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Chapter 1

Overview of lymphoma

Jasmine Zain and Larry W Kwak

Diseases characterized by non-infectious enlargement of lymph nodes
were recognized as lymphosarcoma and psudoleukemia by Virchow and
Cohenheim in 1864 and 1865. Around the same time Thomas Hodgkin
described clinical histories and post-mortem findings of seven patients
with enlarged lymph nodes and splenomelgaly without inflammation
where the disease spread to contiguous lymph nodes and his colleague
Samuel Wilks called it Hodgkin disease (HD). Consequently other neoplas-
tic or inflammatory enlargements of lymph nodes came to be known as
non-Hodgkin lymphoma (NHL) although the term malignant lymphoma
was first used by Bilroth in 1872 [1].

Lymphoma is a cancer of the mature lymphocytes that inhabit the
primary lymphoid organs including lymph nodes, bone marrow liver
spleen as well as various lymphoid aggregates in other organs such as
the intestinal tract, lungs, and skin. Lymphoma can arise in any organ
as is reflected in the various subtypes of lymphoma although the most
common presentation consists of adenopathy followed by cytopenias.
Lymphomas may be accompanied by constitutional symptoms called
B symptoms consisting of fevers, weight loss, and night sweats, which
generally portend a worse prognosis. Etiology of B symptoms is unknown
but is thought to be related to increased levels of interleukin 6 (IL-6) [2]
and other inflammatory cytokines. A myriad of paraneoplastic syndromes
can also be seen in cases of lymphoma. Neurologic disorders including

© Springer International Publishing AG 2017 1
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Gulliam Barre syndrome and polyneuropathy [3], skin and soft tissue
lesions [4], and nephrotic syndrome [5] are the most notable and respond
to primary therapy directed towards the underlying lymphoma.

NHL is the sixth most common cancer diagnosed worldwide. In the
US in 2016 the projected annual incidence is of 80,900 cases of NHL and
8500 cases of Hodgkin lymphoma (HL) [6]. This was comparable in the
EU in 2012 with 78,768 cases of NHL and 12,271 cases of HL [7,8]. The
probability of developing NHL increases with each decade of life and it
causes an estimated 3.4% of all cancer deaths [9] in the US each year
[10]. Median age at presentation is over 50 years of age except for high
grade lymphoblastic lymphoma and Burkitt lymphoma, which are more
common in children and young adults. There is a male predominance
(age-adjusted incidence was 45% higher in men than women between
2007 and 2011). The incidence of lymphoma doubled between 1970s
and 1990 but has stabilized since then. Partly, this increase may have
been related to improved diagnostic techniques as well as the increased
incidence of human immunodeficiency virus (HIV)-related lymphomas,
but additional factors may be responsible [11]. Using statistical methods
of analysis, rates of new cases of NHL have not changed much over time
in the past 10 years but the death rates have been falling on an average
of 2.4% each year from 2004-2013 [6].

Possible etiologic factors for lymphomas include pesticides and her-
bicides (possibly limited to t(14,18)-positive NHL) [12]. There is an
association between lymphomagenesis and immunity. Congenital states
of immune deficiency such as ataxia telegenctasia, wiskot aldrich syn-
drome, and severe combined immunedeficiency are associated with an
increased risk of lymphoma. HIV infection is associated with a relative
75-100 times increase in the risk of lymphoma as compared with the
general population with a decrease seen with the implementation of
highly active retroviral therapy (HAART). Iatrogenic immunosuppres-
sion seen after organ or stem cell transplant [13] results in a 1-10%
increase in the risk of lymphoma. Secondary cases of NHL can be seen
in patients who have received prior chemotherapy or radiation. Certain
autoimmune states such as Sjogren’s syndrome, rheumatoid arthritis, and

systemic lupus erythematosus also increase the risk of NHL [14]. Finally
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the use of disease-modifying agents in autoimmune diseases such as low
dose methotrexate, thiopurines, and tumor necrosis factor antagonist
therapy is also associated with an increased risk of NHL [15]. Viruses
are known to cause genetic instability, increase in cell proliferation,
alteration in DNA repair and evasion of host immunity, and are impli-
cated in the pathogenesis of several types of NHL [16]. Viral particles
from Epstein-Barr virus (EBV) are demonstrated in Burkitt lymphoma,
post-transplant lymphoproliferative disorder, some cases of diffuse
large B-cell lymphoma (DLBCL), natural killer (NK)-T-cell lymphoma,
and peripheral T-cell lymphoma [17]. The human T-lymphotropic virus
(HTLV1) in adult T-cell leukemia/lymphoma (ATLL) [18], and Kaposi
sarcoma-associated herpes virus (KSHV) in primary effusion lymphoma
and Castleman’s disesase are other examples of viruses driving lymphom-
agenesis. Hepatitis C virus (HCV) is associated with marginal zone lym-
phomas (13-15% according to one meta-analysis). HCV may predispose
B cells to malignant transformation by enhancing signal transduction
on binding to the CD81(TAPA-1) [16]. Chronic antigenic stimulation and
inflammation may also lead to lymphomagenesis. In this regard, certain
bacterial infections are associated with lymphomas. Borellia burgdorfi
is detected in 35% of patients with cutaneous B cell lymphomas [19].
Helicobacter pylori infection is strongly associated with gastric mucosa-
associated lymphoid tissue (MALT) lymphoma [20] and there is a possible
association between Chalmydophilia psittaci and ocular lymphoma [21].
In some of these cases lymphomas have responded to antibiotic therapy
pointing to chronic inflammation as a cause of lymphomagenesis. There
is now increasing identification of genetic variations that increase the
susceptibility to develop lymphoma. Using genome-wide association data
(GWAS), predisposing single nuclear polymorphisms (SNPs) have been
identified for various subtypes of NHL. These include genes involved
in immune function, inflammation, oxidative stress, and metabolism.
Examples include CXCRS5, ETS1, ACTA2/FAS, BCL2, and others [22].
The complicated and evolving classification of NHL is reflective of the
evolution of diagnostic techniques over time ranging from microscopic
appearances to immunological diagnostic techniques, cytogenetics, and

now molecular techniques. Rappaport first classified lymphomas in 1966
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by categorizing them into nodular diffuse and histiocytic based on the
architectural organization and cell size of the neoplastic infilterate [23].
The 1974 Lukes and Collins classification combined cell of origin (B versus
T cell), site of origin in the node, cell size, and nuclear shape to reflect
transformation [24]. The concept of tumor grading was introduced in
the Keil classification while adding the category of extranodal and T-cell
lymphomas to the classification [25]. The working formulation for clinical
use was created in 1978 by a group of experts appointed by the National
Institute of Health [26] categorizing lymphomas as low, intermediate,
and high grade based on cell size and clinical behavior. The revised
Europe-American Lymphoma Classification (REAL) was the foundation
of the current World Health Organization (WHO) 2001, 2008, and now
2016 classification that has tapped into clinical features, morphology,
immunophenotyping, and molecular information recognizing over 70
different types of NHL [27,28].

Current staging of NHL is based on the subtype of lymphoma. The
classic Ann Arbor staging system applies only to nodal lymphomas [29].
Other presentations require individualized staging criteria as will be
described in the following chapters. Ever-evolving prognostic systems
for various lymphomas such as the International Prognostic Index (IPI),
Follicular Lymphoma International Prognostic Index (FLIPI), Mantle Cell
Lymphoma International Prognostic Index (MIPI), and others reflect our
deepening understanding of the clinical and pathological differences
between these diseases that have allowed clinicians to decide therapies
that will best benefit certain groups of patients and perhaps prevent
overtreatment of others. In the era of genotyping and personalized
medicine, it is possible that clinical criteria may lose their importance
as treatments are directed more and more by defining genetic mutations
and finding targeted treatments as is being illustrated by therapies in
chronic lymphocytic leukemia (CLL) and other low grade lymphomas.
All of this is the subject of the following chapters.

Treatment strategies for lymphomas have evolved alongside the
classification and reflect the evolution of anticancer treatments.
Radiotherapy was the first modality used to treat HL as early as 1902
[30] and became more popular in the 1940s onwards with the first cures
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of HD demonstrated in 1963 using radiotherapy [31]. The first use of a
cytotoxic agent used to treat a human cancer was demonstrated against
lymphoma. Naval personnel exposed to mustard gas were found to have
changes in their blood counts and this observation led to the first use
of a compound called nitrogen mustard to treat a case of lymphoma in
1942 at Yale University [32]. Other cytotoxic agents were to follow and
in 1965 the concept of combination chemotherapy was initiated based
on the principles of combining antibiotics to overcome microbial resist-
ance in treating infections. Multiple cytotoxic agents were combined
with a differing mechanism of action and this concept was extended to
lymphomas in 1963 when it was demonstrated that nitrogen mustard,
vincristine, procarbazine, and prednisone (MOPP) could cure patients
with lymphoma [33]. Lymphoma therapy continued to revolve around
various combinations of chemotherapy and radiation until the next
milestone when a monoclonal antibody rituximab that targets CD20
was approved in 1997 for the treatment of B-cell lymphomas. The land-
mark randomized trial of rituximab + cyclophosphamide, doxorubicin,
vincristine, and prednisolone (CHOP) chemotherapy versus CHOP alone
demonstrated an increased complete remission rate, progression free,
and overall survival of patients with diffuse large B cell lymphomas
[34]. Meanwhile high dose chemotherapy followed by autologous stem
cell transplant was shown to have a superior outcome in patients with
chemosensitive disease in NHL as compared with salvage therapy alone
firmly establishing the role of autologous stem cell transplant in the treat-
ment of relapsed lymphomas [35]. This indication has been extended
to several lymphoma subtypes and is a mechanism to deliver high dose
chemotherapy in situations where standard dose chemotherapy is not
expected to cure patients. The first allogeneic stem cell transplant for
lymphoma was performed in 1982 and increasing data regarding the use
of this modality appeared in both HL and NHL in the 1990s. Differences
in outcome were noted based on various factors including histology and
the role of graft versus lymphoma effect was identified as a therapeutic
goal at least in some subtypes especially in low grade lymphomas. This
has led to the increasing use of reduced intensity conditioning regimens

for lymphoma transplants [36].
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Besides stem cell transplant, other types of immunotherapy have
been explored for the treatment of lymphomas including cancer vaccines
[37,38], non-specific immunomodulatory agents including interferon
[39], and immunomodulatory drugs (IMiDs) such as lenalidomide [40]
with varying success. The first successful use of monoclonal antibodies to
target specific proteins on lymphoma cells was established by rituximab.
Currently, there are at least two other anti-CD20 antibodies that have
been approved as well as two radioisotope conjugates that can target CD20
[41]. Other antibodies to target specific proteins on lymphoma cells such
as CD25, CD52, and CXCR4 are also available for clinical and research
purposes and are in various stages of development. Further modification
of monoclonal antibodies has led to the antibody drug conjugate; the
first approved agent for lymphoma being brentuximab vedotin, which
combines a monoclonal antibody against CD30 with a cytotoxic agent
monomethyl auristatin E (MMAE) thus directly targeting the malignant
cell in HL [42]. Its approval in 2013 was a major landmark in the success
of the ADC technology and has led to a plethora of similar agents for
innumerable targets in other cancers and lymphomas. The latest approach
is to engineer T cells to target proteins on malignant B cells (chimeric
antigen receptor T cells [CAR-T]) as adoptive immunotherapy to treat
lymphomas [43]. Finally, with the approval of nivolumab for the treat-
ment of relapsed refractory HL, immune checkpoint inhibitor therapy
has arrived in the realm of anti-lymphoma therapy [44].

Finally, no discussion of anti-lymphoma therapies can be completed
without targeted therapies and epigenetic agents. Understanding the
dysfunctional pathways in lymphomagenesis has enabled the use of small
molecules that can target these pathways leading to meaningful clini-
cal responses in patients. These are great examples of bench to bedside
research. Currently, the field is dominated by the orally administered
ibrutinib that selectively targets Bruton’s tyrosine kinase receptor (BTK)
and is approved for mantle cell lymphoma, CLL, marginal zone lympho-
ma and is active in many other B-cell malignancies. PI3 kinase (PI3K)
is another active target with idelalisib being the first approved agent
and many others in trials that target different isoforms of the enzymes.

Other targeted agents include PI3K/AKT pathway inhibitors, proteosome
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inhibitors, histone deacetylase inhibitors, and agents targeting the janus
kinase (JAK)/signal transducer and activator of transcription (STAT)
pathways a [45]. With such a plethora of options the future remains lim-
itless in terms of combinations of various modalities and agents towards
curative and safe therapies for all lymphoma patients.

The future of lymphoma therapy holds great promise. Precision
medicine allows an accurate delineation of altered genetic pathways in
each patient’s tumor and microenvironment as well as an understand-
ing of the host immune milieu. This can allow a tailored prescription of
a single or combination of targeted agents that can be given to ‘fix’ the
altered genetic pathway, and stimulate an adequate immune response
to keep the tumor in check without the toxic regimens of chemotherapy
and stem cell transplant that are the current treatment paradigms.

The following chapters present a concise discussion of the various
lymphomas and challenges in clinical management. Case presenta-
tions and continuing commentary on the case will be included in italics
throughout the book. We hope that the reader will find this a useful
compendium to their daily clinical work.
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Chapter 2

Pathogenesis of lymphomas
Raju K Pillai and Wing C Chan

Genetic alterations lead to development of
lymphomas

Cancer is, in essence, a genetic disease in which an accumulation of
mutations leads to activation of oncogenic pathways and impairment of
normal controls in growth and survival. Recent developments in high
throughput sequencing technologies have produced an increasingly
detailed record of the genomic alterations present in malignant lym-
phomas. Acquired (somatic) genetic alterations seen in malignancies
include single nucleotide variants (SNV), small insertions and deletions
(indels), copy number variations (CNV), and other large structural vari-
ations. Epigenetic alterations are heritable changes in gene expression
that are due to mechanisms other than changes in the DNA sequence and
include DNA methylation, histone modifications, and altered expression
of non-coding RNA. Every tumor has acquired genetic and epigenetic
alterations that lead to its pathogenesis and dictate most of its behavior
including metastases, response to therapy, and resistance. A study of
these genomic alterations has led to novel approaches in the treatment
of cancers including lymphomas.

Most of these changes are ‘passenger’ mutations that occur inciden-
tally. A very small fraction of these alterations are ‘driver’ mutations that
are defined in a broad sense as cell-autonomous or non-cell-autonomous
alterations that contribute to tumor evolution at any stage — including
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initiation, progression, metastasis, and resistance to therapy — by pro-
moting a variety of functions including proliferation, survival, inva-
sion, or immune evasion [1]. Only about 1-2% of human genes have
been shown to act as drivers [2]. Alterations in these driver genes
affect a limited number of pathways that control cell proliferation,
differentiation, and apoptosis.

The frequency of genetic alterations varies widely among lymphoid
malignancies. Hairy cell leukemia (HCL) and Waldenstrém’s macroglobu-
linemia (WM) are characterized by low mutation load but are highly
specific; BRAF V60OE and MYD88 L265P are seen in most cases of HCL
and WM, respectively. Burkitt lymphoma (BL) and splenic marginal
zone lymphoma (SMZL) have approximately 25-30 non-silent mutations
per case [3,4] whereas ‘high mutators’ such as diffuse large B-cell lym-
phoma (DLBCL) have increased mutational load (approximately 50-100
non-silent mutations per case) [5-7].

It has been proposed that the accumulation of genetic alterations
occurs in three phases [2]. In the breakthrough phase, a cell acquires
a driver gene mutation and begins to expand and survive abnormally,
undergoing many rounds of cell division, typically over many years. In
the second expansion phase, secondary driver gene mutations enable the
cells to expand in the local environment even under adverse conditions.
In the invasive phase, additional mutations enable cells to invade normal
tissue leading to distorted architecture and widespread dissemination,
which are, by definition, features of a malignancy. An analogous situation
has been described in the pathogenesis of malignant lymphomas. In fol-
licular lymphoma (FL), the initial driver mutation, which is the t(14; 18)
(IGH;BCL2) translocation occurs in the bone marrow during early B-cell
development. Increased BCL2 expression enables the precursor cell to
survive multiple rounds of cell division in the germinal center — these
t(14;18)-positive cells now circulate in the peripheral blood and are seen
in up to 50% of the normal adult population [8]. Colonization of lymph
nodes leads to in-situ FL and accumulation of further mutations results
in development of FL. Similarly, in-situ mantle cell lymphoma (MCL) and
monoclonal B-cell lymphocytosis have been described as precursors of

MCL and chronic lymphocytic leukemia (CLL), respectively. Malignant
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lymphoma, therefore, represents the clinically detectable late stages in a
continuum of increasing genetic complexity, which also raises the ques-
tion of when it would be most appropriate to therapeutically intervene

in the oncogenic process.

Mechanisms of genetic alterations in B-cell
lymphomas

The B-cell receptor in the pre-B cell is assembled from various combina-
tions of variable (V), diversity (D), and joining (J) gene segments. Two
additional processes, somatic hypermutation (SHM) and class switching
(CS), which occur in the germinal centers of secondary lymphoid organs,
generate additional structural and functional diversity. The generation of
a large antibody repertoire necessary for immunity involves DNA strand
breaks and nucleotide alterations, which increase the risk for oncogenic
alterations. These are described in the following section.

The variable region of the heavy chain (Vh) is assembled from approxi-
mately 40 variable, 23 diversity, and 6 joining gene segments and the
variable region of the light chains is assembled from approximately 30-35
variable and 5 joining gene segments. These segments are rearranged
by a process of double-stranded DNA breaks followed by recombination
mediated by the recombination activating gene (RAG) enzymes. Aberrant
recombination leads to chromosomal translocations, as exemplified by
the RAG-mediated t(14;18) translocation in FL and t(11;14) translocation
in MCL. In most cases, the coding region of the oncogene is not altered
but the tightly regulated expression pattern is altered by association with
the partner gene. Further development of the B cell occurs in the germi-
nal center where the affinity of the B-cell receptor is further improved
by selection of cells that have undergone SHM of the IgV region genes
mediated by the activation-induced cytidine deaminase (AID) enzyme.
Heavy chain class switching alters the functional properties of the
antibody molecule. Both of these processes also create double-stranded
breaks and aberrant chromosomal translocations. Somatic mutations
mediated by AID may also affect non-immunoglobulin genes in germinal
center B cells. Up to 10% of actively transcribed genes may be affected
by aberrant somatic hypermutation.
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The various B-cell development stages described above have been
histogenetically correlated with various B-cell lymphomas as shown in
Figure 2.1.

Signaling pathways involved in development of
B-cell ymphomas

In this section, the major physiologic signaling pathways in B cells
and examples of their alteration in lymphomas are described. An
understanding of these pathways in lymphomas will enable rational

therapeutic intervention.

CLL, HCL

arginal zone

Memory B cell

Naive B cell

Plasma cell

BL, DLBCL (GCB), NLPHL FL, CHL DLBCL(ABC), LPL, PEL YELOMA

Figure 2.1 B-cell differentiation and relationship to major B-cell neoplasms.
Lymphoblasts undergo VDJ recombination in the bone marrow. After maturation, naive

B cells traverse to the germinal center of secondary lymphoid organs where two additional
processes, somatic hypermutation and class switching, occur and generate additional structural
and functional diversity. The vast majority of B-cell neoplasms arise form germinal center B cells
with the remaining arising from mantle zone cells, marginal zone cells, or memory B cells. ABC,
activated B cell; BL, Burkitt lymphoma; CLL, chronic lymphocytic leukemia; DLBCL, diffuse large
B-cell ymphoma; GCB, germinal center B cell; HCL, Hairy cell leukemia; LPL, lymphoplasmacytic
lymphoma; MCL, mantle cell ymphoma; MZL, marginal zone lymphoma; NLPHL, nodular
lymphocyte-predominant Hodgkin lymphoma; PEL, primary effusion lymphoma; VDJ, variable,
diversity, and joining gene segments.
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B-cell receptor pathway

The B-cell receptor complex consists of the immunoglobulin molecule
linked to a signaling subunit, which is a heterodimer of Ig-alpha (CD79A)
and Ig-beta (CD79B) proteins. Antigen binding to the Ig molecule leads
to phosphorylation of immunoreceptor tyrosine-based activation motifs
(ITAM) in CD79A and CD79B by src family kinases such as LYN fol-
lowed by activation of spleen tyrosine kinase (SYK), Bruton’s tyrosine
kinase (BTK), phospholipase C gamma (PLCg), and protein kinase C
beta (PKCb) (Figure 2.2).

Activation of PKCb leads to caspase recruitment domain family,
member 11 (CARD11) phosphorylation, recruitment of mucosa-asso-
ciated lymphoid tissue lymphoma translocation protein 1 (MALT1)
and B-cell lymphoma/leukemia 10 (BCL10) into the CARD11-BCL10-
MALT1 (CBM) multi-protein complex and nuclear factor-kappa B (NF-kB)
pathway activation. Mature B cells require ‘tonic’ signaling from the
BCR complex for survival throughout their lifespan [9]. BCR signaling
is also critical for survival and proliferation of B-cell lymphomas. A
prominent feature of the activated B-cell type of DLBCL (ABC-DLBCL)
is the constitutive activation of NF-kB signaling pathway and a ‘chronic
active’ form of BCR signaling reminiscent of antigen-stimulated B cells
that signal through the CBM complex to activate NF-kB. More than
20% of ABC-DLBCL patients harbor somatic mutations in CD79B and
to a lesser extent in CD79A [10], and approximately 9% have oncogenic
mutations in the CARDI1 gene [11]. Interruption of the BCR signaling
pathway is specifically toxic to ABC-DLBCL cells in vitro [10]. In FL, it
has been shown that the ‘protective’ allele that encodes the expressed
B-cell receptor is not involved in the translocation with the BCL2 gene
and maintains BCR signaling [12].

The transcription factor 3 protein (TCF3) modulates germinal center
gene expression and regulates survival and proliferation of lymphoid
cells through the BCR and PI3K signaling pathway and by modulating
cell cycle regulators such as CCND3. TCF3 also induces its own inhibitor,
called inhibitor of DNA binding 3 (ID3), creating an autoregulatory loop
that inactivates TCF3 in the resting state (Figure 2.2). Release of TCF3
from the ID3-TCF3 complex promotes BCR signaling by upregulating
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the expression of immunoglobulin heavy and light chain genes and
repression of the BCR signaling inhibitor src homology region 2 domain-
containing phosphatase 1 (SHP1). Most patients with BL (70%) harbor
ID3 and TCF3 mutations leading to the activation of the TCF3 pathway,
which ultimately results in intensification of ‘tonic’ BCR signaling [13].

BCR ¢ BCR TLR

N\
DD DDDDDDDD[M

-

l:' ) [ Target genes G:’ [

Figure 2.2 Intracellular signaling pathways involved in B-cell lymphoproliferative disorders
and therapeutic targets: see text for details. AKT1, v-akt murine thymoma viral oncogene
homolog 1;BCL10, B-cell CLL/lymphoma 10; BCR, B-cell receptor; BIRC3, baculoviral IAP repeat
containing 3; BRAF, B-Raf proto-oncogene, serine/threonine kinase; BTK, Bruton's tyrosine kinase;
CARD11, caspase recruitment domain-containing protein 11; ERK/MAPK, extracellular signal-
regulated kinase/mitogen-activated protein kinase; ID3, inhibitor of DNA binding 3; IKK, inhibitor of
NF-kB kinase; IRAK, interleukin-1 receptor-associated kinase 1; MALT1, mucosa-associated lymphoid
tissue lymphoma translocation protein 1; MAP3K14, mitogen-activated protein kinase kinase
kinase 14; MEK, mitogen-activated protein kinase kinase kinase 1; mTOR, mechanistic target of
rapamycin; MYD88, myeloid differentiation primary response 88; NF-kB, nuclear factor of kappa light
polypeptide gene enhancer in B cells; NRAS, neuroblastoma RAS viral (v-ras) oncogene homolog;
PI3K, phosphoinositide 3-kinase; PKCP, protein kinase C 3; SHP-1, Src homology region 2 domain-
containing phosphatase-1; SYK, spleen tyrosine kinase; TCF3, transcription factor 3; TLR, toll-like
receptor; TNFAIP3, TNF alpha-induced protein 3; TRAF, TNF receptor-associated factor.
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Toll-like receptor pathway

Toll-like receptors (TLRs) recognize a variety of pathogen-associated
molecular patterns derived from bacteria, viruses, and fungi in a BCR-
independent manner. Ligand binding causes aggregation of TLRs and
activation of cytoplasmic adapters such as myeloid differentiation primary
response gene 88 (MYD88) and triggering NF-kB pathway activation (Figure
2.2). The MYD88 pathway can also be activated by cytokines such as
interleukin 1 (IL-1). MYD88 mutations are seen in approximately 90% of
all WM, approximately 30% of ABC-DLBCL, and 10% of SMZL [4,7,14,15].

Notch signaling

Notch receptor proteins are transmembrane receptors that function as
ligand-activated transcription factors. Ligand binding causes proteolytic
cleavage of the Notch intracellular domain, which then translocates to
the nucleus and induces transcription of target genes including MYC
and NF-kB pathway components. Notch signaling plays an important
role in a number of cellular functions including cell fate specification,
proliferation and apoptosis, and the physiological development of the
splenic marginal zone. The C-terminal proline, glutamic acid, serine,
and threonine-rich (PEST) domain of the Notch protein is recognized
by ubiquitin ligase leading to proteolytic degradation. Most mutations in
lymphoma target the PEST domain resulting in truncation with impaired
degradation and dysregulated Notch signaling. Notch pathway mutations
have been identified in SMZL, CLL, and MCL. Notch 1 mutations are seen
in 5-10% of patients with CLL and this number increases with relapse
and transformation. F-box and WD repeat domain-containing 7 (FBXW?7)
is an F-Box protein that forms one of the subunits of the ubiquitin ligase
complex and promotes proteolytic degradation of Notch protein; loss of

function mutations are seen in ~2% of patients with CLL [16,17].

Nuclear factor-kappa B pathway

NF-kB is a homo or heterodimer of Rel-like domain-containing proteins
including RELA/p65, RELB, c-Rel, NF- kB1, and NF-kB2 that function
downstream of the BCR, TLR, and Notch signaling pathways. NF-kB
proteins are bound in a complex with an inhibitor protein, IkB alpha,
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which keeps them in the cytoplasm. Activation of IkB kinase (IKK) by
external stimuli leads to phosphorylation of IkB alpha and its subsequent
ubiquitination and proteasomal degradation lead to the release of NF-kB
transcription factors that translocate to the nucleus and regulate gene
transcription (Figure 2.2).

The role of the NF-kB pathway in ABC-DLBCL and SMZL has been
discussed earlier. Negative regulators of NF-kB signaling are inacti-
vated by mutations/deletions in many B-cell lymphomas as described
below. TNFAIP3 is homozygously inactivated or deleted in 30% of
patients with ABC-DLBCL [18]. BIRC3, TRAF2, and TRAF3 are negative
regulatory proteins that form an inhibitory complex with the enzyme
MAP3K14 (Figure 2.2) in association with the CD40 and BAFF receptors
that mediate the non-canonical NF-kB signaling pathway. Activation
of these receptors leads to disruption of the complex and release and
stabilization of MAP3K14, which in turn activates IKKa. Loss of func-
tion mutations in TRAF3 and BIRC3 are detected in SMZL leading to
activation of MAP3K14 and NF-kB signaling [19]. The BIRC3 gene is
inactivated in CLL by mutations and BIRC3 mutations correlate with
the clinical course and chemo refractoriness in CLL [20]. Activator
mutations such as CARD11 mutations are present in ABC-DLBCL and
have been described above.

G-protein coupled receptors

G-protein coupled receptors (GPCR) are the largest family of cell surface
receptors involved in signal transduction with over 800 members. In
conjunction with their cognate heterotrimeric G proteins, GPCRs acti-
vate multiple downstream targets that regulate cells survival, prolifera-
tion, and differentiation. Sequencing studies have revealed mutations
or copy number alterations in members of the SIPR2-GNA13 (encodes
the Gal3 G-protein)-RHOA pathway in DLBCL as well as in BL [5,13].
Impairment of this pathway affects B-cell localization and migration
and leads to simultaneous activation of the AKT pathway [21]. GNA13
knockout mice develop DLBCL supporting the importance of this pathway
in lymphomagenesis [22].
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Mitogen-activated protein kinase signaling pathway

The mitogen-activated protein kinase pathway (MAPK) consists of recep-
tor tyrosine kinases transmitting a variety of signals from the external
environment to the nucleus. MAPK signaling in B cells is initiated at the
BCR and propagated through RAS and RAF proteins. The BRAF V600E
mutation is the pathognomonic genetic event for HCL. BRAF is also
frequently mutated in Langerhans cell histiocytosis [23].

PI3k-AKT1-MTOR signaling pathway

The PI3K-AKT1-MTOR (phosphatidylinositol 3'-kinase/v-akt murine
thymoma viral oncogene homolog 1/mechanistic target of rapamycin)
pathway is a key component of tonic BCR signaling, a process that
is required for B-cell survival. Conditional inactivation of the B-cell
receptor leads to profound reduction of peripheral B cells, which can be
rescued by transgenic expression of PI3K [24]. B-cell receptor signaling
in BL activates the PI3K pathway, as demonstrated by phosphorylation
of AKT1 and p70S6 kinase [25]. Activating mutations in TCF3 as well as
deleterious mutations in the TCF3 inhibitor ID3 potentiates B-cell recep-
tor signaling by repression of SHP1 and enhancement of Ig production
(Figure 2.2). 70% of BL cases have mutations in TCF3 or ID3 proteins,
as described previously. Activation of the PI3K pathway due to loss of
PTEN expression has been described in 37% of the DLBCL and 19% of
MCL [26,27]. Activating mutations in exons 9 and 20 of PI3K have also
been reported [26].

Role of MYC In lymphomagenesis
The MYC family includes C-MYC, N-MYC, L-MYC and S-MYC, which are
involved in the control of cell growth, differentiation, and apoptosis.
MYC-MAX heterodimers bind DNA sequences called E-box motifs to
activate transcription of a large number of targets, estimated at 10-15%
of all human genes. Enhanced MYC expression is seen in up to 70% of
human malignancies and usually requires co-operation with other genetic
lesions for oncogenic transformation.

MYC plays a crucial role in the initial stages of formation of the
germinal center, where it is rapidly suppressed by BCL6 expression in
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centroblasts. In the light zone, MYC is again expressed in a subset of
centrocytes, accompanied by BCL6 downregulation, NF-kB activation,
and IRF4 expression. These cells later re-enter the dark zone for further
antigen receptor maturation. MYC-negative centrocytes in the light
zone will exit the germinal cell to differentiate into memory B cells or
long-lived plasma cells [28].

BL is characterized by a translocation that places the MYC gene under
the control of the immunoglobulin enhancer. MYC deregulation is fre-
quent in DLBCL; MYC translocations are seen in 5-14% of DLBCL, and
MYC gain and amplification in 21-38% of DLBCL. Concurrent transloca-
tions of BCL2 or BCL6 gene with MYC, which are designated ‘double-hit
lymphomas’ impart a significantly worse clinical prognosis. High MYC
expression without MYC gene abnormalities, presumably induced by
other mechanisms, is observed in 28—41% of DLBCL cases. In addition,
the BCL2 protein is overexpressed concurrently in 60% of MYC-positive
DLBCL cases, independent of the presence of gene rearrangement. These
cases described as ‘double expressor lymphoma’ behave more aggres-
sively than cases with single protein overexpression. MYC alterations are
also seen in plasmablastic lymphoma (PBL), and anaplastic lymphoma

kinase (ALK)-positive large B-cell lymphoma.

Role of p53 and DNA repair pathways

p53 is induced and activated by a number of stress signals, includ-
ing DNA damage, oxidative stress, telomere shortening, hypoxia, and
activated oncogenes leading to cell cycle arrest, cellular senescence,
or apoptosis. Inactivation of p53 is seen in a variety of lymphomas
such as BL, DLBCL, including those derived from transformation of FL,
MCL, CLL, peripheral T-cell lymphoma (PTCL), and natural killer cell
lymphoma/leukemia (NKCL). HDM2, the negative regulator of TP53,
is often amplified in lymphoma.

DNA repair pathways preserve genomic integrity — there are at least
six major DNA repair mechanisms in human cells. Somatic and germline
mutations have been identified in various DNA repair pathways, mainly
in DLBCLs [29]. Mutations in mismatch repair genes (EXOI, MSH2,
and MSH6) were associated with microsatellite instability, increased
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number of somatic insertions/deletions, and altered mutation signa-
tures in tumors. Somatic mutations in non-homologous end-joining
(NHEJ) genes (DCLRE1C/ARTEMIS, PRKDC/DNA-PKcs, XRCC5/KU8O0,
and XRCC6/KU70) were almost exclusively associated with translo-
cations involving the immunoglobulin-heavy chain locus [29]. ATM
abnormalities are often seen and are particularly common in patients
with MCL and CLL.

Regulation of apoptosis

Apoptosis is a genetically controlled mechanism of cell death involved
in the regulation of tissue homeostasis controlled by enzymes called
caspases. Caspases are cysteine proteases that cleave proteins at the
Aspartate residues — at least 17 caspases have been described in mammals.
Caspases include ‘executioner caspases’ (caspases 3, 6, and 7), which
are activated by ‘initiator caspases’. There are two major pathways of
apoptosis: the extrinsic pathway initiated by Fas and the other tumor
necrosis factor receptor (TNFR) superfamily members leading to caspase-
3 activation, and the intrinsic mitochondria-associated pathway, which
is activated by apoptotic stimuli that induce mitochondrial outer mem-
brane permeabilization (MOMP) followed by the release of molecules
that facilitate the cell death program such as, cytochrome ¢, SMAC,
and Omi. Cytochrome c interacts with Apaf-1 and caspase-9 to acti-
vate caspase-3. As a common final pathway, caspase-3 activation leads
to the degradation of cellular proteins necessary for cell survival and
maintenance of cellular integrity.

The BCL2 family of proteins, which include pro-apoptotic (BAX, BAK,
BIM, and BID) and anti-apoptotic (BCL-2, BCL-XL, BCL-w, MCL-1, and
BFL-1) members, regulate apoptosis by controlling MOMP. Translocations
affecting the BCL2 gene represent the genetic hallmark of FL and are
seen in 80-90% cases, it is also detected in about 30% of GCB-DLCBL.
Ectopic BCL2 expression prevents apoptosis of germinal center B cells
leading to accumulation of other genetic abnormalities. High expression
of anti-apoptotic proteins such as MCL1 and inactivation of BIM and

other pro-apoptotic proteins have also been reported.
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Impairment of differentiation to plasma cells

BCL6 is the master regulator of the germinal center reaction. As a tran-
scriptional repressor, BCL6 negatively regulates multiple target genes
involved in BCR and CD40 signaling, T-cell mediated B-cell activation
and induction of apoptosis in response to DNA damage. BCL6 therefore
maintains the proliferative status of centroblasts and prevents terminal
differentiation to plasma cells via suppression of PRDM1/BLIMP1, the
master regulator of plasma cell differentiation. The PRDM1/BLIMPI gene
on 6921 is bi-allelically inactivated in ~25% of ABC-DLBCL cases [30]
and represents another mechanism of impairing differentiation with the

tumor cells arrested at the plasmablastic stage.

Epigenetic alterations

The epigenome is composed primarily of cytosine modifications, histone
modifications, and expression of non-coding RNA molecules, which are
particularly important in the germinal center reaction [31,32]. In a normal
somatic cell, approximately 70-80% of cytosines that occur as a CpG
dinucleotide are methylated whereas CpG islands are largely unmeth-
ylated [33] and this methylation status is mediated by DNA methylases
and demethylases. Hemi-methylated DNA is the target of DNA methyl
transferase 1 (DNMT1) and is needed to maintain methylation patterns
during DNA replication. DNA methyl transferases 3A and 3B (DNMT3A
and DNMT3B) target primarily unmethylated CpG’s. A deeper under-
standing of the epigenetic modifications would enable rational use of
epigenetic therapies.

Histone octamers composed of H2A, H2B, H3, and H4 proteins form
the scaffold upon which DNA is wound to form nucleosomes. Histones
can be chemically modified by acetylation, methylation, phosphoryla-
tion, sumoylation, or ubiquitinylation. Trimethylation of H3 lysine 27
(H3K27me3) by the polycomb repressive complex 2 (PRC2), which includes
EZH2, SUZ12, and EED is associated with transcriptional repression.
EZH2 is upregulated in centroblasts and mediates H3K27 methylation
and epigenetic silencing of genes required for memory and plasma cell
differentiation. EZH2 gain of function mutations have been observed in
>20% of patients with FL and 23% of those with GCB-DLBCL but are
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rare in ABC-DLBCL [5]. EZH2 inhibition in GCB-DLBCL alters the gene
expression profile and induces proliferation arrest and plasma cell dif-
ferentiation. In contrast to H3K27me3, trimethylation of H3 lysine 4
(H3K4me3) by the MLL family of histone methyltransferases is associated
with active chromatin and gene expression. Loss of function mutations in
MLL and MLL2 are frequent in FL but seen less often in DLBCL patients.
The outcome of epigenetic modifications is related to the ‘geography’
and ‘topology’ of the genome [34]. For example, cytosine methylation
of transcription factor binding sites can result in either transcriptional
activation or repression. Epigenetic modifications have different degrees
of plasticity and may be reprogrammed based on environmental signals.
In addition, epigenetic marks are combinatorial [35]. For example, the
combination of H3K27me3, which is a repressive mark and an activation
mark H3K4me3 in gene promoters leads to a bivalent chromatin domain
that is transcriptionally poised but transiently repressed. Subsequent loss
of an H3K27me or H3K4me3 mark leads to more durable activation or
repression, respectively. Such bivalent chromatin marks are common in
genes associated with differentiation.

EP300 and CREBBP are histone acetyltransferases, which are com-
monly mutated in FL and DLBCL [32] and may alter the enhancer profile
of the tumor. Such loss of function mutations also lead to defective
acetylation of other proteins including BCL6 and TP53 that may promote
germinal center B-cell lymphomagenesis [36]. Additional chromatin
modifiers that are often mutated in lymphoma include components of
the SNE/SWI complex, ARIDIA and B, and SMARC family proteins.

Host/tumor interaction

Lymphomas typically arise in secondary lymphoid tissues, extranodal
sites or uncommonly in the bone marrow. The microenvironment in
lymphomas is composed of a mixture of stromal cells (follicular den-
dritic cells, fibroblastic reticular cells, and mesenchymal cells), immune
cells (antigen-presenting cells, macrophages, T- and B-lymphoid cells,
plasma cells, and mast cells), and extracellular matrix proteins as well
as blood vessels [37]. Interactions between the neoplastic cells and the
microenvironment promote tumor cell survival and malignant cells



24 « MANAGEMENT OF LYMPHOMAS: A CASE-BASED APPROACH

constantly evolve to evade anti-tumor immunity. Mutations or loss of
molecules important in immune response are common in tumor cells;
these include B2M, CD58, CIITA, and HLA components. There may also
be increased immunosuppressive cells or cytokines in the stroma, which
could be orchestrated by STAT3 activation among others.

Recent advances in understanding the interactions between the
host immune system and tumors has enabled therapeutic interventions
designed to enhance the anti-tumor response. The adaptive immune
response, mediated primarily by T cells, requires three kinds of signals
for activation and differentiation. The primary signal is provided by
engagement of the T-cell receptor with the peptide-major histocompat-
ibility locus (MHC) complex and the second signal is provided by various
costimulatory molecules, the most well-characterized of which are
members of the B7 family (Figure 2.3) expressed on antigen-presenting
cells. Signal 3 is delivered mostly by cytokines such as IL-6, IL-12, IL-4,

ox40L oX40L
D70 cD27
ICOSL ICOS
CD137L D137
B7-1/2 CD28 ACTIVATING
MHC S Cr
APC B7-1/2 CTLA4 INHIBITORY
PD-L1/L2 PD-1 Tcell
GAL-9 TIM-3
HVEM BTLA
Adenosine A2aR

Figure 2.3 Therole of PD-1, CTLA-4, and otherimmune checkpoint pathways is represented.
A2aR, adenosine A2a receptor; APC, antigen-presenting cell; BTLA, B- and T-lymphocyte-
associated; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; Gal-9, lectin, galactoside-
binding, soluble 9; HVEM, tumor necrosis factor receptor superfamily, member 14;1COS, inducible
T-cell co-stimulator; ICOSL, inducible T-cell co-stimulator ligand; MHC, major histocompatibility
locus; OX40, tumor necrosis factor receptor superfamily, member 4; PD-1, programmed-death 1;
PD-L1/L2, programmed-death 1 ligand 1/2; TCR, T-cell receptor; TIM-3, T-cell immunoglobulin and
mucin domain-containing protein 3. Adapted from © The American Society of Hematology, 2015.
All rights reserved. Armand [38].
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and transforming growth factor (TGF)-beta and promotes T-cell differ-
entiation into effector subsets. Activation of CD28 receptors on T cells
by B7 molecules induces expression of IL-2 and the high affinity IL-2
receptor. T-cell co-stimulation is also modified by inhibitory molecules
such as cytotoxic T-lymphocyte associated protein 4 (CTLA-4), which
binds B7 molecules with 20 times more avidity than CD28. Signaling
through the programmed-death 1 (PD-1) protein leads to decreased
T-cell proliferation, cytotoxicity, and cytokine production, and increased
susceptibility to apoptosis. Other inhibitory signals are mediated by
T-cell immunoglobulin and mucin-domain containing-3 (TIM-3), B- and
T-lymphocyte-associated (BTLA), and adenosine A2a receptor (A2aR)
molecules on the T cells (Figure 2.3).

Tumors can selectively block anti-tumor immune responses through
expression of the checkpoint receptor ligands such as CTLA4 and pro-
grammed death-1 ligand-1/2 (PD-L1/PD-L2). Immune checkpoint block-
ade using anti-CTLA-4, anti-PD1, and anti-PDL1 antibodies and their
combinations have been shown to be effective in stimulating a cellular
immune response in many hematological malignancies including classical
Hodgkin lymphoma (cHL), FL, and DLBCL [38].

Pathogenesis of T-cell and natural killer cell
lymphomas

PTCL represents about 10% of all non-Hodgkin lymphomas (NHLs), with
angioimmunoblastic T-cell lymphoma (AITL) and anaplastic large cell
lymphoma (ALCL) being the two most common entities. A large group
of T-cell lymphomas cannot be classified further by current criteria and
are designated as PTCL-not otherwise specified (PTCL-NOS). In com-
parison to B-cell lymphomas, much less is known about the pathogenetic
mechanisms in T-cell lymphomas.

Next generation sequencing studies in AITL have shown frequent muta-
tions of TET2, DNMT3A, IDH2, and RHOA with IDH2 mutations exclusively
involving R172 [39]. In contrast to the situation in AML, IDH2 and TET2
mutations are not exclusive and frequently occur together. Tet methylcy-
tosine dioxygenase (TET) enzymes are alpha-ketoglutarate-dependent
dioxygenases that catalyze demethylation of 5-methylcytosine. IDH2 gain
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of function mutations increase 2-hydroxyglutarate (2HG) levels leading
to competitive inhibition of 2 ketoglutarate (2KG) dependent enzymes
including TET enzymes and histone demethylases thus leading to aber-
rant histone lysine and DNA cytosine methylation and alteration in gene
expression [40]. Other mutations are far less common and some mutations
such as CD28 are unique to PTCL. CD28 mutations appear to enhance its
signaling either through increased binding affinity to its ligand CD80/86
on antigen-presenting cells or its interaction with cytoplasmic adaptor
molecules such as GRB2 eventually resulting in increased activation of
the NF-kB pathway [41]. Uncommon fusions involving the extracellular
domain of CTLA4 and the cytoplasmic domain of CD28 are expected to
markedly increase the affinity of binding to CD80/86 and thus CD28
signaling [41].

The genetic hallmark of ALK-positive ALCL is a chromosomal trans-
location involving the ALK gene. Translocations involving DUSP2 and
TP63 have been described in some cases of ALK-negative ALCL with
good and poor prognosis, respectively [42]. Additional translocations
often involving a kinase and a tissue factor (TF) have recently been
described [43].

Many cytokines signal through the Janus-associated kinase (JAK)-
signal transducer and activator of transcription (STAT) pathway, which
includes four cytoplasmic JAK kinases and seven STAT proteins. Cytokine/
receptor binding leads to activation of the associated JAK kinase, docking
and phosphorylation of the cognate STAT protein, and translocation of
the dimer to the nucleus where it functions as a transcription factor. A
systematic genomic analysis in ALK-ALCLs identified activating muta-
tions of JAK1 and/or STAT3 genes in 18% of ALK-ALCLs and 5% of cuta-
neous ALCLs. Of the positive cases, co-occurrence of JAKI and STAT3
mutations were seen in 38% of systemic ALK-ALCLs but not in cutane-
ous ALCLs [43]. Recurrent chimeras combining a transcription factor
(NFkB2 or NCOR2) with a tyrosine kinase (ROSI or TYK2) that lead to
the constitutive activation of the JAK/STAT3 pathway were also observed
[43]. STAT3 is also one of the key downstream targets of activated ALK.

Two major subgroups have been described within the PTCL-NOS cat-
egory by gene expression profiling. The first group is characterized by the
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high expression of GATA3 and some of its target genes and is associated
with poor prognosis. The second group demonstrates high expression of
TBX21 and some of its target genes — increased expression of the cytotoxic
gene signature in this group also showed poor clinical outcome [44]. The
mutational landscape of PTCL-NOS is not well defined but some of the
mutations see in AITL and other lymphomas including epigenetic media-
tors (MLL, TET2, and DMNT3A), signaling pathway proteins (TNFAIP3,
APC, and CHDS8), and tumor suppressors (TP53, FOXO1, and ATM) have
been detected [45,46]. Multiple studies on cutaneous T-cell lymphoma/
Sezary syndrome have been reported recently [47-50]. Recurrent SNVs
in CD28, RHOA, PLCG1, TP53, DNMT3A, and FAS were reported by Choi
et al in cutaneous T-cell lymphomas. However, in this study copy number
variations (CNVs) were much more frequent than single-nucleotide vari-
ations (SNVs) [50]. A large study detailing the mutations and CNVs in
adult T-cell leukemia/lymphoma (ATLL) has also been published [51].

The gene expression profiles of NK cell-derived and yé T-cell-derived
lymphomas have been shown to be alike indicating that lymphoma derived
from cells of the innate immune system may be biologically similar
[52]. Recent whole-exome sequencing studies of extranodal natural
killer/T-cell lymphoma (ENKTCL) found frequent mutations involving
the DDX3X, TP53, STAT3, and STAT5B genes. In addition, a number of
mutations in epigenetic modifiers including MLL2, ARIDIA, EP300, and
ASXL3 were also reported [53]. Targeted DNA sequencing from a larger
group of cases confirmed the high frequency of STAT3 and STAT5B
mutations, especially the N642H mutation, in y§ lineage lymphomas
including cutaneous, intestinal, and hepatosplenic lymphomas [54,55].
Mutation results in increased binding affinity of the dimers between the
SH2 domain and phosphotyrosine leading to increased persistence of
the activated dimeric molecule and prolonged occupancy of the STAT
binding site on the target genes.

Pathogenesis of Hodgkin lymphoma
Classical HL arises from post-germinal center B cells as evidenced by clon-
ally rearranged and somatically mutated immunoglobulin genes. Surface

Ig is not expressed indicating independence from antigen stimulation.
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Other important pathogenetic features include loss of expression of many
B-cell specific genes, activation of the NF-kB pathway, Epstein-Barr virus
infection in a subset of cases, and genetic changes that modulates the
tumor environment to favor HL cell survival.

Constitutive activation of the NF-kB pathway occurs through mul-
tiple mechanisms in cHL, including REL amplification [56], increased
expression of the positive NF-«kB regulator BCL3, or inactivating muta-
tions in negative regulators such as NFKBIA (20% of cases), NFKBIE
(15%), and TNFAIP3 (40%) [57]. Interestingly, TNFAIP3 loss and EBV
positivity were mutually exclusive. A recent study revealed alterations
in genes involved in antigen presentation, chromosome integrity, tran-
scriptional regulation, and ubiquitination [58]. Beta2-microglobulin was
the most commonly altered gene in Hodgkin and Reed/Stenberg (HRS)
cells, with inactivating mutations leading to loss of class I MHC expres-
sion. Genomic studies have identified PD-L1 and PD-L2 as key targets
of 9p24.1 amplification, which is a recurrent abnormality seen in cHL
[59]. PD-L1 transcription is also enhanced by amplification of the Janus
kinase 2 (JAK2) locus as part of the 9p24.1 amplification as well as by
EBV infection. Recent clinical trials with PD-1 checkpoint blockade have
validated the effectiveness of this approach. The novel highly recur-
rently mutated genes DUSP2, SGK1, and JUNB were recently described
in nodular lymphocyte-predominant HL. (NLPLHL) [60].

Conclusions

Most lymphomas arise from a combination of somatic mutations and
aberrantly regulated genes that lead to activation of biochemical and
signaling pathways promoting tumor growth. Panomic studies have
mostly confirmed the validity of traditional histologic classification of
lymphomas. Future diagnostic paradigms are expected to incorporate
an integrated analysis of the mutations, copy number changes, and tran-
scriptomic and epigenomic alterations in addition to traditional histology
and immunophenotyping. These results interpreted in the context of the
patient’s clinical features and knowledge of available pharmacological

interventions will likely enable multipoint targeting of tumor drivers.
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Chapter 3

Classification of Hodgkin and non-
Hodgkin lymphoma

Joo Y Song and Dennis D Weisenburger

Introduction

The World Health Organization (WHO) classification of lymphoid neo-
plasms [1,2] was built upon earlier classifications such as the Lukes-
Collins [3], Kiel [4], and Revised European-American Lymphoma (REAL)
[5] classifications. It represents a worldwide consensus on the diagnosis
of lymphoid neoplasms, which is updated and refined periodically by
incorporating emerging concepts and new data. The anticipated most
recent 2016 classification is listed in Tables 3.1 and 3.2 (unpublished
data; adapted from [2]).

