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Preface

Common diseases have many advantages: a large pool of people to contribute dona-
tions, research interest, and significant clinical experience among providers.
Conversely, rare diseases have few treatment options, and those they do have are
based on limited scientific evidence. Arriving at a diagnosis is often difficult, and
many patients are misdiagnosed initially. Only certain academic centers have capa-
bilities to adequately treat rare diseases limiting access to care for the majority of
patients with these disorders. Many people are impacted by this because rare dis-
eases, as a whole, affect a large number of individuals. In order to level the playing
field, rare diseases need disproportionate attention.

Cancer, taken together, is not rare. In fact, it is the second leading cause of death
in the United States (after cardiovascular causes) [1]. This is misleading, though,
because cancer is comprised of hundreds of distinct diseases. Few types of cancer
exemplify this better than lymphoma, which is broadly divided into Hodgkin and
non-Hodgkin lymphoma (NHL), but, in fact, consists of more than 60 unique dis-
eases [2]. Including chronic lymphocytic leukemia (CLL), there are approximately
100,000 cases of lymphoma in the United States each year [3]. Of these, only two
groups have over 20,000 cases per year: CLL (20,980 cases in 2016) and diffuse
large B-cell lymphoma (DLBCL; 25,380 cases in 2016). None of the remaining
subtypes have more than 15,000 cases per year, and most have fewer than 10,000.

In this context, we turn to the focus of this book: novel therapeutics for rare lym-
phomas. As therapeutic advances race forward for many types of cancer, rare can-
cers are often lagging behind. New medications are often tested on common cancers
to ensure there is ample financial support for the drug. Eventually, a small clinical
trial, or often retrospective review, may evaluate the new drug in a rare cancer.
Often, one study will make up the entire evidence base for many years. The aim of
this book is to highlight research advances in a group of diseases that are often over-
looked. This book serves as a single repository of information on the most recent
advances in targeted small molecule inhibitors, monoclonal antibodies, and immu-
notherapy, as they pertain to rare types of lymphoma.

Experts and leaders in the field of lymphoma have been selected for each chapter,
and the book will serve as a guide for community oncologists as well as academic



vi Preface

oncologists. Each chapter begins with background information on the specific type
of lymphoma and then describes standard treatment approaches; the remainder of
each chapter focuses on novel treatment approaches.

The reader will find a book that is highly readable, clinically relevant, and easily
accessible. The first chapter in the book focuses on hematopathology, which is
where all of oncology begins — obtaining an accurate diagnosis. This is particularly
important for lymphoma, which needs a subtype diagnosis. This can be difficult,
even for common types. For rare lymphomas, hematopathology is particularly cru-
cial, as an inexperienced hematopathologist may mistake the diagnosis for a more
common lymphoma subtype.

Moving through the book chapters, we focus on both indolent and aggressive
B-cell lymphomas, including lymphoplasmacytic lymphoma, plasmablastic lym-
phoma, mantle cell lymphoma, and primary CNS lymphoma. Certain chapters focus
on rare variants of more common types of lymphoma, such as primary mediastinal
B-cell lymphoma and TP53-altered chronic lymphocytic leukemia. Additionally,
we devote a chapter to an important new treatment approach as it pertains to Hodgkin
lymphoma: chimeric antigen receptor (CAR) T-cell therapy.

The latter portion of the book focuses on very rare variants of T-cell lymphomas,
including the viral-associated subtypes, adult T-cell leukemia/lymphoma, and extra-
nodal NK/T-cell lymphoma. Other chapters include anaplastic large cell lymphoma,
enteropathy-associated T-cell lymphoma, and hepatosplenic T-cell lymphoma. The
book concludes with a thorough review of cutaneous T-cell lymphoma.

I hope this book will serve as a reference for practicing oncologists, as well as
other interested physicians, residents, and students. It was a great experience bring-
ing together experts and leaders in the field from around the country, and it is my
hope that readers will appreciate the depth of knowledge these specialists bring to
this volume.

Chapel Hill, NC, USA Christopher Dittus
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Chapter 1
The Hematopathology and Diagnostic
Challenges of Rare Lymphomas

Renee Betancourt and Yuri Fedoriw

Introduction

Modern tumor classification systems aim to provide a framework to distinguish
biologically and/or clinically unique tumors into reproducible diagnoses. As the
understanding of disease mechanism and biology evolves, so too does the capacity
to more granularly refine categories. This evolution is reflected in the growing num-
ber of unique diagnoses, and accurate classification requires access to an ever-
growing panel of ancillary studies and capacity to summarize the data from this
testing [1]. For common lymphoma subtypes that have been extensively investi-
gated, such as diffuse large B-cell lymphoma (DLBCL), diagnostic markers of dis-
ease, ranging from conventional histology to genomic alterations, are more readily
appreciated [1]. While a comprehensive understanding of these diseases is far from
complete, assigning diagnoses and enrolling patients into clinical trials is possible
and, in many instances, expected [2]. However, patients with rare lymphoma sub-
types are further challenged by inconsistencies in diagnosis and treatment, in part
reflecting under-appreciation of distinguishing diagnostic or predictive features.
The clinical teams managing these patients rely heavily on small, retrospective case
series and expert opinion. Even among expert pathologists, for example, interob-
server variability is high for less common lymphoma subtypes [3].
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2 R. Betancourt and Y. Fedoriw
B-Lineage Neoplasms

Whether rare variants of common lymphomas are more frequently encountered than
common variants of rare lymphomas is difficult to address. B-lineage neoplasms
account for the majority of lymphoid tumors, but rarer B-cell lymphomas and lym-
phoma subtypes are nonetheless challenging to classify and treat.

Classic Hodgkin Lymphoma

Typical cases of classic Hodgkin lymphoma (CHL) have such specific morphologic
and immunophenotypic features that accurate classification is straightforward. The
archetypal Hodgkin and Reed-Sternberg (H/R-S) cells can be readily identified,
highlighted by expression of CD30, CD15, and dim PAXS, and lacking appreciable
CD20 staining by immunohistochemistry (IHC) (Fig. 1.1). These cells are
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Fig. 1.1 Classic Hodgkin lymphoma. The hematoxylin and eosin (H&E) stained section (a) dem-
onstrates the characteristic cytologic features of classic H/R-S cells: large, sometimes binucleate
(arrows) or multinucleate, with inclusion-like dark red nucleoli, and abundant eosinophilic cyto-
plasm. The neoplastic cells show faint PAXS staining (b: black arrow), while the background
reactive B-lymphocytes show intense staining (b: red arrow). CD30 (¢) shows membranous and
Golgi staining within the H/R-S cells. CD20 (d) is negative in the H/R-S cells (black arrow) and
highlights the background reactive B-lymphocytes. (Original objective magnification x20)
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frequently found in a polymorphous background of small lymphocytes, plasma
cells, and eosinophils [1]. However, diagnostic pitfalls reflecting limitations of mor-
phology and our evolving appreciation of distinct lymphoma subtypes make clas-
sification challenging. Cells practically indistinguishable from classic H/R-S cells
can be seen in other lymphoma subtypes (Table 1.1; Fig. 1.2) [4]. In the case of
angioimmunoblastic T-cell lymphoma (AITL), these H/R-S-like cells represent
Epstein-Barr virus (EBV) proliferations in part driven by the neoplastic cells of
T-follicular helper cell origin. While AITL is a well-described peripheral T-cell
lymphoma, CHL is far more frequent, and the identification of H/R-S-like cells may
distract from appropriate classification and diagnostic work-up. Rarely, cases of
T-cell lymphomas, such as ALK-negative anaplastic large cell lymphoma (ALCL),
can resemble CHL not only in the overlapping morphology of the malignant cells
but also in background cellular milieu. In this setting, the immunophenotype can be
sufficiently distinct to avoid misdiagnosis, but T-cell markers are frequently identi-
fied in CHL by IHC, while commonly being absent in ALCL [1, 5, 6].

Table 1.1 Hodgkin/Reed-Sternberg cells and mimics

Cell of
origin Histologic features Tumor immunophenotype

Classic Germinal | Scattered rare neoplastic cells with | CD30+, CD15+, CD20
Hodgkin center large nucleoli in an inflammatory variable, PAX-5 dim,
lymphoma B-cell background comprised of CD45— (T-cell antigens can be
(CHL) eosinophils, histiocytes, and/or aberrantly expressed by H/RS

neutrophils cells in up to 15% of cases)
Angioimmu- | Alpha/ | Clusters of neoplastic Pan T-cell marker+
noblastic beta T-immunoblasts (often perivascular) | (CD2, CD3, CDS5, CD7)
T-cell T-cell Proliferation of high endothelial
lymphoma venules
(AITL)

Polymorphic reactive background | T-follicular helper cell marker+

Contains EBV+ B-cell (CD4, CD10, PD1, BCL6)

immunoblasts
Anaplastic T-cell Neoplastic cells are large, atypical, | CD30+, CD15—, CD20—,
large cell and bizarre — often with polylobated | PAX-5—, ALK+/—
lymphoma nuclei (but vary from small to large,
(ALCL) which helps to distinguish from

CHL)
Gray zone B-cell Intratumoral heterogeneity with CD30+/—, CD15+/—, CD20+
lymphoma (thymic | large, atypical H/RS-like cells and | (often bright), CD45+ (staining
(intermediate | or nodal) | centroblasts in a sparsely characteristics overlap between
between CHL inflammatory background in some | CHL and DLBCL)
and DLBCL) areas, whereas other areas more

closely resemble DLBCL or PMBL

EBV Epstein-Barr virus, DLBCL diffuse large B-cell lymphoma, PMBL primary mediastinal
B-cell lymphoma
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Fig. 1.2 Anaplastic large cell lymphoma, ALK-positive. H&E stained sections reveal large,
abnormal neoplastic cells showing morphologic overlap with CHL (a). The neoplastic cells are
strongly CD30 positive (b), negative for PAXS5 (c: black arrow), and show intense nuclear and
cytoplasmic staining with ALK (d). (Original objective magnification x20)

Interpretation of IHC and other immunophenotyping is far from binary, and sub-
tle expression differences can reflect distinct biology associated with markedly dif-
ferent prognoses. Otherwise typical cases of CHL with strong, diffuse CD20
expression may more accurately represent B-cell lymphoma unclassifiable with
features intermediate between DLBCL and CHL (Fig. 1.3) [1, 7, 8]. These so-called
“gray zone” lymphomas have a markedly worse prognosis compared to CHL and
require a different approach to management [9]. While in many cases the morphol-
ogy and immunophenotype are overlapping, the diagnosis may rely heavily on over-
expression of CD20 by IHC [1]. While the distinction between these neoplasms is
clinically relevant, strict or uniform criteria for assessing degree of CD20 expres-
sion are lacking, and thus, the assessment is qualitative and subjective.

Plasmablastic and Primary Effusion Lymphomas

Current classification is similarly challenging for the uncommonly encountered
and virally associated non-Hodgkin lymphoid neoplasms including
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Fig. 1.3 Gray zone lymphoma (between diffuse large B-cell lymphoma and classic Hodgkin lym-
phoma). Wright-Giemsa stained touch preparation reveals readily identifiable neoplastic cells
closely resembling H/R-S cells (a) (Original objective magnification x60). H&E sections (b) show
an abnormal infiltrate of neoplastic cells ranging from large, pleomorphic R-S forms to
intermediate-to-large mononuclear cells. All neoplastic cells are CD20 positive (¢) and a subset
show expression of CD30 (d). (Original objective magnification x20)

plasmablastic lymphoma (PL) and primary effusion lymphoma (PEL). While the
clinical presentation including HIV status and biopsy site are telling clues to
these diagnoses, the broad spectrum of morphologic, immunophenotypic, and
clinical variants is significant [1, 10]. Both PL and PEL are classically associated
with HIV infection and, like the majority of lymphomas arising in this popula-
tion, morphologically and immunophenotypically resemble more mature and
near terminally differentiated B-cells [10, 11]. As such, these tumors express the
plasma cell markers CD38, CD138, and MUMI1 and are negative for CD19,
CD20, and PAXS5 [10, 12]. Both are typically EBV-positive, and PEL addition-
ally shows co-expression of the human herpes virus 8§ (HHV-8) and latency-
associated nuclear antigen-1 (LANA-1). In the most classic HIV-associated
cases, PL presents as an oral cavity lesion, while PEL is identified in pulmonary
and peritoneal effusions (Fig. 1.4) [13, 14].

However unique these tumors may appear, the relatively low frequency with
which classic forms of these diseases are identified in the United States and their
morphologic overlap with other malignant neoplasms significantly complicates the
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Fig. 1.4 Primary effusion lymphoma and plasmablastic lymphoma. The left panel (a) shows large
abnormal lymphoid cells with characteristic morphology of primary effusion lymphoma in a
Wright-Giemsa stained pleural effusion specimen. The H&E stained section on the right (b) shows
a dense, monotonous infiltrate of large plasmacytoid-appearing cells typical of plasmablastic lym-
phoma. (Original objective magnification x60)

diagnostic work-up. PEL and PL arise in the HIV-uninfected patients, particularly
in immunocompromised hosts after organ transplantation or advanced age [15].
Solid variants of PEL have more recently been appreciated that can morphologi-
cally resemble PL, DLBCL, and anaplastic myelomas [1, 14, 16, 17]. Thorough
IHC assessment, including evaluation of LANA-1 expression, is paramount to accu-
rate diagnosis and treatment [18].

T-Cell Lymphomas

T-cell lymphoproliferations, as a whole, are not only difficult to classify but often
difficult to establish as neoplastic in the first place. Unlike in other hematolym-
phoid neoplasms, defining cytogenetic aberrations are relatively uncommon in
T-cell lymphomas. With the exception of systemic ALCL harboring rearrange-
ments of ALK, recurrent karyotypic changes are far less frequent. Furthermore,
while establishing “clonality” of a T-cell proliferation is reasonably straightfor-
ward with conventional T-cell receptor (TCR) rearrangement analyses, clonal but
nonneoplastic T-cell populations are frequent in the setting of reactive dermato-
ses and autoimmune disease [19]. Moreover, TCR subtypes cannot generally be
used as an independent surrogate for clonality. In contrast to the generally con-
sistent systemic ratio of kappa/lambda light chain expressing B-cells, the over-
whelming population of T-cells express the alpha/beta receptor, while peripheral
gamma/delta proliferations can be identified in reactive settings. As such, quali-
fying the TCR subtype is often useful once the neoplastic nature of the T-cell
proliferation has been established, and immunophenotyping can impact diagnos-
tic category.
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Mycosis Fungoides

Mycosis fungoides (MF), the most common T-cell neoplasm, represents more than
half of all cutaneous lymphomas. Accurate and timely diagnosis remains challeng-
ing due to its overlapping characteristics with some benign dermatoses. Reactive,
inflammatory, and autoimmune dermatologic entities can closely mimic MF by
exhibiting similar histomorphologic, immunophenotypic, and molecular features.
To date, clinicopathologic correlation remains the gold standard for reliably distin-
guishing early MF from other benign dermatoses, as there is currently no single
confirmatory test. With low concordance rates among pathologists for the histologic
interpretation of MF, especially at primary presentation, serial biopsies obtained
from various sites at different time points are often required.

MF has the propensity to present at various stages and also exists as different
variants including folliculotropic MF, pagetoid reticulosis, and granulomatous slack
skin, further confounding the diagnostic picture. Classic MF tends to follow a rela-
tively indolent course, evolving as the disease progresses over several years to
decades. The earliest stages are often represented clinically by pruritic erythema-
tous patches or plaques, with the histologic appearance of a mild lichenoid infiltrate
with single-cell epidermotropism. Later stages present with biopsy findings of a
dense band-like infiltrate of atypical lymphocytes with convoluted, “cerebriform”
nuclei and microabscesses adjacent to the epithelium (Fig. 1.5).

As the disease continues to evolve, the neoplastic lymphocytes form a nodular
dermal infiltrate and often lose the characteristic epidermotropism that is useful for
histologic diagnosis. In the nodular/tumor stage, the lymphocytes are large and
atypical, often with expression of CD30. Large cell transformation can occur fol-
lowing this stage and is characterized by the presence of >25% large T-cells, por-
tending a poorer overall prognosis.

Immunophenotypically, MF classically shows CD3+ T-cells with expression of
CD4 and a CD4/CD8 ratio often >6 (Fig. 1.5). However, this T helper phenotype is
not always present, and rare CD8+ positive cases of MF have been reported. It has
been proposed that a more sensitive and specific IHC finding is loss of CD7 expres-
sion by the clonal T-cell population, but even this feature has been proven to have
limited utility, as it can be seen in some reactive dermatoses as well and other reac-
tive T-cell proliferations [20]. T-cell clonality can be confirmed by the detection of
TCR alpha/beta or gamma/delta gene rearrangement by polymerase chain reaction
(PCR) amplification followed by capillary electrophoresis. Reports of sensitivity
range from 40% to 90% and appear to be stage-dependent, with more advanced
disease having a higher likelihood of harboring a dominant clone [20, 21].

An algorithm published by the International Society for Cutaneous Lymphomas
(ISCL) in 2005 provides standardized guidelines for pathologists and clinicians,
incorporating both clinical and pathologic parameters in a point-based scoring sys-
tem [21, 22]. Subsequent attempts at validating this algorithm demonstrate a need
for further diagnostic refinement, with one study documenting a sensitivity of
87.5% and specificity of 60% [21, 23].
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Fig. 1.5 Mycosis fungoides. H&E stained skin biopsy (a) reveals a subtle infiltrate of small-to-
intermediate-sized lymphoid forms within clusters in the superficial dermis and small lymphocytes
extending into the epidermis (epidermotropism). The infiltrate is predominantly composed of
CD4-staining T-cells (b), with only rare CD8-positive cells identified (¢). There is aberrantly
decreased expression of CD7 (d). (Original objective magnification x20)

‘While immunophenotypic aberrancy and the presence of a T-cell clone by TCR
studies are useful adjuncts in identifying and confirming clonal populations, these
findings do not elucidate whether the clone is reactive or neoplastic. However, in
cases where a common clone is identified in multiple biopsies separated spatially
and temporally, these findings would support the diagnosis of MF in the appropriate
clinical context.

As the pathogenesis and molecular biology of MF become more clear, additional
analytical techniques will be increasingly utilized for early diagnosis. Next-generation
sequencing assays promise to substantially increase sensitivity of clonal detection,
while distinct microRNA signatures have recently been identified in MF cases and
may help to provide the specificity our current diagnostic methodologies lack [21, 24].

Anaplastic Large Cell Lymphomas

Anaplastic large cell lymphoma (ALCL) was initially described in 1985 as a hema-
tologic malignancy characterized by large, anaplastic lymphoid cells expressing the
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lymphocyte activation marker CD30 [25]. The histologic appearance was highly
variable but often showed a cohesive growth pattern within lymph node sinuses and
in a perivascular distribution. Invariably present were pleomorphic neoplastic cells
with abundant eosinophilic cytoplasm and kidney-shaped eccentric nuclei (so-
called “hallmark” cells). Binucleated and multinucleated cells were also identified
in some cases, at times raising Hodgkin lymphoma as a diagnostic consideration in
the context of a neoplasm with large cells and CD30 positivity (Fig. 1.2). Recognition
of T-cell lineage in ALCL was elucidated soon thereafter, as were its distinct fea-
tures setting it apart from other peripheral and cutaneous T-cell lymphomas.

Less than a decade later, the discovery of a novel chromosomal translocation in
approximately half of ALCL cases demonstrated surprising biologic heterogeneity
in what was previously defined as a single entity. This finding was among the first
chromosomal rearrangements identified in lymphoma and resulted in broad segre-
gation of ALCL into two separate subgroups defined by the presence or absence of
a t(2;5) translocation [26, 27]. Rearrangement and fusion of the anaplastic lym-
phoma kinase (ALK) gene on chromosome 2 to a partner (most often the nucleo-
phosmin (NPM) gene on chromosome 5) were shown to result in constitutive
tyrosine kinase activity, ALK protein expression, and subsequent lymphomagenesis.
Notably, ALK protein expression is essentially absent from normal postnatal human
tissues, with the exception of rare neural cells and a handful of non-hematologic
neoplasms (e.g. lung, soft tissue). This confers increased utility and practicality to
ALK IHC and fluorescent in situ hybridization for the identification of ALK rear-
ranged (ALK+) and ALK rearrangement-negative (ALK—) ALCL cases [1].

The 2008 World Health Organization classification recognized ALK— ALCL as
a provisional entity which was somewhat poorly understood. At that time, it was
defined as a lymphoma within the morphologic spectrum of ALK+ ALCL, with
strong and uniform CD30 staining but lacking expression of the oncogenic ALK
protein. It was becoming increasingly evident that although ALK+ and ALK-
ALCL share some common phenotypic features, they also display marked clinical
heterogeneity in addition to the established biologic differences. Studies have shown
that ALK expression is more often observed in younger populations and impor-
tantly identifies a group of patients with a superior prognosis [25]. When treated
with standard chemotherapy, 5-year overall survival (OS) of patients with ALK+
disease is 80-85%, in contrast to ALK— disease, for which the 5-year OS is <50%
[1, 28]. However, recent genetic substratification of ALK— cases has identified
widely disparate clinical outcomes even within this category.

As our understanding of cancer genetics continues to evolve, many previously
homogeneous entities are being further subdivided into more distinct diagnoses
with specific genetic profiles. ALK— ALCL is an illustrative example of this
phenomenon, demonstrating how advances in molecular technology and increased
access to genetic data lend essential prognostic information and guide therapeutic
decisions. Recent identification of mutually exclusive rearrangements of ALK,
DUSP22, and TP63 has elucidated genetic heterogeneity with critical differences in
outcome among the subtypes. Approximately 30% of ALK— ALCLs harbor
DUSP22 rearrangements, 8% have TP63 rearrangements, and 42% lacked all three.
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Correlation with clinical outcomes showed that DUSP22-rearranged cases identify
a particular subset of ALK— ALCL with an excellent prognosis comparable to
ALK+ patients receiving similar treatment. In addition to a unifying chromosomal
translocation, this subgroup was also found to be characterized by a unique gene
expression profile and a more classic ALCL histologic appearance with sheets of
“hallmark cells” [29]. TP63 rearrangements were associated with refractoriness or
failure to standard chemotherapy and therefore have a more aggressive course and
dismal prognosis [28, 30]. Cases without identification of ALK, DUSP22, or TP63
rearrangements had intermediate outcomes and may represent a currently undefined
homogeneous entity or, more likely, one with genetic and clinical heterogeneity that
is yet to be delineated.

Biomarkers

Treatment of rare cancer subtypes is not standardized, as data from large clinical
trials of afflicted patients are lacking. However, ongoing drug development and
comprehensive molecular characterization of uncommon lymphoma subtypes have
provided rationale for therapeutic selection. The role of pathology is concomitantly
expanding to provide and effectively document prognostic and predictive markers
of disease. While large-scale sequencing technologies that aim to identify targetable
genetic mutations and cellular pathways are growing increasingly available, con-
ventional histopathology and cytogenetic studies are currently the cornerstone of
disease assessment. Assessment of prognostic and predictive biomarkers in DLBCL,
for example, is now the standard of care and includes IHC evaluation of CD20 and
CD30 expression, cell-of-origin classification, and cytogenetic analysis of MYC,
BCL2, and BCL6 rearrangement status, among others [1]. In rare lymphoma sub-
types, the breadth of available markers to guide therapy is less developed but
expanding as new therapies are introduced and drugs originally approved for other
indications are shown to be effective.

Effective biomarker testing and reporting also continues to evolve as the oncology
community gains experience with their use and applicability. For example, after the
development of the anti-CD30 antibody-drug conjugate, brentuximab vedotin (BV),
evaluation of tumoral CD30 expression rapidly grew beyond its conventional use as
a diagnostic marker [31-38]. Within a few years after BV’s original approval for a
subset of patients with CHL, the prognostic and predictive implications of CD30
expression were reported across a broad range of lymphoma subtypes and for which
BV has now gained additional FDA approvals [32, 39-41]. However, pathologists
and clinicians should be aware that the degree of CD30 expression by IHC does not
linearly correlate with response to therapy [42, 43]. In tumors for which CD30 is not
a sine qua non for classification, multiple studies have shown that staining in even a
small subset of malignant cells associates with response to therapy [41, 44]. This
phenomenon highlights both our incomplete understanding of disease biology and
the imperfect test characteristics of currently available phenotypic assays.
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Conclusions

Lymphomas represent a heterogenous group of tumors that are often difficult to
diagnose and accurately classify. This challenge is exaggerated when approaching
rare lymphoma subtypes that share many diagnostic features with common neo-
plasms but carry distinctly different prognoses and expected responses to therapy.
Appreciation for the spectrum of lymphoma subtypes, complexity in their underly-
ing biology, diagnostic work-up, and evolving therapeutics can assist in improved
comprehensive care for patients.
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Chapter 2
Novel Therapeutics in the Management
of Waldenstrom Macroglobulinemia

Shayna Sarosiek and Jorge J. Castillo

Introduction/Epidemiology

Waldenstrom macroglobulinemia (WM) is an indolent B-cell lymphoproliferative
disorder that was first described by Jan Waldenstrom in 1944 [1]. The etiology of
this rare, indolent lymphoma is a lymphoplasmacytic clone that produces a circulat-
ing IgM monoclonal protein. WM is seen most frequently in older, male patients
and has an age-adjusted incidence of 3.8 per million persons per year. The age of
onset differs between races, with a median age at diagnosis of 63 years for blacks
and 73 years for whites [2]. In addition, there seems to be an overrepresentation of
WM in individuals of Ashkenazi Jewish ancestry, and cases of familial WM have
been described [3].

Clinical Presentation

Patients with WM are often diagnosed incidentally upon discovery of a circulating
monoclonal IgM and may not have any clinical signs or symptoms of the disease at
the time of diagnosis. Although many patients are asymptomatic at diagnosis, others
may present with signs or symptoms of the disease related to the burden of clonal
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cells in the bone marrow; anemia is the most common criterion to treat patients with
WM. Occasionally, patients may present more acutely with an elevated serum IgM
level causing symptoms of hyperviscosity (e.g., nosebleeds, headaches, and blurred
vision). Other presenting symptoms may also be attributed to disorders associated
with WM, including mixed type II cryoglobulinemia, peripheral neuropathy, AL
amyloidosis, or cold agglutinin hemolytic anemia [4, 5]. Rarely, WM can cause
symptomatic extramedullary disease such as renal dysfunction and pleural effusions.
Additionally, patients with relapsed disease, and occasionally those with a new diag-
nosis, can present with Bing-Neel syndrome which is characterized by the involve-
ment of the cerebral spinal fluid, meninges, or cerebral parenchyma by the clonal
WM cells. Bing-Neel syndrome can result in headaches, cognitive deficits, changes
in gait, cranial nerve impairment, visual changes, or hearing impairment [6].

Diagnosis, Staging, and Workup

Diagnostic criteria for WM include the discovery of a lymphoplasmacytic infiltrate in
the bone marrow and the presence of a circulating IgM monoclonal protein [7]. The
typical immunoprofile of clonal lymphocytes in the marrow demonstrates expression
of the B-cell markers CD19, CD20, CD22, and CD79a. In addition, there is often a
population of clonal plasma cells that are CD38 and CD138 positive. Due to overlap-
ping features with other hematologic disorders, WM should be distinguished from
other similar diseases, such as light chain (AL) amyloidosis, IgM monoclonal gam-
mopathy of undetermined significance (MGUS), marginal zone lymphoma (MZL),
and IgM multiple myeloma. In cases in which IgM multiple myeloma is suspected, it
is helpful to evaluate the bone marrow sample for t(11;14) and/or cyclin D1 expres-
sion, as these markers are distinctively common in this condition [8].

Diagnostic workup for WM typically includes baseline laboratory testing, such
as complete blood count, comprehensive metabolic panel, serum immunofixation
electrophoresis, serum protein electrophoresis, quantitative immunoglobulins, and
serum viscosity. Additionally, viral serologies for HIV and hepatitis B should be
sent, as well as a lactate dehydrogenase (LDH) and beta-2-microglobulin. For
patients presenting with peripheral neuropathy, testing for both anti-myelin-
associated glycoprotein (MAG) antibodies and antiganglioside antibodies (GM-1)
is an important component of the initial workup. Baseline CT scans (with or without
PET imaging) of the chest, abdomen, and pelvis are also recommended. Genetic
testing to evaluate for mutations of myeloid differentiation factor 88 (MYDS8S) or
CXCR4 is also recommended.

These mutational analyses can aid in diagnosis, as MYD88 mutations are present
in >90% of patients with WM [9]. The presence of a leucine to proline substitution
at amino acid position 265, called MYD88 L265P, is the most common mutation,
although a few additional mutations have been identified using Sanger sequencing.
MYD88 mutations are also detected in >50% of patients with IgM MGUS and 5%
of patients with MZL. MYDS88 mutations have not been detected in IgM myeloma
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[8]. CXCR4 mutations, as seen congenitally in warts, hypogammaglobulinemia,
infection, and myelokathexis (WHIM) syndrome, are found in 40% of patients with
WM [10]. There are more than 30 known mutations involving this gene, including
frameshift (FS) and nonsense (NS) mutations. The MYD88 and CXCR4 mutational
status in WM is known to affect clinical presentation, with those patients with
MYD8826P and CXCR4VHMNS haying a higher level of bone marrow involvement,
higher serum IgM levels, lower rates of lymphadenopathy, and increased risk of
hyperviscosity, while those patients with MYD88"T and CXCR4%T have the lowest
degree of bone marrow involvement [11]. CXCR4 mutations have also been associ-
ated with acquired von Willebrand disease in WM patients [12].

Prognosis

In recent years, the disease-specific survival of WM has increased and has now
reached approximately 11 years [13, 14]. The International Prognostic Scoring
System (IPSS) for WM can be used to assess prognosis in newly diagnosed indi-
viduals using the following criteria: age >65 years, hemoglobin <11.5 g/dL, platelet
count <100,000/pL, P2 microglobulin >3 mg/L, and monoclonal IgM >7 g/
dL. Based on these clinical criteria, a median survival can be approximated. Patients
with low-, intermediate-, or high-risk disease have an estimated 5-year overall sur-
vival of 87%, 68%, and 36%, respectively [15].

This prognostic scoring system will likely be refined in the future using more
recently discovered information about genetic alterations. New data demonstrate
that MYD88 and CXCR4 status may affect not only disease presentation but also
response to treatment and overall survival. MYD88 wild-type patients have a worse
overall survival than patients with MYD88 mutations [11]. This was demonstrated
in another study which showed an increased risk of death with wild-type MYD88
versus mutated MYDS8S, with 10-year overall survival of 73% and 90%, respec-
tively [16]. In addition, patients with wild-type MYDS88 have an increased risk of
development of a diffuse large B-cell lymphoma (15% vs. 1%) [16]. CXCR4 muta-
tions have not been shown to affect overall survival in WM patients, but have been
associated with a slower time to treatment response, shorter duration of response,
more superficial treatment response, and resistance to therapy with ibrutinib, ixazo-
mib, and everolimus [17-20].

Conventional Treatment Approach

Despite the diagnosis of WM, not all patients require treatment at presentation.
Initiation of therapy should be considered in those with constitutional symptoms
affecting quality of life, symptomatic lymphadenopathy or splenomegaly, hemoglo-
bin <10 g/dL or platelets <100 K/pL due to marrow infiltration, or development of
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specific complications related to the disease such as symptomatic extramedullary
disease, amyloidosis, peripheral neuropathy, hyperviscosity, or symptomatic cryo-
globulinemia [21]. Additionally, asymptomatic patients with an IgM level above
6 g/dL are at high risk of developing symptomatic hyperviscosity (370-fold odds),
and therefore treatment in these patients is also recommended [22]. Owing to the
rarity of WM, the majority of treatment recommendations are based on single-arm
or Phase II studies rather than large randomized controlled trials, but many treat-
ment options are available to control the underlying lymphoplasmacytic clone.
Some patients presenting with symptomatic hyperviscosity may also require initial
treatment with plasmapheresis as a bridge to more definitive therapy.

If treatment is indicated, there are multiple established regimens that may be
utilized. Traditionally, treatment of WM has included rituximab, a CD20 monoclo-
nal antibody, as the mainstay of treatment, given as a single agent or in combination
with alkylating agents and/or proteasome inhibitors. Although rituximab is very
effective in WM, this medication should be held during initiation of treatment (or
plasmapheresis may be initially offered) to prevent complications of hyperviscosity
associated with an IgM flare in patients with IgM levels >4000 mg/dL [23].
Bendamustine with rituximab (Benda-R) is a commonly used regimen in newly
diagnosed and relapsed WM. This regimen is generally well tolerated and has an
ORR of approximately 90-95% in newly diagnosed patients and 80% in those with
relapsed disease [24—26]. The efficacy of rituximab in combination with bortezomib
and dexamethasone (BDR) has also been demonstrated in several studies, with an
ORR ranging from 90% to 95% and PES of 40-60 months [27-29]. In part due to
the increased risk of neuropathy with bortezomib, the CARD regimen (carfilzomib,
rituximab, and dexamethasone) was tested in proteasome inhibitor- and rituximab-
naive patients with WM and was found to have an ORR of approximately 81% with
a median PFS of 46 months (range, 2-63). The length of PFS with the CARD regi-
men was associated with the depth of response achieved [30, 31]. In place of a
proteasome inhibitor, cyclophosphamide can also be combined with rituximab and
dexamethasone (CDR). This regimen has a slightly lower ORR of 80-87% with a
median PFS of about 32-36 months [32, 33]. Despite the availability of multiple
combination therapies, rituximab administered as a single agent remains the most
utilized treatment in older patients with WM, according to a recent population-
based study from the SEER-Medicare database [34], although the response rate is
only 30-55% and the time to response is prolonged [35, 36]. Maintenance ritux-
imab therapy can also be considered in patients with WM after completing one of
the above listed regimens, which has been associated with improved PFS and OS
rates in retrospective studies [24, 37].

Although all the previously mentioned regimens have activity in WM, the appro-
priate regimen should be chosen based on specific patients’ symptoms, comorbidi-
ties, preference, and genomic profile, with additional guidance on treatment from
retrospective and prospective studies. A recent retrospective study comparing
Benda-R, BDR, and CDR showed no difference in response rates, but time to best
response and PFS rates were lower with CDR. Major response was more commonly
achieved in patients on rituximab maintenance (97 vs. 68%) with an extension in
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PFS from 2.8 to 6.8 years and an OS benefit for those patients who received main-
tenance rituximab. Five-year overall survival in this study was 95%, 96%, and 81%
for Benda-R, BDR, and CDR, respectively [24].

After years of using the previously mentioned chemoimmunotherapy regimens,
ibrutinib became the first Food and Drug Administration (FDA)-approved treatment
for WM in January 2015 based on data showing a 91% overall response rate in
patients with relapsed disease [18]. Ibrutinib is a small molecule, oral inhibitor of
Bruton’s tyrosine kinase (BTK) which is known to cause apoptosis in WM cells.
Since the time of its initial approval, ibrutinib demonstrated efficacy in patients with
rituximab-refractory disease [18, 38], as well as those who were newly diagnosed
[39]. Individual patient responses can be affected by the CXCR4 status and MYDS88
status, with a lower overall response rate and decreased major responses in those
with a CXCR4 mutation [18] and shorter ibrutinib responses in patients with wild-
type MYDS88 [11, 18]. In a recent study, previously treated patients that subsequently
received ibrutinib therapy had an ORR of approximately 90%, but the PFS varied
based on mutational status of MYD88 and CXCR4. The longest PES, which was not
reached, was seen in those patients with mutated MYDS88 and wild-type CXCR4.
Patients with mutations in both of these genes had a PFS of about 45 months, and
those with wild-type MYD88 and CXCR4 had a PFS of only about 21 months [17].

Despite multiple existing treatment options, many patients do not achieve a com-
plete response, and countless others develop resistance to standard therapies.
Additional treatment options, including everolimus, immunomodulatory therapies,
and nucleoside analogs, are available, but the benefit-toxicity ratio with these regi-
mens is less favorable [40—43]. In select refractory patients, autologous or alloge-
neic stem cell transplantation (SCT) may be considered, although the role of these
therapies in WM is not clearly defined [44—46]. A recent position paper based on
international consensus recommends consideration of autologous SCT in young
patients with WM who have progressed after exposure to alkylators, proteasome
inhibitors, anti-CD20 antibodies, and BTK inhibitors, while the value of allogeneic
SCT should be properly evaluated in the context of clinical trials [47].

Novel Agents and Ongoing Clinical Trials

Additional treatment options are needed for patients with refractory disease, and
many novel therapies, as well as innovative combinations of medications, are being
developed.

Due to the success of bortezomib in the treatment of WM, ixazomib, a protea-
some inhibitor with lower rates of neurotoxicity, has been tested in patients with
WM. Recently reported data show an ORR of 96% and an 18-month PFS rate of
90% in a Phase II single-arm study evaluating the combination of ixazomib, ritux-
imab, and dexamethasone (IDR) in newly diagnosed patients [19]. The response
rates, as well as the benign toxicity profile, were comparable to Benda-R. Preclinical
data have also demonstrated the antitumor effects of ixazomib as a single agent or
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in combination with ibrutinib, even in ibrutinib-resistant cell lines. These data pro-
vide the foundation for a potential treatment strategy in patients with disease pro-
gression on ibrutinib [48]. More recently, oprozomib, another proteasome inhibitor,
has shown activity in WM cells, and a Phase Ib/II clinical trial has completed enroll-
ment with early data demonstrating responses, even in disease that has been refrac-
tory to other proteasome inhibitors [49, 50].

Due to the effectiveness of rituximab in WM, additional anti-CD20 monoclonal
antibodies are being studied. Ofatumumab, an anti-CD20 monoclonal antibody
with more potent complement-dependent cytotoxicity when compared to rituximab,
has demonstrated very rapid disease responses with an ORR of 51% after one cycle
of treatment and an ORR of 77% after two cycles. The median time to response in
this recently published trial was 78.5 days, and the median PFS was 536 days. This
treatment appears promising, but will require additional investigation, potentially as
part of combination therapy with other existing or novel therapies [51]. Currently
NCCN and IWWM recommend considering ofatumumab in patients who are intol-
erant to rituximab, which can be seen in about 7% of WM patients [23, 52, 53].

Although ibrutinib is an effective therapy in many patients, there is a potential
for improving ORR by evaluating ibrutinib in combination with other novel thera-
pies. One such therapy is ulocuplumab, a monoclonal antibody against CXCR4,
which is known to prevent cell survival when tested in chronic lymphocytic leuke-
mia cells in vitro [54]. Due to the known presence of CXCR4 mutations in 40% of
patients with WM, this therapy is being evaluated on a clinical trial in combination
with ibrutinib for patients with a CXCR4 mutation (NCT03225716). Rituximab has
also been used in combination with ibrutinib, and recently published data demon-
strate an improvement in progression-free survival at 30 months (82% vs. 28%) and
higher rates of major response (72% vs. 32%) with ibrutinib-rituximab compared
with placebo-rituximab, although there were increased rates of atrial fibrillation and
hypertension in patients on ibrutinib.

Additional BTK inhibitors are also being investigated for patients with relapsed
or refractory disease. A Phase II trial with a second-generation irreversible BTK
inhibitor, acalabrutinib, has recently completed enrollment (NCT02180724), and the
preliminary data reveal overall response rates of 93% and 94% for treatment naive
and relapsed/refractory patients, respectively [55]. Early data from investigation of
this agent also demonstrate a lower risk of bleeding and atrial fibrillation, both of
which are side effects of ibrutinib, and therefore this drug may be a safer alternative
[56]. Additionally, BGB-3111 (zanubrutinib), another potent and irreversible BTK
inhibitor, has shown efficacy in Phase I trials [57, 58]. While these were small Phase
I trials, the patients with WM who enrolled in the trial demonstrated objective
responses, with increasing rates of very good partial responses (VGPR) with contin-
ued treatment with zanubrutinib [59]. A Phase III randomized trial investigating the
efficacy and safety of this drug is now recruiting (NCT03053440).

Due to the nature of the underlying clonal lymphoplasmacytic population of cells
in WM, some therapies with activity in multiple myeloma may also prove to be effec-
tive in WM. One such therapy, daratumumab, an anti-CD38 monoclonal antibody,
has shown to be active in selected WM cell lines [60]. CD38, a plasma cell receptor,
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is known to be highly expressed on plasma cells in WM [61, 62]. This agent is cur-
rently being investigated as a single agent in a Phase II trial in patients with relapsed
or refractory WM (NCT03187262). In the future, this well-tolerated monoclonal
antibody may prove to be effective in combination with other treatments targeting B
cells and potentially provide an opportunity for complete disease eradication.

Apoptotic proteins are known to play a role in the development of many hemato-
logic disorders. In particular, venetoclax, an oral BCL2 inhibitor, has led to signifi-
cant improvement in the care of patients with chronic lymphocytic leukemia and
may also become a promising treatment for WM. Recent results from a Phase I trial
in patients with relapsed or refractory non-Hodgkin lymphoma demonstrated a
100% ORR in the four patients with WM treated on the trial [63]. Further investiga-
tion into the use of this treatment in WM is now ongoing (NCT02677324), and
interim results demonstrate an overall response rate of 80% with a major response
rate of 53% and an acceptable toxicity profile in previously treated patients [64].

The phosphatidylinositol 3-kinase (PI3K)/AKT pathway is known to have an
important role in the growth of WM cells. Everolimus is an inhibitor of mTOR,
which is a serine-threonine kinase located downstream of the PI3K/AKT pathway,
that has demonstrated activity in WM, but the toxicity profile was limiting. In addi-
tion, a Phase II study evaluating idelalisib, a first in class PIKd inhibitor, in WM
patients was stopped after enrolling 5 of 30 patients due to high rates of grade 3 and
4 hepatotoxicity [65]. Alternative manners of targeting the PI3K/ATK pathway are
being pursued in hopes of finding an effective therapy with a tolerable safety profile.
Umbralisib, a PI3K0 and casein kinase-1¢ inhibitor, which has been shown to have
activity in relapsed and refractory lymphomas [66], is currently being offered as
monotherapy in a Phase II clinical trial in patients with non-Hodgkin lymphoma,
including WM.

Immunotherapies, such as pembrolizumab and nivolumab, have demonstrated
efficacy in many solid malignancies, and the safety of immunotherapy is now
actively being investigated in patients with B-cell lymphomas, including
WM. Currently multiple Phase 1 and 2 clinical trials are enrolling. These trials
include pembrolizumab or nivolumab alone or in addition to other therapies, such
as lenalidomide, ibrutinib, idelalisib, and acalabrutinib (NCT03015896,
NCT03498612, NCT02332980, NCT02950220, NCT02362035). As knowledge of
the host immune system activation is gained, the role of chimeric antigen receptor
T (CAR-T) cells will be defined. This recently approved treatment for diffuse large
B-cell lymphoma is also being investigated in patients with relapsed and refractory
WM (NCT01815749).

Promising Early Phase/Preclinical Agents

In addition to the ongoing clinical trials mentioned above, there have been many
recently published reports regarding agents with promising preclinical results.
Many of these in vitro studies are utilizing novel targeted therapies to address
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specific receptors, kinases, or regulatory pathways, such as FGFR-1 or SYK, that
are activated in WM. One of the more recent publications of preclinical data has
demonstrated enrichment of FGFR-1 and FGF-2,-12,-17, and -18 in WM cells.
FGFR-1 is known to be one of the most upregulated genes in WM cells, and anti-
WM activity has been demonstrated with blockade of FGF/FGFR axis, both in the
IgM-secreting clonal cells and bone marrow-derived mesenchymal stromal cells.
These results suggest that bone marrow angiogenesis may be an active target in
this disease that should be further developed [67]. Another recently discovered
mechanism of growth in WM cells is through the activation of SYK in MYD88
mutant WM cells. In vitro the SYK inhibitor R406 has demonstrated cytotoxic
effects as a single agent and has shown synergistic activity when combined with
ibrutinib. These findings confirm the role of SYK and warrant further investiga-
tion, as targeting BTK and SYK may lead to a meaningful clinical response [68].
These, and other, preclinical agents may prove to offer more effective treatment
options for patients with WM.

Recommended Treatment Approach for Frontline
and Relapsed Disease

Continued investigation is required to discern the most appropriate treatment regi-
mens for patients with WM, including a distinction regarding the need for mainte-
nance or fixed duration therapy. Current recommendations for treatment of newly
diagnosed patients include a rituximab-based regimen, such as Benda-R, BDR, or
CRD. Other options, such as single-agent rituximab or ibrutinib, can also be consid-
ered. In the setting of relapsed disease, a clinical trial is always the preferred manner
of treatment, as this is the way in which future WM therapies will be developed.
Many additional, targeted therapies are in development at this time. As research
continues hopefully treatments will become more personalized, based on patient
and disease-specific characteristics, such as MYD88 and CXCR4 status, with the
ultimate goal of complete eradication of WM.
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Chapter 3

Immunotherapy in Hodgkin Lymphoma
and Other CD30+ Lymphomas

Raghuveer Ranganathan and Thomas C. Shea

Hodgkin Lymphoma
Background/Epidemiology

Hodgkin lymphoma (HL) is an uncommon, B-lymphocyte-derived malignancy, com-
prising about 11% of all lymphomas seen in the United States and 0.5% of all new
cancer cases in the United States. It has an approximate annual incidence of 2.6 new
cases per 100,000 men and women per year, with an estimated 8260 new cases occur-
ring in 2017 across the United States [3]. HL is traditionally associated with a bimodal
distribution of occurrence, with a median age at diagnosis of 39 years [3]. Siblings of
HL patients seem to have an increased risk of developing the disease. Interestingly,
siblings of the same gender have been shown to be at twice the risk of siblings of the
opposite gender [4]. Studies suggest a possible predilection between ethnicity, socio-
economic status, and HL incidence. Certain HL histologic subtypes like mixed cel-
lularity and lymphocyte-depleted occur more in patients of Hispanic origin with
lower socioeconomic status, while another subtype, nodular sclerosis HL, happens
more frequently in patients with higher socioeconomic standard of living [5].

Histopathology/Pathogenesis

Based on differences in the histology and phenotype of the tumor cells, HL is divided
into two discrete disease entities: classical HL and nodular lymphocyte-predominant
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HL [6]. Classical HL (cHL) is further split into four subsets: nodular sclerosis, mixed
cellularity, lymphocyte-rich, and lymphocyte-depleted. While there are minor varia-
tions between the cHL subtypes in clinical presentation, the overall prognosis and
treatment for these subtypes are similar. On the other hand, nodular lymphocyte-
predominant HL. (NLPHL) is distinct in immunophenotypic and genomic features,
presentation, prognosis, and treatment. Importantly, it is usually negative for CD30,
but positive for CD20 and is treated in a fashion analogous to indolent non-Hodgkin
lymphomas. Since it lacks the CD30 antigen, NLPHL will not be included in this
discussion.

The characteristic pathologic feature of cHL is the presence of Reed-Sternberg
(RS) cells, which are large, multinucleated cells present within a dense, reactive
cellular environment made of granulocytes, lymphocytes, dendritic cells, and mono-
cytes. The actual occurrence of RS cells within the cellular background is quite rare,
another hallmark of cHL, generally comprising just 1-2% of the cell population [7].
Although RS cells definitively express CD30, they possess an atypical immunophe-
notype capable of mixed co-expression of myeloid, granulocytic, T cell, and B cell
markers [8]. As is the case with most hematologic malignancies, the disease cause
is likely multifactorial. RS cells originate from mature germinal center B cells,
based on studies showing these cells carrying clonal and somatically mutated immu-
noglobulin heavy- and light-chain gene rearrangements [9]. However, they have a
universal paucity of B cell gene expression, by specifically downregulating expres-
sion of B cell transcription factors which causes loss of B cell receptor (BCR)
expression on the surface [10]. Normally, the loss of BCR surface expression would
shunt a B cell to rapid apoptosis, which indicates that RS cell precursors acquire
additional pathogenetic steps that allow for escape from this fate.

Interestingly, in 40-50% of cHL, the RS cells are latently infected with Epstein-
Barr virus (EBV) [11]. Since the RS cells are clonally infected, it raises the possibil-
ity that EBV infection can be an early and critical step for cHL formation [12]. The
RS cells express the EBV-encoded antigens EBNA1, LMP1, and LMP2a, which are
weakly immunogenic but may confer a survival benefit on RS cells by mimicking
the CD40 receptor and BCR stimulatory signaling [13, 14]. RS cells also show
genomic gains of genes that specifically result in dysregulated and constitutive
activity of the transcription factor NF-xB and JAK/STAT pathways [15-18]. Genes
for TNFAIP3 and SOCSI1 that negatively regulate these same pathways are often
found to be mutated or inactivated which further promote proliferation and survival
of malignant cells [19, 20].

cHL also dictates the composition of its tumor microenvironment by selectively
recruiting cells that support cHL survival through either cell-cell interactions or by
inhibiting immune antitumor activity, the latter of which is a mechanism also
employed by many solid tumor malignancies [21, 22]. RS cells produce chemokines
such as MDC/CCL122, IL-10, and TARC/CCL17, which attract regulatory T cells
(Tregs) and helper T cells (Th2); these cells then suppress and impair the activity of
the few cytotoxic T lymphocytes that gain access to the tumor site [23, 24]. RS cells
also overexpress PD-L1 due to gains in chromosomal region 9p24, which further sup-
presses antitumor activity [25]. This aspect of cHL biology will be addressed further
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in the section on therapies for this disease since it results in susceptibility of the tumor
cells to checkpoint inhibitors such as nivolumab and pembrolizumab [26-30].

Clinical Presentation

The majority of cHL patients present with palpable but painless supradiaphragmatic
lymphadenopathy, commonly in the cervical, axillary, supraclavicular, and medias-
tinal regions. Subdiaphragmatic lymphadenopathy, bone marrow involvement with
resultant cytopenias, splenic involvement, and extra-nodal disease are less frequent
presentations. About 35% of cases present with constitutional “B” symptoms, which
include fevers/chills, drenching night sweats, and unintentional weight loss of
greater than 10% in the preceding 6 months. Other possible systemic symptoms
include early satiety, fatigue, shortness of breath, persistent cough, generalized pru-
ritus (often severe and precedes lymphadenopathy), and pain upon alcohol ingestion
[31]. These symptoms tend to more commonly occur in patients with bulky or extra-
nodal involvement in the spleen, liver, bone marrow, lungs, or a combination of
these regions.

Staging/Workup and Diagnosis

Initial workup consists of a comprehensive physical exam and detailed history of
symptoms. The physical exam should focus on identifying palpable lymphadenopa-
thy in the cervical, supraclavicular, axillary, inguinal, and popliteal areas.
Examination for the presence of hepatomegaly or splenomegaly should also be a
focus of the exam. Typical laboratory workup includes a complete blood count with
differential, basic metabolic panel, liver function tests, erythrocyte sedimentation
rate (ESR), lactate dehydrogenase, and viral studies checking for HIV and hepatitis
B. Glucose-6-phosphate dehydrogenase and tumor lysis syndrome (TLS) tests can
also be done, but generally cHL does not present with TLS. PET-CT is the standard
for imaging cHL due to its improved accuracy compared to CT scans for staging
nodal and extra-nodal sites and has replaced the need for bone marrow biopsy to
evaluate for marrow involvement [32, 33]. Patients are staged using the modified
Ann Arbor staging system [34].

A definitive diagnosis relies upon procuring a full excisional lymph node biopsy
for pathology review, since fine needle aspirates and core needle biopsies often do
not provide enough tissue sample for an accurate diagnosis. The predominant
immunophenotype of cHL RS cells is CD15+, CD30+, MUMI1+, CD19—, and
CD45—. CD20 can be weakly positive in some RS cells but is generally considered
to be negative in cHL.

Additional treatment-related workup includes an echocardiogram to assess a
patient’s cardiac ejection fraction prior to anthracycline therapy. Pulmonary func-
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tion testing with a measurement of the diffusion capacity of the lung for carbon
monoxide (DLCO) is required prior to bleomycin treatment. Fertility preservation
is typically discussed with patients, although most patients treated with standard
frontline therapy regain fertility.

