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Today, cancer treatment requires a forward-thinking vision. The BiTE® platform
is engineered to deliver off-the-shelf immuno-oncology therapies that are
designed to direct patients’ own T cells to target any tumor-specific antigen.1,2
This groundbreaking technology activates the cytotoxic potential of T cells, with
the hope of advancing the field of immuno-oncology for a better tomorrow.1,2
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Words of Welcome
On behalf of the EHA Board and the Scientific Program Committee, we are pleased to present to you the Educational
Updates in Hematology Book of the 24th EHA Congress. This book is a collection of short articles aimed at providing
an overview of recent developments in various fields of hematology that are covered in the Education Sessions. The
Educational Updates in Hematology Book is an official supplement of HemaSphere and can also be found online
on the HemaSphere website as well as the EHA Library together with the recorded presentations.
The Education Program is a cornerstone of the Congress program and covers basic, translational and clinical
research; it also highlights the state-of-the-art in the different fields of hematology. The presentations of the
Education Sessions are the basis of the articles which you can find in this book.
During the Congress you will hear exciting talks about the hematopoietic niche, the microenvironment of malignant
cells, the efforts of translating genetic and epigenetic knowledge into the clinic and the progress in stem cell
transplantation. We further wanted to strengthen the topic of non-malignant hematological disease and included
novel findings in cancer-associated thrombosis, transfusion and iron metabolism. Accordingly, you will hear about
how novel genomics technologies are integrated into diagnosis and therapy and about the pros and cons of
manipulating the immune system in therapies of hematopoietic malignancies. At the same time, we cover advances
in our knowledge about hemoglobin disorders, at a time when patients migrating into Europe are changing the
incidence of these disorders.
Each article is structured with a short introduction and the learning goals written by the respective Education
Session chair, describing all three presentations of each topic. The goal of this format is to enable the readers to get
an overview of the most up-to-date progress of a wide variety of topics in hematology. Deeper learning of specific
topics of interest can be achieved by attending the session, viewing the specific audio recorded presentations
posted on the EHA Library (formerly known as the EHA Learning Center) and by consulting the key references that
have been highlighted by the authors in their article. In addition, the presentation’s learning goals of each speaker
can be found in the Final Program book, EHA App, Online Program and in the EHA Library.
We are very thankful for the efforts of all the experts that were involved in the preparation of this exciting educational
program as well as the articles. We trust that you will find the peer-reviewed articles a valuable source of information
and reference, and that it will spark your interest in a variety of hematological topics.
On behalf of EHA and the Scientific Program Committee, I very much like to wish you a pleasant and informative
24th Congress!

María-Victoria Mateos
Chair Scientific Program Committee 24th Congress
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Acute myeloid leukemia
Torsten Haferlach (Coordinating Author)
MLL Munich Leukemia Laboratory, Munich, Germany

Introduction
We learn to understand the landscape of AML and use this for precision medicine approaches. This does not only include phenotype
but also genotype, reﬂected more and more also in WHO classiﬁcation (2017) and prognostication systems such as ELN guidelines
(2017). It also leads to more understanding in epigenetic features, DNA-damaging and further immune regulation.
We further experience a time, when techniques such as Next-generation Sequencing (NGS) are more and more used in routine settings at
diagnosis and for follow-up studies such as measurable residual disease (MRD). This is also true for immunophenotyping. However,
even new approaches such as mass cytometry are tested in early response evaluation. This all, at diagnosis, for follow-up and at relapse,
leads to precision medicine approaches, guided by more speciﬁc treatment and - followed complete remission -, individualized therapies
guided by MRD.

Learning goals
 To recapitulate state of the art diagnostics as well as treatment strategies in AML and to learn about cutting edge techniques being
tested today.
 To understand that the diagnosis and the treatment of AML is on a fascinating journey from phenotype to genotype, from 3+7 to
treatment protocols without standard chemotherapeutic drugs.
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Acute myeloid leukemia - Section 1

Role for targeting DNA repair in AML
Feyruz Rassool
University of Maryland, Baltimore, United States

No manuscript available
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Acute myeloid leukemia - Section 1

Early response evaluation in AML using mass cytometry
Bjørn T. Gjertsen1,2, Benedicte S. Tislevoll1, Oda H.E. Fagerholt1, Monica Hellesøy2
1

Center for Cancer Biomarkers CCBIO, Department of Clinical Science, Precision Oncology Research Group,
University of Bergen, Norway; 2 Department of Internal Medicine, Hematology Section, Haukeland University
Hospital, Bergen, Norway
Take home messages
 Mass cytometry is a research tool that allows sample barcoding and detection of more than 40 single cell parameters, theoretically
over 100, exceeding the current limits of conventional ﬂow cytometry.
 Simultaneous single cell investigation of composite immunophenotypes and intracellular signaling proteins, combined with
scalability for detection of gene expression and mutations, provide a unique insight in blood and bone marrow cell populations
when evaluating response to conventional and novel therapies.
 Early evaluation of treatment response by mass cytometry can potentially distinguish therapy responders from non-responders at
the level of minute cell populations and leukemic clones, allowing identiﬁcation of actionable targets for adjuvant therapy and
prevention of disease relapse.

Introduction
Acute myeloid leukemia (AML) is a heterogeneous and aggressive
blood cancer where diagnosis is based on morphology, immunophenotyping and genetics. Genetics is increasingly guiding classiﬁcation, risk stratiﬁcation and selection of therapy in AML.1 AML
blasts reﬂect the pattern of antigen expression of hematopoietic
differentiation, but with distinct abnormal immunophenotypic
proﬁles. Therefore, immunophenotyping is also central in diagnostics and determination of minimal residual disease (MRD).1,2
Mass cytometry (CyTOF) is a fusion of two technological
platforms: ﬂow cytometry and elemental mass spectrometry.3
CyTOF is currently a research tool in hematology, and a substantial
effort is needed if CyTOF should approach a standard of care in
diagnostics, illustrated by the impressive long-term work of the
EuroFlow Consortium on harmonizing immunophenotyping. In
CyTOF, antibodies conjugated to stable heavy metal isotopes which
are quantiﬁed using time-of-ﬂight mass spectrometry. The advantage of CyTOF lies in the ability to detect isotopes of different
The authors have indicated they have no potential conﬂicts of interest to disclose.
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atomic mass with very high accuracy and minimal signal overlap.
CyTOF has, therefore, opened up a new avenue for resolving the
clonal complexity of AML in a hematopoietic continuum.4

Current state of the art
Early response evaluation in AML
AML patients ﬁt for intensive treatment are initially treated as
one-size-ﬁts-all with chemotherapy, with an addition of targeted
therapy based on mutational data, for example, inhibitors of
FLT3 kinase or IDH1/2. Current clinical practice include
morphological response evaluation of the ﬁrst cycle of induction
therapy on day 14 to 17, and mandatory before the second course
when peripheral blood values should be normalized.1 Evaluation
of MRD is commonly performed by ﬂow cytometry or
quantitative genomics after the ﬁrst or second course of
chemotherapy, preferably from bone marrow, even if peripheral
blood is suggested.2,5 Thus, often 2 months pass before MRD
evaluation is performed. We suggest that an earlier determination
of therapy response by ﬂow cytometry or CyTOF could provide
advantages by allowing personalized therapy optimization in
suboptimal responders. Meaningful early response evaluation is
also supported by studies performing bone marrow examination
at day ﬁve post induction chemotherapy6 and the explorative
PET-CT imaging 2 days after treatment onset.7
Studies have also shown that proteins and genes associated with
chemotherapy resistance and cell survival are modulated only
hours after start of induction therapy in AML.8 CyTOF could
prove superior to these studies investigating bulk cell populations
by elucidating functional therapeutic responses in smaller
cellular
∗
subsets of both leukemic and non-leukemic cells.9, 10
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[(Figure_1)TD$IG]
Figure 1. Flowchart for investigation of early signaling response by peripheral blood sampling from newly diagnosed AML patients during
induction therapy. Peripheral blood (PB) can be collected at early time points such as 4 to 24 hours after start of therapy. Cells are then barcoded and
stained with suitable antibody panels for both surface and intracellular markers of interest. CyTOF provide single cell data, and tools for data visualization
and dimensionality reduction is necessary. FlowSOM is an unsupervised algorithm that applies machine learning by Self- Organizing Maps (SOM) to
reveal meaningful cell clusters and detection of rare cell subsets. Changes in the intracellular signaling in metaclusters identified by FlowSOM can then be
analyzed and compared to clinical parameters such as complete remission and survival. (Tislevoll BS, Fagerholt OHE, Blaser N et al. Blood; Dec 1-4,
2018. San Diego, CA. Abstract 1502).

Increased resolution combined with cellular
functionality read-outs
CyTOF has previously been used to demonstrate the plasticity of
immunophenotypes immediately following induction therapy in
AML.11 Additionally, the immunophenotype for leukemia initiating cells, and especially leukemic stem cells, is not uniform.12
Identiﬁcation of these heterogeneous cell populations at MRD
evaluation requires high resolution of multiple surface markers,
which is easily achievable in a single sample using CyTOF.
CyTOF analyses have indicated that intracellular signaling
rather than surface markers may be more representative of the
diseased cell function, and that this can be related to gene
∗
expression signatures and correlated to patient survival. 13
Functional responses to environmental stimuli have been shown
to reveal a broader signaling network than can be measured in the
basal cell state, exposing the cells ex vivo to a panel of
perturbators ∗like growth factors, cytokines and small molecule
inhibitors.14, 15 However, we argue that by performing peripheral
blood sampling followed by immediate cell ﬁxation before and
shortly after therapy onset, the therapy itself acts as an in vivo
perturbator to unravel cellular
responses leading to a beneﬁcial
∗
therapy response (Fig. 1). 16
So far, early response evaluation by CyTOF has been performed
in few clinical trials. In the chronic phase CML trial ENEST1st
monotherapy with nilotinib elicited intracellular signaling
responses 24 hours and 7 days after start of therapy, and
when correlated with quantitative PCR of BCR-ABL1 at 18
months,∗the CyTOF analysis identiﬁed optimal responders within
a week. 16
|4|
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A single-cell characterization of leukemic cell intracellular
responses to induction therapy in AML patients could identify
cellular subsets that ﬂag responder status of the patient, clinically
relevant mechanisms of chemotherapy resistance and reveal
potential novel therapeutic targets to guide personalized therapy
(Fig. 1).17 CyTOF studies have elegantly demonstrated treatmentspeciﬁc responses in speciﬁc cellular subsets in AML patients,
further underscoring the advantages of CyTOF in investigation of
differential treatment responses
in∗ subpopulations of composite
∗
heterogeneous patient samples. 15, 18 Likewise, CyTOF is an ideal
tool to evaluate dynamic signaling responses to administration of
novel targeted therapies in AML, as sample multiplexing allows
for direct comparison of sequential samples from a single patient
(Hellesøy M, et al HemaSphere; Jun 14–17, 2018; Abstract
PS965). Increased dimensionality combined with standardization
of measurements through sample multiplexing makes CyTOF a
suitable tool in a clinical trial setting. CyTOF is currently not a
standard diagnostic tool in hematology, but has strongly
advanced the research ﬁeld of single cell analyses through
increased dimensionality, allowing observation of phenotypic
diversity, plasticity and functional behavior in a single sample.

Future perspectives
The limited but promising use of CyTOF in multicenter clinical
trials indicates that future development into routine diagnostics
may be possible, providing a dimensionality that allows
monitoring of cellular responses to targeted therapy. The major
limitations currently include lack of validation in larger clinical
trials, expensive machines (eg, approx. 3 the price of a routine
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ﬂow cytometer) provided by a limited number of vendors, high
running costs (eg, argon gas approx. 15,000€/year), slow analysis
throughput (eg, maximum 600 cells/s vs 25,000 cells/sec by ﬂow
cytometry) and need for advanced bioinformatic pipelines for data
analysis. On the other hand, antibody conjugation and validation
are predictable and robust, and a well-designed panel of
antibodies is likely cheaper due to sample multiplexing (€1.5–3
vs €2–8 per antibody per sample). Sample multiplexing through
barcoding allows internal standardized controls, including
biological controls for antibody staining and technical controls
for machine variation, which would provide important quality
control assessment of samples collected in large multi-center
clinical trials. The CyTOF antibody panels can be adapted for
analyses of samples from patients receiving various therapy
modalities, as variants of CyTOF labeling techniques allow single
cell detection of mRNA expression, translocated genes and
various ∗ mutational DNA features in the leukemic cell population. 19 In summary, CyTOF could form a future diagnostic
platform to replace, or at least reduce, the manifold techniques
currently used for diagnosis and follow-up monitoring. However,
to ascertain quality control of experiments in a clinical setting, it is
absolutely essential that standard bioinformatic pipelines
are established to handle the complex analyses of such
multidimensional data.
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Clinical value of new drugs in acute myeloid leukemia
Gert Ossenkoppele
Amsterdam UMC, Location VUMC, The Netherlands

Take home messages
 There is an urgent medical need for improving treatment of AML.
 Emerging targeted therapies for patients with AML are successfully entering the clinic.
 Many immunotherapeutic approaches in the treatment of AML are currently explored.

Introduction
Acute myeloid leukemia (AML) is a clonal neoplasm derived from
myeloid progenitor cells with a varying outcome depending on
risk proﬁle mainly deﬁned by cytogenetic and mutational
abnormalities. The initial treatment goal is the achievement of
complete remission (CR) deﬁned already for over 40 years by
morphology. Preferably this should be CR without measurable
residual disease (MRD)
as it is now deﬁned in the ELN 2017
∗
recommendation. 1 Without additional post-remission treatment,
however and despite high CR rates are achieved, the majority of
patients relapse.

State of the art and future perspective
For over 50 years the standard of care (SOC) consisted of a
combination of an anthracycline and cytosine-arabinoside (7 + 3)
for those patients that can be treated intensively.2 SOC for unﬁt
patients can be hypomethylating treatment or low dose ARA-C.
The progress that has been made in the last 40 years in the
outcome of AML is mainly due to better supportive care and the
increased application of as well as better selection of patients
suitable for allogeneic stem cell transplantation (alloSCT). In
many cases of AML, alloSCT offers the best prospects of cure.
Indeed, AML is the most frequent indication for alloSCT as
indicated by data from both the EBMT and IBMTR and the
numbers are growing year by year.3 Because addition of classical
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cytotoxic drugs to SOC has not resulted in a better outcome it is
obvious that new treatment modalities are necessary for further
improvement. Application of NGS has unraveled the mutational
landscape of AML instrumental to serve as a reﬁnement of
prognostic∗ classiﬁcation but also as a toolbox for new targets
for drugs. 4
Many new drugs are currently in development, quite a number
have been approved by the EMA and/or FDA in the past 2 years
(see Table 1).5
– Vyxeos (CPX-351) is a liposomal formulation of cytosinearabinoside and daunorubicin at a 5:1 molar ratio with a
preferential uptake in leukemic blasts. It has been shown to
signiﬁcantly improve median overall survival vs 7 + 3 (9.56 vs
5.95 months; HR 0.69;. Although a slightly longer
hematological recovery was observed early mortality rates
were lower for CPX-351 as compared to 7 + 3 (5.9% and
10.6%, respectively) through day 30 and day 60, (13.7% and
21.2%, respectively).6
– FLT3 mutations and IDH mutations are examples that have led
to the development of speciﬁc inhibitors. Midostaurin is the ﬁrst
FLT3 inhibitor that in addition to intensive
chemotherapy has
∗
shown of beneﬁt in FLT3mutated AML. 7 Overall survival was
signiﬁcantly longer in the midostaurin group than in the placebo
group (hazard ratio for death, 0.78) as was event-free survival
(hazard ratio for event or death, 0.78). However, midostaurin is
not a speciﬁc inhibitor, therefore, quite a number of more
selective inhibitors of FLT3m are currently under investigation
and are very promising in Phase I/II settings. Gilteritinib
approved by FDA on 28th November 2018 and quizartinib are
most advanced.
– IDH is a critical metabolic enzyme in the citric acid cycle. IDH1
is located in cytoplasm and IDH2 in mitochondria. IDH1/2
mutation produces 2-hydroxyglutarate (2-HG) that acts as an
oncogene and blocks normal cellular differentiation important
in the pathophysiology of AML. Enasidenib and Ivosidenib are
IDH2 and IDH1 mutation inhibitors, respectively, that as
monotherapy have proven to be highly effective in refractory
and relapsed AML. These drugs are now also under investigation in the upfront setting in ﬁt and unﬁt elderly either as
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Table 1
Recently Approved Drugs by EMA and/or FDA for AML
Drug
Gentuzumab ozogamicin: anti-CD33
Midostaurin: FLT3-ITD/TKD
Vyxeos: liposomal cytarabine/daunorubicin
∗
Enasidenib: IDH2 ( )
∗
Ivosidenib: IDH1 ( )
∗
Gilteritinib: FLT3-ITD/TKD ( )
∗
Glasdegib: hedgehog inhibitor ( )
∗
Venetoclax (with LDAC or HMA): BCL2 inhibitor ( )

FDA
approved

EMA
approved

x
x
x
x
x
x
x
x

x
x
x

∗

( ) in R/R disease or not eligible for intensive therapy.

monotherapy or in combination with low intensity therapy.8–10
Enasidenib has been approved by FDA in August 2017 and has
granted orphan drug designation by EMA.
– BCL-2 protein is another promising therapeutic target for AML.
Overexpression enhances survival of AML cells and is
associated
with chemotherapy resistance in AML and poor
∗
survival. 11 Venetoclax is a potent, orally available, selective
BCL-2 inhibitor that in combination with low intensity
treatment (HMAs or LDAC) shows very high CR rates, even
MRD negativity is achieved, and durable responses.12,13
Venetoclax has been approved by FDA last November.
– Aberrant Hedgehog signaling is critical for leukemia stem-cell
survival and expansion. Overexpression of Hedgehog pathway
components has been shown in chemotherapy-resistant myeloid
leukemia cells. Inhibition of this pathway enhanced the
sensitivity to chemotherapy. The addition of glasdegib, a
Hedgehog pathway inhibitor, to low dose ARA-C (LDAC)
resulted in an improvement in OS compared with the standard
therapy of LDAC. Glasdegib is approved in November 2018
in the USA for use in combination with low-dose cytarabine
for the treatment of newly-diagnosed acute myeloid leukemia
(AML) in patients aged ≥75 years or those who have
comorbidities that preclude use of intensive induction
chemotherapy.
The list of new drugs currently investigated in AML is extended
and although many are in early development the future looks
bright for the patient with AML.14
Besides transplant-based immunotherapy other forms of
immunotherapy are emerging.14,15
Leukemic cells express antigens that can be recognized by
monoclonal antibodies: naked as well as conjugated antibodies
(ADC) are used for targeted tumor eradication. Until now only
gemtuzumab ozogamycin (mylotarg) has
been proven to be
∗
successful especially in good risk AML. 16 New ADCs targeting
other surface molecules (CD123, CLL-1) are currently under
investigation).
Bispeciﬁc antibodies targeting a leukemia speciﬁc antigen on the
one end and a T cell recognizing antigen on the other end bring
together T cells and tumor cells in order to eradicate the leukemia
cells.17 In ALL this concept already has shown to be very
successful. Blinatumumab, a CD19/CD3 BiTE antibody is
approved for ALL. Antigens of interest for AML are CD33,
CD123, and CLEC12 and bispeciﬁcs directed against these are
now explored in Phase I studies.
Immune checkpoint inhibitors are in early stage of development
in AML as is also the case for CART cell therapy and the
application of AML dendritic cell vaccines.18–20 The translation
of the success of CARTs in B-cell neoplasia to AML because

AML-associated target antigens have a more ubiquitous expression pattern overlapping with healthy hematopoiesis.
Results of ongoing studies have to be awaited.
In summery many new drugs are emerging in AML. Many
targeted agents are successfully entering the clinic. For immunotherapy apart from the alloSCT it is still early days and we have to
await the outcomes of the multitude of studies that are ongoing.
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Aplastic anemia in adult and pediatric hematology
Charlotte Niemeyer (Coordinating Author)
University Children's Hospital, Freiburg, Germany

Introduction
Immune-mediated severe aplastic anemia (SAA) typically presents with rapidly decreasing blood counts of all lineages and a
profoundly hypocellular bone marrow. Much effort has been invested in characterizing its immune signature targeting
hematopoietic stem and progenitor cells. In this education session Neal S. Young M.D. will summarize our current understanding of
the SAA immune phenotype and outline principles of standard therapy with immunosuppression and more recently stem cell
stimulation. Andrea Bacigalupo M.D. will discuss current indications for allogeneic hematopoietic stem cell transplantation (HSCT)
in SAA and develop future perspectives of upfront alternative donor grafts. It has long been appreciated that abnormal clones can
expand in SAA bone marrow. Judith Marsh M.D. will review the impact of the immune signature of SAA and hypoplastic
myelodysplastic syndrome (MDS) on the development of somatic mutations and outline their clinical signiﬁcance for classiﬁcation,
therapy, and outcome.

Learning goals
 To recognize the clinical implications of our current understanding of SAA pathophysiology.
 To be able to identify an appropriate treatment strategy—immunosuppressive therapy, stem cell stimulation, HSCT—for
individual patients with SAA.
 To understand the signiﬁcance of somatic mutations detected in bone marrow of patients with SAA and hypoplastic MDS.
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Somatic mutations in aplastic anemia: signiﬁcance for classiﬁcation,
therapy, and outcome
Henry J. Wood, Judith C.W. Marsh
Department of Haematological Medicine, King’s College Hospital/King’s College London, London, United Kingdom
Take home messages
 Somatic mutations occur in 70% of AA patients, and up to a third have myeloid-speciﬁc mutations.
 The immune response to somatic mutations contributes to determining their fate and impact in AA.
 The full signiﬁcance of myeloid-speciﬁc somatic mutations in AA requires correlation with cytomorphological and cytogenetic
features and future serial sampling in prospective clinical studies.

∗

Introduction
Next generation sequencing has enabled detection of clonal
hemopoiesis in many more patients with aplastic anemia (AA)
than previously realized by conventional metaphase cytogenetics,
FISH or whole genome scanning using SNP-karyotyping and ﬂow
cytometric detection of PNH clones. An abnormal clone can expand
in an aplastic BM through selection exerted by an autoimmune
attack, for example, where there is loss of certain HLA class I alleles,
through loss of heterozygosity (LOH) for 6p, or by structural
somatic HLA allelic mutations,1,2 or with clonal expansion
of GPI∗
deﬁcient PNH clones that escape the autoimmune attack, 3 and/or
somatic mutations (SM) can also emerge randomly in AA through
genetic drift, whereby a mutant
clone can more easily expand in a
∗
hypocellular bone marrow. 3,4 Some SM may be preleukemic, but
others may be neutral or even beneﬁcial.

Current state of the art
Impact of the immune signature of AA and MDS on
somatic mutations
The immune signature of AA is deﬁned by a proinﬂammatory
environment with combined expansion of T helper (Th)1 (clonal)
and Th17 cells, and a reduction in T regulatory cells (Tregs) that
are dysfunctional in terms of their ability to suppress autoreactive
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cytotoxic CD8 T cells. 5,6 In low-risk MDS Tregs are normal but
Th17 cells are increased. In high risk MDS, increased Tregs and
myeloid-derived suppressor cells and features of smoldering/
chronic inﬂammation, result in a switch from immune surveillance
to immune-subversion
and subsequent disease progression
∗
(Fig. 1).7,8, 9 The immune response (innate and adaptive) likely
plays a key role in modulating the fate of abnormal mutated clones
in AA, but other factors include the cellular origin and type of
mutation, clone size, neoantigen formation,10 ethnicity and age,
and possible defective DNA repair mechanisms.

SM that arise through immune escape
PNH clones are detected in up to 50% of AA patients using
ﬂow cytometry, which
is∗ more sensitive than PIGA sequencing for a
∗
clone size of <10%. 11, 12 SM in PIGA are predictive of response to
immunosuppressive therapy (IST), and good prognosis. 6pLOH is
relatively speciﬁc to AA and occurs in up to 19% of patients,
compared to 1% in MDS and is very rare in the general population.
6pLOH favors loss of speciﬁc HLA alleles such as HLA-B∗40:02,
B∗54:01. SM in HLA-B40:02 leading to loss of function phenotype
have also been detected in patients who show high response to IST
and low risk of progression to MDS/AML.1,2

Myeloid-speciﬁc SM in AA
Approximately one third of AA patients have a myeloid-speciﬁc
∗
∗
SM, but they occur less frequently than in MDS. 11, 12,13–15
Differences in frequencies reﬂect differences in methodologies,
depth of sequencing, age, and stage of AA. Genes mutated
commonly involve ASXL1, DNMT3A, or BCOR/BCORL1, and
there is underrepresentation of TET2, JAK2, RUNX1, and TP53.
ASXL1 and DNMT3A clones do more often expand over time in
AA, but not in all cases. Some of the myeloid-speciﬁc SM are the
same ones that are seen in ARCH, and in AA their incidence
increases with age.16 Other differences in SM between AA, MDS
and AML are summarized in Fig. 1. In contrast to PIGA, and
BCOR/BCORL1, patients with DNMT3A, ASXL1, TP53,
RUNX1, or CSMD1 treated with IST,
show worse response,
∗
overall and progression free survival. 12 Presence of SM after IST
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Figure 1. The pattern of somatic mutations (SM) in aplastic anemia, hypoplastic myelodysplastic syndrome (MDS) and MDS.

is associated with increased risk of MDS/AML, especially for
ASXL1, RUNX1 and splicing factor SM with high VAF%, higher
∗
number of SM per patient and longer duration of AA. 11 In
contrast, recent studies failed to show an associated risk of MDS
with DNMT3A and TET2.13

but the full blood count and SM should be monitored carefully
along with an early assessment of potential hemopoietic stem cell
transplant donor availability, in the event of subsequent early
disease progression19–20.

SM in AA compared to hypoplastic MDS
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Immunosuppression and stem cell stimulation to treat AA: clinical and
biologic implications
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Take home messages
 Understand classiﬁcation and pathophysiology of immune AA.
 Be aware of current outcome data with standard medical therapy of severe AA.
 Appreciate basic science implications of clinical observations.

Introduction
Low peripheral blood counts can occur in a variety of clinical
circumstances, secondary to infections, malignancies, and systemic diseases. Pancytopenia with a hypocellular marrow has a
more restricted differential diagnosis. Historical “aplastic anemia” (AA) has 3 pathophysiologies: damage, secondary to
chemicals, radiation, and some medical drugs (benzene poisoning
the classic syndrome); in multiorgan genetic syndromes
(Fanconi
∗
anemia the paradigm); and immune-mediated. 1 In the modern
era, immune AA is most often the diagnosis in the young patient
with sudden onset of severe pancytopenia and a hypocellular bone
marrow.
In immune AA, the response of patients to therapy has∗ been
highly informative of underlying pathological processes.2, 3 AA
was one of the ﬁrst diseases to be cured by bone marrow transplant,
an important demonstration of the hematopoietic stem cell in
humans. Graft rejection and graft-versus-host disease have been
characterized in AA without the complicating features often present
when hematologic malignancies are the indication for transplant.
∗
Nontransplant therapies also are effective in immune AA. 4
Improvement of blood counts after conditioning with antilymphocyte globulin, in the setting of a failed stem cell transplant, ﬁrst
suggested an immune basis for destruction of hematopoietic stem
and progenitor cells. The observation of incidental autologous
reconstitution was exploited in purposeful trials, ﬁrst of
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antithymocyte globulins (ATG) and later with a variety of
immunomodulatory biologics and drugs.

Current state of the art
Immunosuppression for immune AA
ATGs produced hematologic responses in about 50% of patients.
The ﬁrst improvement on ATG therapy was addition of
cyclosporine; cyclosporine was assessed empirically, but also
with the motive of blockade of T cell activation concurrent with
depletion of lymphocytes by polyclonal antibodies. Cyclosporine
combined with ATG increased the hematologic response rate to
60% to 65%.5,6 Cyclosporine alone is only modestly effective.
Combined therapy has been standard ﬁrst-line therapy in severe
AA for decades.
Attempts to improve on ATG plus cyclosporine, by addition of
androgens, granulocyte colony stimulating factor, mycophenolate, or rapamycin, have not altered response rates or long-term
outcomes. Efforts to replace horse ATG with more potent
immunosuppressives—rabbit ATG or alemtuzumab or cyclophosphamide7—also have failed, due to lower response rates or
unacceptable toxicities.2
A frequent late complication of immunosuppressive therapy is
relapse, declining blood counts usually necessitating reinstitution
of cyclosporine or increase in its dose, and cyclosporinedependence, which occurs in 30% or more patients.8 A more
serious complication is development of cytogenetic abnormalities
in the marrow, sometimes with frank dysplasia and even
leukemia, in about 15% of cases over a decade post-ATG.
“Clonal evolution,” especially chromosome 7 loss or involvement
of multiple chromosomes, has a poor prognosis and is an
indication for stem cell transplant.
Responsiveness to immunosuppression is strong evidence for an
immune pathophysiology, and clinical results have stimulated
experimental laboratory research. Because ATG is directed at
thymocytes, lymphocytes, especially cytotoxic T cells, have been
the focus, as for example demonstration of oligoclones of
activated in patients, which appear to be targets of therapy.
Notably, cell populations are small, and while clones decline with
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ATG administration, they are not eradicated, and new clones may
arise over time. These results are consistent with a chronic, often
relapsing immune disease, in which destruction of target cells
leads to epitope spreading. Immune AA can be modeled in the
mouse by infusion of lymphocytes mismatched at major or minor
histocompatibility antigens, but the inciting antigens in human
disease remain unknown. Mouse models suggest that the cellular
immune response may be complex, involving different T cell
subsets and macrophages. A large proportion of patients with
low-risk myelodysplastic syndrome respond to immune therapy.9
While there is increasing interest in the role of innate immunity in
marrow failure in MDS, it is also possible that somatically
mutated or aneuploid cells are targets of an adaptive immune
response, with “innocent bystander” killing of normal hematopoietic cells and selection of resistant clones over time.10

Eltrombopag as stem cell stimulation in bone marrow
failure
Hematopoietic growth factors have generally been ineffective in
AA.11 It was therefore unexpected when eltrombopag, a synthetic
mimetic of thrombopoietin, showed activity in patients with
refractory AA, about half of whom responded with robust trilineage
improvements in blood counts, most durable after discontinuation
of drug.12 Eltrombopag has been relabeled for this indication.
Added to initial standard immunosuppression, eltrombopag
increased the overall response rate to about 80% and the complete
response rate to about 50%, with patients often showing more
rapid than expected hematologic recovery.13 To date, the rates of
relapse and evolution to myeloid malignancies appear similar or
lower than in historical controls treated with immunosuppression
alone. Eltrombopag has also shown activity in other marrow failure
syndromes, moderate AA, and low-risk MDS.

Future perspectives
What are some clinical and biologic implications of decades of
relative success with immunosuppression in AA? First, we still do
not fully understand the mechanism of action of ATG. Cytotoxic T
cells are the presumed target, but more potent lymphocyte depletion
does not improve the response rate. Horse ATG may better conserve
regulatory T cells, beneﬁcial in an immune-mediated disease.
Second, there has been little motivation to alter the usual dose or
duration of either ATG or cyclosporine, and as a result the optimal
regimen is not known. Third, strategies to prevent relapse range
from extended cyclosporine administration through tapering
dosage to expectant monitoring of blood counts. Fourth, there
are no reliable predictors of evolution, although∗telomere
length
∗
rather than somatically mutated clones correlate. 14, 15
Increased bone marrow cellularity, CD34 cell and progenitor
numbers after therapy suggest a direct effect of eltrombopag on
marrow stem cells. Thrombopoietin concentrations in the blood
of AA patients are very high, but eltrombopag may function by
evading a block to receptor engagement in the presence of
interferon-g (Alvarado and Larochelle, personal communication).
Eltrombopag may also have other beneﬁcial activities, such as iron
chelation and augmentation of regulatory T cells. That older
patients and those with lower reticulocyte counts are more likely
to beneﬁt from addition of eltrombopag to standard therapy is
consistent with stem cell stimulation. Clinical results have
indicated that patients with AA may have sufﬁcient stem cell
reserves to maintain normal blood counts long term, and the
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patterns of relapse have implications for stem cell biology.
“Relapse” is often only manifest as a lowered platelet count,
consistent with the particular relationship of the stem cell and
megakaryocyte. Clonal evolution may be less frequent when more
stem cells are recruited with eltrombopag. However,
the consistent observation of early clonal evolution with
monotherapy in refractory patients strong suggests that eltrombopag may directly elicit proliferation of aneuploid cells.
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Take home messages





The age effect on survival after allogeneic SCT for AA.
an age cut off for selecting ﬁrst line therapy.
conditioning regimens for matched sibling and unrelated donor transplant.
the role of prophylactic Rituximab on EBV infections.

Introduction
The 2 major complications of SCT for acquired aplastic anemia
(AA) are graft failure and GvHD. Graft failure remains an issue,
more frequent than rejection in patients with acute leukemia.
GvHD has no beneﬁcial effect in AA patients, and particular care
should be taken to reduce its incidence as much as possible: in vivo
T cell depletion with anti-thymocyte globulin (ATG) or
alemtuzumab (Campath) is one way to effectively prevent GvHD.
We will discuss current status of SCT in acquired AA, and future
perspective.

Current state of the art
HLA typing of the patient at diagnosis and the age
effect
HLA typing of the patient and the family, at the time the patient is
diagnosed with aplastic anemia (AA), remains a crucial early
diagnostic procedure, and should be considered in every patient
up to the age of 60 years. If an HLA identical sibling is available,
then SCT is ﬁrst line treatment in children and in young adults.
The question is: what is a young adult. Current guidelines indicate
40 to 50 years as a cut off, because there is a very strong age effect
with survival of 86%, 76%, 55% survival at 10 years for patients
aged 1 to 20, 21 to 40 and over 40 years,1 and survival has not
improved in recent years for patients over 40.2 Upfront SCT may
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be carefully considered for selected cases with good performance
status and severe disease, aged 40 years or above.

When should one start an unrelated donor search
Every AA patient lacking an HLA identical sibling, should activate
a search for an unrelated donor at diagnosis, up to the age of 60
years. UD grafts have been reported to produce 90% survival,
when given as ﬁrst line therapy in children.3 However, older
patients grafted from UD have inferior outcome, with 5 year
survival of 85%, 77%, 66% and 49% for patients aged 1 to 10,
11 to 30, 30 to 40 and over 40 years of age.4 Therefore, ATG+CsA
should be ﬁrst line therapy in patients over 20 years of age, when
an HLA identical donor is not available. In case of failure of IST,
an UD graft would be the best option as second line therapy, for
patients aged 20 to 60 years. Above the age of 60 SCT is associated
with signiﬁcant toxicity: in a recent analysis, mortality above the
age of 60, was in the order of 50%.2

Do we have a standard conditioning regimen?
Standard conditioning for matched sibling transplants under the
age of 40 is Cyclophosphamide 200 mg/kg (CY 200) and ATG, as
originally described. For older patients, current guidelines support
the use of FLU-CY-ATG-low dose irradiation
(FCA) or FLU-CY∗ ∗
alemtuzumab (CAMPATH) (FCC). 5, 6 The HLA matching
between donor and recipient is relevant, and one should aim to
identify an 8/8 HLA A,B,C,DRB1 matched unrelated donor.
Rituximab 200 mg on day +5 should be added in patients receiving
alternative donor grafts.7

Bone marrow is the preferred stem cell source
The preferred stem cell source is unmanipulated bone marrow, as
shown in registry based studies, with ∗signiﬁcant survival
advantage of BM over GSCF mobilized PB. 8,9 The reasons for
the survival disadvantage of PB grafts can be summarized as
Educational Updates in Hematology Book | 2019; 3(S2) | 15 |
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[(Figure_1)TD$IG]
Figure 1. Actuarial survival of patients undergoing a SCT from HLA identical siblings or unrelated donors: shown is the effect of GvHD
prophylaxis with Campath (alemtuzumab), ATG, or no Campath/ATG. The difference is highly signiﬁcant.

follows: no reduction of primary or secondary graft failure (9%
for both sources) and increased risk of acute and chronic GvHD
(11% vs 22%).

GvHD prophylaxis
Patients with AA have no beneﬁt in developing acute and
especially chronic GvHD, unlike patients with leukemia. For this
reason, every effort must be made to reduce the risk at a minimum.
We have already mentioned the preferred use of BM cells as a stem
cell source. In addition, in vivo T cell depletion, with either ATG
or Campath, should be considered for all AA patients, in
combination with conventional CsA+methotrexate (MTX) prophylaxis. This will prevent GvHD and improve survival, as shown
in Figure 1.
∗
In a recent study, 10 rabbit ATG was superior to horse ATG, in
protecting patients from GvHD and improved survival in patients
receiving UD grafts.

Haploidentical donors and cord blood grafts
HLA haploidentical related donors (HAPLO) and unrelated cord
blood (UCB) units are 2 additional options for patients who lack a
matched sibling. HAPLO grafts are increasingly used and early
results show survival in the range of 85% and a relatively low
incidence of graft failure and GvHD with ATG based prophylaxis.11 High dose post-transplant CY (PT-CY) has also been used for
HAPLO grafts in AA patients, with excellent early results.12
Unrelated cord blood is an additional option, when a matched
donor is unavailable: a recent prospective trial of UCB grafts, with
a cell dose equal or greater than 4  107/kg, shows a 2-year
survival of 84%.7

Future perspective
Conditioning regimen for older patients
The high mortality of patients over the age of 40, also with HLA
matched donors, remains an issue.2 One option to be tested,
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would be the use of a reduced intensity regimen and optimal
GvHD prophylaxis, such as the one proposed for HAPLO
gtrafts3: this regimen includes ATG on days -8–7–6, then FLU CY
and low dose TBI, followed by PTCY and CsA with mycophenolate.12 Reducing to a minimum GvHD may also reduce
infections and toxicity.

Rituximab
The recent UCB prospective trial7 has adopted the early
administration on day +5 of rituximab, to prevent EBV related
lymphoproliferative disorders. Rituximab day +5 is well tolerated,
effective and may also reduce GvHD, and should be considered
for all patients with AA undergoing an alternative donor
transplant.

Upfront alternative donor grafts
Neutropenia and early severe infections are an issue for patients
with severe or very severe disease. First line transplants from UD has
already been reported with success,3 and HAPLO donors are
currently being tested in a prospective trial, following the
encouraging results in Baltimore.12 More patients, especially
adults, need to be treated before upfront alternative donor
transplants can be considered outside a clinical trial.

Treatment strategies
Trials are ongoing to conﬁrm whether the triple combination ATG
+CsA+ eltrombopag results ∗in a 90% survival, when given as ﬁrst
line therapy in AA patients. 13 Results of these trials will need to
be considered when selecting the optimal treatment strategy for
patients with AA, especially over the age of 40.
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Introduction
Venous thromboembolism (VTE) is often the ﬁrst sign of cancer, and cancer patients have a 4-7 fold higher risk of VTE compared to the
general population. The VTE risk in cancer is dependent on cancer type and severity. Extended knowledge on mechanisms of cancerrelated VTE would potentially lead to targeted prevention. Even though the underlying mechanisms of thrombosis risk in cancer is only
partly known, tissue factor (TF), cancer cell-derived microvesicles (MV), and podoplanin, a sialoglycoprotein upregulated in several
cancer cells able to induce platelet activation, are important actors in the pathophysiology of cancer-related VTE. As 5% to 10% of
unprovoked VTE events are diagnosed with cancer during the following year, it has been assumed that extensive cancer screening would
lead to earlier cancer diagnosis and improved prognosis. However, many studies have failed to show that extensive screening leads to
detection of earlier stage cancers and improved cancer prognosis. Furthermore, clinical scores have been developed, but are not yet
validated for clinical practice. Currently, guidelines recommend LMWHs for treatment of cancer-related VTE. Two independent RCTs
have recently reported less VTE recurrences and higher incidences of major bleeding by DOACs compared to LMWHs for treatment of
cancer-related VTE. The clinical implications are uncertain.