The foundation of the WHO classification is the cell of origin of the
neoplasm, which places different lymphoid neoplasms into B-cell, T-cell,
and natural killer (NK)-cell groups defined by morphologic and immuno-
histochemical features to detect important differences in the expression
of cell proteins on the cell surface. It then incorporates clinical features,
genetic, and more recently molecular data to further define distinctive
disease entities as has been shown by successive changes in the WHO
classification for example, in 2001, 2008, and the upcoming 2016 clas-
sification. This is complicated by the fact that although many genetic
and chromosomal changes may be indicative of a disease process, they
are not specific. As an example, recurrent genetic aberrations have been

© Springer International Publishing AG 2017 33
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Mature B-cell neoplasms

Chronic lymphocytic leukemia/small lymphocytic lymphoma
Monoclonal B-cell lymphocytosis*

B-cell prolymphocytic leukemia

Splenic marginal zone lymphoma

Hairy cell leukemia

Hairy cell leukemia-variant

Splenic B-cell ymphoma/leukemia, unclassifiable

Splenic diffuse red pulp small B-cell lymphoma

Lymphoplasmacytic lymphoma

Plasma cell neoplasms

Monoclonal gammopathy of undetermined significance (MGUS), gM*
Monoclonal gammopathy of undetermined significance (MGUS), IgG/A
Gamma heavy chain disease

Mu heavy chain disease

Alpha heavy chain disease

Plasma cell myeloma

Solitary plasmacytoma of bone

Extraosseous plasmacytoma

Monoclonal immunoglobulin deposition diseases

Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT lymphoma)
Nodal marginal zone lymphoma

Pediatric nodal marginal zone lymphoma

Follicular lymphoma

In situ follicular neoplasia*

Pediatric type follicular lymphoma

Large B-cell ymphoma with IRF4 rearrangement*

Primary cutaneous follicle center lymphoma

Mantle cell lymphoma

In situ mantle cell neoplasia*

Diffuse large B-cell lymphoma (DLBCL), not otherwise specified (NOS)
T-cell/histiocyte-rich large B-cell ymphoma

Primary DLBCL of the central nervous system

Primary cutaneous DLBCL, leg type

Epstein-Barr virus (EBV)-positive DLBCL, not otherwise specified*
EBV-positive mucocutaneous ulcer*

*Potential changes in the 2016 WHO classification

Table 3.1 World Health Organization classification of mature B-cell neoplasms. Adapted from
© International Agency for Research on Cancer, 2008. All rights reserved. Swerdlow et al [2].
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Mature B-cell neoplasms
T-cell prolymphocytic leukemia
T-cell large granular lymphocytic leukemia
Chronic lymphoproliferative disorder of NK cells
Aggressive NK-cell leukemia
EBV-positive T-cell ymphoproliferative diseases of childhood
Chronic active EBV infection, cutaneous
Chronic active EBV infection, systemic
Hydroa vacciniforme-like lymphoma
Severe mosquito bite hypersensitivity
Systemic EBV-positive T-cell ymphoma of childhood
Adult T-cell leukemia/lymphoma
Extranodal NK/T-cell ymphoma, nasal type
Enteropathy-associated T-cell lymphoma
Monomorphic epitheliotropic intestinal T-cell ymphoma*
Indolent T-cell lymphoproliferative disorder of the gastrointestinal tract*
Hepatosplenic T-cell lymphoma
Subcutaneous panniculitis-like T-cell ymphoma
Mycosis fungoides
Sézary syndrome
Primary cutaneous CD30-positive T-cell ymphoproliferative disorders
Lymphomatoid papulosis
Primary cutaneous anaplastic large cell lymphoma
Primary cutaneous gamma-delta T-cell ymphoma
Primary cutaneous CD8-positive aggressive epidermotropic cytotoxic T-cell ymphoma
Primary cutaneous acral CD8-positive T-cell lymphoma*
Primary cutaneous CD4-positive small/medium T-cell ymphoproliferative disorder*
Peripheral T-cell ymphoma, NOS
Angioimmunoblastic T-cell ymphoma
Follicular T-cell ymphoma*
Anaplastic large cell ymphoma, anaplastic lymphoma kinase (ALK)-positive
Anaplastic large cell ymphoma, ALK-negative
Breast implant-associated anaplastic large cell ymphoma*
Table 3.2 World Health Organization classification of mature T/NK-cell neoplasms and

Hodgkin lymphoma (continues overleaf). Adapted from © International Agency for Research
on Cancer, 2008. All rights reserved. Swerdlow et al [2].
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Hodgkin lymphoma

Nodular lymphocyte predominant Hodgkin lymphoma
Classical Hodgkin lymphoma

Nodular sclerosis classical Hodgkin lymphoma
Lymphocyte-rich classical Hodgkin lymphoma

Mixed cellularity classical Hodgkin lymphoma
Lymphocyte-depleted classical Hodgkin lymphoma
*Potential changes in the 2016 WHO classification

Table 3.2 World Health Organization classification of mature T/NK-cell neoplasms and
Hodgkin lymphoma (continued). Adapted from © International Agency for Research on Cancer,
2008. All rights reserved. Swerdlow et al [2].

identified in many lymphomas such as the t(14;18)(q32;q21) in follicular
lymphoma and the t(2;5)(p23;q35) in anaplastic large cell lymphoma
(ALCL). Although these translocations are considered a genetic hallmark
of the disease, they are not always definitive. The MYC translocations
are known to be important in Burkitt lymphoma but can also be seen
in some cases of diffuse large B-cell lymphomas (DLBCL), as well as
plasmablastic lymphomas. The BCL2/IGH translocation is found in the
majority of follicular lymphomas, but is absent in some cases and is
also seen in a subset of de novo DLBCL. Hence arriving at an accurate
diagnosis requires a multidisciplinary approach with careful attention
to clinical features and other aspects of the disease. In the following
section, an attempt will be made to give an overview of the new 2016
WHO classification and to highlight some of the changes that will be

incorporated in this classification.

Clinical features in lymphoma

Role of clinical features in the classification of ymphoma
The site of involvement at presentation is important in many subtypes of
lymphoma and defines the unique clinical and biologic features of that
subtype. These include primary mediastinal B-cell lymphoma, primary
central nervous system large cell lymphoma as well as marginal zone
lymphomas of mucosa-associated lymphoid tissue (MALT), and cutane-
ous T-cell lymphomas. Epstein-Barr virus (EBV)-positive mucocutaneous

ulcer [6] has histologic overlap with classical Hodgkin lymphoma but the
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latter typically does not involve the skin, oral cavity, or gastrointestinal
tract. As with the immunophenotype and genetic abnormalities, the clini-
cal presentation can be important in defining the subtype of lymphoma.

Age at presentation can be an important diagnostic criteria in some
of the newer disease entities. Children can also develop lymphomas
similar to their adult counterparts but they are clinically distinct in
regard to biology and prognosis. The pediatric variant of follicular
lymphoma [7] typically lacks the BCL2/IGH translocation and often
involves extranodal sites such as the testis, gastrointestinal tract, and
Waldeyer’s ring. Pediatric follicular lymphoma also differs from adult
follicular lymphoma in that, despite the high-grade cytology (typically
grade 3), the former is associated with limited stage disease and a good
prognosis. Pediatric marginal zone lymphoma [8] also differs from the
adult variant in that the former is usually localized and well controlled
with conservative management. However, it is important to note that
the future WHO classification will eliminate the term ‘elderly’ from EBV-
positive DLBCL as these lesions can also been seen in patients younger
than 50 years of age [9,10].

Early lesions

These are now recognized as early lymphoproliferative lesions that may
or may not progress to overt lymphoma over time. Two examples are
monoclonal B-cell lymphocytosis (MBL) and monoclonal gammopathy of
undetermined significance (MGUS). Both of these disorders are considered
precursor lesions to overt malignancy but not all cases progress. MBL
can have the same genetic aberrations as chronic lymphocytic leukemia
(CLL) but most cases never progress to overt leukemia [11]. The same
is true of MGUS, which also has overlapping cytogenetic abnormalities
with plasma cell myeloma [12]. Both of these examples are distinguished
from their malignant counterpart by clinical features such as the absolute
lymphocyte count or identification of end-organ involvement (hypercal-
cemia, renal failure, anemia, or bony lesions). Other precursor lesions
have been listed as entities in the most recent WHO classification, such
as in situ mantle cell [13] and follicular neoplasia [14]. In situ follicular
neoplasia has been seen simultaneously with or prior to the development

37
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of overt follicular lymphoma [15]. However, most patients with in situ
follicular neoplasia will never develop follicular lymphoma as additional
genetic ‘hits’ are necessary for lymphomagenesis [16]. In situ mantle
cell neoplasia also has a low risk of progression to overt mantle cell
lymphoma and does not require treatment when found in isolation but
should prompt routine follow-up [13].

As mentioned previously, genetic aberrations such as translocations are
not disease-defining or necessarily indicative of overt lymphoma. Healthy
individuals can have a low level of circulating lymphoid cells with classical
translocations, such as BCL2/IGH or NPM/ALK1, which would be disease-
defining as follicular lymphoma [17] or ALCL [18], respectively, in the
right clinical context. Therefore, these findings emphasize that additional

genetic aberrations are needed for the development of overt lymphoma.

New lymphoproliferative disorders with an
indolent behavior

Recently, an atypical lymphoma-like lesion involving the skin and mucosa
was described in older patients with various types of immunosuppression.
This lesion, named mucocutaneous ulcer [6], has morphologic features
of Hodgkin-like cells and can mimic cutaneous or mucosal involvement
of classical Hodgkin lymphoma but the lesions are usually localized and
regress after a taper of the immunosuppressive therapy.

Although the majority of T- and NK-cell lymphomas have an aggres-
sive clinical course, some cases have been found to have a more indolent
clinical pattern [19,20]. A recent study by Perry et al described 10 cases
of a T-cell lymphoproliferative disorder that mimics intestinal T-cell
lymphoma [20]. These cases had disease localized to the gastrointestinal
tract and had an indolent clinical course that did not require treatment.

Another example of a T-cell proliferation with an excellent progno-
sis is primary cutaneous CD4-positive small/medium T-cell lymphoma
(‘lymphoproliferation’ in the updated 2016 WHO classification). These
cases are localized, indolent, spontaneously regress, and may be difficult
to distinguish from pseudolymphomas or reactive lymphoid hyperplasia
[21]. They may have a clonal T-cell receptor gene rearrangement with
increased programmed cell death (PD-1)-positive T-cells [22].
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Recently, cases of a CD8-positive T-cell proliferation involving the
ear with histology mimicking a high-grade T-cell lymphoma have been
reported [23,24]. These cases typically have a cytotoxic phenotype with
clonal T-cell gene rearrangements, but are localized to the ear or other
acral sites and also have an indolent behavior. These T-cell lymphopro-
liferative disorders can mimic overt T-cell lymphoma but are usually
localized and have an indolent clinical behavior requiring little to no
treatment. They are to be incorporated in the upcoming WHO classifica-
tion to emphasize the importance of identifying such cases so that they

do not receive unnecessary or aggressive treatment.

Large B-cell lymphomas

In the 2008 WHO classification [2], a category of ‘gray zone’ lymphomas
was created which includes B-cell lymphomas intermediate between
classical Hodgkin lymphoma (CHL) and primary mediastinal B-cell
lymphoma (PMBL), and B-cell lymphoma intermediate between Burkitt
lymphoma and DLBCL. Recently, studies have found a morphologic and
immunophenotypic overlap between CHL and PMBL [25-28]. These
cases typically involve the mediastinum, in young adults and have a
more aggressive behavior than either CHL or PMBL [29].

Burkitt lymphoma usually has a characteristic MYC translocation with
an immunoglobulin partner. Recently, however, cases resembling Burkitt
lymphoma with a gene expression profile consistent with this type of
lymphoma but lacking a MYC translocation and having aberrations of
chromosome 11q have been described [30]. These cases may be included
as a provisional entity of Burkitt-like lymphomas with 11q aberration in
the upcoming WHO classification. MYC translocations may also be found
in cases of typical DLBCL. Therefore, the morphologic, cytogenetic, and
immunophenotypic findings need to be taken into consideration when
making a diagnosis of Burkitt lymphoma [31,32]. ‘Double hit’ DLBCL,
defined by either translocations of BCL2 and/or BCL6 and MYC, has
been found to have a poor prognosis despite the cell-of-origin in such
cases (germinal center versus non-germinal center) [33-35]. Cases with
overexpression of BCL2 and MYC also have a worse outcome compared
with typical DLBCL [33,36].
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Salaverria et al have recently described a germinal center-derived
DLBCL that occurs predominately in the pediatric setting and carries
an IG/IRF4 translocation. Such cases are frequently seen concurrently
with pediatric follicular lymphoma and were found to have a favorable
outcome [37,38]. This form of DLBCL with IRF4 rearrangements may be
a distinct entity from other types of DLBCL (Figure 3.1).

Peripheral T-cell ymphomas

Many cases of peripheral T-cell lymphomas (PTCL) cannot be classified
as a specific disease entity and are placed in the ‘not otherwise specified
(NOS)’ category, which has been somewhat of a ‘wastebasket’ category.
The other major types of PTCL are ALCL, anaplastic lymphoma kinase
(ALK)-positive and ALK-negative subtypes, angioimmunoblastic T-cell
lymphoma (AITL), adult T-cell lymphoma/leukemia, and hepatosplenic
T-cell lymphoma.
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Figure 3.1 Large B cell lymphoma with IRF rearrangement. (A) Low magnification showing a
vaguely nodular pattern composed of (B) large atypical cells. These cells are positive for (C) CD20
and (D) MUM1, and have an IRF rearrangement by FISH analysis (not shown).
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Angioimmunoblastic T-cell lymphoma has a follicular helper T-cell
(TFH) phenotype, but there are cases that lack some of the classic fea-
tures of AITL (lack of expanded follicular dendritic meshworks or lack
of EBV-positive B-cells). Cases of PTCL that do not have the classical
features of AITL and cases of the follicular variant of PTCL, NOS, will
likely be incorporated as a new entity of follicular T-cell lymphoma in
the updated WHO classification.

Recently, two major molecular subtypes have been identified within
PTCL, NOS, which have either high expression of GATA3 or TBX21 [39,40].
A high expression of GATA3 was typically associated with a poor clinical
outcome. Continued genetic and molecular data will help delineate the
category of PTCL, NOS.

Breast implant-associated ALCL was first described in 1997 and the
number of cases has grown with the popularity of cosmetic surgery
(Figure 3.2) [41]. Most patients with breast implant-associated ALCL

achieve a complete remission after capsulectomy and removal of the

Figure 3.2. Breastimplant-associated anaplastic large cell lymphoma. (A) The capsule of the
implant shows large atypical cells (B) with some characteristic hallmark cells. (C) The cells are CD30
positive and (D) negative for ALK1 protein.
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implant, but patients who present with tumor mass typically have a more
aggressive clinical course and these will likely require chemotherapy [42].

Enteropathy-associated T-cell lymphoma (EATL) has two distinct
subtypes: type I and type II. Type [ is the most common form, typically
negative for both CD4 and CD8, frequently shows admixture of eosino-
phils, and has a strong association with celiac disease. Type Il EATL has
a monomorphic morphology, predominately CD8- and CD56-positive,
and has a weak association with celiac disease [2]. Recently, many cases
of EATL type II were found to express the gamma-delta T-cell receptor
[43]. Given the differences in clinicopathologic and epidemiologic find-
ings between EATL type I and type II, the latter will likely be separated
from this disease entity and designated as ‘monomorphic epitheliotropic
intestinal T-cell lymphoma’.

Conclusion

The WHO classification is the result of an international collaboration of
clinicians, pathologists, and scientists to create a common language of
disease entities in lymphoma. The classification of lymphoid neoplasms
will continue to evolve as our knowledge in the fields of cellular and

molecular biology advances.
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CASE STUDY SECTION ONE

Indolent B-cell lymphomas



Chapter 4

Small B-cell lymphocytic
lymphoma and chronic
lymphocytic leukemia
Tanya Siddigi and Steven T Rosen

Case presentation

A 72-year-old man with a history of diabetes mellitus, hypertension, and
hypercholesterolemia self-palpated a left submandibular lump in 2012.
Complete blood count (CBC) in his internist’s office showed solitary leuko-
cytosis (white count 22) with predominant lymphocytes for which he was
referred to a hematologist. Peripheral blood flow cytometry on 04/11/12
confirmed chronic lymphocytic leukemia (CLL)/small lymphocytic lym-
phoma (SLL): abnormal cell population comprising 63% of CD45 positive
leukocytes, co-expressing CD5 and CD23 in CD19-positive B cells. CD38
was negative but other prognostic markers were not assessed at that time.
The patient was observed regularly for the next 3 years and his white count
trend was as follows: 22.8 (4/2012) - 28.5 (07/2012) » 32.2 (12/2012)
> 36.5(02/2013) > 42 (09/2013) > 44.9 (01/2014) > 75.8 (2/2015).
His other counts stayed normal until early 2015 when he also developed
anemia (hemoglobin [HGB] 10.9) although platelets remained normal at
215. He had been noticing enlargement of his cervical, submandibular,
supraclavicular, and axillary lymphadenopathy for several months since
2014 and a positron emission tomography (PET)/computed tomography
(CT) scan done in 12/2014 had shown extensive diffuse lymphadenopathy
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within the neck, chest, abdomen, and pelvis. Maximum standardized uptake
value (SUV max) was similar to low baseline activity within the vascula-
ture of the neck and chest. In the abdomen and pelvis, however, there was
mild to moderately hypermetabolic adenopathy measuring up to SUV of
4. The largest right neck nodes measured up to 2.3 x 3 cm and left neck
nodes measured up to 2.3 x 1.5 cm. His right axillary lymphadenopathy
measured up to 5.5 x 2.6 cm and on the left measured up to 4.8 x 3.4 cm.
Lymph nodes on the right abdomen and pelvis measured up to 6.7 cm and
seemed to have some mass effect with compression on the urinary bladder
without symptoms. He underwent a bone marrow biopsy on 02/03/15,
which revealed hypercellular marrow (60%) with involvement by CLL
(30%); flow cytometry showed CD38 and ZAP-70 positivity; fluorescence
in situ hybridization (FISH) analysis showed 13q deletion/monosomy 13;
IgVH was unmutated; karyotype was 46XY.

He came to see us for treatment recommendations in 06/2015 and
reported some episodes of non-drenching night sweats and progressing
fatigue over the last several months. He denied any unexplained weight
loss or frequent/lingering/recurrent infections except for one episode of
an upper respiratory tract infection requiring antibiotics this year. Eastern
Cooperative Oncology Group (ECOG) performance status was 1. Based on his
examination that day and most recent laboratory tests, he was determined
to be at Binet stage A (Rai stage 1).

Introduction and epidemiology

According to the World Health Organization (WHO) classification, CLL
is a low grade leukemic lymphocytic lymphoma and is distinguishable
from SLL by its leukemic presentation [1]. SLL is essentially a nodal
form of the same disease. CLL/SLL is a disease of malignant clonal B
lymphocytes and is the most common hematologic malignancy of the
Western world with an incidence of about 5/100,000 persons per year
in the United States [2]. Incidence increases with age significantly and
the median age at diagnosis is 72 years although about 10% CLL/SLL
patients present at age <55 years. There is a male predominance in an
approximately 2:1 pattern. The incidence is higher among Caucasians
than other races. About 10% patients with CLL/SLL report a family
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history of some lymphoproliferative disorder [3] so it is suspected that
some genetic predisposition occurs in individuals although the exact
etiology of CLL/SLL development is largely unknown.

Work up and diagnosis

At the time of diagnosis, it is important to confirm that the patient has
CLL/SLL and not a masquerading lymphoproliferative disorder like hairy
cell leukemia or the leukemic phase of mantle cell lymphoma, marginal
zone lymphoma, or follicular lymphoma. All patients should undergo a
history and physical examination (historical review of prior CBCs may
shed some light on how long the patient may have had lymphocytosis
for before the actual diagnosis of CLL/SLL) as well as laboratory testing
for complete blood counts/differential, peripheral blood smear review,
and peripheral blood flow cytometry/immunophenotyping. A bone
marrow biopsy is typically not needed to diagnose CLL but should be
performed if another lymphoproliferative disorder is suspected as well as
for the evaluation of cytopenias, especially prior to starting any therapy.
Also, bone marrow biopsy is recommended in patients with persisting
cytopenias after treatment in order to uncover disease-related versus
therapy-related causes.

The diagnosis of CLL requires peripheral blood lymphocytosis with
the presence of =5000 monoclonal B-cells/uL for at least 3 months dura-
tion. The leukemia cells in peripheral blood are typically small, mature
lymphocytes with scant cytoplasm, dense chromatin, and lack prominent
nucleoli. Admixed with these mature lymphocytes, there may be some
larger or atypical lymphocytes, cleaved lymphocytes, or prolymphocytes.
Prolymphocytes in excess of 55% of total lymphocyte count would favor
a diagnosis of B-cell prolymphocytic leukemia (B-PLL). Cellular debris
called smudge cells are often found in the peripheral blood smear of
CLL patients as well.

Presence of monoclonal lymphocytosis but with <5000 B-cells/uL in
the peripheral blood and no accompanying lymphadenopathy or organo-
megaly by physical examination or radiographical imaging, cytopenias,
or disease-related symptoms is defined as monoclonal B-lymphocytosis
(MBL). The incidence of MBL in the United States is about 3.5% in
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individuals younger than 40 years and increases with age [4]. In Europe,
depending on the sensitivity of the test used, the prevalence ranges
from 6.7-12% in individuals older than 40 years of age. Progression of
MBL to frank CLL can occur at a rate of 1-2% per year. Presence of lym-
phadenopathy and/or splenomegaly with or without peripheral blood
and some lymphocytosis (if present, must be <5000 B-cells/uL of total
lymphocytes) may be pure SLL and should be diagnosed formally with a
lymph node biopsy. The presence of any cytopenia caused by bone marrow
infiltration by disease is consistent with a diagnosis of CLL regardless
of the peripheral blood B-lymphocytosis level or the presence/absence
of lymphadenopathy [5]. The entity formerly known as T-cell CLL has
been re-classified by the WHO as T-PLL.

Immunophenotyping

Leukemic CLL cells co-express the T-cell antigen CD5 along with the
B-cell surface antigens CD19, CD20, and CD23. The clonal leukemic
cells express either surface kappa or lambda immunoglobulin (Ig) light
chains with variable intensity. Levels of surface Ig, CD20, and CD79b
are characteristically of low intensity in CLL cells compared with normal
B-cells. In contrast, B-PLL cells do not express CD5 in 50% cases and have
brighter CD20 and surface Ig expression. On the other hand, leukemic
mantle cell lymphoma cells do not express CD23 even though they do
co-express other B-cell surface antigens and CD5.

Additional testing

If indicated, baseline testing should also include direct Coombs test, lactate
dehydrogenase (LDH), haptoglobin, reticulocyte, and bilirubin to evaluate
for the presence of autoimmune hemolytic anemia. Quantitative immu-
noglobulin levels should be measured periodically to follow progressive
hypogammaglobulinemia and/or any monoclonal gammopathy.

Prognostic markers
* Cytogenetics/FISH : interphase FISH assessment of CLL cells can
show cytogenetic abnormalities in more than 80% cases. The most

common abnormality is a deletion in the long arm of chromosome
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13 (del13q14) (—~55%) that harbors the miRNAs miR-15a and 16-1,
which may be involved in the pathogenesis of CLL/SLL [6]. In
general, isolated del13q is a good prognostic marker characterizing
a benign disease course and is often found early in the course of the
disease. Other aberrations include:

1. trisomy of chromosome 12 (+12; 10-20%) — prognostic
relevance of this is uncertain;

2. deletion in the long arm of chromosome 11 (del11q23; 10-25%)
harboring the ATM gene — these patients typically have bulky
lymphadenopathy, rapid disease progression, and reduced
overall survival,

3. deletion in the long arm of chromosome 6 (del6q); and
deletion in the short arm of chromosome 17 (del17p13;

5-10%) harboring the tumor suppressor gene TP53 — dell7p
is considered the most significant negative prognostic factor
in CLL. The TP53 protein normally responds to DNA damage
by inducing cell cycle arrest and facilitating DNA repair. It
can also induce apoptosis in cells with damaged DNA and in
this way mediates the cytotoxicity of many anticancer agents.
Resistance to treatment is a particular characteristic of TP53
deletion and has been observed for agents including purine
analogs (delllq can also confer some resistance to standard
chemoimmunotherapy regimens, especially those containing
purine analogs). Deletion 17p typically occurs upon relapse
after therapy or at the time of disease progression (clonal
evolution) although it can be an initial cytogenetic abnormality
in ~5% patients. A subset of patients may have the very poor
prognostic TP53 gene mutations (4-37%) that can be missed
on FISH analysis and, therefore, it is advisable to perform
conventional cytogenetics in addition to FISH before any
new treatment is undertaken as there could be therapeutic
ramifications of del17p and TP53 mutations. TP53 mutations
are associated with higher genomic complexity in CLL.

* Lymphocyte doubling time: a lymphocyte doubling time of <12

months is associated with a poor prognosis.
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e IgV, gene rearrangement status: somatic hypermutation of IgV,,
is a normal process in B-cell physiology and is responsible for the
diverse immunoglobulin pool. CLL cells that retain this normal
process (mutated IgV,)) have a better prognosis than CLL cells that
lack this capability (unmutated IgV,)). Prospective clinical trials
are needed to validate and standardize the assessment of this
parameter and to determine if it should affect the management of
patients with CLL.

e ZAP70: this encodes a T-cell receptor-associated protein tyrosine
kinase that is involved in intracellular signaling. Expression of
ZAP70 confers a poor prognosis as it is thought to be correlated
with unmutated IgV,, status in 70% cases. However, this test has
poor reproducibility in different laboratories.

* CD38 expression: this is a cyclic ADP ribose hydrolase on cell
surfaces and is detectable by flow cytometry. Expression of CD38
is also correlated with unmutated IgV,, status in 70% cases and so
also confers a poor prognosis.

* B2 microglobulin: levels >3.5 mg/L are associated with a poorer
prognosis.

* Notch 1 mutation: next generation sequencing has led to the
identification of novel somatic mutations that can predict behavior
of CLL/SLL in patients [7]. Notch 1 mutations are the most frequent
somatic aberrations in CLL, affecting 5-10% newly diagnosed
patients, 15-20% progressing patients in need of frontline therapy,
and 30% Richter transformation patients [7]. SF3BI is another
recurrently mutated gene in CLL/SLL (5-10% newly diagnosed
patients, 15% progressing patients in need of frontline therapy,
and 20-25% relapsed and fludarabine-refractory patients). In
addition to the poor prognostic effects of mutations in DNA-
repair genes (TP53 and ATM), Notch I-activating mutations can
lead to apoptosis resistance with increased survival of tumor
cells. Clinically, Notch I-mutated CLL/SLL patients show features
associated with poor prognosis and have a high risk of Richter
transformation and poor outcome [7,8]. Notch 1 mutations are
associated with unmutated IgV,; and trisomy 12 while SF3B1
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mutations are more preferentially associated with del11q and
ATM mutations [8]. The precise biological consequence of SF3B1
mutations in CLL is currently unknown.

* Bone marrow biopsy: typically >30% of nucleated cells in the bone
marrow are CLL/SLL cells. Diffuse pattern of marrow infiltration
reflects tumor burden and may be prognostic but the above
mentioned newer markers have superseded the prognostic value of
bone marrow biopsies in general.

Staging

Rai and Binet staging systems are the commonly used staging systems
and both divide CLL/SLL patients into low, intermediate, and high risk
categories (see Table 4.1 and Table 4.2).

Recommended treatment and discussion:
Treatment of CLL/SLL is indicated for patients who have active disease
as defined by guidelines developed by the International workshop on
CLL (iwCLL) [5]:
* evidence of progressive marrow failure as manifested by the
development of, or worsening of, anemia and/or thrombocytopenia;
* massive (=6¢cm below left subcostal margin), progressive, or
symptomatic splenomegaly;

Binetstage Clinical features

A HGB=10 g/dl, platelets =100/L, <3 areas of lymphadenopathy/ organomegaly*
B HGB=10 g/d|, platelets >100/L, >3 areas of lymphadenopathy/ organomegaly*
C Anemia (<10g/dl), thrombocytopenia (<100,000/L), or both

Table 4.1 Binet staging system. *nodal areas: cervical [head and neck], axillary, inguinal
(including femoral lymph nodes), spleen, liver. HGB, hemoglobin.

Rai stage Risk category Clinical features

0 Low Lymphocytosis alone

1 Intermediate Lymphadenopathy

2 Intermediate Hepato/splenomegaly

3 High Anemia (<11g/dl)

4 High Thrombocytopenia (<100,000/L)

Table 4.2 Rai staging system.
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* massive (=10cm in longest diameter), progressive, or symptomatic
lymphadenopathy;

* progressive lymphocytosis with an increase of >50% over a
2-month period or lymphocyte doubling time (LDT) of <6 months;
if absolute lymphocyte count (ALC) is <30,000/L, LDT should not
be used as a single parameter to define treatment indication; other
factors contributing to lymphocytosis or lymphadenopathy (eg,
infections) should be excluded;

e autoimmune hemolytic anemia and/or thrombocytopenia that is
poorly responsive to corticosteroids or other standard therapy; and

* constitutional symptoms defined as =one of the following:

e unintentional weight loss of =10% within the previous 6 months;
* significant fatigue (ECOG performance status =2; inability to
work or perform usual activities);
» fevers >100.5°F or 38°C for =2 weeks without other evidence of
infection; and
* night sweats for >1 month without evidence of infection.
As the goal of therapy is not curative, for patients with no indication for
treatment based on the criteria above, observation or a ‘watch and wait’
strategy should be employed.

This is how our patient in the case presentation at the start of this
chapter was managed for the first 3—4 years after diagnosis. However, with
time he has developed signs and symptoms indicating need for treatment:
worsening lymphocytosis, lymphadenopathy, anemia, and fatigue. There
is no standard treatment regimen for CLL patients with indication for
treatment. Therapeutic options include radiation (limited to one area of
symptomatic disease generally), chemotherapy, immunotherapy, novel
targeted agents, immunomodulatory agents, and various combinations of
these components. In the current era of rapidly emerging novel therapeu-
tics and novel combinations of treatments, the best treatment is thought to
be enrolment of eligible patients into clinical trials if available. This was
our recommendation to the patient in the case presented for the frontline

management of his active disease.
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Treatment components (systemic)

Chemotherapy

Alkylating agents

Chlorambucil

This was the gold standard in CLL treatment for decades previously
and can still be used in frail, elderly, unfit patients as it is a convenient
and cheap oral agent and has relatively low toxicity [9]. Extended use
can lead to prolonged cytopenias, myelodysplastic syndrome (MDS), or
acute leukemia. Therefore, its use is generally limited to no more than
12 months duration. Complete remissions (CR) are rare with this agent
although the responses are much better if combined with an anti-CD20
monoclonal antibody, especially obinutuzumab (see below).

Bendamustine

In a randomized trial comparing bendamustine with chlorambucil among
previously untreated CLL/SLL patients, overall response rate (ORR) and
median progression-free survival (PFS) were significantly better on the
bendamustine arm (67% and 22 months, respectively) than for those
receiving chlorambucil (30% and 8 months, respectively), p<0.0001
for both [10].

The combination of bendamustine and rituximab (BR) has been
studied in both frontline and relapsed settings [11,12]. In the frontline
setting, ORR was 88% (23.1% CR), but only 37.5% in dell7p patients.
Median event-free survival (EFS) was 33.9 months. Severe infections
occurred in 7.7% patients and grade 3/4 cytopenias were seen in up to
22.2% patients. In the relapsed setting, ORR was 59% (9% CR), but only
7.1% among dell7p patients. Median EFS was 14.7 months. Severe infec-
tions occurred in 12.8% patients and grade 3/4 cytopenias were seen in
up to 28% patients. The direct comparison of BR with FCR (CLL10 trial)
is discussed below.

Purine analogs

Fludarabine

This is the most studied purine analog in CLL/SLL. Single-agent fludara-
bine produced better ORRs than some other agents initially, including
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more CR rates (7-40% compared with cyclophosphamide, doxorubicin,
and vincristine [CHOP], cyclophosphamide, adriamycin, and cisplatin
[CAP], or chlorambucil), but did not improve survival [13,14]. The combi-
nation of fludarabine and cyclophosphamide (FC) improved the CR rate
up to 50% [15] as did the addition of mitoxantrone to FC (50% durable
CR rate) [16]. Three randomized trials of FC compared with fludarabine
alone have shown improved ORR, CR, and PFS [17-19]. A re-analysis
of the CLL4 trial by the German CLL study Group (GCLLSG) suggested
that the frontline therapy of CLL with FC may improve OS in patients
not exhibiting del17p or TP53 mutations [6]. The combination of FC with
rituximab yielded even better results and is discussed below (CLL 8 trial).

Pentostatin

In order to reduce myelotoxicity seen in the fludarabine, cyclophospha-
mide, and rituximab (FCR) regimen, fludarabine was replaced by pentosta-
tin. In a Phase III trial comparing FCR to pentostatin, cyclophosphamide,
and rituximab (PCR) in previously untreated/minimally treated CLL/
SLL patients, ORR and OS were similar in the two arms [20]. A lower

infection rate was not demonstrated on the PCR arm.

Cladribine (2-CdA)

Monotherapy with 2-CdA has produced higher CR rate than
chlorambucil+prednisone (47% versus 12%) without improving sur-
vival [21]. Combining 2-CdA with cyclophosphamide +/- mitoxantrone
improved activity in CLL, but results with FC were better [22,23].

Monoclonal antibodies
Anti-CD20
Rituximab
Single agent rituximab in CLL produced an unimpressive ORR of 12%
at doses used in non-Hodgkin lymphoma (NHL) [24]. At higher doses
however, the responses have been better, but the best results with this
agent are seen when it is combined with other agents.

In the GCLLSG CLLS8 trial, 817 physically fit, previously untreated
patients were randomized between FC and FCR [25]. The ORR was
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superior with FCR compared with FC (92.8% versus 85.4%) and CR rate
was also higher (44.5% vs 22.9%), p<0.001. Also, 2-year PFS was better
with FCR (76.6% versus 62.3%, p<0.01) and this PFS benefit was seen
across all prognostic subgroups except those with the del17p mutation.
A recent update reported median PFS of 56.8 months (FCR) versus 32.9
months (FC), p<0.001 [26]. Median OS has not been reached for the FCR
group and is 86 months for the FC group, p=0.001. However, there was
a significantly higher rate of prolonged neutropenia during the 1st year
after treatment in the FCR group compared with the FC group (16.6%
versus 8.8%), p=0.007. Another Phase III trial proved the benefit of FCR
over FC among previously treated CLL patients as well [27]. A dose modi-
fied FCR-lite regimen has also been studied for better tolerance in elderly
patients with comorbidities and showed a lower neutropenia rate in the 50
previously untreated CLL patients than full-dose FCR had in other studies.
It also demonstrated an excellent ORR (100%) and CR rate (77%) [28].

The GCLLSG CLL10 trial directly compared BR with FCR in 564 previ-
ously untreated, physically fit CLL patients [29]. The ORR in both arms
was 97.8% (40% CR with FCR and 31.5% CR with BR, p=0.026). Data on
minimal residual disease (MRD) status by four-color flow cytometry was
available in 355 patients — of these, in the FCR versus BR arms, 74.1%
versus 62.9% patients were MRD-negative on peripheral blood specimens
(p=0.024) and 58.1% versus 31.6% patients were MRD-negative on bone
marrow biopsy samples (p<0.001). Median PFS was 53.7 months in the
FCR arm and 43.2 months in the BR arm (p=0.001) but there was no
statistically significant difference in PFS between the two groups among
patients =65 years of age, those with Cumulative Illness Rating Scale
(CIRS) 4-6 or with >1 CIRS item. The greatest benefit, therefore, was
observed in the physically fit subgroups (<65 years age, CIRS <3, or 1
CIRS item only). There was no difference in OS between the two treat-
ment arms at 36 months (90.6% for FCR and 92.2% for BR, p=0.910).
Severe neutropenia and severe infections (latter seen up to 6 months
follow-up time point, especially in older patients) occurred significantly
more frequently in the FCR arm.
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Ofatumumab

A fully humanized anti-CD20 monoclonal antibody (MAD), this antibody
has increased binding affinity to its target and increased cell kill compared
with rituximab. Single agent ofatumumab in CLL produced an ORR of
51% in patients refractory to both fludarabine and alemtuzumab, and an
ORR of 44% in patients with fludarabine-refractory and bulky disease
[30]. It received US FDA approval in this setting but more recently has
also received approval in combination with chlorambucil when an inter-
national trial showed this combination to be better than chlorambucil
alone [31]. Randomization was done in 447 patients and ORR was 82%
for the combination therapy compared with 69% for chlorambucil alone
(p=0.001). Also, PFS was significantly prolonged (22.4 months versus
13.1 months, p<0.001). The European Commission granted conditional
approval for ofatumumab use in CLL in the European Union initially but
this was switched to full approval in April 2015.

Obinutuzumab

This is a humanized, glycoengineered MAD that has higher affinity
binding to its target and causes more apoptosis than rituximab [6]. In
the GAUGUIN monotherapy trial, it has been shown to have an ORR of
62% (Phase I) and 30% (Phase II) [32].

In the GCLLSG CLL11 Phase III trial of 781 previously untreated
patients with CIRS >6 or creatinine clearance 30-69 ml/minute, obinu-
tuzumab + chlorambucil (arm 1) was compared directly with rituximab
+ chlorambucil (arm 2) and with chlorambucil alone (arm 3) [33]. There
was significant improvement in ORR and prolongation of PFS on arm 1
compared with arm 3 as well as on arm 2 compared with arm 3. Median
PFS was 26.7 months on arm 1 versus 11.1 months on arm 3 (p<0.001)
and 16.3 months on arm 2 versus 11.1 months on arm 3 (p<0.001).
Treatment on arm 1 improved OS compared with arm 3 (p=0.002).
Treatment on arm 1 improved PFS (p>0.001) and CR rates (20.7% versus
7%) and molecular responses compared with arm 2. Infusion-related
reactions were more common on arm 1 compared with arm 2 but there

was no difference in the risk of infection.
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Anti-CD52

Alemtuzumab

This is a recombinant, fully humanized, anti-CD52 MADb, which showed
33-53% ORR in patients with advanced CLL who had previously failed
alkylating agents and fludarabine therapy [34-36]. It has proven to be
significantly more effective in high-risk CLL (dell11lq, del17p, and TP53
mutations) compared with chlorambucil alone [37] and received US
FDA approval as first-line therapy in CLL. Combination studies with
fludarabine, FC, and rituximab have also been studied, but this agent
was withdrawn from the market in 2012 and is only available on a com-
passionate use basis currently. Similarly, the European commission had
granted approval for its use in CLL (for whom fludarabine treatment is
not appropriate) in July 2001 but withdrew approval in August 2012
when the company stopped commercial supply of the product.

Targeted therapies

Bruton tyrosine kinase inhibitor

Ibrutinib

This is a first-in-class, oral, selective, potent, small molecule inhibi-
tor of Bruton tyrosine kinase (BTK) that covalently binds to its target
(cysteine-481 residue near the active site of BTK) thereby interrupting
B-cell receptor (BCR) signaling and causing apoptosis of B cells. Early
phase studies have shown impressive clinical benefit in CLL/SLL patients
with an acceptable safety profile [38-40]. In a Phase Ib-II multicenter
trial of 85 patients with relapsed/refractory CLL/SLL, two doses (420mg
or 840 mg daily) of ibrutinib were tested [39]. The ORR in both groups
was 71% with an additional 20% and 15% in each group, respectively
exhibiting partial response (PR) with lymphocytosis (PR-L). Responses
were independent of any poor prognostic features including del17p. At
26 months, estimated PFS was 75% and OS 83% (median not reached
for both). Treatment was well tolerated with predominantly grade 1 and
2 adverse events (AEs), which included (>20% occurrence) diarrhea
(usually transient and self-limiting), fatigue, upper respiratory tract
infections, cough, arthralgias, rash, pyrexia, and edema. There were 15%

grade 3—-4 neutropenia events but these did not lead to any treatment
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discontinuations and were managed with growth factors if needed. Based
on the data from the 420 mg group of patients (n=48, ORR 58.3%, no
CR), ibrutinib received accelerated US FDA approval in February 2014 in
the relapsed/refractory setting. Similarly, in this setting it was granted
approval throughout the European Union in October 2014.

Typically, ibrutinib and the other novel targeted agents can lead to
rapid reduction in the size of lymphadenopathy and splenomegaly in
CLL/SLL, often in conjunction with a simultaneous increase in periph-
eral blood lymphocytosis due to redistribution [41]. This phenomenon
should not be mistaken for disease progression if all other signs and
symptoms of CLL/SLL are improving because it is asymptomatic and
transient, although it can take several months to resolve typically. It has
led to the revision of iwCLL response criteria in which PR-L has been
added as a new response criterion to account for this treatment-related
redistribution lymphocytosis.

Recently, a Phase III, randomized, controlled, open label, multicenter
RESONATE trial of 391 patients with relapsed/refractory CLL/SLL was
reported [42]. Patients were randomized between ibrutinib and ofatu-
mumab treatment arms. The ORR was significantly higher in the ibru-
tinib arm compared with ofatumumab (42.6% versus 4.1%, p<0.001),
and PFS (p<0.001) and OS (p=0.005) were significantly improved as
well regardless of the presence of poor prognostic indicators. This further
confirmed ibrutinib’s place in the second-line setting for this disease.

A Phase II trial of ibrutinib in 144 CLL/SLL patients with del17p has
recently been completed utilizing the 420 mg daily dose [43]. The ORR
was 82.6%, including 17.4% PR-L. Median duration of response and
median PFS had not been reached at 13 months follow-up. This study
has secured ibrutinib’s place in frontline and subsequent management
of patients with dell17p CLL/SLL.

Also recently completed is the Phase III randomized, open label,
multicenter RESONATE-2 clinical trial of ibrutinib versus chlorambucil
in previously untreated CLL/SLL patients aged =65 years [44]. Among
269 randomized and treated patients, the ORR was 86% in the ibrutinib
arm and 35% in the chlorambucil arm (p<0.001) by independent review.
There was significant improvement in EFS, PFS, and OS with single agent
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ibrutinib compared with chlorambucil. Based on these results, ibrutinib
was approved by the US FDA in the frontline treatment of patients with
CLL/SLL in March 2016. It is now also being evaluated in combination
with various novel targeted agents as well as chemoimmunotherapy to see
if further improvements in outcomes can be made in a tolerable fashion.

Ibrutinib can lead to some side effects that one should be aware of
as they can affect management decisions: (i) atrial fibrillation — this can
occur in up to 10% patients and should be managed with dose hold and
beta blockers. In most cases, ibrutinib can be restarted safely (often at
lower doses) once the atrial fibrillation is optimally managed. (ii) Bleeding
risk — concurrent management with warfarin was contraindicated in most
clinical trials due to some episodes of major hemorrhage, including life
threatening cerebral hemorrhage, in early trials. The exact mechanism of
action of the bleeding risk of ibrutinib is still unknown but there is thought
to be some effect on platelets. Many patients have been treated success-
fully in conjunction with low molecular weight heparin products such
as aspirin, clopidogrel, and novel oral anti-coagulants (direct thrombin
inhibitors), but some caution should still be exercised in patients requir-
ing warfarin. (iii) Reactivation of viral hepatitis B — certain resistance

mutations have also emerged, albeit uncommon thus far [42].

PI3K-delta inhibitor

Idelalisib

This is an oral, selective, PI3K-delta inhibitor that promotes apoptosis
of B cells. Early phase clinical trials have shown promising anti-tumor
activity and an acceptable safety profile in CLL/SLL and other indolent
NHL patients [45,46]. A Phase III, randomized, double blind, placebo-
controlled trial of idelalisib + rituximab versus placebo + rituximab
enrolled 220 medically unfit patients with relapsed/refractory CLL/SLL
[47]. The idelalisib arm had a significantly better ORR compared with
the placebo arm (81% versus 13%, p<0.001) as well as OS (92% versus
80% at 12 months, p=0.02) regardless of the presence of poor prognostic
factors including dell7p. Most AEs were grade 1-2. There were reports
of >=grade 3 diarrhea, transaminitis, and rash on the idelalisib arm in

some patients. Severe diarrhea (colitis) from idelalisib seems to be a
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late effect and requires management with drug cessation and systemic
steroids (including budesonide). Idelalisib-induced transaminitis can be
managed with drug-hold and then successful re-challenge upon resolu-
tion of transaminitis [48]. Based on these results, in July 2014, the US
FDA approved idelalisib in combination with rituximab for the treatment
of patients with relapsed/refractory CLL where rituximab alone would
be considered appropriate therapy due to the patient’s comorbidities.
For relapsed/refractory SLL, the US FDA granted approval for single-
agent idelalisib in patients who have received at least two prior lines of
therapy. In Europe, idelalisib received approved for previously treated
CLL in September 2014. Combination trials with other novel agents as
well as with chemoimmunotherapy are ongoing. However, over recent
months, a number of studies involving idelalisib have been closed due
to concerns of frequent infectious deaths.

A recent report of idelalisib plus ofatumumab in frontline CLL treat-
ment demonstrated 50% grade 3 and 38% grade 4 toxicities including
54% severe transaminitis episodes among 24 patients and these required
dose hold and steroids for management [49]. The etiology is thought to
be immune related as previously untreated CLL/SLL patients may still
have a more intact immune system than patients with relapsed/refrac-
tory disease. In the frontline setting, another Phase II trial evaluating
the combination of idelalisib plus rituximab in patients 65 years of age or
older, enrolled 64 patients and showed 67% transaminitis of any grade
(23% grade =3) among other known side effects such as 64% diarrhea/
colitis, but with excellent responses (ORR 97% and CR 19%) [50].

BCL2 inhibitor

Venetoclax

This is a potent, selective, second generation, small molecule inhibitor
of BCL2 family proteins. It tilts the balance of these proteins towards
apoptosis in CLL cells. Navitoclax was the first generation inhibitor with
this mechanism of action (BH3 mimetic) but caused the significant,
undesirable, dose-limiting side effect of thrombocytopenia due to the
additional inhibition of Bcl-XL on platelets. Therefore, venetoclax was

developed instead due to its higher selectivity.



SMALL B-CELL LYMPHOCYTIC LYMPHOMA AND CHRONIC LYMPHOCYTIC LEUKEMIA - 63

In a Phase I dose escalation trial, following early events of serious
tumor lysis syndrome, a weekly ramp up period was implemented in
order to reach the full dose over a gradual 5-week period [51]. Among the
enrolled 116 patients with CLL/SLL, the ORR was 79% (20% CR) with
an estimated 15 month PFS of 69% for the 400 mg dose group. Even in
patients with poor risk features such as del17p, fludarabine resistance,
and unmutated IgV,,, the ORR was high (71-79% range, with 16-17%
having CR). Six (35%) of 17 evaluated CR patients achieved MRD negativ-
ity by multicolor flow cytometry (5% of all patients). Combination trials
are underway now and this agent received FDA approval in the US as
of April 2016 for relapsed/refractory CLL patients with del17p based on
Phase II data from a multicenter trial of 107 patients showing an ORR
of 79.4% [52]. In Europe, venetoclax was granted conditional approval
in this setting in December 2016. Across trials, toxicities appear to be
manageable and are primarily hematologic and infectious. A handful
of cases of Richter’s transformation have emerged in the progressing

patients and this will need to be monitored in the future.

Immunomodulatory agents

Lenalidomide

This is a second generation thalidomide analog and immunomodula-
tory agent that has shown encouraging results in CLL/SLL patients
with dell7p [52]. The ORR in different studies has been 32-54% with
monotherapy [51,53] and is better (66%) in combination with rituximab
[54]. A tumor flare reaction can occur in up to 58% of patients from the
lenalidomide [6]. Grade 3—-4 neutropenia, infection, and febrile episodes

can occur as well.

Cellular therapeutics

Chimeric antigen receptor-T cells

A powerful way to harness the cytotoxic potential of T cells is the use of
genetically engineered autologous T cells that express chimeric antigen
receptor (CAR)-T cells targeting CD19 specifically. A CAR is a fusion
protein expressing an extracellular moiety to redirect antigen specific-

ity (such as CD19) linked to an intracellular CD3-zeta T-cell signaling
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domain via a hinge region and a transmembrane domain. Newer gen-
erations of CAR design also add co-stimulatory domains like CD28 and/
or 4-1BB. The first reports of this technology were in three multiply
relapsed/refractory CLL patients [55,56]. In a recent update, among 14
such patients treated with CTL0O19 CAR-T cells, at a median follow-up
of 9.4 months an ORR of 57% was reported including a CR rate of 21%
[57]. There were no infusional toxicities higher than grade 2. Two of
the PR patients progressed after 4 months but none of the CR patients
relapsed. All responders experienced some reversible signs and symp-
toms of cytokine release syndrome (CRS) such as fever, nausea, anorexia,
myalgia, hypotension, and hypoxia that corresponded to peak T-cell
expansion and cytokine (including interleukin 6 [IL-6] and interferon
gamma) levels. Five patients required intervention with corticosteroids
and/or tocilizimuab (anti-IL-6 antibody). There was no obvious associa-
tion between cell dose and responses. All patients demonstrated B-cell
aplasia but not unusual infectious complications were reported. A Phase
IT trial with CTLO19 is currently ongoing in CLL patients and other
centers such as City of Hope are also investigating their own CAR-T cell
products as well.