Prognosis

cHL patients are generally sorted into three primary prognostic risk groups: early
favorable risk (stages I-II with no unfavorable factors), early unfavorable risk
(stages I-II having any one of the unfavorable factors), and advanced stage [35].
The determining prognostic risk factors for early-stage disease are elevated ESR,
involvement of >3 lymph node regions, B symptoms, and extra-nodal presentation
[36]. The NCCN further delineates the early unfavorable risk group into those with
and without bulky disease [37]. The International Prognostic Score identifies sev-
eral predictive disease factors that project freedom from progression (FFP) and
overall survival (OS) in patients with advanced disease. These features include age
>45 years, albumin <4 g/dL, hemoglobin <10.5, male gender, stage IV disease,
white blood cell count >15,000/pL, and lymphocyte count <600/pL [38]. The more
cumulative features a cHL patient has, the worse the prognostic outcome overall for
the patient [35-38].

Interim PET-CT (iPET-CT) represents a critical element for prognosticating a
patient’s overall course and progression-free survival (PFS), with studies showing
that it supersedes a patient’s IPS score [39]. A negative iPET after two cycles of
chemotherapy with ABVD portends a significantly greater PFS than a positive iPET
regardless of the disease stage, IPS score, or risk group stratification [39, 40].

Treatment

Standard of care for early-stage HL differs from advanced stage HL. Combination
chemotherapy has not changed greatly since the early 1970s in the United States,
with ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine) being the most
commonly used regimen [41]. The German Hodgkin Lymphoma Study Group
devised a different, more intensive approach consisting of bleomycin, etoposide,
doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone, or
BEACOPP, with standard and escalated variants [42]. BEACOPP is more toxic than
ABYVD and is not given to patients older than 65 years of age [43]. It also has an
increased risk for MDS/AML, treatment-related deaths, and a much higher infertil-
ity rate [44, 45].

Treatment for HL can result in secondary malignancies in the breast, lung, and
GI tract primarily from the use of radiation therapy [46]. Cardiovascular risk with
diastolic dysfunction, myocardial infarction, and cerebrovascular risk can also
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occur after receiving XRT to the mediastinum or neck [46]. However, there has been
incremental improvement in long-term survival among HL patients due to ongoing
modifying of treatment regimens to limit long-term toxicities, especially in early-
stage HL [47]. The NCCN favors a risk-based approach for early-stage HL divided
into three categories: early favorable, early unfavorable non-bulky disease, and
early unfavorable bulky disease. The standard approach for early favorable risk is
ABVD x 2 cycles followed by 20 Gy of involved site radiotherapy (ISRT) or ABVD
alone x 4 cycles to minimize XRT exposure if mediastinal disease is present [48,
49]. Early unfavorable non-bulky disease can be treated with ABVD x 4 cycles plus
30 Gy of ISRT or ABVD alone x 6 cycles especially if mediastinal disease is present
[49, 50]. Early unfavorable bulky disease has a similar approach, although these
patients are often treated as advanced stage disease.

For advanced stage cHL (stages III-IV), treatment is primarily with ABVD, with
an iPET after cycle 2 determining modulation or intensification of further therapy.
Studies have investigated treatment with ABVD versus BEACOPP in advanced
stage HL. BEACOPP tended to show improved FFP over ABVD, but at the expense
of increased hematologic and non-hematologic toxicities along with the aforemen-
tioned higher rates of MDS/AML, infertility, and intolerability in patients above age
65 [51]. Importantly, there was no difference in OS between the two groups. There
was a slightly higher proportion of patients with relapsed/refractory disease treated
with frontline ABVD compared to BEACOPP, but salvage therapy nullified possible
FFP and OS differences between the two treatment groups [51]. In subset analyses
of high-risk advanced stage cHL patients, defined as having an IPS score of 3 or
greater, there was equivalent EFS and OS between ABVD- and BEACOPP-treated
patients [52]. As such, the standard treatment for advanced stage HL in the United
States has remained ABVD x 6 cycles. The role of PET-CT-adapted therapy has
recently redefined treatment methodologies in advanced stage cHL. If the iPET is
negative (defined as Deauville 1-3) after two cycles of ABVD, then bleomycin can
be stopped, and the remaining four cycles can be completed with just AVD [53].
This treatment approach is now supported by the NCCN guidelines and would
reduce potential pulmonary toxicity from bleomycin. Escalating therapy in patients
with a positive iPET from ABVD to eBEACOPP is an option, but has not been
evaluated in a randomized fashion [40].

About 15% of patients have primary refractory disease, and additional 15-25%
have relapse after an initial complete response. In these patients, the standard treat-
ment is high-dose salvage chemotherapy with subsequent autologous stem cell
transplant (auto-SCT). Common salvage regimens include ifosfamide with etopo-
side and carboplatin (ICE), dexamethasone with cytarabine and cisplatin (DHAP),
or gemcitabine-containing regimens (GDP, GVD, BeGEV) [54-58]. Trials
comparing salvage chemotherapy with and without auto-SCT showed better dis-
ease-free survival with patients receiving auto-SCT [59, 60]. Pre-transplant PET-CT
is highly predictive of the outcome with auto-SCT, as patients with a negative pre-
transplant PET-CT had a vastly superior EFS compared to patients who had a posi-
tive PET prior to auto-SCT [61]. Allogeneic stem cell transplant can be offered as a
third-line option if a patient fails auto-SCT.
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Anaplastic Large Cell Lymphoma and Other CD30-
Expressing Lymphomas

Anaplastic large cell lymphoma (ALCL) is a rare form of NHL, accounting for 3%
of all NHLs, and is a subtype of peripheral T cell lymphoma. There are four variants:
primary systemic ALCL which is positive for anaplastic lymphoma kinase (ALK)
gene rearrangement, ALK-negative primary systemic ALCL, primary cutaneous,
and breast-implant-associated. Systemic ALCL has a worse prognosis than the cuta-
neous or breast-implant-associated subtypes [62]. It has a similar bimodal age of
incidence as cHL, but is a disease that occurs more often in the preteen or adolescent
age groups [63]. The systemic variants generally have an aggressive presentation
with rapidly progressive lymphadenopathy and systemic B symptoms. ALCL has
strong CD30 expression, no expression of B cell antigens, and the majority express-
ing one or more T cell-associated antigens (CD3, CD43, CD45RO). In contrast to
HL, they are predominantly negative for CD15 expression. Staging and workup of
systemic ALCL is similar to the workup for other aggressive lymphomas with blood
work, PET-CT, and excisional biopsy required for definitive diagnosis of systemic
disease. Primary systemic ALK-positive ALCL patients have a better prognosis than
ALK-negative ALCL patients [64, 65]. Additional prognostic indications include
the patient’s age at diagnosis, beta-2 microglobulin, and the IPI score [66]. Treatment
is usually six cycles of an anthracycline-based regimen such as CHOP, CHOEP, or
ACBVP, with patients above age 60 primarily receiving CHOP while those below
age 60 receiving the more aggressive treatment regimens [66—68].

In addition to HL. and ALCL, various other lymphomas have variable positive
expression of CD30. DLBCL can have CD30 expression in approximately 20-25%
of cases, while T cell and NK/T cell lymphomas can express CD30 close to 60% of
the time [69, 70].

Brentuximab Vedotin

Brentuximab vedotin is a CD30-targeting antibody-drug conjugate linking an anti-
CD30 monoclonal antibody with the anti-microtubule agent monomethyl auristatin
E (MMAE). Initial studies with the naked CD30 antibody only yielded mediocre
results, which led to the conjugation of the antibody to MMAE [71]. In the first phase
I trial with brentuximab vedotin (BV), 45 patients with relapsed/refractory CD30+
lymphoma were administered varying doses of the drug to find the maximum toler-
ated dose (MTD), which was eventually determined to be 1.8 mg/kg intravenously
(IV). Out of 12 patients who received the 1.8 mg/kg dose, 6 (50%) achieved an objec-
tive response with 4 complete responses (CRs) and 2 partial responses (PRs) [72].
Thirty-six out of forty-two evaluable patients (86%) had discernible tumor regres-
sion. The most common adverse events seen were fatigue, pyrexia, diarrhea, nausea,
and neutropenia. These results led to a pivotal phase II trial, which had 102 patients
with relapsed or refractory HL unresponsive to auto-SCT receiving BV 1.8 mg/kg IV



3 Immunotherapy in Hodgkin Lymphoma and Other CD30+ Lymphomas 33

every 3 weeks for up to 16 cycles [73]. The overall response rate (ORR) was 75%,
with 34% of all patients achieving CR. In those patients with an objective response,
the median duration of response was 6.7 months; it was 20.5 months in patients
reaching CR. Median PFS and OS were 9.3 and 40.5 months in all patients, respec-
tively, and 21.7 months and not reached, respectively, in the CR patients. In long-
term follow-up, 13 out of the 34 patients who originally achieved CR (38%) remained
in CR [74]. The phase III AETHERA trial looked at 329 relapsed/refractory HL
patients with high risk features (defined as refractory to frontline therapy, relapse <
12 months after frontline therapy, or relapse greater than or equal to 12 months with
extranodal disease) being apportioned to receive, after auto-SCT, either placebo or
up to 16 cycles of BV to assess whether BV could improve PES when given as con-
solidative therapy. The median PFS in the BV arm was 42.9 months compared to
24.1 in the placebo arm, leading to BV being approved for treatment of HL patients
who had failed at least two prior chemotherapy regimens or auto-SCT, and for use as
consolidative therapy in HL patients with high risk features [75, 76].

A multicenter, single-arm, phase I-II trial looked at combining BV with benda-
mustine, with the hopes of establishing the combination as a possible alternative
salvage regimen before proceeding to auto-SCT in relapsed/refractory HL and
ALCL patients [77]. Overall, 32% of the patients across both phase I and I achieved
a CR. The most serious adverse effects were grade 3 lung infection in 14% of
patients in the phase II, and 25% of patients across phases I and II had grade 3—4
neutropenia, with no treatment-related deaths in the study. A second phase I-II
study also similarly looked at salvage BV-bendamustine treatment prior to auto-
SCT and demonstrated ORR of 92.5% and CR of 73.6% out of 55 evaluable patients
[78]. Based on these two clinical trials, the combination of bendamustine with BV
appears to be an effective alternative to standard salvage chemotherapy regimens.

BV as first-line treatment in Hodgkin lymphoma has been evaluated. In an early
phase I study comparing BV in combination with standard ABVD or combined with
a modified standard AVD, a very high rate of pulmonary toxicity was detected in the
BV plus ABVD arm [79]. This was not seen in the BV plus AVD arm, so subsequent
studies focused on this particular combination. A randomized phase III trial,
ECHELON-1, compared first-line BV in combination with AVD against ABVD in
patients with stage III or IV cHL [80]. The BV plus AVD arm showed similar efficacy
to ABVD and was deemed to demonstrate superior risk reduction in progression,
death, and need for additional anticancer therapy compared to the ABVD arm.
However, there was a substantial proportion of patients in the BV plus AVD arm who
developed peripheral neuropathy (67%), with 31% of patients having grade 2 or
higher neuropathy. While the neuropathy was reported to be largely reversible, longer
follow-up data is needed to fully study the issue. There were also discrepancies with
the mortality and hospitalization rates of patients in the ABVD arm, as they were
higher than historical rates with ABVD treatment. Due to these issues, we feel that
BV + AVD should not replace ABVD for frontline treatment of Hodgkin lymphoma.
However, this remains an excellent option for patients who cannot receive bleomycin
due to pre-existing pulmonary disease or abnormal pulmonary function tests.

A recent phase I study investigated the frontline use of BV in combination with
cyclophosphamide, doxorubicin, and prednisone (BV-CHP), followed by up to
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ten cycles of consolidative BV monotherapy in patients with CD30+ peripheral T
cell lymphomas (PTCL). Twenty-six patients were evaluated overall, with 19 hav-
ing systemic ALCL. One hundred percent of the patients demonstrated an objective
response, with a CR of 92% and no patient receiving consolidative stem cell trans-
plant [81]. After 60 months, median PFS and OS were not reached, with estimated
5-year PFS and OS being 52% and 80%, respectively. The primary adverse effect
observed was peripheral neuropathy, which resolved or improved in 95% of patients.
Based on these results, BV-CHP was evaluated in a phase III trial in CD30-positive
PTCL, with CHOP as the comparator arm [82]. This study randomized 226 patients
to each regimen, and the results favored BV-CHP in both PFS (median, 48.2 months
vs 20.8 months; p = 0.011) and OS (median not reached in either group, but there
was a 34% reduction in risk of death for BV-CHP; p = 0.0244). BV-CHP was FDA
approved for frontline treatment of CD30+ PTCL in 2018.

Chimeric Antigen Receptor T Cell Therapy Targeting CD30

Chimeric antigen receptor T cells (CAR-T) are a type of adoptive cellular immuno-
therapy where a patient’s own T cells are genetically reengineered to kill cancer
cells by recognizing specific tumor-associated antigens. The chimeric antigen
receptor (CAR) itself is a protein construct consisting of an antigen-binding single-
chain variable fragment (scFv) derived from a monoclonal antibody, fused via a
hinge and transmembrane regions to an intracellular portion containing activation
and co-stimulatory domains [83]. The majority of CAR endodomains are comprised
of a CD3( activation subunit originating from the T cell receptor (TCR) along with
a co-stimulatory CD28 or 41BB domain derived from T cell co-stimulatory recep-
tors [83—85]. Initially, the first iterations of CAR-T only possessed the CD3(
domain. These first-generation CAR-T showed disappointing results in early clini-
cal trials secondary to minimal persistence in vivo, which was thought to be due to
lack of a co-stimulatory signal [86, 87]. Physiologically, if normal T cells come
across an antigen recognized by their TCR but have no co-stimulatory signal pro-
vided from CD80 or CD86, the T cells become anergic and stop proliferating [83,
88]. Due to these clinical findings, the second and subsequent generations of CAR-T
have had co-stimulatory endodomains incorporated along with the CD3( chain,
which have significantly enhanced in vivo proliferation and persistence, and also
increased their clinical efficacy [89-91] (Fig. 3.1).

The gene encoding the full CAR construct is transferred into normal patient-
derived autologous T cells ex vivo usually via a replication-incompetent retroviral
or lentiviral vector, where the CAR gene is incorporated into the T cell genome [88,
92]. These newly transduced CAR-T cells are then grown and expanded in culture
ex vivo for 2—4 weeks before being reintroduced back into the patient. Prior to rein-
troduction, the patient receives a lymphodepleting conditioning chemotherapy regi-
men to reduce the presence of inhibitory regulatory T cells as well as decrease other
cellular elements competing for cytokines [93]. Overall, CAR-T cells combine the
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Fig. 3.1 CAR-T cell production. The general process for chimeric antigen receptor T cell (CAR-T
cell) production and clinical application into patients. The general process takes approximately
2-4 weeks from the collection of blood from the patient to the reintroduction of the finished
CAR-T cell product back into the patient

antigen-binding ability of monoclonal antibodies with the tumoricidal faculties and
self-renewal property of T cells. They possess a major advantage over normal T
cells in that they eradicate tumor cells independently of the major histocompatibility
complex (MHC), which is commonly downregulated or is defective within tumor
cells. They also possess the added advantage over allogenic stem cell transplants in
that CAR-T cells are a completely autologous system of immunotherapy, thereby
largely circumventing potential graft versus host disease risk (Fig. 3.2).

Clinical experience with CAR-T is predominantly with CD19-directed CAR-T
therapy in ALL or B cell NHL, since CD19 is an attractive target due to its expres-
sion being relegated to B cells and not expressed in other normal human tissues
elsewhere. However, since CD30 is universally expressed in HL, ALCL, certain
DLBCL subtypes, T cell, and NK/T cell lymphomas, CAR-T directed against it has
risen as a potential avenue for therapy. The aforementioned success of brentuximab
also further strengthened the viability of such a CD30-targeted approach with
CAR-T immunotherapy. Preclinical studies with EBV-specific cytotoxic
lymphocytes (EBV-CTLs) being transduced to also express CD30-targeting CAR
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Fig. 3.2 CAR-T cell engineering. Molecular schemata of CAR-T cell generation. (a) T cells sepa-
rated from the blood of the patient are first activated with CD3/CD28 antibodies in culture. (b) The
gene containing the CAR construct is then transferred into the T cells via a viral vector, usually
utilizing either lentivirus or retrovirus. Nonviral vectors with transposon or mRNA electroporation
are occasionally used as well. (¢) After genetic transfer of the CAR construct gene, T cells are able
to express the CAR construct on their cell surface. The CAR construct contains an extracellular
antigen-binding scFv fragment derived from a monoclonal antibody, which then connects to intra-
cellular signaling domains via a transmembrane domain. Second-generation and more modern
CAR-T cell iterations contain at least 1 co-stimulatory domain in addition to the CD3( signaling
domain. (d) A mixture of CD4 and CD8 CAR-T cells are generated through the molecular reengi-
neering process, each of which engages in tumor cytotoxicity either directly or indirectly

(CD30.CAR) showed great efficacy in eradicating autologous EBV+ cHL cells
through their native TCR and EBV-/CD30+ HL cells through the CD30.CAR in a
xenograft murine model [94].

These promising findings eventually led to a phase I dose escalation study in
which seven patients with relapsed/refractory cHL and two patients with relapsed/
refractory ALCL were infused with autologous CD30.CAR-T containing the CD28
endodomain [95]. Six of the cHL patients and one ALCL patient had previous bren-
tuximab exposure prior to the CD30.CAR trial. There were three dose levels, from
0.2x 108 to 2x 10® CD30.CAR-T/m?. Genomic quantitative PCR (qPCR), used to
detect the persistence of the infused CD30.CAR-T, showed that the CD30.CAR-T
cells reached a peak after 1 week post-infusion with a subsequent slow decline over
the ensuing 4-5 weeks. However, six patients continued to have detectable CD30.
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CAR-T 6 months post-infusion. Out of the seven relapsed/refractory cHL patients,
two patients demonstrated CR lasting greater than 2 years, with one of those patients
in continued CR after 2.5 years. Three other patients had transient stable disease
(SD) lasting at least 6 weeks. Of the two relapsed/refractory ALCL patients, one had
a CR lasting 9 months after receiving four infusions of CD30.CAR-T cells. There
were no toxicities reported that were deemed attributable to the CAR-T cells,
including no reports of cytokine release syndrome. Of note, none of the patients
received lymphodepleting conditioning chemotherapy, which may have contributed
to the lack of overall adverse events and also the lower number of overall responses.

Another phase I trial enrolled 18 relapsed/refractory patients, 17 of whom had
cHL and 1 had cutaneous ALCL [96]. Five of these patients were brentuximab
refractory. They received CD30.CAR-T with a 41BB endodomain at intended total
doses varying from 1x 107 to 3x 10" CAR-T/kg. The patients received one of three
forms of conditioning chemotherapy regimens of either fludarabine-
cyclophosphamide, gemcitabine-mustargen-cyclophosphamide, or nab-paclitaxel-
cyclophosphamide. qPCR was again used to detect the persistence of CD30.CAR-T,
which showed similar peak levels of CAR-T cells at 6-9 days and decreasing to
negligible levels 4-8 weeks post-infusion. In total, seven patients achieved a PR and
six had SD with a median PFS of 6 months. Two of the PR patients who had received
a second infusion of CD30.CAR-T had ongoing PR after 12+ months. No statistical
difference was detected between the three different conditioning chemotherapy
regimens, though all three regimens caused varying levels of cytopenias in all
patients. One patient had grade 3 toxicity with liver transaminase abnormalities, and
one patient had grade 4 cardiac toxicity felt to be more due to receiving a high dose
of cumulative anthracycline in the past. The most common CAR-T-related adverse
events were nausea and vomiting (28%), urticarial-like rash (11%), followed by
breathlessness, psychiatric disturbances, and pneumonitis (all ~6%). These adverse
events mostly occurred 1-3 weeks post-infusion. The levels of various cytokines
were also measured, such as TNFa, 1L2, IL4, IL6, and IL12. While there was a
significant increase in TNFa and IL12 1-week post-infusion of CAR-T, it did not
correlate with the observed clinical responses of patients. The other cytokines did
not show any dramatic change in levels.

Several CD30.CAR-T clinical trials are underway currently to further investigate
its efficacy (Table 3.1). While the published results are suboptimal to date, they do
offer optimism as a potential avenue for treating relapsed/refractory CD30+ disease.
Preclinical studies investigating how to augment efficacy show promise in improving
the functionality of CD30.CAR-T. Since almost 40% of Hodgkin patients express
EBV-associated antigens on their RS tumor cells, the aforementioned technique of
altering EBV-CTLs to express a concurrent CD30.CAR alongside the native EBV
antigen-targeting TCR could be a modality in improving the treatment of cHL [94].
Another innovative approach by the same research group tested methods of improv-
ing the homing mechanisms of CD30.CAR-T. RS cells are known to produce the
chemokines CCL17 (also known as thymus- and activation-regulated chemokine or
TARC) and CCL22 (also known as macrophage-derived chemokine or MDC). CCL17
and CCL22 attract Th2 cells and Tregs via binding to their chemokine receptor CCR4,
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Table 3.1 Ongoing CD30.CAR trials. A list of ongoing clinical trials both in the United States and
internationally with CD30-targeting CAR-T cell therapy

ClinicalTrial.
gov identifier

Study title

Lymphoma subtypes
included in trial

Institution/location

NCT03049449 | T Cells Expressing a Fully | CD30* HL, ALCL, and | National Cancer
Human Anti-CD30 CAR NHL Institute, Bethesda,
for CD30-Expressing MD, USA
Lymphomas
NCT02917083 | CD30 CAR-T Cells, CD30* HL, ALCL, and | Baylor College of
Relapsed CD30-Expressing | NHL Medicine; Houston
Lymphoma (RELY-30) Methodist Hospital;
Texas Children’s
Hospital, Houston, TX,
USA
NCT02274584 | CAR-T cells Targeting CD30* HL, ALCL, and | University of Florida,
CD30-Positive Lymphomas | NHL Gainesville, USA;
(4SCAR30273) Peking University
Cancer Hospital,
Beijing, China
NCT02690545 | Study of CD30 CAR-T CD30* HL, ALCL, and | Lineberger
Cell Therapy for Relapsed/ | NHL Comprehensive Cancer
Refractory CD30* HL and Center at University of
CD30*NHL North Carolina at
Chapel Hill, NC, USA
NCT02663297 | Administration of T CD30* HL, CD30* Lineberger
Lymphocytes for NHL, or CD30* Comprehensive Cancer
Prevention of Relapse of lymphoproliferative Center, University of
CD30* Lymphomas After | disorders North Carolina at
High-Dose Therapy and Chapel Hill, USA
Autologous Stem
Transplantation
NCT02958410 | Study of CD30-Targeted CD30* HL, ALCL, and | Southwest Hospital of
CAR-T Cells in Lymphoid | NHL Third Military Medical
Malignancies University, Chongging,
China
NCT02259556 | CD30-Directed CAR-T CD30* HL, ALCL and | Chinese PLA General
Cell (CART30) Therapy in | NHL Hospital, Beijing,
Patients with Relapsed and/ China
or Refractory CD30-
Positive Lymphomas
NCT03383965 | A Clinical Study of CD30 | CD30* HL, ALCL, and | Weifang People’s

Targeted CAR-T in
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where these cells then help to create an immunosuppressive tumor microenvironment
around the RS cells. Conversely, cytotoxic CD8+ effector cells lack CCR4, resulting
in a chemokine receptor mismatch and inability to traffic across the CCL17/CCL22
gradient. This paucity of tumoricidal cellular elements within Hodgkin lymphoma
sites contributes to the hampered inflammatory immune response to HL. Preclinical
experiments have also examined reengineering CD30.CAR-T cells to forcibly express
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CCR4. These modified CCR4-CD30.CAR-T demonstrated enhanced migration to
tumor sites and augmented tumor cytotoxicity in mice engrafted with human HL [97].
Incorporating these mechanisms, along with the exploration of additional cellular
processes, could help boost and improve CD30.CAR-T efficacy.

PD-1 Checkpoint Inhibitors

PD-1 is an inhibitory receptor expressed by activated T cells on the cell surface [98].
It has two ligands, PD-L1 and PD-L2, which are highly overexpressed in several
solid tumors and hematological malignancies. The chromosomal locus 9p24.1 con-
tains the genes for PD-L1 and PD-L2. Studies show cHL RS cells possessing aber-
rations in the PD-1/PD-L1 pathway, exhibiting copy number gains of 9p24.1 which
correlated with increased PD-L1/L2 expression in RS cells [25, 26]. In addition, the
same 9p24.1 locus contains the gene for JAK2, and increased JAK2 expression has
been shown to generate increased PD-L1/L2 expression as well [25]. Furthermore,
tumor-associated macrophages can accumulate at lymphoma sites and also upregu-
late their PD-L1 expression, synergistically enriching immunosuppression within
the tumor microenvironment [27]. As a result, studies have begun investigating PD-1
checkpoint inhibition, primarily with pembrolizumab and nivolumab. They are both
anti-PD-1, humanized IgG4, PD-1 blocking antibodies which have FDA approval
for use in solid malignancies such as melanoma and non-small cell lung cancers.

Nivolumab was first examined in a phase I report with relapsed/refractory cHL
patients. The ORR in 23 patients was 87% with a CR rate of 17% [28]. A subse-
quent single-arm phase II study with 80 patients who had also previously failed both
auto-SCT and brentuximab treatments showed an ORR 66% with CR rate of 8.8%
at a median follow-up of 8.9 months [29]. PES and OS at 6 months were 77% and
99%, respectively, with an estimated median duration of response of 7.8 months.

Not surprisingly, pembrolizumab has displayed similar levels of efficacy as
nivolumab in cHL studies. A phase II trial with 210 relapsed/refractory patients
demonstrated ORR of 69% with a CR rate of 22.4% [30]. On subgroup analysis,
patients who had relapsed after auto-SCT and BV treatments showed an ORR of
74% and CR rate of 22%. Patients who were ineligible for auto-SCT but received
BV had ORR and CR rates of 64% and 25%, respectively. Those who had received
an auto-SCT but no BV had ORR and CR rates of 70% and 20%, respectively. The
estimated 9-month PFS and OS rates were 63% and 98%, respectively.

Based on the preceding promising results, further trials are underway to imple-
ment these checkpoint inhibitors. One ongoing phase III trial is comparing the com-
bination of nivolumab and BV to BV alone in relapsed/refractory patients who are
either post-auto-SCT or transplant ineligible (NCT03138499). Another phase III
study in progress is investigating pembrolizumab in comparison to BV in relapsed/
refractory cHL patients (NCT02684292). Currently, checkpoint inhibition with
nivolumab or pembrolizumab is FDA approved in the relapsed/refractory setting
and especially represents a viable treatment alternative for patients who have failed
auto-SCT and/or BV (Fig. 3.3).
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Fig. 3.3 Immunosuppression and immune targets in Hodgkin lymphoma. Hodgkin Reed-Sternberg
(HRS) cells employ a variety of immunosuppressive mechanisms within the tumor microenviron-
ment, including cytokine secretion and inhibitory cell surface marker expression. Some of these
mechanisms and markers can be targeted by CAR-T cells or other immunotherapies

Conclusion

cHL and ALCL are generally associated with a very good prognosis and high cure
rate with frontline therapy. Salvage chemotherapy with auto-SCT offers additional,
high chance of cure in the minority of patients that do relapse or are refractory.
However, until recently there were very limited treatments for patients with multiple
relapsed/refractory disease, with available options only providing very short-term
disease control and inevitable relapse. With the advent of new biologic and cellular
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immunotherapies targeting CD30 like brentuximab and CAR-T, there has been a
significant expansion in the treatment armament for these diseases. Clinical trials
with these agents have shown great promise and, in the case of brentuximab, have
already been approved for use in patients for both frontline and second-line treat-
ments. CD30-directed immunotherapy has also expanded beyond use in cHL and
ALCL to other NHL subtypes that occasionally also positively express CD30. With
such a potentially broad spectrum of relapsed/refractory lymphoma to treat, CD30-
directed immunotherapy can have extensive clinical utility and tangible long-term
efficacy and represent a very viable modality for exerting excellent disease control
and potential cure for these patients in the very near future.
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Chapter 4
Chronic Lymphocytic Leukemia
with Alterations in 7P53

Catherine C. Coombs

Introduction

Chronic lymphocytic leukemia (CLL) is the most prevalent leukemia in the Western
world. In the United States, there are approximately 20,000 new cases diagnosed
annually [1]. The disease generally occurs in older individuals with a median age
of 70 years and is more commonly seen in men than women. CLL presents hetero-
geneously, with most patients being diagnosed incidentally after routine blood
work demonstrates an elevated white blood cell count. However, other patients can
present more dramatically with advanced disease, manifesting as bulky lymphade-
nopathy, hepatosplenomegaly, symptomatic bone marrow failure, or constitutional
symptoms such as fevers, weight loss, or night sweats. The diagnosis of CLL can
generally be made from peripheral blood flow cytometry demonstrating a charac-
teristic immunophenotype (CD5+, CD19+, CD23+, with dim CD20) in more than
5000/L clonal B-cells. However, given that mantle cell lymphoma can rarely mimic
CLL [2], cytogenetic testing excluding the presence of an (11;14) translocation is
necessary for full confirmation. In patients with lymphadenopathy and pathology
showing the same immunophenotype as above, but who have less than 5000/L
circulating clonal B-cells, the diagnosis would be more accurately called small
lymphocytic lymphoma (SLL), which is considered the same disease as CLL.
Computed tomography (CT) scans are not routinely indicated in patients with
early-stage CLL given that imaging does not improve survival and can detect
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incidental findings leading to costly and risky interventions [3]. In the absence of
cytopenias, a bone marrow biopsy and aspirate at the time of diagnosis is not
necessary.

Recurrent cytogenetic abnormalities are demonstrated in CLL; the most common
aberrations are 13q deletions, trisomy 12, 11q deletions, and 17p deletions (listed
from most favorable to least favorable prognostically) [4]. A normal karyotype car-
ries a prognosis intermediate between an isolated 13q deletion(s) and trisomy 12.
Demonstration of cytogenetic abnormalities is ideally performed with both fluores-
cence in situ hybridization (FISH) testing and karyotyping, given that the latter can
detect complex karyotypic abnormalities not included in routine CLL FISH panels
and which lead to an independent adverse effect on prognosis [5—7]. Stimulation of
CLL cells in vitro leads to improved reliability of conventional karyotyping [8]. 17p
deletions are only present in 5—10% of patients at initial diagnosis and thus consti-
tute a rare, but clinically important, subset of CLL patients [4, 9].

Recent data also support the utility of molecular testing, with either Sanger-
based sequencing or next-generation sequencing, to detect 7P53 mutations that
would not be detected on cytogenetic analysis. Detected variants should be cross-
referenced with locus-specific databases to ensure pathogenic variants are being
reported [10]. 7P53 mutations, in absence of 17p deletions, occur in approximately
5% of treatment-naive patients [11, 12]. Most commonly, patients have biallelic
inactivation of 7P53, usually with a 17p deletion on one allele and a 7P53 mutation
on the other allele, though monoallelic inactivation carries a similarly poor prognos-
tic impact [12, 13]. Even small 7P53-mutated subclones present at the time of diag-
nosis have been linked with poorer survival [14, 15].

TP53 aberrations, as detected both by conventional cytogenetic and molecular
testing, are significantly more common in the relapsed/refractory setting and may
be present in up to half of patients [16]. This emphasizes the need to repeat both
cytogenetic and molecular testing at the time of each new therapy in patients who
did not have previously documented 7P53 aberrations. These changes arise due to
clonal evolution leading to the acquisition of new abnormalities [17, 18] and/or
outgrowth of small, previously undetectable clones [19].

IGHV mutation testing and B2-microglobulin are useful tests to send at time of
diagnosis, as these can allow for calculation of the patient’s CLL International
Prognostic Index (CLL-IPI) score (Table 4.1). This is a prognostic model that strati-
fies patients into one of four risk groups (low, intermediate, high, and very high),
developed based on 3472 treatment-naive patients and validated by other groups
[20-22]. Prognosis for patients in the lowest-risk group is excellent, with 93% of
patients being alive at 5 years, compared to 23% for patients in the highest-risk group.
The survival estimates from this model were generated from data in a pre-novel
small-molecule inhibitor setting, so the model may overestimate the impact on sur-
vival for adverse features in setting of newer, effective therapies [23]. Note that pres-
ence of a TP53 aberration places a patient at a minimum in the high-risk group given
the weight assigned to presence of a 17p deletion or 7P53 mutation [20].

Prior to recent introduction of novel small-molecule inhibitors, which will be
discussed at length in this chapter, treatment outcomes for 7P53-aberrant CLL have
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Table 4.1 CLL International Prognostic Index (CLL-IPI) score
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Variable Adbverse factor Points
Age >65 1
Clinical stage Rai I-IV or Binet B-C 1
B,-microglobulin >3.5 mg/L 2
IGHV mutation status Unmutated (<2% difference with germline) |2
Deletion of 17p and/or TP53 Present 4
mutation
Risk Score 5-year OS
(%)
Low 0-1 93.2
Intermediate 2-3 79.3
High 4-6 63.3
Very high 7-10 233

OS overall survival

been dismal. Standard cytotoxic chemotherapy and chemoimmunotherapy in
patients with 7P53-aberrant CLL are associated with low overall response rates
(ORR), near absent attainment of complete remission (CR), short progression-free
survival (PFS), and poor overall survival (OS) [24-26].

Non-cytotoxic Treatment Approaches

Agents Available Prior to Novel Small-Molecule Inhibitors
Alemtuzumab

Alemtuzumab, a humanized monoclonal antibody against CD52, was first noted
to demonstrate activity in 7P53-aberrant CLL as a monotherapy in a single patient
[27] and in a series of patients [28], suggesting a mechanism of action indepen-
dent of TP53. This was followed by a phase 3 study (CAM307) comparing alem-
tuzumab to chlorambucil in 297 relapsed/refractory CLL patients, where it
showed an improved ORR among the 21 patients with 17p deletions [64% (7/11)
vs. 20% (2/10)], although this was not statistically significant for this small subset
(p =0.08) [29]. Alemtuzumab has also been combined with rituximab in both the
upfront and relapsed/refractory settings, though with a paucity of TP53-aberrant
patients in these studies [30, 31]. One frontline patient had a partial response (PR)
followed by Richter’s transformation and death, while another achieved a mini-
mal residual disease (MRD)-negative CR. The one relapsed patient with 17p dele-
tion had a PR. Alemtuzumab has significant toxicities including, though not
limited to, infusion-related events, neutropenia, and cytomegalovirus (CMV)
reactivation [29-32].
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High-Dose Steroids plus Rituximab

The combination of high-dose methylprednisone and rituximab achieved an impres-
sive ORR (96%) when studied in the frontline setting [33]. However, only one
patient in this study had a 17p deletion, achieving a PR. The single 17p-deleted
patient in a study of relapsed/refractory CLL did not respond [34], though another
relapsed/refractory study enrolled one 17p patient, who achieved a nodular PR [35].
Overall, with the paucity of 17p patients treated with this regimen, it is unlikely to
play an extensive role in the therapeutic armamentarium in light of multiple effec-
tive novel small-molecule inhibitors.

Lenalidomide

Lenalidomide is an immunomodulatory agent that has been studied extensively
in CLL. In the frontline setting, single-agent lenalidomide was associated with
an increased risk of death when compared to chlorambucil, leading to discon-
tinuation of the phase 3 study (the ORIGIN trial) [36]. In the relapsed/refractory
setting, it has been studied in combination with rituximab, demonstrating an
ORR of 66%, with a 53% ORR (8/15) in patients with 17p deletions [37]. In a
pooled series of 208 patients on lenalidomide-based trials (both frontline and
relapsed/refractory), Strati et al. demonstrated that among patients who discon-
tinued lenalidomide due to toxicity (43 out of 208 patients), prolonged responses
can be seen with median time to next treatment of 40 months (despite median
time of lenalidomide exposure of 11 months), suggesting that this agent may
lead to sustained responses [37]. However, only 3 of the 43 patients reviewed
had 17p deletions [37]. Lenalidomide can be associated with tumor lysis syn-
drome (TLS) and tumor flare reactions, in addition to hematologic toxicity,
which is most significant at higher doses [38]. Further, a recent study demon-
strated a worse ORR to lenalidomide-based regimens in patients with 7P53 aber-
rations [39].

Novel Small-Molecule Inhibitors

Following several pivotal clinical trials, the CLL field has potent novel small-molecule
inhibitors available for both frontline treatment and the treatment of relapsed/refrac-
tory disease, with multiple Food and Drug Administration (FDA) approvals in the last
few years. Specifically, ibrutinib, a first-in-class oral covalent inhibitor of Bruton’s
tyrosine kinase (BTK), was approved for patients with relapsed/refractory disease in
February 2014 and in patients with 17p deletions in the frontline setting in July 2014.
The approval was extended to all patients with CLL, regardless of age or line of treat-
ment, in March 2016. Idelalisib, an oral, selective small-molecule inhibitor of the
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delta isoform of phosphatidylinositol 3-kinase (PI3Kd), was FDA approved for treat-
ment of relapsed/refractory CLL in combination with rituximab in July 2014. Lastly,
venetoclax, an oral small-molecule inhibitor of B-cell lymphoma 2 (BCL2), was
FDA approved for the treatment of relapsed/refractory CLL in patients with 17p dele-
tions in April 2016. In June 2018, the FDA granted regular approval to venetoclax for
patients with or without 17p, who have received at least one prior therapy. The details
of the studies leading to these FDA approvals, in addition to ongoing studies, will be
the subject of the remainder of this chapter.

Frontline Approaches

Ibrutinib

The BTK inhibitor ibrutinib is the only novel small-molecule inhibitor that has been
FDA approved for the frontline treatment of CLL. The initial FDA approval for
frontline use only included patients with 17p deletions, though this has subsequently
been extended to all patients. Ibrutinib was first examined in the frontline setting in
a phase 1b/2 study enrolling untreated elderly patients (>65 years of age) [40]. Of
the 29 treatment-naive patients, 2 had 17p deletions, both of whom had a response
to ibrutinib [40]. A phase 2 study using ibrutinib was conducted in patients with
TP53 aberrations, the majority having 17p deletions (n = 47) and 4 having TP53
mutations in the absence of 17p deletions [41]. Ninety-seven percent (32 of 33
evaluable patients) of the treatment-naive patients attained a response; most
responses were PRs or PRs with lymphocytosis [41]. PR with lymphocytosis is a
common response in patients with CLL receiving kinase inhibitors and is not a sign
of treatment failure [42, 43].

The RESONATE-2 trial, which led to the FDA approval in CLL for all patients,
was a phase 3 study comparing ibrutinib to chlorambucil in treatment-naive patients
age 65 and older [44]. Notably, the trial did not enroll patients with 17p deletions,
given the known inefficacy of chlorambucil in this population. This trial demonstrated
an improved progression-free survival (PFS), ORR, and overall survival (OS) for
ibrutinib as compared to chlorambucil.

Ibrutinib toxicity includes diarrhea (seen in 42% of ibrutinib patients in
RESONATE-2), atrial fibrillation (seen in 10—-16% of patients) [45, 46], bleeding
(most often grade 2 or less though can be severe) [47], rash [48], hypertension [49],
and rarely ventricular arrhythmias [50].

Ibrutinib has also been combined with chemoimmunotherapy, and there is an
ongoing clinical trial combining ibrutinib with fludarabine, cyclophosphamide, and
rituximab (FCR) chemotherapy in the frontline setting (NCT02251548). Notably,
this trial excludes patients with 17p deletions, likely due to the fact that such patients
are often refractory to FCR.
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Idelalisib

Idelalisib, a PI3K&-inhibitor, has been studied in the frontline setting as well. A
phase 2 study of idelalisib plus rituximab in patients 65 and older showed promising
efficacy, especially in patients with 7P53 aberrations (100% ORR) [51]. However,
further development of this drug in the frontline setting led to concerns regarding
increased risks for multiple adverse events, including immune-mediated hepatotox-
icity, pneumonitis, and colitis [52]. As a result, this drug is not currently recom-
mended in the frontline setting, and its development in the frontline setting is not
currently being pursued.

Venetoclax

The BCL2 inhibitor venetoclax is actively being studied in the frontline setting,
though no completed studies have been published at time of this chapter. One study,
CLL14, has published the findings from a lead-in phase administering venetoclax
and obinutuzumab to 13 previously untreated CLL patients (2 with TP53 aberra-
tions) with significant comorbid conditions [53]. ORR at 3 months was 100% and
92% rate of peripheral blood MRD negativity at 3 months post completion of treat-
ment. The regimen was tolerated well except with one patient with a grade 4
infusion-related reaction that discontinued study treatment [53].

Relapsed/Refractory Approaches

Ibrutinib

In patients who have not already received frontline ibrutinib, this agent is highly
effective in the relapsed/refractory setting. Ibrutinib demonstrated a 71% ORR in a
phase 1b/2 trial, with responses occurring in 68% (19/28) of patients with 17p dele-
tions [54]. The PFS and OS at 26 months were 57% and 70%, respectively. Based
on these findings, a phase 2 study of ibrutinib was conducted, enrolling 144 relapsed
patients, all with 17p deletions (RESONATE-17) [55]. This study showed a 64%
ORR at median follow-up of 11.5 months and 83% at 27.6 months. A phase 3, open-
label, randomized study (RESONATE) was conducted to compare ibrutinib to ofa-
tumumab in patients with previously treated CLL, where ibrutinib demonstrated
improved PFS, OS, and ORR compared to ofatumumab [54].

With 5 years of follow-up for trials enrolling both treatment-naive elderly
patients and patients with 7P53 aberrations, the depth of response has increased
over time, and the majority of patients remain progression-free. Specifically, Ahn
et al. reported a 58.2% 5-year PFS for patients with TP53 aberrations; 16 of 50
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patients were relapsed/refractory and had a more rapid progression than the treat-
ment-naive 7P53 patients [56]. Similarly, O’Brien et al. reported a 92% 5-year
PFS among treatment-naive patients and 44% in relapsed/refractory patients, with
a median PFS of 26 months in patients with 17p deletions (7P53 mutation status
not reported) [49].

Idelalisib

Idelalisib was examined as a monotherapy in a phase 1 trial of 54 heavily pre-
treated CLL patients, 24% of whom had TP53 aberrations, and produced a 72%
ORR, with most responses being PRs and PRs with lymphocytosis [57].
Subsequently, a phase 3 randomized study was performed in relapsed CLL patients
with significant coexisting medical comorbidities, comparing rituximab with ide-
lalisib to rituximab with placebo [58]. The idelalisib arm outperformed the placebo
arm with respect to PFS (not reached vs. 5.5 months, p < 0.001), ORR (81% vs.
13%, p < 0.001), and OS at 12 months (92% vs. 80%, p = 0.02) [58]. The PFS
benefit of idelalisib was seen in the 96 patients with 17p deletions and/or TP53
mutations [HR for disease progression or death = 0.12 (CI of 0.05-0.32)] [58]. A
phase 3 randomized study was conducted to compare idelalisib with bendamustine
and rituximab (BR) to BR alone in relapsed CLL patients who were candidates for
intensive chemotherapy [59]. The idelalisib arm demonstrated superior PFS
(20.8 months vs. 11.1 months), (hazard ratio [HR] 0.33, 95% CI 0.25-0.44;
p < 0.0001) though with an increased number of infections, serious adverse reac-
tions, and deaths in the idelalisib arm [59]. The improved response rate was seen in
the 137 patients with TP53 aberrations, with median PFS for idelalisib arm of
11.3 months vs. 8.3 months for the BR arm (HR, 0.47; 95% CI, 0.31, 0.72;
p <0.0001) [59]. Idelalisib has also been studied in combination with ofatumumab,
demonstrating improved median PFS when compared to ofatumumab alone
(16.3 months vs. 8.0 months, adjusted HR 0.27, 95% CI 0.19-0.39, p < 0.0001)
[60]. Recent recommendations suggest patients getting treated with idelalisib-con-
taining regimens should receive prophylaxis against Pneumocystis jirovecii pneu-
monia and be monitored for CMV reactivation.

Venetoclax

The phase 1 study evaluating venetoclax monotherapy in relapsed CLL patients led
to an encouraging 79% ORR, with a 71% ORR and 16% CR rate in patients with 17p
deletions [61]. However, TLS was a significant toxicity in this study, occurring in 10
of 56 patients (18%). TLS led to serious clinical sequelae in two patients: one
required emergent hemodialysis for renal failure (after a single 50 mg dose) and
another experienced sudden death (on 2nd day of stepping up to 1200 mg dose) [61].
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An open-label phase 2 study of venetoclax was conducted in relapsed CLL
patients with 17p deletions, which demonstrated a 79% ORR and an 8% CR/CRi rate
[62]. Venetoclax has also been studied in combination with rituximab, with an 86%
ORR and 51% CR rate [63]. Further, 20 of 25 of the patients attaining a CR achieved
MRD negativity on bone marrow biopsies [63]. There was one death from TLS in
this study after a patient was administered starting dose of 50 mg. Subsequently,
patients began receiving 20 mg as a starting dose [63]. As a result of these studies, a
ramp-up protocol has been designed with administration recommendations based
upon the patient’s TLS risk, as measured by baseline computed tomography (CT)
and circulating absolute lymphocyte count (Table 4.2). Venetoclax appears to be
effective in patients who have progressed on both ibrutinib and idelalisib [64, 65].

A phase 3 trial compared the efficacy of venetoclax plus rituximab (VR) to BR
(MURANO trial). The VR regimen comprises the traditional 5-week venetoclax
ramp-up period followed by six cycles of rituximab and then 2 years of venetoclax

Table 4.2 Tumor lysis syndrome (TLS) risk stratification and monitoring recommendations for
patients initiating venetoclax [105]

Tumor burden assessment
Low risk | All nodes <5 cm and ALC <25 x 10°/L

Medium | Any node 5-10 cm or ALC >25x 10°/L
risk”

High risk | Any node >10 cm or
Any node >5 cm and ALC >25x 10°/L
Prophylaxis/monitoring recommendations

Low risk | Oral hydration (1.5-2 L/day) and allopurinol | Pre-dose: TLS labs prior to every dose

Post-dose: TLS labs 6-8 and 24 h post
the 20 and 50 mg doses

Medium | Oral hydration (1.5-2 L/day) and allopurinol | Pre-dose: TLS labs prior to every dose

risk *If a patient has a creatinine clearance of Post-dose: TLS labs 6-8 and 24 h post
<80 mL/min, consider following “high-risk” | the 20 and 50 mg doses
recommendations for prophylaxis and hospital
monitoring for the 20 and 50 mg doses

High risk | Oral hydration (1.5-2 L/day) and IV Pre-dose: TLS labs prior to every dose
hydration with 150-200 mL/h, as tolerated

Allopurinol and consider rasburicase if the | Post-dose instructions depend on dose
baseline uric acid level is elevated level:

Inpatient monitoring for the 20 and
50 mg doses

Post-dose: TLS labs at 4, 8, 12, and
24 h

Outpatient monitoring for
subsequent dose levels

Post-dose: TLS labs at 6-8 and 24 h

“A subset of patients with medium TLS risk should be treated as “high risk” if their creatinine
clearance is <80

TLS labs include potassium, uric acid, phosphorus, calcium, and creatinine. Any baseline abnor-
malities should be corrected prior to proceeding with treatment

ALC absolute lymphocyte count, /V intravenous, 7LS tumor lysis syndrome
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monotherapy. Findings demonstrated that VR was superior to BR with respect to
2-year PFS (HR for progression or death, 0.17; 95% CI, 0.11-0.25; p < 0.001), with
a high rate of MRD negativity among VR-treated patients compared to BR (62.4%
vs. 13.3%, respectively, for patients achieving MRD negativity in peripheral blood
at the 9-month time point) [66]. Notably, VR was superior for patients with 17p
deletions and/or 7P53 mutations with median PFS not reached for both groups,
compared to 15.4 months and 12.9 months for the 17p-deleted patients and TP53-
mutated patients receiving BR, respectively [66, 67]. Based upon the MURANO
study, in June 2018, the FDA granted regular approval for venetoclax for patients
with and without 17p deletions, who have received at least one prior therapy. In
Europe, venetoclax’s approval is wider, indicated as a frontline therapy for patients
with 7P53 aberrations who are unsuitable for a B-cell receptor pathway inhibitor
and to patients in the relapsed setting regardless of TP53 status.

How to Best Sequence Novel Small-Molecule Inhibitors
in the Relapsed Setting

With the availability of multiple effective novel agents, a natural question that has
arisen is how to best sequence these therapies [68]. Ibrutinib is the only novel small-
molecule inhibitor indicated in the frontline setting at this time, but what is the best
approach for patients who progress on, or are intolerant to, ibrutinib? Both retro-
spective and prospective data have indicated an excellent response to venetoclax
following ibrutinib therapy [64, 69]. The response rate for idelalisib following ibru-
tinib seems lower, though numbers are too small to draw firm conclusions (veneto-
clax ORR of 79% versus idelalisib ORR of 46%, PFS HR 0.6 with p = 0.06) [69]. In
absence of an appropriate clinical trial, my approach for TP53-aberrant CLL includes
treatment with ibrutinib in the frontline setting. In the setting of progression on ibru-
tinib, I generally select a venetoclax-based regimen, preferably VR given the high
response rate, general tolerability, and limited treatment course with this approach.
Venetoclax monotherapy has a high response rate, but the current treatment para-
digm includes indefinite therapy rather than a limited treatment course. Further
details regarding treatment approaches are outlined in Figs. 4.1 and 4.2.

Selected Early-Phase Agents in Development

Though ibrutinib, venetoclax, and idelalisib have revolutionized the CLL field,
patients can still progress and/or develop intolerance to these agents, necessitat-
ing consideration of alternative therapies. Though ibrutinib has shown a rela-
tively low discontinuation rate within its clinical trials [70], real-world studies
have demonstrated a higher rate of discontinuation (42%), most often due to
toxicity/intolerance [71]. Another study showed a 51% rate of discontinuation
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Ibrutinib*

CLL with TP53 or

Indication(s) for

aberration treatment present

Clinical trial

No
indication
for
treatment

uca Clinical trials should be considered in all

patients

*If patient has an absolute contraindication
fot ibrutinib, can consider alternate
Observation therapies such as alemtuzumab +
or rituximab, high-dose methylprednisone +
Clinical trial rituximab, venetoclax + rituximab, or
idelalisib + rituximab

Fig. 4.1 Recommended treatment approach for untreated CLL patients with 7P53 aberrations

Has not previously
received ibrutinib

Ibrutinib

Previously treated
CLL with TP53
aberration

Venetoclax +
rituximab

Has previously
received ibrutinib

Idelalisib +
Additional regimens that may be considered: rituximab
e Acalabrutinib (in patients with ibrutinib

intolerance)

e Alemtuzumab + rituximab
¢ High-dose methylprednisone + rituximab
e |delalisib (single agent)
¢ Lenalidomide + rituximab

Clinical trial

Fig. 4.2 Recommended treatment approach for previously treated CLL patients with TP53
aberrations
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due to toxicity upon reviewing patients treated with ibrutinib or idelalisib [72].
Outcomes following ibrutinib discontinuation are generally poor, with the poor-
est outcomes among patients who discontinue due to Richter’s transformation as
opposed to disease progression or intolerance [73, 74]. Ibrutinib resistance has
been linked to acquired mutations in BTK and PLCG2, as demonstrated by mul-
tiple studies [75-77]. Mechanisms of idelalisib resistance have not yet been
described in the literature. The mechanism behind venetoclax resistance is more
variable based on limited studies to date. In a cohort of eight patients, acquired
mutations in BTG1 and CDKN2A/B were identified in two and three patients,
respectively [78].