Learning goals
 Extended knowledge of pathophysiological mechanisms in cancer-related VTE may lead to targeted prevention in the future.
 Even though unprovoked VTE is associated with occult cancer, extensive cancer screening in these patients have not lead to
detection of earlier stage cancers or improved prognosis.
 Recent RCTs comparing LMWHs and DOACs for treatment of cancer-related VTE have shown that DOAC treatment had less
VTE recurrences and higher incidences of major bleedings. The clinical implications are uncertain.
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Mechanisms of cancer-associated thrombosis
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Take home messages
 The mechanisms leading to thrombosis associated with cancer are multiple and may depend on the nature and the stage of a tumor.
 Tissue factor, cancer cell derived micropaticles and podoplanin constitute the main actors involved in thrombosis associated with
cancer.
 The new concept of tumor educated platelets may lead to the identiﬁcation of new pathways involved in mechanisms of cancerassociated thrombosis.

Introduction
In 1865, Armand Trousseau was the ﬁrst to establish a
relationship between cancer and thrombosis. He reported that
superﬁcial thrombophlebitis is a sign of an occult visceral
malignancy.1 Currently, it is known that VTE, including DVT
and PE, is a frequent clinical complication in patients suffering
from cancer. The incidence of VTE is seven-fold higher in
patients with cancer than in the general population. Indeed, the
incidence of VTE depends on the type of cancer, with a more
pronounced risk in pancreatic (20%), bladder (8%) or lung (5%)
cancers.2 Different mechanisms leading to activation of the blood
coagulation cascade and/or platelets have been currently
identiﬁed and play a crucial role in thrombosis associated with
cancer. Cancer cells themselves can activate platelets and the
coagulation system by direct interaction (in the bloodstream) or
indirectly via the production of microparticles and/or secreted
factors and cytokines. In turn, activated platelets participate in
tumor development and formation of metastasis. Several
experimental studies have investigated the use of an anti-platelet
strategy in cancer progression and metastasis development. We
demonstrated in mice models an interesting potential of anti
P2Y12 drugs, including Clopidogrel, to treat cancer progression
and metastasis development as well as to limit the∗occurrence of
thrombosis associated with pancreatic cancer. 3 One wellFunding/support: None.
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documented anti-platelet treatment that has been investigated
in clinical and experimental studies is the use of the COX
inhibitor aspirin. Actually, the unique therapeutic beneﬁt of
aspirin treatment of cancer patients is based on a reduction of
distant metastasis and improvement in mortality, speciﬁcally in
colorectal cancer. It is also suggested that this beneﬁcial effect is
due to a high dose of aspirin and to the overexpression of COX-2
by colorectal tumors.4 Here we will describe the different
mechanisms involved in cancer-associated thrombosis with a
special focus on the role of Tissue factor (TF), microparticles and
podoplanin (Fig. 1).

Current state of the art
In retrospective studies, Khorana et al showed that there is a direct
correlation between the increased incidence of VTE and Tissue
Factor (TF) expression in pancreatic cancer patients.5 In addition,
cancer patients with the Trousseau syndrome present an
∗
augmentation of microparticles that express activated TF. 6
Under physiological conditions, TF is the primary activator of the
coagulation cascade; it also plays a critical role during the
development of the vasculature, leading to embryonic lethality
when it is inactivated in mice. Tissue factor, which is aberrantly
expressed in many tumor cell types, is clearly involved in tumorassociated hypercoagulability and in promoting tumor angiogenesis. In an ectopic pancreatic mouse model, we previously
demonstrated a key role of TF expressed by cancer-cell-derived
∗
microparticles in tumor-associated thrombosis. 7 We showed that
the cancer-cell-derived microparticles (and not their parent cells)
circulate in the bloodstream and that they accumulate at laserinduced thrombi via P-selectin/PSGL-1. We also demonstrated
that this TF is involved
in the procoagulant state found in mice
∗
bearing tumors. 7 The speciﬁc loss of endogenous TF expression
by cancer cells leads to an important decrease of the tumor
growth, a ﬁnding that correlates with those of previous studies.8
TF is also involved in several steps of malignancy, including tumor
progression, angiogenesis and the development of metastasis. In
vitro studies have shown a direct correlation between the
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Figure 1. Main mechanisms involved in cancer-associated thrombosis. Circulating cancer cells once in bloodstream may directly induce
activation and aggregation of platelets via the expression of Podoplanin (PDN) and the secretion of the platelet agonists ADP and thromboxane A2
(TxA2). The activation of the blood coagulation cascade is induced by the expression by the cancer cell of Tissue factor (TF) and the release of cancer
cell-derived microvesicles (MVs) expressing TF and negatively charged phospholipids. This ﬁgure was obtained using Servier medical art. http://
smart.servier.com/.

expression of TF and the production of VEGF. It is also
suggested that the angiogenic phenotype promoted by TF is due
to the upregulation of VEGF in addition to the downregulation
of thrombospondin. Others have suggested that the promotion
of tumoral angiogenesis by TF occurs through both coagulation-dependent and coagulation-independent pathways. The
coagulation-dependent pathway involves the activation of
FVIIa by TF, which induces thrombin generation and the
activation of platelets. The other mechanism is the phosphorylation of PAR-2
and -1 as a result of cytoplasmic domain
∗
signaling of TF. 9,10
Depending on the tumor, other mechanisms, TF and/or
microparticles independents, may also activate platelets leading
to the formation of a thrombus. These mechanisms include the
production by the tumor of the platelet agonists ADP and
Thromboxane A2 (TXA2), the secretion of Matrix metalloproteinases (MMPs) participating in the Tumor Cell Induced
Platelet Aggregation (TCIPA) and of Cathepsin cysteine proteases, such as cathepsin B and K, which cleave the Tissue Factor
Pathway ∗Inhibitor (TFPI) and favor the activation of the TF
pathway. 3,11
Cancer cells also express many adhesive molecules that enable
their interaction with the blood host cells, including platelets,
endothelial cells and immune cells. To date, there are few
mechanisms described for the interaction of cancer cells with
platelets in the bloodstream.
Glycoproteins (GPs), expressed on both platelets and cancer
cells, are described to mediate cancer cell–platelet interactions.
The GPIba, which is a component of the platelet receptor GPIb-VIX, was reported to contribute to TCIPA and tumor progression,
but its speciﬁc role remains contradictive. Podoplanin (PDPN) is a
mucin-type sialoglycoprotein. PDPN, which was initially described in the lymphatic vessel formation during embryogenesis, is
upregulated in various types of cancer, including colorectal,
bladder and lung carcinomas and contributes to TCIPA, tumor
growth and metastasis. Podoplanin can directly bind the platelet
receptor C-type lectin-like receptor (CLEC-2) and induces platelet
activation and aggregation.12 Finally, in response to all of the
biomolecules released and/or expressed by tumor cells and tumor
microenvironments,
the notion of tumor-educated platelets had
∗
recently emerged. 13 Indeed, cancer cells by acting on megakaryocytes can increase platelet production and modify the
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platelet “RNAsome”. Thus, a tumor could modify the physiology
and the phenotype of platelets that is closely associated with the
pro-thrombotic state of cancer.

Future perspective
Although different mechanisms leading to the formation of a
thrombus have been identiﬁed in different types of cancers, the
exact contribution and the interplay between the different
pathways still need to be determined according to the nature
and stage of a cancer. The emerging concept of tumor educated
platelets is subject of intensive research in different labs and will
mostly lead to the identiﬁcation of new important pathways
involved in thrombosis and cancer.
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Take home messages
 The incidence of occult malignancy in patients with unprovoked venous thromboembolism (VTE) is up to 5% and therefore VTE
can be the ﬁrst manifestation of cancer.
 Strategies that add extensive imaging to routine investigations including age and sex-appropriate screening have not resulted in a
signiﬁcant increase in occult cancer diagnosis or improvement of patient outcomes.
 Clinical scores have been developed which look to target screening techniques toward patients at highest risk of malignancy, but
many have not yet been validated for clinical practice.

Introduction
Venous thromboembolism (VTE) can be the ﬁrst indicator of an
underlying cancer. Older studies have indicated that in the 12
months following an unprovoked VTE
event, up to 10% of
∗
patients are diagnosed with cancer. 1 However, more recent
multicenter, open-label, randomized studies have detected a much
lower rate of cancer diagnosis
in these patients. In the SOME trial
∗2
conducted
in
Canada,
and
in the MVTEP trial conducted in
∗
France, 3 only 4.5% and 5.6% of patients with unprovoked VTE
were later found to have a cancer diagnosis. Similarly, a recently
conducted systematic review and individual patient data metaanalysis (IPDMA) of 10 studies reported a 1-year cancer
diagnosis
∗
rate of 5.2% (95% conﬁdence interval [CI]: 4.1–6.5). 4 Information about the incidence of cancer diagnosis beyond the ﬁrst year
∗ ∗
of follow up comes from the MVTEP study and the IPDMA. 3, 4
Patients from those studies had a cancer diagnosis rate of 1% and
1.1% in the second year of follow up. Regardless of the prevalence
of cancer in these patients, clinicians often feel compelled to look
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for an occult cancer in an attempt to better patient outcomes
(Fig. 1).

Current state of the art
Given that a VTE presentation may be the ﬁrst presentation of a
patient having an occult cancer, there have been many studies
looking at whether an extensive or limited approach is better for
cancer screening in these patients. Generally, limited screening
consists of a complete history and physical examination, routine
bloodwork, chest radiography as well as age- and genderappropriate screening and a more extensive screening includes
additional diagnostic imaging (eg, computed tomography [CT],
ultrasonography). Intuitively, if more cancers can be discovered at
an earlier stage as a result of more extensive screening, then it
should lead to improved patient outcomes. However, many
studies have failed to show that extensive occult cancer screening
leads to a greater cancer diagnostic rate or the detection of earlier
stage tumors. The SOME trial which randomized 854 patients to a
limited or a more extensive screening strategy by adding a CT of
the abdomen and pelvis, reported no difference in missed cancer
diagnosis between the 2 groups. There was also no statistically
signiﬁcant increase in occult cancer diagnosis in the 1-year followup period from 3.2% (14 out of 431 patients) to 4.5% (19 out of
423 patients) in the ∗limited and extensive screening groups,
respectively (P = 0.28). 2 Furthermore, the study could not detect
a statistically signiﬁcant difference in the mean time to cancer
∗
diagnosis nor in cancer-related mortality between the 2 groups. 2
Similarly, the recent IPDMA data, despite showing that an
extensive cancer screening method yielded a twofold higher
probability of occult cancer detection, also did not show any effect
on the detection of early ∗cancers, nor any difference in overall or
cancer-related mortality. 4
There have been studies looking at whether a more sensitive
diagnostic modality, such as 18F-ﬂuorodeoxyglucose positron
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Figure 1. Timeline of cancer screening in unprovoked venous thromboembolism.

emission tomography (FDG PET)/CT to detect earlier cancers, is
effective. FDG PET/CT is routinely utilized for the diagnosis,
staging, and restaging of various cancers. The MVTEP trial could
not ﬁnd a statistically signiﬁcant difference in the rate of cancer
diagnosis when looking at a limited screening strategy compared
to the addition of FDG PET/CT. Occult cancers were detected in
5.6% and 2.0% of patients in the FDG PET/CT and limited
screening groups, respectively (absolute
risk difference 3.6%,
∗
95% CI 0.4 to 7.9; P = 0.07). 3 Cancers in early stages were
detected in 64% of patients (7/11) in the FDG PET/CT group
compared with in∗ 50% of patients (2/4) in the limited screening
group (P = 1.00). 3
An additional study looked at the healthcare-related costs of
FDG PET/CT in a public healthcare setting and could not show a
clear beneﬁt of the addition of a PET screening strategy to current
age and gender appropriate screening techniques. The cost of the
additional FDG PET/CT was C$26,840.19 or €15,370.45 per one
avoided cancer diagnosis and C$3412.85 or €2162.83 per quality
adjusted life year gained in that analysis.5

Future perspective
Although the prevalence of cancer in patients affected by VTE may
not be as high as previously thought, the patient populations
studied were quite heterogeneous. Recent research has focused on
determining if there is a subset of patients who experience their
ﬁrst unprovoked VTE that may be at higher risk of occult cancer
detection. The post hoc data from the SOME trial found that
persons of age ≥60 years, with previous provoked VTE, and
current smoker status might predict occult cancer in this
population.6 The MVTEP trial shows that patient characteristics
such as being male and age as well as having a high leukocyte or
platelet count may be associated with greater occult cancer
detection.7 The IPDMA results found that age was the most
important predictor of occult cancer detection, and surprisingly
found that∗gender, smoking status, and previous VTE were not as
predictive. 4
Investigators of the RIETE study developed and validated
a
∗
clinical prediction rule for the risk of occult cancer in VTE. 4 The
score looks at 7 items: male gender; age > 70 years; chronic lung
disease; anemia; elevated platelets; and recent surgery. A score of
 2 was associated with a 5.8% and 3.6% risk of occult cancer in
the original and the MVTEP validation cohort, respectively;
while a score of ≥3 was associated with a 12% and 11.8% risk of
occult cancer in the original and validation cohorts,

∗ ∗

respectively. 4, 8 The use of this score in clinical practice has
not yet been adopted into recent guidelines but is an area of much
interest to clinicians.
The association between cancer and unprovoked VTE is a topic
that has generated much research in recent years. It is commonly
accepted that an extensive search for an occult malignancy is not
necessary, but select patients still have an increased risk of an
underlying cancer. Many questions remain such as how best to
choose which patients to screen in order to improve patient
outcomes.
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Take home meessages
 Venous thromboembolism is a frequent complication of cancer.
 Low-molecular-weight heparins (LMWH) have been proven more effective than vitamin K antagonists for the treatment of cancer
associated thrombosis.
 Two direct oral anticoagulants: edoxaban and rivaroxaban have been shown to be more effective than LMWH for the treatment of
cancer-associated thrombosis, but their use has been associated with an increase in the risk of major bleeding, especially in patients
with gastrointestinal cancers.
 Other studies comparing LMWH and direct oral anticoagulants are in progress.

Introduction
Venous thromboembolism (VTE) is a frequent complication of
cancer. In a large prospective cohort of patients with active cancer,
VTE was diagnosed
in 6% of the patients during 6 months of
∗
follow-up. 1 Cancer-associated thrombosis (CAT) carries higher
risks of bleeding and recurrent VTE than thrombosis occurring in
the absence of cancer.
In the landmark CLOT study, prolonged low-molecular-weight
heparin (LMWH) treatment was associated with a signiﬁcant and
major reduction in the risk of
recurrent VTE as compared to
∗
vitamin K antagonists (VKA). 2 Of note, this was not accompanied by a reduction in the risk of major bleeding and this result,
obtained in the context of an open-label trial has not been
reproduced so far, although several meta-analyses have conﬁrmed
a 40% relative risk
reduction in the risk of recurrent VTE with the
∗
use of LMWH. 3

Current state of the art
Prolonged treatment with LMWH is not without inconvenience,
it is associated with the need of daily subcutaneous injections,
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bruising at injection site and a higher cost than VKA. Direct oral
anticoagulants (DOACs) may be appealing in patients with
CAT. They have a large therapeutic window and are associated
with less bleeding complications than VKA in patients with
VTE, they have less drug interactions than VKA and do not
need monitoring. The efﬁcacy and safety of DOACs in patients
with CAT have been evaluated in subgroup analyses of the large
phase III trials comparing VKA and DOACS and in several
cohort studies of patients with CAT; ﬁnally, randomized
comparisons with LMWH are now available and allow a direct
comparison of DOACs with the reference treatment of patients
with CAT.
DOACs have been compared to LMWH overlapped and
followed by VKA in∗ 6 randomized trials including over 26,000
4
patients with VTE.
A total of 1164 of these patients had
∗
underlying cancer. 3 In this subgroup, DOACs were associated
with a non-signiﬁcant reduction in the risk of recurrent VTE
(RR, 0.65, 95%CI, 0.38 to 1.09) and bleeding
(RR, 0.67, 95%
∗
CI, 0.31 to 1.46) as compared with VKA. 3 Of note, cancer
patients in these trials had less advanced cancer, a smaller
proportion received anticancer treatment and the mortality was
lower than in the trials comparing LMWH and VKA in patients
with CAT ().
Several cohort studies reporting the use of DOACs in
patients with CAT have been summarized in a systematic
review.5 Most studies reported lower rates of recurrent VTE
with DOACs than with LMWH. Patients were not randomized
and the treatment groups were not comparable. In 2 studies
that only included gastrointestinal and gynecological cancers,
the rate of major bleedings was higher in patients receiving a
DOAC.5
Two randomized controlled trials comparing DOACs
with
∗
LMWH in patients with CAT have been reported recently. 6,7 The
Hokusai VTE cancer study was an open-label, noninferiority trial
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Table 1
Summary of the Hokusai-cancer VTE study and the Select-D study comparing DOACs with LMWH in patients with cancer-associated
thrombosis.
Study

Patients (n)

Comparator

Outcomes

Results

Raskob et al

1046

Dalteparin 200 IU/kg 1
month followed by
150 IU/kg for at least
5 months

LMWH for at least 5 days
followed by edoxaban 60 mg
o.d. (total for at least 6
months)

Experimental treatment

Recurrent VTE or major bleeding
at 12 months
Recurrent VTE at 12 months
Major bleeding at 12 months

Young et al

406

Dalteparin 200 IU/kg for
1 month followed by
150 IU/kg for 5
months

Rivaroxaban 15 mg b.i.d for 3
weeks followed by 20 mg o.d
(total of 6 months)

Recurrent VTE at 6 months
Major bleeding at 6 months

12.8% (edoxaban), 13.5% (dalteparin);
HR, 0.97; 95% CI, 0.70 to 0.36; p =
0.006 for noninferiority 7.9%
(edoxaban), 11.3% (dalteparin)
(difference, 3.4%, 95% CI, 7.0 to
0.2) 6.9% (edoxaban), 4.0%
(dalteparin) (difference, 2.9%; 95% CI,
0.1 to 5.6).
11% (dalteparin), 4%, (rivaroxaban); HR,
0.43 (95% CI, 0.19 to 0.99).
4% (dalteparin), 6% (rivaroxaban); HR,
1.83 (95% CI, 0.68 to 4.96).

DOAC = direct oral anticoagulants, LMWH = low-molecular-weight heparin, VTE = venous thromboembolism.

that randomized 1050 patients with cancer and acute VTE to
receive LMWH
for 5 days, followed by oral edoxaban or
∗
dalteparin. 6 Treatment was given for at least 6 months and up to
12 months. The primary outcome was a composite of recurrent
VTE or major bleeding during 12 months after randomization and
occurred in 12.8% of patients allocated to edoxaban and 13.5%
of patients allocated to dalteparin (hazard ratio [HR], 0.97; 95%
CI, 0.70 to 1.36; p = 0.006 for noninferiority). Recurrent VTE
occurred in 7.9% and in 11.3% of patients allocated to edoxaban
and dalteparin, respectively (difference in risk, 3.4%; 95% CI,
7.0 to 0.2). Major bleeding occurred in 6.9% and in 4.0% of
patients receiving edoxaban and dalteparin, respectively (difference in risk, 2.9%; 95% CI, 0.1 to 5.6). Treatment duration was
longer with edoxaban. The risk of major bleeding was higher in
patients with gastrointestinal cancer receiving edoxaban. The
Select-D study was a prospective, randomized, open label, pilot
trial that randomized 406 patients with CAT to receive either
rivaroxaban or dalteparin, for 6 months.7 The main outcome of
recurrent VTE at 6 months occurred in 11% (95% CI, 7% to
16%) of the patients receiving dalteparin and in 4% (95% CI, 2%
to 9%) of patients in the rivaroxaban group (HR, 0.43; 95% CI,
0.19 to 0.99). Major bleedings occurred in 4% (95% CI, 2% to
8%) of the patients receiving dalteparin and in 6%; (95% CI, 3%
to 11%) of those receiving rivaroxaban (HR, 1.83; 95% CI, 0.68
to 4.96). Patients with cancer of the esophagus or gastroesophageal junction were excluded from enrollment in this trial after the
data safety monitoring board reported a non-signiﬁcant difference
in major bleeding in these patients.7
In summary, the Hokusai VTE cancer study suggests that
edoxaban is non-inferior to ∗dalteparin for the combined outcome
of recurrence and bleeding. 6 Both the Hokusai VTE cancer and
Select-D trials suggest a better efﬁcacy but a higher bleeding risk
of the DOACs.7 Patients with gastrointestinal tumors appear to
be at higher-risk of bleeding when receiving a DOAC. Other
studies are currently assessing rivaroxaban and apixaban in
patients with CAT.8

Future perspectives
The differences observed between DOACs and LMWH may allow
to select patients at high risk of recurrent VTE for a DOAC and
patients with a high bleeding risk and/or patients with
gastrointestinal cancers for a LMWH. Such an approach is
currently limited by the lack of validated tools for estimating these
risks and the fact that bleeding and recurrent VTE share some
common risk-factors.
Additional trials comparing other DOACs with LMWH are
ongoing. Pending these results, patients with CAT who have a
perceived high-risk of recurrent VTE or those who do not tolerate

subcutaneous injections, may represent good candidates for
receiving a DOAC as opposed to a LMWH, provided they do not
have gastrointestinal cancers or a high perceived risk of bleeding.
Although, risk of recurrent VTE and bleeding have been identiﬁed
in patients with CAT, formal and validated tools for estimating
the bleeding risk are needed to individualize the anticoagulant
treatment in these difﬁcult to treat patients.
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Introduction
The Education session has focused on 2 areas in which immunotherapy has delivered and touches on future developments.
The ﬁrst speaker, Pedro Berraono (Spain), presenting on “Mechanisms of action for different checkpoint inhibitors” will focus on
checkpoint inhibitors CTLA-4, PD-1/PD-L1 monoclonal antibodies.
The second speaker, Anastasios Karadimitris (United Kingdom) will talk on the “ Biology and therapeutic applications of invariant
Natural Killer T (iNKT) cells in allogeneic stem cell transplantation and blood cancers” focusing on pre-clinical and clinical evidence
to supports a critical role of donor iNKT cells in protection from aGVHD and their potential for its prevention; these iNKT cells
may provide an optimal platform for chimeric antigen receptor (CART)-based immunotherapy of blood cancers
The third speaker, Harry Dolstra (The Netherlands) will review where we are with “Stem cell derived NK cell therapy”.

Learning goals
 Those who attend this session will be updated on 2 (Checkpoint inhibitors and NK cells) of the exciting areas in immunotherapy.
 Insights into how invariant NK cells can merge with CART-based therapies will be given.
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Pedro Berraondo1,2,3
1

Program of Immunology and Immunotherapy, Cima Universidad de Navarra, Pamplona, Spain; 2 Navarra Institute
for Health Research (IDISNA), Pamplona, Spain; 3 Centro de Investigación Biomédica en Red de Cáncer
(CIBERONC), Spain

Take home messages
 Monoclonal antibodies targeting CTLA-4 enhance the activation of T lymphocytes. The toxicity of these monoclonal antibodies
can be reduced targeting the antibody activity to the tumor microenvironment.
 Monoclonal antibodies targeting the PD-1/PD-L1 axis normalize the effector immune responses in the tumor microenvironment.
These monoclonal antibodies are essential drugs for therapeutic combinations due to the excellent safety and efﬁcacy proﬁle of the
PD-1/PD-L1 blockade.

Introduction
The immune system is composed of a complex network of cells
and soluble factors. This network is specialized in detecting
dangerous homeostatic alterations. Once a dangerous alteration
is detected, the immune network initiates
an immune response
∗
to re-establish the homeostasis. 1 Co-inhibitory receptors
control the activation and the intensity of the adaptive immune
response and therefore, they function as immune checkpoints.
The activity of the immune checkpoints is crucial to avoid
exacerbated immune responses and autoimmunity by induction
of T lymphocyte exhaustion. This process is mainly induced by
the chronic exposure to the antigen and is characterized by (i)
the progressive loss of the production of proinﬂammatory
cytokines such as tumor necrosis factor alpha and interferon
gamma, (ii) the loss of the cytotoxic activity, (iii) the decrease in
the proliferative potential and (iv) an increase in apoptosis.
Exhaustion is a progressive process that can ﬁnally lead to the
clonal deletion of T lymphocytes with high-afﬁnity T cell
receptor (TCR). The T lymphocytes express progressively coinhibitory receptors such as PD-1, LAG-3, and TIM-3. This
process also involves an epigenetic remodeling that marks a
point of terminal exhaustion.2
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Monoclonal antibodies (mAbs) targeting 2 of these immune
checkpoints (cytotoxic T lymphocyte antigen 4 (CTLA-4)
and programmed cell death protein 1 (PD-1)) have been approved
for the treatment of several malignancies. The clinical activity of
these monoclonal antibodies is characterized by an excellent
safety proﬁle and by the induction of durable response in a
fraction of patients. Due to the relevance of these clinical
results, James Allison and Tasuku Honjo were awarded the
Nobel prize in Medicine in 2018 for the discovery of CTLA-4 and
PD-1 (Fig. 1).

Current state of the art
CTLA-4 acts at the priming phase of the activation of naïve T
lymphocyte and is also a fundamental mediator of the suppressor
activity of regulatory T lymphocytes. It is a co-inhibitory molecule
of great relevance since murine models deﬁcient in CTLA-4
develop lethal autoimmune processes characterized by T cell
activation and inﬁltration in multiple organs.
CTLA-4 belongs to the immunoglobulin superfamily and is
expressed mainly in T cells. In naïve T lymphocytes, CTLA-4 is
localized in intracellular vesicles. Activation of T lymphocytes
through TCR signaling induces CTLA-4 translocation to the
plasma membrane via exocytosis. This process is dependent on the
intensity of the activatory signal. In regulatory T lymphocytes,
CTLA-4 is expressed constitutively and is essential for its
immunosuppressive functions and maintenance of peripheral
tolerance.
CTLA-4 is homologous to CD28 with higher afﬁnity for
CD80 or CD86. Unlike CD28, CTLA-4 does not transduce a
co-stimulatory signal. On the contrary, it acts as a competitive
inhibitor that prevents CD28-mediated signaling, lowers CD28
levels in the antigen-presenting cell, or initiates an inhibitory
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Figure 1. Mechanisms of action for CTLA-4 and PD-1. (A) CTLA-4 acts at the priming phase of the immune response enhancing the activation of T
lymphocytes. (B) The main anatomical site of PD-1 activity is the tumor microenvironment. Monoclonal antibodies targeting PD-1/PD-L1 normalize
the antitumor immune response. This ﬁgure contains elements from Servier Medical Art.

signaling pathway. Furthermore, it has been described that
CTLA-4 can increase the mobility of the T lymphocyte during
the immunological synapse, thereby destabilizing the interaction with the antigen-presenting cell. As a consequence of all
these mechanisms of action, there is a decrease in the
production of IL-2, proliferation, and survival of the T
lymphocyte. Therefore, the balance of the interaction between
CD28:CD80/CD86 vs CTLA4:CD80/CD86 during the immunological synapse∗ determines if the lymphocyte is activated or
becomes anergic. 3
PD-1 plays a crucial role in peripheral tolerance protecting the
organism from exacerbated immune responses and autoimmunity. Alterations in the PD-1 signaling pathway have a great impact
on immunological homeostasis. Murine models deﬁcient in PD-1
develop accelerated autoimmunity. In contrast, sustained expression of PD-1 and its ligands are common in chronic viral infections
and cancer. mAbs that block the PD-1/PD-L1 axis enhance the T
lymphocyte function, decreasing viral load and tumor size. Unlike
CTLA-4, PD-1 regulates the function of previously activated T
lymphocytes and mainly in peripheral tissues. PD-1 is expressed in
all populations of T-lymphocytes during their activation, in Blymphocytes, NK cells and some types of myeloid cells. The
intensity of expression of PD-1 increases progressively during the
exhaustion of T lymphocytes.
The PD-1 ligands known as PD-L1 and PD-L2 are expressed
both in hematopoietic cells (dendritic cells, macrophages, T cells,
and B cells) and in non-hematopoietic cells (endothelial cells,

keratinocytes, pancreatic islets, and cancer cells). Proinﬂammatory signals induce the expression of the PD-1 ligands, being type I
and II interferons the main inducers. In addition to the induction
of expression through this adaptive mechanism of resistance,
ligands can be intrinsically expressed due to genetic rearrangements in the tumor cell. This is the case of Hodgkin lymphoma, in
which due to ampliﬁcations on chromosome 9p24, ligands PD-L1
and PD-L2 are constitutively overexpressed.
The cytoplasmic tail of PD-1 contains 2 structural motifs: ITIM
and ITSM. Once PD-1 interacts with its ligands, the tyrosine
residues are phosphorylated, which allows the recruitment of
cytoplasmic tyrosine phosphatases such as SHP2. These phosphatases antagonize the signal of the TCR and CD28, altering the
signaling of the PI3K, ERK, RAS, VAV, and PLCg pathways. As a
consequence, there is a decrease in the activation of the
transcription factors AP-1, NFAT, and NF-kB; reducing the
activation, proliferation,
survival, and production of cytokines in
∗
the T lymphocyte. 4 mAbs that block PD-1 activity induce a
cytokine cross-talk between the PD-1+ T cells and the dendritic
cells specialized in cross-priming in the tumor microenvironment.5
As a result of the release of proinﬂammatory cytokines, intratumoral Tcf1+ T cells with stem-like properties are expanded.6

Future perspectives
mAbs targeting the PD-1/PD-L1 axis have been approved for
multiple solid tumors and hematological malignancies. The
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exceptional safety proﬁle and antitumor
activity in some
∗
indications are a milestone in oncology. 7 More than 2000
clinical trials are evaluating the safety and efﬁcacy of anti-PD-1 or
anti-PD-L1 monoclonal antibodies with other drugs.8 The
different therapeutic strategies that are being combined with
PD-1 blockade include surgery, radiotherapy, targeted therapies,
virotherapy, and other immunotherapies. As a result of this
intense clinical research, the combination of anti-PD-1 and antiCTLA-4 was approved for the treatment of melanoma, renal
cancer, and a subgroup of metastatic colorectal cancer.
Anti-CTLA-4 mAb in monotherapy is only indicated for the
treatment of melanoma due to a more toxic proﬁle. New strategies
to reduce the toxicity of CTLA-4 antibodies will expand the
beneﬁcial effects of these mAbs to other indications. Two strategies
are being tested in clinical trials. First, the depletion of regulatory T
cells in the tumor microenvironment can be achieved by the
optimization of the Fc domain of anti-CTLA-4
mAbs to enhance the
∗
antibody-dependent cellular cytotoxicity. 9 The second strategy is
based on the release of the active moiety in the tumor
microenvironment through the use of peptide linkers that are
digested by metalloproteinases in the tumor microenvironment.10
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Take home messages
 Pre-clinical and clinical evidence supports a critical role of donor iNKT cells in protection from aGVHD and their potential for its
prevention.
 iNKT cells provide optimal platform for chimeric antigen receptor-based immunotherapy of blood cancers.
 iNKT cell-based, ‘off-the-shelf’ immunotherapy could be sourced from allogeneic, healthy donors without risk of aGVHD.

Introduction
Invariant NKT (iNKT)-cells are a rare (<0.1% of blood T-cells),
evolutionarily conserved subset of TCRab T-cells sharing features
of innate and adaptive immune responses.1,2 In humans they
are characterised by an invariant TCRVa24Ja18 chain nearly
always pairing with a diverse TCRVb11 chain. iNKT-cells are
restricted by CD1d, a non-polymorphic, glycolipid-presenting
HLA class I-like molecule3,4 and their development depends on
CD1d-expressing double positive thymocytes.5
iNKT-cells have a memory effector phenotype with pronounced
ability to migrate and home to extra-lymphoid tissues.6 CD4+
and CD4- iNKT-cell subsets are functionally distinct (eg, Th1 vs
Th1/Th2 proﬁle, primarily cytotoxic vs immunoregulatory and
differential migratory/homing proﬁle respectively).7,8 iNKT-cells
modulate a variety of immune responses1,9 that include enhancement (usually) of anti-tumour and anti-pathogen responses and
protection from auto-immunity and allo-reactivity, in particular
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∗

acute graft-versus-host disease (aGVHD). 10,11 As such, iNKTcell-based immunotherapy can be sourced from 3rd party donors
as ‘an-off-the shelf’ treatment.

Current state-of-the-art
iNKT cells for prevention of aGVHD
Allogeneic hematopoietic stem cell transplantation (allo-SCT) is a
curative therapeutic approach for hematological malignancies.
However, its wider applicability is prevented by aGVHD, the
donor T-cell-mediated alloreactive process responsible for much
of the morbidity and mortality associated with allo-SCT.12,13
Extensive pre-clinical and clinical observational studies show
that donor iNKT cells can prevent aGVHD without increasing the
risk of disease relapse. Adoptive transfer of donor CD4+ iNKTcells (CD4
cells were not tested), either without manipula∗
tion14, 15,16,17 or following in vitro expansion in the presence of
alpha-galactosylceramide (aGalCer),18 a glycolipid that selectively and powerfully activates iNKT-cells, prevents or alleviates
established experimental aGVHD in a MHC mismatched setting.
This protective effect is mediated through Th2 polarisation of
alloreactive
T-cells and expansion of donor regulatory T-cells
∗
(Tregs).14, 15,16,17 Indeed, adoptively transferred donor iNKTcells are at least 10 times more potent than Tregs in protecting
mice from lethal aGVHD
without compromising the graft-versus∗
leukaemia effect.14, 15,16,17 In addition, adoptively transferred in
vitro aGalCer -expanded human iNKT-cells ameliorate xenogeneic aGVHD19 and improve survival. This protective effect is
mediated by CD4- but not CD4+ human iNKT-cells and involves
depletion of murine dendritic cells (DC) in vivo, reduction of Tcell activation and induction of their Th2/Th17 polarisation in
vivo.19 These ﬁndings are in line with previous work showing that
human iNKT-cells can be activated by allogeneic DC in a CD1dand activating KIR-dependent manner followed by lysis of the
DC.20
The protective impact of iNKT-cells in the context of allo-SCT
was further highlighted in clinical observational studies. Upon
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Figure 1. Potential advantages of CAR-iNKT cells over CAR19-T cells for the treatment of CD1d-expressing B lineage malignancies. The
higher proliferative and cytotoxic potential of CAR19-iNKT cells against lymphoma cells, their ability to secrete higher levels of anti-tumour
molecules and the prospect of enhancing CAR-iNKT cell-based immunotherapy with ATRA and aGalCer are highlighted.

multivariate analysis, amongst several clinical and biological
parameters including various immune cell subsets, donor graft
CD4- iNKT-cell dose (> 0.03  106/kg) was associated with a
4.27-fold reduction in the relative risk of clinically
signiﬁcant
∗
aGVHD in a T-cell replete allo-SCT setting. 10 CD4+ iNKT-cell
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dose had a signiﬁcant impact on univariate analysis
and a trend
∗
towards signiﬁcance on multivariate analysis, 10 suggesting that
as shown in murine pre-clinical models of aGVHD, there might
still be a role for this subset in protection from clinical aGVHD. In
line with these ﬁndings, early recovery of iNKT-cells post T-cell-
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depleted allo-SCT is associated with reduced risk of aGVHD while
a higher CD4- iNKT-cell dose and CD4- iNKT/CD3 T-cell ratio
in
∗
the graft were associated with protection from aGVHD.21, 22
To-date, no clinical trials involving adoptive transfer of donor
iNKT-cells to allo-SCT recipients have been reported and
therefore adverse effects cannot be predicted. However, in a
study involving infusion of up to 109 in vitro expanded
autologous iNKT-cells in cancer patients only grade 2 toxicity
was observed.23

iNKT-cells as a platform for CAR immunotherapy
Chimeric antigen receptor (CAR)-T cell immunotherapy for B
lineage malignancies has yielded very promising therapeutic
results.24,25 Several aspects of CAR immunotherapy are under
further optimization including the development of technologies
which would allow sourcing of CAR-T cells from healthy donors
for ‘off-the-shelf’ use. For this purpose and in order to prevent
aGVHD mediated by allogeneic T-cells, the endogenous TCR is
deleted by means of gene editing.26,27 Since allogeneic iNKT-cells
do not cause aGVHD they would be an ideal platform for ‘off-theshelf’ CAR immunotherapy without need for deletion of their
TCR.
Metelitsa et al provided the ﬁrst evidence that CAR engineering
∗
∗
of iNKT-cells and their clinical scale expansion was feasible. 28, 29
Indeed anti-GD2 and -CD19 human CAR-iNKT-cells were
reactive against experimental neuroblastoma and CD19+ lymphoma, respectively, without evidence of xenogeneic aGVHD.
However, in both xenograft tumor models, in vivo anti-tumor
activity of CAR-iNKT-cells required
either
repeated CAR-iNKT
∗
∗
cell dosing or IL-2 administration. 28, 29
More recent work demonstrated that compared to CAR19-Tcells, a single dose of 2nd generation CAR19-iNKT-cells without
in vivo cytokine support, exerts a more effective anti-lymphoma
effect in vivo through dual targeting of CD19 by CAR19 and of
CD1d, often expressed on B lymphoma cells,30 by the endogenous
iTCR (Fig. 1).31 Notably, intravenously administered CAR19iNKT but not CAR19-T-cells swiftly eradicated secondary brain
lymphoma.31 This ﬁnding might be related to the higher
expression by iNKT-cells of integrins and chemokine receptors
required for crossing the blood- and choroidal plexus-brain
barriers.31 Another salient feature was enhancement of the antilymphoma effect of CAR19-iNKT-cells by transcriptional
upregulation of CD1d expression in lymphoma and CLL B-cells
using all-trans retinoic acid (ATRA).31 Mechanistically, this
involved de-repression by ATRA of CD1D transcription
restrained by the co-operative interaction of RARa with
EZH2, a component of the Polycomb repressive complex.31

Future perspectives
Taken together the pre-clinical and clinical evidence outlined
above lay the foundations for clinical interventional studies that
will explore the role of donor iNKT cells in the prevention of
aGVHD.
While the pre-clinical potential of CAR-iNKT-cells in other
CD1d-expressing malignancies such as multiple myeloma32 will
be doubtless explored, clinical development of CAR-iNKT cells
is already under way. Early phase clinical trials aiming to test
safety and efﬁcacy of autologous 2nd generation CARGD2iNKT-cells co-expressing IL-15 for children with neuroblastoma
(NCT03294954) and of allogeneic CAR19-iNKT-cells coexpressing IL-15 for B lineage malignancies including CLL
and ALL (NCT03774654) have been registered. These and
additional studies will deﬁne the future role of iNKT-cells as a
potentially highly promising and versatile immunotherapy
platform in the treatment of B lineage blood cancers and
perhaps beyond.
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Introduction
Chronic lymphocytic leukemia (CLL) is the most common forms of adult leukemia in the Western world, and is typically diagnosed at 70
years. This is an exciting era in CLL biology, particularly for its understanding, prognostic classiﬁcation and novel treatment approaches.
This educational session will review recent developments in the biology and treatment of CLL. In the ﬁrst talk, Dr Philip J Law and Dr
Richard S Houlston from the Institute of Cancer Research, Sutton (UK) will review the familial risks of CLL. They will discuss the genomewide association studies (GWAS) that identiﬁed the single nucleotide polymorphisms (SNPs) at 43 genetic regions inﬂuencing the risk of
sporadic CLL. Therapeutic strategies are changing rapidly with the introduction of newer drugs, most of which are orally available, and
which are more effective and better tolerated than previously-available therapies. Two of the leading agents now used in the treatment of
CLL are ibrutinib and venetoclax. Although these newer agents have improved the prognosis of CLL, particularly in older patients and
patients with high-risk genetics, especially those with del 17p/TP53 mutation and unmutated immunoglobulin variable region heavy chain
(IGHV), resistant cases are sometimes observed and treatment is often discontinued due to disease progression. In the second lecture, Dr LA
Sutton from the Department of Molecular Medicine and Surgery, Karolinska Institutet, Stockholm (Sweden) will review the mechanism of
resistance to novel antileukemic agents used in CLL. Finally, Dr Iris de Weerdt and Dr Arnon P Kater from the University of Amsterdam (the
Netherlands) will review new treatment approaches, particularly combination therapies including chemotherapy-free regimens, in
previously-untreated and refractory/relapsed patients with CLL in 2019. The results of recent trials clearly demonstrate improved
progression-free survival, and sometimes overall survival, associated with the use of new targeted drugs, as single agents or in combination
with anti-CD20 monoclonal antibodies, compared with chemoimmunotherapy.

