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The General Pathology

Giorgio Alberto Croci, Elias Campo, 
and Wolfram Klapper

1.1  Introduction

1.1.1  What Are Indolent 
Lymphomas?

The current WHO classification of lymphomas 
basically contains the overruling categories of 
Hodgkin lymphoma, B-cell lymphoma, and 
T-cell lymphoma, the latter two separated in pre-
cursor cell and mature neoplasms [1]. A categori-
zation into indolent and aggressive lymphomas is 
not an integral part of the classification. 
Historically, classifications of Non-Hodgkin 
Lymphoma (NHL) grouped entities according to 
the cytologic appearance of the lymphoma cells 
and correlated them to the stages of differentia-
tion of normal lymphocytes. This ultimately led 
to the pathologic/morphologic concept of “low” 
(small mature cells) and “high” (blastic cells) 
grades of malignancy, which actually proved to 

correlate, to a certain degree, with the clinical 
behavior of each given subtype: “low” grade with 
indolent and “high” grade with aggressive clini-
cal behavior. The absence of such categories like 
indolent/aggressive and “low”/”high” grade in 
the current classification of WHO is based on 
several observations and biologic considerations. 
Indolent behavior implies a clinical course that is 
characterized by low growth dynamics, frequent 
relapses, and lack of curability despite chemo-
sensitivity. These clinical features correlate only 
imperfectly with pathologic features, for exam-
ple, small-cell morphology and low amounts of 
blasts. Examples are follicular lymphoma, which 
may show considerable number of blasts in cases 
of follicular lymphoma grade 3A but an indolent 
clinical course (low growth dynamics, frequent 
relapses). In contrast, mantle cell lymphoma may 
show aggressive clinical behavior with fast pro-
gression despite non-blastic (small cell) mor-
phology. Moreover, the clinical course is heavily 
influenced by clinical management, which is not 
reflected by the classification of diseases. Finally, 
the identification of molecular and clinico-patho-
logical subgroubs within lymphoma entities 
explains to some extent the variability in clinical 
behavior but prevents the assignment of an entity 
to the category of indolent lymphomas with cer-
tainty. Nevertheless, the distinction of lympho-
mas with an indolent course from those with an 
aggressive course is still a frequent although arbi-
trary process in daily practice.
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The diagnostic workup of indolent NHL as it 
is considered in this book roughly deals with two 
basic clinical–biologic scenarios. The first one, 
and vastly most common, is that of a lymphoid 
proliferation composed of cells that resemble one 
of the mature stages of lymphocyte differentia-
tion, typically as small- to medium-sized cells 
and, in fact, mostly show features of an indolent 
clinical course (Table  1.1). This group of lym-
phomas contains very frequent diseases, such as 
chronic lymphocytic leukemia/small lymphocyte 
lymphoma and follicular lymphoma (FL). NHL 
with marginal zone and lymphoplasmacytoid dif-
ferentiation follows next in the list, plus mycosis 

fungoides as a T-cell neoplasia. In clinical prac-
tice, mantle cell lymphoma (MCL) is usually still 
considered part of this arbitrary group despite the 
fact that the disease may present with an aggres-
sive clinical behavior. In fact, the recognition of 
the distinct, indolent “leukemic/non-nodal” sub-
set of MCL, on the one hand, and aggressive vari-
ants, on the other hand, exemplifies the 
heterogeneity in respect to indolent and aggres-
sive clinical courses that may be observed within 
a biologically well defined entity.

The second, less-common scenario is that of 
NHL that presents as localized and often curable 
diseases. NHL may resemble either a subgroup 
of otherwise indolent lymphomas (e.g., FL of 
pediatric type) or independent entities, such as 
primary cutaneous CD30-positive T-cell lympho-
proliferative disorders. The latter may also be 
considered as rather benign variants of aggres-
sive lymphomas since they frequently present 
with a “high grade” histology (Table 1.1).

1.1.2  General Considerations 
on Indolent NHL Diagnostics

1.1.2.1  Technical Issues
As the label of “indolent” for a given case is 
based on proper clinical evaluation and follow-
 up, the importance of the dialogue between 
pathologists and hematologists to achieve a fruit-
ful clinic-pathologic correlation cannot be over-
stressed. Indolent NHL is mostly seen in adult 
patients; thus, great caution should be taken in 
the pediatric setting, in which atypical reactive 
processes may mimic neoplastic processes.

In the precision medicine era, cytology of 
lymphoma cells still acts as the prime discrimina-
tor, particularly with regard to the aggressive sub-
types. Thus, morphologic assessment of smears 
and histologic slides (May–Grünwald–Giemsa, 
hematoxylin-eosin, and Giemsa stains), coupled 
with immunohistochemistry, constitutes the gold 
standard for guiding the diagnosis of indolent 
NHL and allows the prognostic stratification and 
the detection of therapeutic targets.

This task requires the availability of represen-
tative specimens of good quality and proper size, 

Table 1.1 List of non-Hodgkin lymphoma subtypes with 
indolent course

B-cell phenotype
“Low grade” histology, B-cell
  • Follicular lymphoma
  •  Chronic lymphocytic leukemia/small lymphocyte 

lymphoma
  •  Mantle cell lymphoma (leukemic/non-nodal 

variant)
  • Extranodal marginal zone lymphoma
  • Nodal marginal zone lymphoma
  • Splenic marginal zone lymphoma
  • Lymphoplasmacytic lymphoma
  • Hairy cell leukemia
  •  Splenic B-cell leukemia/lymphoma, unclassifiable 

(splenic diffuse red pulp small-B-cell lymphoma, 
hairy cell leukemia variant)

“High grade” histology
  •  Lymphomatoid granulomatosis (grade 1–2 

histology)
  • Epstein-Barr-Virus-positive mucocutaneous ulcer
  • Fibrin-associated diffuse large-B-cell lymphoma
T/NK-cell phenotype
“Low grade” histology
  • Mycosis fungoides
  •  Primary cutaneous peripheral T-cell lymphomas, 

rare subtypes (primary cutaneous CD4+ small/
medium T-cell lymphoproliferative disorder, 
primary cutaneous acral CD8+ T-cell lymphoma)

  • T-Cell large granular lymphocytic leukemia
  • Chronic lymphoproliferative disorder of NK cells
“High grade” histology
  •  Primary cutaneous CD30-positive T-cell 

lymphoproliferative disorders (lymphomatoid 
papulosis, primary cutaneous anaplastic large-cell 
lymphoma)

  •  Breast implant-associated anaplastic large-cell 
lymphoma

  • Subcutaneous panniculitis-like T-cell lymphoma

G. A. Croci et al.
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to render the cytologic detail and the architecture 
of the lesion. Molecular-genetic analysis may 
help the diagnosis in challenging cases but, most 
promisingly, can add valuable information both 
to predict the clinical behavior and to guide the 
therapeutic approach.

1.1.2.2  Anatomic Issues
There is no anatomic compartment specifically 
associated with indolent NHL; however, it should 
be underscored that non-nodal modality of pre-
sentation is predominant in certain subtypes and 
is of prognostic significance in others. A conse-
quence of the diagnostic ground is that patholo-

gists are often required to deal with specimens 
from peripheral blood and bone marrow, which 
allow to collect and integrate a wide array of 
morphologic, phenotypic (either by flow or by 
immunohistochemistry), histologic, and molecu-
lar parameters.

Reference

 1. Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri 
SA, Stein H, Thiele J, editors. WHO classification 
of tumours of haematopoietic and lymphoid tissues 
(revised). 4th ed. IARC: Lyon; 2017.

1 The General Pathology
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Molecular Genetics in Indolent 
Lymphomas

Jude Fitzgibbon and Oliver Weigert

2.1  Introduction

The earliest genetic maps of indolent lymphomas 
appear quite rudimentary today and for the most 
part relied almost exclusively on conventional 
cytogenetics and array-based profiling to docu-
ment chromosomal translocations and copy num-
ber aberrations. These observations have served as 
an important framework upon which next- 
generation sequencing (NGS) tools are delivering 
additional insights into the genomes of these 
malignancies. Certainly, we have moved away 
from thinking of a genetic lesion as simply the 
presence or absence of mutation, and there is a 
growing emphasis now on the longitudinal and 
spatial profiling of these indolent lymphomas, the 
early and late occurrences of mutations in lym-
phoma evolution, the complex reciprocal interac-
tions of lymphoma cells with components of the 
tumor microenvironment, and the importance of 
dynamic monitoring of diseases. The growing 
body of knowledge is providing us with an unprec-
edented understanding of the biology of this group 

of lymphomas, and with each additional layer, 
there remains the ever-present challenge to trans-
late these new insights into meaningful interven-
tions for the benefit of lymphoma patients.

2.2  The Molecular Biology 
of Indolent Lymphomas: 
Follicular Lymphoma 
as a Prototypical Example

2.2.1  The Translocation t (14;18) 
in FL

The primary genetic event in the classical model 
of FL pathogenesis is the reciprocal transloca-
tion t (14;18) (q32;q21) that is detected in 
approximately 90% patients [1]. This rearrange-
ment relocates the immunoglobulin heavy chain 
(IGH) enhancer region adjacent to the anti-
apoptotic BCL2 gene, resulting in aberrant con-
stitutive overexpression of BCL2. This critical 
early step in the pathogenesis of FL occurs in 
the bone marrow in response to faulty VDJ 
recombination early during B-cell maturation, 
though the occurrence of the rearrangement in 
30–50% of normal, healthy individuals supports 
the notion that upregulation of BCL2 alone is 
not sufficient for FL development. These t 
(14;18) B cells are long- lived IgD+ or IgM+ 
CD27+ memory B cells, which have experienced 
the germinal center while bypassing the usual 
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physiological cell-death signaling that occurs in 
non-antigen-stimulated B cells, enabling 
repeated reentry into the GC reaction to acquire 
the necessary secondary hits. In a landmark 
study, [2]. demonstrated a clonal relationship 
between paired pre-diagnostic blood samples 
and their corresponding subsequent tumor sam-
ples, suggesting that circulating t (14;18) posi-
tive cells does indeed represent a low-risk 
pre-malignant precursor cell [2, 3] that can pre-
date the disease by several years.

The reason why some individuals with t 
(14;18) positive circulating cells go on to develop 
FL while the majority do not is still debated, and 
while predisposing (epi-)genetic factors may 
offer one explanation [4, 5], it is plausible that 
cell intrinsic (secondary genetic hits) and extrin-
sic (immune microenvironmental) factors may 
also be of greater significance. These variables 
may in part explain the diversity of FL-related 
conditions, which include in situ follicular neo-
plasia [6], the highly curable pediatric-type fol-
licular lymphoma that is typically t (14;18) 
negative [7], and duodenal-type FL, which bears 
a similar mutational profile to classical FL, yet 
possesses a distinctive tumor microenvironment 
and follows a benign clinical course [8].

2.2.2  Recurrent Genetic Alterations 
in FL

Molecular profiling has become synonymous 
with the documentation of gene mutations. Rapid 
advancements in the field of DNA sequencing 
have led to the development of cost-effective 
technologies capable of profiling a large series of 
malignancies, fueling initiatives like the Cancer 
Genome Atlas (TCGA) and the International 
Cancer Genome Consortium [9], and databases 
like COSMIC cataloguing somatic mutations in 
cancer [10]. These programs, in conjunction with 
stand- alone studies by single centers, have col-
lectively succeeded in creating an encyclopedic 
knowledge around the coding landscape of can-
cers, including indolent lymphoma.

With >1000 FL tumors subjected to whole 
exome (WES), genome (WGS), or targeted rese-

quencing, the coding genome and knowledge of 
the mutations that work in concert with the t 
(14;18) are nearing completion (Table 2.1). Prior 
to NGS, cytogenetic studies demonstrated chro-
mosomal alterations in nearly all cases of FL 
with changes including translocation of BCL2; 
deletions of 1p36, 6q, and 17p; gains in chromo-
somes 2, 7, 8, 12, 18, and X; and copy neutral 
loss of heterozygosity (cnLOH) of 16p, 1p36, 
and 6p [45–52]. We can now point to many target 
genes residing within these chromosomal regions 
(CREBBP, TNFRSF14, TP53,) and throughout 
the genome, informed both by NGS and by func-
tional studies confirming their role in lymphoma 
pathogenesis [14–16, 18, 20–22, 25, 36, 53–56].

The landscape of recurrently mutated genes in 
follicular lymphoma shows significant overlap 
with those found in other lymphoid malignancies, 
especially the Germinal Centre B cell (GCB) sub-
type of the aggressive diffuse large B-cell lym-
phoma (DLBCL). The FL mutational profile is 
most notable for the occurrence of multiple gene 
mutations encoding components of the epig-
enome, while other core processes recurrently 
disrupted in cancer are also affected, including 
B-cell receptor (BCR)-Nf-κB, (CARD11, 
TNFAIP3), JAK-STAT (STAT6), and mTOR sig-
naling [13, 14, 17, 27, 34, 35, 57–60]. While 
mTORC1 signaling is usually restrained by a 
scarcity of amino acids, this natural brake on cell 
metabolism is abrogated in ~20% of FL, by muta-
tions in RRAGC and related lysosomal compo-
nents ATP6V1B2 and ATP6AP1, with these 
mutations being conspicuously unique to FL [34].

2.2.3  Mutations in Epigenetic 
Regulators

From the earliest NGS studies, it was apparent 
that mutations in genes that regulate the epig-
enome, particularly histone modifiers, were a 
hallmark of the genetic features of FL and to a 
lesser extent many of the other indolent lympho-
mas. The term epigenetics refers to (heritable) 
mechanisms involved in regulating gene expres-
sion that do not alter the underlying DNA 
sequence. These typically involve the dynamic 

J. Fitzgibbon and O. Weigert
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Table 2.1 Gene mutations affecting >10% of classical follicular lymphoma

Gene Effect
Frequency 
(%) Mutation Function Lymphoma biology

KMT2D ↓ 80–90 Pastore et al. (2015) [11], 
Karube et al. (2018) [12], 
Morin et al. (2011) [13] and 
Green et al. (2013) [14]

Histone K4me3 
methytransferase

Zhang et al. (2015) 
[15] and Ortega-
Molina et al. (2015) 
[16]

CREBBP ↓ 33–70 Pastore et al. (2015) [11], 
Pasqualucci et al. (2011) [17], 
Karube et al. (2018) [12], 
Morin et al. (2011) [13] and 
Green et al. (2013) [14]

Histone acetylation Zhang et al. (2017) 
[18], Hashwah et al. 
(2017) [19], Ennishi 
et al. (2019) [20, 
21] and Mondello 
et al. (2020) [22]

TNFRSF14 ↓ 18–50 Launay et al. (2012) [23], 
Cheung et al. (2010) [24], 
Karube et al. (2018) [12] and 
Green et al. (2013) [14]

Regulator 
inflammatory and 
inhibitory T-cell 
immune response

Boice et al. (2016) 
[25]

Histone 
linkers

↓ 40 Okosun et al. (2014) [26, 27] 
and Karube et al. (2018) [12]

Chromatin 
remodeling

–

EZH2 ↑ 25 Pastore et al. (2015) [11], 
Karube et al. (2018) [12] and 
Bodor et al. (2013) [28]

Histone K27me3 
metyltransferase

Caganova et al. 
(2013) [29], 
Béguelin et al. 
(2013, 2016) [30, 
31] and Berg (2014) 
[32]

EP300 ↓ 10–20 Pastore et al. (2015) [11], 
Okosun et al. (2014) [26, 27], 
Pasqualucci et al. (2011) [17] 
and Morin et al. (2011) [13]

Histone 
acetyltransferase

Meyer et al. (2019) 
[33]

ARID1A ↓ 15 Pastore et al. (2015) [11], 
Karube et al. (2018) [12] and 
Morin et al. (2011) [13]

SWI/SNF family, 
transcriptional 
regulator

–

RRAGC 
ATP6V1B2,ATP6AP1

↑ 20 Okosun et al. (2016) [34] and 
Green et al. (2015) [35]

mTORC1 regulators Ortega-Molina et al. 
(2019) [36]

MEF2B ↓ 10 Pastore et al. (2015) [11], 
Karube et al. (2018) [12] and 
Morin et al. (2011) [13]

Transcription factor Brescia et al. (2018) 
[37]

GNA13 ↓ 10 Pastore et al. (2015) [11], 
Karube et al. (2018) [12], 
Morin et al. (2011) [13] and 
Green et al. (2013) [14]

B-cell growth and 
lymphoma cell 
dissemination

Muppidi et al. 
(2014) [38]

FOXO1 ↑ 10 Karube et al. (2018) [12] Transcription factor Szydlowski et al. 
(2016) [39] and 
Kabrani et al. 
(2018) [40]

CARD11 ↑ 10 Pastore et al. (2015) [11], 
Okosun et al. (2014) [26, 27], 
Karube et al. (2018) [12] and 
Morin et al. (2011) [13]

NF-κB regulator Compagno et al. 
(2009) [41] and 
Davis et al. (2010) 
[42]

STAT6 ↑ 10 Pastore et al. (2015) [11], 
Yildiz et al. (2015) [43] and 
Okosun et al. (2014) [26, 27]

JAK-STAT signalling Yildiz et al. (2015) 
[43]

↑ Gain, ↓ loss of function (Table modified from Carbone et al. [44])

2 Molecular Genetics in Indolent Lymphomas
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addition or removal of chemical groups to his-
tones or DNA by enzymes known as writers or 
erasers, thereby altering the access of transcrip-
tion factors and the expression levels of affected 
genes [61, 62]. In FL, the most prevalent muta-
tions affect histone methyltransferases (KMT2D, 
EZH2), acetyltransferases (CREBBP, EP300), 
and chromatin structure (ARID1A, histone link-
ers, e.g., HIST1H1E) [13, 17, 26, 57, 63, 64], 
with these “epimutations” co-occurring in up to 
80% cases [65, 66]. These somatic mutations are 
predominantly inactivating, with the exception of 
EZH2, and alter chromatin state to condensed 
transcriptionally repressed heterochromatin. 
These lesions are well established as early, dis-
ease-initiating events in low-grade FL [14, 26, 
35, 57, 60], and their lymphoma-promoting func-
tional consequences have emerged, such as the 
GC expansion and terminal differentiation block 
induced by KMT2D loss [15, 16] and immune 
evasion through MHC class I/II downregulation 
seen with CREBBP [35], and EZH2 mutations 
[21]. Critically, we are lacking an understanding 
of why FL (and other indolent lymphomas to a 
lesser extent) are addicted to mutations affecting 
components of the epi-machinery and how coex-
isting epi- mutations may cooperate over the 
course of lymphomagenesis.

2.2.4  Molecular Genetics 
and the Role of the Tumor 
Microenvironment

The importance of the immune microenviron-
ment in FL is highlighted by the fact that in vitro 
growth of tumors is challenging [67]. Molecular 
studies employing gene expression profiling of 
bulk tumor samples have played an important 
role in characterizing the tumor microenviron-
ment, complementing efforts to enumerate 
immune cell populations by immunohistochem-
istry or flow cytometry [68] seminal study 
described two prognostic gene expression signa-
tures that were crucially defined not by tumor cell 
characteristics but by the dominant cellular com-
position of the microenvironment. Although 
these signatures appear to lose prognostic signifi-

cance in cohorts treated with rituximab-contain-
ing therapy (thus highlighting the changing 
fortunes of such prognostic markers as therapy 
evolves), the importance of the immune microen-
vironment composition to outcome constituted a 
core principle for subsequent studies [69].

An important new area of study is an under-
standing of how specific genetic lesions enable 
FL tumor cells to co-opt the microenvironment 
for their benefit, with several individual examples 
emerging. One early link was the observation that 
unusually high numbers (~80%) of FL cases 
carry novel sites for immunoglobulin 
N-glycosylation, as a result of activation-induced 
cytidine deaminase (AID)–driven somatic hyper-
mutation affecting heavy chain variable (VH) 
genes [70] and with functional studies showing 
the ability of the resulting glycosylated immuno-
globulin to bind dendritic cell and macrophage- 
expressed lectins, thus stimulating BCR signaling 
[71, 72]. TNFRSF14, a cell surface receptor 
involved in T-cell signaling and loss of TNFRSF14 
through mutations, deletions (1p36), and cnLOH 
in approximately 20–40% FL cases, has been 
linked to a tumor-supportive microenvironment 
with an increase in stroma-activating cytokines 
and T follicular helper (TFH) cells. Intriguingly, 
TNFRSF14 function could be restored after the 
administration of soluble TNFRSF14 protein via 
specifically engineered chimeric antigen receptor 
T cells in a mouse xenograft model [25].

The impact of epimutations on the immune 
microenvironment is likely to proceed by multiple 
mechanisms. CREBBP and EZH2 mutation likely 
contribute to immune evasion through class I/II 
downregulation [21, 35], while recent functional 
work showed that activating, EZH2 mutations 
skewed GC B-cell dependence away from the 
normal TFH cell signal support and toward lym-
photoxin β-mediated dendritic cell (DC) support, 
with EZH2-mutant FL pathology samples intrigu-
ingly showing increased follicular dendritic cell 
networks [56]. It is likely that we are only scratch-
ing the surface of the microenvironmental effects 
of the epimutations and that novel approaches 
such as single- cell transcriptomics combined with 
improved disease models will constitute fertile 
ground for further discovery.
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2.2.5  Histological Transformation 
of Follicular Lymphoma

There is considerable interest in understanding the 
biology of histological transformation (HT) of 
indolent lymphoma to an aggressive subtype, usu-
ally DLBCL, with HT representing the leading 
cause of follicular lymphoma-related mortality 
[73]. While the examination of serial FL–HT biop-
sies has been invaluable, research programs have 
been hampered by the paucity of available biop-
sies, leading to all cases of HT being combined 
together to adequately power genetic observations. 
It would be preferable to examine the genetics of 
HT in discrete subgroups, whereby distinctions 
may exist between transformations following che-
motherapy relative to treatment- naïve HT [74, 75], 
differing time to HT, number of preceding episodes 
of FL, and prior therapies. We also need to be 
mindful that most genetic studies predate the use of 
anti-CD20 therapy rituximab, which has reduced 
HT rate and undoubtably impacted tumor evolu-
tion and will need renewed validation.

Accepting these limitations, studies have 
described an increased genomic complexity 
and mutational burden accompanying HT [57, 
60], while recurrent events associated with 
transformation include disruption to DNA dam-
age response and cell cycle regulation through 
CDKN2A/B loss and TP53 mutation/deletion, 
and increased activity of key GC cell cycle reg-
ulator MYC through translocation, amplifica-
tion, and/or mutation [26, 57, 60, 76, 77]. The 
molecular heterogeneity between HT cases is 
considerable however, and indeed most 
HT-associated events occur in pre-transforma-
tion samples at lower incidence. These obsta-
cles to curating a discrete genetic signature for 
HT emphasizes the importance of pursuing par-
allel investigative approaches, including gene 
expression profiling and immune microenviron-
ment characterization.

2.2.6  Classifying Mutations

The application of NGS tools has facilitated the 
sequencing of each unique DNA position hun-

dreds and thousands of times, improving the sen-
sitivity for detecting low-variant allele frequency 
(VAF) variants that may reflect either a low pro-
portion of tumor cells within a biopsy sample or 
a “subclonal” variant that is present in only a 
fraction of tumor cells. It is worth emphasizing 
that several important variables, including depth 
of sequencing, the biopsy tumor content, and the 
occurrence of sequencing artifacts, impact the 
confidence in detecting subclonal variants. 
Mutations can also be defined by their computa-
tionally modeled or experimentally validated 
pathogenic potential (Table  2.1), with driver 
events viewed as mutations that confer a fitness 
advantage to the tumor cell within the context of 
a given microenvironment, while passenger 
mutations seemingly play no pathogenic role [78, 
79]. Thus, it is important to note that defining a 
driver mutation is often inferred from surrogate 
factors, such as its clonal prevalence and postu-
lated biologic effect, and not always confirmed 
by experimental evidence, although many of the 
landscape mutations in FL have indeed been 
shown to drive lymphomagenesis (Table  2.1). 
Driver mutations, somewhat surprisingly, may 
occur both clonally and in rare subclones in 
tumors with patterns varying according to the 
tumor type; TP53 mutations, for example, are 
predominantly clonal in follicular lymphoma 
[80], but may be subclonal in chronic lympho-
cytic leukaemia (CLL), with a shift toward clon-
ality over time [81]. Strikingly, the impact of a 
mutation may vary depending on when it arises 
during development, with studies by [15] demon-
strating that conditional deletion of Kmt2d early 
during B-cell development, but not after the ini-
tiation of the GC reaction, results in an increase 
in GC B cells and enhances B-cell proliferation.

2.2.7  Temporal and Spatial 
Evolution in FL and Evidence 
for a Common Progenitor Cell 
(CPC)

Concepts of tumour evolution stem from the sem-
inal work in the 1970s by Peter Nowell and John 
Cairns [82, 83], with early theories focussed on 
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the linear acquisition of mutations, each provid-
ing a growth and proliferation advantage driving 
malignant transformation. In recent years, high- 
throughput sequencing of sequential and spatial 
biopsies and more recently cell-free DNA studies 
have led to a much greater appreciation of the 
clonal and subclonal structure of tumors, reveal-
ing a previously underappreciated degree of 
genetic and evolutionary complexity [84, 85]. The 
multiple relapsing indolent haematologic malig-
nancies, including CLL [81, 86], and FL [14, 26, 
35, 57, 60] have provided some of the earliest 
models for examining tumor heterogeneity and 
clonal evolution, revealing both patterns of early 
and late divergence at relapse and evidence of 
intraclonal competition within the unique ecosys-
tem of the tumor microenvironment.

In GC lymphomas the most comprehensive 
analysis of temporal clonal evolution has been 
performed in FL. Initial studies in paired FL and 
HT cases analyzed somatic hypermutation pat-
terns in the immunoglobulin heavy-chain variable 
region (IGH-VH), which uniquely tag each clone 
[87–89]. Although both linear (evolved directly 
from the diagnostic sample) and branching 
(evolved separately from an earlier CPC) evolu-
tionary patterns were described, the predominant 
mechanism was one of early branching evolution. 
Moreover, the molecular analysis of donor- 
derived examples of FL offers further support for 
this notion of a progenitor cell population occur-
ring many years prior to clinically detectable dis-
ease, reminiscent of work on comparisons of 
paired pre-diagnostic peripheral blood and subse-
quent FL tumor discussed previously [2]. In both 
published donor-derived cases, the patients under-
went a bone marrow transplant for another hema-
tological malignancy, after which both the donor 
and the recipient developed a clonally related FL, 
between 3 and 11 years posttransplant [87, 90].

In more recent studies, NGS has been leveraged 
to better characterize the CPC and the genetic 
changes driving transformation and progression 
[14, 26, 35, 57, 58, 60]. Described phylogenetic 
trees comprising a predominant branched evolu-
tionary pattern, where truncal mutations shared 
between separate disease episodes were enriched 
for the epigenetic regulators CREBBP and KMT2D 

and allowed inference that these genetic events are 
likely to characterize this CPC population of cells. 
These findings have been built on by other groups, 
most notably by [57], who performed a similar 
temporal study in a larger cohort of FL–HT and 
FL–FL cases and undertook a detailed analysis of 
clonal dynamics. Using ultra-deep sequencing, 
they demonstrated that HT events were predomi-
nantly composed of clones that were not detectable 
even at low levels at diagnosis, suggesting later 
acquisition and selection, while cases with relapsed 
or progressive FL were characterized by the expan-
sion of preexisting subclones, pointing to markedly 
different evolutionary mechanisms underpinning 
both these processes. Indeed, it is now apparent 
that virtually all tumor types, including FL, com-
prise a mixture of subclones, each with a distinct 
mutation profile, driven by their inherent genetic 
instability and providing a rich substrate for 
Darwinian natural selection. Tumor progression 
and treatment resistance are reliant on this genetic 
plasticity, with evidence to suggest that increased 
intratumor heterogeneity at diagnosis predicts a 
more aggressive disease course and poorer progno-
sis. Meanwhile, spatial profiling of FL biopsies has 
demonstrated the marked genetic heterogeneity 
that may coexist within the same patient at the 
same timepoint [91].

Together, these models may have significant 
implications for treatment, raising pertinent ques-
tions regarding the appropriateness of tailoring 
therapy to the molecular profile of a single biopsy, 
the need to target subclonal mutations, the possible 
role of chemotherapy in driving the selection of 
more aggressive subclones, and critically the nature 
of the CPC B cells that potentially serve as a reser-
voir for subsequent disease episodes. These chal-
lenges are not unique to FL but indeed all forms of 
indolent lymphomas, discussed in this book.

2.3  Molecular Genetics 
in Indolent Lymphomas: 
A Clinical Perspective

Despite our increasing understanding of the 
molecular biology of these lymphomas, transla-
tion into clinical practice is still lagging. 
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Ultimately, the biggest challenge for any genetic 
test is to demonstrate clinical utility. The revised 
WHO classification acknowledges the evolving 
role of genetics in the classification of lymphoid 
malignancies, complementing clinical, morpho-
logic, and immunophenotypic features [92, 93]. 
The field is rapidly evolving, and genetics holds 
great promise to improve diagnostic accuracy, to 
serve as robust prognostic and predictive bio-
markers, and ultimately to guide and personalize 
treatment.

Methods used in clinical practice include 
karyotyping (conventional and metaphase cytoge-
netics), fluorescent in situ hybridization (FISH), 
polymerase chain reaction (genomic and reverse 
transcriptase (RT) PCR), array technology (com-
parative genomic hybridization, single- nucleotide 
polymorphism, and gene expression arrays), mas-
sive-parallel sequencing of DNA and RNA (often 
referred to as next-generation sequencing, NGS), 
and analysis of circulating tumor cells and cell-
free DNA (often referred to as liquid biopsies). 
Appropriate molecular workup is best performed 
in specialized centers and laboratories, with 
expertise in deciding if, when, and what assay to 
perform for which patient and sample; by under-
standing the benefits but also limitations of each 
test; and through interpretation of the data. As of 
today, only few tests are mandatory, but an 
increasing number is optional or recommended, 
and numerous promising assays are in develop-
ment and clinical evaluation. The following sec-
tion will briefly describe current and evolving 
standards for genetic testing in patients with dif-
ferent subtypes of indolent lymphoma.

2.3.1  Follicular Lymphoma

Clonality tests (immunoglobulin rearrangements) 
are usually not required to make the diagnosis 
and should be restricted to samples with diagnos-
tic difficulties, such as inconclusive morphology 
or suspected lymphoma despite reactive mor-
phology. The EuroClonality (BIOMED-2) con-
sortium has developed a standardized multiplex 
PCR assay, which detects most but not all clonal 
IGH rearrangements. False negative results may 

result from rare rearrangements, which are not 
covered, and from sequence variants interfering 
with primer binding in regions affected by 
somatic hypermutation.

Molecular genetics can help confirm the pres-
ence of clonal BCL2 rearrangements, a hallmark 
of FL (see the previous section). Karyotype analy-
sis is capable of detecting the prototypical t (14;18) 
(q32;q21) [IGH/BCL2] translocations as well as 
other less-common translocations. More com-
monly, the FISH technology with BCL2 break-
apart or fusion probes is used to detect 18q21/BCL2 
rearrangements irrespective of their translocation 
partners [94]. However, this is rarely needed to 
make the diagnosis of FL in routine practice. Of 
note, most FL negative for the BCL2 rearrange-
ments still aberrantly express BCL2 protein by 
immunohistochemistry (IHC). Furthermore, 
despite distinct differences in their molecular pro-
files, the absence of the BCL2 translocation has 
not yet been shown to impact outcome of patients 
with grade 1, 2, and 3A FL who received standard 
treatment [95]. Rare variants, such as pediatric-
type FL—a clinically highly indolent subtype—
typically lack BCL2 rearrangements [7].

The clinical impact of gene mutations in FL is 
a rapidly evolving research field [96]. Mutations 
in few individual genes have been associated 
with outcome in patients with FL. Most notably, 
TP53 mutations (present in <5% of newly diag-
nosed FL) predicted inferior outcome both in 
pre-rituximab and rituximab eras [11, 80]. Gain- 
of- function mutations in EZH2 (seen in up to 
25% of newly diagnosed FL; also see the previ-
ous section) have been consistently associated 
with favorable treatment outcome in studies of 
homogenously treated patients who received 
frontline cyclophosphamide, hydroxydaunorubi-
cin (doxorubicin), oncovin (vincristine), and 
prednisone- and cyclophosphamide, vincristine, 
and prednisone-based immunochemotherapy for 
advanced, symptomatic FL [97, 98]. Accordingly, 
EZH2 mutations hold promise to serve both as a 
biomarker and as a therapeutic target.

Prognostic risk models integrating gene muta-
tions [11, 99], copy number alterations [100], and 
gene expression data have shown promising 
results, but further optimization, standardization, 
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validation, and exploration in additional cohorts 
is needed before they can be recommended for 
routine clinical use.

Finally, minimal residual disease (MRD) 
assessments hold promise to increasingly per-
sonalize patient management in FL, but also in 
other lymphomas. Clonal markers, such as chro-
mosomal rearrangements and/or somatic muta-
tions, can be identified in many (but not all) 
lymphomas and quantified in circulating tumor 
cells and/or cell-free DNA from peripheral 
blood and bone marrow samples (or other 
patient materials) by various techniques, includ-
ing polymerase chain reaction–based methods 
and NGS [101]. MRD results can provide real-
time information about tumor burden and 
response to therapy, noninvasive genomic pro-
filing, and monitoring of clonal dynamics. 
However, MRD assessment is not (yet) a clini-
cal standard and should be further validated in 
clinical trials to determine how to best incorpo-
rate MRD testing into routine practice and 
whether MRD-directed therapies improve treat-
ment outcome.

2.3.2  Marginal Zone Lymphoma 
(MZL)

The detection of IgH gene rearrangements (e.g., 
by PCR) can be helpful in distinguishing extrano-
dal MZL of mucosa-associated lymphoid tissue 
(MALT lymphoma) from reactive proliferations. 
Although not diagnostic, the detection of recur-
rent chromosomal translocations involving 
MALT1 (t (11;18) (q21;q21)), BCL10 (t (1;14) 
(p22;q32)), or FOXP1 (t (3;14) (p13;q32)) 
strongly supports the diagnosis of MALT lym-
phoma. Furthermore, approximately half of the 
cases show trisomies of 3/3q or 18/18q or dele-
tions of 6q23 [102]. All these alterations can be 
detected by karyotyping or FISH testing. 
Chromosomal studies may be useful to identify 
patients with gastric MALT lymphoma who are 
less likely to benefit from H. pylori eradication, 
including presence of a t (11;18) translocation or 
trisomy 3/3q [103, 104]. Furthermore, MALT 
lymphomas harboring a t (3;14) translocation 

seem to have a higher risk of histologic transfor-
mation to high-grade tumors.

Nodal marginal zone lymphomas (NMZL) 
typically lack recurrent chromosomal transloca-
tions, but often harbor numerical abnormalities 
similar to those seen in MALT lymphomas, such 
as trisomies 3/3q, 18/18q, as well as deletions of 
6q23. Likewise, splenic marginal zone lympho-
mas (SMZL) also usually do not carry chromo-
somal translocations, but often have abnormal 
karyotype, including deletion of 7q31 or 8p, or 
complex chromosomal alterations [105]. 
Molecular studies have identified recurrent muta-
tions in NOTCH2 and KLF2 (in up to 40% of 
cases of SMZL) and in genes of the NF-KB path-
way (including MALT1, CARD11, TNFAIP3, and 
MYD88); however, the data on their clinical 
impact is still controversial and an area of active 
research [106–108].

2.3.3  Waldenström’s 
Macroglobulinemia

Waldenström’s macroglobulinemia (WM) or lym-
phoplasmocytic lymphoma (LPL) with IgM para-
protein carries highly recurrent somatic mutations, 
including activating mutations in MYD88 (>90% 
of cases [109]) and in CXCR4 (approximately 
30% of cases [110]). As these mutations virtually 
all cluster in hotspots (MYD88 L265P point muta-
tions and nonsense (NS) or frameshift (FS) muta-
tions within the C-terminus of CXCR4 (so-called 
“warts, hypogammaglobulinemia, infections, 
myelokathexis (WHIM) syndrome-like” muta-
tions), they can easily be detected by PCR-based 
assays [111]. Determining the MYD88 and 
CXCR4 mutation status is not only helpful in dis-
tinguishing WM from other B-cell lymphomas 
with indolent morphology, but also provides 
important prognostic and predictive information. 
Patients with MYD88L265P/CXCR4WHIM/NS often 
present with more aggressive disease and high 
tumor burden. CXCR4WHIM/FS mutation status has 
been associated with high IgM levels, including 
hyperviscosity crisis [112]. Importantly, response 
to the BTK inhibition is adversely impacted by 
MYD88wild-type and CXCR4WHIM; hence, determining 
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the mutation status of these genes before the initia-
tion of ibrutinib treatment should now be consid-
ered the standard of care [111]. Whether mutations 
in other genes like BTK or downstream CARD11 
or PLCG2 are also involved in mediating treat-
ment resistance is an area of active research. In 
that regard, WM can serve as a prime example, 
illustrating that response to molecular targeting 
treatments may be particularly predictable by gene 
mutation status. As the field is increasingly shift-
ing toward cytotoxic-free therapies, a broader 
mutational analysis will probably be required to 
personalize treatment approaches in the very near 
future. Other aberrations have also been shown to 
be associated with poor outcome in patients with 
WM, including deletions of 6q and 11q, as well as 
17p/TP53, but validation of these results with 
modern therapies is pending [113].

2.3.4  Mantle Cell Lymphoma (MCL)

Almost all cases of MCL harbor the t (11;14) 
[IGH/CCND1] translocation, which can easily be 
detected by FISH or, with a lower sensitivity, by 
PCR.  However, similar to FL, the detection of 
this hallmark translocation is required to make 
the diagnosis only if routine morphological 
workup (including IHC for CCND1 (cyclin D1)) 
yields inconclusive results. In cyclin D1-negative 
MCL, CCND2 and, rarely, CCND3 transloca-
tions have been described [114]. Most MCLs 
have a pre-germinal center phenotype with 
unmuted IGVH regions and aggressive clinical 
course. However, a subset of MCLs have mutated 
IGVH genes and a more indolent clinical course, 
including non-nodal/leukemic presentation and 
splenomegaly. Chromosomal abnormalities, such 
as tetraploidy or complex karyotype, and dele-
tions/losses of 17p13/TP53 and 9p21/CDKN2A 
have been associated with inferior treatment out-
come, even in the context of dose-intensified 
regimens [115]. Similarly, mutations in TP53 as 
well as NOTCH1 and NOTCH2 have been shown 
to be associated with blastoid morphology, highly 
aggressive clinical course, and dismal treatment 
outcome [116, 117]. Similar to FL, prognostic 
and predictive models integrating gene mutations 

[118], gene expression data [119, 120], or miRNA 
profiles [121] have been proposed but require 
further validation in additional cohorts.

2.3.5  Hairy Cell Leukemia (HCL)

More than 95% of cases of hairy cell leukemia 
(HCL) carry the somatic, activating BRAF muta-
tion V600E [122]. As the HCL clone can be 
small, sensitive molecular assays, such as allele-
specific oligonucleotide (ASO)-PCR, digital 
droplet PCR (ddPCR), or NGS, are required to 
detect the mutation in peripheral blood and/or 
bone marrow samples. Although not specific, the 
presence of the mutation can be helpful in distin-
guishing HCL from other B-cell lymphoprolifer-
ative disorders [123]. Rare variants of HCL lack 
the BRAF V600E mutation (HZL-v), many of 
which haboring mutations in MAP2K2 instead 
[124], particularly cases with IGHV4–34 immu-
noglobulin rearrangements. With the availability 
of BRAF inhibitors and other molecular-target-
ing therapeutics, testing for these mutations is 
expected to be increasingly relevant in the clini-
cal setting. Numerous other genetic and karyo-
typic abnormalities (e.g., chromosome 5 
abnormalities in approximately 40% cases) have 
been described [125]; however, none of these 
have been incorporated into the diagnostic crite-
ria for HCL yet.

2.3.6  Chronic Lymphocytic 
Leukemia

Understanding the prognostic and predictive 
value of specific cytogenetic and molecular find-
ings in CLL is increasingly guiding treatment 
decisions in clinical practice (see Chap. 13). 
Briefly, interphase FISH (e.g., for del (17p), del 
(11q), and del (13q)) and determining the muta-
tion status of IGVH and TP53 are widely consid-
ered standard clinical tests [126, 127]. Unmutated 
IGVH regions are found in approximately half of 
CLL and have invariably been linked with infe-
rior treatment outcome, including higher risk of 
relapse and shorter overall survival [128, 129]. 
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Cytogenetic abnormalities are present in >80% 
of CLL.  The single most common alteration is 
deletion of 13q (present in up to 50% of CLL), 
which has historically been associated with a 
favorable clinical course [130]. Deletions of 
11q22–23 occur in up to 20% CLL, typically 
involve ATM and sometimes BIRC3, and are 
often linked to refractoriness to chemotherapy 
[131]. Patients with deletions of 17p and/or inac-
tivating mutations in TP53 often have complex 
karyotype, aggressive clinical course, and poor 
response to standard chemotherapy and should 
be prioritized for TP53-independent therapies, 
such as ibrutinib, idelalisib, and venetoclax [132] 
(and ESMO guidelines eUpdate from June 27, 
2017: Chronic Lymphocytic Leukaemia 
Treatment Recommendations). Interestingly, the 
mutation frequency of TP53 increases over time, 
from approximately 5% at initial diagnosis to 
about 40% at the time of refractory disease [133]. 
Hence, testing for TP53 mutations is recom-
mended for all patients before the start of any 
new therapy. Also, deep sequencing rather than 
Sanger sequencing is recommended (capturing at 
least exons 4–9), as subclonal TP53 mutations 
(i.e., <1%) seem to have the same unfavorable 
clinical impact as TP53 mutations present in the 
major clone. Emerging data indicates that other 
recurrent gene mutations, such as SF3B1 and 
NOTCH1 mutations, are associated with more 
aggressive disease [131], but further validation in 
additional cohorts is needed, especially in the 
context of novel therapies. Furthermore, screen-
ing for genetic treatment resistance is a rapidly 
developing field, as exemplified by ibrutinib 
resistance mediated by the C481S point mutation 
in BTK or activating mutations in downstream 
PLCG2 [134].

2.3.7  Indolent T-Cell Lymphomas

T-cell lymphomas (TCL) are much less common 
and—with the exception of cutaneous TCL (see 
Chap. 14) and large granular lymphocytic (LGL) 
lymphoma (see Chap. 15)—mostly have an aggres-
sive clinical course. Rearrangements of T-cell 
receptor (TCR) genes are frequently seen and can be 

diagnostically helpful [135]. The aforementioned 
BIOMED-2 multiplex PCR assay captures the most 
common TCR rearrangements (mostly TCRγ and 
TCRβ, less commonly TCRα). However, clinicians 
should be aware of false positive results, as clonal 
T-cell clones can be detected with increasing fre-
quency in elderly subjects [136]. Translocations 
affecting the TCR genes are much less common 
compared to B-cell lymphomas. Other genetic tests 
are not routinely performed in indolent TCL, but 
defining the molecular landscapes of these diseases 
is an area of highly active research.

2.4  Perspective

At the time of writing, genetics has become syn-
onymous with coding mutations, and we have an 
unparalleled understanding of the coding genome 
and genes that are subject to recurring gene muta-
tion in indolent lymphomas. This is in contrast 
with the relatively scant information gleaned thus 
far on how individual gene mutations work 
together, if all mutations in the same genes 
behave the same, and if the impact of specific 
mutation is maintained throughout the course of 
the disease. The portrait of these indolent lym-
phomas will change significantly as we incorpo-
rate knowledge on genetic susceptibility, the 
non-coding (epi) genome, and decide whether 
collectively these can unlock insights into the 
personalities of these lymphoma that will pave 
the way to improvements in the overall 
 management of our patients, for their life both 
with and after lymphoma.
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3.1  Introduction

One leading concept in the management of most 
tumors, particularly those in which highly effec-
tive therapeutic options are available, is that a 
marked reduction of the tumor burden is an 
important preliminary step to ensure long-term 
disease control. This concept is not novel and is 
the basis also for posttreatment clinical response 
assessment by conventional imaging and histo-
logic tools. The rather intuitive notion that “less 
tumor is better than more” should not lead to 
underestimate the simplistic nature of such a con-
cept. Most recent research has indeed stressed the 
heterogeneity of the tumor clone rather than its 
homogeneity, suggesting that the quality of resid-
ual tumor cells might be more relevant than its 
number [1]. This is an intriguing concept that 

might lead to a more refined molecular dissection 
of residual tumor clones in future years. 
Nevertheless, the current unsophisticated crude 
quantification of the whole residual tumor clone 
below the sensitivity threshold of conventional 
histologic and imaging tools (i.e., MRD detec-
tion) has proven to be a valuable tool in most 
hematologic neoplasms and is of great interest in 
the field of truly indolent lymphoid neoplasms, 
such as follicular lymphoma (FL) (Table 3.1) and 
chronic lymphocytic leukemia (CLL), as well as 
in mantle cell lymphoma (MCL) (Table  3.2). 
This chapter will focus on this subject.

Several methods have proven useful for MRD 
monitoring in the context of indolent lympho-
mas. These will be described in a subsequent 
chapter. Different tools have been applied to dif-
ferent disorders, basically because of different 
performances in terms of applicability, accuracy, 
sensitivity, and specificity. Currently, there is no 
single tool that could be considered optimal in 
every disease and in every clinical context [2, 3]. 
However, at the present time, real-time quantita-
tive PCR (RQ-PCR) is considered the “gold stan-
dard” for FL and MCL, while flow cytometry for 
CLL.

The issue of early detection of relapse is par-
ticularly important in the field of indolent non- 
Hodgkin lymphomas (iNHL). Clinically, these 
disorders are characterized by an indolent course 
and good response to treatment. Nevertheless, 
relapses occur frequently, and a proportion of 
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patients still die of their disease. Therefore, the 
identification of patients at high risk of relapse is 
a major goal of clinical and translational research 
in the iNHL field. MRD is one of the most effi-
cient tools for outcome prediction. One 
lymphoma- specific criticism to MRD detection 
has been the supposed “localized nature” of most 
lymphomas, which could hamper a successful 
detection of residual tumors in “liquid” tissues, 
such as peripheral blood (PB) and/or bone mar-
row (BM). Despite its reasonability, this hypoth-
esis has been ruled out by a large bulk of data 
mainly focused on MCL and FL. Many reports 
have demonstrated that even apparently localized 
relapses are often heralded by signals of disease 
activity in PB or BM (Tables 3.1 and 3.2) [4–6]. 
Of course, the integration of imaging tools, such 
as positron emission tomography (PET) with 
laboratory-based MRD tools, is a major field of 
interest that could allow an even more complete 
characterization of these complex entities [7].

From a historical perspective, it should be 
noted that early studies in this field date back to 
the last decade of the previous millennium [8–
10]. The last two decades have witnessed dra-
matic progress in therapeutic strategies as well as 
a careful improvement in technical performances 
of methods, which have acquired greater robust-
ness, accuracy, applicability, and standardization, 
due to both intrinsic technical advancement and 
collaborative efforts for harmonization and stan-
dardization [2, 11–13].

The present chapter will start by describing 
available methods for MRD monitoring in indo-
lent lymphomas and CLL. Then, the clinical prog-
nostic value will be described in various disease 
entities with special focus on FL, MCL, and CLL, 
which have been more extensively studied. Finally, 
the integration of MRD with other prognostic 
tools and future perspectives will be discussed.

3.2  Methods for MRD 
Determination

Different tools have been developed to detect the 
presence and quantify the amount of residual 
lymphoma cells below the sensitivity threshold 

of conventional diagnostic techniques. These 
methods vary in terms of sensitivity, specificity, 
accuracy of target quantification, potential tech-
nical biases, and level of standardization among 
different laboratories [11, 12, 14, 15]. In this 
chapter, the most widely employed tools will be 
discussed, that is, flow cytometry (FC) and 
molecularly based tools, including PCR-based 
approaches, as well as the more recently devel-
oped next-generation sequencing (NGS). Both 
FC-based and molecular tools have undergone 
tremendous development during the last decade, 
with substantial improvement in their perfor-
mances [11, 12, 16, 17]. Notably while in CLL, 
FC is a fully established methodology [18], in 
indolent lymphomas, such as MCL and FL, most 
clinical trials have employed RQ-PCR, which is 
currently the most “widely employed” approach 
in this setting. However, comparison studies are 
ongoing, and a change of paradigm might poten-
tially occur in the next 5 years with the progres-
sive implementation of novel PCR tools, 
next-generation FC, and NGS in the context of 
large multicenter trials.

3.2.1  MRD Detection by FC

Multiparameter flow cytometry (MFC) is a well- 
established method to diagnose hematologic 
malignancies in clinical routine. 
Immunophenotypic aberrations and the detection 
of immunoglobulin light-chain restriction are the 
principal means to identify malignant B-cell pop-
ulations. The short turnaround time of less than 1 
day and less labor-intensive approach compared 
to PCR or sequencing-based methods make it an 
attractive method for MRD detection [18].

MFC is applicable for MRD detection in 
about 95% of all CLL patients, thus making 
them extremely useful in clinical practice [19, 
20]. In both diseases, a comparative analysis to 
AntiSense Oligonucleotides (ASO) primer 
RQ-PCR confirmed a sensitivity of 1E-4 as well 
as the high specificity of the technique [21–23].

The clinical significance of sensitive MRD 
flow has been demonstrated in CLL, including 
prospective randomized trials [24–29].
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Furthermore, international consensus papers 
have been published on the evaluation of flow 
cytometry MRD in CLL setting (also in multiple 
myeloma disease, which is outside the scope of 
this chapter), with the aim of standardizing anti-
body panels and data interpretation [20, 30].

In contrast to CLL, there are no established 
MFC panels for MRD quantification in FL and 
MCL disease. One major obstacle is their high 
immunophenotypic heterogeneity, requiring 
more extensive marker combinations for highly 
sensitive MRD approaches.

Sensitivities of 10−2 can be achieved using 
two-color flow assays [31]; however, this is not 
sufficient for sensitive MRD detection. Four- 
color MFC (4-MFC) assays in MCL reliably 
detect the dissemination of MCL cells to PB or 
BM, but do not exceed a detection limit of 
8  ×  10E-4 [32]. In MCL, a recent publication 
showed that a single, eight-color ten-antibody 
MFC tube allows specific MRD assessment with 
a robust sensitivity of 0.01% in all patients [33]; 
however, even eight-color MFC approaches 
rarely exceed this limit of sensitivity [34]. 
Furthermore, the comparability of MFC-based 
MRD detection with RQ-PCR-based approaches 
in clinical trials needs careful evaluation as using 
the cutoff level of 0.01%, MFC detected MRD in 
only 80% of the cases that were MRD positive by 
real-time quantitative PCR [34]. Data for MFC- 
based MRD detection in FL are entirely lacking.

Therefore, there is a need for optimized 
MFC strategies, and the discovery of novel use-
ful antigens allows the construction of opti-
mized multicolor antibody panels and together 
with automated gating strategies massively 
improves sensitivity and standardized evalua-
tion by MFC [35, 36].

The EuroFlow consortium currently develops 
standards for instrument setup, panel composi-
tion, and data interpretation [37, 38] and a quality 
control program for MFC-based MRD detection 
in various hematologic malignancies [39, 40]. 
These assays must be applied in future clinical 
trials with respect to their applicability and their 
prognostic impact.

3.2.2  MRD Detection by PCR-Based 
Methods

Minimal residual disease analysis by PCR-based 
methods investigates the persistence of residual 
tumor cells through the amplification of one or 
more tumor-specific molecular marker, that is, 
DNA sequences, which are ideally always absent 
in normal cells and always detectable in tumor 
cells [5, 41]. These sequences are used to design 
primers and probes suitable for MRD detection 
assays. Tumor markers employed in mature lym-
phoid tumors belong to two different categories: 
tumor-specific translocations and antigen–recep-
tor rearrangements (Fig.  3.1a–c). Both can be 
used to design patient-specific primers and 
probes. When present, chromosomal transloca-
tions are excellent targets for MRD detection. 
The most widely used are the t(14;18) in FL and 
the t(11;14) in MCL.  The t(14;18) originates 
from the juxtaposition between chromosome 18 
and chromosome 14 involving the immunoglob-
ulin heavy-chain (IgH) genes and the bcl-2 gene 
(Fig. 3.1a) [42]. It occurs most frequently at four 
different clusters, including the major break-
point region (MBR), identified in at least 50% of 
FL patients; three less-common regions, that is, 
the minor cluster region (mcr); and other two 
more recently identified clusters defined as 3′ 
MBR and 5′ mcr [42]. Overall, a molecular 
marker derived from t(14;18) can be obtained in 
approximately 70–85% of patients starting from 
a macroscopically infiltrated sample [43, 44]. 
The t(11;14) involving the bcl1 locus and the 
IgH genes is an MCL-associated translocation 
(Fig.  3.1b). Only breakpoint clustering at the 
major translocation cluster (MTR) can be rou-
tinely amplified for MRD purposes [45, 46] 
(Fig. 3.1b). These are a minority of t(11;14)-pos-
itive cases and account for approximately 30% 
of all MCL patients [47]. The IgH rearrangement 
is theoretically a universal target for MRD 
 determination in mature B-cell tumors 
(Fig. 3.1c). However, amplification and sequenc-
ing of this target is relatively simple in the 
absence of somatic hypermutation or with a 
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modest somatic hypermutation, load such as in 
the case of MCL [2, 5]. On the other hand, 
amplification failure is common in somatically 
hypermutated tumors, such as FL.  Therefore, 
IGHV sequencing is  successful in 80–90% of 
patients with MCL but in only approximately 
50% of patients with FL. Moreover, the presence 
of ongoing somatic hypermutation in FL might 
give rise to some concerns about the predictive 
value of IGHV MRD in this tumor as opposed to 
MCL, where the rearrangement is stable. For 
this reason as well as modest practicability of the 
IgH rearrangement, the t(14;18) is the preferred 
amplification target in FL, while the IgH rear-
rangement is the most frequently used MRD tar-
get in MCL (Fig. 3.1a, c).

First approaches to PCR-based detection of 
MRD were based on qualitative endpoint ampli-
fication approaches and particularly on nested 
PCR [8, 9, 48]. One of the major technical 
advances in MRD detection in lymphoid tumors 
has been the development and standardization of 
real-time quantitative-PCR tools [49–51]. 
RQ-PCR is robust, accurate, and reproducible 
and reduces considerably the risk of contamina-
tion. The value of RQ-PCR has been further 
increased by the development of multi-laboratory 
standardization efforts, which allowed to reach a 
very high level of reproducibility among differ-
ent MRD laboratories [2]. This effort was origi-
nally undertaken in Europe in the context of the 
Euro-MRD consortium for acute lymphoblastic 
leukemia patients [52]. Over the last decade, the 
standardization effort of Euro-MRD has been 
applied also to MCL and FL. Currently, several 
multicenter trials include MRD monitoring per-
formed at different laboratories all performing 
the analysis using the same standardized MRD 
tools in both FL and MCL.

Despite its advantages, RQ-PCR also has 
some limitations. It is not an absolute quantifica-
tion tool, as it relies on a standard curve of sam-
ples with known amounts of target DNA. Several 
samples cannot be fully quantified and are defined 
“positive not quantifiable” (PNQ) [2, 5, 52]. 
Moreover, they are sensitive to PCR inhibitors, 
which may affect amplification kinetics and tar-
get quantification. The newly introduced droplet 

digital PCR (ddPCR) assay overcomes some of 
these limitations [11]. ddPCR is an absolute 
quantification method based on Poisson’s statis-
tics, and since it is based on endpoint amplifica-
tion, it is less sensitive to PCR inhibitors. ddPCR 
sensitivity levels are comparable to qPCR and are 
potentially able to quantify a substantial propor-
tion of cases classified as PNQ by RQ-PCR [11]. 
Although very promising from the technical 
point of view, ddPCR still needs to demonstrate 
to be as predictive as RQ-PCR in the context of 
large multicenter trials in both FL and MCL.

3.2.3  MRD Detection by Next- 
Generation Sequencing

High-throughput sequencing (HTS) of immuno-
globulin (IG) or T-cell receptor (TR) gene rear-
rangements has been successfully developed to 
quantify MRD in lymphoid malignancies. A 
comparative analysis of our groups addressing 
the potential of NGS to overcome some of the 
limitations of ASO-RQ-PCR has shown that both 
methods have comparable sensitivity and further 
increase sensitivity and specificity [12].

The first step is a multiplex PCR for the ampli-
fication of V-D-J rearrangements of IG or TR 
genes. This is followed by a second-round PCR 
with barcoded primers for library preparation and 
subsequent high-throughput sequencing. The 
crucial step is then the correct identification of 
the index sequence identifying the tumor-specific 
IG/TR rearrangement. In contrast to RQ-PCR, 
the laborious design and testing of patient- 
specific assays is avoided as the same multiplex 
approach is applied to follow-up samples, with 
re-identification of the index sequence, allowing 
for MRD quantification. However, this requires a 
well-established bioinformatic approach.

In most published studies, a 5% cutoff of all 
sequences is used for the identification of the 
index clone [13, 53, 54]. This can be consider-
ably difficult in samples where BM or PB is used 
for marker identification due to unrelated B- and 
T-cell clones that, depending on the degree of 
lymphoma infiltration, account for a considerable 
background of amplified sequences.
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A further issue in amplicon-based sequencing 
strategies is somatic mutations in primer-binding 
sites hampering proper primer binding. This is 
particularly important in mature B-cell 

 malignancies, where the clonal IG index sequence 
might harbor considerable rates of somatic hyper-
mutation (SHM) (e.g., multiple myeloma or fol-
licular lymphoma and diffuse large B-cell 
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lymphoma, DLBCL). This is shown in a series of 
Martinez-Lopez and colleagues [55] multiple 
myeloma patients, where a clonal IGH gene rear-
rangement was identified by NGS in only 63% of 
diagnostic BM samples, most probably due to 
somatic mutations of the IGH gene locus leading 
to mismatches at the primer-binding sites. In 
these cases, the addition of IGK and IGH DH-JH 
increases the overall identification rate of an 
index marker to 93%. Furthermore, ongoing 
SHM of the IG loci may lead to IGH clonal het-
erogeneity [56], resulting in a decrease of ampli-
fication efficacy and thereby to a false negative/
low-MRD result.

A further aspect that has not been sufficiently 
addressed in recent publications is the correct 
MRD quantification particularly in the situation 
of low numbers of polyclonal background B 
cells. MRD quantification by counting the num-
ber of index sequences and dividing them by the 
total number of sequenced amplicons is error 
prone, as IG/TR multiplex PCR amplifies only 
rearranged IG/TR genes; that is, cells with the 
respective gene in germline configuration are not 
targeted. This might lead to false results particu-
larly in situations with a low number of poly-
clonal background B cells, because preferential 
sequencing of IGH rearranged B cells might lead 
to a considerable overestimation of 
MRD.  Therefore, standardized internal controls 
must be included in each sequencing reaction for 
correct MRD quantification. Currently, different 
approaches are proposed, like different plasmids 
containing known IGH gene rearrangements 
[54], or synthetic control templates spiked at lim-
iting dilution into each sample and computing the 
average number of reads for each sequenced 
spiked synthetic template [57].

To address all these issues, the EuroClonality- 
NGS consortium (www.EuroClonality.org) has 
been formed under the umbrella of ESHLO, with 
the main objectives to develop, standardize, and 
validate the entire workflow of IG/TR NGS 
assays for (a) clonality assessment, (b) minimal 
residual disease detection, and (c) IG/TR gene 
repertoire analysis. An important section of this 
consortium is the development of a bioinformatic 
platform for standardized input processing, data 

selection and filtering, immunogenetic annota-
tion of sequences, and comparative calculations 
and visualization. A bioinformatic pipeline 
(ARResT/Interrogate pipeline) has recently been 
published by the group and is being used for stan-
dardized MRD assessment by HTS [58].

Like all other MRD methods, the sensitivity of 
HTS is dependent on the number of analyzed 
cells and the corresponding amount of 
DNA.  Therefore, a sensitivity of 1E-6 requires 
the appropriate amount of DNA for each reaction 
(for example, 10 μg DNA corresponding to 1.5 
million cell equivalents). This is challenging and 
requires sequencing of several replicates as an 
amount of >1  μg DNA per reaction hampers 
proper PCR amplification.

Validated methods, standardized application, 
regular quality controls, and guidelines for result 
interpretation are a prerequisite for MRD- 
directed treatment in lymphoid malignancies. 
While this has been established since many years 
for RQ-PCR-based MRD detection by the Euro- 
MRD consortium [59–61], standards are lacking 
for NGS-based MRD quantification. As a conse-
quence, the application of NGS for clinical deci-
sion making should not be performed unless data 
from randomized trials show a comparative vali-
dation with standard methods.

The most important aspect of any MRD 
assessment will require a rapid, reliable, and 
reproducible assay that is sensitive enough to 
detect disease prior to clinical relapse; HTS holds 
significant promise in this regard.

3.3  MRD in Follicular Lymphoma 
and Other Indolent 
Lymphomas

Of the different disease entities discussed in this 
review, FL was the first NHL histotype in which 
MRD was employed, and together with MCL, it 
is the NHL subtype in which MRD detection is 
most frequently used and where its predictive 
value is most clearly established (Table 3.1). The 
first experiences with nonstandardized qualita-
tive tools at the Dana–Farber Cancer Institute 
date back to the 1990s and showed, in the autolo-
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gous transplantation setting, that MRD status at 
the time of BM infusion and soon after transplan-
tation has a long-term impact on the natural his-
tory of FL [9, 62]. Since then, several studies 
using similar or more accurate tools, such as 
RQ-PCR, have confirmed the major predictive 
value of MRD detection in FL (Table 3.1). When 
multivariate analysis was employed, the lack of 
molecular remission (MR) emerged as an inde-
pendent predictor (Table 3.1). Only a minority of 
reports failed to demonstrate a predictive value 
for PCR-based MRD detection. In virtually all 
cases these studies investigated a very small 
patient series, used heterogeneous tissue sources, 
or contained major technical and interpretation 
biases, which explain why the impact of MRD on 
the outcome was not observed [63, 64].

From the methodological point of view, most 
earlier experiences were based on nonstandard-
ized qualitative tools. However, since 2012, most 
high-quality studies have included the standard-
ized RQ-PCR-based analysis. When both tools 
were employed, RQ-PCR usually showed a bet-
ter performance in terms of outcome prediction 
in both FL and MCL [65]. In terms of tissue 
sources, both peripheral blood and bone marrow 
were analyzed in different studies. BM is more 
heavily infiltrated by FL compared to PB, both at 
diagnosis and in the remission phase. However, 
MRD on both tissues proved to be predictive for 
the outcome [44, 66].

The experiences accumulated thus far allow 
us to draw several relevant considerations:

 (a) In the pre-rituximab era, autologous stem 
cell transplantations (ASCT)–based pro-
grams allowed a large proportion of patients 
with FL (up to 70%) to enter MR [9, 67]. 
This was in striking contrast with the nearly 
constant lack of molecular response in MCL 
patients [67, 68]. On the other hand, conven-
tional chemotherapy achieved this goal in a 
minority of patients and only when used at 
diagnosis [9, 69].

 (b) Rituximab dramatically increased the rate 
of MR in FL. Modern chemo-immunother-
apy leads to MR rates like those observed 
with ASCT in the pre-rituximab age (50–

80% depending on the study and schedule) 
[3, 44, 65, 66].

 (c) Even following the introduction of ritux-
imab, ASCT-based programs induce more 
MRs compared with conventional chemo-
therapy (70–80% vs. 0.50–60% in a Phase III 
study comparing the two treatments). 
Nevertheless, for those patients achieving 
MR, the outcome is similar regardless of the 
treatment received [70].

 (d) Patients who did not achieve MR following 
conventional chemotherapy might achieve 
PCR negativity following consolidation with 
or without transplantation [65, 70].

 (e) The use of more active monoclonal antibod-
ies, such as obinutuzumab, ensures the 
achievement of higher MR rates [44, 66]. 
Interestingly, this benefit of obinotuzumab is 
particularly prominent when this agent is 
combined with less-intense treatments, such 
as CVP, indicating that a more active antibody 
might compensate for a less-intense chemo-
therapy in terms of MR achievement [44].

 (f) Despite its predictive value, the first MRD- 
guided trial investigating whether patients 
achieving MRD negativity and PET negativ-
ity could skip rituximab maintenance was 
negative [71]. This demonstrates that even in 
the presence of maximal cytoreduction, 
rituximab maintenance remains beneficial 
but does not imply that MRD-based decision 
making could prove unsuccessful in other 
settings for both treatment intensification and 
de-intensification. This observation suggests 
that the optimal treatment modulation based 
on MRD should probably consider multiple 
time points in order to detect MRD reappear-
ances rather than relying on a single time 
point analysis.

As previously mentioned, the great bulk of 
MRD data on truly indolent NHL subtypes was 
obtained in FL. Recently, MRD tools have been 
applied also in less-common subtypes. 
Lymphoplasmacytic lymphoma (or Waldenstrom 
macroglobulinemia) is an uncommon subtype 
characterized by the MYD88L265P point muta-
tion in >90% cases. This mutation has been used to 

3 Minimal Residual Disease (MRD) in Indolent Lymphomas



30

develop an MRD-based ddPCR, which proved 
suitable for MRD detection in terms of sensitivity 
and specificity [72]. Moreover, the applicability of 
MRD detection based on the IGHV rearrangement 
and the achievement of MR have been demon-
strated in splenic marginal zone lymphoma after 
treatment with bendamustine and rituximab [73]. 
These findings are promising, but a demonstration 
of clinical impact on the outcome is still awaited.

3.4  MRD in Mantle Cell 
Lymphoma

In MCL, only in the era of combined 
Immunochemotherapy inducing high rates of 
clinical responses and in intensive treatment regi-
men with ASCT, the clinical relevance of MRD 
response could be documented.

In contrast to FL, the number of clinical trials 
evaluating the clinical impact of MRD in MCL is 
much lower (Table  3.2). cyclophosphamide, 
doxorubicin, vincristine, and prednisone (CHOP)-
like chemotherapy without rituximab does not 
induce a relevant reduction of tumor load in MCL 
patients even among those achieving a clinical 
remission, indicating that CHOP monotherapy is 
not an optimal treatment for MCL [74].

First results from randomized trials were 
achieved in the European MCL Younger and 
Elderly trials, where combined immuno- 
chemotherapy was applied with or without ASCT 
in younger patients and anti-CD20 maintenance 
in patients ineligible for transplantation; it could 
be shown for the first time that relevant rates of 
MRD response of 40% could be achieved after 
R-CHOP treatment [75].

The impact of treatment on tumor load in MCL 
can be directly measured by MRD response after 
each treatment block of induction treatment. This 
has been convincingly demonstrated by the sys-
tematic analysis of MRD response in the context 
of the European MCL studies, which included a 
prospective MRD monitoring program.

The impact of MRD monitoring in MCL can 
be summarized as follows:

 (a) Intensification of induction treatment by 
high-dose cytarabine in the alternating 

R-CHOP/R-DHAP arm of the European 
MCL Younger trial demonstrated increased 
MRD response rates of 66% compared to 
R-CHOP, with 39% occurring already at 
midterm induction [75], and led to a new 
standard for younger and fit patients. The 
Nordic MCL3 study provided confirmatory 
results to the European MCL Younger trial 
[76].

 (b) High-dose chemotherapy and subsequent 
stem cell retransfusion (ASCT) have improved 
clinical response and long-term survival in 
MCL [77, 78] and is currently the standard of 
care in younger patients with MCL.  That 
ASCT has still an impact on molecular 
response, and the outcome of MCL could be 
demonstrated in the European MCL studies. 
ASCT increases molecular remission rates 
after R-CHOP from 47 to 68% in PB and from 
26 to 59% in BM. After R-CHOP/R-DHAP, 
the impact is mainly in BM, where MRD neg-
ativity is increased from 61% pre-transplant to 
79% thereafter [75].

 (c) MRD status after ASCT is strongly prognos-
tic for Progression Free Survival (PFS), 
with 4-year PFS of about 38% (median PFS 
about 3  years) [75] and is also seen after 
adjustment for MIPI, Ki-67 index, CT status 
pre-ASCT, and PET status pre- 
ASCT. Similar results have been shown by 
the LYMA trial of the LYSA [79] and also 
in the Italian MCL0208 trial investigating a 
similar tumor population. In this study some 
pre-ASCT time points and all post-ASCT 
time points were highly predictive for the 
outcome [80].

 (d) The efficiency of induction treatment prior to 
ASCT measured by the MRD status before 
ASCT impact on prognosis. Long-term fol-
low-up of patients in clinical remission by 
MRD is of clinical importance, as data of the 
European MCL network demonstrate that 
reappearance of MRD in clinical remission is 
associated with clinical relapse.

 (e) For long-term disease control, not only the 
achievement of MRD response but also its 
maintenance is a prerequisite. This is demon-
strated by results of the European MCL tri-
als, where the MRD status during the first 
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year after ASCT of maintenance in elderly 
patients was strongly prognostic for subse-
quent PFS [75].

