given the concern for possible safety risks with the use of growth colony-stimulat-
ing factors (early studies suggesting increasing HIV p24 antigen levels in in vitro
models), multiple centers developed strategies to define the safety and efficacy of
granulocyte-colony-stimulating factor (G-CSF) administration. These studies showed
that G-CSF could be administered safely with an improvement in the total dose and
cycle administration of chemotherapy regimens but did not improve OS [20, 22, 23].

Several studies employed a “risk-adapted” strategy by assigning patients to regi-
mens based on factors thought to alter clinical outcomes. These studies aimed to
balance higher toxicity of chemotherapeutic regimens with effective treatment of
aggressive ARLs. Weiss and colleagues stratified “normal risk” patients to receive
CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone) for 4-6 cycles,
followed by zidovudine and interferon alpha. “High-risk” patients received low-
dose CHOP or vincristine plus prednisone [19]. The AIDS Clinical Trials Group
(ACTG) evaluated low-dose vs. standard-dose M-BACOD (methotrexate, bleomy-
cin, doxorubicin, cyclophosphamide, vincristine, and dexamethasone) with or with-
out granulocyte/macrophage-colony-stimulating factor (GM-CSF). This trial
demonstrated equal efficacy of both regimens with less hematologic toxicity in the
low-dose group. Risk was defined by prognostic indicators previously used such as
a previous diagnosis of AIDS and KPS score >70. While low-dose treatment was
effective, this study also indicated that an absolute CD4* count >200 cells/mm?® was
a more important predictor of outcome than the dose intensity of the chemotherapy
regimen administered [22]. Further analysis of the ACTG data defined further the
prognostic significance of age, stage, and KPS. They found that age, CD4* count
>100 cells/mm?, early stage, and no history of intravenous drug use had more favor-
able outcomes regardless of treatment [18].
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Post-HAART Era

After 1996, treatment of HIV with HAART became widely accepted as standard of
care with a substantial reduction in the morbidity and mortality from HIV infection.
Earlier studies using single-agent antivirals had already established the safety of
concurrent administration of HAART and chemotherapy regimens for the treatment
of ARLs. As HIV/AIDs became better controlled, the overall health of patients
improved, and higher rates of newly diagnosed lymphoma were seen. As such, pre-
viously utilized prognostic factors became less relevant. Additionally, risk
stratification factors were developed into prognostic tools (International Prognostic
Index, IPI) and were being widely used in non-HIV-associated lymphomas [24].
A retrospective analysis of immunocompetent NHL patients determined that age
>60, stage III or IV disease, elevated serum LDH, ECOG performance status >2,
and >1 extranodal site involved are the most significant patient characteristics
influencing prognosis. While the IPI score was developed in non-HIV-associated
lymphomas, its applicability became apparent particularly in the post-HAART era,
although few studies have shown prognostic value of the IPI score in the pre-
HAART era as well [25]. In the post-HAART era, many studies demonstrated the
usefulness of the IPI score on risk-stratifying patients with ARLs, as well as defining
further prognostic value of histological diagnosis [26] (Table 2).

During the post-HAART era, further distinction has been made among the vari-
ous pathological variants of ARL with possible treatment and prognostic significance.
Most notably, the distinction of the pathophysiology and natural history between
DLBCL and BL was further elucidated [27]. This prompted the design of prospec-
tive studies evaluating different therapies for these conditions, which were “lumped
together” in prior studies. In general, patients with BL are treated with more inten-
sive regimens universally including CNS prophylaxis [28], while DLBCL patients
are treated with less-intensive regimens and CNS prophylaxis is given in a case-by-
case basis [29].

Many studies have demonstrated that prognostic factors can now be mostly
attributed to tumor-related factors and histology. While CD4* count, viral load, and
risk of opportunistic infections had clinical significance in the overall health of
HIV/AIDS patients, these factors no longer infer prognostic significance in the out-
comes of ARLs. Specifically, factors independently associated with complete
response (CR) were histology and IPI score; improved overall survival (OS) was
associated with achievement of CR, low IPI score, and histology [30—33]. Virological
response to HAART is an independent prognostic factor regardless of treatment
[34-36]. More recent studies emphasize even further that tumor biology such as
germinal center (GC) vs. non-germinal center (NGC) phenotype and Ki67 expres-
sion, as a marker of proliferation rate, may be of prognostic significance [37, 38].

With the introduction of anti-CD20 therapy and its efficacy in non-AIDS-related
lymphomas, several studies evaluated the safety and efficacy of rituximab (Rituxan®,
Genentech, South San Francisco, CA) in ARLs [10, 34, 37, 39, 40]. In the last
decade, the use of rituximab in non-AIDS-related lymphomas has increased
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Table 2 Post-HAART era regimens and prognostic factors in HIV-associated diffuse large B-cell
lymphoma

Study Regimen(s) Prognostic factors Antiviral GCSF
Tirelli et al. 2002 [40] R-CDE Clinical stage HAART  Yes
IPI score
CD4* count
Sawka et al. 2005 [74] VACOP-B IPI score HAART  Yes
Mounier et al. 2006 [32] ACVBP vs. Age-adjusted IPI score HAART  Yes

standard CHOP  CD4* count
vs. low-dose
CHOP
Spina et al. 2005 [39] R-CHOP CD4* count HAART No
ECOG performance status
History of Ols
Navarro et al. 2007 [34] CHOP IPI score HAART  Yes
ECOG performance status
Clinical stage
Ribera et al. 2007 [75] R-CHOP IPI score HAART  Yes
Virological response to
HAART
Sparano et al. 2010 [37] R-EPOCH Age-adjusted IPI score HAART
CD4* count
Ki67%

significantly. Given the improved CR and OS with rituximab-containing regimens,
several studies were developed to assess its efficacy in ARLs. Kaplan and colleagues
demonstrated no statistical improvement in CR or OS in ARLs treated with CHOP
and R-CHOP despite a trend toward tumor response [10]. This and other studies also
demonstrated a significant increase in the incidence of infection-related deaths with
the use of rituximab in patients with CD4 <50 cells/mm? [37, 39, 41]. More recent
data suggests safe use of rituximab-containing regimens if CD4* >200 cells/mm?
at initiation of therapy with concurrent administration of antibiotic prophylaxis for
opportunistic infections [6, 37]. Further studies are necessary to better define the
safety and efficacy of rituximab-containing treatments. Current NCCN guidelines
do not recommend the use of rituximab in patients with ARL and CD4* counts <100
cells/mm?® [42].

Burkitt/Burkitt-Like Lymphoma

BL was the first lymphoma to be associated with HIV infection and became recog-
nized early on as an AIDS-defining malignancy. BL accounts for approximately
30% of all the ARLs [1]. During the early years of the HIV/AIDS epidemic, all
lymphomas were treated with similar regimens, regardless of their histological sub-
type. BL was described and classified typically as small, non-cleaved lymphoma
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during the pre-HAART era. The natural history and clinical presentation of BL are
that of a more aggressive lymphoma. As HIV has been more effectively treated with
HAART, there has been more focus on aggressive treatments for BL as compared to
DLBCL. Lim et al. demonstrated poorer outcomes for BL treated with the same
regimens as DLBCL in the pre- vs. post-HAART eras [27]. More aggressive regi-
mens have since been studied, leading to more aggressive treatment regimens.
Current published recommendations by the National Comprehensive Cancer
Network (NCCN) for the treatment of HIV-associated BL include CODOX-M
(cyclophosphamide, vincristine, doxorubicin, high-dose methotrexate) alternating
with IVAC (ifosfamide, etoposide, high-dose cytarabine), dose-adjusted EPOCH
(etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin), or CDE
(cyclophosphamide, doxorubicin, etoposide) for patients with CD4* counts >100
cells/mm? [42].

Pre-HAART Era

Few studies in the pre-HAART era are distinguished among histological variants of
ARLs. To further characterize the clinicopathological features of ARLs, a retro-
spective analysis of pre-HAART data by Hansen et al. described the strong correla-
tion between Epstein—Barr virus (EBV) in the pathogenesis of BL/BLL [43].
An early study including predominantly BL/BLL histology (60%) evaluated
low-dose M-BACOD with concurrent antiviral therapy demonstrating both safety
and efficacy with this combination [44]. This study also evaluated multiple clinical
factors as prognostic indicators; a previous AIDS diagnosis and CD4* count were
significantly associated with survival. These findings are consistent with other prog-
nostic markers for ARLs from the pre-HAART era.

Post-HAART Era

During the post-HAART era, further treatment approaches have been suggested to
target specific histological variants of ARL. BL/BLL has a more aggressive clinical
history. Interestingly, these lymphomas tend to occur at relatively higher CD4*
counts with a lower incidence at CD4* count <50 cells/mm?* and higher at a CD4*
count >250 cells/mm?® [45]. As HIV infection and CD4* counts respond to the
appropriate antiviral therapy, the incidence of BL has remained constant, while the
incidence of other ARL is decreasing [14]. As with DLBCL, in the post-HAART
era, histology and tumor-related factors remain of most prognostic significance.
Several studies have demonstrated improved long-term survival in BL/BLL patients
with shorter more intensive chemotherapy that targets these tumor biology-specific
factors. The clinical stage, IPI score, and histology continue to be of most prognos-
tic significance in these ARLs [46, 47].
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Primary CNS Lymphoma

PCNSL is a rare lymphoma that affects primarily the CNS without evidence of
systemic involvement. Classically, PCNSL has been associated with advanced HIV
infection and is commonly seen in individuals with CD4 counts <50 cells/mm?®. In
the pre-HAART era, PCNSL accounted for up to 10-20% of all the cases of ARL.
With the advent of HAART, the incidence of PCNSL in HIV-infected individuals
has decreased [48, 49]; however, the risk of developing PCNSL in HIV-positive
individuals remains several thousand-fold higher than the general population.
Clinically, patients can present with a wide variety of clinical symptoms such as
seizures, headaches, altered mental status, diplopia, dysphagia, and vertigo, among
others. The diagnosis is suspected based on clinical symptoms and confirmed by
imaging; brain MRI or contrast-enhanced CT shows a ring-enhancing lesion within
the white matter. To confirm the diagnosis, a brain biopsy is necessary since other
lesions such as cerebral toxoplasmosis can have a similar radiological appearance.
Pathologically, most of HIV-associated PCNSL cases show DLBCL morphology
[50], although more rare histology subtypes such as T-cell lymphoma or plasmablas-
tic lymphoma have also been described. It is important to note the strong association
with EBV infection in patients with HIV-associated PCNSL [51]. The treatment
usually requires chemotherapeutic agents with a good CNS distribution, such as
methotrexate, which is given intravenously at high doses, in combination with leu-
covorin. Regimens directed against systemic DLBCL, such as CHOP, will not
achieve therapeutic levels within the CNS. Surgery is usually ineffective to com-
pletely eradicate the disease. Radiation therapy and steroids can induce short-lived
responses with relapses seen up to 90% of the times. Novel approaches combining
chemotherapy and radiation therapy are associated with longer survival but can
induce dementia or leukoencephalopathy in up to 50% of the patients. The rarity of
HIV-associated PCNSL has precluded development of large prospective trials to
further characterize treatment of this ARL.

Prognostic Factors in HIV-Associated PCNSL

Given the severe immunosuppression associated with PCNSL, the observed poor
overall survival is not surprising. If left untreated, PCNSL is associated with a
median survival of 2.5 months. Median survival can improve to 4 months with radiation
therapy and up to 12—18 months with chemotherapy. In the pre-HAART era, patients
with HIV-associated PCNSL had shorter survival than their immunocompetent
counterparts; however, in the post-HAART era, this difference, although smaller,
still remains. A large study using SEER data between 1973 and 2004 identified
approximately 2,500 PCNSL patients (825 were HIV-positive) [52]. The strongest
prognostic factor for survival was HIV-positive status; HIV-positive patients had a
median OS of 2 months, compared to 12 months in immunocompetent patients.
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Similarly, a recent retrospective study compared the survival of 41 HIV-positive and
45 HIV-negative patients with a pathological or radiological diagnosis of PCNSL
[53]. When evaluating patients who received treatment for PCNSL, the median OS
of HIV-positive patients was 4 months compared to 15 months in HIV-positive
patients (p=0.03). In HIV-positive patients treated for PCNSL, the use of HAART
and a KPS >70 were associated with a longer survival (7 and 9 months, respec-
tively). At least two separate studies have evaluated the role of immune response to
HAART in patients with HIV-associated PCNSL [54, 55]. Both studies found that an
immune response to HAART, defined as an increase in the CD4" counts during
therapy for PCNSL, is associated with a markedly improved survival. However,
these are small studies of 29 and 25 patients, respectively. Finally, in a retrospective
study on 111 patients with PCNSL, HAART and the use of radiation therapy to lev-
els >30 Gy were associated with an improved survival [56].

In conclusion, little is known on prognostic factors for survival in patients with
HIV-associated PCNSL. HAART has decreased the incidence of PCNSL and
seemed to have mildly improved outcomes; however, the prognosis in HIV-positive
patients remains poorer than immunocompetent patients with PCNSL.