Learning goals
 Get knowledge of the growing importance of molecular genetics providing evidence for inherited susceptibility to CLL and risk of
sporadic disease.
 To understand the mechanisms of acquired clinical resistance in patients treated with novel targeted drugs, particular with
ibrutinib, idelalisib, and venetoclax.
 To learn that many new combination therapies with targeted drugs, monoclonal anti-CD20 antibodies and chemotherapy will
improve the outcome of the standard of care for CLL.
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Genetic predisposition to chronic lymphocytic leukemia
Philip J. Law, Richard S. Houlston
Division of Genetics and Epidemiology, Institute of Cancer Research, Sutton, Surrey, United Kingdom
Take home messages
 Chronic lymphocytic leukemia (CLL) is characterized by having one of the strongest familial risks of any cancer.
 Genome-wide association studies have identiﬁed common variants mapping to over 40 regions of genome that inﬂuence the risk of
developing sporadic CLL. Sequencing of familial CLL has implicated rare loss-of-function mutations in shelterin complex genes in
CLL predisposition.
 As well as providing new insights in the developmental basis of CLL, the cancer gene discovery initiatives have potential to inform
the development of new therapeutic agents.

Introduction
Chronic lymphocytic leukemia (CLL) is an indolent B-cell
malignancy that has a strong inherited component, as evidenced
∗
by the 8-fold increased risk seen in relatives of CLL patients. 1
Until recently, inherited genetic basis to CLL was unknown. Our
understanding of CLL genetics has been transformed by the
genome-wide association
studies (GWAS) of CLL performed over
∗
∗
the last 10 years. 2,3, 4,5 These GWAS have provided the ﬁrst
direct evidence for inherited susceptibility to CLL identifying
common variants at over 40 independent genomic regions
inﬂuencing risk of sporadic disease. In addition to common
genetic variation inﬂuencing risk, high-throughput sequencing
studies of CLL families have established a key role for rare
disruptive mutations as determinants of disease susceptibility.
Besides providing evidence for genetic susceptibility to CLL, the
genetic regions and genes risk identiﬁed by these analyses have
provided fresh insights into the biological basis of CLL
development.

Current state of the art
GWAS have so far identiﬁed single nucleotide polymorphisms
(SNPs) at 43 independent genetic regions that inﬂuence the risk of
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∗

developing sporadic CLL. 2,3, 4,5 While the risk of CLL associated
with each of the GWAS risk SNPs is modest, in concert they have
the potential to have more profound effects on an individual’s risk
of developing CLL. Thus far the currently identiﬁed risk SNPs
account for 25% of the heritable risk. By ﬁtting all SNPs from
GWAS simultaneously using statistical modeling has shown that
the estimated heritability of CLL attributable to all common
variation is 34%, thus
having potential to explain 57% of the
∗
overall familial risk 4 and conﬁrming the long held belief that a
signiﬁcant part of the heritable risk of CLL is polygenic in nature.6
To the extent that they have been deciphered, most cancer
GWAS risk regions map to noncoding regions of∗ the genome and
inﬂuence disease risk by altering gene regulation. 7 This is also the
case for CLL with over 75% of risk regions showing enrichment of
active promoters and/or enhancers when assessed by H3K27ac,
H3K4me3, and H3K4me1 ChIP-seq marks. Moreover, CLL risk
regions are enriched for CLL-related regulatory elements which
are CLL-speciﬁc or∗ show differential regulation across CLL and Bcell development. 4 Quantitative trait locus analysis in conjunction with data from H3K27ac, ATAC-seq, and DNA methylation
proﬁling are consistent with risk regions mediating their effects by
inﬂuencing chromatin activity. The identiﬁed loci show an overrepresentation of transcription factor (TF) binding. Several of the
TFs mapping to risk regions have well-established roles in B-cell
function; for example, OCT2, IRF4, and RUNX3 being targeted
for hypomethylation in B-cells. MYC is a direct target of IRF4 in
activated B cells, with IRF4 itself being a direct target of MYC
transactivation. In this respect, it is noteworthy that genetic
variants at IRF4 and MYC are recognized factors for CLL
pathogenesis. Collectively, ﬁndings from these analyses are
consistent with CLL GWAS risk SNPs mapping within regions
of active chromatin state that exert effects on B-cell cis-regulatory
networks. Investigating the genetic pathways between the gene
products in proximity to the GWAS SNPs, it has been shown that
gene products are primarily involved in immune response, B-cell
receptor (BCR)-mediated signaling, apoptosis, and maintenance
of chromosome integrity, as well as interconnectivity between the
Educational Updates in Hematology Book | 2019; 3(S2) | 37 |
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[(Figure_1)TD$IG]
Figure 1. Genes implicated by genome-wide association studies as having a role in deﬁning the development of CLL. Each arm
corresponds to a deﬁned biological process. Each arc represents an interaction between 2 proteins, and the distance from the center of the plot
corresponds to a greater number of protein-protein interactions (higher degree of the node). Selected proteins known to be involved in CLL risk are
indicated. CLL = chronic lymphocytic leukemia.

gene products all being central to B-cell development (Fig. 1). It is
notable that Ibrutinib (a BTK inhibitor) and Idelalisib (a PI3KCD
inhibitor) mediate their effects through interference of BCR
signaling, and Venetoclax targets the antiapoptotic behavior of
BCL-2.
Families segregating CLL have provided evidence for Mendelian susceptibility; however, until recently, the identiﬁcation of
rare alleles with large effects has been elusive. The identiﬁcation of
this class of susceptibility is especially important because
mutations are causal and provide direct insight to cancer biology,
in contrast to GWAS associations. By performing whole-exome
sequencing of CLL families, loss-of-function mutations in
Protection of Telomeres 1 (POT1) and other components
of the
∗
shelterin complex have been demonstrated. 8,9 As well as
providing support for the role of rare variants these ﬁndings
further highlight telomere dysregulation as a key process in CLL
development. Moreover, they extend the spectrum of cancer
associated with inherited mutations in these genes. It is, however,
likely that shelterin complex gene mutations confer cancer risks
analogous to those associated with ATM heterozygosity10 or
CHEK2 for breast cancer.11 Nevertheless, because the dysregu| 38 |
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lation of telomere protection has been identiﬁed as a target for
potential therapeutic intervention in CLL, it may be possible that
early identiﬁcation of mutation carriers will facilitate improvements in future disease management.

Future perspectives
Recent studies have provided the ﬁrst direct evidence for inherited
predisposition to CLL. As well as providing new insights in the
developmental basis of CLL, these gene discovery initiatives have
the potential to impact on risk prediction and on the successful
development of new therapeutic agents. Since much of the
inherited risk of CLL still remains unexplained additional studies
based on larger datasets offer an opportunity to identify new risk
regions and susceptibility genes. Deciphering the function of
GWAS risk loci is an important step toward testable hypotheses
regarding the biological processes involved in pathogenesis.
Elucidating the mechanisms through which noncoding variants
exert their effect is, however, challenging as the genotyped SNP is
not generally a strong candidate for causality. While studies to
fully elucidate the regulatory mechanisms underpinning risk

Law and Houlston

regions are in their relative infancy, such endeavors are likely to
involve high-throughput systems such as massive parallel reporter
assays and exploration of tissue-speciﬁc effects in appropriate
model systems and CRISPR-Cas9-mediated disruption of candidate regulatory elements.
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Mechanisms of resistance to targeted therapies in chronic lymphocytic
leukemia
Lesley-Ann Sutton
Department of Molecular Medicine and Surgery, Karolinska Institutet, Stockholm, Sweden
Take home messages
 Although durable remissions are observed in many patients treated with these agents, including those with poor risk features, it is
becoming apparent that some patients will ultimately relapse.
 Potential acquired resistance mechanisms identiﬁed to date include BTK (C481) and PLCG2 mutations in patients
undergoing treatment with ibrutinib and a recurrent mutation at codon V101 within the BCL2 gene in patients treated with
venetoclax.
 The observation that some patients with acquired clinical resistance have extremely low allelic frequencies of BTK, PLCG2 or
BCL2 mutations or, in some instances are absent for mutations in these genes, indicates that additional (epi)genetic aberrations
must play a role in acquired resistance to novel agents.

Introduction
The exciting shift in the therapeutic management of chronic
lymphocytic leukemia (CLL) can largely be attributed to
regulatory approval, both in the US and Europe, of 2 oral kinase
inhibitors, ibrutinib and idelalisib, as well as the B-cell lymphoma
2 (BCL2) antagonist, venetoclax. However, whilst durable
remissions are observed in many patients treated with these
agents, including those with poor risk features, it is becoming
apparent that some patients will ultimately relapse. Understanding the distinct mechanisms driving resistance has the potential to
lead to further targeted therapies to combat resistance, as well as
the development of rational combinations to prevent the
development of resistance.

Current State-of-the-art
Targeting the BcR pathway with kinase inhibitors: ibrutinib and
idelalisib. Ibrutinib and Idelalisib are both orally bioavailable
small molecule inhibitors that were approved for marketing back
in 2014. Ibrutinib initially received accelerated US FDA approval
for patients with relapsed or refractory CLL, but in 2016 the FDA
expanded Ibrutinib’s use to include treatment-naïve patients based
on data emerging from the RESONATE trials indicating
prolonged survival for ibrutinib-treated CLL patients in both
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the frontline and relapsed setting when compared with standard
therapies.1–3 Idelalisib, in combination with rituximab, is
approved for the treatment, of patients with relapsed/refractory
CLL or high-risk CLL with defective TP53 (the latter only in
Europe).4,5 Although both drugs operate as kinase inhibitors,
their speciﬁc targets differ. Ibrutinib inactivates the Bruton
agammaglobulinemia tyrosine kinase (BTK) through the formation of an irreversible covalent bond at the cysteine residue
(C481), thereby inhibiting B-cell receptor (BCR) signaling and
ultimately blocking the proliferation and survival of malignant Bcells.6,7 Idelalisib reversibly targets phosphatidylinositol 3-kinase
delta (PI3Kd) leading to inhibition of PI3K signaling and
selectively inducing apoptosis in the CLL cells.4,5 Despite the
success of these targeted agents, a subset of patients eventually
develop drug resistance. With its widespread use in clinical
practice the mechanisms of resistance to ibrutinib are now well
characterized whereas deﬁnitive mechanisms driving resistance to
idelalisib have yet to be described.
Woyach et al used whole-exome sequencing (WES) to
investigate the genetic landscape of CLL patients relapsing on
ibrutinib and
were the ﬁrst to discover acquired mutations in the
∗
BTK gene. 8 Functional analyses demonstrated that the BTK gene
mutations at C481, the ibrutinib binding site, reduce the binding
afﬁnity
of ibrutinib for BTK thus leading to transient inhibition of
∗
BTK. 8,9 In addition to BTK gene mutations, multiple mutations
were detected in phospholipase Cg2
(PLCG2), a kinase located
∗
immediately downstream of BTK. 8 Several PLCG2 mutations
have been reported as gain-of-function,
reactivating BCR
∗
signaling despite inactive BTK. 10 Numerous studies have since
conﬁrmed that a substantial percentage of patients treated with
ibrutinib acquire mutations in these genes and deep-sequencing of
baseline samples have revealed the absence of BTK mutations
prior to ibrutinib therapy, at least at a currently detectable level
and within the speciﬁc tissue compartments studied, strongly

Table 1

∗19

Ibrutinib
Ibrutinib

Ibrutinib

Venetoclax
Venetoclax

1
40

9

1

4
15

0
12

10

4

No. of PLCG2
mutations detected

Patients with PD

No. of BTK
mutations detected

Novel agent

3
46

10

5

Patients
with PD

0
3 (6,5%)

1 (10%)

1 (20%)

No. of patients
with sole PLCG2mut

1#
0

No. of BTG1 mutations detected

1 (33%)
33 (72%)

2 (20%)

1 (20%)

No. of patients
with sole BTKmut

1/4 (25%)
7/15 (47%)

p.Q36H
NA

p.S707F
p.M1141R
p.M1141K
p.D663H
∗
p.R665W 4
p.664S
p.S707Y
∗
p.L845F 2
^∗
6ntdel 2
NA
∗
p.R665W 4
∗
p.S707P/F 2/Y
p.L845/846del
∗
p.L845F 2
p.D993Y

PLCG2muts
detected

NA
∗
p.G101V 7

BCL2muts detected

p.C481S
∗
∗
p.C481F 4 p.C481S
34 p.C481R
p.C481A

∗

p.C481S 8
p.C481R

p.C481S
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indicating that these mutations are ∗a predominant mechanism
underlying resistance to ibrutinib.11, 12,13,14 Studies of longitudinal samples have shed light on the acquisition of such mutations
revealing that mutations within the BTK and/or PLCG2 gene are
often present
several months before an overt clinical relapse is
∗
observed.11, 12,14 Intriguingly, a subset of patients who progress
on ibrutinib carry BTK mutations in minor subclones and the
precise manner in which BTK/PLCG2 mutations can drive
resistance when present
at such low allelic burden is not
∗
immediately clear.11, 12,13,14 Finally, it is noteworthy that a
subset of patients relapse on ibrutinib without acquiring
mutations in either of these genes. The molecular alterations
driving their resistance remain unknown but indicate that
additional (epi)genetic aberrations must play a role in acquired
resistance to BTK inhibitors.13
Despite signiﬁcant efﬁcacy, disease progression during idelalisib
treatment is observed in CLL patients, and the underlying
biological mechanisms for such relapses remains largely unknown. A small-scale WES study revealed that no mutations
occurred at the drug-binding site, in the PI3K signaling pathway
or in any related signaling pathway, indicating that there is no
common mutational mechanism or single recurrent mutation that
contributes to resistance.15 Scheffold et al performed in vivo
modeling of resistance to PI3K in a mouse model and reported that
all the resistant tumors had signiﬁcant upregulation of genes
involved in the integrin receptor complex.16 These preliminary
studies indicate that resistance to Idelalisib may not be mediated
by a recurrent mutation but instead stem from dysregulation of
survival signaling; however, further research is required to
corroborate these ﬁndings.
Venetoclax: the ﬁrst BH3 mimetic to enter clinical routine. Like the
aforementioned novel agents, venetoclax, is a ﬁrst-in-class, highly
selective and orally bioavailable small-molecule inhibitor,
however, venetoclax is not a kinase inhibitor and instead targets
BCL2, an apoptotic protein central to the regulation of
programmed cell death. Venetoclax restores apoptosis and
produces high overall response rates in heavily pretreated,
high-risk CLL patients.17,18 Remarkably, treatment with venetoclax has yielded complete responses in a substantial proportion
of patients, a phenomenon generally not observed with PI3K or
BTK inhibitors. Venetoclax initially obtained accelerated approval for treatment of p53-deﬁcient CLL patients who had failed
or were unsuitable for treatment with kinase inhibitors, but has
recently been granted approval for the treatment of CLL patients
following at least one prior therapy irrespective of their TP53
status.
Two recent studies have shed light on why patients may stop
responding to venetoclax. WES in a small cohort of del(17p)
patients progressing on venetoclax identiﬁed a number of
potential resistance-associated alterations, such as mutations in
BTG1 or BRAF, homozygous deletion of CDKN2A/B and highlevel focal ampliﬁcation of CD274,
however, causal relationships
∗
have yet to be established. 19 More recently, a novel recurrent
BCL2 mutation (G101 V) was identiﬁed
in a cohort of CLL
∗
patients progressing on venetoclax. 20 Functional analysis
revealed that G101 V impairs binding of venetoclax to BCL2
preventing the drug from displacing proapoptotic molecules from
BCL2 in cells and hence confers resistance. As evidenced for BTK
C481 mutations, the G101 V BCL2 mutation was absent at
baseline and was
acquired
several months before clinical disease
∗
∗
progression.11, 12,14, 20 Finally, the wide range of subclonality
observed for G101 V together with the ﬁnding that many relapsing
patients did not harbor this change indicates that additional
acquired changes confer resistance to
venetoclax and these
∗
alternative mechanisms remain elusive. 20
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Future perspectives
Understanding the nature of disease progression has important
implications. As patients are treated for longer with these drugs, it
is inevitable that the incidence of relapse increases and hence the
challenge of managing resistant disease and determining who is at
risk for relapse is of paramount importance. It is vital to identify
potential mechanisms of resistance, both for patient stratiﬁcation
and developing strategies to circumvent resistance, either before it
develops or as it emerges. Whilst much work remains to be done,
resistance mutations may serve as early biomarkers of disease
progression prior to overt clinical relapse and hence their
detection could facilitate early therapeutic intervention with
different combination therapy to avert or reverse the relapse.
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Take home messages
 Although the novel agents ibrutinib and venetoclax are effective in chronic lymphocytic leukemia, their use as monotherapeutic
agents requires continuous treatment.
 Combination strategies with novel agents can induce deep remissions and durable disease control following treatment cessation.
 Future studies will evaluate possibilities to tailor treatment duration to individual responses.

Two novel agents acting alone
The therapeutic possibilities for chronic lymphocytic leukemia
(CLL) have greatly increased over the last few years. Novel agents
such as ibrutinib and venetoclax induce high response rates and
are generally well-tolerated, but their use as monotherapeutic
agents is not curative. As a consequence, continuous therapy is
required, leading to high costs, toxicity, lower compliance and an
increased risk of resistance. Indeed, for both drugs, mechanisms of
resistance have now been described that are directly attributable
to long-term drug exposure.1,2 Using these novel agents in
combination regimens may increase the depth of responses,
allowing treatment cessation and thereby mitigating the risks
associated with constant treatment. While such combination
strategies could be designed as ﬁxed duration regimens, another
approach would be to tailor treatment cessation to individual
responses. Such decisions could be based on (repeatedly)
undetectable minimal residual disease (MRD). MRD has recently
been shown to predict progression-free survival (PFS) not only
following immunochemotherapy
but also following a venetoclax∗
containing regimen, 3 although future studies have yet to establish
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the best marker to guide treatment cessation. Novel agent
combination strategies include the addition of monoclonal antiCD20 antibodies, combining multiple novel agents, and combining novel agents with chemotherapy.

Current state of the art
Combining a novel agent with an anti-CD20 antibody
Preclinical studies have demonstrated synergy between venetoclax
and monoclonal anti-CD20 antibodies, which have since been
evaluated in clinical trials. Venetoclax-rituximab results in
prolonged
PFS in comparison to immunochemotherapy in R/R
∗
patients 4 and high rates of MRD-undetectable∗ responses, that
predict prolonged PFS after treatment cessation. 3 Interim results
suggest a similar depth of response obtained with venetoclax in
combination with obinutuzumab as ﬁrst-line treatment.5,6
Although the combination with monoclonal anti-CD20 antibodies has not been directly compared to venetoclax monotherapy, monoclonal anti-CD20 antibodies do not appear to
increase safety concerns associated with venetoclax. Venetoclax is
more often than obi occompanied by tumor lysis syndrome (TLS),
the risk of which can be lowered when obinutuzumab preinduction precedes combined venetoclax-obinutuzumab.6
Ibrutinib deprives CLL cells of their microenvironmental
stimuli by abrogating homing and migration; however, it does
not induce direct cell death and complete responses (CR) are rare
with monotherapy. Monoclonal anti-CD20 antibodies therefore
seem a sensible partner for ibrutinib, although in vitro studies
suggested that ibrutinib might hamper antibody-dependent
cellular cytotoxicity.7 Recently, ibrutinib in combination with a
monoclonal anti-CD20 antibody has been shown to extend
PFS in comparison
with immunochemotherapy as ﬁrst-line
∗ ∗
therapy.8, 9, 10 However, the ﬁrst trial to compare ibrutinib
alone or in combination with an anti-CD20 antibody did not ﬁnd
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Figure 1. Combination strategies for the treatment of chronic lymphocytic leukemia will combine agents with distinct mechanisms of
action, such as the BTK inhibitor ibrutinib, BCL-2 antagonist venetoclax, monoclonal anti-CD20 antibodies, and chemotherapeutic agents.
This ﬁgure was created with images adapted from Servier Medical Art. Original images are licensed under a Creative Commons Attribution 3.0
Unported License.

an improvement
in CR rate or PFS with the addition of
∗
rituximab. 10 By contrast, a smaller nonrandomized trial
enrolling relapsed or refractory (R/R) patients found higher levels
of MRD-undetectable responses when ibrutinib was combined
with obinutuzumab, especially when obinutuzumab was given
after at least 1 year of ibrutinib monotherapy.11 The improved
responses with delayed obinutuzumab may be explained by the
fact that CD20 expression is transiently downregulated during the
ﬁrst months of ibrutinib treatment.12 Infusion-related reactions
associated with rituximab and more frequently with obinutuzumab appear to be less frequent when ibrutinib is given
simultaneously.8,13 Given the fact that MRD-undetectable
responses are not yet observed in the majority of patients treated
with ibrutinib and monoclonal anti-CD20 antibodies, treatment
cessation is not feasible and the value of monoclonal anti-CD20
antibodies remains unclear.

Combining both novel agents
Whereas ibrutinib treatment leads to replacement of CLL cells out
of the lymph node and increased BCL-2 dependency, venetoclax is
particularly active in the peripheral blood compartment.
Alongside evidence of preclinical synergy and nonoverlapping
toxicity proﬁles, this has raised a particular interest in strategies
combining ibrutinib and venetoclax. Indeed, preliminary results
demonstrated a high overall response rate (ORR 100%) and
MRD-undetectable response rate (68%) after 1 year of a ﬁrst-line
ibrutinib-venetoclax regimen in high-risk patients.14 A similar
regimen is currently evaluated in R/R patients, of which an interim
analysis also reported objective responses in all patients after 12
months of treatment, with 58% of the patients achieving an
MRD-undetectable response.15 In the future, both trials will
evaluate the durability of these responses upon MRD-based
treatment cessation. The adverse events during ibrutinib-veneto-

clax were in line with single-agent treatment. Clinical TLS did not
occur in either trial after minimizing the risk by initiation
treatment with ibrutinib monotherapy and subsequent venetoclax
ramp-up.
A phase 1 trial demonstrated that triple combination of
ibrutinib, venetoclax, and obinutuzumab can achieve high rates of
MRD-undetectable responses without TLS16 and triple combinations are currently evaluated in phase 2 and 3 trials.

Novel agents in combination with chemotherapy
Despite the advancement of novel agents, immunochemotherapy
remains a valuable option for patients with mutated IGHV status
(M-CLL). The addition of novel agents may limit toxicity by
shortening chemotherapy exposure, while retaining efﬁcacy. The
CLL2-BXX trials evaluate this strategy, by initiating treatment
with 2 cycles of debulking with bendamustine, followed by a
combination of ibrutinib and ofatumumab, ibrutinib and
obinutuzumab, or venetoclax and obinutuzumab. The venetoclax-obinutuzumab (CLL2-BAG) strategy results in an ORR of
95% and an MRD-undetectable response rate of 87%
in a
∗
population of both previously untreated and R/R patients. 17 The
ORR with ibrutinib-obinutuzumab induction following bendamustine (CLL2-BIO) was 100%, with MRD still detectable in
52%.18 A considerable proportion of patients encountered serious
adverse events including infections and neutropenia (23% and
11% in CLL2-BAG, respectively), emphasizing the need to
reconsider the role of bendamustine.
Another trial investigated ibrutinib and obinutuzumab in
combination with short-term ﬂudarabine-cyclophosphamide in
previously untreated M-CLL patients, after which patients
received continued ibrutinib and obinutuzumab based
upon MRD analysis.19 The percentage of patients reaching
an MRD-undetectable CR increased was 86% after 1 year,
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which was maintained in all patients after ibrutinib discontinuation.
Simultaneous treatment with bendamustine, venetoclax, and an
anti-CD20 antibody followed by venetoclax monotherapy was
associated with high toxicity, necessitating discontinuation in
29%.20

Future perspectives
Promising results are obtained with novel agents in combination
strategies. The depth of response seen with combination therapy
may allow long-lasting responses in an extended group of patients.
An important challenge for the near future will be to ﬁnd an
optimal balance between achieving deeper remissions, while
minimizing toxicity. Beyond the choice of agents, this requires
strategic dosing and sequencing with still many uncertainties.
Another consideration is whether the application of multiple
agents in an early stage to magnify efﬁcacy, limits therapeutic
possibilities for relapsed disease. Although the basic assumption is
that the same novel agent, such as venetoclax, can be reinitiated
following relapse of a ﬁxed-dose regimen, this has never been
tested. Furthermore, the translation of results obtained in trials to
routine practice represents an important future challenge. Finally,
the best parameter to guide treatment continuation needs to be
established now that durable responses after cessation have come
into sight.
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Introduction
Chronic myeloid leukemia (CML) became a paradigm for targeted cancer therapy due to the unprecedented clinical success of the
tyrosine kinase inhibitor (TKI) imatinib. Most CML patients in the chronic phase of CML that are treated with imatinib achieve durable
remissions and their survival is not different from that of the general population. Still, a fraction of patients is intolerant or resistant to
imatinib. For these patients, 4 additional TKIs—dasatinib, nilotinib, bosutinib, and ponatinib—are approved as salvage therapies and
subsequently dasatinib, nilotinib, and bosutinib were also approved for ﬁrst-line therapy. The ﬁrst paper of this educational session will
provide an overview of the current treatment approaches in CML. As the 5 approved TKIs for CML strongly differ in their adverse
events proﬁle, the second paper will give an expert summary of transient reversible and potentially irreversible side effect of these TKIs. It
will provide guidance how to identify the most efﬁcacious treatment in early disease stages and how to manage side effects. The third
paper of the session will review the insights that were obtained from next-generation sequencing (NGS) studies in CML and provide
future perspectives of NGS for risk stratiﬁcation of CML patients.

Learning goals
 To review state-of-the-art treatment approaches in CML with treatment free remission as important goal.
 To improve knowledge on individual TKI toxicity proﬁles and side effect management.
 To discuss insights from NGS to optimize treatment of CML patients.
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Take home messages
 The detection of speciﬁc variants at diagnosis of CML may contribute to risk of treatment failure.
 Approximately 50% of patients with TKI resistance acquire BCR-ABL1 kinase domain mutations and NGS will identify other
somatically mutated cancer-associated genes that contribute to resistance.

Introduction
Genomic proﬁling of hematologic malignancy over the last
decade using next-generation sequencing (NGS) has revealed an
abundance of acquired gene variants and some of these signify
prognostic risk groups.1 Diseases that appear morphologically
similar are now known to be molecularly diverse. Treatment
decisions for individual patients will likely beneﬁt from the
incorporation of genomic information with clinical variables and
laboratory parameters to classify risk. These new prognostic
models have been suggested for acute myeloid leukemia where a
large share of prognostic information is determined by genomic
factors, and revised genetic categories now deﬁne risk.1 In
myelodysplastic syndromes, the incorporation of mutational
data into the Revised International Prognostic Scoring System
improved outcome prediction.2 In myeloproliferative neoplasms,
where most patients share a limited set of phenotypic driver
mutations, there is signiﬁcant heterogeneity in outcome and
models for predicting poor risk in chronic phase are limited.
Recent genomic studies identiﬁed speciﬁc cooccurring variants
that modiﬁed outcome, and combining genomic data with
clinical parameters improved prognostication and disease
classiﬁcation.3
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CML is initiated by a single genomic event, the BCR-ABL1
fusion, and remarkable treatment success is achieved with tyrosine
kinase inhibitor (TKI) therapy. Whether there is a role for NGS at
diagnosis of CML in terms of risk stratiﬁcation remains to be
established. Effective therapy for most patients with CML may
have limited the genomic investigation at CML diagnosis, which
has markedly progressed in other hematologic malignancies.
However, data is emerging that additional somatic variants in
hematologic malignancy associated
genes are present in some
4,5,6,∗7,8
patients at diagnosis
and may contribute to poor
∗
prognostic risk.5,9,10, 11 Additional genomic abnormalities are
required for transformation of CML to an acute leukemia and, no
doubt, NGS ∗for ∗ speciﬁc patients with TKI resistance will be
informative.5, 11, 12,13,14

Current state-of-the-art
Role for NGS at diagnosis of CML
Measurement of BCR-ABL1 transcript decline during TKI
therapy using quantitative PCR is now established as the
cornerstone of patient monitoring for outcome prediction and
treatment intervention, with BCR-ABL1 kinase domain mutation
analysis reserved for patients with lack or loss of response. There
is limited prognostic relevance of the BCR-ABL1 transcript level
at diagnosis,15 and BCR-ABL1 mutation analysis is not required
at this time. Therefore, risk is primarily based on clinical
parameters at diagnosis. With reduced cost of NGS and its
incorporation into standard clinical practice in many laboratories,
it is timely to examine whether there is a role for NGS for risk
stratiﬁcation in CML.
We recently studied patients at chronic phase diagnosis using
whole-exome sequencing, copy number
variation and whole∗
transcriptome sequencing (RNA-Seq). 11 The strategy proved
useful for the detection of diverse variant types, including singlenucleotide and small insertion/deletion variants, focal deletions,
large copy number gains and losses, and gene fusions. Samples at
diagnosis of patients with extreme responses were tested: major
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molecular response at a median of 6 months of imatinib or blast
crisis at a median of 6 months after commencing TKI therapy.
The majority of patients had a corresponding nonleukemic
control sample tested to establish the somatic status of variants.
We focused on variants of potential or known
clinical relevance
∗
using established classiﬁcation systems.16, 17 Damaging
variants
∗
in known hematologic cancer associated genes 18 were more
frequently detected at diagnosis in patients with subsequent
transformation compared to those with an optimal outcome:
56% vs 16%. There was also an association with high Sokal
risk score and relevant variants at diagnosis. The recurrently
mutated genes at diagnosis were ASXL1, RUNX1, IKZF1,
TP53, and a novel gene SETD1B. Furthermore, a novel class of
variant was detected at diagnosis, which was genomic
rearrangement involving genes located on the chromosomes
involved in the Philadelphia translocation, which we termed Phassociated rearrangements. These were primarily detectable
from RNA-Seq data. The rearrangements frequently involved
genomic inversions and some patients had evidence of
chromosome fragmentation and imperfect sequence reassembly.
The Ph-associated rearrangements were more frequently
detected in patients with a poor outcome vs an optimal
response: 33% vs 11%. Their role in treatment outcome
requires further
analysis.
∗
Kim et al 7 also reported variants at CML diagnosis using a
DNA-based targeted gene panel in a study of 100 patients with
various outcomes to TKI therapy. Among damaging variants in
hematologic malignancy associated genes were nonsense/
frameshift variants in ASXL1 exon 12, in 8 patients. Five of
these patients progressed or had TKI resistance, which is
consistent with our study where 7 of 9 patients with the same
type of ASXL1 variant at diagnosis had a poor outcome.∗11
ASXL1 is one of the most commonly mutated genes detected
with age-related clonal hematopoiesis, which is associated with
increased cardiovascular risk.19 Interestingly, a recent targeted
sequencing study of 21 CML patients aged 0 to 27 years
detected ASXL1 exon 12 frameshift/nonsense variants in 6
patients (29%) as the sole mutated gene.20 These were historical
samples, which precluded correlation with TKI therapy
outcome. However, their detection in young patients suggests
against a general age-related mechanism of mutated ASXL1
acquisition.
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Role for NGS at TKI resistance
BCR-ABL1 kinase domain mutation testing is recommended for
TKI resistance, and mutations are detected in ∼50% of patients.
NGS is increasingly used for the detection of BCR-ABL1
mutations and provides improved sensitivity for early detection
of drug resistance compared with Sanger sequencing.21 Furthermore, sensitive detection of BCR-ABL1 mutants after TKI
resistance can guide therapy decisions.22BCR-ABL1 mutations
are rarely the cause of primary resistance and NGS has the
potential to characterize mutations associated with BCR-ABL1
independent resistance. Recent NGS studies at TKI resistance/
transformation have generated a∗ higher
yield of damaging
∗
variants compared to diagnosis. 11, 12,14 These studies are
starting to ﬁll a knowledge gap of resistance-associated lesions.
The most frequently mutated genes at resistance were those
commonly mutated in other hematologic
malignancies such as
∗
∗
RUNX1, IKZF1, and ASXL1.5, 11, 12,14 Importantly, gene
fusions were detected at blast crisis. These included known
fusions such as CBFB-MYH11 and MLL fusions, plus novel and
cytogenetically cryptic fusions where one of the fusion partners
∗
was a cancer gene such as RUNX1, MECOM, and IKZF1. 11
Interestingly, in NGS studies, BCR-ABL1 kinase domain
mutations have rarely been reported without the detection
of
∗
∗
other mutated genes of potential clinical signiﬁcance. 11, 12 To
date, the data indicate that sequencing of an expanded set of genes
will aid the detection of mutations that contribute to drug
resistance.

Future perspectives
The use of NGS has signiﬁcantly enhanced cancer causing gene
discovery, functional characterization and drug development.
Furthermore, NGS for patients with hematologic malignancy has
been progressively integrated into patient management strategies
for diagnosis, risk stratiﬁcation and to aid treatment approaches.
Expanded studies for patients with CML are required to
synthesize the signiﬁcance of speciﬁc variants and mutated
genes that are being discovered in patients at diagnosis
and disease progression. It is essential that these studies
carefully annotate somatic variants and appropriately evaluate
their clinical relevance as set out in recent joint consensus

Clinical risk
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at Diagnosis

Sequencing at lack of or
loss of TKI response
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Intermediate

None

BCR-ABL1
kinase domain

+

NGS if BCR-ABL1
transcripts >10% IS
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NGS

BCR-ABL1
kinase domain

+

NGS if BCR-ABL1
transcripts >10% IS

BCR-ABL1
kinase domain

+
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Figure 1. Potential future NGS strategy. Ongoing NGS analysis of patients with various disease phases who are treated with different TKIs will
establish the clinical need for sequencing of additional genes. The data to date suggest that NGS at diagnosis for some patients may aid risk
stratiﬁcation. NGS testing at TKI resistance will supplement BCR-ABL1 kinase domain mutation testing and will yield a higher frequency of
mutations. Sequencing of the BCR-ABL1 kinase domain involves isolation of the leukemic clone and will therefore detect mutants when BCR-ABL1
transcript levels are still low. However, the sensitivity of mutant detection using an NGS gene panel is reduced since sequences are derived from
both leukemic and nonleukemic cells. Therefore, higher leukemic load is required before attempting NGS.
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recommendations from experts in the ﬁeld.16, 17 Otherwise,
there is a risk of overinterpretation, which could dilute the true
signiﬁcance of additional variants in patients with CML in terms
of prognosis. If the data are appropriately managed, I suggest we
will uncover a clinical role for NGS testing for select patients at
diagnosis and to complement BCR-ABL1 kinase domain
mutation analysis at TKI resistance, where the highest yield of
mutated genes may be identiﬁed (Fig. 1). NGS will likely not be
required for all patients. Future testing may identify the clinical
parameters at diagnosis when NGS for some patients could
provide prognostic information. We expect that NGS will
become important for patients with treatment failure or
suboptimal response to TKIs and aid the characterization
of resistance. Genomic analysis may contribute to the selection
of appropriate therapy, drive drug development and ultimately
lead to better outcomes for patients with CML.
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Take home messages
 Most side effects of tyrosine kinase inhibitors (TKIs) are reversible and transient, but not necessarily negligible.
 Nilotinib and Ponatinib are very efﬁcacious, but associated with potentially irreversible cardiovascular events, and selection of
suitable patients and preventive intervention for these TKIs is key. Dasatinib is associated with pleural effusion which may occur
after many years of drug exposure.
 Treat patients efﬁcacy oriented in the early disease phase, and if good responses are achieved one should adopt a more quality-oflife-oriented approach.

Introduction
Chronic myeloid leukemia (CML) patients have excellent
prospects to achieve a good response and tolerability with
tyrosine kinase inhibitor (TKI) treatment. Independently of which
TKI is selected, roughly 5%
of patients experience progression,
∗
which is difﬁcult to treat. 1 Reassuringly, about 95% will have a
normal life span with similar quality of life (QoL).2 Upon start of
TKI treatment, several aspects are of importance for choice of TKI.
Factors such as comorbidities, reimbursement situation, age, QoL,
risk score, and the prospect of operational
cure (treatment-free
∗
remission) may inﬂuence choice. 1 By experience, about 30% to
40% of patients∗ need to switch TKI due to tolerability problems or
poor response. 3
Side effects of TKIs are mostly mild and reversible, but with
longer follow-up some potentially problematic and a few
irreversible toxicities have been identiﬁed. Cross-intolerance for
nonhematological side effects is unusual, that is, the next TKI may
be better tolerated than the ﬁrst. In Europe, we may use imatinib
(IM), nilotinib (NIL), dasatinib (DAS), and bosutinib (BOS) in ﬁrst
line and ponatinib in third and later lines, and I will highlight
differences and special features of these TKIs. I highly recommend
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European
LeukemiaNet’s review of TKI toxicity by Steegman
∗∗
et al. 4

Current state of the art
Communal side effects of TKIs
Early hematological toxicity is very common and is probably
caused by desired depletion of tumor cells with a poor Ph negative
hematopoietic compensatory reserve.5 Hematological toxicity is
more common in advanced and late chronic phase, but properties
of the drugs also inﬂuence. NIL has least toxicity. NIL < IM <
DAS = BOS < PON. Some patients have long-term lower
hematological indices during treatment, notably also late-onset
macrocytic anemia with high mean corpuscular volume/mean
corpuscular hemoglobin in older patients. Hematological
toxicity grade 3 lasting more than 2 to 3 months is a warning
of a problematic treatment course and poor response.6
Treatment with growth factors is encouraged to avoid pausing
TKI. In practice, short pauses and dose reductions are sometimes
necessary (Fig. 1).
Tumor lysis. Surprisingly rare in CML. Patients should drink up to
3 L on a daily basis the ﬁrst weeks. Allopurinol is not indicated.
Rash. Maculopapular or papulosquamous rash is common with
all drugs, most notably NIL. Manage with topical steroids, peroral
corticosteroids, and dose interruption. Often the rash does not
recur upon rechallenge. If so, a switch of TKI may be considered.
Fluid retention states. Orbital edema is very frequent with IM.
Patients should be prewarned about this expected side effect.
Excessive lacrimation is frequent. General edema is most common
with IM.
Gastrointestinal. Diarrhea, abdominal pain, constipation, vomiting,
and nausea are frequent. BOS gives very frequent short-term
Educational Updates in Hematology Book | 2019; 3(S2) | 51 |
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Most side eﬀects are moderate, transient and subside
All drugs induce hematological toxicity – otherwise lile cross-intolerance
Early treatment: Eﬃcacy-oriented approach. Keep up dosing, treat side eﬀects incl growth factors.
Later treatment: QoL-oriented approach if response is acceptable

IMATINIB
Long-term safety very good
Low-grade long term side eﬀects are frequent
Cramps, orbital edema, GI

BOSUTINIB
GI problems, especially short-term diarrhea
Transaminis

NILOTINIB
Good tolerability subjecvely
Negave metabolic eﬀects: DMII, hyperlipidaemia
Vascular events including AMI, CVI, PAOD
Drug and lifestyle intervenons including smoking
Use cardiovascular risk scores

DASATINIB
Good tolerability subjecvely
Pleural eﬀusions is frequent, also occurs late.
Pulmonary arterial hypertension (rare)
Dose reducons needed for many older paents

Figure 1. Summary of main points on safety of different tyrosine kinase inhibitors available in ﬁrst-line treatment. AMI = myocardial infarction,
DM2 = diabetes type 2, GI = gastrointestinal, PAOD = peripheral arterial occlusive disease, PCI = percutaneous coronary intervention, QoL = quality
of life.

diarrhea which should be proactively managed with loperamide. IM
and BOS give most GI problems, NIL and DAS less. To avoid GI
problems, BOS and IM should be taken with the largest meal. DAS is
meal independent, whereas NIL must be taken in a fasting routine.
Liver and pancreas. Moderate transaminase or pancreatic
elevations are not uncommon with TKI treatment. Occurs rarely
in DAS and IM treatment, more with NIL, PON, and BOS. This is
often transient.
Headache. Most frequent with DAS and NIL but occurs with all
drugs.
Musculoskeletal. Ill-deﬁned pains are common with all drugs,
with highest frequency for IM. Bothersome cramps are very
common with IM. Gentle stretching exercises, quinine or
magnesium supplement may be attempted.
Cardiac. QT prolongation is noted, but the practical consequence
is unclear.