Newer BTK Inhibitors

Acalabrutinib

Acalabrutinib is a more selective, irreversible second-generation inhibitor of BTK
that was designed to improve on the safety and efficacy of ibrutinib, given that it
does not irreversibly target alternative kinases such as ITK, EGFR, and TEC. It
was studied in a phase 1-2 trial in patients with relapsed CLL and led to a 95%
ORR, with 85% PR and 10% PR with lymphocytosis, with a 100% ORR in
patients with 17p deletions [79]. The safety profile of this agent is encouraging
with no episodes of grade >3 bleeding and 3% of patients with atrial fibrillation
in an updated analysis [80]. The agent is currently only FDA approved for mantle-
cell lymphoma. A randomized, open-label non-inferiority phase 3 study compar-
ing acalabrutinib to ibrutinib (NCT02477696) in previously treated CLL patients
is currently active, but no results have been reported. An additional phase 3 study
comparing acalabrutinib to investigator’s choice of idelalisib with rituximab or
bendamustine with rituximab, in previously treated CLL patients, is currently
recruiting (NCT02970318).

ONO/GS-4059/Tirabrutinib

ONO/GS-4059/tirabrutinib is a selective BTK inhibitor, which has been tested in
patients with relapsed/refractory B-cell lymphoid malignancies in a phase 1 study; 8
of 25 CLL patients had 17p deletion, and another 4 had a 7P53 mutation in absence
of 17p deletion. There was a 96% ORR in the evaluable CLL patients [81]. There was
one treatment-related grade 3 bleeding event among the CLL patients. Tirabrutinib is
being further developed in combination with other agents including idelalisib, obinu-
tuzumab, and entospletinib (NCT02968563, NCT02457598, and NCT02983617).
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Newer PI3K Inhibitors

Duvelisib is a novel oral dual PI3K-8 and y inhibitor that has been studied in mul-
tiple hematologic cancers, including CLL. In the phase 1 study of this compound, a
56% ORR was noted among the 55 relapsed/refractory CLL patients, including one
CR [82]. Its toxicity profile appears similar to idelalisib. The drug continues to be
developed, and we are currently awaiting results from a phase 3 trial comparing it to
ofatumumab in relapsed/refractory CLL (NCT02004522, patients must be naive to
PI3K and BTK inhibitors).

SYK Inhibitors

Entospletinib (GS-9973) is an oral selective inhibitor of spleen tyrosine kinase
(SYK), which is constitutively activated and essential for cell proliferation and sur-
vival in multiple B-cell malignancies. This agent was studied in a phase 2 trial
including 41 relapsed/refractory CLL patients (ten of whom had 17p deletions or
TP53 mutations) and demonstrated a 24-week PFS of 70% (median PFS of
13.8 months) and an ORR of 61% (predominantly PRs, no CRs), with response not
being statistically significantly lower among patients with 17p deletions and TP53
mutations [83]. This study has completed enrollment though final results have not
yet been reported (NCT01799889). Entospletinib has also been combined with ide-
lalisib, though this combination was limited by a high incidence of pneumonitis
(18% patients), most of which were severe [84].

CAR-T Cells

Chimeric antigen receptor-modified T-cells (CAR-T) have been an active area of clini-
cal research for many cancer types, including CLL [85-87]. A phase 1/2 open-label
clinical trial of anti-CD19 CAR-T cells in refractory CLL was performed by Turtle
et al., demonstrating an ORR of 74% including 21% CR rate in a highly pretreated
cohort, which included 14 patients with 17p deletions [88]. Similar findings including
an ORR of 57% were obtained in a smaller study of 14 patients [89]. Toxicity of CAR-T
cells can be severe, including cytokine-release syndrome and neurotoxicity [90-92].

Allogeneic Hematopoietic Stem Cell Transplantation

In this era of effective novel small-molecule inhibitors, allogeneic hematopoietic
stem cell transplantation (alloHSCT) has been utilized less frequently [93, 94],
including in patients with TP53 aberrations [95]. AlloHSCT can be an effective
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and reasonably safe approach for younger patients with high-risk disease, includ-
ing patients with 7P53 aberrations. Ten-year follow-up from CLL3X, a trial from
the German CLL group [96], evaluating reduced-intensity conditioning alloHSCT
in patients with HR-CLL has recently been reported [97]. This demonstrated sus-
tained disease control in a subset of patients, with 34% disease-free survival rate
at 10 years, though with a significant rate of non-relapse mortality (20%) [97].
Patients with 7P53 aberrations did not fare worse than patients without 7P53
abnormalities [97].

Richter’s transformation, the transformation of CLL most often to a diffuse large
B-cell lymphoma, carries a poor prognosis though patients can achieve long-term
survival following alloHSCT [98]. Richter’s syndrome may be more common in
patients with poor-risk genetic features including 17p deletion, mutations in 7P53
and NOTCH 1, and complex karyotype [99, 100].

Ongoing Clinical Trials Utilizing Novel Small-Molecule
Inhibitors

Treatment of Asymptomatic CLL

Prior work has suggested that early treatment for patients with asymptomatic CLL
does not improve survival, which is why the standard approach is close observation
until an indication for treatment develops [101]. However, in the setting of less
toxic, novel small-molecule inhibitors, this paradigm is being revisited (NCT0251855
and NCT01351896 are active but not recruiting, with additional studies currently in
various stages of development) [102].

Current Clinical Trials Including Patients with TP53-Aberrant
CLL

There are many clinical trials combining novel small-molecule inhibitors in both the
frontline and relapsed/refractory setting, though the most commonly utilized com-
binations generally include ibrutinib, venetoclax, and/or obinutuzumab (Table 4.3).
Preclinical work is suggestive of synergy between ibrutinib and venetoclax, with
BTK inhibition leading to increased mitochondrial BCL-2 dependency [103, 104].
In absence of an available clinical trial, suggestions for treatment approaches for the
frontline and relapsed/refractory setting are outlined in Figs. 4.1 and 4.2,
respectively.
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Conclusions

The introduction of novel small-molecule inhibitors, including ibrutinib, idelalisib,
and venetoclax, has changed the treatment landscape for CLL patients with TP53
aberrations. This subset of CLL patients previously had few, if any, effective options
but now has the choice of several effective agents. The prognosis of patients with
TP53 aberrations is likely improved as compared to what is predicted using the
CLL-IPI model; their specific prognosis may be more clearly elucidated by incorpo-
ration of patients treated with such agents into newer prognostic models. At this
time, novel agents are continued indefinitely, provided that the patient’s disease is
responding and the agent is being tolerated without significant toxicity. Ongoing
research will help determine the role of combination therapy with novel agents,
most promisingly ibrutinib and venetoclax, with many ongoing trials utilizing
attainment of MRD negativity as a benchmark by which treatment discontinuation
can be evaluated.
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Chapter 5
Mantle Cell Lymphoma

Daniel R. Reed and Craig A. Portell

Introduction

Mantle cell lymphoma (MCL) is a mature B-cell subtype of non-Hodgkin’s lym-
phoma (NHL). It is characterized by the t(11,14) (q13932) translocation leading to
the fusion of cyclin D1 to the immunoglobulin heavy-chain gene locus and overpro-
duction of cyclin D1 [1]. MCL is a rare disease and represents 6% of all NHL diag-
noses. Caucasian males are the highest represented demographic group diagnosed,
with an average age of onset of 67. Overall, the incidence of this disease also appears
to be increasing, especially in the elderly population [2, 3]. MCL is classified as either
classical, indolent, or blastoid with all three representing different presentations, biol-
ogy, and clinical course and response to treatment. In general, it is an incurable lym-
phoma, but there has been significant progress in the treatment of patients, leading to
improved outcomes. In this chapter, we will review the presentation and clinical
course of MCL, as well as frontline and relapsed treatment modalities. We will then
review exciting research into novel targets and combination therapy.

Clinical Presentation

Presentations of MCL vary according to underlying classification of the disease.
Patients with conventional disease usually present to their physician with symptoms
of lymphadenopathy or early satiety and abdominal pain secondary to hepato-
splenomegaly [4]. B symptoms (night sweats, fevers, weight loss) are also common
clinical presentations in MCL. Extra-nodal sites are very common in MCL, and
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there is a predilection for the gastrointestinal (GI) tract, particularly the colon,
which can lead to patients presenting with obstructive symptoms, dysphagia, and
odynophagia. Of note, upper and lower endoscopies in asymptomatic patients have
demonstrated a high incidence of involvement of MCL in the GI tract [5, 6].
Alternatively, MCL can be discovered after evaluation of an asymptomatic patient
with lymphocytosis on a CBC which is a common presentation with indolent dis-
ease. Blastoid variant MCL has a varied presentation but usually is associated with
night sweats, weight loss, fever, diffuse lymphadenopathy, and sometimes, neuro-
logic symptoms secondary to central nervous system (CNS) involvement.

Diagnosis

An excisional lymph node biopsy is the preferred biopsy method, but a core needle
biopsy is sometimes necessary and can provide a diagnosis of MCL. Fine needle
aspiration is inadequate for diagnosing any lymphoma. Biopsy of involved tissue,
such as a bone marrow or GI tract biopsy, can sometimes be used to obtain a diagno-
sis. MCL histology is described as small lymphoid cells with irregular nuclear con-
tours and a cleaved appearance. There are four distinct histologic variants of MCL:
small cell, marginal zone-like, blastoid, and pleomorphic variants. Classical MCL is
classified as wild-type IGHV and is characterized by the expression of SOX11.

Leukemic non-nodal MCL is a separate classification characterized by IGHV
mutated status and B cells not expressing SOX11 [7, 8]. The immunophenotype of
MCL is defined by expression of CD20, CD19, IgM, IgD, and CDS5. They are nega-
tive for CD23 and positive for FMC?7 distinguishing them from chronic lymphocytic
lymphoma (CLL). Fluorescence in situ hybridization (FISH) demonstrates t(11,14)
(q13q32) that defines overexpression of cyclin D1 through the fusion of the immu-
noglobulin heavy-chain enhancer region to CCNDI leading to unregulated cell
cycle activation. Cyclin D1 negative disease is rare, but has been described with the
overexpression of CCND2 or CCND3 and is usually SOX-11+ [9].

Staging/Workup

Clinical evaluation for staging includes peripheral blood CBC, LDH, beta-2 micro-
globulin, and CT neck, chest, abdomen, and pelvis. PET is often used in staging
MCL with a goal to identify extra-nodal disease; however, its established role is not
clearly defined. CNS involvement is rare, and, therefore, a diagnostic lumbar punc-
ture is only obtained if clinically indicated, such as when neurologic symptoms are
present. Blastoid histology subtype, Ki67 > 30%, and high MIPI (>6) have been
shown to be high-risk factors for CNS involvement with around 25% incidence in
2 years [10, 11]. Bone marrow biopsy is not imperative for staging, but should be
considered if there is peripheral blood involvement or cytopenias. Most MCL is stage
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IV when diagnosed, usually coinciding with peripheral blood or bone marrow (BM)
involvement. However, in situ MCL has been recently described, but this is a rare
presentation of disease and should only be considered after full workup, including
BM biopsy and EGD/colonoscopy with random biopsies even if asymptomatic [12].

Prognosis

MCL is a heterogeneous disease with variations and pathologic characteristics that
have been found to influence prognosis. The Mantle Cell Lymphoma International
Prognostic Index (MIPI) and MIPI-B with Ki-67 index are the most widely known
and used models for prognosis and risk stratification [13, 14]. Recently the MCL2
trial was updated to reflect the improvement in overall survival (OS) to 12.7 years
reflecting the impact of novel therapies and approaches to this disease [15]. Increasing
knowledge regarding the impact of tumor biology has contributed to defining progno-
sis. In a multivariate analysis, TP53 point mutation status, most often associated with
blastoid morphologies, was found to be an adverse prognostic indicator with an OS
of only 1.8 years and a relapse rate of 50% within 1 year of treatment and a smaller
benefit for consolidative therapy with autologous stem cell transplantation [16].

Conventional Treatment Approach

There are a small number of low-risk (low MIPI score) patients that can be observed
without need for treatment. Martin and colleagues demonstrated in a retrospective
analysis that patients with low IPI scores and stage I or II disease undergoing
deferred treatment did not have a worse OS compared to those who received inten-
sive induction [17]. Cohen et al. demonstrated that patients with a leukemic presen-
tation and lack of B symptoms were associated with increased likelihood of deferred
therapy and provided an independent predictor of OS for all patients in the study
[18]. These patients usually present with only a leukemic phase, some degree of
splenomegaly, and no adenopathy. Abrisqueta et al. found an improvement in
median OS in asymptomatic MCL patients compared to the early treatment group,
72 versus 52.5 months, respectively, p = 0.041 reinforcing the safety of observation
versus treatment in the asymptomatic patient [19].

Most patients present with advanced, symptomatic, or high tumor burden disease
which necessitates treatment. Fitness and age are used for initial treatment deci-
sions. We will discuss intensive approaches for younger, fit patients and less inten-
sive approaches for older, unfit patients separately:

Young and Fit Patients: The standard of care for initial treatment of young
(<65 years old) patients, without significant comorbidities, is intensive induction
chemo-immunotherapy followed by consolidative autologous stem cell transplant.
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Several induction regimens have been examined over the years, and there are several
clinical trials aimed to evaluate the best induction regimen. While there is no standard
of care currently, regimens containing high-dose cytarabine have been demonstrated
to have the best overall and progression-free survival. In the recently updated
European MCL Younger trial, six cycles of alternating R-CHOP/R-DHAP (ritux-
imab, cyclophosphamide, doxorubicin, vincristine, prednisone/rituximab, dexameth-
asone, high-dose cytarabine, and cisplatin) followed by a high-dose-containing
cytarabine conditioning regimen and autologous stem cell transplant (ASCT) demon-
strated a significant improvement in time to treatment failure with a median 9.1 years
compared to the median of 3.9 years observed in the control group of six cycles of
R-CHOP then ASCT [20]. The NORDIC Lymphoma Group MCL2 trial investigated
rituximab with R-maxi-CHOP alternating with high-dose cytarabine followed by
ASCT. In the most recent 15-year update of the NORDIC trial, OS was reported at
12.7 and PFS was 8.5 years, and 40% of patients remained in first remission [15]. The
University of Texas MD Anderson Cancer Center (MD Anderson) reported on a regi-
men of R-hyperCVAD, and the median OS was 10.7 years; however there was an
increased risk of myelodysplastic syndrome and treatment-related acute myeloid leu-
kemia as well as a decrease in mobilization for stem cell collection for ASCT seen in
SWOG 1106 trial [21, 22]. Therefore, the regimen has not been widely adopted.

The role of frontline ASCT for consolidation has been considered standard of
care and shown to improve OS in patients who achieve complete remission (CR)
after induction [23]. Further, ASCT use in the frontline setting leads to improved OS
compared to the relapsed/refractory setting [24]. What is not known is if all MCL
patients, who are candidates for induction, benefit from ASCT in the frontline set-
ting. The role of ASCT is currently being investigated for minimal residual disease
(MRD) negative patients though the US cooperative groups (NCT03267433). In
patients with remission after an induction regimen of R-DHAP and consolidative
autologous transplant, the LyMA trial demonstrated that maintenance rituximab,
375 mg/m? administered every 2 months for 3 years after transplantation, increased
overall, progression-free, and event-free survival [24]. Oxaliplatin is often replaced
for cisplatin in this regimen (R-DHAX) and has been shown to have decreased renal
toxicity, and no impact on overall survival compared to R-DHAP [25-27].

Elderly Patients: For patients who are not candidates for stem cell transplant and
intensive induction, bendamustine and rituximab (BR) is considered a standard of
care. Several chemotherapy regimens have been investigated including R-CHOP and
R-FC; however, none have been shown to be superior to BR in terms of toxicity and
efficacy [28, 29]. The role of maintenance rituximab after BR induction in this patient
population is still to be determined with Rummel et al. evaluating patients with 2 years
of maintenance rituximab after BR induction versus observation showing no statisti-
cally significant difference in progression-free survival PFS [30]. For an intermediate
intensity approach, 40 patients received the combination of rituximab, bendamustine,
and cytarabine in a phase II study that demonstrated an ORR of 100% with 70%
achieving a CR and a 2-year PFS of 95% for untreated patients [31]. The R-BAC500
trial in Italy explored the combination of BR backbone with low-dose cytarabine as
an induction therapy in elderly patients and showed a 2-year PFS of 81% and OS of
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Table 5.1 Novel target/combination trials

73

Clinical trial

Novel target or combination Indication Study name identifier
Bortezomib, cytarabine, and RR MCL BATMAN NCT02840539
dexamethasone

Ixazomib and ibrutinib RR MCL PrE0404 NCT03323151
Ibrutinib and bortezomib RR MCL NCT02356458
Ibrutinib and venetoclax RR MCL SYMPATICO NCTO03112174
Obinutuzumab and ibrutinib RR MCL OAsls NCT02558816
BGB-3111 RR MCL NCT03206970
Bendamustine, rituximab, ibrutinib | RR MCL NCT03295240
and venetoclax

BR and acalabrutinib Front line, NI NCT02972840
Ibrutinib and pembrolizumab RR MCL CLL NCT03153202
CART-19 RR MCL NCT02081937
Bendamustine and obinutuzumab Front line, NI NCTO03311126
Enzalutamide RR MCL NCT02489123
BCL201 and Idelalisib RR MCL Fol NCT02603445
INCB050465 RR MCL CITADEL-205 NCTO03235544
Alisertib, bortezomib and rituximab | RR NHL and NCT01695941

MCL
TGR-1202 and ibrutinib RR MCL & NCT02268851
CLL

Cirmtuzumab and Ibrutinib RR MCL CLL NCTO03088878
Onalespib RR NHL NCT02572453
JCARO17 RR NHL TRANSCEND-001 | NCT02631044
Nivolumab and lenalidomide RR NHL NCT03015896
ONC201 RR NHL NCT02420795
ACY 1215 RR NHL HL NCT02091063
Romidepsin and 5-azacitidine RR NHL NCT01998035
Pralatrexate and romidepsin RR NHL NCTO01947140

FL NI front line non-intensive, RR MCL relapsed/refractory mantle cell lymphoma, R NHL
relapsed/refractory non-Hodgkin’s lymphoma, multiple histologies, CLL chronic lymphocytic
lymphoma, HL Hodgkin’s lymphoma, Fol follicular lymphoma

85%. In addition to known therapies, several novel agents and combination of novel
agents with chemotherapy are in clinical trials for patients who are not candidates for
stem cell transplant or intensive induction chemotherapy (Table 5.1).

Frontline Novel Agents With or Without Chemotherapy

Novel agents are being explored in the frontline setting predominantly in patients
who are not candidates for stem cell transplant. Adjustments to known chemother-
apy regimens are being studied to reduce toxicity. Kahl et al. investigated a modified
hyperCVAD regimen without methotrexate and cytarabine and with rituximab
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maintenance which demonstrated an impressive overall response rate (ORR) of
85% and a 2-year reported OS of 82% [32]. The proteasome inhibitor bortezomib is
being added to this modified hyperCVAD regimen (VcR-CVAD) showing an
improved ORR of 90% and a 6-year OS of 70% [33].

In patients who are candidates for transplant, novel agents are being evaluated in
standard induction regimens. In efforts to reduce the toxicity but maintain the effi-
cacy of the hyperCVAD regimen pioneered by MD Anderson, the phase [l WINDOW
I trial (NCT02427620) is evaluating frontline use of ibrutinib and rituximab as part
one of an induction and then use of R-hyperCVAD in part 2 which has demonstrated
ORR of 100% in part 1 with all patients obtaining CR after part 2 with primary end
points not reached at this time [34]. Bendamustine and rituximab is also being
investigated in frontline patients who are candidates for transplant. After BR,
patients received rituximab and high-dose cytarabine if they had no evidence of
progressive disease; they then went on to get ASCT. Most patients, 96%, obtained a
CR and 93% achieved MRD after BR/RC. After ASCT, a 96% PFS was observed
with a median follow-up of 13 months [35]. There will need to be a cooperative
group effort to evaluate these novel therapies in comparison.

In addition, since the activity of bendamustine and rituximab has been shown to
be effective in patients treated with a non-intensive approach, several trials are
investigating using this backbone regimen to add additional targeted agents. The
SHINE trial (NCT01776840) is a pending phase III study evaluating BR plus ibru-
tinib vs BR plus placebo that has finished enrollment but has not been reported.
The ACE-LY-308 trial (NCT02972840) is investigating the combination of acala-
brutinib, a second-generation Bruton’s tyrosine kinase (BTK) inhibitor, with BR
backbone versus a placebo BR and is currently actively enrolling patients.
Preliminary results of LENA-BERIT (NCT00963534), which studied the combi-
nation of lenalidomide and BR, reported a median PFS of 42 months and were
significant for increased rate of opportunistic infections, neutropenia, and second-
ary malignancies [36]. The proteasome inhibitor bortezomib has been shown to be
active in the frontline treatment of MCL when combined with rituximab, doxoru-
bicin, cyclophosphamide, and prednisone (VR-CAP) in the LYM-3002 study. This
study showed a median progression-free survival of 16.1 months in the R-CHOP
arm and 30.7 months in the VR-CAP arm [37]. SWOG S0601 evaluated bortezo-
mib in addition to R-CHOP induction and bortezomib maintenance for patients
with, at least, stable disease which demonstrated a PES of 28% and OS of 66%
with one of the most common non-hematologic toxicities being grade 1 or 2 sen-
sory neuropathy (57%) during induction and maintenance [38]. BR is being com-
bined with bortezomib during induction and lenalidomide during maintenance in a
US intergroup study (E1411) (NCT01415752) and has also finished enrollment,
but results are pending.

Lenalidomide, an immune modulator agent, has demonstrated success with
induction therapies in MCL. When combined with rituximab, in a non-chemotherapy
regimen, Ruan et al. demonstrated a 92% response rate with a median progression-
free survival that had not been reached and a 2-year OS of 97% [39]. This combina-
tion was relatively well-tolerated, with low rates of grade 3 and 4 toxicities. In
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addition, lenalidomide is being investigated in the frontline setting in combination
with rituximab and ibrutinib (NCT032307).

Novel Agents in Relapsed/Refractory MCL

Multi-agent chemotherapy has not been able to show a superior response rate com-
pared to targeted therapy in the relapsed or refractory setting of MCL. Allogeneic
stem cell transplant in patients with relapsed or refractory disease has shown prom-
ising results in selected patient populations with OS at 5 years of between 73% and
62%; however, patient survival is limited by a high-transplant-related mortality
reported at 24% in 5 years [40, 41]. Further, not all patients are eligible for alloge-
neic stem cell transplant particularly given the generally advanced age at diagnosis
in MCL.

The B-cell receptor (BCR) complex has been demonstrated to play an important
role in the survival and proliferation of MCL [42]. Targeting BTK, a vital mediator
in the BCR pathway, has been the focus of research in relapsed refractory MCL
[43]. Ibrutinib, an irreversible BTK inhibitor that binds to the phosphorylation acti-
vation site of BTK, has shown an ORR of 68% and 2-year PES of about 30%, giving
it FDA approval in relapsed/refractory R/R MCL [44]. Time to response has been
shown to range from 2 to 5 months and improves with longer drug exposure [45]. A
recent pooled analysis of the SPARK, RAY, and PCYC-1104 and CAN3001 trials,
all studies involving single-agent ibrutinib in R/R MCL, with 3.5 years of follow-
up, showed a median PFS of 13 months and OS of 37% at 5 years. Further, the
benefit of ibrutinib is seen primarily when it is used in earlier lines of therapy [46].
This benefit has been confirmed in several other retrospective analyses [47-50].
Around one third of patients develop primary resistance to ibrutinib with a median
response rate of 1.5 years [45]. Failure of ibrutinib has been shown to portend poor
prognosis, and patients are less likely to respond to salvage chemotherapy [51].
Ibrutinib is, overall, well-tolerated with the most common adverse effects being
diarrhea, fatigue, and cough. More serious adverse events include bleeding and
atrial fibrillation. Rule and colleagues showed the cumulative incidence of hemor-
rhage was 7.3%, and the incidence of atrial fibrillation was 5.9%, which decreased
over the observed time in their pooled analysis [46, 52].

The most recent BTK inhibitor to receive FDA approval is the second-generation
agent acalabrutinib [53]. Use of this agent has demonstrated less frequent atrial
fibrillation and bleeding/thrombocytopenia with improved response rates compared
to ibrutinib across trials [44, 54]. It does seem as though patients in the ibrutinib
trial, though, had higher risk disease and a higher proportion of refractory patients.
Finally, new novel BTK inhibitors tirabrutinib (ONO-GS 4059) and zanubrutinib
(BGB-3111) are in early clinical trials and showing promise [55, 56].

After activation of BTK, downstream signaling leads to activation of mTOR
(mammalian target of rapamycin) and NF-KB (nuclear factor kappa-light-chain-
enhancer of activated B cells) through PI3K/AKT/mTOR pathway [57].
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Temsirolimus, an mTOR inhibitor, has been demonstrated to be active in MCL with
an ORR of 22% and duration of response (DOR) of 7.1 months in a phase III study
[58]. When combined with rituximab, temsirolimus has an improved ORR of 59%
including a high response for rituximab refractory patients [59]. Temsirolimus was
shown to be inferior in PFS (14.6 months versus 6.2 months) and poorly tolerated
compared to ibrutinib [60], making its utility as a single agent less exciting.

Through activation of AKT pathway, BTK activation leads to NF-KB activity.
Immunomodulators have multiple effects, but one includes inhibiting NF-KB by
limiting translocation into the nucleus [61]. Lenalidomide, an immunomodulator
agent, as a single agent has been shown to be effective in R/R MCL. In the EMERGE
study, single-agent lenalidomide was shown to have an ORR of 28% with DOR of
16.6 months and PFS of 4 months with patients who were heavily pretreated [62].
The SPRINT trial compared lenalidomide to investigator’s choice of chemotherapy
and showed an improved of PFS for lenalidomide (median 8.6 months versus
5.4 months) [63]. In the MAGNIFY trial, lenalidomide, when combined with ritux-
imab, was shown to have an ORR of 54% in patients with relapsed MCL [64]. In
patients who previously failed ibrutinib, MCL-004, an observational study analyz-
ing outcomes of patients on lenalidomide either monotherapy or in combination
with other agents, showed an ORR of 29% and median DOR of 20 weeks [65]. In
addition, when combined with bendamustine and rituximab, lenalidomide was
shown to have median PFS of 20 months and OS of 67% at 24 months [66].

Bortezomib is a proteasome inhibitor with multiple effects including inhibiting
proteins that regulate the cell cycle, inducing apoptosis and cell death, and has been
shown to be active in MCL [61]. The phase II PINNACLE trial evaluated bortezo-
mib in the relapsed refractory setting of patients with MCL and demonstrated an
ORR of 33% with a median DOR of 9.2 months and OS of 23.5 months [67]. When
combined with CHOP, bortezomib was shown to be effective with an ORR of 82.6%
and median OS of 35.6 months compared to patients who just received CHOP alone
(11.8 months) [68].

Further down the signaling pathway of the BCR is phosphoinositide 3-kinase
(PI3K) which has been shown to contribute to the survival and proliferation of MCL
[69]. Idelalisib is an oral agent that inhibits the delta isoform of PI3K and has shown
to have an ORR of 40% in an early phase I study in MCL [70]. A second PI3K
inhibitor, copanlisib, which has both alpha and delta inhibitions, demonstrated effi-
cacy in early phase II trial with an ORR of 63.5% [71].

Venetoclax, an inhibitor of the anti-apoptotic protein B-cell lymphoma 2 (BCL-
2), demonstrated a high response rate in MCL of 75% and CR of 21% with median
PES of 14 months and an OS at 12 months of 82%. Patients had response durations
up to 2.5 years [72]. Tam et al. combined venetoclax and ibrutinib in a phase II study
for patients with R/R MCL which demonstrated an impressive ORR of 71% within
16 weeks with 63% of patients obtaining a complete remission.

The 8-month survival was estimated at 81% and was generally well-tolerated,
with fatigue and diarrhea being the most common side effect [73].

MCL is characterized by the balanced translocation (11,14) leading to increase
in cyclin D1 expression suggesting that inhibition of this pathway would be a rea-
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Table 5.2 Novel agents in R/R Mcl with response and survival data

Median #

Study Median | preceding ORR |CR |PFS (0N}
Agent size (n) |age treatments (72) (%) (%) | (months) | (months)
Ibrutinib 115 68 3 68 21 13.9 NR
Acalabrutinib | 124 68 2 81 40 | NR NR
Temsirolimus | 162 67 3 22 2 4.8 12.8
Lenalidomide | 134 67 4 28 7.5 4.0 19
Bortezomib | 155 65 1 32 8 6.5 23.5
Idelalisib 40 69 4 40 5 3.7 NR
Venetoclax 28 72 3 75 21 14 NR

ORR objective response rate %, CR complete response %, PFS progression-free survival in
months, OS overall survival in months, NR not reached at time of study publication

sonable target by drugs. Palbociclib, an oral CDK 4/6 inhibitor currently approved
in metastatic estrogen receptor-positive breast cancer, has been shown to have a
relatively low ORR of 18% in MCL patients as single agent [74]. Other CDK inhibi-
tors are in development to be studied in MCL [75]. In patients who failed at least
one line of therapy in relapse, ibrutinib and palbociclib provided 8 out of 18 patients
with a CR and demonstrated a PFS of 68% in 1 year [76]. AT7519M, a CDK inhibi-
tor targeting multiple kinases, demonstrated an ORR of 27% in MCL [77]. Novel
agents in current clinical practice for R/R MCL are outlined in Table 5.2.

Finally, chimeric antigen receptor-activated T-cell (CAR-T) cell therapy is being
investigated in MCL but currently only in the relapsed/refractory setting, and role of
this treatment is yet to be determined in this disease [78, 79].

Recommended Treatment Approach for Frontline and Relapsed/
Refractory Disease

The recommendation of a clinical trial is always important in a disease like MCL
where standard of care therapies do not provide cures. While there is no standard
induction treatment for MCL, high-dose cytarabine is an imperative component of
frontline regimens. At our institution, for patients who are candidates for intensive
therapy, we prefer treatment with four cycles of R-DHAX with oxaliplatin in place
of cisplatin. This regimen has been shown to have improved renal tolerance versus
cisplatin without difference in survival [25-27]. The patients are then consolidated
with autologous stem cell transplant with 3 years of maintenance rituximab per the
LyMA trial. For patients who are not candidates for intensive therapy, we prefer a
combination of bendamustine and rituximab if no clinical trial is available. In more
frail patients, we consider lenalidomide-rituximab or combination rituximab,
bendamustine, and cytarabine for a more intermediate intensity approach.

At the time of relapse, a clinical trial should be the first treatment choice offered.
Otherwise, a BTK inhibitor should be used given the high response early in the
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treatment paradigm. The choice between ibrutinib and acalabrutinib depends on
patient comorbidities and characteristics. Unfortunately, ibrutinib failure is com-
mon, and subsequent lines of therapy should include other novel agents including
lenalidomide and venetoclax. Other agents can also be considered, as outlined in
this chapter and seen in Table 5.1.
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Chapter 6

Current and Emerging Treatment
Strategies for Primary Mediastinal B-Cell
Lymphoma

Christin B. DeStefano, Kieron Dunleavy, and Catherine Lai

Introduction

Primary mediastinal B-cell lymphoma (PMBCL) is an aggressive subtype of non-
Hodgkin lymphoma (NHL) arising from thymic B-lymphocytes. PMBCL shares
clinical and biologic features with classic nodular sclerosing Hodgkin lymphoma
(HL). First reported in a 1980 case series, PMBCL was first recognized as a distinct
clinicopathologic entity in the 2001 World Health Organization lymphoma classifi-
cation [1]. Herein is an overview of the epidemiology, pathogenesis, standard man-
agement, and emerging treatment strategies for PMBCL.

Epidemiology

PMBCL is rare, representing 2.4% of all NHLs [2]. Based on a surveillance, epide-
miology, and end results (SEER) analysis, the age-adjusted incidence is 0.4 per
million-person years, which has been steadily increasing over the past decade for
unclear reasons [3]. The majority of PMBCL patients are young women in their
third to fourth decade of life [3]. Despite females being more commonly affected
than males, hormonal factors do not appear to play a role in the risk or pathogenesis
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of PMBCL [4]. Aside from gender, the only other known risk factor is inheritance
of a germline mutation in the MLL gene (5533C>A) [5].

Clinical Presentation

Most patients will present with constitutional symptoms and a symptomatic bulky
anterior mediastinal mass, resulting in chest discomfort, cough, and dyspnea [6].
Superior vena cava syndrome and pleural and pericardial effusions are not uncom-
mon, and in advanced cases, patients can have a pericardial tamponade [7]. Patients
with bulky disease (>10 cm in diameter) can present with tumor lysis syndrome.
Bone marrow and subdiaphragmatic involvement are unusual but can sometimes
occur at initial presentation [8]. Relapsed PMBCL is often extranodal and may
involve organs such as the liver, gastrointestinal tract, kidneys, ovaries, and central
nervous system.

Pathology and Gene Expression

PMBCL is comprised of medium to large B-lymphocytes morphologically resem-
bling centroblasts, centrocytes, and less commonly immunoblasts. Morphologically,
PMBCL is similar to HL in that there is a background of sclerosis and occasional
Reed-Sternberg cells [8]. However, unlike HL, which has a characteristic immuno-
phenotype of being strongly CD15 and CD30 positive with weak to negative expres-
sion of B-cell markers, PMBCL is characterized by negative CD15, patchy or weak
CD30, and strong expression of common B-cell antigens including CD20 and
CD79a. PMBCL is also distinct from mediastinal gray zone lymphoma, which has
morphological and immunohistochemical features in between PMBCL and
HL. Factors that drive thymic B-cell formation toward one entity over the others are
not completely understood [9]. Gene expression studies have revealed an overlap in
more than one third of overexpressed genes between PMBCL and HL, including
PD-L2 [10]. In addition to overlapping gene expression, PMBCL and HL share
dysregulated JAK-STAT and NF-kB signaling pathways and an “immune privilege”
phenotype evidenced by downregulation of MHC class I/I and upregulation of
PD-L1 through 9p.24 amplifications, which result in reduced immunogenicity and
“immune privilege” [11-15].

Diagnosis

The differential for an anterior mediastinal mass is broad and includes PMBCL,
other types of NHL, HL, thymoma, thymic carcinoma, thymic cysts, germ cell
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tumors to include teratoma, and ectopic thyroid tissue. Therefore, to confirm the
diagnosis of PMBCL, a tissue biopsy is required. An excisional or core needle
biopsy may not be possible because of the location or may not be diagnostic due to
fibrosis and/or necrosis. Therefore, a surgical biopsy obtained through mediastinos-
copy or thoracoscopy may be necessary in certain situations.

Staging

The Lugano classification includes recommendations for staging and response
assessments of all NHLs [16]. Compared to Ann Arbor which is descriptive and can
only be used for staging, Lugano incorporates fluorodeoxyglucose (FDG) positron
emission tomography (PET)/CT scan into the initial evaluation and response crite-
ria. As PMBCL rarely involves the bone marrow, a biopsy is not needed to complete
staging. Irrespective of whether the disease burden is limited or extensive, all
patients are treated with advanced stage treatment strategies.

Work-Up

As with all aggressive NHLs, the work-up requires a complete history and physical,
laboratory studies including complete blood count (CBC) with differential, com-
plete metabolic panel (CMP), lactate dehydrogenase (LDH), tumor lysis labs, HIV
testing, and viral hepatitis serologies, as well as a FDG-PET/CT scan. Central ner-
vous system (CNS) involvement is also rare, and brain imaging should only be
considered if neurologic deficits are present. All patients will need an echocardio-
gram prior to receiving an anthracycline-containing regimen.

Prognosis

The prognosis of PMBCL is excellent, with a 5-year relative survival of 86% based
on the SEER-18 database [17]. Unlike other NHLs, the international prognostic
index is not prognostic for PMBCL in the rituximab era [18]. However, age above
38 years, the presence of pleural or pericardial effusions, the presence of constitu-
tional symptoms, and a poor performance status are prognostic and associated with
inferior outcomes in certain studies [7]. A negative end-of-treatment PET scan is
also prognostic and identifies patients at very low risk of relapse. Patients with
relapsed or refractory PMBCL do poorly and have outcomes inferior to that of
relapsed or refractory DLBCL. Thus, optimization of frontline treatment is
paramount.
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Frontline Management

PMBCL patients tend to tolerate therapy well due to their young age, and as with
many other aggressive lymphomas, PMBCL is highly curable. Because relapsed/
refractory PMBCL portends a dismal prognosis, it is imperative to offer an optimal
frontline treatment strategy that balances the benefits of treatment intensity with the
risks of late and long-term treatment toxicities. Published studies on the frontline
management of PMBCL are limited to single arm studies, retrospective studies, or
subgroup analyses of larger studies for NHL and are listed in Table 6.1. Although
PMBCL was first described nearly 40 years ago, due to its rarity, there are yet to be
any prospective randomized controlled trials to guide management [19]. Despite the
paucity of studies, R-CHOP chemotherapy (rituximab with cyclophosphamide,
doxorubicin, vincristine, and prednisone) with consolidative mediastinal radiother-
apy has historically been a standard approach.

Before rituximab gained approval with CHOP, multiple studies assessed the
impact of treatment intensity on outcomes for PMBCL and found that dose-intensity
correlated with better treatment outcomes. For example, high-intensity regimens
such as MACOP or VACOP-B (methotrexate with leucovorin rescue or etoposide
with doxorubicin, cyclophosphamide, vincristine, prednisone, and bleomycin) and
ProMACE-CytaBOM (cyclophosphamide, doxorubicin, etoposide, bleomycin, vin-
cristine, methotrexate, and prednisone) produce better response rates and long-term
survival than CHOP for PMBCL [20-22]. Similarly, when compared to CHOP,
high-dose chemotherapy followed by autologous stem cell rescue (HDC/ASCR)
has produced superior rates of complete responses (CR), 75% vs. 61%; 10-year
progression free survival (PFS), 78% vs. 35%; and 10-year overall survival (OS),
77% vs. 44% [22].

The approval of rituximab for NHL closed the efficacy gap between CHOP and
higher-intensity regimens. In a subset analysis of patients with PMBCL in the phase
IIT MabThera International Trial (MInT), the incorporation of rituximab to CHOP
chemotherapy improved the rates of CR from 54% to 90% (p = 0.015), the 3-year
event-free survival (EFS) from 52% to 78% (p = 0.012), and the 3-year OS from
78% to 89% (p = 0.158) while substantially decreasing the rate of progressive dis-
ease (PD) from 24% to 2.5% (p < 0.001) [23]. In another retrospective study includ-
ing 80 unselected patients with PMBCL, the addition of rituximab to CHOP-based
regimens raised the 10-year PES from 67% to 95% and the 10-year OS from 72% to
92% [17]. The addition of rituximab to higher-intensity regimens, however, did not
improve outcomes. In an Italian retrospective study that included PMBCL patients
treated with R-MACOP-B, the CR rate was 80%, and projected 5-year OS rate was
80%, which was not dissimilar to historical controls using MACOP-B in the pre-
rituximab era [24]. Likewise, when compared with R-CHOP, R-VACOP-B did not
produce better 5-year PFS or OS rates [25]. As a result of these studies, it was gener-
ally accepted that incorporation of rituximab into frontline treatment for PMBCL
obviates the need for chemotherapy regimens of higher intensity than CHOP.
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Although consolidative involved field radiotherapy played a pivotal role in the
management of PMBCL in the pre-rituximab era, currently there are yet to be any
studies demonstrating a survival benefit [26, 27]. Additionally, 20-25% of patients
will experience a relapse or primary refractory disease after treatment with R-CHOP
and consolidative mediastinal radiotherapy [28, 29]. The late and long-term toxici-
ties of irradiation are not inconsequential, including bone marrow toxicity, acceler-
ated coronary artery disease, a heightened risk of breast cancer, thyroid cancer, and
therapy-related myeloid neoplasms, some of which can occur up to 40 years after
initial treatment [30-32]. Because radiotherapy has long-term risks and does not
appear to impact survival, other studies have assessed omission of radiotherapy or
the use of imaging to guide end of treatment radiation.

Treatment Response Assessment

The presence of a residual anterior mediastinal mass after treatment is very common
and is often due to fibrosis, sclerosis, or necrosis of the initial tumor bulk. However,
it can be difficult to discriminate residual disease versus fibrosis with a CT scan
alone. Several studies have assessed the role of end-of-treatment PET imaging in
PMBCL using the 5-point Deauville scoring system, revealing that this measure is
associated with a high negative predictive value for treatment failures. The land-
mark prospective phase II IELSG 26 study demonstrated that using the liver uptake
as a cut-off (Deauville 1-3 vs. 4-5) effectively stratified patients into low and high
risk for treatment failure after receiving a rituximab and anthracycline-based treat-
ment regimen, with a 5-year progression-free survival (PES) of 99% vs. 68% and
OS of 100% vs. 83%, respectively [33]. When used after DA-EPOCH-R, end-of-
treatment PET imaging is associated with a very good negative predictive value of
100%, further supporting that a negative end-of-treatment PET scan can identify
patients at low risk of relapse [34].

Most patients in the IELSG 26 study received mediastinal radiotherapy; therefore
itis not clear if treatment can be “de-escalated” with radiotherapy omission based on
the results of a negative end-of-treatment PET scan. In a retrospective Canadian
study by Savage et al., patients with a positive end-of-treatment PET after R-CHOP
received consolidative radiotherapy, whereas those with a negative PET did not.
Using risk-adapted radiotherapy consolidation, there was no difference in the 5-year
time to progression (78% vs. 83%, p = 0.735) or overall survival (88.5% vs. 95%,
p =0.271), supporting the notion that radiotherapy omission in low-risk patients can
be safe and feasible [35]. This proof of principle is being tested prospectively in the
ongoing phase III IELSG-37 study, which omits consolidative radiotherapy among
patients who achieve a complete metabolic response on their end-of-treatment PET
scan after a rituximab and anthracycline-based regimen (NCT01599559).

False-positive end-of-treatment PET scans can occur about 40% of the time and
are often due to inflammation [27]. To mitigate false positives due to rebound thy-
mic uptake, imaging should be obtained 6-8 weeks after receipt of chemotherapy or
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myeloid growth factor support and 12 weeks after receipt of radiotherapy [36].
Although consensus guidelines recommend a biopsy consideration in the case of a
positive end-of-treatment PET scan, this exposes the patient to a potentially unnec-
essary procedure. There are some data to support the use of serial PET imaging to
decipher true refractory disease from false-positive disease, as the former will dem-
onstrate persistent FDG avidity and the latter will improve with time [37, 38].

Management of Relapsed or Refractory PMBCL

There is no accepted standard treatment approach for relapsed/refractory
PMBCL. Among those with relapsed or refractory disease, the prognosis is dismal and
is inferior to that of relapsed/refractory DLBCL, with an inferior response to salvage
chemotherapy (25% vs. 48%, p = 0.01) and inferior 2-year overall survival (15% vs.
34%, p = 0.018) [39]. High-dose chemotherapy followed by autologous stem cell res-
cue (HDC/ASCR) might be a good option for patients with late relapses (>12 months)
that demonstrate chemosensitivity but is unlikely to be beneficial for primary refrac-
tory or chemorefractory early relapsed disease [40, 41]. Patients who have primary
refractory or early relapsed disease have a particularly bleak prognosis with a median
survival of approximately 6 months, and better treatments in this population are needed
[42]. Allogeneic transplant can be utilized, but limited retrospective data suggest the
benefit is minimal and transplant-related mortality high [43]. Published studies on
management of relapsed or refractory PMBCL are listed in Table 6.2.

Novel Approaches for Untreated PMBCL

In an attempt to omit mediastinal radiotherapy, the National Cancer Institute (NCI)
led a prospective phase II study assessing the efficacy of infusional dose-adjusted
etoposide, doxorubicin, and cyclophosphamide with vincristine, prednisone, and
rituximab (DA-EPOCH-R) with myeloid growth factor support for untreated
PMBCL [33]. Fifty-one patients with median age of 30 and 59% females were
enrolled. Many participants in the study had high-risk features — 65% had bulky
disease, 53% had extranodal disease, 47% had pleural effusions, and 29% had stage
IV disease. All had malignant cells that expressed CD20. After a median follow-up
of 63 months, the EFS and OS were 93% and 97%, respectively. Eighteen patients
had a positive end-of-treatment PET (defined by the study as Deauville 3-5), of
which only three had confirmed residual disease and two of these received medias-
tinal irradiation. Hospitalization for febrile neutropenia occurred in 13% of the
cycles, and there were no episodes of cardiotoxicity. Although not directly com-
pared with R-CHOP and consolidative radiotherapy, the results of this study show
that higher-intensity chemoimmunotherapy can have high response rates and also
support omission of radiotherapy in frontline treatment. A retrospective study
assessed the efficacy of frontline DA-EPOCH-R for PMBCL and included 156
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Table 6.2 Studies for R/R PMBCL

#of
Reference | Study type patients | Regimen CR (%) RES (%) | OS (%)
Neelapu Phase 11 24 Autologous 71 NR NR
etal. [48] |study anti-CD19 CAR-T
cells
Zinzani Phase Ib 18 Pembrolizumab 12 NR NR
et al. [50] study
Zinzani Phase II 15 Brentuximab vedotin | 0 NR NR
et al. [50] study
Jacobsen Phase II 6 Brentuximab vedotin | 17 NR NR
et al. [52] study
Aoki et al. | Retrospective | 44 HDC/ASCR 64 61 70
[40] (4 years) | (4 years)
Avivi et al. | Retrospective | 44 HDC/ASCR - NR 64 85
[41] chemosensitive (3 years) | (3 years)
disease
24 HDC/ASCR - NR 39 41
chemorefractory (3 years) | (3 years)
disease
Khouri Retrospective | 17 Allogeneic 3-year PFS |41 46
et al. [43] transplant and OS (3 years) | (3 years)
41% and
46%

NR not reported, CAR-T cells chimeric antigen receptor T cells, HDC/ASCR high dose chemo-
therapy followed by autologous stem cell rescue

adults and children, of whom 14.9% received radiotherapy. The 3-year EFS and OS
were 85.9% and 95.4%, respectively, and 75% achieved a negative end-of-treatment
PET scan which correlated with an improved EFS [44]. Although DA-EPOCH-R
has never been prospectively compared to standard R-CHOP with consolidative
radiotherapy, a multicenter retrospective analysis involving 132 patients compared
these two frontline treatment approaches and reported that recipients of
DA-EPOCH-R were less likely to receive radiotherapy (13% vs. 59%) and had
higher CR rates (84% vs. 70%, p = 0.046). The 2-year OS rates were similar at 89%
for R-CHOP recipients and 91% for DA-EPOCH-R recipients [45]. DA-EPOCH-R
is associated with relatively low rates of female infertility in patients under the age
of 40, which is important given the patient demographics of this disease [46].

Novel Approaches in the Relapsed and Refractory Setting

Immunotherapy

Given the “immune privilege” phenotype of PMBCL and similarity to classic HL,
the role of immunotherapy for the management of PMBCL is currently being
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explored. Bone marrow transplant is the oldest form of immunotherapy, and new
therapies such as chimeric antigen receptor T-cells (CAR-T cells) and checkpoint
inhibitors appear promising. Immunotherapy approaches mentioned below are
novel, and as such it is unclear how to best combine or sequence these agents with
traditional treatment approaches.

CAR-T Cells

CAR-T cells have made dramatic differences for patients with relapsed or refrac-
tory acute lymphoblastic leukemia and DLBCL and have recently been granted full
food and drug administration (FDA) approval for PMBCL. CAR-T cells are autolo-
gously derived cytotoxic T-lymphocytes that are engineered ex vivo to incorporate
tumor antigen recognition moieties and T-cell signaling domains [47]. Because
PMBCL is characterized by immune exhaustion and expresses the immunogenic
CD19 antigen, CAR-T cells have been studied for use in PMBCL. The phase II
ZUMA-1 study assessed the efficacy of the autologously derived anti-CD19 CAR-T
cells, axicabtagene ciloleucel, and included patients with refractory DLBCL (cohort
1) and PMBCL or transformed follicular lymphoma (cohort 2) [48]. After leuka-
pheresis with CAR-T manufacturing, patients received a fixed low-dose condition-
ing regimen consisting of fludarabine and cyclophosphamide followed by two
million CAR-T cells per kg of body weight. Of the 111 patients included in the
study, 8 had PMBCL. The median time from leukapheresis to infusion of CAR-T
cells was 17 days. In cohort 2, the overall response rate (ORR) was 83% which
included 71% CRs. Responses were not adversely affected by the use of tocili-
zumab or corticosteroids. At 18 months of follow-up, about half of the patients
were still alive. The most common drug-related adverse events were cytopenias,
cytokine release syndrome, and neurotoxicity, the latter two of which have issued
FDA black box warnings. As a result of the ZUMA-1 study, the FDA granted full
approval of axicabtagene ciloleucel for use in relapsed or refractory large B-cell
lymphoma, including PMBCL that has been previously treated with at least two
lines of systemic therapy.

Checkpoint Inhibitors

The immune privilege phenotype of PMBCL lends an opportunity to be exploited
with immune checkpoint inhibitors. Up to 100% of cases of PMBCL are associated
with enhanced PD-L1 expression, due to 9p24.1 gains in about half of cases and
rearrangements at the PDL1/2 locus in about 20% of cases [49]. The phase Ib key-
note-013 study assessed the efficacy of the anti-PD1 antibody pembrolizumab for
relapsed/refractory PMBCL [50]. Eighteen patients were enrolled and treated. The
median age was 30 and over 70% were female. The patients were heavily
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pre-treated — with a median of three prior treatments, one third had received prior
HDC/ASCR, and nearly two thirds had undergone prior radiotherapy. Sixty-one
percent of patients experienced grade 1/2 toxicities, including hypothyroidism, diar-
rhea, nausea, and fatigue. There were only two grade 3/4 toxicities which included
neutropenia and veno-occlusive disease post-allogeneic transplant. The ORR was
41%, which included two patients who achieved a CR. After a median follow-up
duration of 11.3 months, the median duration of response had not been reached. A
subsequent phase II study confirmed a similar treatment efficacy of pembrolizumab
for patients with relapsed/refractory PMBCL resulting in FDA drug approval
(NCT02576990).

Anti-CD30 Directed Therapy

Most cases of PMBCL overexpress CD30, and hence there is scientific rationale
that CD30-directed therapies may be efficacious. Despite the success of the anti-
CD30 antibody-drug complex brentuximab vedotin (BV) for use in classic HL, sys-
temic and primary cutaneous anaplastic large cell lymphoma, and mycosis
fungoides, this agent does not have a role as monotherapy for the treatment of
PMBCL based on the results of two phase II studies. The first is an Italian study
which assessed the safety and efficacy of standard-dosed BV for relapsed/refractory
CD30+ PMBCL [51]. Fifteen patients were enrolled. The median age was 29 and
the majority were female. The median prior number of treatments was 3, and over
half had received HDC/ASCR and radiotherapy. The ORR was 13.3% and consisted
of all partial responses that lasted less than 3 months. Forty percent experienced
drug-related adverse events, which were comprised of mostly grade 1/2 peripheral
neuropathy, atrial fibrillation, transaminitis and anemia. The second study was a
phase II trial assessing the efficacy of BV for DLBCL with variable CD30 expres-
sion and included six patients with PMBCL [52]. There was only one response to
BV which was a CR, producing an ORR of 17%. The discrepancy in the treatment
efficacy of BV between PMBCL and other CD30-expressing lymphomas likely has
to do with the characteristics of CD30 expression. Although most cases of PMBCL
are associated with CD30 overexpression, up to one third do not express CD30 [53].
Among those that do express CD30, the expression is typically at low levels and can
be very heterogeneous [54].