Allogeneic hematopoietic cell transplantation

The role of allogeneic hematopoietic cell transplantation (alloHCT) in
CLL/SLL is less well-defined currently. Previously, it was recommended
for patients with del 17p cytogenetic abnormality due to the lack of
other efficacious treatment options. In the current era of novel thera-
peutics however, this no longer is the case. Therefore, alloHCT should
be reserved for fit patients with multiply relapsed, high-risk disease
who have progressed despite novel therapies and have available donors.

Sequencing of systemic treatment

Frontline therapy, no del17p/TP53 mutations

If a clinical trial option is not available, the choice of initial CLL/SLL
therapy depends on various factors as outlined in Figure 4.1. For young
patients in good physical condition as defined by normal creatinine

and a low score on the CIRS, FCR combination chemoimmunotherapy
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remains the first choice. However, a discussion with each patient prior
to initiation of therapy is important in order for them to be aware of the
potential risk of MDS/prolonged cytopenias, severe infections, and other
toxicities. Benadmustine and rituximab (BR) combination chemoimmu-
notherapy is another possible option especially for older patients or those
with increased risk of infections. If patients have a somewhat impaired
physical condition but are otherwise candidates of some therapy, and if
no appropriate clinical trial of a novel agent or novel combination therapy
is available, then chlorambucil in combination with an anti-CD20 mono-

clonal antibody (preferably obinutuzumab rather than ofatumumab or

Initial diagnosis of CLL

Indication for treatment?
Yes No
Observation
('watch and wait’)
I |

Yes Some No
comorbidities or ‘
advanced age*

Del 17p/TP53

Clinical trial;

mutation? ibrutinib; best

supportive care

Del 17p/TP53
N Yes mutation?
Age <55 CI|n|caI trial;
years? ibrutinib
No — CI|n|caItr|aI Clinical trial;

Clinical trial;
ibrutinib

chlorambucil +

obinutuzumab;
ibrutinib

CIRS score
<3?

Y Clinical trial;
Sl FCR

*especially age =65 years, creatinine clearance 30-69 ml/minute,
and/or Cumulative lliness Rating Scale (CIRS) score >6

Figure 4.1 City of Hope standard of care algorithm for frontline therapy. BR, bendamustine
and rituximab; CIRS, Cumulative lliness Rating Scale; CLL, chronic lymphocytic leukemia; FCR,
fludarabine, cyclophosphamide, and rituximab.



66 - MANAGEMENT OF LYMPHOMAS: A CASE-BASED APPROACH

rituximab) may be the best treatment option. Single-agent ibrutinib has
been recently demonstrated to be a better frontline option for patients
65 years or older than chlorambucil alone.

Frontline therapy, del17p/TP53 mutations present

If a clinical trial option is unavailable, then single-agent ibrutinib may be
the best frontline option. Previously, alemtuzumab was used primarily
for any reasonably fit patient with del17p, but ibrutinib has become the
new standard of care. Patients with high-risk genetic features should
also be considered for alloHCT if deemed eligible candidates because
the disease can progress aggressively once ibrutinib fails. If ibrutinib
cannot be tolerated, for instance due to atrial fibrillation or bleeding
type toxicities, then venetoclax, idelalisib +/- rituximab may be the
best alternatives.

Relasped/refractory therapy

In general, frontline therapy can be repeated if the initial duration of
response lasted more than 2 years. However, in the current era of novel
therapeutics, it may be safer and better to switch to one of the novel
agents/novel combinations in any relapsed situation when treatment is
indicated. The best approach is enrollment in a clinical trial studying

novel agents or novel combinations (Figure 4.2).

For physically fit patients without high-risk cytogenetic features

If no appropriate clinical trials are available or patients are not good
candidates to participate in trials, for physically fit patients without high
risk cytogenetic features BR can be considered depending on what they
had responded well to previously. This regimen gives good responses and
has the attraction of a finite amount of therapy followed by a treatment
break. The best alternatives include ibrutinib, idelalisib +/- rituximab,
venetoclax, or lenalidomide among others, and these agents need to be
continued indefinitely until they stop working or patients develop unman-
ageable toxicities. Studies are underway to determine stopping points of
treatment for novel agents, especially in the setting of CR (particularly
MRD-negative CR). The role of alloHCT is less well-defined now in CLL
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patients without poor risk cytogenetic features given the numerous

effective new agents available already and more coming down the pipeline.

For physically unfit patients without high-risk cytogenetic
features

If no appropriate clinical trial option is available, then for physically unfit
patients without high-risk cytogenetic features chlorambucil in combina-
tion with one of the anti-CD20 monoclonal antibodies (obinutuzumab
preferred over ofatumumab or rituximab) is recommended if not used
in the frontline setting recently already. Alternatives include ibrutinib,
idelalisib +/- rituximab, lenalidomide, among others.

Relapsed/refractory CLL

Indication for treatment?

Yes No

Response to frontline ]
therapy? Observation

. Refractory OR progression
Progression after 2 years within 2 years OR progression
and no clonal evolution after 2 years

but with clonal evolution

Clinical t
Repeat frontline t y

Clinical trial;
ibrutinib (or idelalisib +/- rituximab);
discuss allogeneic HCT with
younger/eligible patients

Clinical trial;
ibrutinib;
best supportive care

Figure 4.2 City of Hope standard of care algorithm for relapsed/refractory di CLL, chronic
lymphocytic leukemia; HCT, hematopoietic stem cell transplantation.
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For patients with high-risk cytogentics such as del17p/TP53 or
del11g mutation

For patients with high-risk cytogentics such as the del17p/TP53 or delllq
mutations, ibrutinib is preferred. Venetoclax is also an excellent option
now. Alemtuzumab may still be an option if needed and discussion of
alloHCT should be conducted with eligible patients. Allogeneic HCT has
been utilized in high-risk situations to seek a cure but may come with a
heavy price of potential complications such as severe graft versus host
disease, life-threatening infections, and transplant-related morbidity
and mortality. In addition, most patients with CLL requiring HCT are
not eligible for it due to advanced age and/or presence of comorbidities.

Management of associated conditions and
complications

Autoimmune complications

A positive Coombs test may be observed in up to 30% of patients at
some point during the disease course, although it is uncommon (<5%)
during early stages. Autoimmune phenomena are relatively frequent,
with hemolytic anemia (lifetime risk approximately 10% to 20%) and
thrombocytopenia (lifetime risk approximately 5% to 10%) occurring most
commonly. Autoimmune neutropenia and other autoimmune sequelae
are infrequent but more common than in the general population. These
autoimmune phenomena occur more commonly with advanced disease or
with purine analog treatment and generally respond to corticosteroids/
immunosuppression. Rituximab is also very useful. Retreatment with
purine analogs is not recommended especially if they cause autoimmune
hemolytic anemia as this can recur and sometimes be fatal. If the autoim-
mune event is resistant to these treatments, more specific CLL-directed

therapy is recommended to try and stop the inciting process.

Infections

Infections are the most important cause of morbidity and mortality in
CLL patients especially infections like sinusitis, pneumonia, and shingles.
Immunosuppression due to CLL itself as well as with chemo-, immuno-,

and targeted-therapies (especially with agents such as fludarabine and
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alemtuzumab historically and now with ibrutinib) is the cause of recur-
rent, lingering or life threatening viral, bacterial, and fungal infections.
We recommend the use of pneumocystis jiroveci pneumonia and herpes
simplex virus/varicella zoster virus prophylaxis routinely. We also recom-
mend the treatment of therapy-induced neutropenia with granulocyte-
colony stimulating factor and prophylactic antibiotics. In addition, CLL
patients benefit greatly from intravenous immunoglobulin (IVIG) infu-
sions especially when their IgG levels are less than 400 mg/dL. If they
experience recurrent/lingering infections, routine use of IVIG every
1-3 months is recommended prophylactically even if their IgG levels
are not very low. This can help prevent life threatening infections in our
experience. Vaccinations are also an important source of prophylaxis,
especially against streptococcus pneumonia and influenza. We gener-
ally avoid live virus vaccines in patients with poor immune systems, so
varicella zoster/shingles vaccines may need to be avoided.

Richter’s transformation

Transformation to an aggressive large cell B-cell lymphoma variety
from CLL is called Richter’s transformation and this can occur in <10%
cases. Rarely, transformation to HL or another aggressive NHL can also
be seen such as PLL or T-cell NHL. Overall, the prognosis is poor with
median survival less than 1 year as responses to treatment are generally
short-lived. Features include rapid growth of a lymph node group that
appears very active on FDG-PET scan, significant elevation of LDH, and
B-symptoms. Aggressive combination chemoimmunotherapy such as
rituximab, ifosfamide, carboplatin, and etoposide (R-ICE), rituximab,
etoposide phosphate, prednisone, vincristine sulfate, cyclophosphamide,
doxorubicin hydrochloride (R-EPOCH), or rituximab, doxorubicin hydro-
chloride, vincristine, and prednisolone (R-CHOP) can be tried and if a
remission is achieved and the patient is a candidate for alloHCT, and has
an identified donor, they should go to alloHCT, which can sometimes
lead to long-term remission. There are ongoing clinical trials currently
evaluating the use of programmed death-ligand 1 (PD-L1) antibodies
and other checkpoint inhibitors alone and in combination with other

agents such as ibrutinib for the treatment of Richter’s transformation,
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and these treatment appear to be promising [59]. Richter’s transforma-
tion patients should therefore consider clinical trials especially if more
standard aggressive chemoimmunotherapy is not effective.

Conclusions

There is a rapid evolution of therapeutics in CLL/SLL currently and each
year brings more novel agents/therapies to the forefront so an up-to-date
review of the latest data and recommendations should be done regularly
for management options.

For his progressing disease, our case patient was offered a frontline
clinical trial comparing bendamustine plus rituximab verus ibrutinib
versus ibrutinib plus rituximab. He was randomized to the ibrutinib alone
arm and remains on study more than 1 year later having achieved a good

partial remission.
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Chapter 5

Follicular lymphoma

Alex F Herrera

Case presentation

A 52-year-old woman presented to her physician with asymptomatic,
waxing and waning axillary lymphadenopathy. Excisional biopsy demon-
strated grade 2 follicular lymphoma. Computed tomography (CT) of the
chest, abdomen, and pelvis, demonstrated multistation lymphadenopa-
thy (>4 areas) above and below the diaphragm, with the largest nodes
(retroperitoneal) measuring 3.4 x 2.3 cm. Complete blood count (CBC),
lactate dehydrogenase (LDH), and beta-2-microglobulin were normal, and
a bone marrow biopsy was negative. The patient was observed for 2 years,
but ultimately she developed increasing fatigue, dyspepsia, constipation,
and bloating. Repeat imaging demonstrated considerable enlargement
of her intra-abdominal lymphadenopathy, with a mesenteric mass now

measuring 8.7 x 6.2 cm.

Epidemiology

Follicular lymphoma (FL) is the most common indolent non-Hodgkin lym-
phoma (NHL), and second most common subtype of NHL overall, account-
ing for approximately 20% of all NHL [1]. The median age at diagnosis in
patients with FL is 60-65 years old, though younger patients can be affected.
The incidence of the disease is higher in whites than in blacks, Asians, or
Native Americans [2]. There are no specific risk factors for FL beyond the
known associations between exposures (eg, autoimmune diseases) and NHL.
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Pathology
It is believed that FL is a malignancy arising from follicular germinal
center B cells. Under the microscope, FL has a nodular growth pattern
resembling the germinal centers in a normal lymph node, but the neo-
plastic infiltrate obliterates the normal follicular architecture. In addi-
tion, tingible body macrophages usually seen in a healthy follicle are not
present, and the usual polarity between dark and light follicular zones
is lost. The tumor is composed of smaller, cleaved centrocytes admixed
with larger centroblasts, and the grading of FL is based on the relative
abundance of large cells in the infiltrate. Grade 1 FL consists of 0-5
centroblasts per high-powered field (hpf), while there are 6-15 centro-
blasts/hpf in grade 2 and >15 centroblasts/hpf in grade 3 FL. Grade 3
FL is further classified into grade 3A or grade 3B depending on whether
centrocytes are present (grade 3A) or not (grade 3B) [3]. Tissue archi-
tecture is critical to the diagnosis and grading of FL, therefore, a fine
needle aspirate is insufficient for full pathologic characterization of FL.
An excisional or core biopsy is recommended for a complete diagnostic
evaluation both at diagnosis and in most cases of relapsed disease.
The typical immunophenotype of FL on immunohistochemistry or
flow cytometry is consistent with that of germinal center B cells, with
expression of CD20, CD19, CD79a, CD21, surface immunoglobulin, and
usually CD10 and BCL-6. CD23 expression can be variable. FLs nearly
always harbor the t(14;18) chromosomal translocation, resulting in BCL-2
activation and expression. Thus, BCL-2 is almost uniformly expressed in Gr
1-3A FL, whereas some grade 3B FLs lack the characteristic translocation
and/or BCL-2 expression [3].

Clinical presentation

FL is classified as an NHL with indolent clinical behavior. Patients with
FL typically present with lymphadenopathy that often waxes and wanes
in size. Abdominal or retroperitoneal lymph node masses and spleno-
megaly are common, and symptoms develop gradually. Rapid growth
of lymph nodes, B symptoms, elevated LDH, or non-marrow extranodal
involvement should raise suspicion for a transformation to diffuse large
B-cell lymphoma (DLBCL).



FOLLICULAR LYMPHOMA - 77

Staging

Staging of patients with FL should include laboratory studies such as a
complete blood count with differential, full chemistry panel (including
liver function tests and LDH), hepatitis serologies, human immunodefi-
ciency virus (HIV) testing, and beta-2 microglobulin testing, computed
tomography (CT) scan of the chest, abdomen, and pelvis or positron
emission tomography (PET)/CT scan, a bone marrow aspiration, and a
biopsy. When there is concern for transformation to DLBCL, a PET/CT
scan should be performed.

Prognosis

The traditional International Prognostic Index for NHL has been modi-
fied to improve prognostic accuracy in patients with FL. The Follicular
Lymphoma International Prognostic Index (FLIPI) and FLIPI-2 (Table 5.1)
divide patients with FL into separate risk groups based on the number
of risk factors present, which correspond to different progression-free
and overall survival (OS) differences after standard chemoimmuno-
therapy (Figure 5.1 and 5.2) [4,5]. The advent of next-generation DNA

sequencing has allowed for enhanced genetic characterization of FL,

FLIPI FLIPI-2

Age =60 Age > 60

Ann Arbor stage lll-IV Bone marrow involvement
Hemoglobin < 12 g/dL Hemoglobin < 12g/dL

LDH > ULN Beta-2 microglobulin > ULN
# of nodal sites > 4 Diameter of largest LN > 6cm
Original FLIPI

Score Risk Group

0-1 Low

2 Intermediate

3 ormore High

FLIPI-2

Score Risk Group

0 Low

1-2 Intermediate

3 ormore High

Table 5.1 The Follicular Lymphoma International Prognostic Index (FLIPI) and FLIPI-2.
Data from [4,5].
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1.0

0.8

Intermediate
0.6 -

04

Survival Probability

02

0 12 24 36 48 60 72 84 96 108 120
Time (months)
No. of events

Low 12 25 29 46 60 83 95 106 113 125
Intermediate 19 49 79 118 150 192 225 247 255 261
High 54 109 152 202 229 245 260 268 274 278
No. at risk

Low 641 629 616 612 595 581 450 337 241 157 93
Intermediate 670 651 621 591 552 519 385 263 178 108 68
High 484 430 375 332 282 255 193 139 98 56 33

Figure 5.1 The Follicular Lymphoma International Prognostic Index (FLIPI), FLIPI-2, and
m7-FLIPL. Overall survival in different FLIPI risk groups. Data from [4].

Cumulative Probability

Score N
0.2 o 0 168 (20%)
1-2 444 (53%)
3-5 220 (27%) Log-rank 64.6 P<.0001
T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60

Time (months)

Figure 5.2 Progression-free survival in Follicular Lymphoma International Prognostic Index-
2risk groups. Data from [5].
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and the m7-FLIPI incorporates mutation status of 7 genes along with the
traditional FLIPI and performance status to improve prognostication for
patients with FL (Figure 5.3) [6].

Treatment of limited stage follicular lymphoma

A minority of FL patients (15-30%) present with limited stage (Stage
I-1I, including IE and IIE) disease. Although spontaneous remissions
can occur [7], patients with limited stage FL can potentially be cured
[8-10] and should receive treatment. Prospective data defining the
optimal treatment of limited stage FL are lacking, but many retrospec-
tive studies have demonstrated long-term remissions with radiation
therapy (RT) alone. In several retrospective studies, a single course of RT
alone resulted in relapse-free survival rates of 40-60% and OS ranging
from 60-80% at 10 years, and long-term follow-up studies estimate the
median OS at almost 20 years [8,10]. Despite evidence for long-term
remission after RT in patients with limited stage FL, RT is underutilized
[9,11]. An analysis of the Surveillance, Epidemiology, and End Results
(SEER) database compared outcomes in patients with Stage I/1I FL. who

C GLSG2000 training cohort
100

Low-risk m7-FLIPI (33/108)
High-risk m7-FLIPI (30/43)
Low/intermediate-risk FLIPI (24/74)
High-risk FLIPI (39/77)

8051 m7-FLIPI p<0.0001

FLIPI p=0.0034

60

40

Failure-free survival (%)

0 T T T T T T
0 2 4 6 8 10 12

Time (months)

Figure 5.3 Failure-free survival in m7-Follicular Lymphoma International Prognostic Index
(FLIPI) risk groups compared to original FLIPI groups. Data from [6].
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received an initial course of RT with patients who did not receive RT
and demonstrated superior disease-specific and OS at 5, 10, 15, and 20
years. Only one-third of limited stage FL patients in the SEER database
received RT [11]. In order to minimize toxicities associated with RT,
including myelosuppression, damage to adjacent organs, and increased
risk of secondary malignancies involved site RT (ISRT) should be uti-
lized for the treatment of limited stage FL, with a standard RT dose of
24 Gy to the involved lymphoid region. Higher radiation doses of 30-36
Gy should be considered for grade 3 FL. Randomized studies of higher
(eg, 40-45 Gy) or lower doses (eg, 4 Gy) of radiation for indolent NHLs
have not shown superiority over 24 Gy [12,13]. Bulky disease (>6cm)
appears to be a risk factor for failure of RT alone, though there is little
data to guide treatment decisions in this population [14].

Although it has not been prospectively studied, the addition of sys-
temic therapy to RT for limited stage FL may improve outcomes [9].
Decision-making in this patient population is further complicated as
some patients with limited stage FL who are observed do not require
therapy for many years [15].

Because of its potential to induce long-term remissions, we recom-
mend ISRT alone for patients with non-bulky stage I or contiguous stage
II grade 1 or 2 FL or patients with bulky disease involvement in whom
radiation is feasible without excessive toxicity (see Figure 5.1). Patients
with limited stage grade 3A and 3B FL should be treated according
to treatment protocols for DLBCL (ie, rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisolone [R-CHOP] plus radiotherapy,
when feasible). In select patients who are not ideal candidates for RT or
have disease sites that are difficult to irradiate, observation or systemic
therapy with rituximab alone or chemoimmunotherapy can be consid-
ered. In patients with bulky disease in whom significant toxicity would
be expected with RT, chemoimmunotherapy is a reasonable approach
(Figure 5.4).

Treatment of advanced stage follicular lymphoma
Most patients with FL present with advanced stage disease, which
typically is not cured with standard therapy alone. Asymptomatic
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Newly diagnosed follicular lymphoma
Stage |, Il (non-bulky)

Gr 3A-3B, RT feasible Gr 1-2, RT feasible
R-CHOP x 3 cycles IFRT
followed by alone
IFRT (24-30 Gy) (24 Gy)

RT NOT feasible, treatment indicated

Gr 1-2: R-bendamustine x 6 cycles
Gr 3A-3B: R-CHOP x 6 cycles

Figure 5.4 City of Hope standard of care treatment algorithm for limited stage follicular
lymphoma. IFRT, involved-field radiotherapy; R-CHOP, Rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisolone; RT, radiation therapy.

patients with advanced stage FL should be observed until treatment
is necessitated by symptoms or complications of the disease. Patients
under observation should have a history, physical exam, and laboratory
studies performed every 3 months, with CT imaging performed every
6 months [16]. A randomized study of observation versus systemic
therapy in patients with asymptomatic, advanced stage indolent NHL
(mostly FL) demonstrated no survival advantage to early therapy, with
nearly 20% of patients in the observation group and 40% in the subset
of patients older than 70 years of age not requiring therapy at 10 years
[17]. A more recent study randomized asymptomatic, low-bulk patients
to observation versus single-agent rituximab followed by maintenance
and, as expected, the results showed that rituximab-treated patients
had a longer interval to the start of new treatment, but no difference
in OS [18]. While there appears to be minimal additional toxicity with
early rituximab treatment, without the demonstration of a survival
benefit, the data are not sufficiently compelling to recommend early

treatment for most patients.
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Timing of treatment initiation
The timing of treatment initiation in patients with advanced stage FL
is often a subjective decision that should be made by the treating physi-
cian in conjunction with the patient. There are proposed sets of criteria
to guide the decision to treat advanced stage FL, including the Groupe
d’Etude des Lymphomes Folliculares (GELF) criteria below, which gen-
erally advocate treatment for patients with disease-related cytopenias,
significant systemic symptoms, bulky tumors, organ dysfunction or
compression caused by lymphomatous lesions, or accelerated disease
progression. Systemic therapy should be considered when one or more
of the following factors are present [19]:

e tumor mass >7cm in diameter;

e =3 lymph node sites involved with diameter >3cm;

* systemic symptoms present (Eastern Cooperative Oncology Group

[ECOG] >1);

e substantial splenomegaly;

* pleural or pericardial effusion present;

* organ (eg, ureter, spinal) compression present;

» peripheral blood involvement or cytopenias; and

* LDH or beta-2 microglobulin > upper limit of normal.

Single-agent rituximab

The choice of initial regimen depends on a patient’s co-morbidities and
the severity of the clinical factor triggering the decision to start therapy.
Immunotherapy alone with single-agent rituximab, an anti-CD20 mono-
clonal antibody, can be utilized in patients with a low tumor burden who
require therapy or in patients with co-morbidities that make them poor
candidates for combination chemoimmunotherapy. In chemotherapy-naive
patients with low grade FL and a relatively low tumor burden, the overall
response rate (ORR) observed following a course of weekly rituximab
375mg/m? x four doses ranges from 66-80% [18,20,21]. Studies have
examined the use of maintenance rituximab after a course of weekly
induction, with improved complete response rates observed. Different
maintenance schedules have been evaluated: every 2 months x four

doses, every 2 months x 2 years, and every 3 months until progression.
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While a short course of maintenance therapy (four doses) was associ-
ated with prolonged event-free survival, other schedules did not have a
significant impact on time to next treatment or time to cytotoxic therapy
[18,20,21]. We recommend induction weekly rituximab alone or a short
course of maintenance rituximab (every 2 months x four doses) after
induction therapy (Figure 5.5).

First-line chemoimmunotherapy

Most patients with advanced stage FL. who require treatment are treated
with combined chemoimmunotherapy. The addition of rituximab to
chemotherapy confers a clear survival benefit and should be included as
part of first-line therapy [22,23]. Bendamustine alone, cyclophosphamide,
doxorubicin, vincristine, and prednisone (CHOP), or cyclophosphamide,
vincristine, and prednisone (CVP) combined with rituximab (R-) are all
acceptable first-line options for advanced stage FL. The overall response
rate to these regimens ranges from 88-97%, although fewer complete
responses appear to be observed in patients with grade 1-2 disease who
are treated with R-CHOP or R-CVP compared with R-bendamustine. When
compared head-to-head, R-bendamustine was associated with prolonged
progression-free survival and less toxicity as compared with R-CHOP
(Figure 5.6) (and a mixed group of patients treated with R-CHOP or
R-CVP) [24,25]. In general, we prefer to use R-bendamustine for patients

Newly diagnosed advanced stage
follicular lymphoma
Stage Il bulky, IIl, IV

/\

Indication for
Treatment

T T

Gr 1-2 or elderly or co-morbidities:
R-bendamustine
Gr 3A-3B: R-CHOP +/- maintenance

Observation

Rituximab alone
+/- maintenance

Figure 5.5 City of Hope standard of care treatment algorithm for advanced stage follicular
lymphoma. R-CHOP, Rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone.
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A
1.0 Median (IQR; months)

BR Not reached (22.1 to not yet reached)
0.9 40.9 (15.2 to not yet reached)

R-CHOP

0.8 4

0.7 4

0.6 4

0.5+

Probability

0.4+

0.3

0.2
HR 0.61 (95% Cl 0.42-0.87)

@i p=0.0072

0 T T T T T T T 1

Figure 5.6 Progression-free survival: R-CHOP versus R-bendamustine. R-CHOP, rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisolone Data from [24].

with advanced stage grade 1 or 2 FL due to its improved tolerability and
the longer progression-free survival (PFS) observed in studies. The ran-
domized studies above only included grade 1 or 2 FL; therefore, there
is limited data regarding the use of bendamustine for grade 3A FL. For
patients with grade 3A FL, the choice of regimen should be made based
on the clinical behavior of a patient’s disease. We typically use R-CHOP
for aggressive grade 3A disease, but R-bendamustine could be considered
for patients whose disease is not behaving aggressively. Patients with
grade 3B FL should be treated similarly to patients with diffuse large
B-cell lymphoma (DLBCL; see Chapter 9). R-CVP can be considered for
elderly patients or patients with co-morbidities, although we typically

use R-bendamustine for these patients.

Maintenance rituximab

Maintenance rituximab after certain combined chemoimmunotherapy reg-
imens has been shown to prolong progression-free survival in patients with
advanced stage FL [26,27]. In the PRIMA trial, patients with advanced
stage grade 1-3A FL were treated with rituximab plus either CHOP, CVP,
or fludarabine, cyclophosphamide, and mitoxantrone (FCM), followed
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by either observation or rituximab maintenance (375mg/m? every 2
months for a total of 2 years) in patients with at least a partial response
to induction therapy. Rituximab maintenance prolonged progression-free
survival and improved the depth of responses, but had no impact on OS
and was associated with more adverse events, particularly infections
(Figure 5.7). Despite this moderate increase in toxicity, the side effects
were not severe, and they did not seem to have an impact on quality of
life, or result in discontinuation of treatment [27]. Therefore, we typi-
cally recommend the use of rituximab maintenance (375mg/m? every 2
months for 2 years, starting 8 weeks after the completion of induction) in
patients who respond to first-line R-CHOP, R-CVP, or R-FCM. Rituximab
maintenance has not been studied after upfront R-bendamustine therapy,
and we do not routinely advocate its use in this setting. Studies are cur-
rently underway examining the role of rituximab maintenance after
R-bendamustine induction therapy.

Surveillance following completion of treatment
Following the completion of upfront therapy for limited or advanced stage
FL, patients should have routine surveillance visits, including history and

physical examination, laboratory assessment with complete blood count,

— Rituximab maintenance

——— Observation

0.8 o

0.6 -

04

Event-free rate

02 H

HR 0.55 (95% Cl 0.44-0.68) p<0.0001

Numbers at risk Time (months)

Rituximab 505 472 445 423 404 307 207 84 17 0
Observation 513 469 415 367 334 247 161 70 16 0

Figure 5.7 Progression-free survival in PRIMA study: rituximab maintenance versus
observation after chemoimmunotherapy. Data from [27].
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chemistry panel, and LDH. We typically see patients every 3 months in
the first 2 years and then every 3—6 months for patients who remain in
remission/response. The role of imaging surveillance following initial
treatment for FL is not well studied — we typically perform CT scans every
6 months for the first 2 years and then continue expectant management
thereafter. Positron emission tomography (PET) scans should be used
if there is concern for transformation to DLBCL and are generally not
used in routine surveillance [16].

In the case mentioned above, the patient received six cycles of rituximab
with bendamustine chemotherapy with a complete remission (CR) at the
end of treatment, after which she was subsequently observed.

Treatment of relapsed or refractory follicular
lymphoma

Although a proportion of limited stage FL patients are cured with upfront
therapy, some limited stage FL patients and the great majority of advanced
stage FL patients will either have relapse after an initial response/remis-
sion or a minority of patients will have refractory disease. Progression of
disease within 2 years of initial chemoimmunotherapy appears to be a par-
ticularly poor prognostic sign, with a 5-year OS of 50% observed in these
patients compared with 90% in patients with >2-year PFS [28]. The choice
of regimen in patients with relapsed FL who require therapy depends on
the duration of initial response and the type of initial treatment used.
The best treatment option for patients with relapsed FL who require
therapy is a well-designed clinical trial. Patients with relapsed disease
who are asymptomatic and have a low tumor burden can be observed
similar to newly diagnosed, advanced stage FL patients. Typically, patients
treated with single-agent rituximab who had durable responses can be
re-treated with rituximab alone - the response rates are in the 40-60%
range [21,29]. Patients with a short remission duration after rituximab
alone or patients who relapse after first-line chemoimmunotherapy are
generally treated with an alternative non-crossresistant regimen. For
patients who receive upfront R-CHOP, we typically use R-bendamustine,
and vice versa. Other options can include fludarabine-based regimens

or salvage regimens used for more aggressive lymphomas. Patients with
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refractory disease to upfront therapy should be considered for clinical
trials. If no clinical trial is available or a patient is not a trial candidate,
then patients with refractory disease should be treated with an alternative

chemoimmunotherapy regimen than was initially utilized (Figure 5.8).

Novel targeted agents for relapsed or refractory follicular
lymphoma

Improved understanding of the molecular pathogenesis of lymphoma has
led to the development of novel targeted agents that have demonstrated
efficacy in the treatment of FL. Novel agents approved for treatment of
recurrent FL include: radioimmunotherapy with 90Y ibritumomab tiux-
etan, lenalidomide plus rituximab, or idelalisib (Table 5.3). Ibritumomab
tiuxetan is composed of anti-CD20 antibody (ibritumomab) linked with
a chelator (tiuxetan) that is radiolabeled with 90Yttrium with the goal
of delivering radiation directly to the site(s) of lymphoma involvement.

Relapsed or refractory
follicular lymphoma

If low risk and durable
response to prior
rituximab alone

Most patients

1. Clinical trial NOTHEREIE] Rituximab alone

progression
2. R-CHOP or R-bendamustine +/- maintenance
(depending on upfront tx) /
3. Lenalidomide+rituximab
4. Idelalisib (failed 2 lines)

Relapse or refractory

CR/excellent PR

Relapse

Autologous stem cell Clinical trial or alternate

transplantation regimen 2-4 above

|

Allogeneic stem cell
transplantation

Figure 5.8 City of Hope standard of care treatment algorithm for relapsed or refractory
follicular lymphoma. R-CHOP, Rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisolone.
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Response rates range from 60-80% and the main toxicity is prolonged
cytopenias that usually occur 1-2 months after treatment and typically
resolve within a month of the nadir [35]. Idelalisib is a is an oral inhibitor
of phosphoinositide 3'-kinase delta (PI3K5), which is FDA-approved for
patients with relapsed FL who have received at least two prior therapies.
A 57% ORR was observed in a Phase II study of idelalisib in patients
with relapsed indolent NHL, although few CRs were seen (6%) [30].
Hepatotoxicity and gastrointestinal toxicities are the main adverse events
observed with therapy. Lenalidomide is an immunomodulatory thalido-
mide derivative with anti-lymphoma activity, which resulted in an ORR
of 76% (39% CR) when combined with rituximab, compared with a 53%
ORR (20% CR) when used alone for patients with relapsed FL. The median
time to progression was 2 years for lenalidomide plus rituximab [33].
Patients treated with lenalidomide are at risk for thrombotic events, and
aspirin or prophylactic anticoagulation should be considered, particularly
for patients at high risk for thrombosis. Lenalidomide plus rituximab is
becoming more widely used and is a reasonable second-line regimen in
patients with relapsed or refractory disease after initial therapy.

In the case study, within 2 years of completing treatment, the patient
developed recurrent symptoms with enlarging lymphadenopathy. The patient
received six cycles of R-CHOP and again achieved CR at the end of treatment.

Hematopoietic stem cell transplantation for
follicular ymphoma

Aside from some patients with limited stage disease, the majority of
patients with FL will relapse after initial treatment with a variable duration
of response. Subsequent treatments typically lead to shorter remissions.
HSCT, including both autologous stem cell transplantation (ASCT) and
allogeneic HSCT, can be utilized in patients with relapsed or refractory
disease to prolong remission duration and potentially provide durable
responses and cures. Consolidative ASCT after upfront therapy prolongs
PFS but does not confer OS benefit, and, therefore, is not recommended
[36,37]. However, ASCT as consolidation in first relapse after response
to chemotherapy prolongs PFS and potentially OS. Multiple retrospec-
tive studies and a prospective randomized study have demonstrated
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improved PFS and OS in patients with relapsed or refractory FL who
received ASCT after responding to post-relapse salvage therapy com-
pared with no ASCT (58-93% 5-year OS for ASCT versus 33-70% for no
ASCT) [38-41]. Patients who undergo ASCT in second remission appear
to have improved survival compared with patients who are transplanted
beyond second remission (Figure 5.9) [42].

Although some of these retrospective studies included patients who
received prior rituximab, it is important to note that the randomized CUP
trial was conducted in the pre-rituximab era, and therefore, it is unclear
whether the results are applicable to the current era [40]. However, ret-
rospective studies have shown similar OS benefit of ASCT in relapsed
or refractory FL patients that have received prior rituximab [39,41]. In
patients with a long response duration after initial therapy (eg, >5 years),
the use of second line therapy without consolidative ASCT is a reasonable
choice if a patient remains chemosensitive. However, in patients with
a short remission duration after initial therapy, consolidative ASCT in
second remission should be offered and is preferable to ASCT later in
the patient’s disease course.

1.0 4
4 X2=5.72
Pr>x?=0.02
0.7 4
IS
©
>
S 054
=
(%]
0.2 4
— CY+TBI \ L
SBH control group
T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Time (years)

Figure 5.9 Overall survival of relapsed or refractory FL patients treated with ASCT versus
chemotherapy alone. CY, cyclophosphamide; SBH, St Bartholomew's Hospital; TBI, total-body
irradiation. Data from [42].
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Allogeneic stem cell transplantation for follicular ymphoma
Allogeneic HSCT is a potentially curative procedure in patients with
FL, and can be considered in selected relapsed or refractory FL patients
whose disease remains sensitive to treatment. Initial studies of allogeneic
HSCT in NHL using myeloablative conditioning were associated with
high rates of transplant-related mortality (TRM) due to graft-versus-
host disease, infections, and other complications. Reduced intensity or
non-myeloablative (RIC/NMA) conditioning prior to allogeneic HSCT is
associated with lower TRM at the expense of increased relapse risk [43],
and thus has expanded the use of the procedure to older and frail FL
patients. The optimal conditioning regimen for FL patients is unclear, but
studies of fludarabine paired with either non-ablative doses of busulfan,
cyclophosphamide, melphalan, or bendamustine (+/- rituximab or alem-
tuzumab) have produced 2-5-year PFS and OS in the range of 43-88%
and 52-85%, respectively [44—-47]. Studies comparing ASCT and RIC/
NMA allogeneic HSCT have shown similar OS but higher TRM and lower
relapse risk with the allogeneic approach [48,49]. Despite the curative
potential of allogeneic HSCT, we typically reserve the procedure until
later in a patient’s disease course given the expected long-term survival
in FL patients and the relatively high TRM associated with the alloge-
neic HSCT. We do recommend RIC/NMA allogeneic HSCT for relapsed
or refractory FL patients who are young, have relapsed after ASCT, have
relapsed or refractory transformed FL, or patients with multiply relapsed
FL with diminishing available treatment options.

The patient in the case subsequently underwent high-dose chemotherapy
with BEAM followed by autologous HSCT. Two years after her transplant, the
patient again developed enlarging cervical and axillary lymphadenopathy.
Biopsy again confirmed recurrent FL, grade 3A. As the patient had already
received R-bendamustine and R-CHOP, she was treated with lenalidomide
and rituximab with an excellent partial response. The patient had a human
leukocyte antigen (HLA)-matched sibling and subsequently underwent RIC
allogeneic transplantation, and remains in continued CR 4 years later.
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Transformed follicular lymphoma

One of the main threats to patients with FL is transformation to a more
aggressive lymphoma, typically DLBCL. Transformation typically occurs
at a rate of 2-3% per year, and in 10-20% of patients total at 10 years
[50,51]. Patients with transformation to DLBCL are typically treated with
regimens used for DLBCL. Outcomes for patients with transformed FL
after consolidative ASCT appear similar to patients with de novo DLBCL
[52]. We treat therapy-naive transformed FL with R-CHOP similar to
DLBCL without subsequent ASCT, but for patients who have chemosensi-
tive transformed FL after previous treatment for FL, we typically perform
consolidative ASCT in eligible patients. Allogeneic HSCT has been studied
in patients with transformed FL, and can be considered in patients who
have received prior ASCT or who are chemorefractory but whose disease
is controlled with radioimmunotherapy, novel agents, or RT.

Novel agents under development and future directions
Several novel agents are under development for the treatment of FL,
including immune therapies and tyrosine kinase inhibitors. Monoclonal
antibodies directed against the immune checkpoint, programmed death-1
(PD-1) receptor or its ligand, PD-L1, have demonstrated activity as single
agents (ORR 38%) or in combination with rituximab (ORR 66%) in
patients with relapsed or refractory FL [53,54]. Idiotype vaccine therapy
is a promising approach that produces anti-tumor responses and pro-
longs PFS as consolidation after initial therapy [55,56]. Bruton’s tyrosine
kinase inhibitors (eg, ibrutinib) [57], antibody-drug conjugates directed
against B-cell antigens (eg, polatuzumab vedotin) [58], novel anti-CD20
antibodies [59], and later generation PI3K inhibitors are among the many
therapies under development for FL.

Case conclusion

This patient presented with asymptomatic low tumor-burden disease and
was initially observed. She developed symptomatic and progressive disease
and was treated with first-line chemoimmunotherapy but relapsed within
2 years of completing treatment, a poor prognostic sign. The patient was
able to enter into remission with second-line therapy, and received an
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autologous stem cell transplantation in CR2, the optimal timing for autolo-
gous transplantation in FL patients. Because of the relapse after high-dose
chemotherapy, the patient was treated with a novel agent (lenalidomide and
rituximab) rather than additional chemotherapy and then subsequently
underwent allogeneic stem cell transplantation in their third remission.
This case demonstrates the occasionally more aggressive course that is
observed with FL, and the potential for novel agents to achieve remissions
in chemorefractory patients. This case also highlights the curative potential

of allogeneic transplantation for FL.
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Chapter 6

Lymphoplasmacytic lymphoma
in the era of next generation
sequencing

Michelle Afkhami, Tanya Siddiqi, and Steven T Rosen

Case presentation

A 72-year-old Caucasian male was referred to City of Hope in 2015 due to
fatigue, malaise, a 12 pound unintentional weight loss over 4 months, and
mild normochromic normocytic anemia along with mild thrombocytope-
nia. His past medical history was significant for an episode of hemolytic
anemia and splenomegaly in 2008, which at the time was thought to be due
to chronic lymphocytic leukemia (CLL). He was treated with cyclophospha-
mide, rituximab, and prednisone for eight cycles and achieved a remission
although his course was complicated by the development of renal failure
resulting in chronic kidney disease. His original bone marrow biopsy was

reviewed at City of Hope and a new biopsy was also performed.

Lymphoplasmacytic lymphoma

Lymphoplasmacytic lymphoma (LPL) accounts for approximately 1.5-5%
of B-cell lymphoproliferative disorders characterized by a spectrum of
small B cells, plasmacytoid lymphocytes, and plasma cells. Plasmacytic
differentiation may occur in almost all small B-cell lymphomas therefore
the diagnosis of LPL can be difficult. Recently, molecular mutational diag-
nostic approaches, especially next generation sequencing, have helped
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refine the diagnostic criteria for LPL. The utility of molecular testing is
not only for diagnosis but can be applied to risk stratification and treat-
ment planning of B-cell lymphomas including LPL. Lymphoplasmacytic
lymphoma primarily involves the bone marrow, with less frequent involve-
ment of spleen, lymph nodes, and other tissue sites. Cases with mainly
nodal presentation are rarely encountered [1-4].

Work up, diagnosis, and treatment

At the time of initial examination in our clinic, the patient had fatigue,
malaise, anorexia, and splenomegaly measuring 2-3 cm below the left
subcostal margin. No palpable lymphadenopathy was noted. Laboratory
data revealed a normal white blood cell (WBC) count of 5.2 K/uL with a
low hemoglobin of 11.3 G/dL (mean corpuscle volume [MCV] 87.9 fL, mean
corpuscular hemoglobin concentration [MCHC] 32.7 G/dL), and platelet
count of 125 K/uL. Liver functions were normal but lactate dehydrogenase
(LDH) was mildly elevated at 677 (reference range 313-618 U/L). Creatinine
was at his baseline of 2.25 (reference range 0.7-1.3 mg/dL). His serum free
light chains showed a kappa of 17.4 (reference range 3.3-19.4 mg/dL) and
lambda 2.59 (reference range 0.57-2.63 mg/dL) with a kappa to lambda
ratio of 6.72. His serum IgM level was 674 (reference range 38-271 mg/
dL), IgG 981 (reference range 700-1600 mg/dL), and IgA <30 (reference
range 70-400 mg/dL). Direct Coombs test and haptoglobin were normal.
Computed tomography (CT) imaging of his chest/abdomen/pelvic revealed
hepatomegaly and mild splenomegaly. Review of the initial 2008 bone
marrow demonstrated a markedly hypercellular bone marrow composed
of small B cells with admixed plasma cells. Immunohistochemical stains
revealed a population of IgM-/kappa-positive plasma cells infiltrating the
bone marrow. The medium-sized lymphocytes in the background were
positive for CD20, however the small lymphocytes in the background were
negative for CD5 and CD23. This phenotype of the B-cell infiltrate was
atypical for CLL and more consistent with involvement by LPL. A bone
marrow biopsy was repeated at City of Hope and revealed a hypercellular
bone marrow (>95%) infiltrated by a lymphoplasmacytic cell population.
Immunohistochemical studies demonstrated a monoclonal plasmacytic

infiltrate staining with IgM and kappa light chain (about 10%). These
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findings were again consistent with LPL. To confirm this diagnosis, and for
risk assessment stratification of the disease process, MYD88 and CXCR4
mutational analysis were performed on the clot section. The molecular
testing results were positive for the MYD88 mutation (p.L265P, ¢.794T>C)
as well as the CXCR4 mutation (p.S338%, ¢.1013G>C). Ibrutinib, a selec-
tive oral Bruton's tyrosine kinase (BTK) inhibitor, was initiated at 420 mg
daily on 04/01/15 and the patient achieved a hematological remission in
three months with normalization of all blood counts. His IgM nadir during
this period was 480 mg/dL and his B symptoms had resolved completely.

Clinical and pathologic diagnosis of
lymphoplasmacytic lymphoma

The most frequent symptoms of LPL include weakness, fatigue, and gin-
gival bleeding due to hyperviscosity, and associated impeded flow that
can also cause visual impairment, and in some cases even blindness and
neurologic problems such as headaches or deafness. The other common
clinical presentations are anemia, hepatosplenomegaly, and lymphad-
enopathy. Most patients are 60 years of age or older, however patients
with familial predisposition might present at a younger age [5-8]. LPL is
typically but not always associated with an IgM gammopathy. The clini-
cal syndrome of Waldenstrom’s macroglobulinemia (WM) is currently
defined as LPL with an associated monoclonal IgM (balanced H or L
chains production) protein of any level [1-3]. Most of the cases have been
reported to show kappa restriction (>75%). Other small B-cell lymphomas
with plasmacytic differentiation such as marginal zone lymphomas or
CLL/small lymphocytic lymphoma (SLL) are occasionally associated with
IgM paraprotein production as well. In addition, symptomatic WM-like
features have been described in association with non-IgM (ie, IgG or
IgA) gammopathy [1-4,9]. The pattern of bone marrow infiltration
may be diffuse, interstitial, or nodular and is usually intertrabecular.
Morphologically the infiltrate in LPL is more monotonous than that in
nodal marginal zone lymphoma, with intact and often dilated sinuses.
Furthermore, numerous Mott cells with cytoplasmic inclusions are present
and the surrounding cells show plasmacytoid features with plasmacytoid

lymphocytes most conspicuous adjacent to the sinuses. B-cell proliferation
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may resemble CLL/SLL but there is plasma cell differentiation with com-
monly seen Russel and Dutcher’s bodies. While Dutcher’s bodies (visible
cytoplasmic inclusions) are more common in LPL than nodal marginal
zone lymphoma, they can be seen in either disease. Increased mast cells
and amyloidosis are also reported [2-4,9-12].

Phenotypic marker profiling by immunohistochemistry studies dem-
onstrates the small B lymphocytes in LPL expressing pan B-cell antigens
(CD19, CD20, CD22, CD79a, and PAX5) with monotypic surface light-
chain restriction. Unlike other subtypes of B-cell lymphoma, there is no
specific phenotypically distinct marker profile for LPL. A diagnosis of LPL
should not be dismissed in the immunophenotype setting of CD5 or CD23
co-positivity [4,9-11]. Rare examples of LPL with CD10 co-expression are
also recognized [6]. In tissue sections, light-chain restriction is usually
easily demonstrated in both small lymphocytes and associated plasma
cells by immunohistochemistry. The plasma cell component can also
be highlighted using antibodies recognizing CD138 or MUM-1 (IRF4)
proteins. The majority of LPLs are clearly IgM-positive by heavy chain
immunoperoxidase. Recent flow cytometric studies have noted that LPL-
associated plasma cells are CD19+, in contradistinction to the plasma
cells of multiple myeloma [4,9,11].

Molecular diagnostic features in the era of next
generation sequencing
Early genetic associations attributed the presence of a deletion of the long
arm of chromosome 6 (6q-) as one of the most common abnormalities in
LPL (40% to 60% of cases) with comparable frequency in patients with
or without a familial history [5-8,12-16]. In a recent study by Hunter
et al [17] whole exome sequencing of 30 WM cases revealed gene losses
involved PRDM2 (93%), BTG1 (87%), HIVEP2 (77%), MKLN1 (77%),
PLEKHGI (70%), LYN (60%), ARIDIB (50%), and FOXP1 (37%). Losses in
PLEKHGI, HIVEP2, ARID1B, and BCLAF1 constituted the most common
deletions within chromosome 6.

Trisomy of chromosome 4 has also been reported in a subset of
LPL patients [16]. Cytogenetics findings are relatively nonspecific as a
tumor marker in LPL/WM, however IgH rearrangement might be used
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to clarify the diagnosis of WM from suspected cases of IgM myeloma as
14932 translocations are a predominant feature of IgM myeloma and
are typically absent in WM.

Recent whole-genome sequencing studies revealed diagnostic break-
throughs in LPL (WM) by revealing a somatic mutation of MYD88 in
approximately 90-95% of the WM patients [18—-45]. The most common
variation is a leucine to proline substitution in codon 265 (L265P,
€.794T>C), an evolutionarily invariant residue in the hydrophobic core
of the Toll/IL1 receptor (TIR) domain of MYD88. The L265P-activating
mutation triggers interleukin-1 receptor-associated kinase (IRAK) and
Bruton’s tyrosine kinase (BTK) that in turn activate nuclear factor-kB
(NF-kB) and MAPK signalling pathways. Four IRAK genes exist in the
human genome: IRAK1, IRAK2, IRAK3, and IRAK4. TLR/ILIR signalling
is achieved through differential recruitment of adaptor molecules such
as MyD88. These adaptors function in the subsequent recruitment and
activation of IRAK family kinases, which end up activating NF-kB pathway.

Although the MYD88 L265P alteration might be considered the
hallmark of LPL, it can be seen in other B-cell lymphomas. Mutational
analysis of primary central nervous system lymphoma (PCNSL) cases in
one study reported a MYD88 mutation in about 38% of PCNSL [25]. A few
recent studies reported that about 40% of cases with activated B-cell-like
diffuse large B-cell lymphoma (ABC-DLBCL) harbor the MYD88 L265P
mutation and a few other rare variations of MYD88. Three of these rare
mutations were in the TIR domain (S219C, M232T, and S243N) and
two variants (P141T and QI143L) were located between the death and
TIR domains [23,24,43]. However, MYD88 L265P represents almost the
sole MYD88 mutation in LPL/WM and in 50-60% of patients with the
IgM-type monoclonal gammopathy of undetermined significance, which
may precede WM. ABC-DLBCL cell lines with L265P MyD88 mutations
reported to exhibit RNAi-mediated knockdown of MyD88, IRAK4, or IRAK1
eliminated NF-kB activation and induced rapid apoptosis. Thus, in this
context, sustained MyD88-IRAK signaling is necessary for ABC-DLBCL
pathogenesis and tumor cell survival. The MYD88 L265P mutation has
been also reported in (15%) of splenic marginal zone lymphoma cases
(SMZL). The mutation was absent from nodal marginal zone lymphoma,
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extranodal mucosa-associated lymphoid tissue (MALT), [6,21,31] and
myeloma, including samples from patients with IgM secreting myeloma
[35,36,39]. Thus, detection of this mutation is valuable for the differential
diagnosis of WM/LPL from these low-grade B-cell neoplasms [24-26].