Potentially irreversible toxicity
Serositis. Most frequently pleural effusions (PEs), but rarely also
pericarditis occurs. PE is a troublesome and unpredictable side
effect, which may occur years into the treatment course. PE occurs
in up to 30% of DAS-treated patients long-term. An incidence of
approximately 5% is found with BOS, much rarer for other TKIs.
∗
PE is associated with age and may indicate too high dose. 7
Interruption is recommended, and resolution of PE takes weeks.
Pausing is not adverse for efﬁcacy. Some use corticosteroids and
diuretics symptomatically, but effect is moderate. Many patients
enjoy excellent responses and symptomatic improvement with
reinitiation of TKI in lower doses, and anecdotally doses as low as
20 mg daily may still be effective with good tolerability. Recurrence
of PE is not infrequent. Fortunately, PE is mostly reversible.
Atherothrombotic and metabolic complications. In the ENESTnd
trial, a clear
increase of cardiovascular events was noted for NIL
∗
versus IM. 8 Amputations due to accelerated limb atherosclerosis,
cerebrovascular, and coronary events were noted. Events most
frequently occurred in older patients with metabolic syndrome or
preexisting atherosclerosis, but also in patients without known
| 52 |
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predisposition. The effect was clearly dose-dependent. No
increase in mortality has been detected, but this serious and
potentially irreversible morbidity has prompted study of cause
and recommendations for prevention. NIL and PON adversely
change the lipid status and glucose tolerance/diabetes type II. I
carefully evaluate cardiovascular risk with risk scores like qRISK
and intervene with nonsmoking orders, treat hypertension,
hyperlipidemia diabetes type II and give life style advice. Patients
who are elderly, have metabolic syndrome, or manifest atherosclerotic disease are not good candidates for NIL. PON gives an
even higher incidence of atherothrombosis than NIL and has
similar effects on metabolic parameters.9 PON also raises blood
pressure and aggressive treatment (2–3 drugs) is frequently
needed. In practice, the only treatment alternative to PON is often
allogeneic transplantation, with inherent serious toxicity.10
Hence, vascular disease prevention is key if PON is used and
patients may enjoy good treatment effect and QoL in a difﬁcult
clinical situation.
Renal. Reduction in glomerular ﬁltration has been noted by longterm use of IM.

Future perspectives
General advice for management of side effects by TKIs
Side effects are mostly short term and subside with or without
symptomatic treatment. Long-term low-grade problems represent
a serious threat to efﬁcacy if it affects treatment compliance.11 The
patient and doctor treatment alliance is key. Efﬁcacy considerations are most important early in the treatment course, and the
patient’s risk of progression may inﬂuence management of side
effects by more aggressive symptomatic treatment versus pausing/
dose reduction. If the patient has good efﬁcacy, I am with time
more inclined to dose reduce and pause in attempt achieve good
QoL. Rule of thumb: Grade 1: No change. Grade 2: side effects
may be managed with symptomatic treatment short-term or
pausing. Grade 3: pause drug until Gr 1 and reinitiate at original
or lower dose. Grade 4: pause, reinitiate at Gr 1 and dose reduce. If
side effects subside I try to increase dose at a later stage,
particularly if efﬁcacy is not “optimal” according to guidelines.
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Take home messages
 Five tyrosine kinase inhibitors are available, the treatment strategy is still challenging.
 Baseline risk, comorbidities, and patient and physician expectations play a pivotal role.
 Treatment-free remission is a new opportunity.

Introduction
The treatment of chronic myeloid leukemia (CML) is mainly
based on tyrosine kinase inhibitors (TKIs): imatinib (ﬁrstgeneration TKI), nilotinib, dasatinib, and bosutinib (secondgeneration TKIs) are approved for front-line treatment; the same
TKIs, plus ponatinib (third-generation TKI), are available
∗
beyond the ﬁrst-line in case of resistance or intolerance. 1 The
choice among different drugs is an opportunity for treating
physicians, but this choice is frequently difﬁcult and always
controversial.
Imatinib, available as a generic drug in most countries, allows
long-term stable response in approximately 50% of patients.
Imatinib efﬁcacy is dependent on adequate blood and intracellular
levels (the latter refers to in vitro data), and emerging BCR-ABL1
mutations are more
frequent on imatinib than on second∗
generation TKIs. 1 Surprisingly, all prospective comparisons of
second-generation TKIs and imatinib, failed to show relevant
overall survival (OS) differences.2–4 Despite similar OS, a trend for
an inferior rate of progression to advanced phases has been
observed with second-generation TKIs. However, the excellent
long-term survival expectation of CML patients (over 85%,
similar to healthy age-matched population) is based not only on
frontline treatment, but also on the timely implementation of
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salvage therapy in case of resistance or intolerance. Importantly,
second-generation TKIs induced higher cumulative rate of deep
molecular response (DMR) compared with imatinib.2–4 A stable
DMR is a prerequisite for treatment discontinuation and living
without treatment (treatment-free remission [TFR]) is no more an
experimental endpoint, being more and more largely implemented
in clinical practice.5

Current status of the art
The current treatment approach, particularly for ﬁrst-line
treatment, is based on factors additional to survival: age, disease
risk, comorbidities, early and late safety, rapidity of response, and
patient and physician expectations on TFR.

Overall survival
All available TKIs confer the same survival probabilities at 5 years
and beyond. An accurate evaluation of baseline or emerging
comorbidities and a long-term management of adverse events are
mandatory to conﬁrm the current ﬁgures. The great majority of
patients on stable response (major molecular response [MMR] or
deeper) are expected to maintain their response in the very long-term.
Whether the higher rate of DMR with front-line second-generation
TKIs is associated with improved long-term survival or not is matter
of debate: the “’comparator arm” of DMR patients is mainly
constituted of stable MMR patients (once upon a time deﬁned “safe
heaven”), with very high long-term survival expectations.

CML risk
Three scoring systems, aiming at assessing the long-term outcome
of CML patients,
are available; Sokal, Euro, and ELTS
∗
formulations 6 have been developed in patients treated with
conventional chemotherapy, interferon and imatinib, respectively.
With any treatment, high-risk patients have inferior outcome and
higher probability of early progression. The potential advantage
of second-generation TKIs front-line over imatinib is more based
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Table 1
Main Characteristics of the Tyrosine Kinase Inhibitors Registered for Chronic Myeloid Leukemia
Standard dose, ﬁrst line
Dose, second line
Plasma half-life, h
Plasma conc., peak
Plasma conc, through
IC50, Bcr-Abl1
IC50, PDGFRa
IC50, cKit
IC50, Src
IC50, VEGFR2
IC50, BTK

Imatinib

Nilotinib

Dasatinib

Bosutinib

Ponatinib

400 mg OD
3–400 mg BID
∼20
4202 ± 1272
2062 ± 1334
260–679
72
99
>1000
10,000
>5000

300 mg BID
400 mg BID
∼15
2329 ± 772
1923 ± 1233
10–25
75
209
>1000
3720
NA

100 mg OD
100 mg OD
∼5
133 ± 74
5.5 ± 1.4
0.8–1.8
2.9
18
0.1
NA
1.1

400 mg OD
500 mg OD
∼34
∼392
∼268
42
3.0
10,000
3.0
NA
2.5

NA
45 mg OD
∼19
145 ± 73
64 ± 29
0.5
1.1
12
5.4
1.5
849

All values (plasma concentration and IC50) are expressed as nM.
BID = twice daily, NA = not available, OD = once daily.

on expectations than on evidence: the OS is independent from the
front-line treatment (second-generation TKIs or imatinib) in each
risk category, but the ﬁrst-line use of second-generation TKIs
induce more rapidly a reduction of disease burden and reduce the
probability of progression (Table 1).

Early molecular milestones
Comparing imatinib versus second-generation TKIs, an early
molecular response (EMR, <10% BCR-ABL1 transcript at 3
months) is achieved signiﬁcantly more frequently with secondgeneration TKIs. Many post hoc analyses showed that EMR is
associated with better progression-free ∗survival and OS
probabilities, and to higher DMR rates. 1 This argument
has been proposed to prioritize second-generation with respect
to imatinib as better ﬁrst-line treatment, and to support the
early switch to second-generation TKIs in patients failing the 3∗
month milestone. Published guidelines (NCCN v. 1.2019, 7
8
9
ESMO 2017, and ELN 2013 ) do not recommend a
straightforward choice but underline the need of a close
monitoring, delaying the treatment optimization in between the
3rd and 6th month on primary treatment. It should not be
overlooked the technical limitations of EMR evaluation, due to
QPCR variability and to the use of ABL as control gene: the
use of GUS as control gene and/or a more frequent (monthly)
evaluation of BCR-ABL1 levels during the ﬁrst months on TKI
have been proposed.

Treatment-free remission
TFR is an achievable endpoint.2 Treatment discontinuation,
followed by a strict monitoring, is clearly attractive for patients
and physicians, minimizing the possibility of TKI-related adverse
events, improving the long-term safety, and reducing the
economic burden. Several studies demonstrated that 40% to
50% of patients in stable DMR (2 years or more) do not relapse
after TKI discontinuation. In case of molecular relapse (conﬁrmed
loss of MMR), the original TKI rapidly restores the response in the
great majority of patients. In randomized phase III trials, the
estimated 5-year DMR cumulative rates were higher for secondgeneration TKIs with respect to imatinib: 51% and 42% of MR4.5
for nilotinib and dasatinib, 31% and 33% for imatinib in
ENESTnd and DASISION trials, respectively.2,3 No direct
comparisons of imatinib versus second-generation TKIs with
TFR as primary endpoint are available, but, looking at available
data, second-generation TKIs seem more promising when TFR is
an attractive treatment goal. Nilotinib is the only drug approved
for TFR.

Beyond ﬁrst-line
Treatment of patients failing one or more TKI for resistance or
intolerance is complex, because many variables should be
considered: the ﬁrst-line treatment (imatinib or second-generation
TKIs), the type (primary or secondary), and the level (hematologic, cytogenetic, or molecular) of resistance, the presence and the
type of emergent mutations, the comorbidities (many patients are
older than 65 years, especially in western countries), and the
severity of adverse events. The available TKIs have different
efﬁcacy and quite different safety proﬁles. Ponatinib10 has been
approved for the treatment of CML patients failing at least 2 TKIs,
showing high efﬁcacy, in particular for patients failing treatment
with second-generation TKIs (indirect comparisons). No single
BCR-ABL1 mutation was∗ able to induce ponatinib resistance,
including T315I mutation. 11 The high incidence of cardiovascular adverse events with ponatinib 45 mg daily highlighted the
importance of patient selection and induced to explore lower
dosage regimens.

Future perspectives
∗

An important novelty is asciminib (previously ABL001), 12 a new
allosteric TKI targeting the myristoyl pocket of the BCR-ABL1
kinase. The efﬁcacy and safety results of the ongoing phase I/II
trial (asciminib as monotherapy, or in combination with imatinib,
nilotinib, or dasatinib in refractory CML and Ph+ ALL patients),
together with the future results of the new trials (asciminib
vs bosutinib in CP patients resistant to at least 2 previous TKIs;
add-on of asciminib to other TKIs to induce DMR) will clarify the
role of this promising drug.
The heterogeneity of CML is relatively low, but CML treatment
must be adapted, according to disease and patient characteristics.
Comorbidities, tolerability, and long-term safety play a key role,
as well as the efﬁcacy. The achievement of TFR is an opportunity
for an increasing proportion of patients, emphasizing the need of a
physician and patient common plan.
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Diagnosing and management of Waldenström macroglobulinemia
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Introduction
Waldenström Macroglobulinemia (WM) is a fascinating disease with a wide area of clinical symptoms and furthermore a broad
landscape of genetic abnormalities combined with one hallmark, the MYD88 L256P mutation. Professor Steve Treon has been
instrumental in these discoveries and he will discuss the genomic mutations of WM and the implications these mutations have for
aberrant pathway signaling inside the B cell. This knowledge will be the fundament for new therapeutic options. Dr Alessandra Tedeschi
will provide us with tools to choose from several ﬁrst line treatment options that can be used in current clinical practice. Treatment
choices can be challenging since phase III clinical trials are rare in WM. In general, an anti-CD20 monoclonal antibody is advised alone
or in combination with chemotherapy but the poorly understood phenomena of “IgM ﬂare” may require another approach in patients
with high IgM levels. The BTK inhibitor Ibrutinib is approved for ﬁst line treatment in patients who cannot be treated with immunechemotherapy and for salvage treatments. Professor Christian Buske will discuss these salvage treatments for patients with relapsed WM
and will especially focus on practical issues to guide treatment choices like the ﬁtness of patients, previously used lines of therapy and the
duration of response to these lines of therapy.

Learning goals
 Understanding of the genomic landscape of Waldenström Macroglobulinemia (WM) and the way this may impact disease
presentation.
 Guideline for ﬁrst line treatment of WM: when to start and what to give to patients.
 Guideline for salvage treatment and how to sequence the several treatment options.
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Genomic landscape of Waldenström’s macroglobulinemia
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Take home messages
 Next-generation sequencing has revealed recurring somatic mutations in Waldenstrom’s Macroglobulinemia that include MYD88
(95%–97%), CXCR4 (30%–40%), ARID1A (17%) and CD79B (8%–15%).
 Deletions involving chromosome 6q are common in MYD88 mutated patients, and include genes that modulate NFKB, BCL2,
BTK, and apoptosis.
 Wild-type MYD88 Waldenström’s Macroglobulinemia (WM) patients show an increased risk of transformation and death, and
exhibit many mutations found in diffuse large B-cell lymphoma.
 Response to the BTK inhibitor ibrutinib is impacted by both MYD88 and CXCR4 mutation status in WM.

Introduction
Whole genome sequencing has identiﬁed recurring somatic
mutations in MYD88, CXCR4, ARID1A, and CD79, along with
copy number alterations including those in chromosome 6q
that impact regulatory genes affecting NFKB, BTK, BCL2, and
apoptosis.1 Herein, we discuss the genomic landscape of
Waldenström’s Macroglobulinemia (WM), and the impact of
underlying genomics on disease presentation, treatment outcome,
and overall survival impact.

Current state of art
Mutations in MYD88
A recurring somatic mutation in MYD88 (MYD88 L265P)
was identiﬁed in 91% of WM ∗patients by paired tumor/normal
whole genome sequencing. 2 By more sensitive allelespeciﬁc PCR testing, MYD88 L265P was expressed in 93%
to 97% of WM patients. Non-L265P MYD88 mutations
have also been identiﬁed in 1% to 2% of WM patients.3
MYD88 mutations are also detectable in 50% to 80% of cases
The authors report no conﬂicts of interest.
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of IgM Monoclonal Gammopathy of Unknown Signiﬁcance
(MGUS), suggesting an early oncogenic role for WM
pathogenesis.4–6
Both IRAK1/IRAK4 and BTK are components of the MYD88
signaling complex, termed
the “Myddosome” and trigger NFKB
∗
pro-survival signaling.7, 8 Mutated MYD88 can also transcriptionally upregulate as well as transactivate HCK, a SRC family
member that is normally downregulated in late stages of B-cell
ontogeny.9 Activated HCK in turn triggers pro-survival
signaling of mutated WM cells through BTK, PI3K/AKT and
MAPK/ERK1/2. Both BTK and HCK are targets of ibrutinib,
that has shown remarkable activity in MYD88 mutated WM
patients.9

Mutations in CXCR4
Mutations in the C-terminal domain of CXCR4 are present in up
to 40% of WM patients when isolated bone marrow CD19selected cells are used for sequencing, and while they almost
always occur with MYD88 mutations, some patients∗ with wildtype MYD88 can also express these mutations.1, 10 CXCR4
mutations are essentially unique to WM, with only rare reports in
marginal zone lymphoma (MZL) and ABC diffuse large B-cell
lymphoma (DLBCL) cases.
Unlike MYD88, CXCR4 mutant clonality is highly variable.
Multiple CXCR4 mutations can also exist within individual
patients that occur in separate clones or are present as compound
heterozygous events.11 The subclonal nature of CXCR4 mutations relative to MYD88 suggests that these mutations occur after
MYD88, though this is likely to be an early event in WM
pathogenesis given their detection in IgM MGUS patients. Clonal
6q deletions which are found in 40% to 50% of WM patients,
appear exclusive of CXCR4.12
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Figure 1. Mutated MYD88 related signaling in Waldenstrom’s Macroglobulinemia. Mutated MYD88 transactivates NFKB through divergent
pathways that include IRAK1/IRAK4 and BTK. Mutated MYD88 also triggers transcription and activation of the SRC family member HCK. Activated
HCK can then trigger BTK, AKT, and ERK1/2 mediated pro-growth and survival signaling in WM cells. Copy number abnormalities including loss of
6q are common in WM patients, and impact regulators of MYD88 signaling including inhibitor of BTK (IBTK), TNFAIP3, and HIVEP2. Ibrutinib can
target BTK and HCK.

Patients with CXCR4 mutations present with a signiﬁcantly
lower rate of adenopathy, and those with CXCR4 nonsense
mutations have increased bone marrow disease, serum IgM levels,
and/or symptomatic hyperviscosity. Despite differences in clinical
presentation, CXCR4 mutations do not appear to adversely
impact overall survival in WM.13 In vitro modeling of WM cells
transduced with mutated CXCR4 showed increased drug
resistance in the presence of CXCL12 to multiple therapeutics
including bendamustine, ﬂudarabine, bortezomib, idelalisib, and
ibrutinib.14,15

Other recurring mutations
Somatic mutations in ARID1A are present in 17% of WM
patients, nonsense and frameshift variants.1 Patients with
ARID1A and MYD88 L265P mutations showed greater bone
marrow disease involvement, and lower hemoglobin and platelet
count. ARID1A and its frequently deleted homolog ARID1B
(discussed below) are on chromosome 6q.1,12 Both serve as
chromatin remodeling genes (CRG) thereby modulating gene
regulation. While still poorly understood, ARID1A can modulate
TP53, and is thought to act as an epigenetic tumor suppressor in
ovarian cancer. CD79A and CD79B can be found in 8% to 12%
of WM patients.1 Both are components of the B-cell receptor

(BCR) pathway, and can form heterodimers with each other.
The CD79A/B heterodimer associates with the immunoglobulin
heavy chain required for cell surface expression of BCR,
and BCR induced signaling. Activating mutations in the
immunotyrosine-based activation motif (ITAM) of CD79A and
CD79B have been reported in ABC DLBCL, and trigger SYK,
PLCg2, and BTK.

Mutations in MYD88 wild-type WM
A small number of WM patients (5%) lack mutations in
MYD88, and their disease course is marked by increased risk
of disease transformation and shorter overall survival.13
Moreover, these patients show little activity to ibrutinib.3
These ﬁndings point to fundamental differences in
underlying genomics. Whole exome sequencing identiﬁed
somatic mutations in MYD88 wild-type WM patients that
are predicted to trigger NFKB (TBL1XR1, PTPN13, MALT1,
BCL10, NFKB1, NFKB2, NFKBIB, NFKBIZ, and UDRL1F),
impart epigenomic dysregulation (KMT2D, KMT2C,
KDM6A),∗ or impair DNA damage repair (TP53, ATM, and
TRRAP). 10 Predicted NFKB activating mutations were
downstream of BTK, and ∗many overlapped with somatic
mutations found in DLBCL. 10
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Copy number alterations
Copy number alterations are common in MYD88 mutated
WM patients, and involve both chromosome 6q, and nonchromosome 6q regions.1 In chromosome 6q, loss of genes that
modulate NFkB activity (TNFAIP3, HIVEP2), BCL2
(BCLAF1), apoptosis (FOXO3), BTK (IBTK), plasma cell
differentiation (PRDM1) and ARID1B occur.12 Non-chromosome 6q genes that are commonly deleted include ETV6, a
transcription repressor; BTG1, that often is deleted in DLBCL,
and associated with glucocorticoid resistance in acute
lymphocytic leukemia; as well as LYN, a kinase that regulates
BCR signaling.1 PRDM2 and TOP1 that participate in TP53related signaling are also deleted in many WM patients. In
contrast to MYD88 mutated WM, recurring copy number
alterations are rare ∗in MYD88 wild-type WM, including loss
of chromosome 6q. 10

Clinical perspectives
At present, MYD88 mutational status can help in the diagnosis, and
prognosis of WM patients.1 Those lacking mutated MYD88 by
allele-speciﬁc PCR analysis for the L265P mutation should be
investigated for non-L265P mutations by Sanger sequencing.
Patients with suspected WM and wild-type MYD88 should be
excluded for other diagnoses including IGM myeloma.13 Patients
wild-type WM show increased incidence of disease transformation,
and can be more closely monitored.13 MYD88 mutation status can
also serve as an important predictive marker for use of ibrutinib
(and possibly other BTK-inhibitors) in WM patients.3 Patients with
wild-type MYD88 are not very responsive to ibrutinib, and
therefore its use should be reserved for those WM patients with
mutated MYD88.3 CXCR4 mutations are associated with delayed
response, lower rates of deeper responses including very good
partial ∗response attainment, and shorter progression-free
survival. 16 The former is important to consider in patients in
whom rapid responses are required for disease control.1

Future perspectives
The discovery of recurring somatic mutations in MYD88,
CXCR4, ARID1A, and CD79B mutations in WM offers
important new insights into the pathogenesis, prognostication
and therapeutic development for WM. The latter includes
agents that target key pro-survival signaling in the MYD88
pathways including inhibitors of BTK, IRAK, and HCK. The
BTK inhibitors ibrutinib, acalabrutinib and zanubrutinib have
shown remarkable activity in WM, and ibrutinib is now
approved in the US and Europe, as ∗well as other countries for
the treatment of symptomatic WM. 17,18,19 Selective inhibitors
targeting IRAK and HCK are also in pre-clinical and/or early stage
clinical development. CXCR4 represents an important target in
WM, and a clinical trial assessing the impact of the CXCR4
inhibitor ulocuplomab with ibrutinib in CXCR4 mutated WM
patients (NCT03225716) is ongoing with encouraging early
ﬁndings.20 Targeting CD79B signaling through use of SYK
inhibitors also appears feasible based on preclinical studies, which
show the potential for synergistic interactions with ibrutinib, and
may be suitable for those patients with CD79B mutations.21 The
genomic ﬁndings, therefore, lay the foundation for targeted drug
development, and the potential for a personalized medicine
approach to WM.
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Waldenström’s macroglobulinemia front line treatment
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Take home messages
 Treatment should be offered only to symptomatic patients and selected according to the individual patient and disease
presentation.
 Rituximab in combination with cyclophosphamide and dexamethasone or bendamustine are highly effective regimens with
manageable toxicity and are considered standard treatment options in ﬁrst line treatment.
 Ibrutinib monotherapy or in combination is effective an may be a valid option in patients unﬁt for immuno-chemotherapy although
a continuous treatment compared to a time limited one should be considered.
 Treatment outcome may be affected by MYD88 and CXCR4 mutations. In the future a better understanding of their impact on
treatment outcome may lead to a more targeted approach.

Introduction
Waldenstrom’s Macroglobulinemia (WM) treatment options,
considering the disease rarity, have been derived from phase II
study data with the exception of a few phase III clinical trials.
Similarly to other indolent lymphomas, asymptomatic patients
should not receive treatment as there are no data to support early
initiation of therapy over a watch and wait strategy. Considering
the wide range of clinical presentations there is no single
standard treatment so when making decisions physicians must
tailor treatment according to patient’s age, comorbidities, and
disease characteristics. Furthermore, medication tolerance and
avoidance of long-term toxic effects including the possible
development of treatment-related secondary malignancies
should be considered.

Current state of the art
Symptomatic patients with symptoms related to tissue inﬁltration
by neoplastic cells, such as fatigue, recurrent fever, night sweats,
cytopenias, lymphadenopathy, organomegaly, bulky extramedulFunding/support: None.
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lary disease, or IgM-related complications should be treated.
Although the level of monoclonal IgM per se had not been
considered an indication to start therapy the last ESMO guidelines
suggested that patients with an IgM level >60 g/L should receive
treatment based on a study
indicating the imminent risk of
∗
symptomatic hyperviscosity. 1 Certain situations, like symptomatic hyperviscosity, should be considered a clinical emergency.
When hyperviscosity is present, plasma exchange is the therapy of
choice followed by systemic treatment. Considering the risk of
“ﬂare” after rituximab, deﬁned as the transient increase of IgM
serum level typically occurring after 1 to 4 months, this agent
should be avoided in case of hyperviscosity syndrome and
introduced when the serum IgM is <4000 mg/dL.2
In the elderly population, single-agent treatment may be
considered a suitable approach. In one of the few randomized
phase III trials, oral ﬂudarabine was superior to chlorambucil in
terms of progression-free survival (PFS) and overall survival (OS)
with a lower cumulative incidence of secondary malignancies.3
Monotherapy with these agents should be considered only in
patients with comorbidities that may preclude treatment with
immuno-chemotherapy and in patients with low tumor burden
considering the slow kinetics of response. Rituximab monotherapy, which is well tolerated but associated with modest
responses, represents a valid option in the presence of immunologic disorders related to WM, such as symptomatic cryoglobulinemia, hemolytic anemia or isolated IgM related peripheral
neuropathy.4
The combinations rituximab, dexamethasone, and cyclophosphamide (DRC) or rituximab bendamustine (BR) are currently
considered standard ﬁrst-line options.
DRC appears to be highly effective, with an overall response
rate (ORR) of 83%, 7% complete remissions (CRs), 35 months
median PFS and a prolonged median time to next treatment of 51
∗
months but most importantly with a favorable toxic proﬁle. 5
However, this regimen does not allow, rapid disease control due to
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Table 1

Waldenström’s Macroglobulinemia Front Line Treatment

∗

Suggested Therapy in Treatment Naïve Patients
Therapy

Indications

Limitations

Rituximab monotherapy

-Elderly with comorbidities not suitable for immune-chemotherapy
-Disease presenting with IgM related symptoms, not high tumor burden

Fludarabine monotherapy
Chlorambucil monotherapy

-Elderly with comorbidities not suitable for immune-chemotherapy

DRC

-Disease with low tumor burden
-Patients with poor marrow reserve
-Disease presenting with IgM related symtoms
-Disease with high tumor burden
-Need of rapid disease control
-High IgM level
-Need of rapid disease control
-Possibly avoid in ﬁrst line treatment

-IgM “ﬂare”, plasmapheresis indicated if IgM > 4000 mg/dL
-Low response rates
-Slow disease control
-Slow disease control
-Myelotoxicity
-Secondary malignancies
-Slow disease control

BR
Bortezomib rituximab ± DXM
Purine analogues rituximab ± CTX

Ibrutinib monotherapy
Ibrutinib rituximab

-Possible immunosuppression
-Need of long term follow-up to deﬁne late toxicities
-Neuropathy
-Myelotoxicity
-Immunosuppressive
-Secondary malignancies
-CXCR4 may have an impact on outcome
-Continuous treatment
-Continuous treatment

-Elderly not suitable for immunochemotherapy
-Rapid disease control
-Elderly not suitable for immunochemotherapy

BR = bendamustine Ritiximab, CTX = cyclophosphamide, DRC = cyclophosphamide, dexamethasone, rituximab, DXM = dexamethasone.
∗
Consider limitations related to National rules and regulations.

the long median time to response of 4.1 months. In patients with
high tumor burden, the combination of BR may be preferred. BR
was ﬁrst compared to R-CHOP in a phase III trial also including
patients with WM and although ORR was similar between the 2
regimens, BR was
superior in terms of tolerability and PFS (69.5 vs
∗
28.1 months). 6
There is not a direct comparison between DRC and BR. A
retrospective study at ﬁrst line demonstrated a similar ORR with a
trend for a longer PFS with BR (2-year PFS 88% with BR and 61%
with DRC P = 0.07).7 Importantly, the activity of BR and DRC
appeared to be unaffected by patients’ MYD88 mutation status.
BR, as reported by the FILO group, has the advantage of schedule
modiﬁcation in terms of dosage reduction and seems to have the
same outcome when administered for 6 or fewer courses (2 years
PFS 87% vs 88%).8
Fludarabine, pentostatine or cladribine based immuno-chemotherapy allows the achievement of good quality responses and
prolonged PFS.9,10 Despite the high efﬁcacy of purine analogbased treatment, it should be avoided as ﬁrst-line due to the
signiﬁcant incidence of myelotoxicity, immunosuppression and
possible impact on stem cell harvest. Furthermore, although data
from literature are still controversial,3,11 there is general concern
to avoid purine analogs because of the risk of secondary
malignancies development.
Bortezomib has prominent efﬁcacy even as WM monotherapy. Both bortezomib rituximab with or
without dexamethasone
∗
(BDR) have shown to be highly active. 12,13 A long term followup of the phase II study of BDR showed a median
PFS of 3.5
∗
years and an OS rate of 66% at 7 years. 12 The major
advantages of bortezomib combinations are rapid reduction of
IgM level and low myelotoxicity, so they may be indicated when
there is an immediate need for disease control such as a very high
IgM level or hyperviscosity. Furthermore, bortezomib unlike
other treatments seems to overcome the negative impact of
CXCR4 mutations on survival.14 An important consideration in
selecting initial therapy with bortezomib is the possible
development of neuropathy; therefore, it should be given
subcutaneously preferably at weekly intervals and used with
caution in neuropathic patients.
Ibrutinib is the ﬁrst drug to receive approval for WM even in
treatment-naïve patients. Clinically meaningful and importantly

rapid responses were seen with ibrutinib monotherapy in 30
treatment-naïve patients with an 18 months PFS of 92%.15 The
combination with rituximab in a cohort of untreated patients
enrolled in the phase III randomized iNNOVATE Study
demonstrated a signiﬁcantly higher ORR, deeper responses,
and superior PFS when compared to rituximab alone. The
CXCR4 mutation exerts a negative impact when ibrutinib is
administered as monotherapy but the addition of ∗rituximab
appears to overcome this negative prognostic feature. 16 Several
unique toxicities, including hemorrhagic episodes and atrial
ﬁbrillation mostly during the ﬁrst 6 months, may develop during
ibrutinib treatment due to its off-target effects. Ibrutinib may be a
valid option at ﬁrst line in patients unﬁt for immunochemotherapy
although a continuous treatment compared to a time-limited one
should be considered. Suggested therapies in previously untreated
patients are summarized in Table 1.

Future directions
The expanding therapeutic armamentarium is aimed at ﬁnding
more effective combination treatments and agents with a better
toxicity proﬁle to avoid short- and long-term complications.
Furthermore, the effect of MYD88 and CXCR4 mutational status
on the different types of therapy has not yet been clearly
elucidated.
Whether the addition of bortezomib to the standard of
treatment DRC may prolong PFS is the objective of a large
ongoing randomized European trial (NCT01788020). The
second-generation proteasome inhibitors, carﬁlzomib, and ixazomib, in combination with rituximab, have already shown
promising results leading to deep responses translating in better
PFS.17,18 Large prospective comparative trials are warranted to
support their use. Second generation BTK inhibitors, acalabrutinib, zanubrutinib, are under development.19,20
At present individual treatment decisions are mostly based on
comparisons of phase II data suggesting different approaches
according to patients’ age and disease characteristics. In the
future, it would be desirable to base therapeutic choices on results
of larger trials that may help to direct the use molecular markers to
develop personalized medicine in this ﬁeld.
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Take home messages
 There are several treatment approaches available for relapsed WM patients.
 The choice of treatment for relapsed patients should be adapted to the ﬁtness of patients, the previous therapy and the duration of
response after last treatment.
 Rituximab based regimens, Bortezomib containing regimens, and Ibrutinib are well tolerated and efﬁcient treatment options in
relapsed WM patients.
 The future goal is the development of chemotherapy-free approaches which are active independent from the genotype and are
applied for a limited duration of time.

Introduction

Current state of the art

Waldenstrom’s Macroglobulinemia (WM) belongs to the group
of indolent B-Non-Hodgkin’s lymphomas, characterized by a
mostly slowly progressing clinical course and recurrent relapses.
There is no established treatment approach with curative
potential so far and all patients with WM will ultimately relapse.
Thus, salvage approaches are of key clinical relevance. Ideally,
these salvage regimens should control disease without
compromising quality of life. There are different treatment
options in relapsed/refractory WM. The choice of treatment
depends on many factors such as ﬁtness of the patient, pretreatment, and duration of response before the relapse. Treatment
has to be tailored according to the individual patient’s situation.
Fortunately, recent years have seen considerable progress in
establishing new treatment concepts, ﬁrst to name the introduction of the BTK inhibitor Ibrutinib.
When discussing the management of relapsed patients with
WM, we have to be aware that there is no common standard
approach. Therefore, these patients should be included in clinical
trials, testing novel strategies and compounds, whenever possible
(http://www.ecwm.eu/).

When a patient relapses, a thorough diagnostic workup should∗∗
be
performed as described in detail in published guidelines. 1
Relapsed patients should be only treated if they show criteria as
deﬁned by the Treatment recommendations from the Eighth
International Workshop on Waldenström’s Macroglobulinemia
such as lymphoma related symptoms, IgM values putting patients
at risk to develop hyperviscosity (eg serum IgM > 60 g/l) or
hematopoietic insufﬁciency. Thus, also in the relapsed situation, a
watch and wait strategy is recommended.2
If the patient is in need of treatment, the duration of response
after the last treatment is critical for selecting the appropriate
salvage treatment. Single-agent Ibrutinib is the treatment of choice
for patients who have relapsed within 12 months from chemoimmunotherapy, including rituximab-refractory patients. Ibrutinib should be given until disease progression or non-tolerated
toxicity. Around 20% of the patients develop a withdrawal
syndrome, with an increased incidence in the relapsed setting.3
Furthermore, relapses are common after Ibrutinib discontinuation. For patients who relapse >2 to 3 years after receiving a
rituximab-based regimen, an alternative rituximab-based combination may be considered. If DRC was used, rituximab with either
bendamustine or bortezomib (with or without dexamethasone)
may be used. Rituximab with nucleoside analogs is an active but
also toxic combination and therefore should be used cautiously.4
Bortezomb in combination with rituximab is an effective regimen
and allows SC application of both drugs.5 For patients who
achieve a prolonged remission with their primary therapy (ie, >3–
4 years), re-instituting the prior regimen may also be considered.
For ﬁt patients with a clinically aggressive course, high-dose
therapy with autologous stem cell transplantation (ASCT) may be
considered.6 However, taking long-term toxicities of ASCT into
account other treatment options should be considered before and
ASCT should be preferentially offered to high-risk, preferentially
chemosensitive patients following ≥2 relapses. Furthermore,
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Salvage Approaches in relapsed WM
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Figure 1. Salvage approaches in patients with relapsed WM (adapted from (1)).

ASCT should not be used in patients responding to and tolerating
Ibrutinib.
There are several clinical reports indicating that also allogeneic
transplantation is feasible and effective in WM. A large series was
reported by the EBMT7: The patients received allograft by either
myeloablative (n = 37) or reduced-intensity (n = 49) conditioning.
The patient population was highly selected with a median age of
49 years, and 47 patients had 3 or more previous lines of therapy.
Fifty-nine patients (68.6%) had chemotherapy-sensitive disease at
the time of allogeneic SCT. The relapse rates at 3 years were 11%
for myeloablative, and 25% for reduced-intensity conditioning
recipients. The 5-year PFS and OS for WM patients who received a
myeloablative allogeneic SCT were 56% and 62%, and for
patients who received reduced intensity conditioning 49% and
64%, respectively. However, to the end allogeneic transplantation
is associated with a substantial risk for treatment related
morbidity and mortality. Based on this allogeneic transplantation
should not be considered in Ibrutinib-naïve patients, but could be
considered in patients with relapsed/refractory WM to immunochemotherapy and Ibrutinib, preferably within clinical trials.
WM is a disease of the elderly and many patients suffer from comorbidities, excluding the application of dose intense treatments.
Thus, in particular, in the elderly patient, Ibrutinib is an excellent
choice also in patients with longer remission duration. Ibrutinib as
single agent has less activity in patients with mutated MYD88 and
mutated CXCR4 and also particularly in patients with MYD88
wild-type. A recent study has shown that addition of Rituximab to
Ibrutinib improves outcome in these genotypes compared to
Ibrutinib alone in a historical comparison. Thus, in Rituximab
sensitive patients with these
genotypes, Rituximab/Ibrutinib is a
∗
valuable treatment option. 8Fig. 1 gives an overview of treatment
strategies in relapsed WM.

Future perspectives
Recent years have shown that WM is characterized by recurrent
mutations in the genes MYD88 and CXCR4,∗ affecting over 90%
and around 30% of patients, respectively. 9 Based on these 2
mutations WM falls into three genotypes: the genotypes
MYD88MT/CXCR4WT, MYD88MT/CXCR4MT, and the genotype MYD88WT/CXCR4WT. Importantly, Ibrutinib showed
substantial less activity in MYD88WT/CXCR4WT, but also in
the MYD88MT/CXCR4MT genotypes, demonstrating that there is
the need to develop concepts to improve Ibrutinib activity
in the
∗ ∗∗
CXCR4 mutated and MYD88WT/CXCR4WT patients. 9, 10 In a
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recently published prospective phase III clinical trial patients with
treatment naïve or relapsed WM were randomized between
Ibrutinib/Rituximab vs Placebo/Rituximab. The primary endpoint PFS was signiﬁcantly improved in the Ibrutinib arm with a
risk reduction for progression of 80%. The combination of
Rituximab/Ibrutinib was also well tolerated and no new toxicity
signals were discovered. Of note, the Rituximab/Ibrutinib
combination was able to induce responses largely independent
of the genotype and also the PFS was comparable between the
different genotypes. Patient numbers were limited in these
subgroups, follow-up is still short for this indolent disease and
the duration of treatment was imbalanced with a short 2 times 4weekly application in the Placebo/Rituximab arm vs inﬁnite
treatment in the Ibrutinib arm. However, these data indicate that
it is possible to develop chemotherapy-free
concepts also for WM
∗
patients with unfavorable genotype. 8 Another potential approach is the combination of proteasome inhibitors with Ibrutinib
as a phase II trial with carﬁlzomib demonstrated genotype
independent activity in WM.11 Prospective studies will prove this
concept in the near future. Another approach is the BCL2inhibitor Venetoclax: in a phase II study in relapsed/refractory
WM patients, this compound was well tolerated and demonstrated high activity with OR of 87% and a major response of 80%.
However, activity of Venetoclax was lower in patients with
the MYD88MT/CXCR4MT genotype and also in patients
previously treated with Ibrutinib.12 One of the major challenges
will be to develop concepts for WM patients after Ibrutinib
failure. Venetoclax is one attractive candidate and as mentioned
before had activity in patients previously treated with Ibrutinib
achieving 80% overall response and 60% major response.
Follow-up is still short and patient number was limited in this trial,
so that the role of Venetoclax has still to be deﬁned in this
therapeutic situation.12 Currently tested therapies include
targeting of the CD38 antibody expressed on plasmacytic WM
cells with Daratumumab or impairing CXCR4 activity by antiCXCR4 antibodies. So far it is unclear, whether these approaches
are effective and whether their efﬁcacy is compromised by
previous Ibrutinib treatment.
In summary, there are several effective and well tolerated
treatment options for relapsed WM patients available today.
Treatment should be selected according to the duration of
response to the previous treatment, the nature of the previous
treatment(s) and the ﬁtness of the patient. The goal is to develop
chemotherapy-free approaches, which act in all genotypes and do
not need permanent application. Ibrutinib is a major step in this
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direction and has grossly changed the treatment landscape in
WM. Ongoing and future trials aim at establishing Ibrutinibbased approaches, which act independently from the genotype
and only need timely limited application.
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Introduction
EBV virus is a ubiquitous virus infecting up to 95% of the population. The consequences of this infection range from a benign course to
very aggressive Lymphomas.
EBV virus was recognized as the cause in the pathogenesis of endemic Burkitt lymphoma in the 1960s, a very aggressive disease
but highly curable with chemotherapy; now EBV is considered the most oncogenic virus. Following infection, the virus will
remain on the host, keeping in B cells.
Transformation of B cells by virus is mainly driven by two genes: LMP1 and EBNA2. Different latency patterns will be responsible for
the evolution of patients infected.
Recently the WHO 2016 lymphoma classiﬁcation has added several entities to these complex EBV lymphoproliferative disorders with up to 20
subtypes included.
In situ hybridization for EBERs is the most sensitive test for EBV infection in tissue. The diagnosis of different subtypes is crucial for the
correct patient management.
The importance of the immune system in the pathogenesis and the evolution is demonstrated by the role of intensity in the treatment of
post-transplant EBV lymphoproliferative disorders (PTLD); it is important to point it out that up to PTLD could not be associated to
EBV.
In this educational session, EBV associated lymphoproliferative disorders and PTLD will be reviewed in terms of diagnosis,
pathogenesis, and management.