Plasmablastic Lymphoma

PBL is a rare lymphoma accounting for 2-3% of all ARLs and, according to the
2008 WHO classification, is one of the ARL more commonly seen in HIV/AIDS
patients [57]. To date, there have been no more than 200 cases of HIV-associated
PBL reported in the literature. Given its rarity, no prospective trials have been done
exclusively in patients with PBL,, and most of the data are case reports or case series
[58]. The median age at presentation is 38 years with a clear male predominance
(7:1) and a median CD4* count of 178 cells/mm?. Fifty percent of patients present
with advanced clinical stages and 58% with involvement of extra-oral sites. The cell
of origin is thought to be a post-germinal-center, terminally differentiated, activated
B cells, probably in transition from immunoblast to plasma cell. PBL represents a
diagnostic challenge due to the lack of expression of CD45 and CD20 and its plas-
mablastic morphology; however, immunoglobulin gene rearrangements can be seen
in a majority of cases as a reflection of their B-cell lineage. Additionally, there is a
universal expression of markers of plasmacytic differentiation, such as CD38,
CD138, or MUM-1/IRF-4 [57]. EBV genome demonstrated by expression of EBV-
encoded RNA (EBER) can be found in the nucleus of the malignant cells up to 74%
of the cases [58]. PBL also represents a therapeutic challenge as it is associated with
higher rates of relapse and death associated with disease progression, and a median
overall survival of 14-15 months, despite an initial 55% CR rate to chemotherapy
[59, 60]. Current guidelines recommend initiation or adjustment of HAART along
with the use of intensive regimens more akin to the treatment of BL (i.e., CODOX-M/
IVAC, EPOCH, CDE) than DLBCL (CHOP) [42], although a recent review of the
literature failed to show a survival benefit from more intensive therapies [59].
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Prognostic Factors in HIV-Associated PBL

Prognostic factors in PBL can be subdivided as HIV related and lymphoma related.
A recent comparative study evaluating differences between HIV-positive and HIV-
negative PBL patients reported that HIV status per se could be of prognostic value;
however, this could be a consequence of an immunological response to HAART
seen in HIV-positive patients. In HIV-positive patients, the use of HAART has
shown to be of prognostic value in patients with HIV-associated PBL in general
(i.e., chemotherapy treated or untreated) [60]. HAART, given prior to or after a
diagnosis of PBL, remained as a prognostic factor in patients treated with chemo-
therapy [59], suggesting that the benefits of HAART could be independent of the
benefits of chemotherapy. A number of adverse clinical prognostic factors have
been identified in patients with PBL. Among them are advanced clinical stage,
extra-oral sites of involvement, lack of use of chemotherapy, lack of response to
chemotherapy, bone marrow involvement, and presence of B symptoms [60, 61]. In
the multivariate analysis, clinical stage and use of chemotherapy were independent
factors for PBL patients [60]. In HIV-associated PBL patients who were treated
with chemotherapy, clinical stage and response to chemotherapy were indepen-
dently associated with survival [59]. Pathological factors could also serve as prog-
nostic markers; subset analyses have identified high proliferation rates (Ki-67
>80%) as a marker of worse survival rates in HIV-associated PBL [59], but this
would need further validation. More recently, C-MYC gene rearrangements (chro-
mosome 8), similar to the ones found in BL, have been described recurrently in
HIV-associated PBL and have been linked to a worse prognosis [62, 63].

In summary, clinical stage, HAART, and chemotherapy seem to have indepen-
dent prognostic values in patients with HIV-associated PBL. In patients treated with
chemotherapy, the clinical stage and obtaining a complete response seem to be the
strongest prognostic factors. The emerging data on C-MYC gene rearrangements,
although intriguing, needs further studying.

Primary Effusion Lymphoma

PEL is arare lymphoma, accounting for approximately 2—4% of all ARLs. According
to the 2008 WHO classification, PEL is considered one of the ARLs more specifically
seen in HIV/AIDS patients. PEL presents more frequently in men than women with
median CD4* counts ranging between 130 and 200 cells/mm?. PEL commonly pres-
ents in serous body cavities such as pleura or peritoneum, resulting in recurrent
effusions, although extracavitary presentations have also been described [64]. Due
to this unusual extranodal presentation, patients are by definition considered as
stage IV disease. The development of PEL is universally associated with the Kaposi
sarcoma herpes virus or human herpes virus 8 (HHV-8) and, to a lesser degree, with
EBV. Although proven to be a B-cell lymphoma by molecular techniques, PEL
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seldom expresses leukocyte or B-cell markers and is usually CD45- and
CD20-negative. Given the morphological and molecular features of PEL, the cell of
origin is thought to be at a B-cell development stage between an immunoblast and
a plasma cell. Current guidelines recommend initiation or adjustment of HAART
along with combination chemotherapy regimens such CHOP, CDE, dose-adjusted
EPOCH, or CDOP. Given the lack of expression of CD20 by PEL, the administra-
tion of rituximab is not recommended [42]. A few studies evaluating intracavitary
cidofovir in PEL demonstrated anecdotal success [65].

Prognostic Factors in HIV-Associated PEL

The prognosis of HIV-associated PEL remains poor with median OS rates at 2-3
months if left untreated and 6 months with aggressive therapy in recent case series
[66, 67]. Due to its rarity and the lack of PEL-specific prospective studies, there is
a paucity of data regarding prognostic factors in HIV-associated PEL. The largest
published case series reported clinicopathological data on 28 patients with HIV-
associated PEL [66]. In the univariate analysis, a series of clinical factors were
associated with a worse OS rate, including age <45 years, absence of HAART prior
to lymphoma diagnosis, performance status ECOG >2, thrombocytopenia, hypoal-
buminemia, and treatment not including methotrexate. However, in the multivariate
analysis, only a performance status >2 and absence of HAART prior to PEL diag-
nosis were adverse independent prognostic factors. It is important to note the retro-
spective nature of the data collection, the small sample size, and the lack of
uniformity in the therapy of HIV-associated PEL patients in this study. A single
institution study from Aviano, Italy, reported data from 16 HHV-8-positive lympho-
mas found among 327 ARLSs [68]. In the univariate survival analysis of all ARLs,
HHV-8-positive lymphoma, HHV-8 viral load >40,000 copies/mm?, and perfor-
mance status >2 were factors associated with a worse outcome. In the multivariate
analysis, HHV-8-positive lymphoma was the only independent factor associated
with survival.

In summary, HIV-associated PEL seems to have one of the worst prognoses of all
ARLSs. The use of HAART along with performance status seems to be associated
with survival in these patients.

Peripheral T-Cell Lymphoma

Peripheral T-cell lymphomas (PTCLs) are among the ARLs also seen in immuno-
competent individuals. Although PTCL occurs rarely in the setting of HIV infec-
tion, the risk of developing PTCL has been reported up to 15-fold the risk of the
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general population [69]. The current WHO classification includes a large variety of
PTCLs. For classification purposes, PTCL can be divided as leukemic (i.e., T-cell
large granular lymphocytic leukemia, adult T-cell/leukemia/lymphoma), cutaneous
(i.e., mycosis fungoides), and systemic (i.e., anaplastic large cell lymphoma [ALCL]
or PTCL, not otherwise specified [PTCL-NOS]) [70]. This section will discuss
almost exclusively the status of HIV-associated systemic PTCL. Given the rarity of
systemic PTCL in HIV-infected individuals, with no more than 150 cases reported
in the literature, no prospective studies have been carried to identify its true inci-
dence or prevalence. The available data rely heavily on case reports and case series
[71]. The median age at presentation is 38 years with a male predominance (4-5:1).
The median CD4* count is 130 cells/mm?. The majority of cases (75%) present with
advanced clinical stage (i.e., stage III or IV) and 62% with high-risk age-adjusted
IPI scores. Interestingly, 70% of cases had at least one extranodal site affected.
Pathologically, the most common PTCL subtypes in HIV-infected individuals were
PTCL-NOS and ALCL. The CR rate was 43% with a 5-year OS rate of 32%. No
specific chemotherapy regimen is considered standard of care in HIV-associated
PTCL; however, these patients should be treated with similar therapies as immuno-
competent individuals.

Prognostic Factors in HIV-Associated PTCL

The largest literature search in HIV-associated systemic PTCL gathered clinical and
pathological data from 85 cases [71]. In this group of heterogeneously treated
patients, the use of HAART and EBV positivity within tumor cells was associated
with a better OS rate, while an advanced clinical stage was an adverse prognostic
factor. A CD4* count of <50 cells/mm?* showed a statistical trend toward a poor
prognosis. Of note, no multivariate analysis was performed due to missing data. In
a recent case series on 51 patients with HIV-associated systemic PTCL [72], CD4*
count <200 cells/mm?* and a performance status ECOG >1 were associated with
worse OS rates, while the use of HAART showed an association with better progno-
sis. In a multivariate analysis, performance status and use of HAART were indepen-
dent prognostic factors. Although not included in the multivariate survival analysis,
the use of chemotherapy and obtaining a CR were clearly associated with an
improved survival in patients diagnosed with these aggressive lymphomas. Scarce
data are available on subtypes of HIV-associated PTCL. In a literature review on 37
patients with a diagnosis of HIV-associated ALCL, in which the large majority of
patients did not express ALK, early clinical stage was associated with an improved
survival, while the use of HAART showed a trend toward significance [73].

Although data are scant, the use of HAART and performance status seemed to be
prognostic factors in HIV-associated PTCL. We were unable to find studies evaluat-
ing prognostic factors in patients with leukemic and/or primary cutaneous HIV-
associated PTCL.
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Future Directions in Aggressive Lymphomas

Guilherme F. Perini and Luis E. Fayad

Abstract New exciting discoveries have emerged in the field of aggressive
lymphomas. A better understanding of the biology of lymphomas has been trans-
lated into clinical practice, and new drugs are emerging as a hope for better disease
control. In this chapter, we review the new therapies for aggressive lymphomas, like
proteasome inhibitors, B-cell receptor signaling inhibitors (Syk, Burton’s tyrosine
kinase and protein kinase C inhibitors) and mammalian targets of rapamycin.
Moreover, a concise review of the new monoclonal antibodies (MoAbs) and their
new targets is presented. Immunomodulatory drugs like lenalidomide also have
shown potential benefit in patients with aggressive lymphomas. Although more
studies are necessary, these drugs will probably be incorporated in the management
of aggressive lymphomas, with less toxic, targeted therapy.

The hematological malignancies have long been in the forefront of development of
cancer therapies. The association of new discoveries in genetics and molecular biol-
ogy has contributed to a better understanding of cancer and consequent treatment
innovations. Chronic myeloid leukemia (CML) remains a paradigm of the foresaid.
From the Philadelphia chromosome, the first chromosome-specific abnormality
related to cancer [1], to the consequent discovery of the BCR-ABL, a fusion protein
with abnormal kinase activity responsible for the proliferation of myeloid cells [2],
anew era in cancer biology has emerged. Not long, patients with CML could benefit
from these discoveries: imatinib (Gleevec®), a selective inhibitor of tyrosine kinase,
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has been the first approved molecular targeted therapy in cancer and is now
considered standard therapy for patients with CML [3].

New exciting discoveries also emerged in the field of lymphomas. Rituximab
(Rituxan®), a chimeric monoclonal antibody targeted at the CD20 epitope present in
B cells, has brought to attention the role of immunotherapy in cancer treatment and
is now considered essential in the treatment of most B-cell lymphomas [4]. New
monoclonal antibodies (MoAb) have been developed for other malignancies, such
as acute myeloid leukemia and renal and pulmonary cancer [5, 6]. Conjugation of a
radionuclide with MoAbs introduced the conception of radioimmunotherapy, now
available for treatment of selected patients with lymphoma [7].

In the past, aggressive lymphomas were considered an obscure disease with a
dismal prognosis. Recent discoveries have shed new light, and aggressive lympho-
mas are now a treatable and curable disease.

New Insights in the Biology of Aggressive Lymphomas

In the past, the diagnosis of lymphoma and cancer in general relied mostly on mor-
phologic features. However, the findings of recurrent cytogenetic abnormalities and
consequent molecular alterations, urged the need of more refined diagnosis. Mantle
cell lymphoma, for example, is now recognized as a molecular-defined lymphoma,
with over expression of cyclin D1, a consequence of the t(11;14) present in malig-
nant cells [8]. In contrast, the diagnosis of diffuse large B-cell lymphoma (DLBCL),
the most common subtype of lymphoma, remains confined to morphological and
immunohistochemical findings. Consequently, it is reasonable to conclude that dif-
ferent types of DLBCL, with diverse molecular alterations and clinical behavior, are
diagnosed and treated the same.

An area of great interest in recent research is the attempt to divide different sub-
types of DLBCL [9]. Recently, great interest have been directed to subtypes of
aggressive DLBCL-associated MYC rearrangements. Overexpression of c-MYC
drives cell proliferation and the expression of other genes involved in cell growth,
and patients with DLBCL with ¢c-MYC expression usually have high-grade mor-
phologic features that morphologically resemble Burkitt lymphoma (BL) [10]. A
subgroup of patients also presents concurrent translocations involving the BCL-2
gene. This subtype of lymphomas, so-called “double hit” DLBCL, usually present
with very aggressive disease, with bone marrow involvement, elevated lactate
dehydrogenase levels, and multiple extranodal sites [11, 12]. Patients seldom
respond to chemotherapy, and those who achieve a response subsequently suffer an
early relapse [13]. Studies are being conducted to evaluate the role of intensified
chemotherapy in this subset of patients.

Gene profile expression studies have contributed to a better understanding and
separation of at least two subtypes of DLBCL: germinal center B-cell (GCB) and
activated B-cell (ABC) lymphomas [14]. When the clinical outcome of the cases
was examined, cases with the GBC signature had a significantly better prognosis
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than the cases that expresses the ABC signature [15]. Although the initial studies
were conducted in the era pre-rituximab, subsequent studies confirmed the prognos-
tic value of the GCB-cell signature [16]. Subsequent studies have focused on the
genes expressed in the GCB or ABC subtypes. High expression of a proliferation
signature and low expression of major histocompatibility complex signature are
associated with poor survival. Interestingly, studies focusing on the lymph node
stromal signature disclosed a potential prognostic value [17]. High expression of
stromal signatures associated with extracellular matrix deposition and tissue
inflammation (stromal I signature) is associated with better outcome than cases with
high expression of signatures associated with angiogenesis (stromal II signature)
[18]. Other studies on subsets of DLBCL based on site of presentation also show
different patterns of gene expression.

Although these studies have shown the potential of gene expression to define
oncogenic pathways, it has yet to be translated in clinical practice. However, new
studies have shown that a subset of DLBCL may benefit from a specific therapy. For
instance, the Biocoral study, a post hoc study of biological variables of the CORAL
study, has shown that patients with relapsed DLBCL with GCB phenotype have
better outcomes when treated with R-DHAP instead of R-ICE [19].