The other common somatic variants reported in LPL are the AT-rich
interactive domain 1A gene (ARID1A) alterations. In one study the whole
genome sequencing of 30 cases of WM (LPL) revealed that 17% of patients
had a mutation in ARIDIA, including three single-nucleotide variants
leading to premature protein truncation (R173, Q547, and Q934), and
two frameshift changes (a deletion at position 27057944 and an insertion
at position 27107136 in chromosome 1). Patients with both ARIDIA and
MYD88 L265P mutations, as compared with patients who did not have
ARIDIA mutations, had greater involvement of bone marrow disease, a
lower hematocrit, and a lower platelet count [13].

Recently, warts, hypogammaglobulinaemia, infections, and mye-
lokathexis (WHIM) syndrome-like mutations in CXCR4 have been
described in 28-36% of LPL cases, which involve the carboxyl terminus
(C-terminus), the similar location to those observed in the germline of
patients with WHIM syndrome, a congenital immunodeficiency disorder
characterized by chronic noncyclic neutropenia. This is the first somatic
mutation in CXCR4 described in any human cancer and seems to have an
impact on the clinical presentation and response to therapy of the BTK
inhibitors, such as ibrutinib [13,46-49,50]. Patients with MYD88 and
CXCR4 mutations have important differences in disease presentation for
patients with WM, including bone marrow (BM) disease burden, presence
of extramedullary disease, serum IgM levels, symptomatic status at diag-
nosis including presentation with hyperviscosity syndrome, and overall
survival (OS). These cases showed a higher extent of BM infiltration and
lower leukocyte, hemoglobin, and platelet counts [46—49]. These find-
ings are reliable and useful for subtyping small B-cell lymphomas (SBLs)
including WM/LPL in BM biopsies and provide a personalized approach
to risk stratification and potential therapy for WM/LPL cases [14-49].
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Treatment of primary and previously treated
disease

Asymptomatic patients are typically observed and therapy is reserved
for symptoms associated with disease progression such as fatigue, cyto-
penias, hyperviscosity, cold agglutinemia, cryoglobulinemia, moderate
to severe or advancing paraprotein-related peripheral neuropathy, or
extramedullary disease including central nervous system (Bing-Neel
syndrome) involvement [13,51]. Treatment initiation should not be
based on serum IgM levels per se, although at higher serum IgM levels
(>4000 mg/dL), empiric treatment may be appropriate to prevent
hyperviscosity-related injury.

For frontline management per the 2014 consensus panels of the
International Workshop on WM (IWWM-7), rituximab alone or rituxi-
mab combination regimens remain a recommended primary therapy for
most patients with WM. Rituximab alone yields an overall response rate
(ORR) of 25-40% when given weekly for 4 weeks and 40-60% when
this 4 week course is repeated at 3 months [52-54]. The reported median
progression free survival (mPFS) of this regimen is 1629 months. As
per the previous recommendations (IWWM-4) dexamethasone, rituxi-
mab and cyclophosphamide (DRC) remains a primary consideration for
therapy as well with an ORR of 80-90% and mPFS of 3 years [55,56].
However, combinations such as rituximab, cyclophosphamide, doxoru-
bicin, vincristine, and prednisone (R-CHOP) are no longer considered
a first-line choice due to poorer tolerance and lower mPFS (29 months)
compared with bendamustine-rituximab (BR, mPFS 69 months), which
has emerged as a primary treatment option especially for patients with
high tumor bulk or extramedullary disease [57,58]. In the current rec-
ommendations, the combination of bortezomib (or carflizomib) and
rituximab with or without dexamethasone may also be considered a
primary option for patients with specific high-risk features like hyper-
viscosity or in younger patients for whom avoidance of alkylator therapy
is a concern. Fludarabine-based combinations are not recommended for
primary therapy but remain an option for patients with relapsed/refrac-
tory disease with adequate performance status. In patients who may be

candidates for single agent oral therapy, oral fludarabine (if available)
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is recommended over chlorambucil [51,57,59-61]. Of note, rituximab
intolerance is common in WM and a switch to ofatumumab may be needed.

Plasmapheresis should be performed for patients with symptomatic
hyperviscosity and before treatment with a rituximab-containing regimen
in patients with IgM>4000 mg/dL as the occurrence of an IgM flare
(defined as a =25% increase above the baseline level) is quite common
after rituximab therapy in WM patients, with an about 40-50% occurrence
rate when rituximab is used as monotherapy. IgM should be monitored
closely in these patients thereafter and plasmapheresis should be con-
sidered again if symptomatic hyperviscosity occurs or if [gM>4000 mg/
dL while on rituximab-containing therapy [51,60,61].

If complete or partial response is achieved with a rituximab-based
regimen and the patient is asymptomatic, close monitoring is recom-
mended. Maintenance rituximab given every 2 months for 2 years can
prolong survival [62] although prospective confirmation of this is still
ongoing [63]. For patients with short remissions (<12 months) or with
progressive disease/resistance to a first-line regimen, second-line treat-
ment should include agents of a different class, either alone or in com-
bination. For the patient with a recurrence of disease more than 12
months later, the previous treatment regimen or alternative therapy may
be used. In select patients autologous or allogeneic transplantation is a
consideration (Figure 6.1) [61]. Adoptive cellular immunotherapy with
CD19-specific chimeric antigen receptor (CAR)-T cell therapy is being
investigated in WM as well.

Targeted therapies directed against MYD88 and/or CXCR4 signal-
ing are emerging as a personalized treatment approach to WM/LPL.
IRAK 1 and IRAK 4 as well as BTK all signal for MYD88 L265P and BTK
is activated by CXCR4 [13,18,61,65,66]. Inhibitors to IRAK are in clini-
cal development whereas the BTK inhibitor ibrutinib has already shown
impressive activity in relapsed and refractory WM patients [48,65,67]. In
a recent study by Treon et al, 63 patients with relapsed/refractory WM
were treated with ibrutinib 420 mg orally daily. An ORR of 90.5% (73%
major response rate, MRR) and an estimated 2-year PFS of 69.1% with
an estimated 2-year OS of 95.2% was observed. Major responses were
highest in MYD88 L265P-mutated and CXCR4 wild-type patients (n=34;
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ORR 100%, MRR 91.2%) while those patients with mutated MYD88/

21, ORR

mutated CXCR4 were less likely to respond to ibrutinib (n

85.7%, MRR 61.9%) and those with wild-type MYD88/wild type CXCR4

7, ORR 71.4%, MRR 28.6%). Ibrutinib was
, with some events of neutropenia and throm-

had the lowest responses (n

generally well-tolerated

bocytopenia in heavily pre-treated patients especially. Based on these

results ibrutinib was approved for the treatment of patients with WM in

2015 both in the US and Europe.
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Preclinical studies have also shown that WM cells engineered to
express the S338X CXCR4 NS mutation show resistance to the suppressive
effects of ibrutinib on AKT and extracellular signal-regulated kinase 1/2
signaling. In vitro, this could be restored by use of the CXCR4-specific
inhibitor plerixafor [65]. Taken together, these studies highlight the
importance of understanding both MYD88 and CXCR4 mutation status
in WM and may provide the basis for a more personalized treatment
approach, including the use of relevant inhibitors for MYD88-mutated
patients and the use of CXCR4 inhibitors in CXCR4-mutated WM patients.
In addition to plerixafor, several other antagonists to CXCR4 have been
developed and are in clinical trials [47,48,65,68].

Prognosis and conclusions

In this era of next generation sequencing, novel molecular changes have
been identified in WM, an incurable indolent NHL, and further investi-
gations are bringing even more related changes to light thereby provid-
ing the basis of targeted therapeutics in this disease. Novel monoclonal
antibodies as well as inhibitors of BTK, PI3K delta, MYD88, CXCR4,
IRAK1/4, BCL2, CD27/CD70 and proteosomes are being investigated in
clinical trials in search of durable remissions, and potential cures are
being sought using CAR-T cell therapy and, in appropriate candidates,
allogeneic hematopoietic cell transplantation. Our primary approach to
therapy in this disease is to recommend clinical trials with novel agents
if available.
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Chapter 7

Mantle cell lymphoma
Elizabeth Budde

Case presentation

Mr HK is a 67-year-old Caucasian man with a past medical history of
hypertension. He presented to his primary care physician’s office in June
2014 with 3 months’ history of fever, fatigue, and an enlarged cervical
lymph node. Excisional biopsy of the cervical lymph node reviewed find-
ings consistent with mantle cell lymphoma. The specific immunophenotype
of abnormal cells was CD19+, CD20+, cyclin D1+, CD10-, and CD23-.
Cytogenetics and fluorescence in situ hybridization (FISH) studies showed
the presence of t(11;14)(q13;q32) translocation and IgH-CCND]I fusion.
He was determined to have stage IVB disease based on the results from
staging studies including enhanced body computed tomography (CT) scan,
positron emission tomography (PET) scan, bone marrow evaluation, and
blood work. His simplified mantle cell lymphoma International Prognostic
Index (MIPI) score was 3.

Disease overview

Mantle cell lymphoma (MCL) is a rare B-cell non-Hodgkin lymphoma
(NHL). It was classified as a distinct lymphoma subtype in 1992. The
incidence is approximately 5000 cases per year, representing about 4-7%
of all new cases of NHL in the US [1]. It generally affects older adults
with the median age at diagnosis of 68 years and is male predominant
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with a male to female ratio of 2:1. It is incurable with conventional

chemotherapy. The median overall survival is between 4 to 5 years [2].

Clinical presentation

Patients generally have stage III/IV disease at diagnosis and present
with extensive lymphadenopathy, blood and bone marrow involvement,
and sometimes splenomegaly. Gastrointestinal involvement is common
and seen in 15-30% of MCL patients. Other extranodal sites for MCL
involvement include the skin, lacrimal glands, and central nervous
system. Most patients have an aggressive disease course without imme-
diate anti-lymphoma treatment. A minority of MCL patients (10-15%)
with the leukemic variant can have an indolent course and typically
present with disease in the bone marrow, blood, and spleen without
nodal involvement.

Diagnosis and staging
The pathologic diagnosis is made by histologic examination in combination
with immunohistochemistry and cytogenetic/FISH analysis on a biopsy
of a lymph node, tissue, bone marrow, or blood. There are 4 histologic
subtypes: small cell, mantle zone, diffuse, and the blastoid variant.
Typical MCL cells have an immunophenotype of CD5+, CD20+,
CD43+, CD23+/—, cyclin D1+, and CD10+/-. Some cases of MCL may be
CD5- or CD23+. Most cases harbor a reciprocal chromosomal transloca-
tion t(11:14)(q12;32), leading to aberrant expression of cyclin D1. There
are rare cases of cyclin D1- MCL (<5%), which may have overexpression
of cyclin D2 or cyclin D3 instead. Recently, overexpression of SOX 11 has
been found to be present in majority of MCL cells and represents a useful
marker in aiding MCL diagnosis [3]. Staging procedures should include:
1. acomplete physical examination and B symptom documentation;
2. complete blood count, comprehensive metabolic panel, a lactic
dehydrogenase (LDH), uric acid, hepatitis viral panel, and human
immunodeficiency virus (HIV) 1/2 serology;
3. bone marrow evaluation;
4. enhanced body CT with contrast;
5. fluorodeoxyglucose (FDG)-PET/CT;
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6. endoscopy/colonoscopy in patients with clinical gastrointestinal
symptoms; and

7. lumbar puncture in patients with central nervous system
(CNS) symptoms.

Prognosis

The MIPI, established by the European MCL Network [4], has been vali-
dated by several groups to separate MCL patients into three risk categories:
low risk with the median overall survival (OS) not reached (5-year OS
60%), intermediate risk with a median OS of 51 months, and high risk with
a median OS of 29 months. Four independent prognostic factors for OS are
used to calculate the score including age, Eastern Cooperative Oncology
Group (ECOG) performance status, LDH, and white blood count at diag-
nosis. For practical matter, a simplified modification of the MIPI has also
been developed, which has high concordance to the original MIPI score.
Each of the four aforementioned factors is assigned a value between O to
3 points. Table 7.1 summarizes the simplified MIPI (sMIPI) calculation.
Additionally, high Ki-67 proliferation index also correlates with a worse
clinical outcome [5,6]. Using 30% cut-off determined by a standardized
immunohistochemistry staining, a higher Ki-67 proliferation index was
associated with shorter OS. Use of a modified combination of binary Ki-67
index (30% cut-off) and MIPI (termed combined MIPI (MIPI-c)) strati-
fied patients into four risk groups. However, the generalization of its use
for routine clinical practice requires further validation. Gene expression
profiling or molecular signature for MCL is still at the exploratory phase
and their use is not indicated for clinical application at the moment.

Points Age (years) ECOGPS Ratio of LDH/ WBC (x 10°/L)
ULN

0 <50 0-1 <0.67 <6.700

1 50-59 - 0.67-0.99 <6.700-9.999

2 60-69 2-4 1.00-1.49 10.000-14.999

3 =70 >1.50 >15.000

Table 7.1 Simplified MIPI (sMIPI) score calculation. Low risk, 0-3 points; intermediate risk,
4-5 points; high risk, 6-11 points. ECOG, Eastern Cooperative Oncology Group; LDH, lactate
dehydrogenase; PS, performance status; ULN, upper limit of normal; WBC, white blood cell count.
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Frontline treatment

Whenever possible, clinical trial should be the first choice for all patients
as there is no standard of care for patients with newly diagnosed MCL.
Several regimens have shown marked activity in clinical trials with
CR rates up to 70% although none is curative. A risk-adapted approach
is commonly used to decide on a specific treatment regimen based on
factors such as a patient’s age, performance status, comorbidities, organ
function, and transplant eligibility. Early consolidation therapy using
high-dose therapy (HDT)/autologous stem cell transplantation (ASCT)
has been used as a common strategy to prolong duration of remission
and progression-free survival (PFS) [7]. Figure 7.1 summarizes the City
of Hope preferred MCL frontline treatment pathway.

Patients with initial clinical presentation consistent with leukemic
variant type MCL, can be often managed with the dynamic watch and
wait approach [8]. However, the majority of patients would have a more
aggressive course requiring anti-lymphoma treatment. Two randomized
Phase III trials (StiL. and BRIGHT) compared treatment with bendamustine

Age < 65 - R-Maxi-CHOP/R-HiDAC+ HDT/ASCT
& transplant - R-CHOP/R-DHAP + HDT/ASCT
eligible - BR+HDT/ASCT

Leukemic
variant*

Yes

|

Observation - BR +/- R maintenance
- VcR-CAP +/- R maintenance
-RCHOP + R maintenance

- Modified R-Hyper-CVAD
-R + lenalidomide

* Selected cases: asymptomatic patients with non-blastoid MCL cells in
blood, marrow and spleen without nodal involvement.

Figure 7.1 City of Hope untreated mantle cell lymphoma frontline therapy pathway. ASCT,
autologous stem cell transplantation; BR, bendamustine and rituximab; R-CHOP, rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisone; R-HiDAC, rituximab and high-
dose cytarabine; R-HyperCVAD, rituximab, hyperfractionated cyclophosphamide, vincristine,
doxorubicin, and dexamethasone.
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and rituximab (BR) versus rituximab, cyclophosphamide, doxorubicin
hydrochloride, vincristine, and prednisolone (R-CHOP) as first-line
induction therapy in patients with indolent or mantle cell lymphoma.
For the MCL subgroup analysis, both studies reported similar overall
response rate (ORR) in both arms. The complete response rate (CR) was
significantly higher in the BR arm: 40% versus 30%, and 50% versus
27%, respectively. A longer PFS (35.4 months) in the BR arm than the
R-CHOP arm (22.1 months) was also observed in the StiL study. These
together with its well-tolerated toxicity profile have made BR the preferred
choice of induction regimen for patients older than 65 years of age. It is
also reasonable to offer this treatment to transplant-eligible patients as
induction therapy followed by consolidation therapy using HDT/ASCT.
Cytarabine-containing regimens such as R-CHOP/rituximab, dexametha-
sone, cytarabine, and cisplatin (R-DHAP) [9] and the Nordic regimen
(R-Maxi-CHOP alternating with R and high-dose cytarabine) [10] fol-
lowed by HDT/ASCT consolidation have shown robust activity for young
(<65 years of age) and otherwise fit patients. The CR rates were 54% and
57%, respectively, and median event-free survival (EFS) was 84 months
and 7.4 years, respectively. In addition, the rituximab, cyclophosphamide,
vincristine, doxorubicin, and dexamethasone (R-HyperCVAD) [11-13]
regimen was tested in a few studies with CR rate ranging between 55%
to 72%, although specific attention needs to be paid to its toxicity profiles
and its use should be limited to young and fit patients. Given the concern
of potential marrow toxicity and the negative impact on stem cell mobi-
lization and collection, this regimen is not one of the preferred regimens
at our center for patients who are transplant-eligible.

For transplant-ineligible patients, VR-CAP regimen (bortezomib in
place of vincristine in the R-CHOP regimen) is a valid option. In a Phase I1I
randomized study [14], treatment with VR-CAP led to a superior CR rate
of 48% and prolonged median PFS of 24.7 months in comparison to that
of R-CHOP (41% CR and 14.4 months of median PFS). For medically unfit
patients, lenalidomide and rituximab may also provide promising disease
control. In a single center Phase II study, this combination led to a CR of
64% and a 2-year PFS of 85% in 35 enrolled patients [15]. It is worth noting
that in this regimen rituximab maintenance was given every 8 weeks until
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disease progression. Using rituximab as maintenance therapy following
other induction therapies has also been tested [16,17]. In a Phase III study
conducted by the European MCL network, responders who were older than
60 years of age and HDT-/ASCT-ineligible had an impressive 4-year OS
rate of 87% after R-CHOP induction followed by rituximab maintenance
[16]. Therefore, for patients who are not medically fit or not a candidate for
HDT/ASCT, rituximab maintenance after induction may prolong survival

with acceptable toxicities and is strongly recommended.

Management of relapsed/refractory mantle cell
lymphoma

At relapse, treatment selection should be based on patient’s age, co-
morbidities, fitness condition, and goal of care. Clinical trials should
be considered as the first choice for all patients. Figure 7.2 depicts the
preferred treatment pathway for patients with relapsed or refractory
MCL at City of Hope.

Many chemotherapy-based regimens have some activity in relapsed
or refractory MCL including rituximab ifosfamide, carboplatin, and
etoposide (RICE), BR, and fludarabine-based regimens. A Phase II study
[18] of bendamustine in combination with rituximab resulted in an
ORR of 92% and CR rate of 42% in a subgroup analysis of patients with
relapsed or refractory MCL (n=12). In a Phase III study, BR led to an
ORR of 83.5% and CR rate of 38.5% in a subgroup analysis of 41 patients

- Chemo-based
-RICE
-R-GemOx

-alloHCT if eligible
-ASCT

—— Response? Yes — .
P - Observation

Non-chemo-based

- Bortezomib +/- R

- Lenalidomide +/- R

- Ibrutinib +/- R

‘R - Palliative care (XRT, etc)
- Best supportive care

Figure 7.2 City of Hope mantle cell lymphoma relapsed/refractory therapy pathway. alloHCT,
allogeneic hematopoietic cell transplantation; ASCT, autologous stem cell transplantation; R-GemOx,
rituximab, gemicitabine, oxaliplatin; RICE, rituximab, ifosphamide, carboplatin, and etoposide.
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with recurrent MCL. Median PFS was 30 months [19]. However, with
the increasing use of BR in the frontline setting, it is expected to be less
efficacious in the recurrent MCL setting. The activity associated with
other traditional chemotherapy-based salvage treatment is unfortunately
limited. It remains a challenge to achieve high CR rate and durable remis-
sion. Hence, novel biologics have been tested in this setting. Currently,
there are three biologics that have received United States (US) food and
Drug Administration (FDA) approval as monotherapy for relapsed MCL
including bortezomib, lenalidomide, and ibrutinib (Table 7.2). Ibrutinib
is also approved for this indication in Europe.

Bortezomib is a proteinase inhibitor and the first US FDA-approved
biologic for patients with relapsed or refractory MCL after failure of at
least one prior therapy. As a single agent, it induced an ORR of 33% and
CR rate of 8% in the pivotal Phase Il PINNACLE trial with 141 evaluable
patients that led to its approval [20]. The median duration of response
was 9 months. Median time to progression was 6 months. Bortezomib
in combination with rituximab was tested in a small 14 patient Phase II
study with an ORR of 29% with all responders achieving a CR, suggesting
promising activity [21].

Lenalidomide is an imunodulating agent. As a monotherapy it was
tested in two Phase II studies before FDA approved it for patients with
MCL who had failed bortezomib. The observed ORR was 35% (12% CR/
CRuw)in a Phase II study with 54 patients [22] and 28% (7.5% CR/CRu)
in a larger Phase II study with 134 patients [23]. In the latter study, the

Regimen N Phase ORR% CR % Median Median
(evaluable) PFS DOR
(months)  (months)
Bortezomib 155 Il 32 8 6 9
Bortezomib+R 14 I 29 29 2 -
Lenalidomide 134 I 28 8 4 16.6
Lenalidomide+R 52 I 57 36 11 19
Ibrutinib 111 Il 68 21 14 17.5
Ibrutinib+R 50 Il 88 44 - -

Table 7.2 Activity of United States FDA-approved biologics in mantle cell lymphoma
treatment. CR, complete response; DOR, duration of treatment; FDA, Food and Drug
Administration; ORR, overall response; PFS, progression-free survival.
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median duration of response was 16.6 months and median PFS was 4
months. Promising results have been observed in a Phase II study testing
lenalidomide and rituximab combination in 52 evaluable patients [24].
The ORR was 57% with 36% CR in the Phase II portion. Median duration
of response was 19 months. Median PFS was 11 months.

Ibrutinib is a Bruton tyrosine kinase (BTK) inhibitor and is approved in
US and Europe for the treatment of patients with MCL who have received
at least one prior therapy. In a study of 111 evaluable MCL patients,
ibrutinib led to an ORR of 68% and CR rate of 21% [25]. The median
duration of response was 17.5 months and median PFS was 14 months.
There were no differences in response rate between bortezomib-naive
or bortezomib-refractory patients. In a recent Phase II study, ibrutinib
in combination with rituximab led to an impressive 88% ORR with 44%
CR rate in patients with recurrent MCL [26].

Patients who respond to salvage regimen treatment and are trans-
plant-eligible, are strongly encouraged to move on to ASCT to maximize
the chance of cure. HDT/ASCT might be a choice in a subset of patients
if a donor is not available and the patient has not had an autologous
transplant [27].

Case conclusion

In the case presented at the start of this chapter the patient underwent
treatment with bendamustine and rituximab for a total of six cycles.
CT scan after two cycles demonstrated a partial response. PET/CT scan
after six cycles showed a complete resolution of hypermetabolic activity.
Bone marrow study demonstrated absence of any lymphoma cells. He was
deemed to achieve a complete response. His autologous peripheral blood
stem cells were subsequently mobilized and collected after priming with
cyclophosphamide and granulocyte-colony stimulating factor (G-CSF). Two
months later, he received high-dose therapy using the BEAM preparative
regimen followed by autologous stem cell infusion. Rituximab maintenance
was started 4 months after autologous stem cell transplantation. He has

remained in complete remission.



MANTLE CELL LYMPHOMA - 121

References

1

12

13

14

15

16

17

18

[No authors listed]. A clinical evaluation of the International Lymphoma Study Group
classification of non-Hodgkin's lymphoma. The Non-Hodgkin's Lymphoma Classification
Project. Blood. 1997;89:3909-3918.

Herrmann A, Hoster E, Zwingers T, et al. Inprovement of overall survival in advanced stage
mantle cell lymphoma. J Clin Oncol. 2009;27;511-518.

FernandezV, Salamero O, Espinet B, et al. Genomic and gene expression profiling defines
indolent forms of mantle cell ymphoma. Cancer Res. 2010;70;1408-1418.

Hoster E, Dreyling M, Klapper W, et al. A new prognostic index (MIPI) for patients with
advanced-stage mantle cell ymphoma. Blood. 2008;111;558-565.

Geisler CH, Kolstad A, Laurell A, et al. The Mantle Cell Lymphoma International Prognostic
Index (MIPI) is superior to the International Prognostic Index (IPI) in predicting survival
following intensive first-line immunochemotherapy and autologous stem cell transplantation
(ASCT). Blood. 2010;115:1530-1533.

Hoster E, Rosenwald A, Berger F, et al. Prognostic value of Ki-67 index, cytology, and growth
pattern in mantle-cell lymphoma: results from randomized trials of the European Mantle Cell
Lymphoma Network.J Clin Oncol. 2016;34:1386-1394

Dreyling M, Lenz G, Hoster E, et al. Early consolidation by myeloablative radiochemotherapy
followed by autologous stem cell transplantation in first remission significantly prolongs
progression-free survival in mantle-cell ymphoma: results of a prospective randomized trial
of the European MCL Network. Blood. 2005;105;2677-2684.

Martin P, Chadburn A, Christos P, et al. Outcome of deferred initial therapy in mantle-cell
lymphoma. J Clin Oncol. 2009;27;1209-1213.

Delarue R, Haioun C, Ribrag V, et al. CHOP and DHAP plus rituximab followed by autologous
stem cell transplantation in mantle cell ymphoma: a phase 2 study from the Groupe d’Etude
des Lymphomes de I'Adulte. Blood. 2013;121:48-53.

Geisler CH, Kolstad A, Laurell A, et al. Long-term progression-free survival of mantle cell
lymphoma after intensive front-line immunochemotherapy with in vivo-purged stem cell
rescue: a nonrandomized phase 2 multicenter study by the Nordic Lymphoma Group. Blood.
2008;112;2687-2693.

Bernstein SH, Epner E, Unger JM, et al. A phase Il multicenter trial of hyperCVAD MTX/Ara-C
and rituximab in patients with previously untreated mantle cell lymphoma; SWOG 0213.Ann
Oncol. 2013;24:1587-1593.

Merli F, Luminari S, llariucci F, et al. Rituximab plus HyperCVAD alternating with high dose
cytarabine and methotrexate for the initial treatment of patients with mantle cell lymphoma,
a multicentre trial from Gruppo Italiano Studio Linfomi. BrJ Haematol. 2012;156;346-353.
Romaguera JE, Fayad L, Rodriguez MA, et al. High rate of durable remissions after treatment
of newly diagnosed aggressive mantle-cell lymphoma with rituximab plus hyper-CVAD
alternating with rituximab plus high-dose methotrexate and cytarabine. J Clin Oncol.
2005;23:7013-7023.

RobakT, Huang H, Jin J, et al. Bortezomib-based therapy for newly diagnosed mantle-cell
lymphoma. N EnglJMed. 2015;372:944-953.

Ruan J, Martin P, Shah B, et al. Lenalidomide plus rituximab as initial treatment for mantle-cell
lymphoma. N EnglJ Med. 2015;373:1835-1844.

Kluin-Nelemans HC, Hoster E, Hermine O, et al. Treatment of older patients with mantle-cell
lymphoma. N EnglJMed. 2012;367;520-531.

Kenkre VP, Long WL, Eickhoff JC, et al. Maintenance rituximab following induction chemo-
immunotherapy for mantle cell ymphoma: long-term follow-up of a pilot study from the
Wisconsin Oncology Network. Leuk Lymphoma. 2011;52;1675-1680.

Robinson KS, Williams ME, van der Jagt RH, et al. Phase Il multicenter study of bendamustine
plus rituximab in patients with relapsed indolent B-cell and mantle cell non-Hodgkin’s
lymphoma. J Clin Oncol. 2008;26;4473-4479.



122 « MANAGEMENT OF LYMPHOMAS: A CASE-BASED APPROACH

19

2

o

2

-

2

N

23

24

25

26

2

~N

Rummel M, Kaiser U, Balser C, et al. Bendamustine plus rituximab versus fludarabine plus
rituximab for patients with relapsed indolent and mantle-cell ymphomas: a multicentre,
randomised, open-label, non-inferiority phase 3 trial. Lancet Oncol. 2016;17:57-66.

Fisher RI, Bernstein SH, Kahl BS, et al. Multicenter phase Il study of bortezomib in patients with
relapsed or refractory mantle cell ymphoma. J Clin Oncol. 2006;24;4867-4874.

Baiocchi RA, Alinari L, Lustberg ME, et al. Phase 2 trial of rituximab and bortezomib in patients
with relapsed or refractory mantle cell and follicular lymphoma. Cancer. 2011;117:2442-2451.
Zinzani PL, Vose JM, Czuczman MS, et al. Long-term follow-up of lenalidomide in relapsed/
refractory mantle cell ymphoma: subset analysis of the NHL-003 study. Ann Oncol.
2103;24:2892-2897.

Goy A, Sinha R, Williams ME, et al. Single-agent lenalidomide in patients with mantle-cell
lymphoma who relapsed or progressed after or were refractory to bortezomib: phase Il
MCL-001 (EMERGE) study. J Clin Oncol. 2013;31:3688-3695.

Wang M, Fayad L, Wagner-Bartak N, et al. Lenalidomide in combination with rituximab for
patients with relapsed or refractory mantle-cell ymphoma: a phase 1/2 clinical trial. Lancet
Oncol.2012;13;716-723.

Wang ML, Rule S, Martin P, et al. Targeting BTK with ibrutinib in relapsed or refractory mantle-
celllymphoma. N EnglJ Med. 2013;369;507-516.

Wang ML, Lee H, Chuang H, et al. Ibrutinib in combination with rituximab in relapsed or
refractory mantle cell ymphoma: a single-centre, open-label, phase 2 trial. Lancet Oncol.
2016;17;48-56.

Cassaday RD, Guthrie KA, Budde EL, et al. Specific features identify patients with relapsed

or refractory mantle cell lymphoma benefitting from autologous hematopoietic cell
transplantation. Biol Blood Marrow Transplant. 2013;19:1403-1406.



Chapter 8

Burkitt lymphoma

Auayporn Nademanee

Case presentation

The patient is a 61-year-old female with a past history of hypertension
who presented with a few days’ history of severe abdominal pain and
nausea/vomiting. Abdominal X-ray showed partial small bowel obstruc-
tion. Computed tomography scan showed thickened cecal wall and bilat-
eral adnexal masses. She underwent exploratory laparotomy with partial
colectomy, total abdominal hysterectomy, bilateral salphingo-oophorectomy,
omentectomy, and colostomy. Pathology showed an omental mass measured
32 x 14 cm, right adnexa mass 7 x 3.5 cm, left adnexa mass 7.5 x 3.5 cm,
and a mass in the small bowel 3.5 cm. All the specimens were high-grade
B-cell lymphoma. There was a diffuse infiltrate of monomorphic medium-
sized lymphoid cells with high mitotic activity and ‘starry-sky’ pattern.
Immunohistochemical studies were positive for CD20, CD43, CD10, and
kappa light chain restriction. Ki-67 was 100%. Fluorescence in situ hybridi-
zation (FISH) analysis was positive for MYC and IGH translocation. A
diagnosis of Burkitt lymphoma was made and she was transferred to us for
further treatment. Laboratory tests were notable for white count 21,500/
cm, hemoglobin 8.9 gm/dl, lactate dehydrogenase (LDH) 2467 (normal
313-618) U/L, and uric acid 9 mg/dl. Bone marrow biopsy showed exten-

sive involvement (80%). Lumbar puncture was negative.
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Introduction

Burkitt lymphoma (BL) is a highly aggressive B-cell non-Hodgkin lym-
phoma (NHL) that frequently presents with extranodal involvement and
rarely as leukemia. There are three clinical variants: endemic, sporadic,
and immunodeficiency-associated. Endemic BL, which is uniformly
Epstein-Barer virus (EBV)-positive, is highly prevalent with approximately
three to six cases per 100,000 children per year in equatorial Africa.
Sporadic BL is rare, accounting for 30% of pediatric lymphomas and
1-2% of adult NHLs in the United State and Europe. It is more common
in young individuals and the median age of occurrence in adults is 30
years of age. Imnmunodeficiency-associated BL is prevalent among patients
with human immunodeficiency virus (HIV) infection regardless of the

CD4 count. In general, treatment is similar in all three clinical forms [1].

Pathology

BL is characterized by deregulation of the gene encoding MYC as a
result of a chromosomal translocation involving the MYC gene locus on
chromosome eight and the immunoglobulin heavy chain (IgH) locus on
chromosome 14, t(8;14).

Biopsies of BL show complete effacement by sheets of atypical
lymphocytes, which are medium-sized and highly monomorphic with
round nuclei, multiple prominent nucleoli, and basophilic cytoplasm.
Interspersed among these lymphocytes are benign histiocytes that are
large and irregular shaped and have ingested apoptotic tumor debris,
which gives the classic ‘starry-sky’ appearance. The proliferative index
as measured by Ki-67 is closed to 100%. BL cells are positive for IgM
surface immunoglobulin and surface light chains (k>A), B-cell-associated
antigens CD19, CD20, CD22, and PAXS5, and are also positive for germinal
center-associated antigens CD10 and BCL6. They are negative for CD5,
BCL-2, TdT, and CD23. MYC gene rearrangement is detected in 95% of
BL with 80% of cases harboring a t(8;14) at 14q32 breakpoint. Fifteen
percent and 5% of cases demonstrate translocation involving either the
k light chain gene on chromosome 2, t(2;8) or the A light chain gene on
chromosome 22, t(8;22), respectively. Five percent of BL do not harbor
a MYC gene rearrangement [2].
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Differential diagnosis

The distinction between BL and diffuse large B-cell lymphoma (DLBCL)
is important as treatment with rituximab, cyclophosphamide, vincristine,
adriamycin, and prednisone (R-CHOP) is not appropriate for patients with
BL who may be cured with intensified chemotherapy regimens including
intrathecal or central nervous system (CNS) prophylaxis. The histopathol-
ogy and immunohistochemical profile of BL is distinct from DLBCL and
B-cell lymphoma unclassifiable between BL and DLBCL (see Table 8.1).

Clinical presentation

Patients with BL typically present with rapidly enlarging masses and
evidence of spontaneous tumor lysis syndrome (TLS) and high serum
LDH levels. Sporadic BL typically present with abdominal involvement
both nodal and extranodal sites including bowel, ovary, ascites, and
pleural effusion as well as pharyngeal and sinus involvement. Bone
marrow and central nervous system (CNS) involvement occurs in 30%

and 15%, respectively [3].

Morphology

Immunophenotype

MYCtranslocation

Non/G partnerin MYC
translocation

BCL-2 translocation
BCL-6 translocation
Simple karyotype

Complex karyotype

DLBCL

Variable, ranging
from medium-

sized to large,
pleiomorphic nuclei
with alarge
morphological range

BCL-2,CD10, BCL-6,
MUM-1 highly variable
Ki-67 30->95%

5-15%
40%

20-30%
30%
Rarely

Generally

Gray zone

BL-morphology with
or without large cells

BCL-2 often strong,
CD10 mostly +, BCL-6
mostly +, MUM-1
variable

Ki-67 50->95%

80%
40%

45%
9%
Rarely

Generally

BL

Cohesive, starry-sky,
medium-sized, round
nuclei with multiple
small nucleoli

BCL-2-,CD10+,
BCL-6 +, MUM-1
variable

Ki-67 >95%

90-100%

None

No
No
Typical
No

Table 8.1 Diagnostic features of diffuse large B-cell ymphoma (DLBCL), Burkitt lymphoma
(BL) and B-cell lymphoma unclassifiable with features intermediate between DLBCL and BL
(‘gray zone’').
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Initial evaluation

The following steps should be taken when a patient presents with

symptoms of BL:

1. Pathologic diagnosis should be confirmed by an experienced
hematopathologist expert in lymphoma, given the overlap between
BL and other aggressive DLBCL as treatment and prognosis differ.

2. Laboratory evaluation includes complete blood count with
differential, comprehensive metabolic panel including LDH and uric
acid, and human immune deficiency virus (HIV) and hepatitis panel.

3. Radiologic evaluation includes computed tomography (CT) scan of
neck, chest, abdomen and pelvis. In addition, if clinical condition
permits, a positron emission tomography (PET) scan should be done.

4. Bone marrow aspiration and biopsy and cytogenetic study.

5. Lumbar puncture and cerebral spinal fluid (CSF) for cytology, and
flow cytometry, often with administration of intrathecal therapy.

6. Cardiac evaluation with either echocardiogram or multigated
acquisition (MUGA) scan.

7. Men and women of child-bearing potential should be counseled for
potential effect of treatment on their fertility and if time permits
consider sperm banking for men. Options for women are limited

due to urgent need for treatment.

Treatment
The patient presented above had recent surgery, high tumor burden and
marked elevated LDH level. She was given rusburicase, cyclophosphamide,
and prednisone. Once recovered, she received rituximab, cyclophosphamide,
vincristine doxorubicin, and methotrexate (R-CODOX-M)/ ifosfamide, cyta-
rabine, and etoposide (IVAC) for two cycles each along with IT chemotherapy.
She has achieved complete remission and has remained in remission now
for 4 years. Her treatment highlights the management approach for patients
with Burkitt lymphoma, which will be discussed below.
The following steps are recommended when treatment is initiated
for patients with BL:
1. Prevention and treatment of tumor lysis syndrome (TLS). Start
allopurinol, IV fluid, and alkalinization. If there is evidence of
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spontaneous TLS with elevated LDH level, hyperuricemia, and

hyperphosphatemia, rusburicase should be given prior to initiation

of chemotherapy.

2. The optimal initial therapy has not been clearly defined but there
are several intensive regimens that demonstrate excellent activity
in BL. The choices of regimens are dependent on the patient age,
patients’ physical conditions, and co-morbidity as well as the
physician/center experiences and preferences. However, it is
critical that a more intensive regimen, not R-CHOP, is given along
with CNS prophylaxis. There are three common regimens used at
our center for adults with BL (see Figure 8.1). The regimens and
dosing schedules are presented at the end of the chapter.

3. The choice of regimens includes:

A. CODOX-M/IVAC was developed by Magrath et al [4]. Patients
with low-risk disease defined as a single mass <10 cm with
normal LDH level or completely resected abdominal disease
received three cycles of CODOX-M. All other patients were
considered high-risk and received two cycles each of CODOX-M
and IVAC. Forty-nine patients including 20 adults, with a

Induction chemotherapy

Low-risk Old, frail patients High-risk
young/old Patients with young patients
patients comorbidty
CODOX-M + rituximab x 3 cycles R-CODOX-M/IVAC x 2 cycles each
OR OR
DA-EPOCH-R x 6 cycles (plus It MTX) R-HyperCVAD alternate with
R-HDMTX/ARA-C x 4 cycles each
OR

DA-EPOCH-R x 6 cycles with IT MTX

DA-EPOCH-R x 6 cycles or SC-EPOCH-R-R x 4-6 cycles

Figure 8.1 Standard of care algorithm for the treatment of Burkitt lymphoma at City of Hope.
ARA-C, cytarabine; DA/SC-EPOCH-R, dose-adjusted/short-course etoposide, doxorubicin,
cyclophosphamide, vincristine, prednisone, and rituximab; IVAC, ifosfamide, cytarabine,

and etoposide; R-CODOX-M, rituximab, cyclophosphamide, vincristine doxorubicin, and
methotrexate; R-HDMTYX, rituximab plus high-dose methotrexate; R-HyperCVAD, rituximab,
cyclophosphamide, vincristine, doxorubicin, and dexamethasone.
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median age of 25 years, were treated and the 2-year event-
free survival (EFS) was 92%. The same regimen was used in
52 adult patients, median age 35 years. The 2-year overall
survival (OS) was 82% and 70% in low- and high-risk patients,
respectively. However, CODOX-M/IVAC is toxic with risk of
severe myelosuppression and infection. In a subsequent study,
the dose of methotrexate (MTX) was reduced to 3 gm/m? for
patients <65 years of age and 1 gm/m? for older patients >65
years of age. The dose of cytarabine was also reduced to 1 gm/
m? in older patients. This trial included 11 low-risk and 42
high-risk patients. The 2-year progression-free survival (PFS)
was 85% and 64% for low- and high-risk patients, respectively
[5]. When rituximab was added to CODOX-M/IVAC, there
were fewer relapses and a trend in improved 3-year PES (74%
versus 61%) and 3-year OS (77% versus 66%) [6]. Due to
toxicity of CODOX-M/IVAC, most patients require a prolonged
inpatient hospitalization and blood transfusion support. We
usually recommend rituximab plus CODOX-M/IVAC for young
fit patients with high-risk disease. For patients with low-risk
disease defined as early stage, non-bulky, normal LDH and
good performance status, [ would recommend three cycles of
CODOX-M plus rituximab.

B. Hyper-fractionated cyclophosphamide, vincristine,
doxorubicin and dexamethasone (hyper-CVAD) plus rituximab
[71]: this regimen was developed at MD Anderson. Patients
receive four cycles of hyper-CVAD alternating with four cycles
of MTX and high-dose cytarabine. Rituximab 375 mg/m? was
given on days 1 and 11 of hyper-CVAD and on days 1 and 8 of
MTX and cytarabine course. Thirty-one adults, at a median
of 46 years of age were treated; 29% were =60 years of age.
The CR rate was 86%. The 3-year OS and disease-free survival
(DFS) were 89%, and 88%, respectively. For elderly patients,
the 3-year OS was 89%. Thus this regimen can be used in
both younger and older patients. In addition, CNS prophylaxis
can be achieved with both MTX and high-dose cytarabine
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(HDAC) as they do penetrate blood brain barrier. This
regimen is associated with severe myelosuppression, therefore
prophylactic antibiotic, acyclovir, fluconazole and PCP
prophylaxis with bactrim must be given in addition to growth
factor support. I would use this regimen in young patients
<60 years of age with high-risk disease, stage IV, extranodal
involvement, and CNS involvement.

. Dose-adjusted etoposide, prednisone, vincristine,
cyclophosphamide, and doxorubicin (EPOCH) and rituximab
(DA-EPOCH-R) [8]: this regimen was designed to preserve
efficacy by prolonging infusion of chemotherapy to maximize
the killing activities of lymphoma cells while reducing toxicity.
Etoposide was substituted for MTX and the cycle repeated

every 3 weeks. HIV-negative patients received two cycles after
complete remission (six to eight cycles). A lower-dose short
course combination with a double dose of rituximab (SC-EPOCH-
RR) to reduce toxicity was given in HIV-positive BL patients for
a total of three to six cycles (1 cycle beyond CR). Prophylaxis
intrathecal (IT) MTX 12 mg was administered on days 1 and

5 every 3 weeks beginning in cycle three for eight doses with
DA-EPOCH-R and for six doses with SC-EPOOCH-R. Patients
with evidence of CSF involvement received treatment with IT
MTX 12 mg or 6 mg via Ommaya reservoir twice weekly for 4
weeks, then once weekly for 6 weeks, and then once a month for
4 months. Thirty patients were treated; 19 received DA-EPOCH-R
and 11 received SC-EPOCH-RR. The median age was 33 years;
73% had intermediate risk and only 10% had high-risk. With a
median follow-up of 86 months, the freedom from progression
(FFP) and OS were 95% and 100% with DA-EPOCH-R and
100% and 90%, respectively with SC-EPOCH-RR. Fever and
neutropenia were low and no treatment-related deaths were
recorded. Although the results are excellent, the patients treated
in this study were quite favorable. Nevertheless, this combination
is effective and can be given in the outpatient setting. I

recommend this regimen for older patients who are not able to
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tolerate more intensive regimens and also in younger patients
with low-risk disease.

D. There are other regimens that have proven to be effective.
The German Multicenter Study Group for Adult ALL (GMALL)
adopted a regimen from the pediatric ALL (BFM), B-NHL90
using a pre-phase with cyclophosphamide and prednisone
followed by six alternating cycles A (ifosfamide, teniposide,
vincristine, cytarabine, dexamethasone, and high dose [HD]
MTX) and cycle B (cyclophosphamide, doxorubicin, vincristine,
dexamethasone and high dose HD MTX). Both adult Burkitt-
acute leukemia (B-AL) and BL were included but overall survival
was not improved and there was significant toxicity. In the next
trial GMALL-B-ALL/NHL2002 enrolled 363 patients with B-AL
and BL. Treatment consisted of six 5-day chemotherapy cycles;
rituximab was added before each cycle for a total of 8 doses and
HD MTX doses were reduced [9]. CR rate was 88% and OS and
PFS at 5 yrs were 80% and 71%, respectively. Age >55 years,
high-risk IPI, and male sex predict poor survival. Since some of
the drugs are not available, this regimen is not commonly used
in US. A modified B-NHL 90 was conducted by CALGB with the
addition of rituximab in 105 patients, the CR rate was 82% and
2-year EFS and OS were 74% and 79%, respectively. However,
toxicity was significant with seven therapy-related deaths [10].

Central nervous system prophylaxis

CNS involvement at diagnosis is frequent and there was a high rate of
CNS relapse if no CNS prophylaxis was given. If there is evidence of lep-
tomeningeal involvement at diagnosis, intrathecal chemotherapy should
be given twice a week until the CSF is clear then once a week. We usually
recommend MTX but triple combination consisting of MTX, Ara-C and
hydrocortisone can be given if CSF remains positive. Regimens contain-
ing high-dose MTX/and or HDAC can also provide CNS prophylaxis.
Severe toxicities were reported when liposomal cytarabine was given
in combination with hyper-CVAD but was reported to be feasible with
CODOX-M/IVAC regimen. It is unclear whether liposomal cytarabine
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is better for CNS prophylaxis than conventional IT MTX or cytarabine.
Cranial irradiation is not routinely recommended but may be considered
in selected patients with parenchymal brains lesions if symptomatic.

Stem cell transplantation

Several studies have evaluated the role of autologous stem cell trans-
plant (auto-SCT) during first remission. These studies were done before
the era of rituximab and more intensive regimens outlined above. For
patients who underwent upfront auto-SCT in first CR, the OS of 72% are
comparable to aggressive chemotherapy alone [11]. However, auto-SCT
is recommended in patients who fail to achieve remission or relapse after
induction chemotherapy. Disease status at transplant predicts outcome.
In one study, 3-year OS was 37% for chemo-sensitive relapse and only 7%
for chemo-resistant relapse. There are limited experiences of allogeneic
stem cell transplant for BL but it is usually performed in patients with

persistent bone marrow (BM) involvement or chemo-resistant disease.

Relapse or refractory disease

The prognosis of patients with relapse/refractory disease is extremely poor
as they have already received the most active agents and regimens with
very intensive combination chemotherapy. Patients should be referred to
clinical trials and those with chemo-sensitive disease should be referred
for stem cell transplant evaluation. There is no standard treatment for
relapsed/refractory BL. The choices of salvage chemotherapy are usually
the regimens used for relapsed DLBCL such as EPOCH-R, RICE, R-DHAP,
R-gemcitabine-based regimen, or R-high-dose MTX/cytarabine.

Human immunodeficiency virus-positive Burkitt
lymphoma

Recent studies have shown that patients with HIV-related BL have similar
outcomes when treated with the same intensive chemotherapy regimens
used for HIV-negative BL as demonstrated by DA-EPOCH-R outlined
above. The AIDS malignancy Consortium treated 34 patients (32 high
risk) with HIV-positive BL with modified CODOX-IVAC plus rituximab
[12]. Median CD 4 count was 195 cells/ul and highly active antiretroviral
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therapy (HARRT) therapy was given in 26 patients. The 1-year PFS and
OS was 69% and 72%, respectively. The PATHEMA (Programa espifiol
de Tratamiento en Hematologia) group compared the outcome of 80
HIV-negative with 38 HIV-positive BL patients who were treated with
an intensive chemotherapy regimen (modified B-ALL/NHL2002 called
BURKIMAB) [13]. Patients with non-bulky stage I-II received four cycles,
the remainder received six cycles, and dose modification was done in
patients >55 years of age. There were no significant differences in CR
rate (82% and 87%), 4-year disease-free survival (DFS; 77% versus 3%),
and OS (80% versus 78%).

Special considerations

1. For patients with high white count due to circulating lymphoma
cells, high tumor burden, and elevated LDH level, the first dose of
rituximab should be delayed for at least 3—7 days to minimize the
risk of TLS and infusional reaction.

2. Patients with hyperbilirubinemia due to liver involvement or biliary
obstruction who cannot receive adriamycin or vincristine, we would
recommend using pre-phase cyclophosphamide 200 mg/m? daily x
5 days and prednisone 60 mg/m?/d day 1-5 (GMALL/CALGB) first
then start the planned regimen when liver function improves.