Clinical Trials

The ongoing clinical trials for untreated and relapsed/refractory PMBCL are listed
in Table 6.3.
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Study

Therapy type Setting Clinical trial #

Mediastinal radiotherapy Phase | Untreated PMBCL achieving NCT01599559
III study | CMR after chemoimmunotherapy

DA-EPOCH-R Phase II | Children and adolescents with NCTO01516567
study untreated PMBCL

Pembrolizumab Phase II | R/R PMBCL NCT02576990
study

Autologous anti-CD19 CAR-T | Phase I | R/R NHL including PMBCL NCT02706405

cells + durvalumab study

Autologous anti-CD19 CAR-T | Phase I |R/R DLBCL, PMBCL, grade 3B | NCT2631044

cells study FL, MCL

Nivolumab + varlilumab Phase II | R/R NHL including PMBCL NCT03038672
study

Ibrutinib + pembrolizumab Phase 1 | R/R NHL including PMBCL NCT02950220
study

Vorinostat + pembrolizumab Phase I | R/R NHL including PMBCL NCT03150329
study

Gemcitabine/vinorelbine/ Phase I/ | R/R PMBCL NCT03346642

doxorubicin + PD-1 antibody = | II study

low-dose decitabine

Bendamustine + rituximab + Phase IT | R/R NHL including PMBCL NCT02747732

ibrutinib study

Obinutuzumab + ICE Phase II | R/R CD20+ B-cell NHL NCT02393157
study

Lenalidomide + R-ICE Phase I/ | R/R DLBCL including PMBCL | NCT02628405
II study

Idelalisib + R-ICE Phase I |R/R DLBCL and PMBCL NCT03349346
study

Tazemetostat Phase I/ | R/R B-cell NHL including NCT01897571
II study | PMBCL

R/R relapsed/refractory, CMR complete metabolic response, NHL non-Hodgkin lymphoma,
DLBCL diffuse large B-cell lymphoma, FL follicular lymphoma, MCL mantle cell lymphoma

Consolidative Radiotherapy

To determine whether consolidative mediastinal radiotherapy can be omitted, the
ongoing IELSG-37 phase III study (NCT01599559) which opened in 2012 is enroll-
ing patients with a negative end-of-treatment PET/CT scan after receipt of a ritux-
imab-based chemotherapy regimen, including CHOP-14 or CHOP-21, DA-EPOCH,
Mega-CHOP, VACOP-B, or MACOP-B. Enrollees are assigned to either observa-
tion or 3-D conformal radiotherapy with a total dose of 30 Gy. The primary and
secondary endpoints of this study are PFS and OS, respectively. Notably this is the
first and only phase III study on PMBCL to date.
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Small Molecule Inhibitors

Given their success in indolent and aggressive NHLs, multiple ongoing early phase
trials are assessing the efficacy of small molecule inhibitors for treatment of DLBCL
including PMBCL. Ongoing studies include various combinations of targeted
agents with salvage chemotherapy regimens including the oral Bruton tyrosine
kinase inhibitor ibrutinib in combination with bendamustine and rituximab
(NCT02747732), the immunomodulatory agent lenalidomide and the PI3K inhibi-
tor idelalisib partnered with salvage R-ICE (NCT02628405, NCT03349346), and
lastly the EZH?2 histone methyltransferase inhibitor tazemetostat as monotherapy
(NCTO01897571).

Immunotherapy

A multitude of clinical trials are assessing the feasibility and efficacy of combina-
tion therapy utilizing checkpoint inhibitors. An ongoing phase II study evaluates the
anti-PD1 antibody nivolumab alongside the co-stimulatory CD27 agonist varli-
lumab (NCT03038672). Ongoing phase I studies are evaluating potential synergy
between pembrolizumab and ibrutinib (NCT02950220) as well as the histone
deacetylase inhibitor vorinostat (NCT03150329). The type II glycoengineered anti-
CD20 antibody obinutuzumab is partnered with salvage ifosfamide, carboplatin,
and etoposide (ICE) chemotherapy in another early phase study for patients with
relapsed aggressive lymphoma including PMBCL (NCT02393157). Another phase
I/IT study in China is assessing gemcitabine, vinorelbine, doxorubicin, and check-
point inhibition with or without low-dose decitabine priming (NCT03346642).

As checkpoint inhibitors can enhance the longevity of CAR-T cells by dampen-
ing their exhaustion in vitro, it is possible that combining these remedies may pro-
duce synergistic immune toxicity in vivo [55]. A phase I study at the Fred Hutchinson
Cancer Research Center (NCT02706405) will assess the safety and pharmacoki-
netic profile of autologous anti-CD19 CAR-T cells in combination with the anti-
PDLI1 antibody durvalumab. In this study, patients with relapsed/refractory NHL
including subsets of PMBCL will receive JCARO14 on day 0, followed by dur-
valumab on day 28, which will continue every 4 weeks for up to 10 doses in the
absence of disease progression or unacceptable toxicity. Other clinical trials are
exploring CAR-T cells for NHL patients including PMBCL, to include the phase I
TRANSCEND-NHL-001 trial which utilizes JCARO17 for relapsed/refractory
DLBCL, PMBCL, grade 3B follicular lymphoma, and mantle cell lymphoma (NCT
02631044).

In summary, given the strong immune privilege phenotype of PMBCL, the role
of immunotherapy in the relapsed and refractory is becoming increasingly recog-
nized. Combinations and sequences of checkpoint inhibitors and CAR-Ts in addi-
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tion to small molecule inhibitors and monoclonal antibodies are being assessed in
ongoing early phase studies.

Preclinical Studies

Given that enhanced JAK?2 signaling plays a role in the pathogenesis of PMBCL, it
is possible that JAK?2 inhibitors might be efficacious for management. A selective
JAK?2 inhibitor, fedratinib, was studied in vitro and in vivo for PMBCL and HL
[56]. When utilized in cell lines and murine xenograft models, JAK2 inhibition
resulted in decreased cell proliferation, increased apoptosis, and increased survival
with simultaneous decreased expression of PD-L1. There was an inverse correlation
between the effective drug concentration and 9p24.1/JAK2 copy number.

Recommended Treatment Approach

Frontline Management

The two generally accepted frontline treatment approaches consist of 6-—8 cycles of
DA-EPOCH-R without radiotherapy and R-CHOP with consolidative radiotherapy.
The frontline treatment approach should be individualized and incorporate the
patient’s age, cardiac reserve, candidacy for intensive chemotherapy and radiother-
apy, the presence of disease outside of a radiation field, pleural/pericardial effu-
sions, bulky disease, and the patient’s desire for fertility. DA-EPOCH-R should be
strongly recommended based on the low efficacy of R-CHOP and toxicity of
radiotherapy.

Once a management approach has been selected, patients should be monitored
for treatment toxicities and response assessment. An interim CT scan after at least
two cycles of treatment should be performed to ensure the disease is not progressing
on treatment. An end-of-treatment FDG PET/CT should be obtained at least
6-8 weeks following chemotherapy and at least 12 weeks following radiotherapy. If
a complete metabolic response is achieved, the patient should enter surveillance,
which generally consists of a history, physical exam, and labwork (with or without
CT imaging) every 6 months for the first 2 years after treatment completion.

If a residual FDG-avid mass is present on the end-of-treatment PET scan, in the
absence of clinical suspicion for refractory disease, it would be reasonable to per-
form repeat PET imaging at 6—8 weeks to evaluate for resolution. FDG-avid lesions
that are falsely positive will improve with time, whereas residual disease will remain
PET positive and increase in uptake. If refractory disease is suspected or if repeat
PET imaging does not normalize, then a tissue biopsy is needed to confirm presence
of lymphoma.
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Management of Relapsed or Refractory PMBCL

Since relapsed or refractory PMBCL portends a dismal prognosis, a clinical trial
should be strongly considered for all patients. If the patient is not a clinical trial
candidate or if a clinical trial is not available, then management strategies employ-
ing salvage chemotherapy, radiotherapy, HDC/ASCR, CAR-T cells, checkpoint
inhibitors, and allogeneic transplant can be utilized. If not given in the frontline
setting, salvage radiotherapy can be curative if the disease is confined to the medi-
astinum. As relapsed or refractory disease can involve extranodal sites to include the
gastrointestinal tract and CNS, careful assessments of any gastrointestinal or neuro-
logic symptoms should ensue.

The treatment approach must take into account the patient’s age, burden of dis-
ease, likelihood of having chemosensitive disease, fitness for intensive therapy, like-
lihood of being able to perform proper cell collections HDC/ASCR or CAR-T cells,
and general goals of care. The standard approach to relapsed PMBCL in a transplant-
eligible patient is salvage chemotherapy to autologous SCT [57]. For transplant-
ineligible patients with chemotherapy-sensitive disease, a course of salvage
chemotherapy should be pursued. In chemotherapy-resistant patients, a PD-1 inhib-
itor is reasonable.

Eligible patients who have received at least two prior lines of therapy can con-
sider axicabtagene ciloleucel based on the aforementioned ZUMA-1 trial which
revealed excellent response rates surpassing 70% in this population. However, the
duration of response is not known, and it would be important to also human leuko-
cyte antigen (HLA) type the patient and refer the patient to an allotransplant
center.

Conclusions

PMBCL is a rare and underrepresented subtype of NHL with a predilection for
young females in their third or fourth decade of life. Despite nearly 40 years of
awareness of this distinct clinicopathologic entity, there are yet to be any random-
ized phase III trials to guide management, highlighting the importance of clinical
trial enrollment. Despite a lack of high-level evidence, the standard de facto treat-
ment has historically consisted of R-CHOP followed by consolidative mediastinal
radiotherapy. However, due to late and long-term toxicities of irradiation, higher-
intensity treatments with high remission rates omitting radiation such as
DA-EPOCH-R should be highly considered. Additionally, end-of-treatment PET
scan can stratify patients after chemotherapy and aid in risk-adapted, individual-
ized treatment approaches. Given the immune privilege phenotype of PMBCL, the
role of immunotherapy for relapsed or refractory disease has been promising in
early studies.
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Chapter 7
Plasmablastic Lymphoma and Primary
Effusion Lymphoma

Thomas A. Guerrero-Garcia and Jorge J. Castillo

Plasmablastic Lymphoma

Introduction

Despite its original description almost 20 years ago [1], plasmablastic lymphoma
(PBL) remains a clinical and pathological challenge to the hematologist, oncologist,
and pathologist providing care for these complicated patients. PBL is a rare CD20-
negative lymphoma with morphological, immunophenotypical, and genomic fea-
tures intermediate between aggressive diffuse large B-cell lymphoma (DLBCL) and
plasma cell neoplasms [2]. The tumor cells express CD138, CD38, and IRF4/
MUMI - plasma cell markers — and lack expression of typical B-cell markers such
as CD19, CD20, or PAXS5. Key molecular players in the pathogenesis of PBL are
MYC gene rearrangements and EBV-encoded RNA (EBER) [3]. Historically, this
tumor was reported in association with HIV infection. More recently, it has become
evident that PBL can also arise in immunocompetent patients. As in other high-
grade B-cell lymphomas, PBL has a MYC rearrangement in about 50% of cases.
Although, it is not completely understood how EBV plays a role in the pathogenesis
of PBL, in most cases tumor cells are infected with EBV, usually a latency type 1.
EBV-encoded RNA (EBER) has been reported as high as 80% and 50% in HIV-
positive and HIV-negative PBL, respectively [4]. Despite improvements in the
understanding of the biology of the disease by clinicians and pathologists, PBL
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carries a poor outcome and prognosis. In this chapter our efforts are to focus on the
latest research in the treatment of PBL and provide a comprehensive novel thera-
peutic approach.

An accurate incidence of PBL is yet to be determined by large epidemiological
studies. Previous studies have reported an incidence of 2—10% of HIV-associated
lymphoma cases and in less than 1% of all diffuse large B-cell lymphoma (DLBCL)
cases [5-8]. PBL has also been identified in other immunosuppressive states such as
posttransplantation, in immunocompetent individuals, in the elderly, and in the con-
text of other lymphoproliferative disorders, plasma cell dyscrasias, or autoimmune
disorders [3, 9, 10].

Although the median age at diagnosis is in the fifth or sixth decade of life, PBL
cases have been described in pediatric and elderly patients [11-13]. HIV-associated
PBL occurs predominantly in younger men (male-to-female ratio of 7:1) with
advanced stage and predilection for the oral cavity [14]. HIV-negative PBL cases
were older at presentation (57 years) with a male-to-female ratio of 1.7:1 and a
lower frequency of advanced stage [9, 15]. This is consistent with other case series
on HIV-negative PBL [16, 17].

Based on the initial seminal report, PBL affects mainly young men with HIV infec-
tion and involves the oral cavity. Several recent case series show that the oral cavity
remains a common area of involvement in HI'V-associated PBL. Most patients however
present with extranodal involvement, regardless of their HIV status [15]. The gastroin-
testinal tract is the second most common site of involvement by PBL. In addition, there
are multiple case reports in which PBL has been reported in the central nervous system
(CNS), skin, paranasal sinus, soft tissue, mediastinum, lungs, heart, liver, breast, and
testes. Bone marrow involvement has been reported in 10-30% of patients with PBL
[10, 17-23]. B-symptoms have been reported in 40-60% of patients with PBL [8, 15].
In 50% of cases in multiple cohorts, both HIV-negative and HI'V-positive PBL patients
had presented with advanced stage (i.e., stage Il or IV) [8, 10, 17, 18, 22].

Diagnosis and Evaluation

PBL is morphologically characterized by a monomorphic proliferation of round- to
oval-shaped cells with plasmacytoid features. A perinuclear hof is frequently seen.
The background infiltrate contains small mature lymphocytes and may include
apoptotic bodies, mitotic figures, and tingible body macrophages, imparting a
“starry-sky” appearance [2]. Immunophenotypically, PBL demonstrates little to no
expression of leukocyte common antigen (CD45) or the B-cell markers CD20,
CD79a, and PAXS. However, the plasma cell markers CD38, IRF4, BLIMP-1, and
CD138 seem to be almost universally expressed [2, 24]. The proliferation marker
Ki-67 is almost always expressed in neoplastic cells.

EBYV infection has been associated with the development of PBL [3], and EB V-
encoded RNA (EBER) is frequently detected in patients with PBL. Its detection by
means of fluorescent or chromogenic in situ hybridization (ISH) has become the
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standard for evaluating the presence of EBV genome within tumor cells. Several
studies have showed detection rates of EBER at 50% or higher in PBL [10, 14, 23,
25]. Molecular testing of MYC in PBL is of importance, as MYC rearrangement or
amplification can be detected in a substantial number of patients with PBL [18, 26,
27]. The most common translocation gene occurring within MYC, at about 50-60%
prevalence, is the immunoglobulin heavy chain gene, c-MYC/IGH fusion, t(8;14).

PBL should be differentiated from other CD20-negative DLBCL variants, specifi-
cally extracavitary PEL and ALK-positive DLBCL. MYC rearrangement could be
helpful in distinguishing PBL from ALK-positive DLBCL, as the latter lacks MYC
translocation. Also, PBL lacks rearrangements in BCL2 and BCL6, commonly seen
in ALK-positive DLBCL. ALK-positive DLBCL is rarely associated with HIV, EBV,
or HHVS8 infections. Extracavitary forms of PEL can be difficult to differentiate from
PBL. The identification of HHVS8 genome in the malignant cells should suggest PEL
rather than PBL in these cases. Differential features of PBL, PEL, and ALK-positive
DLBCL are shown in Table 7.1. A representative case of PBL is shown in Fig. 7.1.

The diagnosis of PBL should be established by obtaining adequate tissue for
pathological evaluation. Although the staging of patients with PBL should mimic
DLBCL, the data on the use of PET/CT scans are scarce. Extrapolating from other
aggressive lymphomas, it follows that a PET/CT scan would be valuable at choos-
ing a desired biopsy location, for staging and also for assessing response to therapy.
For staging, current NCCN guidelines recommend PET/CT scans, bone marrow
aspirate and biopsy, and a lumbar puncture [28].

Unfortunately, the prognosis of PBL continues being poor with most case series
and population-based studies reporting median survival times ranging between 12
and 18 months [7, 8, 10, 18, 21, 22, 28]. Not surprisingly, patients with early stages
(i.e., stage I or IT) exhibit better outcomes. In addition, studies have found that patients
with low or low-intermediate international prognosis index (IPI) scores had longer
survival than patients with high or high-intermediate IPI scores [8, 18]. The IPI score,
therefore, should be used for risk stratification and prognostic estimates in PBL
patients. HI'V-positive PBL patients who received antiretroviral therapy (ART) fared
better when compared with patients in whom ART was not instituted or continued

Table 7.1 Differential diagnosis of PBL

PBL PEL ALK+ DLBCL
Disease location Extranodal Extranodal Nodal
HIV infection ++ +++ -
EBYV infection ++ +++ -
HHVS infection - +++ -
Pathogenesis EBV, MYC HHVS, EBV ALK
Positive markers CD38JRFAMYC,CD30+/— | CD38IRF4CD30+/— | CD45, CD38, ALK
Negative markers CD20, PAX5 CD20, PAX5 CD20, CD30, MYC
Proliferation rate >90% >90% >90%

ALK anaplastic lymphoma kinase, FISH fluorescence in situ hybridization, GR gene rearrange-
ment, IRF-4/MUM-1 interferon regulatory factor 4/multiple myeloma 1, PBL plasmablastic lym-
phoma, PEL primary effusion lymphoma
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Fig.7.1 Immunophenotype of PBL. Immunohistochemistry with hematoxylin counterstain shows
lack of expression of CD20 and CD10 and positive expression of IRF4A/MUMI1, Ki67, and MYC
(magnification, x400). Detection of EBER by in situ hybridization shows that neoplastic cells are
positive; nuclear reactivity (x400)

[17]. This has been replicated in a smaller Italian study [29]. It is possible that the
induction of a virological and/or immunological response positively impacts the
response and survival in HIV-infected patients. HIV-negative patients might have a
worse outcome than HIV-infected individuals. This idea has been supported by case
series as well as a large US population-based study [8, 15, 17]. The prognostic role
of EBER expression is unclear. EBER expression was significantly associated with
better OS in some studies, while no relation between EBER expression and survival
was observed in others [10, 14, 15, 17, 22, 30]. The presence of MYC gene rearrange-
ment appears consistently associated with a worse outcome in PBL [10, 18, 27].
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Traditional Treatment Approach

There is not a standard treatment for PBL, and current treatment recommendations
are mostly based on small case series, case reports, and experts’ opinion. Current
NCCN guidelines emphasize that standard CHOP is inadequate therapy for
PBL. Regimens with higher intensity such as EPOCH, CODOX-M/IVAC, and
Hyper-CVAD are suggested with the use of autologous hematopoietic stem cell
transplant for those with high risk and CR in first remission. However, two studies
of patients with PBL treated with chemotherapy regimens more intensive than
CHOP did not identify a survival benefit [18, 31]. In a large European study, higher-
intensity regimens, like DA-EPOCH, ACVBP, and COPADM, did not show signifi-
cantly higher CR rates compared with patients receiving CHOP therapy [17]. A
recent pooled analysis suggested that infusional EPOCH might be more effective
than standard CHOP [32]. In HIV-infected patients, initiation or optimization of
HAART is highly recommended and should be directed by an infectious disease
specialist. For these patients, appropriate antibiotic prophylaxis should be consid-
ered, especially with low CD4+ cell counts. For the small portion of PBL cases that
express CD20, rituximab should be considered in addition to chemotherapy given
better outcomes seen in CD20-positive HIV-positive lymphomas treated with ritux-
imab [33]. The use of G-CSF should be strongly considered in all patients with PBL
undergoing chemotherapy. The use of CNS prophylaxis is debatable and should
probably mimic recommendations for DLBCL. Radiotherapy should be used as
consolidation in patients with early stage disease, similar to DLBCL, and can be
considered in the palliative setting. NCCN recommends autologous SCT after
achieving a first CR in a case-by-case basis. However, these recommendations come
from a limited data source. After the introduction of ART, autologous SCT in HIV-
positive patients with NHL has shown to be feasible [34, 35]. A small group of PBL
patients was included in a recent prospective phase II multicenter trial conducted by
the BMT CTN in collaboration with the AIDS Malignancy Consortium. The authors
concluded that the outcomes between HIV-infected patients and controls were not
significantly different, and HIV-infected patients should be considered candidates
for autologous SCT if they met standard transplant criteria [36]. Both the European
and American groups found in different analyses that autologous SCT might be
beneficial both in the salvage setting and for consolidation after first responses [37,
38]. However, both analyses have limitations with the retrospective design, small
study populations, and lack of consensus about pretransplant regimens used.

Novel Agents

Given the poor outcomes and survival of patients with PBL, novel agents have been
evaluated in the treatment of PBL; however these strategies are in the context of
small case reports and series. Given the plasmacytic differentiation of PBL cells,
one of the agents evaluated was the proteasome inhibitor bortezomib. Bortezomib
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has been shown to be effective in patients with non-germinal center DLBCL, induc-
ing higher responses and survival rates when used in combination with anthracycline-
containing regimens [39]. Bortezomib alone and in combination with chemotherapy
has been used with limited efficacy in HIV-positive and HIV-negative patients with
relapsed PBL [40—45]. However, a case series of three previously untreated patients
with PBL, two of them HIV-positive, showed efficacy with the combination of bort-
ezomib and dose-adjusted EPOCH [46]. The experience was recently extended to
two larger case series of 16 and 8 patients, respectively, in which high response rates
and longer survival than expected were observed [47, 48]. In the study by Castillo
and colleagues, a 5-year overall survival of 52% was reported. Likewise, a Spanish
group reported three cases in which upfront bortezomib was added to CHOP [49].
Here, all three patients underwent autologous SCT at first CR. At the time of the
report, two out of the three patients remained alive, one with a maximum follow-up
of 22 months [50]. Moreover, in a systematic review of the use of upfront bortezomib-
containing regimens in 19 patients with PBL, the study suggested an ORR of 74%
as well as 3-year OS rate of approximately 60% [51].

The other novel agent of interest is the immunomodulator lenalidomide, which is
largely used in the treatment of plasma cell neoplasms. The cell of origin in PBL is
thought to be the plasmablast, an activated B-cell that has undergone somatic hyper-
mutation and class switching recombination and is in the process of becoming a
plasma cell. The pathogenesis of PBL is poorly understood, but inhibition of the
NF-kB pathway seems to be important. This pathway might also play an important
role in PBL as plasmablasts are closely related to activated B-cells, which often
show NF-kB activation. Immunomodulating agents have multiple mechanisms of
action, which include inhibition of angiogenesis and NF-kB downregulation, among
others. Clinically, lenalidomide alone or in combination with chemotherapy has
shown to induce responses in patients with PBL [40, 52-55].

Studies have shown that approximately 30% of PBL cases express the activation
marker CD30 [19, 27, 56], and a recent report showed a rapid, but very short,
response to brentuximab vedotin in a patient with CD30-positive relapsed
PBL. Unfortunately, the patient developed complications and could not get further
treatment and eventually passed away [57]. Recently, another case report showed a
fast response to brentuximab vedotin in combination with lenalidomide in the fourth
line setting, but the patient unfortunately passed away shortly after treatment was
started [58].

Given the poor response in the frontline setting, PBL patients in the relapsed set-
ting have very poor outcomes, short survival, and very limited options. Lenalidomide,
bortezomib, and brentuximab vedotin have been used in the relapsed setting with
limited success. Interestingly, one HIV-positive patient underwent autologous SCT
after salvage therapy with daratumumab in combination with ifosfamide, carbopla-
tin, and etoposide [47, 51]. That patient was alive after 2 years of follow-up.

Immune checkpoint inhibitors are of great interest in PBL. In the tumor micro-
environment, PD-1 and its ligand PD-L1 perform a vital role in tumor progression
and survival by escaping tumor neutralizing immune surveillance. A recent study
found that PBL expresses PD-1/PD-L1 in the microenvironment and the malignant
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cells, particularly in EBV-positive PBL [59]. PD-L1 expression was positive in
tumor cells in 22.5% of PBL cases showing a high PD-L1 score in 77% of cases
compared to PD-1 which was expressed in tumor cells in 5% of PBL cases. These
findings represent an important step to support further implementation of newer
strategies with immunotherapy for patients with PBL who have very limited thera-
peutic options. Currently, a randomized phase 2 study of CDX-1127 (varlilumab) in
combination with nivolumab in patients with relapsed and/or refractory aggressive
B-cell lymphomas, including PBL, is ongoing (NCT03038672).

Several clinical trials that will include PBL are ongoing. DA-EPOCH-R regimen
is being evaluated prospectively in untreated BL and ¢c-MYC high-risk DLBCL
patients, in which PBL is included (NCT01092182). A sequential phase I/II trial of
vorinostat and chemotherapy with rituximab in HIV-related lymphoma including
PBL is ongoing (NCT01193842). In the phase II portion of the trial, patients will be
randomized to vorinostat plus R-DA-EPOCH or R-DA-EPOCH. In the phase I, the
response rate in high-risk patients treated with vorinostat plus R-DA-EPOCH was
100% (complete 83% and partial 17%) with a 1-year event-free survival of 83% [60].

Gene therapy is another strategy being studied in HIV-associated lymphomas
after frontline chemotherapy. Researchers are using peripheral blood stem cells
treated with a lentivirus vector-encoding multiple anti-HIV RNAs targeted to the
HIV-1 TAT/REV (SHL)-trans-active response element-chemokine cysteine-cysteine
receptor 5 ribozyme-treated hematopoietic stem progenitor cells and then transfer-
ring this via SCT to patients with HIV-associated lymphoma (NCT01961063).
Patients with PBL can be included in this study. The NCI group is using the same
approach but with frontline R-EPOCH (NCT02337985).

An ongoing study is evaluating the therapeutic value of autologous EB V-specific
CAR T-cells with CD30 as the main target (NCT01192464). Potentially, CAR
T-cells can be directed against EBV antigens in patients with EBV-associated lym-
phomas including PBL, especially if they express CD30.

A group of reader proteins named bromodomain and extra-terminal (BET)
domain has gained popularity as emerging anticancer strategy. In PBL, however it
would make sense to target MYC given that >50% of patients with PBL would have
MYC gene rearrangements. Yet, targeting MYC is cumbersome as it lacks a ligand-
binding domain. Therefore, through epigenetics perhaps the transcriptional function
of MYC can be modified. The BET family members (BRD2, BRD3, BRD4, and
BRDT) comprise a class of epigenetic reader proteins, which bind acetylated lysine
residues on histones to facilitate the recruitment of transcriptional elongation com-
plexes [61]. MYC transcription depends on the assembly of these proteins.
Therefore, small-molecule BET inhibitors have been proposed as a MYC pathway-
targeted therapeutic. JQI is a small molecule inhibitor of BET, with the highest
affinity for BRD4. BRD4 is a scaffolding factor that associates with acetylated chro-
matin to facilitate active transcription. JQ1 competitively interacts with BRD4, thus
preventing BRD4 from binding to chromatin [62]. A study in DLBCL cells hypoth-
esized that JQI treatment would result in decreased cell proliferation and viability
in a MYC-dependent manner. The study showed that JQ1 efficiently inhibited pro-
liferation of human DLBCL cells in a dose-dependent manner regardless of their
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molecular subtypes. The expression of MYC was suppressed by JQ1. Furthermore,
JQI treatment significantly suppressed growth of DLBCL cells engrafted in mice
and improved survival of engrafted mice [63]. Combining anti-PD-1 antibodies and
JQI caused synergistic responses in mice bearing MYC-driven lymphomas [64].
Lastly, the BET inhibitor BAY 1238097 has shown strong antitumor efficacy in vivo
as a single agent in two DLBCL models [65]. When DLBCL cells were treated with
BAY 1238097, downregulation of EZH2 was observed. Interestingly, this led to a
synergism between pharmacological inhibition of BET and EZH2, suggesting that
this combination of epigenetic drugs is worth further preclinical and clinical inves-
tigation. Interestingly, BAY 1238097 decreased MYC signaling and downregulated
target genes of MYC, NOTCH, and E2F, as well as members of the NF-kB/MYD88
and mTOR/AKT signaling pathways.

Recommended Treatment Approach

Our recommendation for first-line treatment of PBL is six cycles of infusional dose-
adjusted EPOCH in combination with bortezomib and consideration of consolida-
tive autologous SCT in first remission for appropriate candidates. In HI'V-positive
patients, ART should be started or optimized under the supervision of an infectious
disease specialist with experience in the potential interactions between anticancer
agents and ART. For the relapsed patient, treatment remains a challenge. Treatment
with proteasome inhibitors, immunomodulators, and anti-CD30, anti-CD38, or
anti-PD-1 monoclonal antibodies can be considered alone or in combination with
chemotherapy. If a response is obtained, selected patients should be considered for
autologous SCT.

Primary Effusion Lymphoma

Introduction

Primary effusion lymphoma (PEL) was first reported in 1989 [66]. In the initial
report, a patient with a history of AIDS was diagnosed with a body cavity lymphoma
of B-cell lineage that was lacking typical B-cell markers, such as CD20. In 1995, a
larger case series showed seven HIV-infected individuals who presented with a malig-
nant pleural effusion and in some cases concomitant Kaposi sarcoma (KS) [67]. DNA
analysis found HHV-8 and EBV genome sequences in the neoplastic cells.

PEL is now considered a CD20-negative aggressive B-cell lymphoma and com-
prises 2—4% of all HIV-associated lymphomas and 0.5% of all DLBCL cases in the
USA [8]. Besides association with HIV infection, PEL has also been reported in the
setting of solid organ transplantation and elderly individuals. Patients with PEL can
present with concurrent KS and multicentric Castleman disease. The median age at
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presentation is in the mid-50s [8]. However, HIV-negative cases tend to present at a
later age. There is a male predominance, especially in HIV-infected individuals.
There is also a higher proportion of Blacks and Hispanics among patients with PEL,
when compared to DLBCL patients.

PEL typically manifests as a malignant pleural, pericardial, or peritoneal effu-
sion without evidence of lymphadenopathy, masses, or tumors [68]. By definition,
PEL is a stage IV disease. Due to the presence of effusions, patients can present
with chest pain, shortness of breath, dyspnea of exertion, or abdominal distention.
Constitutional symptoms are reported in about half of the patients at diagnosis.
Pleural is the most commonly affected body cavity, followed by peritoneum and
pericardium. Rarely, the scrotum can be affected [69]. Furthermore, there can be
extracavitary PEL variants [70]. Extracavitary PEL is morphologically and geneti-
cally identical to classical PEL. The gastrointestinal tract is the commonly affected,
but there have been cases of extracavitary PEL involving the skin, lungs, lymph
nodes, and central nervous system.

Diagnosis and Evaluation

The diagnosis of PEL is made by demonstrating the presence of malignant lympho-
cytes in the affected tissue and confirming HHV-8 infection [68]. Fluid should be
obtained from the effusion, which can then be prepared as cell block or cytospin.
PEL cells are typically large with variable nuclear size and prominent nucleoli, and
in some cases, they can resemble plasmablasts or immunoblasts. Immunophenotypic
studies reveal a null lymphocyte phenotype with positive expression of CD45 but
negative expression of typical B-cell markers (i.e., CD19, CD20, CD79a) or T-cell
makers (i.e., CD3, CD4, CD8). PEL cells can express lymphocyte activation mark-
ers (i.e., CD30, CD71) as well as markers of plasmacytic differentiation (i.e., CD38,
CD138, IRF4). The Ki67 index is typically high. In addition, concomitant HHV-8
and EBV infection is demonstrated by positive expression of HHV-8 latent nuclear
antigen and EBV-encoded RNA, respectively. A representative case of PEL is
shown on Fig. 7.2.

Pleural, peritoneal, and/or pericardial effusions are typically suspected by physi-
cal examination and confirmed by x-rays, computed tomography (CT) scans, or
echocardiogram. It is important to evaluate all body cavities, as the number of body
cavities involved might have prognostic implications [71]. Also, patients with perito-
neal involvement or extracavitary PEL seem to have a worse prognosis than patients
with pleural involvement [8, 71]. The prognosis of PEL remains poor. A recent US
population-based study reported a median overall survival of 5 months [8]. Other
case series have reported median OS ranging between 4 and 9 months. HIV, HBV,
and HCV testing should be performed in all cases with PEL, and appropriate treat-
ment for active viral infections should be started, as antiretroviral therapy (ART)
seems to improve the survival of HI'V-infected patients with PEL. HIV-infected PEL
patients appear to have a better prognosis than HIV-negative patients [8].
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Fig. 7.2 Representative case of primary effusion lymphoma. H&E (x400) staining from a pleural
effusion cytoprep in a typical case of PEL is shown here. CT scan shows a left-sided pleural effu-
sion. HHV-8 infection can be demonstrated by the expression of LANA (x400) in these cases

Traditional Treatment Approach

The treatment for PEL is not standardized. Response rates to standard CHOP are
approximately 40% with a median OS of 6 months. Other more intensive regimens
such as ACVBP and dose-adjusted EPOCH have been reported in patients with
PEL, but it is unclear if these regimens are associated with higher rates of response
and/or survival than CHOP. Based on a recent patient-level meta-analysis showing
survival benefits of EPOCH over CHOP in HIV-infected individuals with aggres-
sive lymphoma [32], it is common practice to use EPOCH in patients with PEL. This
is supported by current NCCN guidelines. To further support the use of chemo-
therapy in PEL, a population-based study from the USA showed that the median OS
of HIV-positive PEL patients who receive chemotherapy is longer than in HIV-
positive PEL patients who do not receive chemotherapy (0.7 vs. 0.4 years, respec-
tively) [7]. However, the same study showed that only 60% of HIV-positive PEL
patients actually receive chemotherapy when compared to 80-90% in HIV-positive
patients with DLBCL or Burkitt lymphoma. G-CSF support should be provided to
all patients with PEL. As there is negative expression of CD20, rituximab is typi-
cally not indicated; however, it can be considered in rare cases of CD20-positive
PEL. ART should be instituted in HIV-infected individuals, and complete
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remissions have rarely been seen in PEL patients with ART alone [72, 73].
Autologous and allogeneic hematopoietic stem cell transplantation can be consid-
ered in the young and/or fit patient with relapsed and/or refractory PEL.

Novel Agents

Responses have been seen to antiviral therapy such as cidofovir, ganciclovir, or
valganciclovir. Cidofovir was tested in vitro against two HHV8-positive PEL cell
lines (i.e., BCBL-1 and HBL-6) [74]. Cidofovir inhibited dose-dependent cell pro-
liferation and viability and induced apoptosis in both cell lines. Based on these
results, intracavitary infusions of cidofovir were administered to three elderly
patients with HHVS8-positive, HIV-negative PEL. All patients tolerated cidofovir
well and responded with resolution of the effusion as confirmed by x-rays or CT
scans. Relapse, however, was observed in two patients. Another patient who failed
two lines of chemotherapy had a durable response to intracavitary cidofovir lasting
for 15 months [50]. Initial preclinical studies evaluating the role of the tumor micro-
environment in PEL showed no effect of ganciclovir on cell growth in culture or in
a xenograft model [75]. However, another study suggested that the combination of
ganciclovir and valproate would promote lytic replication of HHVS8 promoting
tumor cell apoptosis without increasing viral load [76]. One case reported on the use
of ganciclovir in a 31-year-old HIV-infected man with HHVS8 and EBV-positive
PEL [77]. Therapy consisted of ganciclovir and CHOP and induced a remission that
was ongoing at 48 months after therapy. A randomized, double-blind placebo-con-
trolled study evaluated the role of valganciclovir on suppression of HHV-8 replica-
tion and showed that valganciclovir administered daily reduced the frequency and
quantity of HHV-8 replication [78]. The use of valganciclovir has also been reported
in PEL patients with limited success [79], although it was successful at achieving a
radiological response with clearance of HHVS8 DNA after failure of bortezomib-
containing therapy [80].

Preclinical data support a constitutive activation of the NF-kB pathway in PEL
cells [81], suggesting that proteasome inhibitors such as bortezomib can be effective
in PEL patients. Specifically, PEL cells treated with an inhibitor of IkB-alpha down-
regulated IL6, inducing apoptosis of PEL cells. Furthermore, a direct xenograft
murine PEL model was developed, and exposure to bortezomib induced remission
of PEL and prolonged the survival of NOD/SCID mice bearing PEL [82].
Transcriptome analysis revealed that bortezomib downregulated DNA replication
and MYC target genes. However, the preclinical activity of bortezomib has not
translated into clinical efficacy [83].

As the cell of origin on PEL is theorized to be a B-cell with plasmacytic differ-
entiation, anti-myeloma agents such as immunomodulatory drugs (IMIDs) have
been studied preclinically with evidence of efficacy against PEL cell lines [84]. In
this study, clinically achievable levels of IMIDs induced an antiproliferative effect
against a majority of PEL cell lines exposed and suggested that the anti-PEL effect
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of IMIDs involved cereblon-dependent suppression of IRF4. Clinically, there have
been a few case reports suggesting activity of lenalidomide in patients with PEL. A
77-year-old man, who was felt not to be a good candidate for chemotherapy, was
treated with lenalidomide 25 mg/day and experienced a decrease in his pleural effu-
sion and tolerated lenalidomide for 18 months until the time of the report [85].
Another 80-year-old male patient obtained a complete radiologic response within
6 months of therapy with lenalidomide at a dose of 15 mg/day [86].

CD30 is frequently expressed in PEL cells [71, 87]. Targeting of PEL cells with
the anti-CD30 conjugated monoclonal antibody brentuximab vedotin improved the
survival of a xenograft mouse model by inhibiting proliferation and causing arrest
in the G2/M cell cycle phase [88]. Similarly, CD38 is almost universally expressed
in PEL [71]. However, the role of CD38 expression or inhibition in PEL cells has
not been evaluated in PEL either preclinically or clinically. Targeting CD38 is of
interest given the number of anti-CD38 monoclonal antibodies under development,
specifically daratumumab, which is already approved by the FDA for the treatment
of patients with multiple myeloma.

PEL cells have a deregulated MYC protein likely due to the activity of HHV-8-
encoded latent proteins. Although MYC is considered “untargetable,” genes associ-
ated with regulation of MYC can be targeted. Specifically, bromodomain and
extra-terminal (BET) bromodomain inhibitors have shown activity against PEL
cells [89]. Treatment of PEL cells with BET inhibitors suppressed expression of
MYC and dysregulated MYC-dependent genes inhibiting cell growth and inducing
cell cycle arrest, apoptosis, and cellular senescence. In a xenograft murine model,
the BET inhibitor JQ1 reduced tumor burden and improved survival of PEL-bearing
mice. Furthermore, the combination of BET inhibitors and IMIDs might be
synergistic against PEL cells, and the combination of JQI and lenalidomide
increased the survival of PEL-bearing NOD/SCID mice when compared with either
agent alone [84].

Several other pathways have been evaluated in preclinical cell and/or animal
models. Increased PD-L1 expression was found in HHV8-associated PEL cells and
also in tumor-infiltrating macrophages [90]. These findings suggest that immuno-
therapeutic agents with activity against the PD-1/PD-L1 pathway, such as nivolumab,
pembrolizumab, or atezolizumab, can be of interest for clinical development in
PEL. HSP90 inhibitors have shown preclinically to be active against PEL cells [91].
Specifically, HSP90 inhibition leads to the degradation of VFLIP and IKK-gamma,
as well as NF-kB downregulation, which promotes apoptosis and autophagy.
Interestingly, there was synergy when a BCL2 inhibitor was added to the HSP90
inhibitor. These findings suggest the potential clinical application of HSP90 inhibi-
tors such as tanespimycin in combination with BCL2 inhibitors such as venetoclax
in PEL. IRAK1 mutations were present in virtually 100% of the cases evaluated in
a preclinical study and were associated with cell survival [92]. IRAK1, along with
MYDS88, mediates toll-like receptor signaling. IRAK1 inhibitors are undergoing
clinical development for B-cell lymphomas and could be effective in PEL. Another
study reported that the hepatocyte growth factor/c-MET pathway was highly acti-
vated by HHVS. A ¢c-MET inhibitor was able to induce cell cycle arrest and cause
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DNA damage, which resulted in PEL cell apoptosis and suppressed tumor progres-
sion in a xenograft murine model [93]. Targeting of the glycolytic phenotype of PEL
cells by PI3K, Akt, and mTOR inhibitors showed increased cytotoxicity against
PEL cells [94]. Inhibitors of the PI3K/Akt/mTOR pathway reduce lactate produc-
tion and could shift cell metabolism from aerobic glycolysis toward oxidative respi-
ration. Cytotoxic synergy was observed when combining PI3K/Akt/mTOR
inhibitors with a glycolysis inhibitor. A recent study identified MALT1 as one of the
main mediators of NF-kB activation in PEL cells [95]. MALT1 inhibition induced a
switch from latent to lytic stages of viral infection and impacted growth and survival
of PEL cells in a xenograft model.

Recommended Treatment Approach

In patients with PEL and HIV infection, we initiate or modify ART as spontaneous
remission has rarely been seen with ART alone. We also recommend draining any
effusions for symptomatic comfort as frequently as needed. With regard to therapy,
our typical frontline approach for PEL is to use infusional EPOCH. Given the
encouraging results with the addition of bortezomib to infusional EPOCH in PBL,
we feel that V-EPOCH is reasonable in PEL patients as well. Daratumumab or
lenalidomide in combination with chemotherapy followed by autologous SCT can
be considered in selected relapsed patients.
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Chapter 8
Novel Agents in Primary Central Nervous
System Lymphoma

Raghuveer Ranganathan and Natalie Sophia Grover

Introduction

Primary central nervous system lymphoma (PCNSL) is an uncommon subclass of
extranodal non-Hodgkin lymphoma (NHL) that can occur in the brain, cerebrospi-
nal fluid (CSF), spinal column, or eyes, in the absence of systemic disease. It has an
archetypally aggressive clinical phenotype but is chemo- and radiosensitive.
However, it tends to have inferior survival compared to systemic lymphomas, with
relapsed and refractory disease having especially abysmal long-term outcomes.
Though there are several widely used therapeutic regimens, there is no accepted
standard for PCNSL treatment, and the disease continues to be a challenge clini-
cally. However, there has been progress in the utilization of novel agents and cellu-
lar immunotherapies, which show clinical promise. After a brief review of the most
current treatment regimens, this chapter will explore the ongoing studies with novel
therapeutic modalities addressing PCNSL.

Epidemiology

PCNSL accounts for approximately 3% of newly diagnosed CNS tumors and 5% of
extranodal lymphomas, with about 1200 new cases per year arising in the United
States [1, 2]. It is an AIDS-defining illness, and its overall incidence increased dur-
ing the AIDS epidemic from the mid-1980s to the mid-1990s but has since decreased
[2]. Since the year 2000, the demographics of PCNSL have changed, and incidence in
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patients aged 65 and older has increased, particularly in those patients older than
75 years of age [2]. Median age at diagnosis is between 61 and 65.

Clinical Presentation

PCNSL patients can present with a constellation of neurologic symptoms. Focal neu-
rologic deficits (~70%), neuropsychiatric changes (~43%), and nausea, headaches,
and vomiting associated with increased intracranial pressure (33%) are the primary
presenting symptoms [3]. Neuropsychiatric changes can present as behavioral or
mental status changes. Seizures are a somewhat infrequent manifestation, occurring
less than 15% of the time. Twenty percent of PCNSL develop in, or eventually
involve, the eyes, with primary complaints being vision changes, vitreous floaters, or
even complete blindness [4]. Seven to forty-two percent of PCNSL patients have
morphological CSF involvement, while primary meningeal involvement without
concurrent parenchymal evidence of disease is very rare (7% of cases) [5-7].

Diagnosis and Workup

Neuroimaging with magnetic resonance imaging (MRI) is the accepted gold stan-
dard imaging modality [8, 9]. MRI with and without contrast of the brain, ophthal-
mologic evaluation, and CSF examination by lumbar puncture are the standard
elements of the initial workup [9]. MRI of the spine can be completed if spinal
involvement is suspected. Nearly 70% of immunocompetent PCNSL patients pres-
ent with a solitary, homogenously enhancing brain lesion on T1-weighted MRI
imaging, while 30% have multiple lesions; both presentations are usually accompa-
nied by varying degrees of surrounding vasogenic edema [10]. Up to a quarter of
PCNSL tumors are associated with separate, non-enhancing lesions that are hyper-
intense on T2 fluid-attenuated inversion recovery (FLAIR)-weighted imaging,
which points to promulgation of the lymphoma [11, 12]. Due to their high cellular-
ity, PCNSL also display hyperintensity on diffusion-weighted imaging and hypoin-
tensity on apparent diffusion coefficient valuations [13]. On retrospective analysis,
close to 90% of PCNSL tumors are found in a supratentorial location, with the most
common lesion sites being the frontal lobe, parietal lobe, temporal lobe, basal gan-
glia, corpus callosum, and cerebellum [3].

Histopathological confirmation is compulsory and usually requires a sample of
the affected brain tissue. A stereotactic biopsy is the procedure of choice. Steroid
pretreatment is often given to alleviate symptoms from the tumor but should be
delayed, if possible, until after the biopsy has been collected, as it can lead to
decreased sensitivity and specificity of biopsy results. However, in the setting of
unstable neurologic status, steroid use is sometimes unavoidable and should be
implemented to reduce the risk of neurologic complications and sequelae.
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In addition to pathological confirmation, 5-10 mL of CSF by lumbar puncture
should be collected either 1 week before or after surgical biopsy to reduce risk of
false-positive results. The CSF should be examined for cytology, flow cytometry,
cell count, and protein. In some cases, if CSF is diagnostic of PCNSL, brain biopsy
may be deferred.

Between 4% and 8% of patients initially thought to have PCNSL end up having
systemic occult disease, so a PET CT or CT with contrast should be done to rule out
systemic lymphoma [14]. Ophthalmologic evaluation usually includes fundoscopy
and slit lamp examination. Testicular exam as part of the overall physical exam is
also warranted to rule out testicular lymphoma as the primary cause for CNS dis-
ease. All patients’ HIV status should be confirmed, and antiretroviral therapy should
be initiated in HIV patients not already on therapy.

Pathology

The majority of PCNSL are of the diffuse large B cell lymphoma (DLBCL) subtype
[15]. However, there are occasional cases of T-cell lymphoma [16], Hodgkin lymphoma
[17], and low-grade lymphomas [18]. This chapter will focus on the DLBCL subtype.

Prognosis

Two scoring systems are used to stratify the prognosis of PCNSL: the International
Extranodal Lymphoma Study Group (IELSG) and the Memorial Sloan Kettering
Cancer Center (MSKCC) prognostic scores. The IELSG score is based on five risk
factors: age above 60 years, Eastern Cooperative Oncology Group performance sta-
tus above 1, elevated LDH, elevated CSF protein, and whether the tumor arises within
the deep regions of the brain (periventricular regions, basal ganglia, brainstem, and/
or cerebellum) [19]. The 2-year overall survival (OS) rates were 80%, 48%, and 15%
for patients having zero to one, two to three, and four to five of the risk factors,
respectively. The MSKCC score has two characteristics: age and Karnofsky
Performance Score (KPS). Patients are divided into three prognostic groups: age
< 50 plus KPS > 70, age > 50 plus KPS > 70, and age > 50 plus KPS < 70. These
groups correspond to median OS of 5.2, 2.1, and 0.9 years, respectively.

Conventional Treatment

A major problem with the treatment of PCNSL is that no unanimity on the ideal
therapeutic approach exists. This is primarily due to the lack of randomized studies
comparing different regimens because of the rarity of the disease. Additionally,



122 R. Ranganathan and N. S. Grover

there is difficulty enrolling patients with PCNSL on clinical trials, due to their fre-
quent poor performance status at diagnosis. However, over the past two decades,
certain requisite elements have been identified and form the basis for modern
PCNSL therapy.

Historically, treatment of PCNSL was solely dependent on whole-brain radiation
(WBRT) with doses of 45-51 Gy; while the overall response rates (ORR) were
high, the ensuing median OS was only 1-1.5 years with a 5-year survival of 25%
[20-23]. The high doses of WBRT also resulted in debilitating neurotoxicity, espe-
cially in patients older than 60 years of age. Targeted radiation to just the tumor
involved areas of the brain demonstrated increased relapse rates in the regions that
were not radiated [22, 23]. Traditional chemotherapy regimens used for systemic
DLBCL, when combined with WBRT, did not show adequate efficacy for PCNSL
due to low penetration of the blood-brain barrier (BBB) [23-25].

High-dose methotrexate (HD-MTX) (at doses >1.0 g/m?) has been used to treat
other hematologic malignancies at high risk of CNS involvement or relapse, such as
acute lymphoblastic leukemia [26-28]. While doses >1.0 g/m? yield therapeutic levels
in the brain parenchyma, MTX doses >3.0 g/m* produce tumoricidal concentrations
in the cerebrospinal fluid as well as brain parenchyma [29]. As a result, the majority
of PCNSL chemotherapy regimens incorporate a HD-MTX dose >3.0 g/m? and up to
8 g/m? [5]. When combined with WBRT for PCNSL treatment, there was an improved
OS rate compared to WBRT alone. In single-arm, phase II trials, HD-MTX plus
WBRT showed similar ORR of 88-95% compared to historical controls of WBRT
alone but with improved median OS of 33-42 months [30-32]. A seminal, random-
ized phase II trial by Ferreri and colleagues illustrated HD-MTX with cytarabine fol-
lowed by WBRT showed better ORR and PFS than HD-MTX alone plus WBRT [33].
This finding led to additional polychemotherapy regimens being examined with
WBRT or modifying consolidation strategies in lieu of WBRT due to concerns over
long-term neurocognitive toxicity with radiation. Since rituximab greatly enhances
efficacy in systemic, non-CNS DLBCL, it was included in many PCNSL treatment
regimens. The Cancer and Leukemia Group B (CALGB) 50202 single-arm study
treated newly diagnosed PCNSL patients with an induction regimen of rituximab,
HD-MTX, and the alkylating agent temozolomide (R-MT) followed by consolidation
with cytarabine plus etoposide and omitting WBRT altogether. The ORR was 77%,
with a CR rate of 66% and 2-year PFS and time to progression (TTP) of 57% and
59%, respectively; those patients who completed consolidation had a 2-year TTP of
77% and estimated 4-year OS of 65% [34]. The Radiation Therapy Oncology Group
(RTOG) 0227 phase I/II study also looked at induction therapy with R-MT but added
consolidation with WBRT and maintenance temozolomide following radiation. The
induction alone resulted in ORR 84% with CR rate of 51%; after completion of induc-
tion and consolidation, 2-year PFS and OS were 64% and 81%, respectively, with an
estimated median PFS and OS of 5.4 years and 7.5 years, respectively [35].

Concerns with the neurocognitive toxicity from WBRT-containing treatment
regimens, which became more apparent with the improving survival of PCNSL
patients, prompted trials investigating decreasing the radiation doses or possibly
circumventing the need for it completely. The aforementioned CALGB 50,202
study included consolidation with chemotherapy alone and excluded WBRT. A
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multicenter phase II study evaluated the effectiveness of combining induction ritux-
imab, HD-MTX, procarbazine, and vincristine (R-MPV) with reduced WBRT con-
solidation with a dose of 23.4 Gy. Induction therapy alone resulted in an ORR of
97% and CR of 47% (increased to 79% after patients with a PR were given two
additional R-MPV cycles); 2-year PFS was 77% and 5-year OS was 80% [36]. The
median PFS for all patients was 7.7 years, with the median PES in patients <60 years
of age not being reached. The median OS was not reached for patients regardless of
age category. Importantly, with the reduced WBRT dose, there was less neurocogni-
tive decline or deterioration among the evaluable patients.

One of the largest randomized trials comparing different induction and consolida-
tion regimens was a phase II study by the IELSG32 group, which randomized the
combination of the alkylating agent thiotepa with rituximab, HD-MTX, and cytara-
bine (MATRix) against HD-MTX plus cytarabine with or without rituximab for
induction [37]. There was an additional randomization arm for investigating autolo-
gous stem cell transplant (auto-SCT) versus WBRT as consolidation. The MATRix
regimen showed ORR of 87%, with CR of 49% compared to CR rates of 23% and
30% with the HD-MTX plus cytarabine with and without rituximab arms, respec-
tively. The 2-year PFS and OS for MATRix was 61% and 69%, respectively. The
second randomization arm for consolidation demonstrated no significant differences
in outcomes; the 2-year PFS was 76% for WBRT and 75% for auto-SCT, with a 4-year
OS of 85% versus 83% for WBRT and auto-SCT, respectively [38]. A phase II study
examining auto-SCT following R-MPV induction showed both a 2-year PFS and OS
of 81% post-transplant [39]. Subsequent studies with auto-SCT suggest that a stan-
dard conditioning regimen like BEAM (BCNU, etoposide, cytarabine, melphalan)
does not have good efficacy due to decreased penetration of the BBB [40, 41]. Two
thiotepa-containing regimens, thiotepa plus busulfan and cyclophosphamide as well
as thiotepa with BCNU, show excellent efficacy due to their CNS bioavailability with
the BCNU-thiotepa regimen showing lower toxicities, better tolerance, and less patient
mortality compared to thiotepa-busulfan-cyclophosphamide (TBC) [40, 42-45].