Overall, there is convincing evidence that 
MRD positivity or MRD reappearance after the 
currently recommended standard treatment is 
strongly predictive for imminent clinical relapse 
within 1–2 years, whereas the outcome of MCL 
patients in sustained molecular remission 
appears favorable. This observation stimulates 
treatment concepts adapted to MRD response 
independent of the preceding treatment and 
might include preemptive treatment approaches 
with novel drugs.

3.5  MRD in Chronic Lymphocytic 
Leukemia

In CLL, flow cytometry is the standard method 
for MRD detection. MRD negativity in CLL is 
defined as <1 CLL cell detectable per 10,000 leu-
kocytes (0.01%). The simplest approaches to 
measure MRD in CLL are CD19/CD5 co- 
expression analysis, assessment of light-chain 
restriction by flow cytometry, and consensus 
primer PCR analysis of clonal IGHV rearrange-
ments [81, 82]. However, these methods do not 
reach a sensitivity of <1% in the setting of poly-
clonal B cells and therefore are not suited for sen-
sitive MRD monitoring.

Four-colour flow-cytometric approaches pre-
dominantly based on CD5, CD20, and CD79b 
expression have been reported, and all show a 
sensitivity that is tenfold higher than flow- 
cytometric approaches based on CD19/CD5 and 
κ/λ combinations. High-sensitivity quantitative 
PCR approaches are also available and target the 
IGHV rearrangement, the fingerprint of the 
clonal CLL population. Allele-specific quantita-
tive PCR (ASO-RQ-PCR) has been established 
as the most sensitive method for the detection of 
residual disease reaching a sensitivity of 0.001% 
[22, 83]. ASO-RQ-PCR can enumerate CLL cells 
accurately when they represent more than 0.01% 
of leukocytes but can provide qualitative results 
only below this level [84].

Reproducible high sensitivity is also achieved 
by NGS-based approaches that in contrast to 
RQ-PCR allows quantification below the criti-
cal threshold of 0.01% [85]. However, whether 
sensitivity higher than 0.01% is needed at all for 
prognostication in CLL is currently unclear.

The key advantages of flow cytometry in com-
parison to ASO-RQ-PCR is that the same mark-
ers are used for all patients and that results are 
generated rapidly using a standard marker set in 
real time [81, 86].

In most of the clinical studies evaluating the 
impact of MRD response on outcome, four-color 
flow cytometry has been used and a cut-off of 
0.01% has been defined as clinically relevant [87].

There is a good correlation between the level 
of disease in peripheral blood and bone marrow, 
and both sites can be used for the assessment of 
MRD, unless the treatment includes rituximab or 
alemtuzumab [27, 86]. In the setting of effective 
antibody treatment, bone marrow might be more 
informative for MRD [24]. Therapeutic antibod-
ies preferentially deplete the peripheral blood, 
and therefore, peripheral blood assessment dur-
ing treatment is likely to underestimate the resid-
ual tumor load but can still provide prognostic 
information [24, 88].

A complete MRD response is always associ-
ated with improved progression-free survival; in 
most studies, the improvement is highly signifi-
cant and improved overall survival may also be 
demonstrated [24, 27, 89–92]. The clinical rele-
vance of MRD is well established in CLL and is 
known to be an important predictor of outcome. 
Novel treatment strategies, including 
chemotherapy- free regimen with BCL2- or B-cell 
receptor (BCR) signal inhibitors, aim at more per-
sonalized approaches and guide the duration of 
treatment according to MRD response in bone 
marrow [93] in order to reduce toxicity by compa-
rable efficiency. This change of treatment para-
digm is possible by the availability of standardized 
MRD methods [35, 38]. Whether disease eradica-
tion at least in a subgroup of patients with early 
and deep MRD response and good prognostics 
factors will be possible by individualized treat-
ment approaches is currently tested in modern 
treatment concepts.
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3.6  Integrating MRD 
and Imaging Tools

Response assessment is very much improved by 
metabolic response assessment measured by 
18F-fluorodeoxyglucose positron emission 
tomography-computed tomography (18F-FDG 
PET-CT). There are convincing data in follicular 
lymphoma showing that 18F-FDG PET-CT has 
become a surrogate for treatment success or fail-
ure [94]. More recently, PET has been reported to 
be a reliable predictor of outcome in follicular 
lymphoma requiring treatment [95], and prospec-
tive trials to test PET-guided therapy in this dis-
ease are anticipated.

Therefore, it is tempting to speculate whether 
the combination of both PET and MRD response 
might identify prognostic subgroups among 
responders who might be (a) functionally cured 
in the case of PET and MRD response or (b) can-
didates for a response-adapted treatment, includ-
ing treatment escalation and de-escalation, in 
case of persistent PET and/or MRD positivity.

Data for the prognostic value of combining 
both methods for an improved response assess-
ment emerge from a subgroup analysis of the 
Gallium trial in untreated primary 
FL.  Achievement of a complete metabolic 
response (CMR) or MRD at EOI was prognostic 
for prolonged PFS and overall survival. A com-
bined analysis of PET and MRD response was 
possible in 298 patients at the end of induction 
treatment with immunochemotherapy. CMR was 
achieved in 266 (89%) and MRD response in 275 
(92%) of 298 evaluable patients. Of 266 patients 
in CMR, 250 (94%) were MRD negative in paral-
lel. Median follow-up in the evaluable group was 
44 months. In the patient group with both CMR 
and MRD-negative response 2.5-year PFS (from 
EOI) was 85% (95% CI: 80–89), compared with 
69% (95% CI: 40–86) in the CMR and MRD- 
positive group. Patients achieving only either 
CMR or MRD negativity had a higher risk of pro-
gression or death (>2.1-fold) compared to 
patients who achieved both [96].

This suggests that for response-adapted treat-
ment strategies, both methods for response 
assessment are required.

However, if MRD response is understood as a 
surrogate parameter for treatment efficiency and 
is associated with an improved outcome, treat-
ment reduction might not be the right concept for 
response-adapted treatment. This is supported by 
results of the interim analysis of the FOLL12 trial 
conducted by the Fondazione Italiana Linfomi, 
who performed a response-adapted maintenance 
strategy in a Phase III randomized trial. The treat-
ment consisted of a standard maintenance arm in 
comparison to an experimental treatment arm, 
where PET- and MRD-negative patients received 
no rituximab maintenance, while PET/MRD- 
positive patients received an intensified treatment 
with radioimmunotherapy and standard ritux-
imab maintenance [71]. The 3-year PFS in the 
experimental arm was significantly worse with 
69 months compared to 84 months for the stan-
dard maintenance. Further studies are needed to 
challenge the current concept of maintenance in 
follicular lymphomas.

3.7  Future Perspectives

MRD diagnostics has become an increasingly 
important tool for the measurement of treatment 
efficiency in clinical trials and estimation of 
prognosis in mature B-cell malignancies.

This also includes the evaluation of new treat-
ment modalities, where MRD measurements can 
demonstrate the effectiveness of the novel treat-
ment and can also be used as a surrogate endpoint 
in clinical trials.

Consequently, standardized MRD diagnostics 
should be available for the assessment of 
 treatment response in each individual patient, to 
be used for personalized medicine and accurate 
risk- group assessment.

A major disadvantage of the currently used 
methods for MRD is their restriction to only a 
subset of the patient cohort due to technical rea-
sons. Next-generation sequencing might bridge 
this gap and might raise the number of patients 
with a sensitive MRD marker in clinical trials. 
However, the validation of NGS as a clinical end-
point is currently lacking for all main B-cell 
malignancies.

M. Ladetto et al.



33

Additionally, standardized technical proce-
dures have to be established for multicenter 
application, including sensitivity definition, 
MRD cutoff levels for risk-group definition, 
practical application conditions, as well as result 
reporting.

This requires an international effort and a 
comparison with currently used methods as well 
regular quality controls, but this is highly neces-
sary with respect to in vitro diagnostics.

In the light of plenty of novel treatment 
options, MRD assessment will be highly relevant 
as an early read-out parameter in clinical trials 
and study endpoint. Furthermore, MRD and met-
abolic response will be the best tool for risk strat-
ification and individualized treatment.
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4.1  Introduction

18F-fluoro-deoxy-glucose positron emission 
tomography (FDG-PET) is a functional imaging 
technique that, combined with computed tomog-
raphy (CT), adds useful detail in staging and 
restaging of lymphomas. Overall, FDG-PET-CT 
(PET) has been proven to increase the accuracy 
of staging compared to conventional CT scan-
ning and has been recommended as the standard 
imaging modality for all FDG-avid lymphomas 
since 2014 [1, 2]. Most PET data has been 
obtained from Hodgkin and aggressive non- 
Hodgkin lymphomas and allowed us to define the 
concept of metabolic response (CMR) [3], to 
validate the prognostic role of achieving a CMR 
at different timepoints and provide a platform for 
the evaluation of response-adapted therapies, 
mainly in Hodgkin lymphoma [4]. Indolent lym-

phomas were excluded from PET studies for 
many years mainly due to the heterogeneous and 
generally reduced FDG avidity and clinical 
ambivalence about the role of PET in an “incur-
able” group of lymphomas. More recently, 
assisted by the improvement in PET technology, 
accumulated evidence is favoring the use of PET 
for staging and response assessment of low-grade 
lymphomas, with particularly robust data in fol-
licular lymphoma (FL). In addition to the visual 
assessment of FDG-PET that is usually based on 
the identification of focal uptake at nodal or 
extranodal sites, functional imaging allows the 
quantification of the degree of FDG uptake. The 
most frequently used quantitative parameter is 
the standard uptake values (SUV), that is, the 
ratio of the image-derived radioactivity concen-
tration and the whole-body concentration of the 
injected radioactivity. SUV and SUV-derived 
parameters (i.e., SUVmax, SUVmean, SUVpeak, etc.) 
provide additional detail to better characterize 
sites with disseminated lymphoma involvement 
(bone marrow, spleen, extranodal sites).

Indolent lymphomas are a unique disease 
model to utilize PET in staging. Low-grade lym-
phomas are characterized by high intra-patient 
heterogeneity mainly in terms of the variability 
of organ involvement (nodal, extranodal, bone 
marrow) and in terms of tumor biology with het-
erogeneity of the clonal mechanisms and micro-
environment underlying tumor spread and 
aggressive behavior. In this chapter the main 
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studies describing the use of PET for staging and 
restaging of indolent lymphomas are outlined. 
Most of the data has been acquired in FL, the 
most frequent subtype, which commonly shows 
the highest FDG avidity compared to other indo-
lent subtypes [5]. Data supporting the use of PET 
in the other indolent subtypes, including small 
lymphocytic lymphoma (SLL), marginal zone 
lymphomas (MZL), and lymphoplasmacytic 
lymphoma (LPL), is still limited due to typical 
leukemic presentation and the low proliferation 
index of these cases.

4.2  PET in Staging

The use of PET for baseline staging of lymphoma 
in clinical practice became standard in 2014 [1, 
2]. Staging obtained with PET/CT is more accu-
rate compared to contrast-enhanced CT scan (Ce/
CT) mainly due to the greater sensitivity of PET 
in more frequent detection of both extranodal and 
nodal sites of disease. In a large cohort of 142 FL 
patients prospectively enrolled in the Italian 
FOLL05 clinical trial, PET identified more nodal 
areas than CT in 32% of the patients and addi-
tional extranodal sites (ENS) in 47% patients. 
Similarly, a central review of available PET-CT 
scans in the PRIMA study demonstrated extrano-
dal involvement in 31/59 (52.5%) patients. The 
most frequently discovered new ENS were bone/
bone marrow, spleen, skin, and gastrointestinal 
tract [6, 7].

With the higher sensitivity of PET, upstaging 
of disease occurs in a significant proportion of 
patients, ranging from 18 to 31% overall [8–10]. 
In the FOLL05 study, 62% patients with early 
stage (I and II) defined by CT were upstaged on 
PET imaging [7]. The actual effect of PET in the 
staging of patients with disseminated disease is 
mitigated by the histologic assessment of bone 
marrow (BM) that is frequently found positive 
(40–70% cases) on BM biopsy (BMB) [11]. Of 
particular clinical relevance is the role of PET in 
the identification of truly localized disease in a 
minority of patients, who also have no evidence 
of disease in BM biopsy. This concept mainly 
applies to FL patients, for whom published data 

confirms the improvement of survival of truly 
localized disease treated with radiotherapy [12], 
compared to historical series, but could also be 
relevant for other indolent subtypes (i.e., mar-
ginal zone lymphomas), who are eligible for 
potentially curative localized radiotherapy. 
Higher sensitivity in nodal assessment can also 
modify the FLIPI score although no comparison 
in patient outcomes has been made between 
CT-based FLIPI vs. PET-based FLIPI [7].

Assessment of BM involvement with FDG- 
PET when staging indolent lymphoma is contro-
versial. BM involvement is the most frequently 
detected ENS in baseline PET staging of FL, 
although initial reports suggested a low sensitiv-
ity in detecting bone marrow involvement (BMI)
by PET/CT. In one study BMB biopsy and PET 
were compared for initial staging in a cohort of 
45 FL patients; PET detected 13 cases (29%) of 
BMI: five with a diffuse and eight with a focal 
pattern of FDG uptake. BMB was positive in all 
patients with diffuse uptake and in only three out 
of eight with a focal uptake [13]. In another retro-
spective study on 64 FL patients, the pattern of 
FDG uptake was suggestive of BMI in 13 out of 
24 (56%) patients with BMI; nine had a diffuse 
uptake (all with a positive BMB) and four had 
focal FDG uptake (all with a negative BMB). 
Overall, the sensitivity of FDG-PET in detecting 
BMI was 54% [14]. In this study some degree of 
diffuse FDG uptake could be observed in patients 
with a false negative PET scan, suggesting that 
applying a more sensitive threshold to detect a 
diffusely abnormal FDG uptake in BM may bet-
ter predict BMB- proven BMI. This concept has 
been investigated by Perry et al. in a retrospective 
study of 68 FL patients; PET assessment was 
consistent with BMI in 16 patients (23.5%); 13 
had a positive BMB. All eight patients with focal 
and five of eight patients with a diffuse FDG 
uptake had a positive BMB. On the other hand, a 
diffuse “nonspecific” FDG uptake was observed 
in 17 patients (32.7%) with a negative BMB. A 
quantitative assessment of PET using SUV, an 
SUVmean value < than 1.7 or higher than 2.7, was 
able to distinguish patients with a non-involved 
BM from those with a “true” BMI, showing sen-
sitivity and specificity of 100% in both cases. Out 
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of 20 scans showing an “intermediate” SUVmean 
value between 1.7 and 2.7, only five patients had 
a biopsy-proven BMI [15].

A particular interest of functional imaging in 
the baseline staging of indolent lymphomas is the 
potential for early detection of transformation 
into a large B-cell lymphoma. Several attempts 
have been made to correlate the histologic FL 
grade and FL transformation with the intensity of 
FDG uptake in PET/CT. The correlation of SUV 
with histologic grading has not led to firm con-
clusions [8, 14, 16], while a correlation with pro-
liferation index has been recently suggested [16]. 
In a retrospective, single-institution study by 
Schoder et al., in which FDG uptake was com-
pared between 28 patients with indolent and 63 
with aggressive lymphomas, 81% of indolent 
lymphomas had an SUV below 10, while most 
patients with SUV above 13 had aggressive his-
tology. On the other hand, a low FDG uptake was 
not always an indicator of indolent disease: of the 
63 patients with aggressive disease, 22 (35%) had 
lesions with an SUV < 13. For the eight patients 
with transformed lymphoma, SUVs ranged from 
4.8 to 29.8. Three of the eight patients had an 
SUV < 10 [17]. According to similar studies, an 
SUV of 13–14 has been suggested as the cutoff to 
achieve the best balance between sensitivity and 
specificity to confirm low-grade histology [8, 
18–20]. Higher SUV values of 17–21 have been 
reported to achieve higher specificity [19, 20]. 
All these early studies are small, and there has 
been no prospective study of the association of 
SUVmax and biopsy-proven histologic transfor-
mation in patients initially diagnosed with FL. In 
addition to considering absolute SUV values, the 
concept of SUVgradient has also been identified as 
the intra-patient difference between sites with the 
highest and lowest SUVmax values. In one study, 
transformed lymphomas had high SUVgradients 
between 10 and 15 that were 2.6–4.8 values 
higher than non-transformed cases [8, 18]. 
Conversely, abstract data from 522 baseline PET 
scans performed in the GALLIUM study sug-
gests that there is no correlation between either 
baseline SUVmax or SUVgradient in the prediction of 
histologic transformation, which occurred in 
only 2.5% of patients during 5 years of follow- up 
[21]. Median (range) baseline SUVmax in patients 

with HT was 12.4 (8.14, 27.95) vs. 11.8 (3.05, 
64.43) in those without HT. Median (range) base-
line SUVgradient, defined as the difference between 
bSUVmax of the most and least FDG- avid lym-
phoma sites, was 6.6 (1.08, 23.91) vs. 7.14 (0.00, 
59.81), respectively. In conclusion, while PET 
may be useful to increase the suspicion for de 
novo aggressive transformation of an indolent 
lymphoma, functional imaging cannot be consid-
ered as a sole surrogate of transformation. The 
diagnosis of transformation requires histologic 
confirmation, and in the absence of clinical fea-
tures suggestive of transformation, the cost, 
inconvenience and risk of repeat biopsy driven by 
PET status need careful consideration.

The prognostic value of quantitative parame-
ters obtained from baseline PET/CT has also 
been investigated in two large prospective stud-
ies. Data suggest that high SUV has no correla-
tion with inferior patient outcome, and one study 
suggested an inferior 5-year progression-free sur-
vival (PFS) in patients with an SUVmax less than 
9.4 [21, 22].

Moving from semi-quantitative metrics of 
FDG avidity, such as SUVmax, dedicated software 
has enabled the quantification of the metaboli-
cally active tumor volume (MTV) [23]. The latter, 
calculated on baseline FDG-PET scan, is demon-
strated to be a strong predictor of treatment out-
come in Hodgkin lymphoma [24], diffuse large 
B-cell lymphoma [25], primary mediastinal B-cell 
lymphoma [26], and peripheral T-cell lymphoma 
[27]. In a recent study by Meignan et al., baseline 
TMTV as a dichotomized variable was the stron-
gest pretreatment predictor of outcome in a high 
tumor burden follicular lymphoma population 
treated mostly with R-CHOP immunochemother-
apy. The 29% patients who had a high 
TMTV  >  510  cm3 had an inferior 5-year PFS, 
with a median PFS of <3 years and an increased 
risk of death. Conversely, a metabolic volume 
below this cutoff in the remaining 71% patients 
predicted a median PFS beyond 6  years. 
Importantly, TMTV was a strong predictor of 
early progression within the first 1–2 years after 
commencing therapy. Unlike the original FLIPI, 
FLIPI2 was also an  independent predictor of PFS 
in this study and the combination of 
TMTV > 510 cm3 with intermediate- to high-risk 
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FLIPI2 stratified the population into three risk 
categories based on the presence or absence of 
any of these two adverse factors. The 14% patients 
with both high TMTV and intermediate- to high-
risk FLIPI2 had a very poor 46% PFS and 86% 
overall survival (OS) at 2 years [28]. Conversely, 
unpublished abstract data from the GALLIUM 
study has suggested no prognostic impact of base-
line PET metrics (TMTV, total lesion glycolysis, 
or SUVmax) on PFS or OS in the treatment of 
patients with high tumor burden FL in need of 
therapy. In this study all patients were prescribed 
antibody maintenance and most patients were 
treated with bendamustine [29]. This raises the 
issue of the applicability of retrospective studies 
of baseline PET metrics to the modern immuno-
chemotherapy era.

In summary, PET is now the accepted imaging 
modality for the staging of indolent lymphoma. 
With greater disease sensitivity than standard CT, 
a significant proportion of patients with otherwise 
early stage are “upstaged,” and hence the out-
comes, and curative potential, of local radiother-
apy for patients with localized disease after PET 
staging are likely higher than earlier. For patients 
with advanced-stage FL in need of therapy, while 
re-biopsy may be considered for patients with a 
very high SUVmax, there is no solid prospective 
data in support of this. The rate of de novo histo-
logic transformation in patients with biopsy-dem-
onstrated indolent lymphoma in the absence of 
other clinical indicators is low. Furthermore, 
while intuitively patients with a higher SUVmax 
and higher TMTV are assumed to have poorer 
outcomes, the prospective data does not support 
this. It is possible that the FDG uptake in indolent 
lymphomas, specifically in FL, may relate as 
much to the microenvironmental cells, including 
T cells, as the B-cell component. Further prospec-
tive research in this area is greatly needed.

4.3  PET Response Assessment

4.3.1  Interim PET

There is little data available on the predictive 
power of mid-treatment PET in indolent lym-

phoma, with the only known publication being 
of PET after four cycles of R-CHOP in the LYSA 
PET Folliculaire study. The estimated PFS at 
2 years was 86% in patients with a negative PET 
at cycle 4% vs. 61% in those with a positive PET 
(P < 0.0046) and 87% in patients with a negative 
PET at the end of treatment vs. 51% in those 
with a positive PET (P  <  0.001; Fig.  4.2). Of 
importance, while 2-year OS also significantly 
differed according to final PET results, the PET 
status after cycle 4 did not have a significant 
impact on OS [30].

Evaluation by PET before four cycles of ther-
apy, as has been evaluated in other lymphoma 
subtypes, has never been evaluated in patients 
with follicular lymphoma. This data does not 
support the use of interim PET in routine man-
agement of follicular lymphoma. Furthermore, it 
must be noted that the clinical imperative to per-
form interim PET in follicular lymphoma, with a 
median overall survival approaching two decades, 
is not as great as with aggressive lymphoma.

4.3.2  End-of-Induction Assessment

CT-based assessment with cumbersome mea-
surements of the sum of the product of the diam-
eter of up to six target lesions has been the 
cornerstone of response assessment for FL for 
decades. However, with approximately 95% of 
patients having a response to rituximab chemo-
therapy, the poor discriminatory capacity of the 
1999 IWC contrast-enhanced CT-based response 
assessment consigns most responding patients 
(with an unconfirmed complete response or par-
tial response) to an uncertain remission in which 
only close clinical follow-up identifies those with 
early relapse [1].

4.3.2.1  PET Response
An initial hypothesis-generating retrospective 
analysis of end-of-induction (EOI) PET scans 
performed in the prospective PRIMA (Primary 
Rituximab and Maintenance) study demonstrated 
that of 122 PET-CT scans performed at the end of 
the induction immunochemotherapy, 32 (26%) 
were reported as positive by the local investiga-
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tor. Patients remaining PET positive had a signifi-
cantly inferior PFS at 42 months of 32.9% (95% 
CI 17.2–49.5%, P < 0.0001) compared to 70.7% 
in those who became PET negative (95% CI 
59.3–79.4%). While PET status correlated with 
conventional response criteria (P  =  0.0006), it 
was PET status, but not conventional response 
[complete or unconfirmed complete response 
(CR/CRu) vs. partial response (PR)], 1999 IWC, 
that was an independent predictive factor for 
lymphoma progression. The risk of death was 
also increased in PET-positive patients (hazard 
ratio [HR] 7.0; P = 0.0011) [31]. In an indepen-
dent central review of available PETs in accor-
dance with the Deauville 5-point scale, applying 
a cutoff >4, there was a significantly inferior 
42-month PFS in patients with a positive PET 
scan of 25.0% (95% CI 3.7–55.8%) vs. 61.4% 
(95% CI 45.4–74.1) in patients with a negative 
scan (P = 0.01; HR 3.1; 95% CI, 1.2–7.8) [6].

Another retrospective analysis of PET scans 
conducted in the prospective Italian FOLL05 
study made similar conclusions. Again, using 
local investigator assessment, 49/202 (24%) 
patients remained PET positive after rituximab 
chemotherapy induction. With a median follow-
 up of 34 months, the 3-year PFS was 66% (95% 
CI 57–74%) and 35% (95% CI 18–52%; HR 2.6, 
95% CI 1.6–4.2), respectively, for patients with 
negative and positive EOI PET (P < 0.001). In a 
multivariate analysis, postinduction PET (HR 
2.6, 95% CI 1.5–4.3, P < 0.001) was independent 
of conventional response, FLIPI, and treatment 
arm. Also, the prognostic role of EOI PET was 
maintained within each FLIPI risk group [32].

The first prospective observational study of 
EOI PET after R-CHOP (without maintenance 
rituximab) was the French PET Folliculaire study 
[30]. Central review of PET scans was performed 
by three experienced nuclear medicine physi-
cians using the Deauville 5-point scale. There 
was good concordance between reviewers (K 
coefficient 0.7) when using the liver as the thresh-
old to define positivity, with lower concordance 
when assigning the mediastinal blood pool activ-
ity as a reference (K coefficient 0.57). Therefore, 
the liver threshold (≥4) was again used to evalu-
ate outcomes. The estimated PFS at 2 years was 

87% in patients with a negative PET at the end of 
treatment vs. 51% in those with a positive PET 
(P < 0.001). Two-year OS also significantly dif-
fered according to final PET results: 100% vs. 
88% (P < 0.0128). This was the first prospective 
study to confirm the importance of applying the 
deauville score (DS) and 2014 Lugano criteria 
for EOI PET assessment after treatment of FL.

The better reporter concordance with the cut-
off of ≥4, and the better separation of the PFS 
curves applying this cutoff, were the basis for 
applying these criteria in a pooled analysis of 246 
centrally reviewed scans, by three PET physi-
cians, from the aforementioned PET Folliculaire, 
PRIMA, and FOLL05 studies [33]. Forty-one 
(16.7%) scans were positive with a cutoff ≥4 
(i.e., lymphoma FDG uptake moderately > liver 
uptake), with substantial reporter concordance. 
With a median follow-up of 55 months, the HR 
for PFS and OS of EOI PET-positive vs. PET- 
negative patients was 3.9 (95% CI 2.5–5.9, 
P  <  0.0001) and 6.7 (95% CI 2.4–18.5, 
P = 0.0002), respectively. For patients remaining 
PET positive, 4-year PFS was 23.2% (95% CI 
11·1–37.9%) vs. 63.4% (95% CI 55.9–70.0%) in 
those who became PET negative (P  <  0.0001) 
(see Fig. 4.1a). Four-year OS was 87.2% (95% CI 
71.9–94.5%) vs. 97.1% (95% CI 93.2–98.8%) 
(P  <  0.0001), providing the first large body of 
evidence of the impact of postinduction PET sta-
tus on OS (Figs. 4.1 and 4.2). Conversely, con-
ventional CT-based response (complete response/
unconfirmed complete remission vs. partial 
response) was weakly predictive of PFS (HR 1.7, 
P = 0.02) but not OS. These results suggest that 
performed on its own, conventional response 
assessment may be misleading, creating false 
optimism for a few PET-positive patients in CRu, 
but more importantly unwarranted pessimism for 
many PET-negative patients achieving only a PR 
on the conventional CT-based assessment.

More recently, data from the GALLIUM study 
confirmed the highly predictive power of postin-
duction PET status after either rituximab or 
obinutuzumab chemotherapy (bendamustine, 
CHOP, or CVP) for FL [34]. Of 595 patients 
included in the PET intention-to-treat population, 
508 and 519 were included in an OS and PFS 
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landmark analysis, respectively, applying the 
Lugano 2014 response criteria, which incorpo-
rates the 5 point scale (5PS). Following induction 
therapy, 454/595 (76.3%) obtained complete 
metabolic response (CMR). With median 
43.3  months’ follow- up, postinduction PET-CT 
was highly prognostic for PFS and OS (CMR vs. 
non-CMR: HR 0.2, 95% CI 0.1–0.3, P < 0.0001 
and HR 0.2, 95% CI 0·.1–0.5, P < 0.0001, respec-
tively). Two- and- a-half-year PFS from EOI was 
87.4% (95% CI 83.8–90.2) for CMR patients vs. 
54.9% (95% CI 40.5–67.3) for non-CMR 

patients; 2.5-year OS was 96.6% (95% CI 94.4–
97.9) vs. 84.0% (95% CI 72.9–90.8) (Fig. 4.1b). 
Having a CT-based CR at EOI as assessed by an 
independent review committee (IRC) was signifi-
cantly prognostic for PFS only (CR vs. non-CR: 
HR 0.5; 95% CI 0.3–0.7; P = 0.001); OS (CR vs. 
non-CR: HR 0.5; 95% CI 0.3–1.2; P  =  0.124). 
With a fivefold increased rate of early progres-
sion and death in patients who failed to obtain 
CMR, this data validates the prognostic impact of 
PET, confirming that PET rather than contrast- 
enhanced CT scanning should be considered the 
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new gold standard for response assessment in 
clinical practice and a platform for the study of 
response-adapted therapy. Two large studies are 
under way (the Italian FOLL12 trial and British- 
led PETReA study), which individualize postin-
duction treatment based on risk according to 
metabolic response. Both trials include treatment- 
naïve patients with advanced-stage FL in need of 
systemic therapy meeting GELF criteria. The 
Italian FOLL12 study was designed to establish 
noninferiority in terms of PFS of a standard 
approach consisting of immunochemotherapy 
followed by rituximab maintenance for all 
patients regardless of metabolic and molecular 
response, compared with a response-adapted 
approach that used postinduction metabolic and 
molecular response; in the experimental arm, 
patients achieving complete metabolic response 
were not treated with rituximab maintenance but 
were treated with only 4 weekly rituximab doses 
in the case of molecular residual; patients with-
out complete metabolic response (i.e., DS 4–5 at 
the end-of-induction PET) had to receive one 
dose of radioimmunotherapy with ibritumomab 
tiuxetan before starting rituximab maintenance. 
The trial has completed recruitment of 810 
patients, and preliminary results were recently 
disclosed (REF FEDERICO ICML 2019). The 
study was not able to show the noninferiority of 
the response-adapted approach compared to stan-
dard therapy in terms of PFS.  In the currently 
recruiting PETReA (PET response-adapted ther-
apy) trial (EUDRACT 2016-004010-10), patients 
who obtain complete metabolic response are ran-
domized to rituximab maintenance compared 
with observation. This will quantify the PFS ben-
efit of maintenance rituximab and assess the 
trade-off with toxicity in this good-risk popula-
tion. Similarly, a trial of therapeutic escalation, 
comparing the addition of lenalidomide to main-
tenance rituximab with rituximab alone, is appro-
priate in the 12% of patients who fail to obtain a 
complete metabolic response, in whom the 
GALLIUM study demonstrated a 45% risk of 
progression within only 30 months after induc-
tion and a 16% risk of early death. Final study 
results of the FOLL12 and PETReA trials inte-
grating efficacy and safety data will allow more 

definitive assessment of the risk/benefit ratio of 
response-adapted therapy in FL.

With a median overall survival now extending 
to 20  years, progression-free survival is the 
widely accepted clinical endpoint after the first- 
line treatment of follicular lymphoma. Several 
studies have shown that the time to next treat-
ment usually closely follows progression. 
Determining whether these published studies of 
postinduction PET can be utilized for a formal 
by-trial surrogacy analysis, for either PFS or OS, 
is a current task of the Mayo-clinic-led follicular 
lymphoma analysis of surrogacy hypothesis 
(FLASH) consortium.

4.4  PET in Other Indolent B-Cell 
Lymphomas

Indolent non-follicular lymphomas (INFL) 
include marginal zone lymphoma (MZL), lym-
phoplasmacytic lymphoma (LPL), and small lym-
phocytic lymphomas (SLL). Data regarding the 
avidity of FDG and its prognostic significance in 
INFL are scarce and conflicting [1, 2], and the 
standard use of PET in the staging and response 
assessment is not yet recommended (REF Cheson 
2014, Barrington). Nonetheless, FDG avidity has 
been documented mainly for MZL and has been 
correlated with histologic characteristics. A recent 
study of 69 patients with gastric mucosal associ-
ate lymphoid tissue (MALT) lymphoma demon-
strated FDG avidity in 52%, which correlated 
with morphological characteristics, tumor stage, 
and Ki-67 proliferative index [35]. In another 
study of 72 patients with extragastric MALT lym-
phoma, 75% were FDG avid, and FDG avidity 
was significantly correlated with Ki-67 prolifera-
tive index [36]. PET at baseline was also retro-
spectively assessed on a series of 110 patients 
with MZL, showing FDG avidity in 70%, 62.5% 
for MALT, 76.4% for nodal marginal zone lym-
phoma (nMZL), and 76.4% for splenic marginal 
zone lymphoma (SMZL).

Overall, FDG-avid INFL are characterized by 
a low median SUVmax ranging from 5 to 7 [37, 
38]. PET interpretation in INFL is further com-
plicated by the frequent bone marrow involve-
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ment that is often not detected on PET and does 
not obviate the need for a bone marrow biopsy 
(BMB) in the initial patient assessment.

Regarding the prognostic role of EOI PET/
CT in MZL, a retrospective study of 32 patients 
showed that CMR was associated with better 
PFS [38].

4.5  Conclusion

There is sufficient robust data from several pro-
spective trials [30–34] to utilize the 2014 Lugano 
staging and response criteria for the assessment 
of FL [1, 2], and EOI PET status is an appropriate 
platform for prognostication and study of 
response-adapted approaches. Further study of 
baseline quantitative measures, such as SUVmax 
and TMTV, is required to determine the appropri-
ateness of using such measures in this indolent 
lymphoma. The role of PET in other indolent 
lymphomas requires additional prospective study.
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Role of Radiotherapy

Lena Specht, Mario Levis, and Umberto Ricardi

5.1  Introduction

Indolent lymphomas are highly radiosensitive, 
and some of the first patients to receive radiation 
therapy (RT) were patients with indolent lympho-
mas [1]. Reports of durable remissions and even 
cures with RT were published already in the 1930s 
[2–4]. With advances in technology, extended 
treatment fields could be irradiated [1]. In the first 
reports, extended-field RT (EFRT) yielded supe-
rior relapse-free survival compared with more 
limited involved-field RT (IFRT), but there was 
no difference in overall survival (OS) [5].

Modern imaging with computed tomography 
(CT), magnetic resonance (MR), and in particu-
lar positron emission tomography (PET) scan-
ning has enabled much more accurate staging of 
patients. Most importantly, it is now possible to 
select patients with a truly localized disease for 
whom RT may be curative and to define accu-
rately areas affected by the disease, enabling bet-
ter targeting and use of smaller radiation 
treatment volumes [6]. Modern advanced treat-

ment planning and delivery techniques have 
made it possible to irradiate the involved tissue 
volume with great accuracy while minimizing 
radiation doses to the normal tissues [7–11].

5.2  Evolution of Modern 
Lymphoma Radiotherapy

Modern RT has led to substantial reductions of 
radiation fields, moving from the old concept of 
EFRT and IFRT to the modern, state-of-the-art 
involved-site radiotherapy (ISRT). In the follow-
ing, we briefly describe the historical processes 
that led to the introduction of ISRT.

 1. EFRT was created at a time when RT was the 
only curative treatment modality. Radiation 
was delivered to large volumes of tissue, 
including prophylactic RT to lymph nodes 
with no evidence of lymphoma involvement, 
but which were suspected of harboring micro-
scopic disease. In the most extreme form of 
EFRT, all major lymph node regions in the 
body were irradiated, so-called total nodal 
irradiation (TNI). Excellent remission rates 
(100%) and progression-free survival rates 
(80%) were achieved, particularly in patients 
with Hodgkin lymphoma, which is character-
ized by predictable, contiguous spread of the 
disease [12]. However, many patients 
 developed long-term complications, the most 
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serious ones being second cancers and cardio-
vascular disease, from the inevitable, unin-
tended, and extensive irradiation of healthy 
organs.

 2. When effective chemotherapy for many lym-
phoma types was introduced, it was gradually 
realized that the very extensive EFRT was no 
longer needed in patients receiving combined 
modality treatment. Also, it was realized that 
many lymphoma types do not spread contigu-
ously and that, therefore, the prophylactic radio-
therapy to neighboring lymph node regions was 
not useful, even in patients treated with RT as 
the primary treatment modality. Treatment 
fields were therefore reduced to IFRT, including 
only the regions containing lymph nodes with 
known involvement. Both EFRT and IFRT are 
based on lymph node regions, and the definition 
of these regions was usually the one that was 
used in the Ann Arbor staging system [13], 
despite the fact that these regions were never 
meant to be used in RT planning. EFRT and 
IFRT stem from a time when two-dimensional 
RT planning was used and only X-rays were 
available, so the knowledge of the precise loca-
tion and extent of disease was not available. 
Hence, the definition of RT fields was based on 
anatomic landmarks, usually bony structures, 
leading to the inclusion of large volumes of nor-
mal tissues in the RT fields.

 3. Technological developments in imaging, treat-
ment planning, and treatment machines have 
revolutionized RT during the recent couple of 
decades, and these very significant improve-
ments are now also applied in the treatment of 
lymphomas [14, 15]. This has led to a veritable 
paradigm shift in lymphoma RT. In fact, the 
combination of three-dimensional planning, 
modern imaging and advanced techniques, such 
as three-dimensional conformal RT, intensity-
modulated RT (IMRT), volumetric arc therapy 
(VMAT) and proton therapy, allowed to irradiate 
exclusively and with high precision the volume 
that needs RT, and no more than that, using 
advanced techniques such as three-dimensional 
conformal RT, intensity-modulated RT (IMRT), 
volumetric arc therapy (VMAT), and proton 
therapy. The modern concept used in lymphoma 

RT is ISRT.  The target for ISRT is defined 
according to the internationally recognized 
guidelines developed by the International 
Commission on Radiation Units and 
Measurements (ICRU) [16], which have been 
used for solid tumors for many years. The clini-
cal target volume in the ICRU system is the vol-
ume of tissue that contains macroscopic 
malignant disease and/or subclinical malignant 
disease with a certain probability of occurrence 
considered relevant for therapy. For lymphomas 
treated primarily with combined modality ther-
apy, including effective systemic therapy, the 
target is only the initially macroscopically 
involved lymphoma volume, as the systemic 
treatment is able to deal with the initial micro-
scopic disease. In indolent lymphomas, how-
ever, when using RT as the primary curative 
treatment without any effective systemic ther-
apy, the target is the macroscopically involved 
lymphoma volume and the lymph nodes in the 
vicinity, which although of normal size, might 
contain microscopic disease. This means that the 
target volume is somewhat more generous when 
RT is the sole treatment modality, including also 
adjacent lymph nodes to the involved site, with a 
generous margin dictated by the clinical situa-
tion [8]. In primary extranodal disease, there is 
often multifocal disease within the affected 
organ, so here the target volume includes in 
many cases the entire organ [11]. Even with 
these somewhat more generous target volumes, 
the irradiated volume is significantly smaller 
with ISRT than with IFRT, because it does not 
target whole anatomic regions.

5.3  Radiotherapy in Indolent 
Lymphomas

5.3.1  Early-Stage Nodal Indolent 
Lymphomas

5.3.1.1  Follicular Lymphoma
Follicular lymphomas (FL) grades 1, 2, and 3A 
are considered indolent, whereas grade 3B is bio-
logically closer to diffuse large B-cell lymphoma. 
Most patients have widespread disease at diagno-
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sis, but around 20% are in stage I or II. Localized 
disease, that is, stage I or stage II in contiguous 
areas, is curable with local RT. A large series of 
patients treated with RT in the past have been 
published, documenting long-term relapse-free 
survival of around 40% [17–24]. Although treat-
ment with extended-field RT yielded higher 
relapse-free survival than more limited treatment 
fields, there was no difference in overall survival 
[25]. The addition of chemotherapy or rituximab 
improves relapse-free survival but has no impact 
on overall survival [26–28].

Analyses of large patient databases indicate 
that the use of RT improves overall survival in 
early-stage FL [23, 24]. Despite this, the use of 
RT seems to be decreasing [23, 24]. Due to this 
inappropriate management, RT is an increasingly 
underused treatment approach in the modern 
therapy for patients with early-stage FL.

Modern imaging with PET scanning has 
increased the accuracy of the staging, thereby 
improving the proper identification of patients 
with early-stage FL who may benefit from RT 
alone [29]. This has led to an improvement in the 
outcome for patients with early-stage FL treated 
with RT alone, with a 5-year progression-free 
survival (PFS) ranging from 70 to 75% in two 
large retrospective cohorts [30, 31]. Some prog-
nostic factors may still compromise the outcome. 

As an example, in the series from ILROG [30], 
stage II disease and BCL2 expression were asso-
ciated with a lower PFS at 5 years (49.5% and 
62.5%, respectively), and these patients might, 
therefore, be candidates for additional treatment.

In the past, radiation doses of 30–40 Gy have 
been used for the curative treatment of follicular 
lymphomas. However, a large randomized British 
study showed no advantage of 40 Gy compared 
with 24  Gy [32], and this is now the recom-
mended dose [8].

Modern RT for localized follicular lymphoma 
is limited to the macroscopic lymphoma volume 
and the adjacent lymph nodes in that site with a 
generous margin to encompass suspected sub-
clinical disease, as no curative systemic treat-
ment is administered. Despite the fact that no 
randomized trial has been conducted to date to 
compare large fields with small fields, Campbell 
et al. [33] showed that there is no significant dif-
ference in PFS (48% vs 50%, p = 0.5) between 
IFRT and RT to a volume that is close to 
ISRT. Both the volumes and the doses are reduced 
very significantly compared with the past, and 
side effects from the treatment are minor in most 
cases [8]. Figure 5.1 shows a RT plan for a fol-
licular lymphoma located in the right groin.

A recent UK prospective randomized trial 
(FORT) [34] compared very low-dose RT (LDRT, 

a b

Fig. 5.1 Radiotherapy plan (intensity-modulated radiation therapy (IMRT)) for a localized follicular lymphoma in the 
left inguinofemoral region. (a) Coronal view, (b) axial view
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4 Gy in two fractions) with the modern standard 
regimen of 24 Gy in 12 fractions in patients with 
FL or marginal zone lymphomas: higher response 
rates were shown with 24  Gy (ORR: 91% vs. 
81%; CRR 67% vs. 49%). Moreover, patients 
treated with 4 Gy had a shorter time to progres-
sion (HR 3.42), while there were no differences 
in terms of overall survival. Given these results, 
24 Gy remains the standard of treatment for FL 
patients, with LDRT representing a valuable 
alternative for frail patients or palliative 
treatment.

5.3.1.2  Mantle Cell Lymphoma
Mantle cell lymphomas are most commonly 
widely disseminated at diagnosis. However, 
10–15% of patients present with early-stage dis-
ease. Despite the poor response to systemic treat-
ments of mantle cell lymphomas, they are 
exquisitely radiosensitive and potentially curable 
with RT if truly localized. In a large series from 
ILROG, 10-year survival was over 70% for 
patients treated with RT with or without systemic 
treatment [35]. It was evident that localized man-
tle cell lymphoma represents a subgroup with 
special characteristics and a better prognosis than 
the usual disseminated mantle cell lymphoma 
regardless of treatment. These patients, who are 
often older, seem to be suitable for less-intensive 
treatment with abbreviated chemotherapy and 
rituximab and RT to achieve disease control with 
limited toxicity.

5.3.1.3  Nodal Marginal Zone 
Lymphoma, 
Lymphoplasmacytic 
Lymphoma, Small Lymphocytic 
Lymphoma

Localized cases of these indolent lymphoma 
types are rare, and few reports of treatment results 
are available. They seem to be highly radiosensi-
tive, and radiation seems to improve the outcome 
in this particular setting. In fact, a recent analysis 
of the National Cancer Database [36] shows that 
the omission of RT is detrimental in early-stage 
marginal zone lymphomas, with a 5- and 10-year 
OS of 86.7 and 68.8% for radiation group com-
pared to 78 and 54.3% for patients not treated  

(p < 0.001). Therefore, these patients should be 
treated with local irradiation according to the 
principles outlined for FL.

5.3.2  Early-Stage Extranodal 
Indolent Lymphomas

Lymphomas that present primarily with lesions 
wholly or predominantly confined outside lymph 
node areas, with or without the involvement of 
adjacent or draining lymph nodes, are defined as 
primary extranodal lymphomas [37]. They must 
be distinguished from disseminated lymphomas 
with extranodal spread, which are not considered 
primary extranodal lymphomas and often have a 
different clinical behavior. The term primary 
extranodal lymphoma is therefore only relevant 
for early-stage disease. The treatment of lympho-
mas in general is determined on the basis of the 
histopathologic type and the anatomic extent of 
the disease. However, for extranodal lymphomas, 
the specific organ involvement must also be taken 
into account.

5.3.2.1  Mucosa-Associated Lymphoid 
Tissue (MALT) Lymphoma

MALT lymphomas are extranodal marginal zone 
lymphomas. They occur most commonly in the 
stomach, less commonly in other parts of the gas-
trointestinal tract, second-most commonly in the 
ocular adnexae, and then in a descending order in 
the lungs, skin, salivary glands, female breast, 
soft tissues, thyroid, and infrequently in many 
other organs (Fig.  5.2) [38]. These lymphomas 
are virtually always localized to the organ in 
question, sometimes with the involvement of 
regional lymph nodes. In some localizations, the 
lymphoma is associated with an infection, nota-
bly Helicobacter pylori in the stomach and in 
some geographical areas Chlamydia psittaci in 
the orbit. Sometimes antibiotics active against 
the infectious organism may bring the lymphoma 
in remission [39]. Otherwise, primary RT is the 
treatment of choice in most situations. It is cura-
tive in the majority of patients. A recent 
 retrospective analysis from Memorial Sloan 
Kettering Cancer Center [40] showed high PFS 
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and OS rates at 5 years (60% and 89%, respec-
tively) in a large group of 244 early-stage MALT 
lymphoma patients receiving RT alone with cura-
tive intent. Moreover, the cumulative incidence 
of disease- specific death at 5  years was only 
1.3%. Although indolent lymphomas are highly 
responsive to systemic therapy, the curative 
potential of standard- dose systemic therapy has 
not been demonstrated [41].

Modern RT for extranodal marginal zone lym-
phomas follows in principle the guidelines for the 
involved-site radiation therapy for nodal indolent 
lymphomas [8, 11]. However, in many organs, 
for example, the stomach, orbit, salivary glands, 
thyroid gland, and breasts, lymphoma tends to be 
multifocal. Therefore, the involved organ is often 
treated in its entirety. If adjacent structures have 
been involved, some or all of the invaded struc-
tures may be included in the irradiated area. 
Uninvolved lymph nodes are not routinely 
included in the irradiated volume. However, first 
echelon nodes of uncertain status close to the pri-
mary organ may be included, for example, the 
perigastric lymph nodes in the lymphoma of the 
stomach. With regard to radiation dose, the afore-
mentioned randomized British study also 
included patients with MALT lymphomas and 
demonstrated that a dose of 24 Gy in 12 fractions 
was as effective as doses of 40–45  Gy [30]. 
Hence, the recommended dose is 24 Gy. LDRT 
with 4 Gy is a feasible option in MALT lympho-

mas, as demonstrated by the already cited FORT 
trial [34], with response rates and duration almost 
as good as with 24 Gy. In fact, with a closer look 
at the study results, patients with MALT lympho-
mas had better response rates to LDRT compared 
to other indolent histologic types, as shown by a 
similar overall response rates (ORR) for 24 Gy 
and 4 Gy (92% vs 87%, respectively). Some ret-
rospective reports have confirmed the high ORR 
of LDRT for MALT lymphomas (Table  5.1), 
which is now investigated in some prospective 
studies led by the MD Anderson Cancer Center 
(trial numbers NCT02494700 and 
NCT03680586).

The techniques used for RT of MALT lym-
phomas vary with the different involved organs 
[11]. RT techniques and doses for different loca-
tions are shown in Table  5.2. Results of treat-
ment with RT are excellent, although they vary 
slightly depending on which extranodal organ is 
involved. PFS for MALT lymphomas in different 
organs is shown in Fig. 5.3 [42]. For the stom-
ach, treating in deep inspiration breath hold 
(DIBH) may have an advantage in reducing the 
radiation dose to the heart, which is located right 
above the stomach (Fig.  5.4). Moreover, the 
combination of DIBH with highly conformal 
techniques, such as intensity- modulated RT 
(IMRT), allows a further reduction of the dose 
received by the kidneys, which are frequently 
located in close proximity of the target of treat-

Fig. 5.2 Frequency 
rates of extranodal 
marginal zone 
lymphomas according to 
site of involvement
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ment [43, 44], without compromising target cov-
erage. The orbital-adnexa location accounts for 
roughly 13% of all MALT lymphomas. Standard-
dose RT (24–30  Gy) leads to excellent control 
rates (85–100%) [45, 46], which are partially 
counterbalanced by treatment- related toxicities 
and by a substantial risk of distant recurrence 

(10–25%) at 10  years after treatment. For the 
conjunctiva, treating with an anterior electron 
field while shielding the lens with a lead cylinder 
mounted on a haptic lens yields high lymphoma 
control with minimal side effects. Lower doses 
(2  Gy  ×  2) are a valuable strategy to reduce 
RT-related side effects, particularly cataract, 

Table 5.1 Studies investigating the role of low-dose radiotherapy (LDRT) in marginal zone lymphomas

First author, 
year

No. of 
patients Site of disease Treatment Results
MALT/
total

Ganem, 1994 
[69]

7/27 Nodal and 
extranodal

2 Gy × 2 in 3 days 37% CR

Sawyer, 1997 
[66]

5/11 Nodal and 
extranodal

2 Gy × 2 in 3 days 38% CR, 56% PR

Haas, 2003 
[60]

9/109 Nodal and 
extranodal

2 Gy × 2/4 Gy × 1 61% CR, 31% PR, 8% nonresponders

Haas, 2005 
[61]

25/71 Nodal and 
extranodal

2 Gy × 2/4 Gy × 1 Median OS 67 months

Ng, 2006 
[65]

2/10 Nodal and 
extranodal

2 Gy × 2 90% CR

Luthy, 2008 
[63]

2/23 Nodal and 
extranodal

2 Gy × 2 88% CR, 12% PR

Rossier, 
2011 [70]

13/43 Nodal and 
extranodal

2 Gy × 2 28% CR, 15% PR, 26% SD, 11% PD; 
median OS 41 months

Chan, 2011 
[71]

5/54 Nodal and 
extranodal

2 Gy × 2 71% CR, 17% PR, 8% SD, 2% PD, median 
TTLP 1.62 years

Girinsky, 
2012 [50]

10/10 Lung 2 Gy × 2 5-years OS 100%, 5-years PFS 87.5%

Russo, 2013 
[72]

18/187 Nodal and 
extranodal

2 Gy × 2 TTFT-L 2.82 HR

Fasola, 2013 
[47]

20/20 Orbit 2 Gy × 2 85% CR, 11% PR; 2-years FFLR 100%

Hoskin, 2014 
[34]

72/548 Nodal and 
extranodal

2 Gy × 2 vs. 
24 Gy × 12

55% CR

Pinnix, 2017 
[48]

14/22 Ocular adnexa 2 Gy × 2 86% CR, 14% PR; ORR 100%

Konig, 2018 
[73]

20/47 Nodal and 
extranodal

2 Gy × 2 90% CR, 3% PR; ORR 93%

Goyal, 2018 
[74]

34/54 Skin 2 Gy × 2/4 Gy × 2 94% CR, 1-year failure rate: 6.7%

Ludmir, 
2019 [75]

11/11 Breast 2 Gy × 2 vs 
30 Gy × 15

Time from initial treatment to progression: 
45.6 months; 5-years PFS 100%

Total 267/1247

CR complete response, PR partial response, SD stable disease, PD progressive disease, OS overall survival, PFS 
progression- free survival, TTLP time to local progression, TTFT-L time to further treatment to local failure, FFLR free-
dom from local recurrence, HR hazard ratio, ORR overall response rate
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Table 5.2 Radiotherapy techniques and doses for marginal zone lymphomas in different locations

% Imaging Setup GTV CTV Doses Technique Other TP
Lymph 
nodes

2 CT Depending on 
the site

Pre- 
biopsy 
lesion

GTV + adjacent 
involved lymph 
nodes

24 Gy/12 fx 3DCRT/
IMRT

Stomach/
duodenum

38 CT + 
EGDS 

Supine; Arms 
above head; 
4DCT; Oral 
contrast 
medium

Pre- 
biopsy 
lesion + 
involved 
nodes

Whole organ 24 Gy/12 fx IMRT HP 
eradication

Ocular 
adnexa/
orbital 
cavity

14 CT/
MRI

Supine; Head 
mask

Pre- 
biopsy 
lesion

Entire orbit 24 Gy/12 fx 
OR 4 Gy/2 fx

3DCRT C. psittaci 
eradication

Salivary 
glands

9 CT/
MRI

Supine; Head 
mask

Pre- 
biopsy 
lesion

Whole salivary 
gland

24 Gy/12 fx 
OR 4 Gy/2 fx

3DCRT

Lung 10 CT/
HRCT

Supine; Arms 
above head; 
4DCT

Pre- 
biopsy 
lesion

GTV + margin 
due to breath 
variations

24 Gy/12 fx 
OR 4 Gy/2 fx

IMRT

H&N 12 CT/
MRI

Supine; Head 
mask; (bite)

Pre- 
biopsy 
lesion

Entire involved 
structure

24 Gy/12 fx 
OR 4 Gy/2 fx

IMRT

GTV gross tumor volume, CTV clinical target volume, TP treatment possibility, H&N head and neck, CT computed 
tomography, EGDS esophagogastroduodenoscopy, MRI magnetic resonance imaging, HRCT high-resolution computed 
tomography, 4DCT 4-dimensional computed tomography, Gy Gray, Fx fractions, 3DCRT three-dimensional conformal 
radiation therapy, IMRT intensity-modulated radiation therapy. HP Helicobacter pylori

Fig. 5.3 Relapse-free 
survival in 244 patients 
from Memorial Sloan 
Kettering Cancer Center 
[42] with MALT 
lymphoma in different 
organs, treated with 
local radiation therapy. 
(Reprinted with 
permission)
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while maintaining excellent and durable ORR, 
ranging from 90 to 95% [47, 48] (Fig.  5.5). 
Salivary gland involvement is less common (7% 
of MALT lymphomas) and is frequently related 
to autoimmune disorders (e.g., Sjogren syn-
drome). The prognosis is usually very good, with 
5-year overall survival of at least 90% [49] for 
patients receiving a 3D conformal RT course 
with curative intent on the whole gland (Fig. 5.6). 

For the lung, only the lymphoma lesions with 
margins for microscopic extension and respira-
tory movement are irradiated, and treatment in 
DIBH may reduce the amount of normal lung 
tissue irradiated by inflating the lungs (Fig. 5.7). 
The efficacy of LDRT was also demonstrated in 
a small cohort of patients with lung localization, 
with 5-year PFS and OS of 87.5% and 100%, 
respectively [50].

DIBH Free-breathing

Fig. 5.4 Radiotherapy plan for a gastric MALT lym-
phoma; to the left side, dose distribution in deep inspira-
tion breath hold (DIBH); to the right side, dose distribution 

in free breathing. Notice the sparing of the heart in the 
deep inspiration plan. (Coronal views in the upper row 
and sagittal views in the lower row)
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a b c

d e f

Fig. 5.5 A 68-year-old woman with right orbital-stage 
MALT lymphoma treated with LDRT (4 Gy in two frac-
tions) with a curative intent. In the first row, dose distribu-
tion on an axial view (a), a sagittal view (b), and a coronal 

view (c). In the second row, disease presentation at base-
line (d) and its evolution after LDRT at 3 months (e) and 
at 6 months (f) with the achievement and maintenance of 
a complete response at the CT scan

a b c

d

Fig. 5.6 A 75-year-old woman with stage IE MALT lym-
phoma of the parotid gland, treated with radiotherapy 
alone with curative intent (24 Gy in 12 fractions). In the 

upper row, dose distribution in the axial (a), coronal (b), 
and sagittal (c) views. In the lower row, beam orientation 
of the 3DCRT plan generated for this patient (d)
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5.3.2.2  Cutaneous Lymphoma
Approximately, one third of non-Hodgkin lym-
phomas present as extranodal lymphomas [51]. 
The most common site is the gastrointestinal 
tract, and the second-most common is the skin. 
Primary cutaneous lymphomas tend to remain 
localized to the skin for a long time, and they 
have a much more indolent course and a much 
better prognosis than that of lymphomas of a 
similar histologic subtype in other locations [52]. 
In recent lymphoma classifications, primary 
cutaneous lymphomas are therefore classified as 
separate entities [53].

Mycosis fungoides and Sézary syndrome are 
the most common primary cutaneous lymphomas 
in the Western world. Except for very localized 
mycosis fungoides infiltrates, these diseases are 
incurable, but they often have a very indolent 
course over many years. They are treated primarily 
with skin-directed therapies, and when infiltrates 
become thicker, RT is the most effective treatment 
for palliation. Local x-ray therapy remains a very 
effective treatment for primary cutaneous lympho-
mas. However, if it is administered over large 
areas, the dose to the underlying internal organs 
exceeds their tolerance. Electrons, by contrast, 
have a limited range of penetration and deposit 
their total energy within that range. The effect of 
electrons is therefore limited to superficial tissues, 
with the depth depending on the energy of the 

electrons. They can therefore be used for the treat-
ment of larger areas, and they are today preferred 
for the treatment of cutaneous lymphomas because 
of the sparing of deeper-lying tissues [54, 55]. In 
mycosis fungoides, RT can be curative in patients 
with early localized disease, and the recommended 
dose is 20–24 Gy. For local palliation in patients 
with more widespread disease, the recommended 
dose is 8–12 Gy; 8 Gy may be given in one frac-
tion, but often patients will require reirradiation, 
and smaller fractions of 3–5 Gy may be preferred 
[54, 55].

Techniques for yielding a uniform electron 
dose to the entire skin surface have been devel-
oped, and total skin electron beam therapy 
remains a highly effective treatment for wide-
spread mycosis fungoides in the skin [54]. Doses 
for total skin electron beam therapy used to be 
30–36  Gy. However, total skin electron beam 
therapy is a palliative treatment and recurrences 
invariably occur. Lower doses of 10–12 Gy are 
now more popular, as they offer advantages of 
briefer duration, fewer side effects, and the 
opportunity for retreatment, which may ulti-
mately offer the patient better and longer overall 
palliation [56, 57]. Figure  5.8 shows mycosis 
fungoides infiltrates in the skin before and after 
total skin electron beam therapy.

Primary cutaneous anaplastic large-cell lym-
phoma, primary cutaneous follicle center lym-

a b

Fig. 5.7 Pulmonary MALT lymphoma treated with deep inspiration breath hold (DIBH) with highly conformal volu-
metric arc therapy (VMAT). (a) axial view; (b) coronal view
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phoma, and primary cutaneous marginal zone 
lymphoma are indolent lymphomas. For local-
ized disease in the skin, local RT is the preferred 
treatment, usually with electrons. For multifocal 
disease, local RT is an excellent palliative treat-
ment. For primary cutaneous anaplastic large-cell 
lymphoma, a dose of 24–30 Gy has been recom-
mended, but recent data indicate that a dose of 
20  Gy or even lower may be effective. For the 
very indolent primary marginal zone and follicle 
center lymphomas, the recommended curative 
radiation dose is 24–30  Gy. However, indolent 
B-cell lymphomas are exquisitely radiosensitive, 
and in the palliative setting, 2 Gy × 2 is effective 
and very convenient [52, 54, 55].

5.3.3  Nodal Indolent Lymphoma, 
Advanced Disease

Indolent lymphomas are exquisitely radiosensi-
tive, and localized radiotherapy to LDRT can 
achieve excellent palliation in patients with 
advanced disease [58–66] (Table  5.1). A total 
dose of just 4 Gy given in two fractions achieves 

response rates around 90%, most of them com-
plete remissions, with a response duration of over 
2 years. Importantly, this treatment has very few 
side effects, even in situations where relatively 
large treatment fields are necessary, for example, 
whole-abdominal irradiation, and can be repeated 
as necessary. The biologic basis for this extreme 
radiosensitivity seems to be p53 induction and 
apoptosis [67, 68].

5.4  Conclusion

Indolent lymphomas are highly radiosensitive. In 
early-stage disease, both nodal and extranodal, 
primary involved-site RT to moderate doses (24-
30 Gy) has the potential to cure many patients. In 
advanced disease, local palliation with a very low 
risk of side effects can be achieved with very low 
doses (4 Gy) of RT.
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CD20 CD5 CD231 CD102 BCL63 cyclin D1 CD103 FMC7 IgM light chains

notes 1detects typical dendritic cells too, 2less frequent in higher grades, 3less expressed in extrafollicular cells

other
marker

Ki67 variable. BCL2 is typically overexpressed (can undetectable due to mutations or absent in higher
grade FL)
Other markers of germinal center origin: LMO2, HGAL, GCET.
MUM1 positivity in a minority of cases, often with high grade cytology

= majority of cases positive = variable fraction of cases positive = negative

Cytology Centrocytes and centroblasts in
variable relation; spindle cell
morphology rare. In histology,
number of centroblast per high
power field defines the grading.

Histology FL recapitulates the cyto-
architectural and phenotypic
features of germinal centers
(GC) but lacking
compartmentalization. Diffuse
growth possible. Extrafollicular
growth of cells with GC-
phenotype commonly found.
Accompanying sclerosis may be
observed. In the bone marrow,
infiltrates closely attached to
bone trabeculae.

Clinical outline
FL typically affects adult patient as a widespread disease involving the lymph nodes, but it can affect extranodal sites. 
linical features (i.e. pediatric age or anatomic primary site) may define FL subsets with proper biology and behavior.

Follicular lymphoma (FL)

Main differential
diagnosis

Benign follicular hyperplasia, Diffuse large B-cell lymphoma (should have lost follicular pattern
and show sheets of blasts)

MGG

Giemsa

Follicular
lymphoma, cytology

Follicular lymphoma, hystology
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Clinically relevant
pathologic features 

Relevance Evidence

Histologic grading Prognostic: FL grades I-IIIa harbor no different prognosis.

Prognostic: Grade as a prognostic marker only observed in older but not 
reproduced in more recent studies. Nevertheless, FL IIIb is commonly 
managed as an aggressive lymphoma.

A

B

Clinico-pathological
subtypes of FL (defined
by combination of 
localization, histology and
genetics)

Prognostic (favourable): 

Testicular FL (Confined to testis, frequently younger patients, no
t(14;18)(q32;q21)
Duodenal-type FL (t(14;18)(q32;q21) positive, confined to duodenum or
GI tract, low or no tendency to disseminate or transform)
in situ follicular neoplasia (Incidental finding of few t(14;18)(q32;q21)
positive cells in GC or lymph nodes enlarged due to other reasons).

Related diseases Prognostic (favourable ): 

Primary cutaneous follicle center lymphoma (confined to skin, mostly 

negative for BCL2 translocation, rarely CD10 expression) 

Pediatric type follicular lymphoma (nodal, localized stage, cervical region,

children, adolescents and young adults, no BCL2 and BCL6 translocations)

BCL2 rearrangement Translocation as a sole bio-marker not prognostic or predictive. 
Prognostic value of translocation in the context of clinico-pathological 
subtypes (see above)

B

Mutations (EZH2, ARID1A,
MEF2B, EP300, FOXO1,
CREBBP, CARD11)

Prognostic: integration of targeted sequencing for gene panels improves
clinical stratification(m7-FLIPI)

B

Legend: A = verified in multiple studies, randomized trials and/or integrated in guidelines; B = variable between
studies/needs definitive validation; C = preliminary/discrepant results.

Key molecular features

IGH genes rearranged, ongoing somatic hypermutation. Frequent overexpression of BCL2 and alteration of TNFRSF14. 
Frequent translocations: t(14;18)(q32;q21) in approx 85% (less frequent in higher grades), BCL6 translocation (5-10%). 
Lymphomas with rearrangements if IRF4 are separated from FL as a distinct entity despite follicular growth. Frequent 
copy number alterations: loss of 1p (TNFRSF14), 6q, 10q, 17p, gains 1, 6p, 7, 8, 12q, X, 18q. Frequent mutations: BCL2, 
KMT2D, TNFRSF14, EZH2, EPHA7, CREBBP, BCL6, MEF2B, EP200, TNFAIP2.

Precursor lesions

Benign t(14;18)-positive cells in healthy donors, Follicular Neoplasia in situ

Progression

Transformation to diffuse large B-cell lymphoma; less commonly, to high grade B-cell lymphoma or B-lymphoblastic
lymphoma / leukemia. Most frequent are relapses of FL not showing histological progression/transformation.
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6.1  Introduction

Follicular lymphoma (FL) represents the most 
common indolent lymphoma in the Western world. 
Diagnosis is based on the peculiar histologic nod-
ular pattern and histogenetically it arises from ger-
minal center B-cells. The presence in the same 
lymph node of a diffuse pattern composed of cen-
troblasts is considered to be in keeping with a pro-
gression to a diffuse large B-cell lymphoma.

FL is typically characterized by a relapsing 
and remitting course of the disease and by the 
risk of a transformation to a more aggressive dis-
ease. The behavior of FL is characterized by a 
wide heterogeneity. In some cases, the disease 
can be controlled for many years while in others 
it follows an aggressive and sometimes chemo- 
refractory course. To date, advanced-stage FL 
continues to be a treatable but not curable condi-
tion. Despite an improvement in the management 
of patients with FL in recent years, there are still 
open questions that remain unsolved. In the past 
30  years, new treatment approaches have par-
tially modified the management of patients with 
FL, resulting in more favorable clinical out-
comes. Chemotherapy in combination with a 
monoclonal anti-CD20 antibody is currently the 
standard of care for patients with advanced-stage 
FL in need of treatment. The median overall sur-
vival (OS) has dramatically improved, in particu-
lar, since the advent of rituximab in the treatment 
armamentarium. Chemotherapy-free approaches 
based on anti-CD20 antibodies (in particular, 
rituximab) also represent an option for many 
patients. Fortunately, for patients relapsing after 
first-line therapy, there is a wide variety of strate-
gies ranging from targeted therapies up to stem 
cell transplantation. In this chapter, we review the 
current knowledge of FL pathology and epidemi-
ology and the critical issues encountered in the 
clinical practice when treating patients with FL.

6.2  Epidemiology

FL is the second most common lymphoma in the 
Western world, accounting for approximately 
20% of all NHL and up to 70% of indolent lym-

phomas. The median age at diagnosis is in the 
mid-1960s. The incidence in Europe is 2.18 cases 
per 100,000 persons per year [1] and has been 
stable over time. There is a large variability in 
terms of incidence, depending in particular on 
ethnicity: it tends to be higher in Whites than in 
Black and Asian populations [2]. Numerous 
potential risk factors have been associated with 
NHL, even though there is a lack of consensus 
regarding specific risk factors for the develop-
ment of FL. Factors traditionally associated with 
NHL are in particular specific chemical agents 
(agricultural pesticides, hair dyes), infections 
(HIV, human T lymphotropic virus type 1 (HTLV- 
1), Epstein-Barr virus, hepatitis C, Borrelia burg-
dorferi), autoimmune diseases (Lupus 
erythematosus, rheumatoid arthritis, Sjögren 
syndrome, Hashimoto’s thyroiditis), multicentric 
Castleman disease, and inflammatory gastroin-
testinal diseases. Of note, the risk of FL tends to 
be slightly increased among relatives of a person 
with FL [3].

6.3  Pathology

FL is diagnosed according to the criteria of the 
fourth World Health Organization (WHO) clas-
sification updated in 2017 [4]. FL is a neoplasm 
composed of germinal center B-cells exhibiting 
most frequently a partially follicular growth pat-
tern, which tends to reproduce the architecture of 
normal germinal centers of secondary follicles. 
Neoplastic follicles are often poorly defined and 
usually have attenuated mantle zones. FL is com-
posed of a mixture of centrocytes (cleaved folli-
cle center cells) and centroblasts (large, 
noncleaved follicle center cells) surrounded by 
nonmalignant cells including macrophages, 
T-cells, and follicular dendritic cells. Centroblasts 
are generally the minority. The presence of dif-
fuse areas composed predominantly of centro-
blasts is considered to be equivalent to diffuse 
large B cell lymphoma (DLBCL). Grading of FL 
is primarily based on the count of centroblasts 
per high-power field (HPF): grade 1 (0–5 centro-
blasts per HPF) and grade 2 (6–15 centroblasts 
per HPF) tend to share similar clinical character-
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istics and are considered to be of low-grade. FL 
of grade 3 are considered to be high-grade and 
they are further divided into 3A and 3B neo-
plasms, both exhibiting >15 centroblasts per 
HPF, with confluent sheets of centroblasts defin-
ing grade 3B [5]. Grade 3B cases tend to have a 
more aggressive clinical course and are biologi-
cally distinct from other FL, resembling DLBCL 
in their clinical behavior and response to therapy. 
Table  6.1 summarizes the main characteristics 
distinguishing grades 1–3A from grade 3B.

Histology at the time of transformation is gen-
erally in keeping with DLBCL (80%); rarely 
patients may present with a composite lymphoma 
(14%) or a lymphoma morphologically similar to 
a high-grade B-cell lymphoma (6%) [6].

6.4  Immunophenotype and 
molecular markers

The immunophenotype of FL is usually con-
firmed by immunohistochemistry or using flow 
cytometry. Immunophenotyping studies have 
demonstrated that FL cells are derived from nor-
mal germinal B cells. Tumor cells typically 
express monoclonal surface immunoglobulin 
and pan-B cell antigens (CD19, CD20, CD79a), 
complement receptor (CD21 and CD35), and 
CD10 (60%) and nuclear BCL-6. CD10 expres-
sion is often stronger in the follicle than in the 
interfollicular cells; some cases, in particular 
grade 3B, tend to lack CD10 but retain BCL6 
expression. Unlike small lymphocytic and man-
tle cell lymphoma, FL lacks expression of CD5 
and CD43 (most cases) and there is no staining 
for MUM1. Cytoplasmic staining for BCL-2 

protein is strongly positive in almost all grade 
1/2 tumors [7].