Learning goals
 Pathogenesis of EBV lymphoproliferative disorders.
 WHO 2016 update of EBV disorders.
 Management of disorders associated to EBV mutagenic effect including solid and hematopoietic stem cell PTLD.
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The pathology of Epstein-Barr virus lymphoproliferations
Stefan D. Dojcinov1, Matthew R. Pugh2
1

Department of Cellular Pathology, All Wales Lymphoma Panel, University Hospital of Wales, Cardiff, United
Kingdom; 2 Institute of Immunology and Immunotherapy, University of Birmingham, Birmingham, United Kingdom
Take home messages
 EBV is a ubiquitous virus which establishes latent infection in 95% of the population and remains under tight immunological
control of the adaptive immune response.
 Loss of immune control over EBV can result in EBV associated lymphoproliferations, which comprise a broad spectrum of disease
with varying prognosis, ranging from indolent localized lesions to highly aggressive systemic lymphomas.
 Determination of pathological nature of any EBV positive lymphoproliferation relies on a complete clinico-pathological
correlation; A history of congenital, acquired or iatrogenic immunosuppression should be actively sought.
 Hodgkin-like morphology is frequently seen in EBV positive lymphoproliferations other than classical Hodgkin lymphoma posing
a difﬁcult differential diagnosis.

Introduction
First isolated from endemic Burkitt’s lymphoma (BL) in the 1960s,
Epstein Barr virus (EBV) is now recognized as the most oncogenic
viruses ever described.1,2 Approximately 95% of the population
are infected.3 Following acute infection, the virus establishes
lifelong latency in the host. Adaptive immune responses maintain
control over the virus residing latently in the reservoir of memory
B-cells.4
Transformation of lymphoid cells by EBV is primarily driven by
two viral genes, LMP1 and EBNA2. However, the precise pattern
of viral gene expression varies in accordance with the host immune
state, reﬂected in 3 principal viral latency patterns. Latency III is
associated with acute EBV infection in the naïve host and severe
immunodeﬁciency, as unrestricted expression of all 9 latency
genes (nuclear: EBNA1, 2, 3A–C; membrane: LMP1, LMP2A,
and LMP2B) renders the infected cell highly immunogenic.
Latency II is an intermediate program involving expression of
most genes except EBNA2. Latency I is characterized by
expression of the EBNA1, essential
for maintenance and
∗
replication of the EBV genome. 5 The differential expression of
LMP1 and EBNA2 by immunohistochemistry can, therefore, be
used to determine latency.3,4 EBV virus encoded small RNAs
(EBERs) I and II are non-coding RNAs conﬁned to the nucleus and
are transcribed across all stages of latency. Thus, is-situ
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hybridization for EBERs is the most sensitive test for EBV
infection in tissue.6
Pathogenesis of EBV associated lymphoproliferative entities is
varied. In many instances, this knowledge is of high relevance to
the choice of patient management. Some entities arise as a result of
predominating oncogenic features of the EBV, but others are more
impacted by patients’ inherent susceptibility. Finally, emergence
of some EBV associated lymphoproliferations is impacted
primarily by the state of the immune system and iatrogenic or
other types of immunosuppression, or by particular anatomical
settings resulting in “immune sequestration” of affected tissues.
While in some lymphoproliferations EBV is positive in 100% of
cases, indicating crucial pathogenetic role, others are partly
positive pointing to alternative ∗pathogenetic
pathways and non∗
essential role of EBV (Table 1). 5,7, 8
The spectrum of EBV associated lymphoproliferations ranges
from indolent localized diseases to aggressive systemic malignancies. Likewise, their treatment ranges from conservative measures,
modulation
of immunosuppression through to aggressive
∗
therapies. 5

Current “state of the art”
A number of EBV associated lymphoproliferations have been
updated in the WHO 2016
lymphoma classiﬁcation and new
∗
entities have been added. 9 The features of the most common
EBV associated entities, new additions to the classiﬁcation and
those which have undergone signiﬁcant update are brieﬂy
mentioned.
The recognition that some lymphoroliferations with seemingly
malignant pathology show an indolent clinical course, has led to
the inclusion of new diseases such as EBV positive mucocutaneous
ulcer (EBVMCU) in the WHO 2016 classiﬁcation of lymphoid
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Table 1
Summary of EBV Associated Lymphoproliferations.
EBV+ (%)
EBV+ B-cell lymphoproliferations
EBV+ DLBCL
100

EBV+ MCU

100

DLBCL-CI

100

FA-DLBCL

100

Lymphomatoid
granulomatosis

100

Plasmablastic lymphoma

70–80

Burkitt lymphoma
Endemic

100

Sporadic
HIV associated
cHL

5–80
30–40
20–100

EBV + T/NK-cell lymphoproliferations
CAEBV systemic form
100

Morphology

Clinical Behaviour

Pathogenesis

Large cells; centroblastic or HRS-like
morphology, TCRBL-like; angioinvasion and necrosis
Circumscribed ulcer with large cells
immunoblastic or Hodgkin-like features
Morphology similar to conventional
DLBCL
Large cells centroblastic, immunoblastic or plasmablastic features

Aggressive with poor prognosis; better in
young patients

Immunosenescence;
Immune evasion (PDL2 upregulated)

Relapsing / remitting; excellent prognosis;
complete regression with reduction of IS

Immunosenescence or immunosuppression;
Postulated immune sequestration

Aggressive with poor prognosis;
Patients may beneﬁt from surgical debulking
Indolent behaviour; Management focused on
treating the underlying lesion; relapses occur
but prognosis remains excellent
Range of clinical behaviour from indolent to
aggressive

Immune sequestration in conﬁned spaces due
to prolonged inﬂammation
Immune sequestration in avascular ﬁbrin
masses

Aggressive lymphoma with generally poor
prognosis

EBV driven B-cell proliferation in an immunosuppressed setting

Monotonous medium-sized blasts
without prominent nucleoli; “Starry
sky” appearance

Aggressive lymphoma with increasing survival
(70–80%); Prognosis best in children

Synergistic effect of EBV and MYC;
EBV may not be essential

HRS cells in a typical inﬂammatory
background

Highly treatable (80–90% survival), ever
improving survival with new therapeutic modalities

EBV pathogenetic role likely in some cases.
“Host immune response” expression signatures

There are no changes suggestive of
a malignant LPD

Protracted course with no disease progression; Survival better for NK-cell compared to
T-cell type
Variable clinical course; progression to systemic lymphoma resistant to treatment

Unknown. Racial predisposition;
Defective EBV immune response

Protracted course with risk for haemophagocytic syndrome and aggressive NK leukaemia
(2–17 years)
Fulminant clinical course after primary EBV
infection; unresponsive to conventional therapies
Fulminant clinical course with short survivals

CD4+ T cells response to mosquito salivary
gland secretion that reactivates EBV infection

Aggressive lymphoma with variable overall
survival (30–40%) dependent on stage, IPI
and EBV DNA levels; Extranasal cases are
more aggressive

Racial predisposition;
Defective EBV immune response.
GEP: enrichment of immune response genes
and genes associated with cytotoxic activation. PD-L1 upregulation
Racial predisposition;
Defective EBV immune response;
GEP: enrichment of immune response genes
and genes associated with cytotoxic activation. PD-L1 upregulation

Large cells with centroblastic, immunoblastic or HRS-like features in a
T-cell reactive background; Angioinvasion and necrosis
Plasmablastic, immunoblastic or anaplastic

Hydroa vacciniforma-like
LPD

100

Intraepidermal spongiotic vesicles.
Periadnexal and perivascular inﬁltrate
with angiodestruction
Small reactive looking lymphocytes to
large atypical neoplastic cells

Severe mosquito bite
alergy

100

Systemic EBV+ T-cell
lymphoma of
childhood
Aggressive NK-cell
leukaemia

100

Hemophagocytosis with T cell inﬁltrates in LN, liver, spleen

95

Extranodal NK/T-cell
lymphoma, nasal type

100

Hemophagocytosis. PB and BM inﬁltrated with atypical granular lymphocytes with broad cytological spectrum
Ulceration, coagulative necrosis,
karyorrhexis, angiocentricity and
angioinvasion. Cytological spectrum
broad

Primary EBV+ nodal
T- or NK-cell
lymphoma

100

LN with diffuse inﬁltration of pleomorphic, anaplastic or HRS-like cells

Post transplant lymphoproliferative disorders
Non-destructive PTLDs
<100%
Plasmacytic hyperplasia, infectious
mononucleosis morphology or ﬂorid
follicular hyperplasia with no effacement
of architecture of lymphoid tissue
Polymorphic PTLD
100%
Polymorphous inﬁltrate with
effacement of architecture comprising
lymphocytes, plasma cell,
plasmacytoid cells, immunoblasts and
HRS-like cells

Aggressive clinical course with short survivals

Underlying inherent immunosuppression

Unknown. Racial predisposition;
Defective EBV immune response

Unknown. Racial predisposition;
Defective EBV immune response
Unknown. Racial predisposition;
Defective EBV immune response.

Excellent prognosis; spontaneous regression,
response to reduced immunosuppression or
local surgery

Loss of EBV speciﬁc cytotoxic T-cell surveillance over EBV induced by immunosuppression

Variable behaviour unpredictable by pathological features or clonality; Some regress on
reduction of immunosuppression, others
require treatment for lymphoma

Loss of EBV speciﬁc cytotoxic T-cell surveillance over EBV induced by immunosuppression

(continued )
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Table 1
(continued).

Monomorphic PTLD

EBV+ (%)

Morphology

Clinical Behaviour

Pathogenesis

60–80%

B-cell: DLBCL, Burkitt, plasma cell
myeloma, plasmacytoma, EBV+ marginal zone lymphoma of MALT type;
T-cell: Peripheral T-cell lymphoma
NOS, hepatosplenic T-cell lymphoma;
Classical Hodgkin lymphoma

Variable behaviour not entirely predictable by
pathological features or clonality; Some
regress on reduction of immunosuppression,
others require treatment for lymphoma. Prognostication depends on a multitude of clinical
features including transplant type

Multifactorial pathogenesis; loss of EBV speciﬁc
cytotoxic T-cell surveillance over EBV induced by
immunosuppression with gain of other genetic
changes and acquisition of clonality; EBVnegative cases may lose EBV (“hit and run”) or
could be induced by other yet unspeciﬁed
viruses or as a result of antigenic overstimulation
brought in by the graft

∗

(Adopted and modiﬁed from Dojcinov et al 5).
BM = bone marrow; CAEBV = Chronic active EBV; cHL = Classical Hodgkin lymphoma; CNS = central nervous system; DLBCL = diffuse large B-cell lymphoma; DLBCL-CI = DLBCL associated with chronic
inﬂammation; EBV = Epstein-Bar virus; EBV+ MCU = EBV positive mucocutaneous ulcer; FA-DLBCL = Fibrin associated DLBCL; GEP = Gene expression proﬁling signature; GI = gastrointestinal; HRS = Hodgkin/
Reed-Sternberg; LN = Lymph nodes; LPD = lymphoproliferative disorder; NOS = not otherwise speciﬁed; PB = Peripheral blood; TCRBCL = T-cell rich B-cell lymphoma.

neoplasms as a provisional entity. EBVMCU typically presents as
solitary ulceration on the skin or mucous membranes in
immunosuppressed individuals. Histologically, the lesions comprise shallow, well demarcated, ulcerations with polymorphous
inﬁltrates of inﬂammatory cells admixed with Hodgkin/Reed
Sternberg (HRS)-like cells.10
New insights have been afforded into long established entities
such as EBV+ diffuse large B-cell lymphoma (EBV+DLBCL),
which is no longer regarded as a disease exclusively of the elderly
as it also affects young patients. It is a highly aggressive lymphoma
typically presenting as bulky extranodal disease in patients with
no history of immunosuppression. The histological features of
EBV+ DLBCL are variable, but typically comprise sheets of
variably large EBV+ lymphoid cells. HRS-like cells are sometimes
∗
present, mimicking classical Hodgkin lymphoma (cHL). 5
Other notable developments in EBV associated large B-cell
lymphomas include the recognition of DLBCL associated with
chronic inﬂammation (DLBCL-CI) and the ﬁbrin ∗ associated
DLBCL (FA-DLBCL) in the 2016 WHO classiﬁcation. 9 Formerly
termed pyothorax associated DLBCL, DLBCL-CI is rare and
classically associated with pyothorax following therapeutic
pneumothorax for tuberculosis. The recent re-classiﬁcation
reﬂects the recognition that LPDs with similar pathological
features can involve other cavities and anatomically conﬁned
spaces with concurrent chronic inﬂammation. DLBCL-CI is highly
aggressive and usually invades local structures with formation of
symptomatic tumor masses. Similarly, FA-DLBCL arises in ﬁbrin
masses such as blood clots, cysts or in adjacent to prosthetic
devices but shows an indolent clinical course with an excellent
prognosis. Immune sequestration is common underlying pathogenetic features of CI-DLBCL, DLBCL-FA, and PEL, whereby
lymphoid cells are effectively segregated from regulatory
immunosurveillance which would normally eliminate transforming malignant cells. Distinguishing these large B-cell lymphomas
from each other and conventional DLBCL is imperative as these
entities confer widely different
prognoses and warrant divergent
∗
management approaches. 5
As the B-cell lymphoproliferations, T/NK cell lymphoproliferations associated with EBV also represent a wide pathological and
clinical spectrum. It ranges from clinically mainly indolent chronic
active EBV infection (CAEBV) to aggressive lymphomas (Table 1).
Most of these entities show striking racial predisposition and
geographical prevalence to South America and Asia, believed
to be
∗
pathogenetically dependent on defective EBV responses. 5
The classiﬁcation of post-transplant lymphoproliferative disorders (PTLD) has been updated (Table 1). It represents a
heterogeneous spectrum of lymphoproliferations and a setting in
which the diagnosis of a “neoplasm”, as deﬁned by genetic
clonality, in many instances does not indicate necessity for upfront
cancer type therapy. Understanding of pathogenesis of PTLD, and
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particularly the molecular mechanisms involved, is still evolving.
For the EBV positive subtypes, the postulated mechanism is
through depletion of EBV speciﬁc cytotoxic T-cells through
immunosuppression.11 While this sequence has not been well
documented, it is speculated that the initially polyclonal and
reactive lymphoproliferations evolve into oligoclonal and
ﬁnally clonal neoplasms.12 The pathogenesis of the increasing
numbers of EBV negative PTLDs is more obscure, postulating
an EBV “hit and run” scenario or an effect of antigenic
overexposure.13,14
A range of other lymphomas may contain EBV positive
inﬁltrates or be occasionally EBV positive. These include chronic
lymphocytic leukemia, angioimmunoblastic T-cell lymphoma,
and multiple myeloma. The EBV positive components in the
former two are often characterized by Hodgkin-like morphology
posing challenging differential diagnosis with classical Hodgkin
lymphoma. As indicated above, Hodgkin-like morphology is also
frequently observed in other EBV associated B-cell lymphoproliferations. Resolution of this important differential diagnosis relies
on careful consideration of the clinical context, staging investigations and assessment of the full wealth of the pathological
features, including
the composition of the background inﬂamma∗
tory inﬁltrate. 5
In the clinical workup of EBV associated lymphoproliferation
it is imperative that a history of congenital, acquired or
iatrogenic immunosuppression is conveyed to the reporting
pathologist, a clinical feature often omitted from pathology
request forms. As the deﬁnitive characterization of many of the
EBV associated entities depends on the clinical context, deﬁnitive
management decisions require careful multidisciplinary consideration.

Future perspectives
Of interest for potential therapeutic targeting, is the activity of the
JAK/STAT pathway recently described in PTLDs.15 In addition,
activity of the PD1-PDL1 and/or CTLA4/B7/CD28 axis are
increasingly being recognized as important pathways in so-called
“host response” lymphomas which include cHL and EBV+
lymphoproliferations/lymphomas, including
PTLD but also T/NK
∗
∗
cell lymphoma of nasal type.16,17, 18, 19 These insights provide
new opportunities for checkpoint inhibition therapeutic strategies
in future.
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Take home messages
 Reduction of immune suppression followed by rituximab has become the standard of care in the majority of post-transplant
lymphoproliferative disorders.
 Currently pre-emptive therapy is only justiﬁed in allogeneic hematopoietic stem cell recipients.
 Adoptive immunotherapy is a very promising therapeutic modality, both in pre-emptive setting and as treatment of established
Epstein–Barr virus-positive post-transplant lymphoproliferative disorder. However, use is still restricted because of labor-intensive
procedure, reimbursement issues, and availability problems.

Introduction
Post-transplant lymphoproliferative disorder (PTLD) constitutes a
heterogeneous group of lymphoproliferative disorders increasing
in medication-induced immunocompromised transplant recipients, including both solid organ transplantation (SOT) and
allogeneic hematopoietic transplantation (HSCT).1 Although not
required for diagnosis of PTLD, Epstein–Barr virus (EBV) plays a
major role in the pathogenesis of a substantial proportion of cases.
However, more recent reports show
up to 50% of SOT-related
∗∗
cases are not associated with EBV. 2 Established risk factors for
PTLD development include EBV serological status at time of
transplantation, type of transplant, and the type and intensity of
immunosuppressive medication.1 In addition, there is growing
interest in other potential contributing factors such as the role of
the human leukocyte antigen system and of non-EBV viruses.
Similar to other lymphomas, the gold standard for diagnosis is
excision biopsy with histopathologic examination and categorization according to the World Health Organization 2017
classiﬁcation.3 Despite their heterogeneity, about 85% of the
PTLD cases are classiﬁed as CD20-positive diffuse large B-cell
lymphomas (DLBCL). More in depth genetic-molecular research
has increased our
knowledge on pathogenesis of both EBV+ and
1,∗∗2
In this article, we will focus on current treatment
EBV PTLD.
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of both SOT- and HSCT-related PTLD, emphasizing recent
advances in this ﬁeld.

Current state of the art
Several therapeutic options suppressing the malignant clone (T1),
restoring the immune system (T2), and targeting EBV itself (T3)
can be applied to PTLD patients (Table 1). Currently, there is
insufﬁcient evidence suggesting EBV+ and EBV PTLD should be
treated differently, except of course in case of EBV-directed
therapy.4

Reduction of immune suppression (T2)
Reduction of immunosuppression (RIS) is considered the ﬁrst but
essential step in the treatment of SOT-related PTLD. In HSCTrelated PTLD, immunosuppression is mainly the consequence of
the conditioning regimen, making RIS at moment of PTLD
diagnosis less important, although it should be applied when
possible. Despite lack of hard evidence, most transplant
physicians agree to reduce calcineurin inhibitor dose (at least
50%), discontinue antimetabolites, and continue steroids.5
However, this approach is not fully supported by results from
clinical series and is in particular challenged by a recent
retrospective analysis of the prospective PTLD-1 trial, suggesting
corticosteroid use after PTLD diagnosis is associated with an
increased relapse rate, whereas the use of antimetabolites is not.6
This discrepancy mainly reﬂects the difﬁcult balance between
primary focus on graft outcome versus lymphoma relapse risk.
If possible, re-evaluation should be performed 2 to 4 weeks
following RIS initiation. Response rates to RIS alone have a very
wide variation ranging from 0% to >50% and are higher in EBV+
compared with EBV (often late onset) PTLD.1

Rituximab (T1)
The monoclonal anti-CD20 antibody rituximab, combined with
RIS, has become the standard of care for the majority of CD20+
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Table 1
Treatment Options in PTLD
Target of Intervention

Intervention
Rituximab

Surgery and radiotherapy

Chemotherapy

Reduction of immune suppression

Comments
Preemptive in HSCT
First line (+RIS) in SOT
RSST in polymorphic and monomorphic DLBCL
With chemotherapy in other CD20+ monomorphic subtypes
Both EBV+ and EBV PTLD
In HSCT and SOT
Limited use
Both EBV+ and EBV PTLD

Restricted use in HSCT
First line (+RIS) in SOT
RSST in polymorphic and monomorphic DLBCL
In other monomorphic subtypes
Both EBV+ and EBV PTLD
First-line treatment in HSCT and SOT
Efﬁcacy higher in SOT
Both EBV+ and EBV PTLD
Efﬁcacy higher in EBV+ PTLD

Adoptive immunotherapy

Currently restricted use
In HSCT and SOT
Only EBV+ PTLD
Preemptive, ﬁrst line, relapsed/refractory setting

Antiviral therapy

Currently restricted use
After lytic induction
In HSCT and SOT
Only EBV+ PTLD

Blue cell: B-cell (without and with—green circle—EBV); yellow cell: T-cell; green cell: EBV-speciﬁc T-cell; green 10-point star: EBV.
DLBCL = diffuse large B-cell lymphoma, EBV = Epstein–Barr virus, HSCT = hematopoietic stem cell transplantation, PTLD = post-transplant lymphoproliferative disorder, RIS = reduction in immune suppression,
RSST = risk stratiﬁed sequential treatment, SOT = solid organ transplantation.

cases, in particular polymorphic and monomorphic DLBCL
subtypes, showing overall response rates (ORR) and complete
responses (CR) in 44% to 79% and 20% to 55%, respectively.1 In
the international prospective phase II PTLD-1 trial (restricted to
SOT-PTLD), a risk stratiﬁed sequential treatment (RSST)
approach was introduced. Patients with CR after rituximab
induction received 4 additional courses every 21 days. In this
subpopulation, estimated progression-free survival ∗∗and overall
survival at 3 years were 89% and 91%, respectively. 7 Based on
these data, RSST is currently considered the standard of care in
newly diagnosed SOT-related polymorphic and monomorphic
DLBCL subtypes. In HSCT, responses up to 65% have been
described with rituximab, although preemptive strategy (RIS and
rituximab based on EBV viral load
in peripheral blood) is
∗∗
associated with improved outcome. 8

Chemotherapy with or without rituximab (T1)
Patients not or inadequately responding to RIS and rituximab
need additional treatment, in most cases polychemotherapy. In the
ﬁrst part of the PTLD-1 trial (sequential treatment), all patients
received 4 cycles of CHOP. In the RSST part, 4 cycles of
rituximab-CHOP were administered in patients without CR after
rituximab induction. Taken together, ORR was 88% (70% CR)
with treatment-related mortality of 8%.6 In HSCT-PTLD data on
chemotherapy are limited, showing a high treatment-related
morbidity and mortality.
Hence, chemotherapy is not recom∗∗
mended in ﬁrst line. 8,9
It is important to emphasize that most other histological
subtypes require upfront speciﬁc chemotherapeutic treatment

(combined with RIS and rituximab if CD20-positive), with
markedly improved
outcome for patients with rare PTLD
∗∗
subtypes.3,10, 11

Surgery and radiotherapy (T1)
The application of local therapy by means of surgery or
radiotherapy in treatment of PTLD is limited to some rare
speciﬁc situations, including treatment of local disease (with RIS),
symptomatic control, palliative care or as part of a combined
(immuno-)chemoradiotherapeutic approach.1

Adoptive immunotherapy (T2)
Based on the high efﬁcacy of unselected donor lymphocyte
infusions in HSCT-PTLD,12 attempts were made to isolate EBVspeciﬁc cytotoxic lymphocytes (CTLs) aiming to induce a strong
EBV-speciﬁc cellular immune response without risk of graftversus-host disease. Both autologous (recipient-derived PTLD)
and allogeneic (isolated from the donor itself or from a bank of
partial human leucocyte antigen-matched voluntary donors)
CTLs, targeting speciﬁc immunogenic EBV antigens, can be
used.13 In a large multicentric study, 114 HSCT patients were
treated with EBV-CTLs, either prophylactically or therapeutically.14 More recently, a Chinese prospective study in HSCT
recipients demonstrated an increase in CR rates in patients treated
∗∗
with sequential administration of rituximab and EBV-CTLs. 15
Despite very high response rates and excellent tolerance, wide
applicability has been limited so far due to several reasons.
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Antiviral therapy (T3)
As most EBV-related lymphoproliferative disorders do not express
viral protein kinase, monotherapy with nucleoside analogs failed
to induce responses in EBV+ PTLD. However, pharmacological
induction of viral thymidine kinase by administration of the
histone deacetylase inhibitor arginine butyrate, followed by
antiviral therapy, has shown promising results in a small pilot trial
with an acceptable toxicity proﬁle.16 More recently, there seems to
be renewed interest in induction of lytic activation, which can be
accomplished by several immunomodulatory drugs (immunomodulatory like lenalidomide) or proteasome inhibitors (in
particular bortezomib).17,18

Future perspectives
Despite increasing knowledge in pathogenesis of PTLD, incorporation of new treatment modalities—in particular targeted and
personalized medicine—has lagged behind in PTLD compared to
more common lymphoma subtypes. Important contributing
factors for these factors include (a) exclusion of PTLD patients
from clinical trials with new therapeutic approaches, (b) infectious
vulnerability of transplant patients, and (c) possible risk of (fatal)
graft rejection or graft-versus-host disease. However, recent
pathological and molecular ﬁndings have identiﬁed promising
pathways and surface receptors to be targeted, including BTK
inhibition, PI3K and mTOR inhibition, anti-CD30 monoclonal
antibodies, proteasome inhibition, and checkpoint inhibition
(PD1-PD1-L pathway), which
need to be tested in large
∗∗
international clinical trials.1, 2,17–20 In addition, predictive and
prognostic biomarkers need to be identiﬁed to optimize both
prevention and treatment of PTLD.

Acknowledgments
The authors would like to recognize and thank the other members
of the “Leuven PTLD consortium”: Prof. Dr. Gregor Verhoef
(Department of Hematology), Prof. Dr. Thomas Tousseyn
(Department of Pathology), and Prof. Dr. Olivier Gheysens
(Department of Nuclear Medicine) with whom we collaborate for
all PTLD focused research.
DD holds Mandates for Clinical and Translational Research
from the University Hospitals Leuven and from “Kom op tegen
Kanker.” DD is a co-founder of “Stefanie’s Rozen Fonds,”
“Fonds Tom Debackere voor lymfoomonderzoek,” and “Fonds
Jos en Mieke Vandevordt-Gaul voor de pathogenese van zeldzame
lymfomen,” promoting research on rare aggressive lymphomas.
VV is a PhD student, ﬁnancially supported by a Mandate for
Clinical Research from the University Hospitals Leuven.

References
1. Dierickx D, Habermann TM. Post-transplantation lymphoproliferative disorders in adults. N Engl J Med. 2018;378:549–562.
∗∗2. Dharnidharka VR, Webster AC, Martinez OM, et al. Posttransplant lymphoproliferative disorders. Nat Rev Dis Primers.
2016;2:15088.
This is an excellent review covering in depth all important issues on PTLD,
written by authors with extensive clinical and/or research experience in
he ﬁeld.
3. Swerdlow SH, Weber SA, Chadburn A. Swerdlow SH, Campo E,
Harris NL, et al. Post-transplant lymphoproliferative disorders.
WHO Classiﬁcation of Tumours of Haematopoietic and Lymphoid
Tissues. 4th ed.Lyon, France: IARC Press; 2017;453–462.
4. Dierickx D, Tousseyn T, Gheysens O. How I treat postttransplant
lymphoproliferative disorders. Blood. 2015;126:2274–2283.

| 76 |

Educational Updates in Hematology Book | 2019; 3(S2)

5. Parker A, Bowles K, Bradley JA, et al. Management of posttransplant lymphoproliferative disorder in solid organ transplant
recipients—BCSH and BTS guidelines. Br J Haematol. 2010;
149:693–705.
6. Zimmermann H, Babel N, Dierickx D, et al. Immunosuppression is
associated with clinical features and relapse risk of B cell
posttransplant lymphoproliferative disorder: a retrospective analysis based on the prospective, international, multicenter PTLD-1
trials. Transplantation. 2018;102:1914–1923.
∗∗7. Trappe RU, Dierickx D, Zimmerman H, et al. Response to
rituximab induction is a predictive marker in B-cell post-transplant
lymphoproliferative disorder and allows successful stratiﬁcation
into rituximab or R-CHOP consolidation in an international,
prospective, multicenter phase II trial. J Clin Oncol. 2017;35:
536–543.
This multicentric international study examining both sequential treatment
(ST) and risk stratiﬁed ST (RSST) is a perfect illustration of international
cooperation leading to successful inclusion of large numbers of patients
with rare disorders and has established RSST as standard of care in most
CD20-positive PTLDs following solid organ transplantation.
∗∗8. Styczynski J, van der Velden W, Fox CP, et al. Management of
Epstein–Barr virus infections and post-transplant lymphoproliferative disorders in patients after allogeneic hematopoietic stem
cell transplantation: Sixth European Conference on Infections
in Leukemia (ECIL-6) guidelines. Haematologica. 2016;101:
803–811.
These guidelines on the prevention and management of EBV-driven PTLD
following allogeneic hematopoietic stem cell transplantation offer a
detailed and excellent summary for daily clinical practice.
9. Styczynski J, Einsele G, Gil L, et al. Outcome of treatment of
Epstein–Barr virus-related post-transplant lymphoproliferative
disorder in hematopoietic stem cell recipients: a comprehensive
review of reported cases. Transpl Infect Dis. 2009;11:383–392.
10. Rosenberg AS, Klein AK, Ruthazer R, et al. Hodgkin lymphoma
post-transplant lymphoproliferative disorder: a comparative analysis of clinical characteristics, prognosis, and survival. Am J
Hematol. 2016;91:560–565.
∗∗11. Rosenberg AS, Ruthazer R, Paulus JK, et al. Survival analyses and
prognosis of plasma-cell myeloma and plasmacytoma-like posttransplantation lymphoproliferative disorders. Clin Lymphoma
Myeloma Leuk. 2016;16:684–692.
References 10 and 11 show that the prognosis of very rare (CD20negative) PTLD subtypes clearly improves when integrating subtypespeciﬁc therapeutic options compared to historical controls treated with
non-speciﬁc therapy.
12. Papadopoulos EB, Ladanyi M, Emanuel D, et al. Infusions of donor
leukocytes to treat Epstein–Barr virus-associated lymphoproliferative disorders after allogeneic bone marrow transplantation. N
Engl J Med. 1994;330:1185–1191.
13. Bollard CM, Heslop HE. T cells for viral infections after
allogeneic hematopoietic stem cell transplant. Blood. 2016;127:
1123–1131.
14. Heslop HE, Slobod KS, Pule MA, et al. Long-term outcome of EBVspeciﬁc T-cell infusions to prevent or treat EBV-related lymphoproliferative disease in transplant recipients. Blood. 2010;115:
925–935.
∗∗15. Jiang X, Xu L, Zhang Y, et al. Rituximab-based treatments
followed by adoptive cellular immunotherapy for biopsy-proven
EBV-associated post-transplant lymphoproliferative disease in
recipients of allogeneic hematopoietic stem cell transplantation.
Oncoimmunology. 2016;5:e1139274.
This recent study conﬁrms both efﬁcacy and safety of combining rituximab
therapy and EBV-directed adoptive immunotherapy in patients with
biopsy proven EBVassociated PTLD following allogeneic hematopoietic
stem cell transplantation.
16. Perrine SP, Hermine O, Small T, et al. A phase 1/2 trial of arginine
butyrate and ganciclovir in patients with Epstein–Barr virusassociated lymphoid malignancies. Blood. 2007;109:2571–2578.

Dierickx and Vergote

17. Jones RJ, Iempridee T, Wang X, et al. Lenalidomide,
thalidomide, and pomalidomide reactivate the Epstein-Barr
virus lytic cycle through phosphoinositide 3-kinase signaling and Ikaros expression. Clin Cancer Res. 2016;22:4901–
4912.
18. Granato M, Romeo MA, Tiano MS, et al. Bortzeomib promotes
KHSV and EBV lytic cycle by activating JNK and autophagy. Sci
Rep. 2017;7:13052.

Management of Post-transplant Lymphoproliferative Disorders

19. Sang AX, McPherson MC, Ivison GT, et al. Dual blockade of the
PI3K/Akt/mTOR pathway inhibits posttransplant Epstein–Barr
virus B cell lymphomas and promotes allograft survival. Am J
Transplant. 2019;19:1305–1314.
20. Kinch A, Sundström C, Baecklund E, et al. Expression of PD-1,
PD-L1, and PD-L2 in posttransplant lymphoproliferative disorder
after solid organ transplantation. Leuk Lymphoma. 2019;60:
376–384.

Educational Updates in Hematology Book | 2019; 3(S2) | 77 |

Powered by EHA

Follicular lymphoma
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Introduction
Follicular lymphoma (FL) is the most frequent indolent non-Hodgkin lymphoma. The risk of tumor-related death and FLtransformation has been signiﬁcantly reduced thanks to currently available therapies, including ﬁrst- and second-generation anti-CD20
antibodies, which might be complemented using Pi3K-inhibitors or immunomodulating agents in relapsed-refractory FL patients.
Nevertheless, advanced FL remains an incurable disease, which is particularly difﬁcult to treat in 20% to 30% of high-risk FL patients,
having a speciﬁcally bad outcome. Accurate risk-stratiﬁcation is thus a medical need. However, none of the prognostic factors identiﬁed
so far (eg, follicular lymphoma international prognostic index (FLIPI/FLIPI2), total metabolic tumor volume, minimal residual disease),
is able to accurately risk-stratify FL patients, alone. Most FL harbor the translocation t(14;18)(q32;q21) and alterations in genes
involved in epigenetic regulation. A core set of alterations including the t(14;18) and mutations in epigenetic regulators (eg, MLL2,
CREBBP, EZH2) were shared among sequential biopsies and found to be clonal events, suggestive of early driver events. Instead, FL
transformation is rather driven by genetic alterations affecting cell cycle regulation, DNA damage response, immune surveillance and
NF-kB signaling. Interestingly, the M7-FLIPI, which is based on the FLIPI and the mutation status of 7 genes (incl. 5 epigenetic
regulators), allowed to predict the risk of progression to disease within 24 months in ∼80% of high risk FL patients after ﬁrst-line
immunochemotherapy. Moreover, clinical trials with the EZH2-inhibitor Tazemetostat in relapsed/refractory FL showed an overall
better response in EZH2-mutant cases. One strategy to improve prognosis and to guide more personalized therapeutic approaches might
thus be to combine currently available prognostic factors and to initiate further clinical trials with molecular inhibitors.

Learning goals
 Understand how the genetic landscape, heterogeneity and clonal evolution shapes the pathogenesis of FL.
 Understand the need for a better risk stratiﬁcation in FL using novel prognostic factors to identify patients with high-risk FL, in
order to guide better risk-adapted therapeutic strategies.
 Understand that the majority of FL patients diagnosed in 2018 will probably die with the disease and not of the disease and that the
increased clinical efﬁcacy of new regimens has thus to be balanced against their adverse effects and quality of life.
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Follicular lymphoma genomics
Emil Kumar, Jessica Okosun
Centre for Haemato-Oncology, Barts Cancer Institute, Queen Mary University of London, London, United Kingdom
Take home messages
 The genetic landscape of follicular lymphoma (FL) is skewed toward frequent mutations in epigenetic regulators.
 Divergent clonal evolution from a therapy-evading common progenitor cell is proposed as the predominant mechanism
underpinning relapse and transformation.
 Genomic studies are revealing new disease biomarkers and therapeutic targets, with the promise of achieving a precision medicine
approach for subsets of FL patients.

Introduction
Next-generation sequencing has improved our understanding of
the genomic events that underpin follicular lymphoma (FL). In
most FL tumors, the hallmark chromosomal translocation, t
(14;18), co-occurs with additional genetic alterations affecting
numerous biological pathways,
particularly genes involved in
∗
∗ ∗
epigenetic regulation. 1,2, 3– 6,7 We appreciate the levels of
molecular heterogeneity between tumors from different patients,
but also the heterogeneity that exists within an individual
as their
∗ ∗
disease evolves and progresses in space and time. 3– 6,7 This is
paralleled by our recognition of the variation in clinical
phenotypes between patient populations, for example, those with
localized disease versus high-risk systemic disease (such as early
progressors and those who experience transformation to a highgrade lymphoma); although we have yet to fully deﬁne the
molecular drivers behind such clinical behaviors. Better delineation of these, together with the molecular determinants of
response and resistance to existing and emergent therapies will
empower the next tranche of potential precision strategies in FL.

Current state of the art
Genome-wide analyses now provide a comprehensive catalog of
the somatic changes in FL tumors including chromosomal
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alterations, copy number variation, and gene mutations, the
latter being the focus of this update. Recurrent gene mutations
target speciﬁc biological processes, including epigenetic regulation, immune surveillance, and signaling pathways.
An unexpected revelation has been the high prevalence of
alterations in epigenetic regulators involved in histone posttranslational modiﬁcations. Mutations in histone methyltransferases (KMT2D, EZH2) and acetyltransferases
(CREBBP, EP300)
∗
∗ ∗
are a deﬁning feature of FL (Fig. 1). 1,2, 3–∗ 6,7 Almost all patients
have at least one such “epimutation,” 5 with most carrying
multiple insults.
KMT2D, CREBBP, and EP300 mutations are commonly
inactivating, leading to loss of transcriptionally activatory marks
(mono-, di-methylation of H3K4 for KMT2D and acetylation of
H3K27 for CREBBP and EP300); whereas gain-of-function
mutations in EZH2 increase the repressive mark, H3K27
trimethylation. Functionally, these aberrations seem to exert
transcriptional changes that lock cells in a germinal center (GC)
stage of differentiation, while on one hand, promoting survival
signaling ∗pathways through CD40, JAK-STAT, and BCR
(KMT2D), 8 and on the other hand, perturbing immune
recognition ∗ by
downregulating MHC Class II expression
∗
(CREBBP). 5, 9
Frequent mutations affect genes involved in immune recognition (TNFRSF14), BCR-NFkB (CARD11, TNFAIP3), JAK-STAT
(STAT6), and mTOR signaling (RRAGC, ATP6V1B2,
ATP6AP1). Loss-of-function TNFRSF14 aberrations trigger
aberrant stromal activation and T follicular helper cell expansion,
overall promoting a tumor-favorable microenvironment.10 Meanwhile, activating RRAGC mutations render the nutrient-sensing
arm of mTORC1 signaling resistant to amino acid deprivation.11
Longitudinal studies have crucially delineated the clonal
dynamics of progression by providing multiple snapshots of the
evolving genetic repertoire during a patient’s disease course. These
demonstrate that relapse and transformation predominantly
occur via a divergent pattern of clonal evolution: whereby all
sequential
tumors in a patient share a core set of mutations
∗ ∗
(Fig. 1). 3– 6 This shared “trunk” of aberrations is postulated to
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[(Figure_1)TD$IG]
Figure 1. (A) Frequently altered epigenetic modiﬁers in follicular lymphoma (FL) and their downstream transcriptional effects.
(B) Visualization of the clonal structure of progressed and transformed FL inferred from sequencing studies. Shown is the expansion of preexisting,
therapy-resistant clones between diagnostic and progression, contrasting with dramatic clonal expansion of undetectable clones in transformed FL.
All incidences arise from the common progenitor cell (CPC) harboring key genetic events.

be harbored within a putative population labeled the common
progenitor cell (CPC), that can evade therapy, lay clinically
quiescent over time, and act as the tumor-propagating reservoir.
Importantly, these shared aberrations predominantly encompass t
(14;18) together with the epigenetic mutations, afﬁrming them as
early driver events. Recently, Kridel and colleagues utilized ultrasensitive mutation detection to describe contrasting clonal
dynamics between early-relapsed FL tumors; characterized by
expansion of clones already pre-existing at diagnosis, implying an
inherent treatment resistance; compared with transformed FL
tumors that arise from the dramatic expansion of a clone
∗
undetectable or present at extremely low levels at diagnosis. 6
Unsurprisingly, the genetic drivers of transformation are
heterogeneous and include alterations affecting cell cycle regulation and DNA damage response (CDKN2A/B, MYC, TP53),
immune surveillance (B2M,
TNFRSF14), and NF-kB signaling
∗ ∗ ∗
(MYD88, TNFAIP3). 3, 4, 6 However, they are imperfect predictors for FL transformation, as many of these events also occur
in untransformed FL, albeit at lower frequencies. The mutational
proﬁles of transformed
FL broadly overlap with the GC B-cell
∗
subtype of DLBCL, 4 although, a minority of FL, that are
predominantly t(14;18)-negative, transform to the activated B-cell
(ABC) DLBCL subtype.12 Notably, a higher incidence of localized
FL tumors lack the t(14;18) compared with advanced FL (50% cf
15%)13 and while t(14;18)-negative tumors share a number of
typical FL-associated mutations, they also show some molecular
features typical of ABC-DLBCL.14
The 2016 WHO revision of lymphoid neoplasm classiﬁcation
reﬂects an appreciation of the diversity of FL-related conditions,15
emphasized by recent genomic insights into these entities. In situ
follicular neoplasia, a premalignant BCL2+ entity with low rate of
progression to overt FL, has much lower genomic complexity than
classical FL but already has a number of epigenetic mutations,16
reiterating epimutations as early events. The highly curable
pediatric-type follicular lymphoma is typically t(14;18)-negative
with prominent mutations affecting MAPK signaling, and a
conspicuous absence of epimutations.17 Duodenal-type FL also
follows a benign clinical course, yet bears a similar mutational
proﬁle to classical FL, although differs in its immune microenvironment gene expression signature,18 highlighting the signiﬁcance
the microenvironment niche may have in driving clinical
phenotypes.
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Future perspectives
The next priorities focus on translating our increased genomic
knowledge into reﬁned diagnostic, prognostic, and therapeutic
capabilities, which ultimately improve patients’ outcomes.
Genomic information is beginning to be integrated into molecular-based prognostic tools that allow patients to be risk stratiﬁed
at diagnosis. Molecular determinants of treatment response and
resistance can serve as predictive biomarkers and are appealing as
they may provide the best strategy in rationalizing how we adopt
an ever-increasing armamentarium of novel therapies. This is
exempliﬁed by clinical trials examining the EZH2-inhibitor,
Tazemetostat, in relapsed/refractory FL patients, with EZH2mutant cases showing a superior overall response over wild-type
cases.19 We evidently
cannot rely on single-site biopsies due to the
∗ ∗
longitudinal 3– 6 and spatial7 genetic heterogeneity in FL, and
dynamic disease monitoring will be needed to overcome this
hurdle. Tracking genetic signatures in circulating tumor DNA
(ctDNA) could function as a multipurpose surveillance tool for
monitoring tumor responses, forecasting
treatment failures, and
∗
detecting disease progression. 20 Application of this promising
approach requires prospective validation and correlation with
imaging and other biomarker strategies.
Finally, we must remember that tumor genomics represents one
piece of a complex puzzle, and understanding its reciprocal
interplay with aberrant epigenetic mechanisms and the tumor
microenvironment will yield deeper insights into the biology.
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Novel prognostic tools that identify high-risk follicular lymphoma
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Take home messages
 In 20% to 30% of patients with follicular lymphoma (FL), the disease shows an aggressive behavior.
 Novel biomarkers are available in FL each with a different ability to identify high-risk patients.
 Further improvement in the management of FL will likely be achieved by means of risk adapted therapies.