Though there is no accepted standard regimen for PCNSL therapy, the results from
these trials strongly suggest that PCNSL treatment should consist of an induction
phase followed by consolidative therapy. The induction backbone should comprise
HD-MTX (>3 g/m?), alkylating agents, and likely rituximab for a polychemothera-
peutic approach. Consolidation could consist of either WBRT and chemotherapy or
auto-SCT. The induction treatment regimens exhibiting efficacy with minimal neuro-
toxicities or patient morbidity/mortality are R-MPV and MATRix. Induction should
be followed by consolidation with either reduced-dose WBRT or auto-SCT with
BCNU-thiotepa conditioning appearing to be better tolerated than TBC.

Relapsed/Refractory PCNSL

Although the prognosis of PCNSL has improved with the incorporation of
HD-MTX-based regimens and consolidation therapy, there is still a substantial
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proportion of patients with relapsed or refractory disease. Unfortunately, treatment
options for patients with recurrent or progressive disease are limited. Patients who
did not get radiation up front may be treated with WBRT at time of relapse. Patients
with a response duration greater than 1 year may be retreated with HD-MTX [8,
46]. Patients are also considered for other systemic chemotherapy options including
temozolomide [47], high-dose cytarabine [48], topotecan [49], and pemetrexed
[50], which have modest efficacy and brief duration of response. Novel therapeutic
agents are urgently needed for this disease.

Basis for Novel Agents

Pathophysiologic findings and gene-expression profiles reveal unique features for the
possible pathogenesis of PCNSL (Fig. 8.1). Immunophenotypically, PCNSL is pre-
dominantly of the activated B cell (ABC) classification, based on the expression of
MUM-1 and BCL-6 [51]. NFxB, a protein complex involved with controlling DNA
transcription and promoting cell survival and proliferation, has been shown to be
constitutively active and required for blocking apoptosis in ABC-DLBCL subtypes
[52]. Mutations affecting proteins which regulate NFxB also result in increased acti-
vation of NFkB [53]. MYDSS, an intracellular adapter protein, is a commonly
mutated target in PCNSL, affecting more than half of PCNSL cases. It actuates NFxB
through interleukin-1 receptor-associated kinases (IRAKs). Activating mutations in
MYDS88 result in upregulation of IRAK activity and, consequently, NFkB. CD79B, a
B cell receptor (BCR)-associated protein, is a second frequently mutated target in
PCNSL. Other proteins that are implicated in the dysregulation of NFkB activation
include CARDI11 and TNFAIP3 (an inhibitory mediator of NFxB) [54]. Critically,
chronic BCR signaling through BCR clustering and utilization of BCR-related
kinases such as SYK or Bruton’s tyrosine kinase (BTK) can also promote survival of
PCNSL [55]. Additional pro-survival circuits harnessed by PCNSL are the PI3K/
mTOR and JAK/STAT pathways and increased copy number gains of the chromo-
somal locus 9p24.1, which correlates with increased PDL1 expression. This prepon-
derance of mutational and dysregulatory aberrations has been a primary reason for
the study of new immunotherapeutic and immunomodulatory agents in PCNSL.

Ibrutinib

Due to the high incidence of BCR pathway aberrations, ibrutinib has become an
attractive novel agent to investigate in PCNSL. It is an oral inhibitor of BTK that has
gained significant attention as a therapeutic modality in NHL. The ABC subtype of
DLBCL shows a dependence upon BTK for survival, and blocking the kinase can
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Targets in primary CNS lymphoma
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Fig. 8.1 Targets in primary CNS lymphoma. The activation of NF-xB allows for survival and
proliferation of PCNSL tumor cells and is controlled by a myriad of signalling pathways. Some
novel agents target these pathways. Blocking Bruton’s tyrosine kinase (BTK), which acts down-
stream from the B cell receptor (BCR), is the primary mode of action for ibrutinib. Close to 60%
of PCNSL cases harbor the L265P mutation in MYDS88, resulting in constitutive activity of IRAK
kinases and subsequent NF-kB-dependent transcription of pro-survival genes such as BCL-2, IRF-
4, etc. Temsirolimus inhibits the mTOR pathway, which is another pro-survival pathway
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instigate apoptosis [55, 56]. A phase I/II clinical trial in 80 patients with relapsed/
refractory DLBCL receiving ibrutinib showed an ORR of 25% with CR of 10%, with
a relatively short PES and OS of 1.64 and 6.41 months, respectively [56]. However,
in the subset of patients with ABC-DLBCL, there was a notable increased response
with ORR of 37% and CR of 16%, with a PFS and OS of 2.02 and 10.35 months,
respectively. The ABC-DLBCLs that had BCR mutations in CD79B with concurrent
MYD88 mutations exhibited favorable responses of 55%; interestingly, the highest
rate of response occurred in ABC patients who had wild-type BCR, suggesting non-
genetic processes can be the driving force for oncogenesis. A small case series
involving three mantle cell lymphoma patients having relapsed disease in the CNS
showed two CRs and one PR at 6—12-month follow-up, with confirmation of CNS
penetration by ibrutinib through CSF analysis of the patients [57].

One of the first PCNSL studies with ibrutinib was a non-randomized, single-
center phase I trial with 20 relapsed/refractory CNS lymphoma patients [58].
Thirteen had PCNSL, while seven had secondary CNS involvement from systemic
DLBCL (SCNSL); all of them had received HD-MTX-based chemotherapy prior to
enrollment. Of the 13 PCNSL patients, 10 patients or 77% showed a clinical
response, with a CR in 5 patients (38%). The three patients who had malignant cells
detected in the CSF had no lymphoma cells detected during follow-up evaluations.
After a median follow-up of 15.5 months, the median PFS and OS were 4.6 and
15 months, respectively. Sixty percent of patients who had been receiving steroids
for symptomatic relief prior to ibrutinib were able to be tapered off the steroids once
therapy was initiated. Overall, ibrutinib was well tolerated with the most commonly
observed adverse effects being grade 1-2: hyperglycemia (80%), anemia and/or
thrombocytopenia (60-65%), hypercholesterolemia and/or hypertriglyceridemia
(60-65%), and hypoalbuminemia or AST elevation (40-50%). Grade 3—4 toxicities
involved neutropenia in 15%, with febrile neutropenia occurring in 5%. These
abnormalities resolved with the drug being held temporarily. One patient, however,
had to be permanently taken off ibrutinib due to pulmonary aspergillosis. Among
the tumors that had genomic analyses, mutations in CARD11 appeared to be a har-
binger of partial or complete resistance to ibrutinib. Unexpectedly, none of the
PCNSL patients with concomitant MYDS88 and CD79B mutations showed a CR,
which is contradictory to reported responses in systemic ABC-DLBCL.

A prospective, multicenter, open-label phase II trial enrolled 52 patients with
either relapsed/refractory PCNSL or primary vitreoretinal lymphoma (PVRL), who
were administered ibrutinib monotherapy at 560 mg until disease progression or
adverse toxicity [59]. Concurrent steroid use was allowed during the initial 4 weeks
for symptomatic cerebral edema. All the patients had exposure to HD-MTX-based
chemotherapy prior to the trial, with four patients having auto-SCT as consolida-
tion. An interim analysis after 2 months of treatment revealed an ORR of 55.6%,
with CR of 16.7%. One patient developed pulmonary aspergillosis but recovered,
and no treatment-related mortality overall was reported up to the time of interim
analysis.

Since ibrutinib monotherapy showed modest PFS results, approaches incorporat-
ing it with chemotherapy were examined in a phase Ib study. In this trial, ibrutinib
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monotherapy was initiated for 2 weeks, followed by a polychemotherapy-ibrutinib
combination with temozolomide, etoposide, liposomal doxorubicin, dexametha-
sone, rituximab, and ibrutinib (TEDDi-R) [60]. Liposomal doxorubicin was incor-
porated into the regimen because non-liposomal doxorubicin does not penetrate the
blood-brain barrier (BBB). Using in vitro assays with ABC-DLBCL cell lines, the
investigators noted anti-folate agents such as HD-MTX showed antagonism when
implemented concurrently with ibrutinib, while the chemotherapy agents included
in the final TEDDi-R regimen showed high synergistic action with ibrutinib.
Eighteen patients with PCNSL were enrolled in the study; thirteen of whom were
relapsed/refractory and five were newly diagnosed. All patients were treated at ibru-
tinib dose levels of 560, 700, or 800 mg for 2 weeks. Two patients developed grade
5 pulmonary/CNS aspergillosis during the ibrutinib lead-in period, while the
remaining 16 patients proceeded to receive TEDDi-R chemotherapy. There was an
ORR of 94% (17/18) on ibrutinib monotherapy alone, with two relapsed/refractory
patients eventually achieving CR. Twenty-two percent of patients with CSF involve-
ment became negative by flow cytometry on monotherapy. There was an 86% CR
rate in the patients who received TEDDi-R, with median PFS of 15.5 months and
median OS that was not reached. However, 39% of patients contracted invasive
pulmonary/CNS aspergillosis infections during the trial. Two patients died from
aspergillosis during the ibrutinib monotherapy phase, while five cases of aspergil-
losis infections occurred during the TEDDi-R treatment. A patient also died from
neutropenic sepsis while receiving TEDDi-R. In contrast, PCNSL treatment-related
mortality with conventional chemotherapy and consolidation modalities is quite low
at 1-8% [61]. In addition, 56% developed grade 4 thrombocytopenia and 94% had
grade 4 neutropenia. The authors cited their preclinical studies showing more sus-
ceptibility to Aspergillus fumigatus exposure in mice lacking BTK compared to
those with wild-type BTK. Their findings suggested that BTK plays a role as part of
macrophage and neutrophil response mechanisms to control aspergillosis infections
and initiate adaptive immunity. Corticosteroid use with dexamethasone as part of
the regimen with ibrutinib was also mentioned as a possible contributory factor.
However, previous trials with ibrutinib monotherapy had patients taking concurrent
steroids with ibrutinib and reported a much lower occurrence of aspergillosis infec-
tion [58, 59]. Nevertheless, if ibrutinib continues to show promise as a therapeutic
adjunct for PCNSL treatment, fungal prophylaxis may need to be incorporated with
ibrutinib treatment.

Future directions of ibrutinib in PCNSL involve designing combinations that can
lead to more durable responses while maintaining a good safety profile. An ongoing
clinical trial is investigating the combination of ibrutinib with HD-MTX and ritux-
imab in patients with relapsed or refractory PCNSL and SCNSL (NCT02315326)
(Table 8.1). In this trial, to avoid interactions, ibrutinib is stopped on the day of
HD-MTX infusion and only restarted 5 days after HD-MTX or at time of clearance.
Preliminary results suggest that this combination is tolerable but enrollment is
ongoing [62]. Another clinical trial is evaluating the role of ibrutinib as maintenance
in elderly patients with PCNSL after induction with a polychemotherapy regimen of
rituximab, methotrexate, and another agent (NCT02623010) (Table 8.1).
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Table 8.1 Active clinical trials for primary CNS lymphoma

Clinicaltrials.gov
identifier

Drug

Design/concept

NCT02315326

Ibrutinib

Phase 1/2 trial in relapsed/refractory primary and
secondary CNS lymphoma

One arm investigating combination of high-dose
methotrexate and ibrutinib

NCT02623010

Ibrutinib

Studying maintenance ibrutinib in elderly (age 60-85)
patients with primary CNS lymphoma

Patients initially receive induction with rituximab and
high-dose methotrexate protocol and patients with
response will receive maintenance ibrutinib until
relapse or disease progression

NCT02857426

Nivolumab

Phase 2 trial of nivolumab in relapsed/refractory
primary CNS lymphoma or primary testicular
lymphoma

NCT02779101

Pembrolizumab

Phase 2 trial of pembrolizumab in relapsed/refractory
primary CNS lymphoma

NCTO03255018

Pembrolizumab

Phase 2 trial of pembrolizumab in relapsed/refractory
gray-zone lymphoma, primary CNS lymphoma, and
other extranodal DLBCL

NCT03212807

Durvalumab and
lenalidomide

Phase 2 trial of durvalumab and lenalidomide in
relapsed/refractor primary CNS lymphoma and other
types of DLBCL

NCT02669511

PQR309

Phase 2 trial of PQR309, PI3K, and mTOR inhibitor, in
patients with relapsed/refractory primary CNS
lymphoma

NCT02498951

Obinutuzumab

Randomized trial studying maintenance obinutuzumab
in patients who achieved complete response to first-line
treatment with high-dose methotrexate-based
chemotherapy

Patients are randomized to obinutuzumab every 60 days
for 2 years or until progression or observation

Ibrutinib appears to have high response rates but suboptimal duration of response
as a single agent in PCNSL. We await results of combination studies that may
improve the efficacy of ibrutinib, as well as further clarify the toxicity profile.

Checkpoint Inhibitors

PD-1 is an inhibitory receptor expressed by activated T cells on the cell surface. Its
ligands, PD-L1 and PD-L2, are upregulated in expression in many cancers. Evidence
of increased expression of the PD-1/PD-L1 signaling pathway in PCNSL has
spawned interest in checkpoint inhibition as an investigative modality. PD-L1 over-
expression, while a relatively uncommon feature in NHL, happens in subsets of
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ABC-DLBCL [63], which is the most frequently seen subtype in PCNSL. PD-1
checkpoint inhibitors have shown efficacy in heavily pretreated DLBCL in a phase
I trial [64]. PCNSL has been noted to have increased PD-L1 expression secondary
to chromosomal gains at the 9p24.1 genetic locus, which contains the PD-L1/PD-L.2
genes [54, 65]. The presence of reactive, perivascular T cell infiltrates at PCNSL
tumor sites has been shown to correlate with a survival benefit [65]. This suggests
that PD-1/PD-L1 checkpoint inhibition could augment this survival advantage by
thwarting the immunosuppression imparted by the PD-1/PD-L1 axis upon the reac-
tive T cells.

Nivolumab and pembrolizumab are both anti-PD-1, humanized IgG4 antibodies
which have FDA approval for use in many solid malignancies such as melanoma,
renal cell, and non-small cell lung cancers. Both immunotherapies are also being
actively studied in hematologic malignancies that show PD-L1 overexpression and
have been FDA approved for the treatment of Hodgkin lymphoma. While investiga-
tion with these medications in PCNSL is in the nascent stages, PD-1 inhibition
shows potential for clinical use. In a small pilot study of five patients, four with
relapsed/refractory PCNSL and one with CNS relapse of primary testicular lym-
phoma (PTL), PD-1 blockade with nivolumab induced clinical responses in all five
patients [66]. Among the four PCNSL patients, all achieved a CR, with two patients
relapsing after 14 and 17 months, respectively. The remaining two patients were
disease-free at the time of study publication (13 and 17 months, respectively).
Nivolumab was relatively well-tolerated by the patients overall. The only significant
complication involved one patient with a history of chronic renal insufficiency who
developed renal failure requiring hemodialysis, which was not thought to be due to
nivolumab. Currently there is an ongoing multicenter, phase II, single-arm study
investigating nivolumab in relapsed/refractory PCNSL or PTL (NCT02857426).
Additionally, there are two ongoing studies evaluating the use of pembrolizumab in
PCNSLs. One is an ongoing, single-center, open-label, single-arm phase II study
examining pembrolizumab use in recurrent PCNSL (NCT02779101); the other is a
study investigating the use of pembrolizumab in extranodal lymphomas including
PCNSL (NCTO03255018) (Table 8.1). Although preliminary data on checkpoint
inhibitors in PCNSL is very promising, we await further data to better clarify their
role in the treatment of PCNSL.

Pomalidomide and Lenalidomide

Immunomodulatory imide drugs (IMiDs) such as pomalidomide and lenalidomide
display particularly heightened cytotoxicity toward ABC-DLCBL tumor cells [67].
This is partly explained by their cereblon-mediated degradation of the MUM 1/IRF4
transcription factor, a protein highly expressed in PCNSL [68]. IMiDs also syner-
gistically boost the NK cell-driven antibody-dependent cellular cytotoxicity of
rituximab [69]. The combination of lenalidomide with rituximab demonstrated effi-
cacy in DLBCL in phase II trials [70, 71]. The same combination was tried in
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PCNSL patients as a phase I trial, with the addition of lenalidomide maintenance
following initial treatment. The rituximab was administered both intravenously and
intraventricularly. Thirteen relapsed/refractory patients, eight with PCNSL and five
with SCNSL, were recruited onto the study in total and given either 10, 20, or 30 mg
dose levels. Preliminary results show 8 out of 13 patients achieving PR or better,
with 4 CRs in patients with either parenchymal or intraocular disease [72]. At a
median follow-up of >18 months, five patients had maintained remissions for
>2 years. Ventricular CSF analysis also demonstrated CNS penetration by lenalido-
mide. The final results of the study are still pending with regards to PFS, OS, and
adverse events.

A multicenter, phase II study, also looking at lenalidomide-rituximab, enrolled 50
patients with relapsed/refractory PCNSL or PVRL, all with prior exposure to HD-MTX
therapies [73]. There was an induction phase of lenalidomide-rituximab, followed by
lenalidomide maintenance. Interim analysis showed an ORR of 39% with a CR rate of
30% at the end of the induction phase. After a median follow-up of 9 months during
the maintenance lenalidomide period, median PES and OS were 8.1 and 15.3 months,
respectively. Completed results of this investigation are forthcoming.

A phase I study combined pomalidomide, a second-generation IMiD, with dexa-
methasone in 25 relapsed/refractory PCNSL or PVRL patients [74]. Treatment con-
sisted of pomalidomide at four-dose escalation levels for 21 out of 28 days with
dexamethasone daily for two cycles, followed by pomalidomide alone for subse-
quent cycles until progression or toxicity. Interim analysis showed an ORR of 43%
with CR of 24%. Grade 3/4 hematologic toxicities with either neutropenia, anemia,
or thrombocytopenia occurred in 38% of patients, while non-hematologic toxicities
of either fatigue, sepsis, rash, or respiratory issues happened in 33%.

With the molecular pathogenetic mechanisms of PCNSL bearing similarity to
ABC-DLBCL and IMiDs showing viability as an effective second-line therapy, fur-
ther studies are in progress to validate pomalidomide and lenalidomide use in
PCNSL and PVRL. There is also an ongoing study investigating the combination of
durvalumab (a PD-L1 inhibitor) with lenalidomide in relapsed or refractory PCNSL
[NCT03212807] (Table 8.1).

Temsirolimus

The PI-3/AKT/mTOR signaling axis can be an additional pathway to promote anti-
apoptotic behavior in PCNSL. Temsirolimus had previously been found to possess
CNS penetrance at high concentrations within tumor specimens of malignant gli-
oma patients [75]. A phase II study tested temsirolimus monotherapy in 37 relapsed/
refractory PCNSL patients [76]. It exhibited an ORR of 56% with a CR rate of
21.5% and a median PFS of 2.1 months. However, a high degree of toxicity was
observed, with an associated 13.5% treatment-associated mortality mostly from
sepsis. There was also a question of whether cases of pneumonia were instead cases
of pneumonitis, which is a well-known side effect of the drug. While temsirolimus
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does show activity against PCNSL, its high rate of treatment-related mortality
would likely make it a less desirable therapeutic option.

Chimeric Antigen Receptor T Cells

Chimeric antigen receptor T (CAR-T) cells genetically engineered to target CD19,
an antigen found on most B cells, have shown significant promise in B cell malig-
nancies including DLBCL and have recently been FDA approved for the treatment
of relapsed or refractory DLBCL [77, 78]. However, studies of CAR-T cells have
generally excluded patients with CNS involvement although it is known that CAR-T
cells can cross the BBB and are found in patients’ CSF [79, 80]. There was a recent
case report published of a patient with refractory DLBCL with CNS relapse involv-
ing the brain parenchyma who was treated with CD19-directed CAR-T cells and
achieved a CR which was durable with ongoing remission at 12 months [81]. Of
course, more data is needed to make any conclusions, but this is encouraging and
hopefully future studies will include some patients with CNSL.

Conclusion

While there has been recent incremental progress in PCNSL, especially in the front-
line setting, there is still a poor prognosis in relapsed/refractory patients. It remains
a difficult disease to study not only due to its rarity and, often, serious clinical pre-
sentation but also because many trials exclude patients with CNS involvement.
However, novel agents offer promise for forthcoming treatments, especially in the
relapsed/refractory setting. Though the studies are small, they offer potential ave-
nues for improvement in PCNSL treatment. Future directions should focus on com-
bining different novel immunotherapies with or without standard chemotherapy
regimens that are currently used for PCNSL.
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Chapter 9
Adult T-Cell Leukemia/Lymphoma

Luis Malpica Castillo and Christopher Dittus

Introduction

Adult T-cell leukemia/lymphoma (ATLL) is a mature peripheral T-cell neoplasm
caused by human T-cell leukemia virus type 1 (HTLV-1). The clinical entity was
proposed by Takatsuki et al. in 1977 [1], with HTLV-1 discovered as the causative
virus in 1980 by Poiesz et al. [2]. Beyond ATLL, HTLV-1 is associated with several
entities, including HTLV-1-associated myelopathy/tropical spastic paraparesis
(HAM/TSP), infective dermatitis, and severe forms of parasitic infections (dissemi-
nated strongyloidiasis, crusted scabies) [3, 4]. ATLL carries a dismal prognosis and
is essentially incurable by conventional drugs. The largest updated retrospective
Japanese study published by Katsuya et al. included 1594 patients treated with mod-
ern aggressive therapies, with reported median survival (MS) of 8.3 and 10.6 months
for acute and lymphomatous types, respectively [5]. Only allogeneic hematopoietic
stem cell transplantation (HSCT) appeared to be curative in a group of patients who
are eligible for this approach [6-8]. This chapter will review the epidemiology, clin-
ical manifestations, diagnostic considerations, and conventional and novel treat-
ment approaches, including ongoing clinical trials and preclinical agents.
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Epidemiology

ATLL geographic distribution is primarily driven by HTLV-1 epidemiology.
HTLV-1 prevalence has been estimated at ten million individuals worldwide and is
most endemic in southwestern Japan, the Caribbean Basin, Central and South
America, and western Africa (Fig. 9.1) [3, 9, 10]. In the western world, the highest
prevalence of HTLV-1 infection is found in Haiti, Jamaica, Dominican Republic,
northeastern Brazil, and Peru [3]. In the United States, cases of HTLV-1 and ATLL
are seen as an effect of migration, particularly from West Africa and the Caribbean
(Fig. 9.1). South Florida is the continental region most proximal to the Caribbean;
therefore HTLV-1-associated diseases are commonly encountered in Miami [11-
13]. Large metropolitan regions along the Eastern Seaboard also have significant
populations with HTLV-1, particularly Boston and New York [11, 14]. Boston, in
particular, has a large population of Cape Verdean immigrants, who are likely at risk
for HTLV-1 infection, but few data exist. HTLV-1 has rarely been described in the
US-born population [13].

The virus is primarily transmitted via breastfeeding. The risk of infection in chil-
dren of seropositive mothers correlates with the viral load in breast milk, the
concordance of HLA class I type between mother and child, and the duration of
breastfeeding [15, 16]. In Japan, screening of pregnant women and avoiding breast-
feeding in those infected has reduced transmission by 80% [17, 18]. Other modes of
transmission include blood transfusion, sharing of needles, and sexual intercourse
[3, 11]. Most people infected with HTLV-1 remain asymptomatic throughout life,
and it is difficult to determine which individuals will develop symptomatic HTLV-
1-associated disease [19, 20]. Among HTLV-1 carriers, the general lifetime risk of
developing any HTLV-1-associated disease, including ATLL, HAM/TSP, uveitis,
polymyositis, and arthropathy, may be close to 10% [21-24].

Fig. 9.1 Geographic distribution and spread of HTLV-1
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ATLL is associated with some intriguing characteristics. First, ATLL seems to be
hyperendemic in southwestern Japan, particularly the Kyushu region [25]. Second,
HTLV-1 establishes a lifelong latent infection in human CD4+ T-cells. ATLL, in
particular, has a very long latency period, and only patients infected with HTLV-1
early in life (via breastfeeding) are generally at risk. Those individuals infected later
in life via blood transfusions, intravenous drug use, or sexual contact are more at
risk for HAM/TSP and other HTLV-1-associated illnesses [26]. Malignant transfor-
mation leading to ATLL develops in HTLV-1-infected individuals with a cumulative
lifetime risk of 4—7% [27]. Third, ATLL occurs predominantly in adults between the
sixth and seventh decades in Japan [27, 28] and fourth to fifth decades in the
Caribbean Basin and Central and South America [25, 29, 30]. Unfortunately, there
is no clear evidence on why this regional discrepancy exists.

The viral oncogenic protein Tax is responsible for transforming the CD4+ T-cell
into a cancerous ATLL cell [26, 31]. Infection of T lymphocytes with HTLV-1
results in an increase in proviral loads, with a more pronounced effect for HTLV-1
proviral DNA load. An antibody response against Gag and Env (viral proteins) and
Tax-specific cytotoxic T-cell responses induces killing of infected cells. HTLV-1
can evade the immune response by reducing Tax and stimulating HBZ (basic leu-
cine zipper factor) expression. HBZ would subsequently promote the establishment
of a chronic infection by inhibiting Tax-dependent viral transcription, stimulating
its own expression, and inducing T-cell proliferation [31]. Tax protein expression is
undetectable in circulating ATLL cells; HBZ is the only viral protein consistently
expressed in ATLL [26, 31].

Clinical Features

Clinically, ATLL is classified into four subtypes, namely, acute, lymphomatous,
chronic, and smoldering, as defined by the Shimoyama criteria [32]. The acute and
lymphomatous forms are by far the most common subtypes and are often grouped
as “aggressive ATLL.” The acute subtype presents with a leukemic phase consisting
of circulating atypical lymphocytes (ATLL cells) known as “flower cells” (Fig. 9.2),
profoundly increased calcium level, and high serum lactate dehydrogenase (LDH).
Additionally, the acute type will often present with diffuse lymphadenopathy (LAD)
and organ infiltration. The lymphomatous subtype presents with extensive (often
bulky) lymphadenopathy, markedly elevated LDH, organ infiltration, and, by defini-
tion, an absence of circulating ATLL cells in the peripheral blood (<1%). The smol-
dering and chronic forms present with circulating ATLL cells (absolute lymphocyte
count <4 x 10% cells/pL or >4 x 10°* cells/pL, respectively), normal or mildly elevated
LDH (<1.5 or <2 times the upper limit of normal, ULN, respectively), and involve-
ment of the lung, skin, or liver (in chronic only), but no other extranodal sites, and
no hypercalcemia. The chronic subtype is further divided into unfavorable and
favorable, based on the presence or absence of risk factors such as elevated LDH
level greater than the ULN, serum blood urea nitrogen level greater than the ULN,
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(

Fig. 9.2 (a, b) Flower cells (atypical lymphocytes). (Photos courtesy of UNC Hematopathology)

and serum albumin level lower than the normal lower limit [32]. In summary, the
smoldering, chronic, and acute subtypes of ATLL can be viewed on a continuum of
leukemic involvement, with the smoldering subtype representing the mildest form
of the disease. The acute and lymphomatous subtypes represent the most aggressive
forms of the disease, with risk for tumor lysis syndrome (TLS) and central nervous
system (CNS) involvement. All subtypes of ATLL have variable dermatologic
manifestations.

Comorbid opportunistic infections are often seen in ATLL patients as a result of
immunosuppression caused by dysfunctional HTLV-1-infected T-cells. Parasitic
(especially strongyloidiasis), fungal, and viral infections are frequently associated
with all forms of ATLL [3, 30, 33, 34]. Because of the risk of severe infection in
patients with ATLL, prophylaxis against these infectious complications is
paramount.

Diagnosis and Pertinent Workup

The diagnosis of ATLL involves a comprehensive history which will include epide-
miologic, clinical, and laboratory/pathologic data. Although almost all patients
diagnosed with ATLL were born in HTLV-1 endemic areas, there are rare cases
where the patient was born in a non-endemic region [13]. Clinically, hypercalcemia
is an important marker; it occurs in up to 70% of patients with ATLL during the
entire course of their disease and is often accompanied by lytic lesions [35].
Hypercalcemia is most associated with the acute-type ATLL; the indolent subtypes
would only develop hypercalcemia on progression to an aggressive type. A parathy-
roid hormone-related peptide is frequently increased in ATLL patients [35, 36].
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Severe eosinophilia has been described in ATLL patients [37]; however, most recent
data relate this finding to dysregulation of an appropriate Th2 response against
opportunistic pathogens. Conversely, patients with disseminated strongyloidiasis
may present with eosinopenia [3, 38, 39]. In the leukemic phase, the white blood
cell count may increase into the hundreds of thousands, and the peripheral blood
smear may have “flower cells” which are pathognomonic for ATLL. Any suspicion
must still be confirmed by HTLV-1 testing. Confirmation of infection is generally
performed by enzyme-linked immunosorbent assay (ELISA) and should always be
confirmed by Western blot and/or polymerase chain reaction (PCR) [25-27, 32].
Although a positive test does not confirm ATLL, a negative test does rule out ATLL.

The predominant immunological phenotype of neoplastic cells is that of a CD4+
helper T-cell: CD3+, CD4+, CD7—, CD8—, and CD25+ [40]. CD30 expression is
variable in ATLL, with a lower percentage of CD30+ cells in the acute than in the
lymphomatous ATLL subtype (positive in 28% and 47%, respectively) [41].
Lymphomatous presentations depend on an excisional lymph node biopsy for diag-
nosis, which should have flow cytometry and immunohistochemical (IHC) testing.
Additional THC tests include anaplastic lymphoma kinase (ALK), paired box 5
(PAXS), and terminal deoxynucleotidyl transferase (TdT) which are all negative in
ATLL. The Ki-67 proliferation index is very high in aggressive ATLL [40]. Bone
marrow aspiration and biopsy may be performed to obtain a diagnosis or to com-
plete staging and have prognostic relevance [42].

In clinical practice, evaluation of ATLL patients should always include a com-
plete cell blood count with differential and peripheral blood smear; additionally, all
patients with ATLL should have an LDH, a TLS panel, including uric acid, phos-
phate, calcium, potassium, and creatinine levels, and a soluble interleukin 2 (IL-2)
receptor test. Glucose-6-phosphate dehydrogenase (G6PD) testing should also be
sent with the initial work-up in order to evaluate for the presence of a hereditary
deficiency that would preclude the use of the recombinant urate oxidase enzyme
rasburicase. Patients should be evaluated for coinfections, including human immu-
nodeficiency virus, hepatitis B virus, and hepatitis C virus. Additionally, all patients
with aggressive ATLL that are potentially curable candidates for allogeneic stem
cell transplant should have a human leukocyte antigen (HLA) typing of their siblings
immediately after diagnosis [43], since this process can take time and remissions
after chemotherapy are often transient.

All aggressive ATLL patients should have imaging to evaluate the extent of
lymphadenopathy (LAD), splenomegaly, organ infiltration, and skeletal involve-
ment. Ann Arbor clinical staging is used in both acute and lymphomatous ATLL
subtypes. When circulating ATLL cells are visualized in peripheral blood, the
patient has stage IV disease but still requires imaging at baseline. Imaging with
either computed tomography (CT) with intravenous contrast or positron-emission
tomography-computed tomography (PET-CT) is adequate; however, given the rapid
progression of this disease, treatment should not be delayed to obtain PET imaging
unless it is readily available. Aggressive ATLL often invades the CNS; therefore, all
newly diagnosed patients with either the acute or lymphomatous ATLL subtypes
should have brain imaging (CT or MRI), along with a lumbar puncture (LP) sent for
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cytology and flow cytometry [42]. Intrathecal chemotherapy should be given at the
time of the initial LP [44].

Lastly, the histopathological patterns of ATLL vary and mimic different types of
T-cell lymphoma. The differential diagnosis of ATLL includes mature T-cell neo-
plasms such as peripheral T-cell lymphoma not otherwise specified (PTCL-NOS),
anaplastic large cell lymphoma (ALCL), angioimmunoblastic T-cell lymphoma
(AITL), and even Hodgkin lymphoma (HL). Because of frequent dermatologic
manifestations and a leukemic component, ATLL can also be confused with cutane-
ous T-cell lymphomas (CTCL). Importantly, though, in the World Health
Organization’s classification, the pathologists can only diagnose this disease if they
are aware of the HTLV-1 status [45, 46].

Prognosis

ATLL carries a dismal prognosis and is essentially incurable by conventional drugs.
Since its initial description in the 1970s until Shimoyama published his review in
1991, patients with acute and lymphomatous ATLL subtypes had a median survival
(MS) time of just 6 and 10 months, respectively [32]. The largest updated retrospec-
tive Japanese study published by Katsuya et al. [47] included 1594 patients treated
with modern aggressive therapies and reported MS times of 8.3 and 10.6 months for
acute and lymphomatous types, respectively. The MS times for the chronic and
smoldering types were 31.5 months and 55 months, respectively. The 4-year overall
survival (OS) rates for acute, lymphomatous, chronic, and smoldering subtypes
were 11%, 16%, 36%, and 52%, respectively [47]. Although there is some improve-
ment in the 4-year OS when comparing both studies (except for smoldering subtype
that had a lower than expected OS), the long-term prognosis of ATLL remains poor,
thus urging the development of novel therapeutic strategies for this disease.
Factors that have been associated with a poor prognosis in aggressive ATLL
include high expression of the Ki67 antigen [40], high serum levels of calcium,
parathyroid hormone-related protein, lactate dehydrogenase, thymidine kinase,
soluble interleukin-2 receptor (sIL-2R), f2-microglobulin, and neuron-specific eno-
lase. These have been particularly associated with the acute ATLL subtype [48-51].
Based on these data, researchers have developed prognostic scores. The most recent
study by Katsuya et al. included 807 patients with newly diagnosed aggressive
ATLL (acute and lymphomatous subtypes) [52]. The Ann Arbor stage (stage III/TV,
2 points), performance status (ECOG score 2—4, 1 point), and three continuous vari-
ables (age greater than 70, serum albumin level less than 3.5 g/dL, and sIL-2R level
greater than 20,000 U/mL; each 1 point) were identified as independent poor prog-
nostic factors. A low score (0-2 points) correlated with a median OS of 16.2 months,
an intermediate score (3—4 points) correlated with a median OS of 7 months, and a
high score (5—6 points) correlated with a median OS of 4.6 months [52].
Additionally, several studies have identified other poor prognostic factors in
aggressive ATLL such as bone marrow involvement, skin involvement, and mono-
cytosis [53]. Eosinophilia [54], high levels of serum LDH and serum urea, and low
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levels of serum albumin were associated with poor prognosis in chronic ATLL sub-
type (also known as “chronic ATLL with unfavorable features”) [48]. CD30 positiv-
ity has been associated with poor prognosis in the acute and chronic with unfavorable
feature subtypes (MS time in the CD30+ and CD30— groups were 10.1 weeks vs.
33.7 weeks, respectively) [55], but not in the lymphomatous ATLL subtype.
Expression of c-Rel and interferon regulatory factor-4 (IRF-4 also known as MUM-1
or multiple myeloma oncogene-1) has also been associated with antiviral resistance
and poor prognosis [55]. Lastly, CC chemokine receptor 4 (CCR4) expression has
been associated with skin involvement and shorter overall survival (OS; median
9.5 months) compared with CCR4-negative (20.6 months) patients [56].

Conventional Treatment Approach

Antiretroviral Therapy

The treatment of ATLL remains challenging and is based on the clinical subtype. In
several countries, including Japan, patients with aggressive ATLL (acute, lympho-
matous, and chronic with unfavorable feature subtypes) often receive chemotherapy
as first-line treatment; in contrast, in the United States, Europe, and some South
American countries (e.g., Brazil and Peru), zidovudine (AZT) and interferon-a
(IFN) are considered the first-line treatment for non-lymphomatous subtypes, and it
is recommended under the National Comprehensive Cancer Network treatment
guidelines [48, 57]. Patients with smoldering and favorable chronic subtypes are
either observed or started on AZT-IFN [51]. In these groups, narrowband ultraviolet
B (NB-UVB) phototherapy can be used to treat symptomatic, superficial skin
lesions, and PUVA (psoralen and ultraviolet A) can treat symptomatic, infiltrated
skin lesions [58, 59]. One study showed improved survival in those with smoldering
ATLL treated with phototherapy combined with oral etoposide (25-75 mg/day for
2-4 weeks with a 1-week interval or on alternate weeks) [60]. Notably, treating
smoldering and favorable chronic ATLL with frontline chemotherapy has shown
worse survival [51].

The use of AZT-IFN was proposed in 1995 by Gill PS et al. as an attempt to
improve mortality in ATLL patients given the short survival despite the use of cyto-
toxic chemotherapy [61]. The study showed a good response even in patients in
whom prior cytotoxic chemotherapy failed. Subsequent studies have supported this
finding. The only prospective study to evaluate the efficacy of AZT-IFN in ATLL
was a small phase II trial that included 13 frontline patients and 6 relapsed patients
[67]. The study only included the aggressive ATLL subtypes (15 acute and 4 lym-
phomatous). For the 17 patients with evaluable tumor, 13 responses were obtained
with 9 complete remissions (CR) and 4 partial remissions (PR). The overall response
rate (ORR) was 92% for patients who received AZT-IFN as first-line therapy (58%
CR and 33% PR). The median event-free survival (EFS) was 7 months (10 months
with AZT-IFN as first-line and 2 months when used after chemotherapy). Median
overall survival (OS) was 11 months, with a 28-month survival for patients who
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entered CR [62]. Despite impressive responses, most of the patients ultimately
relapsed and required further treatment. A meta-analysis by Bazarbachi et al. evalu-
ated the effect of AZT-IFN in 254 patients from four Western countries [63]. Patients
with chronic and smoldering ATLL that were initially treated with AZT-IFN had a
S-year OS of 100% and those with acute ATLL who achieved a complete response
(CR) while on AZT-IFN had a 5-year survival of 82%. In June 2013, the “16th
International Conference on HTLV-1" held in Montreal summarized these findings
and concluded that AZT-IFN was effective in the leukemic forms of ATLL and
should be considered the first-line therapy in this setting; chemotherapy was only
recommended if there was no response to AZT-IFN [64]. Another study has evalu-
ated the role of concurrent chemotherapy and AZT-IFN, which has shown some
advantage in aggressive ATLL [65]. Arsenic trioxide may induce cell-cycle arrest
and apoptosis in leukemic ATLL cells and has been studied in combination with
IFN [66] and with AZT-IFN [67]. The latter study showed an overall response rate
(ORR) of 100% in chronic ATLL [67]. Although promising, more prospective data
are required to better assess these results.

Chemotherapy

Several combinations of chemotherapeutic agents have been evaluated among ATLL
patients. The most commonly used chemotherapy regimens are CHOP (cyclophos-
phamide, doxorubicin, vincristine, and prednisone), CHOEP (cyclophosphamide,
doxorubicin, etoposide, vincristine and prednisone), VCAP-AMP-VECP (vincris-
tine, cyclophosphamide, doxorubicin, prednisone-doxorubicin, ranimustine, and
prednisone-vindesine, etoposide, carboplatin, prednisone), ATL-G-CSF (vincris-
tine, vindesine, doxorubicin, mitoxantrone, cyclophosphamide, etoposide, rani-
mustine, and prednisolone with prophylactic support by granulocyte
colony-stimulating factor), and modified EPOCH (etoposide, prednisolone, vincris-
tine, carboplatin, and doxorubicin; carboplatin is substituted for cyclophosphamide).
Despite intensive therapy, MS only ranges between 6 and 8.5 months [40, 42, 47, 48,
68, 69]. The Japanese Clinical Oncology Group (JCOG) has conducted several clini-
cal trials assessing different chemotherapy regimens. A representative study from
this group was published by Tsukasaki K et al. in 2007 and showed good results with
the VCAP-AMP-VECP regimen (also known as LSG-15), when compared to bi-
weekly CHOP for aggressive ATLL subtypes; a complete response rate of 40% vs.
25% and a MS of 13 vs. 11 months were observed [64]. This regimen is currently
the standard of care for aggressive ATLL in Japan, although with significant toxicity
(including three treatment-related deaths). As some of these drugs are not available
in the United States, regimens like dose-adjusted EPOCH, CHOP, CHOEP, and
hyper-CVAD (cyclophosphamide, vincristine, doxorubicin, and dexamethasone-
methotrexate, cytarabine) are acceptable alternatives [57, 70]. Because of frequent
CNS involvement in aggressive ATLL subtypes (ranging from 10% to 25%), intra-
thecal chemotherapy prophylaxis is recommended [44, 57].
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Novel Agents

Conventional approaches for the treatment of ATLL have failed to achieve long-term
survival. Because of this, there has been a shift to evaluate agents with a novel mech-
anism of action. Several of these agents have been studied for the treatment of ATLL,
but none are currently approved by the Food and Drug Administration (FDA). For the
remainder of this chapter, we will focus on the research behind these novel agents.
Table 9.1 compares various treatments for frontline and relapsed ATLL. Table 9.2
lists ongoing clinical trials in the United States with various novel agents.

Monoclonal Antibody Therapy
Brentuximab Vedotin

Brentuximab vedotin (BV) is an antibody-drug conjugate that combines an anti-
CD30 monoclonal antibody with the microtubule disrupting agent, monomethyl
auristatin E (MMAE) [71]. BV is an effective treatment option for Hodgkin lym-
phoma (HL), anaplastic large cell lymphoma (ALCL), CD30+ peripheral T-cell
lymphoma (PTCL), CD30+ cutaneous T-cell lymphoma (CTCL), and CD30+ dif-
fuse large B-cell lymphoma (DLBCL) [71-76]. However, the impact of BV in ATLL
has not been established. As previously discussed, a study published by Campuzano-
Zuluaga et al. in 2013 showed a variable CD30 expression in ATLL specimens [55]
with 22.1% of ATLL cases positive for CD30. Importantly, the cutoff for CD30
expression in this study was high at 30%. BV has been shown to be effective in cases

Table 9.1 Treatment regimens used in frontline and relapsed setting

ORR CR
Treatment regimen N | Study (%) (%) PFS (ON]
AZT-IFN 19 | Phase II 76.5 53 10 months | 11 months
CHOP-14 61 | Randomized phase 66 21 5.4 11
11
LSGI15 57 | Randomized phase 72 40 7 13
11
Lenalidomide 26 | Phase 11 42 19 3.8 20.3
BV-CHP 2 | Phase I 100 100 18.5 NR
Mogamulizumab 27 | Phase 11 50 31 5.2 13.7
Mogamulizumab- 29 | Randomized phase 86 52 8.5 NR
LSG15 1T

AZT-IFN zidovudine-interferon-alpha; BV-CHEP brentuximab vedotin with cyclophosphamide,
doxorubicin, etoposide, prednisone; CHOP-14 cyclophosphamide, doxorubicin, vincristine, and
prednisone as a 14-day cycle; CR complete response; LSG-15 VCAP-AMP-VECP (vincristine,
cyclophosphamide, doxorubicin, prednisone-doxorubicin, ranimustine, and prednisone-vindesine,
etoposide, carboplatin, prednisone); N number of patients, ORR overall response rate; OS overall
survival, PFS progression-free survival
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Table 9.2 Ongoing clinical trials available for ATLL patients in the United States

Status Study title Conditions | Interventions Location

Recruiting | BV-CHEP chemotherapy for | ATLL Drug: BV-CHEP | Chapel Hill, North
frontline treatment of adult Carolina (UNC
T-cell leukemia or lymphoma Hospital and

Clinics) and other
centers in Boston

and NYC
Recruiting | Belinostat therapy with ATLL Drugs: Miami, FL
zidovudine for frontline belinostat, (University of
treatment of adult T-cell AZT-IFN, Miami)
leukemia-lymphoma pegylated-IFN
Recruiting | Subcutaneous recombinant ATLL Biological: Bethesda, Maryland
human IL-15 (s.c. rhIL-15) IL-15 plus (NIH)
and alemtuzumab for people alemtuzumab

with refractory or relapsed
chronic and acute adult T-cell
leukemia (ATL)

Recruiting | Ruxolitinib for adult T-cell ATLL Drug: ruxolitinib | Bethesda, Maryland
leukemia (NIH)

ATLL adult T-cell leukemia/lymphoma, AZT zidovudine, BV-CHEP brentuximab vedotin with
cyclophosphamide, doxorubicin, etoposide, prednisone, /FN interferon-alpha, /L-15 interleukin
15, NIH National Institutes of Health

of CTCL with levels of CD30 expression lower than 10% [75]. In 2014, Fanale
et al., as part of a Phase I multicenter clinical trial that evaluated the safety and effi-
cacy of BV in CD30-positive PTCL [77], two patients with ATLL were treated with
BV-CHP (cyclophosphamide, doxorubicin, and prednisone) and achieved a com-
plete response (one patient was stage IV with an International Prognostic Index [IPI]
score of 3% and 25% of CD30 expression with a progression-free survival [PFS] of
7.1 months, and one patient was stage IV with an IPI score of 5% and 98% CD30
expression with a PFS of 22.8 months) [77]. Updated results from this study were
recently published, and one ATLL patient remained in remission with a PFS of
56.7+ months and an OS of 64.1+ months [78]. At present, a Phase III trial
(ECHELON-2 trial) comparing BV-CHP with CHOP in the initial treatment of
CD30-positive mature T-cell lymphomas is not recruiting patients as of July 2017,
but data analysis is ongoing [79, 80]. Two promising Phase II clinical trials are cur-
rently recruiting patients. One trial, based on the west coast, is assessing BV and
combination chemotherapy in the treatment of patients with CD30-positive PTCL
that will include ATLL patients [81]. The other trial will target the ATLL population
specifically and is focused where the majority of ATLL patients are located in the
United States, on the Eastern Seaboard [84]. This trial is based at the University of
North Carolina at Chapel Hill and will collaborate with Rare Lymphoma Working
Group (RLWG) sites in Boston to capture more cases of ATLL. This study will
evaluate four to six cycles of the regimen BV-CHEP (brentuximab vedotin, cyclo-
phosphamide, doxorubicin, etoposide, and prednisone) in ATLL patients. Patients
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who are eligible for allogeneic transplant will be consolidated with this modality in
the first complete response (CR1). Patients who are not eligible for transplant but are
CD30-positive will continue maintenance BV after they complete six cycles of
BV-CHEP. CD30-negative patients who are not transplant eligible will complete six
cycles of BV-CHEP and then enter a follow-up period.

Mogamulizumab

Mogamulizumab is a humanized monoclonal antibody targeting CC chemokine
receptor 4 (CCR4), which was found to be overexpressed in 99 (88.3%) out of 103
patients with ATLL and was associated with a poor prognosis [82]. Mogamulizumab
was approved in Japan in 2012 based on a Phase II trial for the treatment of relapsed
or refractory ATLL [83, 84]. The study included 27 CCR4-positive patients with
aggressive, relapsed ATLL, and mogamulizumab was given at a dose of 1.0 mg/kg
intravenous weekly for 8 weeks. The median PES was 5.2 months and a median OS
of 13.7 months. Common adverse events were cytopenias, fever, rash, chills, and
one case of erythema multiforme. In 2015, Ishida et al. conducted a Phase II ran-
domized trial comparing mogamulizumab in combination with LSG-15 regimen
versus LSG-15 alone in newly diagnosed patients with aggressive ATLL [85]. The
study showed a complete response (CR) rate of 52% vs. 33% and a median PFS of
8.5 months vs. 6.3 months, in the combination arm vs. the LSG15-alone arm,
respectively. Median OS was not reached in either arm after 413 and 502 days of
follow-up, respectively [85]. In October 2016, a retrospective study evaluated 82
ATLL patients who underwent allogeneic stem cell transplant who received mogam-
ulizumab-based regimen as first-line therapy, found a significant association
between mogamulizumab, and increased risk of grade 3—4 acute graft-versus-host
disease (GVHD; relative risk, 1.80; p < 0.01), nonrelapse mortality (p < 0.01), and
decreased overall survival (p < 0.01) [89]. Based on these findings, mogamulizumab
should be used cautiously in transplant-eligible patients. In October 2017, an
updated follow-up analysis of the Phase I and Phase II mogamulizumab studies was
published [86]. The analysis reported a 3-year OS of 31% and 23%, in the Phase I
and Phase II studies, respectively. An interesting conclusion from this study was
that patients who developed a grade 2 or greater skin rash as an immune-related
adverse event had a better PFS and OS (1-year PFS of 0% vs. 50% and 3-year OS
of 8% vs. 36%, in patients with grade 1 vs. > grade 2 skin rash, respectively) [86].

Alemtuzumab

Alemtuzumab is a monoclonal antibody that binds to CD52, an antigen present on
normal and pathologic B- and T-cells. It has shown activity in chronic lymphocytic
leukemia (CLL), cutaneous T-cell lymphoma (CTCL), and PTCL [87]. ATLL cells
frequently express CD52 as compared to other PTCLs [88]. The combination of
alemtuzumab with a standard-dose CHOP regimen as a first-line treatment was
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studied in 24 patients with PTCL and showed a CR rate in 17 (71%) patients, with
an overall median duration of response of 11 months; however, it was associated
with CMV reactivation [89]. In the United States, a phase II study conducted by the
National Institute of Health treated 29 patients with chronic, acute, or lymphomatous-
type ATLL with alemtuzumab as frontline therapy [90]. Alemtuzumab induced
responses in patients with acute HTLV-1-associated ATLL (15 of 29 patients); how-
ever, duration of responses, progression-free survival, and overall survival were
short (median response duration 1.4 months, PFS 2.0 months, OS 5.9 months).
Although alemtuzumab has shown activity in ATLL, the modest survival rates and
risk of CMV infection limit its effectiveness in treating ATLL.

Daclizumab

Because CD25 (interleukin-2 receptor alpha chain) is universally expressed in
ATLL, it is an obvious target for monoclonal antibody therapy. An anti-CD25 agent,
daclizumab, which is used to prevent rejection in organ transplantation, was evalu-
ated in two different ATLL clinical trials. One study evaluated daclizumab alone
(8 mg/kg) in 34 patients and found no response in the 18 patients with aggressive
ATLL [91], and the second study, a Phase II trial, evaluated 15 patients with ATLL
treated with a lower dose of daclizumab (1 mg/kg) in combination with standard
CHOP chemotherapy and showed median OS of 10 months, with CR and PR of
33% and 20%, respectively [92]. Taken together, the response to daclizumab was
not as robust as was hoped; therefore use of this agent has not been widely adopted.