FL is characterized by the reciprocal trans-
location t(14;18)(q32;q21), which is present 
in 85–90% of cases [8]. This translocation 
leads to the placement of the B cell lymphoma 
2 (BCL2) gene under the inductive influence 
of transcriptional enhancers associated with 
IGH, resulting in overexpression of the anti-
apoptotic BCL2 protein, in turn leading to 
increased cell survival. This somatic rear-
rangement is thought to constitute the first 
step of lymphomagenesis. Nevertheless, the 
t(14;18) translocation alone is considered 
insufficient for the development of FL [9]. The 
development of FL requires further acquired 
aberrations in genes controlling the normal 
germinal center B-cells development. The 
complexity of the disease is also related to the 
importance of its interactions with the micro-
environment that substantially influence dis-
ease development. Moreover, the relevance of 
normal tumor-infiltrating immune and stromal 
cells have been recognized to play a crucial 
role. In a model proposed by Scott et al., FL’s 
neoplastic cells tend to “colonize” reactive 
germinal center that supports their prolifera-
tion and survival, and they “reeducate” the 
tumor microenvironment to their advantage, 
escaping immune surveillance [10]. This is 
well illustrated by the TNFRSF14 and STAT6 
mutations which induce this interaction with 
the microenvironment [11]. In the early stages 
of development, the neoplastic cells, through 
the deregulation of a set of genes (KMT2D, 
MLL2, CREBBP, TNFRSF14, EZH2, 
RRAGC), acquire specific aberrations that 
inhibit apoptosis and increase BCR signaling. 
The acquisition of additional aberrations that 
enable proliferation (i.e., MYC p53 pathway, 
FOXO1) changes the nature of the tumor, fre-
quently leading to histologic transformation.

6.5  Pathological Variants

In the revised 2017 WHO classification, several 
variants of FL have been described.

Table 6.1 Grading of follicular lymphoma

Grade 1–2 0–15 centroblasts per HPF
1 0–5 centroblasts per HPF
2 6–15 centroblasts per HPF
Grade 3 >15 centroblasts per HPF
3A Centrocytes present
3B Solid sheets of centroblasts

HPF high-power (40× objective, 0.159 mm2) microscopic 
field
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In situ follicular neoplasia (ISFN) is a patho-
logic diagnosis used to describe the identification 
of follicles that have a high content of BCL2- 
rearrangement- positive B cells within a lymph 
node that otherwise lacks the diagnostic features 
of FL. ISFN may be associated with progression 
to overt FL even though the risk is typically con-
sidered to be low [12].

Pediatric-type FL is rare, diagnosed mainly in 
children, and has distinctive clinical and patho-
logical features. It tends to be more frequently 
localized, and patients typically do not experi-
ence a relapse after excision. Pathologically it is 
characterized by large follicles, with a large num-
ber of centroblasts often resembling FL grade 2/3 
but lack the t(14;18). The prognosis of pediatric 
FL appears to be good.

Duodenal-type FL is a distinct subtype from 
other gastrointestinal FL. It typically presents as 
solitary or multiple polypoid lesions, which are 
confined to the mucosa and submucosa of the 
second part of the duodenum. This subtype of FL 
tends to have an indolent course and rarely prog-
ress into overt FL. Typically is associated with an 
excellent outcome and may even spontaneously 
regress [4, 13].

Even though the majority of FL cases harbor 
the t(14;18) translocation, there is a small subset 
of cases who do not present this genetic altera-
tion. This entity is described as t(14;18)-negative 
FL.  These patients have similar outcomes as 
patients with an FL that harbors the translocation, 
but this entity is associated with a distinct molec-
ular feature that includes the absence of CD10 
expression and the presence of BCL6 alterations, 
IRF4 expression, and proliferation signatures 
[14].

6.6  Staging

A careful history and physical examination are 
crucial in evaluating a new patient with FL to 
define the extent of disease. Treatment deci-
sions depend upon the distinction between 
early-stage and advanced disease. The majority 
of patients with FL present with painless lymph 
nodes enlargement. The most frequently 

involved sites included cervical, inguinal, and 
axillary regions. It is also crucial to determine 
the presence of systemic symptoms (also called 
“B symptoms”) including fever (temperature 
>38°), night sweats, and unexplained weight 
loss (>10% of body weight over the past 
6  months). B symptoms represent an adverse 
prognostic factor and their resolution is fre-
quently related to treatment response. 
Retroperitoneal adenopathies are usually 
asymptomatic, even though they may lead to 
abdominal discomfort and obstructive uropa-
thy. Mesenteric or pelvic adenopathy may 
induce bowel obstruction or perforation.

FL is diagnosed by bioptic lymph node exami-
nation; fine-needle aspiration does not provide 
adequate material for an accurate diagnosis and 
tumor grading.

Laboratory studies should include a com-
plete blood count, with the examination of the 
peripheral smear processed to search for circu-
lating lymphoma cells. Lactate dehydrogenase 
(LDH) and beta2-microglobulin are indirect 
parameters of tumor load that have independent 
prognostic value. Serum creatinine and uric acid 
are essential in identifying risk for tumor lysis 
syndrome. Impaired renal function may also be 
related to ureteral obstruction. An isolated ele-
vation in alkaline phosphatase should prompt an 
evaluation of the skeletal system. A serum pro-
tein electrophoresis may reveal a monoclonal 
gammopathy. It is also recommended to deter-
mine several viral serologies, in particular for 
HIV, hepatitis B (HBV), and hepatitis C (HCV). 
Although HBV is not crucially related to any 
NHL, reactivation of chronic hepatitis in 
patients receiving cytotoxic chemotherapy or 
immunotherapy is a well-recognized complica-
tion. When the hepatitis B surface antigen and 
hepatitis B core antibody are positive, viral load 
assessment by measuring HBV DNA should be 
performed and a specific antiviral treatment ini-
tiated, particularly when rituximab is part of the 
treatment.

Imaging studies represent a key component 
of the staging evaluation. Moreover, they may 
help in the selection of the site of biopsy. The 
preferred imaging modality for staging patients 
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with NHL depends on the 
18F-fluorodeoxyglucose (FDG) avidity of the 
histologic subtype. Indolent lymphomas are 
generally characterized by variable FDG avid-
ity. Increasing evidence supports the role of 
FDG-PET in FDG-avid indolent non- Hodgkin 
lymphoma, in particular in FL [15]. More 
recently, formal guidelines for the use of FDG-
PET in FL recommend its use for initial stag-
ing, evaluation, and response assessment after 
first-line therapy [16, 17].

FDG-PET may offer several advantages over 
conventional CT-scan, in particular the potential 
evaluation of large-cell transformation and the 
identification of patients at high risk of relapse at 
the end of therapy. Nevertheless, the exact impact 
of FDG-PET on outcome in FL remains to be 
defined and implementation of this tool into clin-
ical management is based primarily on retrospec-
tive observations.

FL frequently presents with a bone marrow 
involvement. Bone marrow assessment should 
include both an aspirate and biopsy. The aspirate 
is useful for morphologic analysis, flow cytome-
try, and cytogenetics.

6.7  Clinical Presentation

The majority of patients with FL present with 
painless lymphadenopathy in the cervical, axil-
lary, inguinal, and femoral regions [18], while 
large mediastinal masses are rare. The adenopa-
thy sometimes waxes and wanes spontaneously, 
but rarely disappears completely. Only a minority 
of patients (accounting for approximately 
15–20%) present with limited-stage disease, 
namely stage I or II.  Despite the presence of 
widespread disease at diagnosis, the majority of 
patients are asymptomatic at the time of diagno-
sis. In contrast to aggressive lymphomas, consti-
tutional symptoms (B symptoms) are rare and are 
present in approximately 20% of all cases. Only 
a minority of patients present with an increased 
LDH or cytopenias in the peripheral blood and no 
specific laboratory abnormalities have been asso-
ciated with FL. Central nervous system involve-
ment is rare, even though peripheral nerve 

compression and epidural tumor masses causing 
cord compression may be observed.

6.8  Risk Stratification 
and Prognosis

FL prognosis has evolved over the past decades 
and the outcome of patients with FL has improved 
considerably when comparing earlier treatment 
eras (1960s–1990s, the median survival being in 
the range of 10 years) to more recent eras, with a 
median survival in the range of 18  years [19]. 
This substantial improvement in survival can 
mainly be attributed to advances in frontline 
management, namely the use of monoclonal anti-
bodies, superiority in diagnostic measures and 
supportive treatment and the availability of more 
active treatments for patients with transformed 
follicular lymphoma [20].

Several clinical prognostic factors have been 
identified as indicators of survival in patients 
with FL at the time of diagnosis.

Histologic grade has historically been an 
important factor in the determination of patient 
risk at the time of diagnosis. Low-grade histolo-
gies, namely grades 1, 2, and 3A, tend to have a 
very similar outcome with indolent behavior. 
However, patients with FL grade 3B tend to have 
more aggressive disease and they can be poten-
tially cured with anthracycline-based chemother-
apy [21].

The Follicular Lymphoma International 
Prognostic Index (FLIPI) is among the most 
well-validated prognostic tools in FL [18]. The 
FLIPI was developed before the rituximab era 
and it includes five main prognostic factors: num-
ber of involved nodal areas >4, LDH (normal vs. 
elevated), age (≤or >60 years), stage (I, II vs. III, 
IV), and the hemoglobin level (normal vs. 
<120 g/l). Patients are classified into the follow-
ing prognostic groups based on the predicted out-
come: low risk (0–1 factors), 90% 5-year OS; 
intermediate risk (two factors, 78% 5-year OS); 
high risk (three or more factors, 52% 5-year OS). 
The FLIPI has subsequently been validated in the 
rituximab era by the German Low-Grade Study 
Group in a cohort of 362 patients treated with 
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rituximab, cyclophosphamide, doxorubicin, vin-
cristine, and prednisone (R-CHOP) [22].

The FLIPI-2 score was derived from a large 
multicenter study including more than 1000 
patients with FL, in need of treatment and receiv-
ing rituximab. The FLIPI-2 identified five param-
eters, some of which overlap with the original 
FLIPI: age >60 years, serum beta-2 microglobulin 
level higher than the upper limit of normal, hemo-
globin level <120 g/l, bone marrow involvement 
and greatest diameter of the largest involved node 
more than 6 cm as independent risk factor for pro-
gression-free survival (PFS). Three-year PFS rates 
of patients with low (0 factors), intermediate (1–2 
factors), or high (3–5 factors) FLIPI-2 scores were 
91, 69%, and 51%, respectively, whereas 3-year 
survival rates were 99%, 96%, and 84%, respec-
tively [23]. Prognostic scoring systems are sum-
marized in Table 6.2. A simplified version of the 
FLIPI-2 based on serum beta-2 microglobulin 
level and an assessment of bone marrow involve-
ment was proposed using data from the PRIMA 
study and validated in a separate cohort [24].

The recently proposed m7-FLIPI index com-
bines the mutation status of seven clinically rel-
evant genes (i.e., EZH2, ARID1A, MEF2B, 
EP300, FOXO1, CREBBP, and CARD11) with 
the FLIPI and the Eastern Cooperative 
Oncology Group (ECOG) Performance Status 
[25]. This model was created using the clinical 
and genetic data from two studies including 
patients with previously untreated symptom-

atic, advanced stage FL treated with either 
R-CHOP or R-CVP (rituximab, cyclophospha-
mide, vincristine, and prednisolone). This index 
was then validated in an independent cohort of 
107 patients with symptomatic FL treated with 
R-CVP.

The French group has investigated the prog-
nostic role of gene expression pattern and identi-
fied a 23 gene set identifying a high-risk patient 
cohort. Again, these results were confirmed in an 
independent validation set [26].

Both molecular scores represent a first step 
towards the incorporation of genetic findings in 
the determination of outcome in patients with FL, 
but it remains primarily a research tool not appli-
cable to routine clinical practice.

Approximately 20% of patients with FL will 
experience an early progression of disease (POD) 
after chemo-immunotherapy, usually defined as 
progression or relapse within the first 2 years of 
diagnosis/treatment (POD24). The clinical 
impact of POD24 was investigated in a pivotal 
analysis conducted from the National 
LymphoCare Study (NLCS) including patients 
with FL treated over 200 locations across the 
United States. Patients with POD24 had a poorer 
outcome compared to the reference group 
(patients without early progression), with 5-year 
overall survival (OS) at 50% versus 90%, respec-
tively. This finding was maintained even after 
adjusting for the FLIPI score and was validated 
in an independent cohort of patients from the 

Table 6.2 Prognostic scoring systems in follicular lymphoma

Variables Risk groups Number of factors 5-year OS, %
FLIPI [18]
Age >60 Low 0–1 90
Ann Arbor stage III/IV Intermediate 2 78
Hemoglobin <12 g/dl High 3 or more 52
Elevated LDH
>4 nodal sites
FLIPI-2 [23]
Age >60 Low 0 79
Elevated B2M Intermediate 1–2 51
Lymph node mass >6 cm High 3 or more 18
BM involvement
Hemoglobin <12 g/dl

B2M beta 2 microglobulin, BM bone marrow
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University of Iowa and the Mayo Clinic [27]. 
These results highlighted an important and previ-
ously under-appreciated population of patients 
with poor survival.

The prognostic role of POD24 was also sepa-
rately studied in patients treated with the so- 
called chemotherapy-free approaches. The 
Nordic Lymphoma Group recently published the 
results of two prospective trials including 321 
patients with indolent lymphoma (84% with FL) 
treated with single-agent rituximab (148 ran-
domly allocated to the addition of interferon alfa-
 2a) with more than 10 years of follow-up. Patients 
with POD24 appeared to have a significantly 
worse outcome in comparison to the reference 
group (10-year survival rate of 59% vs. 81% for 
those with more prolonged remission) [28]. 
These results were validated in an independent 
cohort of patients treated in three Swiss Groups 
of Clinical Cancer Research (SAKK) trials [29].

In conclusion, at present, the optimal way in 
which to implement prognostic indexes in FL 
remains largely unknown and none of these scor-
ing indexes serves as a guide for treatment initia-
tion. In the future, the identification of predictive 
biomarkers will possibly help to establish the role 
of individual therapies.

6.9  First-Line Treatment

FL is characterized by a heterogeneous clinical 
presentation and it is generally considered to be 
incurable when it presents in an advanced stage. 
The variability of presentation at the time of 
diagnosis and the fact that most patients are com-
pletely asymptomatic result in differences in 
strategies for the initial management. Most 
patients present with slow-growing adenopathies 
and they do not necessarily need an active treat-
ment at the time of diagnosis. Treatment of FL 
typically depends on the stage at presentation. 
Patients with limited-stage (stage I–II) are candi-
dates for radiation therapy, which may be cura-
tive in a significant proportion of patients. In 
contrast, patients with advanced-stage disease 
(stage III–IV) are considered not to be curable 
with conventional therapies. For this reason, a 

pretreatment evaluation is needed to determine 
the extent of the disease. Moreover, it should pro-
vide information concerning the fitness of the 
patient, in particular, performance status and the 
presence of comorbidities.

6.10  Initial Treatment of Limited- 
Stage FL

Approximately 10–20% of FLs are diagnosed at 
an early stage (stage I or II) [30]. Radiation ther-
apy (RT) has been traditionally the treatment of 
choice for this group of patients, with the poten-
tial induction of sustained remissions [31]. The 
definition of this particular group of patients is 
currently more accurate with the use of FDG- 
PET, which allows the identification of a truly 
localized disease [32]. Despite the reduced num-
ber of randomized clinical trials (Table  6.3.), 
radiation therapy alone is usually the preferred 
modality, resulting in 10-year overall survival 
rates of 60–80% [38]. Alternatively, an initial 
watchful waiting policy has also been proposed 
for selected patients, with few retrospective clini-
cal trials reporting similar survival outcomes 
[30]. Nonetheless, a recent analysis based on the 
Surveillance, Epidemiology, and End Results 
(SEER) Program registry suggested a survival 
benefit in patients with early-stage FL treated 
with RT in comparison to observation [31]. 
Systemic therapy with immunotherapy alone 
(i.e., rituximab) or chemo-immunotherapy has 
rarely been studied in patients with early-stage 
FL.  McManus et  al. conducted a multicenter 
phase III trial including 150 FL patients with 
stage I and II. Patients were randomly assigned to 
RT alone or RT followed by six cycles of chemo-
therapy. The majority of patients had stage I dis-
ease and chemotherapy regimen consisted of 
CVP with rituximab added after a protocol 
amendment. With a median follow-up of 
9.6 years, the additional chemotherapy appeared 
to improve PFS (59 vs. 41% at 10 years; HR 0.57, 
95% CI 0.34–0.95), even though this was not 
translated into superior OS [41]. In another pro-
spective phase II study, the combination of 
involved field radiation and rituximab achieved 
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comparable rates of long-term remissions (78% 
at 5  years) [33]. Similar results have been 
obtained by adding rituximab to RT therapy: 
results of a multicenter study conducted in Italy 
showed that 10-year PFS was significantly longer 
(p < 0.05) in the rituximab RT group (four ritux-
imab courses (375  mg/m2, days 1, 8, 15, 22) 
before RT) (64.6%) compared to RT alone 
(50.7%), whereas the 10-year OS projections 
were not significantly different [42].

The dose and field of RT varied largely among 
studies. The radiation field has been gradually 
narrowed based on nonrandomized evidence, but 
rather following the publication of trials showing 
similar outcomes [40]. The standard dose for 
involved-field radiotherapy (IF-RT) is 24  Gy, 
which is significantly lower than the doses deliv-
ered in the past (30–40  Gy), and this has been 
demonstrated in a randomized trial to be as effec-
tive as higher doses [43]. Moreover, the first 
report from patients treated with low-dose RT of 
2 × 2 Gy, mostly for palliation of advanced-stage 
disease, showed very promising results in terms 
of disease control [44]. This lead to the launch of 
a prospective randomized trial, which aimed to 
compare 2  ×  2  Gy with the standard dose of 
24 Gy in patients with limited-stage FL. The pre-
liminary results demonstrated a significantly 
higher rate of progression in the low-dose group 

and this lead to the recommendation to not adopt 
low-dose RT for the treatment of patients with 
limited stage with a potential curative intent [45].

It should also be considered that most of the 
relapses in patients with early-stage FL occurred 
outside the irradiation fields [46]. This highlights 
the fact that all patients with early-stage FL need 
to be rigorously staged before treatment start.

6.11  Initial Treatment 
of Advanced-Stage FL

For patients with advanced-stage disease (stage 
III, IV or stage II not suitable for radiotherapy) 
treatment decisions must be individualized 
according to disease and patient’s specific fac-
tors. As said, advanced-stage FL is still consid-
ered to be an incurable condition, even if the 
disease is responsive to various treatment modal-
ities such as chemotherapy, immunotherapy, 
radiotherapy, and target-therapies. Once the diag-
nosis of advanced-stage FL is established, the 
next step is to determine if the patient needs ther-
apy, as not all patients with FL require treatment 
at the time of diagnosis. The crucial decision is 
when to treat and how to treat. Given the fact that 
most patients with FL will not die of disease, 
maintaining an optimal quality of life represents 

Table 6.3 Selected trials including patients with early-stage follicular lymphoma

Author (year) Stage n Median RT dose Survival (%)
Herfarth et al. (2018) [33] I (56%)

II (44%)
85 30–40 Gy 5-year PFS 78

5-year OS 96
Tsang et al. (2005) [34] I (64%)

II (36%)
573 35 Gy 10-year FFTF 48

10-year OS >60
Brady et al. (2019) [35] I (80%)

II (20%)
512 >24 Gy 5-year FFTF 69

5-year OS 96
Vaughan Hudson et al. (1994) [36] I (100%) 208 35 Gy 10-year FFTF 47

10-year OS 64
Mac Manus et al. (1996) [37] I (41%)

II (59%)
177 35–50 Gy 10-year FFTF 44

10-year OS 64
Wilder et al. (2001) [38] I (41%)

II (59%)
80 40 Gy 10-year FFTF 41

15-year OS 43
Soubeyran et al. (1988) [39] I (44%)

II (56%)
103 35–40 Gy 10-year FFTF 49

10-year OS 56
Guckenberger et al. (2012) [40] I (47%)

II (34%)
III (19%)

107 25–45 Gy 10-year FFTF 58
10-year OS 64

PFS progression-free survival, FFTF freedom from treatment failure, OS overall survival, Gy gray
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one of the principal goals of therapy. Importantly, 
the range of therapeutic options should be dis-
cussed together with the patient, and the treat-
ment modality is usually selected based on 
characteristics of the disease, goals of treatment 
and perceptions of the preferences of the patient.

6.11.1  Advanced-Stage FL with Low 
Tumor Burden

There is a wide variety of treatment options for 
FL.  These options include watchful waiting 
(observation), single-agent anti-CD20 antibody 
(in particular, rituximab), chemotherapy associ-
ated with an anti-CD20 antibody (rituximab or 
obinutuzumab). Several prospective randomized 
trials [47–50] demonstrated that deferring ther-
apy until the appearance of symptoms was not 
detrimental in terms of OS, and a prolonged 
treatment-free period may decrease cost, compli-
cations, and potential drug resistance. Moreover, 
histologic transformation to DLBCL appeared to 
occur at a rate of approximately 2%/year, regard-
less of whether FL is treated aggressively or con-
servatively [51, 52].

A landmark prospective randomized trial vali-
dating the role of watchful waiting as an initial 
management strategy in advanced-stage FL with 
low tumor burden was conducted by Ardeshna in 
2003. More than 300 patients with advanced- 
stage asymptomatic FL were randomized to active 
treatment with an alkylating agent (oral chloram-
bucil) versus delayed therapy until the time of 
progression or symptomatic disease. With a 
median follow-up of 16  years, no difference in 
terms of OS was observed between the two treat-
ment arms. Of note, nearly 20% of patients did 
not require any active treatment [48]. Even though 
other randomized trials have addressed the same 
question and have obtained similar results [47, 
53], the fact that these studies were conducted in 
an era where rituximab (which has been shown to 
lead to an improvement in OS in patients with FL 
in need of therapy) was not available should be 
underlined. Therefore, we do not know how the 
impact on survival of rituximab in combination 
with chemotherapy could have affected the natu-
ral history of the disease in this population.

A relevant follow-up study was published in 
2014 using rituximab as first-line treatment [54]. 
In this British trial, patients with low tumor bur-
den FL were randomly assigned to receive either 
(1) rituximab induction given weekly for 4 weeks, 
(2) rituximab induction followed by maintenance 
rituximab every 2  months for 2  years, or (3) 
watchful waiting. The rituximab induction alone 
arm was closed prematurely due to slow accrual, 
and the study was subsequently amended to a 
two-arms study. With a median follow-up of 
4 years, there was no difference in time to next 
treatment between the induction alone versus 
induction followed by maintenance group 
(HR = 0.75, p = 0.33), even though the amended 
trial was underpowered for the comparison of the 
two groups. Rates of histologic transformation 
and OS were similar between the two approaches. 
Nevertheless, there was a significant difference in 
the time to start of new therapy, with 46% (95% 
CI 39–53) of patients in the watchful waiting 
group not needing treatment at 3 years compared 
with 88% [55–64] in the maintenance rituximab 
group (hazard ratio [HR] 0.21, 95% CI 0.14–
0.31; p < 0.0001). Rituximab therapy was associ-
ated with improved quality of life measures, 
reflecting a decrease in anxiety in patients receiv-
ing active treatment. This study provided the 
rationale for single-agent rituximab as an option 
for patients with newly diagnosed asymptomatic 
FL with low tumor burden, although the lack of 
an OS benefit indicates that “watchful waiting” 
remains an appropriate approach in this 
population.

If single-agent rituximab should be the first 
line treatment choice, then the next question is, 
which is the optimal schedule and how to admin-
ister it. In the RESORT trial, 289 patients with 
FL and low tumor burden were randomized after 
induction with four doses of weekly rituximab to 
receive maintenance rituximab (one dose every 
13 weeks until progression) or retreatment with 
rituximab only at the time of progression. With a 
median follow-up of 4.5 years, time to treatment 
failure (approximately 4 years) and quality of life 
were similar in the two arms, and a reduced num-
ber of rituximab doses were used in the group 
without maintenance (median 4 vs. 18 doses) 
[65].
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6.11.2  Advanced-Stage FL with High 
Tumor Burden

In evaluating the best time for treatment initiation, 
the best approach is to consider the presence or 
absence of symptoms along with the estimation of 
tumor burden. The Groupe d’Etude des 
Lymphomes Folliculaires (GELF) criteria have 
been proposed to identify those patients who 
would benefit from therapy rather than observa-
tion [47]. The GELF criteria are clinical parame-
ters, which represent a surrogate of tumor burden: 
patients with high tumor burden, according to 
these criteria, are generally treated upfront with 
active systemic treatment. In the original GELF 
study patients considered to have a low tumor bur-
den, were randomly assigned to one of three arms: 
arm 1, watchful waiting (n = 66); arm 2, predni-
mustine 200 mg/m2/day for 5 days per month for 
18 months (n = 64); or arm 3, interferon alfa 5 
MU/day for 3 months, then 5 MU three times per 
week for 15 months (n = 63). Watchful waiting 
approach did not appear to be detrimental in com-
parison to early treatment. Since then, the subse-
quent clinical trials conducted by the same group 
evaluating different regimens of chemo-immuno-
therapy included patients with high tumor burden 
based on these criteria. The British National 
Lymphoma Investigation (BNLI) criteria have 
also been validated, and they are frequently used 
to assess the tumor burden and the optimal timing 
of initial treatment [54]. In the BNLI criteria, 
osseous lesions and bone marrow infiltration are 

also considered as a trigger for initiating treat-
ment. Table 6.4. summarizes the main criteria for 
starting therapy in FL.

The current standard approach for patients 
with advanced-stage FL with high tumor burden 
consists of immuno-chemotherapy with an anti-
 CD20 monoclonal antibody in combination with 
a chemotherapy component (Table 6.5). Systemic 
treatment with rituximab alone was also shown to 
be useful as well as other chemo-free combina-
tions, for example, rituximab and lenalidomide. 
Chemotherapy regimens frequently used are pri-
marily based on alkylating agents (such as CVP, 
CHOP), based on a purine analog (i.e., fludara-
bine) alone or in combination with mitoxantrone 
(FM) or more recently including bendamustine.

The combination of rituximab with chemo-
therapy represents one of the standard of care for 
front-line treatment. Four prospective trials com-
paring different regimens with or without R have 
shown a significant benefit in PFS and OS in 
patients treated with rituximab [72–75]. No sig-
nificant side effects were associated with the 
addition of rituximab. The question concerning 
the chemotherapy backbone should be consid-
ered has not being put to rest. The FOLL05 trial 
compared in 534 patients with advanced-stage 
FL, three most popular regimens, namely R-CVP, 
R-CHOP, and R-FM. R-CHOP and R-FM exhib-
ited a superior PFS in comparison to R-CVP with 
a 3-year PFS of 52.68% and 63% (p  =  0.011), 
respectively. Nevertheless, no differences were 
observed in terms of OS [69, 76].

Table 6.4 Comparison of criteria for starting treatment

Groupe d’Etude des Lymphome Folliculaires (GELF) [47] Largest nodal (or extranodal) size >7 cm
At least three nodal sites of >3 cm 
Presence of systemic symptoms
Presence of serous effusion
Substantial enlargement of the spleen
Risk of vital organ compression
Presence of leukemia or blood cytopenias

British National Lymphoma Investigation (BNLI) [54] Presence of pruritus or B symptoms
Rapid disease progression during the past 3 months
Life-threatening organ involvement
Significant bone marrow infiltration resulting in bone 
marrow depression (defined as hemoglobin level 
<100 g/l, white cell count <3.0 × 109 l−1 or platelets 
count <100 × 109 l−1 in the absence of other causes)
Localized bone lesion
Renal infiltration
Macroscopic liver involvement
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For patients without evidence of histologic 
transformation, bendamustine has become an 
important agent. Rummel et al. conducted a ran-
domized prospective clinical trial, including 
patients with advanced-stage untreated indolent 
and mantle cell lymphoma treated with benda-
mustine and rituximab (B-R) or R-CHOP.  The 
B-R combination appeared to improve PFS in 
this population and induced less alopecia, cyto-
penia, and infections in comparison to R-CHOP 
[66]. There was no difference in OS (70% vs. 
66% at 10  years), and the number of second 
malignancies was similar between the two treat-
ment arms (39 vs. 47 cases).

A similar study was conducted in the United 
States (the BRIGHT trial) and evaluated the B-R 
combination in comparison to R-CHOP and 
R-CVP as an upfront treatment for 447 patients 
with indolent and mantle cell lymphoma. B-R 
appeared not to be inferior to the other two regi-
mens in terms of complete response (CR) rate (31 
vs. 25%, respectively; p  =  0.0225) and overall 
response (97–91%, respectively; p  =  0.0102) 
[77]. In the updated 5-year follow-up analysis, 
PFS for patients treated with B-R was 65% (95% 
CI, 58.5–71.6) compared to 55.8% (95% CI, 
48.4–62.5; HR  =  0.61 95% CI, 0.45–0.85; 
p = 0.0025) for the entire group. There was no 
significant difference in OS between the groups. 

Of note, patients with grade 3A FL were excluded 
from this trial. In terms of toxicity profiles, B-R 
was associated with higher rates of nausea/vomit-
ing, secondary malignancies, and lower rates of 
peripheral neuropathy/paresthesia and alopecia. 
Patients treated with R-CHOP/R-CVP had more 
hematological toxicity than B-R, even though the 
infection rate appeared to be higher in the latter 
group [67].

In conclusion, B-R appeared to be a valid 
option for those patients who want to avoid alo-
pecia or severe neutropenia. Moreover, the sched-
ule of B-R given for two consecutive days but 
less frequently (every 4 weeks), might be inter-
esting to some patients for logistical reasons. 
Obinutuzumab is a type II anti-CD20 monoclo-
nal antibody, which has been recently approved 
in combination with chemotherapy for first-line 
patients with FL.  The approval followed the 
results published of the prospective randomized 
GALLIUM trial, including 1202 patients with 
untreated follicular lymphoma in need of therapy. 
Patients were randomized to an obinutuzumab- 
based induction and maintenance strategy versus 
a rituximab-based induction and maintenance. 
Participating centers were free to select one of 
the following chemotherapy regimens associated 
with the anti-CD20 antibody for induction: 
bendamustine (57%), CHOP (33%), or CVP 

Table 6.5 Selected trials including patients with high-tumor-burden follicular lymphoma at diagnosis

Author (year) Phase n Treatment Maintenance Survival
Rummel et a. (2013) [66] III 549 R-CHOP

R-B
NO Median PFS 31.2

Median PFS 69.5 m
Flinn et al. (2019) [67] III 447 R-CHOP, R-CVP

R-B
NO 5-y PFS 55.8%, 5-y OS 

81.7% 
5-y PFS 65.5%, 5-y OS 
85.0%

Salles et al. (2011) [68] III 1217 R-CVP, R-CHOP, 
R-FCM

NO
YES

3-y PFS 74·9%
3-y PFS 57·6%

Luminari et al. (2018) [69] III 534 R-CVP
R-CHOP
R-FM

NO 8-y PFS 42%, 8-y OS 85%
8-y PFS 49%, 8-y OS 83%
8-y PFS 52%, 8-y OS 79%

Marcus et al. (2017) [70] III 1202 R-CHOP, R-B, R-CVP
G-CHOP, G-R, G-CVP

YES 3-y PFS 73%, 3-y OS 92.1%
3-y PFS 80%, 3-y OS 94.0%

Morschhauser et al. (2018) 
[71]

III 1030 R-CHOP, R-B, R CVP
R2

YES 3-y PFS 78%, 3-y OS 94%
3-y PFS 77%, 3-y OS 94%

PFS progression-free survival, OS overall survival, R-CHOP rituximab, cyclophosphamide, doxorubicin, vincristine, 
and prednisone, R-CVP rituximab, cyclophosphamide, vincristine, and prednisolone, R-B rituximab and rituximab, G 
obinutuzumab, R2 rituximab and lenalidomide, m months, y years, w weeks
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(10%). Responding patients were then allocated 
to receive up to 2 years of maintenance with the 
same antibody they received during induction. 
Results from the preplanned interim analysis 
showed that the experimental arm was associated 
with an improved PFS (3-year PFS 83 vs. 79; HR 
0.68, 95% CI 0.54–0.87). After a median follow-
 up of 34.5 months (range, 0–54.5 months) similar 
results were seen concerning ORR, CR, OS, and 
rates of histologic transformation. Nevertheless, 
the obinutuzumab-based strategy was also asso-
ciated with a higher rate of grade 3/4 adverse 
events (75 vs. 68%), in particular, infusion- 
related reactions (59 vs. 49%), febrile neutrope-
nia (6.9% vs. 4.9%) and grade 3/4 infections 
(20% vs. 15.6%). Unexpectedly, several fatal 
events were observed in both arms (4% and 4.3% 
for patients receiving obinutuzumab and ritux-
imab, respectively). Moreover, a higher incidence 
of grade 3/4 toxicity was observed in patients 
treated with bendamustine in both arms, in par-
ticular infections and secondary malignancies 
[70, 78]. In conclusion, although these results 
suggest an improvement in PFS with the use of 
obinutuzumab, it is currently not clear whether 
this will translate into a survival benefit after a 
longer follow-up. For the time being the use of 
either anti-CD20 antibody appears to be 
reasonable.

Besides the combination with cytotoxic 
agents, several patients may also be treated suc-
cessfully with “chemotherapy-free” approaches. 
Single-agent rituximab appears to be an adequate 
initial treatment, in particular for those patients 
with comorbidities and/or with disease progress-
ing slowly over a long time. Rituximab has low 
toxicity profiles, and in general, it induced rea-
sonable response rates. The SAKK investigated 
the role of rituximab monotherapy in newly diag-
nosed patients and pretreated patients with 
FL. Rituximab monotherapy given at the dose of 
375  mg/m2/week for a total of four doses fol-
lowed by four additional doses administered 
every 2 months, induced an overall response rate 
ranging from 46% to 67% for patients at relapse 
or treatment-naïve, respectively [79]. With the 
long-term follow-up of 9.5 years, it appears that 
35% of patients with previously untreated FL 

who responded to rituximab induction and were 
treated with four doses of rituximab maintenance 
did not progress after 8  years [80]. To better 
define the optimal duration of rituximab mainte-
nance, the same group compared a long-term 
approach (maximum of 5 years or until disease 
progression or unacceptable toxicity) versus a 
short-term schedule (four administrations admin-
istered every 2 months). Long-term rituximab 
maintenance did not appear to improve event- 
free survival (EFS), which was the primary end-
point of the trial [81].

Another chemotherapy-free approach using 
rituximab (R) as a backbone is the combination 
with lenalidomide, also known as the R2 regimen. 
Three prospective phase II trials conducted in the 
United States and Europe demonstrated that the R2 
regimen induces a high rate of CR in treatment- 
naive patients with FL with 3-year PFS with 2-year 
PFS 86% [82–84]. These promising results led to 
the launch of an international open- label phase III 
trial (the RELEVANCE trial), which accrued 1030 
patients with advanced-stage FL in need of treat-
ment. Patients were randomly allocated to receive 
R2 (lenalidomide given at a dose of 20 mg/day on 
days 2 through 22 of each 28-day  cycle for six 
cycles, followed by lenalidomide at a dose of 
10/20 mg/day for 12 cycles) or chemotherapy with 
rituximab, which consisted of either CVP, CHOP, 
or B, depending on the investigator’s choice. In 
each treatment arm, patients were treated for a 
total of 30  months. With a median follow-up of 
38  months, no significant differences were 
observed in terms of CR rates (48% (95% CI, 
44–53) vs. 53% (95% CI, 49–57), p 0 = 0.13), PFS 
at 3 years (77% vs. 78%; HR 1.1, 95% CI 0.85–
1.43), and OS at 3 years (94% vs. 94%; HR 1.16, 
95% CI 0.72–1.86). In terms of toxicity, a higher 
percentage of patients in the rituximab chemother-
apy arm presented with grade III/IV neutropenia 
(32% vs. 50%) and febrile neutropenia of any 
grade (2% vs. 7%). Patients treated with R2 pre-
sented more rash (43% vs. 24%), diarrhea (37% 
vs. 19%), and tumor flare reaction (6% vs. <1%) 
[71]. In conclusion, based on these results, the R2 
regimen represents a new treatment option for pre-
viously untreated patients with FL, but has been 
not yet registered in the first-line indication.
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6.11.3  The Role of Maintenance 
Therapy

Disease relapse represents a matter of concern of 
patients with FL, and the identification of further 
ways to extend the period of remission continues 
to be an essential goal for clinicians and investi-
gators. A possible strategy to achieve this objec-
tive is with the implementation of the so-called 
maintenance therapy, to be proposed after suc-
cessful induction therapy. Anti-CD20 monoclo-
nal antibodies appear to be an attractive option 
for maintenance therapy because they are associ-
ated with only limited acute toxicity and no sig-
nificant long-term or cumulative toxicity. 
Moreover, the long half-life of these compounds 
allows for spaced treatments while maintaining 
long-term drug exposure. The role of mainte-
nance therapy has been investigated in patients 
with either low and high tumor burden, after first- 
line treatment and in the relapse setting. The 
RESORT trial included only patients with low 
tumor burden treated with an induction therapy 
of 4 weekly doses of rituximab. Patients were 
then randomized to receive either maintenance 
rituximab every 3  months indefinitely or 
 rituximab re-treatment upon progression. At a 
median follow-up of 4.5 years, PFS in both study 
arms were comparable but patients receiving 
maintenance therapy were less likely to require 
cytotoxic chemotherapy even though the esti-
mated OS at 5 years was similar in both groups 
(94%) and no difference in terms of rate of histo-
logic transformation was observed [85]. 
Nevertheless, the benefit in terms of disease con-
trol must be weighed against the higher amount 
of rituximab used in the maintenance arm.

Other clinical trials have assessed the role of 
maintenance rituximab after an induction based 
on single-agent rituximab. The SAKK 35/98 trial 
included newly diagnosed and previously treated 
FL. Patients were treated with a rituximab induc-
tion (4 weekly doses) and then randomized to 
receive either maintenance rituximab given every 
2 months for four infusions or no further treat-
ment. With a median follow-up of 10 years, the 
median EFS was significantly longer in the ritux-
imab maintenance arm in comparison to the 

observation arm (24  months vs. 13  months, 
p < 0.001) [80]. In a subsequent trial conducted 
by the same group (the SAKK 35/03 trial) 270 
patients with untreated, relapsed, stable, or che-
moresistant FL were treated with an induction 
therapy which was identical to the previously 
described study and were then randomly assigned 
to receive a short-term maintenance (rituximab 
every 2  months for four additional doses) or a 
long-term maintenance (rituximab every 
2 months until progression or unacceptable toxic-
ity for a maximum of 5  years). No differences 
were seen in terms of the primary endpoint (EFS), 
and slightly more adverse events were observed 
in the long-term schedule [81].

In patients responding to an induction therapy 
based on immune-chemotherapy (i.e., R-CHOP, 
R-CVP, and rituximab fludarabine cyclophospha-
mide), the role of maintenance rituximab was pri-
marily addressed in the PRIMA trial. In this trial, 
1019 patients with previously untreated FL, dem-
onstrating an initial response to induction, were 
randomly assigned to maintenance rituximab 
(375  mg/m2 administered every 2  months for 
24 months) or placebo. Improvement in PFS was 
observed in the maintenance arm at a median 
follow-up of 36 months (74.9% vs. 57.6%), but 
no difference could be demonstrated in terms of 
OS. Rituximab maintenance was also associated 
with a higher percentage of patients in CR or 
unconfirmed CR at 24  months (72% vs. 52%), 
but was associated with a higher overall rate of 
severe (grade III/IV) adverse events (24% vs. 
17%) and a higher percentage of infection (39% 
vs. 24%) [68]. With a longer follow-up of 
73  months the PFS benefit in the maintenance 
arm was maintained (42.7% vs. 59.2%; HR 0.58, 
95% CI 0.48–0.69; p  <  0.0001) and no unex-
pected toxicity were observed. Nevertheless, the 
use of maintenance rituximab did not translate 
into an improvement in OS even with a longer 
follow-up [86].

In a large meta-analysis including seven trials 
evaluating rituximab maintenance after chemo-
therapy or chemo-immunotherapy (a total of 
2315 patients with FL), maintenance rituximab 
appeared to improve the PFS (HR 0.57; 95% CI 
0.51–0.64) and OS (HR 0.79; 95% CI 0.66–0.96) 
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even though it was associated with a greater risk 
of adverse events (34% vs. 24%) [87].

It continues to be a matter of debate if these 
results should also be applied for patients treated 
with B-R as induction therapy. Several trials 
reported a higher rate of mortality not related to 
lymphoma, in particular in patients receiving 
maintenance after bendamustine-based combina-
tions [70, 88], and the main cause of mortality in 
these patients was Pneumocystis jirovecii pneu-
monia. Nonetheless, it should be underlined that 
in this trial, the chemotherapy backbone was not 
randomly assigned. Moreover, the optimal dura-
tion of maintenance therapy is mostly unknown 
and continues to remain a matter of discussion. 
Many clinicians decide to administer mainte-
nance with a schedule established in a specific 
phase III trial, such as that used in the PRIMA 
study (rituximab every 2  months for a total of 
2 years). As previously described, trials that have 
investigated longer duration of maintenance have 
observed increased toxicity towards the end of 
the planned treatment. From a practical point of 
view, it is recommended to administer long-term 
prophylaxis for Pneumocystis jirovecii if giving 
rituximab maintenance after B-R induction.

6.12  The Role of High-Dose 
Chemotherapy 
and Autologous Stem-Cells 
Transplant

High-dose chemotherapy (HDT) followed by 
autologous stem cell transplant (ASCT) repre-
sents a treatment strategy that has been exten-
sively investigated in patients with 
FL.  Nonetheless, given the toxicity of this 
approach and the overall favorable outcome gen-
erally observed in patients with FL, the identifi-
cation of the right timing for this procedure has 
always been a challenge.

Several randomized clinical trials have inves-
tigated the role of HDT, followed by ASCT in 
patients with FL.  Three randomized trials con-
ducted in the pre-rituximab era and one in the 
rituximab era have evaluated the role of upfront 
ASCT consolidation versus observation alone in 

patients with advanced-stage FL, in remission 
after first-line therapy. All these trials demon-
strated a benefit in terms of PFS in comparison to 
observation alone, indeed suggesting that this 
approach induced improved disease control, but 
none showed an OS benefit [89–91]. Based on 
these results, HDT and ASCT are currently not 
recommended as consolidation in patients with 
FL in the first remission.

For patients with FL at relapse, the results of a 
single prospective trial conducted in the pre- 
rituximab era showed that ASCT might be supe-
rior to conventional-dose therapy. In this trial, 
140 patients with refractory FL were randomized 
to receive chemotherapy alone versus chemother-
apy, followed by ASCT using unpurged or purged 
stem cells. With a 69-month median follow-up, 
the authors could demonstrate a 2-year PFS (26% 
vs. 55–58%, p = 0.0037) benefit and 4-year OS 
benefit for patients who underwent ASCT (46% 
vs. 71–77%, p = 0. 079) [92]. Despite these posi-
tive results, ASCT was not widely adopted as a 
standard of care for patients with relapsed FL, 
due to concern regarding early and late toxicity. 
Moreover, this study was performed before the 
advent of rituximab, when the median survival of 
patients with FL was shorter in comparison to the 
present time.

Several retrospective studies have compared 
the outcome of patients treated with ASCT or 
chemo-immunotherapy in a more recent era. 
Sebban et  al. published a retrospective analysis 
including 254 patients with relapsed FL treated 
in two successive randomized studies with the 
same treatment: patients treated with HDT and 
ASCT presented with a higher rate of 5-year EFS 
(51% vs. 24%) and OS (70% vs. 42%), in com-
parison to patients treated with conventional ther-
apy [93]. Similar results supporting the use of 
ASCT regardless of front-line rituximab expo-
sure have been found by Le Gouill et  al. in an 
analysis including 175 FL patients from the 
FL2000 [94]. A retrospective analysis using data 
from the National LymphoCare Study and the 
Center for International Blood and Marrow 
Transplant Research reported on the outcomes of 
349 patients who progressed within 2 years or did 
not respond to initial rituximab-based therapy. In 
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a planned subset analysis, the patients receiving 
ASCT within 1 year of treatment failure had 
superior OS at 5 years (73% vs. 60%) [95]. 
Similarly, the follow-up analysis of two prospec-
tive first-line trials confirmed the overall survival 
benefit in young patients who had relapsed within 
24 months after a CHOP-like induction [96]. The 
European Group for Blood and Marrow 
Transplantation (EBMT) published a project 
which aimed to define indications for HDT and 
ASCT in patients with FL in the rituximab era in 
Europe following a RAND-modified Delphi con-
sensus method. In patients with first chemosensi-
tive relapse, the consensus was that HDT with 
ASCT represents an appropriate option to con-
solidate remission, especially in patients with a 
short response after immuno-chemotherapy or 
with high-risk FLIPI [97].

Even though HDT and ASCT may provide a 
sustained remission and possibly a cure for many 
patients, it is also essential to recognize the fact 
that this procedure is associated with significant 
acute and late toxicity. A primary concern is 
related to the risk of developing secondary malig-
nancies, in particular, myelodysplasia (MDS) or 
acute myeloid leukemia (AML). A population- 
based cohort study including more than 7000 
patients treated with ASCT, the risk of secondary 
malignancies appear to be moderately increased 
(standardized incidence ratios (SIR) 1.4) com-
pared with the general population but was signifi-
cantly elevated for MDS/AML (SIR = 20.6) [55]. 
For this reason, patients should be counseled 
regarding this risk and other related potential late 
effects.

6.13  The Role of Allogeneic Stem 
Cell Transplantation

Allogeneic stem cell transplantation with mye-
loablative conditioning was associated with a 
lower relapse rate but higher transplant-related 
mortality and finally, a similar OS [56]. This 
observation suggested the presence of graft ver-
sus lymphoma effect. To decrease the toxicity of 
allo-SCT reduced-intensity conditioned (RIC- 
alloSCT) has been developed. Several clinical tri-

als demonstrated the feasibility of this approach 
also in patients who were early pretreated [57, 
58]. The outcomes following a RIC-alloSCT 
showed a 5-year PFS rate ranging from 50% to 
85%. No prospective trials have compared the 
efficacy of RIC-alloSCT and myeloablative con-
ditioning alloSCT in patients with FL.  RIC- 
alloSCT is currently the most frequently 
employed approach for patients over the age of 
50 and with comorbidities [97].

The decision to consider either ASCT or 
alloSCT in patients with refractory/relapsed FL 
remains to be defined. There is only one prospec-
tive randomized trial addressing this issue and 
unfortunately, it was closed prematurely due to 
poor accrual [54]. Thus, based on the before- 
mentioned European consensus, alloSCT is being 
recommended to be preferably discussed for 
patients that have relapsed after ASCT [97].

6.14  Radioimmunotherapy (RIT)

Radioimmunotherapy (RIT) is based on the use 
of monoclonal antibodies linked to radioisotopes. 
Ibritumomab tiuxetan is a murine anti-CD20 
monoclonal antibody conjugated to the radioiso-
tope yttrium-90 that is approved by the US Food 
and Drug Administration (FDA) for the treatment 
of patients with relapsed/refractory FL.  Several 
prospective trials of RIT (mostly phase II trials) 
demonstrated response rates ranging from 60% 
to 80%, with a median PFS less than 1 year. The 
majority of patients who achieve a CR following 
RIT remained in remission for more than 3 years 
[59, 60]. No randomized trials have compared 
RIT to immuno-chemotherapy. Ibritumomab 
tiuxetan appeared to be safe; the most common 
side effects are related to the potentially pro-
longed hematological toxicity.

The high response rate achieved with this 
approach makes RIT an attractive treatment 
option, even though it is currently not commonly 
employed due to the complexity of 
administration.

Alternatively a consolidation approach 
resulted in an improved PFS in an international 
first-line trial [61]. However, this approach seems 
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to be inferior to a prolonged rituximab mainte-
nance for 2 years [62].

6.15  Management of Relapsed FL

Although the median OS for FL has improved 
substantially in comparison to the past decades, 
most patients will eventually relapse, and they 
will require successive treatments. The optimal 
approach to patients with relapsed FL remains 
undefined. It is crucial to recognize high-risk 
patients, in particular, patients presenting with a 
histologic transformation or those presenting 
with early treatment failure. The latter group is 
classically composed of patients with FL pro-
gressing within 24  months of initial immuno- 
chemotherapy [27]. These patients are classically 
treated with more aggressive approaches because 
they tend to have a worse outcome. For young 
patients without significant comorbidity, the best 
plan may include HDT followed by ASCT espe-
cially in early relapses. On the other hand, 
patients with asymptomatic relapsed FL do not 
necessarily require immediate treatment. The 
indications for treatment initiation are generally 
similar as used for first-line therapy. A repeated 
biopsy is whenever possible recommended at the 
time of relapse, to rule out histologic transforma-
tion to diffuse large B-cell lymphoma. Bone mar-
row biopsy is in general reserved for patients 
with significant cytopenia. The clinical feature 
that may be associated with histological transfor-
mation are in particular rapid discordant growth 
of a single nodal site, the presence of B symp-
toms, hypercalcemia, and increased LDH.  The 
choice of subsequent lines of therapy largely 
depends on several factors, including the type of 
previous treatment, age, the presence of comor-
bidities, the duration of remission, and the patient 
preference. The different options available are a 
re-challenge with the initial treatment regimen 
(in particular for patients presenting with long 
remission), the use of non-cross resistant chemo-
therapy regimens or the administration of new 
targeted agents. The goal, in young and fit 
patients, is to induce a long-lasting remission. In 
elderly patients presenting with comorbidities, 

treatment for patients with relapsed FL aims to 
obtain a better quality of life and to reduce 
lymphoma- associated symptoms. As said, for 
patients presenting with early relapse, the use of 
a non-cross resistant treatment is generally rec-
ommended. Patients relapsing after a long period 
of remission and presenting with comorbidities 
may benefit from single-agent rituximab [63]. 
For relapsing patients having received regimens 
with alkylating agents, a combination including 
bendamustine may be considered. Several regi-
mens have demonstrated clinical activity in this 
setting, but there is a limited number of random-
ized trials. At first relapse after immuno- 
chemotherapy, treatment option includes an 
anti-CD20 monoclonal antibody in association 
with CHOP, CVP, bendamustine, or lenalido-
mide, depending on the patient’s history and 
prior therapy. In particular, the combination of 
bendamustine plus obinutuzumab may be pre-
ferred in patients previously treated with R-CVP 
or R-CHOP, if the relapse occurs less than 
6–12 months from the last rituximab administra-
tion. The other way round, CHOP may be pre-
ferred for patients with previously treated with a 
bendamustine-based regimen.

Two phase II trials have assessed the activity 
and safety of combinations with bendamustine in 
patients with relapsed/refractory NHL (14% with 
FL): median PFS was in the range of 2 years and 
the most common side effect was hematological 
toxicity (in particular, leukopenia and thrombo-
cytopenia) [64, 98]. In a randomized, noninferi-
ority, phase III trial including 230 patients with 
relapsed indolent NHL and mantle cell lym-
phoma, fludarabine-based chemotherapy with 
rituximab was compared to B-R. Patients treated 
with the latter regimen exhibited a higher 
response rate and an improved PFS and OS, sug-
gesting that this combination may be one of the 
preferred treatment options for patients with 
relapsed indolent lymphoma [99].

The decision to use rituximab maintenance at 
the time of relapse should be based on whether 
the patients are refractory to this compound. For 
patients considered to be rituximab refractory, 
rituximab maintenance is in general not pro-
posed. In this regard, the GADOLIN trial 
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included patients with rituximab refractory indo-
lent NHL and randomized patients to receive 
either obinutuzumab (G) and bendamustine in 
induction followed by G maintenance or single- 
agent bendamustine without maintenance. The 
updated results of this trial showed that the G-B 
induction plus G maintenance significantly 
improves PFS and OS in comparison to benda-
mustine alone [100].

6.16  Novel Agents 
in the Management of FL

6.16.1  Lenalidomide

New compounds are frequently reserved for 
patients presenting with multiple relapses, but 
there are compounds that are now being investi-
gated in the first-line (Table 6.6). One example is 

lenalidomide, which was assessed as a single 
agent in patients with relapsed/refractory indo-
lent lymphoma (mostly FL) in the NHL-001 
including 43 patients and showing a promising 
ORR of 23% (CR 7%) with a median PFS of 
4.4 months [109]. The combination of lenalido-
mide and rituximab (also known as the R2 combi-
nation) was tested in several phase II trials [82, 
84] and subsequently in a large randomized inter-
national phase III trial (the AUGMENT trial) 
showing a significant clinical activity in compari-
son to rituximab alone [101]. In the first-line set-
ting, the RELEVANCE trial demonstrated that 
the R2 combination was comparable in term of 
efficacy to standard immuno-chemotherapy 
(R-CHOP, B-R, R-CVP) [71]. The role of lenalid-
omide in maintenance is currently investigated in 
the MAGNIFY study, a phase IIIB multicenter 
open-label study, where responding patients are 
randomized to receive either maintenance 

Table 6.6 Selected trials including patients treated with “chemotherapy-free” regimens

Author (year) Phase n Setting Treatment ORR ORR, survival
Ghielmini et al. (2004) 
[79]

II 202 First-line FL
Relapsed FL

R 46–
67%

Median EFS 
12–23 m

Taverna et al. (2016) [81] II 165 First-line FM R
Relapsed FL Short-term 

maintenance R
Long-term 
maintenance R

62% Median EFS 3.4 
y
Median EFS 5.3 
y

Zucca et al. (2019) [84] II 154 First-line FL R
R2

57%
78%

Median PFS 2.3 
y
Median PFS 5.0 
y

Leonard et al. (2019) [101] III 358 Relapsed FL R
R2

53%
78%

2-year PFS 36%
2-year PFS 58%

Gopal et al. (2014) [102] II 125 Relapsed indolent 
NHL

Idelalisib 57% NA

Dreyling et al. (2017) 
[103]

II 142 Relapsed indolent 
NHL

Copanlisib 59% Median EFS 
11.2 m

Schmidt et al. (2018) [104] II 98 First-line FL Ibrutinib + 
obinutuzumab

90% 1-y PFS 80%,

Ogura et al. (2014) [105] II 39 Relapsed FL Vorinostat 49% PFS 20 m
Morschhauser et al. (2019) 
[106]

II 95 Relapsed FL Tazemetostat 74%a PFS 60 wa

Palanca-Wessels et al. 
(2015) [107]

I 34 Relapsed indolent 
NHL

Polatuzumab vedotin 55% Median PFS 
5.7 m

Davids et al. (2017) [108] I 106 Relapsed indolent 
NHL

Venetoclax 38% Median PFS 
11 m

FL follicular lymphoma, NHL non-Hodgkin lymphoma, PFS progression-free survival, EFS event-free survival, R 
rituximab, R2 rituximab and lenalidomide, m months, y years, w weeks
aMutant EZH2 tumors
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lenalidomide plus rituximab or rituximab alone 
(ClinicalTrials.gov Identifier: NCT01996865).

6.16.2  Phosphatidylinositol 
3-Kinases (PI3K) Inhibitors

PI3K inhibitors are heterodimeric enzymes 
that have regulatory and catalytic subunits. 
Idelalisib is a selective P110δ PI3K inhibitor. 
In the phase I study, including heavily pre-
treated patients with indolent NHL, idelalisib 
showed an encouraging activity with an ORR 
of 48% [110]. Based on these promising results 
a subsequent phase II trial including 125 
patients with indolent NHL considered to be 
refractory to rituximab and alkylating agents 
were treated with 150 mg twice daily of idelal-
isib until progression or unacceptable toxicity. 
The ORR among FL patients was 57% (95% CI 
0.42–0.66) with 7% CR, and after a median 
follow-up of 9.7 months, the median PFS was 
11.0 months, substantially longer in compari-
son to the PFS achieved after the previous ther-
apies [102]. Despite the promising  activity, 
toxicity associated with this agent has fre-
quently been problematic. Idelalisib has been 
associated with immune-mediated toxicity 
such as transaminitis, diarrhea, and pneumoni-
tis related to the infiltration of CD8 positive 
lymphocytes. Moreover, in a subsequent phase 
III clinical trial, an excess of mortality attrib-
uted to an increase in opportunistic infection 
(in particular Pneumocystis jirovecii pneumo-
nia and cytomegalovirus reactivation) was 
observed in the idelalisib containing arm. 
Therefore, when treatment with idelalisib is 
considered, adequate pneumocystis prophy-
laxis and cytomegalovirus monitoring are 
highly recommended.

Copanlisib is another pan-class PI3K inhibi-
tor with potent activity against PI3K-alpha and 
PI3K-delta isoforms which was recently 
approved by the FDA for the treatment of 
patients with relapsed FL.  In a phase II study, 
104 patients with FL treated with copanlisib 
exhibited an ORR of 59% with 12% CR and a 
PFS of 11.2 months [103].

6.16.3  Bruton’s Tyrosine Kinase 
Inhibitors

Ibrutinib is an irreversible inhibitor of Bruton’s 
tyrosine kinase (BTK), and it has a pro-apoptotic 
effect, disrupting cellular adhesion and migra-
tion. Two phases II studies were performed 
enrolling subjects with relapsed/refractory 
FL. Forty patients received 560 mg daily of ibru-
tinib until progression or unacceptable toxicity. 
With a median follow-up of 6.5  months, ORR 
was 30% (CR 2.5%), and the median PFS was 
9.9 months [111]. In the second trial, 110 patients 
were treated with the same therapy, and after a 
median follow-up of 27.7  months, the median 
PFS was 4.6 months [112]. In a first-line trial the 
combination of obinutuzumab and ibrutinib was 
well tolerated, but rate of ongoing remissions at 
1  year were inferior to conventional treatment 
approaches [104].

6.16.4  Epigenetic Therapies

Histone deacetylases (HDAC) represent a class 
of enzymes that remove acetyl groups from an 
ε-N-acetyl lysine amino acid on a histone, and 
consequently, they regulate gene transcription. 
HDAC inhibitors induce hyperacetylation of his-
tones and hence the activation of the mechanism 
of tumor suppression and apoptosis. One of the 
agents which was tested in patients with FL is 
vorinostat. In two phase II trials, which included 
17 and 39 patients, respectively, with relapsed/
refractory FL, vorinostat appeared to induce an 
ORR of 47–49% with a median PFS of 15.6 and 
20 months [105, 113].

Another compound is tazemetostat, a first-in- 
class oral enhancer of zeste homolog 2 (EZH2) 
inhibitor, which was tested as a single-agent 
treatment for relapsed or refractory patients with 
FL or DLBCL grouped by EZH2 mutational sta-
tus, and demonstrated an objective response rate 
of 92% in FL with EZH2 mutation and 26% in 
FL with wild-type EZH2 [106].This may repre-
sent an example of personalized medicine in FL 
which may be applied more frequently in the 
future.

6 Follicular Lymphoma
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6.16.5  Antibody–Drug Conjugates

Polatuzumab vedotin is an anti-CD79B monoclo-
nal antibody conjugated to monomethyl auristatin 
E (MMAE). The recommended dose, which was 
defined in a phase I trial, is 2.4 mg/kg. The results 
showed promising activity with ORR of 55% 
with a median PFS of 5.7 months. The most com-
mon grade 3–4 toxicities were hematologic and 
peripheral neuropathy [107].

6.16.6  Bcl-2 Inhibitors

Bcl-2 family proteins play as regulators of apop-
tosis in cancer cells. BH3-only proteins have 
interaction with Bax and Bak, and they induce 
cellular apoptosis. Venetoclax (ABT-199) is a 
small molecule BH3-mimetic. Venetoclax was 
investigating in 106 patients with  relapsed/refrac-
tory B NHL treated in a phase I study, and ORR 
was 38% (11/29) and for CR (14%) in patients 
with follicular lymphoma [108]. Other studies 
using this compound in combination with other 
targeted agents are currently ongoing.

6.17  Conclusions

The optimal treatment approach for patients with 
FL remains undefined. In this chapter, we 
reviewed the current spectrum of treatment 
options for patients with newly diagnosed and 
relapsed FL.  The trend observed over the last 
years is characterized by a shift towards more 
biological and targeted treatments. A plethora of 
new targeted agents are currently under investi-
gation and there is a high expectation that these 
agents will be part of the treatment armamentar-
ium against FL.

The management of patients with relapsed FL 
largely depends on patient and disease character-
istics. In the next 10 years, FL will likely remain 
an incurable condition. Nevertheless, new 
approaches with less toxicity will probably fur-
ther improve the outcome of those patients. The 
unmet medical need remains the patient not 
responding or rapidly progressing to immuno- 

chemotherapy. In particular for those patients, it 
will be crucial to investigate the efficacy of novel 
agents and new combinations.
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CD20 CD5 CD231 CD10 BCL6 cyclin D1 CD103 FMC7 IgM light chains

notes 1partial/weak expression occacionally observed

other
marker

EMZL lacks a specific phenotype and the antibody panel primarily aims at exclusion of other lymphoma
subtypes. IRTA1 and MNDA may be helpful marker but less frequently used or not widely available.

= majority of cases positive = variable fraction of cases positive = negative

Cytology Small to medium sized cells ranging in
morphology from lymphocyte- and centrocyte-like
to monocytoid. Features of plasmacytic
differentiation may be observed.

Histology Arises in newly formed lymphoid tissue induced
by chronic inflammation. Follicular structures
harboring an expanded marginal zones,
progressive colonization and effacement of
germinal centers and diffuse infiltration with pale
appearance. When present, the epithelial
structures are infiltrated by lymphoma cells
(“lymphoepithelial lesions”). Cutaneous forms no
of little epitheliotropism. Large centroblastic/
immunoblastic cells may be numerous, but by
definition should not form cohesive sheets.

Clinical outline

Mostly affects adults. Arises potentially at any extranodal site. Often multiple anatomic sites involved. The most
common single location is the gastric mucosa, followed by other gastro-intestinal sites, eye adnexa, skin, lungs and
salivary glands. Bone marrow and lymph nodes are infrequently involved, at least in the early phases. Patients may
display the signs and symptoms of infectious or inflammatory/autoimmune conditions, which are acknowledged to
underlie a substantial fraction of EMZL cases.

Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (EMZL)
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Clinically relevant pathologic features Relevance Evidence

FISH for t(11;18)(q21;q21) BIRC3/MALT1 Predictive: in gastric MZL, identifies cases unlikely to
respond to H. pylori eradication

B

Search for site specific infectious agents
(histochemistry and/or PCR)

Predictive: may guide a first line eradicating approach B

Increase in large cells and/or proliferative
index.

Prognostic: unfavourable C

Legend: A = verified in multiple studies, randomized trials and/or integrated in guidelines; B = variable between studies/
needs definitive validation; C = preliminary/discrepant results.

Key molecular features

IGH genes are rearranged, somatic hypermutation and IGHV usage bias. NF-kB pathway often deregulated due to
chromosomal translocations and mutations. Frequent translocations (frequency dependent on involved site): 
t(11;18)(q21;q21), t(14;18)(q32;q21), t(3;14)(p14.1;q32), t(1;14)(p22;q32) involving MALT1, BCL10 and FOXP1, 
respectively, Frequent copy number alterations: Trisomy 3 and 18. Del 6q23. Frequent mutations: TNFAIP3.

Precursor lesions

Not well defined. Chronic inflammation (autoimmune, viral by Hepatitis C, or bacterial by Helicobacter pylori)
predispose to development of marginal zone lymphoma. Thus inflammation and lymphoma histologically may co-
exist/overlap.

Progression

May progress/transform to diffuse large B-cell lymphoma. Definition of transformation currently purely
morphologically by detection of sheets of blasts.

Main differential
diagnosis

CLL (should be CD23 positive), MCL (sould be cyclin D1 positive). Subtypes of marginal zone 
lymphomas (extranodal, nodal, splenic, cutaneous) distinguished mainly by clinical 
presentation (pattern of involved organs).

Key molecular features

IGH genes are rearranged, somatic hypermutation and IGHV usage bias. NF-kB pathway often deregulated due to
chromosomal translocations and mutations. Frequent translocations (frequency dependent on involved site):
t(11;18)(q21;q21), t(14;18)(q32;q21), t(3;14)(p14.1;q32), t(1;14)(p22;q32) involving MALT1, BCL10 and FOXP1, 
respectively, Frequent copy number alterations: Trisomy 3 and 18. Del 6q23. Frequent mutations: TNFAIP3.

Precursor lesions

Not well defined. Chronic inflammation (autoimmune, viral by Hepatitis C, or bacterial by Helicobacter pylori)
predispose to development of marginal zone lymphoma. Thus inflammation and lymphoma histologically may co-
exist/overlap.

Progression

May progress/transform to diffuse large B-cell lymphoma. Definition of transformation currently purely
morphologically by detection of sheets of blasts.
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7.1  Introduction

Initially described as a special subtype of gastric 
lymphoma in 1983, extranodal marginal zone 
B-cell lymphoma of the mucosa-associated lym-
phoid tissue (MALT lymphoma) has been incor-
porated into the recent WHO classification of 
lymphoid malignancies [1] as a distinct subtype 
of marginal zone lymphoma.

MALT lymphoma is a relatively common 
lymphoma comprising 7–8% of newly diagnosed 
lymphomas making its incidence comparable to 
that of mantle cell lymphoma and inferior only to 
follicular and diffuse large B-cell lymphoma. 
MALT lymphoma is usually diagnosed in elderly 
patients (median age 65 years) and appears to be 
more common in women than in men, with a 
ratio of approximately 1.5:1 [2].

Following the initial description of gastric 
MALT lymphoma, it has subsequently been dem-
onstrated that almost all organs of the human 
body may give rise to MALT lymphoma, includ-
ing highly unusual sites such as the dura mater. In 
the recent WHO classification, the stomach is 
still defined as the most common site of origin 
(accounting for roughly 50% of MALT lympho-
mas), followed by the ocular adnexa, salivary 
glands and the lung. The percentage of gastric 
MALT lymphoma, however, seems to be declin-
ing in larger registries, with an incidence in the 
range of 30–40%, while most patients are being 
diagnosed with extragastric MALT lymphomas 
[3, 4].

Significant differences exist between gastric 
and non-gastric MALT lymphomas in terms of 
presentation, response to therapy and relapse 
rate; however, clinical and genetic data have sug-
gested heterogeneity also within non-gastric 
MALT lymphomas with respect to the site of ori-
gin [5–8].

One of the most striking features of the dis-
ease is the pronounced tendency of MALT lym-
phoma to stay localized within mucosal 
environments, while showing an extremely low 
affinity for the bone marrow. These “homing” 
properties, thought to be due to the interplay 
between various adhesion molecules and epithe-
lial and vascular structures were demonstrated 

relatively early for gastric MALT lymphoma and 
a tendency for multiple organ involvement has 
also been suggested at the molecular level. 
However, in terms of clinical presentation, MALT 
lymphomas are usually regarded as localized to a 
single organ [9]. Various reports using standard-
ized staging systems have nevertheless shown 
gastric MALT lymphoma as a multi-organ dis-
ease in up to 25% of cases and the rate of multi-
organ involvement in extragastric MALT 
lymphomas is even higher, occurring in up to 
50% of patients [4, 10].

In view of this, it is important to recognize the 
individual factors and pathogenetic features giv-
ing rise to MALT lymphoma, as they are crucial 
to understanding and developing therapeutic 
strategies for this lymphoma entity, which starkly 
differs from nodal-based indolent B-cell lympho-
mas [11].

7.2  Pathology and Pathogenesis 
of MALT Lymphoma

7.2.1  Morphology

MALT lymphoma is diagnosed by histopatho-
logical assessment of tissue samples according to 
the standardized criteria outlined in the recent 
WHO classification, using a panel of immunohis-
tochemical markers. As yet, molecular methods 
and markers do not play a role in diagnosis [1, 2].

Immunostaining is important for distinguish-
ing MALT lymphoma from other extranodal 
B-cell lymphomas including follicular lym-
phoma, mantle cell lymphoma, extramedullary 
plasmocytoma or small lymphocytic lymphoma. 
Histopathological assessment of lymph node 
involvement in marginal zone lymphoma is usu-
ally unable to reliably distinguish MALT lym-
phoma from the much rarer nodal and splenic 
marginal zone lymphomas, which also require a 
full clinical work; this is especially necessary for 
defining nodal marginal zone lymphoma, which 
is mostly diagnosed by exclusion and its extrano-
dal origin.

The cell of origin of MALT lymphoma is 
thought to be a mature B-cell related to the 
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plasma cell. MALT lymphomas are heteroge-
neous in appearance; their cellular composition 
includes typical centrocyte-like cells, monocyt-
oid B-cells, small lymphocytes and plasma cells, 
while large cells are present in varying propor-
tions in almost all patients. In mucosal sites, the 
malignant clone usually infiltrates the epithelial 
structures to form so-called lympho-epithelial 
lesions, which are pathognomonic to a certain 
extent, but may also be absent in some locations 
and are thus not a prerequisite for the diagnosis 
of MALT lymphoma. Reactive follicles with neo-
plastic cells occupying the marginal-zone and the 
interfollicular region are also commonly seen 
(follicular colonization).