Introduction
For many years, risk in follicular lymphoma (FL) has been deﬁned
with conventional clinical prognostic factors and indexes with the
follicular lymphoma international prognostic indexes (FLIPI and
FLIPI2) being the most frequently used scores.1,2 None of these
indexes, however, has ever been able to unequivocally identify
high-risk patients.

Current state of the art
∗

Recently, Casulo et al 3 correlated the concept of high-risk FL with
time to progression. The authors showed that patients with high
tumor burden FL who progress or relapse within 24 months
(POD24) after immunochemotherapy (here: Cyclophosphamide,
Doxorubicin, Vincristine, Prednisone [CHOP] with the anti-CD20
antibody Rituximab [R]) had a signiﬁcantly shorter overall survival
(OS) compared with patients without POD24. These ﬁndings were
recently validated in independent FL patient cohorts and with
immunochemotherapy regimens different from R-CHOP.4,5
POD24 is an important step toward a better understanding of
FL; however, patients would rather beneﬁt from a better risk
stratiﬁcation closer to FL diagnosis, thereby allowing the
development of risk-modifying approaches. In that respect, the
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heterogeneity of high-risk FL which is so far deﬁned by
refractoriness and transformation needs to be better understood.
These patients’ higher risk of dying is mainly caused by
lymphoma6 and might be driven not only by a more aggressive
biology of FL but also by refractoriness to immunochemotherapy
and by a higher risk of transformation. Indeed, the combination of
different dimensions contributes to increasing the risk in FL. In
this context, novel tools have recently been studied to identify
high-risk FL, with most of the available data coming from the
analysis of molecular, pathologic, and metabolic features of the
disease.

Baseline biomarkers
A number of studies have found associations between several
pathologic features such as histologic grading, proliferation index,
and microenvironment in diagnostic FL biopsies and varying
degrees of disease aggressiveness, but have not conﬁrmed these
features as reliable prognosticators in the era of immunochemotherapy.7 Advanced noninvasive methods for the detection of cellfree DNA in general and more speciﬁcally of circulating tumor
DNA are underway, to determine the tumor load which could be
used for pretherapeutic risk assessment.8
Two attempts have been made to integrate clinical
prognostic
∗
factors with molecular biomarkers: Pastore et al 9 integrated the
mutational status of 7 genes recurrently mutated in FL in the
context of the FLIPI backbone and Huet et al10 used gene
expression analysis to identify a 23-gene predictor model. Both the
m7-FLIPI and the 23-gene model identiﬁed a high-risk group of
28% and of 21% to 35% of patients, respectively, who had a
shorter PFS. A simpliﬁed version of m7-FLIPI was also validated
allowing to predict the risk of POD24 in up to 80% of high-risk
patients.11
Finally, since 18F-ﬂuordesoxyglucose (FDG) avidity was
conﬁrmed in the majority of FL, the prognostic value of
quantitative parameters obtained from baseline FDG-PET/
computed tomography has been analyzed. Of these parameters,
standardized uptake value (SUV) has been shown to be a good
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Table 1
Summary of Prognostic Factors Used to Identify HRFL Patients and Correlation With POD24
Score/Factor
Baseline
FLIPI
FLIPI2
TMTV
m7-FLIPI
POD24-PI
23-Gene model
Postinduction
EOI PET
EOI PET
MR t (14;18)
Combined models
TMTV + FLIPI2
EOI PET + EOI-MR
TMTV + EOI PET

>10 e

4

HRFL Def.

HRFL%

Time, y

PFS, %

OS, %

POD24% in HRFL

3–5 RF
3–5 RF
>510 cm3
Calculated
Calculated
Calculated

28
27
29
22–28
36–42
35

5
5
5
5
5
5

—
19
33
38 (FFS)
36–50 (FFS)
26

53
77
85
42–65
48–71
—

55
—
41
43–61
61–78
38

DS 4–5
DS 4–5
DNA copies @12 mo

17
12
20–50

4
2.5
3

23
54
41

87
84
—

—
—
—

14
16
8

5
2.5
5

20
69
23

87
—
83

—
—
—

>510 cm3 and 3–5 RF
DS 4–5 or > 10 e 4 DNA Copies @EOI
>510 cm3 and DS 4–5

Ref.
1,∗3
2
12
∗9
11
10
∗14
16
13

12
19
17

DS = Deauville score, EOI = end of induction, FFS = failure-free survival, FLIPI = follicular lymphoma international prognostic index, HRFL = high-risk follicular lymphoma, MR = molecular response, OS = overall
survival, PET = positron emission tomography, PFS = progression-free survival, POD24 = progression of disease within 24 months from treatment start, RF = risk factors, TMTV = total metabolic tumor volume.

tool to identify areas at higher risk of histologic transformation
and could thus be used to guide diagnostic biopsies. More
importantly, in a recent study by Meignan et al,12 baseline total
metabolic tumor volume (TMTV), deﬁned as the sum of the
volumes of sites with an SUV value above a signiﬁcant threshold,
has been conﬁrmed as the strongest pretreatment prognostic
factor, able to identify a third of patients at higher risk of
progression and of dying from FL, independently of FLIPI and
FLIPI2 (Table 1).
The above-mentioned molecular and metabolic biomarkers
represent new tools to identify high-risk patients at diagnosis and
might be used to support biology guided therapies (ie, EZH2
inhibitors). However, they both show limitations in their
reproducibility and require further investigations in the
context of prospective studies and in different subgroups of FL
patients (ie, low tumor burden cases and patients treated with
new drugs).

tumor-free DNA holds promises to a deeper understanding of FL
heterogeneity, and for a better monitoring of response to
treatment, hopefully leading to the identiﬁcation of novel
biomarkers.8 Each available biomarker has a different ability
to predict outcome and likely describes different features of the
higher individual risk. Since none of the prognostic factors
identiﬁed so far is currently available to accurately identify highrisk FL and applies to the clinical and biological heterogeneity of
FL, a reasonable strategy might be to combine available factors.
Indeed, recent results showed that baseline and postinduction
factors can be successfully combined (ie, TMTV + FLIPI2, TMTV
+ metabolic ∗response, metabolic response + molecular
response).12,17, 18,19,20 Clinical trials are underway that investigate the efﬁcacy of a response-adapted approach, based on the use
of novel prognostic biomarkers including FDG-PET and/or
MRD, aiming to tailor the postinduction maintenance phase of
therapy to the quality of response (NCT02063685 and EudraCT
2016-004010-10).

Postinduction prognostic tools
Response to therapy assessed either with FDG-PET or with
highly sensitive molecular techniques that are able to measure
cell-free DNA or to determine low levels of the t(14;18)
chromosomal translocation (minimal residual disease [MRD])
have recently been suggested as useful prognostic tools.13–15
Trotman et al recently reported the results of the largest study ever
conducted, to investigate the prognostic role of metabolic
response in more than 500 patients with treatment-naïve
advanced-stage FL enrolled in the GALLIUM trial. The authors
were able to conﬁrm that metabolic response to induction
immunochemotherapy is prognostic both for PFS and OS, and
that Lugano response criteria are accurate and reproducible in FL.
More importantly, this study showed that metabolic response is
associated with prognosis in nearly all advanced-stage FL
patients, including those who receiving maintenance therapy
and those who treated with the new generation anti-CD20
monoclonal antibody (ie, obinutuzumab) and different chemotherapy backbones.16

Future perspective
In summary, several biomarkers and prognostic factors are
currently available to identify a subgroup of approximately 20%
to 30% of patients with FL whose lymphoma show an aggressive
clinical behavior. The use of novel techniques to measure cell-free or
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Treatment of high-risk follicular lymphoma
Wojciech Jurczak
Department of Hematology, Jagiellonian University, Kraków, Poland
Take home messages
 The majority of follicular lymphoma (FL) patients diagnosed in 2018 will probably die with the disease and not of the disease—in
assessing new regimens, their increased clinical efﬁcacy has thus to be balanced against their adverse effects and quality of life.
 The choice of the right ﬁrst-line therapy in high-risk FL patients remains an unmet medical need, which has to be addressed in
randomized clinical studies. The introduction of new anti-CD20 antibodies and “small molecules” inhibitors targeting
intracellular pathways, such as PI3K inhibitors, can be regarded as milestones in FL therapy, prolonging overall survival.

Introduction
A quarter of follicular lymphoma (FL) patients are refractory to
ﬁrst-line immunochemotherapy and/or progress within the ﬁrst 24
months (POD24), having a 5-year survival rate of <50%.1
Identiﬁcation of high-risk patients before ﬁrst-line therapy is thus
an unmet medical need.
Median overall survival (OS) of FL patients exceeds 10 years.
Therefore, it is no longer feasible as the primary endpoint of
clinical trials. Instead, median progression-free survival (PFS) is an
adequate primary efﬁcacy endpoint, especially if supported by
objectively assessed improvement of life quality. It varies from 4 to
10 years after ﬁrst, <2 years after the second and about 1 year
after the third and subsequent therapy lines.2

Current state of the art
First-line therapy
Immunochemotherapy (chemotherapy in combination with an
anti-CD20 antibody; eg, Rituximab [R]) is the standard of care in
high-risk FL patients. In an update of FOLL05 trial, 504 advanced
FL patients were randomized to R-CVP (Cyclophosphamide,
Vincristine, and Prednisone), R-CHOP (Cyclophosphamide,
Doxorubicin, Vincristine, and Prednisone) or R-FM (Fludarabine
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and Mitoxantrone) regimens, all without R-maintenance. None of
the regimens was superior with regard to the overall response
rate (ORR) or 8-year OS.3 The 8-year PFS was inferior in R-CVP
(P = 0.009), while nonlymphoma-related mortality was higher in
R-FM (P = 0.005).
R-maintenance after initial immunochemotherapy signiﬁcantly
prolonged median PFS in FL patients as shown. In a long-term
follow-up of the PRIMA study (N = 1018) where median PFS was
10.49 in patients treated with R-maintenance versus only 4.06
∗
years in patients treated without R-maintenance (P = 0.0001). 4
There were, however, no differences in projected median OS. (The
10-year OS was 80%.) Additionally, in low tumor burden FL,
similar results to R-maintenance may be obtained by R retreatment at the time of relapse (RESORT study).5
In the GALLIUM study, 1202 previously untreated, advanced
FL patients were randomized to R or Obinutuzumab (a secondgeneration CD20 antibody)
immunochemotherapy with subse∗
quent maintenance. 6 The ﬁrst evaluation after 41 months
revealed that PFS was signiﬁcantly longer in the Obinutuzumab
plus chemotherapy (here: CVP, CHOP, or Bendamustine)
arm (hazard ratio 0.68; P = 0.0016). The POD24 events were
reduced from 16.7% to 9.7%. Again, neither median OS nor
quality of life was improved. A 3-year PFS was higher in the
Bendamustine group, but so was the frequency of adverse events
(AE) such as grade 3 to 5 infections, particularly during
maintenance. Thus, Bendamustine-based regimens∗ should be
used with caution in patients older than 70 years. 6 Although
Obinutuzumab compared with R increased the number of grade 3
to 5 AEs from 69% to 75%, therapy-related deaths were less
frequent.
Another alternative in advanced FL is an immunomodulatory
regimen R2 (R plus Lenalidomide). In the RELEVANCE study
(N = 1030), the ORR to R plus Lenalidomide 120 weeks
∗
after therapy was fully comparable with R plus chemotherapy. 7
A 3-year PFS was 77% and 78% for the R2 plus Lenalidomide
and immunochemotherapy arms, respectively, with more grade 3
and 4 neutropenia (32%∗ vs. 50%) and febrile neutropenia
(2% vs. 7%) in the latter. 7
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Table 1
Comparison of Obinutuzumab + Bendamustine and Idelalisib Registration Trials
Characteristics
Study group description
Number of participating patients (all patients/FL)
Patients failing 4 or more regimens, %
Number of prior regimens chemotherapy lines, median [range]
Median time since completion the previous regimen, mo
“Double refractory” to rituximab and alkylating agents, %
Resistant to Bendamustine, %
Resistant to the last regimen, %
After failing ASCT, %
Efﬁcacy assessment
RR, %
Median PFS, mo
Adverse effects
AE (G3–5), %
Neutropenia, %
Thrombocytopenia, %
Anemia, %
Transaminase elevations, %
Diarrhea, %
Skin rash, %
Infections, %
Thromboses, %
AE which led to treatment discontinuation, %
SAE, %
Fatal AE, %

Obinutuzumab + Bendamustine10

Idelalisib11

204/164
4
3 [1–8]
3.9
77
0
92

125/125
58
4 [2–12]
3.9
100
75
90
11

65.3
33.6

57
11

65.5
34.8
10.8
7.4

10.1

54
27
6
2
13
13
2
9

20.1
43.5
7.8

20
26
3.2

AE = adverse events, ASCT = allogenic stem cell transplantation, FL = follicular lymphoma, PFS = progression-free survival, RR = relapsed refractory, SAE = serious adverse events.

The risk of FL transformation before introduction of
immunochemotherapy regimens was relatively high (28% at
10 years).8 In a recent, retrospective analysis of 8116 European
patients, the 10-year cumulative hazard of transformation was
signiﬁcantly lower (7.7%). The inclusion of R in ﬁrst-line therapy
reduced the risk of transformation signiﬁcantly (P = 0.003).9
None of the protocols is clearly superior with respect to OS;
therefore, the choice of the regimen should be discussed with
the patients on individual basis, considering their preferences
and possible adverse reactions (infection rate, cytopenias,
alopecia, and cardiotoxicity). If there is an evidence of a more
aggressive lymphoma, based on histology (Grade 3B), clinical
picture (dynamic or asynchronic progression) or PET-CT results
R-CHOP should be considered.

Relapsing refractory (R/R) disease
Patients with a late relapse may be re-treated. Those R/R FL
patients with POD24, as well as “double refractory patients” (to
both alkylator agents and R), should be subjected to an alternative
regimen.
Bendamustine with Obinutuzumab (BO) is an effective regimen,
best for those who were not treated ﬁrst-line with Bendamustine.
In the GADOLIN study, where 77% of patients were “double
refractory,” <20% received 3 or more previous regimens,
BO
∗
allowed to achieve a median PFS of 25.3 months. 10 In the
Idelalisib registration study, median PFS was 11 months, but
100% of patients were “double refractory,” 70% resistant to
Bendamustine
and nearly 60% resistant to at least 3 previous
∗
regimens 11 (Table 1). With a recent approval of the PI3K
inhibitors Copanlisib and Duvelisib, followed by a better
understanding of pneumonitis and viral infection prophylaxis,
PI3K inhibitors became the backbone of R/R FL therapy in third
and further therapy lines. Radioimmunotherapy results are still
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impressive (ORR 57%, median PFS—11 months), although it
remains a niche therapy available for specialized centers.12
Betalutin, a ﬁrst-in-class antibody radionuclide conjugate which
targets CD37 and has an improved efﬁcacy and safety proﬁle is
being developed, but is not yet approved. The R2-regimen in R/R
FL was explored predominantly in ﬁrst or second relapse (ORR—
76%, median PFS—24 months).13 Moreover, administering
Obinutuzumab with CC-122 (ceroblon inhibitor), a new
immunomodulatory agent, revealed comparable response rate
and a similar median PFS.14
The autologous or reduced-intensity conditioning allogenic
stem cell transplants (ASCT, RIC allo SCT) may be considered in
R/R cases. An analysis of 197 Grade 3 FL patients revealed that in
the ﬁrst 24 months post-transplant, ASCT was associated with
improved OS (P = 0.005), but in long-time survivors (beyond 24
months) it was associated with inferior OS (P = 0.04). The
increased nonrelapsed mortality of RIC allo SCT (4% vs. 27%,
P = 0.001) was compensated by a lower relapse/progression rate
(61% vs. 20%, P = 0.0001).15

Future perspectives
Introducing even better anti-CD20 antibodies and PI3K
inhibitors were milestones in FL therapy. Moreover, other
novel agents targeting cell surface molecules, intracellular
pathways or the microenvironment have been developed and
are currently under investigation in clinical trials. For instance,
preliminary results, assessed 28 months after a CAR-T cell
therapy, are very encouraging with 70% PFS and 93% OS in
R/R FL patients who were failing 2 to 10 previous therapy
lines.16
Overall, treating high-risk FL patients remains a great challenge
and enrolling them to clinical studies might be the best way to
improve the treatment regimens for these patients.

Jurczak
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Inﬂammation, infection and coagulation disorders
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Introduction
There is now growing evidence for a crosstalk between inﬂammation and coagulation. In this session, Konstantin Stark report on
the current evidence for a crosstalk between platelets and neutrophils. These cells are among the ﬁrst responders to pathogens and
perturbation of vascular integrity and the interplay triggers neutrophil extracellular trap (NET) formation. NETs have many
functions including providing a scaffold for platelet adhesion and enhanced platelet activation. Cheng-Hock Toh provides an
update on the pathophysiology of disseminated intravascular coagulation (DIC), a condition characterized by severe and
uncontrolled activation of coagulation that may lead to multiorgan failure secondary to thrombosis in the microvasculature and
in medium sized vessels and also due to consumptive coagulopathy leading to bleeding. Novel aspects of pathophysiology include
mechanisms of thrombin generation, cellular dysfunction in the microcirculation and the contribution of innate immunity and
inﬂammation with NETs formation. Finally, Riitta Lassila discusses management of coagulopathies in a selection of severe
inﬂammatory disorders.

Learning goals





Understand the most important interactions between inﬂammation and coagulation.
Understand the mechanism(s) and role of NETs formation.
Understand the pathophysiology of DIC.
Understanding and knowledge of correctional treatment of different coagulopathies.
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Platelet-neutrophil crosstalk and netosis
Konstantin Stark
Department of Cardiology, Ludwig-Maximlians-University, Munich, Germany
Take home messages
 Platelets are involved in recruitment and activation of neutrophils in thrombosis and inﬂammation
 The interplay of platelets and neutrophils triggers neutrophil extracellular trap formation (NETs)
 NETs in turn provide a scaffold for platelets adhesion and induce sustained platelet activation

Introduction
Neutrophils and platelets are among the most numerous cells in
the blood and their function is tightly interconnected. Both are
considered to be terminally differentiated effector cells with
speciﬁc tasks. However, over the recent years it is increasingly
recognized that both can only fulﬁll their functions in inﬂammation and thrombosis in a mutual, reinforcing interplay, where
platelet activation serves as the initial trigger for a vicious circle.
This review will focus on the interface between platelets and
neutrophils, which is now accepted as a central driving force of
immunothrombosis.1 Whereas thrombosis is deﬁned as vessel
occlusion due to activation of platelets and the coagulation
system, immunothrombosis refers to thrombosis as an intrinsic
element of innate immunity.

Current state of the art
Neutrophils and platelets are both considered to be ﬁrst
responders to pathogens and disruption of vascular integrity,
respectively. However, these processes are not only linked on a
pathophysiologic levels, but also on a cellular level. In the
setting of thrombosis, platelets are rapidly recruited to the
injured or activated endothelium. This relies on a multistep
mechanism involving platelet rolling, tethering, adhesion, and
aggregation. While contacting adhesive endothelial cells or
subendothelial matrix, platelets also interact with neutrophils. If
platelet recruitment to the endothelium is disrupted, also
The authors have indicated they have no potential conﬂicts of interest to disclose.
Copyright © 2019 the Author(s). Published by Wolters Kluwer Health, Inc. on
behalf of the European Hematology Association. This is an open access article
distributed under the terms of the Creative Commons Attribution-Non
Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to
download and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from the journal.
HemaSphere (2019) 3:S2
Received: 1 March 2019 / Received in ﬁnal form: 20 March 2019 / Accepted: 23
March 2019
Citation: Stark K. Platelet-Neutrophil Crosstalk and Netosis. HemaSphere,
2019;3:S2. http://dx.doi.org/10.1097/HS9.0000000000000231

neutrophil accumulation is impaired
underlining the functional
∗
interdependence of these cell types. 2 On a molecular level, this
is mediated by P-Selectin and PSGL-1 (P-Selectin glycoprotein
ligand 1), which is not only involved in neutrophil rolling, but
also intravascular crawling. PSGL-1 clusters at the leading edge
of neutrophils actively scanning the environment for platelets
allowing simultaneous interaction with them and endothelial
cells.3 On the other hand, not only neutrophils have the capacity
to migrate inside the vasculature: Also, platelets are equipped
with the machinery to migrate and do that in an actomyosindependent ∗manner once they overcome the adhesive forces of
ﬁbrinogen. 4 The pathophysiologic relevance of the process is
that migrating platelets bundle the adhesive substrate on
their surface, which enables them to also collect bacteria.
These platelet-bacteria bundles are then presented to
neutrophils within the blood stream, which are activated and
phagocytose these complexes. As a result, platelet migration
contributes to organ damage in sepsis through interactions with
neutrophils.
The physical interactions of neutrophils and platelets do not
remain without consequences: activated platelets are essential
triggers for neutrophil extracellular trap (NET) formation. These
consist of nuclear DNA, which is spilled out in a coordinated
process distinct from apoptotic and necrotic cell death.5 The
DNA-histone backbone is decorated with neutrophil granule
proteins and has strong bactericidal properties. In sepsis, platelets
sense inﬂammatory mediators through TLR4 (Toll-like receptor
4), resulting in their activation and binding to neutrophils. This
leads to NET formation allowing trapping
of bacteria within the
∗
microcirculation of the liver and lungs. 6 In addition, migrating
platelets loaded with gathered bacteria are strong ∗inducers of
NETosis, contributing to their detrimental effects. 4 But also
during viral infections such as inﬂuenza and HIV, NETs are
present and involved in neutralization of viruses.7,8 However,
platelet-triggered NET formation not only contributes to the
defense against invading pathogens, but also to thrombosis: NETs
are present in both venous and arterial human thrombi, suggesting
a clinical relevance.9,10 In this setting, platelet-derived P-Selectin
induces NETosis through binding to PSGL-1 on neutrophils.11
Moreover, the prototypical danger associated molecular pattern
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Figure 1. Mutual activation of platelets and neutrophils. Left: Platelets induce neutrophil extracellular trap formation (NETosis) through HMGB1
binding to RAGE as well as P-Selectin-PSGL-1 interaction (Left). Right: NETs in turn promote platelet activation and coagulation by formation of activated
factor XII (FXIIa) and degradation of tissue factor pathway inhibitor (TFPI).

HMGB1 (High-Mobility-Group-Protein B1) facilitates this
process. Although platelets are an anucleated cell type, they
contain this DNA binding protein, which
has chemotactic
∗
and leukocyte activating properties.12, 13 Upon activation,
platelets release HMGB1, which triggers NET formation by
RAGE (receptor for advanced glycation end products) in vitro
as well as ∗in vivo, thereby propagating obstructive clot
formation.12, 13
Even though the lifespan of netting neutrophils is limited, the
crosstalk with platelets does not end there: NETs provide a
platform for platelet activation and coagulation and thereby
markedly enhance their prothrombotic properties (Figure 1). This
makes them an essential interface between thrombosis and
inﬂammation in thrombosis.2 The exposed DNA strands bind
von-Willebrand factor and are an adhesive substrate for ∗platelet
adhesion, resulting in their activation and aggregation.14, 15 This
is one mechanism, how NETs promote venous thrombosis in
vivo.2 In addition, they also have marked effects on coagulation:
neutrophil elastase – which is present on NETs - degrades tissue
factor pathway inhibitor. Through this, neutrophils disinhibit the
activation of the extrinsic coagulation pathway and increase
thrombin formation.16 In addition, NETs provide a negatively
charged surface and catalyse the binding and activation of factor
XII, which initiates the intrinsic coagulation cascade. Histones –
as the backbone of NETs – also directly activate platelets and
foster clot formation.17 Interestingly, it has recently been
recognized, that the prothrombotic and proinﬂammatory effects
of NETs are counteracted and limited by endogenous DNAses,
in particular DNase1 and DNase1-like 3.18 DNase is also
exploited therapeutically to disrupt NETs and NETosis and
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thrombus formation can also be impaired through inhibition of
peptidylarginine deiminase 4.2,19 But also the well-known
anticoagulant heparin affects NETs through its high afﬁnity
to histones, resulting in disruption of NETs. This antiinﬂammatory effect of∗ heparin is beneﬁcial in the setting of
thrombotic conditions. 15,20

Future perspectives
Targeting the detrimental side of platelet-neutrophil crosstalk
provides a promising approach in many inﬂammatory diseases
and thrombosis. However, this interaction is also essential to
safeguard vascular integrity and host defense, making a general
disruption of platelet-neutrophil communication potentially
harmful. Therefore, a better understanding of the disease-speciﬁc
mechanisms and mediators is mandatory to ensure beneﬁcial
effects of targeted disruption of this crosstalk.
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Take home messages
Key goal: The aim is to converge increasing understanding of the cross-talk between coagulation, inﬂammation and innate
immune activation pathways to inform new treatment strategies for patients with disseminated intravascular coagulation
(DIC).
 DIC is the maladaptive response to injury that dysregulates thrombin generation in vivo.
 DIC can cause multi-organ dysfunction through micro-vascular thrombosis and bleeding due to loss of endothelial barrier
integrity.
 Treating the cause and supporting the patient till DIC resolves is key to improving outcome.

Introduction
Disseminated intravascular coagulation (DIC) is a complication
∗
that arises in conditions associated with sustained cell damage. 1
Its manifestation is as a result of increased and dysregulated
thrombin generation in vivo, especially in the micro-circulation.
Small blood vessels are particularly susceptible to the complex
interactions between coagulation, ﬁbrinolytic, inﬂammatory and
innate immune responses.2 This increases the likelihood of
microvascular thrombosis, which can disrupt endothelial barrier
integrity to increase vascular leakage and bleeding, especially
∗
because of thrombocytopenia and reduced coagulation factors. 1
The difﬁculty in recognising this at an early enough stage
contributes to poor outcome. In addition, the continued
uncertainty of what to do also contributes to the high mortality
rates in patients with DIC. This review focuses attention on recent
advances in our understanding of DIC pathophysiology to inform
how we might better care for such patients.
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Current state of the art
Understanding the pathology in DIC
As DIC is a complication of diseases such as sepsis, trauma and
obstetric calamities, there will be condition-speciﬁc pathogenic
factors that inﬂuence both coagulation activation and the
functional consequences. A major challenge in treating patients
with DIC is to identify the predominant mechanism from the
heterogeneous effects, which can also vary over time. Key aspects
to consider include:
1. The multi-faceted role of thrombin generation in vivo.
Understanding the diverse and often opposing thrombinorchestrated effects on coagulation and ﬁbrinolysis is important.3 Thrombin is associated with pro-coagulant properties:
converting ﬁbrinogen into ﬁbrin and also activating platelets.
Conversely, thrombin also has anticoagulant properties
through thrombomodulin (TM)-dependent protein C (PC)
activation. Equally, thrombin affects opposing aspects of
ﬁbrinolysis; that is, promoting plasmin generation by inducing
tissue-plasminogen activator release4,5 but also inducing
plasminogen activator inhibitor-1 and thrombin-activatable
ﬁbrinolysis inhibitor activity.
2. Concomitant cellular dysfunction in the microcirculation.
Cell surfaces and site-speciﬁc vascular endothelial features
control the processes consequent to thrombin generation.3
The microvasculature is particularly vulnerable due to its
higher endothelial cell surface to blood volume ratios.6
Receptors of the PC pathway; that is, the endothelial PC
receptor (EPCR) and TM are among the most relevant as both
have direct pleiotropic effects on coagulation, inﬂammation,
endothelial barrier function through protease-activated
receptor 1.7

Toh et al.

Disseminated Intravascular Coagulation – What Can We Do?

[(Figure_1)TD$IG]
Figure 1. Pathogenic pathways and consequences in DIC. The cross-talk between coagulation, inﬂammation and innate immune activation
increases thrombin generation, which is the hallmark of DIC. Through the interaction of various components, these processes potentiate
microvascular thrombosis and endothelial barrier disruption to cause vascular leakage and bleeding.

3. The overlapping contribution of innate immune activation and
inﬂammation. With cell damage and death common to all the
causes of DIC, there is release of damage-associated molecular
patterns, which can lead to thrombin generation. Extracellular
DNA and histones occur in patients with DIC and histones are
cytotoxic8 with functional consequences that include thrombocytopenia, lysis-resistant thrombi, and vascular leakage as well as
release of pro-inﬂammatory cytokines and extracellular traps,
especially from neutrophils. Referred to as NETs, their release is
affected by peptidyl-arginine deiminase 4 (PAD4).9 NETs consist
of extracellular DNA decorated with enzymes
such as myeloper∗
oxidase and elastase to kill bacteria. 10 NETs also promote
thrombosis by providing a scaffold for assembling clot
components including tissue factor as well as through histonedependent activity and platelet-polyphosphate release.9,11

Recognizing the patient with DIC
In general, physicians tend to consider the possibility of DIC when
there is extensive and uncontrollable bleeding or from abnormalities in the platelet count or coagulation screen. The International
Society on Thrombosis and Haemostasis (ISTH) scoring system of
routine global coagulation tests provides a framework for

diagnosing DIC with a cumulative score of 5 or more from
increased prothrombin time, reduced platelets and ﬁbrinogen
together with elevated ﬁbrin-degradation products forming the
basis of diagnosis.12,13 There are country-speciﬁc reﬁnements,
which similarly conﬁrm the independent prediction of mortality
by the ISTH Haemostasis DIC score and its added prognostic
value to the Acute Physiology
and Chronic Health Evaluation
∗
(APACHE) II system. 14 A hybrid pathology with bleeding and
thrombosis is characteristic of DIC although this may be subtle,
especially with insidious micro-circulatory obstruction leading to
organ dysfunction (Fig. 1).

Managing the patient with DIC
The management of DIC is challenging due to the heterogeneity of
triggering causes, the diverse effects of thrombin generation and
the lack of high-quality treatment trials. Its prompt recognition is
emphasized by numerous guidelines15 ∗and the differential
diagnosis has been well described recently. 16 ∗
The basic principles for treating DIC include 1:
1. Correcting the underlying condition causing DIC.
2. Inhibiting the effects of excess thrombin generation.
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3. Supportive care, including with blood products when there is
bleeding or if the patient is at high risk.
4. Regular clinical and laboratory surveillance with multispecialty input.

Future perspectives
Improving patient outcome can only come from both better
recognition and treatment of DIC. In terms of recognition, we will
have to do better than the current reliance on the DIC score, which
is a summation of individual coagulation tests that are routinely
available. Although practical, they signify the phenomenon of
coagulopathy rather than present a target for treatment advances.
There is a long history of failed prognostic or mechanistic
biomarker discovery work for the heterogeneous syndrome of
DIC. If the emerging perspective on histones and NETs continue
to be encouraging, there could be rationale for translational
opportunities in developing new diagnostics and therapeutics.
Assays will need to meet the challenge of being both robust but
also practical in meeting the needs of the acute critical care setting.
Along the same lines, there would also be the potential for novel
therapeutic approaches
using modalities that neutralize histones
∗
(Activated PC, 17 anti-histone antibodies,8 recombinant
soluble
∗
TM,18 heparin19) and/or NETs (DNase, 10 PAD4-targeted
therapy20). These would require well-designed randomized
control trials using appropriate DIC patient populations.
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Take home messages
 To understand the main interplay between coagulation system and inﬂammation and to recognize the key invasive infectious
agents causing typical abnormalities in activation of blood platelets, coagulation and ﬁbrinolysis.
 To capture, monitor and follow-up the clinical and laboratory phenotype and the management related to the pathophysiology of
inﬂammation.

Introduction
Inﬂammation induced by infection results in local tissue damaged
followed by systemic endothelial injury, adhesion of platelets and
activation of the coagulation cascade. In addition, during infection
and inﬂammation the local control of coagulation fails, triggering
the vicious circle of coagulation activating inﬂammation and vice
versa. The hemostatic system represents the ﬁrst and the most
immediate element, programming tissue response to injury and
continuum ∗of inﬂammation, angiogenesis, stromal recruitment
and repair. 1 Endothelium is under continuous interphase with
blood ﬂow. From blood the pathogens and inﬂammatory
mediators invade organ(s), causing vascular
damage, micro∗
thrombi and multi(organ) failure (eg, sepsis). 2 Upon escape of the
local regulation of coagulation, typical clinical entities include
thrombotic microangiopathy (hemolytic anemia, thrombocytopenia and microthrombi), complement (membrane attack complex)
∗
interplay and disseminated intravascular coagulation (DIC). 3,4
Inﬂammation can inﬂuence all the three phases of hemostasis and
their regulation: (1) megakaryocytes and platelets, (2) coagulation
and (3) ﬁbrinolysis (Fig. 1). This short review will provide
examples, and some clinical management opportunities in these
three phases.
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Current state of the art
The interplay between infection/inﬂammation and
coagulation disorders
During bacterial infection, dual activation of platelets and
macrophages can eradicate bacteria in liver.5 Strong leukocytederived proteolytic enzymes will cleave the anticoagulant and
protective endothelial layer of glycosaminoglycans (GAG, ie,
heparan sulfate, perlecans and syndecans), exposing von
Willebrand factor (VWF), collagen and laminin to trigger platelet
deposition, thrombin and ﬁbrin formation (Fig. 1).6
Endothelial cells will constitutively secrete VWF, and VWF-size
cleaving and controlling ADAMTS-13 enzyme to maintain VWF
homeostasis. Infection may consume ADAMTS-13 or lead to
antibody formation to exhaust or inactivate its capacity. This can
result in the development of thrombotic thrombocytopenic
purpura (TTP), or hemolytic uremic syndromeHUS or atypical,
aHUS causing, thrombosis formation in the microvasculature
(brain, kidneys) due to platelet- and VWF-rich deposition and
complement activation.7 Platelets can also bind to endothelial
derived-VWF and generated ﬁbrin on the endothelium (thrombocytopenia, “consumption”). Thrombocytopenia, during DIC,
may refer to reduced survival in association with severely ill
infected patients. The timely therapy of the infection and/or
inﬂammation,∗ including regulation of coagulation may break this
vicious loop. 8 The main tools to limit excessive coagulation in
treating and preventing thrombosis include mainly acetylsalicylic
acid, or low-molecular weight heparin (LMWH). If a coagulation
defect, that is, low antithrombin is noted and corrected early
the balance
of coagulation will tilt to a more physiological
∗
position. 8,9

The role of megakaryocytes, platelets and thrombin in
infection and inﬂammation
While the hemostatic roles of platelets are well recognized,
emerging data demonstrate that megakaryocytes and platelets
possess diverse and dynamic functions that also mediate
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Figure 1. Coagulation targets of some pathogen as examples. Coagulation occurs sequentially: (A) platelet adhesion and activation, (B)
thrombin generation and ﬁbrin formation and (C) degradation of ﬁbrin by ﬁbrinolysis. Some infectious agents at each step are presented as
examples. CMV = cytomegalovirus, EHEC = Entero Hemolytic Escherichia Coli, HCV = hepatitis C virus, HIV= human immunodeﬁciency virus,
LPS = lipopolysaccharide, TF= tissue factor.

inﬂammatory and immune responses (Table 1).10–12 Many
infection processes result in thrombocytopenia due to enhanced
destruction of megakaryocytes and platelets.13–15
However, megakaryocytes and platelets possess a multitude of
innate immune tools, including toll-like receptors, to recognize
pathogens, and Fc receptors, which recognize immune complexes.10 In addition, platelets contain many antimicrobial agents,
including antimicrobial peptides and beta-defensins, which
directly act on bacterial pathogens.10,12,16 Platelets also release
chemokines such as platelet factor 4, RANTES and b-thromboglobulin, which increase leukocyte recruitment and survival
during viral infections, and can reduce HIV infection by directly
interacting with the viral envelope.17–19
Recently, megakaryocytes have been shown to play signiﬁcant
roles in ﬁghting infections. For example, megakaryocytes possess
major histocompatibility complex (MHC) I and are capable of
endocytosing endogenous antigen.20 Upon processing the antigen
through the proteasome, megakaryocytes can present antigens in
an MHC-I dependent manner to activate CD8+T cells. In addition,
viral infections such as inﬂuenza and dengue virus signiﬁcantly
Table 1
Immune-Related Chemokines/Cytokines Released by Megakaryocytes.
Chemokine/Cytokine

Function

Platelet Factor 4
RANTES
b-thromboglobulin
Beta Defensin
Type I Interferon

Monocyte, neutrophil, lymphocyte recruitment
Anti-viral protein released from alpha granules
Neutrophil recruitment and activation
Antimicrobial protein released upon activation
Cytokines released by megakaryocyte upon virial infection
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alter the transcriptome of megakaryocyte and platelets, resulting
in expression of novel anti-viral molecules such as interferoninduced transmembrane 3 (IFITM3).21 Induction of IFITM3 in
megakaryocytes and surrounding hemopoietic stem cells reduces
viral infection and appear to be mediated through Type I
interferon release from the megakaryocyte.
Thrombin activates protease-activated receptors on platelets and
endothelial cells and generates ﬁbrin. Thrombin activation of
platelets results in release of chemokines and platelet microbicidal
proteins to reduce the spread of infection, while ﬁbrin formation
∗
allows pathogens to be trapped and cleared by leukocytes.16,22, 23
Both reduced thrombin generation and enhanced ﬁbrinolysis in
mouse models increase susceptibility to bacterial infections, suggesting thrombin, platelets and megakaryocytes play critical roles in
stemming the spread of infection, while maintaining hemostasis.24

The effect of pathogen-host interactions on
coagulation
Some intriguing observations suggest ﬁbrin formation in addition
to its role in ceasing bleeding, recruits macrophages (CD11/18) to
limit pathogens from spreading.25 For instance, streptococci
and staphylococci will invade the ﬁbrin and surroundings by
secreting strepto- and staphylokinase, which will activate matrix
metalloproteinases (MMPs) and plasmin to allow the penetration
of these pathogens (Fig. 1). Also, severe vascular damage may lead
to tissue hemorrhaging, which platelets resist, while hematomas
provide a growth media to the bacteria. Listeria sepsis in
immunocompromised patients underlines the importance of ﬁbrin
(ogen) in limiting the infection from spreading.26 Hantaviruses
trigger activation of ﬁbrinolysis in relation to coagulation activity,
simultaneously causing temporarily thrombocytopenia.27 Dengue
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hemorrhagic fever also induces hyperﬁbrinolysis and thrombocytopenia through destruction of platelets and megakaryocytes.14,15,28

Inﬂuence of Inﬂammation on coagulation responses
As examples of inﬂammation, vasculitis and atherosclerosis both
impact the coagulation system. Immunological ANCA-vasculitis
activates both coagulation and ﬁbrinolysis, which associate with
impairment of renal function.29 In individuals with atherosclerosis
and impaired distal perfusion of leg arteries, the functional
severity of vascular disease relates to the levels of ﬁbrinogen,
thrombin-antithrombin complexes and D-dimer.30 Finally, in the
management of allogenic stem cell transplantation the outcome
and later graft-versus-host disease are affected by the early and
longitudinal maladapted regulation of coagulation.31,32 Thus,
reduced protein C activity and enhanced thrombin generation,
and high FVIII levels, refer to impaired protective effects of
endothelium during the transplantation recovery.