Immunomodulatory Therapy

Lenalidomide is an immunomodulatory agent currently used in multiple hemato-
logic malignancies. Its role in ATLL has been evaluated in Phase I and Phase II trials
in the relapsed/recurrent ATLL setting, demonstrating clinically meaningful antitu-
mor activity [93-95]. An updated follow-up analysis from the Phase II trial (ATLL-
002) by Ishida et al. was published in December 2016 [95]. Twenty-six ATLL
patients (median age 68.5 years) with aggressive ATLL (n = 22) and chronic unfa-
vorable (n = 4) subtypes, which had relapsed after at least one prior therapy, were
included in this study and received lenalidomide 25 mg oral daily continuously until
disease progression or unacceptable toxicity. The median PFS and OS were 3.8 and
20.3 months, respectively. The CR and OR rates were 15% and 42%, respectively.
Responses according to disease subtype were 33% (5 of 15) for acute, 57% (4 of 7)
for lymphoma, and 50% (2 of 4) for unfavorable chronic ATLL. Responses accord-
ing to disease site were 31% for target (nodal and extranodal) lesions, 75% for skin,
and 60% for peripheral blood. Responses were also analyzed according to prior
mogamulizumab treatment and were 18% in patients who had previously received
mogamulizumab and 60% in mogamulizumab-naive patients [95]. Based on these
results, further investigations of lenalidomide in ATLL are warranted.
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PD-1/PD-L1 Pathway

Programmed cell death protein 1 (PD-1) and programmed cell death ligand 1 (PD-
L1) are expressed on both tumor and tumor-infiltrating nonmalignant cells in lym-
phoid malignancies [96, 97]. Increasing data have shown that PD-1 is expressed at
a higher level in T-cells from tumor patients [98]. The presence of high levels of
plasma-soluble PD-L1 and PD-L1 expression on lymphoma cells is associated with
poor overall survival (OS) and is considered an important biomarker in diffuse large
B-cell lymphoma (DLBCL) [99, 100]; additionally, blockade therapy of the PD-1/
PD-L1 pathway showed a remarkable effect for Hodgkin lymphoma (HL) [101].
These results suggest that the PD-1/PD-L1 pathway might support tumor cell sur-
vival and that blockade of this pathway could be an effective therapeutic method in
lymphoid malignancies other than DLBCL and HL. Studies performed on ATLL
cells have shown increased PD-1 expression on both CD4+CD25+ and CD4+CD25—
T-cells, but not in CD8+T cells [102, 103]. Similarly, higher expression of PD-L1
has been found in the majority of different hematological malignant cells, including
ATLL cells [103, 104]. A study published in September 2016 by Miyoshi et al. per-
formed PD-L1 immunostaining in 135 ATLL biopsy samples (51%, 48%, and 1%
were acute, lymphomatous, and smoldering subtypes, respectively) [104]. They
observed that PD-L1 (+) ATLL had inferior OS compared with PD-L1 (—) ATLL
(MS times 7.5 vs. 14.5 months, respectively; p = 0.0085). This is the first report
describing the clinicopathological features and outcomes of PD-L1 expression in
ATLL. In the United States, the National Cancer Institute (NCI) conducted a phase
II clinical trial to evaluate nivolumab in the treatment of ATLL patients who had an
increased mutational load and overexpression of PD-L1 [105]. After treating the
first three patients, they developed worsening leukocytosis, hypercalcemia, renal
insufficiency, and increased LDH levels after a single dose of nivolumab [106]. The
study was closed due to evidence of rapid disease progression. More studies are
needed to elucidate the role of PD-L1 in ATLL.

HDAC Inhibitors

Histone deacetylases (HDACS) are enzymes involved in the remodeling of chroma-
tin and play a key role in the epigenetic regulation of gene expression. Histone
deacetylase (HDAC) inhibitors induce the hyperacetylation of nonhistone proteins
as well as nucleosomal histones resulting in the expression of repressed genes
involved in growth arrest, terminal differentiation, and/or apoptosis among cancer
cells. HDAC inhibitors such as vorinostat, romidepsin (depsipeptide), and panobi-
nostat (LBH589) have shown activity in preclinical and clinical studies against
T-cell malignancies including ATLL [107, 108]. LBH589 had a significant anti-ATL
effect in vitro and in mice. However, a phase II study for CTCL and indolent ATLL
in Japan was terminated because of severe infections associated with the shrinkage
of skin tumors and formation of ulcers in patients with ATLL [108].
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IL-2 Receptor

Denileukin diftitox, an interleukin-2-diphtheria toxin fusion protein targeting IL.-2
receptor-expressing malignant T lymphocytes, has also shown efficacy as a single
agent [109] or in combination with CHOP with promising results for PTCL [110].
Some ATLL cases successfully treated with this agent have been reported [111].

Anti-Tax Vaccine

Cytotoxic T lymphocyte (CTL) against HTLV-1 Tax has been demonstrated to play a
vital role in controlling HTLV-1-infected cells in HTLV-1-carrier patients [112]. Since
there is a long latency period between HTLV-1 infection and the onset of ATLL, mech-
anisms for leukemogenesis in the infected cells present in a multistep fashion; hence,
immunization may play a role against it. In Japan, Suehiro et al. developed an anti-
ATLL therapeutic vaccine consisting of autologous dendritic cells that is pulsed with
Tax peptides (Tax-DC) [112]. The vaccination protocol was completed with three
injections at a 2-week interval. This approach was studied in a pilot study of three
previously treated ATLL patients (unknown subtypes). All patients had a Tax-specific
CTL response, and two patients had a partial response at 8 weeks, which was main-
tained for at least 19 months. The third patient had stable disease at 8 weeks and then
slowly progressed [112]. From this study, investigators have conducted a clinical trial
of Tax-DC vaccine combined with anti-CCR4 antibody to enhance the efficacy of the
vaccine as next-generation immunotherapy [113]. Results have not been presented yet.

Allogeneic Stem Cell Transplantation

Considering the unsatisfactory results of standard treatments, the role of stem cell
transplantation (SCT) in aggressive ATLL has been investigated. Initially, autolo-
gous stem cell transplantation (auto-SCT) was attempted, but it did not yield suc-
cess [114]. In 1996 Borg et al. reported the first successful allogeneic stem cell
transplant (allo-SCT) for the treatment of ATLL. This patient remained in a CR with
no evidence of disease at 23 months post-transplant [115]. Since that first case,
several reports have been published by various Japanese groups mainly in form of
retrospective series and Phase I clinical trials. Although the earlier studies were
notable for a high incidence of serious infections and other complications, recent
experience has been more encouraging. In2013, The Japan Society for Hematopoietic
Cell Transplantation reported that by 2012, more than 1000 ATLL patients had
received allo-SCT [116] with an estimate of approximately 120 ATLL patients
transplanted a year. This study showed that patients receiving an allogeneic trans-
plant with an HLA-matched donor had a 3-year OS rate of 41% [122]. In another
study, researchers found that acute grade I/Il GVHD was significantly associated
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with a longer OS, which was likely from a graft-versus-leukemia effect [117].
Lastly, a study showed no significant difference between myeloablative condition-
ing (MAC) and reduced-intensity conditioning (RIC) in OS, although there was a
mild trend for superior OS with RIC in older patients [118].

Regarding non-Japanese experience, in October 2014, Bazarbachi et al. reported
21 ATLL patients (7 acute, 12 lymphomatous subtypes) that underwent SCT (4 auto-
SCT and 17 allo-SCT) [119]. All patients that underwent auto-SCT rapidly died from
ATLL. Of 17 patients who underwent allo-SCT (4 myeloablative, 13 reduced inten-
sity), 6 are still alive at the time of this publication (4 were in CR at SCT), and 11
patients died within 2 years (8 from relapse/progression and 3 from transplant toxic-
ity) [119]. The study concluded that, overall, these results indicate that allo-SCT but
not auto-SCT may salvage a subset of ATLL patients with relapsed disease, support-
ing the existence of graft-versus-leukemia/ATLL effect in non-Japanese patients.

Lastly, the largest updated retrospective study published in 2015 by Katsuya
et al. reported 214 patients (of age 65 years or younger) with acute and lymphoma
subtypes that underwent allo-SCT after first remission (n = 117), in primary refrac-
tory ATLL (n = 56), and in the relapsed setting (n = 41) [5]. The MS time after
transplant and 4-year OS were 5.9 months and 26%, respectively. The MS times
from transplantation showed differences when analyzed by clinical status before
transplant. Patients survived 22 months when transplanted in first remission vs.
3 months when the transplant occurred in primary refractory or relapsed disease.
Regarding ongoing clinical trials, there is one clinical trial recruiting only ATLL
patients at the University Hospital Center of Martinique in the Caribbean; the study
will evaluate high-risk adult T-cell leukemia/lymphoma (ATLL-HR) treated with
AZT-IFN, AZT-IFN and CHOP, and AZT-DHAP (dexamethasone, cytarabine, and
cisplatin) followed by allo-SCT (ATLL-HR-01) [120].

Recommended Treatment Approach in Frontline
and Refractory/Relapsed Disease

Treating ATLL represents a challenge because there are few data based on randomized
controlled trials due to its rarity. Additionally, several of the abovementioned drugs (e.g.,
ranimustine, vindesine) are not available in the United States. Figure 9.3 summarizes a
treatment strategy in frontline and in refractory/relapsed setting based on available data
and the National Comprehensive Cancer Network (NCCN) recommendations.

Frontline

At present, treatment options for ATLL are suboptimal, and all patients diagnosed
with ATLL should be evaluated for clinical trials. Regarding current treatment rec-
ommendations for ATLL, as previously discussed, it will depend on the clinical
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Fig. 9.3 Adapted treatment strategy for ATLL
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subtype at diagnosis. Patients with aggressive ATLL should receive immediate
treatment with either antiviral therapy with zidovudine and interferon-a (AZT-IFN)
(except for those with the lymphomatous subtype) or multiagent chemotherapy [47,
48, 51, 57, 64, 65, 63]. Available chemotherapy regimens recommended by the
NCCN are CHOP, CHOEP, modified EPOCH, and hyper-CVAD. Including etopo-
side in the regimen is reasonable for patients under the age of 60, based on an
extrapolation from studies in PTCL [121]. Because of frequent CNS involvement
and CNS relapse in aggressive ATLL subtypes, intrathecal chemotherapy prophy-
laxis is recommended [44, 57]. Any patient achieving a CR (or PR) should be evalu-
ated for an allogeneic stem cell transplantation (allo-SCT), which is particularly
effective in young patients with good performance status [47, 118, 119, 122]. In
indolent ATLL, AZT-IFN can be initiated at diagnosis or on progression of disease.
If surveillance is pursued, patients must be followed very closely for progression. If
skin lesions are present, skin-directed therapy with topical steroids, and narrowband
ultraviolet B (NB-UVB) phototherapy for superficial lesions, and PUVA (psoralen
and ultraviolet A) for more infiltrated lesions are recommended [58, 59].

Refractory/Relapsed Disease

ATLL patients with relapsed or refractory disease should be evaluated for clinical
trials. In the aggressive ATLL subtypes, if a patient fails to respond to frontline
chemotherapy prior to allo-SCT, the patient should be switched to a salvage regi-
men (ICE, DHAP, GDP), and if remission/response is achieved, then the patient
should be evaluated for allo-SCT. If the patient relapsed after allo-SCT or the patient
is not eligible for transplant, CD30 positivity should be evaluated. If positive,
patients should receive a trial of brentuximab vedotin. Lenalidomide is another rea-
sonable option in the relapsed setting. Mogamulizumab is an option that should be
used in regions where it is available. Other relapsed regimens used in PTCL can also
be extrapolated to ATLL, but these will likely have limited effect.

Supportive Care

ATLL is unique in that there are many severe complications that are associated
with the disease. Common complications in ATLL include hypercalcemia, tumor
lysis syndrome, and severe infections. The hypercalcemia associated with ATLL
is often severe, with calcium levels over 20 mg/dL. Treatment should include
aggressive hydration and the early administration of a bisphosphonate.
Opportunistic infections caused by immunosuppression are common in
ATLL. Prophylaxis for pneumocystis pneumonia, herpes simplex/zoster virus,
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fungal infections, and gram negative bacterial infections should be strongly con-
sidered for all patients. Patients should be screened for Strongyloides stercoralis
infection and should receive treatment for any positive screening given the risk for
hyperinfection syndrome by Strongyloides stercoralis [123—126]. Tuberculosis
screening should be considered for patients who are high risk for prior exposure.
Tumor lysis syndrome is a known complication in all aggressive hematologic
malignancies and can be fatal; hence, early and aggressive intravenous hydration,
along with allopurinol administration, and G6PD deficiency screening are recom-
mended. If the patient does not have G6PD deficiency, rasburicase should be con-
sidered for severe TLS.

Conclusion

Adult T-cell leukemia/lymphoma (ATLL) is a rare T-cell neoplasm caused by the
human T-cell lymphotropic virus type 1 (HTLV-1). ATLL continues to have a poor
outcome with currently available therapies. ATLL can be divided into the aggressive
(acute, lymphomatous, and chronic with unfavorable features) and indolent (smol-
dering and chronic with favorable features) subtypes, which influence treatment
strategies. AZT-IFN is a reasonable first-line option in patients with the smoldering,
chronic, or non-bulky acute subtypes. Chemotherapy remains the preferred choice
for lymphomatous or bulky acute ATLL. The current therapeutic approach in the
United States is to give a CHOP-like regimen containing etoposide (either CHOEP
or dose-adjusted EPOCH), with the intent to achieve remission and proceed to allo-
geneic transplant. Novel therapeutic approaches include the use of antibody-drug
conjugates (brentuximab vedotin), anti-CCR4 therapy, immunomodulatory therapy,
and anti-TAX vaccines. The Rare Lymphoma Working Group is focusing future
research on multi-institutional clinical trial participation because of the rarity of this
disease. We are hopeful that a collaborative effort can help find an effective thera-
peutic approach to improve survival in ATLL.
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Chapter 10
Extranodal NK/T-Cell Lymphoma

Mary Beth Seegars and Zanetta S. Lamar

Background and Clinical Presentation

Introduction and Epidemiology

Extranodal NK/T-cell lymphoma (ENKTCL) is a rare, aggressive form of non-
Hodgkin lymphoma which occurs worldwide but is more common in Asia and
Central and South America. In countries such as China, Japan, and Brazil, ENKTCL
accounts for 5-15% of all lymphoma cases [1]. However, in the United States and
Europe, it accounts for less than 1% of all lymphoma cases [2]. ENKTCL is further
divided into subtypes based on location of disease. The nasal type is the most com-
mon and frequently presents with localized disease. Sites most commonly involved
include the nose, nasopharynx, oropharynx, and Waldeyer’s ring; fewer than 20% of
cases present with extra-nasal lesions [3]. Dissemination to sites such as the bone
marrow, spleen, liver, and skin with peripheral blood involvement is considered
advanced stage disease.

The immunophenotype of ENKTCL is unique, with most cases expressing
NK-cell markers (CD2+, cytoplasmic CD3+, and CD56+) (Fig. 10.1). Tumor cells
are almost always infected by Epstein-Barr virus (EBV), which can be detected by
in situ hybridization for EBV early RNA (EBER). The malignant cells may also
express perforin, granzyme B, or TIA-I. In rare cases, CD56 is negative, and in
exceptionally rare cases, T-cell gene rearrangement is positive. These cases are
included under the “T-cell” nomenclature of NK/T-cell lymphoma.
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Fig. 10.1 (a) H&E, low-power view of the nasal septum biopsy with diffuse lymphoid infiltrate,
entrapped epithelium, and areas of necrosis (top left); (b) H&E, high-power view of atypical lym-
phoid cells with intermediate-sized, irregular nuclei; (¢) CD43 expression is present in the neoplas-
tic lymphoid population; (d) CD56 is also expressed in the neoplastic lymphocytes; (e) CD3
highlights background mature T cells while sparing the neoplastic NK/T-cell infiltrate; (f) In situ

hybridization for Epstein-Barr virus-encoded RNA is positive. (Imaging courtesy of Robert
K. McCall, MD. Vanderbilt University Medical Center)

L

Clinical Presentation

ENKTCL is a primarily an extranodal disease, most often presenting as a localized
lymphoma in the nasal region. Lesions may occur in the nose, nasopharynx, parana-
sal sinuses, tonsils, Waldeyer’s ring, or oropharynx. Spread to the cerebrospinal fluid
is rare [1]. Symptoms may include epistaxis, obstruction, and pain from necrotic
lesions in the nose or hard palate. Patients may also present with extra-nasal masses
of the skin, salivary glands, testis, and gastrointestinal tract. Positron emission
tomography (PET) imaging has demonstrated that most extra-nasal lymphomas are
associated with occult nasal primary tumors. This implies that the extra-nasal sub-
types are likely disseminated nasal lymphomas. To meet the formal definition of
extra-nasal ENKTCL, the absence of a nasal primary mass must be detected by
random nasopharyngeal biopsies and PET imaging. Rarely, patients present with
widespread disease. If there is involvement of the bone marrow and peripheral
blood, the diagnosis can overlap with aggressive NK-cell leukemia. NK-cell leuke-
mia carries an extremely poor prognosis, with a median survival of weeks [4].

The differential diagnosis for ENKTCL includes malignant and nonmalignant
conditions such as invasive fungal and bacterial infections, Wegener’s granulomato-
sis, NK-cell enteropathy, enteropathy-associated T-cell lymphoma, other
lymphomas, and primary and secondary malignancies. Among these considerations,
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NK-cell enteropathy is particularly difficult to differentiate from ENKTCL due to
similar pathologic findings. Patients with NK-cell enteropathy classically have a
CD56 and cytoplasmic CD3-positive infiltrate which mimics ENKTCL. EBV test-
ing in NK-cell enteropathy, however, is negative which excludes the diagnosis of
ENKTCL. Mansoor et al. published a case series in which eight patients with
NK-cell enteropathy were misdiagnosed with ENKTCL. Several received unneces-
sary chemotherapy as a result [5]. This report highlights the challenges and diagnos-
tic overlap between these conditions. Unlike ENKTCL, in patients with NK-cell
enteropathy, the disease is limited to the gastrointestinal tract. Given the immuno-
phenotypic overlap, it is important to work closely with pathologists to confirm
ENKTCL before initiating aggressive therapy [5].

Initial Evaluation, Diagnosis, and Staging

Patients suspected of having ENKTCL should undergo a thorough initial evaluation
to include nasal panendoscopy, PET/CT imaging, and plasma EBV DNA testing.
Nasal panendoscopy should be performed regardless of the primary site of presenta-
tion, and random biopsies should be taken even if no suspicious lesions are seen.
Biopsies should include the leading edges of the lesions because biopsy specimens
are often necrotic [6]. Diagnostic delays can compromise overall survival by
increasing the likelihood of disease dissemination in the interim. In one study of 25
patients with ENKTCL, the median time from symptoms to diagnosis was 5 months.
Twelve patients required more than one diagnostic biopsy; delay in diagnosis was
prolonged up to 36 months. Given these concerns, generous biopsy specimens
should be taken when feasible to ensure more timely diagnoses [2].

Upon diagnosis, the first important distinction is whether the specimen is surface
or cytoplasmic CD3 positive. If a fresh specimen is not sent, the next step is to con-
firm positive results on CD56, EBER (EBV by in situ hybridization), and cytotoxic
molecule testing. Cytologic examination will reveal small- to medium-sized cells
with azurophilic granules and pale cytoplasm. Neoplastic cells are often mixed with
lymphocytes, plasma cells, and eosinophils. Thus, the term “polymorphic reticulo-
sis” is used to describe the histology of ENKTCL. Tumor cells are classically posi-
tive for CD2, cytoplasmic CD3, and CD56.

Next-generation sequencing has identified several somatic mutations in the Janus
kinase 3 (JAK3) gene leading to constitutive activation of the JAK/STAT pathway.
In this scenario, increased cell growth occurs in approximately 35% of cases [7].
The most frequent cytogenetic aberration in NK malignancies is the deletion of
chromosome 6q21. Notable tumor suppressor genes in this region include FOXO3,
PRDM1, and HACE1. PRDM1 is integral to the maturation and homeostasis of NK
cells [8]. In addition to the JAK/STAT pathway, other activated pathways resulting
in tumorigenesis include AKT, Wnt, and Notch-1.

Initial imaging should include PET/CT, as lesions are invariably PET avid [9].
The SUV maximum for ENKTCL is lower than for other aggressive lymphomas
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such as diffuse large B-cell lymphoma. As in other types of non-Hodgkin lym-
phoma, the Ann Arbor System is used for staging. Plasma EBV DNA testing should
be performed at diagnosis and can be serially monitored to follow response to treat-
ment and to detect recurrence [10].

Conventional Treatment Approach for Localized Nasal-Type
ENKTCL

Treatment approaches are based on subtype (nasal or extra-nasal disease) and stage
(localized or advanced). For patients with stage I/II nasal-type ENKTCL who are
candidates for chemotherapy, standard treatment options include chemoradiation
given either in concurrent, sequential, or “sandwich” fashion defined as induction
chemotherapy followed by radiation and then consolidation chemotherapy.

Concurrent Chemoradiation

Evidence for concurrent chemoradiation stems from two prospective trials. Kim
et al. conducted a study using concurrent radiation therapy (40 Gy) and cisplatin fol-
lowed by three cycles of etoposide, ifosfamide, cisplatin, and dexamethasone (VIPD)
in patients with localized nasal NK/T-cell lymphoma. The overall response rate was
83%, and the complete response rate was 80%. Patients in this study had a 3-year
overall survival of 86% and a 3-year progression-free survival of 85% [11]. In 2009,
Yamaguchi et al. conducted a trial in localized nasal type using concurrent radiation
therapy (50 Gy) and DeVIC chemotherapy (dexamethasone, etoposide, ifosfamide,
and carboplatin). The overall response rate was 81%, and 77% of the 27 patients
achieved a complete response. The 5-year overall survival rate was 70%, and the
5-year progression-free survival rate was 63%. Grade 3/4 neutropenia occurred in
93% of patients and grade 3 radiation-related mucositis in 30% of patients [12].

Sandwich Chemoradiation

Sandwich chemoradiation was efficacious in two studies of NK/T-cell lymphoma.
Jiang et al. conducted a phase II trial of 26 patients with stage I/II nasal disease.
Patients received six cycles of L-asparaginase, vincristine, and prednisolone (LVP)
sandwiched with radiation therapy after two cycles. After completion of radiation
therapy and 2—4 cycles of LVP, the ORR was 89%, and the CR rate was 81%. The
2-year OS was 88.5%, and 2-year PFS was 80.6%. Grade 3 neutropenia occurred in
2.7% of patients, and grade 3 radiation-related mucositis was seen in 23.1% of
patients [13]. In another prospective trial, gemcitabine, L-asparaginase, and
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oxaliplatin (GELOX) were given for two cycles followed by radiation therapy
(56 Gy). After radiation, GELOX was given for 2—4 more cycles. The overall
response rate was 96%, and the complete remission rate was 74%, with a 2-year
overall survival rate of 86%. Grade 3/4 neutropenia occurred in 33.3% and radia-
tion-related mucositis in 15% of participants [14].

Sequential Chemoradiation

In a retrospective review, Lunning et al. described their experience with a modified
SMILE chemotherapy regimen (dexamethasone, methotrexate, ifosfamide,
L-asparaginase, and etoposide). In this regimen, one dose of L-asparaginase is
given, rather than a dose with each cycle. Twelve patients with stage I nasal-type
ENKTCL received two cycles of modified SMILE followed by 45 Gy of radiation
therapy. Patients with stage II disease received three cycles followed by radiation
therapy. After 1-2 cycles of the modified SMILE regimen, the overall response rate
was 92%, and the complete response rate was 75% [15].

Radiation Therapy for Localized Nasal-Type ENKTCL

For patients with localized, nasal-type ENKTCL, radiation therapy is an integral
component of treatment. In 2017, Yang et al. evaluated 1332 patients with localized
ENKTCL treated at ten institutions between 2000 and 2014. The goal of the study
was to determine if improved locoregional control translates into progression-free
and overall survival gains for patients with early stage disease. Patients received
radiation, chemotherapy, or combination chemoradiation. After analysis, it was
found that radiation therapy had a dose-dependent effect on locoregional control,
PFS, and OS. High-dose radiation therapy, defined as >50 Gy, led to improved
locoregional control (85% vs 73%), PES (61% vs 50%), and OS (70% vs 58%) [16].
The LRC benefit with radiation therapy in the high-dose group was independent of
the sequence of chemotherapy relative to radiation therapy and was independent of
response to chemotherapy. This study concluded 50 Gy is the optimal dose, and the
gains in PFS and OS highlight the significant role of radiation therapy in the treat-
ment of early stage disease. The technique of radiation therapy delivery has also
changed significantly in recent years, with most institutions using intensity-
modulated radiation therapy (IMRT) to improve target coverage and reduce dose to
adjacent normal tissues improving toxicity outcomes [17, 18].

The benefit of chemoradiotherapy as compared to radiation therapy alone has
also been investigated in past studies with conflicting results. In 2009, Ma et al.
conducted a study of 64 patients with stage IE or IIE early stage ENKTCL. Of these
patients, 23 received radiation therapy alone, and 41 received chemoradiation with
an anthracycline-based regimen. The 5-year OS rate was 57.9% for those who
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received radiation therapy alone and 61.5% for those who received chemoradiation
(P =0.47). The study concluded that chemoradiation compared to radiation therapy
alone did not lead to improved OS. Of note, anthracycline-based regimens have
been proven to be inferior to asparaginase-based chemotherapy and represent an
important limitation of this study [19].

A more recent study conducted by Su et al. reviewed 248 patients in the United
States with localized disease from 2004 to 2014. Chemoradiation was given in
68.9%, and radiation therapy alone was given in 31.1%. After multivariable analy-
sis, chemoradiation was associated with an improved OS compared to radiation
therapy alone with a hazard ratio of 0.504. The survival benefit was also apparent in
the geriatric subgroup. Based on this and other studies, the preferred approach
endorsed by the NCCN is to recommend chemoradiation for patients who are fit to
receive chemotherapy [20].

Summary of Treatment Recommendations for Localized Nasal
Type

The decision of which regimen to use (concurrent vs. sandwich vs. sequential
chemoradiotherapy) can be challenging, and various factors including adherence
must be accounted for. The logistics of performing concurrent chemoradiotherapy
make this a difficult treatment strategy in some patients with limited transportation.
One advantage of the sequential approach is that radiation therapy is often better
tolerated, as patients are more likely in a complete response. Ultimate treatment
decisions must be made individually. If a patient is deemed not to be fit for chemo-
therapy, radiation therapy alone is a viable option for localized nasal-type
ENKTCL. Treatment options are summarized in Table 10.1.

Conventional Treatment Approach for Extra-Nasal Type
ENKTCL

The presence of extra-nasal disease is considered a poor prognostic factor, and
patients with this subtype generally have a more difficult course. This impacts treat-
ment recommendations, which tend to favor more aggressive regimens compared to
those outlined for localized nasal-type disease. Many past studies that included
patients with localized extra-nasal disease were performed before PET/CT imaging.
These cases were likely to include patients with nasal primary tumors, so the results
are difficult to interpret. There is a definitive association between extra-nasal dis-
ease and decreased overall survival [1]. Therefore, for all stages of extra-nasal-type
ENKTCL, asparaginase-based systemic chemotherapy is recommended. Radiation
therapy may be indicated, depending on the site of disease [6].
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Table 10.1 Summary of treatment recommendations [12—16]

Concurrent chemoradiation

Treatment Number Survival rates %
treated

Cisplatin 30 mg/m? weekly with radiation (40 Gy) followed | 30 3 year PFS - 85

by *VIPD x 3 cycles 3 year OS — 86

"DeVIC chemotherapy x 3 cycles with radiation (50 Gy) 33 2 year OS — 78

Sandwich chemotherapy

Treatment modality Number Survival rates
treated

‘LVP x 2 cycles followed by radiation (56 Gy) then LVP 26 2 year PFS - 80.6

for 2—4 cycles 2 year OS — 88.5

dGELOX x 2 cycles followed by radiation (56 Gy) then 27 2 year PFS and

GELOX x 24 cycles OS - 86%

Sequential chemoradiation

‘Modified SMILE x 2-3 cycles followed by radiation 12 ORR -92

(45 Gy)

PFS progression-free survival, OS overall survival, ORR overall response rate

“VIPD: etoposide 100 mg/m? days 1-3, ifosfamide 1200 mg/m? days 1-3, cisplatin 33 mg/m? days
1-3, and dexamethasone 40 mg days 1-4

"DeVIC: dexamethasone, 40 mg on days 1-3; etoposide, 67 mg/m? IV on days 1-3; ifosfamide,
1.0 g/m? on days 1-3; and carboplatin, 200 mg/m? IV on day 1

‘LVP: L-asparaginase 6000 TU/m? IV on days 1-5, vincristine 1.4 mg/m? IV on day 1, and predni-
sone 100 mg given orally on days 1-5. Repeated every 3 weeks

dGELOX: gemcitabine 1000 mg/m? IV on days 1 and 8, oxaliplatin 130 mg/m? IV on day 1, and
L-asparaginase 6000 IU/m? daily IV days 1-7 every 21 days. For those receiving pegasparaginase,
the modified regimen was gemcitabine 1250 mg/m? IV on day 1, oxaliplatin 85 mg/m? IV on day
1, and pegaspargase 2500 IU/m? daily IM on day 1 repeated every 14 days

‘Modified SMILE: methotrexate 2000 mg/m? day 1, ifosfamide 1500 mg/m? days 2-4, etoposide
100 mg/m? days 2-4, dexamethasone 40 mg days 2—4, and pegaspargase 2000-2500 units/m* day 8

Conventional Treatment Approach for Advanced ENKTCL

For advanced stage disease (stage III/IV nasal type and stage [-IV extra-nasal type),
the primary treatment approach is chemotherapy with an asparaginase-based regi-
men. Anthracycline-based regimens were used in initial studies, with poor overall
response rates. ENKTCL cells express high concentrations of P-glycoprotein,
which translates to a multidrug- resistant phenotype [21]. P-glycoprotein is an ATP-
dependent efflux pump that exports anticancer agents outside lymphoma cells. This
inherent quality of ENKTCL accounts for the disappointing results seen with cyclo-
phosphamide, doxorubicin, vincristine, and prednisone (CHOP) and other anthracy-
cline-based regimens [21].

Several studies have demonstrated the efficacy of asparaginase-based chemo-
therapy regimens for advanced/relapsed/refractory ENKTCL. In a phase II trial
using SMILE chemotherapy in 38 patients with advanced nasal-type disease, 20
were newly diagnosed stage IV, 14 were in their first relapse, and 4 patients had
refractory disease. Two cycles were planned, and thereafter study participants could
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receive further cycles and/or stem cell transplant if recommended by the treating
oncologist. Granulocyte colony stimulating factor was included in the protocol
based on the phase I study. After two cycles of therapy, the overall response rate was
79%, and the complete remission rate was 45%. A total of 28 patients completed the
treatment protocol, and 21 then received a stem cell transplant (4 autologous 17
allogeneic). The 1-year overall survival rate was 55%. Notably, 92% of patients had
grade 4 neutropenia, and 61% of patients had infectious complications [22].

In addition to SMILE chemotherapy, other frontline regimens for advanced stage
ENKTCL include AspaMetDex (L-asparaginase, methotrexate, and dexametha-
sone) and P-GEMOX (gemcitabine, pegaspargase, and oxaliplatin). The
AspaMetDex regimen was investigated in a phase II prospective study of 19 patients
with refractory or relapsed nasal-type ENKTCL. Study participants received
three cycles of the 21-day regimen. Objective responses were observed in 73% of
patients, and 61% achieved complete remission. The median response duration was
1 year. The most frequent toxicities were cytopenias, abnormal liver function tests,
and allergic reactions [23].

The P-GEMOX regimen was investigated in a retrospective study by Wang et al.
[20]. Among a cohort of 117 patients, 96 had newly diagnosed disease, and 21 had
refractory/relapsed disease. Patients received 2-8 cycles of therapy. The overall
response rate was 88.8%, and the 3-year overall survival rate was 72.7%. The most
common toxicities were cytopenias, elevated liver function test, and hypertriglyc-
eridemia. Overall, the regimen was tolerated well [16].

Role of Stem Cell Transplantation for Treatment of Advanced
ENKTCL

For advanced stage disease, frontline chemotherapy regimen options include
SMILE, AspaMetDex, and P-GEMOX. These three regimens have similar overall
response rates and toxicity profiles. If patients achieve a complete remission with
frontline treatment, stem cell transplantation should be considered. There are no
definitive data to guide whether autologous or allogeneic stem cell transplantation
should be pursued; decisions must be made individually. If patients only achieve a
partial response to chemotherapy, biopsy should be repeated. If negative, stem cell
transplantation may be pursued. When patients have a poor response to first-line
treatment or if a repeat biopsy is positive, several second-line options may be inves-
tigated, including clinical trials. These options for refractory and relapsed disease
will be discussed in detail in Sect. II.

Prognosis

The prognosis for all stages of ENKTCL has significantly improved with the use of
asparaginase-based chemotherapy. Former scoring systems reflected the prognosis
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Table 10.2 Prognostic index of PINK [21]

PINK score risk factors 3-year overall survival rate

Age > 60 years Low — no risk factors — 81%

Stage III/IV Intermediate — 1 risk factor — 62%
Distant lymph node involvement High — 2 or more risk factors — 25%
Non-nasal disease

PINK-E risk factors 3-year overall survival rate

All of the above and Low — zero or 1 risk factor — 81%
EBV DNA Intermediate — 2 risk factors — 55%

High — 3 or more risk factors — 28%

for patients treated with inferior anthracycline-based regimens. In recent years, a
new prognostic index has been developed to more accurately predict patient
outcomes.

Kim et al. retrospectively reviewed 527 newly diagnosed patients who received
non-anthracycline-based treatments, with the goal of developing a prognostic scor-
ing system. Four factors (age over 60, stage III/IV disease, distant lymph node
involvement, and non-nasal disease) correlated with overall and progression-free
survival. These factors were used to develop the prognostic index of natural killer
lymphoma (PINK) and are shown in Table 10.2. Patients are grouped into one of the
three following groups: low-risk disease with no risk factors, intermediate-risk with
one risk factor, or high-risk with two or more risk factors. The 3-year overall sur-
vival rates for these groups were 81%, 62%, and 25%, respectively [24].

In this study, having a detectable EBV titer was also found to be a prognostic
factor for overall survival. The PINK-E model incorporates detectable EBV titer
along with the other four risk factors. Patients are divided into three groups: low-
risk with one risk factor, intermediate-risk with two risk factors, and high-risk with
three or more risk factors. Both models have been validated and are endorsed by the
National Comprehensive Cancer Network guidelines. In the future, as therapy
options increase and novel agents are introduced, these prognostic models may
influence treatment algorithms [24].

Novel Treatment Options for Advanced Disease

For the management of advanced ENKTCL, asparaginase-based chemotherapy is
the recommended frontline therapy. Novel agents are currently being investigated in
the relapsed and refractory setting with promising results. These therapies include
immunotherapy, Janus-associated kinase (JAK) inhibitors, monoclonal antibodies,
pan-class I phosphoinositide 3-kinase (PI3K) inhibitors, and histone deacetylase
inhibitors. Given the rarity of ENKTCL and lack of a standard efficacious treatment
regimen for those with relapsed or refractory disease, all patients should be evalu-
ated for clinical trials. In this section, novel agents and ongoing clinical trials will
be reviewed. A proposed algorithm for management of ENKTCL in both the front-
line and relapsed/refractory section will conclude the chapter.
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Immunotherapy

Immunotherapy enhances the immune system to fight cancer. Targeted therapies
such as checkpoint inhibitors of the programmed death ligand 1 (PDL1) and chi-
meric antigen receptor T (CART)-cell therapy are two forms of immunotherapy
under active investigation for ENKTCL. PDLI binds to the PD1 receptor on T
cells which provides a mechanism for ENKTCL to evade T-cell targeting.
ENKTCL expresses PDL1 in 50-80% of tumor cells and infiltrating immune
cells, while expression of PD1 is less robust [25, 26]. ENKTCL is characterized
by EBV infection, and chronic EBV infection suppresses T-cell cytotoxicity by
upregulating PDL1 [27]. Pembrolizumab, a PDL1 inhibitor, which is approved for
many solid and hematologic malignancies, is considered an attractive treatment
strategy for ENKTCL.

A retrospective study of seven patients who received pembrolizumab after dis-
ease progression on asparaginase-based regimen was recently published [28].
Pembrolizumab was given at 2 mg/kg every 3 weeks. All patients were male with a
median age of 49 years. The majority of patients (six out of seven) had stage IV
disease prior to receiving pembrolizumab. Two of the seven patients had received
allogeneic stem cell transplant. Clinical, radiographic, morphologic, and molecular
parameters were followed to assess response. All patients had an objective response,
and five patients remained in a complete remission after a median follow-up of
6 months. Pembrolizumab was well tolerated. PDL1 expression was found to cor-
relate with treatment responses [28].

Researchers at the Mayo Clinic are currently recruiting patients for a phase II
study investigating the efficacy of nivolumab for patients with relapsed or refractory
disease. Nivolumab will be given every 14 days for up to eight cycles. Patients who
respond will continue therapy every 28 days for up to 24 cycles. The primary out-
come measure is the proportion of complete or partial responses assessed according
to the revised Lugano Classification Response Criteria (ClinicalTrials.gov Identifier:
NCTO03075553). Another area of active investigation includes cellular
immunotherapy. A phase II trial is underway to evaluate the efficacy of autologous
EBV-specific T cells in relapsed/refractory ENKTCL (ClinicalTrials.gov Identifier:
NCT01948180).

JAK Inhibitors

As previously detailed in Sect. I, the JAK/STAT pathway is an active oncogenic
pathway in ENKTCL. Approximately 35% of all ENKTCL patients have somatic
mutations in the JAK3 gene which lead to constitutive activity of the JAK/STAT
pathway. Currently, several centers are recruiting patients for a phase II study of
ruxolitinib, a JAK inhibitor, in those with relapsed or refractory T- or NK-cell lym-
phoma. Patients will receive ruxolitinib at a dose of 20 mg twice daily for 28-day
cycles. The primary outcome measure is objective response rate (ClinicalTrials.gov
Identifier: NCT02974647).
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Monoclonal Antibodies

CD38 is a transmembrane protein with expression in several hematologic malignan-
cies. The clinical data of 94 patients with ENKTCL was reviewed by Wang et al., and
showed that 95% of patients expressed CD38, but half (n = 47) had strong expression
of CD38. Further strong expression of CD38 was an independent adverse prognostic
feature [29]. In 2016, Hari et al. published a case report using daratumumab, a mono-
clonal antibody which induces apoptosis of CD38 expressing cells, in a patient with
refractory ENKTCL [29]. The case report described a 56-year-old female with relapsed
advanced stage ENKTCL who was treated with SMILE chemotherapy. After complet-
ing chemotherapy, she went on to receive an allogeneic stem cell transplantation but
relapsed within 1 month. Five months following transplant, she was noted to have
persistent disease with positive plasma PCR for EBV DNA and received single agent
daratumumab at a dose of 16 mg/kg given on a weekly basis. EBV DNA titers increased
by a factor of ten during the first 4 weeks of daratumumab treatment, but PCR became
undetectable by week 6. She achieved a complete clinical, molecular, and radiographic
remission which was sustained at 21-week follow-up. This case report has prompted
clinical trials investigating the role of monoclonal antibodies in ENKTCL [27].

PI3K Inhibitors

Latent membrane protein (LMP) 1 is an oncoprotein essential for EBV-driven lym-
phomas and leads to the activation of signaling pathways which include nuclear
factor kB and phosphoinositide 3-kinase (PI3K) [30]. PI3K inhibitors such as copan-
lisib are currently being studied in relapsed/refractory ENKTCL [31]. Copanlisib is
FDA approved for patients with relapsed follicular lymphoma who have failed two
prior lines of systemic therapy. It has great promise for a wide range of malignancies
from ENKTCL to stage IV cholangiocarcinoma. A phase I/II multicenter study
incorporating PI3K inhibitors into the treatment for relapsed/refractory ENKTCL is
expected to start recruiting in the near future. Patients will receive copanlisib in
combination with gemcitabine. The primary outcome measures are to determine the
maximum tolerated dose, dose-limiting toxicities, and the objective response rate.

Histone Deacetylase Inhibitors

In 2017, Zhou et al. investigated chidamide, an oral histone deacetylase inhibitor, in
ENKTCL cell lines. Two cell lines were exposed to varying concentrations of chi-
damide, and proteins involved in multiple signaling pathways were measured using
Western blot. Chidamide was found to suppress cell proliferation in a dose- and
time-dependent manner. PCR was also employed to measure expression of EBV
genes. Chidamide induced expression of lytic phase EBV genes. This novel agent
had various antitumor effects via multiple signaling pathways [32].



176 M. B. Seegars and Z. S. Lamar

Histone deacetylase inhibitors are being investigated in multiple phase I and II
clinical trials. For instance, a phase II trial investigating panobinostat is underway
for patients with relapsed or refractory non-Hodgkin lymphoma. Another promising
study is the multicenter phase II trial of panobinostat and bortezomib in patients
with relapsed/refractory peripheral T-cell lymphoma or ENKTCL (ClinicalTrials.
gov Identifier: NCT00901147).

Summary of Treatment Approach

The management of ENKTCL is evolving with many promising novel agents cur-
rently under investigation in clinical trials. Frontline management is dependent on
stage and subtype. Figure 10.2a, b provides a summary of the standard treatment

Concurrent
chemoradiation
(VIPD or DeVIC)

Sandwich
type chemoradiation
P {LVP or GELOX}

Stage I/ll nasal

Sequential
chemoradiation
Frontline {m-SMILE}
Management for —
ENKTCL
SMILE

Extra-nasal type,
Stage llI/IV nasal f—— AspaMetDex
type

P-GEMOX

If complete
response, SCT

Asparaginase-based evaluation.

chemotheraphy if not

received prior If no response,

clinical trial

Relapsed/Refractory evaluatoin
ENKTCL

If prior theraphy with
asparaginase-based
chemotherapy

Clinical trial
evaluatoin

Fig. 10.2 (a) Treatment algorithm for localized, advanced, and extra-nasal ENKTCL. VIPD eto-
poside, ifosfamide, cisplatin, and dexamethasone; DeVIC dexamethasone, etoposide, ifosfamide,
and carboplatin; LVP asparaginase, vincristine, and prednisone; GELOX gemcitabine, oxaliplatin,
and L-asparaginase; SMILE methotrexate, ifosfamide, etoposide, dexamethasone, and pegaspara-
ginase; AspaMetDex L-asparaginase, methotrexate, and dexamethasone; P-GEMOX pegasparagi-
nase, gemcitabine, and oxaliplatin. (b) Treatment algorithm for relapsed/refractory ENKTCL. CR
complete response, SCT stem cell transplant
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approach. The role of autologous and allogeneic stem cell transplantation remains
controversial. In general, if patients with advanced disease achieve a complete
remission with frontline chemotherapy, stem cell transplantation should be consid-
ered. In the relapsed and refractory setting, patients should be evaluated for clinical
trials. Current therapies being investigated include immunotherapy, JAK inhibitors,
immunomodulators, PI3K inhibitors, and histone deacetylase inhibitors.
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Chapter 11 )
Anaplastic Large Cell Lymphoma

Check for
updates

Austin Kim and Eric Jacobsen

Introduction/Epidemiology

Peripheral T-cell lymphomas (PTCLs) make up around 10-15% of all adult non-
Hodgkin lymphomas (NHL) and, in most circumstances, have a worse prognosis
than B-cell NHL. Primary systemic anaplastic large cell lymphoma (ALCL) is the
second most common PTCL subset in North America and comprises about 2% of
all adult non-Hodgkin lymphomas (NHL) [1]. ALCL has a bimodal peak in age at
presentation with an initial peak in the childhood/adolescent years and a second
peak around the age of 60. It has a male predominance with a male to female ratio
as high as 3:1 in young patients [2].

The four distinct subsets of ALCL include anaplastic lymphoma kinase-positive
(ALK-positive) ALCL, anaplastic lymphoma kinase-negative (ALK-negative)
ALCL, breast implant-associated ALCL, and primary cutaneous ALCL. This chap-
ter will only focus on primary systemic ALK-positive and ALK-negative ALCL.
The ALK gene is located on chromosome 2p23, and ALK-positive ALCL is most
commonly associated with a t(2;5)(p23;q35) chromosome translocation causing the
ALK gene on chromosome 2 to fuse with the NPM (nucleophosmin) gene on chro-
mosome 5 although other partner translocations do occur. The NPM-ALK fusion
gene encodes the NPM-ALK hybrid protein thought to play a key role in lympho-
magenesis [3].
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Clinical Presentation

Systemic ALCL presents similarly to other aggressive lymphomas with rapidly pro-
gressive lymphadenopathy and “B” symptoms: fevers, drenching night sweats, and
unintentional weight loss in almost 60% of patients. Nearly two-thirds of patients
present with advanced stage disease and/or extranodal involvement of the bone,
skin, liver, bone marrow, and lung. The overall risk of central nervous system
involvement is 2-6% [4]; however ALK-positive ALCL patients with >1 extranodal
site of involvement have been reported to have a higher cumulative risk of 17% at
1 year [5]. ALK-positive ALCL constitutes approximately 50% of cases and is more
common in young patients than ALK-negative ALCL (median age at diagnosis 34
versus 58) [6].

Diagnosis, Staging, and Workup

Excisional or incisional biopsy of a lymph node or affected tissue is preferred to
establish the diagnosis of ALCL. Core needle biopsy should only be used if an inci-
sional/excisional biopsy is contraindicated. Fine-needle aspirate is inadequate to
make the diagnosis. Classically, ALCL histology shows “hallmark cells,” large cells
with eccentric, horseshoe-shaped nuclei with prominent nucleoli and a prominent
pale cytoplasm with paranuclear hof (Fig. 11.1). Mature T-cell markers such as
CD3, CD4, CD5, and CD7 are variably expressed on ALCL, and it can have a “null”
phenotype with no surface T-cell markers. CD30 is universally expressed in ALCL
though its function is unclear. ALCL can be confused with Hodgkin lymphoma or
primary mediastinal B-cell lymphoma as these entities also have high-level CD30
expression. However, CD15 and Pax5 are commonly expressed in Hodgkin lym-
phoma but not in ALCL, and CD20 and other B-cell markers are expressed in PMBL
but not ALCL. ALK is variably expressed in ALCL but never in Hodgkin lym-
phoma or PMBL. The lack of clinical or radiologic evidence of systemic involve-
ment and epithelial membrane antigen (EMA) positivity can be helpful in
distinguishing systemic ALCL from primary cutaneous ALCL [7]. Pathology
should always be reviewed by an experienced hematopathologist.

ALK-positive ALCL has a rearrangement of the ALK gene that can be reliably
detected by FISH or cytogenetics, but positive staining for ALK is sufficient to
make the diagnosis. ALK-negative ALCL lacks ALK protein expression and does
not have a rearrangement of the ALK gene [8]. However, in the updated 2016 WHO
classification of lymphoid neoplasms, up to 30% of ALK-negative ALCL have
t(6;7)(p25.3;932.3), DUSP22-IRF4 rearrangement, and 8% have rearrangements in
TP63 that are mutually exclusive with DUSP22 rearrangements [9]. Staging and
workup of ALCL is similar to other lymphomas and includes either PET/CT scan
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Fig. 11.1 Anaplastic large cell lymphoma, classical variant. Large, anaplastic lymphoma cells
with prominent nucleoli are seen in cohesive clusters. Characteristic “hallmark cells” with
horseshoe-shaped nuclei and perinuclear hof are present (arrows). Hematoxylin and eosin, 50x
magnification. (Photo credit: Elizabeth A. Morgan, MD., Brigham and Women’s Hospital.
Assistant Professor, Harvard Medical School)

(preferred) without bone marrow biopsy or neck/chest/abdomen/pelvis CT with
contrast and bone marrow aspiration and biopsy.

Prognosis and Conventional Treatment Approach

The International Prognostic Index (IPI) score is one of the main prognostic indica-
tors despite the recent development of T-cell lymphoma-specific prognostic indices.
In ALCL, an IPI > 3 is associated with shorter overall survival [10]. ALK status of
the tumor is the other important prognostic factor in ALCL with ALK-positive
ALCL having an improved overall survival compared to ALK-negative ALCL. The
International Peripheral T-cell Lymphoma (IPTL) project, the largest retrospective
analysis of peripheral T-cell lymphomas, showed a 70% 5-year overall survival in
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ALK-positive ALCL compared to 49% 5-year overall survival in ALK-negative
ALCL, although patients with ALK+ ALCL and an IPI > 3 had an inferior progno-
sis [1]. There are also data to suggest that the improved outcome in ALK-positive
ALCL is limited to patients under the age of 40 with beta-2-microglobulin <3 [11].
DUSP22-IRF4 rearrangement, t(6;7)(p25.3;q32.3), involving the DUSP22 gene
and the FRA7H fragile site, is associated with a favorable prognosis in ALK-
negative ALCL, similar to outcomes seen in ALK-positive ALCL. However, TP63
rearrangement on 3q28 in ALK-negative ALCL is associated with an inferior prog-
nosis, with a 5-year overall survival rate of 17% [12].

For decades, standard first-line therapy for ALCL included an anthracycline-
based combination chemotherapy regimen, CHOP (cyclophosphamide, doxorubi-
cin, vincristine, prednisone) with or without etoposide (CHOEP). In general,
patients <60 years old benefited from CHOEP, whereas patients >60 years old
received CHOP induction therapy based on retrospective data from the German and
Swedish study groups showing improved event-free survival (EFS) and PFS in
patients under the age of 60 receiving CHOEP compared to CHOP [13, 14].
However, recently published data from the ECHELON-2 trial, a randomized phase
III study in untreated CD30-positive peripheral T-cell lymphomas comparing bren-
tuximab vedotin (BV), an antibody-drug conjugate of an anti-CD30 monoclonal
antibody linked to the anti-microtubule agent monomethyl auristatin E (MMAE),
and cyclophosphamide, doxorubicin, and prednisone (CHP) to CHOP, suggests that
BV + CHP should be the new standard frontline therapy in both ALK-positive and
ALK-negative ALCL [15]. The primary endpoint of the study, median PFS, was met
with 48.2 months in the BV + CHP arm versus 20.8 months in the CHOP arm.
Overall survival was improved in the BV + CHP arm compared to CHOP with a
hazard ratio (HR) 0.66, p = 0.024. Based on these data, BV + CHP was FDA
approved in November 2018 for previously untreated systemic ALCL and other
CD30-expressing peripheral T-cell lymphomas.

Radiation therapy (RT) can be considered for patients with early stage (stage I/
II) ALCL, preferably in combination with chemotherapy. Three or four cycles of
BV + CHP followed by RT are acceptable in patients who cannot tolerate six cycles
of chemotherapy. However, abbreviated chemotherapy followed by RT cannot be
recommended for all early stage ALCL. Six cycles of BV + CHP are recommended
for most early stage ALCL patients. Patients with early stage ALCL who achieve a
partial response (PR) after chemotherapy and patients with advanced stage ALCL
with localized residual disease who are not transplant candidates can also be consid-
ered for consolidation with RT. Consolidative RT following six cycles of chemo-
therapy is not recommended due to lack of evidence showing PFS or OS benefit.

Consolidation with high-dose chemotherapy and autologous stem cell transplant
(HDT/ASCT) in first complete remission (CR1) is considered for patients with a
high risk of relapse, generally ALK-positive patients >40 years old with an IPI
score > 3 and most ALK-negative patients, particularly those with IPI score > 2
[10]. Patients with relapsed or refractory ALCL generally receive second-line sal-
vage therapy. Patients who attain a complete remission and are candidates for stem
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cell transplantation should be considered for autologous SCT (if not performed in
CR1) or allogeneic SCT (if the patient had a prior autoSCT).

Novel Agents in the Relapsed Setting

The only novel agent that is approved by the US FDA specifically for the treatment
of relapsed/refractory ALCL is brentuximab vedotin (BV), based on the pivotal
phase II multicenter trial of BV in relapsed/refractory ALCL. Single-agent BV had
an overall response rate (ORR) of 86% with a 57% complete response (CR) rate
[16]. After 5 years of follow-up, 14% of patients treated with BV alone for up to
1 year remained in a sustained remission without ASCT or subsequent anticancer
therapy [17]. The main toxicities of BV include neutropenia, peripheral sensory
neuropathy, thrombocytopenia, and anemia. The combination of a high response
rate, favorable toxicity profile, and ease of outpatient administration has led BV to
be the preferred second-line therapy in ALCL. Despite this excellent efficacy, the
role for BV in the second-line setting will now change as it is used more frequently
in the frontline setting.