Lymphoma cells are positive for B-cell anti-
gens including CD19, CD20, CD22, CD79a and 
CD79b, and are CD5−, CD43−/+, CD3−, 
CD23−, CD11c−/+ and CD10−. This immuno-
phenotype distinguishes MALT lymphoma from 
other indolent B-cell lymphomas and mantle cell 
lymphoma, although CD5 immunoreactivity has 
been reported in a small proportion of cases [2], 
which might necessitate further tests such as test-
ing for Cyclin D1 to distinguish MALT lym-
phoma from mantle cell lymphoma.

MALT lymphoma cells express surface immu-
noglobulins, which are more frequently IgM+ 
than IgG+ or IgA+, and in 30–40% of patients, 
monoclonal immunoglobulins can also be 
detected in the peripheral blood, which can some-
times be misdiagnosed as a monoclonal gam-
mopathy of unknown significance (MGUS).

Especially in gastric MALT lymphoma, an 
increased number of blasts growing in sheets 
may be present, and in some areas, a pure diffuse 
large B-cell histology may be present along with 
the indolent MALT lymphoma component. In 
those cases, the diagnosis of diffuse large B-cell 
lymphoma (DLBCL) along with MALT lym-
phoma should be made. This may be present at 
diagnosis or may develop during the course of the 
disease. The risk of transformation, however, 
appears to be low in patients with MALT lym-
phoma and is thought to be in the range of 2–3% 
in larger series [12, 13]. While it has not been 
clear whether those patients are indeed trans-
forming from MALT lymphomas or develop 

DLBCL at the same site due to the same underly-
ing mechanisms such as HP-infection, recent 
investigations on the clonal association between 
MALT lymphoma and DLBCL have indeed 
shown a clonal relationship, i.e. transformation in 
the large majority of patients [13]. In agreement 
with these findings there are reports of successful 
treatment of gastric DLBCL using an antibiotic 
as the sole therapeutic modality [14, 15].

7.2.2  Genetics of MALT Lymphoma

While some B-cell malignancies such as follicu-
lar lymphoma and mantle cell lymphoma are 
characterized by a distinct genetic aberration, 
there is no clear-cut genetic hallmark for MALT 
lymphoma. Although some genetic changes 
result in a common activation of the NF-kB path-
way, a variety of genetic features have occasion-
ally been reported in a small percentage of 
patients, including t(11;18)(q21;q21), t(1;14)
(p22;q32), t(14;18)(q32;q21), t(3;14)(q27;q32) 
and t(3;14)(p14.1;q32) translocations. Of these 
the t(11;18)(q21;q21) is the most commonly 
detected aberration occurring in up to 35% of 
cases. However, it is mostly found in pulmonary 
and gastric MALT lymphomas (24–48%). The 
t(11;18)(q21;q21) translocation fuses the API2 
(apoptosis inhibitor-2) gene on chromosome 11 
to the MALT1 (MALT lymphoma-associated 
translocation) gene on chromosome 18, render-
ing cells resistant to apoptosis. It is specific for 
MALT lymphoma, as it is not seen in nodal or 
splenic marginal zone lymphoma [8, 16].

When present, t(11;18)(q21;q21) is usually an 
exclusive chromosomal aberration and is associ-
ated with infection with CaGA-positive 
HP-strains, lymph node involvement and sys-
temic disease, as well as unresponsiveness to HP 
eradication [17–19] in gastric MALT lymphoma. 
While t(11;18)(q21;q21) has been identified in 
70% of gastric MALT lymphoma patients who 
did not respond to antibiotic therapy [17–19], it is 
rarely detected in responding patients and is not 
thought to predict resistance to systemic thera-
pies including rituximab or cladribine [11]. In the 
current guidelines, routine assessment of t(11;18)
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(q21;q21) is not recommended before antibiotic 
therapy or for assessing the molecular persis-
tence of the lymphoma.

Numerical aberrations including trisomy 3, 7, 
12 and 18 have been reported and might be a hall-
mark of non-gastric gastrointestinal MALT lym-
phoma [20–22].

The fact that no common genetic changes 
have been documented throughout various local-
izations of MALT lymphomas further under-
scores the suggestion that MALT lymphoma 
might be composed of various clinical subtypes, 
an observation that is supported by the different 
biological behaviours and clinical course within 
this entity, as will be further outlined in the 
chapter.

7.2.3  Pathogenesis of MALT 
Lymphoma

The large majority of lymphoid tissue in the 
human body is localised in the gut, with a concen-
tration in the so-called Peyer’s patches. While the 
architecture of MALT lymphoma is reminiscent 
of those mucosal structures, MALT lymphomas 
almost exclusively arise in acquired mucosal lym-
phoid tissues developing as a result of chronic 
antigenic stimulation. Apart from the stomach, 
which has been the role model for MALT lym-
phoma due to the association between 
Helicobacter pylori (HP) infection and develop-
ment of MALT with subsequent malignant trans-
formation, similar processes following chronic 
conditions, i.e. infection and inflammation, have 
been reported in the lung, the skin and the ocular 
adnexa. Interestingly, it was reported that differ-
ent types of MALT may show specialized traffick-
ing of lymphoma cells with predominate homing 
to corresponding mucosal structures, which 
appear to vary between gastrointestinalMALT 
versus non-gastrointestinal mucosal lymphoid tis-
sues [23]. These immunologic preferences to cer-
tain sites may explain the fact that different 
dissemination patterns exist in MALT lymphomas 
of various gastric and extragastric sites [4, 10, 24, 
25], which may have clinical consequences for 
staging and treating such patients.

While MAdCAM-1 and α4β7-integrins inter-
acting with high endothelial venules [26–28] 
have been reported to be important in gastrointes-
tinal lymphomas, more recent findings have also 
implicated the chemokine receptors CXCR4 and 
CXCR7 [29]. Receptors for CXCR4 have been 
found to be present not only on CLL-cells but 
also in 93% of patients with MALT lymphoma 
[30] using immunohistochemistry. Consequently, 
Ga68- Pentixafor-PET/MR for imaging of 
CXCR4 has been found to reliably visualize lym-
phoma involvement in a pilot series in patients 
with MALT lymphoma [31].

7.2.4  Infectious Agents and MALT 
Lymphoma

One of the most striking examples in terms of 
translating pathogenetic findings into therapeutic 
concepts was the discovery of the close link 
between HP-infection and gastric MALT lym-
phoma. Interestingly, both gastric MALT lym-
phoma as well as the presence of a gram-negative 
rod, i.e. HP able to survive in the stomach were 
first reported in 1983. Epidemiological reports 
soon disclosed a high rate of gastric lymphoma in 
areas with HP-infection [32], and the presence of 
HP in more than 90% of patients with gastric 
MALT lymphoma [33] raised interest in the role 
of the bacteria for the development of MALT and 
subsequent lymphoma, but also gastric cancer.

While HP-infection is commonly found, gas-
tric MALT lymphoma is still a relatively rare 
condition which will occur only in a minority of 
HP-infected patients. Thus, MALT lymphoma 
development is thought to be the result of both 
HP-related factors, such as expression of CagA 
[34], but also host-related factors. In this setting, 
CagA not only acts as a marker for bacterial viru-
lence, but is also able to translocate into 
HP-dependent MALT lymphoma cells. In an 
analysis of 47 samples from patients with local-
ized gastric MALT lymphoma [35], 25 were 
rated as HP-dependent and studies for Cag A and 
other signal transduction pathways (phospho-
SHP-2, phospho-ERK as well as phospho-p38 
MAP-kinase, BCL2 and Bcl-x) revealed a sig-
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nificant association with HP-dependency and a 
direct role of these molecules in 
lymphomagenesis.

In vitro experiments have clearly demon-
strated that the role of HP is specific for the par-
ticular strain of HP and the HP-specific T-cells 
generated within the individual patient, as 
removal of T-cells from cell suspensions before 
culturing did not result in any growth stimulus 
for MALT lymphoma when adding 
HP.  Apparently, immunological specificity for 
HP is defined by intra-tumoural T-cells [36].

While the majority of patients with gastric 
MALT lymphoma are still thought to be positive 
for HP, the number of HP-negative gastric MALT 
lymphomas is apparently increasing. While up to 
90% of patients with gastric MALT lymphoma 
were HP-positive in the 1990s [1, 33, 37, 38], 
recent reports have shown HP-negative patients 
up to 30–50% in cohorts of gastric MALT lym-
phoma [3, 11, 39, 40]. The reason remains unclear 
for the time being, but the widespread use of anti-
biotics in suspected HP-infection/symptoms 
might at least partly explain this phenomenon.

In addition to HP, also rarer infections such as 
H. heilmannii in rare cases of gastric MALT lym-
phoma [41] or Campylobacter jejuni (the latter in 
MALT lymphoma of the small intestine or immu-
noproliferative small intestinal disease IPSID 
occurring in the Middle East [42]) have been 
reported as causative agents.

Data on bacterial causes for non-gastric 
MALT lymphoma are relatively rare [43], and 
include the potential association of Borrelia 
burgdorferi with cutaneous lymphoma, 
Achromobacter xylosoxidans and Chlamydophila 
psittaci (CP) with pulmonary lymphomas and CP 
with ocular adnexal MALT lymphomas (OAML). 
In addition to indirect evidence, viable and infec-
tious CP isolated from conjunctival swabs and 
peripheral blood samples of OAML patients have 
been successfully grown in culture [44]. However, 
a geographic variation was observed, as the high 
rate of infection reported in Italy could not be 
found in other countries [45]. While there is a 
plausible role for CP in the development of 
OAML in regions with high rates of infection, it 
is not clear whether a universal role can attributed 

to CP in OAML and whether the success of anti-
biotics in OAML is based on eradication of CP.

7.2.5  Autoimmune Disorders

An association between autoimmune diseases 
(ADs), especially Sjögren’s syndrome (SS) and 
chronic autoimmune thyroiditis (CAT, 
Hashimoto’s disease) with salivary gland and 
thyroid MALT lymphoma, respectively, has been 
shown from epidemiological series. The highly 
increased risk (up to 70-fold when compared to 
the normal population) is in line with the MALT 
concept of chronic antigenic stimulation within 
the target organ [2, 9, 46].

In addition, results from the InterLymph Non-
Hodgkin Lymphoma Project [47] including 1052 
cases with marginal zone lymphomas (633 
MALT lymphomas, 140 splenic and 157 nodal 
marginal zone lymphomas), defined an increased 
risk for all three subtypes of marginal zone lym-
phoma due to underlying ADs.

In a large, single-centre retrospective analysis 
of 158 patients with MALT lymphoma [48], the 
rate of patients with AD was high at 39%. In 
terms of clinical impact, AD patients were sig-
nificantly younger (56 versus 67  years), were 
predominately female (79%) and were more 
likely to have extragastric lymphomas. Although 
there was no influence on the clinical course, 
response to therapy and relapse rate compared to 
MALT lymphoma patients without AD, patients 
with AD were less likely to respond to HP eradi-
cation in cases of gastric MALT lymphoma, 
especially those with Hashimoto’s thyroiditis, 
which affects 16% of gastric MALT lymphoma 
patients [49].

7.3  Clinical Presentation, 
Diagnosis and Staging

Due to the fact that MALT lymphoma can be 
diagnosed in almost every organ of the human 
body, presenting signs as well as diagnostic mea-
sures may broadly vary. The majority of patients 
are in excellent performance status and mostly 
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asymptomatic; laboratory findings which may be 
abnormal in other indolent B-cell lymphomas 
such as beta-2-microblobulin or lactate dehydro-
genase (LDH) are mostly normal [50].

While the rate of gastric lymphomas appears 
lower nowadays than in the last decades, the gas-
trointestinal tract is still the most common site, 
with MALT lymphomas representing 40–50% of 
primary gastric lymphomas.

Patients with gastric MALT lymphoma may 
be asymptomatic or suffer from unspecific gas-
tritic symptoms, while bleeding, abdominal pain 
and weight loss, as well as B-symptoms are very 
uncommon [2].

Accordingly, endoscopic findings in gastric 
MALT lymphoma may vary from almost normal 
to ulcerated tumours. However, gastric MALT 
lymphoma is usually a multifocal disease and 
this needs to be taken into account when taking 
biopsies, which should also include mucosal 
regions that appear normal.

Extragastric MALT lymphoma is mostly diag-
nosed in the ocular adnexa followed by salivary 
glands and lung, thyroid gland and skin. As already 
stated, primary intestinal MALT lymphomas are 
very rare and may represent a secondary spread 
from undetected gastric MALT lymphomas. 
Symptoms vary depending on the specific site 
involved and in particular, diagnoses of conjuncti-
val and pulmonary MALT lymphomas are delayed 
in the range of 1–135 months due to an initial sus-
picion of unspecific inflammatory changes [51].

For recommended staging and diagnostic pro-
cedures see Table 7.1 [11]. The special require-
ments for gastric MALT lymphoma are discussed 
below. Noteworthy is the fact that 18F-FDG-
PET/CT will result in false negative findings in 
up to 50% of patients, and thus is not routinely 
recommended for work-up of patients with 
MALT lymphoma [11, 52].

One of the main clinical characteristics of 
MALT lymphoma is the propensity to remain 
localized for long periods, but dissemination may 
be present at diagnosis in 25–50% of non-gastro-
intestinal MALT lymphomas [53]. Bone marrow 
involvement, however, is very rare (i.e. <2% of 
cases) in recent series [3, 4, 10, 11] and does not 
appear to affect prognosis even in patients treated 

with HP eradication only. Thus, routine perfor-
mance of bone marrow biopsy is not recom-
mended in recent guidelines apart from in 
exceptional cases [52].

Table 7.1 Specific staging and work-up procedures for 
extranodal marginal zone lymphoma (EMZL) at different 
primary anatomic sites

Site Exam
Stomach •  EGD: Mandatory

vEndoscopic US: Optional, to evaluate 
the regional lymph nodes and gastric 
wall infiltration
•  IHC: Mandatory, to evaluate 

Helicobacter pylori status. Faecal 
antigen or breath test and serology 
studies are recommended when the 
results of histology are negative

•  FISH or PCR assay: Optional, to 
detect t(11;18) translocation

Small 
intestine 
(IPSID)

•  PCR, IHC or ISH: Campylobacter 
jejuni search in the tumour biopsy

Colon • Colonoscopy and EGD
Salivary 
glands

• ENT examination and echography
• EGD
•  Anti-SSA/Ro and anti-SSB/La 

antibodies: To rule out association 
with Sjogren syndrome

Ocular 
adnexa

•  Orbital and salivary glands imaging 
(MRI or CT): If clinically indicated

•  Head and neck imaging (MRI or CT): 
If clinically indicated

•  PCR: Chlamydophila psittaci search in 
the tumour biopsy and PBMCs 
(optional, according to the geographical 
distribution of the infection

Thyroid • Thyroid echography
• CT scan of the neck
• Thyroid function tests

Lung •  Bronchoscopy and bronchoalveolar 
lavage

• EGD
Breast •  Mammography and breast 

sonography
• MRI (or CT scan)

Skin •  PCR: Borrelia burgdorferi search in 
the tumour biopsy

CT computed tomography, EGD oesophagogastroduode-
noscopy, EMZL extranodal marginal zone lymphoma, 
ENT ear, nose and throat, FISH fluorescent in situ hybridi-
sation, IHC immunohistochemistry, IPSID immunoprolif-
erative small intestinal disease, ISH in situ hybridisation, 
MRI magnetic resonance imaging, PBMC peripheral 
blood mononuclear cell, PCR polymerase chain reaction, 
US ultrasound
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7.3.1  Diagnostic Procedures 
for Gastric MALT Lymphoma

Diagnosis of gastric MALT lymphoma requires 
histopathological assessment of biopsies taken 
during gastric mapping, with sufficient numbers 
of biopsies from macroscopic lesions and nor-
mal mucosa. This is the only way to avoid a sam-
pling bias due to insufficient material [54]. A 
minimum of ten biopsies are recommended from 
visible lesions with additional biopsies from nor-
mally appearing mucosa. In case of diagnostic 
doubt, insufficient or inadequate biopsy mate-
rial, a repeat endoscopy is strongly recom-
mended. HP eradication should not be started 
before a definite diagnosis performed by an 
experienced reference haemato-pathologist. 
Endoscopic mapping is also necessary for 
assessing the response to therapy in order to 
avoid a sampling bias.

Diagnosis of HP should be performed on 
biopsies taken from normal mucosa, as the rate of 
detection decreases with progression from 
HP-gastritis to MALT lymphoma, and Proton 
pump inhibitor (PPI) treatment should be with-
drawn at least 2 weeks before endoscopy to avoid 
false negative results for HP diagnostic tests 
(with the exception of serology) [55, 56].

7.3.2  Staging Systems

Various staging systems have been developed 
and applied in MALT lymphoma to take into 
account the special clinical features of the dis-
ease such as the multifocal occurrence in paired 
organs including orbit [25, 52], parotid [24], 
lungs [57], as well as exclusive dissemination 
within the gastrointestinal tract.

Two distinct staging systems have been pro-
posed for  gastrointestinal MALT  lymphomas, 
while the Ann Arbor staging based on the pres-
ence and localisation of additional non-nodal 
lesions and the extent of lymph node involvement 
is the most widely used system for extra-gastric 
MALT lymphomas. The modified Ann Arbor 
staging system by Musshoff and Radszkiewicz is 
one of the most commonly used for gastrointesti-

nal lymphomas [54] and takes into account dis-
semination, i.e., involvement of neighbouring 
(II1E) and distant lymph (II2E) nodes, and the 
depth of infiltration into the gastric wall (involv-
ing only the mucosa and submucosa—I1E—ver-
sus also extending beyond the submucosa—I2E). 
The Lugano staging system for  gastrointestinal 
lymphomas is widely used in patients with MALT 
lymphomas [58], and defines stage I as single or 
multiple lesions confined to the gastrointestinal 
tract, stage II1 as local and II2 as distant lymph 
node involvement, with stage IIE as direct exten-
sion through the serosa. There is no stage III, and 
disseminated extranodal involvement as well as 
lymph nodes in supra-diaphragmatic regions are 
both rated as stage IV disease. The TNM-based 
Paris staging system has not been validated so far 
and thus remains rather experimental due to vari-
ous difficulties in application based on non-surgi-
cal staging [59].

7.3.3  Prognostic Factors

MALT lymphoma is an indolent lymphoma with 
excellent prognosis, with survival rates exceed-
ing 10 years in almost all larger series. Both gas-
tric as well as extragastric MALT lymphomas 
have a 5-year overall survival higher than 90% 
and a 10-year survival of 75–80% [60]. However, 
relapses and dissemination are common even 
after successful therapy and can occur decades 
after treatment, warranting lifelong follow-up. 
The median time to relapse is in the median range 
of 5 years in most series irrespective of therapy, 
and occurs in 50–60% of patients, involving the 
same organ in 50–60% of cases or other extrano-
dal sites [60–62]. However, the rate of relapse 
appears higher in extragastric versus gastric 
MALT lymphomas following initial therapy [11].

Various parameters associated with a poorer 
prognosis have been suggested in the past, includ-
ing advanced age, lower performance status, ele-
vated lactate dehydrogenase serum levels, and/
or  beta-2 microglobulin levels, stage of disease 
and, for primary gastric MALT lymphoma, the 
depth of infiltration of the gastric wall as assessed 
by endosonography [62–64]. In addition, the 
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presence of t(11;18)(q21;q21) has been linked to 
more advanced disease and a lower rate of 
response to HP eradication in patients with gas-
tric MALT lymphoma.

Recently, a MALT lymphoma prognostic index 
(MALT-IPI) was established from the patient 
cohort treated within the randomized IELSG19 
study [65] and subsequently validated by two large 
control cohorts. This index includes age >70, stage 
III/IV and elevated LDH-levels, and was able to 
stratify patients into three prognostic categories 
(low = 0, intermediate = one factor present, high 
risk  =  two or more factors) following systemic 
therapy. From the same cohort, progression of dis-
ease at 24 months (POD24) could also be defined 
as being prognostic for shorter survival [66]. 
Patients with POD24 have a higher incidence of 
high grade transformation [66].

7.4  Treatment of MALT 
Lymphoma

A large variety of therapeutic modalities have 
been reported in MALT lymphoma, and currently 
antibiotics, radiation and systemic therapy includ-
ing antibodies, chemotherapy and also chemo-
free combinations are the cornerstones of therapy. 
Surgery should only be applied in cases of local-
ized disease in pulmonary and thyroid MALT 
lymphoma, while it has virtually been abandoned 
in gastric MALT lymphoma. In addition, the 
highly indolent clinical course as well as the fact 
that spontaneous remissions and “wax-and-wane” 
phenomena have been described, justify a watch-
and-wait strategy in asymptomatic patients. 
Watch-and-wait was reported as successful in 
both OAML [67] and pulmonary MALT lympho-
mas [68]. In patients with stage I OAML time to 
progression, systemic dissemination, high-grade 
transformation, and lymphoma-related mortality, 
were no different from those reported with imme-
diate radiotherapy, with a 10-year overall survival 
of 94% in one series [67].

In addition, also patients with gastric MALT 
lymphoma and microscopic residual disease after 
HP eradication or microscopic “relapse” (which 
is mostly due to sampling bias) may be safely 

watched, as 94% of 103 patients did not have pro-
gressive disease at a median watchful waiting 
period of 42 months [69].

The “choice of weapons” for patients requiring 
therapy is based on the primary organs involved 
and also  on the stage of the lymphoma. 
Determination of the organs involved is important 
as infectious agents and dissemination patterns 
may be organ-specific. Knowledge of organ 
involvement is also important for gauging the 
potential side effects associated with irradiation of 
different organs. In terms of stage, limited-stage 
MALT lymphoma is also amenable to local thera-
pies in addition to systemic treatment, while the 
latter is the standard of care for disseminated 
disease.

7.4.1  Anti-infective Therapy

In view of the ethiopathogenetic role of infective 
agents as well as the lack of relevant side effects, 
these therapies should be considered as frontline 
strategies whenever possible. In fact, recent 
guidelines state HP eradication as the treatment 
of choice in gastric MALT lymphoma irrespec-
tive of stage, and also to a certain extent, irre-
spective of proof of HPinfection [11, 52, 54].

In addition to HP in gastric MALT lymphoma, 
CP in ocular adnexal MALT lymphoma, Borrelia 
strains in cutaneous MALT lymphoma and in 
anecdotal reports C. jejuni in IPSID have been 
reported as potentially successful targets.

Following a small initial pilot study of six 
patients, HP eradication has been widely studied 
and is now the accepted standard of care for gas-
tric MALT lymphoma [52, 54]. The choice of 
antibiotic therapy should be based on local guide-
lines and should  take into account the rate of 
resistance to clarithromycin, which is to be best 
avoided when the resistance rate exceeds 15%. 
The duration of therapy has also been studied, 
and while meta-analyses data have shown 
improved results for treatment given for 14 days 
instead of 7 days, there was no significant differ-
ence between 7 and 10 days [70]. The success of 
HP eradication should be checked by urea breath 
test and be confirmed on gastric biopsies. In cases 
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of HP persistence, further therapies should take 
culture results into account as well as tests for 
resistance to individual HP strains. Successful 
HP eradication usually leads to regression of the 
lymphoma (in more than 75% of patients, accord-
ing to a meta-analysis including more than 1400 
patients [71]); however, the time to best response 
is unpredictable and may take up to more than 
2 years [72].

Assessment of response requires regular endo-
scopic follow-up, and definition of response 
should be based on the GELA-grading system 
[73] that defines complete remission, no change, 
responding residual disease (rRD) and probable 
minimal residual disease (pMRD). Due to the 
potential of histologic sampling errors during 
endoscopy, at least two sequential follow-up gas-
troscopies are necessary for definition of com-
plete remission [54]. As already stated, the 
presence of t(11;18)(q21;q21) is regarded as  a 
negative response predictor, as are involvement 
with lymphoma beyond the muscularis mucosae-
and local lymph nodes. However, neither assess-
ment of monoclonality nor t(11;18)(q21;q21) 
should be done during follow-up, as they are not 
useful in guiding management [54] and may per-
sist for years even in the absence of clinical lym-
phoma remission. This is due to data showing 
that more than 60% of patients have residual 
monoclonality or persistence of t(11;18(q21;q21) 
or histological residual disease but only ~6% of 
them will experience progressive disease [69].

A randomized trial has also shown that appli-
cation of chlorambucil following HP eradication 
did not improve outcome in patients with gastric 
MALT lymphoma responsive to HP eradication 
[72]. In recent years, an increasing number of tri-
als reported about  lymphoma regression also in 
HP-negative gastric MALT lymphoma patients 
[11, 74]. While the mechanism as yet remains 
unclear, these data have led to the recommenda-
tion that antibiotic HP eradication may also be 
used as frontline therapy in apparently 
HP-negative cases of gastric MALT lymphoma.

Antibiotic therapy is also recommended in 
patients with OAML, and positive results have 
been obtained with both doxycycline and clar-

ithromycin (for review see [75]). However, due to 
the sometimes prolonged mode of action, it can 
only be recommended for patients who are not in 
need of acute and fast-acting therapy [76, 77]. 
Interestingly, while the overall response rate to 
doxycycline is in the range of up to 50%, patients 
with both CP-positive (65%) and CP-negative 
(38%) lymphomas responded, resulting in a 
3-year progression-free survival (PFS) of 68% in 
pre-treated patients. When given as first-line ther-
apy, doxycycline has resulted in an overall 
response rate of 65%, and a 5-year PFS of 55% in 
patients with OAML in stage I [78]. The main 
clinical trials with antibiotic therapy in OAML 
are summarized in Table 7.2. Additional discus-
sion about the use of macrolides (clarithromycin 
and azithromycin) will be provided later in this 
chapter, since their activity may be due to their 
intrinsic antitumour and immunomodulatory 
effects and not necessarily associated with the 
removal of an antigen drive [79].

Apart from HCV, no viral pathogens have been 
associated with MALT lymphoma, and results 
from mainly Italian studies have shown that it 
might constitute a therapeutic target in marginal 
zone lymphomas [80]. Application of pegylated 
IFN +/− ribavirin has resulted in a response rate of 
75% in patients with marginal zone lymphoma 
(MZL) [81], with a 5-year PFS and OS of 78% and 
92%, respectively, and anti-HCV therapy at any 
time was independently associated with better OS.

7.4.2  Local Therapy

Over the last decades, the use of surgery has been 
decreasing, and is nowadays restricted to rare 
emergencies such as perforation and bleeding in 
gastrointestinal MALT  lymphomas, or to diag-
nostic procedures in pulmonary, thyroid and ocu-
lar adnexal MALT lymphomas. However, in 
those patients in whom total resection of the dis-
ease has been achieved, no additional therapies 
are currently recommended.

Radiotherapy is the most extensively studied 
treatment in  localized stages of MALT lym-
phoma, and is considered standard therapy in 
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many countries. A universally accepted radiation 
schedule for MALT lymphomas does not exist, 
but a dose of 25–30 Gy in 10–15 fractions (mini-
mal target dose 25 Gy) has been suggested in the 
past [82], with consecutive dose reductions in 
recent years to 24  Gy, but as low as 2  ×  2  Gy 
especially in elderly patients [83]. Response rates 
are high and approach 100% in most series and 
relapses in the radiation field are uncommon. The 
5-year failure-free survival, however, ranges 
between 60% for ocular adnexal MALT lym-
phoma to 100% for thyroid MALT lymphoma 
[67].

In a recent series published by Teckie and co-
workers, 487 patients with stage I MALT lym-
phomas were retrospectively analysed [84]. In 
line with the pattern of occurrence, the majority 
of patients had gastric MALT lymphoma (32%), 
followed by OAML and pulmonary MALT lym-
phoma (14% and 12%). However, a relatively 
high number of patients with cutaneous marginal 
zone lymphoma (13%) were included in the 
series. Overall, the median survival was excel-
lent at 15 years, with a median follow-up time 
for survivors of 5  years. Five-year  relapse free 

survival was 60% in this series, and gastric 
MALT lymphomas had a better outcome than 
non-gastric MALT lymphomas with the excep-
tion of thyroid MALT lymphomas. These find-
ings are in line with results published by Wöhrer 
et  al. [4], who found a 40% relapse rate at a 
median time of 60  months in a retrospective 
analysis of extragastric MALT lymphomas, 
which nevertheless was irrespective of therapy 
(i.e. local therapy vs. systemic treatment).

While local control with radiotherapy is excel-
lent, systemic relapses are common and toxicities 
also have to be taken into account when analys-
ing the (mostly retrospective) data. Especially for 
OAML, retrospective series from Asia have 
shown comparable efficacy, but lower toxicities 
for systemic therapies over radiation in localised 
OAML.  However, these results were obtained 
with cumulative doses of 30 Gy and more, which 
would be considered too high according to mod-
ern standards [11]. Site-specific side effects may 
include cataract and local conjunctival irritation 
in OAML, nausea and inappetence in gastric 
MALT lymphoma or xerostomia for salivary 
gland lymphomas.

Table 7.2 Main clinical trials with antibiotic therapy in OAML

Author Study type N Site % Stage Therapy
ORR, 
%

CR, 
%

Ferreri 
2008 [118]

Retrospective 6 Ocular adnexa IVE Doxycycline po × 21 d 33 0

Han 2015 
[119]

Retrospective 90 Ocular adnexa I-IVE Doxycycline po × 21 d 27 7

Kim 2010 
[120]

Retrospective 38 Ocular adnexa I-IVE Doxycycline po × 21 d 47 18

Ferreri 
2005 [76]

Phase II 9 Ocular adnexa I-IVE Doxycycline po × 21 d 44 22

Ferreri 
2006 [77]

Phase II 27 Ocular adnexa I-IVE Doxycycline po × 21 d 48 22

Ferreri 
2012 [118]

Phase II 34 Ocular adnexa IE Doxycycline po × 21 d 65 18

Govi 2010 
[112]

Phase II 13 85 ocular 
adnexa, 15 other

I-IVE Clarithromycin 1000 mg/d po for 6 mo 38 15

Ferreri 
2015 [113]

Phase II 23 43 ocular 
adnexa, 57 other

I-IVE High-dose clarithromycin (2000 mg po 
d1–14) in a 3-w cycle × 4

52 26

Ferreri 
2018 [79]

55 53 ocular 
adenxa, 47 other

I-IVE Clarithromycin different doses 47 23

Lagler 
2019 [114]

Phase II 16 50 ocular 
adenxa, 50 other

I-IVE Azithromycin 1/w 25 12

ORR overall response rate, CR complete response, d day, po oral administration, mo months, w week
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7.4.3  Systemic Therapies

When reviewing systemic therapy options for 
MALT lymphoma, one of the main problems is 
the fact that data had been restricted to advanced 
and disseminated disease in the last decades. In 
addition, the distinctive nature of MALT lym-
phoma as opposed to other types of indolent lym-
phomas or even when compared to nodal and 
splenic marginal zone lymphoma has not been 
given due consideration until recently. In view of 
this, patients with MALT lymphoma have been 
included in clinical trials for indolent lymphomas 
e.g. with rituximab/bendamustine or ibrutinib 
without the possibility of extracting information 
for this specific, and in most cases small cohort of 
patients. For the sake of this chapter, only studies 
on “pure” MALT lymphoma cohorts will briefly 
be summarized (for an overview see Table 7.3), 
and include mostly phase II trials or retrospective 
series, but also two phase III trials [72, 85–94]. 
One of the phase III studies, which assessed chlo-
rambucil given after HP eradication versus no 
therapy has already been discussed [72], and will 
not be covered in this section.

The first report on systemic therapy of MALT 
lymphoma from 1995 included oral application 
of low-dose chlorambucil and cyclophosphamide 
[85] given for a median duration of 12 months, 
which resulted in CR rate of 75%.

Initial data were all obtained with classical 
chemotherapy, and mostly included patients with 
relapsing disease after local therapies or de novo 
disseminated and symptomatic disease, which 
might have biased results [95]. Another note of 
caution for older trials is the fact, that in patients 
with gastric MALT lymphoma, some older trials 
in favour of chemotherapy [96] were comparing 
surgery versus radiotherapy versus chemother-
apy, but did not perform HP eradication, which is 
nowadays the standard of care. In the said study 
including 241 patients with stage I gastric MALT 
lymphoma (80 patients per arm), a significant 
advantage for three cycles of CHOP followed by 
three courses of CVP chemotherapy was found in 
terms of 10-year event-free survival (87% for 
chemotherapy versus 52% for both surgery and 
radiation alone, respectively); no advantage was 

seen for 10-year overall survival and a large 
majority of patients might in fact have been over-
treated according to current guidelines and stan-
dards [52, 54].

In addition to alkylating agents, also benda-
mustine, purine analogues cladribine and fludara-
bine, anthracyclines and various combinations 
thereof have been published, which were later 
complemented by trials on rituximab alone or in 
combination, proteasome inhibitors, everolimus, 
ImiDs and immunomodulators such as clarithro-
mycin. Taken together, relevant responses (some-
times up to 100%) were seen in all studies, but 
some therapies and combinations were associ-
ated with high toxicities that are not suitable for a 
sometimes asymptomatic and indolent disease, 
exemplified by the data obtained with R-CHOP, 
where a rate of neutropenia grade 3/4 in 31% of 
patients along with a relatively high rate of early 
relapses was found [11, 95].

7.4.4  Alkylating Agents 
and Combinations

Since the first report on its activity by Hammel 
and co-workers in 1995 [85] demonstrating rele-
vant responses in a series of 24 patients (17 stage 
I, 7 stage IV), the oral alkylator chlorambucil has 
probably been the most studied agent in patients 
with MALT lymphoma. Characterized by a con-
venient oral mode of application and a mild tox-
icity profile, chlorambucil has widely been used 
especially in France and Italy, with various 
schedules and combinations having been studied. 
As monotherapy, response rates between 78% 
and 100% were reported, with the CR rate rang-
ing between 55% and 100% [95]. Especially in 
orbital MALT lymphoma, a small series showed 
promising activity with 78% CR and 21% PR, 
with a low relapse rate [97]. Interestingly, the 
activity of chlorambucil was found to be inde-
pendent of t(11;18)(q21;q21) status [87]. Pilot 
series combining chlorambucil with the anti-
CD20  antibody rituximab found an increased 
activity of monotherapy [98, 99], with a small 
controlled study in gastric MALT lymphoma 
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Table 7.3 Chemotherapy trial for MALT lymphoma

Author Study type N Stage Site % Treatment ORR, % CR, %
Hammel 1995 
[85]

Retrospective 24 I, IVE Gastric Cyclophosphamide or 
chlorambucil 
continuously for 12–24 
mo

100 75

Jäger 2002 
[91]

Phase II 26 I, IVE 73 gastric, 
27 non 
gastric

Cladribine (0.12 mg/kg 
d 1–5 every 4 w × 6)

100 84

Zinzani 2004 
[93]

Phase II 31 IE Non 
gastric

CVP or FM 
(cyclophosphamide 
400 mg/m2 d1–5, 
vincristine 1.4 mg/m2 
d1, and prednisone 
every 3 w × 6, or 
fludarabine 25 mg/m2 
d1–3 and mitoxantrone 
10 mg/m2 d1)

100 100

Raderer 2006 
[90]

Retrospective 26 I-IVE 27 gastric, 
73 non 
gastric

R-CNOP/R- CHOP (R 
375 g/m2 d1; 
cyclophosphamide 
750 mg/m2 d2, 
doxorubicin 50 mg/m2 
d2 or mitoxantrone 
8 mg/m2 d2, vincristine 
1.4 mg/m2, prednisone 
d1–5 every 3 w × 6–8)

100 77

Hancock 2009 
[72]

Randomized 110 I, IIE Gastric Chlorambucil (6 mg/m2 
daily d1–14 in a 4-w 
cycle × 6) vs. 
observation after HP 
eradication

5 years relapse 21 vs. 
11 (p = 0.15)

Lévy 2013 
[87]

Retrospective 49 I-IVE Gastric R monotherapy vs. 
R-chlorambucil (R 
375 mg/m2 d1, 8, 15, 
and 22, then every 4 w; 
chlorambucil 6 mg/m2 
d1–42 followed by 
d1–14 in a 4-w cycle for 
4 mo)

81 vs. 93 /

Kiesewetter 
2013 [89]

Retrospective 14 I-IVE Non 
gastric

R-bendamustine (R 
375 mg/m2 d1; 
bendamustine 90 mg/m2 
d1–2 in a 3-w cycle × 6)

92 71

Troch 2013 
[92]

Phase II 40 I-IVE 53 gastric, 
48 non 
gastric

R-cladribine sc (R 
375 mg/m2 d1; 
cladribine 0.1 mg/kg 
d1–4 every 3 w × 6)

81 58

Salar 2009 
[94]

Phase II 22 I-IVE 55 gastric, 
46 non 
gastric

R-fludarabine (iv; R 
375 mg/m2 d1; 
fludarabine 25 mg/m2 iv 
or 40 mg po d1–5 every 
4 wk × 4–6)

100 90

(continued)
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Author Study type N Stage Site % Treatment ORR, % CR, %
Zucca 2017 
[5]

Randomized 454 I-IVE Chlorambucil vs. 
rituximab alone vs. 
chlorambucil 
(chlorambucil 6 mg/m2 
d1–42 in a 4-w cycle × 4 
followed by d1–14 in a 
4-w cycle × 4; R 
375 mg/m2 d1, 8, 15, 
and 22, then every 4 w 
in absence of 
progression)

85 vs. 78 
vs. 95

63 vs. 
56 vs. 
79

Salar 2017 
[102]

Phase II 60 I-IVE 33 gastric, 
66 non 
gastric

R-bendamustine (R 
375 mg/m2 d1; 
bendamustine 90 mg/m2 
d1–2 in a 3-w 
cycle × 4–6)

100 75

Herold 2017 
[121]

Phase III 61 III-
IVE

/ Rituximab- chemo vs. 
Obinutuzumab- chemo

78 vs. 82 
(for all 
MZL not 
only 
MALT)

18 vs. 
16 (for 
all MZL 
not only 
MALT)

ORR overall response rate, CR complete response, MZL marginal zone lymphoma, MALT mucosa-associated lymphoid 
tissue, d day, po oral administration, mo months, w week, iv intravenous, sc subcutaneous

Table 7.3 (continued)

showing an increase of ORR from 81% to 93% 
when compared to R-monotherapy [100].

In view of these promising results, chlorambu-
cil was also the backbone for the two randomized 
studies performed by the International Extranodal 
Lymphoma Study Group on MALT Lymphoma.
The first one (IELSG3/LY03), already mentioned 
before [72], showed that there is no benefit for 
the addition of single agent chlorambucil to anti-
HP treatment in localized gastric MALT lympho-
mas. The second one (IELSG19) is the largest 
randomized study of front-line treatment ever 
conducted in MALT lymphoma [5, 86].

7.4.5  The IELSG19 Phase III Trial

This randomized multicenter trial [86] was origi-
nally designed to compare monotherapy with 
oral chlorambucil versus a combination of ritux-
imab plus chlorambucil and initially included a 
total of 231 patients [86]. Later, it was amended 
with the addition of a rituximab monotherapy 
arm, bringing the total of patients included to 

454 in order to allow further comparison of activ-
ity between rituximab and chlorambucil mono-
therapy.Eligible patients were initially randomly 
assigned (1:1 ratio) to receive either chlorambu-
cil monotherapy (6 mg/m2/d orally on weeks 1 to 
6, 9 to 10, 13 to 14, 17 to 18, and 21 to 22) or a 
combination of chlorambucil (same schedule as 
above) and rituximab (375 mg/m2 intravenously 
on day 1 of weeks 1, 2, 3, 4, 9, 13, 17, and 21) 
[86]. After the planned enrollment of 252 patients, 
the protocol was amended to continue with a 
three-arm design (1:1:6 ratio), with a new arm 
that included rituximab alone (same schedule as 
the combination arm) with a final sample size of 
454 patients [5]. The main endpoint was event-
free survival (EFS). At a median follow-up of 7.4 
years, patients in the combination arm had sig-
nificantly better EFS (hazard ratio, 0.54; 95% CI, 
0.38 to 0.77). EFS at 5 years was 51% (95% CI, 
42 to 60) with chlorambucil alone, 50% (95% CI, 
42 to 59) with rituximab alone, and 68% (95% 
CI, 60 to 76) with the combination [5]. Complete 
response rate (CRR) and PFS were also signifi-
cantly better with the combination. However, 
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these improvements in CRR, EFS and PFS did 
not translate into longer overall survival (OS). In 
fact, 5-year OS was approximately 90% in each 
arm. All treatments were well tolerated, no unex-
pected toxicities were recorded and the rituximab 
chlorambucil combination is considered standard 
in many institutions, though there might be com-
binations with higher response rates seen in 
phase-II studies.

7.4.6  Bendamustine

While the exact nature of action of bendamustine is 
still unclear, it is thought to act as an aklyaltor to a 
certain extent. With the revival of bendamustine and 
proof of its efficacy in various B-cell lymphomas 
including follicular and mantle cell lymphoma, the 
combination of rituximab plus bendamustine 
(R-Benda) has become standard treatment particu-
larly for elderly patients following publication of a 
randomized phase III trial of R-CHOP versus 
R-Benda [101]. In this trial, 37 patients with mar-
ginal zone lymphoma were treated in the R-Benda 
arm and 30 in the R-CHOP arm, with no difference 
for PFS for the subgroup of marginal zone lym-
phoma (57.2 vs. 47.2 months, p = 0.32). Nevertheless, 
extrapolation of the results to MALT lymphoma is 
hampered by the absence of information on specific 
marginal zone lymphoma subtypes.

Initial data in a small heterogeneous series 
have shown high activity of R-Benda (CR = 71%, 
PR  =  21%) in pre-treated patients with MALT 
lymphomas of various sites of origin [89]. The 
most solid data so far, however, have been pub-
lished by the Spanish GELTAMO group, who 
included 60 patients with treatment-naïve MALT 
lymphoma in a study of rituximab 375 mg/m2 i.v. 
day 1 and bendamustine 90  mg/m2 days 1  +  2 
[82]. This trial was designed to take into account 
the results of interim staging; patients achieving a 
CR after three courses received only four cycles, 
while other patients had a total of six cycles. The 
initial response rate was high at 100% with no 
relapses after a median follow-up of 14 months. 
More recently, a publication with a median fol-
low-up of 82 months showed no significant dif-
ference for gastric vs. extragastric MALT 

lymphomas, and reported an EFS of 87% after 
7 years, with 5 relapses occurring in this study 
[102].

7.5  Nucleoside Analogues

While the nucleoside analogues fludarabine 
and—to a lesser extent—cladribine have been 
widely used in indolent lymphomas in the past, 
their role is currently decreasing due to potential 
side effects and the advent of novel agents. In 
MALT lymphoma, however, both agents have 
been tested in the past, and have shown excellent 
results [91–95].

An initial report of cladribine monotherapy 
given at a dose of 0.12 mg/kg i.v. over 2 h days 
1–4 for 6 cycles has shown a high response rate, 
especially in the cohort of gastric MALT lym-
phomas [91] with a CR rate of 84%, which was 
significantly higher in the cohort of patients 
with gastric lymphoma (100%) as compared to 
43% in non-gastric MALT lymphoma. A fol-
low-up report with a median observation time 
of 7 years has shown no relapses in the gastric 
cohort, and an overall relapse rate of 27%. The 
combination of cladribine, albeit at a lower 
dose of 0.1 mg/kg given s.c. on days 1–4 com-
bined with rituximab has resulted in ORR of 
81% (CR 58%), but also gave a relatively high 
rate of neutropenia in 30% of patients [86]. 
Similarly, application of the purine analogue 
fludarabine either as monotherapy or in various 
combinations [93, 94] has shown an overall 
response rate approaching 100%, with a CR 
rate of 90%, but again haematotoxicity was 
substantial.

7.6  Immunotherapy 
and Immunomodulatory 
Agents

Rituximab and other anti-CD20 antibodies, as 
well as other small molecules and immunomodu-
latory agents have also been tested in MALT 
lymphomas, and an overview of the main studies 
is given in Table 7.4.
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Table 7.4 Immunotherapy trial for MALT lymphoma

Author Study type N Stage Site, % Treatment ORR CR
Conconi 2003 
[103]

Phase II 35 I-IVE 43 gastric, 
57 non 
gastric

Rituximab 375 mg/m2 iv 
w × 4

73 44

Martinelli 2005 
[104]

Phase II 27 I-IVE Gastric Rituximab 375 mg/m2 iv 
w × 4

77 46

Lossos 2007 
[105]

Phase II 12 I-IVE 25 gastric, 
75 non 
gastric

Rituximab 375 mg/m2 iv 
w × 4

67 17

Valencak 2009 
[122]

Restros-
pective

5 / Skin Rituximab 375 mg/m2 iv 
w × 4

100 80

Troch 2009 
[107]

Phase II 16 I-IVE 25 gastric, 
75 non 
gastric

Bortezomib 1.5 mg/m2 iv 
d1, 4, 8, and 11 every 3 
w × 8

80 43

Troch 2009 
[108]

Phase II 8 I-IIE 63 gastric, 
37 non 
gastric

Thalidomide 100–
400 mg/d po, escalated

0

Conconi 2011 
[106]

Phae II 32 I-IVE 44 gastric, 
56 non 
gastric

Bortezomib 1.3 mg/m2 iv 
d1, 4, 8, and 11 every 3 
w × 6

48 31

Kiesewetter 
2013 [109]

Phase II 18 I-IVE 28 gastric, 
72 non 
gastric

Lenalidomide 25 mg po 
d1–21 in a 4-w cycle × 6

61 33

Kiesewetter 
2015 [123]

Phase II 46 I-IVE 28 gastric, 
72 non 
gastric

Rituximab + Lenalidomide 
(R 375 mg/m2 day 1 and 
lenalidomide 20 mg d 
1–21 in a 4-w cycle × 6–8)

80 54

Kiesewetter 
2018 [124]

Phase II 16 I-IVE 31 gastric, 
69 non 
gastric

Ofatumumab (1000 mg iv 
weekly × 4 followed by 4 
doses at 2-mo intervals

81 50

Marangon 2019 
[125]

Phase II 17 I-IVE / Rituximab d 1 and 8, 
90Y-ibritumomab tiuxetan 
d 8

94 62

Thieblemont 
2019 [126]

Phase III 30 I-IVE / Rituximab + Lenalidomide 
(R 375 mg/m2 d1 and 
lenalidomide 20 mg 
d1–21 in a 4w- cycle × 12) 
vs. rituximab + placebo

65 vs. 44 
(for all 
MZL not 
only 
MALT)

/

Dreyling 2017 
[127]

Phase II 23 I-IVE / Copanlisib (60 mg iv on d 
1, 8, and 15, 4 w cycle 
until disease progression)

70 (for 
all MZL 
not only 
MALT)

/

Zinzani 2019 
[128]

Phase II 23 I-IVE / Umbralisib 800 mg po d 
until progression

55 (for 
all MZL 
not only 
MALT)

6 (for all 
MZL not 
only 
MALT)

Noy 2017 [129] Phase II 32 I-IVE / Ibrutinib 560 mg po d until 
progression

50 3 (for all 
MZL not 
only 
MALT)

ORR overall response rate, CR complete response, MZL marginal zone lymphoma, MALT mucosa-associated lymphoid 
tissue, d day, po oral administration, mo months, w week, iv intravenous, sc subcutaneous

E. Zucca and M. Raderer



109

7.6.1  Rituximab

The anti-CD20 antibody rituximab is the proto-
type of immunotherapy, which has been incorpo-
rated into treatment of virtually all B-cell 
lymphomas, resulting in improvement of activity 
over chemotherapy alone. However, in MALT 
lymphoma, the value of rituximab has not been 
unequivocally proven as a mandatory addition to 
therapy. Initial data of single agent rituximab in 
several small studies have documented responses 
in 65–75%, but the CR rate was only between 
15–45% [97–99, 103–105]. Until recently, only a 
retrospective SEER-medicare analysis including 
347 localized gastric MALT lymphomas treated 
between 1997–2007 had reported a benefit for 
treatment with rituximab  in terms of survival 
(p = 0.017), and no benefit of combined chemo-
immunotherapy was found after adjusting for 
confounding factors [6]. The median overall sur-
vival, however, was short at only 6.7 years, and 
the analysis included only patients treated with 
either cyclophosphamide-containing regimens 
(CVP, CHOP) or fludarabine. Contrary to this, an 
improvement in terms of response rate and PFS, 
but not OS was seen in the randomized IELSG19 
study for combining rituximab with chlorambucil 
when compared to either rituximab- or chloram-
bucil-monotherapy. For a more detailed discus-
sion, see the previous  paragraph describing the 
IELSG19 study. Overall, rituximab has shown 
good palliative effects and might be an option for 
relatively asymptomatic or frail patients when 
monotherapy is considered.

7.6.2  IMiDs

Due to the close pathogenetic relationship of 
MALT lymphoma to multiple myeloma, 
approaches used for therapy of myeloma have 
also been applied to patients with MALT lym-
phoma. One of the first agents tested was the pro-
teasome inhibitor bortezomib which was 
evaluated in two relatively small studies at differ-
ent doses, i.e. 1.3  mg/m2 [106] and 1.5  mg/m2 
[107] given intravenously on days 1, 4, 8 and 11. 
Both schedules showed good response rates, with 

the higher dose giving a particularly high rate of 
response (81% vs. 48%), but the schedule was 
associated with an unacceptably high rate of neu-
ropathy that was seen in 65% of patients, with 
more than 90% requiring dose reductions in this 
trial [107].

More recently, also IMiDs have been tested in 
patients with MALT lymphoma. While an initial 
small pilot study with thalidomide was prema-
turely terminated [108], the second generation 
lenalidomide was used either as monotherapy 
[109] or in combination with rituximab [110]. 
Not surprisingly, the response rate with the com-
bination was higher with ORR being 80% (54% 
CR) than that documented in the monotherapy 
pilot series (ORR 61%, CR 33%). Toxicities 
were mild and consisted mostly of non-hemato-
logical side effects including cutaneous com-
plaints (exanthema, itching). Evaluation of 
prognostic parameters, however, did not indicate 
the involvement of a cereblon-mediated expres-
sion of MUM-1 in responses [111].

7.6.2.1  Clarithromycin
The macrolide antibiotic has widely been used as 
a part of HP eradication regimens, but is being 
used less frequently due to high rates of resis-
tance in certain areas. Clarithromycin, however, 
also displays pleiotropic immunomodulatory 
effects when given for a prolonged time, which 
are explained by inhibition of VEGF and TNF-
alpha, enhancement of natural killer cells and 
CD8-cytotoxic T-cells, but also by interaction 
with cytokines such as IL-6 and inhibition of 
NF-kB. An ORR of 38% has been reported in a 
small pilot study including patients with relapsed 
or refractory MALT lymphoma [112]. In order to 
assess the direct antineoplastic activity of clar-
ithromycin, a multi-centre trial was performed to 
include only patients with refractory disease and 
no evidence of active HP or CP infection [113]. 
The dose in this study was higher, with clarithro-
mycin being given at a dose of 2 g/day in an inter-
mittent schedule. A total of 23 patients in first or 
greater relapse were included, and the response 
rate was 52% (95% confidence interval 32–72%) 
with a promising 2-year PFS of 56  ±  10%. 
However, in an analysis of 55 consecutive 
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patients [79], no advantage was found for the 
high-dose regimen (ORR 57%, 3-year PFS 42%) 
over a continuous intake of 2 × 500 mg over 6 
months (ORR 47%, 3-year PFS 60%); the overall 
response rate as well as the 3-year PFS in this 
analysis were excellent in view of the fact that the 
median number of prior therapies was 2 (range; 
1–7).

Interestingly, the effect of oral azithromycin, a 
related macrolide with favourable half-life and 
higher in  vitro activity when compared to clar-
ithromycin, was less pronounced, and a pilot 
series was terminated early due to the low effi-
cacy of 25% ORR in 16 patients [114].

7.6.3  Radio-Immunotherapy 
(90-Y-Ibritumomab-Tiuxetan)

MALT lymphoma is a highly radiosensitive dis-
ease, and even low doses of radiation have been 
shown to result in excellent outcome (see above). 
Radiolabelling a CD20-ligand with 90Yttrium 
for radio-immunotherapy (RIT) is therefore an 
attractive concept in indolent B-cell malignan-
cies including MALT lymphoma. Furthermore, 
MALT lymphoma is characterized by virtually 
absent bone marrow involvement, which is one of 
the contraindications against RIT.  Data on the 
use of 90Y-ibritumomab-tiuxetan in MALT lym-
phoma are currently limited but results are never-
theless promising. Initial pilot series included 
small cohorts of mixed origin pre-treated MALT 
lymphomas [115], while a study of 12 patients 
with untreated OAML showed promising 
response rates (ten CR, two PR within 3 months 
of therapy) with low toxicities [116]. The largest 
series so far has included 30 heavily pre-treated 
patients with up to seven lines of prior therapy 
suffering from relapsed MALT lymphomas of 
various sites, who were given an activity of 
0.4  mCi/kg [117]. A high ORR of 90% with a 
CRR of 77% after a single application of RIT 
was documented, and the median time to relapse 
was not reached at a median follow-up of 
5.3  years. Toxicities were manageable and 
included thrombocytopenia as the major haema-
tological toxicity, suggesting 90Y-ibritumomab 

tiuxetan as an active therapeutic option for 
patients with relapsed/refractory MALT 
lymphoma.

7.7  Conclusion

MALT lymphoma is a relatively common indolent 
B-cell lymphoma. It is a distinct clinicopathologi-
cal entity, which displays unique features in terms 
of pathogenesis and treatment. In particular, the 
close association of MALT lymphoma with 
chronic antigenic stimulation distinguishes the 
disease from most other B-cell lymphomas. This 
has helped in understanding the underlying molec-
ular events, and has led to a completely novel ther-
apeutic approach, especially in gastric MALT 
lymphoma. The close association of gastric MALT 
lymphoma with HP-infection has resulted in the 
establishment of antibiotic therapy as first-line 
treatment irrespective of stage. To a lesser extent, 
antibiotic treatment with doxycycline or clarithro-
mycin has also been accepted as first-line therapy 
for patients with ocular adnexal MALT lympho-
mas who are not in need of immediate response to 
treatment. Recently, there have been developments 
in the systemic treatment of MALT lymphoma 
with novel agents and chemo-free approaches, 
which have also been used in patients with local-
ized disease. While retrospective analyses have 
suggested similar efficacy of systemic therapy 
with fewer local toxicities, particularly in OAML 
and in extragastric MALT lymphoma [10], no 
direct comparison between local and systemic 
therapy has yet been performed. In addition, the 
optimal regimen for MALT lymphoma has not 
been established despite many active combina-
tions being reported in phase II studies as well as 
in one phase III trial. Differences in the pathogen-
esis, clinical presentation and genetic features of 
MALT lymphomas that arise in different locations 
further complicate data interpretation; MALT 
lymphomas are often included with other indolent 
lymphomas, or mixed together irrespective of their 
localisation and prior therapies. Further studies on 
MALT lymphomas should therefore consider their 
different localisations and their respectively 
unique features.
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CD20 CD5 CD231 CD10 BCL6 cyclin D1 CD103 FMC7 IgM light chains

notes 1partial/weak expression occacionally observed

other
marker

EMZL lacks a specific phenotype and the antibody panel primarily aims at exclusion of other lymphoma 
subtypes. IRTA1 and MNDA may be helpful marker but less frequently used or not widely available.

= majority of cases positive = variable fraction of cases positive = negative

Cytology Small to medium sized cells 
ranging in morphology from 
lymphocyte- and centrocyte-like 
to monocytoid. Features of 
plasmacytic differentiation may 
be observed. Variable content 
of blasts.

Histology Expanded marginal zone around 
reactive germinal centers, 
which become progressively 
infiltrated by the neoplastic 
cells. Outwards growth to the 
paracortical zone may 
ultimately lead to a diffuse 
pattern

Clinical outline
Primarily nodal disease, as localized or generalized lymphadenopathy in adults, without evidence of relevant 
extranodal or splenic disease.

Nodal marginal zone lymphoma (NMZL)

Main differential
diagnosis

CLL (should be CD23 positive), MCL (sould be cyclin D1 positive). Subtypes of marginal zone 
lymphomas (extranodal, nodal, splenic, cutaneous) distinguished mainly by clinical 
presentation (pattern of involved organs). LPL (should be MYD88 mutated) needs to be 
excluded based on clinical findings (IgM gammopathy) and extent of bone marrow 
involvement (expected to be the predominant site of presentation in LPL).

Giemsa
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Nodal marginal
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8.1  Definition

Nodal marginal zone lymphoma (NMZL) is a 
non-Hodgkin lymphoma of mature B-cells, with 
similarities to the extranodal (EMZL) or splenic 
marginal zone lymphoma (SMZL), but with 
 predominant nodal involvement and without 
extranodal or splenic involvement [1]. Since 
diagnosis is made by exclusion, some inaccuracy 
in the distinction from other marginal zone lym-

phomas (MZL) or indolent lymphomas might be 
possible. However, there are several arguments 
based on immunohistological, genetic, and 
molecular genetic findings, suggesting that 
NMZL presents a distinct entity.

The NMZL was originally described as a 
“monocytoid” or “parafollicular” B-cell lym-
phoma in 1986 (historical review in [2]). Only 
later, the relationship to other MZL became clear. 
In 1994, the “nodal marginal zone lymphoma 
with or without monocytoid B-cells” was 
included as a separate entity in the REAL classi-
fication, also adopted in the WHO classification 
of lymphoid neoplasia of 2001 and of 2008 and 
in the revision of 2016.

The NMZL presents less than 2% of all lym-
phoid neoplasia and only a small proportion 
(about 10–20%) of MZL [2]. The annual inci-
dence is 0.8 patients in 100,000 men and women 

Clinically relevant pathologic
features

Relevance Evidence

Mutations prognostic: KLF2 and NOTCH2 mutations (unfavourable) C

Proliferation/blasts High proliferation and/or blast content (unfavourable) C

Legend: A = verified in multiple studies, randomized trials and/or integrated in guidelines; B = variable between studies/ 
needs definitive validation; C = preliminary/discrepant results.

Key molecular features

Activation of Notch and nuclear factor kappa B pathways.

IGH genes rearranged, somatic hypermutation and IGHV3 and IGHV4 usage bias.

Frequent translocations: Non reported.

Frequent copy number alterations: Gains of chromosome 3 and 8, loss of 6q23.

Frequent mutations: NOTCH2, MLL2/KMT2D, PTPRD, KLF2, TNFAIP3 rarer: MYD88, CARD11

Precursor lesions

Not reported. In contrast to ENMZL no association with inflammation reported.

Progression

May progress/transform to defuse large B-cell lymphoma. Definition of transformation currently purely 
morphologically by detection of sheets of blasts.
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per year. However, the incidence might be 
increasing in the last decade (25% from 2001 to 
2009) [3]. This increase may be partly explained 
by a raised awareness of pathologists for this 
entity.

The typical age of onset is about 60  years 
(slightly younger than patients with SMZL), the 
male-to-female ratio is approximately equal. In 
the majority of patients, there is an advanced 
stage and bone marrow is involved (43%; [4]). In 
10% of patients, there is a leukemic disease with-
out marked splenic enlargement. At diagnosis, 
the majority of patients have a good performance 
status and no B symptoms [4–6].

An exception might be the pediatric NMZL, 
an entity included into the recent revision of the 
WHO classification of lymphoid neoplasia, typi-
cally in younger patients. The majority of patients 
are male (ratio 20–1) and have a localized stage (I 
or II), usually affecting cervical lymph nodes. 
Relapses are infrequent, even after local resec-
tion of radiotherapy [7]. There are no clear histo-
logical or molecular pathologic criteria for 
delineation to the adult forms. However, enlarged 
lymph follicle with the extension of the mantle 
zone and frequent CD43 expression might be 
characteristic but not exclusive for the pediatric 
NMZL [1].

8.2  Pathogenesis

Like other MZL, an association with hepatitis C 
virus (HCV) infection with geographical vari-
ability and chronic inflammatory disease have 
been reported. In a first series, 24% of patients 
with NMZL had a HCV infection [5, 6]. In a 
recent publication [8], patients with NMZL and 
HCV were found less frequently, in contrast to 
series from Asia [9]. Since the treatment of HCV 
infection can induce a remission of the lym-
phoma, screening for HCV is mandatory at diag-
nosis of NMZL [8].

The association with autoimmune disease is 
less frequently reported in comparison to EMZL; 
in a French series there were only four out of 47 
patients (9%) with autoimmune diseases [4].

8.3  Histologic and Biologic 
Characteristics

The typical histopathological picture is the pro-
liferation of small-sized lymphocytes into the 
marginal zone (which surrounded the reactive 
lymph follicle) with a secondary infiltration of 
the interfollicular areas of the lymph node [1]. By 
immunophenotyping, NMZL have typical Pan- 
B- cell markers like CD19 and CD20. CD23, 
CD5, and germinal center markers (CD10, BCL6, 
HGAL and LMO2) are rarely positive, Cyclin D1 
is usually negative.

Like follicular lymphoma (FL), BCL2 is fre-
quently positive; MNDA and IRTA1 are regarded 
as distinctive markers to differentiate FL and 
MZL. There is no immunological marker to dif-
ferentiate to NMZL from other MZL [1, 10].

There are typical genetic markers for all MZL 
like gains on chromosome 3 and 18 as well as 
losses on chromosome arm 6q23–24. All MZL 
shows an activation of NFkappaB and epigenetic 
modifications [11]. The NMZL shares with the 
SMZL the lack of specific translocations like the 
t(11;18)(q21;q21) translocation—a hallmark of 
gastric EZML. Other similarities between NMZL 
and SMZL are the mutations of NOTCH pathway 
and of the transcription factor KLF2. In contrast to 
SMZL, deletions on chromosome arm 7q31 are 
unusual [11]. More specific characteristics for the 
NMZL may be the inactivation of PTPRD, a recep-
tor-type protein tyrosine phosphatase (up to 20% of 
cases) and a high frequency of KMT2D (formerly 
MML-2) [12]. MYD88 L265P mutations are 
detected rarely in MZLs. KLF2 and NOTCH2 
mutations might have a possible prognostic impact; 
however, larger series are necessary [12].

In a recent analysis using high-throughput 
sequencing, NMZL shows a higher mutational 
load than in EMZL. The most frequent mutated 
genes code for epigenetic modifiers (e.g. KMT2D 
28%, CREBPA 20%, TET2 20%), followed by 
mutations of BRAF (17%). BRAF mutations are 
typically on V600E comparable to hairy cell leu-
kemia, which might offer new therapeutic options 
in a subset of these patients. Moreover, this muta-
tions seems to be restricted to MZL [13].

8 Nodal Marginal Zone Lymphoma
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Similar to EMZL and SMZL, ongoing muta-
tions and a restricted VH gene usage argue for a 
causal relationship to an antigenic stimulus support-
ing an ongoing B-cell expansion. In NMZL, the 
IGHV4–34 gene is used in 20–30% of cases, which 
is rarely reported in EMZL or SMZL with the 
exception of the ocular adnexal lymphoma [10].

8.4  Prognosis

Before the implementation of the CD20 antibody 
rituximab into the treatment, the prognosis of 
NMZL was considered as worse in contrast to 
EMZL and comparable to SMZL [14]. In recent 
series, this difference is not pronounced and more 
comparable to EZML. In the US SEER registry 
(Suirvellance, Epidemiology, and End Results 
database), the 5-year survival of patients between 
1995 and 2009 was 76.5% (in contrast EZML: 
79.0%) [15]. In contrast to SZML, the prognosis 
was improved within 15 years.

In different case series, the overall survival at 
5  years was between 57% and 97% [15]. The 
high difference in data from epidemiological reg-
istries may be partially explained by the hetero-
geneity of the diagnosis due to changes in the 
pathological delineation and in the staging proce-
dures, and also by changes in the treatment. 
Prognostic differences between EZML and 
NMZL can be explained by the fact that EZML is 
very often localized: indeed, the prognosis of 
EZML and NMZL in stage I is comparable [16].

For risk assessment, the international prog-
nostic index (IPI) and the follicular lymphoma 
international prognostic index (FLIPI) were eval-
uated in a retrospective series in NMZL [17]. 
There are a large amount of molecular risk fac-
tors evaluated in NMZL without a clear candi-
date for prognostication (e.g. negative results: 
loss of Survivin, active Caspase 3, overexpres-
sion of Cyclin E; positive results: loss of expres-
sion of MUM1/IRF4 and Ki67 less than 5%, 
overview in [2]). In contrast to many hematologic 
neoplasia, the loss of chromosome arm 17p might 
be no strong prognostic factor in NMZL [11].

Recently, the progression of disease within 
24 months (POD24) was established as a risk fac-

tor for relapsed marginal zone lymphoma [18]. 
Since NMZL represents only a small proportion 
of all patients of this series (10%), the impact for 
overall survival was not significant compared to 
EMZL and SMZL.

The transformation into a high-grade lym-
phoma is a possible event in NMZL. In a series of 
340 patients with MZL, the incidence of transfor-
mation was 3% at 5 years in the group of NMZL 
patients [19], and possibly slightly lower than in 
FL or other MZL. A histological transformation 
is associated with a poorer prognosis: the 2-years 
survival after transplantation is only 57% [19].

8.5  First-Line Treatment

Due to the rarity, the heterogeneity and the diag-
nostic uncertainty, there are no treatment recom-
mendations evaluated prospectively in patients 
with NMZL. Since NMZL and MZL were often 
treated in clinical trials together with other 
 indolent lymphoma, the guidelines for treatment 
of FL were transferred directly to the NMZL (e.g. 
ESMO guidelines [20]; NCCN [21] Guidelines 
Non-Hodgkin’s Lymphoma, Version 4.2014). 
Regarding to clinical trials, the NMZL were 
included in trials of other MZLs or indolent 
lymphoma.

In localized stages (stage I, II without bulky 
disease), involved field radiotherapy is widely 
accepted as a standard. However, the value of 
radiotherapy in contrast to “watch and wait” or 
systemic treatment is not well-defined. A local-
ized NMZL in a young patient could represent a 
pediatric NMZL which is difficult to delineate to 
the adult form. In few case reports [22, 23], 
patients with pediatric NMZL had an excellent 
prognosis even after resection of the involved 
lymph node only. In a recent publication, there 
was only one patient with relapse after local 
resection in 20 children with pediatric NMZL 
[23]. Therefore, “watch and wait” might be a use-
ful strategy as alternative to radiotherapy in 
(young) patients after surgical removal of the 
involved lymph node.

In asymptomatic patients with advanced 
stages, “watch and wait” is an accepted standard 

L. Arcaini and A. Viardot



121

comparable to the strategy in FL. Symptomatic 
patients were treated with a combination of che-
motherapy and a CD20 antibody. Like in other 
B-cell neoplasia, the addition of rituximab 
improves the outcome. Analogue to EMZL, a 
monotherapy with rituximab could be an alterna-
tive to the combination. However, prospective 
data are scarce. In the RESORT trial [24], 28 
patients with NMZL and low tumor burden 
received a monotherapy with rituximab. The 
response rate in NMZL was higher than in EMZL 
or CLL/CL (complete response 3.8%, partial 
response 57.1%, others stable disease), but lower 
than in FL (overall response 70.8%).

There are several combination therapies, like 
R-CVP (rituximab, cyclophosphamide, vincristine, 
and prednisone), R-F (rituximab, fludarabine), 
R-FC (rituximab, fludarabine, cyclophosphamide), 
R-CHOP (rituximab, cyclophosphamide, vincris-
tine, prednisone), or R-Benda (rituximab, benda-
mustine) (review in Table 8.1). In a small series, the 
response rates were after R-CVP, R-F, and R-FC 
88%, 85, and 99%, respectively. The PFS after 
3 years was 59%, 79.5%, and 90.1% [26, 27, 32]. 
However, treatment with fludarabine is sometimes 
associated with fatal complications particularly in 
elderly patients.

In the StIL-001 trial, 549 patients with indo-
lent lymphomas were randomized between 
R-CHOP and R-Bendamustine, including 67 
patients with MZL [33]. In contrast to the other 
subgroups, there was no difference in PFS 
between two arms. The toxicity was lower with 
R-bendamustine compared to R-CHOP, so that 
R-bendamustine is often used in European coun-
tries. In the GALLIUM trial, Rituximab in com-
bination with chemotherapy (bendamustine, 
CVP, CHOP) was compared with the new CD20 
antibody Obinutuzumab. In a subgroup analysis 
of 195 patients with MZL including 66 patients 
with NMZL, the PFS could not be improved by 
Obinutuzumab in contrast to the patients with FL 
[34]. However, there was an unexpectedly high 
toxicity in both arms with treatment-associated 
fatal events (6% in the rituximab arm, 12% in the 
obinutuzumab arm). The fatal events occur 
mostly in patients treated with the combination 
with bendamustine, which was observed also in 
the whole collective of the GALLIUM trial. The 
high rate of severe infections after bendamustine, 
and also after fludarabine, might be caused by a 
long-term T-cell depletion after treatment.