Imaging in Aggressive Lymphomas

The traditional approach to treatment monitoring through imaging has relied on
anatomical changes assessing tumor size before and after treatment. This approach
has proven through time to be rather problematic. The rate of structural regression
of tumors after chemotherapy depends on several factors in the host, as well as the
amount of fibrosis present in the tumor. Moreover, the response criteria universally
adopted are somewhat arbitrary, and a consistent correlation between tumor response
and patient survival has not been demonstrated.

Over 50 years ago, Otto Heinrich Warburg discovered that malignant cancers
ferment glucose to lactic acid much more rapidly than most normal cells [20]. The
latter, known as the “Warburg effect,” is the basis for the use of fluorine-18
fluorodeoxyglucose (['*F]JFDG) positron emission tomography (PET-CT) for the
staging and treatment monitoring of a variety of cancers [21-23]. The first reports
of PET-CT for lymphoma imaging were published more than 20 years ago, and dur-
ing the last decade, PET-CT has been introduced into all of the steps of lymphoma
management.

In aggressive lymphomas, PET-CT has proved to be highly sensitive in deter-
mining sites of disease [24, 25]. Several studies have demonstrated the superiority
of PET-CT for monitoring treatment of aggressive NHL [24-26]. Patients with a
negative PET-CT after treatment have better progression-free survival [27].
However, the role of interim PET-CT in DLBCL patients is controversial, with
studies showing conflicting results [28, 29]. Outside clinical trials, interim PET-CT
is not recommended in patients with DLBCL.
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Recent trials are now focusing on PET-CT-tailored strategies. The Groupe
d’Etude des Lymphomes de 1’Adulte (GELA) is currently conducting a phase III
trial of salvage autologous stem cell transplantation (ASCT) if PET results are posi-
tive after two cycles of R-CHOP [30]. In the same manner, the British Columbia
Cancer Agency is testing four cycles of R-ICE if PET results are positive after four
cycles of R-CHOP [31]. The Alberta Cancer Board also conducted a trial of PET-
CT-guided treatment and preliminary results suggest that high-dose therapy with
R-DICEP and ASCT may improve EFS for poor prognosis DLBCL with interim
positive PET-CT [32].

New Treatments in Aggressive Lymphomas

The development of new drugs as well as incorporation of drugs already developed
for other malignancies shows promising results in aggressive results.

Proteasome Inhibitors

The proteasome is a multi-subunit protease complex responsible for the elimination
of intracellular proteins tagged for degradation [33]. The ubiquitin-proteasome path-
way controls protein function through the degradation of polyubiquitinated intracel-
lular proteins, involved in cell cycle regulation, transcription factor activation, and
apoptosis [34, 35]. Diverse types of cancer cells undergo apoptosis in response to
proteasome inhibition, and many proteins involved in lymphomagenesis are regu-
lated by the proteasome pathway, including cyclins, NF-xB and p53 [36-38].
NF-«B is a family of proteins that control genes implicated in cell activation, pro-
liferation, and apoptosis [39]. Several studies have implicated increased NF-«xB activ-
ity in different lymphomas, such as MALT lymphomas [40], peripheral T-cell
lymphoma [41], and activated B cell-like DLBCL [42]. Bortezomib (Velcade®), a 20S
proteasome subunit inhibitor approved for the treatment of relapsed refractory multi-
ple myeloma, has also shown activity in NHL [43]. A phase II trial of 155 pretreated
patients with MCL receiving bortezomib (PINNACLE) reported an ORR of 31%,
with 14 patients with CR/Cru [44]. Based on this trial, bortezomib is now approved
for patients with relapsed/refractory MCL. The role of bortezomib in association with
standard chemotherapy for untreated patients with MCL is being evaluated.
Bortezomib has also been studied in patients with DLBCL, with modest activity
as a single agent. The association of bortezomib with standard R-CHOP (BR-CHOP)
therapy was evaluated in a phase II prospective trial with 76 patients with DLBCL
and MCL (40 patients with DLBCL). BR-CHOP resulted in an intent-to-treat
response of 88% [45]. The addition of bortezomib in salvage therapy of patients
with DLBCL has also been evaluated. Relapsed patients with ABC subtype of
DLBCL were treated with bortezomib in combination with dose-adjusted EPOCH
chemotherapy. The ORR was 83%, with an OS of 10.8 months [46]. Two prospective
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trials (LYM?2034 and PYRAMID) are assessing the role of bortezomib combined
with chemotherapy in upfront therapy of patients with non-GCB DLBCL.

B-Cell Receptor Signaling Inhibitors

B-cell receptor (BCR) plays an important role in normal B-cell development.
Progenitor B cells only differentiate into mature B cells if they express a functional
BCR, and those B cells that fail to express a BCR undergo apoptosis. Antigen BCR
ligation activates a family of tyrosine kinases, named Scr protein kinases. These
tyrosine kinases consequently recruit Syk, another tyrosine kinase responsible
for activation of several other molecules, including protein kinase C (PKC),
phosphatidyl-inositol-3-kinase (PI3K) and AKT (also known as protein kinase B) [47].
In DLBCL, a chronically “tonic signaling” has been observed and gene expression
profiling studies have shown that some DLBCL have overexpression of the BCR,
indicating a dependence on this signaling pathway [48]. New drugs targeting the BCR
signaling pathway are being developed.

Syk Inhibitors

In vitro studies have confirmed the presence of deregulated Syk pathway in
DLBCL [49]. Furthermore, in vitro inhibition of Syk induced apoptosis of DLBCL cell
lines. Syk inhibitors are now testing the possible therapeutic effect of these drugs.
Fostamatinib disodium (R406), an oral ATP-competitive Syk inhibitor, is the first
to be tested in clinical trials. In preclinical studies, R406 inhibited the proliferation
and induced apoptosis of DLBCL lines with tonic BCR signaling, especially lines
with high expression of cell-surface immunoglobulin [48]. A phase I/II trial includ-
ing 68 patients with relapsed NHL (23 DLCBL) showed promising results, includ-
ing a 22% clinical response in DLBCL, with four partial responses and one complete
response [50]. Adverse events were mild and included fatigue, gastrointestinal
symptoms, and myelosuppression. Further studies both as single agent and in com-
bination with other drugs are being conducted. Moreover, it has been demonstrated
that some patients with peripheral T-cell lymphoma also have a deregulated Syk
pathway [51], and studies are conducted with fostamatinib in these patients.

Bruton Tyrosine Kinase Inhibitors

Bruton agammaglobulinemia, an X-linked agammaglobulinemia first described in 1952,
is caused by mutations in the gene coding for Bruton tyrosine kinase (BTK). Patients
with Bruton agammaglobulinemia have profound hypogammaglobulinemia, with fewer
than 1% of the normal number of B cells, with an immature phenotype [52].
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Another approach to interrupting BCR signaling is with BTK inhibitors. BTK is
a component of the BCR signaling pathway and is downstream of Syk. BTK is criti-
cal to the maturation of pre-B cells to differentiating mature B cells [52]. Findings
suggest that BTK may be an essential transducer of signals that govern immuno-
globulin rearrangement events and re-expression of the RAG gene products. BTK
signaling may also regulate the survival of immature B cells that have performed a
successful Ig light chain rearrangement, as well as governing the entrance of B cells
in the follicular center [53].

Targeting BTK is a promising new therapeutic approach in NHL. Ibrutinib (PCI-
32765), an oral irreversible BTK inhibitor, has been tested in a phase Ib/II follow-up
trial in patients with relapsed or refractory chronic lymphocytic leukemia/small
lymphocytic lymphoma and showed an ORR of 70%, in a 10 month follow-up [54].
An interim analysis of a phase II study in 48 patients with relapsed/refractory man-
tle cell lymphoma showed an overall response rate of 67%. Interestingly, patients
exposed to bortezomib had higher rates of response (75% vs. 58%) [55].

Ibrutinib has also been tested in patients with relapsed/refractory ABC DLBCL.
In an interim analysis of a phase I/II study, eight patients received ibrutinib in a
fixed dose of 560 mg daily for 35 days. Two patients achieved CR, and other three
patients achieved stable disease (SD), showing that ibrutinib has clinical activity in
aggressive lymphomas [56].

PKC Inhibitors

The PKC family is composed of four main members: conventional PKCs (., 8 and
), novel PKCs, atypical PKCs, and PKC-related kinases. PKC-f3 protein is a critical
component of the BCR signaling pathway and is related to cell survival by activa-
tion of the NF-kB complex [57]. PCK-f has also been related in VEGF-mediated
angiogenesis [58]. Since both NF-xB and VEGF are implicated with DLBCL,
PKC-B is an attractive target for development of new drugs.

Enzastaurin is an oral ATP-competitive selective inhibitor of PKC-f that also
targets the PI3K-AKT pathway and has shown proapoptotic, antiproliferative, and
antiangiogenic activities in several cancer lines [59]. A phase II trial including 55
patients with relapsed DLBCL disclosed a safe toxicity profile, with rare hemato-
logical toxicities. The primary endpoint was freedom from progression after two
cycles, and 22% of patients achieved this endpoint, including three patients achiev-
ing CR lasting more than 20 months [60]. A phase III trial is testing enzaustarin in
combination with R-CHOP for first-line treatment of patients with DLBCL.
Enzastaurin maintenance is also being tested in high-risk DLBCL patients achiev-
ing a CR after R-CHOP treatment [61].

Bryostatin 1 (B-1) is a modulator of the PKC family and has shown antitumor activ-
ity in vitro. An immunomodulatory component is also present, with neutrophil and
immune cell activation. Studies in patients with CLL or indolent NHLs are being con-
ducted, exploring the effect of B-1 in combination with other cytotoxic agents [62].
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Heat Shock Protein Inhibitors

Heat shock proteins (HSP) are cytosolic molecules responsible for chaperoning
multiple proteins necessary for cell signaling, proliferation, and survival [63]. In the
presence of cellular stress, an increase in the expression of HSP occurs, and HSP
bind to client proteins protecting them from degradation and preserving cells from
apoptosis [64].

HSP90, a member of the HSP family, is overexpressed in cancer cells and may
be involved in the survival advantage of these cells. Moreover, HSP90 is overex-
pressed in many NHL subsets, including DLBCL, and is related to histological
transformation of indolent lymphomas [65]. Geldanamycin (17-allylamino-17-
demethoxygeldanamycin [17-AAG]) is the first HSP90 inhibitor tested in humans.
It has shown to induce cell cycle arrest and apoptosis through the downregulation of
cyclin-dependent kinase 1 and AKT and the activation of caspase 9 in MCL cell
lines [66]. A number of phase I trials with 17-AAG and similars have shown some
activity in melanoma [67], myeloma [68], or breast cancer [69]. Phase I studies in
patients with relapsed or refractory NHL are ongoing.

Mammalian Target of Rapamycin Inhibitors

Mammalian target of rapamycin (mTOR) is a kinase involved in regulation of
proliferation, cell growth, and apoptosis. The activation of the PI3K-AKT-mTOR
pathway promotes the translation of proteins that regulate cell cycle, in particu-
lar the eukaryotic initiation factor 4E-binding protein 1 and the p70S6 kinase,
responsible for the translation of cyclin D1, ¢-MYC, and Stat3 proteins, all
involved in the pathogenesis of NHL [70]. The PI3K pathway is constitutively
activated in the majority of B-cell lymphomas, as manifested by phosphorylation
of S6K and 4E-BP1 [71]. Moreover, mTOR inhibitors can decrease the expres-
sion of cyclin D1 and cyclin/cyclin-dependent kinases, an interesting property
for the treatment of MCL [72].

Two rapamycin analogs, temsirolimus and everolimus, have proved to produce
growth inhibition in a broad range of tumor models, including lymphoma. Rapamycin
and temsirolimus have demonstrated antitumor activity in vitro against a variety of
lymphoma cell lines, especially in MCL cells [73]. In a phase II trial with 35 patients
with relapsed/refractory MCL, temsirolimus was delivered as a weekly 250 mg
intravenous infusion, and showed an ORR of 38%, including 1 CR [74]. The most
significant myelosuppression was thrombocytopenia, and the study was repeated
with additional patients receiving 25 mg temsirolimus intravenously every week.
An ORR of 41% was observed, with lower incidence of thrombocytopenia.

A phase III trial, comparing temsirolimus with investigator’s choice of conven-
tional chemotherapy for patients with relapsed/refractory MCL showed better PFS
and ORR in patients treated with temsirolimus [75]. In another phase II trial, temsi-
rolimus was combined with rituximab in 71 patients with MCL exposed to rituximab.
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The ORR was 48%, with 20% (14 of 71) complete responses, and 28% (20 of 71)
partial responses [76]. A phase I trial for new, untreated MCL patients is being con-
ducted, combining rituximab, temsirolimus, and cladribine for patients not trans-
plant eligible.

Everolimus, an oral mTORCI1 inhibitor, has also shown antitumor effects.
Preclinical studies have shown that everolimus inhibits phosphorylation of mTOR
substrates and induces G1 arrest [77]. Moreover, everolimus can sensitize MCL
cells to cytotoxic agents, including doxorubicin and bortezomib. Hodgkin lym-
phoma cells also show activation of the PI3K pathway and are sensitive to everoli-
mus [78]. A phase II trial evaluated everolimus in 37 patients with refractory/
relapsed aggressive NHL, including 20 patients with DLBCL and 14 with MCL.
The ORR was 32%, with a median duration of response of 3.1 months [79].
Everolimus was well tolerated, despite mild hematological toxicity. Subsequent
studies have demonstrated positive results in patients with CLL/SLL [80] and
Waldenstrom macroglobulinemia [81]. mTOR inhibitors also have activity in
relapsed, aggressive lymphomas. In a phase II study, 47 patients with relapsed
DLBCL were treated with single-agent everolimus with an ORR of 30%.
Interestingly, an ORR of 63% was observed in relapsed T-cell NHL [82].