Conclusion

BL is highly aggressive lymphoma which is curable with intensive multi-
agent chemoimmunotherapy with CNS prophylaxis. For young and
fit patients, we favor R-CODOX-M/IVAC as treatment is brief and the
inclusion of HD-MTX and HD-cytarabine also provides excellent CNS
prophylaxis. DA-EPOCH-R can be given in both older patients and younger
patients especially those with low-risk disease. There is no role for auto-
SCT during first remission. Patients with relapsed disease have extremely
poor prognosis and should be referred for clinical trials. The regimens
and dosing schedules discussed earlier in the chapter are now presented
in Tables 8.2-8.5.
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R-CODOX-M (cycles 1 and 3) [14-17]

Rituximab 375 mg/m?1V onday 1

Cyclophosphamide 800 mg/m? 1V on day 1

Cyclophosphamide 200 mg/m? 1V on days 2 through 5

Doxorubicin 40 mg/m? slow IV push on day 1

Vincristine 1.5 mg/m? (maximum 2 mg) IV on days 1 and 8 (cycle 1) and days 1,8,and 15 (cycle 3)
Methotrexate:

Age 65 years or younger: 300 mg/m? IV loading dose over one hour on day 15, followed by 2700
mg/m? 1V infusion administered over the next 23 hours; leucovorin rescue begins 36 hours from
the start of the methotrexate infusion

Age 65 years: 100 mg/m? 1V loading dose over one hour on day 15, followed by 900 mg/m? IV
infusion administered over the next 23 hours; leucovorin rescue begins 36 hours from the start
of the methotrexate infusion

Granucolate colony-stimulating factor begins 24 hours after leucovorin rescue is started and
continues until the absolute neutrophil count is >1000/microL

Intrathecal medications:

Intrathecal cytarabine 70 mg (if >3 years of age) on days 1and 3

Intrathecal methotrexate 12 mg (if >3 years of age) on day 15

Oral leucovorin 15 mg/dose on day 16, 24 hours after intrathecal methotrexate

Enhanced CNS directed therapy for patients with CNS disease at presentation: Cytarabine 70 mg/
dose (if >3 years of age) intrathecal (or 15 mg if via Ommaya reservoir) on day 5 and methotrexate
12 mg (if >3 years of age) intrathecal (or 2 mg if via Ommaya reservoir) on day 17 in cycle 1[15]

R-IVAC (cycles 2 and 4) [14-17]

Rituximab 375 mg/m?IV onday 1

Ifosfamide:

Age 65 years or younger: 1500 mg/m?IV on days 1 through 5 with mesna uroprotection
Age >65 years: 1000 mg/m? IV on days 1 through 5 with mesna uroprotection
Etoposide 60 mg/m? IV on days 1 through 5

Cytarabine:

Age 65 years or younger: 2 g/m? [V every 12 hours on days 1 and 2 (four doses)

Age >65 years: 1 g/m? IV every 12 hours on days 1 and 2 (four doses)

Granulocyte colony-stimulating factor begins 24 hours the completion of IV chemotherapy and
continues until the absolute neutrophil count is >1000/microL

Intrathecal medications:
Intrathecal methotrexate 12 mg (if >3 years of age) on day 5
Oral leucovorin 15 mg on day 6, 24 hours after intrathecal methotrexate

Enhanced CNS directed therapy for patients with CNS disease at presentation: cytarabine 70
mg (if >3 years of age) intrathecal (or 15 if via Ommaya reservoir) on days 7 and 9 in cycle 2 [15]

Table 8.2 R-CODOX-M/IVAC (Magrath) regimen for Burkitt lymphoma. The R-CODOX-M/
IVAC regimen is composed of four cycles, each cycle lasting until the absolute neurophil count
returns to >1000/microL and the platelet count >100,000/microL. Cycles 1 and 3 are R-CODOX-M
and cycles 2 and 4 are R-IVAC. Three cycles of R-CODOX-M are sufficient for patients with

low-risk disease (ie, a single focus of disease <10 cm in diameter and a normal serum lactate
dehydrogenase level). IVAC, ifosfamide, cytarabine, and etoposide; R-CODOX-M, rituximab,
cyclophosphamide, vincristine doxorubicin, and methotrexate. Data from [14-17].
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Regimen A: CODOX-M?
Day 1 2 3 4 5 6 7 8 9 10 11 12 13

Cyclophosphamide X

800mg/m?

Vincristine® X X
1.4 mg/m?

Doxorubicin X
50 mg/m?

Methotrexate X

3gm/m?

Leucovorin X

IT cytarabine 50 mg Xe

G-CSF¢ X X X X X X X X
Regimen B: IVAC

Day 1 2 3 4 5 6 7 8 9 10 11 12 13

Ifosfamide X
1500 mg/m?

Mesna X

Etoposide X X X X

60 mg/m?

Cytarabine X X X X

2gm/m?

IT methotrexate X

12mg

G-CSF X X X X X X X X
9Low-risk patients receive 3 cycles of regimen A (A-A-A). High-risk patients receive 4 alternating cycles

of regimens A and B (A-B-A-B); *Vincristine maximum 2 mg dose; ‘High-risk only ; YANC <1000 on day
12, restart G-CSF; *Cytarabine 2g/m? q 12 hr x 4 doses

Changes from original Magrath regime (all in regimen A)

Change cyclophosphamide from 800 mg/m?d1 and 200 mg/m? d2-5 to 800 mg/m?d 1 and 2 only
Cap vincristine at 2 mg total dose

Increase doxorubicin from 40 mg/m? to 50 mg/m?

Decrease IV methotrexate from 6.7 gm/m? to 3 gm/m?

Decrease IT cytarabine from 70 mg to 50 mg

Table 8.3 Modified Magrath regimen for Burkitt lymphoma. All low-risk patients received

three cycles of regimen A (CODOX-M). High-risk patients received alternating cycles of regimen
Aand B (IVAC) for a total of four cycles (A-B-A-B). G-CSF support was used with all cycles. Several
modifications were made to regimen A (CODOX-M) from the previously reported Magrath regimen.
Cyclophosphamide was changed from 800 mg/m? day 1 followed by 200 mg/m? days 2-5 to 800
mg/m?days 1and 2 to reduce myelosuppression. Vincristine was capped at 2 mg total and the
dose of intracathecal cytarabine was reduced from 70 mg to 50 mg to reduce the incidence of
neurotoxicity. The systemic dose of intravenous methotrexate was decreased from 6720 mg/m? to
3,000 mg/m? to reduce toxicity while maintaining adequate CNS penetration. Doxorubicin dose
was increased from 40 mg/m? to 50 mg/m?. Data from [17].
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DA-EPOCH (dose-adjusted)-rituximab

Rituximab: IV: 375 mg/m? day 1 (total dose/cycle = 375 mg/m?)

Etoposide: IV: 50 mg/m?/day continuous infusion days 1 to 4 (total dose/cycle = 200 mg/m?)

Vincristine: IV: 0.4 mg/m?% day continuous infusion days 1 to 4 (total dose/cycle = 1.6 mg/m?)
Doxorubicin: IV: 10 mg/m?/day continuous infusion days 1 to 4 (total dose/cycle =40 mg/m?)
Cyclophosphamide: IV: 750 mg/m? day 5 (total dose/cycle = 750 mg/m?)

Prednisone: Oral: 60 mg/m?/day (given once daily or in 2 divided doses) days 1 to 5 (some
centers may use 60 mg/m? twice daily days 1 to 5) (total dose/cycle = 300 mg/m? or 600 mg/m?)

DA-EPOCH dose-adjustment
Filgrastim: SubQ: 5 mcg/kg/day beginning day 6; continue until ANC recovery

Repeat cycle every 21 days (for at least 2 cycles beyond best response; minimum of 6 cycles and
maximum of 8 cycles) with etoposide, doxorubicin, and cyclophosphamide dose adjustments
(based on CBC 2 times/week) according to the following schedule:

« Nadir ANC =500/mm?: 20% increase (above previous cycle) for etoposide, doxorubicin, and
cyclophosphamide

« Nadir ANC <500/mm? (on 1 or 2 measurements): Same doses as previous cycle

« Nadir ANC <500/mm? (on =3 measurements): 20% decrease below previous cycle for
etoposide, doxorubicin, and cyclophosphamide (dosing adjustments below starting dose
levels only apply to cyclophosphamide

Table 8.4 DA-EPOCH regimens for Burkitt lymphoma. ANC, absolute neutrophil count;
CBC, complete blood count; DA-EPOCH, dose-adjusted/short course etoposide, doxorubicin,
cyclophosphamide, vincristine, prednisone, and rituximab; IV, intravenous.
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Hyper-CVAD (courses 1, 3,5,and 7)

Cyclophos- [\ 300 mg/m? over 2-3 hrs every 12 hrs for Days 1-3
phamide 6 doses
Mesna v 600 mg/m?/day adminstered as a Days 1-3

continuous infusion starting with
cyclophosphamide and ending 6 hours
after last dose of cyclophosphamide

Vincristine \% 2 mg per day Days4and 11
Doxorubicin vV If LVEF = 50%: 50 mg/m? over 24 hrs Day 4
Dexanethasone PO/IV 40 mg per day Days 1-4and days 11-14

High dose methotrexate plus cytarabine (courses 2, 4, 6, and 8)

Methotrexate \% 200 mg/m? administered over the first Day 1
2 hours then 800 mg/m? administered
over 24 hours (total dose per cycle of 1
gram/m?)

Leucovorin \% 50mg IV 12 hours after end of Day 2
methotrexate; then 15 mg IV
every 6 hours for 8 doses or until
methotrexate level <0.1 micromol/L.
Dose modifications made based upon
methotrexate levels.

Cytarabine vV For patients<60 years old: 3 g/m? Day2and3
administered over 2 hours every 12
hours for 4 doses

For patients >60 years old: 1 g/m?
administered over 2 hours every 12
hours for 4 doses

Rituximab (courses 1, 2, 3, 4)

Rituximab vV 375 mg/m? over 2-6 hours Days 1and 11 of Hyper-
CVAD and days 2 and 8 of
high dose methotrexate
plus cytarabine

CNS prophylaxis: total number of intrathecal treatment varies based upon risk factors*
Methotrexate  IT 12 mg (6 mg if through Ommaya) Day 2 of each cycle
Cytarabine IT 100 mg Day 8 of each cycle

Table 8.5 Rituximab plus hyperfractionated cyclophosphamide, vincristine, doxorubicin,
and dexamethasone (hyper-CVAD) regimen for Burkitt lymphoma . Dose intensive phase: the
dose intensive phase consists of 8 courses of therapy administered at 21-day intervals. The drugs
used in each course alternate such that Hyper-CVAD is used for courses 1, 3, 5,and 7 while high-
dose methotrexate plus cytarabine is given for courses 2, 4, 6, and 8. Details on dose of medication,
prophylactic antibiotics, growth factor support, can be found in the original articles. Data from [18].
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Chapter 9

Diffuse large B-cell lymphoma

Leslie Popplewell

Case presentation

A 56-year-old Chinese-American man previously in excellent health pre-
sented with symptoms of abdominal bloating, ascites, drenching night
sweats, fatigue, and weight loss of 40 pounds over a period of 2 months.
Computed tomography (CT) scan demonstrated several masses in the
liver, up to 10 cm in size. Fluorodeoxyglucose (FDG)-positron emission
tomography (PET)/CT scan also demonstrated intensely FDG-avid uptake
in midline nasopharynx and in nodes at left neck level 1 and left subman-
dibular area, lower posterior mediastinum, upper abdomen, and retro-
peritoneal locations as well as bilateral pleural effusions and moderate
ascites. Biopsy of a representative liver mass was consistent with diffuse
large B-cell lymphoma, not otherwise specified (DLBCL-NOS), which was
positive for CD20, CD10, BCL-6, and Bcl-2 by immunohistochemistry,
consistent with a germinal center B-cell-like (GCB) origin based on the
Hans algorithm. The proliferation index was 30-40% seen with Ki-67
staining. A bone marrow biopsy did not show any evidence of lymphoma
and was otherwise normal. He was given a diagnosis of stage IVB DLBCL,
GCB-subtype. An acute hepatitis panel was suggestive of chronic hepati-
tis B infection confirmed by a positive polymerase chain reaction (PCR)
for hepatitis B.

© Springer International Publishing AG 2017 139
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Pathologic features

DLBCL accounts for about a quarter to one-third of cases of non-Hodgkin
lymphoma (NHL) [1,2]. Median age is 64 years. It is a heterogeneous
group of tumors composed of large B cells growing in sheets. The recent
2016 WHO classification [3] recognizes several types of DLBCL as dis-
tinct clinicopathologic entities as described in Table 9.1. A pathologic
diagnosis needs to include the subtype in the final report.

Gene expression profiling led to the recognition of three different
subtypes of DLBC, NOS: germinal center (GC), activated B-cell-like (ABC),
and the unclassifiable group [4]. A retrospective analysis identified the
5-year overall survival of patients with GC subtype to be 70% versus
only 12% for patients with the ABC subtype highlighting the clinical
differences between entities [5]. All patients were treated with cyclo-
phosphamide, doxorubicin, vincristine, and prednisone (CHOP)-based
regimens. Immunohistochemical categorization of the GCB and non-GCB
subtypes based on expression of CD10, BCL6, and IFR4/MUM1 is the
clinically recognized method to classify these neoplasms, with the Hans

Diffuse large B-cell lymphoma (DLBCL), not otherwise specified (NOS)

« Germinal center B-cell type*
« Activated B-cell type*

T-cell/histiocyte-rich large B-cell ymphoma

Primary DLBCL of the central nervous system

Epstein-Barr virus (EBV)+ DLBCL, NOS*

EBV+ mucocutaneous ulcer*

Primary cutaneous DLBCL, leg type

DLBCL associated with chronic inflammation

ALK+ large B-cell ymphoma

Plasmablastic lymphoma

Primary effusion lymphoma

Human herpes virus 8+ DLBCL, NOS*

Burkitt-like lymphoma with 11q aberration*

High-grade B-cell ymphoma, with MYCand BCL2 and/or BCL6 rearrangements*
High-grade B-cell ymphoma, NOS*

B-cell ymphoma, unclassifiable, with features intermediate between DLBCL and classical
Hodgkin lymphoma

Table 9.1 Diffuse large B-cell ymphoma subtypes based on the 2016 World Health
Organisation classification. * denotes changes from the 2008 classification. Data from [3].
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algorithim being the most common format [6]. Immunohistochemical
categorization is considered an essential component of the pathology
report (Figure 9.1) and it correlates with patient outcomes.

Molecular studies that can evaluate genetic alterations and translo-
cations are becoming increasingly important in DLBCL. Chromosomal
rearrangements of the C-MYC gene (8p24) in conjunction with trans-
locations of BCL-2, usually t(14;18), and/or BCL-6 on chromosome 3,
define a DLBCL subgroup - ‘double-hit’ or ‘triple-hit’ lymphomas — asso-
ciated with an aggressive phenotype, poor prognosis independent of the
International Prognosis Index (IPI), and dismal outcomes with standard
chemoimmunotherapy [7-13]. Concurrent overexpression of the MYC
and BCL-2 proteins in DLBCL cells is associated with a similarly poor
prognosis [14-16].

Some of the distinctive entities of DLBCL include primary DLBCL of
the central nervous system (CNS; discussed in Chapter 14), including

primary mediastinal large B-cell lymphoma — commonly associated with

“ =

| =

Figure 9.1 Algorithm for diagnosing diffuse large B-cell lymphoma based on
histochemical staining. GCB, germinal center B-cell-like. Adapted from © American Society of
Hematology, 2004. All rights reserved. Hans et al [6].
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a clinical syndrome of mediastinal lymphoma in young women (median
age 37), T-cell histiocyte-rich large B-cell lymphoma, intravascular large
B-cell lymphoma, and Epstein-Barr (EBV)-positive DLBCL of the elderly.
Unique treatment approaches are being developed for each of these enti-
ties. High grade lymphomas with MYC and BCL2/BCL6 rearrangements
will be discussed later in this chapter.

Staging and workup

In accordance with the Ann Arbor staging system [17], this patient has
disease both above and below the diaphragm based on imaging studies,
with liver involvement but a negative marrow. An 18 FDG-PET scan is used
to delineate areas of disease involvement, and gives further information
in intensity of uptake of the radiolabeled glucose. Of note, this patient did
have abnormal uptake in the nasopharynx. Occult involvement of the CNS
(5-25%) at diagnosis is more common in patients who have a high lactate
dehydrogenase (LDH) level, more than one extranodal site, or specific site
involvement in the Waldeyer’s ring (including the nasopharynx), testicle,
breast, or kidney involvement confers a high risk of CNS involvement [18].
Therefore, in addition to the staging workup already performed, this patient
should have a lumbar puncture with evaluation of fluid cytology, and even
if negative should have prophylaxis with intrathecal (IT) chemotherapy
(we suggest methotrexate 12 mg IT with each cycle of chemotherapy). Some
advocate the administration of moderate-to-high dose systemic methotrexate

as a superior approach to prevent future CNS involvement [19].

Prognostic factors

The IPI predicts patient outcomes with CHOP-based therapy based upon
the patient's age, performance status (PS), stage, number of extranodal
sites, and LDH level [20]. A revised International Prognostic Index (rIPI)
has also been developed specifically for patients treated with rituximab
plus CHOP chemotherapy (R-CHOP), and is a better predictor of outcome
in patients treated with R-CHOP than the standard IPI [21]. Using this
revised IPI, four-year OS for the very good (IPI=0), good (IPI 1 or 2),
and poor (IPI 3 or more) risk groups is 94, 79, and 55%, respectively.
Remember the acronym ‘APLES’ (apples with one ‘p: age, PS, LDH, Eastern



DIFFUSE LARGE B-CELL LYMPHOMA - 143

Cooperative Oncology Group PS, and extra nodal site). However, the use
of molecular markers in the diagnosis of DLBCL may prove to be a more
reliable predictor of outcomes than clinical factors alone.

Fluorodeoxyglucose-positron emission tomography
The use of FDG-PET scanning to assess for disease staging and response
evaluation has moved into the standard of care as per Cheson’s revised
response criteria [22] — patients are considered in complete remission
(CR) if the FDG-PET shows a normal FDG uptake. Patients with a positive
interim FDG-PET after four cycles of CHOP or R-CHOP were seen to have
a poorer outcome in a study by Haioun et al [23]. Additional cycles of the
same chemotherapy were not sufficient to cure these patients. However,
positive PET findings need confirmation by biopsy as inflammation and
post-chemotherapy changes can lead to false positives. Moskowitz et al
reviewed results of 98 patients with DLBCL treated with four cycles of
R-CHOP14 [24,25]. After four cycles, a PET scan was performed and
patients with negative scans were treated with consolidation with ifos-
famide, carboplatin, and etoposide (ICE) x 3 followed by observation.
Patients with a positive interim PET scan were first biopsied, and if posi-
tive for residual NHL on biopsy, received consolidation B, including ICE
x 2, rituximab plus ICE (R-ICE) x 1, followed by autologous stem cell
transplant (ASCT). Of the patients with a positive interim scan (1=38)
only 5 patients had a positive interim biopsy and received ASCT. Three of
the five patients remained alive and free of disease, while all 33 patients
with positive interim PET and negative biopsy received ICE without ASCT,
and 26 of those patients remain alive without any subsequent relapse.
The negative biopsies found in the PET-positive patients demonstrated

signs of inflammation.

Initial therapy

Multi-agent chemotherapy has been the backbone of therapy for DLBCL.
The CHOP regimen was first introduced in 1990s and remains the main-
stay of systemic therapy, having proven to be more effective than three
other more intensive regimens [26]. The addition of rituximab, a recom-

binant anti-CD20 antibody to chemotherapy, has resulted in a 10-15%
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increase in overall survival as compared with chemotherapy alone [27]
and this difference has been maintained after a follow-up of more than
10 years in clinical trials where patients were randomized to R-CHOP
versus CHOP alone. Using a combination of R-CHOP in 200 patients over
65 years of age, the 10 year OS was reported to be 44%, while patients
younger than 60 years of age had an event-free survival (EFS) of 79%
after 3 years with 93% overall survival (OS) rates at 6 years [28]. Based
on this data, R-CHOP has become the standard regimen for most cases
of DLBCL. The majority of trials use six to eight cycles of therapy given
at an interval of every three weeks. Rituximab therapy does impose a
risk of hepatitis B reactivation among patients positive for hepatitis B
surface antigen (HBsAg) or hepatitis B surface antibody (anti-HBc).
Patients should be screened for evidence of past or present hepatitis B
infection and monitored during therapy, and treated with appropriate
antiviral therapy.

The patient in the case presented above was started on treatment with
CHOP chemotherapy, initially without rituximab due to a finding of hepa-
titis B with positive PCR. His transaminases were normal and the liver
did not appear to be cirrhotic on scan. The patient was put on entecavir
and subsequently rituximab was added to his chemotherapy. The patient
had a total of six cycles of chemotherapy. An interim PET scan after cycle
three showed resolution of all FDG-avid disease. The ascites had almost
completely resolved.

Given the heterogeneity in the diagnosis and prognosis of DLBCL,
newer treatment approaches are being investigated to tailor therapies to
particular subtypes of disease. Already it is clear that the use of R-CHOP in
the ABC subgroup results in a markedly decreased survival as opposed to
the GC subtype. Other regimens that have been tested are discussed below.

The addition of bortezomib to R-CHOP in a 40 patient Phase II trial
resulted in an overall response rate (ORR) of 88% with 75% achieving a
complete response (CR). At a median follow-up of 51 months, two-year
rates of progression-free (PFS) and OS were 64 and 70%, respectively.
The addition of bortezomib was associated with higher than usual rates
of peripheral neuropathy. Of interest, there was no survival difference

observed between patients with GCB or ABC gene expression profiles
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(GEP) suggesting that the inferior outcomes normally seen in patients
with ABC DLBCL may be abrogated with the addition of bortezomib [29].

Two Phase II trials have evaluated the addition of lenalidomide to
R-CHOP. The open-label, single arm, multicenter trial (REALO7) and
another similar study evaluated the use of R-CHOP plus lenalidomide
(R2-CHOP) in patients with previously untreated advanced stage DLBCL
or grade 3b follicular lymphoma. In REALO7, the OR and CR were 92 and
86%, respectively. After a median follow-up of 28 months, the estimated
2-year PFS and OS were 80 and 92%, respectively. Results were similar
among those with GCB and ABC subtypes [30]. In a separate Phase II
trial the ORR was 98% (80% CR). Estimated event-free survival (EFS)
and OS rates at 24 months were 59 and 78%, respectively. EFS rates were
similar for those with GCB and ABC subtypes. Hematologic toxicity was
universal. Three patients developed a second malignancy (acute myeloid
leukemia [AML], glioblastoma, and metastatic colon cancer). Both of
these trials suggest that the addition of lenalidomide appears to mitigate
a negative impact of non-GCB phenotype on patient outcome [31].

Treatment of specific subtypes

For primary mediastinal B-cell lymphoma (PMBCL), R-CHOP followed
by involved field radiation therapy has shown a 3-year EFS of 78% but
there are long-term sequences to chest radiotherapy including second
tumors and the acceleration of atherosclerosis and anthracycline-mediated
cardiac events [32]. Use of dose-escalated rituximab, etoposide, vincris-
tine, anthracycline, and prednisone (R-EPOCH) without involved field
radiation therapy has shown a 5-year OS of 93-100% [33] and is now the
preferred approach for newly diagnosed PMBCL. The treatment of PCNS
lymphoma will be discussed in Chapter 14 in this book. The approach
to double hit (DH) lymphoma will be discussed later in this chapter.

Management of relapsed disease

Approximately 30% of those with newly diagnosed DLBCL will eventu-
ally relapse and another 10% will fail to achieve a state of remission
after initial therapy (refractory disease) [26]. These patients have a poor
prognosis with a life expectancy of 3-4 months if left untreated [34].
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However, it is essential that the patients undergo a diagnostic biopsy to
confirm relapse and then they should be restaged. Bone marrow biopsy
should be performed as well as imaging studies and lumbar puncture in
patients with neurologic-related symptoms. An IPI should be determined
again at relapse [35].

Patients who relapse after first line therapy or fail upfront therapy
should be evaluated for high dose therapy and ASCT but need salvage
chemotherapy prior to transplant in order to demonstrate chemosensitiv-
ity and achieve disease control. Survival benefit with high dose therapy
and ASCT is only demonstrated with chemosensitive disease. Common
salvage regimens include combinations of rituximab with ICE [36],
dexamethasone, high dose cytosine arabinoside, and cisplatin (DHAP)
[37]1, carmustine, etoposide, arabinoside, and melphalan [mini-BEAM],
and gemcitabine-based regimens [38]. The ORR varies between 55 and
70% with CR rates of 25-55%. The CORAL study [39] was the only ran-
domized study to compare two regimens: R-ICE versus R-DHAP. With
long-term follow-up it was established that the GCB subtype appeared to
benefit more from R-DHAP as compared with R-ICE but this difference
was not sustained for the non-GCB subtype. This study also established
that patients relapsing within 12 months after diagnosis but who had
been treated with an upfront rituximab-containing regimen had a poor
prognosis with 3-year survivals of 20%. PET negativity after salvage
therapy is the most important prognostic factor to predict positive out-
comes after ASCT [40]. Patients who fail to achieve an adequate PET
response after salvage therapy should be considered for investigational
agents and targeted therapies, which is discussed later in this chapter. Use
of novel salvage regimens is needed to improve response rates [39,41].

High-dose therapy and autologous stem cell
transplant

Patients with relapsed DLBCL should be evaluated for high dose chemo-
therapy and ASCT if they are found to be responsive to salvage chemo-
therapy and meet criteria for transplantation. The PARMA trial (1995)
established the superiority of high dose therapy followed by ASCT in
chemosensitive patients with relapsed DLBCL as compared with salvage
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therapy alone with ASCT [42]. This was a randomized, multi-center trial
that compared ASCT with consolidation therapy in 215 patients with
chemotherapy-sensitive NHL. All patients had achieved a first remission
with an anthracycline-containing chemotherapy regimen. All patients
received DHAP, with harvesting of autologous bone marrow, followed by
a second cycle of DHAP. Patients were then randomized to 4 more cycles
of DHAP versus ASCT using a BCNU, etoposide, cytarabine, and cyclo-
phosphamide (BEAC)-conditioning regimen. There were no differences
in prognostic factors between the groups. After a median follow-up of 63
months, the response rate was 84% after bone marrow transplantation
versus 44% after conventional therapy. At five years, EFS was 46% in
the transplantation group and 12% in the group receiving chemotherapy
without transplantation (P=0.001), and the OS was 53 and 32%, respec-
tively (P=0.038). Subsequent studies of the PARMA outcomes reported
that patients with a longer initial remission fared better (relapse after
>1 year versus <1 year) with higher response to DHAP x 2 (69 versus
40%) and OS at 8 years of 29 versus 13%, and that survival advantages
were only seen in patients with an IPI of greater than zero at the time of
relapse. In the post-rituximab era, while upfront cure rates have improved,
salvage rates have decreased. The Centers for International Bone Marrow
Transplant Registry (CIBMTR) have reported that amongst the 8373
patients who received an ASCT for DLBCL between 2002 and 2012,
the 3 year probability of survival was 65% +/— 1% and 41% +/- 2% for
patients with chemosensitive and chemoresistant disease, respectively.
Besides chemosensitivity, patients are considered suitable candidates for
ASCT if they have adequate organ function (as assessed by pre-transplant
left ventricular ejection fraction [LVEF], diffuse capacity of the lung for
carbon monoxide [DLCO], 24-hour creatinine clearance, and appropri-
ate social support. It is important to confirm the presence of stem cells
without morphologic or cytogenetic evidence of early myelodysplastic
changes prior to collection of stem cells. Marrow free of involvement
with lymphoma is highly desirable. Post-transplantation maintenance
with immunomodulatory agents such as immune checkpoint inhibitors
is being evaluated in order to improve overall outcomes and decrease

relapses after ASCT.
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Allogeneic stem cell transplantation

The use of allogeneic stem cell transplant in patients with relapsed
DLBCL is limited to patients who relapse after an autologous stem cell
transplant or fail to meet criteria of stem cell collection prior to ASCT.
This approach relies on a graft versus lymphoma effect to provide disease
control but the presumed clinical benefit is offset by the toxicity of an
allogeneic stem cell transplant and its effect on the patient’s quality of
life [43]. Retrospective studies comparing autologous and allogeneic
transplants for DLBCL have found no difference in survival between the
two types of therapy. However, there is an increased risk of relapse with
ASCT but higher non-relapse mortality with the allogeneic approach [44].
Nonetheless, it is offered to patients in transplant centers if the patient
has an appropriate donor and is otherwise transplant-eligible based on
physiologic age and comorbidities. Patients who are transplanted in clini-
cal remission have a better outcome again pointing to a need for more

effective salvage regimens.

New therapeutic targets

Use of molecular techniques and gene expression profiling has led to the
identification of many molecular targets both in the tumor and the micro-
environment including CD22, proteasome inhibition, BCL-2, mechanistic
target of rapamycin (mTOR)/AKT, PKC-B, Syk, Bruton’s tyrosine kinase
(BTK), programmed cell death protein 1 (PD-1) and programmed death-
ligand 1 (PD-L1). Some of these agents have been discussed above as part
of upfront therapy. However, there is now accumulating evidence of the
efficacy of these agents in the relapsed setting as single agents as well
as combination therapies. Most promising are the BTK inhibitors such
as ibrutinib, which has shown a response rate of 37% in patients with
relapsed DLBCL of non-germinal cell type [45]. It is being evaluated in
combination with cytotoxic chemotherapy.

High grade B-cell ymphoma with MYC and BCL2
and/or BCL6 rearrangements

High grade B-cell lymphoma, also known as double hit or double expresser
lymphomas, are now known to have a worse outcome with standard
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therapies [46,47]. Hence all patients with suspected DLBCL should be
tested for MYC, BCL2, and BCL6 rearrangements or protein expression.
The MYC-driven nature also makes these patients more susceptible to
CNS involvement. These patients need to be treated with more aggres-
sive upfront therapies. In a retrospective study, DA-R-EPOCH, rituximab,
cytoxan, vincristine, doxorubicin, dexamethasone/methotrexate, and
high-dose Ara-C (R-hyperCVAD/MA), or rituximab, cyclophosphamide,
doxorubicin, vincristine, methotrexate/ifosfamide, etoposide, high-dose
cytarabine (R-CODOX-M/IVAC) resulted in a higher median PFS (21.6
months versus 7.8 months ) compared with R-CHOP alone [48]. Patients
should be encouraged to enroll in a clinical trial but increasingly the
standard is to administer DA-R-EPOCH with prophylactic CNS-directed
therapy as part of the induction regimen. One approach is to give one
cycle of intrathecal methotrexate with each of the six cycles of systemic
chemotherapy and then give two to four cycles of systemic high dose
methotrexate at the completion of chemotherapy. High dose chemotherapy
and ASCT should be considered in patients who achieve a remission even
though the data for this approach is not clear [48,49].

There is no clear standard for patients in this group who relapse
after upfront therapy. Cuccuini et al indicate that MYC+ DLBCL is not
salvaged by classical R-ICE or R-DHAP followed by BEAM plus ASCT [9].
In a subset of patients in the previously mentioned CORAL study [39],
of 477 patients enrolled in the study 28 patients (17%) were confirmed
to have a MYC rearrangement. Twenty-one of these patients had one or
more concurrent translocations, including either bcl2 and in some cases,
also bcl6. Patients with the DH markers had a 4-year PFS and OS, which
was much lower than those in the MYC-category (18 versus 42%, and
29 versus 62%, respectively). The type of salvage therapy (R-ICE versus
R-DHAP) had no impact on survival. This suggests that other treatment,
including novel therapies and possibly an allogeneic transplant approach,
should be considered in such patients. Outcomes of such an approach
are not yet available. Among the 836 patients who underwent a human
leukocyte antigen (HLA)-matched sibling hematopoietic SCT for DLBCL
from 2002 to 2012, the 3-year probabilities of survival were 50% +/— 2%
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and 23% +/— 3% for patients with chemosensitive and chemoresistant

disease, respectively.

Case conclusion

Two months after completion of cycle six of chemotherapy, the recurrence
of two liver lesions with significant activity was seen on a PET scan as well
as two foci of increased activity in the retroperitoneum corresponding to
retroperitoneal lymphadenopathy. Biopsy of the lymph node confirmed
relapsed disease. The patient underwent salvage chemotherapy and ASCT
after achieving a second remission and remains in remission.

This chapter highlights the increasingly nuanced management of
DLBCL in the current era. The City of Hope standard of care algorithms
for treating DLBCL in the upfront and relapsed setting are included
below in Figure 9.2. In addition, there is a large portfolio of clinical trials
available for patients evaluating the efficacy of novel targeted agents
in various stages and subtypes of disease that will ultimately move the
treatment paradigms of treating DLBCL beyond standard therapies to a
more personalized and precision based approach.

DLBCL
E—
New diagnosis RCHOP
double hit Consider
or PMBCL REPOCH

DLBCL Salvage RICE AUTOSCT
1st relapse x2-3 cycle ’

> Alternative salvage of choice

Poor response to salvage or clinical trial

Figure 9.2 Standard of care algorithms for diffuse large B-cell ymphoma. AutoSCT, autologous
stem cell transplant; DLBCL, diffuse large b-cell ymphoma; R-CHOP, rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone; R-EPOCH, rituximab, etoposide, vincristine, anthracycline,
and prednisone; R-ICE, rituximab, ifosfamide, carboplatin, and etoposide.



DIFFUSE LARGE B-CELL LYMPHOMA - 151

References

1

Y
-

20

Sant M, Allemani C, Tereanu C, et al. Incidence of hematologic malignancies in Europe by
morphologic subtype: results of the HAEMACARE project. Blood. 2010;116:3724-3734.
Morton LM, Wang SS, Devesa SS, Hartge P, Weisenburger DD, Linet MS. Lymphoma incidence
patterns by WHO subtype in the United States, 1992-2001. Blood. 2006;107:265-276.
Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the World Health Organization
classification of lymphoid neoplasms. Blood. 2016;127:2375-2390.

Alizadeh AA, Eisen MB, Davis RE, et al. Distinct types of diffuse large B-cell ymphoma
identified by gene expression profiling. Nature. 2000;403:503-511.

Shipp MA, Ross KN, Tamayo P, et al. Diffuse large B-cell ymphoma outcome prediction by
gene-expression profiling and supervised machine learning. Nat Med. 2002;8:68-74.

Hans CP, Weisenburger DD, Greiner TC, et al. Confirmation of the molecular classification of
diffuse large B-cell ymphoma by immunohistochemistry using a tissue microarray. Blood.
2004;103:275-282.

Aukema SM, Siebert R, Schuuring E, et al. Double-hit B-cell ymphomas. Blood.
2011;117:2319-2331.

Barrans S, Crouch S, Smith A, et al. Rearrangement of MYC is associated with poor prognosis
in patients with diffuse large B-cell ymphoma treated in the era of rituximab. J Clin Oncol.
2010;28:3360-3365.

CuccuiniW, Briere J, Mounier N, et al. MYC+ diffuse large B-cell ymphoma is not salvaged by
classical R-ICE or R-DHAP followed by BEAM plus autologous stem cell transplantation. Blood.
2012;119:4619-4624.

Horn H, Ziepert M, Becher C, et al. MYC status in concert with BCL2 and BCL6 expression
predicts outcome in diffuse large B-cell ymphoma. Blood. 2013;121:2253-2263.

Johnson NA, Savage KJ, Ludkovski O, et al. Lymphomas with concurrent BCL2 and MYC
translocations: the critical factors associated with survival. Blood. 2009;114:2273-2279.
Savage KJ, Johnson NA, Ben-Neriah S, et al. MYC gene rearrangements are associated with a
poor prognosis in diffuse large B-cell ymphoma patients treated with R-CHOP chemotherapy.
Blood. 2009;114:3533-3537.

Snuderl M, Kolman OK, Chen YB, et al. B-cell ymphomas with concurrent IGH-BCL2 and MYC
rearrangements are aggressive neoplasms with clinical and pathologic features distinct from
Burkitt lymphoma and diffuse large B-cell ymphoma. Am J Surg Pathol. 2010;34:327-340.
GreenTM, Young KH, Visco C, et al. Immunohistochemical double-hit score is a strong
predictor of outcome in patients with diffuse large B-cell ymphoma treated with rituximab
plus cyclophosphamide, doxorubicin, vincristine, and prednisone. J Clin Oncol. 2012;30:3460-
3467.

Hu'S, Xu-Monette ZY, Tzankov A, et al. MYC/BCL2 protein coexpression contributes to

the inferior survival of activated B-cell subtype of diffuse large B-cell ymphoma and
demonstrates high-risk gene expression signatures: a report from The International DLBCL
Rituximab-CHOP Consortium Program. Blood. 2013;121:4021-4031; quiz 4250.

Johnson NA, Slack GW, Savage KJ, et al. Concurrent expression of MYC and BCL2 in diffuse
large B-cell ymphoma treated with rituximab plus cyclophosphamide, doxorubicin,
vincristine, and prednisone. J Clin Oncol. 2012;30:3452-3459.

Carbone PP, Kaplan HS, Musshoff K, Smithers DW, Tubiana M. Report of the Committee on
Hodgkin's Disease Staging Classification. Cancer Res. 1971;31:1860-1861.

Fletcher CD, Kahl BS. Central nervous system involvement in diffuse large B-cell lymphoma:
an analysis of risks and prevention strategies in the post-rituximab era. Leuk Lymphoma.
2014;55:2228-2240.

Zahid MF, Khan N, Hashmi SK, Kizilbash SH, Barta SK. Central nervous system prophylaxis in
diffuse large B-cell ymphoma. Eur JHaematol. 2016;97:108-120.

A predictive model for aggressive non-Hodgkin's ymphoma. The International Non-
Hodgkin's Lymphoma Prognostic Factors Project. New Engl J Med. 1993;329:987-994.



152 « MANAGEMENT OF LYMPHOMAS: A CASE-BASED APPROACH

21

2

N

23

24

2

v

2

[}

2

N

2

©

29

3

o

3

-

32

3

w

34

3

w

36

3

~N

Sehn LH, Berry B, Chhanabhai M, et al. The revised International Prognostic Index (R-IPI) is

a better predictor of outcome than the standard IPI for patients with diffuse large B-cell
lymphoma treated with R-CHOP. Blood. 2007;109:1857-1861.

Cheson BD, Fisher RI, Barrington SF, et al. Recommendations for initial evaluation, staging, and
response assessment of Hodgkin and non-Hodgkin lymphoma: the Lugano classification.
JClin Oncol.2014;32(27):3059-3068.

Casasnovas RO, Meignan M, Berriolo-Riedinger A, et al. Early interim PET scans in diffuse large
B-cell ymphoma: can there be consensus about standardized reporting, and can PET scans
guide therapy choices? Curr Hematol Malig Reps. 2012;7:193-199.

Moskowitz CH, Zelenetz A, Schoder H. An update on the role of interim restaging FDG-PET in
patients with diffuse large B-cell lymphoma and Hodgkin lymphoma. J Nat/ Compr Canc Netw.
Mar 2010;8:347-352.

Moskowitz CH, Schoder H, Teruya-Feldstein J, et al. Risk-adapted dose-dense
immunochemotherapy determined by interim FDG-PET in Advanced-stage diffuse large
B-Cell lymphoma. J Clin Oncol. 2010;28:1896-1903.

Fisher RI, Gaynor ER, Dahlberg S, et al. Comparison of a standard regimen (CHOP) with three
intensive chemotherapy regimens for advanced non-Hodgkin's lymphoma. N Engl J Med.
1993;328:1002-1006.

Coiffier B, Thieblemont C,Van Den Neste E, et al. Long-term outcome of patients in the
LNH-98.5 trial, the first randomized study comparing rituximab-CHOP to standard CHOP
chemotherapy in DLBCL patients: a study by the Groupe d'Etudes des Lymphomes de I'Adulte.
Blood. 2010;116:2040-2045.

Schmitz N, Zeynalova S, Glass B, et al. CNS disease in younger patients with aggressive B-cell
lymphoma: an analysis of patients treated on the Mabthera International Trial and trials of the
German High-Grade Non-Hodgkin Lymphoma Study Group. Ann Oncol. 2012;23:1267-1273.
Ruan J, Martin P, Furman RR, et al. Bortezomib plus CHOP-rituximab for previously untreated
diffuse large B-cell ymphoma and mantle cell lymphoma.J Clin Oncol. 2011;29:690-697.
Vitolo U, Chiappella A, Franceschetti S, et al. Lenalidomide plus R-CHOP21 in elderly patients
with untreated diffuse large B-cell ymphoma: results of the REALO7 open-label, multicentre,
phase 2 trial. Lancet Oncology. 2014;15:730-737.

Nowakowski GS, LaPlant B, Habermann TM, et al. Lenalidomide can be safely combined with
R-CHOP (R2CHOP) in the initial chemotherapy for aggressive B-cell ymphomas: phase | study.
Leukemia.2011;25:1877-1881.

Rieger M, Osterborg A, Pettengell R, et al. Primary mediastinal B-cell lymphoma treated with
CHOP-like chemotherapy with or without rituximab: results of the Mabthera International
Trial Group study. Ann Oncol. 2011;22:664-670.

Dunleavy K, Pittaluga S, Maeda LS, et al. Dose-adjusted EPOCH-rituximab therapy in primary
mediastinal B-cell lymphoma. N EnglJMed. 2013;368:1408-1416.

Pfreundschuh M, Trumper L, Osterborg A, et al. CHOP-like chemotherapy plus rituximab
versus CHOP-like chemotherapy alone in young patients with good-prognosis diffuse large-
B-cell ymphoma: a randomised controlled trial by the MabThera International Trial (MInT)
Group. Lancet Oncology. 2006;7:379-391.

Hamlin PA, Zelenetz AD, KewalramaniT, et al. Age-adjusted International Prognostic Index
predicts autologous stem cell transplantation outcome for patients with relapsed or primary
refractory diffuse large B-cell ymphoma. Blood. 2003;102:1989-1996.

KewalramaniT, Zelenetz AD, Nimer SD, et al. Rituximab and ICE as second-line therapy before
autologous stem cell transplantation for relapsed or primary refractory diffuse large B-cell
lymphoma. Blood. 2004;103:3684-3688.

Vellenga E, van Putten WL, van 't Veer MB, et al. Rituximab improves the treatment results of
DHAP-VIM-DHAP and ASCT in relapsed/progressive aggressive CD20+ NHL: a prospective
randomized HOVON trial. Blood. 2008;111:537-543.



38

39

40

4

-

4

N

4

w

44

a5

46

47

48

49

DIFFUSE LARGE B-CELL LYMPHOMA - 153

El GnaouiT, Dupuis J, Belhadj K, et al. Rituximab, gemcitabine and oxaliplatin: an effective
salvage regimen for patients with relapsed or refractory B-cell ymphoma not candidates for
high-dose therapy. Ann Oncol. 2007;18:1363-1368.

Gisselbrecht C, Glass B, Mounier N, et al. Salvage regimens with autologous transplantation for
relapsed large B-cell lymphoma in the rituximab era. J Clin Oncol. 2010;28:4184-4190.

Sauter CS, Matasar MJ, Meikle J, et al. Prognostic value of FDG-PET prior to autologous

stem cell transplantation for relapsed and refractory diffuse large B-cell lymphoma. Blood.
2015;125:2579-2581.

Crump M, Kuruvilla J, Couban S, et al. Randomized comparison of gemcitabine,
dexamethasone, and cisplatin versus dexamethasone, cytarabine, and cisplatin
chemotherapy before autologous stem-cell transplantation for relapsed and refractory
aggressive lymphomas: NCIC-CTG LY.12. J Clin Oncol. 2014;32:3490-3496.

Philip T, Guglielmi C, Hagenbeek A, et al. Autologous bone marrow transplantation as
compared with salvage chemotherapy in relapses of chemotherapy-sensitive non-Hodgkin's
lymphoma. N EnglJ Med. 1995;333:1540-1545.

Bishop MR, Dean RM, Steinberg SM, et al. Clinical evidence of a graft-versus-lymphoma effect
against relapsed diffuse large B-cell ymphoma after allogeneic hematopoietic stem-cell
transplantation. Ann Oncol. 2008;19:1935-1940.

Aksentijevich |, Jones RJ, Ambinder RF, Garrett-Mayer E, Flinn IW. Clinical outcome following
autologous and allogeneic blood and marrow transplantation for relapsed diffuse large-cell
non-Hodgkin's lymphoma. Biol Blood Marrow Transplant. 2006;12:965-972.

Wilson WH, Young RM, Schmitz R, et al. Targeting B cell receptor signaling with ibrutinib in
diffuse large B cell ymphoma. Nat Med. 2015;21:922-926.

Nitsu N, Okamoto M, Miura |, Hirano M. Clinical significance of 8q24/c-MYC translocation in
diffuse large B-cell ymphoma. Cancer Sci. 2009;100:233-237.

OkiY, Noorani M, Lin P, et al. Double hit lymphoma: the MD Anderson Cancer Center clinical
experience. BrJ Haematol. 2014;166:891-901.

Petrich AM, Nabhan C, Smith SM. MYC-associated and double-hit lymphomas: a review of
pathobiology, prognosis, and therapeutic approaches. Cancer. 2014;120:3884-3895.

Herrera AF. Double-hit lymphoma: practicing in a data-limited setting.J Oncol Pract.
2016;12:239-240.



CASE STUDY SECTION THREE

T-cell lymphomas



Chapter 10

Cutaneous T-cell lymphoma

Belen Rubio Gonzalez, Steven T Rosen, and Christiane Querfeld

Case presentation

An 83-year-old female presented with a progressing pruritic cutaneous rash
that started 8 years ago. On clinical exam there were numerous coalescing,
infiltrated, scaly, and partially crusted erythematous plaques distributed
over her trunk and extremities and a large fungating ulcerated nodule on
her right thigh covering 75% of her total body surface area (Figure 10.1).
Lymphoma-associated alopecia and a left axillary lymphadenopathy were
also noted. For the past 3—4 months she reported fatigue, severe pruritus,
night sweats, 20 pounds of weight loss, and loss of appetite.

She was diagnosed with mycosis fungoides (cutaneous patches and
plaques) 4 years ago per skin biopsy. Work-up included computed tomog-
raphy (CT) scans and laboratory tests such as flow cytometry for Sézary
cells that were all negative for systemic involvement. She was initially
treated with psoralen and UV-A phototherapy (PUVA) thrice weekly and/
or topical rexinoid inhibitor (bexarotene 1% gel) daily for about 2 years,
but discontinued due to development of cutaneous ulcerated tumors and
lymphadenopathy. Subsequent regimens included vorinostat and pred-
nisone. She developed intractable pruritus and worsening skin rash for
the past 3 months for which she was recently started on topical nitrogen
mustard 0.016% gel and oral prednisone (20 mg). Her past clinical history
is remarkable for lung adenocarcinoma treated with partial lobectomy plus
paratracheal lymph node resection, hypertension, smoking, and chronic

obstructive pulmonary disease requiring oxygen.

© Springer International Publishing AG 2017 157
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Figure 10.1 Patient with mycosis fungoides showing disseminated plaques and ulcerated
tumor lesion on left breast (A-C).

Primary cutaneous T-cell ymphomas (mycosis
fungoides and Sézary syndrome)

Primary cutaneous lymphomas represent ~3.9 % of non-Hodgkin lympho-
mas and are composed of various subtypes encompassing heterogeneous
diseases with differences in histopathologic and clinical presentation
(Table 10.1) [1]. The most common entities, mycosis fungoides (MF)
and Sézary syndrome (SS), account for ~53% of all cases and represent
the focus of this case study.

Work up and diagnosis

Recommended staging and work-up for patients with mycosis fungoides
and Sézary syndrome is highlighted in Table 10.2 [2]. In the case included
above, two skin biopsies were performed from the right thigh (ulcerated
tumor nodule) and left thigh (plaque). The biopsy performed on the right
thigh showed sheets of large tumor cells consistent with the diagnosis
of mycosis fungoides with large cell transformation (MF-LCT) positive
for CD30 with expression of cytotoxic markers such as granzyme B, but



Cutaneous T-cell and NK-cell lymphomas
Indolent

Mycosis fungoides (MF)

MF variants and subtypes

Folliculotropic MF

Pagetoid reticulosis

Granulomatous slack skin

Primary cutaneous CD30+
lymphoproliferative disorders

Lymphomatoid papulosis
Primary cutaneous anaplastic large cell lymphoma
Subcutaneous panniculitis-like T-cell ymphoma

Primary cutaneous CD4+ small/medium-sized
pleomorphicT-cell ymphoproliferative disorder
(provisional)

Aggressive
Sézary syndrome
Extranodal NK/T-cell ymphoma, nasal type

Primary cutaneous peripheral T-cell ymphoma,
unspecified

Primary cutaneous epidermotropic CD8+ T-cell
lymphoma (provisional)

Cutaneous y/8 T-cell lymphoma (provisional)

Cut B-cell lymph

Indolent

Primary cutaneous marginal zone lymphoma
Primary cutaneous follicular lymphoma
Intermediate

Primary cutaneous diffuse large B-cell
lymphoma, leg type

Primary cutaneous diffuse large B-cell
lymphoma, other

Intravascular large B-cell ymphoma
Precursor hematologic neoplasm

CD4+/CD56+ blastic plasmacytoid dendritic cell
neoplasm
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Frequency (%) 5-year survival (%)
44 88
4 80
<1 100
<1 100
12 100
8 95

1 82
2 75
3 24
<1 =

2 16
<1 18
<1 =

7 99
1 95
4 55
<1 50
<1 65

Table 10.1 The revised World Health Organization/European Organization for Research
and Treatment of Cancer consensus classification for primary cutaneous lymphomas with
relative frequency and 5-year survival. Adapted from © American Society of Hematology, 2005.

All rights reserved. Willemze et al [1].
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negative for CD56 (Fig 10.2 A-G), while biopsy from the left thigh revealed
MF patch/plaque stage without large cell transformation (Fig 10.3 A-C).
Both specimens revealed infiltrating the pilosebaceous unit by neoplas-
tic T cells (folliculotropism). A CD4+ T-cell phenotype was seen with a
CD4:CD8 ratio of >10:1. An identical monoclonal rearrangement of the
gamma T cell receptor (TCR) was detected on both skin biopsies. Laboratory
workup and re-staging included a complete blood count with differential,

comprehensive chemistry panel, flow cytometry for circulating Sézary

Complete physical examination
Identification of skin burden:

« Percentage of BSA involved of each type of skin lesions (patches, plaques, tumors,
erythroderma, and/or any ulcerated, crusted/oozing lesion)
« mSWAT

Identification of any palpable lymph node or organomegaly

Skin biopsy

« Immunophenotyping to include at least the following markers CD3, CD4, CD5, CD7, CD8,
and one B-cell marker such as CD20.