In an analysis of patients of the US cancer regis-
try (SEER-Medicare; [35]), there was no significant 

Table 8.1 Clinical trials of first-line treatment including patients with NMZL

Reference Treatment

All patients/patients 
with MZL/with 
NMZL OR/CR Outcome

Leblond et al. [25]c Chlorambucil 414/33/n.a. 38.6%/5.3% mPFS 27.1 months
Fludarabine 38.6%/2.0% mPFS 36.1 months

Kang [26] R-CVP 42/42/n.a. 88%/60% 3 years PFS 59%
Brown [27] R-Fludarabine 24/24/14 85%/54% 3 years PFS 79%
Ferrario [32] R-Fludarabine/

cyclophosphamide
46/46/6 89%/67% 3 years PFS 90.1%

Samaniego [28] R-Pentostatin/
cyclophosphamide

83/83/n.a. 75%/70% 3 years PFS 73%

Rummel [33] R-CHOP 463/59/n.a. 93%/42% mPFS 31.5 months
R-Bendamustine 93%/47% mPFS: 69.5 months

Flinn [29] R-CVP/R-CHOP 224/24/n.a. 91%/25% n.a.
R-Bendamustine 97%/31%

Herold [34] R-chemo 96/96/31 82%/19% 3 years PFS 78.1%
G-chemo 83%/16% 3 years PFS 75.0%

Rummel [30] R-Bendamustine ±  
R-maintenance

119/119/n.a. 91%/23% 2 years PFS 92%

Oh [31] R-CVP +  
R-maintenance

45/45/15 93%/44% 3 years PFS 83%
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difference between use of Rituximab-Bendamustine 
versus Rituximab monotherapy in 903 patients with 
NMZL.  With all limitations and unexpected con-
founding factors, the authors resume to be consider 
the risk and benefit of the combination particularly 
in elderly patients.

In a subgroup analysis of the MAINTAIN- 
trial, including 119 patients with SMZL and 
NMZL, the 2-years maintenance treatment with 
rituximab after immunochemotherapy prolonged 
significantly the progression-free survival with-
out adding any new toxicity [30].

8.6  Treatment of Relapse 
and New Options

In FL, the early progression within 24  months 
after immunochemotherapy (POD24) is regarded 
as a prognostic marker. POD24 was shown to be 
of prognostic relevance also in MZL—however 
the proportion of NMZL was too small (appr. 
10%; [18]). However, intensive treatment options 
like high-dose chemotherapy with autologous 
stem cell support can be offered to younger 
patients with early progress and other high-risk 
factors. In later relapse, repeated immunochemo-
therapy is the usual standard in these patients.

In January 2017, the US Food and Drug 
Administration (FDA) approved the Bruton tyro-
sine kinase (BTK) inhibitor Ibrutinib for the 

treatment of patients with relapsed and refractory 
MZL, who had already received a CD20 antibody 
based pretreatment (data on novel drugs are sum-
marized in Table 8.2). In the pivotal phase-II trial, 
17 patients with NMZL were included. The over-
all response rate—the primary endpoint of this 
trial—was lower in NMZL patients than in other 
(41% vs. 48%), as well as the median PFS 
(8.3  months vs. 14.2  months [41]). Next- 
generation BTK inhibitors like Acalabrutinib and 
Zanubrutinib are under clinical investigation in 
MZL (NCT02180711, NCT03846427).

In the pivotal phase-II trial using the PI3Kδ 
inhibitors idelalisib [44], 15 patients with MZL 
were included, respectively. The overall response 
rates were approximately 50% in MZL, so that 
this principle may be effective. However, in con-
trast to FL, idelalisib is not approved for the treat-
ment of MZL.

Copanlisib is a PI3K inhibitor which com-
bines activity against the PI3K subunit α and δ 
and has a different spectrum of side effects. In a 
phase II trial, coplanlisib has an overall response 
rate of 78% in all MZLs and particularly 87% in 
15 patients with NMZL. The duration of response 
was 17.4 months [37].

The combination of lenalidomide and ritux-
imab (so-called R2) may be an option in MZL 
with a response rate up to 89% [45]. In the 
AUGMENT phase III trial [40], 63 patients with 
MZL underwent a randomization between ritux-

Table 8.2 Novel drugs in marginal zone lymphoma

Reference Drug
All patients/with 
MZL/with NMZL OR/CR in MZL Outcome

Wagner- 
Johnston [36]

Idelalisib 125/15/5 47%/6% mPFS 6.6 months

Dreyling [37] Copanlisib 23/23/15 83%/13% mPFS 24.2 months
Conconi [38] Everolimus 30/30/6 20%/3% mPFS 14 months
Rosenthal [39] Lenalidomide, rituximab, 

Cyclophosphamid, 
Dexamethason

33/33/5 87.9%/30.3% mPFS: 39.7 months

Leonard [40] R-Lenalidomide 178/31/8 65%/29% mPFS: 20.2 months
R-mono 180/32/10 44%/13% mPFS: 25.2 months

Noy [41] Ibrutinib 63/63/17 48%/3% mPFS 14.2 months
Lossos [42] Yttrium 90− ibritumomab 16/16/n.a. 87.5%/56% mPFS 47 months

Samaniego 
[43]

Yttrium 90 ibritumomab 11/11/n.a. 100%/97% mPFS >56 months

OR overall response, CR complete remission, mPFS median progression-free survival, R rituximab, CVP cyclophopha-
mide, vincristin, prednisone, CHOP cyclophosphamide, vincristine, prednisone, n.a. not evaluable

L. Arcaini and A. Viardot



123

imab monotherapy and R2. With regard to the 
endpoint PFS, the whole collective, but not the 
subgroup of MZL shows a significant improve-
ment. Nevertheless, the combination of 
 lenalidomide and rituximab (R2) was approved 
by FDA also for the treatment of refractory or 
relapsed MZL in May 2019. In contrast, the EMA 
approved this combination only for follicular 
lymphoma in January 2020.

8.7  Summary

The NMZL is a rare lymphoma entity which is 
partially difficult to differentiate from other indo-
lent lymphomas. Using new techniques including 
high-throughput sequencing, the classification 
might be improved in the next years and more 
targeted treatment strategies might be estab-
lished. Following the treatment guidelines of FL 
is proved of value in NMZL.  However, novel 
drugs like BTK or PI3K inhibitor might be par-
ticularly efficient in this entity. The majority of 
patients with NMZL have a favorable prognosis.
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CD20 CD51 CD231 CD10 BCL6 cyclin D1 CD103 FMC7 IgM light chains

notes 1usually partially and/or weak.

other
marker

SMZL lacks a specific phenotype and the antibody panel should be primarily aimed at the
exclusion of other lymphoma subtypes.

= majority of cases positive = variable fraction of cases positive = negative

Cytology In peripheral blood “villous” 
lymphocytes (small cell with short, 
polar cytoplasmic projections). In the 
tissues, range in morphology from 
centrocyte-like to monocytoid, with 
variable degree of lymphoplasmacytic 
differentiation. Few or no blasts.

Histology In bone marrow biopsies, characteristic 
sinusoidal pattern of infiltration. 
Splenic histology, effaced white pulp 
with a biphasic picture (pale ring 
around residual follicles) and extension 
into to the red pulp. Frequent 
infiltration large vessel walls. In lymph 
nodes, SMZL resembles nodal MZL.

Clinical outline
Primarily the spleen, peripheral blood and bone marrow. Lymph nodes and extranodal sites usually spared.
Cytopenia and autoimmune manifestations frequent. Association with HCV infection observed in Southern Europe.

Splenic marginal zone lymphoma (SMZL)

Main differential
diagnosis

HCL (should be CD103 and BRAF V600E positive), CLL (should be CD23 and CD5 positive),
MCL (should be cyclin D1 positive). Subtypes of marginal zone lymphomas (extranodal, nodal, 
splenic, cutaneous) distinguished mainly by clinical presentation (pattern of involved organs).

MGG
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Splenic marginal
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hystology
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9.1  Epidemiology

SMZL is a rare B-cell neoplasm, accounting for 
less than 2% of all lymphomas and about 20% of 
the marginal zone lymphoma (MZL) subset [1, 2], 
yet it embodies the most common primary malig-
nancy of the spleen [3]. Gender prevalence varies 
in different series [4–6], but these differences are 
lost in large retrospective registries [7]. The 
median age at diagnosis is 68 years, and nearly all 
patients are aged greater than 50 years [7, 8]. The 

overall age-adjusted incidence is 0.13 per 100,000 
persons per year, with increasing trends among 
patients who are white, male, or age ≥70 years. 
However, the incidence is likely to be underesti-
mated because splenectomy is not routinely per-
formed in all cases of splenic lymphoma, and 
establishing a precise diagnosis without the exam-
ination of splenic tissue may be challenging [9]. 
Epidemiological data have postulated a possible 
association between hepatitis C virus (HCV) 
infection and lymphoproliferative disorders, par-
ticularly MZL [10, 11]. Subsequently, the pres-
ence of a higher risk of developing lymphoma, 
particularly MZL or DLBCL, has been confirmed 
both in areas of high (Overall Relative Risk:2.4; 
95% CI: 2.0–3.0) and low HCV infection preva-
lence (OR:1.6; 95% CI: 1.3–1.9) [12–14]. Also, 
several groups reported regression or even remis-
sion of the lymphoma after successful treatment 
of HCV chronic infection [15–17]. These findings 
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Clinically relevant pathologic 
features 

Relevance Evidence

IGHV mutation status Prognostic: unmutated (unfavorable) C

Mutations Prognostic: NOTCH2, TP53 (unfavorable) C

Hepatitis C predictive: may respont to anti-viral therapy

Proliferation/blasts High proliferation and/or blast content (unfavourable) B

Legend: A = verified in multiple studies, randomized trials and/or integrated in guidelines; B = variable between studies/
needs definitive validation; C = preliminary/discrepant results.

Key molecular features

Activation of NOTCH and nuclear factor kappa B pathways.

IGH genes rearranged, somatic hypermutation and IGHV3 and IGHV4 usage bias.

Frequent translocations: Non reported.

Frequent copy number alterations: Loss of 7q.

Frequent mutations: NOTCH2, KLF2, TNFAIP3, MLL2/KMT2D, MYD88, CARD11

Precursor lesions

Some cases appear be preceded by monoclonal B-cell lymphocytosisof the non-CLL type (CD5-negative).

Progression

10-15% progress to high grade lymphoma, typically of the diffuse large B-cell subtype.
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strengthen the hypothesis that HCV might play a 
role in the lymphomagenesis by driving a chronic 
antigen stimulation triggered by the virus glyco-
protein E2, which in turn stimulates CD81  in 
B-cells [13]. Other factors reported linked to an 
increased risk are autoimmune diseases, asthma 
and permanent use of hair dyes [18].

9.2  Clinical Manifestation

Clinical presentation often consists of isolated 
splenomegaly with or without cytopenia(s) and or 
mild lymphocytosis [5, 6, 8, 19, 20]. About one-
third of patients are genuinely asymptomatic, and 
the diagnosis is made by chance after the inciden-
tal detection of splenomegaly amidst clinical 
assessment for unrelated causes [9]. Splenomegaly 
is usually massive (median longitudinal diameter 
20 cm), but in a subset of patients the spleen is 
relatively small [21]. A small subset of patients 
presents with an isolated, slight to moderate, lym-
phocytosis showing the morphology and immun-
ophenotype consistent with the diagnosis of 
SMZL [22]. This clinical picture overlaps with 
that of monoclonal B-cell lymphocytosis with 
marginal zone phenotype (MBL-MZ) [23]. 
Whether this presentation embodies an indolent 
SMZL variant or a pre- lymphomatous condition 
is still an open issue [22–24]. Symptoms, if pres-
ent, are mostly related to massive splenomegaly, 
such as abdominal discomfort, early satiety or left 
flank pain. Slight to moderate anaemia and throm-
bocytopenia are detected in 50%, 20% and 24% 
of cases, respectively, mostly due to hypersplen-
ism or autoimmunity, rarely to bone marrow infil-
tration [25, 26]. Exceptionally, the degree of 
thrombocytopenia is severe enough to account for 
haemorrhagic symptoms; neutropenia is defini-
tively rare, usually mild and clinically inconse-
quential. A leukemic component (defined as the 
presence of absolute lymphocytosis or >5% neo-
plastic lymphocytes in peripheral blood) is pres-
ent in 52–75% of cases [6, 20, 26]. A moderate 
increase of LDH and beta2 microglobulin concen-
trations are found in about 30% and 60% of 
patients, respectively. A small (less than 2 g/dL) 
monoclonal component (MC), mainly μ (IgM) 

isotype, is detected in approximately one-third of 
patients. These patients also frequently display 
haemolytic anaemia, immune thrombocytopenia 
or coagulation disorders [4]. In the Mediterranean 
basin, up to 19% of SMZL patients are carriers of 
a chronic HCV infection and may show a distinc-
tive presentation trait comprising higher incidence 
of CM mainly μ (IgM), type II cryoglobulinemia 
and nodal disease [26]. Saadun reported the asso-
ciation of HCV infection, cryoglobulinemia along 
with the presence of villous lymphocytes in 
peripheral blood and proposed it could represent a 
distinct entity [27]. About 20% of patients show 
autoimmune manifestations [4, 28]. Autoimmune 
haemolytic anaemia (AHA), autoimmune throm-
bocytopenia (AITP) and cold agglutinin disease 
are the most frequently reported autoimmune dis-
orders and are generally present on diagnosis [6, 
20]. Moreover, some patients may show a positive 
direct antiglobulin test (DAT) without signs of 
overt AHA. Among other autoimmune manifesta-
tions associated with SMZL, the most clinically 
relevant are acquired C1q deficiency and angio-
edema [29], acquired coagulation disorders [4], 
and acquired antiphospholipid antibodies and 
thrombophilic syndrome [30]. By clinical exami-
nation, little can be inferred other than signs 
related to splenomegaly, because clinically sig-
nificant peripheral lymphadenopathies are excep-
tionally detected, and moderate hepatomegaly is 
reported in only one-third of patients [4, 6, 22].

9.3  Peripheral Blood Cytology

A leukemic component, in the form of slight to 
moderate lymphocytosis, is quite common. At 
variance with other lymphoid tumours, leukemic 
neoplastic cells display a marked morphological 
heterogeneity shown by the simultaneous pres-
ence of small lymphocytes without specific fea-
tures, lymphoplasmacytic cells, lymphocytes with 
nuclear clefts, medium-sized lymphomonocytic 
cells with relative abundant pale cytoplasm and 
villous lymphocytes [22, 31–33]. In some cases, 
the prevalent morphology is that of villous lym-
phocytes, small lymphocytes with round nucleus 
with thickened chromatin and basophilic cyto-
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plasm characterised by the presence of short villi 
unevenly distributed or concentrated at one of the 
two poles of the cell [33]. Villi are lost after a few 
hours of storage of blood; then they can hardly be 
seen if a peripheral blood smear is not set up 
timely.

9.4  Bone Marrow

Bone marrow (BM) infiltration is a constant finding 
in SMZL [2]. Particularly in the early phases of the 
disease, BM infiltration may be very subtle and dif-
ficult to recognise on routine morphologic sections. 
The BM infiltration pattern may be almost exclu-
sively intrasinusoidal [34], but concurrently with 
the progression of the disease or after splenectomy 
a nodular and or interstitial involvement of the inter-
trabecular space become apparent [35]. Rare and 
scattered reactive germinal centres surrounded by a 
rim tumour cells can be found. Neoplastic cells 
comprise rather monomorphic small- to medium-
sized lymphocytes showing round to oval nucleus 
with regular contour and a small rim of cytoplasm. 
However, plasmacytoid features with a morphologi-
cal differentiation gradient from lymphocyte to a 
plasmacytic cell can be observed in about 20% of 
cases [2]. While none of the infiltration patterns and 
morphological aspects described are specific to 
SMZL, their combination is rather characteristic 
[36].

9.5  Spleen

The cut surface of the spleen displays a micronod-
ular white miliary-like pattern as a result of the 
neoplastic infiltration centred on pre-existing fol-
licles. Microscopic examination shows pre- 
existing lymphoid follicles infiltrated or 
substituted by small B-lymphocytes with round or 
slightly irregular nuclei effacing the follicle man-
tle zone. In the outer peripheral part of the follicle, 
the marginal zone, neoplastic cells are of medium 
size and have a clear pale cytoplasm giving rise to 
a distinctive biphasic picture [2, 37]. Scattered 
transformed blasts outline the follicle marginal 
zone and can infiltrate the red pulp intermingled 

with small B-lymphocytes and marginal zone-like 
cells [38]. A variable degree of lymphoplasma-
cytic differentiation can be found with micronod-
ular or patchy infiltration pattern in the marginal 
zone, characteristically in germinal centres, and 
the red pulp [39].

9.6  Immunophenotype

SMZL clonal B-cells do not express a specific 
immunophenotype. All neoplastic cells consis-
tently express CD20, CD79a, BCL2 and variably 
DBA44 and are negative for CD10, BCL6, cyclin 
D1/BCL1, CD43 and annexin A1. SMZL cells 
carry surface immunoglobulin IgM and IgD with 
moderate to strong intensity [2, 40]. About 15% 
of cases are CD5 positive, and 20% of cases may 
express CD23. CD5 expression correlates with 
higher lymphocytosis and diffuse infiltration pat-
tern of the bone marrow [41]. The Matutes flow 
cytometry score [42] is low in SMZL, ranging 
from 0 to 2.

9.7  Genetic and Biomolecular 
Landscape

SMZL displays a high genomic complexity [43]; 
genetic aberrations are documented in over 70% 
of patients and are complex in 53% of cases 
(defined as ≥3 aberrations or ≥2 clones). Although 
no specific genetic alteration has been described 
so far, deletions of chromosome 7q are quite char-
acteristic [44, 45], occurring with significantly 
higher frequency (30–40%) in SMZL than in 
other lymphoid neoplasms. Also, there are a 
plethora of recurring abnormalities shared with 
other MZL subtypes. These include gains of 3q, 
9q, 12q and 18q, and losses of 6q, 8p, 14q and 
17p- [43, 46]. At variance with most other B-cell 
lymphomas, in SMZL, specific recurrent chromo-
somal translocations are not described. The 
immunoglobulin heavy chain variable region 
(IGVH) genes mutational analysis show that only 
15% of cases carry truly unmutated IGVH.  In 
mutated cases, the load of somatic hypermutation 
ranges from minimal (97–99.9% germline iden-
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tity) to pronounced [47–50]. Furthermore, the 
analysis of immunoglobulin genes shows a highly 
restricted gene repertoire and biased use of the 
IGVH allele IGHV1–2*04  in 25–40% of cases 
[47, 51]. Most of these rearrangements (95%) 
have a low mutational load (97–99.9% germline 
identity) of conservative nature and restricted dis-
tribution. A parallel picture has emerged from the 
investigation of the clonotypic immunoglobulin 
light chains revealing restrictions in both kappa 
(IGKV) and lambda (IGLV) variable gene reper-
toires [52]. Most of these rearrangements display 
a minimal mutational load (97–99.9% germline 
identity) and a long CDR3 sequence with com-
mon motifs. Moreover, a stereotyped configura-
tion of the B-cell receptor (BCR) has been 
detected in 10% of cases [53]. Overall, these find-
ings strongly point to a possible selection of 
T-cell-independent MZ B-cells by superantigens 
and suggest that an antigenic drive might play a 
role in SMZL development [54, 55]. Whole- 
exome sequencing in SMZL reveals an expres-
sion signature consistently characterised by 
upregulation of genes involved in MZ cell differ-
entiation and circulation between the functional 
compartments of the lymphoid tissues [56–60]. 
Recurring mutations in SMZL can be classified 
into three main groups: NOTCH signalling, 
nuclear factor kB (NF-kB) pathway, chromatin 
remodelling and the cytoskeleton [54, 61]. 
Inactivating mutations of the Krüppel-like factor 
2 (KLF2) zinc finger gene occur in 20–40% of 
SMZL cases [56, 57], resulting in the most fre-
quent somatic change detected in SMZL. Mutated 
KLF2 delocalises from the nucleus into the cyto-
plasm and is not able to inhibit the NF-κB activa-
tion by upstream signalling, including the BCR 
and TLR pathways. Interestingly, KLF2 lesions 
frequently co-occur with IGHV1–2*04 usage, 
NOTCH2 mutations, and 7q deletions. NOTCH2 
and NOTCH1 genes are mutated in 10–25% and 
5% of SMZLs, respectively; mutations and trun-
cations cluster in the C-terminal PEST domain 
thus leading to enhanced stability of the active 
NOTCH intracellular domains [58, 59]. Overall, 
considering mutations in negative regulators of 
NOTCH signalling (such as SPEN, DTX1, and 
MAML2), upregulation of the NOTCH pathway 

by genetic events occurs in up to 40% of SMZLs. 
Since NOTCH2 mutations appear to be very rare 
in other B-cell lymphomas except for DLBCL 
(5%), in an appropriate clinical contest they turn 
out to be specific for SMZL. Mutations activating 
NF-κB signalling are reported in 34% of cases 
and are mutually exclusive with that of NOTCH 
pathway. Mutations occur both in genes of canon-
ical and non-canonical NF-kB pathways (TRAF3, 
MAP3K14, TNFAIP3, IKBKB, BIRC3) and of 
coding members of upstream pathways of the 
BCR (CARD11), and TLR (MYD88) [62]. 
Mutations were also found in chromatin remod-
eler genes such as MLL2 (6/40 cases), ARID1A 
(2/40), and SIN3A (3/40), and more frequently in 
CREBBP and TP53 (15% of cases) [59]. 
Methylation changes described in SMZL are 
associated with silencing of diverse tumour sup-
pressor genes and over-expression of genes 
involved in BCR/PI3K/AKT/ NF-κB signalling 
[61, 63]. Finally, an SMZL miRNA signature has 
been described, targeting some of the key genes 
and pathways involved in NF-kB activation and 
B-cell survival. The pattern of miRNA expression 
is different in HCV positive cases, also showing 
downregulation of miR-26b, a miRNA with 
tumour suppressor activity [64].

9.8  Diagnosis

A vast and heterogeneous array of lymphoid neo-
plasms may show limited or prevalent homing 
and growth in the spleen. The definition of splenic 
lymphomas encompasses cases with splenic 
involvement and in which the disease may also 
extend to the BM, peripheral blood and the liver, 
in the absence of prominent lymph node involve-
ment [65]. Some lymphoid neoplasms typically 
occur confined to the spleen, whereas for others, 
this presentation is a possible and rare clinical 
variant (Table 9.1). While presenting clinical, lab-
oratory, pathologic and immunophenotypic fea-
tures of such lymphomas display significant 
overlaps, clinical course, biological characteris-
tics and outcomes differ significantly ranging 
from indolent to very aggressive [9]. Thus, to 
establish an accurate diagnosis of SMZL is of 
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paramount importance for the different appropri-
ate treatment strategies, prognosis and outcomes 
of these other lymphomas. Spleen histology still 
is the reference for the diagnosis of 
SMZL. However, splenectomy is a major surgical 
procedure with morbidity mostly due to periop-
erative complications, late infections and even 
mortality [66, 67]. On the clinical ground, in a 
substantial proportion of splenic lymphomas, 
splenectomy could be not advised and or not have 
a therapeutic role [68]. The SMZL study group 
(SMZLSG) provided an expert guideline aimed to 
establish the diagnosis of SMZL when informa-
tion on the spleen histology is not available [22]. 
Indeed, consistent integration of BM histological 
and immunohistochemical findings with the 
results of the various clinical, laboratory investi-
gations, including peripheral blood morphology, 
immunophenotype, genetics and molecular biol-
ogy, usually allows for diagnosis with a reason-
ably high level of confidence. The differential 
diagnosis in some instances is particularly chal-
lenging, such as that between SMZL and lympho-
plasmacytic lymphoma in patients that have a 
serum IgM monoclonal paraprotein and or show 
lymphoplasmacytic differentiation. Yet after such 

a thorough and integrated examination, in some 
cases only a generic diagnosis of B-cell chronic 
lymphoproliferative disorder can be reached [9, 
36, 69]. In such instances, if the differential diag-
nostic problem should affect treatment choices 
and outcome expectations, it is required to resort 
to splenectomy to reach a definite diagnosis.

9.9  Staging and Prognostic 
Scores

SMZL has a peculiar way of presentation, diffu-
sion and evolution. The criteria for staging and 
evaluation of the response to therapy proposed by 
the SMZLSG still constitute a reference 
(Table 9.2). SMZL is not conceived as a fluorode-
oxyglucose avid disease [70] and should routinely 
be staged through computed tomography. The use 
of fdg-PET scans could be clinically useful when-

Table 9.1 Primary splenic lymphomas (PSL)

(a) Lymphomas commonly presenting as PSL
    • Splenic marginal zone lymphoma
    •   lymphoma/leukemia unclassifiableSplenic 

diffuse red pulp B-cell lymphomaHairy-cell 
leukemia variant

    • Hairy cell leukemia
    • Lymphoplasmacytic lymphoma
    • B-cell prolymphocytic leukemia
    • T-cell large granular lymphocytic leukemia
    • Hepatosplenic T-cell lymphoma
(b)  Primary nodal lymphomas occasionally presenting 

as PSL
    • Mantle cell lymphoma
    • Follicular lymphoma
    •  Diffuse large B-cell lymphoma not otherwise 

specified
    •  Micronodular T-cell/histiocyte rich large B-cell 

lymphoma

Splenic lymphomas encompass cases with splenic 
involvement and in which the disease may also extend to 
the bone marrow, peripheral blood, and the liver, in the 
absence of prominent lymph node involvement

Table 9.2 Criteria for coding clinical response in SMZL

Response to splenectomy
All the following:
  •  At least 50% improvement on the blood 

counts
  • Non-progressive lymphocytosis
  •  No change or improvement in the degree 

of BM infiltration
Response to systemic treatment
PR 50% or greater improvement in the disease 

manifestations:
  • Resolution or decrease in spleen size
  • Improvement on cytopenias
  •  Resolution or decrease in 

lymphadenopathy if present
  •  BM should show a decrease in the level of 

lymphoid infiltration and improvement of 
the hemopoietic reserve

CR All the following:
  • Resolution of organomegaly
  • Normalization of the blood counts §
  • No evidence of circulating clonal B cells
  •  No evidence or minor BM infiltration 

detected by immunohistochemistry
NR Less than 10% improvement on the disease 

manifestations or deterioration of the above, 
respectively.

PR partial remission, CR complete remission, NR no 
response
aHaemoglobin >120 g/L; platelets > 100 × 109 L−1; neutro-
phils >1.5 × 109 L and no evidence of circulating clonal B 
cells)
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ever an evolution towards aggressive histology is 
suspected. Nevertheless, the role of fdg-PET [71] 
and new imaging techniques, such as whole-body 
MRI [72] in staging and response assessment, has 
not been specifically investigated yet. SMZL is a 
neoplasm with a rather favourable prognosis 
given that about two-thirds of patients are alive 
five years after the diagnosis [26, 73] and about 
20% do not need any therapy for several years. 
However, around 20% of patients experience a 
more aggressive course and shorter survival. 
Understandably, the different and particular fea-
tures of presentation and diffusion make the prog-
nostic scores built for the other lymphoproliferative 
neoplasms unsuited for SMZL. The first specifi-
cally conceived clinical scoring system was devel-
oped by the Intergruppo Italiano linfomi (IIL, 
now Federazione Italiana Linfomi: FIL) on 309 
SMZL patients with a 5-year cause-specific sur-
vival (CSS) rate of 76%. The prognostic score 
was built by selecting the three variables with the 
highest hazard ratios for a shorter CSS, (haemo-
globin <12  g/dL, elevated LDH and albumin 
<35 g/dL). By using these variables, three prog-
nostic groups were identified: low-risk (no 
adverse factor), intermediate- risk (one adverse 
factor) and high-risk (two or more adverse fac-
tors) with statistically different 5-year CSS 
(P = 0.001) of 88%, 73% and 50%, respectively 
[26]. Interestingly, the high-risk group intercepted 
54% of all lymphoma deaths. Subsequently, the 
SMZLSG proposed a risk stratification system 
based on the assessment of four variables devel-
oped on a large series of 593 patients [25]. The 
score was named HPLL, after the determinant 
factors H (haemoglobin), P (platelet count), L 
(LDH) and L (extra-hilar lymphadenopathy) 
found in correlation with a shorter lymphoma spe-
cific survival (LSS). According to the number of 
variables, three groups were identified: A (no 
adverse factor), B (1 or 2 adverse factors) and C (3 
or 4 adverse factors) with survival at five years of 
95%, 87% and 68%, respectively. In the HPLL 
score both haemoglobin and platelets are 
accounted as a continuous variable to obtain the 
best fit, and the application of the score requires a 
calculation by a formula; thus a simplified version 
of the prognostic score was developed to make 

more comfortable its use in daily clinical practice 
[74]. To this end, the same four risk factors were 
used, and clinically acceptable cut-off points of 
9.5 g/dL for haemoglobin level and 80 × 109 L−1 
for platelet count were established. Patients with 
0, 1, 2, 3 or 4 factors were separated in a final set 
of three groups: A: 198 patients (0); B: 311 
patients (1 or 2); C: 41 patients (3 or 4) with 
5-year LSS significantly different among the three 
risk groups. Recently, Kalpadakis et al. have vali-
dated this simplified HPLL score in an indepen-
dent series of SMZL patients, confirming its 
ability in identifying subgroups of SMZL patients 
with a significantly different outcome [75]. 
However, clinical scores are surrogate markers 
which imperfectly intercept disease outcome dif-
ferences. Thus, a great effort has been focused on 
studies aimed to explore the prognostic value of 
biomolecular markers. Parameters that have been 
associated with adverse outcomes are p53 muta-
tion, 7q deletion, NOTCH2 mutation and the 
absence of somatic mutation in IgVH genes and 
aberrant promoter methylation [43, 47, 58, 76–
78]. However, other studies have reported con-
flicting results [59, 79].

9.10  Therapy

Diverse therapeutic options, including splenec-
tomy, chemotherapy, rituximab monotherapy and 
chemoimmunotherapy, produce clinical responses 
and effective control of SMZL-related symptoms. 
However, no prospective randomised study spe-
cifically designed for SMZL has been conducted 
so far, and there is no clue that any of the pro-
posed therapies can appreciably modify the natu-
ral history of the disease [73, 74, 80]. Furthermore, 
the comparison of retrospective studies is made 
particularly difficult by the lack of prospectively 
validated prognostic scores and uniform criteria 
for initiation of therapy. According to the recently 
updated ESMO guidelines [81], and expert state-
ments [9, 22, 54], only symptomatic patients 
should receive treatment. Currently, effective pal-
liation should be pursued by rituximab monother-
apy or with splenectomy if it is deemed necessary 
also for diagnostic purposes [81].
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9.11  Watchful Waiting

About 20–30% of newly diagnosed SMZL 
patients are asymptomatic [4–6], can remain sta-
ble for several years and there is no evidence that 
they would benefit from early therapeutic inter-
vention. In the large retrospective series of 
SMZLSG [25], 161 patients (27%) had not 
received any treatment and only three of them 
(1.8%) ultimately died of lymphoma. These data 
support the reliability and safety of adopting a 
watchful and waiting strategy in asymptomatic 
patients and suggest avoiding splenectomy for 
mere diagnostic purposes. Patients in vigilant 
waiting policy may be followed every 3–6 months 
with a physical examination, blood counts and 
biochemistry [9, 22]. SMZL patients showing an 
active HCV infection constitute the exception to 
the “no move” strategy described for asymptom-
atic patients, and antiviral treatment should be 
considered as a first-line treatment [81, 82].

9.12  HCV Antiviral Treatment

In a seminal observation, Hermine et al. showed 
that interferon-based antiviral treatment (AVT) 
can induce haematological response along with 
virological clearance in patients with HCV- 
associated splenic lymphoma with villous lym-
phocytes [15]. Subsequently, the association of 
interferon with ribavirine has been confirmed 
effective in several series of HCV-associated lym-
phomas, and particularly MZL [83]. Further, a 
recent a meta-analysis on 20 studies of IFN- based 
antiviral therapy (AVT) in patients with HCV-
associated B-NHL showed that the response rate 
was 73% in all patients and up to 83% in those 
who attained a sustained virological response 
(SVR) [84]. A better lymphoma response was 
shown in MZL compared to no- MZL (81% 
vs.71%). A direct anti-lymphoma activity of inter-
feron cannot be ruled out, particularly in 
MZL. Nevertheless, recent data on the efficacy of 
new IFN-free regimens with direct- acting antivi-
rals (DAA) in a retrospective series of 46 HCV-
associated lymphoproliferative disorders suggest 
their anti-lymphoma activity [85]. The median 

duration of DAA therapy was 12 weeks (range, 
6–24 weeks). An SVR after finishing DAAs was 
obtained in 45 patients (98%): the overall lym-
phoproliferative disease response rate (LDR) was 
67%, including 12 patients (26%) who achieved a 
complete response. The LDR rate was 73% 
among patients with MZL, whereas no response 
was observed in CLL/SLL patients. Seven patients 
cleared cryoglobulins out of 15 who were initially 
positive. After a median follow- up of 8 months, 
1-year progression-free and overall survival rates 
were 75% (95% confidence interval [CI], 51–88) 
and 98% [95% CI, 86–100], respectively. DAA 
therapy induces a high LDR rate in HCV-
associated indolent lymphomas. These data 
strongly support a causative role of HCV in lym-
phomagenesis and prospective trials with DAAs 
in this setting are underway.

9.13  Who Needs Anti-neoplastic 
Treatment?

Treatment should be initiated in patients with 
symptomatic splenomegaly, cytopenia(s), sys-
temic symptoms or progressive nodal disease [22, 
81]. These criteria are clinically sound but have 
not been prospectively validated yet. Noteworthy, 
three of these criteria (lymphatic adenopathy, 
anaemia and thrombocytopenia) are indepen-
dently associated with LSS and were incorporated 
in the HPLL risk stratification for 
SMZL.  Consensus guidelines suggest that auto-
immune cytopenias should be specifically treated 
and antiviral treatment should be considered in 
patients with concurrent active HCV chronic 
infection with HCV-related hepatitis who do not 
need immediate conventional treatment against 
the lymphoma [81, 85].

9.14  Splenectomy

Splenectomy provides the tissue for diagnosis and 
has been considered the first-choice treatment for 
SMZL in the pre-rituximab era [32, 80] Indeed, 
after surgery, a quick relief from pressure- and 
volume-related symptoms (abdominal discom-
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fort, early satiety) and complete or partial recov-
ery of cytopenia(s) are expected in all and up to 
90% of patients, respectively [4, 6, 86, 87]. 
Though clinical responses to splenectomy are not 
complete since extra-splenic disease persists, they 
are durable; published series report a 5-year PFS 
of approximately 35–61% and OS ranging from 
61% to 75% (Table  9.3). However, these data 
should be taken cautiously because in many series 
of splenectomised patients post- splenectomy che-
motherapy has been delivered in a significant pro-
portion of cases. Furthermore, splenectomy does 
not modify the natural history of the disease, and 
particularly the risk of histologic transformation 
into DLBCL, which ranges between 11% and 
14% in the largest series [43, 86]. Finally, sple-
nectomy is a major surgical procedure and is asso-
ciated with morbidity and even a low-risk of 
mortality. Perioperative complications in surgical 
series on SMZL occur in 25–35% of patients and 
are mostly due to pulmonary dysfunction and 
major bleeding [88, 89]. Although perioperative 
mortality is <1%, significant long- term mortality 
of about 5% due to infectious complications is 
reported [86, 87]. Therefore, a possible indication 
for the therapeutic splenectomy should be limited 

to patients complaining of symptoms related to 
the presence of splenomegaly (abdominal dis-
comfort and or hypersplenism), minimal bone 
marrow disease, absent nodal involvement and 
without lung comorbidities. Immunisation against 
encapsulated bacteria is mandatory in all patients 
at least 2 weeks before elective surgery and sepsis 
prevention measures must be maintained through-
out life [90].

9.15  Chemotherapy

Single-agent chemotherapy has been used in the 
past mainly in patients relapsed to splenectomy 
and or with advanced disease, often extended to 
lymph nodes and analysed in small retrospective 
series; a detailed and comprehensive analysis on 
this topic is reported elsewhere [31]. Alkylating 
agents proved to be not effective, while purine 
analogues produced a significant number of com-
plete clinical responses though at the expense of 
haematological and infectious toxicity. These data 
are now outdated by rituximab therapy, and che-
motherapy alone is no longer recommended as 
first-line treatment.

Table 9.3 Series of 
SMZL reporting splenec-
tomy as first-line therapy Year-author # of pts ORR

PFS % (at n 
years)

OS % (at n 
years)

Surgery 
related 
deaths

1991-Mulligan et al. 20 96 Median 4 
years

NR 1

1996-Troussard et al. 28 75 NR 71 (5) 1
2002-Chacon et al. 60 93 Median 40 

months
65 (5) NR

2002-Thieblemont 
et al.

48 100 Median 4 
years

NR NR

2003-Parry- Jones 
et al.

33 NR NR 95 (10) NR

2004-Iannitto et al. 21 91 Median 4 
years

NR NR

2006-Tsimberidou 
et al.

10 60 Median 4 
years

83 (3) 0

2012-Olszewski et al. 652 NR 80 (3) 67.8 (5) NR
2013-Kalpadakis 
et al.

27 86 58 (5) 77 (5) 1

2014-Lenglet et al. 100 97 61 (5) 84 (5) 0
2015-Xing et al. 52 NR 39 (10) 61 (10) 0
2015-Pata et al. 41 90 35 (5) 75 (5) 0

ORR overall response rate, PFS progression-free survival, OS overall survival
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9.16  Rituximab Monotherapy

Bennet’s 2005 report on the efficacy of the anti 
CD20 monoclonal antibody rituximab in a series 
of 11 SMZL patients has paved a new way in the 
treatment of SMZL [91]. Several other retrospec-
tive series have subsequently shown that ritux-
imab monotherapy yields up to 90% of clinical 
responses, half these responses being complete 
even at molecular level, with minimal toxicity 
(Table  9.4). Furthermore, in many cases after 
relapse, rituximab re-treatment is still effective. 
On these premises, according to the ESMO 
guidelines, rituximab monotherapy is a reason-
able first-line treatment as effective and less trau-
matic than splenectomy [81]. The Italian Society 
of Hematology guidelines specifies that ritux-
imab monotherapy is the therapy of choice for 
patients without disseminated disease who need 
treatment and unfit for splenectomy [85]. In a 
large series of consecutively treated patients, 
Kalpadakis et al. [92] first reported that the 5-year 
overall and progression-free survival (PFS) rates 
for rituximab-treated and splenectomised patients 
were comparable: 92% and77% (p  =  0.09) and 
73% and 58% (p = 0.06), respectively, and that 
2-year maintenance therapy with rituximab 
resulted in a longer duration of response (at 5 
years, PFS was 84%   for patients receiving main-
tenance and 36% for patients without mainte-
nance, p = 0001). This study has been recently 
updated and extended to 108 patients [93]. The 
overall response rate after the end of induction 
treatment was 92% (CR 44%; Cru 21%; PR 
27%). Rituximab maintenance therapy, one shot 
every two months for two years, improved the 
quality of response in 16/77 patients: 14/22 

(64%) patients in PR achieved either CR (n5) or 
Cru (n11). The outcomes were remarkable: the 
5- and 10-year FFP rates were 71% and 64%; the 
5- and 10-year OS rates were 93% and 85%, and 
the 5- and 10-year LSS rates were 99% and 90%, 
respectively. PFS was significantly better in 
patients who received maintenance (7-year PFS 
75% for patients who received maintenance vs. 
39% for those who did not, p < 0.0004) but no 
difference in OS was noticed between patients 
who received maintenance and those who did 
not.

9.17  Chemoimmunotherapy

Rituximab in combination with chemotherapy 
(R-chemo) is the standard of care for the treat-
ment of indolent lymphomas, but due to toxicity 
concerns, the indication for SMZL is currently 
limited to fit patients with suspected histological 
transformation and or with constitutional symp-
toms [81, 85] or disseminated disease. Seven clin-
ical studies, five retrospective [94–98] and two 
prospective [99, 100], dedicated to investigating 
the role of R-chemo in SMZL have been pub-
lished so far (Table 9.5). Overall, the accumulated 
experience on a total of 302 patients suggests that 
the R-chemo yields higher CR rates and compa-
rable duration of response and PFS [96, 97, 99, 
100] rates than rituximab monotherapy [93, 94]. 
In 2015, the FIL group published the first multi-
centre prospective study dedicated to SMZL. Fifty-
one patients with SMZL were treated with a 
modified R-CHOP: rituximab, cyclophospha-
mide, vincristine, non-pegylated liposomal doxo-
rubicin and prednisone (R-COMP). The ORR and 

Table 9.4 Rituximab monotherapy

Year-author # pts Patients Status ORR CRR PFS % (at n years) OS % (at n years)
2005-Bennet et al. 11 RR 91 NR 60 (5) 60 (5)
2006-Tsimberidou et al. 25 First-line 88 31 86 (3) 86 (3)
2007-Kalpadakis et al. 16 First-line 100 69 92 (2.4) 92 (2.4)
2012-Else et al 10 RR and First-line 100 90 89 (3) 89 (3)
2013-Kalpadakis et al. 58 First-line 95 45 73 (5) 73 (59)
2018-Kalpadakis et al 104 First-line 92 47 64 (10) 88 (10)

RR relapsed or resistant, ORR overall response rate, CRR complete response rate, PFS progression-free survival, OS 
overall survival
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CR rates were 84% and 65%, respectively; 6-year 
PFS was 54% and OS was 72%. Overall, toxicity 
was R-CHOP alike, moderate and manageable 
but two toxic deaths were recorded (grade >3 neu-
tropenia, 26%; grade >3 infections, 8%; two 
deaths as a result of infection). A large amount of 
data indicates the association bendamustine-ritux-
imab (BR) as an effective regimen with an accept-
able toxicity profile on almost the entire spectrum 
of indolent lymphomas [101]. Recently, two stud-
ies have explored the role of this association in 
SMZL [97, 101]. In a retrospective analysis of 70 
consecutive SMZL patients treated with BR, 60 
patients (86%) achieved a complete response 
(CR), and seven (10%) a partial response (PR). 
Three patients (4.3%) experienced disease pro-
gression (PD). The median duration of remission 
was 18 months. Side effects were generally mild 
[97]. These promising results were prospectively 
confirmed by the IELSG36/BRISMA study [101]. 
Sixty-five patients received BR at standard doses 
q28 and were restaged after three cycles: those 
patients in CR received a further BR cycle as con-
solidation while those in PR completed the entire 
six-course cycles. The OR and CR rates were 
91% and 73%, respectively. DOR, PFS and OS at 
3 years were 93% (95CI 81–98), 90% (95CI 

77–96) and 96% (95CI 84–98), respectively. 
Toxicity was mostly haematological. Neutropenia 
G ≥ 3 was recorded in 43% of patients, infections 
and febrile neutropenia in 5.4% and 3.6%. Most 
of the non-haematological toxicities were G ≤ 2. 
Furthermore, more than half of the patients exam-
ined achieved molecular remission. A molecular 
marker was found in 43/54 (80%) cases and MRD 
negativisation rates were 47% at interim restaging 
(BM: 13/32; PB: 21/36), 54% at completion of 
treatment (BM: 10/23; PB: 18/22) and 61% after 
1 year (BM:14/22; PB: 19/29) [102].
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10

CD201 CD5 CD23 CD102 BCL6 cyclin D1 CD103 FMC7 IgM light chains

notes 1 plasma cell component may be negative, 2 few positive cases reported

other
marker

CD25 may be +; plasma cells component may be CD38+, CD138+ and retain PAX5 expression.
Overall, LPL lacks a specific phenotype and the antibody panel should be primarily aimed at the exclusion
of other lymphoma subtypes.

= majority of cases positive = variable fraction of cases positive = negative

Cytology Small lymphocytes admixed with lymphoid cells
with plasmacytoid features and mature plasma 
cells, associated with a variable amount of well 
differentiated mast cells.

Histology Infiltration by small to medium sized lymphoid
cells with plasmacytoid differentiation growing 
with an interstitial, perivascular, nodular or 
diffuse pattern. Variable extent of plasma cells, 
occasionally with immunoglobulin inclusions 
(Dutcher and Russell bodies). Prominent mast 
cells. Infiltration of other tissues from LPL may 
mimic marginal zone lymphoma.

Clinical outline
Primary bone marrow disease of adults. Partly involvement of spleen, rarely lymph nodes, extranodal sites or 
leukemic spread. WM is a clinical condition of the adults, characterized by the coexistence of monoclonal gammopathy 
of the IgM type in a patient with LPL.

Lymphoplasmacytic lymphoma (LPL)/Waldenstrom macroglobulinaemia (WM) 

Main differential
diagnosis

Marginal zone lymphomas with plasmacytic differentiation (should be less frequently MYD88 
mutated. Clinical disease distribution: LPL is primarily bone marrow). 
Infiltration pattern in bone marrow (sinusoidal argues for splenic marginal zone lymphoma)
IgM myeloma (should be negative for MYD88 mutation)

MGG

CD138/PAX5Giemsa

Lymphoplasmacytic
lymphoma, cytology

Lymphoplasmacytic
lymphoma, histology
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10.1  Epidemiology

WM is an uncommon disease, accounting for 
1–2% of hematological neoplasm, with a reported 
age-adjusted incidence rate of 3.4 per million 
among males and 1.7 per million among females 
in the USA [1]. The median age of diagnosis is 
around 70 years with a male predominance [2].
The incidence increases sharply with advancing 
age until the age 60–69 years, after which, there 
is a slower increase in incidence [3]. The inci-
dence rate for WM is higher among Caucasians, 
with African descendants representing only 5% 
of all patients. Genetic factors appear to be 
important for the pathogenesis of WM, with 
numerous reports of familiar clustering of indi-

viduals with WM alone, and with other B-cell 
lymphoproliferative diseases [2, 4].

Familial predisposition is common in WM as 
up to 20% of WM patients have a first-degree 
relative with either a WM or closely related 
B-cell disorders [4]. Family studies have pro-
vided evidence for not only genetic but also envi-
ronmental factors contributing to WM 
predisposition [5, 6].

Clinical-based studies are, however, likely to 
be subjected to selection bias and could overesti-
mate the familial component in WM. In a large 
population-based case-control study on 2144 
LPL/WM patients (1539 WM [72%] and 605 
LPL patients) there was a 20-fold increased risk 
of developing LPL/WM and furthermore, an 
increased risk of developing non-Hodgkin lym-
phoma, chronic lymphocytic leukemia, and 
MGUS (monoclonal gammopathy of undeter-
mined significance). There was, however, no 
excess risk of multiple myeloma or Hodgkin 
lymphoma. There was a similar excess risk 
among parents, siblings, and offspring, which 
favors the operation of dominant or codominant 
gene effects, rather than recessive genes [2, 7].

C. Buske (*) 
University Hospital Ulm, CCC Ulm – Institute of 
Experimental Cancer Research, Ulm, Germany
e-mail: christian.buske@uni-ulm.de 

V. Leblond 
Haematology, Sorbonne University-Pitié Salpêtrière 
Hospital, Paris, France
e-mail: veronique.leblond@aphp.fr

Clinically relevant pathologic
features 

Relevance Evidence

Mutations Prognostic: lack of MYD88 mutation predicts lower survival

Predictive: MYD88 mutated cases show better response to ibrutinib single
agent; CXCR4 mut predicts shorter progression free survival upon
treatment with ibrutinib single agent.

B

B

Legend: A = verified in multiple studies, randomized trials and/or integrated in guidelines; B = variable between
studies/ needs definitive validation; C = preliminary/discrepant results.

Key molecular features

IGH genes are rearranged, somatic hypermutation not ongoing. The most recurrent chromosomal anomaly is isolated 
del(6q). Recurrent mutations target MYD88 (L265P mutation, present in >90% patients) and CXCR4 (~30–40% cases). 
Frequent translocations: none reported.

Precursor lesions

IgM type monoclonal gammopathy of uncertain significance, with MYD88 with/without additional CXCR4 mutation.

Progression

Uncommon, but patterns of transformation include DLBCL.
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A large international study of 374 WM/LPL 
cases and 23,096 controls found a 64% increased 
risk for developing WM/LPL in individuals with 
a first-degree relative diagnosed with a hemato-
logic malignancy [7].

Recently, a two-stage genome-wide associa-
tion study of WM/LPL in 530 unrelated cases 
and 4362 controls of European ancestry identi-
fied two high-risk loci associated with WM/LPL 
at 6p25.3 and 14q32.13. Both risk alleles are 
observed at a low frequency among controls (~2–
3%) and occur in excess in affected cases within 
families. Although further studies are needed to 
fully elucidate underlying biological mecha-
nisms, together these loci explain 4% of the 
familial risk and provide insights into genetic 
susceptibility to this malignancy [5, 6].

Frequent familiar association with other 
immunological disorders in healthy relatives, 
including hypogammaglobulinemia and hyper-
gammaglobulinemia (particularly polyclonal 
IgM), autoantibody (particularly to thyroid) pro-
duction, and manifestation of hyperresponsive B 
cells have also been reported [8].

An increased risk of solid tumors has been 
reported in WM patients analogous to observa-
tions in forms of indolent lymphoproliferative 
disorders. The Italian group reported an increased 
incidence of second cancers in a retrospective 
study of WM patients either untreated or treated 
with alkylating agents with a cumulative inci-
dence of solid cancers of 12% at 10  years and 
17% at 15  years [9]. The Surveillance, 
Epidemiology and End Results program (SEER 
multiple primary data base) yielded 1618 WM 
patients for analysis with population and age- 
matched controls. The results were consistent 
with the Italian results regarding the increased 
risk of acute leukemia and non-Hodgkin lym-
phoma but did not support an increased risk of 
brain cancer. However, the larger SEER sample 
yielded evidence that there was an increased risk 
of myeloma, melanoma, and cancers of colon, 
uterus, lung, and kidney [10]. A more recent 
study based on the SEER data found that WM 
patients had a 49% higher risk of secondary 
malignancy than the general population and the 
median time from diagnosis to a second malig-

nancy was 3.7 years. The risk was significant for 
lungs, urinary tract, thyroid, melanoma, aggres-
sive, lymphoma, and acute leukemia [11].

The greatest risk factor for the development 
of WM is that having an MGUS. These patients 
have a 46 times greater risk of developing WM 
than the general population [12]. Approximately 
10–20% of individuals with MGUS have the 
IgM subtype, associated with an increased risk 
of developing Waldenström’s macroglobulin-
emia or other lymphoid malignancies [13]. An 
independent study from Sweden reported 
 similar outcomes for patients with IgM 
MGUS. Amongst 728 individuals with MGUS, 
116 (16%) had IgM MGUS. With up to 30 years 
of follow-up, these patients had approximately 
15-fold higher risk of progression to lymphoid 
malignancies, particularly Waldenstrom’s mac-
roglobulinemia [14].

The role of environmental factors in WM 
remains to be clarified, an etiological role for 
hepatitis C virus (HCV) infection has been sug-
gested, though in one study no association could 
be established using both serological and molec-
ular diagnostic studies for HCV infection in 100 
consecutive WM patients [15].

10.2  Clinical Features

It should be noted that most patients with WM 
will have limited and nonspecific symptoms at 
diagnosis, such as fatigue. In a large retrospective 
study in 454 patients, the most frequent reasons 
for starting front-line treatment were anemia (in 
328 [72%] patients) and constitutional symptoms 
(in 264 [58%] patients) [16]. The morbidity asso-
ciated with WM is caused by the concurrence of 
two main components: tissue infiltration by neo-
plastic cells and, more importantly, the physico-
chemical and immunological properties of the 
monoclonal IgM.

As shown in Table 10.1, the monoclonal IgM 
can produce clinical manifestations through sev-
eral different mechanisms related to its physico-
chemical properties, non-specific interactions 
with other proteins, antibody activity, and ten-
dency to deposit in tissues [17–19].

10 Waldenstrom’s Macroglobulinemia



146

10.3  Morbidity Mediated by 
the Physicochemical 
Properties of IgM

10.3.1  Hyperviscosity Syndrome

Observed in 15% of patients at diagnosis, blood 
hyperviscosity is caused by increased red cell 
aggregation and decreased red cell deformability, 
induced by the monoclonal IgM.  The possible 
presence of cryoglobulins can contribute to 
increasing blood viscosity as well as to the ten-
dency to induce erythrocyte aggregation. Usually, 
these symptoms are observed when the serum 
IgM level is >30 g/L, but there is an individual 
variability. Clinical manifestations are related to 
circulatory disturbances that can be best appreci-
ated by ophthalmoscopy, which shows distended 
and tortuous retinal veins, exudates such as 
cotton- wool spots, hemorrhages, and papill-
edema. The most common symptoms are  oronasal 
bleeding, visual disturbances due to retinal bleed-
ing, and dizziness that may rarely lead to coma. 
Heart failure can be aggravated, particularly in 
the elderly, owing to increased blood viscosity, 

expanded plasma volume, and anemia. 
Inappropriate transfusion can exacerbate hyper-
viscosity and may precipitate cardiac failure [20]. 
Gustine et  al. conclude that serum IgM level 
>60 g/L is a criterion for plasmapheresis initia-
tion in an asymptomatic WM patient. Indeed, this 
level leads to a 370-fold higher risk of developing 
symptomatic hyperviscosity, and showed an 
association with CXCR4 mutation status [21]. 
Furthermore, plasma exchange can be discussed 
in asymptomatic patients with multiple vascular 
comorbidities, when transfusion of red cells is 
necessary or in preoperative situations.

10.3.2  Type I Cryoglobulinemia

Monoclonal IgM can have the property to pre-
cipitate upon cooling and then induces type I 
cryoglobulinemia (10–20%). This is symptom-
atic in less than 5% of the cases, and it is depen-
dent on the monoclonal IgM concentration. 
Symptoms result from impaired blood flow in 
small vessels and include Raynaud’s phenome-
non, acrocyanosis, and necrosis of the regions 

Table 10.1 Physicochemical and immunological properties of the monoclonal IgM protein in Waldenstrom’s 
macroglobulinemia

Properties of IgM monoclonal protein Diagnostic condition Clinical manifestations
Pentameric structure Hyperviscosity Headaches, blurred vision, epistaxis, retinal 

hemorrhages, leg cramps, impaired mentation, 
intracranial hemorrhage

Precipitation on cooling Cryoglobulinemia 
(type I)

Raynaud’s phenomenon, acrocyanosis, ulcers, 
purpura, cold urticaria

Autoantibody activity to myelin- 
associated glycoprotein (MAG), 
ganglioside M1 (GM1), sulfatide moieties 
on peripheral nerve sheaths

Peripheral 
neuropathies

Sensorimotor neuropathies, painful 
neuropathies, ataxic gait, bilateral foot drop

Autoantibody activity to IgG Cryoglobulinemia 
(type II)

Purpura, arthralgias, renal failure, sensorimotor 
neuropathies

Autoantibody activity to red blood cell 
antigens

Cold agglutinins Hemolytic anemia, Raynaud’s phenomenon, 
acrocyanosis, livedo reticularis

Tissue deposition as amorphous 
aggregates

Organ dysfunction Skin: Bullous skin disease, papules, Schnitzler’s 
syndrome
GI: Diarrhea, malabsorption, bleeding
Kidney: Proteinuria, renal failure (light chain 
component)

Tissue deposition as amyloid fibrils (light 
chain component most commonly)

Organ dysfunction Fatigue, weight loss, edema, hepatomegaly, 
macroglossia, organ dysfunction of involved 
organs: Heart, kidney, liver, peripheral sensory 
and autonomic nerves
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most exposed to cold such as the tip of the nose, 
ears, fingers, and toes, malleolar ulcers, purpura, 
cold urticaria, and neuropathy. Renal manifesta-
tions may occur but are infrequent [22].

10.3.3  Tissue Deposition

The monoclonal protein can deposit in several tis-
sues as amorphous aggregates. Linear deposition 
of monoclonal IgM along the skin basement mem-
brane is associated with bullous skin disease. 
Amorphous IgM deposits in the dermis determine 
the so-called IgM storage papules on the extensor 
surface of the extremities—macroglobulinemia 
cutis [23]. The deposition of monoclonal light 
chain as fibrillar amyloid deposits (AL amyloido-
sis) is uncommon in patients with WM. Amyloidosis 
develops in 2% of patients with monoclonal IgM 
and is caused by the deposition of monoclonal light 
chain (mostly kappa) as fibrillar amyloid deposits 
(AL amyloidosis). In a French series of 72 patients, 
a peculiar pattern of relatively frequent lymph node 
(31%) and lung (10%) involvement was noted in 
patients with systemic AL amyloidosis. A prognos-
tic factor predicting worse outcome remains car-
diac involvement [24]. In a large series of 997 WM 
patients from the Mayo Clinic, 75 (7.5%) had 
coexisting AL amyloidosis. In 40 (53%) patients, 
AL amyloidosis was diagnosed concurrently with 
WM (AL amyloidosis established within 2 months 
of the diagnosis of WM), whereas 35 (47%) 
patients developed it subsequently after a median 
of 2.7 years (95% CI: 1.3–4.5 years) from the diag-
nosis of WM.  Clinical expression and prognosis 
are similar to those of other AL patients with 
involvement of heart (61%), kidneys (45%), liver 
(18%), lungs (10%), peripheral/autonomic nerves 
(38%), and soft tissues (18%) [25].

10.3.4  Interaction with Circulating 
Proteins

The monoclonal IgM protein can interact with 
circulating proteins, including several coagula-
tion factors, mainly factor VIII von Willebrand 
and fibrinogen, and may cause prolonged clot-

ting times. The macroglobulin can coat plate-
lets, may impair their adhesion and aggregation, 
and may result in prolonged bleeding time. 
Acquired von Willebrand syndrome is described 
in patients with WM. Assessment of ristocetin 
cofactor activity (VWF: RCo) and von 
Willebrand factor (VWF) antigen (VWF: Ag) 
in patients with 72 WM showed a negative rela-
tion between VWF levels <130 U/dL and both 
monoclonal immunoglobulin M concentration 
(mIgMC) and viscosity. Ten patients with 
VWF: RCo <50  U/dL (<40 for patients with 
blood group O) fulfilled the acquired von 
Willebrand syndrome criteria. They had higher 
mIgMC and viscosity. Reduction in mIgMC 
was associated with increase in VWF levels. 
The low VWF: RCo/VWF:Ag ratio suggested 
that high viscosity might be associated with 
increased shear force and cleavage of  multimers 
[26].

10.4  Morbidity Mediated by 
the Immunological Effects 
of IgM

10.4.1  Autoantibody Activity

Monoclonal IgM may exert its pathogenic effects 
through specific recognition of autologous anti-
gens, the most notable being nerve constituents, 
immunoglobulin determinants, and red blood cell 
antigens [20, 21].

10.4.2  Type II Cryoglobulinemia

In Type II or mixed cryoglobulins, monoclonal 
IgM is an autoantibody to the Fc portion of poly-
clonal IgG. They are rheumatoid factor-positive 
and often present at a high titer. The cryoprecipi-
tating phenomenon is caused by the immune 
complex, as separation of the reactants yields 
clear solution. The manifestations are the same as 
previously described in type I. Renal manifesta-
tion particularly membranoproliferative glomer-
ulonephritis can be observed. Hepatitis C 
infection must be researched.
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10.4.3  IgM-Related Neuropathy

The presence of peripheral neuropathy has been 
estimated to range from 5% to 38% in WM 
patients [27–29]. The first step in evaluation is to 
determine if the monoclonal gammopathy is the 
likely cause of peripheral neuropathy or if it is a 
coincidental finding related to other causes of 
peripheral neuropathy such as diabetes mellitus, 
alcoholism, and drugs. In WM patients, the nerve 
damage is mediated by diverse pathogenetic 
mechanisms: the electrophysiological features 
that suggest demyelination and include slowed 
motor conduction velocities are observed with 
IgM antibody activity; rare cases show character-
istics of classic chronic inflammatory demyelin-
ating polyradiculoneuropathy (CIDP) with 
conduction block, whereas axonal findings are 
associated with endoneurial granulofibrillar 
deposits of IgM, amyloidosis, IgM cryoglobulin, 
and neoplastic infiltration.

Half of the patients with IgM neuropathy have 
a distinctive clinical syndrome that is associated 
with antibodies against a minor 100-kDa glyco-
protein component of nerve, myelin-associated 
glycoprotein (MAG). Anti-MAG antibodies are 
generally monoclonal IgMκ, and usually also 
exhibit reactivity with other glycoproteins or gly-
colipids that share antigenic determinants with 
MAG [30]. The anti-MAG-related neuropathy is 
typically distal and symmetrical, affecting both 
motor and sensory functions; it is slowly progres-
sive with a long period of stability. Most patients 
present with sensory complaints (paresthesias, 
aching discomfort, dysesthesias, or lancinating 
pains), imbalance and gait ataxia, owing to lack-
ing proprioception, and leg muscles atrophy in 
advanced stage [31]. Patients with predominantly 
demyelinating sensory neuropathy in association 
with monoclonal IgM to gangliosides with disi-
alosyl moieties, such as GD1b, GD3, GD2, GT1b, 
and GQ1b, have also been reported. Anti- GD1b 
and anti-GQ1b antibodies were significantly asso-
ciated with predominantly sensory ataxic neurop-
athy. These antiganglioside monoclonal IgMs 
present core clinical features of chronic ataxic 
neuropathy with variably present ophthalmople-
gia and/or red blood cell cold agglutinating activ-

ity (CANOMAD) [32]. The disialosyl epitope is 
also present on red blood cell glycophorins, 
thereby accounting for the red cell cold agglutinin 
activity of anti-Pr2 specificity Monoclonal IgM 
proteins that bind to gangliosides with a terminal 
trisaccharide moiety, including GM2 and GalNac-
GD1A, are associated with chronic demyelinating 
neuropathy and severe sensory ataxia, unrespon-
sive to corticosteroids. Motor neuron disease has 
been reported in patients with WM, and monoclo-
nal IgM with anti-GM1 and sulfoglucuronyl para-
globoside activity [33]. Clinically, multifocal 
motor neuropathy affects predominantly distal 
muscles and the upper limbs and definite motor 
conduction blocks are observed in the majority of 
patients [34].

Monoclonal IgMs behaving as cryoglobulins 
cause severe painful neuropathy that may present 
with multifocal distribution also involving cra-
nial nerves. Moreover, cryoglobulinemia may be 
associated with arthralgia, glomerulonephritis, 
and dermatological findings such as skin ulcer-
ation or purpura. IgM amyloid light-chain (AL) 
amyloidosis is a rare axonal neuropathy that may 
complicate WM, often associated with pain, 
autonomic dysfunction (orthostatic hypotension, 
gastrointestinal dysmotility, pupils abnormali-
ties, genitourinary, and sexual dysfunction), and 
systemic involvement with organ failure (heart, 
kidneys, and liver) and weight loss [35].

Neuropathy associated with tumoral infiltra-
tion, though rare, has also been described. 
Histology of nerve biopsy (with immunolabeling 
with anti CD20 and polymerase chain reaction- 
based gene rearrangement analysis of either the 
IGHV) is the gold standard for the diagnosis, but 
the neuroimaging has greatly contributed to the 
diagnostic workup. Magnetic resonance neurog-
raphy can reveal enlarged nerves or masses that 
are usually isointense on T1 and hyperintense on 
T2, often present disruption of the normal fas-
cicular morphology on T1 images and enhance 
with gadolinium [36].

For the neurologist and hematologist, diagnos-
ing WM neuropathies is challenging because of 
their heterogeneous presentation. Yet it is crucially 
important to identify the mechanism involved in 
order to adapt the therapeutic strategy [35, 37].
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10.4.4  Cold Agglutinin Hemolytic 
Anemia

Primary chronic cold agglutinin disease (CAD) is 
a well-defined clinicopathologic entity in which a 
specific, clonal lymphoproliferative B-cell bone 
marrow disorder results in autoimmune hemo-
lytic anemia [38]. The monoclonal component is 
usually an IgMκ and reacts most commonly with 
I/i antigens, with complement fixation and acti-
vation. The agglutination of RBCs in the cooler 
peripheral circulation also causes Raynaud’s syn-
drome, acrocyanosis, and livedo reticularis [38].

The immune hemolysis is entirely 
complement- dependent, predominantly mediated 
by activation of the classical pathway and phago-
cytosis of erythrocytes opsonized with comple-
ment protein C3b. The VH4–21 gene segment is 
necessary to encode anti- I specificity. The 
MYD88 L265P somatic mutation could not be 
detected by polymerase chain reaction in any of 
the 17 samples from patients with CAD tested for 
this mutation in a Norwegian study, as compared 
to 96% of control samples from patients with 
typical LPL/WM CAD is now regarded as a well- 
defined clinicopathologic entity and should be 
called a disease not syndrome and is a distinct 
entity from WM [39].

10.5  Manifestations Related 
to Tissue Infiltration by 
Neoplastic Cells

Tissue infiltration by neoplastic cells is rare and 
can involve various organs and tissues, from the 
bone marrow to the liver, spleen, lymph nodes, 
and possibly the lungs, gastrointestinal tract, kid-
neys, skin, eyes, and central nervous system. 
Pulmonary involvement in the form of masses, 
nodules, diffuse infiltrate, or pleural effusions is 
relatively rare, since the overall incidence of pul-
monary and pleural findings reported for WM is 
only 3–5%. Malabsorption, diarrhea, bleeding, or 
obstruction may indicate involvement of the gas-
trointestinal tract at the level of the stomach, duo-
denum, or small intestine. The skin can be the site 
of dense lymphoplasmacytic infiltrates, similar to 

that seen in the liver, spleen, and lymph nodes, 
forming cutaneous plaques and, rarely, nodules 
[40]. Chronic urticaria and IgM gammopathy are 
the two cardinal features of the Schnitzler syn-
drome, which is not usually associated initially 
with clinical features of WM, although evolution 
to WM is not uncommon. Skin IgM deposits are 
observed in 25% of the patients. The efficacy of 
Il-1beta inhibitors identifies Il-1beta as a pivotal 
mediator [41].

Invasion articular and periarticular structures 
by WM malignant cells is rarely reported. The 
neoplastic cells can infiltrate the periorbital struc-
tures, lacrimal gland, and retro-orbital lymphoid 
tissues, resulting in ocular nerve palsies [42]. 
Direct infiltration of the central nervous system 
by monoclonal lymphoplasmacytic cells as infil-
trates or as tumors constitutes the rarely observed 
Bing–Neel syndrome, characterized clinically by 
confusion, memory loss, disorientation, and 
motor dysfunction [43–45].

10.6  Laboratory Investigations 
and Findings

10.6.1  Laboratory Assessment

Essential laboratory parameters for the evalua-
tion of patients with WM has been defined at the 
eighth international workshop on WM [46]. 
Complete blood count is mandatory: anemia is 
the most common finding in patients with symp-
tomatic WM and is caused by a combination of 
factors: mild decrease in red cell survival, 
impaired erythropoiesis, hemolysis, moderate 
plasma volume expansion, and blood loss from 
the gastrointestinal tract. Blood smears are usu-
ally normocytic and normochromic, and rouleaux 
formation is often pronounced. Leukocyte and 
platelet counts are usually within the reference 
range at presentation, although patients may 
occasionally present with severe thrombocytope-
nia. Monoclonal B-lymphocytes expressing sur-
face IgM and late-differentiation B-cell markers 
are detected in blood by flow cytometry. A raised 
erythrocyte sedimentation rate is almost con-
stantly observed in WM and may be the first clue 
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to the presence of the macroglobulin. The clot-
ting abnormality detected most frequently is pro-
longation of thrombin time.

High-resolution electrophoresis combined with 
immuno-fixation of serum and urine are recom-
mended for identification and characterization of 
the IgM monoclonal protein. The light chain of the 
monoclonal IgM is κ in 75–80% of patients. A few 
WM patients have more than one M-component. 
The concentration of the serum monoclonal protein 
is very variable but in most cases lies within the 
range of 15–45  g/L.  Densitometry should be 
adopted to determine IgM levels for serial evalua-
tions because nephelometry is unreliable and 
shows large intralaboratory as well as interlabora-
tory variation. The presence of cold agglutinins or 
cryoglobulins may affect determination of IgM lev-
els and, therefore, testing for cold agglutinins and 
cryoglobulins should be performed at diagnosis. If 
present, subsequent serum samples should be ana-
lyzed under warm conditions for determination of 
serum monoclonal IgM level. Although Bence-
Jones proteinuria is frequently present, it exceeds 
1 g/24 h in only 3% of cases. While IgM levels are 
elevated in WM patients, IgA and IgG levels are 
most often depressed and do not demonstrate 
recovery even after successful treatment suggest-
ing that patients with WM harbor a defect which 
prevents normal plasma cell development and/or Ig 
heavy chain rearrangements [47]. In patients with 
symptomatic neuropathy anti-MAG, antiganglio-
side and anti- sulfatide antibodies are sought.

10.6.2  Genomic Features

The common cytogenetic abnormality associated 
with WM is the 6q deletion, observed in 50% of 
patients. Other less frequent abnormalities have 
been described in WM patients: del13q, Trisomy 
4, del17p. The 17p deletion was associated with a 
shorter time to first treatment and a poor outcome 
[48, 49].