In conclusion, the mTOR inhibitors temsirolimus and everolimus have modest
single-agent activity in NHL, CLL/SLL, Hodgkin lymphoma, and Waldenstrom
macroglobulinemia. These agents are now being tested in larger single-agent stud-
ies as consolidation after induction therapy for DLBCL, as treatment for new
untreated Waldenstrom macroglobulinemia, relapsed Hodgkin lymphoma, and in
combination with chemoimmunotherapy for untreated MCL.

Histone Deacetylase Inhibitors

Histones are small basic proteins that form the nucleosome core by binding to DNA.
Histone acetylation is relevant in diverse cellular mechanisms, including chromatin
assembly, DNA repair, and gene expression. In a general way, histone acetylation is
linked to a relaxed chromatin status, with activation of transcriptional activity.
Histone deacetylation, however, causes condensation of the chromatin and repres-
sion of transcriptional activity [83]. An imbalance in these mechanisms is involved
in the pathogenesis of different tumors. In NHL, the frequent translocation affecting
the BCL6 gene activates the HDAC-containing complex and inhibits transcription
and differentiation of germinal center B cells [84].

Several histone deacetylase inhibitors (HDAC) are available for treatment of
hematological malignancies. Vorinostat (Zolinza®, SAHA) is a HDAC inhibitor
approved for the treatment of relapsed cutaneous T-cell lymphomas [85]. A phase II
trial of vorinostat in 18 patients with relapsed DLBCL showed modest activity, with
only one patient achieving CR [86].
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MGCDO0103 (mocetinostat) is an oral HDAC inhibitor under study. An interim
analysis of a phase II trial in 50 patients with relapsed/refractory DLCBL and FL
reported an ORR of 23.5% in DLBCL, with one CR and three PR [87]. Mocetinostat
is also being evaluated for patients with HL. Panobinostat, a novel HDAC, inhibits
proliferation and induces apoptosis in tumor cell lines. Interestingly, a synergic
effect with mTOR inhibitors has been demonstrated [88], and phase I/II trials of
panobinostat associated with everolimus are being conducted for patients with
relapsed/refractory NHL.

Immunomodulatory Drugs

Immunomodulatory drugs (IMiDs) are a group of compounds structurally and func-
tionally related to thalidomide, an oral sedative with anti-inflammatory properties.
Thalidomide interferes with tumor microenvironment and inhibits tumor necrosis
factor TNF-a through degradation of its mRNA, as well as IL-6, IL-1, E-selectin,
L-selectin, and GM-CSF [89, 90]. Thalidome also stimulates T-cell lymphocytes,
inducing proliferation, cytokine production, and cytotoxic activity and upregulates
natural killer (NK) cell activity [91]. Furthermore, thalidomide exhibits antiangio-
genenic properties, by decreasing expression of vascular endothelial growth factor
(VEGF) [92].

Lenalidomide (Revlimid®), a less toxic and more potent IMiD, is extensively
used in multiple myeloma [93, 94], and recent clinical studies show promising
results in NHL. A phase II trial of single-agent lenalidomide included 49 patients
with aggressive NHL, including MCL and DLBCL. The ORR was 35% in all
patients and 28 % in DLBCL patients [95]. Patients with MCL also showed responses
with lenalidomide in combination with rituximab [96]. A phase I/II trial combining
lenalidomide with standard R-CHOP (R2-CHOP) in aggressive lymphoma patients
has shown a secure toxicity profile, with no major effects or hematological recovery
delays. Moreover, for 30 patients evaluable for response, the overall and complete
response rate was 100% and 83%, respectively [97]. Lenalidomide may also have
distinct activity depending on the GBC/ABC phenotype. In a retrospective study of
patients treated with salvage lenalidomide, the overall response rate in patients with
non-GCB subtype was superior to the GCB phenotype [98].

Novel Monoclonal Antibodies

Since the introduction of rituximab in the treatment of lymphomas, research has
focused on the development of novel monoclonal antibodies. Strategies have been
divided in two different groups: improving anti-CD20 activity and development of
new targets for immunotherapy.
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New Anti-CD20 MoAbs

Ofatumumab (Arzerra®), a fully human IgG anti-CD20 antibody, targets a different
epitope within the CD20 molecule, responsible for different therapeutic properties.
Compared with rituximab, ofatumumab binds in a region closer to cell membrane,
improving binding stability [99]. Moreover, stronger complement-dependent cell
lysis (CDC) is observed with ofatumumab, with similar antibody-dependent cellu-
lar toxicity (ADCC) [100]. Ofatumumab was tested as monotherapy in patients with
FL in a phase I/II trial, with ORR of 13% and an ORR of 22% in patients refractory
to rituximab [101]. These encouraging results led to a trial in heavily pretreated
patients with relapsed/refractory aggressive B-cell NHL, most of them preexposed
to rituximab. Overall response rates reached 11% (three complete responses and six
partial responses) [102].

Veltuzumab is also a second-generation of anti-CD20 MoAbs, developed to
improve the efficacy of rituximab. Veltuzumab is a humanized antibody with struc-
tural differences compared with rituximab and shows similar in vitro CDC and
ADCC properties, with a slower dissociation from the CD20 epitope. Moreover,
veltuzumab has shown enhanced tumor B-cell depletion compared with rituximab.
A recent phase I/l study in patients with relapsed/refractory different subtypes of
NHL showed an ORR of 44 and 27% CR [103]. Interestingly, in the DLBCL
patients, a PR of 43% was observed, all of them previously treated with R-CHOP.

Obinutuzumab (GA101), a humanized anti-CD20, has specific modifications in
the Fc and hinge regions, leading to a high binding affinity to a distinct CD20 epitope
and significant increase in FcgRIII receptor binding. These particular alterations result
in a superior ADCC and reduced CDC activity. Moreover, obinutuzumab is thought to
increase signaling in target cells, activating apoptotic pathways. A superior antitumor
activity of GA101 over rituximab has been suggested by studies in animal models of
lymphoma [104]. A phase I/II trial of GA101 in relapsed patients with NHL, mostly
FL, showed a safe toxicity profile, with ORR of 58% in 12 patients (three CRs and
four PRs). In a study with 40 relapsed/refractory aggressive lymphoma patients, an
ORR of 30% was observed in DLBCL patients [105].

New Targeted MoAbs

Epratuzumab is a humanized IgG1 anti-CD22 antibody, a protein expressed on the
membrane of normal and malignant B cells. CD22 is internalized when it interacts with
its natural ligand, and its precise role in B cells is unclear. Epratuzumab shows ADCC
and CDC activities, and a phase I/II trial with epratuzumab associated with rituximab
showed impressive results in patients with indolent NHL, including CR in patients
previously exposed to rituximab. A multicenter phase II trial combining epratuzumab
with standard R-CHOP was conducted in patients with DLBCL. Seventy-eight eligible
patients were treated with ER-CHOP, with ORR of 95 and 73% CR [106].
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Galiximab is a new chimeric IgG MoAb directed against CD80, with synergy
effects with rituximab. CD8O0 is a T-cell co-stimulatory molecule expressed in nor-
mal and malignant B cells, and cross-linking of CD80 induces caspase-dependent
apoptosis in lymphoma cell lines. Clinical activity of galiximab has been proved
mostly in FL, with phase I/Il study showing ORR of 64% when associated with
rituximab [107].

SGN-40 (dacetuzumab) is also a new and promising MoAb. CD40 is a critical
molecule of the TNF family, involved in normal B-cell activation, proliferation, and
differentiation. Preclinical studies in human lymphoma cells have shown ADCC
activity, as well as cell growth inhibition and apoptosis promotion. After a phase I
trial with 35 patients with NHL reporting a safe profile and clinical activity [108],
two phase II trials are ongoing with patients with relapsed DLBCL, either as single
agent or in combination with chemotherapy. Hence, a phase 1 clinical trial of SGN-40
in combination with rituximab and gemcitabine showed multiple responses in
patients with relapsed DLBCL [109].

Blinatumomab is a bi-specific antibody targeting CD19 (B-cell marker) and CD3
(a T-cell engager). Upon binding and engaging both cells, the B cell is stimulated to
growth arrest and apoptosis, and T cell is driven to proliferate. In a phase I study
with 12 patients with lymphoma, 11 patients had an objective response, and at least
half of the responders remained in response at 1 year out of therapy [110].

Inotuzumab ozogamicin is an antibody against CD22 conjugated with cali-
cheamicin, a cytotoxic agent. In a phase I study, responses of 39% were observed in
patients with lymphoma, including a 15% response in DLBCL patients. A combina-
tion of rituximab with inotuzumab ozogamicin has been tested in patients with
recurrent DLBCL, with an ORR of 80%. However, in rituximab-refractory patients,
the ORR was much lower (20%) [111].

Conclusion

It has been said that normal lymphocyte differentiation is, in some sense, a disaster
waiting to happen [112]. The consequence of this “disaster” is the outbreak of
clonal, unorganized, and rapid multiplying malignant B cells. For many years, the
use of drugs with cytotoxic effect remained the principle of lymphoma therapy.
Outstanding results were achieved with this strategy in some NHL, and a relatively
significant proportion of patients could be cured. However, toxicity and late side
effects compromised the majority of patients.

Modern oncology is one of the most fascinating areas or research in present
years. Knowledge from basic sciences has progressively been translated in clinical
outsets. Less toxic, targeted therapy has emerged as a promising approach in lym-
phoma patients. The understanding of molecular pathways involved in the patho-
genesis and clinical behavior of lymphomas has served as foundation for new drug
development. Many patients, including the considered nonfit ones, may rely on
these new drugs for disease control.
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New Monoclonal Antibodies for Indolent
Non-Hodgkin Lymphoma

Tadeusz Robak

Abstract Over the last few years, several new monoclonal antibodies (mAbs)
directed against lymphoid cells have been developed and investigated in indolent
non-Hodgkin lymphoma (NHL). New generations of anti-CD20 mAbs were engi-
neered to have augmented antitumor activity by increasing complement-dependent
cytotoxicity or antibody-dependent cellular cytotoxicity and increased Fc binding
affinity for the low-affinity variants of the FcyRIIIa receptor on immune effector
cells. The second-generation mAbs are humanized or fully human to reduce immu-
nogenicity. They include ofatumumab, veltuzumab, and ocrelizumab. The third-
generation mAbs, including AME133v, Pro13192, and GA-101, are also humanized,
but, in comparison with the second-generation mAbs, they also have an engineered
Fc region designed to increase their effector functions. Some other new mAbs are
also active in indolent NHL. These treatments include epratuzumab, apolizumab,
galiximab, anti-TRAIL receptors mAbs, and anti-CD40 mAbs. Small modular
immunopharmaceuticals (SMIP) that retain Fc-mediated effector functions have
been also developed and investigated in preclinical studies and clinical trials. The
SMIP molecules include TRU-015 (anti-CD20) and TRU-016 (anti-CD37). In
addition, zanolimumab is a promising new antibody for the treatment of T CD4+
cell malignancies.
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Table 1 Novel anti-CD20 monoclonal antibodies

MoAb Target  Antibody characteristics

Ocrelizumab CD20 Type I, 2nd generation, humanized IgG1; binding
to different CD20 epitope than rituximab;
enhanced ADCC and reduced CDC; enhanced
affinity for FcyRIIla R1Ila

Veltuzumab CD20  Type I, 2nd generation, humanized IgG1; binding

(IMMU-106, hA20) to different CD20 epitope than rituximab;
enhanced ADCC and reduced CDC,
enhanced affinity for FcyRIIla RIIla

Ofatumumab CD20  Type I, 2nd generation, human IgG1, binding
(HuMax-CD20, Arzerra) to different CD20 epitope than rituximab, more
effective at CDC and less at ADCC than rituximab
GA-101 (RO5072759) CD20  Type II, 3rd generation, humanized IgG1,
superior ADCC than rituximab and superior
direct cell killing
AME-133 (Obinutuzumab, CD20 Type 1, 3rd generation, humanized fusion IgG1;
LY2469298) enhanced affinity for FcyRIlla, superior ADCC
PRO131921 CD20 Type I, 3rd generation, humanized fusion IgG1,

improved binding to FcyRIlIa, better ADCC,
superior antitumor efficacy

TRU-015 CD20 Antibody-based single-chain polypeptide (SMIP)
derived humanized fusion protein; CDC, ADCC
and apoptosis induction

Introduction

Rituximab (Rituxan, Mabthera, F Hoffmann-LLa Roche), anti-CD20 monoclonal
antibody (mAb), was approved by the FDA in 1997 for the treatment of non-Hodgkin
lymphoma (NHL). This drug, especially when combined with chemotherapy,
has a significant impact in the treatment of B-cell lymphoid malignancies [1]. However,
rituximab is only partially effective in NHL, exposing an obvious need to develop new,
more specific and active agents. Recently, several new anti-CD20 mAbs have recently
been developed (Table 1). In addition, other aAbs targeting B- and T-cell surface mole-
cules are also being evaluated in preclinical and clinical studies (Table 2, Fig. 1). Several
of them are under investigation in patients with lymphoid malignancies in phase I/II
clinical trials, as single agents or in combination with other drugs (Table 3) [2, 3].

Anti-CD20 Monoclonal Antibodies

New generations of anti-CD20 mAbs have been developed recently (Fig. 1; Table 1)
[4, 5]. They were engineered to have augmented antitumor activity by increasing com-
plement-dependent cytotoxicity (CDC) or antibody-dependent cellular cytotoxicity
(ADCC) and increased Fc binding affinity for the low-affinity variants of the
FcyRlIla receptor (CD16) on immune effector cells [6].
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Fig. 1 B-cell surface antigen targets for therapeutic monoclonal antibodies

Second-Generation Anti-CD20 Monoclonal Antibodies

The second-generation mAbs are humanized or fully human to reduce immunoge-
nicity but with an unmodified Fc region. They include ocrelizumab, veltuzumab,
and ofatumumab.