« CD30in large cell transformed MF, or if ymphomatoid papulosis, pcALCL is considered
« T-cell receptor rearrangement analysis

Laboratory work up

« CBCwith differential

« Comprehensive metabolic panel

. LDH

« Tcell receptor rearrangement analysis (compare to skin if positive)

« Flow cytometry for circulating Sézary cells (CD4+CD7-or CD4+CD26-) (erythrodermic
patients)

o HTLV-I/Il titers in selected patients

Imaging studies
« Noimaging studies are required for stage IA/IB (T1NOMOBO; T2NOMOBO)

o CTscans of chest,abdomen, and pelvis (disseminated stage IB and higher)
« Combined PET/CT scans are recommended

Lymph node biopsy

« Excisional biopsy for lymph nodes >1.5 cm and/or firm, irregular, clustered, or fixed nodes
« Biopsy of the largest lymph node draining an involved area or the node with highest
standardized uptake value on PET/CTscans

Multidisciplinary assessment by dermatologists, oncologists, pathologists/
dermatopathologists, and social worker is highly recommended

Table 10.2 Recommended ISCL/EORTC initial staging and work up for patients with mycosis
fungoides/Sézary syndrome. BSA, body surface area; CBC, complete blood cell count; CMP,
comprehensive metabolic panel; CT, computed tomography ;HTLV-I/II, human lymphotropic virus
I/1l; LDH, lactate dehydrogenase; mSWAT, modified severity-weighted assessment tool; pcALCL,
primary cutaneous anaplastic large cell ymphoma; PET, positron emission tomography. Adapted
from © American Society of Hematology, 2007. All rights reserved. Olsen et al [2].
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Figure 10.2 (A-C) Sections from a tumor nodule show a diffuse and nodular lymphoid
infiltrate consisting of large pleomorphic cells with clumped chromatin. (D-G) The large
lymphoid cells are positive for CD2 and negative for CD3 and positive for CD30 and

granzyme B.
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cells, peripheral blood for TCR rearrangement studies, and PET/CT scans.
Results revealed mild anemia (Hbg 10.2 g/dL), an elevated LDH of 938
U/mL (range, 313-618 U/L), a peripheral monoclonal rearrangement of
TCR gamma that is identical to skin clone, but no evidence of circulating
Sézary cells. PET/CT scans showed enlarged and intensely FDG avid left
inguinal lymph node (19 x 17 mm; maximal SUV of 2.8 g/mL) and mildly
FDG avid right upper medial thigh lymph node (13 x 8 mm; maximal SUV
of 2.8 g/mL). Based on the results the patient was diagnosed with MF with
large cell transformation, clinical stage IIB (T3NxMOBOb) according to
revised staging guidelines of the European Organisation for Research and
Treatment of Cancer (EORTC) cutaneous lymphoma task force and ISCL
(Table 10.3) [2], with a formal estimation of skin tumor burden using a
modified severity-weighted assessment tool (mnSWAT) of 158 (Table 10.4) [3].

The prognosis relies on the type and extent of skin lesions and extracu-
taneous involvement, which was originally defined in the TNM classifica-
tion for cutaneous T-cell lymphoma (CTCL) in 1979 and revised in 2007

. s

>

Figure 10.3 (A) Sections from plaque lesion showing intraepidermal atypical lymphocytes
and a mild perivascular and interstitial lymphoid infiltrate. (B-D) The T cells are positive for
CD3, CD4 and negative for CD8. There is a CD4:CD8 ratio of >10:1.
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based on EORTC-ISCL recommendations taking nodal clinicopathologic
classification and blood involvement into account [2,4]. Lymph node
evaluation is recommended by excisional biopsies of clinically abnormal
peripheral lymph nodes (>1.5cm) or any palpable peripheral irregular
or firm node on physical examination. Fine needle aspiration may yield
inadequate sampling for evaluation. Transformed MF with large cells
expressing CD30 is often positive for cytotoxic markers (TIA-1, granzyme,
perforin) similar to primary cutaneous anaplastic large cell lymphoma
(pcALCL). Both share similar histopathologic features; therefore distin-
guishing MF-LCT from pcALCL may be difficult. Clinical features, prog-
nosis, and outcome are the most discriminative to differentiate between
the two entities [5].

Stage T N M B

1A T1 NO MO 0,1

1B T2 NO Mo 0,1

1A T1,2 N1,2 MO 0,1

1B T3 NO-2 Mo 0,1

A T4 NO-2 Mo 0

1B T4 NO-2 MO 1

IVA1 T1-4 NO-2 Mo 2

IVA2 T1-4 N3 Mo 0-2

IVB T1-4 NO-3 M1 0-2

T Skin N Lymph nodes

T1 Limited patch/plaque (<10%BSA) NO LN clinically uninvolved

T2 Generalized patch/plaque N1 Enlarged; histologically
(>10% BSA) uninvolved

T3 Tumors N2 Clinically uninvolved;

histologically involved

T4 Erythroderma N3 LN enlarged and involved

B BLOOD M VISCERAL

BO No Sézary cells (<5% of LC) Mo No visceral organ involvement

B1 Circulating Sézary cells (>5%) M1 Visceral involvement (pathology
non other B2 confirmation)

B2 >1000/pL Sézary cells with *Organ involved should be
positive clone specified

Table 10.3 Current staging system for mycosis fungoides and Sézary syndrome according to
the International Society for Cutaneous Lymphoma/European Organization of Research and
Treatment of Cancer, cutaneous lymphoma task force.
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Recommended treatment and discussion

Treatment regimens for MF/SS are determined by extent of disease,
prognostic factors (folliculotropic type of MF, large cell transformation),
age, other comorbidities and the impact on quality of life. Early stage MF
(stages IA-IIA) has a favorable prognosis and disease is confined to the
skin requiring skin-directed therapies as first-line regimens (Figure 10.4)
[6-8]. Advanced stage MF/SS (stages IIB-IVB) is often refractory and
results in an unfavorable prognosis; treatment is aimed at reducing the
tumor burden, delaying disease progression, and preserving quality of
life. Large cell transformation (LCT) is defined by the presence of more

Regions %TBSAforthe  %TBSA %TBSAPlaque  %TBSA Tumor/
region Patch (or flat (or elevated/ Ulceration
erythema indurated (or erythema
erythema) w/fissuring,
ulceration)
Head 7
Neck 2

Anterior trunk 13

Posterior trunk 13

Buttocks 5
Genitalia 1
Upper arms 8
Forearms 6
Hands 5
Thighs 19
Lower leg 14
Feet 7
% BSA by 100
category

Severity

weighting factor

Skin score

subtotal

TOTAL mSWAT

Measure the total body surface area (TBSA) by using the patient’s palm and fingers to represent
1% BSA. Maximum mSWAT score=400

Table 10.4 Estimation of the skin tumor burden using a modified severity-weighted
assessment tool (MSWAT). mSWAT, modified severity-weighted assessment tool; TBSA, total
body surface area. Adapted from © American Society of Clinical Oncology, 2011. All rights
reserved. Olsen et al [3].
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than 25% of large lymphocytes of the infiltrate in skin or lymph nodes
and is generally associated with disease progression and advanced stages.
When LCT occurs in MF it usually presents as tumor lesions. Most com-
monly, it develops as new solitary or multiple nodules in patients with
long standing MF or Sézary syndrome [9]. LCT has a median survival
of 24 months, compared with 163 months for conventional MF. Some
studies suggest that the transformation at the time of the initial diagno-
sis may carry a better prognosis compared with when LCT is diagnosed
in the disease course [9,10]. Factors in MF-LCT significantly associated
with shorter survival include age =60 years, stage III/IV, early onset
of transformation (in the first 2 years) and high serum LDH and beta 2
microglobulin [10]. A recently proposed prognostic index for MF-LCT may
be helpful in predicting patients who have aggressive or more indolent
clinical course. MF-LCT patients with =two adverse prognostic factors
(advanced age, LCT, folliculotropism, elevated LDH, and peripheral

1A IB/IIA 1B lIA/B VA, , VB

Patches/Plaques Tumors Erythroderma Erythroderma or Visceral

T NMB,) (TN, M;B,,) (T.No;MB,,) Nodal (TN, MBy.)
(T\.N,.,MB, )

Topical steriods (intermittent)
|

| \
| } |
L Phototherapy +/- IFN-a and/or +/- bexarotene
Bexarotene gel - i |
| [
ECP+/- IFI\.l-a and/?r +/- bexa:'otene

Phototherapy (NB-UVB, PUVA)

Tazarotene gel/cream

Investigational agents
(skin-directed) s

Methotrexate, bexarotene, IFN-a
HDACi (romidepsin, vorinostat)

trials (eg, k imab vedotin, anti-CCR-4)

Single or multi-agent chemotherapy (gemcitabine, pegylated
doxorubicin, CHOP/CHOP-like regimens)
R ——

Allegeneic transplant

Figure 10.4 Stage-based treatment algorithm for mycosis fungoides and Sézary syndrome.
ECP, extracorporeal photopheresis, HDACi, histone deacetylase inhibitor; IFN-g, interferon-alpha;
NB-UVB, narrowband-ultraviolet light B; PUVA, psoralen ultraviolet light A; TSEBT, total skin
electron beam therapy; CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone.
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blood clone matching skin clone) have a worse prognosis compared with
patients with <one adverse prognostic factor [10].

Given the patient’s age and comorbidities she was initially treated with
a combined skin-directed and systemic regimen with weekly doses of oral
methotrexate (20 mg) and topical nitrogen mustard (NM) gel at bedtime.
Due to the local irritative potential of NM a mid-potent topical steroid
triamcinolone 0.1% ointment was added in the morning.

In general, the presence of LCT does not require a different stage-
based treatment compared with classic MF with similar stage. Localized
radiation therapy is considered in patients with unifocal transformation.

The ulcerated tumor (right upper thigh) was irradiated and cleared with
two fractionated doses of 4 Gy. However, the patient was disabled by her
severe pruritus so prednisone was given for short-term symptom relief; it
was tapered over weeks and then discontinued. The patient received anti-
histamines (25 mg hydroxyzine at bedtime) that moderately controlled
pruritus. Gabapentin or aprepitant was another consideration; however,
the patient opted for hydroxyzine. Mild skin care using unscented mild
soaps and emollients was recommended to improve the pruritus, dryness/
scaling, and to keep barrier function intact. Weekly bleach baths were
implemented to minimize bacterial colonization with Staphylococcus aureus.
Her disease was stable with slowly improving plaques over the following 6
months, but she subsequently developed numerous ulcerated plaques and
tumor nodules requiring a more aggressive treatment. Given the findings
of relapsed/refractory CD30+ transformed MF she was started on bren-
tuximab vedotin (1.8 mg/kg intravenously every 3 weeks). She received
four cycles in total achieving complete remission (CR). On repeated PET/
CT scans no lymphadenopathy or increased FDG uptake was noted. While
on treatment she developed a peripheral neuropathy that has improved,
but is persisting.

Outcomes with standard treatment regimens

Early-stage MF is favorably treated with skin-directed regimens with
complete response rates ranging between 60-100% (Table 10.5) [7,8,11].
Total skin electron beam therapy (TSEBT) should be reserved for rapidly
progressing or refractory widespread plaque and tumor disease. Long-term
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side effects can lead to cosmetic disfigurement (permanent hair loss, pig-
mentation) and the development of skin cancers and subsequent radiation
is limited or not possible. Current approaches for advanced MF include
biologic and targeted therapies with chemotherapy regimens reserved
for rapidly progressing or refractory disease (Table 10.6) [6,12-36].

The duration of clinical response is often short. Local radiation therapy
is effective for isolated/localized cutaneous tumors, or chronic, painful/
ulcerated lesions, with a complete remission rate (CRR) of >90% and
a mean time to relapse of 9.25 months (range 5-14 months). A single
fraction radiation of 700 cGy—800 cGy provides excellent palliation for
CTCL lesions and is cost effective and convenient for the patient [11].
Lower responses are common in transformed MF and lower extremity
lesions associated with poor circulation and wound healing.

Biologic agents such as interferon-alpha (IFN-a), retinoids (all-trans
retinoic acid, isotretinoin), rexinoids (bexarotene), and methotrexate are
commonly used as first-line monotherapy in advanced MF and are also
used in low-dose combination with skin-directed agents (narrowband-
UVB or PUVA phototherapy, topical steroids, topical NM or spot radia-
tion) [8,14]. IFN-a monotherapy has shown efficacy in all stages, with

Stage Therapytype Treatment Response
Early stage MF  Topical/ Steroids ORR 80-90%; CR 63%(T1), 25% (T2) [6-8]
(IA-1IA) skin-directed  ppototherapy  CR71.4%; CRR 54.2%-91% (hypopigmented
therapy MF) [6-8]
Nitrogen CR 72%; CRR 76-80% stage IA, CRR 35-68%
mustard stage IB [6-8]

Bexarotene ORR 63%, CR21% [19-21]

Local radiation CRR>90%, low-dose (7-8 Gy) single or two
fractions [11]

TSEBT CR75% (T2), CR47% (T3) [6-8]

Refractory Combination ~ PUVAornbUVB CR70%[14]
early stage MF  therapy and IFN-a
(IA-11A) (low-dose)

PUVAornbUVB  CR50-80% [14]
and bexarotene
(low-dose)

Table 10.5 Summary of treatments and response for patients with early stage mycosis
fungoides (stage IA-11A). CR, complete response; CRR, complete response rate; IFN-g, interferon-
alfa; nbUVB, narrowband ultraviolet B light; MF, mycosis fungoides; ORR, overall response rate;
PUVA, psoralen plus ultraviolet A light phototherapy; TSEBT, total skin electron beam therapy.
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Therapy type

Skin-directed
therapy

Immunomodulators

Biologic/targeted
therapies

Combined therapy

Systemic
chemotherapy
(single-agent)

Multiagent
chemotherapy

Stem cell transplant

Investigational
therapy

Treatment

TSEBT

Interferons (INF-a and INF-y)
Retinoid/rexinoid (bexarotene)
ECP

Alemtuzumab

HDACis (romidepsin and
vorinostat)

Antifolates (methotrexate,
pralatrexate)

IFN-a and phototherapy
IFN-a and retinoids/rexinoids
Retinoid and phototherapy
ECP and INF-a

ECP and retinoids/rexinoids
Pegylated doxorubicin

Purine/pyrimidine analogues
(gemcitabine)

CHOP/CHOP-like

Autologous

Allogenic

Lenalidomide
Bortezomib

Brentuximab vedotin
(anti-CD30)

Anti-CCR4 antibody

Anti-PD1/anti-PD-L1
antibodies

TLRagonists
Interleukin-2

PI3-kinase &/y inhibitor
(Phase I trial)

Response

CR35% (10-20 Gy) [6-8]

ORR 29-80%; CRR4-41%[12,13]
ORR45-55% [19-21]

ORR 35-71%, CRR 14-26% [15,16]

ORR 86-100% (erythrodermic MF/SS) [29]

ORR 36% (romidepsin) [26,27],
24% (vorinostat) [28]

ORR 33-58% (methotrexate, low-dose)
[22,23], ORR 45% (pralatrexate, relapse/
refractory CTCL) [6]

CR70%[14]
CR50-80% [14]
CR38%][6,19,20]
CR44%([17,18]

No data available
ORR 40.8-88% [32]
ORR 68-75% [31]

Comparable efficacy than single
agents, higher toxicity [30-32]

CRR 83%, all relapse within median of
6 months [34]

ORR 68%, CRR 58%; 1/5-year PFS = 65%/
60% [34]

ORR 29% [6]
ORR 67% (relapsed/refractory CTCL) [6]
ORR70% [35]

ORR 56% [6]

No data available

ORR 32% [6]
ORR 18% [6]
ORR27% (37)

Table 10.6 Summary of treatments and responses for patients with advanced stage mycosis
fungoides/Sézary syndrome (stage IIB-1VB). CR, complete response; CRR, complete response
rate; CTCL, cutaneous T cell ymphoma; ECP, extracorporeal photophoresis; HDACis, histone
deacetylase inhibitors; IFN-a: interferon-alfa; MF, mycosis fungoides; ORR, overall response rate;
PI3K-8/y inhibitor, phosphoinositide-3-kinase-delta/gamma inhibitor; SS, Sézary syndrome;
TSEBT, total skin electron beam therapy.
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29-80% overall response rates (ORRs) and 4-41% complete response
rates (CRRs) [12]. Tumor-stage and transformed MF do not respond
well [13]. Combination therapies with retinoids do not have a higher
response than IFN-a alone [13] and are inferior to IFN-a plus PUVA
(38% CR with non-bexarotene retinoids versus 70% CR with IFN plus
PUVA) [15]. Common side effects are dose-related and include headaches,
flu-like symptoms, fatigue, anorexia, weight loss, and depression [13].
Extracorporeal photopheresis is primarily effective in erythrodermic
MF/SS with low circulating Sézary cells and short duration of disease
showing 35-73% ORR [16,17]. Bexarotene or IFN-a may be added for
synergy [18,19].

Oral bexarotene was approved by the US Food and Drug Administration
(FDA) for refractory CTCL in all stages. In Phase II and III trials of 94
patients with advanced stage MF (IIB-IVB) refractory to =two standard
therapies, bexarotene showed ORRs of 45% and 55% with daily doses
of 300 and 650 mg/m?, respectively, and the median response duration
was 7-9 months [20-22]. A daily dose regimen of 300 mg/m? is recom-
mended based on the safety profile. The most common side effects include
hypertriglyceridemia, hypercholesterolemia, and central hypothyroid-
ism, requiring dose adjustments, lipid-lowering agents, and thyroid
medications. Low-dose weekly methotrexate has an ORR of 33% and
58% for plaque (T2) MF and erythrodermic (T4) MF, respectively with
median time to treatment failure of 15 months for patients with stage
T2 disease and 31 months for erythrodermic MF [23,24]. An increased
ORR was noted at higher doses (60-240 mg/m? intravenously) [25].
Common side effects of methotrexate include oral mucositis/stomatitis,
gastrointestinal symptoms, bone-marrow suppression, and elevated
transaminase levels. Decreased or defective Fas expression by neoplastic
T cells has been associated with advanced/aggressive MF and impaired
Fas-mediated apoptosis [26]. Methotrexate increases Fas and FasL in MF
at least in part by decreasing Fas/FasL promoter methylation, resulting
in enhanced Fas pathway apoptosis.

Based on two large Phase II studies, the US FDA approved romidepsin
for relapsed/refractory ME/SS [27,28]. Romidepsin showed prolonged
clinical responses in a subset of patients, particularly in SS patients with
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blood involvement with manageable side-effect profile. Reported ORR
were 36% for romidepsin and less (24%) for the oral histone deacety-
lase inhibitor (HDACI) vorinostat with median response duration of 15
months and 6 months, respectively [28,29]. Alemtuzumab is particularly
active in erythrodermic MF/SS with ORR of 86-100% and less effective
in MF possibly due to distinct T-cell subsets seen for MF and SS. However,
median progression free survival was only 6 months [30].

No large comparative studies were done to compare treatment efficacies
and outcomes. A recent retrospective study analyzed ~200 MF/SS patients
undergoing at least three systemic therapies. Primary endpoint was time to
next treatment (TTNT) with median TTNT for IFN-a of 8.7 months, HDACi
of 4.5 months, and single/multiagent chemotherapy of 3.9 months [31].
The study highlights that chemotherapy should be reserved if other options
are exhausted. Commonly used single chemo-agents are gemcitabine and
liposomal doxorubicin [32,33]. Allogenic transplant is the only potential
curative treatment option in MF. A proposed graft-versus-lymphoma (GVL)
effect is thought to be responsible for higher effectiveness of allogeneic
transplants. Autologous transplant has yielded disappointing results with
rapid disease relapses. Experiences with allogeneic hematopoietic stem cell
transplant (HSCT) with myeloablative, and reduced-intensity condition-
ing in MF/SS have shown more promising results with treatment-related
morbidity and mortality rates of 25-30% [6,34,35].

Case study follow-up

Following 10 months of CR the patient developed new small ulcerated plaques
and tumors, which are controlled with topical steroids (plaques) and/or
low-dose spot radiation (tumors). The patient was also restarted on low-dose
methotrexate (16 mg weekly orally [PO]) for disease palliation. Disease
palliation with preserving quality of life is the main goal in this patient.
Given the patient’s age and comorbidities, more aggressive chemotherapy

regimens and allogeneic transplantation is not a consideration.
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Chapter 11

Systemic T-cell lymphoma

Jasmine Zain

Case presentation

A 55-year-old man presents to his primary medical doctor with a 3 week
history of fatigue, chills, and a ten pound unintentional weight loss. On
examination, he is found to have several palpable nodes in his neck and
right axilla. Excisional biopsy and workup including positron emission
tomography (PET)/computed tomography (CT) confirms a diagnosis of
peripheral T-cell ymphoma not otherwise specified (PTCL-nos), International
Prognostic Index score (IPI) =3, and modified Prognostic Index for T-cell
lymphoma (mPIT) =2 (+ R pleural effusion, lactate dehydrogenase [LDH]
2x upper limit of normal [ULN], Eastern Cooperative Oncology Group
[ECOG] 1, ki67 80%).

Introduction

The term T-cell lymphoma was first introduced in the 1970s with the
Lukes and Collins and the Kiel’s classification when immunological
differences between B- and T-cell lymphomas led to the recognition of
different subtypes of non-Hodgkin lymphoma (NHL) [1]. Mature T-cell
lymphomas now refer to lymphoid neoplasm arising from post-thymic
lymphocytes both from af3 and y8 T cells determined by the T-cell recep-
tor. The current World Health Organization (WHO) 2016 classification of
malignant lymphomas recognizes over 24 different histologic subtypes of
mature T-cell and NK-cell neoplasms listed in Table 11.1 as pathologically,
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functionally, and clinically complex diseases [2]. It incorporates morpho-
logic, immunophenotypic, genetic, and clinical features of these diseases.
Clinical features, particularly the site of origin, provide a more practical
approach to classification of these tumors and may be more useful to
the treating physician in terms of trying to understand the management
options for these patients as listed in Table 11.2. Angioimmunoblastic
T-cell lymphoma (AITL), anaplastic large cell lymphoma (ALCL), and
PTCL-nos are the most common subtypes of PTCL in the US and account
for over 50% of all PTCLs. This chapter will focus on a general approach
to treating mature T-cell lymphomas with the exception of cutaneous

T-cell lymphomas (CTCL), which was discussed separately in Chapter 10.

Mature T-cell and NK-cell neoplasms

T-cell prolymphocytic leukemia

T-cell large granular lymphocytic leukemia

Chronic lymphoproliferative disorder of NK cells

Aggressive NK leukemia

Systemic EBV-positive T-cell ymphoproliferative disease of childhood
Hydroa vacciniforme-like lymphoma

Adult T-cell leukemia/lymphoma

Extranodal NK/T-cell lymphoma, nasal type
Enteropathy-associated T-cell ymphoma

Hepatosplenic T-cell lymphoma

Subcutaneous panniculitis-like T-cell ymphoma

Mycosis fungoides

Sezary syndrome

Primary cutaneous CD30-positive T-cell ymphoproliferative disorders
Lymphomatoid papulosis

Primary cutaneous anaplastic large cell ymphoma

Primary cutaneous y/& T-cell ymphoma

Primary cutaneous CD8-positive aggressive epidermotropic cytotoxic
T-cell lymphoma

Primary cutaneous CD4-positive small/medium T-cell ymphoma
Peripheral T-cell lymphoma, NOS

Angioimmunoblastic T-cell ymphoma

Anaplastic large cell ymphoma, ALK positive

Anaplastic large cell lymphoma, ALK negative

Table 11.1 World Health Organization classification of mature T-cell neoplasms. EBV,
Eppstein-Barr virus; NK, Natural Killer; NOS, not otherwise specified.
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The International Peripheral T-cell and Natural Killer/T-cell Lymphoma
study is one of the earliest and largest compilations to date of T-cell lym-
phoma cases in over 22 centers worldwide and has given us a large amount
of information about the epidemiology and outcomes of these diverse
diseases [3]. Mature T-cell lymphomas comprise about 15-20% of all
aggressive NHL and 5-10% of all NHL worldwide [4]. There is geographi-
cal variation in the incidence of peripheral T-cell lymphomas with higher
frequencies of PTCL (15-20% of all NHL) observed in Asia, Central, and
South America. This is postulated to be related to the increased incidence

Nodal Peripheral T-cell ymphoma, not otherwise specified (PTCL-nos)
Angioimmunoblastic T-cell ymphoma (AITL)
Anaplastic large cell lymphoma (ALCL), alk+
Anaplastic large cell ymphoma (ALCL), alk-
Cutaneous Mycosis fungoides
Sezary syndrome
Primary cutaneous CD30-positive T-cell ymphoproliferative disorders:

« lymphomatoid papulosis
« primary cutaneous anaplastic large cell lymphoma
Primary cutaneous y8 T cell ymphoma

Primary cutaneous CD8-positive aggressive epidermotropic cytotxic
T-cell lymphoma

Primary cutaneous CD4-positive small medium T-cell lymphoma
Extranodal Extranodal NK-/ T-cell ymphoma, nasal type
Enteropathy associated T-cell ymphoma
Hepatosplenic T-cell lymphoma
Subcutaneous panninculitis-like T-cell lymphoma
Seroma-associated ALCL of breast
Primary leukemic = Aggressive NK leukemia- associated with hemophago cytic syndrome
T-cell prolymphocytic leukemia
T-cell large granular lymphcytic leukemia
Adult T-cell leukemia lymphoma
Varied Chronic lymphoproliferative disorder of NK cells
presentation Systemic EBV positive T-cell lymphoproliferative disease of childhood
Hydroa vacciniforme-like lymphoma
Systemic EBV+ T-cell lymphoproliferative disease-associated with

hemophagocytic syndrome

Table 11.2 Practical classification of mature T and NK/T-cell lymphomas. AITL,
angioimmunoblastic T-cell ymphoma; ALCL, anaplastic large cell lymphoma; EBV, Eppstein-Barr
virus; NK, Natural Killer; PTCL-nos, peripheral T-cell ymphoma, not otherwise specified.
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and prevalence of viruses such as human T-lymphotropic virus 1 (HTLV1)
associated with adult T-cell leukemia/lymphoma (ATLL) in Asia and
Caribbean islands and Eppstein-Barr virus (EBV)-associated NK-/T-cell
neoplasms in Far East Asia. Besides the viral factors, other geographic
variables include increased incidence of enteropathy-associated T-cell
lymphoma (EATL) associated with celiac disease in Northern European
countries mainly Norway, and the angioimmunoblastic type in Europe
[5]. In North America, the most common subtype is alk-positive ALCL.

Median age of presentation of T-cell lymphomas is 62 years but the
median age is lower in some subtypes alk+ ALCL (33 years), hepatos-
plenic T-cell lymphoma (34years) [3]. In the Western hemisphere, the
overall incidence rate of PTCL is 0.5-2 per 100,000 per year. In the US,
it is 1.8/100,000 per year [5].

Based on Surveillance, Epidemiology, and End Results (SEER) data,
the incidence of PTCL increased by 280% between 1992 and 2005, and
the incidence increased with age in all race and sex age groups [6]. Age-
adjusted incidence rates were higher in males compared with females, and
in blacks. The incidence of extra nodal NK/T-cell lymphoma was promi-
nent among Asian or Pacific islanders. The highest rate of PTCL was seen
in native Alaskans and Native Americans [6]. Etiology for most mature
T-cell neoplasms is unknown other than HTLV1-associated ATLL and the
association of EBV virus infection with some of the other subtypes of PTCL
including NK/T-cell lymphoma, AITL, and the EBV-associated lymphopro-
liferative disorders. Outcomes data from the International Lymphoma
project outlines the dismal prognosis of these diseases. The data exclude
cutaneous T-cell lymphomas (discussed elsewhere) and the few indolent
subtypes of PTCL. The best outcomes is seen for alk+ ALCL with a 5-year
overall survival (OS) of over 70%. Most other histologies have a 5-year
survival of 30% or less. Alk-negative ALCL has a 5-year survival that is
intermediate between 55-60%. The worst 5-year outcome is seen with
ATLL (14%), EATL (20%), and hepatosplenic T-cell lymphoma (7%) [3].

This case study highlights some of the challenges in taking care of
patients with systemic peripheral T-cell lymphomas (PTCL). Detailed clini-
cal and diagnostic workup is needed to establish a full clinical picture and
treatment plan (Table 11.3 and 11.4, Figure 11.1 and 11.2).
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These are outlined below along with the treatment algorithms that are
used by physicians at City of Hope for the treatment of PTCL and extranod-
al NK/T-cell lymphomas. They are based on the National Comprehensive
Cancer Network (NCCN) consensus guidelines and published literature.
Salient features of the more common subtypes of PTCL are presented
below to highlight the differences between different subtypes of PTCL.

Peripheral T-cell ymphoma-not otherwise specified
This is a nodal PTCL with heterogeneous pathological features consid-
ered to be a diagnosis of exclusion. It is the most common subtype of
PTCL in the Western world. Histological features are variable and the
tumors can sometimes be classified into subtypes. Presence of epitheliod
histiocyties is seen in the lymphepitheliod variant [7], small-to-medium-
sized cells that involve the paracortical regions of the node are called
the T-zone variant [8] and presence of T helper follicular (T,,) cells
defines the follicular variant with features that overlap with AITL [9].

Workup for a patient with peripheral T-cell lymphoma

« Physical examination, assess for performance status, B symptoms, extranodal sites of disease

especially skin, and any neurological symptoms. Establish risk factors for viral exposures like

HTLV1, EBV

CBC with differential with attention to eosinophil count, lymphocyte percentage and

presence of abnormal cells, LDH, serologies for HIV, HTLV1, acute infectious hepatitis,

comprehensive profile, and uric acid. Send flow cytometry on peripheral blood if

lymphocytosis or presence of atypical cells is noted

« Staging scansincluding PET/CT from head to toe to capture any skin or extranodal
involvement, MRI of brain and spine if clinically indicated

« Bone marrow biopsy and aspiration

« Consider biopsy of suspicious skin lesions

e MUGA scan

« CSF sampling if clinically indicated or if there is high risk of involvement of CNS

« Establish a prognostic score for each patient at diagnosis. IPI (age, LDH, PS, Ann Arbor stage,
extra nodal sites) PIT (age> 60, LDH, PS, bone marrow involvement) or modified PIT (m-PIT;
age, PS, LDH, Ki-67)

« Collecttissue samples for research and tissue banking including buccal swabs and blood samples

« HLAtyping on patient and any siblings may be initiated if the patient has high risk disease

« Stem cell transplant consult

Table 11.3 Workup for a patient with peripheral T-cell ymphoma. CBC, complete blood
count; CNS, central nervous system; CSF, cerebrospinal fluid; EBV, Epstein-Barr virus; HIV, human
immunodeficiency virus; HLA, human leukocyte antigen; HTLV1, human T-lymphotropic virus 1;
IPI, International Prognostic Index; LDH, lactate dehydrogenase; MUGA, multi-gated acquisition;
mPIT, modified Prognostic Index for T-cell ymphoma; PIT, Prognostic Index for T-cell lymphoma;
PS, performance status.
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Diagnostic pitfalls

Review pathology. All biopsies performed outside to be reviewed. At least one paraffin
block representative of the tumor should be reviewed along with biopsies of other sites that
may be involved. Re-biopsy if enough tissue is not available. Consent the patient for tissue
collection protocols

An FNA is not sufficient to make the diagnosis

Immunohistochemical panel: CD20, CD3, CD10, BCL-6, Ki-67, CD5, CD30, CD2, CD4, CD8,
CD56,CD57,CD21,CD23, EBER-ISH, ALK

Cell surface marker analysis by flow cytometry: kappa/ lambda, CD45, CD3, CD5, CD19,CD20,
CD30, CD4, CD8, CD7,CD2, TCRaB: TCRgamma

Molecular analysis to detect TCR gene rearrangements

Additional immunohistochemical stains to establish the specific sybtype diagnosis like
CXCL13, BF1, TCR-C Myc

Table 11.4 Pitfalls in diagnosing peripheral T-cell lymphoma. ALK, anaplastic lymphoma
kinase; EBV, Epstein-Barr virus; FNA, fine-needle aspiration; EBER-ISH, EBV-encoded RNA-in situ
hybridization; TCR, T-cell receptor.

Clinical trial
CHOEP x6
CHOP x6 if elderly
ICE/IVAC for HSTCL
IVE+MTX for EATL
I I 1
CR PR/SD/POD
Clinical trial Clinical trial
Autologous stem cell ICE-transplant candidate
transplant HDACI-AITL
Allogeneic transplant for Brentuximab vedotin-ALCL, CD30 positive
HSTCL, gamma | delta TCL, Pralatrexate
aggressive
Observation
Relapse/progression CR/PR POD

Allogeneic stem cell
transplant
Observation

Clinical trial

Second line therapy

Figure 11.1 City of Hope treatment algorithm for peripheral T-cell ymphoma excluding
natural killer-T-cell ymphoma. AITL, angioimmunoblastic T cell ymphoma; CR, complete
remission; EATL, enteropathy associated T cell ymphoma; HDACI, histone deacetylase inhibitor;
HSTCL, hepatosplenicT cell ymphoma, ICE, ifosphamide, carboplatin, etoposide; IVAC,
ifosphamide, etoposide, cytarabine and intrathecal methotrexate; IVE, ifosphamide, epirubacin,
etoposide; MTX, methotrexate; PR, partial remission; POD, progression of disease.
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In the follicular variant the neoplastic cells are confined to B follicles,
may mimic follicular lymphoma, and may express CD10 but are negative
for BCL6. None of these subtypes have distinct clinical features or affect
prognosis. Immunophenotyping is not helpful in subtyping the tumor.
Most cases express CD4 but CD8 expression can also be seen. Loss of
one of the other pan T-cell markers is seen in up to 75% of cases mostly
CD7. Gene expression profiling shows variable overlap with AITL [10].
Antigen expression can change over time.

PTCL-nos is mostly seen in older adults. Advanced stage disease and
extra-nodal involvement is common at the time of presentation. The fol-
licular variant of PTCL may present as localized disease without promi-
nent constitutional symptoms. Treatment recommendations follow the
general guidelines for the treatment of PTCL as outlined.

Angioimmunoblastic T-cell ymphoma
AITL, also known as angioimmunoblastic lymphadenopathy with dyspro-
teinemia (AILD), has a nodal presentation with a plethora of additional

Extranodal NK/T cell
lymphoma

Stage I/l Stage lIl/IV

Combined chemo + radiation
(sequential) Clinical trial
radiation 45-50 Gy + SMILE SMILE
Radiation alone if frail

Consider

stem cell transplant CR/PR Relapse

Consider Clinical trail

stem cell transplant Gelox

Figure 11.2 City of Hope treatment algorithm for extranodal natural killer-/T-cell ymphoma.
CR, complete remission; Gelox, gemcitabine, asparaginase, oxaliplatin; PR, partial remission;
SMILE, dexamethasone, methotrexate, ifosfamide, I-asparaginase, and etoposide.
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clinical features that can confuse the diagnosis. These consist of skin
rashes, B symptoms, serositis and effusions, arthritis, polyclonal hyper
gammaglobulinemia, and a wide spectrum of immunological dysfunction.
Histologically, it consists of a polymorphous infiltrate of small-to-medium-
sized lymphocytes intermixed with plasma cells and an inflammatory
infiltrate with prominent eosinophils that commonly efface the nodal
architecture and a striking proliferation of post capillary or high endothe-
lial venules. The aypical T cells have a T follicular helper (TFH) phenotype
and are positive for CD3, CD4, CD10 and CD279 (PD-10), and CXCL13
[10]. There is marked B-cell proliferation in the cellular infiltrate and
EBV positive B cells are almost always present. The role of EBV in the
pathogenesis of AITL is still not defined but progression to EBV-positive
diffuse large B-cell lymphoma (DLBCL) has been reported [11]. These
EBV-positive B cells may resemble and be confused with Reed-Sternberg
cells and may lead to an erroneous diagnosis of Hodgkin disease. Clonal
rearrangements of T-cell receptor genes (TCR) are found in most cases
of angioimmunoblastic T-cell lymphoma and clonal rearrangements of
immunoglobulin genes have been reported in 25-50% of cases [12].
Most common cytogenetic abnormality is trisomy 3, trsisomy 7, and an
additional X chromosome. More recently mutations of IDH2 genes have
been described in 20-40% of cases and may be a therapeutic target for
this disease [13].

Median age at presentation is 64 years with a slight male predomi-
nance. It has an aggressive clinical course but spontaneous regression
has been reported on rare occasions. Treatment recommendations follow
general guidelines for PTCL treatment. However, it appears that single
agent histone deacetylase inhibitors (HDACIi) are particularly effective for
treating this disease in the relapsed and refractory setting. Romidepsin is
reported to have an overall response rate (ORR) of 42% [14] and belin-
ostat had an ORR of up to 66% in the latest pivotal trials [15]. Due to the
heavy B-cell infiltrate and the vascularity of these tumors, there have
been reports of efficacy of rituximab [17], lenalidomide [18], cyclsopo-
sin/prednisone [19], and low dose methotrexate/prednisone [20]. These
agents have been used alone or in combination with chemotherapy and

may be combined with more targeted agents in the future.
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Anaplastic large cell lymphoma

This subtype is characterized by large lymphoid cells with pleomorphic
features and prominent nuclei that tend to grow in a cohesive pattern
with a propensity for lymphoid sinuses. There is strong expression of
CD30. Most lymphomas are CD2- and CD4-positive but there is a loss of
many of the T-cell associated antigens. The cells have a cytotoxic pheno-
type with positivity for cytotoxic-associated antigens, TIA, granzyme B,
clusterin, and perforin. The presence of CD30 has been targeted with
the antibody drug conjugate brentuximab vedotin with a response rate
of 87% in the relapsed setting. There are many subtypes of this disease
with differing prognostic features as described below.

* Alk+ ALCL: Expression of the tyrosine kinase anaplastic lymphoma
kinase (alk) defines alk+ ALCL and is more commonly seen in
children and young adults with a marked male predominance.
Median age at presentation is 35 years and there is a high incidence
of extranodal disease with over 75% of patients having advanced
stage. The presence of alk as determined by immunohistochemistry
(IHC) confers an improved prognosis with a 5-year survival of 79%
compared with 46% for alk-negative patients [21,22]. The presence
of alk is determined by a characteristic chromosomal translocation
t(2:5) involving NPM/ALK genes but partners other than NPM have
also been identified that lead to over expression of alk [23]. Alk
inhibitors are also in clinical trials for relapsed alk+ ALCL with
promising results.

* AIk-ALCL: These nodal lymphomas lack the expression of alk but have
all other morphological and phenotypical features of a CD30-positive
cytotoxic ALCL. They tend to occur in an older age group and in
general have a prognosis that is intermediate between alk+ ALCL and
other PTCL histologies. Recently genomic sequencing has identified
two new genetic lesions DUSP22 and TP63 that seen to have
prognostic significance in alk-ALCL [24,25]. A large multicenter study
of ALCL cases identified ALK, DUSP22, and TP63 rearrangements as
being mutually exclusive. The outcomes of alk-ALCL patients carrying
the DUSP22 was similar to patients with ALK + ALCL. However,
patients with TP63 rearrangements had the worse prognosis [26].
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* Primary cutaneous ALCL is part of the spectrum of CD30-positive
cutaneous lymphomas and has histological and clinical features
that overlap with lymphomatoid papulosis discussed elsewhere.
These lymphomas are alk-negative and have an excellent survival
of 100% at 5 years.

» Seroma-associated ALCL of the breast: More than 40 cases of alk-
negative ALCL associated with silicone or saline breast implants
have been reported and described as seroma-associated ALCL of the
breast. The median time to development of these tumors is 8 years
from the placement of the implant. The clinical presentation is with
a unilateral seroma and a mass in the fibrous capsule surrounding
the implant or severe deformity and contracture of the implant. If
confined to the seroma, prognosis is excellent although cases have
been described with invasion of breast tissue and lymph nodes
that portend a worse outcome. Treatment requires removal of the
implant and the associated seroma. Further management has not
been defined and varies from watchful waiting, local radiation, or
systemic therapy depending on the presentation [27-29].

Adult T-cell leukemia/lymphoma

This entity is associated with the retrovirus HTLV1, which is endemic in
Japan, the Caribbean basin, and parts of Africa at a prevalence of 6-37%
of the population. It is transmitted by cell to cell contact through sexual
intercourse blood products containing whole white blood cell, breast milk,
shared needles, and vertically via childbirth. The virus gets clonally inte-
grated into the lymphoma cells. HTLV1 encodes three structural genes
(pol, gag and tax) and two regulatory genes (tax and rex). These genes play
an important part in the pathogenesis and transformation of lymphoma
cells [30]. It has a long latency period and only about 2.5% of the infected
individuals are at risk for developing ATLL. The median age at presentation
is 45 years and there are four clinically distinct forms with variable clini-
cal courses that can be determined as outlined in Table 11.5. Median age
at presentation is 45 years. The acute forms of the disease may present as
leukemia or lymphoma or both. Other features include hepatosplenomegaly,
bone lesion, skin involvement, hypercalcemia and are associated with an
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aggressive clinical course and a median survival of less than 10 months.
Patients with the smoldering form have an indolent course.

The pathologic hallmark of ATLL is a ‘flower cell’ with a polylobulated
nucleus. Peripheral blood involvement can commonly occur without
bone marrow involvement. Cells express mature T-cell antigens like
CD2, CD3, and CD5 and are typically positive for CD4/CD25 (similar
to Tregs). FoxP3 expression can be seen in a minority of tumor cells.
Multiple chromosomal abnormalities are found in these tumors. More
than six breaks are associated with a poor prognosis and gains of 1q and
4q are more commonly found in aggressive ATLL while gains of 7q are
associated with a good prognosis [31] .

The indolent form of the disease can be managed by antiviral approaches
mainly zidovudine and interferon [32]. However, more aggressive disease
requires aggressive chemotherapy similar to other subtypes of PTCL
but relapses are common. Mogamulizumab (KW-0761), a humanized
anti-CCR4 antibody, has been shown to be effective for the treatment of
relapsed and refractory ATLL with an objective response rate of 50% and

Healthy Smoldering  Chronic Acute ATLL  ATLL
carrier ATLL ATLL lymphoma
Anti HTLV-1 + + + + +
serology
Clonal - + + + +
integration of (}56) (blood) (blood) (blood) (lymph nodes)
provirus
Lymphocyte  Normal Normal Elevated Elevated Elevated
count
Abnormal <5% >5% >5% >5% <1%
cells (%)
Hyper- = = = + +
calcemia
LDH Normal <1.5N <2N >2N >2N
Skinandlung - + + + +
involvement
BMorspleen - - + + +
Bone, Gl or - - - + +
CNS +

Table 11.5 Clinical subtypes of adult T-cell leukemia/lymphoma. ATLL, adult T-cell leukemia/
lymphoma; BM, bone marrow; CNS, central nervous system; Gl, gastrointestinal; HTLV-1, human
T-lymphotropic virus 1; LDH, lactate dehydrogenase.
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CR of 30% and an acceptable safety profile, and has been approved for
this indication in Japan since 2012 [33]. It is currently being evaluated
in the US and is being studied in combination with other T-cell-directed
therapies. Autologous stem cell transplant has not been shown to be effec-
tive in the treatment of HTLV1-associated ATLL [34] but allogeneic stem
cell transplantation in select younger patients with available donors and
chemosensitive disease has shown a 3-year survival of 36% noted in a large
Japanese study of 586 patients [35,36]. Early use of transplantation in the
course of disease is associated with improved outcomes (4-yr OS of 49.3%
versus 31%) [37] where early transplant was defined as <100 days for
diagnosis in a cohort of 428 patients. Hence an allogeneic stem cell evalu-
ation should be performed early in the course of a diagnosis of acute ATLL
and stem cell transplantation performed as soon as remission is achieved.
Alternative stem cell sources like cord blood and haploidentical donors
should be considered if needed. Attention should be paid to evaluate for
and aid prophylaxis against central nervous system (CNS) involvement.

Hepatosplenic T cell lymphoma

This rare form of PTCL arises from y8 T cells of the liver sinuses and splenic
red pulp and presents with prominent helaptosplenomegaly without sig-
nificant adenopathy and pancytopenia. It is commonly seen in young males
with a median age of 35 years. There is an association with iatrogenic
immunosuppression especially with the use of the anti-tumor necrosis
factor (TNF) agent infliximab, purine analogues, patients with Crohn’s
disease, and recipients of solid organ transplantation [38,39]. The disease
is aggressive with a median survival of 16 months.

Pathologically, the cells are medium in size and tend to have a marked
pattern of sinusoidal infiltration in the liver and spleen as well as bone
marrow. Immunophenotypically the cells are positive for CD56 or CD16 but
negative for CD4, CD8 (CD8 + can be seen occasionally). TIA-1 is usually
positive but other cytotoxic markers of activation such as granzyme and
perforin are negative. The most consistent chromosomal abnormality is
isochromosome 7q and trisomy 8. Cases of af T-cell derivation are seen
with similar immunophenotype that are more common in females and

present at an older age.
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The disease is aggressive and requires early planning for an allogeneic
stem cell transplant for long-term survival. Small series have reported
on the poor outcome of traditional cyclophosphamide, doxorubicin, vin-
cristine, and prednisolone (CHOP) or CHOP-like regimens [40,41]. In one
small retrospective study, intensive induction regimens such as ifosfamide,
carboplatin, and etoposide (ICE) or ifosfamide, etoposide, and high dose
cytarabine (IVAC) were more likely to lead to remissions as a bridge to
stem cell transplant with a median progression-free survival (PFS) of
13.3 months and OS of 59 months of the 7/14 surviving patients [42].

Enteropathy-associated T-cell lymphoma
Enteropathay-associated T-cell lymphoma or EATL is a rare intestinal
lymphoma with an aggressive clinical course that has an intestinal pres-
entation. There are two known variants of the disease EATLI and EATL II
based on distinct clinical, morphological, and immunophenotypic features
and an even rarer indolent variant. EATL should be distinguished from
intestinal involvement of other types of lymphoma including PTCL-nos,
EBV-positive NK/T-cell lymphoma, and other y8 T-cell lymphoma that
lack epitheliotrism.

EATLI is associated with either overt or salient celiac disease and is
seen in patients of European descent. Serologic markers of celiac disease
such as anti-gliadin antibodies are positive. The neoplastic cells show
prominent invasion of the intestinal mucosa, are of the af subtype, and
express the mucosal homing receptor CD103 (HML-1). There may be
varied expression of CD30 but typically the surrounding mucosa will
show villous atrophy. In comparison, type II EATL is composed of cells
that show prominent epitheliotropism but the surrounding mucosa is
usually intact. The cells are of y8 orgin and are CD8- and CD56-positive.
This subtype is more common in Asia and is rarely associated with
celiac disease. Both EATL type I and II are aggressive and present with
abdominal symptoms and multifocal intestinal involvement that can lead
to perforation and other complications. Outcomes are poor with 5-year
survival rates of less than 20% [43,44]. Treatment guidelines are as per
general PTCL guidelines with support for early stem cell transplant as
consolidation based on several studies. Recently there has been recognition
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of an indolent T-cell lymphoproliferative disorder of intestinal tract with
lesions involving any site from the oral cavity to the colon. The infiltrate
is composed of small mature lymphoid cells that are mostly CD8+ with
no evidence of STAT3 SH2 domain mutation or activation seen in other
types of CD8-positive large granular lymphocytic leukemia. Unlike EATLs
I and II, these indolent disorders do not require aggressive therapy [45].

Subcutaneous panninculitis-like T-cell lymphoma
This rare form of T-cell lymphoma presents with subcutaneous nodules that
primarily affect the extremities and trunk and vary from 0.5 centimeters
to several centimeters in size. Histologically, the cells consist of atypical
lymphoid cells that rim individual fat cells. The surrounding infiltrate
can have reactive histiocytes and can show vascular invasion, necrosis
and karyorrhexis. Immunophenotyping shows the cells to be positive for
CD8 and they are of the af3 type. The y8 subtype is now considered to be
a primary cutaneous y8 T-cell lymphoma the median age at presentation
is 30 years but can be seen in children as well. It can be associated with
a hemophagocytic syndrome that confers a poor prognosis and can occur
either before, concurrent with or even after the disease has been treated.
The patients can present with high fevers, hepatosplenomegaly, skin lesions,
pulmonary infiltrates, and coagulation abnormalities.

Subacute panninculitis-like T-cell lymphoma (SCPTCL) needs to be
differentiated from lupus and other autoimmune diseases that can also
occur concurrently with SCPTCL. The clinical course is usually aggressive
but an indolent variant has been described [46].

Epstein-Barr virus-associated T-cell and NK-cell

proliferation

These systemic EBV-positive T-cell lymphoproliferative disorders include

hydroa vacciniforme-like lymphoma, mosquito bite allergy and systemic

EBV-positive lymphoproliferative disease. These have mostly been reported

in children in Central and South America, and in Asia:

* Hydroa vacciniforme and mosquito bite allergy is usually confined

to the skin and induced by sun exposure. The lesions consist of a
CD3+ EBER+ infiltrate that forms vesicles. The infiltrate can lack
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clonality and cytological atypia but can become dense and more
atypical in which case it meets criteria for hydroa vacciniforme-like
lymphoma [47].

* Systemic EBV-positive lymphoproliferative disease usually arises
in the background of EBV infection and has overlapping features
with aggressive NK-cell leukemia/lymphoma. It is associated
with hemophagocytic syndrome and can be very aggressive with
survival measured in weeks unless the patient can receive an
allogeneic stem cell transplant [48].