The L265P mutation of the “myeloid primary 
differentiation 88” gene (MYD88) has been first 
reported in more than 90% of MW by Treon 
using whole-genome sequencing and was rapidly 
confirmed by others [50, 51]. The MYD88 acti-

vating mutation is responsible of enhancement of 
cell survival through increase in NF-KB activity, 
JAK-STAT3 signaling and consequently cytokine 
production.

The identification of this mutation has been a 
major development in WM because it can have 
diagnostic, therapeutic, and prognostic implica-
tions [50, 52]. Mutations in the CXCR4 gene 
have been detected in 40% of patients with 
WM. More than 30 CXCR4 mutations have been 
identified and can be frameshift or nonsense. 
These mutations have not been associated with 
worse survival outcome but can affect the 
response to ibrutinib [53]. Other less common 
mutations have been described as ARID1A, 
CD79A/B, TP53, and SPi1. Their clinical value 
is under investigation [54, 55].

10.6.3  Serum Viscosity

Because of its large size (almost 1,000,000 Da), 
most IgM molecules are retained within the intra-
vascular compartment and can exert an undue 
effect on serum viscosity. Therefore, serum vis-
cosity should be measured if the patient has signs 
or symptoms of hyperviscosity syndrome [20].

10.6.4  Prognosis

WM typically presents as an indolent disease 
though considerable variability in prognosis can 
be seen. WM is preceded by asymptomatic WM 
(AWM), for which the risk of progression to 
overt disease is not well defined. Bustoros et al. 
studied 439 patients with AWM, who were diag-
nosed and observed at Dana-Farber Cancer 
Institute between 1992 and 2014. During the 
23-year study period, with a median follow-up of 
7.8 years, 317 patients progressed to symptom-
atic WM (72%). IgM 4500  mg/dL or greater, 
bone marrow lymphoplasmacytic infiltration 
70% or greater, β2-microglobulin 4.0 mg/dL or 
greater, and albumin 3.5  g/dL or less were all 
identified as independent predictors of disease 
progression. A proportional hazards model using 
bone marrow infiltration, immunoglobulin M, 
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albumin, and beta-2 microglobulin values as con-
tinuous measures divided the cohort into three 
distinct risk groups: a high-risk group with a 
median time to progression (TTP) of 1.8 years, 
an intermediate-risk group with a median TTP of 
4.8  years, and a low-risk group with a median 
TTP of 9.3 years [56].

The median survival reported in several large 
series has ranged from 8 to 10  years [57–59]. 
Most studies have focused on overall survival 
from diagnosis to last follow-up, but others have 
analyzed survival after initiation of treatment in 
patients with symptomatic WM [60, 61]. Indeed, 
a high proportion of patients died from unrelated 
causes, because of their advanced age at diagno-
sis. The rate of death unrelated to WM was esti-
mated at 20% [62].

Many prognostic factors influencing overall 
survival have been described: age, constitutional 
signs, hemoglobin, platelet, serum albumin, beta 
2 microglobulin, 6q deletion, 17p deletion, 
MyD88 status, etc.

Table 10.2 summarizes the prognostic scoring 
systems in Waldenstrom’s macroglobulinemia. 
The International Prognostic Scoring System for 
WM (IPSSWM), was developed a decade ago for 
patients with Waldenström’s macroglobulinemia 
(WM) in order to improve prognostication of 
symptomatic WM patients. It stratified patients 
into three risk groups with 5-year survival rates of 
87%, 68%, and 36% in the low, intermediate- and 
high-risk group, respectively [58]. However, 
IPSSWM formulation was based on the data of 
587 patients of which very few (4%) had received 
primary therapy with rituximab, while survival 
data did not differentiate deaths due to WM or 
other non-WM related causes, which is not 
uncommon among elderly WM patients. 
Furthermore, LDH, which is a well-identified 
prognostic factor in lymphomas, was not included 
in this model although several publications had 
suggested a significant prognostic role in WM 
[63]. Furthermore, there have been significant 
changes in the treatment of WM with the intro-

Table 10.2 Prognostic scoring systems in Waldenstrom’s macroglobulinemia

Study Adverse prognostic factors Number of groups Survival
Gobbi et al. [61] Hb <9 g/dL

Age >70 years
Weight loss
Cryoglobulinemia

0–1 Prognostic factors Median: 48 
months

2–4 prognostic factors Median: 80 
months

Dhodapkar et al. [60] B2-microglobulin (β2M) ≥3 g/
dL
Hb <12 g/dL
IgM <4 g/dL

β2M < 3 mg/dL + Hb ≥ 12 g/dL 5 year: 87%

β2M < 3 mg/dL + Hb < 12 g/dL 5 year: 63%

β2M ≥ 3 mg/dL + IgM ≥ 4 g/dL 5 year: 53%

β2M ≥ 3 mg/dL + IgM < 4 g/dL 5 year: 21%

International prognostic 
scoring system for WM
Morel et al. [58]

Age >65 year
Hb <11.5 g/dL
Platelets <100 × 109/L
β2M > 3 mg/L
IgM > 7 g/dL

0–1 Prognostic factorsa 5 year: 87%
2 prognostic factorsb 5 year: 68%
3–5 prognostic factors 5 year: 36%

Revised IPSSWM
Kastritis et al. [59]

Age (≤65 vs. 66–75 vs. 
≥76 years), B2-microglobulin 
≥4 mg/L, serum albumin <3.5 g/
dL
LDH ≥ 250 IU/L (ULN < 225)

0 Prognostic factor 5 year: 95%; 
10 year: 84%

1 Prognostic factor 5 year: 86%; 
10 year 59%

2 Prognostic factors 5 year: 78%; 
10 year 37%

3 Prognostic factors 5 year: 47%; 
10 year: 19%

4–5 Prognostic factors 5 year: 36%; 
10 year: 9%

aExcluding age
bAge >65 years
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duction of rituximab-based therapies, proteasome 
inhibitors and targeted therapies. Kastritis et  al. 
reported a revised system based on data from 492 
symptomatic patients with at least 3 years and a 
median of 7 years of follow-up, while an indepen-
dent validation cohort included 229 symptomatic 
patients. Age (≤65 vs. 66–75 vs. ≥76  years), 
b2-microglobulin ≥4  mg/L, serum albumin 
<3.5  g/dL and LDH ≥250  IU/L (ULN  <  225) 
stratified patients in five different prognostic 
groups with a 3-year WM-related death rate of 
0%, 10%, 14%, 38%, and 48% (p < 0.001) and 
10-year survival rate of 84%, 59%, 37%, 19%, 
and 9% (p < 0.001). This revised IPSSWM could 
improve WM patient risk stratification, is easily 
available, and may be used in the everyday prac-
tice to provide prognostic information [59].

10.7  Treatment of Waldenström’s 
Macroglobulinemia

10.7.1  Asymptomatic Patients

WM is an indolent B-cell lymphoma which is not 
curable by treatment approaches available today. 
In addition, there are no prospective data docu-
menting survival benefit for patients treated imme-
diately versus treated after a watch and wait period 
until emergence of lymphoma related symptoms. 
Based on this, there is consensus that only patients 
suffering from lymphoma-related symptoms 
should start treatment [64, 65]. In the case of WM 
this includes symptoms caused by circulating IgM 
paraprotein such as hyperviscosity, amyloidosis, 
symptomatic cryoglobulinemia, cold agglutinin 
disease, neuropathy, or disease- related hemoglo-
bin level less than 10 g/dL or platelet count less 
than 100 × 109 L−1. On the other hand, monoclonal 
IgM per se is not a reason to initiate treatment [65]. 
Close observation is appropriate for these patients.

10.7.2  Treatment Options

In the last years the introduction of the BTK 
inhibitor ibrutinib has led to major changes in the 

clinical management of WM, combining oral 
application with avoidance of chemotherapy for 
these mostly elderly patients [66]. Nevertheless, 
rituximab-chemotherapy is still a backbone of 
treatment in WM in many clinical situations, also 
reflected by the most recent ESMO treatment 
guidelines for WM [67]. Alkylating agents still 
play a major role and there are two regimens 
widely used in WM, which is rituximab in com-
bination with Bendamustine (B-R) and the com-
bination dexamethasone, rituximab, and 
cyclophosphamide (DRC). Fludarabine is not 
recommended anymore in WM because of partly 
severe toxicity. R-CHOP (rituximab, cyclophos-
phamide, vincristine, prednisone) can cause neu-
rotoxicity and is therefore also considered not to 
be first choice in WM. The proteasome inhibitor 
bortezomib is an important option, but also car-
ries the risk to cause neurotoxicity. In the follow-
ing section, treatment options are described in 
more detail.

10.7.3  Immunochemotherapy

10.7.3.1  DRC
A very interesting regimen was introduced by 
Dimopoulos et al. consisting of dexamethasone 
20 mg followed by rituximab 375 mg/m2 IV on 
day 1 and cyclophosphamide 100 mg/m2 orally 
bid on days 1 to 5 (DRC). This regimen was 
highly effective in a phase II trial in 72 previ-
ously untreated patients with symptomatic 
WM. An objective response was documented in 
83% of patients, including 7% with CR, 67% 
with PR.  Furthermore, the median time to 
response was 4.1  months. The 2-year progres-
sion-free survival rate for the total patient group 
was 67%, for responding patients 80% 
(Fig.  10.2). This remarking activity was paral-
leled by only moderate myelotoxicity with only 
9% of patients experiencing grade 3 or 4 hema-
tologic neutropenia and none experiencing grade 
3 or 4 thrombocytopenia [68]. The final analysis 
of this trial confirmed the high activity of this 
immunochemotherapy paralleled by a favorable 
toxicity profile [69].
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10.7.3.2  Rituximab-Bendamustine 
(B-R)

Bendamustine is a chemotherapeutic drug which 
chemically displays characteristics both of a 
purine nucleoside analog as well as an alkylating 
agent. Developed in the 60s of the last century in 
the postwar communist Eastern part of Germany 
as a competitor to established alkylating drugs 
such as cylophosphamide, it has experienced a 
rebirth based on its high efficacy in follicular lym-
phoma and its favorable toxicity profile. This 
rediscovery was largely based on a multicenter, 
randomized, open-label, noninferiority German 
trial, which randomized patients with newly diag-
nosed stage III or IV indolent or mantle-cell lym-
phoma between R-CHOP and B-R (Bendamustine 
90 mg/m2 on days 1 and 2 of a 4-week cycle) for 
a maximum of six cycles. The primary endpoint 
was progression-free survival, with a noninferior-
ity margin of 10%. Two- hundred and seventy-four 
patients were assigned to bendamustine plus 
rituximab (261 assessed) and 275 to R-CHOP 
(253 assessed). At a median follow-up of 
45 months, median PFS was significantly longer 
in the B-R arm compared to the R-CHOP group 
with 69.5 vs. 31.2  months (hazard ratio 0.58; 
p < 0.0001). B-R had a different toxicity profile 
than R-CHOP with lower rates of alopecia, less 
myelotoxicity, infections, and peripheral neuropa-
thy. A subgroup analysis comprising 41 evaluable 
patients with WM documented high response 
rates in both arms with 96% for B-R and 94% 
for  R-CHOP.  Both treatments were not able to 
induce complete remissions. However, the median 
PFS was longer for B-R with a median of 69.5 
versus 28.1 months for R-CHOP after a median 
follow-up of 46 months for the total patient popu-
lation [70]. Although this was a subgroup analysis 
with a limited number of patients, these early 
results pointed to a remarkable activity of B-R in 
WM and indicated that B-R is another highly 
attractive treatment option in this often elderly 
group of patients. In a phase II study outcome 
of  30 relapsed/refractory WM patients after 
bendamustine- containing therapy was reported. 
Patients received B-R (24 pts) or ofatumumab 
with bendamustine in the case of rituximab 

 intolerance. The median number of treatment 
cycles was 5. Overall response rate was 83.3%, 
with 5 VGPR and 20 PR. The median estimated 
PFS for all patients was 13 months. There were 
cases of prolonged myelosuppression in patients 
who received prior nucleoside analogs [71].

10.7.3.3  Bortezomib
Among the proteasome inhibitors bortezomib has 
been tested most in WM.  Several phase II trials 
have confirmed the efficacy of bortezomib used as 
a single agent in WM [72, 73]. The combination of 
bortezomib with rituximab was analysed in a 
phase II trial: 37 patients with relapsed or refrac-
tory WM were treated with Bortezomib 1.6 mg/
m2 day 1, 8, 15  in a 28 day cycle for six cycles 
combined with rituximab 375 mg/m2 day 1,8, 15, 
22 cycles 1 and 4. The median number of treat-
ment was three and 78% of the patients completed 
the treatment. This combination induced an OR of 
81% with 5% CR and 46% PR. Grade 3 or 4 toxic-
ity was acceptable with 16% leucocytopenia, 11% 
anemia and 5% neuropathy. One patient died by 
pneumonia, emphasizing that severe infectious 
complications might occur in this patient popula-
tion [74]. The same regimen was tested in 26 
untreated WM patients with 88% minor responses, 
58% partial response and 8% complete response 
or near-complete response. The 1-year event -free 
survival was 79% and importantly no grade 3/4 
neuropathy was documented [74]. A lower inci-
dence of peripheral neuropathy was observed 
using once a week bortezomib as compared to the 
incidence of grade 3 neuropathy (30%) in a study 
which utilized a twice a week schedule for bort-
ezomib administration at 1.3  mg/m2 [75]. The 
impact of once versus twice weekly bortezomib 
administration on PFS remains to be clarified. It is 
still an open question, however, whether adding 
Bortezomib to Rituximab/chemotherapy increases 
efficacy without enhancing toxicity. This impor-
tant question has to be addressed in future clinical 
trials. Another open question is, whether 
Bortezomib acts independent of the MYD88 and 
CXCR4 mutational status. There are no prospec-
tive data yet, but in a retrospective analysis 
 comprising 63 patients with WM treated with bort-
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ezomib/rituximab in the upfront or relapsed/
refractory setting as part of a phase 2 clinical trial 
PFS and OS was independent of the CXCR4 
mutational status in MYD88 mutated patients. In 
this retrospective analysis 43 patients were evalu-
able for CXCR mutations with 17 patients being 
CXCR4 mutated. All CXCR4 mutated patients 
carried also the MYD88 L265P mutation. Thus, 
this study did not allow to test the efficacy in 
MYD88 nonmutated WM [76].

10.7.4  Chemotherapy-Free 
Approaches

10.7.4.1  Rituximab
Rituximab single agent was the first widely used 
chemotherapy-free approach, in particular in the 
US before the introduction of ibrutinib. Rituximab 
single-agent therapy is less effective in WM than 
in follicular lymphoma and four weekly infu-
sions of Rituximab achieve overall response rates 
of about 20–30%. However, extended rituximab 
applications enhance response rates up to 50% 
[77]. Response is often slow after rituximab 
single- agent therapy and in particular in patients 
with signs of hyperviscosity or patients with high 
IgM values there is the danger of the so-called 
IgM flare, a transient increase of serum IgM 
immediately following initiation of rituximab 
treatment [78]. Patients with baseline serum IgM 
levels of >50 g/dL or serum viscosity of >3.5 cp 
may be particularly at risk for a hyperviscosity 
related event, and in such patients plasmaphere-
sis should be considered or rituximab should be 
omitted for the first few cycles of therapy until 
IgM levels decline to safer levels. Importantly, 
the IgM flare in response to rituximab does not 
predict treatment failure with most patients 
returning to baseline serum IgM level by 
12 weeks.

10.7.4.2  BTK Inhibitors
Targeting the BTK in WM cells has emerged as a 
key therapeutic concept in this disease. In the piv-
otal phase II study 63 symptomatic patients with 
Waldenström’s macroglobulinemia who had 

received at least one previous treatment, were 
treated with Ibrutinib at a daily oral dose of 
420 mg until disease progression or the develop-
ment of unacceptable toxicity. Efficacy data char-
acterized ibrutinib as the most effective single 
agent in the treatment of WM with an overall 
response rate of 90.5% and a major response rate 
of 73%. However, responses were dependent on 
the mutational status of MYD88 and CXCR4 
with highest responses in the MYD88Mut/
CXCR4WT, intermediate responses in the 
MYD88Mut/CXCR4Mut and lowest responses in 
the MYD88WT/CXCR4WT cases. The estimated 
2-year progression-free and overall survival rates 
among all patients were 69.1% and 95.2%, 
respectively. Treatment-related toxic effects of 
grade 2 or higher included neutropenia (in 22% 
of the patients) and thrombocytopenia (in 14%), 
which were more common in heavily pretreated 
patients; there was postprocedural bleeding in 
3% and atrial fibrillation associated with a his-
tory of arrhythmia in 5% of cases [50, 52, 66]. 
These data were confirmed for patients with 
untreated WM in a prospective study comprising 
30 patients. All patients were MYD88 mutated 
and 47% had additional CXCR4 mutations. 
Overall and major responses for all patients were 
100% and 83%, respectively, but again depend-
ing on the mutational status with a drop in major 
(94% vs. 71%) and very good partial (31 vs. 7%) 
responses for patients with mutated CXCR4 and 
delayed time to major responses in this patient 
group (1.8 vs. 7.3 months; p = 0.01) [79]. Based 
on the observation that ibrutinib single agent has 
less activities in CXCR4 mutated patients and in 
patients with nonmutated MYD88 and CXCR4, a 
large international prospective study was initi-
ated randomizing 150 patients with treatment 
naive or pretreated WM between ibrutinib plus 
rituximab or placebo plus rituximab. Primary 
endpoint was PFS, which was significantly supe-
rior in the ibrutinib arm at 30 months (82% with 
ibrutinib–rituximab versus 28% with placebo–
rituximab; hazard ratio for progression or death, 
0.20; p < 0.001) (Fig. 10.1). Of note, the combi-
nation showed efficacy largely independent of 
the mutational status of MYD88 and CXCR4, 
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demonstrating that addition of rituximab to ibru-
tinib can increase response, time to response and 
PFS in WM with double-mutated MYD88 and 
CXCR4 as well as in WM with both genes non-
mutated (Fig. 10.2). Atrial fibrillation and hyper-
tension of grade 3 or higher occurred more 
frequently with ibrutinib–rituximab than with 
placebo–rituximab (12% vs. 1% and 13% vs. 4%, 
respectively); in contrast, infusion reactions and 
any grade of IgM flare occurred less frequently in 

the ibrutinib arm (1% vs. 16% and 8% vs. 47%, 
respectively). Based on these data ibrutinib in 
combination with rituximab was approved for 
treatment naive and relapsed patients with WM 
by the FDA and the EMA [80]. As rituximab is 
still widely used as part of the initial treatment of 
WM first line, the question whether ibrutinib acts 
in rituximab-refractory patients is clinically rele-
vant. In a small prospective observational study 
comprising 31 rituximab refractory WM patients, 
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ibrutinib single agent demonstrated comparable 
activity as shown in the pivotal trial for relapsed 
patients, underlining that in this patient popula-
tion ibrutinib is a valid treatment option [81].

Second-generation BTK inhibitors are charac-
terized by less off-target effects and aim at 
increasing efficacy and reducing side effects seen 
with ibrutinib. More recently, a randomized Phase 
II trial reported excellent results in 102 patients 
with treatment naive or relapsed WM with single-
agent acalabrutinib, given 100  mg twice a day 
until progression or nontolerated toxicity. After a 
median follow-up of 27 4 months response rate 
was 93% for treatment naive patients and 93% for 
relapsed/refractory patients. There seemed to be 
less atrial fibrillation compared historically to 
ibrutinib [82]. Zanubrutinib, another second-gen-
eration BTK inhibitor has shown encouraging 
data in CLL and in a limited number of WM 
patients and is currently tested in a randomized 
phase III trial in MYD88 mutated patients in a 
head-to-head comparison with single- agent ibru-
tinib (ClinicalTrials.gov: NCT03053440) [83]. 
Longer follow-up of the aforementioned study is 
needed to confirm whether these new BTK inhibi-
tors are indeed more efficient and/or less toxic 
compared to ibrutinib in WM.

10.7.5  Maintenance Therapy

A role for maintenance rituximab in WM patients 
following response to a rituximab containing 
regimen was raised in a study examining the out-
come of 248 WM rituximab naïve patients who 
were either observed or received maintenance 
rituximab.157 In this retrospective study, categori-
cal responses improved in 16/162 (10%) of 
observed patients, and in 36/86 (41.8%) of 
patients who received maintenance rituximab 
following induction therapy. Both progression- 
free (56.3 vs. 28.6 months) and overall survival 
(>120 vs. 116  months) were longer in patients 
who received maintenance rituximab [71]. In a 
recently reported randomized phase III study, 
treatment naive WM patients were randomized 

between rituximab maintenance every 8  weeks 
for 2 years versus observation after initial 
rituximab- bendamustine induction therapy. 
There was no significant difference in PFS, the 
primary endpoint of the study, between the two 
groups, so that rituximab maintenance is not gen-
erally recommended outside of clinical trials in 
this disease [84].

10.8  High-Dose Therapy and Stem 
Cell Transplantation

Autologous stem cell transplantation and allo-
genic stem cell transplantation (SCT) is a valid 
treatment option in clinically aggressive WM: 
the European Bone Marrow Transplant (EBMT) 
registry reported on 158 patients who under-
went autologous SCT with a 5-year PFS and 
OS of 39.7% and 68.5%, respectively. Non-
relapse mortality at 1 year was 3.8%. 
Chemorefractory disease and the number of 
prior lines of therapy at time of the autologous 
SCT were the most important prognostic fac-
tors for both parameters. Either myeloablative 
(n  = 37) or reduced- intensity (n  = 49) alloge-
neic SCT was associated in a total of 86 patients 
with a relapse rate at 3 years of 11% for mye-
loablative, and 25% for reduced-intensity con-
ditioning regimens. Five year PFS and OS was 
56% and 62% for myeloablative, and 49% and 
64%, for received reduced intensity condition-
ing, respectively. The occurrence of chronic 
graft-versus-host disease was associated with 
improved progression-free survival, indicating 
a clinically relevant graft- versus- WM effect. A 
consensus document on the role of transplanta-
tion in WM was reported recently, stating that 
autologous SCT is not appropriate as part of 
first-line therapy in patient responding to induc-
tion therapy, but is a treatment option following 
second or subsequent relapses in high-risk 
patients with chemosensitive disease and that 
allogeneic SCT should not be considered in 
patients, not treated with BTK inhibitors so far 
[85, 86].
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10.9  Future Developments

WM is an example, which demonstrates that 
insights into the biology has been successfully 
translated into clinical concepts as shown for the 
class of BTK inhibitors. Following this line and 
in the light of activating CXCR4 mutations in up 
to 40% of patients, clinical trials have been initi-
ated with CXCR4 antagonists with the idea to 
optimize treatment outcome particularly in 
patients with the MYD88mut /CXCR4mut geno-
type. WM comprises a cellular compartment with 
plasmacytic differentiation, being responsible for 
the IgM production of the malignant clone. These 
cells are positive for CD38, and trials are ongoing 
testing daratumumab in patients with WM. BCL-2 
is highly expressed in WM cells largely indepen-
dent of the genotype, and first data have shown 
promising activity of the BCL-2 inhibitor veneto-
clax in relapsed/refractory MYD88mut WM.  In 
addition, proteasome inhibitors, which are orally 
available and have less neurotoxicity, are tested 
in this disease (Fig.  10.3). All these examples 

demonstrate that in WM new treatment 
approaches are rapidly emerging, promising 
establishment of therapies which are highly effi-
cient and avoid chemotherapy—associated side 
effects.
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(classical), CLL-like (small-cell) 
lymphoblast-like (blastoid) or 
large, like DLBCL (pleomorphic). 
Rare subtypes: Marginal-zone-
like or lymphoplasmacytoid.

Histology Variable growth pattern: 
mantle-zone with preserved GC, 
nodular and diffuse pattern.

Clinical outline
Primarily a nodal disease of the adult and elderly. Frequently advanced stage with dissemination to bone marrow and
other extranodal sites. The leukemic non nodal variant represents a clinic-biological subset, featuring a leukemic
picture with splenomegaly and no nodal disease.

Mantle cell lymphoma (MCL)

Main differential
diagnosis

CLL (should be CD23+, cyclin D1 negative and CD200+, the latter frequently used in
flow cytometry). CD200+ in some leukemic non-nodal MCL.
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Clinically relevant pathologic
features 

Relevance Evidence

Proliferation Prognostic: Ki67 is integrated in prognostic indexes (combined with
MCL international prognostic index, MIPI)

A

TP53 Prognostic: unfavorable outcome (either defined by deletion and/or
mutation or protein overexpression by immunohistochemistry)

A

Phenotypic markers Prognostic: p53 overexpression (unfavorable) 

Prognostic: lack of SOX11 is common in the leukemic variant
(favorable) but is also recurrent in MCL with aggressive cytology
and/or with higher  incidence of TP53 anomaly (unfavorable)

A

C

Cytology Prognostic: blastoid or pleomorphic cytology (unfavourable) B

Leukemic non-nodal MCL Blood, bone marrow and spleen involvement but no or little nodal 
disease. Clinical presentation associated with molecular features
(lack  of Sox11 expression, somatic IGHV hypermutation, low level
genetic aberrations) and favourable outcome.

B

Legend: A = verified in multiple studies, randomized trials and/or integrated in guidelines; B = variable between studies/
needs definitive validation; C = preliminary/discrepant results.

Key molecular features

Cell cycle dysregulationand genomic instability due to altered DNA damage response.

Frequent translocations: t(11;14)(q13;q32) in more than 95% of cases. Rarelytranslocations involving cyclin D2,
BCL6 or MYC.

Frequent copy number alterations: gains of 3q26, 7p21, 8q24 (MYC), loss of 1p13-21, 6q23-27 (TNFAIP3),
9p21 (CDKN2A), 11q22-23 (ATM), 13q11-13, 13q14-34, 17p13 (TP53). 

Frequent mutations: ATM, CCDD1, KMT2D, NOTCH1/2, TP53 

Precursor lesions

Circulating t(11;14)-positive lymphocytes in healthy donors; in situ mantle cell neoplasia.

Progression

Tendency to acquire genetic aberrations, higher proliferation and blastic morphology at relapse/progression. By
definition such progression classified as MCL (and not as diffuse large B-cell lymphoma).

 

E. Silkenstedt et al.

mailto:elisabeth.hoering@med.uni-muenchen.de
mailto:martin.dreyling@med.uni-muenchen.de
mailto:martin.dreyling@med.uni-muenchen.de
mailto:simon.rule@nhs.net


165

11.1  Definition and Epidemiology

Mantle cell lymphoma (MCL) was originally 
named centrocytic lymphoma. In 1992, the term 
mantle cell lymphoma was adopted for this entity 
because of morphologic and immunophenotypic 
similarities of the malignant cells to lymphocytes 
of the mantle zone of germinal centers [1].

Since the introduction of the Revised European-
American Classification of the International 
Lymphoma Study Group (R.E.A.L. classification) 
in 1994, mantle cell lymphoma is regarded as a 
distinctive lymphoma subtype in the nowadays 
renowned World Health Organization classifica-
tion of malignant lymphoid disorders [2].

MCL occurs with an incidence of 1–2 per 
100,000 people per year and accounts for 5–7% 
of malignant lymphomas in Western Europe. The 
median age is around 65  years with a male to 
female ratio of about 3:1 [3].

11.2  Histology 
and Immunophenotype

The affected lymph node shows effacement of 
the nodal architecture with an infiltrative process 
with pathological features that may include dif-
fuse, vaguely nodular, mantle zone, or rarely fol-
licular patterns, or a combination of these. A 
prominent meshwork of follicular dendritic cells 
is usually present [4]. A mantle zone pattern may 
represent an earlier phase of the disease [5].

The cytologic features in classical MCL cases 
consist of small- to intermediate-size cells with 
irregular, cleaved nuclei, dense chromatin, and 
indistinct nucleoli. Centroblasts and immuno-
blasts are typically absent, thus facilitating differ-
entiation to other lymphoma subtypes, especially 
follicular lymphoma [2, 4].

A leukemic non-nodal variant, resembling 
chronic lymphocytic leukemia (CLL), usually 
missing SOX11 expression, is associated with a 
more indolent course [6]. In contrast, the blastoid 
variant, characterized by neoplastic cells resem-
bling lymphoblasts, with dispersed chromatin, 
prominent nucleoli, and high mitotic figures and 
often featuring high proliferation rates, displays 

a more aggressive clinical course, whereby a 
Ki-67 ≥  30% can be considered prognostically 
relevant [2, 4, 7].

Immunophenotypically, the cells resemble 
the lymphocytes in the mantle zone of normal 
germinal follicles with co-expression of B-cell 
antigens at variable intensities (CD19, CD20, 
CD79a, secretory immunoglobulin sIgM, sIgD) 
accompanied by diagnostically relevant aber-
rant expression of the T-cell–associated marker 
CD5+. Based on their predominantly pregermi-
nal center origin, MCL cells stain strongly for 
the antiapoptotic protein BCL-2 but are nega-
tive for germinal center markers like CD10 and 
BCL-6 [2].

In contrast to CLL, FMC7 and CD38 are 
commonly positive, whereas expression of 
CD23 is absent [4]. Because of the morpho-
logic heterogeneity of MCL, detection of MCL 
genetic hallmark, either by immunohistochem-
istry (cyclin D1 overexpression) or fluorescence 
in situ hybridization (chromosomal transloca-
tion t(11;14) (q13;q32)), is crucial to confirm 
the diagnosis. In rare cases that are negative for 
cyclin D1, cyclin D2 or cyclin D3 may be over-
expressed [2]. Furthermore, staining for SOX11, 
a transcription factor specifically expressed in 
more than 90% of MCL cases, may help to estab-
lish the diagnosis [8]. In analogy to follicular 
lymphoma, an “in situ” mantle cell lymphoma 
has to be distinguished from the diagnosis of a 
manifest classical MCL. In these cases, the lym-
phoma involvement is limited to the inner mantle 
zone, and lymphoma cells express cyclin D1 
(BCL-1) and CD5 and are weakly BCL2+ [4].

11.3  Pathogenesis, Cytogenetics, 
and Molecular Genetics

The chromosomal t(11;14)(q13;q32) transloca-
tion is the genetic hallmark of MCL and consid-
ered the primary oncogenic event in the 
pathogenesis leading to overexpression of cyclin 
D1 and dysregulation of cell cycle at the G1–S 
phase transition [9, 10]. Furthermore, the consti-
tutive activation of the B-cell receptor (BCR) and 
its downstream signaling pathways plays an 
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important role in the development of the disease 
[11–13].

Additionally, genomic profiling revealed a 
high number of secondary genetic alterations 
and recurrent mutations affecting, for example, 
regulation of cell cycle, DNA damage response, 
and apoptosis pathways that contribute to the 
pathogenesis and aggressiveness of MCL [11]. 
Mutation of the ataxia-telangiectasia mutant 
(ATM) gene facilitates genomic instability in 
lymphoma cells through impaired response to 
DNA damage. Phosphoinositide 3′-kinase (PI3K) 
and mammalian target of rapamycin (mTOR) are 
important downstream targets of this signaling 
pathway. MCL has one of the highest levels of 
genomic instability among the malignant lym-
phoid neoplasms. These genetic abnormalities 
include losses in chromosomes 1p13–p31, 2q13, 
6q23–27, 8p21, 9p21, 10p14–15, 11q22–23, 
13q11–13, 13q14–34, 17p13, and 22q12; gains 
in chromosomes 3q25, 4p12–13, 7p21–22, 
8q21, 9q22, 10p11–12, 12q13, and 18q11q23; 
and high-copy-number amplifications of certain 
chromosomal regions.

Recurrent somatic mutations have been, 
among others, detected in CCND1 (~7–35%), 
WHSC1 (~10%), KMT2D/MLL2 (~14–15%), 
BIRC3, MEF2B, and NOTCH1/2 (all <10%) [14, 
15]. Yet, prognostic and functional relevance 
remains unclear for most of the mutations and 
is currently under further investigation. Genetic 
mutations that have been described to be asso-

ciated with a poor clinical outcome affect TP53 
and NOTCH1/2 [14, 16–18].

11.4  Prognostic Factors

Important clinical and serological factors, associ-
ated with a worse clinical outcome, include age, 
poor general condition, advanced stage of disease 
(Ann Arbor stage III or IV), splenomegaly and 
anemia, the serum level of β2-microglobulin and 
LDH, blastoid cytology, extranodal presentation, 
and constitutional symptoms. A prognostic score 
that has been confirmed in numerous series, the 
MIPI (MCL International Prognostic Index), was 
established implementing four independent prog-
nostic factors: age, performance status, LDH, and 
leukocyte count (Fig. 11.1) [19, 20].

Yet, the most important prognostic marker 
independent of clinical features is the prolifera-
tion rate and the expression of genes related to 
proliferation, respectively. A cell proliferation 
gene signature that distinguishes patient subsets 
that differ by more than 5 years in median sur-
vival has been identified [21, 22]. In the clinical 
setting, immunohistochemical determination of 
Ki-67 expression, a cell cycle–related protein, 
has been prospectively confirmed as a reliable 
prognostic marker and is, in combination with 
the MIPI (MIPI-c), a highly recommended tool 
to estimate individual risk profile and to identify 
high-risk patients (Ki-67 > 30%) who may qual-
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ify for more aggressive therapeutic approaches 
[7, 23, 24] (Fig. 11.2).

11.5  Clinical Presentation

MCL typically presents with lymphadenopathy 
of several sites; most of the patients are diag-
nosed with advanced-stage disease (Ann Arbor 
stage III, IV). Extranodal manifestations occur in 
90% of patients, including infiltration of bone 
marrow (53–82%), blood (50%), liver (25%), and 
the gastrointestinal tract (20–60%), presenting as 
polyposis coli [3, 25]. The spleen is enlarged in 
40% of patients [3]. In some cases, leukemic 
manifestation in combination with massive sple-
nomegaly is clinically prominent. These non- 
nodal, leukemic cases are often characterized by 
a more indolent clinical course, sometimes char-
acterized by a very low Ki-67 index and missing 
SOX11 expression [6].

The patient may be asymptomatic, but some 
experience fever, night sweats, or weight loss.

The frequency of CNS disease is low at first 
diagnosis but increases with subsequent relapses 
and correlates with elevated lactate dehydroge-
nase (LDH), blastoid cytology, and cell prolifera-
tion (Ki-67) [26].

11.6  Diagnosis and Differential 
Diagnosis

Tissue diagnostic, preferentially lymph node 
excision, is crucial for diagnosis of MCL. 
Immunohistochemical workup of expression pat-
tern of B- and T-cell antigens and immunoglobu-
lins and cytogenetic analysis or FISH diagnostic 
to identify the t(11;14) translocation are usually 
sufficient for diagnosis finding. In the rare cases 
of cyclin D negativity, expression of SOX11 may 
be helpful to support the diagnosis of MCL. The 
clinical presentation of MCL may resemble CLL 
or other indolent nodal lymphomas. Therefore, 
immunohistochemical differentiation from other 
entities is of great importance. There are overlap-
ping cytologic features between CLL/SLL and 
MCL. Also, the vaguely nodular patterns in MCL 
and the pseudo-follicles in CLL/SLL may resem-
ble one another. The immunophenotype of CLL 
is also similar, with co- expression of immuno-
globulin IgM and IgD and of the B-cell–associ-
ated antigens CD19 and CD20 and aberrant 
expression of the T-cell antigen CD5. In contrast 
to MCL cells, however, CD23 is typically highly 
expressed in CLL, and unlike CLL, MCL cells 
express FMC7, CD79a, and BCL-1 nuclear pro-
tein. The vague nodular pattern in MCL may 
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mimic follicular pattern in FL, and like FL, MCL 
is positive for CD20 and BCL-2, but in contrast 
to FL, the neoplastic cells of MCL lack centro-
blasts and immunoblasts and do not express 
CD10 and BCL6. However, as these expression 
patterns vary, analysis of cyclin D1 overexpres-
sion or t(11;14) remains crucial to confirm or 
exclude the diagnosis of MCL [4].

To define the clinical stage, a CT scan of 
the neck, chest, and abdomen is recommended. 
Extranodal manifestations occur in >90% of 
patients; further interventional diagnostic such as 
endoscopic evaluation is only recommended for 
symptomatic patients and, because of the therapeu-
tic consequence, to confirm (rare) early stages [3]. 
If CNS involvement is clinically suspected, liquor 
diagnostic should be supplemented. Diagnostic 
recommendations are summarized in Table 11.1.

11.7  Therapy

The clinical course of MCL is characterized by 
generally high initial response rates; however, 
early relapses are frequent, and most patients fol-
low an aggressive clinical course. Nevertheless, 
10–15% of patients present with a more indolent 
subtype. These cases are commonly character-
ized by a leukemic, non-nodal lymphoma mani-

festation or a very low Ki-67 index (<10%). In 
these cases, watchful waiting under close moni-
toring is considered an appropriate strategy [27]. 
Yet, the majority of cases require an early treat-
ment initiation even though advanced-stage dis-
ease (stage III/IV) is still considered incurable.

11.7.1  Localized Stage

In the (rare) early stages I and II with low tumor 
burden, long-term remissions after involved-field 
radiotherapy (30–36 Gy) have been reported [28]. 
In contrast, in a randomized trial, frequent early 
relapses after radiotherapy alone were observed 
[29]. Therefore, in these localized cases, a short-
ened immunochemotherapy followed by a consoli-
dating radiotherapy is considered most appropriate.

11.7.2  Advanced Stage

11.7.2.1  Conventional Chemotherapy
Due to the characteristic aggressive clinical 
course of MCL, an anthracycline-containing che-
motherapy regimen is considered the standard 
chemotherapy backbone in the treatment of MCL 
[3], even though a small randomized trial did not 
confirm a major clinical benefit [30].

Table 11.1 Diagnostic recommendations

Laboratory workup • Blood and differential count.
•  Serologic diagnostic including LDH, uric acid, liver and renal function, electrophoresis.
•  Optional: ß2-microglobulin, immune fixation.
•  FACS (in >20% of cases detection of circulating MCL cells).
•  In the case of clinical suspicion: liquor diagnostic (cell count, cytology, 

immunohistochemistry).
• Hepatitis B/C and HIV serology.

Tissue diagnostic •  Preferably excisional lymph node biopsy (cytology, immunohistochemistry, 
cytogenetic/FISH).

•  Bone marrow aspiration and biopsy (cytology, immunohistochemistry, cytogenetic/FISH).
Imaging • CT neck, chest, abdomen, pelvis.

• Abdominal ultrasound .
•  MRI only in selected locations (CNS).
•  If clinically symptomatic or in early stages: gastroscopy, colonoscopy.
•  PET-CT prior to radiation in early stages.

Toxicity scans • Creatinine clearance.
• Electrocardiogram.
• Cardiac ultrasound.
• Pulmonary function (before ASCT).
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11.7.2.2  Combined 
Immunochemotherapy

Monotherapy with the anti-CD20 antibody ritux-
imab showed only limited effectivity with 
response rates of approximately 25% [31] and 
should therefore be used only in medically unfit 
patients who are not able to tolerate cytotoxic 
therapy. However, addition of rituximab to con-
ventional chemotherapy improved complete 
response rates, overall response rates, and overall 
survival. In a randomized trial, combination of 
rituximab and CHOP resulted in a significant 
improvement of response rates (94% vs. 75%) 
and time-to-treatment failure (21 vs. 14 months) 
[32]. Different trials confirmed superior response 
rates and improved overall survival (Table 11.2) 
[33–37], making immunochemotherapy the stan-
dard of care in both first-line and relapsed set-
tings for patients with advanced-stage MCL.

In several phase 3 trials, different immunother-
apy regimens were compared: A bendamustine- 
based combination resulted in similar response 
rates (93% vs. 91%) and was even superior in pro-
gression-free survival (PFS) (35 vs. 21 months). 
Most importantly, a more favorable toxicity pro-
file was observed, particularly with regard to 
alopecia and peripheral neuropathy, making the 
bendamustine and rituximab (BR) regimen a 
useful alternative and currently the most favored 
regimen especially in elderly patients [35]. In con-
trast, a combination of rituximab with cyclophos-
phamide, vincristine, and prednisone (R-CVP) 

resulted in significantly inferior response rates 
and PFS [37]. Similarly, fludarabine-based com-
binations (R-FC: rituximab with fludarabine and 
cyclophosphamide) reached significantly worse 
overall survival rates (46% vs. 62% at 4 years) to 
those achieved with R-CHOP and resulted in pro-
longed cytopenias [36]. Therefore, this regimen 
cannot be recommended for first-line therapy of 
patients with MCL.

11.7.2.3  Therapy in Patients 
≤65 years

In young and fit patients (≤65  years), a dose- 
intensified concept containing an immunochemo-
therapy induction followed by a high-dose 
consolidation regimen and autologous stem cell 
transplantation (ASCT) constitutes the current 
standard of care [3]. In several studies, either inten-
sified up-front therapy or the addition of high-dose 
consolidation followed by ASCT resulted in 
impressive survival rates (Table 11.3) [38–41].

Induction: Dose-Intensified, Cytarabine- 
Containing Regimen
Promising results were achieved by sequential 
application of R-CHOP and the cytarabine- 
containing R-DHAP regimen (rituximab, dexa-
methasone, high-dose cytarabine, cisplatin): four 
cycles of R-DHAP following four cycles of 
R-CHOP improved CR rates from 12% to 57% 
[38]. Similarly, the rituximab plus hyperfraction-
ated cyclophosphamide, vincristine, doxorubicin, 

Table 11.2 Conventional immunochemotherapy in newly diagnosed MCL

Author (year) Phase
Number of 
patients Regimen ORR (CR) %

Median PFS 
(months) Median OS %

Howard [33] 
(2002)

II 40 R-CHOP 96 (48) 17 95 (3 years)

Herold [34] (2015) III 90 MCP
R-MCP

63 (15)
71 (32)

34.9
93.4

55.9 (8 years)
76.1 (8 years)

Rummel [35] 
(2013)

III 94 R-CHOP
BR

91 (30)
93 (40)

21
35

No difference

Kluin- Nelemans 
[36] (2012)

III 560 R-CHOP
R-FC

86 (34)
78 (40)

28 (TTF)
26 (TTF)

62 (4 years)
47 (4 years)

Flinn [37] 2019 III 447 B

R-CHOP/
R-CVP

97

91

65.5% 
(5 years)
55.8% 
(5 years)

No difference

ORR overall response rate, CR complete response, PFS progression-free survival, OS overall survival, R rituximab, 
CHOP cyclophosphamide/doxorubicin/vincristine/prednisone, MCP mitoxantrone/chlorambucil/prednisone, BR 
bendamustine/rituximab, R-FC rituximab/fludarabine/cyclophosphamide

11 Mantle Cell Lymphoma



170

and dexamethasone (R-hyper-CVAD) regimen 
achieved high complete response rates and long- 
term remissions [39]. However, this regimen is 
hampered by significant therapy-associated 
 toxicity, including secondary malignancies, and 
should only be considered in young, fit patients 
[43, 44]. In a large, randomized European trial, 
the administration of the R-CHOP/DHAP regi-
men compared to administration of R-CHOP 
alone prior to myeloablative consolidation with 

ASCT more than doubled time-to-treatment fail-
ure (TTF) (109 vs. 47 months) [40] (Fig. 11.3).

Consolidation: Autologous Stem Cell 
Transplantation
In several studies, the addition of high-dose con-
solidation followed by autologous stem cell trans-
plantation (ASCT) resulted in impressive survival 
rates [38, 40, 41]. A large randomized trial proved 
that consolidation by myeloablative radiochemo-
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Fig. 11.3 Time-to-treatment failure (TTF) after cytarabine-containing induction therapy (alternating R-CHOP/R-DHAP) 
followed by ASCT compared to R-CHOP alone [40]

Table 11.3 Dose-intensified regimens in newly diagnosed MCL

Author (year)
Number of 
patients

Induction 
regimen

Consolidation 
regimen ORR (CR) %

Median PFS 
(years)

Median OS% 
(years)

Delarue [38] 
2013

60 R-CHOP/R-
DHAP

ASCT 100 (96) 6.9 75% (5 years)

Chihara [39] 
2016

97 R-hyper-
CVAD/MA

– 90 (87) 4.8 10.7 years

Hermine [40] 
2016

455 R-CHOP ASCT 90 (63) 4.3 69% (5 years)
R-CHOP/R-
DHAP

ASCT 94 (61) 9.1 76% (5 years)

Le Gouill [41] 
2017

299 R-DHAP ASCT +  
R-maintenance

89 (after 
induction)

79% (4 years) 89% (4 years)

R-DHAP ASCT +  
observation

61% (4 years) 80% (4 years)

Eskelund [42] 
2016

159 R-CHOP/R-
high-dose 
cytarabine

ASCT 12.7 8,5

Dose-intensified therapy in newly diagnosed MCL. ORR overall response rate, CR complete response, PFS progres-
sion-free survival, OS overall survival, R rituximab, CHOP cyclophosphamide/doxorubicin/vincristine/prednisone, 
DHAP dexamethasone/high-dose cytarabine/cisplatin/dexamethasone, hyper-CVAD cyclophosphamide/doxorubicin/
vincristine/dexamethasone, MA high-dose methotrexate/high-dose cytarabine
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therapy followed by ASCT in first remission sig-
nificantly prolonged PFS (3.3 vs. 1.5  years) 
(Fig. 11.4) and OS [45, 46] independently of the 
addition of rituximab. A retrospective comparison 
of different trials showed a benefit of a total-body 
irradiation (TBI)–containing high-dose consoli-
dation only in patients having achieved partial 
remission after induction, whereas the addition of 
conventionally dosed radioimmunotherapy did 
not result in this benefit [47].

Unfortunately, even after such intensive consoli-
dation regimens, a majority of patients relapses. This 
might be due to contamination of stem cell products 
with circulating MCL cells. Promising results were 
achieved by “in vivo purging” with a rituximab-con-
taining induction regimen before apheresis, showing 
further improvement of long-term survival.

Maintenance
Rituximab maintenance after ASCT is currently 
considered standard of care for younger patients 
with MCL based on the results of a large phase 
III trial showing a significant optimization of PFS 
(83% vs. 64% after 4  years) and OS (89% vs. 
80% after 4  years) after 3  years of rituximab 
maintenance compared to observation only [41].

Recently, another phase III trial revealed a ben-
efit from a lenalidomide maintenance after autol-
ogous transplantation with improved PFS (80% 
vs. 64% after 3 years) compared to observation 
[48]. However, due to the elevated toxicity profile 
(especially hematotoxicity), lenalidomide main-
tenance should be only considered in patients not 
suitable to receive rituximab.

Radioimmunotherapy
Radioimmunotherapy as another alternative for 
treatment optimization has been evaluated in sev-
eral studies. Applied to relapsed/refractory man-
tle cell lymphoma patients, radioimmunotherapy 
has achieved long-term remissions in some 
patients, although efficacy as a single approach is 
limited, with a median time to progression of 
only 5  months [49, 50]. Radioimmunotherapy 
consolidation after a shortened R-CHOP induc-
tion resulted in a 10-year overall survival of 56% 
(younger patients) and 33% (older patients), 
respectively, thereby proving as an active regi-
men for initial treatment of MCL [51].

11.7.2.4  Therapy in Patients 
>65 Years

Induction
The group of the over 65-year-olds ineligible for 
transplantation presents very heterogeneous 
regarding physical and cognitive performance. Fit 
patients >65  years should receive conventional 
immunochemotherapy followed by rituximab 
maintenance [36]. A combination of bortezomib, 
rituximab, cyclophosphamide, doxorubicin, and 
prednisone (VR-CAP) represents the new stan-
dard induction therapy for this group of patients 
based on a recently published international phase 
III trial comparing R-CHOP with VR-CAP. In this 
trial, VR-CAP doubled overall survival (OS) after 
82  months compared to R-CHOP (90.7 vs. 
45.7  months). However, hematologic toxicity 
(especially grade ≥3 thrombocytopenia) was 
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 significantly increased in the experimental arm 
(57% vs. 6%) [52].

The combination of rituximab, bendamustine, 
and cytarabine (R-BAC) offers another useful 
option [53]. Yet, this regimen was accompanied 
by severe hematotoxicities and should therefore 
only be administered to very fit older patients 
with high-risk features (e.g., blastoid variant, 
high LDH count).

Alternatively, for patients not qualifying for 
such intensive therapy regimens, R-bendamustine 
offers an appropriate alternative. This combina-
tion resulted in similar response rates (93% vs. 
91%) compared to R-CHOP and was even supe-
rior in progression-free survival (PFS) (35 vs. 
21 months) with a more favorable toxicity profile 
observed [35]. In frail patients, choice of therapy 
should mainly be aimed at control of symptoms.

Taken together, VR-CAP and BR represent 
the current standard approaches in older patients, 
who represent the majority of MCL patients. 
Based on clinical presentation, BR may be pref-
erable especially in patients with a more indolent 
CLL-like presentation or in patients not qualify-
ing for aggressive regimens, whereas VR-BAC 
seems to be appropriate in the more aggressive 
cases. Especially in blastoid variants, one might 
consider cytarabine-containing regimens based 
on the improved results in younger patients [40].

Maintenance
A large, randomized, European phase III trial 
confirmed that rituximab maintenance compared 
to interferon maintenance clearly improved PFS 
and OS after induction therapy with R-CHOP 
(5-year PFS R vs. IFN 51% vs. 22%, 5-year OS 
R vs. IFN 79% vs. 59%) [54] so that rituximab 
maintenance is now generally recommended.

11.7.3  Recurrent and Refractory 
Disease

Relapsed disease is often characterized by an even 
more aggressive clinical course. Resistance of MCL 
to conventional doses of chemotherapy becomes 
especially apparent in these relapsed cases. 
Conventional immunochemotherapy options, some 

of them highly effective in first- line treatment, 
achieve only short-term remissions in relapsed dis-
ease [55–59].

11.7.3.1  Allogenic Transplantation
For younger patients, the option of allogeneic 
transplantation as a curative approach should be 
discussed early, based on the observed graft- 
versus- lymphoma activity in MCL.  Reduced- 
intensity conditioning may be applicable also in 
patients older than age 60  years. Yet, 
transplantation- associated severe acute and 
delayed toxicities, including chronic graft- 
versus- host disease and 20–25% treatment- 
related mortality, are frequent [60–63]. Therefore, 
allogeneic transplantation is not recommended in 
the first-line setting and should only be discussed 
in relapsed disease [3, 60–63]. Recently, the high 
efficacy of CAR T-cell therapy has been also con-
firmed in relapsed MCL even in the patient subset 
with high-risk features and may become the pre-
ferred alternative based on the more favorable 
toxicity profile [64].

11.7.3.2  Molecular Targeted 
Therapies

For patients not eligible for allogeneic transplan-
tation, salvage immunochemotherapies or molec-
ular targeted therapies should be applied. Yet, 
chemotherapy alone has only short-term activity 
in relapsed disease. Several targeted therapy 
approaches have been investigated in different 
studies as single agents or in combination with 
immunochemotherapies or other targeted thera-
pies (Table 11.4).

Targeting the B-cell receptor pathway with the 
Bruton’s tyrosine kinase (BTK) inhibitor ibrutinib 
resulted in remarkable response rates leading to its 
approval in relapsed MCL. In a large international 
phase II study, response rates of 68% were achieved 
with ibrutinib in patients with relapsed disease. The 
combination with rituximab was effective in all 
cases with low Ki-67, whereas in highly proliferat-
ing disease, only half of the patients responded to 
this approach [13]. A pooled analysis of the results 
of three different trials testing ibrutinib as mono-
therapy revealed overall response rates of 66% 
with median PFS and OS of 12.8 and 25 months, 
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respectively [84]. The compound is very well tol-
erated with only slight immunosuppression, bleed-
ing, and atrial fibrillation being the predominant 
side effects. Yet, in patients with mutations in the 
P53 gene, median PFS was significantly worse 
[84]. Furthermore, patients suffering early relapses 
after ibrutinib therapy demonstrated very aggres-
sive clinical courses [85]. For this patient cohort, 
a monotherapy with the B-cell-lymphoma 2 (bcl2) 
inhibitor Abt-199 (venetoclax) might be a promis-
ing alternative, as a phase I trial showed response 
rates of 75% in patients with relapsed MCL [81] 
and 60% in patients having received prior ibrutinib 
therapy [86].

Second-generation BTK inhibitors such as 
acalabrutinib are currently being tested in dif-
ferent trials with promising results especially 

regarding tolerability [83]. Furthermore, BTK 
inhibitors combined with immunochemotherapy 
or other targeted therapies are under investiga-
tion. Recently, the combination of ibrutinib and 
venetoclax proved to be highly effective in a 
small study cohort [82].

Immunomodulatory drugs represent another 
molecular therapeutic approach. Various stud-
ies confirmed a benefit of the orally available 
lenalidomide in relapsed MCL, with response 
rates of 35–50% [71–74]. In a randomized phase 
II trial, this approach was superior to monoche-
motherapy (response rate 46% vs. 23%) [73]. 
Based on an in  vitro synergism, lenalidomide 
in combination with rituximab resulted in long-
lasting remissions in first-line therapy of a rather 
low- risk patient cohort [75].

Table 11.4 Molecular targeted therapies in MCL

Regimen Phase
Number of 
patients ORR (CR) % Median PFS (years) Author (year)

Bortezomib Phase II 141 33 (8)  6.7 (TTP) Goy [65]
Bortezomib + R-HAD Retrospective 8 50 (25) 5 Weigert [66]
CHOP vs. 
bortezomib + CHOP

Phase II 46 48 (22)
83(35)

17
8

Furtado [67]

Temsirolimus 175/75 mg vs. 
temsirolimus 175/25 mg vs. 
chemotherapy

Phase III 162 22 (2)
6 (0)
2 (2)

4.8
3.4
1.9

Hess [68]

Temsirolimus + BR Phase I/II 32 87 (8) 18 Hess [69]
R + temsirolimus Phase II 69 59 (19) 9.7 Ansell [70]
Lenalidomide Phase II 134 28  (88) 4 Goy [71]
Lenalidomide Phase II 57 35 (12) 8.8 Zinzani [72]
Lenalidomide vs. 
monochemotherapy

Phase II 170
84

46 (11)
23 (8)

8.7
5.2

Trneny [73]

Lenalidomide + rituximab Phase II 44 57 (36) 11.1 Wang [74]
Lenalidomide + rituximab Phase II 38 92 (64) 64% (after 

5 years)
Ruan [75]

Ibrutinib Phase II 111 68 (21) 13.9 Wang [13]
Ibrutinib vs.
temsirolimus

Phase III 280 72 (19)
40 (1)

14.6
6.2

Dreyling 
[76]

Ibrutinib + rituximab Phase II 50 88 (44) Wang [77]
Ibrutinib + bortezomib Phase II Novak [78]
Ibrutinib + lenalidomide + 
 rituximab

Phase II 50 76 16 Jerkeman 
[79]

Idelalisib Phase I 16 62   3.0 Kahl [80]
Abt-199 (venetoclax) Phase I 28 75 (21) 14 Davids [81]
Abt-199 
(venetoclax) + ibrutinib

Phase II 24 71 NA Tam [82]

Acalabrutinib Phase II 124 81 NA Wang [83]

Molecular targeted therapies in MCL. ORR overall response rate, CR complete response, PFS progression-free sur-
vival, OS overall survival, R rituximab, CHOP cyclophosphamide/doxorubicin/vincristine/prednisone, HAD high-dose 
cytarabine/dexamethasone
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Bortezomib, a first-generation proteasome 
inhibitor, has shown response rates of 30–40% in 
relapsed disease, with a median PFS of approxi-
mately 6  months, leading to the first Food and 
Drug Administration approval of a targeted drug 
in relapsed MCL [65]. Based on the encouraging 
results achieved with a combination of bortezo-
mib and different immuno- and chemotherapeutic 
regimens [66, 87, 88], a large phase III trial com-
bining bortezomib with rituximab, cyclophospha-
mide, doxorubicin, and prednisone (VR-CAP) as 
first-line therapy resulted in an almost doubling 
of PFS and significantly improved overall sur-
vival compared with R-CHOP [52].

Mammalian target of rapamycin inhibitor 
temsirolimus has been approved for relapsed dis-
ease based on the results of a large randomized 
trial proving it to be superior compared to mono-
therapy in a highly refractory patient population 
(response rate, 22% vs. 2%) [68]. Convincing 
response rates have also been observed in combi-
nation with bendamustine [69].

11.8  Outlook

The prospects of patients have significantly 
improved over the last decades due to optimiza-
tion of chemotherapy regimens and addition of 
rituximab leading to improved overall survival. 
Yet, MCL remains an incurable disease with 
often aggressive clinical courses and early 
relapses despite initial response to therapy.

The implementation of targeted therapies, 
especially the BTK inhibitor ibrutinib, has 
already proven to be an effective strategy in 
the treatment of relapsed or refractory disease. 
Combined approaches for first-line therapy are 
now required to achieve prolonged remission 
durations. An overview of therapeutic recom-
mendations is depicted in Fig. 11.5.

Improved clinical (MIPI), immunohisto-
chemical (Ki-67, SOX11), and molecular genetic 
(P53) diagnostic tools have already paved the 
way to better estimate individual risk profiles 
and accordingly choose a therapeutic strategy. 

Young patient ≤ 65 years Elderly patient > 65 years Frail patient > 65 years

FIRST LINE TREATMENT

Dose-intensified immuno-
chemotherapy

(e.g. R-CHOP, high dose Ara-C)

Conventional immuno-
chemotherapy

(e.g. VR-CAP, R-CHOP, BR, R-
BAC)

Best supportive care?
R-chlorambucil

BR(dose-reduced)
R-CVP

autologous SCT
Rituximab maintenance Rituximab maintenance

FIRST RELAPSE

immuno-chemotherapy
(e.g. R-BAC, BR)

or targeted approaches

immuno-chemotherapy
(e.g. R-BAC, BR)

or targeted approaches

Discuss:- Rituximab
maintenance

- radioimmunotherapy

immuno-chemotherapy
(e.g. BR dose-reduced)
or targeted approaches

High-risk: discuss allogeneic
SCT, CAR T-cells

HIGHER RELAPSE

Targeted approaches: Ibrutinib, Lenalidomid
Temsirolimus, Bortezomib (preferably in combinations)
Alternatively: repeat previous therapy (long remissions)

Fig. 11.5 Therapeutic recommendations in MCL
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Nevertheless, the impact of prognostic and func-
tional relevance of other recurrently mutated 
genes in MCL is still unclear and requires further 
investigation to individualize treatment strategies 
and allow patients to achieve optimal outcomes.
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Clinical outline
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neoplastic cells are few. Rarely mass forming, nodal or other extranodal. Granulopenia frequent.
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12.1  Introduction

Hairy cell leukemia (HCL) is a rare type of 
chronic lymphoid leukemia originated from a 
mature B lymphocyte [1, 2]. The disease was first 
described by Bertha Bouroncle in 1958 [3]. HCL 
is characterized by progressive pancytopenia, 
splenomegaly, and infiltrations of the bone mar-
row, liver, and spleen. In addition to the classic 
form of HCL, the World Health Organization 
(WHO) now recognizes HCL variant (HCL-V) as 
a provisional entity distinct from classic HCL; it 
is regarded as an unclassifiable splenic B-cell 
leukemia/lymphoma, together with splenic dif-
fuse red pulp small B-cell lymphoma (SDRPL) 
[4, 5]. However, the relationship between SDRPL 
and HCL-V remains unclear. HCL-V was first 
described in 1980 by Cawley et al. [6]. The dis-
ease is characterized by splenomegaly, lympho-
cytosis, and hypercellular bone marrow. In 
comparison to classic HCL, patients with HCL-V 
are often older, present with lymphocytosis, and 
are resistant to purine nucleoside analogs. 

Biologically, HCL-V is more closely related to 
splenic lymphomas and shares several overlap-
ping clinical and morphological features with 
other disorders characterized by villous circulat-
ing cells. In the last three decades, tremendous 
progress in the biology and treatment of classic 
HCL and HCL-V has been made, which has 
resulted in an improvement in overall life expec-
tancy and quality of life, mainly due to the intro-
duction of purine nucleoside analogs, cladribine 
and pentostatin, as well as supportive care regi-
mens. Thanks to the use of these drugs, classic 
HCL has evolved from a disease with poor prog-
nosis to a highly treatable disorder and affords 
near-normal survival [7]. HCL-V has usually 
poorer prognosis than classic HCL.

12.2  Epidemiology

Hairy cell leukemia (HCL) is a rare mature B-cell 
malignancy with an incidence of 0.3 cases per 
100,000 individuals and is four times more com-
mon in men than women [8]. It predominantly 
occurs in elderly patients with a median age of 
49–51  years at initial diagnosis, but younger 
patients are also affected. These young patients 
with HCL have shorter responses to treatment and 
require more lines of therapy to maintain disease 
control while attaining similar long-term survival 
[9]. HCL-V is estimated to be 0.2 cases per 100,000 
and the disease comprises 2% of all leukemias [8].
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Key molecular features

IGH genes are rearranged, somatic hypermutation and IGHV usage bias. BRAF-V600E in vast majority. Few cases 
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Frequent translocations: none reported.

Precursor lesions

Not known.

Progression

Transformation rare (only sporadic cases reported).

Clinically relevant pathologic features 

Clinically relevant subtypes not identified. BRAF-V600E mutation negative variants may be a predictive subgroup but
relation to hairy cell leukemia variant still uncertain.

 

T. Robak and S. Dietrich

mailto:robaktad@csk.umed.lodz.pl
mailto:sascha.dietrich@embl.de


181

12.3  Molecular Biology 
and Pathogenesis

During recent years, many new discoveries have 
revolutionized the molecular understanding of 
HCL [10]. In 2011, Tiacci et al. discovered that 
classical HCL is characterized by a gain-of- 
function mutation of the BRAF serine/threonine 
protein kinase (V600E) [11, 12]. In the initial 
validation series, all HCL patients showed this 
particular mutation; however, a set of 195 B-cell 
lymphomas and leukemias did not harbor a 
mutated BRAF gene. The vast majority of BRAF- 
V600E mutations in HCL are heterozygous, but 
while homozygous mutations are rare, they have 
been suggested to be associated with a more 
aggressive disease course [13]. Recurrent dele-
tions of the BRAF gene locus on chromosome 
7q34 have been described in HCL and lead to 
loss of heterozygosity [14]. BRAF mutations, 
different from V600E, seem to be extremely rare 
in HCL and have been described in only two 
patients so far [15]. The incidence of BRAF 
mutations in nearly 100% HCL cases at diagno-
sis, i.e., encompassing the whole disease spec-
trum, their somatic nature, and presence in the 
entire tumor clone, as well as their high stability 
at relapse, strongly suggests that the pathogenesis 
of HCL critically depends on constitutively acti-
vated BRAF [11, 12, 16].

Chung et  al. report that BRAF-V600E muta-
tions are already present in hematopoietic stem 
cells (HSCs) or B-cell lymphoid progenitors of 
HCL patients and that these patients exhibit 
marked alterations in hematopoietic stem/pro-
genitor cell (HSPC) frequencies [17]. 
Transplantation of BRAF-V600E-mutant HSCs 
from an HCL patient into immunodeficient mice 
resulted in stable engraftment of BRAF-V600E- 
mutant human hematopoietic cells, highlighting 
the functional self-renewal capacity of HCL 
HSCs. However, none of the transplanted mice 
developed a typical HCL, strongly suggesting 
that the development of a full HCL phenotype 
may require a permissive epigenetic background, 
likely restricted to a particular stage of B-cell dif-
ferentiation, and/or the acquirement of further 
genetic lesions.

The BRAF-V600E mutation constitutively acti-
vates BRAF providing oncogenic signaling 
through the MEK-ERK cascade [11]. Both in vitro 
and in vivo studies have demonstrated that BRAF-
dependent phospho-ERK activation is a critical 
signaling event in HCL. Moreover, in vitro treat-
ment of primary purified HCL cells with BRAF 
and MEK inhibitors has resulted in the marked 
dephosphorylation of MEK/ERK, silencing of the 
RAF-MEK-ERK pathway transcriptional output, 
loss of the specific HCL gene expression profile 
signature, change of the characteristic morphology 
of the leukemic cells (from “hairy” to “smooth”), 
and eventual apoptosis [18].

Aberrant expression of cell cycle-related pro-
teins such as cyclin D1 have been shown to be 
reversible using inhibitors of activated BRAF 
signaling, suggesting that expression is not a con-
stitutive disease trait but elicited by MEK/ERK 
signaling and oncogenic BRAF mutations, 
respectively. This concept may have important 
consequences for minimal residual disease 
(MRD) assessment in the context of inhibitor 
treatment, as the marker profile (cyclin D1) could 
be dynamic, as well as for targeted drug treat-
ment, which may be curtailed by the on-target 
effect of inhibitors.

In addition to the BRAF-V600E mutation, the 
most common genetic alteration in classical 
HCL was a loss in copy number for chromosome 
7q. The minimally deleted region of this copy 
number alteration includes the wild-type locus 
of BRAF. This genetic lesion subdivides classi-
cal HCL into those with hemizygous versus 
those with heterozygous mutations of BRAF 
[12]. Whole exome sequencing study of relapsed 
and refractory HCL patients revealed known 
cancer- associated genes such as EZH2 and 
ARID1A, as well as novel inactivating mutations 
of the cell cycle inhibitor CDKN1B (p27). In a 
cohort of 81 mostly untreated HCL patients, the 
incidence of CDKN1B mutations was 16% [19]. 
While a clinical impact of CDKN1B mutations 
was not found, CDKN1B was found to be the 
second most commonly mutated gene in HCL. 
CDKN1B is a critical element in cell cycle con-
trol and a known tumor suppressor in different 
solid cancers [20].
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CDKN1B prevents the activation of cyclin 
E-CDK2 or cyclin D-CDK4 complexes and there-
fore regulates cell cycle progression in the G1 
phase. Interestingly, BRAF-induced senescence 
in premalignant nevi is circumvented by deletion 
or mutation of CDKN2A in invasive melanoma. In 
BRAF-mutated hairy cell leukemia, CDKN1B 
loss may serve as a mechanism to escape onco-
gene-induced senescence [21]. In addition to 
CDKN1B, mutations cooperating with BRAF-
V600E, recurrent, inactivating mutations in 
KMT2C (MLL3) were identified in 15% and 13% 
of classical HCL and HCL variant, respectively 
[12]. Another study described somatic mutations 
or deletions of the Krüppel- like factor 2 (KLF2) 
in 4 of 24 (16%) HCL patients examined, but 
KLF2 mutations are more frequent in other B-cell 
malignancies, such as SMZL (31%), and diffuse 
large B-cell lymphoma (26%). Although better 
descriptions of the genetic landscape of HCL 
have been obtained during recent years, the func-
tion of mutations cooperating with BRAF-V600E 
remains to be elucidated.

12.4  Differential Diagnosis

Historically, there were two different forms of 
HCL, the more common classical HCL (90%) 
and the less frequent HCL-V (10%). HCL-V is 
characterized by a more aggressive disease 
course and a poor response to purine analogs 
[22]. Most importantly, HCL-V cases are com-
monly negative for BRAF-V600E mutation. A 
small subset of patients with bona fide classical 
HCL but who also do not harbor any BRAF muta-
tion has been reported but only in a single study 
[23]. However, these cases are often character-
ized by an IGHV4-34 immunoglobulin rear-
rangement, which is generally absent in classic 
HCL, and it is associated with a similar poor 
prognosis as HCL-V.

Almost 50% of HCL-V and IGHV4-34- 
expressing HCL cases were found to harbor acti-
vating mutations in the MAP2K1 gene encoding 
MEK1. All but one of the identified mutations 
(n = 15) have been described and are known to 
strongly increase phospho-ERK levels and, con-

sequently, cell proliferation [24]. These findings 
underline the importance of constitutive MEK- 
ERK signaling even in this HCL-like disorder.

HCL cells typically show a distinctive immuno-
phenotype coexpressing CD19, CD20, CD11c, 
CD25, CD103, and CD123. In contrast, HCL-V 
cells lack the expression of CD25 and CD123 [25]. 
Moreover, HCL cells strongly express CD200, 
which can also be used as another distinctive 
marker to differentiate HCL [26]. BRAF- V600E is 
now regarded as a specific oncogenic mutation 
occurring only in HCL [27]. Another distinctive 
feature of HCL is the expression of annexin A1, 
which is easily accessible by immunohistochemi-
cal staining [28]. In addition to HCL-V, the 2016 
revision of the WHO classification of lymphoid 
neoplasms recognizes two provisional entities 
resembling HCL: splenic marginal zone lymphoma 
(SMZL), usually associated with NOTCH2 muta-
tions, and splenic diffuse red pulp small B-cell 
lymphoma (SDRPBCL) whose genomic landscape 
has not been yet clarified. Table 12.1 summarizes 
the most important differential diagnosis of HCL 
and their characteristic markers.

Testing for BRAF-V600E mutation can be 
helpful as an additional marker in routine clinical 
practice if there is any diagnostic uncertainty. For 
relapsed and refractory patients, we strongly rec-
ommend evaluating BRAF mutation status, since 
this may serve as therapeutic target. The limited 
number of HCL cells present in the peripheral 
blood requires highly sensitive molecular assays 
to detect BRAF mutations (e.g., allele-specific 
polymerase chain reaction). Alternatively, BRAF- 
V600E mutation-specific antibodies can be used 
for immunohistochemical staining in bone mar-
row biopsies [5]. However, further validation of 
the diagnostic utility of these reagents in a larger 
number of cases is required.