Future clinical perspectives
The main approach is to observe the symptoms and signs and
rapidly target the causative pathogen and individualize immuneand supportive therapy, including thromboprophylaxis, to
eliminate the trigger of inﬂammation and coagulation disorder
(8). A stepwise laboratory follow-up alongside clinical hemostasis
abnormalities includes blood cell counts, C-reactive protein
assessing the extent of inﬂammation, antithrombin, ﬁbrinogen,
coagulation screening tests of prothrombin time (PT) and
activated partial thromboplastin time (APTT), thrombin time,
FVIII/VWF, and D-dimer will give a broad overall picture of the
potential deﬁciencies, over-activities (eg, ISTH DIC score), and
their tendencies upon active patient management and recovery.
Intravenous Vitamin K administration (1-5 mg, 0.15 mg being the
daily requirement) corrects PT (FII, FVII, FIX, FX, protein C and
S), if the liver synthesis is impaired due to consumption and poor
access to vitamin K limited by antibiotics and malabsorption.
Short APTT and thrombin time refer to enhanced contact
pathway and thrombin activity. The higher the ﬁbrinogen, the
poorer the ﬁbrinolytic capacity (D-dimer trends). FVIII/VWF
indicates the extent of endothelial damage and low antithrombin
may tilt the balance towards uncontrolled thrombin generation. In
the future, the global hemostasis assessment, including thrombin
generation capacity, will likely aid in the patient management.
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Introduction
Systemic iron homeostasis is maintained by the iron-regulated peptide hormone hepcidin and its target receptor, the iron exporter
ferroportin. The hepcidin/ferroportin regulatory axis prevents diseases of iron overload (ie, Hereditary hemochromatosis, thalassemia)
or iron deﬁciency (ie, anemia). In this session, we will discuss pathologies underlying these frequent disorders and dissect mechanisms
that cause functional or absolute iron overload or deﬁciency. We will explore novel approaches to oral iron treatment, the value of
hepcidin as a diagnostic marker and how novel therapeutics just entering clinical trials modulate plasma iron availability via the
hepcidin/ferroportin regulatory system. This session provides an exciting example for how knowledge derived from basic research can
be translated into the clinic.

Learning goals
The aim of this educational session is to generate novel insight into.
 frequent pathologies caused by a misregulation of the hepcidin/ferroportin system.
 novel approaches to oral iron treatment.
 diagnosis of iron-related disorders.
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The diagnostic potential of the iron-regulatory hormone hepcidin
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Take home messages
 Hepcidin is the central regulator of systemic iron homeostasis, controlling dietary iron uptake and availability of iron for tissues
and organs. Hepcidin expression levels are determined by a balance of signals arising from diverse physiological states, ranging
from iron and inﬂammatory status to erythropoietic activity and hypoxia.
 Hepcidin measurement, either as a single index or in concert with other iron-related indices, may aid in diagnosis of iron-related
disorders such as iron deﬁciency (ID), inﬂammatory anemia, hereditary hemochromatosis and iron-refractory iron deﬁciency
anemia (IRIDA).
 Diagnostic test studies for hepcidin as a single index generally indicate moderate to strong performance in identifying ID,
distinguishing iron deﬁciency anemia from inﬂammatory anemia, and predicting responsiveness to oral iron interventions.
 Routine implementation of hepcidin assessment in clinical practice and epidemiological surveys will be facilitated by assay
standardization, reduced assay cost, application to high-throughput clinical analyzers, and development of robust normal ranges
combined with evidence-based guidance in interpretation across clinical/public health settings.

Introduction

Current state of the art

The hormone hepcidin controls dietary uptake and availability of
iron. It is regulated by a balance of signals related to iron status,
inﬂammation, erythropoietic activity, and hypoxia, determining
iron provision for erythropoiesis and other iron-demanding
processes. Progress in understanding hepcidin’s involvement in
normal physiology and disease conditions,1 coupled with
advances in quantiﬁcation, make it an increasingly attractive
candidate biomarker for assessing iron status and guiding iron
intervention strategies.2

Hepcidin regulates circulating iron concentrations by triggering
ubiquitin-mediated degradation of the iron exporter ferroportin,
but also
by directly occluding ferroportin-mediated iron trans∗
port. 3 Ferroportin is highly expressed by iron-recycling erythrophagocytic macrophages and duodenal enterocytes, so hepcidin
activity restricts macrophage iron release and dietary iron uptake,
causing hypoferraemia. In contrast, hepcidin suppression
increases iron availability for tissues. Recent work also indicates
a signiﬁcant contribution of∗ erythroblast-expressed ferroportin to
systemic iron homeostasis. 4
To maintain homeostasis, increases in iron stores and
circulating iron are sensed by the liver leading to hepcidin
upregulation via the BMP/SMAD signaling pathway. Hepcidin
transcription is also directly upregulated during inﬂammation by
JAK/STAT3 signaling. However, it is downregulated during ID,
hypoxia and erythropoietic expansion. Expanded erythropoiesis
increases expression of the erythropoietin-responsive hormone
erythroferrone, which suppresses
hepcidin through direct inhibi∗
tion of BMP6 signaling 5; in addition, erythropoietic activity also
∗
consumes iron, further reducing hepcidin stimulatory signals.6, 7
Failures in hepcidin regulation cause iron-related pathology.
Mutations in hepcidin itself, or more frequently in genes encoding
components of the upstream BMP-SMAD signaling pathways (eg,
HFE, BMP6, Hemojuvelin (HJV), Transferrin receptor 2 (TfR2))
that link iron sensing to hepcidin, result in inappropriately
low hepcidin concentrations relative to iron status. These
conditions, broadly termed hereditary hemochromatosis (HH),
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[(Figure_1)TD$IG]
Figure 1. Potential utility of assessing hepcidin concentrations across clinical and physiological settings related to systemic iron
homeostasis. Typical hepcidin concentrations vary considerably between diverse iron-related disorders and responses to distinct physiological
challenges. Variation in hepcidin may aid differential diagnosis of distinct conditions with similar clinical presentations (here highlighted by ﬁll color:
yellow – iron deﬁciency / anemia / AI; blue – iron-loading disorders). Hepcidin
may indicate the likely efﬁcacy of response to iron interventions, and
∗
potentially whether oral or intravenous interventions should be preferred ( when iron-overload is not indicated). In the future, hepcidin concentrations
may guide the use of hepcidin antagonists (indicated by red outlines to boxes) or agonists (blue outlines) for disordered iron homeostasis. Note: in reality,
there is likely considerable overlap in hepcidin concentrations between the conditions shown; the hierarchy shown is not intended to represent an exact
order, but to give an indication of typical hepcidin concentrations (ie, typically raised vs normal vs suppressed) across the different conditions. AI =
Anemia of Inﬂammation, CKD = Chronic Kidney Disease, HH = Hereditary Haemochromatosis – (HFE), caused by mutation in the HFE gene; (HJV/TfR2/
HAMP), caused by mutations in Hemojuvelin, transferrin receptor 2 and hepcidin respectively, IBD = Inﬂammatory Bowel Disease, ICU = Intensive Care
Unit, ID = Iron deﬁciency, IDA = Iron deﬁciency anemia, IRIDA = Iron-refractory iron deﬁciency anemia, LMIC = Low-/Middle-Income Country, NTDT =
Non-transfusion dependent beta-Thalassemia, RA = Rheumatoid Arthritis, TDT = transfusion dependent beta-Thalassemia.

are characterized by toxic iron loading, predominantly affecting
liver, pancreas, and heart. Chronically suppressed hepcidin due to
ineffective erythropoiesis also explains secondary iron loading in
conditions such as beta-thalassemia. In contrast, mutations in
TMPRSS6 (encoding matriptase-2, a negative regulator of
hepcidin) cause inappropriately elevated hepcidin, impaired iron
absorption and consequent iron-refractory iron deﬁciency anemia
(IRIDA).1,8

Hepcidin: a potential iron status biomarker?
ID refers to depletion of total body iron, primarily from
reticuloendothelial and hepatic stores. Iron stores depletion leads
to iron-restricted erythropoiesis and ultimately to iron deﬁciency
anemia (IDA), its most prominent manifestation.9 Importantly,
other functional consequences may precede anemia, including
impaired brain development in young children.9
Absence of stainable reticuloendothelial iron in bone marrow is
considered a gold standard means of diagnosing ID; however,
being an invasive test, its applicability is limited. Several
biochemical markers, together with hematological parameters
(eg, MCV, reticulocyte-hemoglobin, hemoglobin), can aid
identiﬁcation of the different stages of iron limitation described
above.9 Low ferritin can identify depleted iron stores effectively;
however, ferritin is also an acute-phase protein switched on during

inﬂammation, meaning it lacks sensitivity when inﬂammation is
present; inﬂammatory status (eg, concurrent C-reactive protein
(CRP) or alpha-1-acid glycoprotein (AGP)) must, therefore, be
considered when interpreting ferritin concentrations.9 Serum iron
or transferrin saturation (Tsat) indicate iron availability for
tissues, but demonstrate notable diurnal variation and decrease
during inﬂammation. Iron demand is frequently assessed by
quantifying soluble transferrin receptor (sTfR) concentration:
during iron-restricted erythropoiesis, iron-deﬁcient erythroblasts
increase TfR1 expression, correlating with increased serum
concentrations of soluble transferrin receptor (sTfR).
Could hepcidin complement (or even replace) established
biomarkers in indicating iron status? Hepcidin can predict response
to oral iron,10 and so might provide a single-index guide for iron
supplementation. Interestingly, the traditionally-used biomarkers
could be regarded as proxies for key physiological inputs that
control hepcidin expression: stored iron (proxy = ferritin) and
circulating iron (proxy = Tsat) both induce hepcidin, involving
BMP/SMAD signaling; inﬂammation (proxies = CRP/AGP)
upregulates hepcidin via JAK/STAT3 signaling; iron demand
(proxy = sTfR) associates with hepcidin suppression via
erythroferrone-dependent/-independent BMP pathway restriction.
Consistently, serum hepcidin typically correlates positively with
ferritin/CRP/AGP, and negatively with sTfR. Moreover, evidence
that opposing signals concurrently determine hepcidin expression is
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accumulating. For example, hepcidin upregulation by acute
inﬂammation can be offset by increased erythroid drive or
hypoxia11–14; enhanced erythropoiesis in beta-thalassemia overrides induction of hepcidin by iron loading; and in inﬂammatory
anemias, chronic inﬂammation can increase hepcidin, despite the
anemia.1,9 Overall, ﬁne tuning of competing positive and negative
signals controls hepcidin synthesis and consequent iron handling.
However, for hepcidin to become widely adopted as an indicator of
iron status/requirement, this biological appeal must be complemented by robust analytical performance and increased validation
of its interpretation across clinical settings.

Hepcidin as a biomarker: analytical considerations,
performance, interpretation
Hepcidin resists freeze-thaw, but adheres to laboratory plastics
at room temperature potentially causing concentration underestimation; sample matrix (eg, plasma, serum) may also inﬂuence
results. Hepcidin, like Tsat, exhibits diurnal variation, which
should be accounted for. Several methods for hepcidin
quantiﬁcation are validated: mass spectrometry methods can
distinguish hepcidin isoforms, while immunoassays typically
offer greater ﬂexibility. However, the various well-performing
assays are not currently calibrated equivalently, so although
data from different assays correlate well, absolute values
returned differ.15 When comparing hepcidin data from different
studies, knowing which assays were used is essential. Nevertheless, progress towards assay harmonization and ultimately
standardization is advancing.15,16
Several studies have investigated hepcidin’s performance as a
single index for diagnosing ID, for distinguishing IDA from
inﬂammatory anemia, and for predicting oral iron utilization/
response (eg,17–22 studies reporting ROCAUC with N > 200; see
also2). While the clinical/epidemiological settings and test
deﬁnitions used vary considerably, these studies generally
indicated moderate to strong test performance, in most cases at
least comparable with established tests. Interestingly, independent
reports from diverse settings evaluating hepcidin cutoffs for
diagnosing ID found very similar optimal cutoffs19,22 that were
also close to a cutoff identifying effective oral iron incorporation
into erythrocytes.19

Future perspectives
Hepcidin’s inclusion in investigations related to iron is
broadening, yet its establishment in routine clinical practice
or epidemiological surveys requires several steps. Establishment
of standardized reference ranges, implementation on highthroughput analyzers, and reducing assay cost will greatly
facilitate its use. A greater breadth of prospective diagnostic test
studies ideally with larger sample sizes, testing against gold
standard deﬁnitions across diverse populations and disease
conditions would be desirable. Determining whether a uniform
cutoff for effective response to iron interventions exists, and
whether hepcidin can indicate efﬁcacy of oral versus intravenous
iron interventions across different clinical settings will prove
useful.
Despite diagnostic potential as a single index, clinical
interpretation of hepcidin should consider the broader context,
including its relationship with concurrent iron and hematological
indices. This is especially so for investigations of iron-related
disorders caused by inappropriate hepcidin regulation (eg, HH
and IRIDA), as discussed above.1 Speciﬁcally, in the absence of
inﬂammation, low hepcidin/ferritin ratios may contribute to
diagnostic work-ups of genetically complex iron-loading disorders including HH,2,23 while low Tsat/hepcidin ratios may be
indicative of IRIDA.8 Furthermore, hepcidin may bring diagnostic
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or disease management beneﬁts in additional contexts besides
these (see Fig. 1). In the longer term, hepcidin quantiﬁcation may
guide therapeutic hepcidin agonist and antagonist use in
conditions ranging from hereditary hemochromatosis and betathalassemia, to inﬂammatory anemias. Prospective validation of
the beneﬁt of adding hepcidin analysis in each of these settings
should be prioritized.
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Take home messages
 Disorders in systemic iron regulation or intestinal iron absorption can result in functional or absolute iron deﬁciency or iron overload.
 A generation of pharmaceuticals are now entering clinical trials aimed at manipulating systemic iron regulation to alleviate
pathologic iron loading or depletion.

Introduction
Insights into mechanisms of iron absorption and systemic iron
handling have improved understanding of the pathophysiology of
a range of clinical conditions that cause iron deﬁciency (or iron
withholding from the plasma, ‘functional iron deﬁciency’) or iron
overload, and have led to rationally-designed novel therapeutics
that may transform management of iron withholding or overload
states, some of which are now entering clinical trials. Here, we
review recent advances in iron-related physiology, pathology and
pharmaceuticals.

Current state of the art
Mechanisms of iron uptake and distribution
To prevent iron deﬁciency and overload, iron utilization and
losses must be balanced by iron uptake (Fig. 1). Systemic iron
distribution is governed by the hepatic-derived hormone hepcidin.
Hepcidin binds to the only known cellular iron exporter,
ferroportin, to both occlude its channel1 and cause its internalization and degradation, thus controlling entry of iron to the
plasma from the duodenum (absorption) and reticuloendothelial
system (recycling). Hepcidin is transcriptionally (epigenetically via
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HDAC3)2 regulated by BMP/SMAD signaling (iron availability
via iron sensing
in the liver, erythropoietic demand via
∗ ∗
erythroferrone 3, 4 and acute serum iron deprivation5), and
inﬂammation (IL6, JAK/STAT signaling) (Fig. 1).

Mishaps
Iron deﬁciency. Here we focus on clinical factors that impair iron
uptake through either impaired luminal iron function or increased
hepcidin expression.
Impaired luminal iron absorption causes iron deﬁciency.
Defective acidiﬁcation of the intestinal contents impairs solubility
of ferric iron in the intestine, limiting absorption.6 This poses a risk
for patients who have undergone gastrectomy, and those who
undergo gastric bypass for treatment of obesity.7Helicobacter
Pylori infection may cause iron deﬁciency8 by impairing the acidic
gut environment and promoting gastrointestinal bleeding. Chronic
gastric acid suppression (ie, proton pump inhibition or histamine
receptor antagonism9) can increase risk of iron deﬁciency.
Intestinal (especially duodenal) dysfunction impairs iron
absorption. Coeliac disease causes immune-mediated destruction
of the intestinal absorptive surface resulting in diminished
absorption of numerous nutrients including iron.10 Iron deﬁciency
may indicate occult coeliac disease and screening for this
condition is now widely suggested for iron deﬁcient patients.
Other disorders of the intestinal functional surface (eg, environmental enteropathy in developing countries), or intestinal
absorptive area (eg, resections due to inﬂammatory bowel disease)
may promote iron deﬁciency.
Iron absorption and organ utilization is diminished in systemic
conditions which physiologically or pathologically raise hepcidin
(functional iron deﬁciency). Anemia of chronic disease occurs
in inﬂammatory conditions (infections, cancer, autoimmune
diseases) that increase hepcidin expression via IL6 (also IL22)
mediated JAK-STAT signaling or directly abrogate ferroportin
transcription via TLR signaling.11 Among clinically-well but
subclinically inﬂammed populations, elevated hepcidin is an
important cause of iron deﬁciency: for example, in sub-Saharan
Africa where subclinical plasmodium infection is common12 and
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[(Figure_1)TD$IG]
Figure 1. Systemic iron metabolism and therapeutics against the hepcidin-ferroportin axis. Therapeutics that alter iron levels via the hepcidinFPN axis are highlighted in red. Iron circulates in the plasma predominantly bound to transferrin (Tf; green squares). Iron reaches the plasma via
absorption of dietary iron by duodenal enterocytes and recycling of iron from senescent erythrocytes by reticuloendothelial macrophages. The
mechanism of dietary iron entry to enterocytes depends on the type of iron. Non-heme ferric iron (Fe3+; black circles) is reduced to ferrous iron (Fe2+;
grey circles) by the ferrireductase DCYTB and transported across the apical membrane by DMT1. Heme iron (red circles) entry is probably via an
undiscovered transporter. Once internalized, iron from both sources is exported to the bloodstream through the basolateral membrane via the only
known iron exporter, ferroportin (FPN; red channel). The ferroxidase hephaestin (HEPH) co-localizes with FPN and oxidizes exported Fe2+ to Fe3+
allowing it to bind Tf. Reticuloendothelial macrophages phagocytose and degrade senescent erythrocytes, releasing heme into the phagolysosome,
which is then exported into the cytoplasm and degraded. Iron can then be stored in the macrophages in ferritin (grey hexagons) or released via FPN
where it will circulate bound to Tf. Systemic iron distribution is controlled by the hepatic derived hormone hepcidin (grey stars), which binds,
occludes and leads to the degradation of FPN. Hepcidin expression is determined at the transcriptional level by BMP/SMAD and JAK/STAT (via IL-6/
IL-22) signaling. The BMP/SMAD pathway is negatively regulated by TMPRSS6, which in low iron conditions cleaves hemojuvelin (HJV, a BMP coreceptor), inhibiting hepcidin expression. Immature red cells (erythroblasts), which accumulate during increased erythropoiesis, produce
erythroferrone (ERFE; blue hexagons). ERFE negatively regulates hepcidin expression by dampening BMP/SMAD signaling. BMP = bone
morphogenetic protein, BMPR = BMP receptor, CP = ceruloplasmin, DCYTB = duodenal cytochrome B, DMT1 = divalent metal transporter 1, EPO =
erythropoietin, ERFE = erythroferrone, FPN = ferroportin, HAMP = hepcidin, HEPH = hephaestin, HIF = hypoxia inducible factor, HJV = hemojuvelin,
IL-6 = interleukin 6, IL-R = interleukin receptor, JAK = Janus Kinase, STAT3 = signal transducer and activator of transcription 3, Tf = transferrin,
TMPRSS6 = transmembrane serine protease 6.
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Table 1
Therapeutic agents in clinical trial that inﬂuence plasma iron levels.
Therapeutic
agent

Company

Administration
route

Acts on

Effect on
plasma iron

Clinical trials
(Iron related)

PRS-080

Pieris Pharmaceuticals

Intravenous

Hepcidin

Increase

Moebius et al.18

NOX-H94
LY2787106
LY2928057
LY3113593

NOXXON Pharma AG
Eli Lilly and Company
Eli Lilly and Company
Eli Lilly and Company

Intravenous
Intravenous
Intravenous
Intravenous

Hepcidin
Hepcidin
Ferroportin
BMP6

Increase
Increase
Increase
Increase

TP-0184

Tolero Pharmaceuticals

Oral

Increase

Vitamin D (including
Paricalcitol and
Calcitriol)

Multiple

Oral

ALK2 (BMPR1)
receptor
vitamin D receptor

Increase

Siltuximab
Tocilizumab

Multiple
Multiple

Intravenous
Intravenous

IL-6
IL-6 receptor

Increase
Increase

LJPC-401

Subcutaneous

Ferroportin

Decrease

PTG-300
IONIS-TMPRSS6-LRX
SLN124

La Jolla
Pharmaceutical
Company
Protagonist Therapeutics
Ionis Pharmaceuticals
Silence Therapeutics

NCT03325621,
NCT02754167
NCT01691040
NCT01340976
NCT01991483
NCT02144285,
NCT02604160
NCT03429218 (Phase-I,
not iron related)
Many including:
NCT03145896,
NCT0287621,
NCT01768351
NCT01024036
NCT00951275,
NCT01183598
NCT03381833,
NCT03395704

Subcutaneous
Subcutaneous
Subcutaneous

Ferroportin
TMPRSS6
TMPRSS6

Decrease
Decrease
Decrease

Nicholls et al.26
Guo et al.28
Altamura et al.29

VIT-2763

Vifor Pharma

Oral

Ferroportin

Decrease

NCT0380220
NCT03165864
CTA to be submitted in
2019
Phase-I completed

Sotatercept

Multiple

Subcutaneous

Activin receptor

Decrease

Luspatercept

Multiple

Subcutaneous

Activin receptor

Decrease

in Western countries where prevalent obesity may elevated
hepcidin elevation.13 Iron deﬁciency may also occur in genetic
mutations of TMPRSS6 causing upregulation of hepcidin
expression despite low iron∗ stores (‘Iron-Refractory IronDeﬁciency Anaemia, IRIDA’). 14
Iron overload. Genetic mutations impairing hepcidin expression
or function can result in excess iron uptake and iron overload.
Mutations affecting the HFE gene are most common but of low
penetrance, with rarer mutations in HJV, TfR2 and HAMP
producing a more severe phenotype. Mutations that quantitatively affect ferroportin or inhibit its degradation by hepcidin also
result in iron overload (reviewed15).
Inherited (ie, haemoglobinopathies) and acquired (eg, myelodysplastic syndromes) genetic haematologic conditions can
produce ineffective erythropoiesis. The expanded erythroid pool
creates enormous iron demand and causes suppression of hepcidin
likely via erythroblast production of erythroferrone.16 Together
∗
with hypoxia-mediated upregulation of duodenal DMT1, 17 this
results in increased iron absorption and overload.

Future perspectives
Therapeutic manipulations in iron handling
At least 16 therapeutics entering clinical trials aim to increase or
reduce plasma iron entry by manipulating the hepcidin-ferroportin axis (Table 1 and Fig. 1).
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NCT01464164,
NCT01712308
NCT03194542,
NCT03342404

Reference

Schweobel et al.19
Vadhan-Raj et al.20
Barrington et al.21

Peterson et al.22,35
Bacchetta et al.23

Casper et al.25
Isaacs et al.24
Lal et al.27

http://www.viforpharma.com/
∼/media/Files/V/Vifor-Pharma/
documents/en/media-releases/
2019/pr-vifor-pharmaferroportin-inhibitor-en.pdf
Komrokji et al. 32; Cappellini
et al.33
Platzbecker et al.34

Downregulation of hepcidin. Several drugs prevent hepcidin
function. PRS-080, an Anticalin protein linked to linear polyethylene-glycol, binds hepcidin and inhibits its function; it is being
trailed in patients with chronic kidney disease.18 Similarly, NOXH94, a PEGylated anti-hepcidin L-RNA oligonucleotide inactivates hepcidin after binding, inhibited serum iron suppression in
anemia of inﬂammation experimental models.19 LY2787106 is a
neutralizing hepcidin monoclonal antibody which has shown
safety and efﬁcacy in patients with cancer-related anemia.20
LY2928057, a humanized FPN antibody, inhibits hepcidin
function by protecting ferroportin from hepcidin-induced
degradation and stabilizes FPN on the cell surface. It raised
iron levels but not hemoglobin in a Phase I study in renal
patients.21
Drugs that decrease hepcidin expression include: LY3113593,
a humanized BMP6 monoclonal antibody, inhibits the canonical
pathway of hepcidin transcription, and is being trialed in chronic
kidney disease. TP-0184, an ALK2 receptor kinase inhibitor,
likewise inhibits BMP/SMAD-driven hepcidin transcription22
but appears currently to be being clinically tested for treatment
of solid tumors. Vitamin D (as well as vitamin D analogs
paricalcitol and calcitriol) may act via vitamin D receptor
binding to vitamin D response elements in the hepcidin
promoter.23 Reducing hepcidin levels are potentially beneﬁcial
secondary beneﬁts approved IL6 targeted treatments: anti-IL-6
(Siltuximab) and anti-IL-6 receptor (Tocilizumab) antibodies
used to treat patients with rheumatoid arthritis,24 cancer and
Castleman’s disease.25
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Upregulation of hepcidin. Therapeutics that increase hepcidin
levels or function aim to alleviate iron loading conditions.
LJPC-401 is a synthetic full-length hepcidin which has entered
Phase 2 clinical trials for b-thalassemia and haemochromatosis,
while PTG-300 is a hepcidin mimetic which has likewise entered
clinical trials for b-thalassemia. Both drugs induce reductions in
serum iron in human Phase I studies,26 and in both cases nonlimiting local injection site reactions appeared to be the chief
adverse effect.27
Inhibition of hepatic TMPRSS6 upregulates hepcidin expression At least 2 molecules with therapeutic potential that silence
TMPRSS6 mRNA translation have been developed. IONISTMPRSS6-LRX is a ligand conjugated TMPRSS6 silencing
molecule that upregulates hepcidin ∗ in preclinical models and
has entered trials for thalassaemia. 28 Likewise, SLN124 is a
conjugated GalNac siRNA targeting TMPRSS6 which has shown
pre-clinical activity in thalassemia models with clinical trials
planned in the near future.29 Beyond agents acting on hepcidin,
VIT-2763 is a small molecule inhibitor of FPN and therefore
replicates hepcidin function, and completed a Phase-I clinical trial
in October 2018. Activin receptor ligand traps (Sotatercept,
Luspatercept) have preclinical30,31 and clinical32–34 activity in
diseases of ineffective erythropoiesis which indirectly counteracts
hepcidin suppression.

Conclusions
New understanding of the molecular pathways governing iron
homeostasis has led to a greater appreciation of the pathophysiology of iron related disorders and a pipeline of rationally
designed novel therapeutics against the hepcidin-FPN axis.
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Take home messages
 Oral iron supplements are an important and accessible method to treat iron deﬁciency and iron deﬁciency anemia, but have low
bioavailability and may cause side effects.
 Daily supplementation regimens are associated with an increase in hepcidin concentration, and with decreased absorption.
 Alternate day, low dose schedules provide higher fractional absorption compared to daily schedules. As side effects are likely dose
dependent, such schedules may result in higher compliance and efﬁcacy.
 However, reducing and spacing doses may reduce the total iron absorbed, despite increased fractional absorption.

Introduction
It is estimated that iron deﬁciency anemia (IDA) affects >1
billion people worldwide1 and the prevalence of iron deﬁciency
(ID) is likely higher. ID and IDA remain prevalent nutritional
deﬁciencies also in countries with developed infrastructure and
service industries. In Europe, ID and IDA were estimated to
affect 10 to 32% and 2 to 5% of women of reproductive age,
respectively.2 Deﬁciency develops when physiological requirements and losses cannot be met by the iron absorbed from the
diet.3 Requirements are increased in young children, adolescents
and women of reproductive age, due to growth and menstrual
losses, and in women, choice of contraceptive method has been
associated with iron status, likely due to its effect on menstrual
bleeding.4 Dietary iron absorption is determined by the balance
of heme and non heme iron, as well as absorption enhancers (ie,
ascorbic acid) and inhibitors (ie, tannins, phytates)
which can
∗
substantially affect overall iron bioavailability 5 (Table 1).
Pathological conditions substantially contribute to the burden
of IDA. These can either increase losses (such as hemorrhage, GI
lesions, hookworm infestation, blood donation, anti-inﬂammatory
drugs) or decrease absorption
(inﬂammatory conditions, enteropa∗
thy, achlorhydria). 6 Thus, it is of central importance for effective
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and long lasting treatment to assess, understand and treat the
underlying causes for ID.7

Current state of the art
Iron absorption in the GI tract is governed by systemic and local
stimuli acting in concert. Systemically, hepcidin binds to
ferroportin, the only known cellular iron exporter, modulating
systemic iron release from enterocytes. Hepcidin is regulated by
iron status, erythropoietic stimuli and hypoxia as well as infection
and inﬂammation. The cell itself governs its iron metabolism with
iron responsive proteins (IRP), which directly sense cytoplasmic
iron concentrations and consequently bind to iron responsive
elements (IRE) within the mRNA of key iron proteins and
transcriptional factors (such as transferrin receptor, dimetal
transporter 1, ferritin, ferroportin, hypoxia inducible factor-2).
Enterocyte iron absorption is also regulated by oxygen partial
pressure via the hypoxia inducible factor-2 (HIF2a). Enterocyte
cellular iron metabolism has been linked to the “mucosal block”,
which describes the inability of the mucosa to absorb additional
iron following an iron bolus.8
∗
Diagnosis of uncomplicated iron deﬁciency is straightforward, 6
but it is challenging in presence of comorbidities such as
infections or inﬂammation. A comprehensive review has been
recently ∗published on this topic and is recommended as further
reading. 9
Oral iron supplementation remains the primary therapy for ID
and IDA, and guidelines generally foresee the use of 100 to 200 mg
elemental Fe/day either as single or as split dose. It has long been
known that iron absorption from supplements is generally low
and individually variable. When supplements are given with
foods, fractional absorption varied between 0.5 and 13% from a
50 mg dose, in contrast to the fasting state, which showed
absorption ranges between 1.2 and 28%, depending on the
subject’s iron status.10
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Table 1
Dietary iron bioavailability in dependence of dietary composition.20
Dietary iron bioavailability
5%
Dietary characteristics

Iron requirement1 (iron intake)
in young women (>18 yr), mg

10%

12%

Very little meat/ﬁsh, limited Regular meat/ﬁsh intake and regular
intake of ascorbic acid source
ascorbic acid source
foods (daily). Diet with moderate
foods, diet rich in tannins/
intake in phytic acid rich cereals
polyphenols, and phytic
and legumes foods and some
acid (low resource
tannins/polyphenols.
settings)
58.8
29.4

15%

High meat/ﬁsh intake, a high
Moderate meat/ﬁsh intake and
intake of ascorbic acid with
moderate intake of ascorbic acid
meals, a low intake of
source foods (every mea). With
phytate-rich cereals, and no
limited phytic acid source foods
coffee or tea within 2 hours
and no coffee or tea within 2 hour
of the main meals
of the main meals
24.5
19.6

RNI = Recommended Nutrient Intake, designed to cover the requirements of 97.5% of the population.

It is also well known
that iron supplements cause gastrointesti∗
∗
nal side effects 11, 12 which are likely connected to gastric/
duodenal irritation by the soluble iron salts administered (nausea,
epigastric pain, constipation, heartburn, diarrhea). Such side
effects are prevalent (22–31% of subjects reporting any side effect)
and in an early study investigating ferrous sulfate, -gluconate or
-fumarate against placebo, were not inﬂuenced by the iron
compound used.13 There are suggestions, mostly from observational studies, that “slow release” formulations
may cause less
∗
side effects than conventional formulations, 12 but this observation was not conﬁrmed in a recent
meta-analysis including only
∗
randomized, double blind studies. 11 Generally,
it is plausible that
∗6,14
lower dosages cause less side effects,
even
if the current
∗
evidence in this regard is insufﬁcient. 11
As hepcidin is directly responsive to the serum iron level and
the percent of transferrin saturation (%TS), it was expected that
an iron supplement would acutely increase %TS and elicit an
increase in serum hepcidin,15 furthermore, hepcidin has a
circadian rhythm, increasing during the day.16 Recent studies
using common iron supplement dosages of 60 to 240 mg
elemental Fe in form of FeSO4, have showed to increase Hepcidin
for more than 24 hours. This elevation was found to be
associated with the decrease (35–45%) in fractional iron
∗
absorption on the day following the ﬁrst administration. 17
Furthermore, the 6-fold increase in iron dose (40–240 mg Fe)
corresponded only to a 3-fold increase in iron absorbed (6.7–
18.1 mg).17 These effects were ﬁrst identiﬁed in female subjects
with depleted iron status (serum ferritin <20 mg/l) without
anemia, and were then conﬁrmed in a subsequent study
∗
comparing a 14 day daily with a 28 bi-daily intervention. 18
Splitting dosages during the day did not result in a clear increase
in iron bioavailability, suggesting limited, ∗if any, beneﬁt for this
practice in terms of fractional absorption. 18 A follow up study
was conducted with blood donors with mild anemia, and
conﬁrmed the ﬁndings after 24 hours from the ﬁrst supplement
administration, with a decrease in fractional absorption of
≈40%. After 48 hours from the second administration, in anemic
subjects, no residual inhibition of iron absorption was detected.
Interestingly, also serum concentration of hepcidin returned to
baseline levels. The lack of residual absorption inhibition in
concomitance with a “normal” hepcidin value suggest the
absence of a mucosal block 48 hours post administration in this
patient group with mild anemia.19
Overall these ﬁndings suggest that low dose, and alternate
day schedules result in higher fractional absorption (ie,
increased absorption efﬁciency). As it is likely that side effects
occur on a dose dependent manner, reducing the dose and
implementing alternate day schedules may result in less side
effects while maintaining high bioavailability. However, it is
important to note that decreasing the dose will generally also
decrease the total amount of iron absorbed, as the gain in
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efﬁciency does not fully compensate for the lower levels of iron
administered.

Future perspectives
As treatment with oral iron is likely to remain the most accessible
treatment for uncomplicated ID and IDA, it is important that high
quality data on GI side effects from different supplementation
schedules is generated. Ideally, treatment should be personalized,
and the supplementation schedule (dose, frequency) should take
into account the severity of the deﬁciency, individual oral
supplements tolerability, and should also include advice on
how to prevent relapse to iron depletion once the therapy is
completed (dietary advice).
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Introduction
Diffuse Large B-cell lymphoma (DLBCL) is the most common lymphoid malignancy. Despite its high curable rate, 60%, with
Rituximab-CHOP, 40% of the patients did not respond or relapse. To improve their outcome, we need to learn more about the
heterogeneity and complexity of DLBCL. This educational session is focused on molecular and pathological subtyping of aggressive
lymphomas and how treatment can be driven accordingly.
Dr Chapuy will review genetic analysis of DLBCL. Gene recurrent mutations, somatic copy number alterations and low frequency
alterations has been studied leading to the identiﬁcation of ﬁve distinct molecular DLBCL subsets and other similar models. These
genetic features provide new insights in the DLBCL pathogenesis, predicting the outcome and may lead the pathway to novel
combination treatment approaches.
Cell of origin (COO) has been extensively studied in DLBCL with activated B-cell-like subgroup carries the worst prognosis. The
underlying genetic differences have been shown to differ between COO subgroups although with considerable overlap. Double hit
lymphomas with MYC, BCL2 and/or BCL6 have a dismal prognosis and their recognition is mandatory because of different treatment
strategy. The expression of predictive biomarkers as MYC, BCL2, CD30 and other is also important with several uncertainties. Dr de
Jong will review all these histopatological ﬁndings.
Based on these premises, many expectations have been placed on clinical trials using novel compounds as Ibrutinib, Lenalidomide,
Venetoclax and others with R-CHOP, based on COO classiﬁcation or biomarker expression to improve the results. Positive and
negative results have been reported. Dr Trneny will critically discuss these ﬁndings, providing new insights for a possible future
molecular driven DLBCL therapy.

Learning goals
After attending this session, you will be able to:
 Recognize the molecular heterogeneity of large B-cell lymphomas and understand current molecular classiﬁer.
 Learn how new treatment strategies can be developed based on identiﬁed target alterations.
 Learn which prognostic and predictive biomarkers are biologically meaningful, robust, reproducible, widely available and
affordable to serve as companion diagnostics.
 Recognize the optimal treatment for your DLBCL patients, learn the most recent data on the integration of novel drugs to standard
chemmoimmunotherapy and discuss how new combo strategies, based on molecular and biological DLBCL subsets, may improve
the outcome of DLBCL.
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Aggressive B-cell lymphoma subtyping: a pathologists viewpoint
Daphne de Jong
Department of Pathology, Amsterdam UMC/ VU University Medical Center, Department of Pathology,
Amsterdam, The Netherlands
Take home messages
 Prognostic and predictive biomarkers should be biologically meaningful, robust, reproducible, widely available and affordable to
serve as meaningful companion diagnostics.
 Multimodality proﬁles will be needed for successful biomarker-driven introduction of personalized and targeted treatments; single
markers will not sufﬁce.

Introduction
All hematological malignancies should be classiﬁed according to the
most recent update of the WHO Classiﬁcation, now the 2016/2017
edition, and all patients have the right to a complete classifying
diagnosis at ﬁrst presentation of their disease.1 The major reason for
this is that the classifying diagnosis inherently encompasses
information on the expected clinical course of the disease. Until
recently, expectations on outcome for large B-cell lymphoma (LBCL)
were largely restricted to standard R-CHOP treatment. In the past
few years, however, the insights in the biological variation of LBCL
and its impact on prognosis have massively increased and strategies to
translate this knowledge to adapted treatment are currently a focus of
international efforts. Therefore, implementation of molecular
prognostic and predictive biomarker information has increasingly
found its way into the WHO classiﬁcation, especially for LBCL.

State-of-the-art
MYC, BCL2 and BCL6 ﬂuorescent in situ hybridization
analysis in LBCL
Immunohistochemistry (IHC) and ﬂuorescent in situ hybridization (FISH) are classical techniques that are familiar to pathology
practice and directly related to the morphological frame of
reference of pathologists. In the current WHO classiﬁcation, FISH
is used as a classifying parameter for various lymphoma classes
and indeed the diagnosis of “aggressive B-cell lymphoma with
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MYC and BCL2 and/or BCL6 translocation” (double/triple hit
lymphoma, D/TH) cannot be made without this information.
Various studies have shown that D/TH lymphomas have a
signiﬁcantly worse prognosis than LBCL without this genotype,
serving as an argument
for dedicated treatment protocols in
∗
various countries.2, 3 In that speciﬁc setting, MYC/BCL2/BCL6FISH may be considered mandatory. It should be realized that this
decision then also implies a joint effort of pathologists and
hematologists to make the technique available for all patients and
covered in the medical ﬁnancial system. If dedicated treatment
protocols are not offered or available, mandatory implementation
of FISH by pathology labs is far less obvious.
Virtually all MYC-FISH positive lymphomas express MYC
protein that can be demonstrated using IHC, while MYC-IHC
positive LBCL
bear a MYC translocation in approximately 30%
∗
of the cases. 3 This means that MYC-IHC cannot serve as a
surrogate for FISH. MYC-FISH positive lymphomas are most
often CD10 positive and pre-screening strategies by MYC and/or
CD10 IHC prior to FISH to limit expenses has been proposed.
Albeit that this pre-screening may help to enrich for FISH-positive
cases (good positive predictive value), it is generally thought that
the negative predictive value is too high and not advised.