Extranodal natural killer-/T-cell lymphoma,
nasal type, and other Epstein-Barr virus-positive
T-/natural killer-cell neoplasms
Extranodal NK-/T-cell lymphoma-nasal type is an aggressive EBV-associated
lymphoma that is more common in Asia, Central and South America, and
in Native American populations. Median age of presentation is 50 years
of age. The most common presentation is a destructive nasal or midline
facial lesion but other presenting sites include skin, gastrointestinal tract
(GIT), upper respiratory tract, or in other organs. It can be associated
with hemophagocytic syndrome, which has a negative prognostic value.
Histologically, tumors are of a polymorphic composition and express
CD56 but do not express CD57 or CD16. Most T-cell markers are absent
except CD2 and cytoplasmic CD3 but T-cell receptor gene rearrangements
are generally absent except for a rare subset that may have a true T-cell
derivation [49,50]. EBV-positivity by in situ hybridization is seen in most
cases. Gene expression profiling has delineated several oncogenic path-
ways that are activated in these tumors including Notch-1, Wnt, AKT, NF
kappa B, and Jak/STAT. Somatic-activating mutations of the JAK3 gene
have been identified in 35% of cases of NK-/T-cell lymphoma and may
provide therapeutic targets for clinical use [51]. Similarly, miRNA signa-
ture profiling has also identified a distinct signature for these tumors that
results in dysregulation of p53, cell cycle control, and mitogen-activated
protein kinase (MAPK) signaling [52]. Plasma EBV DNA levels have been

shown to correlate with tumor load and survival [53].
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A thorough ear, nose, and throat (ENT) evaluation irrespective of
the initial site of presentation is required in the management of these
cases. PET/CT is the recommended imaging modality for staging and
follow-up purposes. The standard uptake value maximum (SUV max)
is lower in NK-/T-cell lymphoma than aggressive B-cell lymphoma so
very high SUVs >10 should arouse suspicion for coexisting infection or
inflammatory processes. Most nasal tumors are accompanied by bony
destruction of sinus walls and can extend into the orbit and other sur-
rounding tissues. Retrospective analysis of multi center studies has iden-
tified the following prognostic models that are clinically useful. The IPI
(age performance status, stage, LDH, and extranodal sites) designed for
DLBCL [54], the Korean prognostic score (B symptoms, stage, LDH, and
adenopathy) [55], NK-cell Tumor study group (non-nasal disease, stage,
performance status, and number of extra nodal sites) [56].

NK/T-cell lymphoma is radiosensitive and treatment of localized
disease with radiation alone results in overall response rates between
77 and 100% with better responses seen in doses >50Gy. However, the
risk of systemic failure remains high with this approach: 25-40% [57].
Hence, combined modality chemo radiation regimens are used to treat
localized disease either in a concurrent or sequential approach. The
choice of chemotherapy in NK-/T-cell lymphoma remains challenging
as CHOP and other anthracycline-based regimens have failed to provide
optimal control of disease with dismal outcomes [57,58]. NK cells have
been shown to have high levels of P-glycoprotein and this is retained in
the NK-/T-cell lymphoma cells resulting in a multidrug-resistant pheno-
type [59]. Incorporation of non-multidrug resistance (MDR) agents for
example methotrexate and asparaginase into treatment regimens such
as dexamethasone, methotrexate, ifosfamide, etoposide, and l-asparigi-
nase (SMILE), dexamethasone, etoposide, ifosfamide, and carboplatin
(DeVic), asparginase, dexamethsone, and methotrexate (AspMet Dex),
and gemcitabine, asparaginase, and oxaliplatin (GELOX) have improved
the outcome of these patients. The concurrent approach, with external
bean radiation (XRT) and three cycles of DeVic resulted in an ORR of
81% and CR was achieved in 77% of cases; 5-year OS and PFS was 70%
and 63%, respectively [60]. Similarly, another study reported an ORR of
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83% and CR of 80% with a 3-year OS and PFS of 85% with concurrent
XRT and cisplatin followed by etoposide, ifosfamide, cisplatin, and dexa-
methasone (VIPD) [61]. Four cycles of the most intense regimen SMILE
with XRT incorporated sequentially between cycle two and three has
shown ORR and CR of 89.7%. The remission achieved was durable [62].

However, these regimens have significant morbidity associated with
them. Deaths due to infection have been reported. Kwong et al have
reported an excellent overview of all therapeutic options in this disease
and prefer the sequential approach as the best and least toxic for most
patients [63]. Localized NK-/T-cell lymphoma presenting outside the
nasal and paranasal areas should be treated with similar regimens and
involved field XRT where possible.

Advanced stage and relapsed disease should be treated with
L-asparagianse containing regimens as described above. ORR of up to
80% and higher have been reported with CRS in the 40-65% range. In
one study the 1-year OS and PFS was 55% and 53%, respectively [64].
Another study reported a 5-year OS of 52.3% [62]. Treatment for patients
who relapse after L-asparaginase-contatining regimens remains poorly
defined. Recent studies have suggested a role for combination therapy
using gemcitabine-like Gem/Ox [65] followed by high-dose therapy and
stem cell support. Risk of CNS disease in NK-/T-cell lymphoma has been
analyzed in a study of 208 patients and the risk appears to be highest in
patients with an high prognostic index and advanced stage disease [66]

The use of autologous stem cell transplant (ASCT) in the treatment
of NK-/T-cell lymphoma is poorly defined especially regarding the type
of transplant, timing, and conditioning regimen. There are several small
studies that have looked at the role of ASCT in NK-/T-cell lymphoma and
it seems that the outcomes are better for transplants performed in remis-
sion as opposed to refractory disease indicating that high-dose therapy
is unlikely to salvage refractory patients who are best served by clinical
trials of novel targeted agents. The best outcomes are a 5-year survival
of 50-55% [67,68]. In early stage disease the outcomes of combined
modality therapy in responding patients are excellent and do not warrant
consolidation with this approach. It may be considered in patients with

advanced disease who achieve a CR though its role remains unclear with
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highly effective regimens such as SMILE. Allogeneic transplant can be
offered to patients with relapsed/refractory disease with 3-5 year sur-
vival reported at 40-55% [69] and therapy-related mortality (TRM) of
8% and up to 40% in another study [70].

Follow-up of patients with NK-/T-cell lymphoma can be challenging
especially if disease involves mucosal surfaces and destruction. It may
be difficult to differentiate between lymphoma and infection/inflamma-
tion based on imaging studies only ie, having sinusitis versus a tumor.
Thorough ENT evaluations and biopsy of all suspicious lesions should
be used in follow-up. Serial follow-up of EBV DNA quantification can
be helpful as well and a rising titer may indicate relapse. Relapses have
been reported even after decades of remission.

Treatment guidelines for peripheral T-cell
lymphoma

Currently, these are applicable for most nodal PTCL cases and Figure 11.1
outlines the recommendations followed at our institution. For the most
part they are derived from the NCCN guidelines [2]. Any specific treat-
ments applicable to specific histologies are discussed in the relevant
sections. Treatment guidelines for NK-/T-cell lymphomas are presented
separately in Figure 11.2.

First-line therapy

First therapy of choice continues to be a clinical trial. This indicates that
there is no ‘vetted’ standard for the upfront care of these patients that
is based on randomized clinical data. There are treatment guidelines
that are derived from consensus based on clinical experience, inference,
and some retrospective data. The NCCN lists anthracycline-based thera-
pies as initial options including CHOP, cyclophosphamide, doxorubicin,
vincristine, prednisone, and etoposide (CHOEP), etoposide phosphate,
prednisone, vincristine sulfate, cyclophosphamide, and doxorubicin
hydrochloride (EPOCH), cyclophosphamide, vincristine, doxorubicin,
dexamethasone, methotrexate, and cytarabine (hyper-CVAD), and other
combinations derived from therapy of aggressive B-cell lymphomas. The
choice is left to the treating physician and their level of comfort and
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expertise with the regimen. At City of Hope we have used CHOEP or
EPOCH as the first-line regimen where possible.

Attempts have been made to establish if anthracyclins are an essential
component of upfront therapy. The data on that are conflicting for most
histologies in PTCL except ALCL. The International T-cell lymphoma
project retrospectively evaluated data from 22 international centers that
treated PTCL and found that >85% of patients received CHOP as frontline
therapy. The best outcome was seen in ALk+ ALCL with a 5-year failure
free survival of 60%. The 5-year failure-free survival (FFS) outcome
was much worse for PTCL-nos (20%), AITL (18%), and ALK-negative
ALCL (36%) and there was no difference in OS of patients who received
anthracyclin compared with those who did not [71]. The British Columbia
Cancer registry (BCCA) reported on their 199 PTCL patients seen over
a time period of 20 years in whom clinical histology and treatment data
were available and confirmed that CHOP-based regimens given initially
resulted in a 5-year survival of 20-35% except in low risk ALCL [72].
On the other hand, another large retrospective study of over 400 (442)
PTCL patients evaluated treatment and outcomes of these patients: 65%
of patients were treated with anthracyclin-based regimens with CHOP
being the most common (93%). Only 9% received nonthathracyclin-
based combination treatment (gemcitabine-based, cyclophosphamide,
vincristine, prednisone [CVP], ICE, cisplatin, cytarabine, dexamethasone
[DHAP], etoposide, methylprednisolone, cisplatin, cytarabine [ESHAP]).
In this retrospective study, front-line treatment with anthracycline-based
regimen was associated with superior PFS and OS (2-year PFS 39% versus
23%) as compared with non-anthracyclin-containing regimens (median
0OS 18 months versus <2 months) [73].

There is retrospective data to support the use of etoposide in the
upfront regiment either as EPOCH or dose-adjusted (DA)-EPOCH or
CHOEP. The German High-Grade Non-Hodgkin Lymphoma Study Group
(DSHNHL) retrospectively analyzed the outcome of 289 PTCL patients
treated with CHOP or CHOEP and reported that 3-year event-free survival
(EFS) and OS were 75.8% and 89.8% (ALK-positive ALCL), 50.0% and
67.5% (AITL), 45.7% and 62.1% (ALK-negative ALCL), and 41.1% and
53.9% (PTCL), respectively. For patients less than 60 years of age, the



192 « MANAGEMENT OF LYMPHOMAS: A CASE-BASED APPROACH

use of etoposide improved the 3-year EFS: 75% versus 51%, which was
most notable for alk+ ALCL [74]. The Nordic Lymphoma Group evalu-
ated the role of upfront ASCT after CHOEP in an intent-to-transplant
study in those with chemotherapy-sensitive disease and PTCL subtypes
(ALK positive cases were excluded). The 5-year OS and PFS were 51%
and 44%, respectively with ALK-negative ALCL having the best outcome
with a 5-year PFS and OS of 61% and 70%, respectively [75]. The other
prospective study looking at the role of DA-EPOCH comes from the
National Institutes of Health in a trial by Dunleavy at el where they
established that DA-EPOCH resulted in EFS of 72% in alk+ ALCL and
62% in alk— ALCL, and OS of 78% and 87%, respectively [76] indicating
a potential cure. A previous abstract from the same group had reported
a PFS of 32% at 5 years for other non-ALCL histolgies of PTCL although
the numbers were small [77].

This data indicates that for most histologies of PTCL, there is no
clear upfront regimen that can lead to long-term disease control.
Several trials are ongoing to study this further either in combination
with a CHOP/CHOEP-like back bone (pralatrexate, lenalidomide,
belinostat, brentuximab vedotin, and new targeted agents) or without

a chemotherapy.

Stem cell transplant as consolidation

There is now a substantial body of literature supporting ASCT in first
complete remission (CR1) for PTCL, albeit lacking confirmation by rand-
omized trials. The NCCN guidelines for NHL recommend consideration of
ASCT for patients with PTCL who achieve a CR or partial remission (PR)
after primary therapy and are eligible based on age and comorbidity [71].
Exceptions to this approach include CTCL (discussed elsewhere, and very
aggressive T-cell lymphomas including hepatosplenic T-cell lymphoma
(HSTCL), HTLV-1-associated ATLL, extra-nasal NK-/T-cell lymphomas,
T-cell prolymphocytic leukemia (T-PLL), and primary cutaneous y8 T-cell
lymphoma. These diseases have a very aggressive clinical course due to
inherent chemoresistance and patients tend to experience multiple failures
of primary therapy; hence ASCT approaches have generally not produced
long-term remission in these patients [78,79]. Long-term remission and
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improved survival has been seen in patients with these highly aggressive
variants following allogeneic transplantation in first remission.

The largest study comes from the Nordic Lymphoma group that has
conducted a prospective study with an intent to treat analysis of patients
undergoing ASCT after receiving induction chemotherapy with CHOEP
(or CHOP if >60 years of age) [75]. Out of the initial 160 patients 113
(70%) underwent ASCT and the outcomes varied with histology. The
best outcomes were seen in patients with ALK-ALCL with 5-year OS of
70% and PFS of 61%; AITL, OS 52%, PFS 49%; PTCL-nos, OS 47%, PFS
38%; and EATL, OS 48%, disease-free survival (DFS) 38%. Several
other trials have shown similar results. The general conclusions are that:

e Current approaches to high-dose therapy and ASCT in CR1 can
result in an OS ranging from 34% to 73% and PFS from 30% to
53% depending on histology with best outcomes seen for ALCL.
The longest follow up is 3-5 years. There are no randomized
trials but the outcome data from ASCT in CR1 shows improvement
compared with chemotherapy alone at 5 years.

e Many studies have shown that 41-73% of PTCL patients will
progress through initial therapy or are ineligible for ASCT due to
comorbidities. Thus many patients fail to benefit from this approach.

* Improved strategies are needed in the upfront setting to increase
the response rates and duration of response. In addition, the
late treatment failure patterns support the need to better define
patients at risk for late relapse through biomarker and minimal
residual disease (MRD) evaluation. This could define a subset
of patients that would benefit from maintenance therapy
post-transplant.

The patient in the case presented above received six cycles of CHOEP. Interim
PET/CT scans after four cycles confirmed a CR and he continued to receive
another two cycles. During this time he was evaluated by the transplant
team with the intention to give him high dose chemotherapy and autolo-
gous stem cell transplant in CR1 as consolidation therapy. However, he
experienced severe chest pain during stem cell collection and was taken to
the emergency room where an electrocardiogram (EKG) showed evidence of
ischemia and non-ST segment elevation myocardial infarction (NSTEMI).
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Urgent cardiac evaluation revealed multi-vessel disease necessitating a
stenting procedure and the need for anticoagulation for at least 30 days.
This course was complicated by pneumonia and the transplant was delayed
for 2 months. By this time his B symptoms returned and restaging CT scans
confirmed new adenopathy confirming relapsed disease after a biopsy was
done. Salvage therapy was started with pralatrextate and human leukocyte

antigen (HLA) typing initiated on him and his two siblings.

Relapsed disease

Given the dismal outcome of upfront therapies it is estimated that over
70% of patients with PTCL will have relapsed and refractory disease [80].
At present there are four US FDA approved agents for the treatment of
relapsed PTCL. Their efficacy is based on Phase II clinical trial data and
is summarized in Table 11.6. Mogamulizumab is additionally approved
in Japan and chidamide, another HDACi is approved in China. Given the
rarity of these diseases, it has been difficult to tease out response rates
for individual subtypes of PTCL except for ALCL. For the clinician the
selection of an appropriate agent remains a challenge and there is little
data to guide this choice. In addition, several non-approved agents and
combination chemotherapy approaches used for relapsed aggressive
lymphoma in general are used extensively including ICE, DHAP, etopo-
side, methylprednisolone ara-c, and cisplatin (ESAP), and gemcitabine
regimens (Table 11.7). It should be noted that all these treatments are
palliative and are not considered curative. If appropriate, the patient
should be worked up for a stem cell transplant. The choice of ASCT versus
an allogeneic transplant is also a matter of debate and will be discussed
in the next section [88].

Allogeneic stem cell transplant for relapsed disease
For PTCL, the rationale for allogeneic transplants is based on the intent
of invoking a graft-versus-lymphoma effect to provide long-term disease
control. Allogeneic transplant has been used in the setting of relapsed or
refractory PTCL, although increasingly transplant physicians are using
this modality in the upfront setting for particularly aggressive histologies
such as the y/6 T cell lymphomas or extra-nasal NK-/T-cell lymphomas.
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Unfortunately, allogeneic transplant is also associated with a high risk of
complications related to continued immunosuppression, graft-versus-host
disease (GVHD), and the long-term toxicities of conditioning regimens. The
largest study to date includes 77 patients from multiple centers in France
and was reported by Le Gouill et al [89]. TRM was high at 33%, and 5-year
OS and DFS were 57% and 53%, respectively. Best outcomes were seen for
nodal histologies. Several small studies have reported similar outcomes.
Patients should be referred for transplant consultation early in the course
of their disease. If the patient does not have a suitable donor and has not
had a prior auto transplant, an autologous transplant can be considered

for chemosensitive disease. However, most patients will ultimately relapse.
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Hodgkin lymphoma

Robert Chen

Case presentation

A 52-year-old male patient presented to a primary care office with shortness
of breath and a nonproductive cough of 3 months’ duration. In addition,
he had also noticed fever, chills, and night sweats for the past 2 months.
Upon examination, the primary care physician found right axillary lym-
phadenopathy about the size of a tennis ball and also right inguinal lymph
nodes. This patient underwent a core needle biopsy of the right axillary
lymph node, and the pathology results showed classical Hodgkin lymphoma,
mixed cellularity type. The patient was then referred to a hematologist,
who performed a fluorodeoxyglucose (FDG)-positron emission tomography
(PET) scan. The scan showed increased standardized uptake value (SUV)
and discrete masses in the anterior mediastinum (about 7 x 6 cm), bilat-
eral axillary lymphadenopathy, bilateral pulmonary nodules, periaoritic
lymphadenopathy, increased uptake in the spleen, and right inguinal
lymphadenopathy. A bone marrow biopsy was performed, indicating no

lymphoma involvement in the bone marrow.

Background

In the US, the age-adjusted incidence of Hodgkin lymphoma (HL) ranges
from 1.3-3.2 per 100,000, depending on race. Worldwide, the age-
adjusted incidence ranges from 0.5-0.8 per 100,000 in less developed
regions, whereas it is 1.9-2.3 in more developed regions [1]. The age

© Springer International Publishing AG 2017 205
J. Zain and L.W. Kwak (eds.), Management of Lymphomas:
A Case-Based Approach, DOI 10.1007/978-3-319-26827-9_12



206 - MANAGEMENT OF LYMPHOMAS: A CASE-BASED APPROACH

incidence has a bimodal distribution, with peaks at 15-29 and 75-84
years of age, respectively [2]. At this time, there is no definitive casual
relationship between HL and other environmental, genetic, or infectious
factors. Risk of HL is increased in patients with compromised immune
systems, such as patients with human immune deficiency (HIV) or those
who have undergone organ transplantation [3]. A subset of HL patients
are known to be Epstein-Barr Virus (EBV)-positive. They have elevated
anti-EBV titers compared with controls [4], and the Reed Sternberg (RS)
cells in HL tumors can stain for latent membrane protein 1 (MP1) or be
positive for EBV-encoded small RNAs (EBERs) by fluorescence in situ
hybridization (FISH) [5]. The risk of HL is about 11.5-fold higher in HIV
patients compared with the general population [6]. This subset of HL
patients are almost uniformly EBV-positive [7].

HL can be divided into classical HL and nodular lymphocyte pre-
dominant HL. (LPHL). Within classical HL, there are four histologic sub-
types: nodular sclerosis, mixed cellularity, lymphocyte-depleted, and
lymphocyte-rich [8]. Classical HL is characterized by the presence of the
RS cell, which is the classic HL tumor cell. This cell is large with a bilobed
nucleus, and eosinophilic nucleoli. It stains positive for CD30 and CD15
and negative for BOB1 and OCT2. RS cells make up a small percentage
of the tumor mass (up to 5%), and the remaining tumor is composed of
inflammatory cells such as macrophages or T cells. The four histologic
subtypes are differentiated by the cellular backgrounds. In nodular
sclerosis classical HL, the nodular cellular infiltrate is surrounded by
broad collagen bands. In mixed cellularity HL, the cellular infiltrates is
usually diffuse or vaguely nodular. Lymphocyte-depleted HL is the rarest
subtype of classical HL; it features an increased number of Hodgkin/RS
(HRS) cells and depletion of small lymphocytes. Lymphocyte-rich HL
has the characteristic of (HRS) cells in a lymphocyte-rich background.
Although these histologies are associated with distinct architectural
backgrounds, their prognosis and treatment strategies are very similar. It
is thought that HRS cells are derived from preapoptotic germinal center
B cells. They lack the typical B cell markers such as CD20, CD79b, or
BCR [9-11]. However, detection of rearranged immunoglobulin heavy

and light chains in HRS cells shows that they are derived from B cells.
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Further, the identical IgV gene rearrangements in HRS cells of the same
patient reveals their monoclonal nature [12,13]. Thus far, there is no
pathognomonic genetic lesion representative of all HL cells; however,
genetic lesions in BCL2, BCL6, MYC, MHC, TP53, TNFAIP3, JAK/STAT,
and PD-L1 have all been found in HL cells [14-18]. Furthermore, HRS cells
show constitutive activation of nuclear factor-kappa B (NF-KB) [18,20],
Janus kinase (JAK)/signal transducers and activators of transcription
(STAT) [21,22], and PI3K/AKT pathways [23].

LPHL is made up of lymphocyte-predominant cells, which carry one
large multilobuted nucleus (popcorn cells). Their immunophenotype is
very different from the HRS of cHL subtypes and resembles a B-cell lym-
phoma, with expression of CD20, CD79a, CD75, BOB1, and OCT-2 [8].
They are CD30- and CD15-negative. As such, they are treated similarly
to other indolent B-cell lymphomas rather than HL [24].

Diagnosis and prognosis

Patients with HL typically present with painless and progressive lym-
phadenopathy. The most common sites are usually cervical and supra-
clavicular, as they are the regions where disease is easily localized and
detected. However, mediastinal lymphadenopathy is common as well
and if bulky may cause chest pain, cough, and shortness of breath.
Occasionally, patients present with superior vena cava syndrome. Although
rare, HL can have extranodal involvement in organs such as the spleen,
liver, lungs, and bone marrow. Patients with advanced HL typically also
present with systemic symptoms such as fever, night sweats, weight loss,
pruritus, and fatigue.

Although there is no diagnostic blood test for HL, often patients do
present with laboratory abnormalities. Leukocytosis, leucopenia, neutro-
philia, lymphopenia, eosinophilia, and anemia can all be observed, some
of which are associated with a worse prognosis. An elevated erythrocyte
sedimentation rate (ESR) and C-reactive protein are seen and have also
been associated with a poor prognosis. The diagnosis of HL can only be
made with an adequate tissue specimen using morphologic and immuno-
histochemical criteria. Excisional, incisional, or core needle biopsies are

accepted methods of obtaining tumor specimens. Fine-needle aspiration
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should never be used for diagnosing HL. The Ann Arbor Staging System
is the same one used for lymphomas in general. Computed tomography
(CT) and fluorine-18-dexoyglucose position emission tomography (FDG-
PET-CT) are used for initial staging and for disease response assessment
to treatment. The CT scan can give bidimensional measurements of lymph
nodes, whereas the PET scan can measure the activity of the lymphoma.
PET scans have been incorporated into several treatment clinical trials
as predictive factors for prognosis based on early responses. For full
workup please see Figure 12.1.

HL has been considered to be a curable lymphoma, as many patients
can achieve durable remissions and have prolonged survival. In general,
patients with stage I/1I disease have a relatively high 5-year progression-
free survival (PFS) and OS, and patients with stage III/IV disease have a
relatively poor 5 year PFS and OS. However, there are other prognostic
factors besides staging that are predictive of PFS and OS. The prognosis
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Figure 12.1 City of Hope treatment algorithm for working up a patient with Hodgkin lymphoma.
CBC, complete blood count; CT, computed tomography; ESR, erythrocyte sedimentation rate; LDH,
lactate dehyrodgenase; LFT, liver function test; PET, position emission tomography.
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for patients with early stage disease can be grouped into favorable or
unfavorable depending on the risk factors involved, such as number of
lymph node regions, bulky tumor mass, B symptoms, age, ESR, and early
PET response [25,26]. Different study groups uses variations of these
criteria to define risk (Table 12.1). For patients with advanced stage
disease (III/IV), the Hasenclever score [25] is used to determine the
rate of freedom from progression. Risk factors such as age =45 years,
male sex, stage IV disease, hemoglobin <10.5 g/dl, serum albumin <4.0
g/dl, leukocytosis =15 x 10%/1, and lymphopenia <0.6 x 10°/1, are used
to identify patients at high risk of progression after frontline therapy.

Early stage treatment (classical Hodgkin lymphoma)
Early stage disease is further subdivided into favorable and unfavorable.
In the US, favorable is defined as stage I/1I disease, no bulky mediastinal
mass, age <40 years old, ESR <50 mm/h, and only <3 involved nodal
regions. Other groups such as the European Organisation for Research
and Treatment of Cancer (EORTC) Lymphoma Group, French Belgian
Groupe d’Etude des Lymphomes de '’Adulte (GELA), and the German
Hodgkin Study Group (GHSG) use variations of the same criteria to define
favorable versus unfavorable [26,27]. Historically, patients with stage I/
1I favorable disease were treated with radiation alone, as HL tumors are
very sensitive to radiation treatment. Initially, the radiation field was
large and termed extended field radiotherapy (EFRT), and the approach
later changed to involved-field radiotherapy (IFRT) and involved site
radiotherapy (ISRT). This strategy has further evolved into combined
modality therapy (CMT) and, finally, to limited chemotherapy only.

NCI-C/ECOG GHSG EORTC-GELA

Bulky mediastinal mass Bulky mediastina mass Bulky mediastinal mass
Age >40years old Extranodal disease Age >50 years old
ESR>50 mm/h Elevated ESR Elevated ESR

Involved nodal regions >3 Involved nodal regions >2 Involved nodal regions >3
B symptoms

Table 12.1 Unfavorable risk factors in limited stage Hodgkin lymphoma. EORTC-GELA,
European organization for research and treatment of cancer/Groupe d'Etude des Lymphomes
de I'Adulte; GHSG, German Hodgkin Study group; NCI-C/ECOG, National cancer institute/Eastern
cooperative oncology group.
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Stanford University pioneered the initial use of radiotherapy for HL
using mantle field and subtotal nodal irradiation (STNI) techniques
[28]. The total radiation dose was 40 Gy. Several studies done by the
EORTC tested different radiation fields, the addition of chemotherapy,
and the necessity of laparotomy for staging. STNI was considered the
standard treatment for early favorable HL until the 1990s, but 25-30%
of patients eventually relapsed. Additionally, late effects of radiation
therapy, such as secondary malignancies, cardiovascular disease, pulmo-
nary problems, and gonadal dysfunction, surfaced as many HL patients
became long-term survivors [28]. The risk of cardiovascular disease and
secondary malignancies was especially related to the radiation dose
and field of radiation. A large Dutch study with a median follow up of
17 years showed that death from secondary cancer and cardiovascular
disease was 22% and 9%, respectively [29].

Due to significant late-term toxicity and high relapse rate, many
groups started investigating the addition of chemotherapy and reduc-
ing the radiation field and the dose termed CMT therapy. The German
Hodgkin lymphoma study group (GHSG HD10) trial is the latest pub-
lished analysis of the use of CMT. This study showed that two courses
of adriamycin, bleomycin, vinblastine, and dacarbazine (ABVD) chemo-
therapy followed by 20 Gy of IFRT yields an OS of 97.5% and PFS of
93.2% [30] in patients with early-stage HL and a favorable prognosis.
This study establishes the standard of CMT therapy in this population.
However, investigators started to question whether or not radiotherapy
is necessary given the long-term complications. The National Cancer
Institute of Canada (NCIC) and Eastern Cooperative Oncology Group
(ECOG) compared ABVD alone with ABVD plus STNI in early favorable
and unfavorable patients. This study showed that CMT had a small PFS
advantage, but there was no OS advantage after 12 years of follow-up
[31]. Recently, investigators started using PET scans to determine the
necessity of radiotherapy. Several studies in advanced HL showed that
PET after two cycles is a predictive factor of long-term remission [32]. The
UK National Cancer Research Institute (NCRI) Lymphoma Group RAPID
trial performed in the UK removed radiation treatment for patients who

achieved PET negative status after two cycles of ABVD. This study showed
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a minor 3.8% difference in 3-year PFS in favor of radiotherapy but no
difference in OS [33]. The US Cancer and Leukemia Group B (CALGB)
study had a similar design, but results are not yet available. However,
the trend has been to avoid radiotherapy if patients are PET-negative at
early assessment. A longer follow-up is needed in these trials to show
conclusive evidence regarding whether radiotherapy can truly be avoided.

Patients with early stage unfavorable disease need either more cycles
of chemotherapy or stronger doses of radiation. In the US, patients with
adverse risk factors such as bulky disease or B symptoms are generally
treated similarly to advanced stage disease (see below). Alternatively,
they can also be treated with four cycles of ABVD followed by involved-
field radiotherapy. The GHSG HD 11 study showed a 5-year OS of 95%
and PFS of 88% based on this strategy [34].

Advanced stage treatment (classical Hodgkin
lymphoma)

In the US and much of Europe, the standard of care for patients with
advanced stage HL is ABVD chemotherapy for 6 cycles. The evolution of
combination chemotherapy started with mechlorethamine, vincristine,
procarbazine, and prednisone (MOPP) chemotherapy which showed a
long-term remission of almost 50% [35]. A later study compared MOPP
with a MOPP/ABVD hybrid regimen. Results show that MOPP/ABVD was
superior to MOPP alone in terms of OS (83.9% versus 63.9%, p<0.06)
and freedom from progression (64.6% versus 35.9%, p<0.005) [36].
The US intergroup then compared ABVD alone with MOPP or an ABVD/
MOPP hybrid. The OS at 5 years was 73% for ABVD versus 66% for MOPP
versus 75% for MOPP/ABVD. However, the hematologic toxicity is much
higher for MOPP, and thus the standard of care has been ABVD alone
[37]. Another regimen developed at Stanford University, called Stanford
V, used a shorter course of chemotherapy followed by radiation to sites of
initial disease [38]. This regimen was compared against ABVD (E2496)
in a US cooperative group trial, and the results showed no difference in
terms of 5-year PFS or OS [39]. As this method generally results in more
myelosuppression and uses more radiation but has no confirmed survival

advantage, it has generally gone out of favor in the US.
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The patient in our case study was diagnosed with stage IVB HL. He was
given six cycles of ABVD chemotherapy. He achieved complete remission
documented by CT/PET scan, and has been in remission for 2 years.

While ABVD is the standard regimen for advanced HL in the US, the
GHSG developed an increased dose density regimen called bleomycin,
etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine,
and prednisone (BEACOPP). This regimen has gone through many
modifications, including escalation/deescalation and shortening the
course to six cycles. The most recent standard is six cycles of escalated
BEACOPP per the GHSG recommendations [40].

A variety of trials have taken place to compare BEACOPP with ABVD
[41-43]. Most studies show improvements in response rate with the
former regimen; however, there is no clear advantage in overall survival.
BEACOPP is also associated with increased hematological toxicities,
gonadal failures, and increased secondary malignancies and thus is not
the standard of care in the US. The current research strategy involves
using PET scans to determine which patients need more intense therapy.
A US intergroup trial (NCT00822120) evaluated treatment intensification
using six cycles of escalated BEACOPP if patients are PET-positive after
two cycles of ABVD. The results are still pending. Figure 12.2 shows the
City of Hope treatment pathway for patients with newly diagnosed HL.

Elderly patients

Although up to 70% of patients with advanced HL can be cured with
ABVD, the elderly subset of patients typically have a worse outcome.
About 20% of the total HL population fit into the elderly category (>60
years of age) [44]. The worse prognosis is in part due to the increased
number of comorbidities and their impact on their ability to tolerate
full doses of chemotherapy. Van Spronsen et al showed that elderly HL
patients have cardiovascular disease (18%), chronic obstructive lung
disease (13%), diabetes mellitus (10%), and hypertension (3%) [45].
Landgren et al showed that elderly HL patients who can tolerate >65%
relative dose intensity (RDI)of chemotherapy had improved OS compared
with patients who cannot tolerate 65% of RDI [46]. In addition, the
North American E2496 trials showed increased hematologic toxicities,
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increased bleomycin lung toxicity (24%), increased treatment-related
mortality (9%), and worse OS (48% versus 74% in young patients) with
the use of ABVD [47]. It is clear that ABVD is not the optimal induc-
tion for elderly patients with comorbidities. Currently, a Phase II trial is
underway evaluating the use of brentuximab vedotin either as a single
agent or in combination with upfront treatment for elderly HL patients.
Interim results show a high response rate, but more follow-up is needed

to determine the true efficacy of such a strategy [48].

Relapsed/refractory disease

Although both advanced HL and early stage HL have efficacious upfront
induction regimens, up to 30% of patients can still have relapsed/refrac-
tory disease. For these patients, high dose therapy followed by autologous
stem cell transplantation (ASCT) is the standard treatment. This stand-
ard is based on two randomized studies showing improved event free
survival in the ASCT group compared with the standard dose salvage

ABVD x 2+
20 cGY XRT
PET negative
Limited stage ABVD x2
Favorable (total ABVD x 4)
ABVD x 2
Restage PET
PET positive
ABVD x 4 + 30
cGY XRT
ABVD x 4 +
30 cGY XRT
Limited stage
Unfavorable
ABVD x 6

Advanced /

stage

Figure 12.2 City of Hope treatment algorithm for patients with newly diagnosed Hodgkin
lymphoma. ABVD, adriamycin, bleomycin, vinblastine, and dacarbazine; PET, positron
emission tomography.
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chemotherapy group [49,50]. A variety of salvage chemotherapy regimens
are used in the US (ICE, DHAP, ESHAP, GVD, IGEV, GDP) [51-54], all
with similar response rates (~70-80%). Similar to the salvage regimen,
there are a variety of conditioning regimens used for ASCT with no
clear benefit of one over the others. BCNU, etoposide, cytarabine, and
melphalan (BEAM) [49,50] is the regimen of choice for most groups,
and alternative regimens such as cyclophosphamide, carmustine, etopo-
side (CBV) [55] are a second choice for most centers. With regard to
outcome post ASCT, several studies analyzed risk factors predictive of
longer term remission rates. Primary refractory disease, early relapse
post induction (<12 month), stage III/IV at relapse, extranodal disease
at relapse, and B symptoms have all been identified as poor prognostic
factors [56—58]. Perhaps the most important factor predictive of long-term
remission outcome post-ASCT is the pre-ASCT PET status. Investigators
at Memorial Sloan Kettering showed that patients with pre-ASCT PET-
negative status had a 5-year EFS of 77% compared with 22% if patients
were PET-positive at pre-ASCT [59].

Unfortunately for patients who fail ASCT, the treatment options are
limited. For younger patients with an identified hematopoietic stem
cell donor, good performance status, and adequate organ functions,
reduced-intensity allogeneic stem cell transplantation is a viable option.
There are several published regimens using either fludarabine plus
melphalan, fludarabine plus low-dose total body irradiation (TBI), and
alemtuzumab plus melphalan and fludarabine [60-62] as conditioning
regimens. Although OS rates can be up to 50-60% at 3 years, relapses
are common, and PFS rates are usually in the 20-30% range [60-62].
The most important predictive factor influencing outcome post allo-
HCT is likely chemosensitive disease and comorbidity status prior to
allo-HCT. Chen et al showed that, with the use of brentuximab vedotin,
a novel antibody drug conjugate against CD30 in relapsed/refractory
HL, PFS and OS can be improved post allo-HCT [63].

Novel targeted agents
A greater understanding of molecular and cell biology has allowed devel-
opment of novel targeted therapies in treating HL. Brentuximab vedotin
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(BV), an antibody drug conjugate, has changed the paradigm for relapsed/
refractory HL. This drug has three components, an antibody targeted
against CD30, the cytotoxic drug monomethyl auristatin E (MMAE), and
a protease-cleavable linker. HL expresses CD30 on the surface of RS cells,
and this drug is targeted to only deliver MMAE to CD30-expressing cells.
In a pivotal Phase II trial, this drug showed a 73% ORR and 34% CR
rate. It has received US Food and Drug Administration (FDA) approval
for patients who failed ASCT or two lines of therapy prior to ASCT [64].

A separate Phase III randomized placebo-controlled trial using bren-
tuximab vedotin as consolidation post-ASCT showed improved PES in
patients with high risk of relapse [65]. This drug has also been tested in
the first salvage setting prior to ASCT and has shown a high response rate;
it is therefore a suitable option for patients that want to avoid combina-
tion chemotherapy prior to ASCT [66,67]. Current trials incorporating
brentuximab vedotin into induction regimens are ongoing and could
change the standard regimen of ABVD and/or BEACOPP.

Besides BV, several other novel therapies are currently in develop-
ment for relapsed/refractory (R/R) HL. Idelalisib, a phosphoinositide
3-kinase (PI3K) inhibitor approved for relapsed follicular lymphoma, has
been tested in relapsed/refractory HL. Although the ORR is low (12%),
several second-generation PI3K inhibitors are being used in clinical trials
for R/R HL [68]. Histone deacetylase (HDAC) inhibitors such as vorinostat,
panobinostat, etinostat, and mocetinostat have all been tested in R/R HL,
with low ORR rates but relatively low toxicity profiles [69-71]. They are
currently being used in the combination setting for R/R HL. Inhibitors of
programmed cell death protein 1 (PD-1) and programmed death ligand
1 (PD-L1) are the most exciting novel agents for HL currently in devel-
opment. PD-L1 is expressed on tumor cells, leading to immune escape
through binding of PD-1 on T cells in the tumor microenvironment [72,73].
Nivolumab and pembrolizumab are both being tested, and preliminary
results are very promising. Nivolumab was recently approved for the

treatment of relapsed HL after failing stem cell transplant and BV [74].



216 « MANAGEMENT OF LYMPHOMAS: A CASE-BASED APPROACH

Long-term complications
HL is a curative neoplasm and long-term survivors are common. The
increasing length of time in which HL patients are surviving without a
relapse has made the toxic effects of treatment more apparent adding to
the burden of survivorship and quality of life. Upfront chemotherapy such
as ABVD has two main acute toxicities: cardiotoxicities and pulmonary
toxicities. Cardiotoxicites can present as arrhythmias or cardiomyopathy
leading to congestive heart failure. They are usually caused by adriamy-
cin, an anthracycline. Cardiotoxicites due to an anthracycline are dose-
dependent and usually do not occur when cumulative doses are less than
300 mg/m?, which is the standard dose given in six cycles of ABVD [75].
Another agent used in ABVD, bleomycin, can cause acute and late pul-
monary toxicities. Patients may present with cough, dyspnea, and fever
as well as the classic radiographic pattern of bibasilar reticular/nodular
infiltrates [76]. The latter can be diagnosed with a FDG-PET scan or high
resolution CT scan, and decreased diffusing capacity or transfer factor
of the lung for carbon monoxide (DLCO) on pulmonary function test
(PFT) exams. Treatment for these pulmonary toxicities includes cessa-
tion of bleomycin and steroid use, but these toxicities can be fatal, with
one study reporting a 25% mortality rate [77]. Besides chemotherapy,
radiation is also frequently used in upfront treatment and can also lead
to cardiac and pulmonary toxicities. Radiation-associated heart disease
can present as coronary artery disease, myocardial dysfunction, valvular
heart disease, pericarditis, and arrhythmias [78—80]. Several studies have
shown increased incidence of heart disease after radiation, even after
a long-term follow up of 20 years [81-83]. Radiation therapy can also
cause pneumonitis, resulting in dyspnea and cough and possibly leading
to pulmonary fibrosis. The current treatment is use of high-dose steroids.
Gonadal dysfunction has been observed after induction chemo-
therapy, especially when high dose therapy such as BEACOPP or dose-
escalated BEACOPP is given [84,85]. The risk of gonadal failure after
ABVD is less common [86,87] and fertility preservation strategies may
circumvent risk in these patients. Besides gonadal failures, secondary
malignancies are unfortunately common after HL treatment because of

the use of combination chemotherapy and radiation therapy. Leukemia
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is the most common secondary malignancy (22-fold risk), followed by

non-Hodgkin lymphoma (6-14-fold), and connective tissue, bone, and
thyroid cancer (4-11-fold) [88-92]. Solid tumors such as those in the

lung, stomach, esophagus, colon, breast, and cervix may occur as well

(two- to six-fold). Hence the goal remains to find strategies to minimize

these long-term side effects of effective therapies. It is possible that the

use of more targeted therapies like brentuximab vedotin in the upfront

settings (currently in clinical trials) can circumvent these issues.

References

1

Ferlay J, Soerjomataram |, Ervik M, Dikshit R, Eser S, Mathers C et al. GLOBOCAN 2012 v1.0, Cancer
Incidence and Mortality Worldwide: IARC CancerBase No. 11. Lyon, France: International Agency
for Research on Cancer; 2013; http://globocan.iarc.fr. Accessed March 7, 2017.

Surveillance, Epidemiology, and End Results (SEER) Program. SEER*Stat Database: Incidence
- SEER 18 Regs Research Data + Hurricane Katrina Impacted Louisiana Cases, Nov 2012 Sub
(2000-2010) <Katrina/Rita Population Adjustment> - Linked To County Attributes - Total
U.S., 1969-2011 Counties, National Cancer Institute, DCCPS, Surveillance Research Program,
Surveillance Systems Branch, released April 2013, based on the November 2012 submission.
www.seer.cancer.gov. Accessed March 7,2017.

Mueller N, Grufferman S. Cancer Epidemiology and Prevention, Hodgkin lymphoma. 3rd edn.
Oxford University Press: New York, 2006.

Evans AS, Gutensohn NM. A population-based case-control study of EBV and other viral
antibodies among persons with Hodgkin's disease and their siblings. Int J Cancer. 1984;34:
149-157.

Weiss LM, Movahed LA, Warnke RA, Sklar J. Detection of Epstein-Barr viral genomes in Reed-
Sternberg cells of Hodgkin's disease. N Engl J Med. 1989;320:502-506.

Frisch M, Biggar RJ, Engels EA, Goedert JJ. Association of cancer with AIDS-related
immunosuppression in adults. JAMA. 2001;285:1736-1745.

Berenguer J, Miralles P, Ribera JM, et al. Characteristics and outcome of AIDS-related Hodgkin
lymphoma before and after the introduction of highly active antiretroviral therapy. J Acquir
Immune Defic Syndr. 2008;47:422-428.

Swerdlow SH, Campo E, Harris NL, et al. WHO Classification of Tumours of Haematopoietic and
Lymphoid Tissues. Fourth edn, vol 2. Lyon: 1ARC 2008.

Kuzu |, Delsol G, Jones M, Gatter KC, Mason DY. Expression of the Ig-associated heterodimer
(mb-1and B29) in Hodgkin's disease. Histopathology. 1993;22:141-144.

Re D, Muschen M, AhmadiT, et al. Oct-2 and Bob-1 deficiency in Hodgkin and Reed Sternberg
cells. Cancer Res. 2001;61:2080-2084.

Watanabe K, Yamashita Y, Nakayama A, et al. Varied B-cellimmunophenotypes of Hodgkin/
Reed-Sternberg cells in classic Hodgkin's disease. Histopathology. 2000;36:353-361.

Kanzler H, Kuppers R, Hansmann ML, Rajewsky K. Hodgkin and Reed-Sternberg cells in
Hodgkin's disease represent the outgrowth of a dominant tumor clone derived from
(crippled) germinal center B cells.J Exp Med. 1996;184:1495-1505.

Kuppers R, Rajewsky K, Zhao M, et al. Hodgkin disease: Hodgkin and Reed-Sternberg cells
picked from histological sections show clonal immunoglobulin gene rearrangements

and appear to be derived from B cells at various stages of development. Proc Natl Acad Sci
USA.1994;91:10962-10966.



218 « MANAGEMENT OF LYMPHOMAS: A CASE-BASED APPROACH

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Martin-Subero JI, Klapper W, Sotnikova A, et al. Chromosomal breakpoints affecting
immunoglobulin loci are recurrent in Hodgkin and Reed-Sternberg cells of classical Hodgkin
lymphoma. Cancer Res. 2006;66:10332-10338.

Gravel S, Delsol G, Al Saati T. Single-cell analysis of the t(14;18)(q32;921) chromosomal
translocation in Hodgkin's disease demonstrates the absence of this translocation in
neoplastic Hodgkin and Reed-Sternberg cells. Blood. 1998;91:2866-2874.

Kato M, Sanada M, Kato |, et al. Frequent inactivation of A20 in B-cell lymphomas. Nature.
2009;459:712-716.

Mottok A, Renne C, Willenbrock K, Hansmann ML, Brauninger A. Somatic hypermutation

of SOCS1 in lymphocyte-predominant Hodgkin lymphoma is accompanied by high JAK2
expression and activation of STAT6. Blood. 2007;110:3387-3390.

Green MR, Monti S, Rodig SJ, et al. Integrative analysis reveals selective 9p24.1 amplification,
increased PD-1 ligand expression, and further induction via JAK2 in nodular sclerosing
Hodgkin lymphoma and primary mediastinal large B-cell ymphoma. Blood. 2010;116:
3268-3277.

CabannesE, Khan G, Aillet F, Jarrett RF, Hay RT. Mutations in the IkBa gene in Hodgkin's disease
suggest a tumour suppressor role for IkappaBalpha. Oncogene. 1999;18:3063-3070.
Emmerich F, Meiser M, Hummel M, et al. Overexpression of | kappa B alpha without inhibition
of NF-kappaB activity and mutations in the | kappa B alpha gene in Reed-Sternberg cells.
Blood. 1999;94:3129-3134.

Kube D, Holtick U, Vockerodt M, et al. STAT3 is constitutively activated in Hodgkin cell lines.
Blood. 2001;98:762-770.

Skinnider BF, Elia AJ, Gascoyne RD, et al. Signal transducer and activator of transcription 6

is frequently activated in Hodgkin and Reed-Sternberg cells of Hodgkin lymphoma. Blood.
2002;99:618-626.

Dutton A, Reynolds GM, Dawson CW, Young LS, Murray PG. Constitutive activation of
phosphatidyl-inositide 3 kinase contributes to the survival of Hodgkin's lymphoma cells
through a mechanism involving Akt kinase and mTOR. J Pathol. 2005;205:498-506.

Advani RH, Hoppe RT. XVIIl. Management of nodular lymphocyte predominant Hodgkin
lymphoma. Hematol Oncol. 2015;33 Suppl 1:90-95.

Hasenclever D, Diehl V. A prognostic score for advanced Hodgkin's disease. International
Prognostic Factors Project on Advanced Hodgkin's Disease. N EnglJ Med. 1998;339:1506-1514.
Ferme C, Eghbali H, Meerwaldt JH, et al. Chemotherapy plus involved-field radiation in early-
stage Hodgkin's disease. N EnglJ Med. 2007;357:1916-1927.

Engert A, Franklin J, Eich HT, et al. Two cycles of doxorubicin, bleomycin, vinblastine, and
dacarbazine plus extended-field radiotherapy is superior to radiotherapy alone in early
favorable Hodgkin's lymphoma: final results of the GHSG HD?7 trial. J Clin Oncol. 2007;25:
3495-3502.

Hoppe RT, Coleman CN, Cox RS, Rosenberg SA, Kaplan HS. The management of stage I--II
Hodgkin's disease with irradiation alone or combined modality therapy: the Stanford
experience. Blood. 1982;59:455-465.

Aleman BM, van den Belt-Dusebout AW, Klokman WJ, Van't Veer MB, Bartelink H, van Leeuwen
FE. Long-term cause-specific mortality of patients treated for Hodgkin's disease. J Clin Oncol.
2003;21:3431-3439.

Engert A, Plutschow A, Eich HT, et al. Reduced treatment intensity in patients with early-stage
Hodgkin's lymphoma. N EnglJ Med. 2010;363:640-652.

Meyer RM, Gospodarowicz MK, Connors JM, Pearcey RG, Wells WA, Winter JN et al. ABVD
alone versus radiation-based therapy in limited-stage Hodgkin's lymphoma. N Engl J Med.
2012;366:399-408.

Hutchings M, Loft A, Hansen M, et al. FDG-PET after two cycles of chemotherapy predicts
treatment failure and progression-free survival in Hodgkin lymphoma. Blood. 2006;107: 52-59.
Radford J, Illidge T, Counsell N, Hancock B, Pettengell R, Johnson P et al. Results of a trial of PET-
directed therapy for early-stage Hodgkin's lymphoma. N Engl J Med. 2015;372:1598-1607.



34

3

v

36

3

~N

38

39

40

4

-

42

43

44

45

46

47

48

49

50

HODGKIN LYMPHOMA - 219

Borchmann P, DiehlV, Goergen H, et al. Combined modality treatment with intensified
chemotherapy and dose-reduced involved field radiotherapy in patients with early
unfavourable Hodgkin lymphoma (HL): final analysis of the German Hodgkin Study Group
(GHSG) HD11 trial. Blood. 2009;114:299-300.

Devita JVT, Simon RM, Hubbard SM, et al. Curability of Advanced Hodgkin's Disease with
ChemotherapyLong-Term Follow-up of MOPP-Treated Patients at the National Cancer
Institute. Ann Intern Med. 1980;92:587-595.

Bonadonna G, Valagussa P, Santoro A. Alternating non-cross-resistant combination
chemotherapy or MOPP in stage IV Hodgkin's disease. A report of 8-year results. Ann Intern
Med. 1986;104:739-746.

Canellos GP, Anderson JR, Propert KJ, Nissen N, Cooper MR, Henderson ES et al. Chemotherapy
of advanced Hodgkin's disease with MOPP, ABVD, or MOPP alternating with ABVD. N EnglJ
Med. 1992;327:1478-1484.

Horning SJ, Hoppe RT, Breslin S, Bartlett NL, Brown BW, Rosenberg SA. Stanford V and
radiotherapy for locally extensive and advanced Hodgkin's disease: mature results of a
prospective clinical trial. J Clin Oncol. 2002;20:630-637.