Ocrelizumab

Ocrelizumab (Genentech Inc./Biogen Idec Inc./Chugai Pharmaceutical Co. Ltd/
Roche Holding Ag) is a type 1, humanized, anti-CD20, IgG1 mAb that leads to
enhanced ADCC and reduced CDC activities compared with rituximab [7]. This
agent has the potential for enhanced efficacy in NHL compared with rituximab due
to increased binding affinity for the low-affinity variants of the FcyRIIla receptor on
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immune effector cells [8]. Ocrelizumab binds to a different, but overlapping, epitope
of the extracellular domain of CD20 as compared with rituximab. In a dose-escalation
study, a total of 47 patients with relapsed/refractory follicular lymphoma (FL) following
prior rituximab-containing therapy received infusions of ocrelizumab every 3 weeks at
200, 375, and 750 mg/m? for up to eight doses [9]. The overall response (OR) rate was
38%, including 13% complete response (CR) or CR unconfirmed (CRu). The median
progression-free survival (PFS) was 11.4 months. The most common adverse events
(AEs) were infusion-related reactions observed in 74% of the patients.

Veltuzumab

Veltuzumab (IMMU-106, hA20; Immunomedics Inc., Morris Plains, NJ) is a type 1,
humanized, anti-CD20, IgG1 mAb with complementarity-determining regions (CDRs)
similar to rituximab [10]. This mAb is generated using the same human immunoglobu-
lin as the anti-CD22 mAb epratuzumab and has a >90% humanized framework. It is
also very similar to rituximab in terms of antigen binding, specificity binding, and dis-
sociation constant [11]. Veltuzumab differs from rituximab by one amino acid (Asp101
instead of Asn101) in the CDR3 region of the variable heavy chain. This antibody has
enhanced binding avidities and a stronger effect on CDC compared with rituximab in
selected cell lines [12]. When compared with rituximab, veltuzumab had significantly
reduced off-rates in three human lymphoma cell lines tested, as well as increased CDC
in one of three cell lines, but no other in vitro differences [10].

Initial clinical studies have shown good safety and efficacy results in NHL
patients and have confirmed its effectiveness [9, 13, 14]. Veltuzumab can be given
in a shorter infusion time than approved doses of rituximab and can be administered
subcutaneously. A phase I/I dose-escalation study was performed in 82 patients
with relapsed/refractory NHL including 55 FL and 27 other B-cell lymphomas [14].
Veltuzumab was administered once weekly for 4 weeks at doses ranging from 80 to
750 mg/m?. In the FL group, 24 (44%) patients had objective response, with 15
(27%) CR or CRu. Median duration of CR was 19.7 months. The drug was generally
well tolerated with no grade 3—4 drug-related AEs.

Subcutaneous administration of veltuzumab was also investigated in a multi-
center, phase I/II study in previously untreated or relapsed CD20+ indolent NHL or
chronic lymphocytic leukemia (CLL) [13]. Twenty-six patients, including 15 NHL
and 11 CLL, received subcutaneous veltuzumab 2 weeks apart at dose levels of 80,
160, or 320 mg. In the NHL patients, the objective response rate was 53% (8/15),
with a CR rate of 20% (3/15). In NHL, these low subcutaneous doses achieved
sustained serum levels with OR rates and durable CR comparable to those seen even
with higher intravenous doses. Treatment was well tolerated, with only mild, tran-
sient injection-site reactions and tenderness. Further clinical studies of veltuzumab
given in intravenous or subcutaneous injection are ongoing, either as a single agent
or in combination regimens (ClinicalTrials.gov identifier: NCT00112970;
NCT00989586; NCT01147393; NCT00546793).
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Ofatumumab

Ofatumumab (HuMax-CD20; Arzerra™, GlaxoSmithKline plc/Genmab A/S) is a
fully human, IgG1 mAb recognizing a different CD20 epitope to rituximab and dem-
onstrating a higher cytotoxic potential than rituximab [15, 16]. Ofatumumab is more
effective than rituximab at CDC induction and killing target cells [16, 17]. The close
binding proximity of ofatumumab to the cell membrane likely results in highly efficient
complement deposition on B-cell membranes, without high levels of systemic release
of activated complement components.

The results of the first phase I/II clinical trial with ofatumumab in CD20-positive,
relapsed, or refractory FL patients have been reported recently [15]. Patients received
eight once-weekly infusions of ofatumumab (dose 1, 300 mg; doses 2-8, 500 or
1,000 mg). The OR rate in the 1,000 mg group was 10%, including one CR, and the
median PFS was 6.0 months. The OR rate in the total population was 11%, and stable
disease was observed in 50% of the patients. Among 27 patients who were refractory to
prior rituximab monotherapy, the OR rate was 22%, indicating activity despite
refractoriness to rituximab. In another study, patients with rituximab-refractory FL
received eight once-weekly infusions of ofatumumab (dose 1, 300 mg; doses 2-8, 500
or 1,000 mg). The OR rate in the 1,000 mg group was 10%, including one CR [18].
Ofatumumab was well tolerated, and no unexpected toxicities were observed.

Third-Generation Anti-CD20 Monoclonal Antibodies

The third-generation mAbs are also humanized, but in comparison with the second-
generation mAbs, they also have an engineered Fc region designed to increase their
effector functions by increasing binding affinity for the FcyRIIIa receptor [4]. Both
polymorphisms in FcyRIIla and the structure of mAb Fc can impact on the affinity
between FcyRIIIa and mAb. The third-generation mAbs include GA-101,AME133y,
and Pro131921.

GA-101

GA-101 (RO5072759 Obinutuzumab, Hoffman La Roche and Genentech) is a fully
humanized, type II, anti-CD20, IgG1 mADb that differs significantly from other anti-
CD20 mAbs [19, 20]. It has been derived from humanization of the parental B-Ly1
mouse antibody and subsequent glycoengineering using GlycoMab® technology.
GA-101 was engineered for enhanced ADCC, superior direct cell-killing properties
and low CDC activity, in comparison with currently available type I antibodies.
GA-101 binds with high affinity to the CD20 epitope, and, as a result, induction
of ADCC is 5-100 times greater than rituximab. It also exhibits greater caspase-
independent apoptosis induction than rituximab. However, its CDC activity is low.
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In a phase I/ITa study, GA-101 was evaluated as a single agent at doses from 50
to 2,000 mg in 24 patients with aggressive and indolent NHL or CLL. The patients
had previously received a median of four prior regimens with 95% of them exposed
to prior rituximab [21]. GA-101 was administered intravenously as a single agent
on days 1, 8, and 22 and subsequently every 3 weeks for a total of nine infusions.
The antibody demonstrated a similar safety profile to rituximab. Circulating B-cell
depletion occurred rapidly and was sustained in all patients. Overall response was
observed in nine (43%) patients, including five CR/CRu and four partial responses
(PR). Six patients had an ongoing response ranging from 7.5+ to 174+ months. The
pharmacokinetic data collected for GA-101 was reported to be similar to that of
rituximab [22]. The most common AEs were grade 1 or 2 infusion-related reactions
essentially limited to the first infusion. It is currently being explored as a single
agent and in combination with chemotherapy in phase II and III studies in indolent/
aggressive NHL and CLL (ClinicalTrials.gov Identifier: NCT00576758;
NCT00825149; NCT01010061).

AME133v

AME-133v (LY2469298; Eli Lilly & Company) is a type I, humanized IgG1 mAb
with enhanced affinity for CD20 and FcyRIIla and an enhanced ADCC activity com-
pared with rituximab [4]. In vitro experiments showed that tumor cells coated with
this mAb are more effective at activating NK cells at both low and saturating mAb
concentrations irrespective of FcyRIIla polymorphism [23]. When compared with
rituximab, AME-133v has a tenfold improved killing of human B cells, suggesting
that AME-133v would exhibit greater potency and efficacy than rituximab in the
treatment of CD20-positive lymphoid malignancies. This mAb may be particularly
useful in patients carrying low-affinity FcyRIIla genotypes (e.g., FCGR3A 158Phe/
Phe), who do not respond well to rituximab.

PRO131921

PRO131921 (Genentech, Inc.) is a type 1, humanized 2H7 mAb engineered to have
improved binding to FcyRIIIa and better ADCC compared with rituximab [6]. In
preclinical in vivo lymphoma models, PRO131921 has superior antitumor efficacy
compared with rituximab. In a phase I study, PRO131921 was evaluated in 24
patients with CD20+, relapsed or refractory NHL, including 20 patients with FL
[24]. They were treated with PRO131921 at doses of 25-800 mg/m? by intravenous
infusions once weekly for 4 weeks on days 1, 8, 15, and 22. There were six cases of
PR, 13 of stable disease, and three of progressive disease. The most common AEs
were grade 1 or 2 chills, fatigue, fever, nausea, dizziness, diarrhea, and hypotension.
Pharmacokinetic data for PRO131921 were similar to rituximab. A correlation
between higher normalized drug exposure (normalized AUC) and both tumor
shrinkage and clinical response was observed.
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Small Modular Inmunopharmaceuticals

Small modular immunopharmaceutical (SMIP™) molecules are single-chain
polypeptides consisting of one binding domain, one hinge domain, and one effector
domain [25]. SMIP biopharmaceuticals belong to a novel proprietary biologic com-
pound class that retain Fc-mediated effector functions and are smaller than mAbs.

TRU-015

The TRU-015 SMIP molecule (CytoxB20G, Trubion Pharmaceuticals Inc. and Pfizer
Inc.) is derived from key domains of an anti-CD20 antibody, for the potential intrave-
nous infusion treatment of autoimmune diseases and B-cell lymphoid malignancies.
TRU-015 consists of a single-chain Fv specific for CD20 linked to the human IgG1
hinge domain and the heavy-chain constant region domains CH2 and CH3 [26]. It
is effective in mediating target cell killing in the mechanism of ADCC but has
reduced CDC activity compared with rituximab. TRU-015 also showed direct,
pro-apoptotic activity against B-lymphoma cells. At equivalent dose levels,
TRU-015 was more effective than rituximab in vivo against large volume Ramos
and moderate volume Daudi lymphoma xenograft models and was comparable to
rituximab in B-cell depletion in nonhuman primates following single-dose
administration [27, 28]. Clinical development efforts for the treatment of lymphoma
are ongoing (ClinicalTrials.gov Identifier: NCT00521638).

Anti-CD22 Monoclonal Antibodies

CD22isamembrane glycophosphoprotein found onnearly all healthy B-lymphocytes
and most B-cell lymphomas. Anti-CD22 mAbs induce signal transduction processes
and apoptosis in targeted cells.

Epratuzumab

Epratuzumab (Immunomedix, Inc., Moris Plains, NJ, USA) is a humanized anti-CD22
mAb currently in clinical trials for treatment of non-Hodgkin lymphoma and
autoimmune disorders [29]. It was derived from the murine IgG2a MoA (LL2)
generated against Raji Burkitt lymphoma cells, which acts as an immunomodulatory
agent. Epratuzumab induced internalization and signaling of CD22 when tested in vitro
on Burkitt B-cell lines and fresh CLL cells and is selectively active against normal and
neoplastic B cells [29]. The combination of epratuzumab and rituximab is more effective
than rituximab alone in inhibiting proliferation of Daudi Burkitt lymphoma.
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In phase I/II trials, patients with NHL were treated with intravenous epratuzumab
weekly for 4 weeks at doses of either 120, 240, 360, 480, 600, or 1,000 mg/m? [30].
Overall, 24% of FL patients showed an objective response. However, there was no
objective response among the group of 12 patients with small lymphocytic lymphoma
(SLL). Other studies demonstrated higher efficacy of epratuzumab in combination with
rituximab [31, 32].

Inotuzumab Ozogamicin

Inotuzumab ozogamicin (CMC-544, Wyet) is a CD22-targeted cytotoxic agent
composed of a humanized IgG4 anti-CD22 antibody covalently linked to cali-
cheamicin, a potent cytotoxic antitumor antibiotic [33]. In various animal models of
human B-cell lymphomas (BCL), inotuzumab ozogamicin induced dose-dependent
regression of the tumors [34]. In a disseminated BCL model, 60% of inotuzumab
ozogamicin-treated mice and 20% of rituximab-treated mice survived for 125 days.
In a phase I study, CMC-544 showed significant clinical activity in patients with
relapsed/refractory FL and diffused large B-cell lymphoma (DLBCL) with clini-
cally manageable thrombocytopenia as the main toxicity [35]. The OR rate was
39% for the 79 enrolled patients including 68% for patients with FL treated at the
maximum tolerated dose (MTD). Median PFS for FL patients was 10 months.

Anti-CD22 Immunotoxins

Two immunotoxins, BL-22 and moxetumomab pasudotox, targeting CD22 have
been investigated in indolent lymphoid malignancies.

BL-22

BL-22 (RFB4 (dsFv)-PE38, CAT-3888, GCR-3888; Genencor) is a63-kDarecombinant
immunotoxin containing truncated Pseudomonas exotoxin and variable domains from
anti-CD22. Sixteen hairy cell leukemia (HCL) patients who were resistant to 2-CdA
were included into the study. BL22 at doses between 0.2 and 4.0 mg was administered
as a 30 min intravenous infusion every other day to a total of three doses. Of 16 patients
treated with this antibody, 11 (69%) had a CR and 2 had a PR. During a median
follow-up of 16 months, 3 of the 11 patients who had a CR were retreated with BL22
because of relapse, and all of them had a second CR [36].