The ALK inhibitors, crizotinib and ceritinib, are approved by the US FDA for the
treatment of ALK-positive metastatic non-small cell lung cancers (NSCLC).
Therefore, there has been interest in using these agents in the treatment of other
ALK-positive tumors, such as ALCL. Crizotinib was the first ALK inhibitor avail-
able for clinical use and is an oral small-molecule tyrosine kinase inhibitor of ALK,
MET, and ROS1. Nine out of nine patients with ALK-positive ALCL who had failed
at least one previous line of combination chemotherapy obtained a CR with single-
agent crizotinib. Two-year progression-free survival (PFS) was 63.7%, and 2-year
overall survival (OS) was 72.7%. Two of the ALK-positive ALCL patients who
relapsed while on crizotinib had their tumors evaluated in vitro and were found to
have mutations in the NPM/ALK kinase domain that were thought to confer resis-
tance to crizotinib [18]. Caution must be used when interrupting crizotinib therapy
for ALK-positive ALCL; there are reports of abrupt relapse within 3 weeks of dis-
continuing crizotinib in ALK-positive ALCL patients in CR for over 3 years on
crizotinib [19].

Ceritinib is a second-generation ALK inhibitor that is approximately 20 times
more potent than crizotinib in vitro and is active in ALK-positive NSCLC patients
who progressed on crizotinib. The ASCEND-1 trial included three patients with
relapsed ALK-positive ALCL. Two out of the three patients achieved CR, while the
third patient achieved a partial response (PR) with 95% reduction in maximal tumor
volume. All three patients had durable responses ranging between >20 and
>26 months [20].

Pralatrexate, romidepsin, and belinostat are all approved by the US FDA for
relapsed/refractory ~ peripheral ~ T-cell ~ lymphoma (PTCL), including
ALCL. Pralatrexate is an antifolate analog that is actively transported into malig-
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nant cells by RFC-1 and decreases intracellular concentrations of thymidylate and
purines, leading to errors in DNA replication and apoptosis. The international phase
IT PDX-008 study in 109 patients with relapsed/refractory PTCL, of which 17
patients had ALCL, showed a 27% ORR and 9% CR or CR, unconfirmed rate [21].
The primary side effects of pralatrexate were mucositis and thrombocytopenia.
Romidepsin is a histone deacetylase inhibitor (HDAC) that induces acetylation of
histones and other proteins, resulting in antitumor activity by growth arrest, cellular
differentiation, and apoptosis. The international phase II trial of romidepsin leading
to US FDA approval in 2011 in relapsed/refractory PTCL included 130 patients, 22
patients with ALCL, and ORR was 25% with CR rate 15% [22]. A single institution,
phase I trial of pralatrexate in combination with romidepsin showed an ORR 71%
and CR rate 29% in 14 patients with relapsed/refractory PTCL, of which 3 patients
had ALK-negative ALCL [23]. However, this combination is not recommended out-
side of a clinical trial.

Belinostat is another HDAC inhibitor thought to inhibit all zinc-dependent
HDAC enzymes. The international phase II (BELIEF) trial of belinostat in 120
patients with relapsed/refractory PTCL included 15 patients with ALCL, and
showed a 26% ORR and 11% CR rate [24]. Results from this study led to the US
FDA approval in 2014 for belinostat in relapsed/refractory PTCL. Bendamustine is
anitrogen mustard alkylating agent commonly used in frontline therapy for indolent
B-cell non-Hodgkin lymphomas. Bendamustine was studied in a phase II trial
(BENTLY trial) in relapsed/refractory PTCL and found to have an ORR 50% though
responses were short-lived [25].

Ongoing Clinical Trials

The combination of ceritinib and BV is in a phase I/II trial for frontline treatment of
ALK-positive ALCL [26]. Lenalidomide is an immunomodulatory agent and tha-
lidomide analog that is FDA approved for use in multiple myeloma, myelodysplas-
tic syndrome with deletion 5q, and relapsed/refractory mantle cell lymphoma.
Lenalidomide in addition to the HDAC inhibitor romidepsin is in a phase II trial for
previously untreated PTCL, including ALCL [27].

There are more ongoing clinical trials in the relapsed/refractory setting for ALCL
with novel agents that have different mechanisms of action from those mentioned
previously. Duvelisib is a dual phosphoinositide-3-kinase (PI3K)-6 and PI3K-y
inhibitor. PI3K-8 and PI3K-y are necessary for adaptive and innate immunity and
thus play an important role in hematologic malignancies. PI3K-y is particularly
important in T-cell proliferation and development. Single-agent duvelisib had a
response rate of 50% in a phase I/II trial [28]. A larger phase II study of duvelisib in
relapsed/refractory PTCL is planned. A second PI3K-&y inhibitor, tenalisib, has
also shown encouraging activity in a small number of patients in a phase I/II trial
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[29]. Additionally, duvelisib in combination with romidepsin or bortezomib is cur-
rently in a phase I/II trial for relapsed/refractory PTCL [30]. Bortezomib is a small-
molecule proteasome inhibitor that has limited single-agent activity in PTCL but
may provide synergy with other agents.

Onalespib (AT13387) is a small-molecule inhibitor of HSP90 (heat shock pro-
tein 90), a molecular chaperone participating within multifactor complexes to stabi-
lize client proteins and prevent ubiquitination and proteasomal degradation.
Inhibition of HSP9O0 results in dissociation of the client proteins from the chaperone
complex resulting in proteasomal degradation [31]. Onalespib is currently in a
phase II trial for transplant-ineligible patients with relapsed ALK-positive ALCL
following progression on BV [32].

Ruxolitinib is an oral Janus-associated kinase (JAK) inhibitor that is currently
approved by the FDA for myelofibrosis and polycythemia vera. JAKI and JAK2
mediate signaling of cytokines responsible for hematopoiesis and immune function.
JAK1 and JAK3 mediate signaling of signal transducers and activators of transcrip-
tion (STAT) to cytokine receptors that leads to modulation of gene expression and
survival of T- or NK-cell lymphomas, among other tumors. Increased signaling
through the JAK/STAT pathway is common in PTCL, particularly ALCL, and can
occur with or without defined mutations in the pathway. In fact, intact signaling
through this pathway is necessary for lymphomagenesis even in the presence of
JAK/STAT mutations. Ruxolitinib monotherapy is in a multicenter phase II trial for
relapsed/refractory T-cell or NK-cell lymphomas, and the pan-JAK inhibitor tofaci-
tinib may also be active [33]. SYK, though not typically expressed in normal T
cells, is expressed in >90% of PTCL and is important in TCR signaling. A phase II
trial of the SYK inhibitor fostamatinib in PTCL was stopped early when O of the
first 17 patients responded. The SYK/JAK/TYK?2 inhibitor cerdulatinib has shown
promising early phase activity in PTCL though the full activity of this agent and its
relative efficacy compared to JAK inhibitors alone remains to be defined [34].

Immunotherapy with checkpoint inhibitors, monoclonal antibodies binding to
the programmed cell death-1 (PD-1) receptor or programmed death ligand 1 (PD-
L1) to restore antitumor T-cell function, has been FDA approved for treatment of
several solid tumor subtypes as well as relapsed classical Hodgkin lymphoma. The
anti-PD-L1 antibody, avelumab, and anti-PD-1 antibodies, nivolumab, pembroli-
zumab, and durvalumab, are all being studied as monotherapy in phase II trials to
evaluate response rates in relapsed or refractory PTCL [35-37]. These checkpoint
inhibitors are also being combined with other agents with the hope of improving
efficacy and response rates. For example, the anti-PD-1 antibody, pembrolizumab,
will be combined with the antifolate analog, pralatrexate, and a hypomethylating
agent, decitabine, in relapsed/refractory PTCL [38]. However, preclinical data sug-
gests that PD-1 may be a haploinsufficient tumor suppressor in PTCL, and therefore
PD-1 inhibitors may worsen PTCL as evidence by case reports of explosive disease
in adult T-cell leukemia/lymphoma (ATLL) patients treated with the PD-1 inhibitor
nivolumab [39, 40].
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Promising Early Phase/Preclinical Agents

ALRN-6924 is a stapled peptide that reactivates p5S3-mediated tumor suppression
by inhibiting the two primary p53 suppressor proteins murine double minute 2
(MDM2) and murine double minute X (MDMX). Preclinical data of ALRN-6924
showed tumor growth suppression, p5S3-dependent cell cycle arrest, and apoptosis in
an MDMX-/MDM2-overexpressing wild-type p53 xenograft model and is currently
in a multicenter phase II trial for relapsed/refractory PTCL [41].

ADCT-301 (camidanlumab tesirine) is an antibody-drug conjugate (ADC)
comprised of an anti-CD25 monoclonal antibody conjugated to a pyrrolobenzodi-
azepine (PBD) dimer toxin. CD25 is a protein expressed primarily on activated T
cells, forming part of the IL-2 receptor complex that conveys growth and immu-
nological signals from outside into the cell. Once ADCT-301 binds to a CD25-
expressing cell, it is internalized, and enzymes release the PBD toxin where it
binds in the minor groove of DNA and forms DNA interstrand cross-links that
cause cell death. In a phase I study of ADCT-301 that included relapsed/refractory
PTCL, ORR was 33% [42].

Recommended Treatment Approach for Frontline
and Relapsed Disease

Based on the new ECHELON-2 data, BV + CHP is recommended as frontline ther-
apy for ALK-positive and ALK-negative ALCL. High-risk patients in CR1 follow-
ing induction chemotherapy should still be considered for consolidation with
high-dose chemotherapy and autoSCT. Generally, this includes ALK-positive
patients >40 years old with an IPI score > 3 and most ALK-negative patients but
particularly those with IPI score > 1.

Patients with relapsed or refractory ALCL generally receive second-line salvage
chemotherapy to attain a complete remission in preparation for an autologous SCT
if they are transplant-eligible. The preferred second-line salvage regimen has been
brentuximab vedotin (BV) due to its high efficacy, outpatient administration, and
reasonable side effect profile, but with BV now approved for frontline therapy, other
salvage regimens such as GDP (gemcitabine, dexamethasone, cisplatin), DHAP
(dexamethasone, high-dose cytarabine, cisplatin), and ICE (ifosfamide, carboplatin,
etoposide) will be used more frequently. GDP is our cytotoxic salvage regimen of
choice given its outpatient administration, favorable toxicity profile, and similar
overall response rate compared to DHAP.

For relapsed/refractory ALCL, patients who are transplant-ineligible due to age
and/or comorbidities, BV is still the preferred second-line agent due to the reasons
listed above.

Crizotinib is a reasonable second- or third-line option for patients with ALK +
ALCL. Ceritinib can be reserved for progression on crizotinib as responses to ceri-
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tinib have been seen in ALK-positive non-small cell lung cancer following progres-
sion on crizotinib. For ALK-negative ALCL patients who do not respond to BV or
GDP, other agents approved for relapsed/refractory PTCL can be used such as pra-
latrexate, romidepsin, and belinostat. Finally, we reserve allogeneic stem cell trans-
plant for patients who are medically fit and relapse following previous autoSCT,
have a partial remission (PR) after second-line therapy, or require several lines of
therapy at relapse to achieve CR.
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Introduction: Classic Enteropathy-Associated T-Cell
Lymphoma and Monomorphic Epitheliotropic Intestinal
T-Cell Lymphoma

Enteropathy-associated T-cell lymphoma (EATL) and monomorphic epitheliotropic
intestinal T-cell lymphoma (MEITL) are two forms of T-cell lymphoma that primar-
ily present in the intestine. In 2016, the diagnoses of EATL and MEITL were for-
mally distinguished by the World Health Organization Classification of Tumors of
Hematopoietic and Lymphoid Tissues based on histopathology and immunopheno-
type [1] (see Table 12.1). Antecedent to this, clinical series of EATL and MEITL
were often referred to as EATL which can make the interpretation of historical data
challenging.

EATL, formerly known as EATL type 1 or classic EATL, is strongly associated
with a history of celiac disease and is the more common form of enteropathy-
associated T-cell lymphoma in North America and Northern Europe where the prev-
alence of celiac disease is high (relative to Asia). Histologically, EATL is observed
to have a large cell, pleomorphic cytology. The malignant cells are positive for CD3,
CD7, and CD13 and negative for CD4 and CD5 and have variable expression of
CDS. They often carry a clonal rearrangement of TCRp [2]. For a more detailed
discussion of the pathologic features of EATL, please see section on “Pathology.”

Based on clinical presentation, EATL can be further classified into two sub-
groups: primary and secondary EATL. Primary EATL develops without a preceding
history of celiac disease; patients often present emergently with perforation or
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Table 12.1 Comparison of EATL and MEITL

EATL MEITL

Immunohistochemistry | Positive for CD3, CD103 Positive for CD3, CD8, CD56,
Negative for CD4, CD5, cytoplasmic expression of SYK

CD8 Negative for CD4, CD5, CDS8, CD30
May be positive for CD30

Relation to celiac Associated with history of | Not associated with history of celiac

disease celiac disease disease

Racial distribution More common in More common in Asian and non-
Caucasians Caucasian population

Mutational JAKI, STAT3, SOCS1 STATBS, SETD2, JAK3

predominance

obstruction, leading to the diagnoses of both EATL and celiac disease. In secondary
EATL, patients have known celiac diseases that are well-established or refractory
(see section “Celiac Disease and Refractory Celiac Disease”).

Monomorphic epitheliotropic intestinal T-cell lymphoma (MEITL), formerly
known as EATL type 2, is now formally distinguished from EATL given its unique
histopathology and clinical course. It forms about 10-20% of all cases of
enteropathy-associated T-cell lymphoma. It is less strongly associated with celiac
disease and is more common in Asia, where the prevalence of celiac disease is low,
with studies strongly suggesting that intestinal T-cell lymphomas affecting Asian
patients might be predominantly MEITL [3]. MEITL is characterized by expression
of CD3+, CD8+, and CD56+ and lack of expression of CD4. It often carries a clonal
TCRp [2, 4, 5]. For a more detailed discussion of the pathologic features of MEITL,
please see section on “Pathology.”

Epidemiology

Enteropathy-associated T-cell lymphomas make up less than 1% of non-Hodgkin
lymphomas and 5.4% of all T-cell lymphomas [5, 6]. Incidence of EATL is 0.10—
0.14/100000 per year [7]. Approximately two-thirds of cases of intestinal/
enteropathy-associated T-cell lymphomas are EATL and one-third represent
MEITL. In Northern Europe, EATL makes up approximately 80% of cases of
enteropathy-associated T-cell lymphomas [5]. The average patient with EATL pres-
ents in the sixth decade with some studies reporting a male predominance (61-74%)
and others suggesting a nearly equal gender distribution [5—-8]. The Asia Lymphoma
Study Group, reporting on the analysis of 38 patients with MEITL, found that men
were affected twice as frequently as women, with a median age of 59 [3].

The prevalence of EATL varies geographically; a study of a cohort of 62 patients
with EATL among 1153 patients with peripheral T-cell lymphoma (PTCL) from 22
centers found the highest frequency in Europe (9.1%), followed by North America
(5.8%) and then Asia (1.9%) [5]. Another institution-based study of 74
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enteropathy-type T-cell lymphoma cases in Taiwan showed an 8.1% frequency [9].
Indeed, it now appears that most cases of enteropathy-type lymphoma in Asian
countries, where there is a low prevalence of celiac disease, such as Japan, China,
and Taiwan, are in fact MEITL [3, 10-12].

The disease incidence differs by race as well. A study using the Surveillance,
Epidemiology, and End Results (SEER) database and the National Cancer Database
(NCDB), the two largest public cancer databases in the United States, compared the
incidence of EATL by self-reported race. In the years 2000-2010, the overall age-
adjusted incidence rate of EATL in the United States was 0.111 per 1,000,000.
Asians/Pacific Islanders had a higher incidence rate (0.236) compared with other
races (Caucasian (0.101), African American (0.107), American Indian/Alaska native
(0.128)) [13].

Celiac Disease and Refractory Celiac Disease

EATL is a neoplastic complication of celiac disease, which is a chronic gluten-
sensitive enteropathy more prevalent in patients with European ancestry. Those with
refractory celiac disease, defined as failure to respond to at least 12 months of a
gluten-free diet, are at higher risk of EATL. Refractory celiac disease can be further
subclassified as refractory celiac disease 1 or 2, on the basis of histological findings.
Refractory celiac disease 1 features villous atrophy despite adherence to a gluten-
free diet, and though it has increased populations of intraepithelial lymphocytes,
they are still phenotypically normal. Refractory celiac disease 2 is characterized by
a clonal expansion of abnormal intraepithelial lymphocytes lacking the normal sur-
face markers.

Refractory celiac disease 2 is strongly associated with the development of
EATL. It has been reported that 60—80% of patients with refractory celiac disease 2
will develop EATL within 5 years [3]. The time from the diagnosis of celiac disease
to the development of lymphoma can range widely between months and years [14].
Those with refractory celiac disease 1 had a 5-year survival between 80% and 96%,
but those with refractory celiac disease 2 had a 5-year survival of only 40-58%.
Those with refractory celiac disease 2 who developed EATL had the worst progno-
sis, with a 5-year survival of 8-20% [15].

There is evidence that adherence to a gluten-free duet can reduce the risk of
intestinal lymphomas. In a large Italian registry that studied complications in 1757
patients with celiac disease over 3 years, the morbidity ratio associated with the
development of intestinal lymphoma dropped from 6.42 to 0.22 with adherence to a
strict gluten-free diet [16]. However, at least one study found continued persistent
risk of non-Hodgkin’s lymphoma, both T-cell and B-cell types, in patients with
celiac disease, despite a gluten-free diet. These patients also have been demon-
strated to have an increased risk of small intestinal adenocarcinoma, esophageal
cancer, and melanoma [17].
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Diagnosis
Clinical Presentation

Many patients with both EATL and MEITL present with abdominal perforation or
obstruction requiring emergent treatment, as well as symptoms associated with such
complications, including pain, nausea/vomiting, weight loss, anorexia, and fatigue
[7, 18]. In one study, more than a third of patients diagnosed with these intestinal
lymphomas required enteral or parenteral feeding [6]. Other common presenting
symptoms are diarrhea and B-symptoms (fever and night sweats) [19, 20]. Most
patients present with reduced performance status (ECOG > 1) due to acute abdomi-
nal symptoms and/or chronically poor nutritional status (caused by both malabsorp-
tion and hypermetabolism) [18, 21].

Regarding lab values, a majority of patients present with anemia and hypoalbu-
minemia, likely due to malnutrition. Elevated LDH values and elevated CRP are
also common owing to the aggressive nature of enteropathy-associated lymphoma
[6, 7, 19]. Hemophagocytic lymphohistiocytosis (HLH) has been reported in several
studies occurring at presentation or later on in the disease course of both EATL and
MEITL, which carries a very poor prognosis [22-25].

A significant proportion of patients present with disseminated disease, with the
most common sites of involvement being the bone marrow, lung, mediastinal lymph
nodes, and liver [23]. CNS involvement is rare at presentation but may be the only
site of relapse and carries poor prognosis [18, 26, 27]. There are unusual cases of
patients with EATL presenting with eosinophilia, Sweet’s syndrome, cavitating
mesenteric lymph node syndrome, and subacute polyradiculopathy [28-32].

In contrast to EATL, where the small bowel is almost always the primary site
(due to its origin from pre-existing celiac disease), MEITL might involve any part
of the gut as well as multiple extraintestinal sites [33]. Additionally, several studies
report patients with MEITL presenting with isolated large bowel or stomach lesions,
a phenomenon that is exceedingly rare in EATL [3, 33]. At the time of relapse,
patients with MEITL may have multiple extraintestinal metastases, commonly in
the thorax and central nervous system [34]. There are cases of MEITL presenting as
pleural effusions, pyoid ascites, cutaneous deposits, chronic diarrhea, and bilateral
ovarian masses [35-41].

Differential Diagnosis

Differential diagnoses that must be considered include refractory celiac disease,
B-cell lymphomas, indolent T-cell lymphoproliferative disease, extra-nodal NK/T--
cell lymphoma, gamma-delta T-cell lymphoma, anaplastic large cell lymphoma,
malignant melanoma, and tumors of histiocytic origin [42]. Notably, patients with
celiac disease are more likely to be diagnosed with B-cell non-Hodgkin lymphoma
or lymphomas of non-intestinal origin than with EATL or MEITL [43].
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In particular, there are two indolent lymphoproliferative processes of the GI tract
that can be mistaken for EATL: (1) indolent T-cell lymphoproliferative disease of
the gastrointestinal tract and (2) NK-enteropathy. Neither of these disorders typi-
cally requires or responds to systemic therapy, and both typically follow an indolent
course [44].

Pathology

Histologically, EATL is observed to have a large cell, pleomorphic cytology, and the
cells are positive for CD3, CD7, and CD13 and negative for CD4 and CD5 and have
variable expression of CD8 and TCRf [2]. A significant majority of EATL are
CD30+, with 2 studies finding positivity in 25/25 cases and 12/14 cases respectively
[4, 23]. Most patients with EATL have the genotype HLA-DQA1x0501 and
DBQ:0201 and they more commonly have 1q32.2-q41 and 5q34-q35.2 gains [45,
46]. A limited study of eight EATL cases found recurrent mutations in JAK1(50%)
and STAT3 (25%), but no SETD2, STAT5B or JAK3 mutations. H3K36 tri-
methylation is generally preserved [47].

In contrast, MEITL is characterized by atypical T-cells that express CD3, CDS8,
and CD56 and are negative for CD4. They can be clonal for TCRp+ [2, 4, 5]. This
cytotoxic T-cell phenotype differentiates MEITL from EATL histologically.
Furthermore, MEITL is rarely positive for CD30 and has a predominance of CD8
and CD56 [1, 4].

Patients with MEITL more commonly have chromosome 8q24 gains and less
commonly 1q and 5q gains. The tumor suppressor gene SETD2 has been found to
be recurrently silenced in EATL. A study of 15 MEITL samples found SETD?2 inac-
tivation in 93% of cases [47]. Additionally, the JAK-STAT pathway was the most
frequently mutated pathway, with mutations in STAT5SB (60%) as well as JAK1,
JAK3(46%), STAT3, SOCS1, and SH2B3 (20%) [47, 48]. Mutations in KRAS,
TP53, BRAF, and TERT have also been observed [47, 49].

A recent study found that the cytoplasmic expression of spleen tyrosine kinase
(SYK) seemed to be a distinctive marker for MEITL [46]. In contrast, both MEITL
and EATL predominantly express ZAP-70 (92.5% and 96%, respectively). In addi-
tion, the composition of the T-cell receptor (TCR) was found to be different between
MEITL and EATL. MEITL was predominantly found to have a positive TCR phe-
notype (85% cases). In contrast, EATL demonstrated a clonal TCR in 35% cases.

Work-Up

Though most EATL patients obtain a diagnosis from surgical pathology specimens
taken during emergency laparotomies, there are times when radiologic and endo-
scopic procedures are helpful [6, 15].
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18F-fluorodeoxyglucose positron emission tomography ("*F-FDG PET) is pre-
ferred to CT scans for work-up; in general, the majority of lesions of EATL and
MEITL are hypermetabolic [33, 50]. In a study of 38 patients, 'SF-FDG PET, when
compared to CT alone, had better sensitivity, particularly for extra-nodal disease
[50]. Nevertheless, up to 8% of cases may not demonstrate FDG avid lesions [19].

As an adjunct to PET, magnetic resonance enterography (MRE) is able to detect
EATL confined to the epithelial layer of the bowel wall as well as assess response to
treatment. The diagnostic accuracy of MRE in detecting refractory celiac disease 2
or EATL is approximately 90% [15].

Prognosis and Prognostic Factors

The 5-year overall survival of 62 patients with “enteropathy-type PTCL” identified
in the International PTCL Project (ITCP) was only 20% [5]. Similarly, in the pub-
lished data from the Swedish Lymphoma Registry, among 68 patients with EATL,
the 5-year overall survival (OS) and progression-free survival (PFS) was 20% and
18%, respectively [51].

A large tumor size of >5 cm at diagnosis, a non-ambulatory condition, elevated
serum LDH, and elevated CRP were adversely correlated with OS and PFS. Disease
stage (3 or 4), age >60 years, and IHC markers (CD8, CD56, CD30, or TIA1) did
not correlate with OS and PFS [5].

Another study from the Netherlands, by Nijeboer et al., analyzing a total of 61
patients with EATL (30 in the setting of refractory celiac disease, 31 with EATL and
occult celiac disease diagnosed at presentation) found that the overall 5-year sur-
vival was only 10% [19]. In general, patients with EATL diagnosed in the setting of
refractory celiac disease had worse median overall survivals (4 vs. 14 months). In
this study, the median overall survival was found to be 7.4 months with 1- and
5-year overall survival rates of 40% and 11%, respectively. It is important to note
that 10 of the 61 patients could not be treated due to poor clinical status or advanced
disease. These patients who were not candidates for systemic therapy had a particu-
larly poor prognosis with a median survival of 10 days. Other series have replicated
similar findings [6, 52]. Patients with EATL in the setting of refractory celiac dis-
ease had higher rates of relapse in 5 years after achieving a complete remission (CR)
(60% vs. 40%). IPI score significantly correlated with the rate of CR to initial ther-
apy but did not affect relapse risk afterward.

In series where patients were treated with combination chemotherapy with the
intent to pursue an autologous transplant in first remission, the median survival and
progression-free survival of patients with EATL mimics those of other T-cell lym-
phomas. In the Nordic study, the largest prospective multicenter trial of CHOP with
etoposide (CHOEP) followed by ASCT in peripheral T-cell lymphoma, 21 patients
had EATL. On an intent to treat basis, those with EATL fared similarly to those with
PTCL-NOS and AITL with a 5-year PFS and OS of 38% and 48%, respectively.
This demonstrates that for patients who are fit to receive chemotherapy with EATL,
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prognosis is likely superior to those who were not candidates for systemic,
anthracycline-based therapy. Unfortunately, a large fraction of patients with EATL
are diagnosed in the setting of refractory abdominal pain, nutritional deficiencies,
and recent abdominal surgery, which makes the overall prognosis for this disease
worse than other types of T-cell lymphoma.

Prognostic indices used for aggressive lymphomas such as the International
Prognostic Index (IPI) and the Prognostic Index for PTCL (PIT) have not shown as
much prognostic stratification in EATL. A retrospective multicenter study based on
92 patients with EATL in the Netherlands, England, and Scotland found a new and
validated prognostic model that better stratifies patients according to survival out-
comes [20]. Interestingly, the presence of B symptoms (defined as a fever with
temperature of >38 °C (100.4 °F) and/or night sweats) was found to be a strong
adverse predictor for overall survival. The new EATL prognostic index (EPI), com-
posed of IPI variables and the presence of B-symptoms, stratifies patients into three
risk groups, (A) a high-risk group, characterized by the presence of B-symptoms,
irrespective of IPI score (median overall survival of 2 months); (B) an intermediate-
risk group, comprising patients without B-symptoms and an IPI score >2 (7 months);
and (C) a low-risk group, representing patients without B-symptoms and an IPI
score of 0—1 (34 months). In contrast with the IPI and PIT, the EPI better classified
patients in risk groups according to their clinical outcomes.

Regarding the prognosis and prognostic factors for MEITL, the largest analysis
to date is of 38 patients with MEITL from the Asia Lymphoma Study Group [3].
The overall median survival was only 7 months (range 0.5—-108 months) and median
PFS was 1 month (range 0—42 months). Ten of the thirty-eight patients were not
able to initiate therapy with chemotherapy, and these patients had a median survival
of 1 month from diagnosis. In contrast, patients who achieved remission and went
on to transplants had superior outcomes (OS 26 vs. 67 months; disease-free-survival
7 vs. 38 months). The only other factors found to impact outcomes were good per-
formance status, defined as ECOG of 0 or 1 (OS improved, PFS unchanged), and
the ability to receive and respond to initial chemotherapy (OS and PFS improved).

Conventional Treatment Approach

There is no established standard treatment for EATL/MEITL owing to the rarity of
the disease and a lack of high-quality randomized controlled trials. Most of the data
comes from case reports, single-institution studies, and sub-analyses of larger stud-
ies in which only a handful of patients with EATL/MEITL are included.

It must be noted that a significant proportion of the patients present in poor nutri-
tional status due to their chronic celiac disease or because they present with an
obstruction or perforation. After undergoing the first therapeutic procedure, which
is generally de-bulking surgery, many patients are unable to proceed with further
therapy. In 1 study, 5 out of 62 patients could not undergo any treatment due to their
poor performance status at diagnosis [5]. As discussed earlier, this subset of patients



198 S. Teja and N. Mehta-Shah

with very low performance status must be kept in mind when looking at outcomes
from prospective studies or series of more aggressive treatment strategies for which
these patients would likely not have been eligible [52].

As mentioned earlier, often patients’ first treatment is surgical de-bulking.
Unfortunately, surgery might delay the start of chemotherapy, especially in cases
with surgical complications, poor wound healing, or worsening post-op poor perfor-
mance status [15]. Early surgical complications include leakage at the anastomotic
site with resulting sepsis. Later complications include stenosis at the anastomotic
site. Mortality is higher when the procedure is done emergently.

With regard to systemic therapy, the CHOP regimen is the most widely used with
an overall 5-year survival rate of 9-22% [6, 7, 53-55]. Other chemotherapy regi-
mens that have been used are BACOP (bleomycin, doxorubicin, cyclophosphamide,
vincristine, and prednisone), ProMACE-MOPP (prednisone, doxorubicin, cyclo-
phosphamide, etoposide, mechlorethamine, vincristine, and procarbazine), VAMP
(vincristine, doxorubicin, high-dose methotrexate, and prednisolone), PEACE-
BOM (prednisolone, etoposide, doxorubicin, cyclophosphamide-bleomycin, vin-
cristine, and methotrexate), CHOEP (CHOP with etoposide), EPOCH-ICE
(etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin-ifosfamide,
carboplatin, and etoposide), MACOP-B (methotrexate, doxorubicin, cyclophospha-
mide, vincristine, prednisone, and bleomycin), and CHOP-ESHAP (Table 12.2).
Intestinal perforation is not uncommon following chemotherapy and can occur even
after multiple prior cycles. The few remissions that were observed, two with com-
plete remission and three with partial remissions, were short-lived with only two

Table 12.2 Upfront chemotherapeutic options in enteropathy-associated T-cell lymphomas

Median
Overall response | survival in
No. of Type of rate %/complete | months
Reference |Study type |patients | chemotherapy response rate % (range)
[7] Retrospective | 54 CHOP, 32/32 7 (0-140)
CHOP-derived
[6] Retrospective | 31 CHOP, VAMP, 58/32 7.5 (0-83)
PEACE-BOM
[61] Retrospective | 24 CHOP, BACOP, Unk/Unk 10 (0-196)
ProMACE-MOPP
[63] Retrospective | 10 CHOP Unk/50 5(1-12)
[62] Retrospective | 1 Hyper-CVAD 100/100 34 (Unk)
[64] Prospective |23 CHOP Unk/35 7 (Unk)
[63] Prospective | 10 CHOEP 60/30 7 (2-16)

BACOP bleomycin, doxorubicin, cyclophosphamide, vincristine, prednisone; CHOP cyclophos-
phamide, doxorubicin, vincristine, prednisone; CHOEP CHOP plus etoposide; Hyper-CVAD
cyclophosphamide, vincristine, dexamethasone, methotrexate, cytarabine; PEACE-BOM prednis-
olone, etoposide, doxorubicin, cyclophosphamide-bleomycin, vincristine, methotrexate;
ProMACE-MOPP prednisone, doxorubicin, cyclophosphamide, etoposide, mechlorethamine, vin-
cristine, procarbazine; Unk unknown; VAMP vincristine, doxorubicin, high-dose methotrexate,
prednisolone
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patients alive at a median follow-up of 7 months [56]. Even when patients responded
to a regimen, the remissions were not durable. In another study by Gale et al. of 31
patients in the United Kingdom, out of 19 patients who responded to initial therapy,
15 relapsed at a median of 6 months with 12 relapsing at small bowel sites [6].

Using the ability to receive anthracycline-containing combination chemotherapy
as a practical surrogate for treatment with curative intent, data from the International
T-cell Project show that ~20% of those who received anthracycline-containing che-
motherapy were alive and failure-free at 2 years, whereas none among those who
could not receive such therapy were alive without progression at 1 year [52]. It is
important to note that chemotherapy cannot be given to about 50% of newly diag-
nosed patients due to their poor performance status; a further 50% of patients who
initiate chemotherapy are unable to complete it. Only 35—40% of patients who com-
plete the full course of chemotherapy achieve a CR [6, 53, 56, 57]. Interestingly,
some patients survived more than 1 year despite failing to attain CR [19].

The role of consolidation with an autologous transplant in first remission is con-
troversial, as are other dose-intensified strategies. A large multicenter clinical trial
was done by the Nordic Lymphoma Group (NLG-T-01) evaluating the efficacy of
induction treatment (six cycles of CHOEP) followed by ASCT in newly diagnosed
PTCL that contained 21 patients with EATL [58]. The 5-year OS and PFS values for
patients with EATL were 48% and 38%, respectively. In another study, the Scotland
and Newcastle Lymphoma Group (SNLG) performed a prospective study of 54
patients with EATL and found an overall median PFS of 3.4 months and overall
survival of 7.1 months [7]. In the study, 26 patients were tried on a pilot regimen of
intensive chemotherapy, IVE (ifosfamide, etoposide, epirubicin) with high-dose
methotrexate (MTX), followed by ASCT, and this group had significantly improved
outcomes (5 year PFS of 52% and OS of 60%) compared to the historical group of
patients treated with conventional anthracycline-based chemotherapy. In another
promising report, six patients with EATL were treated with intensive chemotherapy
(IVE plus high-dose MTX) followed by ASCT resulting in five CRs and one PR;
two patients relapsed at 2.5 and 20.5 months, but four patients remained in complete
remission for 22-52 months [59]. Similarly, results of studies by the European
Society for Blood and Marrow Transplantation (EBMT) and by Sieniawski et al.
suggest that ASCT could be a curative approach in the majority of EATL patients
who receive high-dose therapy in first CR or PR [7, 60]. While these results are
pooled from small series, the results are favorable when viewed in comparison to
historical data. These data provide hope that intensive chemotherapy followed by
ASCT in eligible patients may lead to a durable remission.

On the other hand, studies like the retrospective analysis of patients with EATL
by Nijeboer et al. found that even though transplanted patients had the best outcomes
(1- and 5-year overall survival rates of 100% and 33%, respectively), some of these
patients relapsed within 1-2 months posttransplant [19, 61].

For MEITL, the largest existing series consists of 38 patients retrospectively
analyzed by the Asia Lymphoma Study Group [3]. Thirty one patients (86%) had
surgical resection either due to an emergent presentation or the need for a histologic
diagnosis. Afterward, due to poor general condition, eight could not receive further
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chemotherapy, and two could only receive steroids. Out of the 26 patients (72%)
who could receive chemotherapy, the overall response rate was 46%, and 10
achieved a complete remission. The two most common regimens were anthracycline-
based and L-asparaginase-based, but choice of regimen did not affect the overall
response rate. Five patients were able to proceed to a transplant after chemotherapy,
and all were still alive at the time of publication (overall survival 26-67 months,
disease-free survival 7-38 months). There are case reports of patients with MEITL
with long remissions following ASCT [62].

There is no standard second-line chemotherapy for relapsed/refractory patients,
and clinical trials should be strongly encouraged. In a retrospective single-center
analysis of 19 patients with EATL undergoing second-line chemotherapy, 3 patients
achieved a complete remission lasting 4, 7+, and 64+ months with 2 patients having
no evidence of disease. The regimens used were ifosfamide, carboplatin, and etopo-
side (ICE); fludarabine and cyclophosphamide (FC); dexamethasone, cisplatin, and
cytarabine (DHAP); and cladribine as a single agent [63]. Non-chemotherapy
options have primarily been extrapolated from relapsed/refractory PTCL (see sec-
tion on “Novel Treatments”). These include standard salvage chemotherapies, his-
tone deacetylase inhibitors, lenalidomide-based therapies, and brentuximab vedotin.
A multi-institutional retrospective series of patients who underwent allogeneic
transplant in T-cell lymphoma contained five patients with EATL or MEITL [64].
Of these patients, who were deemed to be candidates for transplant, 40% were dis-
ease free at 2 years from transplant.

Novel Treatments

It is clear that better treatments for patients with EATL are needed. In particular,
given the poor performance status of many patients with EATL, identification of
well-tolerated nontraditional chemotherapeutic agents that can be incorporated into
frontline therapies will be an important component of improving therapy for these
patients. As it is hard to recruit patients owing to the rarity of EATL, most trials
enroll patients with a range of diagnoses and very few studies focus exclusively on
patients with EATL.

Targeting CD30+

Brentuximab vedotin (BV) is an antibody drug conjugate which targets CD30, a
transmembrane glycoprotein. BV is FDA-approved for use in anaplastic large cell
lymphoma, Hodgkin lymphoma, and CD30+ mycosis fungoides, which are all char-
acterized by CD30 positivity. Most cases of EATL express CD30 on a proportion of
tumor cells making BV a promising agent. Adverse events are also tolerable with
peripheral neuropathy being most frequently reported [65]. It must be noted that
MEITL is rarely CD30+ and thus would likely require an alternative treatment.
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In a case report, a 64-year-old man with EATL had a complete remission with
eight cycles of BV (1.8 mg/m? every 3 weeks for four cycles, then 1.0 mg/m? there-
after due to the resulting neuropathy) after failing CHOP, ICE, gemcitabine and
vinorelbine, and romidepsin [66]. In another case, a patient was started on BV after
relapsing 8 months after completion of CHOP therapy [67]. His disease was con-
trolled for 18 cycles.

Brentuximab-based therapy is being evaluated as a single agent or combination with
other therapies. For example, there is a current study of BV in combination with
nivolumab (NCT02581631), open to patients with recurrent EATL. Additionally, there
are other studies thatare currently open that allow patients with EATL (e.g., NCT02588651,
NCT03217643, NCT03113500). Furthermore, patients with EATL were eligible for
ECHELON-2 which is a randomized, double-blinded study of CHOP compared to
BV-CHP (cyclophosphamide, doxorubicin, prednisone) (NCT01777152). We look for-
ward to these results to inform us about the use of BV in this patient population.

Histone Deacetylase Inhibitors

Histone deacetylase (HDAC) plays multiple roles in cancer pathogenesis, targeting
signaling pathways regulating cellular processes involved in cancer-cell differentia-
tion, proliferation, migration, and survival. The principal mode of action is thought
to be the mediation of posttranslational modifications of various histone and nonhis-
tone proteins. Inhibitors of HDAC (HDAC:) induce acetylation of histones, upregu-
late expression of tumor suppressor genes, and cause cell cycle arrest. HDACI, in
particular, has higher expression in PTCL, suggesting a sensitivity to HDAC inhibi-
tors [68]. Examples of HDAC inhibitors are romidepsin, vorinostat, belinostat, and
panobinostat. These are promising agents for EATL because of the many mutations
in chromatin modifying genes in the disease.

Romidepsin is an HDACi approved by the FDA in 2011 for treatment of PTCL. In
a phase 2 study of single-agent romidepsin in patients with relapsed/refractory
PTCL and CTCL, the one enrolled patient with EATL had a PR lasting 8§ months
[69]. Other early trials seem to suggest that romidepsin in combination with other
agents would have higher efficacy than single-agent romidepsin. Romidepsin has
been, or is currently being, investigated in patients with PTCL in various combina-
tions, including with ICE, liposomal doxorubicin, lenalidomide, gemcitabine, pra-
latrexate, bortezomib, and azacitidine [70, 71].

Two patients with EATL were included in the registration study of belinostat, a
pan-HDAC!H, and one achieved a clinical response [72].

PI3K Inhibition

Phosphoinositide-3-kinases (PI3K) are crucial in cell signaling, and they regulate
multiple cellular functions. The PI3K-6 and PI3K-y isoforms are important to the
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growth and survival of certain T-cell malignancies, and inhibition of PI3K is a thera-
peutic strategy for PTCL and CTCL. Duvelisib is an oral inhibitor of PI3K-6 and
PI3K-y that has proven efficacious in various trials for PTCL [73, 74]. In the phase
1 study of duvelisib, a CR was seen in the one patient with EATL [75]. Another
promising trial is ongoing testing duvelisib in combination with either romidepsin
or bortezomib in relapsed/refractory PTCL including EATL (NCT02783625).

Proteasome Inhibitors

Preliminary data in EATL shows an increased expression of NF-KB target genes,
likely resulting in upregulation of NF-KB activity in EATL cells. Bortezomib is a
proteasome inhibitor that inhibits NF-KB activity and can induce apoptosis by
upregulating the pro-apoptotic BH3-only protein Noxa. In a study by De Baaij
et al., it was found that expression of Noxa was significantly downregulated in
EATL cells compared to healthy donor samples [76]. Bortezomib resulted in induc-
tion of apoptosis in all the EATL samples tested, which was shown to be due to
upregulation of Noxa. Therefore, bortezomib has been studied as a single agent and
in combination with agents such as duvelisib (see section “PI3K Inhibition™).

Immunomodulatory Agents

Lenalidomide is a thalidomide analog that acts by inhibition of vascular endothelial
growth factor (VEGF), activation of NK cells and T lymphocytes, and modulation
of various cytokines [77]. Through these mechanisms, it is able to target both neo-
plastic cells and the tumor microenvironment. A Canadian phase 2 study of 39
patients with systemic T-cell lymphoma, including 2 patients with EATL, reported
aresponse rate of 26% [77]. Unfortunately, the two patients with EATL did not have
an evaluable response. Trials of lenalidomide, as monotherapy or in combination
with other regimens, are ongoing in PTCL (e.g., NCT02561273).

Targeting CD52

CD52 is an antigen present with minimal expression in the most common PTCL
subtypes [78]. Alemtuzumab, a humanized monoclonal antibody against CD52, has
been tried in patients with PTCL with some success. In a trial of alemtuzumab plus
CHOP, the sole patient with EATL initially achieved a complete response but then
died of progressive disease shortly thereafter [79]. There is a case report of a patient
with EATL responding to alemtuzumab, but no data from large prospective trials is
available to date [80].
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Checkpoint Inhibitors

Nivolumab, a human IgG4 anti-PD-1 monoclonal antibody that works as a check-
point inhibitor, has already been approved in multiple solid tumors and relapsed/
refractory Hodgkin lymphoma. Trials are ongoing in PTCL, which include EATL
(e.g., NCT03075553). The efficacy of checkpoint inhibitors in EATL and MEITL
remains unknown.

Other Agents

PEG-asparaginase is a modified enzyme that has been evaluated successfully in
case reports and is part of a regimen being trialed for PTCL, including EATL (e.g.,
NCT03071822) [81].

Syk inhibitors are currently being tested clinically and has shown efficacy in a
phase 2 study in patients with relapsed/refractory B-cell malignancies [82].
Overexpression of Syk has been shown in PTCL with inhibition of Syk inducing
apoptosis and blocking proliferation in T-cell lymphomas [83, 84]. Given the over-
expression of Syk in MEITL (see section on ‘“Pathology”), this is a promising path-
way to target in future studies of MEITL.

Recommended Treatment Approach for Frontline
and Relapsed Disease

There is no standard of care for patients with MEITL and EATL given the rare
nature of the disease. Given the relatively poor performance status of these patients
at the time of diagnosis, which is often complicated by nutritional deficiencies,
history of celiac disease, and recent surgeries, therapeutic decisions regarding ini-
tial management can be complicated. It is our approach to initiate cytotoxic,
anthracycline-based chemotherapy as soon as allowable. As many patients are
diagnosed in the setting of bowel obstructions requiring surgery, close communi-
cation with the surgeons, nutritional support, and pathologists is critical. If the
patient is a candidate for an appropriate clinical trial, a clinical trial is our pre-
ferred upfront approach. Given the favorable outcomes demonstrated by the
Nordic Lymphoma Group, we favor using CHOEP for initial therapy with consid-
eration of consolidation with an autologous stem cell transplant [58]. In selected,
fit, younger patients, one may consider the Newcastle regimen as an upfront
approach [7]. Based on the status of the GI tract at the time of diagnosis, one may
consider omitting vincristine in cycle 1. The results of patients with EATL in
ECHELON-2 may help inform future upfront therapy regarding the role of bren-
tuximab vedotin in this disease as well.
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In the relapsed/refractory setting, there is no standard approach. However, one
should consider allogeneic transplant for consolidation in patients who achieve
adequate disease control and are otherwise candidates for this approach.
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Chapter 13
Hepatosplenic T-Cell Lymphoma

Shekeab Jauhari and Matt McKinney

Introduction

Hepatosplenic T-cell lymphomas (HSTL) are exceedingly rare, accounting for
~1.4% of cases of peripheral T-cell or NK/T-cell lymphomas in the United States
and Europe [1]. To date, several hundred cases of hepatosplenic T-cell lymphoma
have been reported in the literature in single case reports and patient series. Using
cases reported in the SEER database, the calculated incidence of hepatosplenic
T-cell lymphoma in the United States was 1.8 cases per 100 million person-years in
2000 and had gradually risen to 15.2 cases per 100 million person-years by 2012
[2]. The median overall survival of patients in this report was 8.8 months and a
5-year overall survival rate of 14.6%, reflecting the high burden of disease-related
mortality [2].

Based on large epidemiologic reviews, particular clinical risk factors for the
development of hepatosplenic T-cell lymphoma have been identified. Approximately
18% of patients have immunocompromised status, characterized by a history of
autoimmune disease, solid organ transplantation, or hematologic malignancy, while
another 8% of patients have a history of inflammatory bowel disease and use of
immunosuppressants [2, 3]. The report of eight patients with inflammatory bowel
disease and concomitant use of infliximab who developed HSTL led the FDA to
issue a black box warning in August 2006 [4, 5]. Since then, it has been better appre-
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ciated that the risk of hepatosplenic T-cell lymphoma is higher in IBD patients using
thioguanines alone or in combination with anti-TNF agents, including infliximab
[2]. The risk of HSTL is higher in young males but is still a rare event; even in those
receiving the higher risk combination therapy, the risk of HSTL is estimated to
occur in 1:3000-1:7000 cases [6]. This risk of hepatosplenic T-cell lymphoma must
be balanced with the significant clinical benefit that may be derived from the use of
immunosuppressants in IBD.

Clinical Features

Hepatosplenic T-cell lymphomas are characterized by prototypical clinical features
and aggressive courses. Patients are usually young at the time of presentation, with
a median age of 23—42 years reported in the largest single-patient case series [7—
12]. Most are male, reported as 60-83% across these case series. African Americans
have been shown to have a higher incidence than other ethnic groups [2]. While
predisposing conditions for HSTL (autoimmune disease, prior organ transplanta-
tion, use of immunosuppression, or malignancy) are important, most patients do
not have these underlying risk factors [2, 3]. Disease-related morbidity in these
otherwise young, healthy individuals can lead to significant functional compro-
mise, with 38% of patients reported to have an ECOG performance status of 2—4 in
one series [12].

Characteristic patterns of organ involvement, signs, and symptoms have been
described among patients with HSTL [7-12]. Splenomegaly is a near-universal fea-
ture, identified in 95-100% of cases across patient series. Massive splenomegaly
(weight >1000 g, spleen tip >6 cm below costal margin) was identified in 76% of
patients in a series from MD Anderson Cancer Center (MDACC) [11]. Hepatomegaly
occurs in most patients, reported in 58—88% of cases [7—12]. Bone marrow involve-
ment has also been reported in approximately 70-100% of cases [7—12]. Median
bone marrow involvement in one series was reported at 30% among patients, typi-
cally featuring an interstitial and sinusoidal pattern involvement [11]. Notably,
lymphadenopathy is an uncommon feature, reported in only 0-25% of cases [7-12].
B symptoms are frequently observed, however, in up to 70-100% of patients. In our
experience with HSTL, we have noted intermittent fevers in the setting of lack of
documented infection, as well as elevated sedimentation rates and bouts of hypoten-
sion as a common presentation. It is possible that this constellation of symptoms
and inflammatory markers is related to tumor-related cytokine release; these find-
ings generally resolve with effective treatment.

The presence of specific laboratory abnormalities may further distinguish HSTL
from other lymphoma subtypes. Cytopenias are frequently observed: among patients
across series, thrombocytopenia has been reported in 61-95%, anemia in 71-88%),
and leukopenia in 43-58% [7-12]. The etiology of cytopenias in these patients
remains unclear. Splenomegaly is hypothesized to contribute, although cytopenias
appear to correspond with disease progression, even among patients with prior sple-
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nectomy [7]. While bone marrow involvement is common, infiltration is typically
low and does not appear to correspond with the degree of cytopenias observed.
Soluble factors elaborated by malignant lymphocytes, including IFN-y, may other-
wise mediate bone marrow suppression. Elevations of AST, ALT, or alkaline phos-
phatase are typically mild, observed in 38—71% of cases. Patients commonly present
with jaundice, with elevated bilirubin reported in 50% of patients in a single series
[7-12]. Other markers of inflammation are often elevated as well, including beta-2
microglobulin in 90% of patients in one series and LDH in 50-91% of patients
[7-12].

Other clinical features, including circulating disease, central nervous system
involvement, or other sites of extranodal spread, are infrequently reported in HSTL
[13]. Lymphocytosis is rare, observed in less than 10% of cases. Presentations mim-
icking acute lymphoblastic leukemia have been reported, with large populations of
blast-like cells found on bone marrow biopsy among patients with pancytopenia
[14, 15]. Hemophagocytic lymphohistiocytosis (HLH) also mimics the presentation
of HSTL, but the pathologic finding of hemophagocytosis is rare in the latter [13].
CNS involvement was reported in only one patient in a large, single-center retro-
spective series, while cutaneous involvement [16, 17] and other atypical presenta-
tions of pathologic phenotype or clinical presentation have been reported as case
reports or case series. Figure 13.1 summarizes radiologic, laboratory findings and
the clinical course of a patient who was treated for chemorefractory HSTL, and our
experience is that this case is representative of most HSTL patient experiences.

Approximately 20% of cases of hepatosplenic T-cell lymphoma feature clonality
of the af} T-cell receptor [12, 18]. The clinical, pathologic, and genetic features of
hepatosplenic aff T-cell lymphoma resemble the yd subtype [19]. In some series,
there is the suggested association of the af3 subtype with female gender and reduced
survival compared with the ¥ subtype, although it is unclear whether these are true
associations or reflect selective reporting.

The median time from onset of symptoms to diagnosis is 6075 days across
series [7—12]. The diagnosis of HSTL is often delayed, as the most common find-
ings, including hepatosplenomegaly, B symptoms, and thrombocytopenia, may
form a broad differential. This may include viral syndromes, primary liver disease,
or other hematologic malignancies, including myeloproliferative neoplasms or
acute leukemia. Splenectomy may lead to improvement in thrombocytopenia, lead-
ing to the mistaken diagnosis of immune thrombocytopenic purpura [7]. The
absence of lymphadenopathy in most cases and rarity of HSTL may also delay
consideration of lymphoma.