Advani RH, Hong F, Fisher RI, et al. Randomized phase Il trial comparing ABVD plus
radiotherapy with the Stanford V regimen in patients with stages | or Il locally extensive, bulky
mediastinal Hodgkin lymphoma: a subset analysis of the North American intergroup E2496
trial. J Clin Oncol. 2015;33:1936-1942.

Engert A, Haverkamp H, Kobe C, et al. Reduced-intensity chemotherapy and PET-guided
radiotherapy in patients with advanced stage Hodgkin's lymphoma (HD15 trial): a
randomised, open-label, phase 3 non-inferiority trial. Lancet. 2012;379:1791-1799.

Federico M, Luminari S, lannitto E, et al. ABVD compared with BEACOPP compared with CEC
for the initial treatment of patients with advanced Hodgkin's lymphoma: results from the
HD2000 Gruppo Italiano per lo Studio dei Linfomi Trial. J Clin Oncol. 2009;27:805-811.
Mounier N, Brice P, Bologna S, et al. ABVD (8 cycles) versus BEACOPP (4 escalated cycles >/=4
baseline): final results in stage llI-IV low-risk Hodgkin lymphoma (IPS 0-2) of the LYSA H34
randomized trial. Ann Oncol. 2014;25:1622-1628.

Viviani'S, Zinzani PL, Rambaldi A, Brusamolino E, Levis A, Bonfante V et al. ABVD versus BEACOPP
for Hodgkin's lymphoma when high-dose salvage is planned. N EnglJ Med. 2011;365:203-212.
Stark GL, Wood KM, Jack F, Angus B, Proctor SJ, Taylor PR. Hodgkin's disease in the elderly: a
population-based study. BrJ Haematol. 2002;119:432-440.

van Spronsen DJ, Janssen-Heijnen ML, Breed WP, Coebergh JW. Prevalence of co-morbidity
and its relationship to treatment among unselected patients with Hodgkin's disease and non-
Hodgkin's lymphoma, 1993-1996. Ann Hematol. 1999;78:315-319.

Landgren O, Algernon C, Axdorph U, et al. Hodgkin's lymphoma in the elderly with special
reference to type and intensity of chemotherapy in relation to prognosis. Haematologica.
2003;88:438-444.

Evens AM, Hong F, Gordon LI, et al. The efficacy and tolerability of adriamycin, bleomycin,
vinblastine, dacarbazine and Stanford Vin older Hodgkin lymphoma patients: a
comprehensive analysis from the North American intergroup trial E2496. Br J Haematol.
2013;161:76-86.

Forero-Torres A, Holkova B, Goldschmidt J, et al. Phase 2 study of frontline brentuximab
vedotin monotherapy in Hodgkin lymphoma patients aged 60 years and older. Blood.
2015;126:2798-2804.

Linch DC, Winfield D, Goldstone AH, Moir D, Hancock B, McMillan A et al. Dose intensification
with autologous bone-marrow transplantation in relapsed and resistant Hodgkin's disease:
results of a BNLI randomised trial. Lancet.1993;341:1051-1054.

Schmitz N, Pfistner B, Sextro M, et al. Aggressive conventional chemotherapy compared
with high-dose chemotherapy with autologous haemopoietic stem-cell transplantation for
relapsed chemosensitive Hodgkin's disease: a randomised trial. Lancet. 2002;359:2065-2071.



220 + MANAGEMENT OF LYMPHOMAS: A CASE-BASED APPROACH

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

Moskowitz CH, Nimer SD, Zelenetz AD, et al. A 2-step comprehensive high-dose
chemoradiotherapy second-line program for relapsed and refractory Hodgkin disease:
analysis by intent to treat and development of a prognostic model. Blood. 2001; 97:616-623.
Josting A, Rudolph C, Reiser M, et al. Time-intensified dexamethasone/cisplatin/cytarabine: an
effective salvage therapy with low toxicity in patients with relapsed and refractory Hodgkin's
disease. Ann Oncol. 2002;13:1628-1635.

Bartlett NL, Niedzwiecki D, Johnson JL, et al. Gemcitabine, vinorelbine, and pegylated
liposomal doxorubicin (GVD), a salvage regimen in relapsed Hodgkin's lymphoma: CALGB
59804. Ann Oncol. 2007;18:1071-1079.

Magagnoli M, Spina M, Balzarotti M, et al. IGEV regimen and a fixed dose of lenograstim: an
effective mobilization regimen in pretreated Hodgkin's lymphoma patients. Bone Marrow
Transplant. 2007;40:1019-1025.

Morschhauser F, Brice P, Ferme C, et al. Risk-adapted salvage treatment with single or tandem
autologous stem-cell transplantation for first relapse/refractory Hodgkin's lymphoma:

results of the prospective multicenter H96 trial by the GELA/SFGM study group. J Clin Oncol.
2008;26:5980-5987.

Josting A, Franklin J, May M, Koch P, Beykirch MK, Heinz J, et al. New prognostic score based on
treatment outcome of patients with relapsed Hodgkin's lymphoma registered in the database
of the German Hodgkin's lymphoma study group. J Clin Oncol. 2002;20:221-230.

Sureda A, Constans M, Iriondo A, et al. Prognostic factors affecting long-term outcome after
stem cell transplantation in Hodgkin's lymphoma autografted after a first relapse. Ann Oncol.
2005;16:625-633.

Moskowitz CH, Yahalom J, Zelenetz AD, et al. High-dose chemo-radiotherapy for relapsed or
refractory Hodgkin lymphoma and the significance of pre-transplant functional imaging.
BrJHaematol. 2010;148:890-897.

Moskowitz CH, Matasar MJ, Zelenetz AD, et al. Normalization of pre-ASCT, FDG-PET imaging
with second-line, non-cross-resistant, chemotherapy programs improves event-free survival
in patients with Hodgkin lymphoma. Blood. 2012;119:1665-1670.

ChenR, Palmer JM, Thomas SH, et al. Brentuximab vedotin enables successful reduced-
intensity allogeneic hematopoietic cell transplantation in patients with relapsed or refractory
Hodgkin lymphoma. Blood. 2012;119:6379-6381.

Burroughs LM, O'Donnell PV, Sandmaier BM, et al. Comparison of outcomes of HLA-matched
related, unrelated, or HLA-haploidentical related hematopoietic cell transplantation following
nonmyeloablative conditioning for relapsed or refractory Hodgkin lymphoma. Biol Blood
Marrow Transplant. 2008;14:1279-1287.

Sureda A, Canals C, Arranz R, et al. Allogeneic stem cell transplantation after reduced intensity
conditioning in patients with relapsed or refractory Hodgkin's lymphoma. Results of the
HDR-ALLO study - a prospective clinical trial by the Grupo Espanol de Linfomas/Trasplante de
Medula Osea (GEL/TAMO) and the Lymphoma Working Party of the European Group for Blood
and Marrow Transplantation. Haematologica. 2012;97:310-317.

Chen R, Palmer JM, Tsai NC, et al. Brentuximab vedotin is associated with improved
progression-free survival after allogeneic transplantation for Hodgkin lymphoma. Biol Blood
Marrow Transplant. 2014;20:1864-1868.

Younes A, Gopal AK, Smith SE, et al. Results of a pivotal phase Il study of brentuximab vedotin
for patients with relapsed or refractory Hodgkin's lymphoma. J Clin Oncol. 2012;30:2183-2189.
Moskowitz CH, Nademanee A, Masszi T, et al. Brentuximab vedotin as consolidation therapy
after autologous stem-cell transplantation in patients with Hodgkin's lymphoma at risk of
relapse or progression (AETHERA): a randomised, double-blind, placebo-controlled, phase 3
trial. Lancet. 2015;385:1853-1862.

Chen R, Palmer JM, Martin P, et al. Results of a multicenter phase Il trial of brentuximab vedotin
as second-line therapy before autologous transplantation in relapsed/refractory Hodgkin
lymphoma. Biol Blood Marrow Transplant.2015;21:2136-2140.



67

68

69

70

7

-

7

N

73

74

75

76

7

~N

78

79

80

8

-

82

83

84

8

v

86

HODGKIN LYMPHOMA - 221

Moskowitz AJ, Schoder H, Yahalom J, et al. PET-adapted sequential salvage therapy with
brentuximab vedotin followed by augmented ifosamide, carboplatin, and etoposide for
patients with relapsed and refractory Hodgkin's lymphoma: a non-randomised, open-label,
single-centre, phase 2 study. Lancet Oncology. 2015;16:284-292.

Meadows SA, Vega F, Kashishian A, et al. PI3Kdelta inhibitor, GS5-1101 (CAL-101), attenuates
pathway signaling, induces apoptosis, and overcomes signals from the microenvironmentin
cellular models of Hodgkin lymphoma. Blood. 2012;119:1897-1900.

Kirschbaum MH, Goldman BH, Zain JM, et al. A phase 2 study of vorinostat for treatment of
relapsed or refractory Hodgkin lymphoma: Southwest Oncology Group study S0517. Leuk
Lymphoma.2011;53:259-292.

Younes A, OkiY, Bociek RG, et al. Mocetinostat for relapsed classical Hodgkin's lymphoma: an
open-label, single-arm, phase 2 trial. Lancet Oncology. 2011;12:1222-1228.

Younes A, Sureda A, Ben-Yehuda D, et al. Panobinostat in patients with relapsed/refractory
Hodgkin's lymphoma after autologous stem-cell transplantation: results of a phase Il study.
JClinOncol. 2012;30:2197-2203.

Pardoll DM.The blockade of immune checkpoints in cancerimmunotherapy. Nat Rev Cancer.
2012;12:252-264.

Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and its ligands in tolerance and immunity.
Annu RevImmunol. 2008;26:677-704.

Ansell SM, Lesokhin AM, Borello |, et al. PD-1 blockade with nivolumab in relapsed or
refractory Hodgkin's lymphoma. N EnglJ Med. 2015;372:311-319.

Swain SM, Whaley FS, Ewer MS. Congestive heart failure in patients treated with doxorubicin: a
retrospective analysis of three trials. Cancer. 2003;97:2869-2879.

Buchler T, Bomaniji J, Lee SM. FDG-PET in bleomycin-induced pneumonitis following ABVD
chemotherapy for Hodgkin's disease--a useful tool for monitoring pulmonary toxicity and
disease activity. Haematologica. 2007;92:e120-121.

Martin WG, Ristow KM, Habermann TM, Colgan JP, Witzig TE, Ansell SM. Bleomycin pulmonary
toxicity has a negative impact on the outcome of patients with Hodgkin's lymphoma. J Clin
Oncol. 2005;23:7614-7620.

Schultz-Hector S, Trott KR. Radiation-induced cardiovascular diseases: is the epidemiologic
evidence compatible with the radiobiologic data? Int J Radiat Oncol Biol Phys. 2007;67:10-18.
Adams MJ, Lipshultz SE, Schwartz C, Fajardo LF, CoenV, Constine LS. Radiation-associated
cardiovascular disease: manifestations and management. Semin Radiat Oncol. 2003;13:
346-356.

Ng AK. Review of the cardiac long-term effects of therapy for Hodgkin lymphoma. BrJ
Haematol. 2011;154:23-31.

Aleman BM, van den Belt-Dusebout AW, De Bruin ML, et al. Late cardiotoxicity after treatment
for Hodgkin lymphoma. Blood. 2007;109:1878-1886.

Darby SC, Cutter DJ, Boerma M, et al. Radiation-related heart disease: current knowledge and
future prospects. IntJ Radiat Oncol Biol Phys. 2010;76:656-665.

Hull MC, Morris CG, Pepine CJ, Mendenhall NP.Valvular dysfunction and carotid, subclavian,
and coronary artery disease in survivors of hodgkin lymphoma treated with radiation therapy.
JAMA. 2003;290:2831-2837.

Sieniawski M, Reineke T, Josting A, Nogova L, Behringer K, Halbsguth T et al. Assessment of
male fertility in patients with Hodgkin's lymphoma treated in the German Hodgkin Study
Group (GHSG) clinical trials. Ann Oncol. 2008;19:1795-1801.

Behringer K, Mueller H, Goergen H, et al. Gonadal function and fertility in survivors after
Hodgkin lymphoma treatment within the German Hodgkin Study Group HD13 to HD15 trials.
JClin Oncol. 2013;31:231-239.

Viviani S, Santoro A, Ragni G, BonfanteV, Bestetti O, Bonadonna G. Gonadal toxicity after
combination chemotherapy for Hodgkin's disease. Comparative results of MOPP vs ABVD. Eur
JCancer Clin Oncol. 1985;21:601-605.



222 « MANAGEMENT OF LYMPHOMAS: A CASE-BASED APPROACH

87 Bonadonna G, Santoro A, Viviani S, Lombardi C, Ragni G. Gonadal damage in Hodgkin's
disease from cancer chemotherapeutic regimens. Arch Toxicol Suppl. 1984;7:140-145.

Hodgson DC, Gilbert ES, Dores GM, et al. Long-term solid cancer riskamong 5-year survivors of
Hodgkin's lymphoma. J Clin Oncol. 2007;25:1489-1497.

89 van Leeuwen FE, Klokman WJ, van't Veer MB, et al. Long-term risk of second malignancy in
survivors of Hodgkin's disease treated during adolescence or young adulthood. J Clin Oncol.
2000;18:487-497.

Swerdlow AJ, Higgins CD, Smith P, Cunningham D, Hancock BW, Horwich A et al. Second
cancer risk after chemotherapy for Hodgkin's lymphoma: a collaborative British cohort study.
JClin Oncol.2011;29:4096-4104.

Dores GM, Metayer C, Curtis RE, Lynch CF, Clarke EA, Glimelius B et al. Second malignant
neoplasms among long-term survivors of Hodgkin's disease: a population-based evaluation
over 25 years. J Clin Oncol. 2002;20:3484-3494.

Swerdlow AJ, Barber JA, Hudson GV, et al. Risk of second malignancy after Hodgkin's disease

in a collaborative British cohort: The relation to age at treatment. J Clin Oncol. 2000;18:498-509.

8

9

o

9

-

9

N



CASE STUDY SECTION FIVE

Lymphomas in special
clinical situations



Chapter 13

Acquired immunodeficiency
syndrome-related lymphoma

Joseph Alvarnas

Case presentation

Patient X is a 50-year-old man who presented to his primary care physi-
cians with rapidly progressing right cervical lymphadenopathy. The patient
underwent an excisional biopsy, which was consistent with diffuse large
B-cell lymphoma (DLBCL). A computed tomography (CT) positron emission
tomography (PET) fusion study demonstrated evidence of fluorine-18-fluoro-
deoxy-D-glucose (FDG)-avid right cervical and mediastinal lymphadenopa-
thy measuring up to 2 cm in maximum dimension. A bone aspirate and
biopsy demonstrated no evidence of involvement by non-Hodgkin lymphoma
(NHL). Screening for human immunodeficiency virus (HIV) infection and
hepatitis B and C demonstrated that the patient was infected with HIV. His
viral load was 500,000 copies/mL and the CD4+ T-cell count was 230/j.L.

Lymphoma risk and human immunodeficiency
virus infection

A syndrome of immunodeficiency was first identified in homosexual
men in 1981 [1]. The acquired immunodeficiency syndrome (AIDS) was
associated with both a significant risk of opportunistic infections and
an increased risk of several malignancies, including NHL. By 1984 a
lentivirus, known as HIV, was identified as the causative agent of AIDS.
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In 1985, the first screening tests became available for detecting both
HIV1 (the dominant form of HIV in the western world) and HIV2 [2].
As of 2014, 36.9 million people worldwide were living with HIV infec-
tion [3]. In the United States alone, the Centers for Disease Control and
Prevention (CDC) organization estimates that there are 1,218,400 people
infected with HIV; this includes 156,300 people who are unaware of
their infection [4].

Incidence and spectrum of lymphomas in human
immunodeficiency virus-infected patients

HIV infection is associated with a significantly increased risk for a
number of cancers. The Swiss Cohort study observed 7304 HIV-infected
individuals for a total of 28,836 people-years. The risk of NHL in this
population increased 72-fold compared with that of the non-infected
population [5]. Prior to the advent of combination antiretroviral therapy
(cART), HIV-infected patients had an up to 200-fold increase in the risk
of NHL. Following the widespread availability of cART, the risk of NHL
has dropped but remains elevated compared with that of the non-infected
population [5]. The current annual incidence of NHL among HIV-infected
patients is 170 new cases per 100,000 [6]. The annual incidence of NHL
in the general population is 19.7 new cases per 100,000 [7]. Between 1
and 6% of HIV-infected patients develop lymphoma annually [8]. NHL
is an AIDS-defining diagnosis for HIV-infected patients [9].

HIV-infected patients are also at a greater risk for the development of
Hodgkin lymphoma (HL). In the Swiss Cohort study, the incidence of HL
increased 17.3-fold compared with the non-infected population [5]. The
current estimate is that HIV infection increases the risk of HL between
5 and 25-fold compared with the general population [8]. Unlike NHL,
the risk of HL has not decreased significantly following the availability
of cART and may, in fact, be increasing in the post-cART era [5]. HL is
not an AIDS-defining diagnosis for HIV-infected patients.

Lymphomas of B-cell origin account for approximately 95% of cases
of NHL in HIV-infected patients. Peripheral T-cell lymphomas are rare in
this population [10]. The spectrum of AIDS-related NHL includes DLBCL,
Burkitt lymphoma (BL), primary central nervous system lymphoma



ACQUIRED IMMUNODEFICIENCY SYNDROME-RELATED LYMPHOMA . 227

(PCNSL), plasmablastic lymphomas, and primary effusion lymphomas
[11]. DLBCL (including both immunoblastic DLBCL and centroblastic
DLBCL) and BL account for nearly 90% of AIDS-related NHL in the post-
cART era [8]. Prior to the advent of effective anti-HIV therapy, PCNSL
and plasmablastic lymphoma occurred more frequently, typically in
severely immunocompromised patients such as those with a CD4 T-cell
count <100/uL. HIV-infected patients with HL most commonly present
with the lymphocyte-depleted or mixed cellularity histologies. The World
Health Organization (WHO) Classification Scheme for lymphomas in
HIV-infected patients is shown in Table 13.1 [11].

Oncogenic viruses play a significant role in the development of
HIV-related lymphomas. More than 50% of patients with AIDS-related
NHL have evidence of Epstein Barr virus (EBV) infection present in
their lymphoma [8,12]. EBV infection of the NHL tumor clone plays an
important role in the development of PCNSL, primary effusion lympho-
mas, and plasmablastic lymphoma of the oral cavity. Nearly 100% of
patients with HL have evidence of EBV involvement [13,14]. In addition
to EBV, human herpes virus 8 (HHV-8), also known as Kaposi sarcoma-
associated virus (KSHV), infection plays a role in the development of
primary effusion lymphomas and multicentric Castleman disease in
HIV-infected patients [8,14].

Lymphoma category Lymphoid malignancy
Lymphomas occurring in both HIV+and Burkitt and Burkitt-like ymphomas
immunocompetent patients Diffuse large B-cell lymphomas:

« Centroblastic

« Immunoblastic

Extranodal MALT lymphoma

Peripheral T-cell lymphoma

Classical Hodgkin lymphoma
Lymphomas occurring primarily in Primary effusion lymphoma
HiV-infected patients Plasmablastic lymphoma of the oral cavity
Lymphomas occurring in other Polymorphic B-cell lymphoma (PTLD-like)
immunodeficiency states

Table 13.1 World Health Organization classification of lymphoid malignancies occurring in
human immunodeficiency virus-infected individuals. HIV, human immunodeficiency virus;
MALT, mucosa-associated lymphoid tissue.
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Clinical presentation

Patients with AIDS-related NHL frequently present with advanced stage
disease with involvement at multiple extranodal sites, including the CNS
(up to 20% of patients), bone marrow (30% of patients), and gastroin-
testinal tract (50% of patients). B symptoms are frequently present at
the time of diagnosis [15-17]. At the time of diagnosis, patients should
be evaluated carefully for the presence of extranodal disease; a lumbar
puncture should be performed in all patients as part of initial staging.
Patients with HIV-associated HL typically present with advanced stage
disease [18]. In one trial, 67% of patients had stage IV disease [19].
Patients frequently have involvement at extranodal sites, including bone
marrow involvement in up to 60% of patients at presentation. Peripheral
blood cytopenias are common. Up to 75% of patients exhibit B symptoms
at diagnosis [19-21].

Initial treatment of acquired immunodeficiency
syndrome-related non-Hodgkin lymphoma

In the initial years of the AIDS pandemic, outcomes for patients with
AIDS-related NHL were abysmal [22]. The ability to administer effective
anti-lymphoma therapy was compromised by poor lymphoma response
rate, patient intolerance of standard regimens, and an untenable risk of
infectious complications [17]. Prior to the advent of cART, initial manage-
ment of AIDS-related lymphoma often consisted of low-dose/dose-atten-
uated regimens, such as low-dose methotrexate, bleomycin, doxorubicin,
cyclophosphamide, vincristine, and dexamethasone (m-BACOD).

In the National Institute of Allergy and Infectious Diseases AIDS
Clinical Trials Group study comparing low-dose versus standard dose
m-BACOD, 198 patients with untreated NHL were randomized to receive
either low-dose (98) or standard dose (94) m-BACOD [23]. Forty-two of
81 evaluable patients who received the standard dose regimen and 39
of 94 patients who received the low-dose regimen achieved a complete
response (CR). Overall and disease-free survival did not differ between
the groups. Median survival for patients treated with standard-dose and
low-dose regimens was only 35 weeks and 31 weeks, respectively [23].
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Following the availability of effective anti-HIV therapy, the prognosis
for patients with AIDS-related NHL has improved profoundly and now
parallels that of non-infected patients. For patients with newly diagnosed
AIDS-related NHL, the International Prognostic Index (IPI), has important
prognostic utility [17,24,26]. In a series of 69 patients with AIDS-related
NHL, the CR rates for patients with low, low-intermediate, intermediate,
and high IPI risk were 100%, 88%, 50%, and 32%, respectively [25]. Of
note, 52% of the patients presented with IPI high-risk disease. In addition
to the IPI, the CD4 T-cell count at the time of diagnosis also has prognos-
tic significance. In a multivariate risk analysis of 111 patients diagnosed
with AIDS-related NHL, the IPI and a low CD4 T-cell count (<100/uL)
at the time of diagnosis were the only two independent predictors for
the risk of death [17,26].

The current standard of care for patients with AIDS-related NHL
consists of treatment with combination chemotherapeutic regimens
administered in standard dosing. For patients with DLBCL, regimens such
as cyclophosphamide, doxorubicin, vincristine, prednisone (CHOP) and
CHOP combined with rituximab (R-CHOP) can be administered success-
fully to patients with AIDS-related NHL. In a Phase II trial of 61 newly
diagnosed patients, Boué et al evaluated the effectiveness of R-CHOP in
this setting [27]. The median patient was 42 years of age, 42 patients had
DLBCL, two had immunoblastic lymphoma, and 16 had BL. The median
CD4 T-cell count at diagnosis was 172/uL. Fifty-two patients were evalu-
able. CR was achieved in 42 of 52 evaluable patients. Estimated 2-year
overall survival (OS) was 75% [27].

In the randomized Phase III trial AIDS Malignancy Consortium
(AMC) 010 trial, 150 patients with AIDS-related NHL were randomized
(2:1 randomization) to receive either R-CHOP (99 patients) or CHOP
(50 patients) [28]. The overall response rate for the R-CHOP and CHOP
groups was 57.6% and 47%, respectively. The was no statistically sig-
nificant difference for the groups in their overall response rates (ORR),
progression-free survival (PFS), and OS. Those patients with a CD4 T-cell
count <50/uL at the time of diagnosis who received rituximab appeared

to have an increased risk of infection-related deaths [28].
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Infusional chemotherapeutic regimens also appear to be quite effec-
tive in the treatment of AIDS-related DLBCL. In a 2003 National Cancer
Institute (NCI) trial using EPOCH combined with rituximab (EPOCH-
R) for 39 patients with AIDS-related NHL (31 with DLBCL), the CR rate
was 74% and at a median follow-up of 53 months the OS was 60% [29].

In an AMC trial of dose-adjusted EPOCH, rituximab was given either
concurrently prior to each cycle of chemotherapy or administered in six
doses following completion of chemotherapy [30]. One hundred and
six patients were treated on trial. In the concurrent treatment arm, 35
out of 48 evaluable patients achieved a CR/complete response uncon-
firmed (CRu) (73%) versus 29 out of 53 evaluable patients (55%) in the
sequential treatment arm. Of note, patients with a CD4 T-cell count <50
at the time of diagnosis had a higher rate of infection-related deaths in
the concurrent treatment arm [30].

More recently, NCI investigators have evaluated the role of an abbrevi-
ated course of EPOCH administered with dosing of rituximab on days 1
and 5 of each cycle (EPOCH-RR) for patients with AIDS-related DLBCL
[31]. Patients underwent CT-PET imaging prior to treatment, following
two cycles, and had repetition of the imaging study until they achieved a
PET CR. Patients received one additional cycle of therapy past achieving
a PET CR. The median number of chemotherapeutic cycles was three.
The CR rate for the group was 91% and at a medial of five years, the
PFS rate was 84% [31].

For patients with BL, CHOP, and CHOP-like regimens are inadequate.
For this group of patients, treatment with a more intensive regimen is
essential. Effective therapeutic regimens including cyclophosphamide,
vincristine, doxorubicin, high-dose methotrexate alternating with ifosfa-
mide, etoposides, and high-dose cytarabine (CODOX-M/IVAC) [32-34],
cyclophosphamide, vincristine, doxorubicin, and dexamethasone alter-
nating with high-dose methotrexate/cytarabine (hyper-CVAD) [35,36],
or EPOCH-RR [36] represent the standard of care. In the AMC 048 trial,
34 patients with BL were treated with CODOX-M/IVAC-rituximab. For
this group, the estimated one-year PFS and OS were 69% and 72%,
respectively [32]. In 13 patients with AIDS-related BL or Burkitt leuke-
mia who were treated with hyper-CVAD, Cortes et al found that 92%
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achieved a CR and median survival was 12 months [34]. In a report on
11 patients with AIDS-related BL treated at the NCI using EPOCH-RR,
OS and PFS were 100% and 90%, respectively, at a median follow-up
of 73 months [37].

In a pooled analysis of 1546 patients treated on 19 prospective clini-
cal trials for AIDS-related NHL, the investigators identified a number
of factors that resulted in improved CR, PFS, and/or OS rates [38]. The
investigators found that use of concomitant cART therapy during treat-
ment was associated with an improved CR rate (odds ration 1.89). While
the use of cART during chemotherapy did not achieve statistical signifi-
cance in terms of improving OS, the investigators noted that there was
a trend toward improved survival. The use of rituximab concomitantly
with chemotherapy was associated with statistically significant improve-
ments in the CR, PFS, and OS rates. The odds ratio for an improved CR
rate was 2.89. Treatment with regimens more intensive than CHOP was
also associated with improvements in CR rates, PFS, and OS. Finally, for
patients with DLBCL, the use of infusional chemotherapeutic regimens
was associated with improved OS rates. The investigators also confirmed
the previous finding that patients with a pre-treatment CD4 T-cell count
<50/uL had an extremely poor prognosis [38].

The principles for the treatment of patients with AIDS-related NHL
are to:

* include lumbar puncture and cerebrospinal fluid (CSF) evaluation as
part of initial staging;
* consider initiation/continuation of cART throughout the treatment
course;
* evaluate cART and chemotherapeutic regimens carefully to
identify potential drug—drug interactions;
* consider the use of infusional chemotherapy regimens for patients
with DLBCL;
* include rituximab for the treatment of CD20-expressing NHL; and
* use rituximab with caution in patients with CD4 T-cell counts <50/uL.
Patients with AIDS-related NHL should be evaluated carefully for extran-
odal involvement at the time of diagnosis, including lumbar puncture

for assessment of possible CNS involvement. Patients with DLBCL should
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receive combination chemotherapy in standard dosing. Infusional chemo-
therapy with a regimen, such as EPOCH, appears to produce superior
outcomes. Patients should receive rituximab concomitantly with their
chemotherapeutic regimen [39]. Rituximab should be used with caution
in patients with CD4 T-cell count <50/uL. Patients with BL should not
receive CHOP or CHOP-like regimens. They should be treated with more
intensive regimens or treatment with infusion chemotherapy combined

with rituximab should be considered.

Management of human immunodeficiency virus-
related Hodgkin lymphoma

While HL is not an AIDS-defining diagnosis, the risk of HL is significantly
increased among patients with HIV-infection. Unlike the risk of NHL, HL
may occur in patients with higher CD4 T-cell counts at diagnosis and the
risk has not decreased significantly following the availability of effective
anti-HIV treatment [40]. Prior to the availability of cART, the outcomes
for patients with HIV-related HL were poor with a high risk of infections
and treatment-related mortality [19]. In a trial using doxorubicin, bleo-
mycin, vinblastine, and dacarbazine (ABVD) in 21 HIV-infected patients
with HL, the median survival was only 1.5 years. Only 42% of patients
achieved a CR. Treatment was complicated by opportunistic infections
in six patients [19].

Following the availability of cART, the prognosis for patients with HIV-
related HL has improved dramatically. Xicoy et al reported the outcome
for 62 patients with HIV infection who were treated using the ABVD
regimen [41]. All of the patients had advanced stage disease at the time
of diagnosis. At a median follow-up of 9 years, the estimated 14-year OS
was 65% (95% confidence intervals: 47-83%) with an estimated event-
free survival (EFS) of 59% (95% confidence intervals: 44-74%) [41].

In a prospective Phase II trial involving 59 patients with HIV-related
HL, Spina et al used the Stanford V regimen (doxorubicin, vinblastine,
mecloretamine, etoposide, vincristine, bleomycin, prednisone). The
regimen was administered concomitantly with cART. The investigators
noted that the regimen was well-tolerated and that 69% of patients did
not require therapeutic interruption or dose-reductions. Spina et al also
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found that at a median follow-up of 17 months, the 3-year estimated OS
and disease-free survival (DFS) were 51% and 68%, respectively [42].

Hartman et al treated 12 patients with HIV-related HD with the bleo-
mycin, etoposide, doxorubicin, cyclophosphamide vincristine, procar-
bazine, and prednisone (BEACOPP) regimen. All of the patients achieved
a CR. Nine of the patients remained in CR at the time of the publication
of the report [43]. In a subsequent study from this group, 108 patients
with HIV-related HL were treated with stage-adapted therapy. Patients
with early stage/favorable HL received ABVD followed by involved-
field radiotherapy. Patients with early stage/unfavorable disease were
initially treated with BEACOPP but in light of the results of the German
Hodgkin Study Group HD11 trials were subsequently treated with ABVD
followed by involved-field radiotherapy. Patients with advanced stage
disease received six to eight cycles of BEACOPP. Patients with advanced
HIV infection received ABVD. The two-year estimated OS for the entire
group was 90.7% with patients with advanced HL having an estimated
survival of 86.8% [44].

The standard of care for the treatment of HIV-related HL is the use of
standard, effective chemotherapeutic regimens for this group of patients.
These include ABVD, Stanford V, and BEACOPP. Risk-adapted treatment
strategies appear to be appropriate for this patient population.

Autologous transplant in patients with human
immunodeficiency virus-related lymphomas
Autologous hematopoietic cell transplantation (AHCT) is the standard
of care for patients with relapsed and persistent, chemotherapy-sensi-
tive aggressive NHL and HL [45,46]. Initial attempts to use AHCT in
patients with HIV-related lymphomas prior to the availability of cART
were unsuccessful [47]. In 2000, following the availability of effective
anti-HIV therapy, two groups published their initial experience using
AHCT for patients with HIV-related lymphomas [48,49]. Gabarre et
al published their experience using AHCT to treat eight patients with
relapsed or persistent NHL [48]. This included one, previously reported,
patient who had been unsuccessfully treated prior to the advent of cART
[47]. All of the patients, except for the first, had an undetectable viral
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load at the time of AHCT. The patient group included four patients with
HL, two with immunoblastic lymphoma, and two with BL. At the time
of the report’s publications, four patients were alive and in remission
from their lymphoma.

Following an initial report in 2000, the City of Hope group published
their outcomes for 20 patients using AHCT to treat patients with relapsed,
persistent, and high-risk HIV-related lymphomas. The median CD4 T-cell
count at AHCT was 174/uL. Seventeen of the patients were prepared for
transplant using a chemotherapy-only regimen (carmustine, etoposide,
cyclophosphamide) and three received total body irradiation (TBI)-based
preparative regimens. PFS and OS for the group were 85% at a median
follow-up of 31.8 months [49].

A number of groups from both the United States and the European
Union (EU) have published transplant trials using AHCT for patients with
chemotherapy-sensitive relapsed and persistent lymphoma [50-56]. These
groups have used a variety of preparative regimens (both chemotherapy
only and total body irradiation [TBI]-based regimens). Overall, these studies
demonstrate outcomes similar to those seen in non-HIV-infected patients.
In a retrospective review of 68 patients treated at multiple centers in the
EU who were followed for a median of 32 months post-transplant, the
European Group for Blood and Marrow Transplantation (EBMT) reported
an estimated three-year PFS of 56% and an OS of 61% [56].

The Bone Marrow Transplant Clinical Trials Network (BMT CTN
0803)/AMC 071 trial prospectively evaluated outcomes using a standard-
ized preparative regimen and cART management strategy for patients
with relapsed and persistent, chemotherapy-sensitive lymphoma [57].
A total of 40 patients underwent transplant; 15 had HL and 25 had NHL
(including 16 with DLBCL and seven with BL or Burkitt-like lymphoma).
Patients were prepared using the BEAM regimen (carmustine, etopo-
side, cytarabine, and melphalan). cART was interrupted at the time of
initiation of the preparative regimen and resumed following recovery
from peri-transplant gastrointestinal toxicities. At a median follow-up of
24 months, the estimated 1-year PFS was 82.3%. Outcomes were com-
parable for patients with HL and NHL. Transplant-related mortality at
1-year was 5.2% [57].
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Three groups have performed case-control outcome comparisons
for AHCT comparing HIV-infected and non-infected patients [57-59].
Outcomes between patient groups are comparable. Similarly, HIV-infected
patients do not appear to have any unique difficulties in mobilizing an
adequate cell dose of hematopoietic stem cells [60,61]. For those patients
who fail to mobilize adequately using filgrastim with or without chemo-
therapy, the addition of plerixafor may allow for successful stem cell
collection [61].

Based upon this information, AHCT should be considered the stand-
ard of care for treatment-responsive HIV-infected patients with relapsed/
persistent chemotherapy-sensitive lymphoma provided that they meet
standard transplant criteria.

Allogeneic transplant for human
immunodeficiency virus-infected patients with
non-Hodgkin lymphoma

Attempts to use allogeneic HCT for patients with HIV-infection prior to
the availability of cART were unsuccessful [62-64]. There are limited
data from the post-cART era that demonstrate that allogeneic transplan-
tation may be feasible for patients with HIV infection and lymphoma
[64,65]. The BMT CTN 0903/AMC 081 trial is a prospective, 15-patient
trial and is assessing the toxicity and effectiveness of this approach. As of
this time, allogeneic transplant for patients with HIV-related lymphomas
has not been established as the standard of care.

Management of combination antiretroviral
therapy in patients with human immunodeficiency
virus-related lymphomas

A number of groups have interrupted cART during the treatment of
patients with HIV-related lymphomas in order to reduce the risk of
cytopenias and avoid significant drug-drug interactions that might be
associated with these antiretroviral regimens. These interruptions do
not appear to be associated with loss of virological control of the HIV
infection [31,37]. Other groups, however, have successfully continued
cART through the treatment course without evidence of significant
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related toxicities [16,27,42]. Based upon the multivariate analysis data
from Barta et al, there may be advantages to continuing cART while
patients undergo treatment. At this institution, patients with HIV-related
lymphomas continue their cART regimens while receiving combination
chemotherapy/chemoimmunotherapy [38].

The risk of significant drug—drug interactions may be significant when
patients on cART receive standard chemotherapeutic regimens. The use
of zidovudine (AZT) and ritonavir-boosted protease inhibitors may be
problematic in the setting of chemotherapy. AZT may be associated with
significant bone marrow toxicity and should be avoided in patients who
are receiving chemotherapy [66]. Similarly the use of ritonavir-boosted
protease inhibitors should be avoided in combination with chemotherapy
[67,68]. Given their tissue penetration and limited drug interactions
with chemotherapeutic agents, the integrase inhibitors may be excel-
lent agents for consideration in the treatment of HIV-infected patients
with lymphoma [68].

During and following completion of treatment for HIV-related lym-
phomas, patients may experience significant and protracted decreases
in the CD4 T-cell count. Patients should remain on effective anti-viral,
Pneumocytis jiroveci, and anti-fungal prophylaxis until their CD4 T cell
count recovers to levels >300/uL.

Conclusions
The management of patients with HIV-related lymphomas has changed
profoundly since the beginning of the HIV/AIDS pandemic. With the
availability of effective cART, patients with HIV-related malignancies
can be treated with the same therapeutic approaches that are applied
to patients without HIV infection. Results for patients with HIV-related
lymphomas are now comparable to patients without HIV infection. In
treating patients with AIDS-related NHL, infusion chemotherapeutic regi-
mens that include the use of rituximab produce particularly promising
results. Those patients with relapsed and persistent HIV-related lymphoma
who meet standard transplant criteria should be considered for AHCT.
In the case discussed above the patient was started on combination

antiretroviral therapy (cART) with tenofovir/emtricitabine combined with
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raltegravir. The patient began treatment with short course double dose rituxi-
mab, etoposide, vincristine, cyclophosphamide, and doxorubicin (EPOCH-
RR). An initial lumbar puncture revealed no evidence of central nervous
system (CNS) involvement by NHL. He received prophylactic intrathecal
therapy with methotrexate through his course of EPOCH-RR. A restaging
CT PET fusion study demonstrated a CR following two cycles of therapy.
The patient received an additional cycle of therapy; a post-treatment CT
PET study confirmed a continued CR. By 6 months post-completion of short
course EPOCH-RR, the patient’s HIV viral load was undetectable with a
CD4+ T-cell count of 736/uL. Three years post-treatment, the patient
remains clinically well in CR without evidence of opportunistic infection now.
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Chapter 14

Central nervous system lymphoma
Matthew Mei

Case presentation

A 56-year-old woman began to experience vertigo, headaches, and frequent
falls. A computed tomography (CT) scan of the brain revealed the presence
of a 1.6 x 1.6 x 2.1 cm mass involving the fourth ventricle (Figure 14.1).
A gadolinium-enhanced magnetic resonance imaging (MRI) scan con-
firmed the presence of the mass, and a stereotactic biopsy was performed
that demonstrated a primary central nervous system lymphoma (PCNSL)
with a diffuse large B-cell histology. Complete blood count (CBC), lactate
dehydrogenase (LDH), and beta-2-microglobulin were normal. Systemic
staging with a positron emission tomography (PET)/CT scan and bone
marrow biopsy showed no evidence of lymphomatous involvement outside
the CNS. An eye exam and lumbar puncture showed no evidence of either

ocular or leptomeningeal involvement.

Epidemiology

PCNSL is relatively uncommon with an overall incidence of seven cases
per million persons per year from 1998 to 2008 [1]. There is a strong asso-
ciation between immunodeficiency and PCNSL, as patients with human
immunodeficiency virus (HIV)/acquired immune deficiency syndrome
(AIDS) prior to the advent of highly active antiretroviral therapy (HAART)
were more than 1000 times as likely to develop PCNSL compared with
the general population with patients with lower CD4 counts being at
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particularly high risk for developing PCNSL [2]. In the era of HAART, the
overall incidence of PCNSL has declined although the incidence rate in
older adults has risen. Other etiologies for immunodeficiency including
iatrogenic immunosuppression in the setting of solid organ transplant
also predispose to PCNSL [3].

Clinical presentation and pathology

The most common clinical presentation of PCNSL is in the form of one
or more intracerebral masses, often located in the periventricular areas.
However, leptomeningeal, intravitreal, and intradural involvement
have all been described, and any given patient may have one or more of
these sites of involvement [4]. Most patients come to clinical attention
due to focal neurological deficits although other clinical manifestations
include personality changes, seizures, and signs and symptoms related
to elevated intracranial pressure [5]. Since none of the aforementioned
sites of disease are specific to PCNSL and can be seen with a variety of
malignancies and even infections, accurate pathologic diagnosis is needed,
typically in the form of a stereotactic biopsy. The diagnosis can also be
made less invasively through cerebrospinal fluid (CSF) sampling, but the

Figure 14.1 Primary central nervous system lymphoma located around the fourth ventricle
(see arrow).



CENTRAL NERVOUS SYSTEM LYMPHOMA - 243

sensitivity is limited, and any diagnostic uncertainty essentially mandates
a surgical biopsy. Histologically, most PCNSL cases are classified as high
grade B-cell lymphomas and are usually indistinguishable from diffuse
large B-cell lymphoma (DLBCL) although other morphologies including
low-grade lymphoma and T-cell lymphomas have been reported as well
[6,7]. Aside from CD20 positivity, PCNSL is typically positive for BCL-2
and BCL-6, and gene expression profiling has suggested that the cell of
origin is a late germinal B-cell [8].

Workup and staging

Although involvement outside of the CNS is uncommon, complete systemic
staging with either a contrast-enhanced CT scan of the chest, abdomen,
and pelvis or PET/CT scan as well as a bone marrow biopsy are impor-
tant to rule out systemic disease, which is present in a small percentage
of patients [9]. A CBC with differential, chemistry panel, LDH, serologic
testing for HIV, and hepatitis serologies should all be performed as well
prior to treatment. Evaluation of cognition and performance status is also
very important. Testicular imaging should be performed in all elderly
males as well as in any younger male with an abnormal clinical testicular
exam given the high propensity for testicular lymphoma to present with
CNS involvement as well.

Initial treatment

Owing to its rarity, treatment of PCNSL has not been completely stand-
ardized, and many of the available treatment options have not undergone
prospective comparison against each other. Nonetheless, the following
principles of treatment are supported by the current data:

* The most active agent in PCNSL is high-dose methotrexate (MTX),
which should be given at a dose of at least 3 gm/m?2.

* Combination therapy including high-dose MTX is probably better
than single-agent MTX.

* Whole-brain radiotherapy (WBRT) appears to add significant
neurotoxicity when used in conjunction with chemotherapy. Given
the high response rates with high-dose MTX-based treatment, it is
not recommended as part of upfront therapy.



244 « MANAGEMENT OF LYMPHOMAS: A CASE-BASED APPROACH

* Most patients who achieve a response, even a complete

response (CR), will relapse, and consolidation therapy should

be considered. However, the optimal consolidation regimen is

not known, and autologous stem-cell transplantation (ASCT),

non-myeloablative chemotherapy, and radiation therapy are all

reasonable options.

There are three upfront combination regimens with reasonably robust
clinical data, and any of the three are reasonable choices for the fit patient.
MTX 3.5 gm/m? and high-dose cytarabine (ara-C) dosed at 2 gm/m? for
four doses was tested against MTX 3.5 gm/m? alone in a Phase II trial,
with systemic therapy administered every 3 weeks. CR rates were 46%
and 18%, respectively with 3-year failure-free survival (FFS) of 38%
versus 21%. Overall survival at 3 years was 46% in the combination
arm compared with 32% with MTX alone although the difference did
not achieve statistical significance. Toxicity was significantly increased
in the combination arm with severe hematological toxicity noted due
to the addition of ara-C [10]. Induction therapy with rituximab, MTX,
procarbazine, and vincristine (R-MPV) followed by consolidation ASCT
conditioned with thiotepa, cyclophosphamide, and busulfan resulted in
a 2-year progression-free survival (PFS) of 79% and 2-year overall sur-
vival (OS) of 81%; no events were observed beyond 2 years [11]. Finally,
CALGB 50202 tested the regimen of MTX given every 2 weeks, rituximab
given weekly for six doses, and temozolomide given over 5 days every
4 weeks followed by non-myeloablative consolidation with high-dose
ara-C and etoposide. The CR rate after induction was 66%, and 2-year
PFS was 57%; median OS was not reached. Toxicities were overall mild
during induction although hematological toxicity during consolidation
was significant as expected [12].

Finally, our institution participated in CALGB 51101, which was a
prospective Phase II trial for newly diagnosed PCNSL using a modified
version of the rituximab, MTX, and temozolomide mentioned above given
every 2 weeks as induction followed by one cycle of high-dose ara-C
(Figure 14.2). There is no head-to-head comparison between any of the
aforementioned trials, so the specific choice of therapy should be made
with consideration of the patient’s comorbidities. The administration of
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multiple cycles of high-dose ara-C is associated with significant hema-
tological toxicities and often requires inpatient monitoring whereas
procarbazine is rarely used in oncology, and many practitioners may not
have much experience with this medication. As such, the preferred City
of Hope induction regimen for newly diagnosed PCNSL is the regimen
from CALGB 51101, which is outlined in Figure 14.3.

The choice of consolidation therapy is also similarly fraught due to
a lack of data. The first three regimens above each were followed up by
a separate mode of consolidation (ASCT, WBRT, and non-myeloablative
chemotherapy). These have not been compared head to head. Due to the
long-term cognitive sequelae of WBRT and the highly morbid nature of
recurrent disease, we favor consolidation with ASCT using a thiotepa-
based conditioning regimen, preferably thiotepa, busulfan, and cyclo-
phosphamide [13,14] for patients with adequate organ function and
performance status. Thiotepa and carmustine (BCNU) is an alternative
ASCT conditioning regimen, which may be easier to tolerate for patients
who may not be adequately fit for thiotepa, busulfan, and cyclophospha-
mide [14]. A City of Hope algorithm for primary treatment of PCNSL is
given in Figure 14.3.

Case presentation continued

She was treated with five cycles of rituximab, methotrexate, procarbazine,
and vincristine and achieved complete remission (CR) with complete reso-
lution of the enhancing lesion. She then proceeded to autologous stem cell
transplantation conditioned with thiotepa, busulfan, and cyclophosphamide.
She remains in remission 2 years later.

Cycles 1-4 (28 day cycle)
Methotrexate 8 gm/m? 1V days 1,15
Temozolomide 200 mg/m? PO days 7-11 (150 mg/m? for cycle 1 only)

Rituximab 375 mg/m? IV on days 3, 10, 17, and 24 of cycle 1 and days 3, 10 of cycle 2
(6 weekly doses)

Cycle5

Cytarabine 2 gm/m?IV every 12 hours x 4 dose

Figure 14.2 Recommended induction therapy for primary central nervous system lymphoma.
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ixies

Patients with comorbid

Given that the average age of PCNSL has been increasing over time,

many patients with PCNSL have other medical comorbidities, which

may influence their eligibility for intensive induction treatment. That

notwithstanding, poor performance status alone should not be a contrain-

dication for therapy as the response rate tends to be high and neurologic
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improvements are often seen quickly. The single most important agent
is high-dose MTX which, although cleared by the kidney, can be safely
given with a CrCl down to 30 mL/min. Patients who are unable to receive
high-dose methotrexate can be treated with other CNS-penetrating
chemotherapeutic agents such as high-dose cytarabine, etoposide, and
temozolomide. WBRT is reasonable as well for palliation.

Response evaluation and surveillance
The International Primary CNS Lymphoma Collaborative Group has
outlined response criteria [9]:
* CRrequires resolution of contrast-enhancing lesions without
the need for corticosteroids. Any abnormalities in the CSF or
ophthalmic exam should be resolved as well.
* Anunconfirmed complete response (CRu) is as per CR but with
the need for ongoing corticosteroids or with an ongoing minor
abnormality in imaging.
* A partial response (PR) requires a 50% decrease in the enhancing
lesion or a decrease in the lymphoma burden in the CSF.
* Progressive disease (PD) requires a 25% increase in the size of the
enhancing lesion.
Response assessment should be performed within 2 months of the com-
pletion of all planned therapy. While there is no specific recommended
schedule for surveillance, most relapses are limited to the CNS alone and
occur within 5 years. Therefore, in the absence of symptoms concerning
for recurrent disease, we typically perform an MRI every 3—4 months for
the first two years and every 6 months afterwards for the next 3 years.

Treatment of relapsed or refractory primary
central nervous system lymphoma

Unfortunately, the prognosis of patients with relapsed or refractory
disease is poor. If high-dose MTX was previously administered with a
good response, repeat administration can be considered. Use of other
chemotherapeutic agents with CNS penetration such as high-dose cyta-
rabine, etoposide, and/or temozolomide, if not administered previously,

can be considered. If not previously performed in the front-line setting,
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ASCT can be considered in select patients with a response to salvage
chemotherapy with an appropriate performance status in which case a
thiotepa-based conditioning regimen is recommended. WBRT can also
be given in the salvage setting.
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Chapter 15

Conclusion

Jasmine Zain and Larry W Kwak

In this book, we have made an attempt to present a concise description
of the major subtypes of both non-Hodgkin and Hodgkin lymphoma
and the current treatment guidelines as practiced by experts at City of
Hope National Medical Center, California, USA. At City of Hope we see
over 2000 patients with lymphoma per year and our hematopathology
department consults on over 1500 cases a year. It remains one of the
lead institutions for developing National Comprehensive Cancer Network
guidelines that serve as the standard of care and most of our experts serve
on panels that define these treatment guidelines. We have an active clini-
cal trials program backed by fundamental and translational research at
the Beckman Research Institute and California Institute of Technology.
There is a strong culture of collaboration between clinicians and scientists
at the institution and worldwide. Hence, we feel strongly in endorsing
the treatment guidelines that have been recommended in the chapters

and hope that they will lead to successful treatment of patients all over.
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