Moxetumomab Pasudotox

Moxetumomab pasudotox (CAT-8015, HA22; Medimmune, Inc.) is anew generation
of CD22-specific targeted immunotoxin composed of anti-CD22 antibody fused to
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the modified form of Pseudomonas exotoxin [37]. This agent has a novel mechanism
of action as compared to other anti-CD22 monoclonal antibodies. Moxetumomab
pasudotox is internalized upon binding to CD22, inhibiting protein translation and
promoting apoptosis. Preliminary results of moxetumomab pasudotox in patients
with refractory/relapsed hairy cell leukemia have been recently reported. A total of
26 patients have received moxetumomab pasudotox to date including 14 treated
previously with rituximab. No dose limited toxicity (DLT) has been established so
far, and MTD has not been reached. Nineteen patients (73.1%) responded with
a CR rate of 34.6% and a PR rate of 38.5%. This data indicates that moxetu-
momab pasudotox is a promising new agent for patients with HCL and supports
further investigation in patients with this disease and other CD22-positive
indolent lymphoid malignancies.

Anti-HLA-DR

The human leukocyte antigen-DR (HLA-DR) is one of three polymorphic isotypes
of the class II major histocompatibility complex (MHC) antigen. HLA-DR is
expressed on most malignant and normal B cells.

Apolizumab

Apolizumab (HU1D10, Remitogen [Protein Design Labs, Fermont, CA], anti-MHC-II)
is a humanized IgG1 antibody specific for a polymorphic determinant found on the
HLA-DR chain. Apolizumab can induce apoptosis in CLL cells and other NHL
cells [38]. In addition, this mAb induces ADCC and CDC based on expression of
target antigen and alters the cell membrane polarization and permeability [39]. Rech
et al. reported the results of a pilot study evaluating the effectiveness and toxicity of
apolizumab with granulocyte colony-stimulating factor (G-CSF) in the treatment of
refractory or relapsed NHL patients [40]. The doses of apolizumab ranged from
0.15 to 1.5 mg/m? The combination was clinically well tolerated with only two
patients experiencing grade 3/4 hematological toxicity. Two patients with FL obtained
prolonged stabilization lasting 12 and 36 months. However, given the toxicity and
low efficacy in NHL, further development of apolizumab was discontinued.

Anti-CD74 Monoclonal Antibodies

CD74 is a type II trans membrane glycoprotein that functions as a MHC class 11
molecule [41]. The selective expression of this molecule on NHL cells and fast
internalization provides an attractive target for antibody-based therapy.
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Milatuzumab

Milatuzumab (hLL1, IMMU-115, Immunomedics, Inc.) is a humanized LL1 mAb
(IgGlx) investigated as a novel therapeutic approach for the therapy of CD74-
expressing malignancies, such as NHL and multiple myeloma (MM) [42]. Preclinical
studies of milatuzumab have shown its therapeutic activity in B-cell malignancies.
A high therapeutic index was achieved in preclinical models of NHL with a recom-
binant fusion protein of humanized anti-CD74 and the toxin Ranpirnase and an
immunoconjugate composed of doxorubicin and hLL1 (hLL1-dox, IMMU-110)
[43, 44]. Phase I/II trials of milatuzumab in patients with lymphoma are now
under way (ClinicalTrials.gov Identifier: NCT00989586, NCT00868478).

Anti-CD40 Monoclonal Antibodies

CDA40 is a type-1 transmembrane protein of the tumor necrosis factor receptor
superfamily, overexpressed by the malignant B cells [2]. Preclinical and early clini-
cal data with CD40 antibodies have validated CD40 as a target for B-lineage malig-
nancies. Two mAbs directed against CD40 have been developed and investigated in
preclinical studies and clinical trials: lucatumumab (HCD122) and dacetuzumab
(SGN-40).

Lucatumumab

Lucatumumab (HCD122, CHIR-0.12.12; Novartis Pharmaceuticals) is a fully human
anti-CD40 mAb that blocks CD40/CD40L interactions in vitro and inhibits CD40L-
induced proliferation of human peripheral blood lymphocytes without disturbing
baseline lymphocyte proliferation. Lucatumumab triggers cell lysis via ADCC in
cells overexpressing CD40 [45, 46]. A Phase I/II study in adults with NHL who
have progressed after at least two prior therapies is currently ongoing (ClinicalTrials.
gov Identifier: NCT00670592).

Dacetuzumab (SGN-40)

Dacetuzumab (Seattle Genetics, Inc) is another humanized anti-CD40 IgG1 mAb,
which induces ADCC and apoptosis of NHL cells contributing to in vivo antitumor
activity observed in human lymphoma xenograft models [47]. Dacetuzumab is able
to initiate multiple signaling cascades upon ligation of CD40 on NHL cell lines.
Dacetuzumab-mediated cytotoxicity is associated with upregulation of cytotoxic
ligands of the tumor necrosis factor (TNF) family including Fas/FasL, TNF-related
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apoptosis-inducing ligand, and TNFalpha. The toxicity profile and preliminary
antitumor activity of dacetuzumab were investigated in phase I study in patients
with refractory or recurrent B-cell NHL. Six objective responses were reported
including one CR and five PR [48]. No dose dependence of AEs was observed.

XmAbCD40

XmAbCDA40 is a humanized anti-CD40 antibody with Fc engineered for increased
FcyR binding [45]. XmAbCDA40 has significantly enhanced ADCC relative to anti-
CDA40 IgGl1 against B-cell NHL, leukemia, and MM cell lines and against primary
tumors. In addition, it significantly inhibited lymphoma growth in disseminated and
established mouse xenografts and was more effective than rituximab.

Anti-CD80 Monoclonal Antibodies

CD80 is a member of the B7 family of costimulatory molecules expressed in
antigen-presenting cells, normal B cells, and various subtypes of B-cell lymphomas.
It is known for its role in regulating T-cell activity and in regulation of normal and
malignant B cells [49]. In vitro binding of CD80 by specific monoclonal antibod-
ies results in growth inhibition and apoptosis of normal and malignant B cells [50].
CD80 is an attractive target for mAbs potentially useful in the treatment of
lymphoid malignancies.

Galiximab

Galiximab (B 7.1; Biogen Idec Inc., San Diego, CA) is a macaque—human chimeric
anti-CD80 monoclonal antibody with human IgG1 constant region and macaque
variable region. Preclinical studies on various B-cell lymphoma cell lines indicate
that galiximab induces cell lysis in the mechanism of ADCC [51]. Galiximab in
combination with rituximab increased ADCC and increased survival over that
observed with either drug alone [52]. Early clinical trials seem to confirm high
activity and acceptable toxicity of galiximab in lymphoid malignancies in humans
[53, 54]. Czuczman et al. [53], in multicenter, dose-escalation phase I/II study, eval-
uated the safety, pharmacokinetics, and efficacy of galiximab in patients with
relapsed or refractory FL. Four patients (11%) responded, including two CR and
two PR, and 12 patients (34%) demonstrated a stable condition. The time to best
response was delayed in comparison with other mAbs, suggesting an alternative
mechanism of action. A total of 22 (60%) of 37 patients experienced adverse events
related to galiximab. More recently, Leonard et al. [54] conducted a phase II study



204 T. Robak

to evaluate galiximab in combination with standard doses of rituximab in patients with
relapsed FL. Seventy-three patients received rituximab at 375 mg/m? and galiximab at
doses 125, 250, 375, or 500 mg/m?. The OR rate at recommended phase II dose of
galiximab 500 mg/m? was 60%, including 19% CR, 14% unconfirmed CR, and 33%
PR. The median progression-free survival was 12.1 months. The most common study-
related adverse events were lymphopenia, neutropenia, fatigue, and chills.

Anti-CD37 Monoclonal Antibodies

CD37 is a heavily glycosylated 40-52 kDa tetraspanin transmembrane family
protein selectively expressed on normal mature B cells and by most B-cell malig-
nancies [25]. CD37 is upregulated in CLL cells compared with healthy peripheral
blood leukocytes, and significant expression has also been detected on neoplastic
cells of patients with NHL. Reduced levels have been detected on plasma cells, and
non-detectable levels found on CD10+ precursor B cells in the bone marrow.
However, it is expressed at a very low density on monocytes, macrophages,
neutrophils, T cells, plasma cells, and dendritic cells and is not expressed on
erythrocytes, platelets, or NK cells.

TRU-016

TRU-016 (Trubion Pharmaceuticals Inc.) is a new humanized anti-CD37 SMIP
protein directed against CD37 [25]. TRU-016 induces apoptosis directly via bind-
ing to the CD37 receptor, which results in upregulation of a pro-apoptotic protein,
BIM. The drug has a favorable safety profile and significant activity in indolent
lymphoid malignancies. In phase I study, TRU-016 encouraged reduction in tumor
lymphocyte blood counts, lymph node/spleen size, and improvement in normal
hematopoietic function in patients with high-risk CLL [55]. For CLL patients with
one or two prior therapies, the OR rate was 44% (7/16). Phase 1/1b study of
TRU-016 in patients with previously treated CLL or selected subtypes of NHL is
ongoing (ClinicalTrials.gov Identifier: NCT00614042).

MADb 37.1 and MAb 37.2

MAD 37.1 is a chimeric IgG1-type of anti-CD37 molecule which has been Fc engi-
neered to improve ADCC activity. MAb 37.2 is a humanized version of mAb 37.1
[56]. Both antibodies deplete CLL cells in vitro more effectively than rituximab and
alemtuzumab. These antibodies should be further investigated in CLL and NHL in
clinical trials
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Anti-CD19 Monoclonal Antibodies

CD19 is a 95-kDa glycoprotein member of the immunoglobulin (Ig) superfamily
expressed from the earliest stages of pre-B-cell development until terminal B-cell
differentiation into plasma cells [57]. CD19 represents an attractive immunotherapy
target for cancers of lymphoid origin due to its high expression levels on the vast
majority of NHL and acute lymphoblastic leukemia cells. This molecule acts as a
co-receptor, enhancing signaling and antigen processing by the B-cell receptor
complex in response to antigen stimulation.

hBU12-vcMMAE

hBU12-vcMMAE is a novel, humanized anti-CD19 antibody drug conjugate
consisting of the tubulin-destabilizing auristatin derivative MMAE and a novel,
humanized anti-CD19 antibody [58]. In vitro, hBU12-vcMMAE induced killing
of rituximab-sensitive and rituximab-resistant NHL cell lines. However, the
activity of hBU12-veMMAE in NHL patients remains to be determined in
clinical trials.

Blinatumomab

Blinatumomab (MT103) is a single-chain bispecific monoclonal antibody
constructed with specificity for CD19 and CD3 that can effectively redirect T
cells for highly selective lysis of CD19+ target cells. It belongs to the class of
bispecific T cell engagers (BiTE®). Blinatumomab is a first antibody, which can
potentially engage all cytotoxic T cells within a patient for tumor cell lysis [59].
In an in vitro study, blinatumomab induced a higher degree of lysis of human
lymphoma lines than rituximab and was active at a much lower concentration. In
addition, the combination of rituximab with blinatumomab enhanced the activity of
rituximab, in particular at low effector-to-target cell ratios and at low antibody con-
centrations [60].

The high single-agent activity of blinatumomab in indolent NHL has been
confirmed by a number of studies. In a phase I study, 52 patients (21 with FL, 21
with MCL, and 10 with other subtypes of lymphoma) were treated with blinatu-
momab at a dose range of 0.5-90 pg/m*day [61]. Ninety percent of the patients had
prior exposure to rituximab and 45% to fludarabine. The medically most important
AEs that resulted in permanent discontinuation were CNS events. Eight out of the
nine patients with constant dosing showed an objective response. Median duration
of response was 26 months.
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XmAb5574

XmADb5574 is a humanized anti-CD19 antibody with a modified constant fragment (Fc)
domain designed to enhance binding of FcgammaRIlla [62]. In vitro, the enhanced
antibody-dependent cell-mediated ADCC of XmAb5574 is 100—1,000 times greater
than that of anti-CD19 IgG1 analogue against a broad range of B-lymphoma cell lines,
acute lymphoblastic leukemia, and mantle cell lymphoma cells. The XmAb5574-
dependent ADCC is mediated by natural killer (NK) cells through a granzyme
B-dependent mechanism. In experiments with CLL cells, NK cell-mediated ADCC
with XmAb5574 was enhanced further by lenalidomide [63]. In vivo, XmAb5574
significantly inhibited lymphoma growth in mouse xenograft models and showed more
potent antitumor activity than its IgG1 analogue. In nonhuman primates, XmAb5574
infusion caused an immediate and dose-related B-cell depletion in the blood [64]. This
antibody warrants further clinical evaluation in CD19-positive lymphoid malignancies.

Monoclonal Antibodies to the TRAIL Receptors

Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) selectively induces
apoptosis in cancer cells by binding to two membrane-bound death receptors, TRAIL-R1
(death receptor 4, DR4) and TRAIL-R2 (death receptor 5, DRS5). The TRAIL-RI is
expressed more frequently on the surface of tumor cells than on the surface of normal cells
[65]. TRAIL-R1- and TRAIL-R2-induced apoptosis is mediated through activation of
both extrinsic and intrinsic intracellular death signaling pathways. Mapatumumab and
lexatumumab are fully human agonistic monoclonal antibodies that bind with high
affinity to the TRAIL-R1/DR4 and TRAIL-R2/DRS, respectively.

Mapatumumab

Mapatumumab [(HGS-ETR1, TRM-1, Cambridge Antibody Technology (CAT)
and Human Genome Sciences, Inc. (HGS)] is a fully human IgGl monoclonal
antibody specific and agonistic to TRAIL-R1/DR4. This antibody induces apoptosis
in various tumor cell types, in vitro and in vivo, by binding to TRAIL-R1, leading
to activation of the caspase cascade, cleavage of key intracellular signaling
components and DNA, and subsequent cell death [66]. Mapatumumab may also
activate Fc-mediated antibody effector functions, such as ADCC and CDC [67].