12.5  Prognosis

Hairy cell leukemia belongs to the group of indo-
lent lymphoid malignancies. Standard treatment 
with purine analogs induces complete remission 
in more than 80% of patients with classical hairy 
cell leukemia. If complete remission is achieved, 

T. Robak and S. Dietrich



183

the median time to next treatment is more than 
10  years [29]. In case of a partial remission, 
patients have a significantly shorter treatment- 
free interval of only 3 years. If retreatment is nec-
essary, and a subsequent complete remission can 
be achieved, patients with classical hairy cell leu-
kemia enjoy again a very long treatment-free 
interval of more than 10 years [29]. However, the 
proportion of patients who achieve a CR 
decreases with each treatment round. Altogether, 
it has been shown that many classical hairy cell 
leukemia patients have an overall survival which 
is comparable with the normal population. Even 
younger patients with hairy cell leukemia, who 
tend to have shorter treatment-free intervals, 
seem to have a very good long-term outcome [9]. 
It is important to note that in contrast to classical 
HCL, it has been found that HCL-V and HCL 
with VH4-34 gene usage have a considerably 
poorer response and long-term outcome [30].

12.6  Treatment Response 
Evaluation and Disease 
Progression

Treatment response criteria are defined according 
the consensus guidelines and ESMO guidelines 
[1, 2]. Complete remission (CR) required mor-

phologic absence of hairy cells on peripheral 
blood (PB) and bone marrow (BM) aspiration or 
biopsy specimens and normalization of organo-
megaly and peripheral blood counts. Patients in 
CR should have near normalization of peripheral 
blood counts including hemoglobin >11  g/dL, 
platelets >100,000/μL, and an absolute neutro-
phil count >1500/μL. It is recommended that an 
assessment for CR following cladribine should 
be performed 4–6 months after treatment, and at 
this time a BM biopsy should be performed to 
document a CR.  A partial response (PR) is 
described as normalization of PB counts, with at 
least 50% reduction in organomegaly and bone 
marrow hairy cells and below 5% of circulating 
hairy cells. All other outcomes are considered as 
nonresponse. Patients with a CR demonstrate 
longer remission duration and longer survival 
than those achieving a PR [31]. Relapse is defined 
as deterioration in blood counts related to the 
detection of hairy cells in PB and/or BM and/or 
increasing splenomegaly. Progressive disease is 
defined by a 25% decrease in PB hematologic 
parameters that lasts for 2 months or more or an 
increase in the hairy cell infiltration of the BM 
[1]. In addition, 25% increase in either the size of 
the spleen or the liver based on the nadir mea-
surements achieved following therapy is consis-
tent with disease progression.

Table 12.1 Differential diagnosis of HCL and the characteristic features of related entities

HCL HCL variant SMZL SDRPBCL
Frequency 0.3/100,000 0.03/100,000 0.13/100,000 N.a.
Ratio m:f 4:1 (m:w) 1–2:1 (m:w) 1:3 (m:w) 1–2:1 (m:w)
Median age 50–55 >70 65–70 65–75
Lymphocytosis ≤10% ≥90% ≥50% ≥50%
Immunophenotype CD11c+

CD103+
CD25+
CD200+
CD23−
CD5−

CD11c+
CD103+/−
CD25−
CD200−
CD23−
CD5−

CD11c−
CD103−/+
CD5−/+
CD200+
CD23+/−
CD5−/+

CD11c+
CD103−
CD25−/+
–
CD23−
CD5−/+

Immunohistochemistry DBA.44+
Cyclin D1+
Annexin A1+

DBA.44+
Cyclin D1+/−
Annexin A1−

DBA.44+
Cyclin D1−
Annexin A1−

DBA.44+
Cyclin D1−
Annexin A1−

Genotype BRAF- V600E
Mutation

BRAF wt
≈50% MEK1 
mutations, ≈50% 
IGHV4-34 
rearrangement

BRAF wild-type
Frequent Notch2 
mutations

BRAF wild-type
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The evaluation of minimal residual disease 
(MRD) in HCL remains controversial and is gen-
erally not recommended in routine clinical prac-
tice. Preliminary studies indicate that the extent 
of MRD may predict the duration of remission. 
For quantitative evaluation of MRD, immunohis-
tochemical staining of the BM core biopsy for 
CD20, DBA.44, VE-1, or CD79a may be useful. 
However, the level of disease involvement for 
MRD negativity is not yet established. Some 
authors indicate that risk of relapse is low if 
immunohistochemical staining reveals an MRD 
level below 1% and high if MRD is greater than 
5% positive cells in the BM [32]. In another 
study, the PB-MRD panel consisted of 2 four- 
color tubes, including CD19, CD11c, CD25, 
CD22, and CD103 antigens, or 2 six-color tubes 
with the addition of CD123 and CD200 [33]. The 
sensitivity of this test was established as 0.01% 
and remained constant over the entire period of 
observation. This study has confirmed that 
patients with PB-MRD negativity at 6 months 
(0.01% cutoff) have a low probability of disease 
relapse. However, further studies are needed to 
establish the predictive value of PB flow cyto-
metric monitoring for MRD relapse.

12.7  Treatment of Newly 
Diagnosed Patients 
with Classic HCL

Similarly to other indolent lymphoid malignan-
cies, a “watch and wait” strategy is recommended 
in HCL patients asymptomatic at diagnosis. 
Approximately 10% of HCL patients do not 
require immediate therapy after diagnosis, and 
they should be monitored until treatment is indi-
cated. Treatment should be initiated if symptom-
atic and/or progressive disease is recognized, 
especially cytopenia and/or symptomatic organo-
megaly [1]. According to current consensus 
guidelines, treatment should be initiated if one or 
more of the following hematologic parameters 
are met: hemoglobin less than 11 g/dL, platelet 
count less than 100 × 103/μL, or absolute neutro-
phil count less than 1000/μL [1, 2]. Symptomatic 

splenomegaly with or without cytopenias is also 
an indication for treatment.

Cladribine and pentostatin are the drugs of 
choice in the treatment of HCL [1, 2]. These agents 
have significantly improved the prognosis of 
patients with HCL as they typically induce very 
long-lasting remissions. Pentostatin was first used 
by Spiers et  al. in 1984 for the treatment of two 
men with advanced but previously untreated HCL 
[34]. Quick clearance of hairy cells from the blood 
and regression of splenomegaly and lymphadenop-
athy were observed in both patients, as was 
 correction of anemia, thrombocytopenia, and gran-
ulocytopenia. In 1990, the Piro group from Scripps 
Clinic, San Diego, reported 12 patients with HCL 
treated with cladribine (2-CDA, 
2- chlorodeoxyadenosine) at a dose of 0.1 mg per 
kilogram of body weight per day, by continuous 
infusion for 7 days [35]. Eleven patients had CR 
with the normalization of PB and BM with disap-
pearance of leukemic cells. The median duration of 
response was 15.5 months with the longest remis-
sion being 3.8 years and no relapse at the time of 
publication. Further studies confirmed these early 
reports. Both agents induce durable and unmain-
tained CR in more than 70% of patients, and the 
relapse rates were about 30–40% after 5–10 years 
of follow-up (Table 12.2) [29, 36–46].

Cladribine is most commonly administered as 
a continuous i.v. infusion at a dose of 0.09 mg/kg 
over a 5- to 7-day period or as a 2-h i.v. infusion 
at a dose of 0.12–0.14 mg/kg for 5–7 days [37, 
47]. Administration of cladribine can result in 
severe neutropenia that can last weeks or longer. 
Cladribine is also not recommended for patients 
presenting with active infection requiring therapy 
for the underlying leukemia. Cladribine can be 
also given at a dose of 0.12–0.15 mg/kg in a 2-h 
infusion once a week for six doses. Weekly and 
daily administration induces similar OR and CR 
rates. In addition, randomized trials indicate no 
difference in the occurrence of adverse events, 
including infections and hematological toxicity, 
between the weekly and daily schedule [38, 48]. 
Cladribine given subcutaneously is as equally 
effective as the intravenous formulation but more 
convenient for patients [49].
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Pentostatin is usually administered at a dose of 
4  mg/m2 i.v. every second week, until CR with 
one or two consolidating injections [29, 40, 42, 
43]. Pentostatin is more effective than interferon-α 
(IFN-α) in HCL patients, as confirmed in a large, 
multicenter, randomized trial [40]. Purine nucleo-
side analogs dramatically improved the prognosis 
for patients with HCL. Durable and unmaintained 
remission is observed in 76–98% of patients, with 
relapse rates of about 30–40% after 5–10 years of 
observation, and in many patients, overall OS is 
longer than 20 years [29, 43, 50].

Although no direct comparison between pen-
tostatin and cladribine has been performed in any 
randomized trial, no significant difference has 
been found between the two with regard to their 
efficacy or safety. Both agents can be used as 

frontline treatment of HCL.  Cladribine is most 
commonly used due to its simpler administration 
and its lower renal toxicity [51, 52]. However, 
pentostatin has been successfully administered to 
patients with an active infection due to the grad-
ual administration of titrated doses of this drug. 
In addition, cladribine can induce remissions in 
patients resistant to pentostatin [53–56]. A sum-
mary description of larger clinical trials with 
purine analogs in classic HCL is given in 
Table 12.2.

Whether rituximab should be administered 
concurrently or sequentially with cladribine to 
obtain the maximum benefit in previously 
untreated patients remains unclear [57]. In a 
recent phase 2 study, cladribine 5.6 mg/m2 was 
given intravenously daily for 5 days, followed 

Table 12.2 Larger clinical trials with purine analogs in treating classic hairy cell leukemia

Study Treatment
No. of 
pts CR rate Duration of CR (time to relapse)

Saven et al. 
1998 [36]

2-CDA 0.087 or 0.1 mg/kg/day 
c.i. × 7 days

349 91% 96% survival at 48 months

Goodman 
et al. 2003 
[31]

2-CDA 0.1 mg/kg/day 
c.i. × 7 days

207 95% Median duration of CR—98 monts

Cheson et al. 
1998 [37]

2-CDA 0.1 mg/kg/day 
c.i. × 7 days

861 50% Median duration of CR not reached

Robak et al. 
1999 [39]

2-CDA 0.12 mg/kg/day in 2 h i.v. 
infusion/5 days

97 77.3% Median duration of CRc—37.4 months

Robak et al. 
2007 [38]

2-CDA 0.12 mg/kg/day in 2 h i.v. 
infusion/5 days vs. once a week 
for 6 weeks

116 76% vs. 
72%

Median duration of CRc—4.3 years vs. 
5.1 years

Grever et al. 
1995 [40]

Pentostatin 2–4 mg/m2 i.v. 
biweekly

154 76% 67% estimated DFS at 10 years; 18.5% 
relapse at 111 months

Maloisel et al. 
2003 [42]

Pentostatin 4 mg/m2 i.v. biweekly 230 79% 68.8% estimated DFS at 10 years

Flinn et al. 
2000 [42]

Pentostatin 4 mg/m2 i.v. biweekly 241 76% 67% estimated RFS at 10 years

Else et al. 
2005, 2009 
[29]

Pentostatin 4 mg/m2 i.v. every 1 
or 2 weeks

185 81% Median time to relapse—15 years; 24% of 
relapse at 5 years, 42% at 10 years

Zinzani et al. 
2010 [44]

2-CDA 0.14 mg/kg/day i.v. for 5 
days or once a week for five 
cycles

121 77% Median time to relapse—2.7 years

Inbar et al. 
2018 [45]

2-CDA i.v. (62%) or s.c. (38%) as 
a daily injection for 5 consecutive 
days

159 NR Median time to next treatment after 
first-line therapy—9.3 (0–15.5) years.

Forconi et al. 
2010 [46]

2-CDA s.c. 0.5–0.7 mg/kg as a 
single course

148 68.2% After a median follow-up of 37.5 months 
(range 12–67), 5-year TFS, 67%; RFS, 
71%; and OS, 94%

2-CDA 2-chlorodeoxiadenosine, cladribine, CR complete response, DFS disease-free survival, OS overall survival, RFS 
relapse-free survival, TFS treatment free survival
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approximately 1 month later with rituximab 
375 mg/m2 i.v. weekly for 8 weeks. In 59 patients 
with untreated HCL, the CR rate was 100%. With 
a median follow-up of 60 months, 5-year failure- 
free survival (FFS) was 95%. In addition, 94% of 
the patients achieved negative MRD.  However, 
the combination of rituximab with a purine 
nucleoside analog as up-front therapy for classic 
HCL has not been prospectively compared to 
purine analog therapy alone.

IFN-α may still have a place in front-line 
treatment of HCL, but its use is currently limited. 
It can be used in pregnancy and in patients 
 presenting with neutropenia below 0.2/μL, when 
the risk of infection due to nucleoside analog 
therapy is high [58, 59].

The indications for splenectomy are limited in 
the era of currently available drugs. Splenectomy 
can be considered in pregnancy when INF-α 
treatment fails [60, 61]. Moreover, splenectomy 
can be effective for patients with splenic rupture 
and in patients with disease refractory to avail-
able therapeutic agents.

12.8  Treatment of Relapsed 
and Refractory Patients 
with Classic HCL

Despite the high efficacy of purine analogs, sev-
eral patients will relapse during the course of 
their disease. However, similarly to previously 
untreated patients, relapsed patients do not 
always require treatment at the time of diagnosis, 
and indications for subsequent lines of therapy 
are similar to those made at diagnosis. In relapsed 
patients, re-induction with cladribine or pento-
statin again induces remissions. However, in 
many patients treated with purine analogs as a 
single agent, responses are usually shorter and 
some patients develop refractory disease. Patients 
who relapse within 2–3 years after the first course 
of treatment have worse prognosis and a lower 
likelihood of achieving second durable CR; in 
addition, some patients have disease refractory to 
purine analog therapy. The median duration of 
response to second-line cladribine monotherapy 
is around 3 years [42, 44].

In early relapse (before 12–18 months), ritux-
imab may be given at a dose of 375 mg/m2 for 
four to eight doses as weekly IV infusions [62]. 
Response is seen usually in more than 50% of 
patients with refractory to or relapsing disease. 
Longer responses are achievable with sequential 
cladribine followed by rituximab [43, 57, 62]. In 
one study of the use of cladribine followed by 
rituximab for relapsed disease, the CR rate was 
found to be 100%, and the 5-year FFS and OS 
100% among 14 participating patients [57]. Of 
this group, the median duration of response was 
found to be longer among the 12 patients who 
had received prior cladribine monotherapy, i.e., 
as second-line treatment with cladribine followed 
by rituximab, than two treatment-naïve patients, 
who received this course as first-line cladribine 
monotherapy (P  =  0.004). Alternatively, ritux-
imab can be administered concurrently with 
purine analogs; this combination is more active 
than rituximab alone but is also more toxic than 
sequential treatment.

Few treatment options are available for 
patients who progress following first-line therapy 
with a purine analog and/or rituximab. 
Interferon-α (IFN-α) may be an effective treat-
ment option for selected patients with relapsed 
HCL. However, only PRs can be achieved in the 
majority of patients, and prolonged treatment is 
necessary to maintain remission [63–65]. 
Although IFN-α eliminates leukemic cells from 
the blood and reduces bone marrow fibrosis, con-
tinuous therapy is less convenient to the patient 
and decreases quality of life due to flu-like symp-
toms and fatigue. Patients experiencing side 
effects may lower their dose or temporarily dis-
continue the treatment (drug holiday) and resume 
IFN-α at the time of relapse.

The use of fludarabine or bendamustine com-
bined with rituximab could be also considered in 
relapsed patients. Fludarabine given at a dose of 
40 mg/m2 p.o. on 5 consecutive days in combina-
tion with an intravenous injection of rituximab 
375 mg/m2 on day 1, every 28 days for 4 cycles, 
may be a therapeutic option in relapsed or refrac-
tory patients previously treated with cladribine 
[66]. After a median follow-up of 35  months, 
5-year PFS was found to be 89% and OS 83%. 
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The combination of bendamustine and rituximab 
has also activity in multiply relapsed/refractory 
HCL. Burotto et al. treated 12 patients with HCL 
with two or more prior therapies requiring treat-
ment with rituximab 375 mg/m2 on days 1 and 15 
and bendamustine 70–90 mg/m2 on days 1 and 2, 
for 6 cycles at 4-week intervals [67]. The overall 
response rate was 100%, including CR in seven 
patients. MRD was absent in six patients with CR, 
who remained in CR for 30–35 months of follow-
up. The most common adverse events (AEs) were 
thrombocytopenia (83%), lymphopenia (75%), 
leukopenia (58%), and neutropenia (42%).

The anti-CD22 recombinant immunotoxin 
moxetumomab pasudotox (LUMOXITI™, Astra 
Zeneca) is now an important drug for the treat-
ment of HCL, especially in patients where con-
ventional therapies produce limited responses or 
treatment failure. Moxetumomab pasudotox is 
composed of the Fv fragment of an anti-CD22 
monoclonal antibody fused to a 38-kDa fragment 
of Pseudomonas exotoxin A, PE38. The drug was 
investigated in a phase 1 trial in 26 patients with 
refractory/relapsed HCL [68]. Nineteen patients 
(73.1%) responded with a CR rate of 34.6% and 
a PR rate of 38.5%. Moxetumomab pasudotox 
produced inferior responses in splenectomized 
patients and in patients with massive splenomeg-
aly. In an extension study, the combined 
33-patient cohort displayed 88% OR, including 
64% CR [69]. Importantly, CR duration was lon-
ger (42.1 months) in 11 MRD-negative patients 
than in 9 MRD-positive patients (13.5  months) 
(P  <  0.001). Among MRD-negative CRs, ten 
patients had ongoing CR and nine were without 
MRD at the end of the study. Moxetumomab 
pasudotox is so far the only nonchemotherapy 
treatment that can eliminate MRD in a significant 
percentage of HCL patients. The results from the 
phase 1 study have been confirmed recently in a 
pivotal, multicenter, open-label trial performed in 
80 relapsed/refractory patients [70]. The objec-
tive response rate was 75% and durable CR rate 
was 41%. Among patients who achieved a CR, 27 
(85%) achieved MRD negativity as evaluated by 
immunohistochemistry. The most frequent AEs 
included peripheral edema (39%), nausea (35%), 
fatigue (34%), and headache (33%). Hemolytic 

uremic syndrome (7.5%) and capillary leak syn-
drome (5%) were also observed, but they were 
reversible and generally manageable with sup-
portive care and treatment discontinuation. In 
2018, moxetumomab pasudotox received FDA 
approval for the treatment of patients with 
relapsed or refractory HCL who had received at 
least two prior systemic therapies, including 
treatment with a purine nucleoside analog [71]. 
Patients refractory to purine analog therapy and 
moxetumomab pasudotox should be enrolled on 
clinical trials that use new agents whenever 
possible.

Splenectomy may be indicated in patients 
who have resistant massive symptomatic spleno-
megaly (>10  cm below the costal margin) and 
accompanying low-level bone marrow infiltra-
tion [52]. Another indication for splenectomy is 
progressive HCL refractory to nucleoside ana-
logs and IFN-α. Chemotherapy should not be 
given until at least 6 months after splenectomy.

Allogeneic stem cell transplantation should be 
considered in heavily pretreated younger patients 
who have had multiple relapses and are refrac-
tory to purine analogs and rituximab [72–74].

12.9  Treatment of Hairy Cell 
Leukemia Variant

Potential treatment options for HCL-V patients 
include splenectomy, purine nucleoside analogs 
(cladribine, pentostatin), IFN-α, monoclonal 
antibodies and immunotoxins, and immunoche-
motherapy [24, 75]. The results of cladribine 
monotherapy in HCL-V are inferior to those 
achieved with cladribine in classic HCL, with a 
response rate of less than 55% and few examples 
of CR being reported [39, 76, 77]. However, 
some reports indicate that HCL-V patients had 
shorter time to next treatment than those with 
classical HCL but demonstrated similar OS [78]. 
Rituximab combined with cladribine is more 
effective in treating HCL-V than cladribine alone 
or rituximab alone. In a study performed by 
Kreitman et al., cladribine was given at a dose of 
0.15 mg/kg on days 1–5, with eight weekly doses 
of 375 mg/m2 rituximab, beginning on day 1 [79]. 
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Of 10 patients, 9 achieved a CR, including 8 
(88%) with MRD negativity at 12–48 (median 
27) months of follow-up. In other study, the effi-
cacy of cladribine followed by four weekly doses 
of rituximab was also evaluated in seven patients 
with HCL-V [57]. CR rate was 86%, 5-year FFS 
64%, and OS 51.4%. Cladribine followed by 
immediate rituximab seems also to be an effec-
tive first-line treatment in HCL-V. Visentin et al. 
reported three previously untreated elderly 
patients who were effectively treated with four 
cycles of this combination [80]. All patients 
achieved a CR with no evidence of MRD. After a 
median follow-up of 19 months, all three patients 
were still in CR.  Similar results were recently 
reported by Letendre and Doll [81]. Complete 
responses were also observed in relapsed patients 
treated with moxetumomab pasudotox [70]. 
Novel agents like ibrutinib and trametinib are 
also considered for the treatment of this disease 
[82, 83]. Splenectomy is recommended in some 
patients as it may induce clinical responses, cor-
rect cytopenias, remove the bulk of the tumor, 
and improve responses to chemo- or immunoche-
motherapy. In addition, autologous and allogenic 
hematopoietic stem cell transplantation can be 
taken into account in relapsed/refractory cases.

12.10  Novel Agents

Recently, new targeted drugs are investigated in 
HCL, including vemurafenib and ibrutinib 
(Table 12.3). Vemurafenib (Zelboraf™, Roche) is 
the oral BRAF V600 inhibitor that has remark-
able activity in multiply relapsed and refractory 
HCL patients with rapidly decreased splenomeg-
aly, increased platelet counts, and normalization 
of hemoglobin and granulocyte counts [13, 84–
87]. The safety and activity of vemurafenib were 
assessed in relapsed and refractory patients with 
classic HCL in two phase 2, multicenter studies 
in Italy and in the USA [86]. Vemurafenib was 
administered at a dose of 960 mg twice daily for 
a median of 16  weeks in the Italian study and 
18 weeks in the US study, resulting in OR rates of 
96% (CR 35%) in the Italian study and 100% 
(CR 42%) in the US study. Among the patients 

with CR, the median relapse-free survival (RFS) 
was 19  months, and the median treatment-free 
survival (TFS) was 25 months. Among those with 
PR, PFS was 6 months and TFS 18 months. Rash 
and arthralgia or arthritis were the most frequent 
AEs, and secondary cutaneous tumors was 
observed in 7 of 50 patients. Lower doses of 
vemurafenib are also effective in HCL. Dietrich 
et al. treated 21 heavily pretreated patients with 
vemurafenib starting at 240 mg BID and escalat-
ing to 720 or 960 mg in four patients [87]. CR 
was achieved in 40% (6/15) of evaluable patients, 
and median event-free survival (EFS) was 
17  months. The response rate and kinetics of 
response were independent of vemurafenib dos-
age, and no significant difference in CR rate was 
found between lower and higher doses of vemu-
rafenib. Vemurafenib is usually better tolerated 
than purine nucleoside analogs, and the risk of 
myelosuppression is relatively low. In addition, 
vemurafenib administration is associated with 
improvement in peripheral blood counts in 
infected patients. However, profound cytopenias 
and severe infections were also observed in HCL 
patients [88]. Other side effects noted with BRAF 
inhibitors include skeletal pain, photosensitivity, 
skin tumors, and renal toxicity. Secondary diffuse 
large B-cell lymphoma and well-differentiated 
squamous cell carcinoma were also observed in 
HCL patients treated with vemurafenib [89].

Vemurafenib combined with anti-CD20 
monoclonal antibodies is even more effective 
than vemurafenib alone [90]. A phase 2 study by 
Tiaci et al. evaluated 31 patients who were either 
relapsed or refractory to purine analogs. 
Vemurafenib was administered at a dose of 
960 mg twice daily for 8 weeks and rituximab at 
a dose of 375 mg/m2 on days 1 and 15. In addi-
tion, four doses of rituximab were given every 2 
weeks after vemurafenib dosing. CRs were 
achieved in all 27 patients evaluable for efficacy. 
In addition, about two-thirds of the patients were 
found to be MRD negative in the BM by immu-
nohistochemistry and flow cytometry. In the 
median follow-up period of 1.5 years, only 1 of 
27 evaluable patients progressed. This 
chemotherapy- free regimen produces deep and 
durable responses in heavily pretreated patients 
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with HCL and is superior to monotherapy with 
either vemurafenib or rituximab in the previous 
trials.

Dabrafenib, another BRAF inhibitor, is also 
promising and merits further evaluation in larger 
clinical trials [91, 92]. Combination therapy with 
BRAF and MEK inhibitors can be also more 
effective than vemurafenib alone and overcome 
vemurafenib resistance. A recent report presented 
interim analysis results of treatment with the 
combination of BRAF inhibitor dabrafenib and 
MEK inhibitor trametinib [93]. Treatment was 
used in 43 patients with heavily pretreated BRAF- 
V600E- mutated HCL that was refractory to first- 
line treatment with a purine analog or relapsed 
after two or more prior lines of treatment. This 
drug combination was well tolerated and demon-
strated a high rate of durable responses. OR rate 
was 78% including 49% CR and 15% CR with-
out MRD.  Sixteen (50%) responses lasted 
18 months or longer and 97.6% PFS and OS rates 
at 12 months.

Finally, Bruton’s tyrosine kinase pathway 
inhibitor ibrutinib is also being tested in patients 
with HCL and can induce a stable disease in most 
patients, including those with HCL-V [82, 94]. 
Consequently, multicenter phase 2 trials evaluat-
ing the role of ibrutinib in patients with relapsed 
HCL have been initiated (NCT01981512, 
NCT01841723). In the coming years, new agents 
will assist standard therapy for patients with HCL 
who may currently have suboptimal results after 
treatment with purine nucleoside analogs [95].

12.11  Treatment Complications 
and Supportive Care

Chemotherapy with purine analogs commonly 
leads to immune suppression and myelosuppres-
sion with cytopenias, as well as high risk of 
infections and bleeding, leading to hospitaliza-
tion. In patients with febrile neutropenia, investi-
gation for opportunistic, fungal, and viral 
infections is indicated, and treatment with broad- 
spectrum antibiotics and antifungal and antiviral 

drugs is recommended [2]. Patients treated with 
purine nucleoside analogs should receive pro-
phylaxis for herpes simplex virus and varicella 
zoster virus, as well as prophylaxis against 
Pneumocystis jirovecii [2]. In patients with lym-
phopenia treated with cladribine or pentostatin, 
co-trimoxazole (960  mg three times per week) 
and aciclovir (200  mg three times per day) are 
recommended 1 week after purine analog admin-
istration. This prophylaxis should be given until 
the lymphocyte count increases to >1 × 109/L [2].

Granulocyte colony-stimulating factor may be 
considered for patients with severe neutropenia 
and life-threatening infection, but their role has 
not been proven. Annual influenza immuniza-
tions are also indicated as well as immunizations 
against Streptococcus pneumoniae. However, 
live viral vaccines are contraindicated. Transfused 
blood products should be irradiated to prevent 
transfusion-associated graft-versus-host disease.

12.12  Conclusions

Hairy cell leukemia is characterized by progres-
sive pancytopenia, splenomegaly, and leukemic 
infiltrations of the bone marrow, liver, and spleen, 
The recent WHO classification distinguishes 
classic form of HCL and its HCL variant (HCL- 
V) as two distinct entities. Hairy cell leukemia 
usually has an indolent disease course. Most 
cases with classic HCL are BRAF-V600E- 
positive, but no cases of BRAF-V600E mutation 
have been described in HCL-V. The purine nucle-
oside analogs cladribine and pentostatin are 
effective drugs in the treatment of HCL; however, 
the disease mostly remains incurable, and new 
treatment options are needed for patients resis-
tant to purine analog therapy. Rituximab is an 
active drug in HCL.  The combination of ritux-
imab with purine nucleoside analogs increases 
the occurrence and duration of response rates. 
Recently, the immunotoxin moxetumomab pasu-
dotox received approval in the USA for the treat-
ment of relapsed or refractory HCL patients who 
received at least two prior systemic therapies, 
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including treatment with a purine nucleoside ana-
log. Vemurafenib, an ATP-competitive BRAF 
inhibitor, is an active and well-tolerated drug in 
refractory or relapsed patients with classic HCL 
but not with HCL-V.  Ibrutinib, an inhibitor of 
Bruton’s tyrosine kinase, has been shown to dem-
onstrate antitumor activity in HCL patients, 
including HCL-V. The therapeutic algorithm for 
the treatment of patients with classic HCL is pre-
sented in Fig. 12.1.

Conflicts of Interest No potential conflicts of interest 
were disclosed.
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CD201 CD5 CD232 CD10 BCL6 cyclin D13 CD103 FMC7 IgM light chains

notes 1typically weak expression, 2stronger on larger cells, 3some positivity in proliferation centers

other
marker

Ki67 low (higher rates in proliferation centers and in progression and transformation
LEF1 positive (transcription factor negative in normal B-cells and low in other small B-cell lymphomas)

= majority of cases positive = variable fraction of cases positive = negative

Cytology Small cells rsembling
lymphocytes with narrow rim of
cytoplasm. Variable number of
prolymphocytes.

Histology Diffuse infiltration of tissues 
with variable amount of larger
cells (prolymphocytes and
paraimmunoblasts) in
pseudofollicles (proliferation
centers). Some cases harbor
features of plasmacytic
differentiation.

Clinical outline
leukemic in most patients (≥ 5000 cells/µl, see section “precursor lesion“); non-leukemic presentation in SLL. Frequent
involvement of spleen, lymph nodes and bone marrow.  All tissues can be involved, frequently as incidental findings. 

Chronic lymphocytic leukemia / small lymphocytic lymphoma (CLL/SLL)

Main differential
diagnosis

MCL (should be cyclin D1+ and CD23-); SMZL (should be CD5-)

MGG

CLL, cytology

CLL, hystology
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13.1  Treatment

This chapter summarizes current treatment 
options including chemoimmunotherapy as well 
as chemotherapy-free regimens.

13.1.1  Indication for Treatment 
Initiation

In general, newly diagnosed patients with asymp-
tomatic early stage disease (Rai 0, Binet A) 
should be monitored unless they develop symp-

toms of active and/or progressive disease, as 
defined by the IWCLL guidelines [1]. Treatment 
should be initiated in patients with advanced 
stage disease (Rai III and IV or Binet C) due to 
hematopoietic insufficiency. Patients with inter-
mediate stage (Rai I and II or Binet B) can be 
monitored until they have symptoms of progres-
sion and/or symptomatic disease.

13.1.2  General Considerations 
for the Choice of Therapy

For the treatment decision in this disease of 
mostly elderly people, a number of factors should 
be considered for the choice of initial as well as 
later therapies:

• Genetic risk of the leukemia: FISH and molec-
ular testing for deletion of the short arm of 

N. De Silva · B. Eichhorst (*) 
Department I for Internal Medicine, Center for 
Integrated Oncology Aachen-Bonn-Cologne- 
Duesseldorf, University of Cologne,  
Cologne, Germany
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Clinically relevant pathologic features Relevance Evidence
IGHV mutation status prognostic (unmutated, unfavourable)

predictive (estimation of treatment response)
A

TP53 anomaly (17p deletion, TP53
mutation)

prognostic (unfavourable)
predictive (subtype-specific protocols available)

A

Complex karyotype, 11q deletion prognostic (unfavourable)
predictive (subtype-specific protocols available)

B

Increase in large cells and / or proliferative
index; expanded proliferation center.

prognostic (unfavourable) C

Phenotypic markers prognostic (p53, CD38 and ZAP70 expression,
unfavourable),predictive (BCL2 inhibitors)

C

Clonal relationship of the DLBCL to the
underlying CLL in Richter syndrome

prognostic (clonally identical cases have shorter OS
as compared to unrelated (de novo) DLBCL

C

Legend: A = verified in multiple studies, randomized trials and/or integrated in guidelines; B = variable between studies/
needs definitive validation; C = preliminary/discrepant results.

Key molecular features

Two main subsets subdivided upon presence vs absence of IGHV mutation. 30% of cases have B-cell receptor
stereotypy . Frequent copy number alterations: del13q14.3 (miR-16-1, miR-15a), trisomy 12, del 11q22-23 (ATM,
BIRC3), del17p (TP53). Frequent mutations: NOTCH1, SF3B1, TP53, BIRC3, POT1, MYD88. Frequent translocations: -

Precursor lesions

Monoclonal B-cell lymphocytosis of the CLL type (defined as clonal cells with CLL phenotype of <5000/µl)

Progression

Prolymphocytoid transformation; diffuse large B-cell lymphoma (clonally related or unrelated) or classical Hodgkin
lymphoma (mostly clonally unrelated), both defined as “Richter-syndrome“.
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chromosome 17 [del(17p)], or mutation of the 
TP53 gene, which is associated with a poor 
prognosis and resistance to chemotherapeutic 
agents [2, 3]. Because of the possibility of 
genetic evolution [4, 5], testing for specific 
genetic markers should be repeated before 
treatment initiation if the previous testing was 
done more than 6 months ago or at any stage if 
the clinical course has become more 
aggressive.

• Fitness and comorbidity burden including 
renal function [6, 7].

• Co-medication: Consider patient compliance 
and potential interactions with co-medication.

13.2  Frontline Treatment

13.2.1  Treatment of Fit Patients

Treatment with chemoimmunotherapy is still a con-
siderable treatment option in frontline of CLL but 
should be done only in patients with favorable 
genetic profile including mutated immunoglobulin 
heavy-chain variable region (IGHV) status and 
exclusion of TP53 mutation/deletion. Combinations 
of anti-CD20 antibodies with fludarabine-based 
chemotherapeutic backbone are the most intensive 
chemoimmunotherapeutic options in CLL resulting 
in high rates of MRD negativity. The CLL8 trial of 
the German CLL study group (GCLLSG), with 817 
patients, demonstrated the superiority of fludara-
bine, cyclophosphamide, and rituximab (FCR) over 
fludarabine and cyclophosphamide (FC) with high 
rates of undetectable minimal residual disease 
(MRD) (63% vs. 35% p < 0.001) [8] resulting in a 
significantly improved progression-free survival 
(PFS) and overall survival (Table 13.1) [9]. In addi-
tion, after more than 5  years’ observation time, 
median PFS is still not reached in the FCR-treated 
patients with mutated IGHV status [10].

The combination of the alkylating agent 
bendamustine with rituximab (BR) showed 
promising activity in a phase II trial [11]. BR was 
compared with FCR in the phase III trial of the 
GCLLSG (CLL10) trial, showing that patients 
treated with FCR achieved a longer median PFS 
(55.2 vs. 41.7  months, HR  =  1.643, 95% CI 

1.308–2.064, p = 0.0003) than with BR, but no 
difference in OS was observed. Of note, signifi-
cantly more common toxicity criteria (CTC) 
grade three and four neutropenias and infections 
occurred with FCR particularly in patients 
>65  years old [12]. Based on these results, the 
BR combination is used commonly in fit, elderly 
patients (recommended cutoff at 65 years).

Randomized trials have shown that targeted 
agents inhibiting kinases downstream of the 
B-cell receptor, which play a major role in the 
pathogenesis of CLL, are superior to chemoim-
munotherapy, particularly in patients with less 
favorable genetic profile. Ibrutinib is a first-in- 
class orally available inhibitor of Bruton’s tyro-
sine kinase (BTK). This substance is given 
continuously and is only discontinued in the event 
of intolerable side effects or progression of CLL.

In the frontline setting, the phase III 
RESONATE II trial showed the advantage of 
ibrutinib over chlorambucil in 269 elderly, 
untreated CLL patients with regard to overall 
response rate (ORR) (86% vs. 35%), median PFS 
(not reached vs. 18.9  months), and 2-year OS 
(98% vs. 85%) (85) (Table 13.2) [13]. Based on 
this, ibrutinib was approved for therapy of 
treatment- naïve as well as pretreated CLL 
patients, including patients with 17p deletion.

The phase III ECOG-ACRIN E1912 frontline 
trial demonstrated superiority of six cycles of 
ibrutinib and rituximab (IR) (after a single cycle 
of ibrutinib monotherapy) followed by ibrutinib 
monotherapy until disease progression in 354 
patients over six cycles of FCR treatment in 175 
patients [14]. The PFS advantage of the ibrutinib- 
containing arm was 89.4% vs. 72.9% at 3 years 
and OS advantage 98.8% vs. 91.5% at 3 years. 
The significantly superior PFS of the IR arm over 
the FCR arm were only demonstrated in patients 
without the immunoglobulin heavy-chain vari-
able region (IGHV) mutation (90.7% vs. 62.5%) 
at 3 years, unlike those with mutated IGHV sta-
tus (87.7% vs. 88.0%).

Other currently ongoing trials as the FLAIR 
trial of the UK-CLL study group or the GAIA/
CLL13 trial of the GCLLSG are currently evalu-
ating other combination therapies, such as fixed 
duration of venetoclax plus obinutuzumab or a 
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triple combination (venetoclax plus ibrutinib plus 
obinutuzumab) or the oral combination of ibruti-
nib plus venetoclax alone (see below).

13.2.2  Treatment of Less Fit Patients

Single agent chlorambucil (Clb) has been widely 
used in this patient group and in combination 
treatment. The phase III CLL11 of the GCLLSG 
trial with 781 patients demonstrated superior PFS 
of Clb plus obinutuzumab over rituximab plus 

chlorambucil (ClbR) or single agent Clb (26.7 vs. 
16.3 vs. 11.1  months p  <  0.0001), respectively 
[15]. An updated analysis showed that OS in the 
ClbO arm was also significantly improved in 
comparison to Clb alone (HR 0.47, 95% CI 0.29–
0.76, p = 0.0014) (Table 13.1).

The randomized phase IIIb MABLE study of 
BR in comparison to ClbR in 241 elderly patients 
ineligible for frontline therapy with FCR as well as 
116 patients at second-line therapy showed a sig-
nificantly extended median PFS in the BR arm, in 
comparison to the ClbR group (40 vs. 30 months; 

Table 13.1 Efficacy of selected chemoimmunotherapies in frontline of CLL

Reference and study 
design

No. 
patients Treatment regimen

Clinical response Progression-free 
survival

Overall 
survivalCR CR + PR

Fit/young patients
Fludarabine, cyclophosphamide + rituximab full dosed (FCR)
Keating et al., JCO 
2005 [55, 56]
Phase II

224 F 25 mg/m2 d1–3 iv q 28 
d × 6
C 250 mg/m2 d1–3 iv q 
28d × 6
R 375 mg/m2 d1 C1 and R 
500 mg/m2 d1 C2–6

70% 95% Median 
6.4 years

Median 
12.7 years

Hallek et al., Lancet 
2010 (GCLLSG 
CLL8) [9, 10]
Phase III

408 F 25 mg/m2 d1–3 iv q 28 
d × 6
C 250 mg/m2 d1–3 iv q 28 
d × 6
R 375 mg/m2 d1 C1 and R 
500 mg/m2 d1 C2–6

44% 93% Median 57 mo 79% at 
5 years

Bendamustine + rituximab (BR)
Fischer et al., JCO 
2012
Phase II [11]

117 B 90 mg/m2 d1 + 2 q 
28 × 6
R 375 mg/m2 d1 C1 and R 
500 mg/m2 d1 C2–6

23% 88% Median 34 mo 
(event-free 
survival)

At 2 years 
90%

Eichhorst et al., 
Lancet Oncol 2016 
[12]
Phase III

279 B 90 mg/m2 d1 + 2 q 
28 × 6
R 375 mg/m2 d1 C1 and R 
500 mg/m2 d1 C2–6

31% 98% Median 42 mo At 3 years 
92%

Chlorambucil + obinutuzumab (ClbO)
Goede et al. NEJM 
2014 [15]
Phase III randomized

333 Clb 0.5 mg/kg BW 
d1 + 15 q28 × 6
O 1000 mg d1,8,15 C1 
and 1000 mg d1 C2–6

22% 77% Median 26.7 
mo

Median 
not 
reached

Bendamustine + rituximab (BR)
Michallet et al., 
Haematol 2018 [16]
Phase IIIb

121 B 90 mg/m2 d1 + 2 q 
28 × 6
R 375 mg/m2 d1 C1 and R 
500 mg/m2 d1 C2–6

24% 91% Median 40 mo n.a.

All agents were given intravenously unless otherwise specified
F fludarabine, CYC cyclophosphamide, R rituximab, B bendamustine, Clb chlorambucil, O obinutuzumab, d day, C 
cycle, mo months, n.a. not available
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p = 0.003) [16]. No difference in OS was observed. 
A greater number of SAEs due to infections were 
observed with BR (19% versus 8%).

Also in elderly patients, newer targeted agents 
have been investigated and showed an improved 
PFS, but not OS in comparison to chemoimmu-
notherapies. In the phase III ALLIANCE trial for 
patients >65  years, ibrutinib monotherapy and 
ibrutinib with rituximab were compared to 
bendamustine and rituximab (BR) treatment, 
with 182 patients in each of the three arms [17]. 
PFS has not yet been reached in either ibrutinib- 
containing arm but was 41 months in the BR arm. 
No significant survival difference has yet been 
demonstrated between any of the three arms, pro-
viding possible reassurance that ibrutinib mono-
therapy is equally efficacious as IR.

The phase III frontline ILLUMINATE trial of 
229 patients aged >65 years or ≤65 with coexist-

ing conditions demonstrated a longer PFS with 
ibrutinib plus obinutuzumab over chlorambucil 
plus obinutuzumab (not reached vs. 19.0 months 
at a median follow-up of 31.3 months, indepen-
dent of high-risk features) [18].

However, besides the improvement of 
response and response duration, the continuous 
administration of BTK inhibitors is associated 
with additional morbidity, particularly cardio-
vascular morbidity. Severe atrial fibrillation 
was reported in 6% of patients [17], and more 
than threefold increased risk was described dur-
ing ibrutinib therapy [19]. The development of 
new or worsening of preexisting arterial hyper-
tension was reported in up to 78% of the 
patients during the course of ibrutinib intake 
[20]. Other BTK inhibitors as acalabrutinib or 
zanubrutinib may have a more favorable toxic-
ity profile, but head-head comparisons between 

Table 13.2 Efficacy of novel agents alone or in combination in frontline CLL

Reference and 
study design

No. 
patients Treatment regimen

Clinical response Progression- 
free survival Overall survivalCR CR + PR

Ibrutinib
Burger et al., 
NEJM 2015 
[13]
Phase III 
randomized

269 Ibrutinib 420 mg daily until 
progression

4% 86% Median not 
reached

At 2 years: 
98%

Shanafelt et al., 
NEJM 2019 
[14]
Phase III 
randomized

529 Ibrutinib 420 mg daily until 
progression
R 50 mg/m2 d1 c1
R 375 mg/m2 d2 c2 and R 
500 mg/m2 d1 c3–7

17.2% 95.8% 89.4% at 
33.6 months

At 3 years: 
98.8%

Woyach et al., 
NEJM 2018 
[17]
Phase III 
randomized

547 Ibrutinib 420 mg daily until 
progression or ibrutinib 
420 mg daily until 
progression + R 375 mg/m2 
C1 d1 d8 d14 d21 d1 c2–6

7% Not reached At 2 years: 
90%

12% Not reached At 2 years: 
94%

Moreno et al., 
Lancet Onc 
2018 [18]
Phase III 
randomized

229 Ibrutinib 420 mg daily until 
progression
Obinutuzumab 1000 mg 
d1,8,15 C1 and 1000 mg d1 
C2-C6

19% 88% Not reached At 30 months: 
86%

Venetoclax
Fischer et al., 
NEJM 2019 
[26]
Phase III 
randomized

432 Venetoclax c1 d22 (ramp up)
Venetoclax 400 mg daily 
c2–12)
Obinutuzumab 1000 mg 
d1,8,15 C1 and 1000 mg d1 
C2-C6

49.5% 84.7% 88.2% at 
24 months

Not yet 
reached
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those substances are still missing [21–23]. 
However, results from a randomized phase III 
trial in elderly CLL patients comparing acala-
brutinib alone or in combination with obinutu-
zumab versus chlorambucil plus obinutuzumab 
demonstrated superiority of both BTK inhibi-
tor-containing treatment arms versus chemoim-
munotherapy [21].

Venetoclax, an oral BCL2 inhibitor, shows 
promising data with regard to deep responses, 
including high rates of MRD negativity [24, 25]. 
The phase III frontline CLL14 trial including 432 
patients compared fixed duration venetoclax and 
obinutuzumab with chlorambucil and obinutu-
zumab in less fit patients and those with a CIRS 
score >6 or calculated creatinine clearance 
<70  mL/min. The 2-year PFS was significantly 
higher in the venetoclax and obinutuzumab arm 
(88.2% vs. 64.1%) with this advantage also seen 
in patients with a TP53 deletion and/or mutation 
and unmutated IGHV status. MRD negativity 
was also higher in this patient group, in periph-
eral blood (75.5% vs. 35.2%) and in bone mar-
row (56.9% vs. 17.1%). Toxicities, which were 
mainly hematologic toxicities as well as infec-
tions and infusion-related reactions, and mortal-
ity are thus far statistically similar between the 
two arms [26].

Randomized trials comparing the two princi-
ples of chemotherapy-free treatment  – continu-
ous administration of BCR inhibitor versus 
time-limited therapy of bcl2-inhibiotr plus anit-
 CD20 antibody, have just started. Before these 
results are available with each patient individu-
ally, the choice of therapy has to be discussed 
based on consideration of comorbidity, co- 
medication, genetic profile, and ability to come 
to the physician’s office.

13.3  Conclusion

Though FCR remains a treatment option in phys-
ically fit patients up to the age 65 years and with 
a mutated IGHV status, targeted therapies are the 
treatment of choice particularly in patients with 

unmutated IGHV status or TP53 mutation or 
deletion. In fit patients, overall survival was lon-
ger for ibrutinib versus FCR within a randomized 
trial without crossover. Other trials in elderly or 
less fit evaluating the BTK inhibitors ibrutinib or 
acalabrutinib or the time-limited therapy of the 
bcl2 inhibitor venetoclax plus obinutuzumab ver-
sus chemoimmunotherapy demonstrated superi-
ority with respect to PFS.  In comparison to the 
less intensive chemoimmunotherapy with chlo-
rambucil and obinutuzumab, ibrutinib and vene-
toclax demonstrated superiority in both 
subgroups, patients with mutated and unmutated 
IGHV. Data with respect to the combination of 
venetoclax plus obinutuzumab in fit patients are 
still pending.

13.4  Relapse Treatment

According to the IWCLL guidelines, relapsed 
patients are defined as those who have previously 
achieved a complete response (CR) or partial 
response (PR) but demonstrated evidence of dis-
ease progression after a period of 6 or more 
months [1]. Treatment-refractory CLL is defined 
as disease without PR or CR or disease 
 progression within 6  months following the last 
antileukemic therapy.

The response to subsequent or second-line 
treatment depends on a variety of factors includ-
ing clinical stage, adverse biological prognostic 
factors, and numbers of prior therapies. Patients 
refractory to previous therapy including BCR 
inhibitors and those with a del(17p)/TP53 muta-
tion have particularly poor prognosis [27–30]. In 
clinical studies, del(17p) has been identified in 
around 7% of previously untreated patients and 
as many as 50% with relapsed/refractory disease. 
Disease progression within 2 years of the initia-
tion of frontline chemoimmunotherapy is an 
independent negative predictor of survival [31]. 
However, also progression of CLL on continuous 
treatment with targeted agents is associated with 
genetic evolution resulting in resistance muta-
tions and poor outcome [29, 30, 32].
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Therapy for relapsed and refractory patients 
after time-limited frontline therapy should be 
planned according to:

• Clinical stage of disease.
• Response to the previous treatment.
• Genetic results.
• Fitness of the patients.
• Laboratory parameters such as renal function.
• Bone marrow reserve.

If progression occurs on continuous therapy 
with targeted agents, treatment should not be 
stopped before an alternate treatment plan exists, 
because progression of CLL might accelerate 
immediately [33]. Repeat FISH testing and 
molecular testing for TP53 mutation at the time 
of relapse is important to optimize treatment for 
high-risk patients. Testing for BTK mutations or 
other mutations in genes coding for targeted 
kinases is not yet performed in routine.

13.4.1  Management of Late Relapsed 
Patients After 
Chemoimmunotherapy

The European Society for Medical Oncology 
(ESMO) recommendations indicate that frontline 
treatment with chemoimmunotherapy may be 
repeated if the relapse or progression occurred 
within 24–36 months or longer after initial ther-
apy [2]. However, in the era of new drugs, only a 
small proportion of relapsed patients are retreated 
with previous chemoimmunotherapies. Though 
patients may still show remarkable response 
rates, response duration is rather short in this sit-
uation and significant myelotoxicity may occur 
[34]. Because of more favorable side effect and 
efficacy profile, targeted drugs are the treatment 
of choice in the majority of relapsed patients.

13.4.2  Inhibitors of the B-Cell Receptor 
Pathway to Treat r/r Patients

Ibrutinib was compared with ofatumumab in a 
large, multicenter, phase III study (RESONATE 

I), performed in 391 patients with relapsed or 
refractory CLL (Table  13.3) [35]. The median 
PFS was not reached in the ibrutinib group but 
was 8.1  months in the ofatumumab group 
(p < 0.001). Ibrutinib administration also signifi-
cantly improved the OR and the OS rates. In 
February 2014, the FDA approved ibrutinib for 
CLL in patients who had received at least one 
previous therapy and subsequently to patients 
with 17p deletion.

Ibrutinib can be also used after CLL relapse 
following allogeneic hematopoietic cell trans-
plant (allo-HCT). In a study of 27 patients with 
relapsed CLL following allo-HCT who subse-
quently received ibrutinib salvage therapy, an 
87.5% OR rate was observed with only three pro-
gressions after the 24-month observation [36].

Idelalisib is a phosphoinositide 3-kinase 
(PI3K)γ target, causing downstream inhibition of 
the B-cell receptor. The substance showed 
remarkable efficacy in comparison to rituximab 
in a heavily pretreated elderly patient population 
(Table 13.3) [37]. Significant toxicities observed 
in several trials as severe diarrhea, pneumonitis 
including Pneumocystis jirovecii pneumonitis, 
and CMV reactivations led to widespread with-
drawal of its use. However, this substance is still 
a later line relapse treatment option for patients 
being refractory to BTK inhibitors and 
venetoclax.

13.4.3  BCL-2 Antagonists in r/r CLL

The bcl2 inhibitor venetoclax induced an objec-
tive response in approximately 80% of patients 
with relapsed/refractory CLL including del(17p), 
16–20% of whom demonstrate CR [38]. The 
M13–982 phase II trial including only patients 
with relapsed CLL carrying del(17p) reported an 
OR rate with venetoclax monotherapy of 79.4%, 
with CR occurring in 7.5% of patients. Among the 
side effects, particularly grade 3–4 neutropenia, 
occurring in 43% of subjects, was assessed [39]. 
In 2016, venetoclax gained FDA and subsequent 
European Medicines Agency (EMA) approval for 
patients with del(17p) and TP53 CLL who had 
been treated with at least one prior therapy.
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Within the phase III MURANO trial, 389 
patients with relapsed or refractory CLL were 
randomized to receive venetoclax for up to 
2 years plus rituximab for the first 6 months or 
BR for 6 months [25]. At a median follow-up of 
23.8 months, PFS was greater in the venetoclax 
plus rituximab arm (84.9% vs. 36.3% p < 0.0001), 
with the advantage seen in all subgroups includ-
ing those with 17p deletion and higher rates of 
undetectable MRD in peripheral blood after 
9 months of treatment (62.4% vs. 13.3%).

13.4.4  Treatment of After Therapy 
Discontinuation of Targeted 
Agents

The most common reasons for discontinuation of 
BCR inhibitors are toxicity, CLL progression, and 
Richter syndrome [29]. Mato et al. analyzed the 
reasons for ibrutinib (143 patients) or idelalisib 
(35 patients) discontinuation in 187 heavily pre-
treated patients who had undergone a median of 
three prior therapies [40]. BCR inhibitor toxicity 
was the reason for treatment discontinuation in 
51% of the patients and CLL progression in 29%. 
Currently, the best option for treatment of CLL 
patients who fail ibrutinib or idelalisib therapy is 
the BCL-2 antagonist venetoclax, showing overall 
response rates of 65% [41].

Vice versa, registry data have demonstrated 
that the Btk inhibitor ibrutinib induces responses 
following prior treatment with venetoclax [42]. 
In addition, reexposure to venetoclax after 
treatment- free interval might also be considered 
as option, but more data from clinical trials are 
warranted here in order to determine the mini-
mum Bcl2 inhibitor-free interval.

13.4.5  Investigational Drugs in r/r 
Disease

Recently, several new agents have shown prom-
ise in treating CLL, and the second-generation 
BTK inhibitors as acalabrutinib (ACP-196) are 
now under investigation [22, 43]. Second- 
generation PI3Kδ inhibitors that are in develop-

ment to address the safety concerns observed 
with idelalisib by reducing the severity of associ-
ated transaminase elevations include umbralisib 
and duvelisib (IPI-145) [44–46]. The phase III 
DUO trial demonstrated higher PFS rates with 
duvelisib when compared to ofatumumab in 
relapsed or refractory CLL (13.3 vs. 9.9 months, 
p < 0.0001) [46].

The novel anti-CD20 mAb ublituximab is 
effective in relapsed/refractory CLL, particularly 
when combined with ibrutinib [47]. A phase II 
study evaluating combined therapy with ublitux-
imab and ibrutinib revealed rapid and high 
response rates in patients with relapsed or refrac-
tory CLL. An OR rate of 88% was achieved at 
6  months in the total population, and this rate 
grew to 95% including 15% MRD negativity in 
20 patients with 17p or 11q deletions or TP53 
mutation.

Otlertuzumab (TRU-016) is a humanized anti-
 CD37 protein therapeutic that induces ADCC 
and triggers direct caspase-independent apopto-
sis of malignant B-cells. A randomized study 
compared bendamustine plus otlertuzumab ther-
apy with the use of bendamustine alone in 
patients with relapsed CLL [48]. Median PFS 
was also longer in the otlertuzumab combination 
arm than with bendamustine alone (15.9 vs. 
10.2 months p = 0.0192).

Another anti-CD37 antibody (BI 836826) 
administered as monotherapy induced a 45% 
ORR in a very-high-risk patient population car-
rying del(17p) or Tp53 mutation [49].

13.4.6  Allogenic Stem Cell 
Transplantation in r/r Disease

Allogeneic hematopoietic stem cell transplanta-
tion (allo-HCT) is currently still the only curative 
therapy of CLL. The CLL3X trial based on long- 
term observation of allografted patients found 
that reduced intensity conditioning (RIC) allo- 
HCT can provide sustained disease control in 
patients with high-risk CLL, independent of 
TP53 status [50]. In this study, 33 of 44 patients 
(75%) with available long-term observation data 
were alive at the 6-year follow-up.
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Patients with del(17p) or TP53 mutation may 
still be candidates for allo-HCT after at least one 
previous line of therapy. Allo-HCT should be 
considered for patients who did not achieve OR 
or who progressed after BCR inhibitor adminis-
tration but receive BCL-2 inhibitors or vice versa 
[51]. However, with several different types of tar-
geted therapy being available and more coming 
up, allo-HCT is currently mainly performed in 
patients being refractory to two targeted agents or 
having transformed into a diffuse large B-cell 
lymphoma, defined as Richter transformation.

13.5  Conclusion of Relapse 
Treatment

Despite recent progress in the treatment of CLL, 
almost all patients are destined to relapse. Actual 
guidelines recommend kinase inhibitor or bcl2 
inhibitor therapy before repeat chemotherapy or 
chemoimmunotherapy in all patient subgroups. 
Novel combinations based on targeted agents 
might particularly be beneficial for patients with 
very-high-risk profile or being refractory to tar-
geted agents. Allo-HCT can be considered in fit 
patients, especially those with a del(17p)/TP53 
mutation and who are refractory to BCR or bcl2 
inhibitors. Patients with refractory disease should 
be treated within clinical trials whenever 
possible.

13.6  Outlook to Future 
Combinations

The combination therapy with ibrutinib plus 
venetoclax, without a CD20 antibody, was evalu-
ated in a phase II trial in relapsed CLL [52]. After 
8  weeks of ibrutinib monotherapy, venetoclax 
was added and gradually ramped up. Fifty 
patients showed good tolerance to this regimen. 
Despite the presence of high-risk factors, all 25 
evaluable patients responded; 60% had a com-
plete response and 76% had less than 1% CLL 
cells in the bone marrow, leading to venetoclax 
plus ibrutinib being added as an additional arm to 
the UK FLAIR trial [52]. Similar combinations 

based on BCR inhibitors and venetoclax with or 
without CD20 antibodies have already been 
tested in phase II trials in frontline [53, 54] and 
are now undergoing evaluation in randomized 
settings.
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CD20 CD3 CD51 CD42 CD82 CD71 CD53 TCR4 CD57 CD301

notes 1variable loss/expression of each marker. CD30 expression increased at progression/transformation
2most cases CD4+/CD8-, rarer: CD4-/CD8+ or CD4-/CD8-, 3rare cases reported, 4most cases of ab type

other
marker

PD1 positive in a subset of cases.

= majority of cases positive = variable fraction of cases positive = negative

Cytology Small to medium sized cells with convoluted,
cerebriform nuclei. Large transformed cells in
advanced stages.

Histology Variable picture, dependent on presentation. 
Typical MF at patch/plaque stage with 
intraepidermal lining the basal layer, 
intraepidermal aggregates (microabscesses of 
Pautrier). Tumoral stage features mass 
forming lesions, which may ulcerate. 
Folliculotropic MF with dilated infiltrated 
follicles and mucinosis. Pagetoid reticulosis 
with striking epidermotropism within a 
hyperplastic epidermis. Foreign body 
reaction-like giant multinucleated cells and 
features of elastolysis in granulomatous slack 
skin, which can be only clinically distinguished 
from granulomatous MF.

Clinical outline
MF manifests in adulthood as erythematous (or, less frequently, hyper-/hypopigmented) patches, which slowly 
progress to plaques, tumoral lesions and/or to erythroderma. Ultimately, peripheral blood and lymph nodes
become involved. Clinic-pathologic variants appear as follicular papules with alopecia (folliculotropic MF), solitary,
scaled plaques (Woringer-Kolopp type MF / pagetoid reticulosis) or pendulous skin folds (granulomatous slack skin).

Mycosis fungoides (MF)

Mycosis
fungoides,
cytology

Mycosis fungoides, hystology
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Key molecular features

Clonally rearranged T-cell receptor (TCR) genes.

Frequent translocations: CTLA4-CD28, involvement of PDL1.

Frequent copy number alterations: TNFRSF1B gain.

Frequent mutations: TNFR2, PLCG1

Precursor lesions

Whether parapsoriasis en plaque as a chronic dermatitis represents an early MF /MF-precursor or whether it is a
non-neoplastic independent disease is a matter of debate.

Progression

Histologic transformation (defined by by >25% large cells) and progression to tumor stage (clinically defined by
tumor of >=1cm) are often associated

Clinically relevant pathologic features Relevance Evidence 

Extent of dermal involvement (stage) Prognostic: larger involved areas=higher stage 
(unfavourable)

A

Large cell transformation Prognostic: correlates with lower OS B

CD30 expression Prognostic: predicts transformation to higher stage

Predictive: anti-CD30 immunotherapy

C

B

TCR clonality Prognostic: detection of clone in skin and peripheral
blood correlates with lower OS

C

Histologic variant Prognostic: folliculotropic MF and granulomatous MF
carry a more aggressive behavior

B

Legend: A= verified in multiple studies, randomized trials and/or integrated in guidelines; B= variable between studies/
needs definitive validation; C= preliminary / discrepant results

Main differential
diagnosis

Inflammatory lesions/dermatitis (should be polyclonal), Tumor-stage appears 
undistinguishable from cutaneous CD30+ lymphoproliferation (clinical presentation/history 
needed to distinguish), CD8+ epidermotropic lymphoma (should show epidermal necrosis)
or cutaneous g/d-lymphoma (phenotype and clinical presentation).
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14.1  Introduction

The term cutaneous T-cell lymphoma (CTCL) 
refers to T-cell lymphomas that present in the skin 
with no evidence of extracutaneous disease at the 
time of diagnosis. CTCL represent approximately 
75–80% of all primary cutaneous lymphomas, 
whereas primary cutaneous B-cell lymphomas 
account for approximately 20–25% and are not a 
focus of this chapter [1, 2]. CTCL constitute a het-
erogeneous group of lymphomas that show con-
siderable variation in clinical presentation, 
histologic appearance, immunophenotype, and 
prognosis. The relative frequency and prognosis 
of the different types of CTCL that are recognized 
in the 2018 update of the World Health 
Organization—European Organization for 
Research and Treatment of Cancer (WHO- 
EORTC) classification for primary cutaneous 
lymphomas and the 2016 revision of the WHO 
classification are presented in Table 14.1 [1, 2]. In 
this chapter, the clinicopathologic characteristics, 
prognosis, prognostic factors, and treatment 
options of indolent types of CTCL are discussed.

14.2  Mycosis Fungoides

Mycosis fungoides (MF) is the most common type 
of CTCL and accounts for more than 50% of all 
cases (Table  14.1). It is defined as an epidermo-
tropic CTCL characterized by a proliferation of 
small- to medium-sized T-lymphocytes with cere-
briform nuclei. The term MF should be used only 
for the classical “Alibert–Bazin” type characterized 
by the evolution of patches, plaques, and tumors or 
for variants showing a similar clinical course.

14.2.1  Clinical Features

MF typically affects older adults (median age at 
diagnosis: 55–60  years) but may occur in chil-
dren and adolescents as well. Men are affected 
more often than women, with a male-to-female 
ratio of 1.6–2.0:1 [3–6]. Patients with classical 
MF present with patches and plaques that are 
preferentially located on the buttocks and other 
covered sites of the trunk and limbs (sun- 

protected areas) (Fig. 14.1a). Most patients have 
a protracted clinical course over years or even 
decades without progression beyond early patch/
plaque stage disease. However, a proportion of 
patients may develop nodules or tumors and 
eventually progress to extracutaneous disease. 
Skin tumors may be solitary, localized, or wide-
spread and often show ulceration (Fig.  14.2a). 

Table 14.1 Relative frequency and prognosis of cutane-
ous T-cell lymphomas included in the 2018 update of the 
WHO-EORTC classification (modified from [1])

WHO-EORTC classification 2018
Frequency 
(%)a

5-year 
DSS 
(%)a

Mycosis fungoides 52 88
Mycosis fungoides variants

• Folliculotropic MF 6 75
• Pagetoid reticulosis <1 100
• Granulomatous slack skin <1 100

Sézary syndrome 3 36
Adult T-cell leukemia/
lymphoma

<1 NDA

Primary cutaneous CD30- 
positive lymphoproliferative 
disorders

•  Primary cutaneous anaplastic 
large cell lymphoma

11 95

• Lymphomatoid papulosis 16 99
Subcutaneous panniculitis-like 
T-cell lymphoma

1 87

Extranodal NK/T-cell 
lymphoma, nasal type

<1 16

Chronic active EBV infection <1 NDA
Primary cutaneous peripheral 
T-cell lymphoma, rare subtypes

•  Primary cutaneous γ/δ T-cell 
lymphoma

<1 11

•  Primary cutaneous aggressive 
epidermotropic CD8-positive 
T-cell lymphoma 
(provisional)

<1 31

•  Primary cutaneous CD4+ 
small/medium T-cell 
lymphoproliferative disorder 
(provisional)

8 100

•  Primary cutaneous acral 
CD8+ T-cell lymphoma 
(provisional)

<1 100

Primary cutaneous peripheral 
T-cell lymphoma, not otherwise 
specified

3 15

DSS disease-specific survival, NDA no data available
aBased on data included in Dutch and Austrian cutaneous 
lymphoma registries between 2002 and 2017
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a b

c

Fig. 14.1 Mycosis fungoides, plaque stage. Generalized 
patches and thin plaques on the trunk (a); histopathologic 
examination shows extensive infiltration of the epidermis 

by atypical T-cells (epidermotropism) (b); CD3 expres-
sion by dermal and intraepidermal T-cells (c)

a b

Fig. 14.2 Mycosis fungoides, tumor stage. Patches and a solitary tumor in the left armpit (a); histopathologic examina-
tion of the tumor shows a diffuse dermal infiltrate of small- and medium-sized and large neoplastic T-cells (b)
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Extracutaneous dissemination most commonly 
first involves the regional lymph nodes draining 
areas of extensive skin involvement. Visceral 
involvement may develop subsequently and can 
involve any organ. The risk of developing extra-
cutaneous disease correlates with the extent and 
stage of disease. The revised TNMB classifica-
tion and clinical staging system used for MF and 
Sézary syndrome is presented in Table 14.2 [7]. 
Development of extracutaneous disease is 

exceedingly rare in patients with limited patch/
plaque stage disease (stage IA), relatively uncom-
mon in patients with generalized patches and/or 
plaques (stage IB), and much more common in 
patients with skin tumors (stage IIB) or erythro-
derma (stage III) [3–6].

14.2.2  Histopathology

Histopathologically, early patch/plaque stage dis-
ease is characterized by the presence of  superficial 
band-like or lichenoid infiltrates of small- to 
medium-sized atypical T-cells with cerebriform 
and sometimes hyperchromatic nuclei, which char-
acteristically infiltrate into the epidermis (epider-
motropism). They characteristically colonize the 
basal layer of the epidermis either as single often 
haloed cells or in a linear configuration [8, 9]. The 
presence of intraepidermal nests of atypical cells 
(Pautrier’s microabscesses) is a highly characteris-
tic feature but is observed in only a minority of 
cases (Fig. 14.1b). With progression to tumor stage, 
the dermal infiltrates become more diffuse and epi-
dermotropism may no longer be present. The tumor 
cells increase in number and size, showing variable 
proportions of small, medium-sized or large cells 
with cerebriform nuclei, blast cells with prominent 
nuclei, and intermediate forms (Fig. 14.2b). Large 
cell transformation, defined by the presence of 
CD30- negative or CD30-positive large cells 
exceeding 25% of the infiltrate or forming micro-
scopic nodules, may occur and is generally associ-
ated with a poor prognosis [10, 11].

The neoplastic cells in MF have a mature 
CD3+, CD4+, CD45RO+, CD8− phenotype and 
represent the so-called skin resident memory 
T-cells [12]. In a minority of cases of otherwise 
classical MF, a CD4−, CD8+ mature T-cell phe-
notype or more rarely a γ/δ T-cell phenotype 
(βF1−, TCR γ/δ+, CD3+, CD4−, CD8+) may be 
seen [13, 14]. Such cases have the same clinical 
behavior and prognosis as CD4+ cases and should 
not be considered separately. Demonstration of an 
aberrant phenotype (e.g., loss of pan-T-cell anti-
gens such as CD2, CD3, and CD5) is an important 
adjunct in the diagnosis of MF but is uncommon 
in the early stages of MF.

Table 14.2 Revised TNMB classification and clinical 
staging system for MF/SS [7]

T (skin)
T1 Limited patch/plaque (involving <10% of total 

skin surface)
T2 Generalized patch/plaque (involving ≥10% of 

total skin surface)
T3 Tumor(s)
T4 Erythroderma
N (lymph node)
N0 No clinically abnormal peripheral lymph nodes
N1 Clinically abnormal peripheral lymph nodes; 

histologically uninvolved
N2 Clinically abnormal peripheral lymph nodes; 

histologically involved (nodal architecture 
uneffaced)

N3 Clinically abnormal peripheral lymph nodes; 
histologically involved (nodal architecture 
(partially) effaced)

Nx Clinically abnormal peripheral lymph nodes; no 
histological confirmation

M (viscera)
M0 No visceral involvement
M1 Visceral involvement
B (blood)
B0 No circulating atypical (Sézary) cells (or <5% of 

lymphocytes)
B1 Low blood tumor burden (≥5% of lymphocytes 

are Sézary cells, but not B2)
B2 High blood tumor burden (positive clone and 

either ≥1000/μL Sézary cells or CD4/CD8 
ratio>10 or CD4+CD7- cells more than 40% or 
CD4+CD26- cells more than 30%

Clinical stage
IA T1 N0 M0 B0–1

IB T2 N0 M0 B0–1

IIA T1–2 N1–2 M0 B0–1

IIB T3 N0–2 M0 B0–1

III T4 N0–2 M0 B0–1

IVA1 T1–4 N0–2 M0 B2

IVA2 T1–4 N3 M0 B0–2

IVB T1–4 N0–3 M1 B0–2

MF mycosis fungoides, SS Sézary syndrome
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Demonstration of clonal T-cell receptor gene 
rearrangement is also used as an adjunct to dif-
ferentiate between MF and benign inflammatory 
dermatoses. However, caution is warranted, since 
clonal T-cell populations can occasionally also be 
found in benign skin conditions. Demonstration 
of an identical T-cell clone in skin biopsies from 
different anatomical sites is however highly spe-
cific for MF and rarely found in benign dermato-
ses [15, 16]. Although not a clinical standard 
method so far, high-throughput gene sequencing 
has been shown to have higher detection sensitiv-
ity for clonal T-cell populations and might in the 
future complement the diagnostic instrumentar-
ium in uncertain cases [17].