Diagnosis, Staging, and Workup

Due to the lack of extensive nodal involvement at presentation in HSTL cases, diag-
nostic samples are most often obtained via bone marrow aspirate/trephine samples
or liver biopsies. The neoplastic cells in HSTL are typically positive for CD3 and
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TCRd1, while TCRab is generally negative (although cases have been reported with
a CD3+ TCRab+ phenotype). Cells are variably positive for CD56 and CDS and are
typically negative for CD4 and CD5 [20]. Cytotoxic granules can be found in HSTL,
and often TIA1 or granzyme M is positive but negative for granzyme B and perforin
[21]. HSTL cell may exhibit staining for other markers found on mature nonacti-
vated cytotoxic T cells such as KIRs and CD94 [22]. Additionally, HSTL cells gen-
erally have rearranged TRG@ genes, consistent with a T-cell origin [22]. The most
frequent cytogenetic rearrangements found in HSTL include isochromosome 7q or
ring chromosome 7q with additional structural abnormalities, occurring in 30-50%
of cases, followed by trisomy 8 [23-26]. HSTL is not generally associated with
Epstein-Barr virus positivity or other oncogenic viruses [27].
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Conventional Treatment Approach

A variety of combination chemotherapy approaches have been utilized in the treat-
ment of hepatosplenic T-cell lymphoma. In the earliest patient series, CHOP or
CHOP-like regimens were reported as the most frequently used for induction treat-
ment. In one series, 12/19 or 63% of patients receiving one of these regimens had
clinical responses, including half with complete remissions [28]. In another series,
6/12 or 50% of patients receiving CHOP or CHOP-like regimens had responses,
with one complete remission reported [10]. More intensive chemotherapy regimens
have been used as well. In a series reported from MDACC, 15/27 patients received
HyperCVAD or HyperCVAD-like regimens for induction treatment [18]. On uni-
variate analysis, this was associated with a HR of 0.6 compared to other regimens
and trended toward significance with respect to overall survival. Platinum- and
cytarabine-containing regimens have also been utilized for induction treatment with
good effect. In a series from Memorial Sloan Kettering Cancer Center (MSKCC),
8/14 patients received ICE or IVAC for induction treatment, with 75% achieving
clinical responses and a 50% rate of complete remission [29]. In the same series,
4/14 patients received CHOP, with 3/4 (75%) achieving clinical responses but 1/4
(25%) achieving complete remission. Two thirds of patients who received ICE after
partial responses or disease progression with CHOP went on to achieve complete
remissions. Overall, this suggests that high proportions of patients may achieve
responses with induction chemotherapy. Further, more intensive combinations of
chemotherapy, including platinum- and cytarabine-containing regimens, may yield
higher responses than CHOP or CHOP-like regimens, but with limited data, no
single regimen or approach is clearly superior.

Other treatment approaches for HSTL have yielded variable success. Splenectomy
may allow for transient recovery of platelets, but does not provide for more mean-
ingful responses [7]. Pentostatin has been reported to yield complete remissions as
a single agent in case reports [30, 31]. Alemtuzumab, either with or without cladrib-
ine, has also been reported to yield complete remissions in case reports [32, 33].
Whether these agents should be utilized in novel combinations, their optimal
sequence of administration, and their efficacy relative to combination chemotherapy
for hepatosplenic T-cell lymphoma, remains unclear and warrants further
investigation.

Despite high rates of response with induction therapy, relapses occur often and
early and are a common cause of mortality. In one series, the median time to relapse
among patients achieving a complete response to induction therapy with CHOP or
CHOP-like regimens was 3—16 months [28]. In the same series, although all patients
received induction therapy, 17/21 or 81% of ultimately died of disease. Among
patients with partial responses, disease progression, or relapses after induction ther-
apy, intensified treatment may allow for further disease control, although this has
not been systematically evaluated [29].

Consolidative stem cell transplantation has allowed for the possibility of durable
remissions for a subset of patients with HSTL. In a series from MSKCC, patients
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achieving at least a partial response after chemotherapy went on to receive consoli-
dative stem cell transplantation. High-dose chemotherapy and autologous stem cell
transplantation were performed in four patients, with two achieving durable remis-
sions. Allogeneic stem cell transplantation was administered to eight patients, with
two patients relapsing and another two having transplant-related mortality [29]. In a
retrospective review performed by the European Society for Bone and Marrow
Transplantation Lymphoma Working Party, 25 patients receiving consolidative stem
cell transplantation were evaluated. With a median follow-up of 3 years, 5 of 7
patients relapsed after autologous stem cell transplantation, while 2 of 18 patients
relapsed after allogeneic stem cell transplantation, suggesting the utility of the latter
approach. In a separate review of 44 patients receiving allogeneic stem cell trans-
plantation, 35% of patients relapsed, but none were observed 1.5 years after trans-
plant. The estimated 3-year overall survival was 56%, while the cause of death was
non-relapse mortality in 68% and relapse in 32% [34]. Interestingly, disease status
at the time of transplant (whether complete or partial response) was not associated
with outcome. Overall, these reports suggest the utility of consolidative allogeneic
stem cell transplantation for this disease.

Novel Agents

Frontline Novel Agents With or Without Chemotherapy

As in other peripheral T-cell lymphoma entities, frontline treatment of HSTL gener-
ally employs agents found to be most active in B-cell lymphoma induction or sal-
vage treatment with or without novel molecularly targeted or immunotherapy
agents. Potential targeted agents with proven safety and efficacy when added to
chemotherapy backbone programs include histone deacetylase (HDAC) inhibitors
such as romidepsin [35-37] or belinostat [38] and immunomodulatory drugs such
as lenalidomide [39—42]. Ongoing studies utilizing such approaches may yield evi-
dence for this type of approach in HSTL and other PTCLs soon. It is unclear what
role novel agents may play when administered with frontline high-intensity chemo-
therapeutic strategies. Other agents such as mogamulizumab [43] or other novel
targeted agents or immunotherapy approaches may also prove useful in some HSTL
patients, but these approaches are untested in HSTL.

Novel Agents in the Relapsed Setting

Unfortunately, due to the rarity of HSTL, it is unclear how best to approach relapsed
or refractory HSTL. Based upon reports studying the biology of the disease, poten-
tial therapeutics of interest include ones targeting the SYK signaling access, IL-2
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signaling modulators including JAK-STAT or PI-3 kinase inhibitors, or dysregu-
lated epigenetic signaling in the disease.

In the initial report of microarray-based gene expression from Travert et al., Syk
overexpression was noted among HSTL samples as compared to normal control
y6-T cells, and treatment with a model Syk inhibitor effected cellular apoptosis in
cell line assays. Additionally, in this study, HSTL cells were found to be sensitive to
demethylase inhibitors in vitro, and it was postulated this may have been associated
with changes in expression of the epigenetic regulator AIM1 [44]. However, this
report showcased a small number of HSTL tumors (n = 9) and used the only known
patient-derived cell line representing HSTL [44].

Additional reports describing the results of targeted or whole-genome-/exome-
based approaches to discover driver genes in HSTL have additionally uncovered
potential targets for novel therapies in HSTL. STAT5B and STAT3 are frequently
mutated in HSTL [12, 45], and these genetic alterations occur in a constitutively
activating fashion, thus serving to produce autonomous or amplified JAK-STAT
signaling in HSTL cells. In the report by McKinney et al. documenting the genetic
landscape of mutations in HSTL, JAK-STAT and PI-3 kinase signaling mediators
were shown to be mutated frequently in HSTL with approximately 40% of cases
having an activating mutation in one of these genes. Gene mutations in these signal-
ing mediators appear to be activating based on experiments done in this and other
studies, and the pattern of mutations documented in HSTL suggests these altera-
tions may play an important role in producing constitutively active or amplified
receptor-based IL-2 signaling in HSTL cells [12].

In preclinical models, HSTL cells are dependent upon IL-2 for growth in vitro,
and STATS5B mutations appear to synergize with PI-3 kinase (PIK3CD gene) muta-
tions, thus creating the possibility of a synergistic approach using combination
JAK-STAT and PI-3 kinase inhibition. Indeed, using specific STATSB inhibitors in
combination with inhibitors specific for the d-isoform of PI-3 kinase appears to
synergistically suppress HSTL cell growth and may be an opportunity for clinical
translation using available agents such as ruxolitinib [46, 47] and idelalisib [12, 48].

Analysis of somatic mutations in HSTL has elucidated other potential synthetic
lethal targets. The histone-lysine methyltransferase SETD2 is mutated in more than
30% of cases of HSTL [12] (as well as enteropathy associated T-cell lymphoma [49,
50]) and, similar to mutation of JAK-STAT signal modifiers, is one of the most com-
mon genetic alterations in the disease. SETD2 mutations occur in a pattern sugges-
tive of causing gene loss of function (frequent biallelic mutations of stop gain
producing frameshift mutations are common). SETD2 loss in HSTL is thus frequent
and confirms a tumor suppressor role in these tumors; cancer cells may benefit from
SETD?2 loss via deregulation of cell cycle control and loss of response to DNA
damage/homologous repair among other mechanisms [51-56]. Interestingly,
SETD2-mutated cells may be vulnerable to WEEI1 inhibition or other synthetic
lethal strategies based upon loss of SETD2 and the alteration of myriad cellular
functions mediated by SETD2 including histone and actin methylation and down-
stream effects [57]. WEEI inhibitors such as AZD1775 are currently under clinical
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investigation in several different tumor types, and this may represent an opportunity
for a novel therapy in tumors with SETD2 as frequently occurs in HSTL.

Despite the progress in the molecular understanding of HSTL, few translational
studies have been initiated. The overall low incidence of HSTL as compared to
other lymphomas has limited the ability to create HSTL-specific clinical trial proto-
cols. Perhaps the development of HSTL-specific research consortia within academic
medical centers can help to study the clinical relevance of aberrant signaling path-
ways in HSTL. Similarly, the adoption of molecularly targeted approaches is lim-
ited given the sparse incidence of HSTL, unless cases are incorporated as part of
broader investigative efforts in PTCLs or other broader clinical trials.

Recommended Treatment Approach

Our standard approach is to use platinum- and cytarabine-containing chemotherapy
such as the dexamethasone, high-dose solumedrol, platinum regimen (DHAP), or
other similar regimens such as ESHAP [58] for frontline induction treatment of
HSTL with autologous or allogeneic transplant consolidation for patients who
achieve a good response and who are eligible. IVAC chemotherapy, or a metro-
nomic anthracycline-containing program with modifications such as the CALGB
10002 regimen [59] (dosed without rituximab), contains agents active against HSTL
and may have the advantage of alternating non-cross-resistant chemotherapy. With
initial treatment, responding patients often have rapid improvement or correction of
cytopenias and symptoms such as fever and hepatosplenomegaly. In responding
patients fit for intensive chemotherapy and consolidative transplant, we immedi-
ately refer for consideration of high-dose therapy with stem cell support, and our
preference is to recommend allogeneic transplant if feasible including dual umbili-
cal cord transplantation in patients that lack well-matched conventional donor
grafts. In patients that fail initial chemotherapy induction, we generally will try an
alternative non-cross-resistant cytotoxic chemotherapy regimen; however, HSTL
patients are often highly chemotherapy-refractory after failing cytotoxic agents and
initial responses to induction treatment can be transient. In the case of chemotherapy-
refractory disease, our approach is to try novel agents as off-label therapy to attempt
to achieve a response. In our experience, responses, including complete remissions,
have been reached with pralatrexate and other agents, and pralatrexate in combina-
tion with romidepsin [60] showed excellent activity and an acceptable toxicity pro-
file in a phase I/II study of PTCL cases including a few patients with HSTL. In
patients with CD52-expressing HSTL, we additionally consider alemtuzumab in
combination with cladribine or other chemotherapy agents as per small case reports
[32, 33, 61, 62]. Patients treated in such fashion that respond should then be recon-
sidered for hematopoietic stem cell transplantation-based consolidation treatments.

Other potential novel agents for off-label use in relapsed/refractory HSTL, based
upon studies of the molecular biology of the disease, could also be considered.
These include other epigenetic modifiers or targeted molecular agents that inhibit
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molecular pathways of interest in HSTL. JAK-STAT inhibitors such as ruxolitinib
or PI-3 kinase inhibitors such as copanlisib are in use for other hematologic malig-
nancies and may be useful as single agents or combination with other targeted small
molecule inhibitors or conventional chemotherapy for off-label compassionate use
outside of a clinical trial protocol.

Summary

HSTL is a rare lymphoma that often affects young adults. HSTL cases exhibit a dire
prognosis, even when compared to other T-cell lymphomas. Distinct from other
PTCL entities, HSTL exhibits a unique molecular/genomic phenotype that may be
utilized for improved diagnostic and treatment algorithms in the future. Currently,
while treatment algorithms applied to other lymphoma subtypes are used to treat
HSTL cases, the unacceptably poor outcomes with this approach confirms we need
new treatments in order to potentially stop this scourge.
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Chapter 14
Cutaneous T-Cell Lymphoma: Mycosis
Fungoides and Sézary Syndrome

Timothy J. Voorhees, Edith V. Bowers, Christopher R. Kelsey,
Yara Park, and Anne W. Beaven

Disease Overview

Cutaneous T-cell lymphomas (CTCLs) include a heterogeneous group of rare,
extranodal, non-Hodgkin lymphomas (NHLs), primarily defined by malignant
T-lymphocyte invasion of the skin. The clinical presentation ranges from a single
patch or plaque to erythroderma involving over 80% of the body or widespread
cutaneous tumors. They are almost always pruritic in nature, which can be associ-
ated with interrupted sleep, weight loss, and depression [1]. CTCL is a chronic
disease for which, in most instances, there is no cure; therefore, patients typically
require long-term therapy often with a combination of topical and systemic
medications.

The 2017 World Health Organization (WHO) classification of lymphoid neo-
plasms expanded the CTCL classification to include 13 distinct clinical entities
[2, 3]. Here we will focus on the most common: mycosis fungoides (MF) and its
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leukemic variant, Sézary syndrome (SS). The cutaneous CD30+ lymphoprolif-
erative disorders (primary cutaneous anaplastic large-cell lymphoma and lym-
phomatoid papulosis) are important to distinguish from MF but are not fully
addressed here.

Mycosis fungoides (MF) was first described in 1825 in a patient with diffuse
patches, plaques, and mushroomlike tumors of the skin [4]. Almost a century later,
Sézary and Bouvrain described a patient with generalized exfoliative erythroderma
and abnormal lymphoid cells in the blood, a condition that eventually became
known as Sézary syndrome [5]. It was not until 1975 that CTCLs were defined as a
distinct clinical entity rather than a cutaneous manifestation of systemic peripheral
T-cell lymphomas [6].

CTCLs are rare lymphomas with a reported annual incidence in the United States
of 5.6-6.4 cases per million persons [7]. It has been hypothesized that persistent
antigenic stimulation by allergens may be associated with the development of
CTCL, particularly MF [8], but epidemiologic studies have not shown a definitive
association between environmental exposures and MF [9-11]. However, MF/SS
incidence does increase with age with a median age at diagnosis in the mid-50s.
Males are affected almost twice as often as females, and there is a higher rate
observed in African Americans [7].

Immunopathogenesis

CTCL is characterized by clonal expansion of mature, tissue-resident T-cells. Upon
encountering an antigen, naive T-cells residing in lymph nodes draining from the
skin undergo clonal expansion and differentiation into a variety of effector and
memory T-cells. During this process, T-cells induce the expression of an E-selectin
ligand cutaneous lymphocyte antigen as well as a variety of chemokine receptors
(CCR4, CCRS8, CXCR6, CCRI10) necessary for migration to the skin [12—14].
Effector T-cells migrate to extranodal sites such as the skin, where a small subset of
differentiated T-cells will remain as tissue-resident memory cells (Try). While the
majority of T-cells undergoing clonal expansion differentiate into effector T-cells
and migrate to the skin, a subset of T-cells differentiate into central memory T-cells
(Tem), which retain the ability to access the peripheral blood via CCR7 and L-selectin
upregulation [15-17].

Immunophenotyping studies in patients with CTCL have shown that CTCL sub-
types arise from separate mature T-cell compartments. Previously, it was believed
that SS represented a transformation from MF; however, recent data with respect to
molecular expression and genomic alteration provides evidence to the contrary.
Biopsy samples from patients with MF have demonstrated clonal T-cell profiles
consistent with a Try phenotype, strongly expressing CCR4 and E-selectin ligand
cutaneous lymphocyte antigen [18]. In contrast to a Ty phenotype, patients with
SS, which is characterized by leukemic involvement, appear to express CCR7 and
L-selectin, resembling the phenotype of Tcy. This further supports the theory of
separate disease states arising from separate cells of origin. Further evidence sup-



14 Cutaneous T-Cell Lymphoma: Mycosis Fungoides and Sézary Syndrome 223

porting subtype-specific cell of origin can be found in gene expression profiling
with comparative genomic hybridization. There appears to be a strong discordance
with respect to genomic alterations when comparing MF to SS as well as cutaneous
anaplastic large-cell lymphoma [19, 20]. Given that disease subtypes within CTCL
may develop from specific and differing cells of origin, this may provide rationale
for differing clinical presentations, disease behavior, and response to therapy.

Clinical and Histopathologic Features

The diagnosis of MF/SS can be difficult to make and requires consideration of clini-
cal presentation plus histopathologic features. Given the variable clinical presenta-
tions, the differential diagnosis for these patients may include psoriasiform
dermatitides (e.g., psoriasis, pityriasis rubra pilaris, seborrheic dermatitis), spongi-
otic dermatitides (e.g., eczema, allergic contact dermatitis), infectious processes
(e.g., tinea), or drug eruptions [21]. Initially, limited skin involvement is often pre-
sumptively treated as eczema, psoriasis, or other inflammatory dermatitis based on
physical appearance. Even once MF is suspected, multiple biopsies are often
required to make a definitive diagnosis. The median time from onset of symptoms
to diagnosis of MF is approximately 4 years [22].

Mycosis Fungoides

Mycosis fungoides is the most common CTCL and represents approximately 50%
of cases. The majority of lesions present in relatively sun-protected locations (e.g.,
hip girdle, buttocks, skinfolds) [1]. Classic histopathologic findings for MF include
epidermotropism (lymphocytes present in the epidermis without spongiosis) as well
as formation of epidermal clusters of lymphocytes around Langerhans cells, termed
Pautrier microabscesses (Fig. 14.1a—c). Proving T-cell clonality is not essential to
establishing a diagnosis, however, detection of clonal T-cell receptors (TCRs) from
two different biopsy locations is specific for MF. Persistence of a TCR clone over
time (when comparing to past biopsy specimens) also strongly supports an MF
diagnosis. Immunophenotyping of biopsy samples commonly show an aberrant loss
of T-cell antigens such as CD2, CD3, CDS5, and CD7 [23, 24].

Although several clinical variants of mycosis fungoides have been described
(e.g., bullous, hypopigmented, or poikilodermatous MF), most have a similar
clinical behavior to classical MF. However, the WHO-EORTC classification rec-
ognizes three variants with distinct clinicohistopathologic features: folliculotropic
MF, pagetoid reticulosis, and the extremely rare granulomatous slack skin.
Folliculotropic MF is characterized by the presence of malignant T-cell lympho-
cyte tropism to dermal hair follicles. This variant commonly spares the epidermis,
which is typically involved in classical MF (Fig. 14.1d). The clinical presentation
is characterized by either grouped follicular papules, acneiform lesions, or indu-
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Fig. 14.1 (a) Intraepidermal lymphocyte with hyperconvoluted nucleus (arrow). Small- or
medium-sized, atypical lymphocytes showing nuclear hyperchromasia and epidermotropism are
diagnostic features of cutaneous T-cell lymphoma of the mycosis fungoides pattern. (hematoxylin
and eosin, 1000x). (b) Patch pattern of mycosis fungoides. Atypical T lymphocytes are present in
the papillary dermis and show epidermotropism with Pautrier abscess formation. The deeper der-
mis and subcutis are minimally uninvolved. (¢) Plaque pattern of mycosis fungoides. Atypical T
lymphocytes fill the papillary dermis and portions of the reticular dermis. Epidermotropism is typi-
cally present but may sometimes be minimal. (d) Folliculotropic cutaneous T-cell lymphoma.
Atypical, hyperchromatic T lymphocytes accumulate within the epithelium of hair follicles. Mucin
may also be visible in the follicular epithelium (follicular mucinosis). (e) The superposition of
accumulations of large atypical T-cells in a patient with mycosis fungoides is termed large-cell
transformation. The large cells account for 25% or more of the T-cells in the infiltrate. These large
cells sometimes are CD30 positive. (Photos courtesy of Paul Googe, MD)

rated plaques which preferentially involve the head and neck. The presence of
plaques involving the eyebrows with associated alopecia is highly specific for
folliculotropic MF. The 5-year overall survival (OS) has been found to be approx-
imately 70—-80%, which is worse than early-stage MF, and more consistent with
tumor-stage MF [25, 26].
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Pagetoid reticulosis describes localized patches or plaques with marked intraepi-
dermal proliferation of neoplastic T-cells. Lesions are often solitary and follow an
exceptionally indolent course with little to no risk of extracutaneous spread [2].
Pagetoid reticulosis should only be used to describe localized disease (Woringer-
Kolopp type), as generalized skin involvement should raise suspicion for a more
aggressive form of CTCL.

Granulomatous MF is a very rare subtype of MF characterized by diffuse infiltra-
tion of malignant T-cell lymphocytes throughout the entire dermis with perivesicular
granuloma formation. A minority of patients with granulomatous infiltration develop
granulomatous slack skin, characterized by progressive development of pendulous
lax skin with predilection for skinfolds, often in the axilla and groin [27-30].

Sézary Syndrome

Sézary syndrome is a rare, although clinically significant, variant accounting for
3-5% of CTCL cases. It has classically been defined by the presence of erythro-
derma, generalized lymphadenopathy, and neoplastic T-cells (called Sézary cells) in
the peripheral blood [31]. Morphologically, Sézary cells are described as large lym-
phocytes with grooved, lobulated, or cerebriform nuclei [32, 33]. Although previ-
ously thought to be a leukemic progression of MF, recent immunophenotyping and
genetic studies support that SS exists as a distinct disease process [18-20]. The typi-
cal immunophenotype of Sézary cells is CD3+, CD4+, and CD8—. Aberrant loss of
CD7 and CD26 has been found in up to 57% and 86% of cases, respectively. In
cases where both CD7 and CD26 lack expression, there is a high sensitivity and
specificity for SS [34-36]. The presence of Sézary cells is not diagnostic for SS
because small numbers of Sézary cells can be found in benign conditions such as
actinic reticuloid and drug-induced pseudolymphoma [37-39].

Diagnostic criteria for SS include an absolute Sézary cell count of 1000 cells/
mm?® in peripheral blood, a CD4/CDS ratio > 10, evidence of a T-cell clone in the
peripheral blood, and demonstration of a chromosomally abnormal T-cell clone
[40]. Although no minimum criteria must be met to confirm diagnosis, the WHO-
EORTC recommends at least establishing TCR clonality as well as one additional
criteria above prior to diagnosing SS [2].

Sézary syndrome has a poor overall prognosis. Median survival is 2—4 years with
a disease-specific 5-year survival rate of 24% [2]. Due to ineffective T-cell immu-
nity and significant immunosuppression with therapies, infection is a frequent cause
of death.

Staging, Risk Stratification, and Prognosis for MF/SS

Staging in CTCL uses a modified tumor, node, metastasis (TNM) classification sys-
tem [41, 42], which includes a fourth marker, the presence of circulating tumor cells
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in the blood, termed the B (blood) rating. Stage is determined at diagnosis. However,
the patient’s updated TNMB classification should be reported throughout treatment
to provide information about ongoing tumor burden and response to therapy [43, 44].

Recommended staging studies include physical exam with attention to type and
extent of skin disease as well as a thorough lymph node exam. Blood should be sent
for a Sézary cell count and/or flow cytometry. Computed tomography (CT) scans
and/or a fluorodeoxyglucose (FDG) positron emission tomography (PET) scan
should be performed in patients with nodal or blood involvement or > T2 skin dis-
ease. Lymph node biopsies should be performed if there is a node >1.5 cm in diam-
eter or that is firm, irregular, clustered, or fixed [43].

Skin Stage (T)

Tumor staging of MF is determined by extent of skin involvement, and, therefore, a
detailed complete skin exam is a requirement for appropriate staging. T1 is defined
as patches, plaques, and papules covering <10% of total body surface area (BSA).
T2 is defined as patches, plaques, and papules covering >10% of total BSA
(Fig. 14.1). These stages can be further stratified into T1a/T2a (patch only disease)
and T1b/T2b (plaque disease with or without patches) (Fig. 14.2a). Tumor-stage
disease (T3) is defined by the presence of at least one tumor >1.5 cm in diameter
(Fig. 14.2b). T4 disease is erythrodermic involvement of MF, affecting >80% of
BSA (Fig. 14.2¢) [43].

Patients with T1 disease at diagnosis have an excellent prognosis. The risk of
progression at 5 years is only 10% [45], and 10-year OS is similar to matched popu-
lation controls without MF [46]. In contrast, T4 stage at diagnosis correlates with
higher risk of disease progression (48% at 5 years) and lower 10-year OS of only
41% compared to normal controls (Table 14.1) [45, 46].

Node Staging (N)

Nodal staging is based on physical exam and pathologic staging. Peripheral lymph
nodes on physical exam that are firm, irregular, clustered, fixed, or >1.5 cm in diam-
eter [43] are considered abnormal. Palpable peripheral lymphadenopathy has been
shown in multiple studies to be an independent poor risk factor [47-49]. However,
the presence or absence of central lymph node enlargement is not included in N
staging. Biopsy of enlarged nodes will frequently demonstrate reactive or dermato-
pathic nodes without frank involvement by CTCL [50]. Dermatographic nodes
without identifiable CTCL involvement are still considered nodal involvement and
classified as N1 [51-53]

In the most recent ISCL/EORTC clinical classification guideline, N1-N3 are dif-
ferentiated by the degree of atypical lymphocyte involvement in the node. There are
two separate, validated grading systems for lymph node involvement, the NCI/VA
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Fig. 14.2 Clinical T stage mycosis fungoides. (a) Patches and plaques of mycosis fungoides
(Stage T2 disease). (b) Tumor-stage (T3) mycosis fungoides. (¢) Erythroderma associated with
mycosis fungoides (Stage T4 disease). (Photos courtesy of Edith Bowers, MD, PhD)

classification system and the Dutch classification system. The NCI/VA system uses
a smaller size criteria, defining atypical lymphocytes as >6 pm with cerebriform,
irregularly folded nuclei. Lymph nodes are then assessed for location of atypical
lymphocytes as either occasionally present (LN,;), many atypical lymphocytes or
clusters of three to six cells (LN,), aggregates with preserved nodal architecture
(LN3), or partial to complete effacement of nodal structure by atypical lymphocytes
(LN,) [51, 52]. The Dutch system only considers large atypical cells with an irregu-
lar cerebriform nuclei measuring a minimum diameter of 7.5 pm. The Dutch grad-
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Table 14.1 ISCL/EORTC clinical staging and overall survival

ISCL/EORTC staging [43, 44] Overall survival [45, 56, 57]

Stage T N M B Median (years) 5 year (%) 10 year (%)
1A 1 0 0 0-1 355 94 88
1B 2 0 0 0-1 21.5 84 70
1A 1-2 1 0 0-1 15.8 78 47
11B 3 0-2 0 0-1 4.7-5.6 47-57 34
1A 4 0-2 0 0 4.7 47-60 37
111B 4 0-2 0 1 34-5.2 40-55 25
IVA1 1-4 0-2 0 2 3.8-44 3748 18
IVA2 14 3 0 0-2 2.1-2.4 18-32 15
IVB 1-4 0-3 1 0-2 1.4-2.7 18 -

ing is as follows: grade 1 for dermatographic lymphadenopathy, grade 2 with early
involvement of atypical lymphocytes, grade 3 with partial effacement of the lymph
node, and grade 4 with complete effacement of the lymph node [53].

Prognosis has been clearly linked to either partial or complete effacement of
lymph nodes [54]. Therefore, this becomes the major distinction for N1-N3 classi-
fication. N1 disease is characterized by the presence of small atypical lymphocytes
without effacement (i.e., Dutch grade 1 or NCI/VA LN,-LN,). N2 disease is char-
acterized by the presence of large atypical lymphocytes (i.e., Dutch grade 2) or
small atypical lymphocyte aggregates without effacement (i.e., NCI/VA LNj).
Finally, N3 disease is classified by any evidence of lymph node effacement (i.e.,
Dutch grade 3—4 or NCI/VA LN,). Complicating N staging further, both N1 and N2
can be further subclassified based on the presence of a T-cell clone within the lymph
node (e.g., N1 can be either N1a without a clone or N1b with a clone) [43].

Metastatic Staging (M)

Visceral metastases of MF are almost never seen in T1-T3, NO, or BO disease.
Visceral disease is most commonly found as either liver or splenic involvement. The
presence of splenomegaly is considered M1 disease and does not require a biopsy.
The bone marrow is an infrequent site of metastatic disease in CTCL; therefore,
bone marrow biopsies are not routinely performed but can be considered in B2 dis-
ease [43, 55].

Blood Staging (B)

In the amended TNMB staging criteria from the ISCL/EORTC in 2007, blood
involvement is categorized based on prognostically significant blood involvement
by Sézary cells; BO is the absence of significant blood involvement (<%35 Sézary
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cells); B1 represents detectable, but low blood tumor burden (>5% Sézary cells, but
does not meet B2 criteria); and B2 is defined as a detection of a clonal TCR rear-
rangement in the blood and either >1000 cells/mm?® Sézary cells or one of two sec-
ondary criteria (CD4/CD8 ratio >10 or increased CD4+ cells with >40% CD4+/
CD7- or >30% CD4+/CD26— ratio) [43].

Impact of Staging and Other Factors on Prognosis

Patients with early-stage disease have an excellent survival. Stage IA disease is
associated with minimal impact on long-term OS, and patients with less than Stage
ITA disease have a median OS greater than 15 years. Stage IIB is an important dis-
tinction given the dramatic drop in median OS to only 4.7 years (Table 14.1). The
prognosis associated with higher stage CTCL becomes progressively more grim
with Stage IVB disease associated with a median OS of only 1.5 years and most
deaths attributable to lymphoma [45, 56].

In 2015, the Cutaneous Lymphoma International Consortium (CLIC) published
aretrospective study of 1275 patients with advance MF/SS and identified four inde-
pendent prognostic markers of worse survival: Stage IV disease, age >60 years,
large-cell transformation (LCT), and increased lactate dehydrogenase [57]. LCT is
defined by an atypical lymphoid infiltrate in either the skin or lymph nodes with
>25% of cells characterized as large cells (Fig. 14.1e) [58, 59]. LCT occurs in
around 7% of all patients with MF/SS [60] and up to 56—67% of patients with Stage
IV MF/SS. Identifying LCT is of clinical importance as it is associated with a
median OS of less than 24 months and may require more aggressive treatment with
cytotoxic chemotherapy [61-64].

Treatment of MF/SS

The care of patients with MF/SS requires a multidisciplinary team consisting of
dermatologists, oncologists, radiation oncologists, pathologists, and wound care
specialists.

Skin-directed therapies such as topical steroids, phototherapy, localized radiation
therapy, and mechlorethamine are recommended for the first-line management of
Stage IA-IIA MF. Second-line therapy for these early disease stages may include
systemic retinoids or interferon, total skin electron beam therapy (TSEBT), or low-
dose methotrexate (MTX). In Stage IIB-IVB MF, systemic therapies are recom-
mended in the first-line setting [3]. However, even advanced-stage patients on
systemic therapy often benefit from concurrent skin-directed therapy such as topical
steroids either alone or in combination with phototherapy.

Once systemic treatment is required, most patients will require therapy indefi-
nitely; therefore, it is imperative to balance toxicity of treatment with clinical ben-
efit. Furthermore, because complete remissions are rare, the goals of MF treatment
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Table 14.2 Systemic therapy options for CTCL

ORR CR PES FDA approval (as of
Systemic treatment (%) (%) (months) 1/01/19)
Systemic retinoids [99, 100] 45-66 9-13 |34-73 Approved
Interferon-a + PUVA [79, 103, | 80-90 | 62-74 |28-32 Off label
104]
HDACI [108-111] 23-34  |5-6 4.9-15 Approved
ECP [112, 113] 36-73 14-26 | 14-30 Approved
Brentuximab [117] 56 16 16.7 Approved
Alemtuzumab [119-124] 55-84  |32-47 | 6-12 Off label
Mogamulizumab [126, 127] 37-47 3 7.7 Approved
Liposomal doxorubicin 41-56 6-20 |6-7 Off label
[128-130]
Gemcitabine [131-133] 62-68 |8 8-10 Off label
Methotrexate [134, 135] 33-76 12-41 | 15-22 Approved
Pralatrexate [136] 60 11 12.8 Off label

should focus on improving quality of life and symptoms such as pruritus rather than
complete clearance of disease. Minor or partial responses are not considered fail-
ures as long as the patient had some clinical benefit from therapy. Even in advanced-
stage CTCL, multi-agent chemotherapy has not demonstrated improved survival
compared to more conservative therapy [65]; therefore, sequential single-agent
therapy is the preferred management approach. Due to the lack of large, randomized
clinical trials in CTCL, there is a paucity of data to guide decisions about which
therapies should preferentially be used, and in which order. Choices must be made
based on provider experience and side effect profile (Table 14.2).

Consensus recommendations of response criteria were created in 2011 by the
International Society of Cutaneous Lymphomas. Separate scoring systems are
available for skin response, lymph node response, visceral response, and blood
response. Skin response is typically assessed by the modified Severity Weighted
Assessment Tool (mSWAT) which combines both percent of body surface area
involved and a modifier for either plaque-, patch-, or tumor-stage lesions [66].
However, this can be time-consuming and is typically used more in research trials
than in clinical practice. Both lymph node and visceral response are typically
assessed by serial CT scan. Timing and intervals of CT imaging are determined by
each treating physician keeping in mind radiation exposure to recurrent CT imag-
ing. A FDG-PET scan can be useful in selected clinical scenarios but likely results
in increased false-positive results from infection and inflammation. Blood response
is assessed by either Sézary cell quantification or flow cytometry of T-cell subsets
consistent with Sézary cells. Combining these four distinct response scoring sys-
tems, a global response score can be determined for overall disease response to
therapy [67]. However, decisions about continuation of a particular treatment
depend more on clinical response and improvement of symptoms than on the global
response score.
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Skin-Directed Therapy
Topical Corticosteroids

Topical corticosteroids are an affordable, readily available, and effective choice for
many patients. Overall response rates (ORR) >90% and complete response (CR)
rates >60% have been reported in Stage T1 patients treated with class I corticoste-
roids [68, 69].

The choice of topical corticosteroid, both potency and vehicle (e.g., ointment,
cream, solution, etc.), depends on the body area being treated and patient prefer-
ence. Topical corticosteroids are applied once or twice daily to affected areas only.
Once clearance is achieved to a given area, they should be stopped and only resumed
when patches or plaques recur. Overuse of topical steroids should be avoided to
prevent skin atrophy. Response is expected within a few months of use; if control is
not achieved within 3 months, alternate therapies should be considered.

Topical Mechlorethamine

Mechlorethamine, commonly known as nitrogen mustard, is an alkylating agent
that has been administered topically for the treatment of MF since the 1950s.
Approximately 70-80% of patients with Stage T1 disease experience a clinical
response, typically achieving skin clearance in 6—10 months [70-73]. Durable
remissions lasting at least 10 years occur in 20-25% of patients [72, 73]. Irritant
and allergic contact dermatitis are common side effects and are managed by
reducing the frequency or strength of application or by using topical corticoste-
roids. Long-term use of mechlorethamine may lead to the development of sec-
ondary cutaneous malignancies, particularly squamous cell carcinoma. However,
this is difficult to demonstrate absolutely as many such patients were also treated
with other therapies that may alter skin cancer risk, such as phototherapy or
radiation [73, 74].

Topical Retinoids

Topical bexarotene is available as a 1% gel and is approved by the US Food and
Drug Administration (FDA) for the treatment of patients with Stage IA/IB MF who
either have failed or not tolerated other therapies. In patients with Stage IA-ITA MF,
ORR of 44-63% has been reported with CR rates of approximately 20% [75, 76].
Initially, it is often administered once daily or every other day, but applications may
be titrated up to four times daily if tolerated. Irritant dermatitis at the application site
is common and typically limits its use to those patients who have <15% body sur-
face area involvement. Bexarotene is contraindicated in pregnancy.



232 T. J. Voorhees et al.

Phototherapy

Ultraviolet light therapy is widely used and highly efficacious for the treatment of
early-stage MF. Phototherapy is particularly advantageous to those patients whose
skin involvement is too diffused to practically manage with topical medications. For
many patients, phototherapy can also be a safe alternative to systemic treatments.
However, treatments are frequent (two to three times per week), and long-term
maintenance therapy is often needed, so it may not be a feasible for patients who do
not live near a treatment center. Furthermore, phototherapy may not be appropriate
for patients with a history of melanoma or extensive non-melanoma skin cancers.

Psoralen Plus Ultraviolet A (PUVA) Photochemotherapy

The combination of psoralen, a plant-derived phototoxic compound, with UVA
(320400 nm) radiation, known as PUVA, has been used for decades to treat
MEF. The term PUVA typically refers to oral 8-methoxypsoralen (8-MOP) photoche-
motherapy, although it is sometimes used to describe the topical application of
8-MOP or the use of other psoralen compounds prior to UVA exposure.

Treatment consists of an oral dose of 8-MOP (0.5-0.6 mg/kg) taken 1.5-2 h prior
to exposure to UVA light in an office-based phototherapy unit. The entire body is
treated, except for a few body areas that are protectively shielded (i.e., eyes and
genitalia). Treatments are repeated two to three times per week until clearance is
achieved and then gradually tapered.

PUVA is very effective as monotherapy for early-stage MF with reported CR
rates of 65—85% [77]. Time to achieve CR is 2—-6 months [78, 79], and some patients
experience long-term remission of >10 years [80]. Complete response rates for
advanced-stage disease are much lower: 28 % for tumor-stage disease and 43% for
erythrodermic MF [77].

Acute complications of PUVA include erythema, photosensitivity, pruritus, blis-
tering, pain, and xerosis. Patients must protect their eyes and skin from sunlight for
a minimum of 24 h after 8-MOP intake because of the increased photosensitivity.
Patients who are treated long-term with PUVA are at increased risk of developing
melanoma [81] and non-melanoma skin cancers [82].

Narrowband Ultraviolet B (UVB)

In patients with patches or thin plaques, narrowband UVB (311 nm) can be used as
a safe and effective alternative to PUVA. However, because the depth of penetration
of UVB is less than UVA, it is not ideal for patients with thick plaque lesions.

The average CR rate reported in the literature for narrowband UVB as mono-
therapy is 84% [77]. Similar to PUVA, treatments are administered two to three
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times weekly until clearance is achieved, after which frequency may be slowly
tapered. Acute complications include erythema, but this is shorter-lived and less
severe than with PUVA [83]. Although there is a concern for increased photocar-
cinogenicity, studies have not shown an association between narrowband UVB and
skin cancer [84, 85].

Radiation Therapy

Radiation therapy (RT) is one of the most effective treatment modalities for MF and
has several different clinical applications. For the rare patient with unilesional dis-
ease (or a few clustered lesions), radiation therapy alone is potentially curative.
Almost all such patients achieve a complete response (94-100%) with reported
10-year relapse-free survival (RFS) rates of 50-86% [86—88]. A dose of ~30 Gy is
recommended in this clinical scenario.

Even patients with more advanced cutaneous disease, with a few symptomatic
plaques or tumors, often benefit from local radiation therapy. Several retrospective
studies have demonstrated complete response rates >95% for individual MF
lesions treated with abbreviated courses of radiation therapy [86—-89]. A common
fractionation regimen used in low-grade lymphomas (2 Gy x 2, total dose 4 Gy) is
not particularly efficacious in mycosis fungoides [90]. However, a slightly more
intense regimen (4 Gy x 2, total dose 8 Gy) leads to a complete response in most
patients (>90%) [90]. A single 7-8 Gy fraction is similarly efficacious [91]. It has
been suggested that more protracted regimens, utilizing total doses of ~30 Gy, are
associated with a lower risk of local failure [89]. Thus, the total dose and fraction-
ation scheme should be tailored to the individual circumstances of the patient tak-
ing into account the extent and activity of disease, other ongoing treatments, and
overall prognosis.

Many patients with MF present with diffuse symptomatic cutaneous disease or
will develop such during the course of their illness. Total skin electron beam ther-
apy (TSEBT) can be utilized in such circumstances, particularly in the setting of
thick plaques or tumors that may not respond well to other skin-directed thera-
pies. TSEBT is a technically challenging procedure and requires special commis-
sioning (i.e., configuring) of a linear accelerator and significant support from
medical physics. Thus, this treatment is generally only available at larger centers
that treat many patients a year. As with local radiation therapy, TSEBT is very
effective with nearly all patients experiencing significant clinical improvement.
For patients with T2 disease, the CR rate has been reported to be 75-85% with
50% REFS at 5 years, but only 10% at 10 years [92-94]. With T3 disease, CR rates
of 43-78% have been reported with nearly all patients eventually experiencing
recurrent disease [94, 95]. Both conventional courses of TSEBT (30-36 Gy) and
low-dose TSEBT (12-15 Gy) are effective, though CR rates are higher with con-
ventional doses.
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Systemic Therapies
Systemic Retinoids

Bexarotene, a synthetic retinoid, is FDA approved for use in patients with CTCL
refractory to >1 systemic therapy. Bexarotene selectively binds and activates RXR
nuclear receptors, leading to cell cycle inhibition, decreased proliferation, and
increased apoptosis of malignant cells [96-98].

Patients with refractory disease, either early or late stage, treated with bexaro-
tene, have reported ORR of approximately 50% [99, 100]. Recommended dosing is
typically 300 mg/m? by mouth daily, although some providers start at lower doses
and titrate up based on individual patient response and tolerance of side effects.

Similar to other systemic retinoids, bexarotene is teratogenic and is contraindi-
cated in pregnancy. Bexarotene requires frequent lab monitoring of liver function,
cell counts, serum lipid levels, and thyroid function throughout therapy. Acquired
hypertriglyceridemia and central hypothyroidism, requiring medical management,
are common [101]. Other potential side effects include cataracts, xerosis, photosen-
sitivity, myalgias, arthralgias, or headache.

Interferon-oc

Interferon-alpha (IFN-a) is commonly prescribed for management of advanced-
stage MF and achieves a superior time to next treatment compared to chemotherapy
regardless of disease stage [102]. It is administered subcutaneously either daily or
three times weekly in doses of 3—9 million units. When used as monotherapy, IFN-a
results in an ORR of 64% and CR rate of 27% [79]. Commonly, IFN-a is adminis-
tered in combination with other skin-directed or systemic therapies. The combina-
tion of IFN-a and PUVA has been reported to achieve improved complete response
rates of 62-76% with a median duration of response of 28-32 months [79, 103,
104]. Adverse effects of IFN-a include flu-like symptoms, depression, and bone
marrow suppression.

Histone Deacetylase Inhibitors (HDACH)

Histone deacetylases (HDACsS) are a group of enzymes which function normally to
remove acetyl groups form both histone and nonhistone proteins. The epigenetic
downregulation of tumor suppressors due to HDACs has been linked to a variety of
malignancies [105, 106]. HDAC inhibitors (HDACi) function to maintain histone
acetylation and thus transcription of tumor suppressor proteins. HDACi therapy has
been found to have clinical activity in advanced-stage MF and SS [107].

Vorinostat is an oral HDACi that is FDA approved, at a dose of 400 mg/day, for
recurrent, refractory, or persistent CTCL after >2 prior therapies. The ORR in heav-
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ily pretreated patients is 24-30% [108, 109]. In clinical trials, the median time to
response was 12 weeks, and median time to progression was 30-34 weeks.
Romidepsin is an intravenous HDACI that is FDA approved for CTCL after >1
prior therapy at a dose of 14 mg/m? on days 1, 8, and 15 every 4 weeks. Clinical
trials demonstrated an ORR of 34% and CR rate of 6% with a median duration of
response (DOR) of 13.7—-15 months [110, 111]. Forty-three percent of patients had
improvement in pruritus lasting a median of 6 months. Vorinostat and romidepsin
have a similar adverse event profile consisting of GI symptoms (nausea, vomiting,
and diarrhea) and grade 3 hematologic toxicities (lymphopenia, granulocytopenia,
anemia, and thrombocytopenia).

Extracorporeal Photopheresis

Extracorporeal photopheresis (ECP) is FDA approved for use in advanced-stage
CTCL patients. ECP involves three distinct steps: separation of a portion of the
patient’s white blood cells (WBC), which includes the circulating malignant CD4+
cells, through an apheresis procedure, the treatment of the collected white blood
cells with 8-methyloxypsoralen and ultraviolet A (UVA) radiation, and reinfusion of
treated WBCs to the patient. The mechanism of action is not completely elucidated
but is believed to be through induction of antitumor immunity. The 8-MOP interca-
lates into the WBC DNA which, when exposed to UVA, leads to apoptosis. This
causes maturation of monocytes into dendritic cells, which appears to be the corner-
stone of the therapy. ECP is also thought to decrease CD4 + FOXP3 + CD25— cells
and increase functional CD8+ cells [112].

The reported ORR is 36-73% with CRs in 14-26% of patients. Responses have
been associated with shorter duration of disease, fewer circulating malignant cells,
and early response of skin lesions to the ECP treatments (>50% regression in
6 months or less) [113].

Typically, one to two treatment cycles of ECP are administered per month with
each cycle consisting of two treatments on 2 consecutive days. The median time to
maximum response is 5—6 months, but responses have been seen up to 10 months
from the start of the therapy. ECP in combination with other modalities has been
associated with quicker response time in some cases. Once maximal response is
achieved, the interval between treatment cycles can be extended to one cycle every
6—12 weeks. If the patient’s disease worsens, the schedule can return to one cycle
every 2—4 weeks [113].

ECP is generally very well-tolerated and there are few contraindications. It does
not cause systemic immunosuppression. Rarely, during the ECP procedure, hypo-
tension can occur due to volume shifts, and patients can have low-grade fevers a
few hours after the procedure. For 24 h after a treatment, the patient is sensitive to
light and must wear clothes that cover his/her skin as well as sunscreen and sun-
glasses [112—114].
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Brentuximab Vedotin

Brentuximab vedotin (BV) is an antibody-drug conjugate therapy in which a CD30-
directed recombinant IgG1 antibody is conjugated to a microtubule disrupting
agent, monomethyl auristatin E [115, 116]. BV is FDA approved for treatment of
patients with cutaneous anaplastic large-cell lymphoma (c-ALCL) or CD30+ MF
who have received prior systemic therapy.

Approval was largely based on a phase III, randomized trial of BV versus physi-
cian choice, of oral methotrexate or bexarotene, in patients with MF or c-ALCL. An
ORR lasting at least 4 months occurred in 56% of patients treated with BV versus
12% for physician’s choice with CR rates of 16% and 2%, respectively. Median PFS
was 15 months in BV and 4 months with physician’s choice. Importantly, patient-
reported burden of symptoms also showed significantly more improvement in the
BV arm. The most frequent toxicity caused by BV is peripheral neuropathy (usually
grade 1 or 2) reported in up to 67% of patients [117]. CTCL has significant variation
in CD30 expression from strongly expressed to very low expression. Interestingly,
the ORR for patients with MF was independent of the level of CD30 expression.

Alemtuzumab

Alemtuzumab is a humanized recombinant IgG1 monoclonal antibody directed
against CD52, which is widely expressed by T-cells [118]. Alemtuzumab has been
studied in two small phase II studies of patients with Stage IIIA-IVB MF or SS who
were administered alemtuzumab 30 mg, three times per week for up to 12 weeks.
The ORR was 55-84% with 32-47% CR and a suggestion of more responses in
patients with erythroderma and SS [119]. However, there was also a significant rate
of infectious complications, approximately 50% either during or shortly after ther-
apy. Infectious complications included reactivation of cytomegalovirus (CMV) in
18% of patients reported in one of the studies [119-122].

With an aim of maintaining efficacy and reducing toxicity, several trials were devel-
oped with a reduced dose of alemtuzumab. Bernengo et al. treated 14 patients with SS
with a reduced dose of 3 mg subcutaneously on day 1 and then 10 mg on alternating
days. ORR was 86% with 21% complete responses. No patients in this reduced dose
study developed hematologic toxicity or infections [123]. Furthermore, this dose has
subsequently been proven to be safe in elderly patients (80-87 years old) with SS
[124]. The clinical responses seen with alemtuzumab are compelling; however, it is
imperative that patients are closely monitored for CMV reactivation during therapy.

Mogamulizumab

Mogamulizumab is a humanized monoclonal antibody targeting CC chemokine
receptor 4 (CCR4). MF cells strongly express CCR4 (Tgry phenotype), which
appears to play an important role in T-cell homing to the skin [125]. Mogamulizumab
binds with high affinity for CCR4 and is thought to induce cytotoxicity via antibody-
dependent cellular toxicity due to NK cell activity.
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In August 2018, the international, randomized, phase III study of mogamuli-
zumab versus vorinostat in Stage IB-IV CTCL after at least one prior therapy
reported a prolonged median PFS of 7.7 months compared to 3.1 months with vori-
nostat. This led to FDA approval for all adult patients with relapsed or refractory
MF or SS after at least one line of therapy. Mogamulizumab is administered at a
dose of 1 mg/kg weekly for 4 weeks and then every 2 weeks as maintenance until
disease progression. The best overall global response was 35% for mogamulizumab
and only 6% for vorinostat [126]. Responses had previously been reported to be
higher in patients with SS (47%). In patients with blood involvement, 94% had a
hematologic response [127]. Interestingly, responses were independent of tissue
CCR4 expression prior to therapy. Mogamulizumab was very well-tolerated, and
the most common adverse events were limited to grade 1-2 nausea, chills, head-
aches, and infusion reactions.

Cytotoxic Chemotherapy

The role of conventional systemic chemotherapy in the management of CTCL is
limited due to short duration of responses and increased toxicities. Therefore, che-
motherapy is generally reserved for advanced-stage MF or SS, usually after multi-
ple relapses to other therapeutic agents. Multi-agent chemotherapy has a limited
role due to higher rates of significant toxicities with limited improvement in durable
responses. However, several drugs such as liposomal doxorubicin, gemcitabine, or
folic acid analogs have demonstrated efficacy in MF and SS when administered as
single agents.

Pegylated liposomal doxorubicin resulted in ORR of 41-56%, CR rates of
6—20%, and PFS of 67 months in patients with relapsed, refractory Stage II-IV MF
[128-130]. Gemcitabine has also been studied in advanced MF and SS with an ORR
of 62—-68% and CR rate of 8% [131-133].

Low-dose oral methotrexate (MTX) has been studied in early-stage MF with an
ORR of 33% and a CR rate of 12%. Despite a relatively low response rate in early-
stage MF, it can be effective in SS. In patients with SS treated with low-dose oral
MTX, high response rates have been reported (ORR 76%; CR rate 41%) [134,
135]. Pralatrexate, which is FDA approved for relapsed/refractory peripheral T-cell
lymphoma, has shown some efficacy in MF as well. In a phase I/II study of 34
patients with Stage IV MF, SS, or c-ALCL, the combination of pralatrexate and
oral bexarotene showed an ORR of 60% with a 11% CR rate. Furthermore, median
progression-free survival was longer than most other systemic therapies, reported
at 12.8 months [136].

Hematopoietic Stem Cell Transplant

Hematopoietic stem cell transplantation (SCT) is rarely used in the management of
MF/SS. The data available is limited to case reports and retrospective reviews which
raises questions about its efficacy, optimal timing in the disease course, and ideal
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patient population. The evidence for high-dose chemotherapy followed by autolo-
gous SCT rescue is limited to a small case series. Results showed a reasonable
response rate; however, over half of the patients developed an early relapse [137].
Allogeneic SCT is more frequently used in MF/SS patients but is a high-risk proce-
dure with a reported 1-year non-relapse mortality of 14-40% depending on condi-
tioning regimen and donor type. In one report, patients who underwent allogeneic
SCT with a reduced intensity conditioning regimen and a matched-related donor
were found to have a 3-year OS of 63% [138]. Responses have been found to be
strongly dependent on graft versus lymphoma effect, and many patients required
donor lymphocyte infusions after SCT [139]. Given the high treatment-related mor-
bidity and mortality, SCT is typically limited to younger, healthy patients with high-
risk disease and a suitable matched donor.

Summary

Cutaneous T-cell lymphomas represent a wide range of clinical entities with differ-
ing pathogenesis and responses to treatment. Establishing a clear diagnosis along
with staging and risk stratification is critical prior to recommending appropriate
therapeutic interventions. Assessments and treatment recommendations are best
delivered by a multidisciplinary team involving dermatology, dermatopathology,
medical oncology, and radiation oncology. Early-stage CTCL is typically managed
with skin-directed therapies, often achieving durable, long-term remissions and dis-
ease control. Advanced-stage MF and SS typically require systemic therapy; how-
ever, therapy does not typically lead to durable responses. While many new therapies
have recently been studied and approved, well-designed clinical trials are needed in
the future to optimize disease response and survival.
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