The safety and efficacy of mapatumumab was evaluated in patients with relapsed
or refractory NHL [68]. Among 40 patients, six patients experienced tumor shrinkage
following mapatumumab therapy and three patients with FL experienced a CR or
PR. The median PFS for 17 FL patients was 6 months. Two patients with FL. dem-
onstrated durable stable disease after six cycles with a PFS of 24 and 21 months,
respectively. The most common AEs possibly related to mapatumumab included
nausea, fatigue, diarrhea, anorexia, and pyrexia.
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Lexatumumab

Lexatumumab (HGS-ETR?2) is also a fully human agonistic mAb to the TRAIL-R2
that activates the extrinsic apoptosis pathway and has potent preclinical antitumor
activity. In a phase 1, dose-escalation study, the safety, tolerability, pharmacokinet-
ics, and immunogenicity of lexatumumab were evaluated in patients with advanced
solid tumors. This trial has shown that lexatumumab can be safely administered
every 14 days at 10 mg/kg. Nine of 31 patients achieved a stable condition [69]. The
phase I trial studying the side effects and best dose of lexatumumab, both alone and
together with recombinant interferon gamma, in patients with lymphoma who have
relapsed or not responded to previous treatment is ongoing (ClinicalTrials.gov
Identifier: NCT00428272).

Conatumumab

Conatumumab (AMG 655; Amgen Inc. and Takeda Bio Development Center Ltd)
is an investigational, fully human IgGl monoclonal agonist antibody directed
against the extracellular domain of TRAIL-R2 (death receptor 5). Conatumumab
mimics the activity of native TRAIL and induces tumor cell apoptosis via caspase
activation [70]. Preclinical studies indicate that conatumumab inhibits experimental
solid tumor growth in xenograft models and conatumumab enhances the antitumor
activity of agents, such as irinotecan and gemcitabine in vivo. Safety and tolerability
of this agent was evaluated in patients with advanced solid tumors [71]. Conatumumab
was well tolerated and there were no dose-limiting toxicities. An MTD was not
reached. The combination of conatumumab with either bortezomib or vorinostat
showed antitumor activity in patients with relapsed or refractory lymphoma [72].

Anti-T Cell Monoclonal Antibodies

CD2, CD4, and CD52 are expressed on normal and malignant T cells and are good
targets for monoclonal antibodies useful for the treatment of T-cell lymphomas.

Siplizumab

CD2 is a T-cell marker expressed on all mature T cells and most natural killer (NK)
cells, although it is highly expressed on activated T cells and less intensively expressed
on resting T cells. Siplizumab (MEDI-507, MedImmune, Inc.) is a humanized mAb
directed against CD2 that was genetically engineered from the rat version of the mAb
(BTI-322) by BioTransplant (Charlestown, MA) for use in the prevention of allograft
rejection [73]. The drug was effective in an animal model of adult T-cell leukemia/
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lymphoma (ATLL). Survival of the ATL-bearing mice treated with siplizumab was
significantly longer as compared with controls (P<0.0001) [74]. Preliminary
clinical trial results showed similar antineoplastic activity in 29 patients with T-cell
malignancies, including 15 patients with ATLL and 7 patients with large granular
lymphocyte leukemia [75]. Although initial responses were encouraging, four
(13.7%) patients developed EBV-related lymphoproliferative disease (EBV-LPD),
and the trial was stopped. However, clinical trial on siplizumab in combination with
chemotherapy and rituximab in patients with T-cell or natural killer-cell NHL is
ongoing (ClinicalTrials.gov Identifier: NCT00832936).

Zanolimumab

The CD4 molecule is a single-chain transmembrane glycoprotein of 55 kDa that
consists of four extracellular Ig-like domains and a short cytoplasmic tail. Zanolimumab
(HuMax-CD4; TenX Biopharma, Inc.) is a high affinity fully human monoclonal
IgG1x antibody, targeting the CD4-molecule. Zanolimumab exerts its action through
inhibition of CD4+ T cell signaling, induction of Fc-dependent ADCC, and CD4
down-modulation [76]. Phase II studies in early and late stage cutaneous T-cell lym-
phoma (CTCL) showed that zanolimumab induced a marked clinical effect with early,
high, and durable responses [77, 78]. In these trials, 46 patients with treatment refrac-
tory CD4(+) mycosis fungoides (MF) or Sézary syndrome (SS) were treated with 17
weekly infusions of zanolimumab at doses of 280, 560, or 980 mg. OR was noted in 13
patients with MF and 2 patients with SS. In the 560 and 980 mg dose groups, a response
rate of 56% was obtained with a median response of 81 weeks. At high dose levels,
median response duration lasted 20 months (range 8-91 weeks), with low-grade infec-
tions and eczematous dermatitis being frequently observed adverse events. The
treatment was well tolerated with no dose-related toxicity other than the targeted deple-
tion of peripheral T cells. The efficacy and safety of zanolimumab was also evaluated
in 21 patients with relapsed or refractory CD4(+) peripheral T-cell lymphoma (PTCL)
of non-cutaneous type [79]. The patients were treated with weekly intravenous infu-
sions of zanolimumab 980 mg for 12 weeks. Objective tumor responses were observed
in five (24%) of the patients with two CRu (CR unconfirmed) and three PR. The most
frequently reported AEs were rash, pyrexia, and infections.

Conclusions

Monoclonal antibody therapy is one of the most significant advances in the treat-
ment of NHL in the last two decades. Novel monoclonal antibodies alone and in
combination with chemotherapy form the basis for innovative therapeutic strategies
evaluated in well designed clinical trials.
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Current Therapies for T-cell Lymphomas

Francine M. Foss

Abstract Peripheral T-cell lymphomas (PTCL) are a heterogeneous group of
clinically aggressive diseases associated with poor outcome. One of the difficulties
in classifying and studying treatment options in clinical trials is the rarity of these
subtypes. The International T-cell Lymphoma Project has identified that the out-
comes for the majority of the different subtypes of PTCL are poor using conven-
tional lymphoma therapies. Recently, aggressive first-line strategies including
consolidation with stem cell transplantation have led to improved survival in selected
patients, but the majority of patients either fail to respond to therapy or are not can-
didates for stem cell transplantation. Novel approaches have included new classes
of drug and biological agents, including antifolates, immunoconjugates, histone
deacetylase (HDAC) inhibitors, monoclonal antibodies, nucleoside analogs, protea-
some inhibitors, and signal transduction inhibitors. Molecular profiling has led to
identification of relevant pathways for future novel approaches.

Introduction

The aggressive T-cell lymphomas are a diverse group of disorders that are associ-
ated with a poor prognosis (Fig. 1). Classification of PTCL is complex and has been
further hampered by a paucity of molecular markers. The World Health Organization
classification of non-Hodgkin’s lymphomas includes many a number of subtypes of
aggressive T-cell lymphomas (Table 1) characterized based primarily on their clini-
cal and histopathologic features and subgroups them into the cutaneous, nodal,
extranodal, and leukemic groups [1].
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Fig. 1 Overall survival of patients with the common subtypes of PTCL. Vose et al. (International
T-cell Lymphoma Project), J Clin Oncol 2008; 26:4124-4130. Figure 2A p 4127

The nodal lymphoma group includes PTCL, not otherwise specified (PTCL-
NOS), anaplastic large cell lymphoma (ALCL), and angioimmunoblastic T-cell
lymphoma (AITL). ALCL is further separated into the ALK* and ALK" entities.
According to the International PTCL study, PTCL-NOS accounts for 26% of cases,
AITL accounts for 18.5%, anaplastic lymphoma kinase (ALK)-positive ALCL
accounts for 6.6% and ALK-negative ALCL for 5.5% of cases [2].

The extranodal T-cell lymphomas comprise a group of less well understood diseases
identified based on their tissue trophism. Hepatosplenic gamma-delta T-cell comprises
1.4% of cases and is characterized by gamma-delta T-cell infiltration of the liver, spleen,
and bone marrow sinusoids. Outcomes are poor with a median survival of less than
2 years. Enteropathy-associated T-cell lymphoma (EATL) accounts for 4.7% of cases
and is comprised of two morphologic variants, the pleomorphic type, associated with
celiac disease and usually CD3*, CD7*, and CD567, and the monomorphic type, which
is CD56" and often not associated with celiac disease [3]. Subcutaneous panniculitis-like
T-cell lymphomas (SPTCL) constitute only 0.9% of PTCL and presents with
subcutaneous nodules that are typically CD3*, CD4-, and CD8*, with TCR-[alpha]/
[beta]* expression. The cutaneous panniculitis-like T-cell lymphomas with TCR-
[gamma]/[delta]* expression have now been reclassified as cutaneous gamma/delta
T-cell lymphoma [21]. NK-cell lymphomas include extranodal NK/T-cell lymphoma,
nasal type, blastic NK-cell lymphoma, and aggressive NK-cell leukemia account for
10.4% of PTCL cases. EBV has been implicated and found in the tumor cells of nasal/
NK-cell lymphomas and aggressive NK-cell leukemia [4].

The leukemic group of T-cell lymphomas consists of adult T-cell lymphoma
(ATLL) associated with human T-lymphotropic virus type I (HTLV-1), T-cell
chronic large granular lymphocytic (LGL) leukemia, aggressive NK-cell leukemia,
and T-cell prolymphocytic leukemia. LGL leukemia often has an indolent clinical
course and is associated with neutropenia, while aggressive NK cell leukemia and
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Table 1 The WHO classification for PTCLs was updated in 2008

0Old WHO classification [7]

New WHO classification [9]

Precursor T-cell lymphoma

T-lymphoblastic lymphoma/leukemia

Mature T-cell lymphomas

T-cell prolymphocytic leukemia
T-cell granular lymphocytic leukemia
Aggressive NK-cell leukemia

Adult T-cell lymphoma/leukemia (HTLV 1+)
Extranodal NK/T-cell lymphoma, nasal type
Enteropathy-type T-cell lymphoma
Hepatosplenanic T-cell lymphoma
Subcutaneous panniculitis-like T-cell
lymphoma

Mycosis fungoides/Sézary syndrome
Anaplastic large-cell lymphoma, systemic
or cutaneous

Peripheral T-cell lymphoma, unspecified

Angioimmunoblastic T-cell lymphoma

T-cell prolymphocytic leukemia

T-cell large granular lymphocytic leukemia

Aggressive NK-cell leukemia

Indolent large granular NK-cell
lymphoproliferative disorder (provisional)

Adult T-cell leukemia/lymphoma

Extranodal NK/T-cell lymphoma, nasal type

Enteropathy-associated T-cell lymphoma

Hepatosplenic T-cell lymphoma

Subcutaneous panniculitis-like T-cell 1
ymphoma (o only)

Primary cutaneous yd T-cell lymphoma

Mycosis fungoides & Sézary syndrome

Anaplastic large cell lymphoma—ALK*

Anaplastic
large cell lymphoma—ALK™ (provisional)

Peripheral T-cell lymphoma, not otherwise
specified

Angioimmunoblastic T-cell lymphoma

Primary cutaneous CD30* T-cell LPD

e LYP and primary cutaneous ALC

Primary cutaneous CD4* small/medium T-cell
lymphoma (provisional)

Primary cutaneous CD8* aggressive
epidermotropic cytotoxic T-cell
lymphoma (provisional)

Systemic EBV +T-cell LPD of childhood

Hydroa vacciniforme-like lymphoma

The new classification expanded some existing disease types and added several new provisional
diseases

ATLL often have a poor outcome even with systemic therapy. HTLV-1-associated
lymphomas include acute ATLL, which presents predominantly with a leukemic
component, smoldering ATLL, which is characterized by small numbers of
circulating leukemia cells without nodal involvement, lymphomatous ATLL, which
presents with lymphadenopathy without leukemic involvement, and chronic ATLL,
which is characterized by skin lesions, leukemic, nodal, and visceral disease without
hypercalcemia, gastrointestinal involvement, bone, or central nervous system (CNS)
disease. HTLV-1 infection is prevalent in Japan and the Caribbean basin, but only a
small proportion of patients carrying the virus develop a malignancy.

The cutaneous group of T-cell lymphomas includes mycosis fungoides (MF) and
the Sezary syndrome (SS) and variants of MF, which often have an indolent clinical
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course. Large cell transformation may occur in patients with MF or SS and this is
often associated with a poor outcome. The primary CD30* cutaneous disorders
include cutaneous anaplastic large cell lymphoma, which is characteristically
ALK-negative is often localized to the skin and is treated locally. The pleomorphic
CD4* T-cell lymphomas are a group of disorders resembling PTCL-NOS but
occurring only in the skin with no systemic manifestations and are often treated
with local irradiation with no systemic recurrence in the majority of cases.

Therapeutic Approaches for Aggressive T-Cell Lymphomas

Standard First-Line Therapy

T-cell lymphomas have traditionally been treated much like the B-cell lymphomas
with CHOP based regimens. Outcomes using this approach have been reviewed in
a retrospective meta-analysis of 2,912 patients treated with cyclophosphamide,
doxorubicin, vincristine, and prednisone (CHOP) or CHOP-like regimens which
reported a S-year overall survival (OS) of 37% [5]. Results using other more
aggressive regimens have been reported in a retrospective study from MD Anderson
Cancer Centerincluding hyperfractionated cyclophosphamide, vincristine, doxorubicin
and dexamethasone (HyperCVAD) and etoposide, cisplatin, cytarabine, and predni-
sone (ESHAP) in 135 patients with PTCL. Among those patients with non-ALCL
disease, there was no significant difference in outcome between those treated with
CHOP vs. the more aggressive regimens (3-year OS: 43% vs. 49%) [6].

In a prospective study by Mercadal et al., a Mega-CHOP/ESHAP regimen
(cyclophosphamide 2,000 mg/m(2)/day, adriamycin 90 mg/m(2)/day, vincristine
and prednisone alternating with three courses of ESHAP) was used followed by
autologous stem cell transplant for patients achieving remission [7]. Of 41 patients
enrolled, only 68% completed the planned treatment with 20 complete responses
(CR) and four partial responses. The outcome of the 16 patients who showed primary
refractoriness to Mega-CHOP/ESHAP was extremely poor, with a median OS of
8 months. Overall, the CR rate in this study (50%) was not better than with CHOP
alone, suggesting no advantage to this more aggressive approach.