14.2.3  Treatment

The choice of an initial treatment in MF depends 
on the stage of the disease and the general condi-
tion and age of the patient. Given the chronic and 
recurrent nature of MF, treatment should be 
aimed at improving symptoms while limiting 
toxicity. Therefore, a stage-adapted conservative 
therapeutic approach is recommended for MF 
and its variants [18–20].

In general, as long as the disease is confined to 
the skin, patients should be treated with skin- 
directed therapies including topical or intrale-
sional steroids, phototherapy such as psoralens 
plus ultraviolet A (PUVA) or narrowband UVB 
(nb-UVB), topical cytostatic agents such as 
mechlorethamine (nitrogen mustard), and radio-
therapy (Table  14.3). In patients with stage IA 
disease, even an expectant policy with careful 
monitoring can be followed. The efficacy of skin- 
directed therapies in MF is explained by the pref-
erential localization of the neoplastic skin-homing 
T-cells to the epidermis and superficial dermis. 
Systemic multi-agent chemotherapy is not useful 
in these early stages, since it does not improve 
survival and is associated with considerable 
 morbidity [21].

Topical steroids may be effective in control-
ling disease activity in patients with only patches 
and very thin plaques. In the more advanced 
stages, they continue to be an important adjuvant 

therapy. PUVA treatment has become a standard 
therapy for the early stages of MF with complete 
response rates of 80–90% in patients with stage 
IA–IIA disease. Nb-UVB should only be used in 
patients with patches or very thin plaques. Topical 
application of mechlorethamine, either in aque-
ous solution or in an ointment-based preparation, 
has been used successfully for decades in the 
treatment of early-stage MF.  Recently, a com-
mercial 0.02% gel preparation was approved by 
the EMA as an orphan drug for the treatment of 
early-stage MF [22]. In patients developing one 
or few infiltrated plaques or tumors (stage IIB), 
additional low-dose local radiotherapy (2 × 4 Gy) 
may suffice [23, 24].

For patients with more extensive infiltrated 
plaques and tumors or patients refractory to skin- 
directed therapies, a combination of PUVA and 
interferon alpha or PUVA and retinoids, includ-

Table 14.3 Recommendations for the treatment of 
mycosis fungoides

Stage First-line treatment
Second-line 
treatment

Stage 
IA–IIA

Expectant policy
Topical steroids
Nb-UVB
PUVA
Topical 
mechlorethamine
Local RT

PUVA + retinoids
PUVA + IFNα
Retinoids
IFNα
Retinoids + IFNα
TSEBI

Stage 
IIB

PUVA + local RT
PUVA + retinoids
PUVA + IFNα
TSEBI

Gemcitabine
Liposomal 
doxorubicin
Brentuximab 
vedotin
Combination 
chemotherapy
Allo-SCT

Stage 
III

PUVA + retinoids
PUVA + IFNα
ECP −/+ IFNα −/+ 
retinoids
Low-dose MTX

TSEBI

Stage 
IV

Gemcitabine
Liposomal 
doxorubicin
Brentuximab vedotin

Combination 
chemotherapy
Allo-SCT

MF mycosis fungoides, PUVA psoralens plus ultraviolet 
A, Nb-UVB narrow-band ultraviolet B, RT radiotherapy, 
IFNα interferon alpha, TSEBI total skin electron beam 
irradiation, allo-SCT allogeneic stem cell transplantation, 
MTX methotrexate, ECP extracorporeal photopheresis
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ing bexarotene, and a combination of interferon 
alpha and retinoids or total skin electron beam 
irradiation can be considered [18–20, 25]. Total 
skin electron beam irradiation (TSEBI) is a 
highly effective treatment in patients with skin- 
limited MF. TSEBI was often given to total doses 
of 30–36  Gy in fractions of 1.5–2  Gy over an 
8–10-week period. Recently, lower doses (10–
12 Gy) have been employed with the advantages 
of briefer duration, fewer side effects, and oppor-
tunity for re-treatment [26, 27].

In patients with advanced and refractory dis-
ease, gemcitabine or liposomal doxorubicin may 
be considered, but responses are generally short- 
lived [28, 29]. Recent studies also report high 
response rates of brentuximab vedotin (BV; a 
monoclonal anti-CD30 antibody coupled to the 
anti-tubulin agent monomethyl auristatin E) in 
patients with advanced MF/SS expressing CD30 
[30–32]. Other agents like histone deacetylase 
(HDAC) inhibitors, such as vorinostat and 
romidepsin, have been approved in the United 
States by the Food and Drug Administration for 
patients with relapsed and refractory CTCL but 
have not yet been registered for CTCL in Europe 
[33–35]. Recently, the CCR-4 monoclonal anti-
body mogamulizumab has been approved by reg-
istration authorities. Mogamulizumab showed 
clinical activity with an overall response rate of 
app. 28% but is particularly effective in clearing 
tumor cells from the peripheral blood [36, 37].

Multi-agent chemotherapy, including CHOP 
and CHOP-like courses, is only indicated in 
patients with effaced lymph nodes or visceral 
involvement (stage IV) or in patients with wide-
spread tumor stage MF, which cannot be con-
trolled with skin-targeted and immunomodulating 
therapies, but—similar to single-agent chemo-
therapy—responses are generally short-lived.

In relatively young patients with refractory, 
progressive MF or with SS, an allogeneic stem 
cell transplantation (allo-SCT) should be consid-
ered. Using nonmyeloablative reduced-intensity 
conditioning regimens, durable responses have 
been reported, but experience is still limited and 
the optimal conditioning regimen and timing for 
an allogeneic transplant are currently unknown 
[38, 39]. Recent studies suggest that patients may 

benefit from tumor debulking with TSEBI or 
immunochemotherapy with BV prior to trans-
plantation [40–42]. Results with autologous stem 
cell transplantation in MF and SS have been dis-
appointing [43], suggesting the need for a graft- 
versus- lymphoma response.

14.2.4  Prognosis and Predictive 
Factors

The prognosis of patients with MF is dependent 
on the stage and in particular the type and extent 
of skin lesions and the presence of extracutane-
ous disease [3–6]. The disease-related 10-year 
survival is 96% for stage IA, 77–83% for stage 
IB, and 42% for stage IIB but only 20% for 
patients with stage IV [4, 6]. Patients with effaced 
lymph nodes, visceral involvement, and transfor-
mation into a large T-cell lymphoma generally 
run an aggressive clinical course. Patients usually 
die of systemic involvement or infections.

14.3  Variants of MF

Apart from classical MF, many clinical and/or 
histopathologic variants of MF mimicking a wide 
variety of inflammatory skin diseases have been 
described [44, 45]. Most variants have a clinical 
behavior similar to that of classic MF and have 
therefore not been classified separately. In recent 
classifications, only folliculotropic MF (FMF), 
pagetoid reticulosis, and granulomatous slack 
skin are recognized as distinct variants of MF, 
because of their distinctive clinicopathologic fea-
tures, clinical behavior, and/or prognosis [1, 2]. 
Whereas FMF is not uncommon and accounts for 
approximately 10% of all cases of MF, pagetoid 
reticulosis and granulomatous slack skin are 
extremely rare conditions (Table 14.1).

14.4  Folliculotropic MF

Folliculotropic MF (FMF) is a distinct variant of 
MF characterized by the presence of folliculo-
tropic infiltrates, often with sparing of the inter-
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follicular epidermis and preferential involvement 
of the head and neck region [1, 2]. In large series, 
FMF accounts for approximately 10% of all 
patients with MF [4, 6]. Most cases show muci-
nous degeneration of the hair follicles (follicular 
mucinosis) and were originally designated as 
MF-associated follicular mucinosis. Similar 
cases, but without follicular mucinosis, have 
been reported as pilotropic MF [46].

14.4.1  Clinical Features

FMF mostly presents in adults but has also been 
reported in children and adolescents. [47–52] 
Men are affected more often than women. 
Patients may present with (grouped) follicular 
papules, acneiform lesions, indurated plaques, or 
tumors [47–50, 53]. Infiltrated plaques or tumors 
in the eyebrow region with concurrent hair loss 
are a highly characteristic feature (Fig.  14.3a). 
Some patients may show keratosis pilaris-like 
lesions that are mainly localized on trunk and 
extremities (Fig. 14.3b) [54]. The skin lesions are 

often associated with alopecia. Pruritus is often 
severe and may represent a reliable parameter of 
disease activity. Secondary bacterial infections 
are frequently observed [53]. In rare cases, FMF 
may present with a solitary skin lesion (solitary 
or unilesional FMF) or with erythroderma 
[55–57].

14.4.2  Histopathology

Histopathologically, FMF is characterized by the 
presence of perifollicular to diffuse infiltrates 
with variable infiltration of the follicular epithe-
lium by small, medium-sized or sometimes large 
T-cells with cerebriform and hyperchromatic 
nuclei (Fig. 14.3c) [47–50, 53]. Many cases show 
mucinous degeneration of the follicular epithe-
lium (follicular mucinosis), which can be visual-
ized by Alcian blue or colloidal iron staining, but 
cases without follicular mucinosis have been 
described as well [46]. Infiltration of the follicu-
lar epithelium may be accompanied by infiltra-
tion of the eccrine sweat glands (syringotropism), 

a c

b

Fig. 14.3 Folliculotropic mycosis fungoides. Slightly 
infiltrated plaque with associated alopecia in the left eye-
brow (a); keratosis pilaris-like lesions on the abdomen 

(b); histopathologic examination shows perifollicular 
infiltrates with infiltration of the follicular epithelium and 
extensive follicular mucinosis (c)
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a combination that is often referred to as adnexo-
tropic MF [57–59]. However, concurrent infiltra-
tion of the interfollicular epidermis 
(epidermotropism) characteristic of early-stage 
classic MF is uncommon. In early-stage lesions, 
clinically characterized by follicle-based patches 
or acneiform or keratosis pilaris-like lesions, the 
perifollicular infiltrates are generally sparse and 
contain, apart from atypical T-cells, variable 
numbers of small reactive T-cells, histiocytes, 
and occasional eosinophils. With progression of 
the skin lesions to more infiltrated plaques or 
tumors, the dermal infiltrates become more dif-
fuse and may contain increasing numbers of blast 
cells. There is often a considerable admixture 
with eosinophils and, in particular in cases with 
secondary bacterial infection, plasma cells. In 
some cases, clusters of small B-cells may be 
present. In cases with destruction of the hair fol-
licle epithelium, a granulomatous reaction can be 
observed [58]. Large cell transformation, defined 
by the presence of more than 25% of blast cells or 
the presence of clusters of blast cells, has been 
reported in more than 20% of FMF cases and is 
more common than in classical MF [48, 50, 53].

In virtually all cases, the neoplastic cells in 
FMF have a CD3+, CD4+, CD8− T-cell pheno-
type as in classic MF [58]. Admixed blast cells 
are often CD30-positive. Most cases show clonal 
T-cell receptor gene rearrangements [58].

14.4.3  Treatment and Prognosis

Previous studies emphasized that FMF is gener-
ally less responsive to several skin-directed ther-
apies and runs a more aggressive clinical course 
similar to that of tumor stage classic MF and 
should therefore be treated accordingly [47, 48]. 
However, more recent studies defined a subgroup 
of FMF patients with an indolent clinical behav-
ior and an excellent prognosis, with a 5- and 
10-year survival similar to that of early-stage 
classic MF [53, 54, 60]. Recognition of indolent 
and aggressive subgroups of FMF is also impor-
tant from a therapeutic point of view, since it 
implies that early- and advanced-stage FMF 

require a different therapeutic approach. Recent 
studies suggest a stepwise, stage-adapted thera-
peutic approach, similar as in early- and 
advanced-stage classic MF [61]. Patients with 
early-stage FMF may benefit very well from non-
aggressive skin-directed therapies (SDT), such as 
topical steroids, psoralen plus ultraviolet A 
(PUVA), or topical nitrogen mustard. In patients 
with advanced-stage FMF, these SDTs are less 
effective. For these patients, PUVA combined 
with local radiotherapy and PUVA combined 
with interferon alpha and/or retinoids or total 
skin electron beam irradiation have been recom-
mended [48, 50, 61]. For rare FMF patients pre-
senting with a solitary plaque or tumor, local 
radiotherapy is highly effective and is the pre-
ferred mode of treatment [55–57]. Apart from 
stage, advanced age, large cell transformation, 
and extensive secondary bacterial infection have 
been reported to be associated with reduced sur-
vival [50, 53].

14.5  Pagetoid Reticulosis 
(Woringer–Kolopp Disease)

Pagetoid reticulosis is a rare unilesional variant 
of MF, clinically characterized by the presence of 
a solitary, slowly progressive, psoriasiform, or 
hyperkeratotic patch or plaque, which is usually 
localized on an extremity, particularly hands or 
feet, and histologically by an intraepidermal pro-
liferation of neoplastic T-cells [1, 2, 62]. The 
term pagetoid reticulosis should only be used for 
the localized type (Woringer–Kolopp type) and 
not for the disseminated type (Ketron–Goodman 
type). Nowadays, most patients with generalized 
disease would be classified as primary cutaneous 
CD8+ aggressive epidermotropic cytotoxic T-cell 
lymphoma, primary cutaneous gamma/delta 
T-cell lymphoma, or tumor stage MF [1, 63].

Histologically, these lesions show a hyper-
plastic epidermis with marked infiltration by 
small- to medium-sized atypical pagetoid cells, 
arranged singly or in nests or clusters. The super-
ficial dermis may have an infiltrate of mostly 
small lymphocytes but rarely contains neoplastic 
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T-cells. The neoplastic T-cells may show either a 
CD3+, CD4−, and CD8+ or less commonly a 
CD3+, CD4+, CD8−, or CD3+, CD4−, CD8− 
phenotype. Cases with a CD8+ or CD4−, CD8− 
phenotype express cytotoxic proteins. CD30 is 
often expressed [62].

The preferred mode of treatment is radiother-
apy or surgical excision. The prognosis of paget-
oid reticulosis is excellent; extracutaneous 
dissemination or disease-related deaths have 
never been reported [63].

14.6  Granulomatous Slack Skin

Granulomatous slack skin (GSS) is a very rare 
variant of MF, clinically characterized by the 
slow development of pendulous folds of lax skin 
in the major skin folds (axilla and groins) and 
histologically by the presence of dense infiltrates 
of small clonal CD4-positive T-cells admixed 
with numerous macrophages and many scattered 
multinucleated giant cells [1, 64]. The presence 
of multinucleated giant cells containing more 
than ten nuclei per cell is considered as a charac-
teristic feature but has also been observed in 
cases of granulomatous MF [65]. Loss of elastic 
tissue, elastophagocytosis, and emperipolesis 
(engulfment of lymphocytes) by multinucleated 
cells are commonly observed. The epidermis 
may be infiltrated by small atypical T-cells with 
cerebriform nuclei, as in classic MF. Most cases 
have a CD3+, CD4+, CD8− T-cell phenotype and 
show clonal T-cell receptor gene rearrangement 
[65]. Extracutaneous dissemination is rare, but in 
approximately one-third of patients, an associa-
tion with other malignant lymphomas, particu-
larly MF and Hodgkin lymphoma, has been 
reported [66]. Treatment of GSS is unsatisfac-
tory. Patients have been treated with PUVA, 
radiotherapy, surgical excision, interferon alpha, 
and other systemic therapies, but complete 
responses have never been reported [67]. Because 
of the increased risk of a second malignant lym-
phoma, long-term follow-up is mandatory in 
patients with GSS [65].

14.7  Primary Cutaneous CD30- 
Positive T-Cell 
Lymphoproliferative 
Disorders

Primary cutaneous CD30-positive lymphoprolif-
erative disorders (LPD) are the second most com-
mon group of the cutaneous T-cell lymphomas 
(CTCL), accounting for more than 25% of all 
CTCL (Table 14.1) [1]. This group includes pri-
mary cutaneous anaplastic large lymphoma 
(C-ALCL) and lymphomatoid papulosis (LyP), 
which show overlapping clinical, histologic, and 
phenotypic features and form a spectrum of dis-
ease. The clinical appearance and clinical course 
are used as decisive criteria for the definite diag-
nosis and choice of treatment.

14.8  Lymphomatoid Papulosis

Lymphomatoid papulosis (LyP) is a chronic, recur-
rent, and self-healing skin disease, which combines 
a usually benign clinical course with histologic fea-
tures of a (CD30-positive) CTCL [1].

14.8.1  Clinical Features

LyP most often occurs in adults (median age, 
45 years), but children may also be affected. The 
youngest patient published to date is an 8-month- 
old child. The male-to-female ratio is 2–3:1 [68–
71]. Characteristically, patients show papular, 
papulonecrotic, and/or nodular skin lesions in 
different stages of evolution (Fig.  14.4a). The 
number of lesions may vary from a few to more 
than a hundred. In very rare cases, concurrent 
oral mucosal lesions may be present. Individual 
skin lesions disappear within 3–12  weeks and 
may leave behind superficial scars. The duration 
of the disease may vary from several months to 
decades. In up to 20% of patients, LyP may be 
preceded by, associated with, or followed by 
another type of malignant lymphoma, most com-
monly MF or C-ALCL [68, 70, 72–74].

R. Willemze et al.



219

14.8.2  Histopathology

The histologic picture of LyP is extremely vari-
able, which in part correlates with the age of the 
biopsied skin lesion (Fig.  14.4b, c). In recent 
classifications, six histologic subtypes are rec-
ognized: five histologic subtypes resembling 
different types of CTCL, including C-ALCL 
(types A and C), plaque stage MF (type B), pri-
mary cutaneous CD8+ aggressive epidermo-
tropic cytotoxic T-cell lymphoma (type D), and 
angiocentric lymphomas (type E), and a new 
subtype characterized by the presence of chro-
mosomal rearrangements involving the DUSP-
IRF4 locus on 6p25.3 [75, 76]. The same 
rearrangement is found in approximately 25% 
of C-ALCL [77]. Recognition of these different 
types of LyP is important to avoid misdiagnosis 
of other often more aggressive types of CTCL 
but has no therapeutic or prognostic implica-
tions. The atypical cells are predominantly 
CD4+ in LyP types A, B, and C; CD8+ in LyP 

types D and E; and either CD8+ or double nega-
tive for CD4 and CD8 in DUSP22/IRF4 translo-
cated cases [76].

14.8.3  Treatment and Prognosis

Treatment of LyP is unsatisfactory. Since a curative 
therapy is not available and none of the available 
treatment modalities affects the natural course of 
the disease, the short-term benefits of active treat-
ment should be balanced carefully against potential 
side effects [68, 78]. In patients with relatively few 
non-scarring lesions, an expectant policy can be 
followed. In the case of cosmetically disturbing 
lesions (e.g., scarring or many papulonodules), 
low-dose oral MTX (5–20 mg/week) is the most 
effective therapy for reducing the number of skin 
lesions [79]. PUVA therapy is also effective but is 
less attractive in case maintenance treatment is 
required. LyP has an excellent prognosis in the vast 
majority of patients. However, because of the risk 

a b c

Fig. 14.4 Lymphomatoid papulosis. Clustered papules in 
various stages of evolution on the right upper arm (a); his-
topathologic examination shows a dense inflammatory 

infiltrate with many large atypical blast cells (b); CD30 
expression by large atypical cells (c)
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to develop a second lymphoma, long-term follow-
up is advised.

14.9  Primary Cutaneous 
Anaplastic Large Cell 
Lymphoma

Primary cutaneous anaplastic large cell lym-
phoma (C-ALCL) is composed of large cells with 
an anaplastic, pleomorphic, or immunoblastic 
cytomorphology and expression of the CD30 
antigen by the majority (more than 75%) of 
tumor cells [1, 2]. Patients should not have clini-
cal evidence or a history of MF. In such cases, a 
diagnosis of tumor stage MF with blastic trans-
formation is more likely.

14.9.1  Clinical Features

C-ALCL affects mainly adults with a male-to- 
female ratio of 2–3:1. Most patients present with 

solitary or localized nodules or tumors, and 
sometimes papules, and often show ulceration 
(Fig. 14.5a) [68, 69]. Multifocal lesions are seen 
in about 20% of the patients. The skin lesions 
may show partial or complete spontaneous 
regression, as in LyP.  These lymphomas fre-
quently relapse in the skin. Extracutaneous dis-
semination occurs in approximately 10% of the 
patients and mainly involves the regional lymph 
nodes [68].

14.9.2  Histopathology

Histology shows infiltrates with cohesive sheets 
of large CD30-positive tumor cells. In most 
cases, the tumor cells have the characteristic mor-
phology of anaplastic cells, showing round, oval, 
or irregularly shaped nuclei, prominent eosino-
philic nucleoli, and abundant cytoplasm 
(Fig. 14.5b, c). Less commonly (20–25%), they 
have a non-anaplastic (pleomorphic or immuno-
blastic) appearance [68, 80]. Reactive lympho-

a b

c

Fig. 14.5 Primary cutaneous anaplastic large cell lym-
phoma. Solitary tumor on right calf (a); histopathologic 
examination shows a monotonous infiltrate of large cells 

with anaplastic morphology (b); expression of CD30 by 
the tumor cells (c)
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cytes are often present at the periphery of the 
lesions. Ulcerating lesions may show a LyP-like 
histology with an abundant inflammatory infil-
trate of reactive T-cells, histiocytes, eosinophils, 
neutrophils, and relatively few CD30-positive 
cells. In such cases, epidermal hyperplasia may 
be prominent. The neoplastic cells show an acti-
vated CD4+ T-cell phenotype with variable loss 
of CD2, CD5, CD7, and/or CD3 and frequent 
expression of cytotoxic proteins (granzyme B, 
TIA-1, perforin). Some cases may have a CD4-, 
CD8+ or CD4+, CD8+ T-cell phenotype. CD30 
is by definition expressed by a majority (>75%) 
of the neoplastic cells (Fig. 14.5b) [81–83].

Unlike systemic ALCL, the vast majority of 
C-ALCL does not carry translocations involving 
the ALK gene at chromosome 2 and does not 
express ALK (anaplastic lymphoma kinase), 
indicative of the 2;5 chromosomal translocation 
or its variants [84]. Expression of ALK protein 
therefore strongly suggests secondary cutaneous 
involvement of a systemic ALK-positive 
ALCL.  However, unusual cases of ALK+ 
C-ALCL, including both cases showing strong 
nuclear and cytoplasmic staining characteristic of 
the t(2;5) chromosomal translocation, and cases 
expressing cytoplasmic ALK protein, indicative 
of a variant translocation, have been reported 
[85–88]. Many of these cases had an excellent 
prognosis. However, rapid progression to sys-
temic ALCL has been reported as well. It is at 
present impossible to predict whether such ALK+ 
C-ALCL presenting with only skin lesions will 
run an indolent or aggressive course. 
Rearrangements of the DUSP22-IRF4 locus are 
found in approximately 25% of C-ALCL and in a 
small subset of LyP but do not have prognostic 
significance [77].

14.9.3  Treatment and Prognosis

Radiotherapy or surgical excision is the first 
choice of treatment in patients presenting with a 
solitary or few localized nodules or tumors. In 
case of complete spontaneous resolution, an 
expectant policy is justified. Patients presenting 
with multifocal skin lesions can best be treated 

with radiotherapy in case of only a few lesions or 
with low-dose methotrexate as in LyP [68, 78, 89, 
90]. Recent studies suggest a total radiation dose 
of 20 Gy for patients presenting with solitary or 
localized skin lesions and dose of 8 Gy (2 × 4 Gy) 
for patients with multifocal or relapsing skin 
lesions [91, 92]. Recent studies report high 
response rates of brentuximab vedotin (BV) in 
patients with primary cutaneous CD30+ lympho-
proliferations, and BV should therefore be con-
sidered in cases with multifocal skin lesions 
refractory to conventional therapies and patients 
developing extracutaneous disease [30–32]. 
Multi-agent chemotherapy is only indicated in 
patients presenting with or developing extracuta-
neous disease and in rare patients with rapidly 
progressive skin disease not responsive to BV.

The prognosis is usually favorable with a 
10-year disease-related survival exceeding 90% 
[68, 69]. Patients presenting with extensive skin 
lesions on the leg have a reduced survival [69, 
93, 94].

14.10  Subcutaneous Panniculitis-Like 
T-Cell Lymphoma

SPTCL is a cytotoxic T-cell lymphoma of α/β 
T-cell receptor-positive T-cells that preferentially 
infiltrates the subcutaneous tissue [1, 2]. In past 
classifications, cases with a γ/δ T-cell phenotype 
were included in this group. However, these cases 
expressing the γ/δ T-cell receptor have different 
clinicopathologic features and usually a much 
more aggressive clinical course than cases with 
an α/β T-cell phenotype and are reclassified as 
primary cutaneous gamma/delta T-cell lym-
phoma (PCGD-TCL). Differentiation is impor-
tant, since PCGD-TCL with panniculitis-like 
features generally have a poor prognosis and 
require systemic chemotherapy [95, 96].

14.10.1  Clinical Features

SPTCL occur slightly more common in females 
than in males and may affect both children and 
adults [96, 97]. Patients present with solitary but 
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more commonly multiple nodules or deeply 
seated plaques with a diameter varying between 1 
and 20 cm. The skin lesions mainly involve the 
legs, the arms, and the trunk and less commonly 
the face and may leave areas of lipoatrophy after 
disappearance (Fig. 14.6a). Ulceration is uncom-
mon. Systemic symptoms, such as fever, fatigue, 
and weight loss, and laboratory abnormalities, 
including cytopenias and elevated liver function 
tests, are common, but a frank hemophagocytic 
syndrome (HPS) is observed in only 15–20% of 
patients [96]. Dissemination to extracutaneous 
sites is rare. Hepatosplenomegaly may be seen 
but is generally not due to lymphomatous involve-
ment. Up to 20% of patients may have an associ-
ated autoimmune disease, most commonly 
systemic lupus erythematosus [96]. The 
 differential diagnosis with lupus panniculitis may 
sometimes be challenging [98].

14.10.2  Histopathology

Histologically, SPTCL reveals subcutaneous 
infiltrates simulating a lobular panniculitis show-
ing small medium-sized or sometimes large pleo-
morphic T-cells with hyperchromatic nuclei and 
often many macrophages. The overlying epider-
mis and dermis are typically uninvolved. 

Rimming of individual fat cells by neoplastic 
T-cells is a helpful, though not completely spe-
cific diagnostic feature (Fig.  14.6b). Necrosis, 
karyorrhexis, cytophagocytosis, and fat necrosis 
are common findings [99]. In the early stages, the 
neoplastic infiltrates may lack significant atypia, 
and a heavy inflammatory infiltrate may predom-
inate [100, 101]. In contrast to lupus panniculitis 
clusters of B-cells, plasma cells and plasmacy-
toid dendritic cells are not present.

The neoplastic cells have a mature CD3+, 
CD4−, CD8+ T-cell phenotype, with expression 
of cytotoxic proteins [96, 99, 102, 103]. The neo-
plastic T-cells express βF1, but not TCR γ/TCRδ, 
and are negative for CD56, facilitating differen-
tiation from cutaneous gamma/delta T-cell lym-
phoma [95, 96]. CD30 is rarely, if ever, expressed. 
The proliferation rate is usually high. The neo-
plastic T-cells show clonal TCR gene rearrange-
ments. EBV is absent.

14.10.3  Treatment and Prognosis

Traditionally, patients with SPTCL have been 
treated with combination chemotherapy. 
However, more recent studies indicate that in 
SPTCL without associated HPS, systemic ste-
roids or other immunosuppressive agents (ciclo-

a b

Fig. 14.6 Subcutaneous panniculitis-like T-cell lymphoma. Deeply seated plaques on the left arm (a); histopathologic 
examination shows a subcutaneous infiltrate with rimming of adipocytes by neoplastic T-cells (b)

R. Willemze et al.



223

sporin, MTX) should be considered first, whereas 
in cases of solitary skin lesions radiotherapy with 
electrons is advised. Bexarotene may be also 
effective in SPTCL [104]. Only in cases with 
progressive disease not responding to immuno-
suppressive therapy and in cases with HPS, 
multi-agent chemotherapy is required. Most 
cases of SPTCL have a favorable prognosis, par-
ticularly if not associated with an HPS. One study 
reported 5-year overall survival (OS) rates of 
91% and 46% in SPTCL patients without and 
with an HPS, respectively [96].

14.11  Primary Cutaneous Acral 
CD8+ T-Cell Lymphoma

Primary cutaneous acral CD8+ T-cell lymphoma 
is a newly described entity histologically charac-
terized by a diffuse infiltrate of medium-sized 

CD8+ cytotoxic T-cells suggesting an aggressive 
malignant lymphoma but clinically with usually 
a solitary skin lesion at acral sites and an indolent 
clinical behavior [1, 2]. This condition, initially 
designated “indolent CD8-positive lymphoid 
proliferation of the ear,” has been included as a 
new provisional entity in the updated WHO- 
EORTC classification [105].

14.11.1  Clinical Features

This condition has only been reported in adult 
patients and shows a male-to-female ratio of 
1.7:1. Patients typically present with a solitary, 
slowly progressive papule or nodule, preferen-
tially located on the ear or less commonly on 
other acral sites including the nose and the foot 
(Fig. 14.7a) [105, 106]. Occasionally, lesions are 
bilateral, in particular on the ears.

a b

Fig. 14.7 Primary cutaneous CD8-positive acral T-cell lymphoma. Presenting with small tumor on the right ear (a); 
histopathologic examination shows a diffuse infiltrate of atypical CD8+ T-cells throughout the dermis (b)
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14.11.2  Histopathology

These lesions show a diffuse proliferation of 
clonal medium-sized blast cells throughout the 
dermis, separated from the epidermis by a clear 
grenz zone. The atypical cells show a CD3+, 
CD4−, CD8+, CD30− T-cell phenotype with 
variable loss of pan-T-cell antigens (CD2, CD5, 
CD7) (Fig. 14.7b). They are positive for TIA-1 
but, unlike other types of CD8+ CTCL, negative 
for other cytotoxic proteins (granzyme B, perfo-
rin) [107]. CD68 often shows a positive Golgi 
dot-like staining [108]. In almost all cases, the 
proliferation rate is very low (<10%). Epstein–
Barr virus is negative. Most cases show clonal 
rearrangement of T-cell receptor genes.

14.11.3  Treatment and Prognosis

The prognosis of this condition is excellent, and 
in typical cases staging is not recommended 
[105, 106]. Skin lesions can easily be treated 
with surgical excision or radiotherapy. Cutaneous 
relapses may occur, but dissemination to extra-
cutaneous sites is exceptional [109]. Whether 
this condition should be labeled lymphoprolif-
erative disorder or lymphoma has been a matter 
of debate. However, recognition that these 
lesions have an indolent clinical behavior, 
despite an aggressive histology, is most impor-
tant to prevent unnecessarily aggressive treat-
ment. Clinicopathologic correlation is essential 
to differentiate these cases from other types of 
CD8+ CTCL, such as primary cutaneous aggres-

sive epidermotropic CD8+ T-cell lymphoma and 
cases of CD8+ MF.

14.12  Primary Cutaneous CD4- 
Positive Small/Medium T-Cell 
Lymphoproliferative 
Disorder

In the 2005 WHO-EORTC classification, primary 
cutaneous CD4-positive small/medium T-cell 
lymphoma was included as a provisional type of 
CTCL, defined by a predominance of small- to 
medium-sized CD4+ pleomorphic T-cells, presen-
tation with a solitary skin lesion without prior or 
concurrent patches and plaques typical of MF 
[110]. These cases have the same clinicopatho-
logic and immunophenotypic features and the 
same clinical presentation and benign clinical 
course as cases previously referred to as nodular 
cutaneous pseudo-T-cell lymphomas, and it is 
highly uncertain if they represent a frank malig-
nancy [111, 112]. In the 2016 revision of the WHO 
classification and in the updated WHO-EORTC 
classification, the term “primary cutaneous CD4+ 
small/medium T-cell lymphoproliferative disor-
der” rather than lymphoma is therefore preferred.

14.12.1  Clinical Features

Characteristically, patients present with a solitary 
plaque or tumor, generally on the face, the neck, or 
the upper trunk (Fig. 14.8a). Less commonly, they 
present with generalized skin lesions [113–116].

a b

Fig. 14.8 Primary cutaneous CD4-positive small/medium T-cell lymphoproliferative disorder. Clinical presentation 
with solitary plaque on the chest (a). Expression of CD279 (PD-1) by atypical cells, partly arranged in clusters (b)
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14.12.2  Histopathology

These lesions show nodular to diffuse dermal 
infiltrates, which often extend into the subcutane-
ous fat. Epidermotropism may be present focally. 
There is a predominance of small-/medium-sized 
pleomorphic T-cells. A small proportion (<30%) 
of large pleomorphic cells may be present [117]. 
Almost all cases have a considerable admixture 
with reactive CD8+ T-cells and B-cells, including 
some centroblasts, plasma cells, and histiocytes, 
including multinucleated giant cells. Eosinophils 
are generally few or absent.

These lesions have a CD3+, CD4+, CD8−, 
CD30- phenotype, sometimes with loss of pan 
T-cell markers. Recent studies showed that the 
medium-sized to large atypical CD4+ T-cells con-
sistently express the follicular helper T-cell mark-
ers PD-1, BCL6, and CXCL13 (Fig. 14.8b) [87, 
112, 118]. The proliferation rate is low, varying 
between less than 5% and at most 20%. Cytotoxic 
proteins are not expressed [113, 116]. EBV is 
negative. The TCR genes are clonally rearranged.

14.12.3  Treatment and Prognosis

Patients presenting with a solitary lesion have an 
excellent prognosis with a 5-year survival of almost 
100%. In typical cases, staging procedures are not 
required. Skin lesions, if not resolved spontane-
ously after skin biopsy, should be treated primarily 
with intralesional steroids or surgical excision and 
only by exception with radiotherapy [112].

Rare cases presenting with generalized skin 
lesions, large, rapidly growing tumors, more 
than 30% large pleomorphic T-cells and/or a 
high proliferative fraction do not belong to this 
category [115, 116]. Such cases usually have a 
more aggressive clinical behavior and should 
be classified as peripheral T-cell lymphoma, 
NOS.

14.13  Conclusion

CTCL represent a heterogeneous group of extra-
nodal malignant lymphomas which show a wide 
variation in clinical behavior and prognosis. 

Because of overlapping clinical and histopatho-
logical features, differentiation between different 
types of CTCL may be challenging. 
Clinicopathologic correlation with integration of 
immunophenotypical and genetic data and a mul-
tidisciplinary approach with close collaboration 
between dermatologists, pathologists, hematolo-
gists, and radiation oncologists are the best guar-
antee for correct diagnosis and adequate 
treatment.
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The 2017 WHO classification reports large gran-
ular lymphocyte (LGL) leukemia in the category 
of cytotoxic T and NK cell lymphoma and leuke-
mia. LGL leukemia is a lymphoproliferative dis-
order, defined by the presence of a high percentage 
of circulating LGLs in peripheral blood. The 
lymphocytosis is chronic and is sustained by 
clonal mature T or NK cells, thus configuring 
T-LGL leukemia (T-LGLL) or chronic lymphop-
roliferative disease of NK cells (CLPD-NK), 
respectively. T-LGLL is the most frequent form, 
accounting for about 85% of cases, whereas NK 

form is less represented with 10% of cases. In 
this scenario, also rare cases (incidence 5%) of 
aggressive LGL disorders of T or NK lineage are 
included, with very poor prognosis. Among these 
latter, the T-related type is described in the litera-
ture, but it is not yet included in the WHO clas-
sification that actually recognizes only the NK 
form, referred to as aggressive NK cell lym-
phoma (ANKL), more frequently found in orien-
tal populations and usually associated with 
Epstein-Barr virus (EBV)  infection. The etio-
pathogenesis of LGL leukemia has not been 
established, but it is hypothesized that a viral or 
autologous antigen triggers the initial lymphocy-
tosis whose survival over the time is then main-
tained by the activation of many cell pathways. 
Among these, JAK/STAT3 axis is claimed as the 
principal signal involved in cell imbalance toward 
cell survival, the signal transducer and activator 
of transcription 3 (STAT3) activation being the 
hallmark of LGL disease. Moreover, in about 
40% of patients, mutations on STAT3 have been 
recognized that further sustain the activation of 
this pathway.

Clinically relevant pathologic
features 

Relevance Evidence

STAT3 mutation Predictive: better response to first line, immunosuppressive therapy;
may be suitable for target therapy

B

STAT5b mutation Prognostic: identifies cases with more aggressive course C

Legend: A= verified in multiple studies, randomized trials and/or integrated in guidelines; B= variable between studies/
needs definitive validation; C= preliminary / discrepant results.

Key molecular features

Clonally rearranged T-cell receptor (TCR) genes, restricted TCR repertoire.

Frequent translocations: not reported.

Frequent copy number alterations: not reported.

Frequent mutations: STAT3, less common STAT5b

Precursor lesions

Not known.

Progression

Only anecdotic reports of transformation to other T-cell lymphoma
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T and NK cell disorders share several biologi-
cal and clinical features. Both entities are charac-
terized by STAT3 activation, and both types of 
patients show clinical manifestations due to cyto-
penia. Furthermore, the treatment of T-LGLL and 
CLPD-NK patients is very similar, entailing an 
immunosuppressive regimen or careful observa-
tion of chronic lymphocytosis.

15.1  LGL Leukemia: Clinical 
Aspects

15.1.1  Leukemic LGL Cytology 
and Immunophenotype

On blood films, the LGL nucleus is typically 
round with condensed, mature chromatin; the 
cytoplasm is pale and abundant with randomly 
distributed azurophilic granules containing per-
forins and granzyme conferring its cell lytic abil-
ity [1] (Fig. 15.1). Leukemic LGLs do not show 
morphologic difference with LGLs in healthy 
individuals.

The immunophenotype is central to identify 
LGLs among lymphocytes. The presence/absence 
of CD3 expression on cell surface distinguishes 
LGL belonging to T or NK lineage, respectively. 

CD3+ LGL leukemia cells usually express the 
TCR αβ+, CD4−, CD8+ phenotype, and the dis-

ease may be also referred to as CD8+ 
T-LGLL.  Less frequently, in 10–15% of cases, 
the disorder is sustained by TCR αβ+, CD4+, 
CD8+/− LGLs, often expressing TCR Vβ13.1 
[2], defining the CD4+ T-LGLL. T-LGLs are also 
typically equipped with CD16, CD56, and CD57. 
CD57 is almost always present, and it is consid-
ered a specific marker of LGL, whereas CD16 
and CD56 may be present or absent in different 
combinations. The rare cases with T-LGLs CD57 
negative are usually characterized by the expres-
sion of CD16. In T-LGLL, CD5 and CD7 are 
weakly expressed, and LGLs usually display a 
cytotoxic phenotype corresponding to that of a 
fully differentiated mature cytotoxic T lympho-
cyte (CD45RA+, CD27−, CD28−, CD62L−, 
CCR7−). Leukemic LGLs are constitutively 
equipped with IL-2Rβ (CD122), but not IL-2Rα 
(CD25), and can variably express NK receptors 
as CD94/NKG2 (A or C) and killer 
immunoglobulin- like receptors (KIRs) [3].

Beyond the expansions of T cells bearing the 
TCR αβ+, there is a minority of cases derived 
from TCRγδ+ cells, presenting a Vγ9+/Vδ2+ or, 
less frequently, a Vγ9−/Vδ1+ phenotypic profile 
with TCRγ monoclonal restriction [4].

Some cases of a rare aggressive form of 
T-LGLL were reported, and these cases are usu-
ally equipped with a phenotype CD3+, CD8+, 
and CD56+ but devoid of CD16 and CD57 
expression [5].

CLPD-NK are characterized by the lack of 
TCR and the CD16+, CD56+, CD45RA+, 
CD122+, CD25− phenotype. CD57 antigen is 
usually weakly detectable. CD56 antigen is nor-
mally expressed by LGL, although some negative 
cases are reported. CD94 antigen is found at high 
density on patients’ NK cells; this antigen is usu-
ally associated with the inhibitory subunit 
NKG2A, although in some cases the association 
CD94/NKG2C has been reported [6]. Patients’ 
NK cells characteristically express functional β 
and γ chains of IL-2/IL-15 receptor, which are 
strictly related to the role of these cytokines in 
the pathogenesis of disease [7]. Expression of 
NK receptors, mostly represented by KIR, is 
altered in patients with CLPD-NK. A restricted 
pattern of KIR expression is currently used in 

Fig. 15.1 May-Grünwald-Giemsa staining of a large 
granular lymphocyte in peripheral blood
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these patients to define the clonal nature of NK 
cell proliferation [6, 8, 9].

The aggressive and rare ANKL is not provided 
by an immunophenotype specifically distinguish-
able from CLPD-NK, and clinical evaluation is 
necessary to make the diagnosis. The presence of 
large nucleoli in NK cells strongly supports the 
diagnosis of ANKL, associated with age 
<40  years, systemic symptoms, lymph node 
swelling, and hepatosplenomegaly [10, 11].

Some representative cytometer panels of the 
most frequent immunophenotype for each LGLL 
subtype are reported in Fig. 15.2.

15.1.2  Diagnosis

Historically, the evidence of a lymphocytosis 
greater than 2 x 109 LGL/L, lasting for more than 
6 months and clonal, was requested for the diag-
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nosis of disease [1], considering that normally 
circulating LGL count is 0.25 × 109/L. However, 
the demonstration of clonal restriction of LGL 
proliferation can often be provided even in the 
presence of less than 2 x 109 LGL/L, particularly 
in symptomatic disease. For this reason, the 
threshold actually accepted for diagnosis is 0.5 x 
109 LGL/L [12]. Additionally, the lymphocytosis 
must be characterized by immunophenotyping 
and molecular analyses.

As detailed in the previous paragraph, a proper 
definition of LGL immunophenotype is manda-
tory to recognize LGL lymphoproliferation and 
to define LGL leukemia subtypes: Tαβ  LGLL 
including  CD8+ T-LGLL, CD4+ T-LGLL, and 
aggressive T-LGLL; Tγδ LGLL; and CLPD-NK.

The molecular analysis is critical to distin-
guish reactive LGL proliferation from true LGL 
leukemic clonal expansion. Polyclonal expan-
sions of LGLs are usually transient and due to a 
viral infection, such as EBV or cytomegalovirus 
(CMV), neoplasms, or autoimmune diseases 
[13–16]. Sometimes, this condition may develop 
after splenectomy. In contrast, clonal LGL prolif-
erations are stably maintained for time, whether 
or not the patients are symptomatic.

The T-LGL leukemia can be tested for clonal-
ity by TCR rearrangement study. TCR gamma 
polymerase chain reaction analysis is a routine 
and easy technique to assess T-LGL clonality in 
both Tαβ and Tγδ LGLL. Showing the preferen-
tial use of one or two TCR-Vβ segments, flow 
cytometry analysis with monoclonal antibodies 
against the various Vβ regions of the TCR allows 
to suggest, and then used as a surrogate marker, 
the clonality of the LGLs [17]. The current Vβ 
monoclonal antibody panel covers 75% of the Vβ 
spectrum, with a high correlation between Vβ 
flow cytometry and TCRγ-polymerase chain 
reaction results. No prevalence of any of Vβ was 
reported in T-LGLL but Vβ13.1 in CD4+ T-LGLL 
[2]. These techniques should be applied to all 
suspected cases and are useful in those patients in 
whom the absolute LGL count is not significantly 
increased. To these routinely used investigations, 
deep sequencing (NGS) of TCR has recently 
emerged to be a useful tool to demonstrate 
restricted diversity of TCR repertoire [18], not 

only supplying information about the clonal 
nature of LGL expansion but also providing the 
number and the entity of clones included in LGL 
increase and the identification of the CDR3 
sequence. NGS analysis has been proven to be 
also useful to monitor therapy response and mini-
mal residual disease.

The clonality of CLPD-NK is more difficult to 
assess, NK-LGLs being not equipped with the 
TCR. In this case, chromosomal abnormalities or 
the restriction fragment polymorphism of 
X-linked gene analysis can provide the proof of 
clonality. A KIR-restricted expression pattern, 
demonstrated by flow cytometry analysis, has 
been accepted as a surrogate marker of monoclo-
nal expansion [8].

At the diagnosis, when the criteria are difficult 
to be satisfied, histologic bone marrow (BM) 
immunochemistry analysis is requested. LGLs in 
BM appear as individual cells or small clusters 
localized in sinusoids. Since the amount of infil-
trating cells is usually low, BM involvement by 
leukemic LGLs is often difficult to identify, even 
when LGL expansion is apparent in peripheral 
blood [19, 20].

15.1.3  Clinical Features

LGL leukemia is an extremely rare disease repre-
senting 2–5% of chronic lymphoproliferative dis-
orders in North America and Europe and 5–6% in 
Asia. Two registries, one Dutch and one 
American, report the incidence of LGL leukemia 
as 0.72 and 0.2 cases per one million of individu-
als per year, respectively [21, 22]. T-LGL leuke-
mia patients have reduced survival compared 
with general population, with a median overall 
survival of 9 years [12].

The disease usually affects old people (mean 
60 years), men or women with the same propor-
tion. The disease runs asymptomatic in nearly 
40% of cases, with lymphocytosis representing 
the only observed hematological abnormality 
[23, 24]. The definition of T-cell clonopathy of 
unknown significance (TCUS) has also been sug-
gested to designate these asymptomatic patients 
[25]. Disease may run asymptomatic for many 
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years; however, during the course of disease in 
60% of cases, therapy is needed, mostly for 
cytopenia- related manifestations. Symptomatic 
patients show clinical complications more fre-
quently due to neutropenia, as fever caused by 
infections or mouth lesions. Recurrent infections 
are reported in 15–39% of cases [26]. Neutropenia 
is defined as an absolute neutrophil count (ANC) 
less than 1.5 × 109/L and severe neutropenia with 
ANC <0.5 × 109/L. However, some patients with 
severe and persistent neutropenia can be also 
devoid of infections for a long period of time; in 
these cases, therapy can be delayed. Weakness 
due to anemia represents another relevant find-
ing, with 10–30% of cases being transfusion- 
dependent. B-related symptoms (fever, night 
sweats, weight loss) are observed in nearly 25% 
of cases. Thrombocytopenia is generally moder-
ate and is found in less than 25% of cases, 
whereas pure red cell aplasia (PRCA) occurs in 
8–19% of the cases [27].

Frequently, patients may have other associ-
ated conditions; among these, rheumatoid arthri-
tis (RA) is the most commonly reported 
comorbidity condition [12, 28], but several other 
connective tissue diseases, including systemic 
lupus erythematosus, vasculitis, and polymyosi-
tis, have been reported [29–32]. Hematological 
disorders are another well-represented group 
including monoclonal gammopathies, multiple 
myeloma, myelodysplastic syndromes, myelofi-
brosis, and Hodgkin’s and non-Hodgkin’s lym-
phomas [12, 28]. An association has been 
established between LGL disorders and pulmo-
nary hypertension, with documented infiltration 
of the lung by LGLs, and inclusion body myositis 
has occasionally been reported [32]. From 20% 
up to a half of the patients have splenomegaly, 
around 20% of cases present skin lesions, and 
only a minority have hepatomegaly; lymphade-
nopathy is rare [33]. Diseases associated with 
LGL leukemia are listed in Table 15.1.

15.1.4  The Predicting Value 
of the Immunophenotype

Intriguingly, a correlation between immunophe-
notype and clinical and genetic features has been 
reported [34, 35], even if the nature of this rela-
tionship needs to be elucidated. In CD8+ 
T-LGLL, it has been demonstrated that CD16+/
CD56− phenotype, with or without CD57, is 
strongly linked to patients characterized by neu-
tropenia and the presence of STAT3 mutation 
[35]. The association between STAT3 mutation 
and symptomatic disease has been further 
reported in several papers [36–38]. The rare 
aggressive form of T-LGLL is characterized by 
proliferations of CD8+/CD56+/CD16−/CD57− 
LGLs, and patients are frequently mutated in 
STAT5b [39]. Interestingly, CD4+ T-LGLL 
patients are always CD8±/CD56+ and include 
patients carrying STAT5b mutations, but they 
never show to carry STAT3 mutations, and they 
are almost always characterized by an indolent 
clinical course [35, 40].

In 2017 WHO classification, STAT3 and 
STAT5b mutations are introduced to be consid-

Table 15.1 Conditions associated with the lymphopro-
liferative disease of granular lymphocytes

Associated disease Frequency
Autoimmune disease 15–40%
  Rheumatoid arthritis 25%
  Systemic lupus erythematosus <5%
  Still disease <5%
  Systemic sclerosis <5%
  Vasculitis <5%
  Polymyositis <5%
  Poly/multineuritis <5%
Autoimmune cytopenia 5–10%
  Pure red cell aplasia 5%
  Autoimmune hemolytic anemia <5%
  Idiopathic thrombocytopenic purpura <5%
Hematological malignancies <10%
  MGUS/multiple myeloma <5%
  Myelodysplasia <5%
  Myelofibrosis <5%
  Hodgkin’s and non-Hodgkin’s 

lymphomas
<5%

Pulmonary arterial hypertension <5%
Chronic viral infection (EBV, HTLV, CMV, 
HIV, HCV)

<5%

MGUS monoclonal gammopathy of undetermined signifi-
cance, EBV Epstein-Barr virus, HTLV human 
T-lymphotropic virus, CMV cytomegalovirus, HIV human 
immunodeficiency virus, HCV hepatitis C virus

A. Teramo et al.
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ered for the identification of a subset of patients, 
STAT5b mutations being associated with a more 
aggressive disease. Anyway, this consideration 
will need to be updated with the discovery of 
STAT5b genetic lesions also in indolent CD4+ 
T-LGLL [40].

Similar to T-LGLL, discrete subtypes of 
CLPD-NK can be identified by flow analysis 
depending on the intensity of CD56 and CD16 
expression and on CD57 presence or absence. 
Interestingly, patients characterized by CD56−/

dim/CD16high/CD57− cytotoxic NK cell expansion 
include a unique phenotypic subgroup character-
ized by a more symptomatic disease and the pres-
ence of STAT3 mutation [41].

The dominant LGL immunophenotypes indic-
ative for clinical presentation are schematically 
reported in Fig. 15.3.

15.1.5  Therapy

The percentage of patients requiring therapy dur-
ing the natural history of the disease ranges from 
30% to 70%, according to different series [12, 
28]. Indications for treatment include severe and 
symptomatic neutropenia (associated with recur-
rent infections), transfusion-dependent anemia, 
or thrombocytopenia as far as progressive disease 
(i.e., appearance of organomegaly, B symptoms, 
and rapidly LGL raising counts). Correction of 
cytopenias with therapy may be achieved without 

eradication of the clone, which often persists 
even after treatment. Given that LGLs are acti-
vated cytotoxic lymphocytes, therapy is based on 
immunomodulatory drugs. Methotrexate (MTX, 
10 mg/m2/weekly), low-dose cyclophosphamide 
(CTX, 50–100 mg/day), or cyclosporine A (CyA, 
3–5  mg/kg/day) are commonly used [42, 43]. 
Corticosteroids may be useful as part of the ini-
tial treatment to accelerate response, and growth 
factors are often used as supportive care. 
Splenectomy may be considered as an adjuvant 
in patients with relevant splenomegaly and 
refractory cytopenias [44].

The first-line therapy relies on the use of sin-
gle immunosuppressive oral agent, and up to now 
MTX or CTX have been considered as the best 
first-line choice. Moreover, MTX is reported to 
be more efficient for neutropenic and STAT3 
Y640F mutated patients [42, 45].

Once patients with LGL leukemia start treat-
ment, the regimen should be continued for a 
period of at least 4 months, and they should be 
closely observed through complete blood counts 
[43]. After this time point, a hematological com-
plete response is considered achieved when blood 
counts reveal platelets >150  ×  109/L, ANC 
>1.5 × 109/L, lymphocytes <4 × 109/L, and hemo-
globin >12 g/dL. Complete molecular remission 
is reached when the T-cell clone is no longer 
detectable through PCR analysis [43]. Partial 
response is considered when overall blood counts 
improve, but the ANC has not achieved levels 

CD3+/CD8+/CD16+/CD56-/CD57+

CD3-/CD16+/CD56-dim/CD57-

CD3+/CD8+/CD16-/CD56+/CD57-

CD8+ T-LGLL,
neutropenic/symptomatic pts with

STAT3 mutation

CLPD-NK,
neutropenic/symptomatic pts with

STAT3 mutation

Aggressive T-LGLL,
pts with STAT5b mutation

Fig. 15.3 The LGL immunophenotypes indicative for clinical and biological presentations
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>  0.5 x 109  cells/L, still leaving the patient at 
potential risk for secondary infections. If an 
improvement is  not achieved after 4  months of 
continued treatment, one of the alternative thera-
pies described above must be taken into account. 
However, evidence is accumulating for continu-
ing treatment once established for a longer period 
of time (usually 1  year), before changing 
therapy.

The overall response rate (ORR) ranges from 
21% to 85%, with similar responses to each of 
the three drugs. The complete response (CR) rate 
is 21% for MTX, 33% for CTX, and 5% for CyA 
[43]. Unfortunately, when the clinical response 
occurs, patients frequently relapse, and new ther-
apeutic strategies are needed.

Chemotherapeutic agents, such as gem-
citabine, liposomal doxorubicin, and bendamus-
tine, and the purine analogs, such as fludarabine, 
cladribine, and nelarabine, represent possible 
new agents to be considered for symptomatic 
LGL disorders [26, 28]. These molecules have 
been reported to be promising but only in few 
patients. The use of these agents should be con-
sidered for young patients as they allow the 
achievement of good remissions, including the 
reduction of bone marrow infiltration.

In some patients with refractory disease, stem 
cell therapy may be considered. In a series of 15 
patients receiving auto- or allogeneic stem cell 
therapy for LGL leukemia, six patients remained 
disease-free after transplantation [46].

Monoclonal antibodies anti-CD52 
(Campath-1H) and anti-CD122 have been incor-
porated in the therapeutic scenario for refractory 
patients. However, the use of anti-CD52 is 
restricted for its limited availability and infection 
risks, and the administration of anti-CD122 to 
patients did not show any response [26, 47]. 
Similarly, also a phase 2 study with the use of 
RAS farnesyltransferase inhibitor tipifarnib, 
according to the finding of a constitutively active 
signaling of Ras/MAPK/ERK pathway, has 
unfortunately led to unsatisfactory clinical 
response [48]. Rather, JAK3-specific inhibitor 
(tofacitinib citrate), tested in refractory patients, 
and the multicytokine inhibitor BNZ-1, tested in 
phase 1 trial, showed promising responses [49]. 

In addition, the proteasome inhibitor bortezomib 
has been reported to display anticancer activity 
against aggressive NK leukemia and extranodal 
NK/T cell lymphoma in vitro and in vivo, open-
ing new therapeutic perspectives for LGL patients 
[50, 51]. Recent data support this approach [52].

Treatment of the rare forms of aggressive 
LGL leukemia includes polychemotherapy based 
on CHOP-like (CTX, doxorubicin, vincristine, 
and prednisone) or cytosine arabinoside- 
containing regimens [26], usually with unsatis-
factory results.

15.2  LGL Leukemia: Molecular 
Aspects

15.2.1  Pathogenesis

The etiology of LGL leukemia remains still 
unknown, but some crucial cornerstones for dis-
ease development have been identified. It is sup-
posed that no single, specific agent can finally 
trigger the LGL proliferation. In fact, the prolif-
eration and accumulation of a transformed T or 
NK cell might represent the expression of a dys-
regulation of cytotoxic LGL homeostasis because 
of persistent antigenic drive in combination with 
immunogenetic factors favoring persistent cell 
expansions [53]. Moreover, the recognized role 
in LGL survival, played by some inflammatory 
cytokines and monocytes, dendritic cells, and 
mesenchymal stromal cells (MSC), supports the 
involvement of an inflammatory environment in 
the pathogenesis of the disease (Fig. 15.4).

15.2.2  The Inciting Event

Many reports strongly support the role of a 
chronic/persistent antigenic stimulation by auto- 
antigens or foreign infective antigens as the ini-
tial step. This would lead to the expansion of a 
fully differentiated effector cytotoxic LGL which 
is not cleared as a consequence of an impairment 
of apoptotic pathways [53, 54].

Supporting the involvement of auto-antigens, 
dysregulated autoimmune responses are fre-
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quently demonstrated in LGLL patients [15, 55], 
such as the presence of rheumatoid factors and 
antinuclear antibodies, rheumatic diseases being 
commonly associated with LGL leukemia 
(Table 15.1).

Several reports support a possible role of viral 
antigens. The pathogenic role of EBV or human 
T-cell leukemia viruses (HTVL) in some cases of 
LGL disorder has been reported [14, 16, 56]. 
Although no prototypic HTLV infection was 
demonstrated, the evidence that sera from a series 
of cases from Europe and USA react with the 
recombinant HTLV env protein p21E, specifi-
cally in BA21 epitope, indicates that exposure to 
a protein containing homology to BA21 may be 
important in the pathogenesis of this lymphopro-
liferative disorder [57]. Similarly, evidence has 
been provided that chronic stimulation of T cells 
by CMV leads to a persistent clonal expansion of 
CD4+/CD8−/+dim LGLs, with a predominance 
of TCR Vb13.1 usage in individuals with an 
HLADRB1*0701 haplotype [58]. The hypothe-
sis has been formulated that a persistent CMV 
stimulation can trigger and maintain the LGL 
clone in patients with a genetic predisposition.

All these data show that not an exclusive and 
unique factor may be responsible for the initial 
event causing LGL expansion but rather that mul-
tiple factors, referred to auto/viral antigens, may 
be alternatively involved.

15.2.3  Bone Marrow Involvement

As stated before, LGLL patients usually present 
leukemic infiltration in bone marrow, where 
clonal LGLs cluster in small lymphoid aggre-
gates or in microvascular structures [19]. LGLL 
patients’ bone marrow was also demonstrated to 
be fibrotic for the induction of high collagen 
(types I, III, and V) deposition by MSC, finally 
leading to an impaired hematopoietic stem cell 
proliferation. Together with LGL infiltration, 
fibrosis has been reported to correlate with the 
presence of cytopenia [59].

It has been proposed that bone marrow repre-
sents the setting in which the putative antigen pre-
sentation takes place. Furthermore, dendritic cells 
(DCs) have been suggested to represent the target 
of infection in these patients [60]. In fact, a co-
localization of DCs and leukemic LGLs has been 
identified both in T-LGLL and in 
CLPD-NK. Moreover, bone marrow-derived DCs 
induced a strong proliferation of autologous puri-
fied LGLs from T-LGLL patients pointing that 
DCs pulsed with a specific antigen might be the 
putative-inciting agent responsible for T-LGL pro-
liferation [60]. On the contrary, the clonal expan-
sion of NK cells might be due to an impairment in 
NK/DC equilibrium in the bone marrow, because 
leukemic NK cells failed to induce DC maturation 
due to a NKp30 down-modulation [61].

Pro-inflammatory
microenvironment

Viral peptide?
Auto-antigens?

LGL

DC
LGLs

activation

IL-2, IL-6
PDGF
IL-15

ANTIGENIC
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AICD
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Fig. 15.4 Schematic representation of the pathogenetic hypothesis of large granular lymphocytes leukemia. LGL large 
granular lymphocyte, DC dendritic cell, AICD activation-induced cell death
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15.2.4  Peripheral Blood 
Inflammatory Cytokines

Several proinflammatory cytokines have been 
identified to be higher in LGLL patients’ plasma 
in comparison to healthy controls, such as IL-1β, 
IL-1Rα, IFNγ, CCL5, CCL4, IL-18, IL-8, 
CXCL10, CXCL9, and IL-6. Most of them can 
be related to immune cytotoxic response after 
viral infection or to RA, which is often associated 
with LGLL [62–66]. The role of IL-6 was dem-
onstrated: IL-6 and its specific receptor, IL-6Rα, 
were found to be higher in patients’ plasma, and 
they were released by the non-leukemic fraction 
of the mononuclear cells; IL-6 contributed to the 
survival by stimulating STAT3, a key protein in 
LGLL development [66].

IL-15 is another cytokine that was proven to 
be important in LGLL pathogenesis both in vitro 
and in vivo. IL-15 was shown to induce LGL 
cytotoxicity and proliferation through protea-
somal degradation of the pro-apoptotic protein 
Bid [7, 67]. The pathogenetic role was demon-
strated by the generation of IL-15 transgenic 
mice (IL-15tg) as they developed a fatal clonal 
NK and memory CD8+ expansion [68]. IL-15 
induced chromosomal instability and DNA 
hypermethylation via repression of mir-29b and 
the induction of a Myc/NF-kB/DNMT3a axis 
[51]. Nevertheless, the lethal expansion was 
induced only when there was a cis activation by 
IL15Rα. In fact, the specific receptor IL-15Rα 
was expressed by LGLs, and it was detectable in 
high amounts in patients’ plasma [7, 69]. Further 
supporting the role of IL-15 in the pathogenesis, 
a systematic biology approach identified IL-15 
and PDGF as master survival signaling switches 
that may have a profound effect on all known 
deregulations in T-LGL leukemia [70].

15.2.5  Clonal Drift

The phenomenon of clonal drift supports the the-
ory that the emergence of LGL clone might be 
caused by the recognition of different epitopes of 
the same chronic antigen. This phenomenon is 
characterized by the change of the dominant LGL 
clone over the time. It has been reported that 37% 

of T-LGLL patients displayed a change in the 
dominant clone, developing a different Vβ clone 
instead of the original one owned at diagnosis as 
demonstrated by Vβ typing [71]. In another series 
of 42 patients with KIR-restricted CLPD-NK, the 
presence of monoclonal T cell populations in 
48% of cases was also demonstrated. These T 
monoclonal populations can be detected at the 
time of diagnosis or occur during the natural his-
tory of disease, indicating that the association of 
T and NK proliferations is more frequent than 
initially thought. The T cell clone can eventually 
become so relevant to be dominant, leading to the 
shift from CLPD-NK to T-LGLL [72]. Similarly, 
also a T-LGLL patient who developed CLPD-NK 
over time has been described [73] (Fig. 15.5). All 
these observations indicate that cells are under 
antigenic pressure, suggesting that the putative 
antigen is likely to persist for many years and 
possibly for the lifelong of patients.

15.2.6  AICD Failure

Physiologically, during infection exposure or 
antigen stimulation, LGLs undergo proliferation 
and, after antigen clearance, are eliminated by a 
process called activation-induced cell death 
(AICD). This process leads to cell death through 
the induction of a death-inducing signaling com-
plex (DISC). In LGLL patients, LGLs do not 
undergo apoptosis for a dysfunctional AICD 
mechanism, leading to the increase of leukemic 
cells in the peripheral blood. In detail, LGLs are 
not sensitive to Fas-induced apoptosis [74], a 
process essential for AICD [75], and possess high 
levels of c-FLIP, a DISC inhibitory protein [53].

15.2.7  JAK/STAT Pathway

In addition to the deregulation of apoptosis 
mechanism, in leukemic LGLs, multiple cell sur-
vival pathways have been found to be constitu-
tively activated. Among these, JAK/STAT3 is the 
main involved axis. In fact, the activated (phos-
phorylated) form of STAT3 characterizes all leu-
kemic LGLs, and it is currently considered the 
disease hallmark. The finding that the JAK- 
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selective tyrosine kinase inhibitor AG-490 or the 
STAT3-specific inhibitor, Stattic, in vitro induces 
LGL apoptosis highlights the role of STAT3  in 
LGL clonal expansion [66, 76]. In 2012, recur-
rent somatic mutations in the Src homology 2 
(SH2) domain of the STAT3 gene have been dis-
covered. These gain-of-function mutations 
increase the stability of STAT3 dimers resulting 
in an enhanced transcriptional activity of the 
mutated proteins. Their frequency is 27–40% in 
T-LGLL patients [34, 77] and 9-30% in 
CLPD-NK [77, 90]. In the T-LGLL, STAT3 muta-
tions characterize the CD8+ T-LGLL and have 
never been observed in the CD4+ T-LGLL [35, 
40, 89]. Patients with STAT3 mutations present 
with neutropenia more frequently than patients 
without these mutations [35]. The association 
between PRCA and neutropenia with STAT3 
gene mutations was also reported in Asia [78, 
79]. The most frequent STAT3 mutations are 

Y640F and D661Y, representing 60% of the rec-
ognized mutations. Although almost all STAT3 
lesions are located in SH2 domain, very rare acti-
vating mutations were described also in DNA- 
binding and coiled-coil domains [80]. Another 
member of STAT protein family has been reported 
carrying activating mutations in the SH2 domain, 
STAT5B. STAT5b mutations were identified in 
2% of the CD8+ T-LGLL, specifically affecting 
the rare aggressive form of LGL leukemia [39], 
and were also found in 15–55% of CD4+ 
T-LGLL, whereas indolent CD8+ T-LGLL and 
CLPD-NK seemed to be devoid of these genetic 
lesions [35, 40].

Since in vitro inhibition of STAT3 was 
observed to restore the apoptosis of LGL inde-
pendently from STAT3 mutational status and 
that STAT3 is activated also in STAT3 wild-type 
LGLL patients, STAT3 mutation cannot repre-
sent the only factor or be itself mandatory to 
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trigger LGL clonal expansion. In unmutated 
LGLL patients, a high amount of the proinflam-
matory cytokine IL-6 is able to activate the 
STAT3 axis [66], and the inhibition of this cyto-
kine restores LGL apoptosis. Moreover, in 
LGLL the physiological negative feedback loop 
carried out by the suppressor of cytokine signal-
ing (SOCS3) protein on the activated STAT3 is 
downregulated [66].

15.2.8  Other Cell Survival 
Dysregulated Pathways

Although STAT3 activation plays the most sig-
nificant role in LGL disorders, other multiple cell 
survival pathways have been described. Increased 
activity of the PI3K-AKT signaling axis in 
T-LGLs appears to operate in conjunction with or 
parallel to increased STAT3 activation to inhibit 
the apoptotic program [81]. Sustaining this axis, 
RANTES, MIP-1beta, and IL-18 are high in 
serum LGLL patients [64]. Acting downstream 
of the PI3K-AKT pathway to prevent apoptosis 
through Mcl-1 independently of STAT3, a crucial 
role is played by NF-kB. Leukemic LGLs express 
high levels of c-Rel, a member of the NF-kB fam-
ily, and exhibit higher NF-kB activity than nor-
mal PBMCs [70]. A pathogenetic role for NF-kB 
signaling is also proved by the finding of a recur-
rent (8%) mutation of TNFAIP3, a NFkB inhibi-
tor [82]. In CLPD-NK, the activation of Ras/
MEK/ERK pathway contributes to the accumula-
tion of NK cells caused by a constitutive stimula-
tion of both ERK and Ras. Consistently, Ras and 
ERK inhibition causes the reduction of the sur-
vival of patient NK cells [83]. In addition, 
ERK1/2 signaling can be activated also by a dys-
regulation of sphingolipid rheostat [84, 85].

15.2.9  Neutropenia Molecular 
Mechanism

The pathogenesis of neutropenia in these patients 
is probably multifactorial, including humoral and 
cytotoxic mechanisms. However, the most impor-
tant mechanism accounting for neutropenia is 

myeloid progenitor and neutrophil destruction 
via Fas-mediated apoptosis [86, 87]. T-LGLs 
express Fas ligand (FasL), and mature neutro-
phils express Fas. There is high surface expres-
sion of Fas/FasL in LGL, and large amounts of 
soluble FasL have been detected in sera of neu-
tropenic T-LGL patients [35, 86]. FasL and other 
inhibitory cytokines produced by LGL may lead 
to hematopoietic suppression through apoptosis 
of neutrophil precursors in the bone marrow or 
result in direct killing of neutrophils that express 
a high concentration of Fas on their surface. The 
correction of cytopenias in T-LGL leukemia has 
been associated with a disappearance or reduc-
tion of serum FasL levels [86]. Intriguingly, it has 
been reported that FasL expression can be driven 
by STAT3 activation (higher in STAT3-mutated 
patients) [35]. In addition, it was recently shown 
that a microRNA(miR)-146b is downregulated 
specifically in neutropenic patients so allowing 
the translation of human antigen R (HuR), an 
essential FasL mRNA stabilizer. HuR protein 
mediates FasL mRNA stabilization, leading to 
increased FasL production and, consequently, to 
neutropenia development [88].

15.3  Concluding Remarks

Further knowledge of developmental pathways 
of normal LGLs is crucial to get insights into the 
characteristics of LGL disorders. This would 
allow to face the urgent unmet need to develop 
better therapeutics for LGL leukemia, because 
this disease still remains incurable. The knowl-
edge of the  precise mechanism through which 
mutated STAT5b can mediate an aggressive dis-
ease in CD8+ T-LGLL whereas the same muta-
tion when present in CD4+ T-LGLL does not 
induce detrimental effects is central to design tar-
geted therapies for these patients. Due to the rar-
ity of disease, well-designed prospective 
comparative clinical trials are up to now lacking. 
Only the results from a randomized clinical trial 
from the USA recruiting 55 patients are available 
showing a still unsatisfactory overall response 
rate [42]. In addition, the results of an important 
prospected randomized clinical trial from France 
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are coming (#NCT01976182). In the lack of this 
relevant information, the decision on which 
immunotherapy should be first started is still 
related to arbitrary medical decision. Finally, the 
possibility to know the biological mechanisms 
switching on and off in responding patients as 
compared to non-responding ones would cer-
tainly contribute to design more precisely tar-
geted therapies.
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