Recently the German High Grade Non-Hodgkin’s Lymphoma Study group explored
the use of dose intensive CHOP or the addition of etoposide to CHOP for aggressive
lymphomas. They reported results for patients with aggressive T-cell lymphomas treated
on seven trials with six to eight courses of CHOP or CHOEP (CHOP plus etoposide) [8].
Of 343 T-cell patients enrolled in these studies, 70 had PTCL-NOS, 28 had AITL, 78
had ALK-positive ALCL, and 113 had ALK-negative ALCL. As an aggregate, the
younger patients demonstrated an improvement in even-free survival (EFS) for both
etoposide-containing regimens (75% vs. 51%) compared to the non-etoposide regimens,
but there was no OS difference. The positive effect of etoposide on EFS was seen only
in the most favorable ALK-positive patients and not in patients with PTCL-NOS or
AITL, in whom there was no statistically significant difference between the etoposide
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and non-etoposide regimens. For the elderly patients, neither shortening of the time
interval between cycles from 3 to 2 weeks (CHOP-21 vs. CHOP-14), administration of
eight instead of six courses of CHOP-14, nor the addition of etoposide (CHOEP)
significantly improved EFS or OS, but toxicity was increased. Patients with a favorable
International Prognostic Index (IPI) score of 0—1 had a 3-year EFS above 50%, compared
to 34% for those with IPI of two or greater. The conclusions from this study, which is
one of the largest randomized studies of first-line regimens for aggressive lymphomas,
is that younger patients may benefit from the addition of etoposide in terms of response
rate and EFS, which would therefore potentially allow more patients to undergo a
consolidation autologous stem cell transplant in first remission. The standard for elderly
patients remains six cycles of CHOP. Finally, the excellent outcomes in patients with
low IPI suggest that this group may do well and should be distinguished from the
intermediate and high IPI patients.

When the German study group explored the results of a more dose intense
regimen, Mega-CHOEDP, results were inferior to those of standard dose CHOP or
CHOERP. Of 33 patients treated, the 3-year event-free survival was only 26%, and
the regimen was associated with more toxicity.

Another more intensive regimen, ACVBP (doxorubicin 75 mg/m? D1, cyclo-
phosphamide 1,200 mg/m? D1, vindesine 2 mg/m?* D1 and D5, bleomycin 10 mg D1
and D5 and prednisone D1 to D5), followed by a sequential consolidation consisting
of methotrexate (two courses), etoposide +ifosfamide (four courses) and cytarabine
(two courses) at 2 weeks intervals, was evaluated in aggressive T-cell lymphoma by
the GELA. In a randomized study reported by Tilly et al., there was a benefit to the
more aggressive regimen compared to CHOP [9]. Subsequently, the addition of
bortezomib on days 1 and 5 of each ACVBP cycle and then days 1, §, and 15 every
4 weeks as a consolidation showed no further benefit [10]. Of 57 patients enrolled,
46 patients responded, 28 patients completed the consolidation phase of the study,
and 39% of patients died from lymphoma.

Another alternative first-line regimen, etoposide, ifosfamide, cisplatin alternating
with doxorubicin, bleomycin, vinblastine, dacarbazine (VIP-reinforced-ABVD;
VIP-rABVD) was compared to CHOP-21 in 88 patients with PTCL [11]. The
Groupe Ouest Est d’Etude des Leucemies et Autres Maladies du Sang (GOELAMS)
treated 88 patients with this regimen and reported a 2-year EFS of 41% vs. 45% for
the more aggressive regimen compared to CHOP-21 with a similar median OS of
42 months for each of the arms.

New Combination Therapies for PTCL

CHOP-Based Regimens

Based on the demonstration that 40% of PTCL cases have been shown to express
CD52 by immunohistochemistry, alemtuzumab has been used as a single agent in
relapsed PTCL and in combination with chemotherapy in the front line [12].
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One phase II study by Kim et al. enrolled 20 patients treated with CHOP combined
with intravenous alemtuzumab in 3-week cycles (cycle 1: 10 mg on day 1, 20 mg on
day 2; subsequent cycles: 30 mg on day 1) as frontline therapy [13]. All patients
received trimethoprim/sulfamethoxazole and acyclovir prophylaxis during the study
and up to a minimum of 2 months following discontinuation of the alemtuzumab.
Responses were seen in all ten patients with PTCL-NOS, 1 of 3 with extranodal
NK/T cell lymphoma, 2 of 3 with AITL, and 1 of 2 with ALK-negative ALCL and
SPTCL, respectively. Toxicity was high, with 90% of patients experiencing grade 4
neutropenia and 5 of 20 with cytomegalovirus (CMV) reactivation. Additionally,
there were two treatment-related deaths. In another study by Gallamini et al.,
alemtuzumab was given subcutaneously at a dose of 30 mg on day 1 in cycles 1-4
of CHORP in the first cohort of patients and then for all eight courses in the second
cohort [14]. Of 24 evaluable patients, 71% had CR, including all six with AITL, all
three with ALK-negative ALCL, 7 of 14 with PTCL-NOS, and one with EATL. The
incidence of neutropenia remained high at 34% of the treatment cycles, but CMV
reactivation was lower at 9%. Serious infections included one patient with
Jacob-Creutzfeldt virus and two with aspergillosis. The overall median duration of
response was 11 months.

Another phase I study evaluated alemtuzumab combined with dose-adjusted
EPOCH (infusional etoposide, prednisone, vincristine, cyclophosphamide, doxoru-
bicin) in patients with aggressive T-cell lymphomas [15]. In this study, alemtu-
zumab was administered at doses of 30, 60, or 90 mg prior to each EPOCH cycle.
Significant bone marrow aplasia occurred in two of three patients at both the 60 and
90 mg dose groups; therefore, phase II study accrual is continuing at the 30 mg dose
of alemtuzumab. Infections were reported in 11 of 14 patients from bacterial, fun-
gal, and viral pathogens.

Based on these results, the alemtuzumab-CHOP combination is being compared
to CHOP-21 in by the Nordic Lymphoma Group and the German High Grade
Lymphoma Groups (the ACT Trial). Patients over age 60 are randomized and
followed until progression. Patients under age 60 are randomized to either six cycles
of CHOP-14 or four cycles of alemtuzumab-CHOP-14 and two cycles of CHOP-14
without alemtuzumab vs. six cycles of CHOP-14. Patients in remission will then
undergo an autologous stem cell transplant.

Another targeted agent that has been combined with CHOP in first-line therapy
for PTCL is denileukin diftitox, a fusion protein which combines the interleukin-2
gene with diphtheria toxin, thereby delivering the active toxin moiety to lym-
phoma cells expressing the interleukin-2 receptor. Denileukin diftitox has shown
activity in relapsed aggressive T-cell lymphomas, with a response rate of 48% in
27 heavily pretreated patients [16]. A multicenter prospective phase II trial was
conducted to combine denileukin diftitox with CHOP in 49 untreated patients
with aggressive PTCL subtypes [17]. In this study, denileukin diftitox was admin-
istered at a dose of 18 pg/kg/day on days 1 and 2 and CHOP was given on day 3;
this was followed by growth factor support on day 4 every 21 days. Histologic
subtypes included: ALCL 8, AILT 10, PTCL-NOS 19, EATL 3, SPTCL 5, NK/T
1, hepatosplenic TCL 1. The median cycles was six with seven patients completing
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only one cycle of therapy; three patients died with progressive disease (PD) after
cycle 1, and four patients were taken off study for toxicity. The overall response
rate (ORR) in 47 patients was 68% with 57% CR. In the efficacy-evaluable patients
(=2 cycles completed) the ORR was 86% (CR 75%). The median progression-free
survival (PFS) was 12 months and 2-year estimated OS was 60%. The median
response duration for the 33 responders was 29 months. The most frequent grade 3
or 4 adverse events were bone marrow suppression and febrile neutropenia. There
was no prolonged immunosuppression, and no opportunistic infections were
observed.

The combination of CHOP with rituximab was explored by the GELA group in
elderly patients (age 59-79) with AITL in an attempt to target non-neoplastic
B-lymphocytes which may provide paracrine growth factors to the malignant
T-cells. Twenty-five patients aged 59-79 years with newly diagnosed AITL received
eight cycles of rituximab (375 mg/m?*at day 1 of each cycle) and CHOP (R-CHOP21).
Most of the patients had advanced disease (stage IV: 92% and B symptoms: 68%).
Twenty-one patients completed all eight cycles. The overall response rate was 80%,
with 44% achieving a complete response. With a median follow up of 24 months,
the progression free survival was 42% and the 2-year-OS was 62%, which was no
different than with CHOP alone in this population.

The anti-VEGF receptor monoclonal antibody, bevacizumab has also been
combined with CHOP as first-line therapy for PTCL. Several PTCL subytpes,
especially AITL and PTCL-NOS demonstrate overexpression of angiogenic
factors, such as vascular endothelial growth factor (VEGF). At least one
relapsed AITL patient has achieved a CR following treatment with bevacizumab
[18]. A combination of CHOP and bevacizumab has been studied in patients
with PTCL or NK-cell neoplasms by the Eastern Cooperative Oncology Group.
Patients received bevacizumab at a dose of 15 mg/kg on day 1 followed by
maintenance bevacizumab. However, this trial has been suspended when a pre-
liminary analysis reported a high incidence of cardiac events related to the
therapy, including four cases of congestive heart failure [19].

Gemcitabine-Based Regimens

Because results with CHOP and traditional anthracycline regimens have overall
been inferior, other non-anthracycline regimens have been used in first-line ther-
apy. Gemcitabine is an agent which is not metabolized by the multidrug resistance
p-glycoprotein pathway and which has demonstrated efficacy in T-cell lympho-
mas as a single agent [20]. Zinzani reported results from 19 patients with cutane-
ous T-cell lymphoma (CTCL) and 20 patients with PTCL who received gemcitabine
at a dose of 1,200 mg/m? on days 1, 8, and 15 every 28 days. The overall response
rate was 51%; MF patients had a CR rate of 16% and a PR rate of 32%, while
PTCL patients had a CR rate of 30% and a PR rate of 25%. Gemcitabine com-
bined with cisplatin (GEM-P, gemcitabine 1,000 mg/m? days 1, 8, and 15, cispla-
tin 100 mg/m? on day 8) was reported to demonstrate a response rate of 73% and
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grade 3 or 4 neutropenia in 41% of patients [21]. The combination of vinorelbine
25 mg/m? and gemcitabine 1,000 mg/m? on days 1 and 8 of each 21-day cycle was
also found to be active, with a 70% response rate in a pilot study [22]. The
incorporation of gemcitabine into a CHOP-based regimen (CHOP-EG, CHOP
plus etoposide and gemcitabine) was also explored [23]. The regimen consisted of
CHORP plus etoposide 100 mg/m? day 1 and gemcitabine 600 mg/m? every 21 days.
Of 26 enrolled patients, the overall response rate was 76.9% and median event
free survival was 7 months. The most severe adverse event was grade 4 neutrope-
nia in 14 patients (53.8%) and febrile neutropenia in four patients (15.4%). While
active, this regimen did not appear to be superior to studies with CHOEP and
incidence of myelosuppression was higher.

The Southwest Oncology Group has recently completed a study of gemcitabine,
cisplatin, etoposide, and methylprednisolone (PEGS) for patients with untreated or
relapsed PTCL. The majority of the patients (79%) were untreated at the time of
study entry. The 1 year event-free survival was reported to be 38%. Another regi-
men incorporating gemcitabine was the GIVOX regimen (gemcitabine, ifosfamide,
and oxaliplatin). In a group of high risk PTCL patients, the response rate was 86%
with 67% CR and the 5-year EFS was 49%. Toxicities were primarily hematologic,
with grade 4 thrombocytopenia and anemia occurring in 38% and 24% of patients
respectively. Overall, gemcitabine based regimens have not been shown to have
superior outcomes when compared to CHOP-based therapies but there are no ran-
domized trials comparing these two approaches.

Transplantation as a Consolidation Therapy

Because of the historically poor outcomes and high relapse rates after first-line che-
motherapy in aggressive T-cell lymphomas, the role of autologous or allogeneic
stem cell transplantation in first remission has been explored in a number of small
series and more recently in prospective nonrandomized trials. The largest studies
from the Nordic and German study groups report overall EFS ranging from 30 to
50% and transplant rates of 40-70% based on intent to treat analysis. The Nordic
group reported results from 160 patients treated with an etoposide-based regimen
(CHOEP-14) followed by carmustine, etoposide, cytarabine, and melphalan
(BEAM) conditioning [24]. At a median follow up of 4 years, the OS was 50% and
the PFS was 48%. Outcome results were similar for each of the nodal subtypes of
PTCL. In the German study reported by Reimer et al., 83 patients were treated with
CHOP x4, followed by Dexa-BEAM or ESHAP [25]. The conditioning regimen for
the transplant included total body irradiation along with cyclophosphamide. In this
study, the CR rate to CHOP was 39%, and only 66% of patients were able to be
transplanted. At a mean follow up of 33 months, the OS was 48%, and the EFS was
53%. Comparison of these two different approaches suggests that there may be no
benefit for total body irradiation in this setting, and BEAM or chemotherapy based
conditioning regimens remain the standard.
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Novel Therapies for T-Cell Lymphomas

A number of novel agents have been used in T-cell lymphomas and have shown
efficacy (Table 2). Monoclonal antibodies and fusion toxins targeting surface epitopes
have been the most successful, including alemtuzumab and denileukin difititox.
Other novel classes of drugs, including the HDAC inhibitors and pralatrexate have
recently been FDA-approved for patients with relapsed and refractory disease.
Response rates have been similar for many of the novel agents when used in the
relapsed and refractory setting (Table 3). Pathway targeted agents have recently been
explored in T-cell lymphomas and studies are underway to determine their efficacy
as single agents and in combination with cytotoxic therapy.

Monoclonal Antibodies and Immunoconjugates

Siplizumab, an antibody targeting CD2, has shown activity in early studi