Cell-of origin classiﬁcation in diffuse large B-cell
lymphoma
In 2000, the “cell-of-origin” (COO) concept was introduced for
DLBCL.4,5 Outcome differences between so-called germinal
center cell (GCB)-like and activated B-cell (ABC)-like as
determined by gene expression proﬁling (GEP) has largely stood
ﬁrm, but are far from absolute. The underlying genetic differences
and inferred oncogenetic pathways have been shown to differ
between the COO-classes, albeit with considerable overlap.5
Various clinical trials using novel compounds have been based on
COO-classiﬁcation with the aim to speciﬁcally target characteristic and relevant pathways in these tumors.6,7,8 Consequently,
pressure has been put on pathologists to implement COOclassiﬁcation in daily practice. GEP for routinely formalin-ﬁxed/
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parafﬁn-embedded material is very well feasible and reproducible,
but not widely available.9 Alternative approaches using relatively
cheap and widely available IHC have been proposed. As a
downside, these all depend in part on poorly reproducibly staining
antibodies (eg, BCL6, MUM1, FOXP1) and arbitrary cut points for
scoring that together result in poorly reproducible classiﬁcation.10
Moreover, correlation to the gold standard of GEP is suboptimal.
Results of clinical trials aimed at COO-classes are unfortunately
rather disappointing; several trials using proteasome inhibition
aiming at NFkB signaling in ABC/non-GCB patients have come out
negative.6,7,8 For both pathological and clinical reasons, the
inclusion of (mandatory) COO-classiﬁcation for DLBCL in the
current WHO classiﬁcation might, therefore, be considered rather
premature and should, in any case, be dealt with in a critical
manner.
IHC is also used as predictive marker for other, selected purposes.
Speciﬁcally, pathologists have been asked to provide minimum
positivity scores for CD30 expression as a marker to select patients
for Brentuximab-Vedotin. Various arbitrary cut points have been
proposed, which may be ∗as suboptimally reproducible as COOmarkers described above. 11 In daily practice, this has not given
much problems for CD30, however, since even extremely low
membranous CD30 protein density has been showing to sufﬁce for
Brentuximab-Vedotin to effectively bind and deliver its toxin to
tumor cells.12 IHC scoring of PDL1 expression as a selection
criterion for PDL/PD1-checkpoint inhibition is difﬁcult for other
reasons. Up to now, the mode of action of PDL/PD1-checkpoint
inhibition is largely unknown and especially the impact of
expression of PDL1 on tumor cells versus histiocytes and the
nature of the effector cells (CD8, CD4) is unclear.13,14 These
biomarkers, therefore, do not meet all of the required criteria for
biomarkers: biologically meaningful, robust, reproducible, widely
available and affordable. This does not necessarily mean that there
is no place for these assays, but a critical attitude is required.

Next generation sequencing in diffuse large B-cell
lymphomas
A burst of next generation sequencing (NGS) activities around
2011 to 2013 resulted in a comprehensive inventory of the
mutational spectrum of DLBCL.15,16,17 Translation to clinical
decision making proved to be more stubborn, however and as in
COO-directed targeted treatment, direct “speciﬁc mutationtargeted compound-based” clinical trials have unfortunately
largely come out negative. Only very recently, 3 large NGS based
studies have demonstrated that the genetic landscape of DLBCL
is
∗
∗
actually far more complex than was initially anticipated.18, 19, 20
On the one hand this likely explains why previous COO-directed
clinical trials have so far been disappointing, and on the other hand
this opens new doors and provides new challenges for multimodality genome-based classiﬁcation and risk-stratiﬁcation of
patients at ﬁrst diagnosis. One of these studies provides a
comprehensive catalog of gene-expression and mutation information in a very large series of DLBCL and had primarily a purpose to
answer biological questions.18 Two other studies had a more
clinical approach and, while using a very different starting point and
design, resulted in roughly similar subclasses remarkably arrived at
a similar dissection of 5 to 6∗ biologically
deﬁned classes with
∗
differential prognostic impact. 19, 20 Both combine gene-expression, mutation and FISH-translocations data and underpin the
separation of good- and poor prognosis groups within the original
COO-classes and deﬁne novel molecular classes. This means that in
the near future, biomarkers will be more complex multimodality
proﬁles rather than single markers or even single modalities.

Other approaches for subtyping DLBCL
Various other approaches can be taken to substratify DLBCL.
These include immunophenotypic features such as expression of
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targetable proteins (eg, CD30, PDL1) and prognostic protein
markers such as MYC and BCL2 protein (either alone or in
combination) using immunohistochemistry. Moreover, some
classes of DLBCL are marked by a speciﬁc crosstalk with their
immune microenvironment which infers speciﬁc therapeutical
options. Once better deﬁned, these parameters may also ﬁnd their
way into diagnostic practice.

Future perspectives
Stimulated by the clinical need to provide more effective
treatment with less unwanted side effects, enabled by the rapid
accumulation of biological insights and supported by technological advances, more successful personalized and targeted
treatment programs can be expected in the coming years.
Pathologists will be challenged to provide companion prognostic
and predictive biomarkers that are biologically meaningful,
robust, reproducible, widely available as well as affordable. By
providing knowledge to bridge biology to clinical applications,
pathologists may play a pivotal role in multidisciplinary
meetings and complement hematologists/oncologists and radiation oncologists, nuclear medicine physicians and (intervention)
radiologists to achieve optimal clinical management of lymphoma patients.
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Kamil Bojarczuk, Björn Chapuy
Department of Hematology and Oncology, University Medical Center Göttingen, Göttingen, Germany
Take home messages
 Sequencing-based approaches are readily used for molecular classiﬁcations of aggressive B-cell lymphomas.
 Genetic classiﬁers identify novel vulnerabilities and inform clinical trial designs.
 Genetically-distinct DLBCLs provide insights into unique lymphomagenesis, prognosis prediction and combination of targeted
treatments.

Introduction
Large B-cell lymphomas (LBCLs) represent a molecularly and
clinically heterogenous group of tumors that are thought to arise
from antigen exposed B-cells which includes Burkitt Lymphoma
(BL), Diffuse Large-B-cell Lymphoma (DLBCL), Primary Mediastinal Lymphoma (PMBL) and Primary Central Nervous System
Lymphoma (PCNSL).1 The intrinsic heterogeneity of these tumors
prompted the development of various classiﬁcation schemes over
the last decades and included molecular classiﬁers that (i)
improved the accuracy of diagnosis; (ii) identiﬁed relevant
molecular subtypes (iii) developed prognostic models for relevant
clinical endpoints; and (iv) more recently stratiﬁed patients for
disease management. Technical advantages paved the way for
next generation sequencing (NGS)-based techniques to be
included in clinical and/or low throughput-based molecular
classiﬁers. Here, we summarize recent advances and highlight
notable examples.

Current state-of-the art
Primary mediastinal lymphoma (PMBL)
PMBL was initially classiﬁed as a morphological subtype of
DLBCL. Comparative whole transcriptome gene expression
proﬁling highlighted similarities of PMBL with classical Hodgkin
Lymphoma (cHL) and deﬁned PMBL as a distinct WHO
recognized entity.2,3 Subsequent genomic studies revealed also
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striking genetic similarities between PMBL and cHL, including
2p/
∗
REL and 9p24/JAK2/PD-L1/PD-L2 ampliﬁcations.4, 5 Given the
success of immune checkpoint blockade in cHL, the frequent
9p24/JAK2/PD-L1/PD-L2 gain inspired evaluation PD-1 blockade in PMBL with very good and durable responses that
eventually led to FDA approval in 2018.6

Primary central nervous system lymphoma (PCNSL)
and primary testicular lymphoma (PTLs)
PCNSL and PTL are primary extranodal LBCLs with inferior
responses to current therapies. To identify targetable genetic
lesions in these rare entities, we characterized somatic mutations,
somatic copy number alterations (SCNAs) and structural
variants (SVs), and∗ compared them to genetic signatures of
DLBCL and PMBL. 5 These studies identiﬁed unique combinations of genetic alterations in discrete LBCL subtypes and
subtype-selective bases for targeted therapy. PCNSLs and PTLs
exhibited multiple genetic mechanisms (MYD88L265P mutations
and NFKBIZgain) that led ∗to near-uniform oncogenic Toll-like
receptor (TLR) activation. 5 Most PCNSLs also harbored cooccurring activating mutations in the proximal B-cell receptor
(BCR) molecule, CD79B, suggesting clinical evaluation of
targeted inhibitors of the BCR- and TLR-signaling pathways.
Notably, PCNSLs and PTLs also shared frequent∗9p24.1 genetic
alteration with PMBLs but not with DLBCLs. 5 This genetic
basis of PD-1 mediated immune escape suggests that these
tumors might be sensitive to checkpoint inhibition, which is
currently being tested.7

Transcriptional heterogeneity in DLBCL
DLBCL is the most common aggressive LBCL with cure rates in up
to 65% of patients. The remainder eventually succumbs to their
disease, highlighting the unmet clinical need to develop new
treatment approaches for relapsed patients and to identify those
patients that beneﬁt/not beneﬁt from current treatments.
Besides recognized morphological subtypes, DLBCLs is transcriptionally divided into activated B-cell (ABC) and germinal
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[(Figure_1)TD$IG]
Figure 1. Genetically-deﬁned DLBCLs. Coordinate genetic signatures of C1-C5 DLBCLs (top). Types of genetic alterations are color-coded –
mutations (black), copy number gains or losses (red or blue), structural variants (green). Transcriptionally deﬁned cell-of-origin classiﬁcation at top (ABC,
red; GCB, blue; unclassiﬁed, yellow). C1-C5 DLBCLs are predictive for outcome following standard induction therapy (lower panel on the left), provide
new insights into previously unappreciated pathogenetic mechanisms of lymphomagenesis (lower panel in the middle), and help to identify targetable
genetic features for therapeutic intervention (lower panel on the right).

center B-cell (GCB) subtypes.8 The distinction between GCB-,
ABC-type and unclassiﬁable DLBCLs is based on whole transcriptome gene expression proﬁling.8 Subsequent efforts focused
on capturing the complex transcriptional phenotype by more
parsimonious assays, including easy to implement immunohistochemistry (IHC)9 or the more recently reported nanostringbased assays.10 IHC-based assays are extensively used in practice
to date and consequently adopted for biomarker-driven studies,
despite numerous issues that have been raised regarding its
accuracy and reproducibility. Thus far, patient stratiﬁcation for
treatment based on transcriptional subtypes has been unsuccessful.

High grade lymphoma and double hit lymphoma
Recently, the WHO recognized a new provisional entity called
“high grade lymphoma” that showed a blastoid morphology and/
or is phenotypically an intermediate between BL and DLBCL.
Many of these tumors exhibit juxtaposition of either BCL2,
BCL6, or MYC to strong enhancer elements such as the Igenhancers (ie, “double or triple hits”). Notably, this genetic
constellation also occurs in the absence of above morphological/
phenotypical markers in DLBCL NOS underscoring that these
category is a heterogenous group of lymphomas of which some
have unfavorable outcome following standard chemoimmunotherapy or after high-dose chemotherapy with autologous

transplantation.11 Further work on larger cohorts is needed to
clarify the biology of these lymphomas.

Genetic heterogeneity of DLBCL
The recognized clinical heterogeneity in DLBCL inspired the
search for an underlying genetic heterogeneity. While initial
studies were focused on the discovery of single genetic alterations,
genome-wide technologies∗ allowed for a more precise picture of
the DLBCL genome.12–16, 17 However, these studies were either
limited by focusing on single alterations, low sample size or
clinical annotation.
In order to overcome these limitations, we recently integrated
recurrent mutations,
SCNAs and SVs and discovered 5 distinct
∗
DLBCL subsets 18 (Fig. 1), including: (1) a high-risk ABC DLBCLs
with near-uniform BCL2 copy gain, frequent activating MYD88
and CD79B mutations and extranodal tropism (C5 DLBCLs); (2)
previously unappreciated favorable-risk ABC-DLBCLs with genetic features of an extrafollicular, possibly marginal zone origin (C1
DLBCLs); (3) poor-risk GCB-DLBCLs with BCL2 SVs, inactivating
mutations and/or copy loss of PTEN and alterations of epigenetic
enzymes (C3 DLBCLs); (4) a newly deﬁned group of good-risk
GCB-DLBCLs with distinct alterations in BCR/PI3K, JAK/STAT
and BRAF pathway components and multiple histones (C4
DLBCLs); and (5) an ABC/GCB-independent group of tumors
with biallelic inactivation of TP53, 9p21.3/CDKN2A and
Educational Updates in Hematology Book | 2019; 3(S2) | 117 |

Bojarczuk and Chapuy

Molecular Classification of Aggressive B-cell Lymphoma

associated genomic instability (C2 DLBCLs). Importantly, these
genetically deﬁned subtypes provided new insights into the
pathogenesis of these tumors, suggest novel rational combination
therapies and predict outcome (Fig. 1). These results were largely
conﬁrmed by an independent non-overlapping large-scale study
following a completely different analytical approach and
that found
∗
similar groups with shared pathogenetic mechanisms. 19

Future perspectives
Current strategies for the treatment of DLBCL do not reﬂect the
genomic complexity of the disease. At present, novel targeted
agents are tested in unselected patients or those deﬁned solely by
clinical prognostic categories, such as the International Prognostic
Index (IPI), or tumor transcriptional subgroups, GCB vs ABC.
This approach has led to failed phase III trials of multiple targeted
agents and uncertain prospects for others. We anticipate that the
provided genetic framework will guide rational study design as
recently exempliﬁed in a preclinical model of C3 DLBCLs, that
had long-term remission∗through a rational combination of BCL-2
and PI3Ka/d inhibitors. 20

References
1. Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the
World Health Organization classiﬁcation of lymphoid neoplasms.
Blood. 2016;127:2375–2390.
2. Savage KJ, Monti S, Kutok JL, et al. The molecular signature of
mediastinal large B-cell lymphoma differs from that of other diffuse
large B-cell lymphomas and shares features with classical Hodgkin
lymphoma. Blood. 2003;102:3871–3879.
3. Rosenwald A, Wright G, Leroy K, et al. Molecular diagnosis of
primary mediastinal B cell lymphoma identiﬁes a clinically favorable
subgroup of diffuse large B cell lymphoma related to Hodgkin
lymphoma. J Exp Med. 2003;198:851–862.
4. Green MR, Monti S, Rodig SJ, et al. Integrative analysis reveals
selective 9p24.1 ampliﬁcation, increased PD-1 ligand expression,
and further induction via JAK2 in nodular sclerosing Hodgkin
lymphoma and primary mediastinal large B-cell lymphoma. Blood.
2010;116:3268–3277.
∗5. Chapuy B, Roemer MG, Stewart C, et al. Targetable genetic features
of primary testicular and primary central nervous system lymphomas. Blood. 2016;127:869–881.
Comparative analysis of somatic mutations, copy number alterations and
structural variants highlights shared genetic features of in PCNSL and PTL
with DLBCL and PMBL, that can be targeted therapeutically.
6. Zinzani PL, Ribrag V, Moskowitz CH, et al. Safety and
tolerability of pembrolizumab in patients with relapsed/refractory
primary mediastinal large B-cell lymphoma. Blood. 2017;130:
267–270.
7. Nayak L, Iwamoto FM, LaCasce A, et al. PD-1 blockade with
nivolumab in relapsed/refractory primary central nervous system
and testicular lymphoma. Blood. 2017;129:3071–3073.
8. Alizadeh AA, Eisen MB, Davis RE, et al. Distinct types of diffuse
large B-cell lymphoma identiﬁed by gene expression proﬁling.
Nature. 2000;403:503–511.

| 118 |

Educational Updates in Hematology Book | 2019; 3(S2)

9. Hans CP, Weisenburger DD, Greiner TC, et al. Conﬁrmation of the
molecular classiﬁcation of diffuse large B-cell lymphoma by immunohistochemistry using a tissue microarray. Blood. 2004;103:275–282.
10. Scott DW, Wright GW, Williams PM, et al. Determining cell-oforigin subtypes of diffuse large B-cell lymphoma using gene
expression in formalin-ﬁxed parafﬁn-embedded tissue. Blood.
2014;123:1214–1217.
11. Sesques P, Johnson NA. Approach to the diagnosis and treatment of
high-grade B-cell lymphomas with MYC and BCL2 and/or BCL6
rearrangements. Blood. 2017;129:280–288.
12. Lenz G, Wright GW, Emre NC, et al. Molecular subtypes of diffuse
large B-cell lymphoma arise by distinct genetic pathways. Proc Natl
Acad Sci U S A. 2008;105:13520–13525.
13. Monti S, Chapuy B, Takeyama K, et al. Integrative analysis reveals
an outcome-associated and targetable pattern of p53 and cell cycle
deregulation in diffuse large b cell lymphoma. Cancer Cell.
2012;22:359–372.
14. Pasqualucci L, Trifonov V, Fabbri G, et al. Analysis of the coding
genome of diffuse large B-cell lymphoma. Nat Genet. 2011;43:830–
837.
15. Morin RD, Mendez-Lago M, Mungall AJ, et al. Frequent mutation
of histone-modifying genes in non-Hodgkin lymphoma. Nature.
2011;476:298–303.
16. Lohr JG, Stojanov P, Lawrence MS, et al. Discovery and
prioritization of somatic mutations in diffuse large B-cell lymphoma
(DLBCL) by whole-exome sequencing. Proc Natl Acad Sci U S A.
2012;109:3879–3884.
∗17. Reddy A, Zhang J, Davis NS, et al. Genetic and functional drivers of
diffuse large B cell lymphoma. Cell. 2017;171:481–494. e415.
Largest genomic study of clinically annotated cohort of 1001 DLBCL
samples, focusing on mutation and copy number discovery in the known
COO-framework.
∗18. Chapuy B, Stewart C, Dunford AJ, et al. Molecular subtypes of
diffuse large B cell lymphoma are associated with distinct
pathogenic mechanisms and outcomes. Nat Med. 2018;24:679–
690.
Comprehensive genomic analysis of recurrent genetic alterations, including mutations, SCNAs and SVs. Through an unbiased integration 5
discrete and genetically distinct DLBCL subtypes were identiﬁed. These
DLBCL subtypes provided insights into different pathogenetic mechanisms, were predictive for outcome and suggest rational combination
therapeutic strategies.
∗19. Schmitz R, Wright GW, Huang DW, et al. Genetics and pathogenesis
of diffuse large B-cell lymphoma. N Engl J Med. 2018;378:1396–
1407.
Comprehensive genomic identiﬁed recurrent mutations, SCNAs and SVs.
Co-segregated genetic alterations were analysed in a COO framework, and
four genetic distinct clusters were identiﬁed, which shared features with the
C1-C5 DLBCL subsets. Seeds to identify a cluster were in this study handselected and excluded SCNAs.
∗20. Bojarczuk K, Wienand K, Ryan JA, et al. Targeted inhibition of
PI3Kalpha/delta is synergistic with BCL-2 blockade in genetically
deﬁned subtypes of DLBCL. Blood. 2019;133:70–80.
Functional proof-of-concept study providing in vitro and in vivo evidence
about synergy between PI3Ka/d inhibition and BCL-2 blockade in
genetically deﬁned DLBCL subtypes.

Powered by EHA

Large B-cell lymphomas - Section 12

Molecular driven DLBCL therapy: ready for the prime time?
Marek Trneny
Charles University, General Hospital, Prague, Czech Republic

No manuscript available

Educational Updates in Hematology Book | 2019; 3(S2) | 119 |

Powered by EHA

Multiple myeloma
Sonja Zweegman (Coordinating Author)
VU Medical Center, Amsterdam, The Netherlands

Introduction
Multiple myeloma (MM) is an incurable plasma cell malignancy evolving from monoclonal gammopathy of undetermined signiﬁcance
(MGUS) and smoldering MM (SMM). The rate of transformation from MGUS to MM is constant over time; 1% per year. In contrast,
the change of developing MM in SMM is decreasing over time from 10% per year in the ﬁrst 5 years of diagnosis to 1% per year 10 years
thereafter. This indicates a pronounced inter-patient heterogeneity. In clinical practice, mainly the tumor burden, deﬁned as percentage
of plasma cells, M-protein level and repression of normal immunoglobulins is used to predict the progression to MM. The biological
background for the heterogeneity in developing tumor burden however is less well deﬁned, indicating a role for genetic abnormalities,
but not fully explaining it. Dr Irene Ghobrial will discuss the role of the microenvironment in inducing progression of plasma cell
dyscrasia, with a special emphasis on the immune-microenvironment.
Comparable inter-patient heterogeneity applies to the prognosis and treatment outcome in MM. Comparable to precursor states the
microenvironment plays a role alongside biological features of the disease of which genetic abnormalities are best characterized, being
commented on by Dr Irene Ghobrial and Dr Michele Cavo. However, regardless of the biological risk, reaching minimal residual disease
(MRD) negativity has been found to be a strong predictor of survival, which appeared to be also independent from disease state and type
of treatment that led to MRD negativity. The methodology to detect residual cells with high sensitivity (both in bone marrow and bone),
the impact of MRD status on outcome and how to implement this assay in clinical practice will be discussed by Dr Roger Owen.
Furthermore, Dr Owen will show the clinical trials with MRD as an outcome parameter.
Finally, Dr Michele Cavo will give an overview on the current state of the art of front line treatment of MM. Moreover, it will be
discussed how to implement biological parameters of the disease in the choice of treatment.

Learning goals
 To gain insights in how the (immune-)microenvironment drives evolving of the disease from MGUS to MM and how this
knowledge might give rise to future therapeutic targeting.
 To know the methods to detect MRD and the prognostic impact of MRD.
 To know the most commonly used treatment regimens in front line therapy of multiple myeloma and to understand the different
factors that guide treatment decisions.
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Bone marrow niche in multiple myeloma and its precursor states
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Take home messages
 Bone marrow microenvironment in multiple myeloma provides a growth advantage for the malignant clones.
 T cells expressing the inhibitory molecule T cell immunoglobulin and ITIM domain and myeloid-derived suppressor cells facilitate
myeloma progression.
 In Smoldering myeloma, early Tregs activation and defective antigen presentation are observed in the bone marrow
microenvironment.

Introduction
Multiple myeloma (MM) is an incurable plasma cell malignancy
with signiﬁcant interpatient heterogeneity, accounting for 10% of
all hematological malignancies.1 Despite the introduction of
immunomodulatory drugs and proteasome inhibitors, many
patients with high-risk features still have modest progressionfree survival rates and poor overall survival.
MM usually progresses from asymptomatic precursor stages,
namely monoclonal gammopathy of undetermined signiﬁcance
(MGUS) and smoldering multiple myeloma (SMM).2 The risk of
progression from MGUS and SMM to overt myeloma constitutes
a continuum, whereby certain patients progress rather quickly,
while others never do. Several prognostic models have been
developed to capture that variability and identify patients with
high-risk MGUS and SMM who are likely to progress rapidly to
overt MM. However, the majority of the biomarkers currently
in use only measure tumor burden and disease activity or describe
cytogenetics, which cannot fully account for the variability
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observed in risk of progression. Instead, the tumor microenvironment in the bone marrow niche should be interrogated in
parallel, to better understand disease progression and resistance,
to develop more tailored therapies, and to improve patient
outcome.

Current state of the art
Bone marrow microenvironment in MM
Out of the microenvironment’s cellular compartment, T cells are
perhaps the most well studied in relation to cancer evolution and
progression. Myeloma cells can harbor a number of genetic
alterations that distinguish them from normal cells at the protein
level, thereby inducing tumor-reactive T cell responses. However,
those responses are quickly muted by tumor cells, which curtail T
cell effector functions via a spectrum of immunosuppressive
mechanisms. These mechanisms include the high expression of
inhibitory molecules, such as programmed cell death 1 (PD-1),
lymphocyte-activation gene 3 (Lag-3), cytotoxic T lymphocyte
antigen-4 (CTLA-4), and T cell immunoglobulin and ITIM
domain (TIGIT). Previous studies demonstrated that PD-L1 is
expressed
on MM plasma cells and especially in relapsed
∗
disease, 3 while PD-1 expression was reported to be upregulated
in NK and T cells of MM patients,4,5 whose T cells reportedly
exhibit a senescent phenotype.6 Nonetheless, clinical results of
single-agent PD-1 inhibitor in relapsed myeloma were underwhelming,7 and combination therapy with other antimyeloma
drugs has
been halted due to serious toxicities in a group of
∗
patients. 8 However, recent studies demonstrated that myeloma
burden in Vk∗MYC mice correlates with the percentage of CD8 +
TIGIT+ cells and that TIGIT is the most expressed checkpoint
molecule in diseased mice. More importantly though, myeloma
grew more slowly in TIGIT-null mice, and tumor burden was
reduced with anti-TIGIT antibody treatment, raising the
possibil∗
ity of new immunotherapy options for MM patients. 9 What is
more, regulatory T cells (Tregs), that are normally involved
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in immune self-tolerance, can be coopted by cancer cells to aid
in immune suppression and evasion. Indeed, there has been
growing evidence
supporting the role of Tregs in MM
∗
progression. 10 Most importantly though, CD38-expressing
Tregs were described as suppressive modulators of antitumor
immune responses in MM, and CD38 targeting was shown to
inhibit immunosuppression in ex vivo cocultures.11 These results
suggest a potential for anti-CD38 monoclonal antibody treatment
to regulate the immune compartment of the bone marrow niche,
as well as the tumor.
Furthermore, in recent years, another microenvironmental cell
type, myeloid-derived suppressor cells (MDSCs), has been
implicated in cancer-related immunosuppression. In MM,
CD14+HLA-DR /low monocytic MDSCs (M-MDSCs) are signiﬁcantly increased in patients with newly diagnosed and relapsed
disease. A recent study showed that the IL-18 induces MDSC
activity, which accelerates MM progression by suppressing T cell
response, while IL-18-deﬁcient Vk∗MYC mice were signiﬁcantly
protected∗ from MM progression in a CD8 + T cell-dependent
manner. 12
Collectively, these results underline the importance of a
permissive bone marrow niche even in the presence of overt
disease and suggest that bone marrow niche normalization might
be necessary for disease eradication. A list of current clinical trials
of immunotherapy in MM can be found in (Table 1).

Bone marrow niche in MGUS and SMM
Using single-cell RNA sequencing, our group recently showed that
the tumor immune microenvironment can already be altered at as
early a stage as MGUS.13 Speciﬁcally, an enrichment in NK cells
and nonclassical monocytes was observed, together with a
decrease in plasmacytoid dendritic cells. On top of that the
Table 1
Current Immunotherapy Trials Targeting the Immune Microenvironment in Multiple Myeloma
Clinical Trial No.
NCT03376477
NCT03266692
NCT03782064
NCT03634800
NCT02906332
NCT02077959
NCT03605719
NCT01995708
NCT03457142
NCT03464916
NCT03651128
NCT03549442
NCT03602612
NCT03591614
NCT01067287
NCT03582033
NCT03070327
NCT02215967
NCT03761108
NCT03288493
NCT03548207
NCT03269136
NCT03486067
NCT03318861
NCT02064387
NCT03145181
NCT03340883

Immunotherapy Agenta

Phase

GVAX (GM-CSF-transfected tumor cells)
ACTR087 (ACTR-transfected T-cells)/SEA-BCMA
Nivolumab (PD-1)/DC-MM fusion vaccine
Nivolumab (PD-1)
Pembrolizumab (PD-1)
Pidilizumab (PD-1, DLL-1)
Nivolumab (PD-1)/Reovirus
Dendritic cells (CT7, MAGE-A3, WT1)
Abatacept (CTLA-4)
Anti-CD38 CAR-T cells
Anti-BCMA CAR-T cells
Anti-BCMA CAR-T cells
Anti-BCMA CAR-T cells
Dendritic cells (DKK1)
Pidilizumab (PD-1, DLL-1)/DC-MM fusion vaccine
Anti-BCMA CAR-T cells
Anti-BCMA CAR-T cells
Anti-BCMA CAR-T cells
Anti-BCMA/anti-CD3 bispeciﬁc antibody
Anti-BCMA CAR-T cells
Anti-BCMA CAR-T cells
Anti-BCMA/anti-CD3 bispeciﬁc antibody
Anti-BCMA/anti-CD3 bispeciﬁc antibody
Anti-BCMA CAR-T cells
Anti-BCMA CAR-T cells
Anti-BCMA/anti-CD3 bispeciﬁc antibody
Anti-BCMA CAR-T cells

2
1
2
2
2
1/2
1
1
2
1
3
1
1
1
2
1
1
1
1/2
1
1/2
1
1
1
1
1
1/2

PD = programmed cell death 1.
a
Only the immunotherapy agents tested are listed here; refer to ClinicalTrials.gov for full regimen.
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alterations extended beyond the mere composition of the immune
bone marrow niche into functional dysregulation. Exemplifying
that quality, HLA expression in CD14+ monocytes was found to
be upregulated, although the corresponding surface protein levels
were shown to be reduced, suggesting an antigen-presentation
defect is established early in disease progression. Moreover,
coculture experiments showed that MM cells are indeed
responsible for this dysregulation, favorably shaping the immune
microenvironment at the precursor stage. These results suggest
that parallel characterization of the immune microenvironment
could improve risk stratiﬁcation and thus patient management.
In another study by our group, Tregs expansion was observed
in bone marrow samples of patients with SMM, as well as
Vk∗Myc mice with early-stage disease, suggesting early establishment of tumor-related immunosuppression in MM disease
progression. More importantly, though, it was shown that in
vivo Treg expansion negatively impacted survival, whereas mice
survived longer in the absence of bone marrow Tregs, which
designates Treg expansion as a potential therapeutic target for
prevention of progression in MM. Indeed, it was shown that Treg
expansion is driven by MM cells through secretion of type 1 IFN,
which is reversible by anti-IFNAR1 antibodies.
Notwithstanding, in the era of single-cell RNA sequencing and
immunotherapy, it is important to note that the tumor microenvironment comprises more than just immune cells. In fact, it consists
of multiple other cell types that could be coopted by MM cells to
promote progression, as well as the extracellular matrix (ECM), a
noncellular component comprising a collection of proteins with an
established role in various malignancies.14 In a recent study of the
bone marrow ECM by our group, performed on bone marrow
samples from patients with MGUS, newly diagnosed and relapsed
MM, 2 ECM proteins, ANXA2 and LGALS1, were shown to only
appear in the niche at progression to myeloma.15 These results were
in concordance with tumor RNA expression data that showed an
upregulation of the corresponding transcripts, indicating once
again that the tumor itself is actively shaping its microenvironment.
Intriguingly, though, we also observed proteins that were only
altered at the MGUS stage of disease, suggesting that ECM
alterations can take place early in disease progression, just like
alterations of the immune microenvironment.

Future perspectives
An important implication of these discoveries on the precursorstage microenvironment is that MM disease progression cannot be
fully understood or predicted outside the context of the bone
marrow niche. But more importantly, MM disease progression
might be amenable to interception by early therapeutic targeting
of bone marrow niche components.
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Minimal residual disease (MRD) in multiple myeloma: prognostic and
therapeutic implications (including imaging)
Roger G. Owen
St James’s Institute of Oncology, Leeds, United Kingdom
Take home messages
 MRD is a powerful predictor of survival outcomes in myeloma regardless of type of therapy, line of therapy, clinical stage and
biological risk.
 MRD may be assessed by ﬂow cytometry, based on aberrant plasma cell phenotypes or next generation sequencing approaches,
based upon unique immunoglobulin gene sequences and assays with a minimum sensitivity of 10-5 are recommended.
 MRD is best considered as a continuous prognostic variable as sequential improvements in outcome are demonstrable with each
log depletion of disease.

Introduction
Multiple myeloma, for the majority of patients, remains an
incurable disorder with a relapsing and remitting course. This
remains the case despite high rates of complete response (CR) seen
with modern multi-drug combinations arguing for the presence of
persisting disease in the majority of patients. Minimal residual
disease (MRD) refers to the presence of persisting neoplastic
plasma cells in the bone marrow of patients achieving high quality
M protein responses. The signiﬁcance of MRD, at least in the post
ASCT setting, was ﬁrst established in 20021,2 and a large body of
data has now emerged which has further clariﬁed its applicability.
This has shown that MRD is an independent predictor of survival
outcomes regardless of type of therapy, line of therapy, clinical
stage and biological risk. The International Myeloma Working
Group (IMWG) criteria propose a level of 10-5 deﬁne to MRDnegativity.3

Current state of the art
Methodology and sensitivity
MRD in myeloma is currently assessed by two main methodologies. Multiparameter ﬂow cytometry (MFC) is a well-established
method which utilizes the phenotypic aberrancies seen in myeloma
plasma cells compared to normal. Assessment of light chain
restriction in this setting has limited sensitivity as a result of the
regeneration of normal polytypic plasma cells.4 There is a broad
The authors have indicated they have no potential conﬂicts of interest to disclose.
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consensus with respect to the principles of MRD analysis by
MFC5,6 and it is applicable to >95% of patients and can provide
results in real time. The EuroFlow method is a 2-tube 8-colour
method and is in widespread use but other assays have been
reported with similar levels of sensitivity and performance.7,8
MRD in myeloma as in other B-cell disorders, may also be
assessed by virtue of the unique immunoglobulin gene sequences
seen in each patient. Traditional approaches have required that
patient or allele-speciﬁc sequences be used as primers in real-time
quantitative PCR assays (ASO RQ-PCR). This has been evaluated
in myeloma but has limited applicability as a consequence of lack
of clonality detection, unsuccessful sequencing and suboptimal
ASO performance.9 These limitations have however been
overcome with the advent of so-called next-generation sequencing
(NGS) technologies. This has been evaluated in myeloma and
appears applicable to >95% of patients with a sensitivity
of 10-6
∗
which is achievable with as few as 2 million cells.10, 11

Areas of clinical application
The prognostic signiﬁcance of MRD was ﬁrst established, by
Spanish and UK groups in 20021,2 and a large body of
conﬁrmatory data has since emerged, and this has been evaluated
in a recent meta-analysis by Munshi et al In this analysis of 1273
patients from 14 published studies MRD-negativity was associated with a signiﬁcant prolongation of PFS (HR 0.41; 95% CI 0.36–
0.48; p < 0.0001). Impact on OS was assessed in 1100 patients
included from 10 studies with clear survival beneﬁt noted (HR
0.57; 95% CI 0.46–0.71; p < 0.0001). Broadly comparable results
were also noted when the analysis was limited to those patients
with documented conventional
CR (HRs of 0.44 and 0.47 for PFS
∗
and OS respectively). 12
In an analysis of 609 patients from 3 Spanish clinical trials
Lahuerta and colleagues have further clariﬁed the clinical utility of
MRD. They demonstrated the superiority of MRD-negativity
over conventional CR as MRD-positive CR patients had an
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outcome similar to MRD-positive patients failing to achieve CR.
Furthermore, they were able to conﬁrm the prognostic
impact of MRD and superiority over CR among transplanteligible and transplant-ineligible patients, and in sub-groups
stratiﬁed according to disease stage (ISS) and cytogenetic risk
proﬁle. It interesting to note that the greatest impact of MRDnegativity was seen in transplant-ineligible
patients and those
∗
with high-risk cytogenetics. 13 It is also noteworthy that
MRD-negativity has also now been demonstrated in the
relapse setting with highly-efﬁcacious daratumumab-containing regimens and that this has similar predictive value at least
in terms of PFS.14,15
Sequential MRD monitoring has been used in a number of
studies and can provide useful insights into complex multicomponent therapies. These studies have demonstrated that a
signiﬁcant proportion of patients can show a further depletion
of disease with maintenance therapies and that this has an impact
on outcome. Furthermore, it is clear that the re-emergence of
disease typically heralds clinical relapse.16–18
MRD has traditionally been considered to be a simple
dichotomous variable with values determined by the sensitivity
of the assay used. MRD assays do also allow for reproducible
disease quantiﬁcation and this can provide additional prognostic
information. In an analysis from the UK Myeloma IX trial it was
possible to demonstrate, with a relatively insensitive MFC method
(10-4), an approximate 1-year OS beneﬁt with each log depletion
of disease. This pattern has been also recently been demonstrated
with highly sensitive
NGS with further improvements noted at 10∗
5 and 10-6.11, 19
MRD strategies, in particular those based on MFC have added
value in that they can be employed in the routine diagnostic setting
allowing for diagnosis and risk assessment in monoclonal
gammopathy of undetermined signiﬁcance, amyloidosis and
plasmacytoma of bone.20–22

Imaging
Patchy distribution of bone marrow disease and extramedullary
disease represent a limitation for traditional bone marrow based
MRD assessment. Functional imaging with positron emission
tomography (PET) and diffusion-weighted magnetic resonance
imaging (DW-MRI) may overcome this and allow further
clariﬁcation of residual disease status in some patients. In a
recent study, Rasche et al evaluated CR patients with MFC, PET
and DW-MRI. Residual focal lesions (FL) were noted in 24% of
patients and this was associated with an inferior PFS regardless of
biological risk and ISS. DW-MRI detected residual disease in a
greater proportion of patients than PET, but some FL were only
demonstrable with the latter. It noteworthy that FL were
demonstrable in patients who were MRD-negative by MFC at
10-5 and that the best outcomes were seen
patients who were
∗
MRD-negative and without residual FL. 23

Future perspectives
MRD is now ﬁrmly established as an independent prognostic factor
in myeloma and is widely applicable regardless of type and line of
therapy, disease stage and biological risk. It should be routinely
evaluated in all clinical trials and used to prospectively evaluate
clinical interventions in academic studies. It also has the capacity to
allow for accelerated drug approvals and European Medicines
Agency have recently published guidance in this regard (https://ema.
europa.eu/en/documents/scientiﬁc-guideline/draft-guideline-use-min
imal-residual-disease-clinical-endpoint-multiple-myeloma-studies_
en.pdf). Sequential monitoring is likely to be required for patient
monitoring and ongoing efforts are needed to develop non-invasive
methods of assessment.
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Front-line treatment of multiple myeloma
Michele Cavo, Paola Tacchetti, Elena Zamagni
Seràgnoli Institute of Hematology, Alma Mater Studiorum-Bologna University School of Medicine,
S.Orsola-Malpighi Hospital, Bologna, Italy
Take home messages
 Incorporation of novel agents into the treatment paradigms for ﬁt patients with newly diagnosed multiple myeloma has led to a
remarkable increase in the rates of complete response and minimal residual disease negative status, ultimately translating into near
tripling of median overall survival of this disease.
 In frail individuals who cannot tolerate multi-drug combinations treatment goals include improvement in the quality of life and
avoidance of early treatment discontinuation due to drug toxicities.

Introduction
In a patient with newly diagnosed (ND) multiple myeloma (MM),
start of therapy is immediately required if any one or more of
myeloma deﬁning events are detected.1 The subsequent step in the
selection of the most appropriate treatment strategy is to deﬁne if
the patient is able, or not, to tolerate high-dose therapy (HDT)
with autologous stem-cell transplantation (ASCT). Eligibility for
ASCT is usually based on chronological age, performance status
and comorbidities. In ASCT-ineligible patients, unﬁtness and
frailty must be adequately assessed before making treatment
decision. Geriatric assessment metrics, although underemployed
in routine care, are a valuable tool to identify frailty and
vulnerability.2 In ﬁt patients who can tolerate novel agent-based
therapies at full doses, followed or not by ASCT, key treatment
end points are to achieve undetectable minimal residual disease
(MRD) and to sustain MRD negative status, as a way to
signiﬁcantly enhance progression-free survival (PFS) and overall
survival (OS).3

Current state of the art: ASCT candidates
Induction therapy in preparation for ASCT should include the
ﬁrst-in-class proteasome inhibitor (PI) bortezomib combined with
dexamethasone (VD) and a third drug.4 This latter should be
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preferably an immunomodulatory agent (IMiD), like thalidomide
(VTD) or lenalidomide (VRD), but cyclophosphamide
(VCD) or
∗
doxorubicin (PAD) might be alternative options 5,6 (Table 1).
Several studies are currently investigating the efﬁcacy and toxicity
of 3 or 4 drug regimens incorporating a second generation PI like
carﬁlzomib plus an IMiD and dexamethasone, or the ﬁrst-in-class
anti-CD38 monoclonal antibody (mAb) daratumumab combined
with VTD or VRD. The number of preplanned cycles to be given
before peripheral blood SC harvest is usually four. However, an
increase up to 6 cycles may be considered, provided that there is no
signal of emerging treatment-related peripheral neuropathy and
response continues to deepen. Although the role of upfront ASCT
has been debated in the current era,7 it still remains the standard of
care for eligible patients in European countries, based on the
results from several prospective studies showing a signiﬁcantly
longer PFS with HDT in comparison
with standard-dose therapies
∗
incorporating bortezomib. 8,9 The lack of OS beneﬁt with upfront
ASCT in studies not yet mature for OS analysis at the time of their
initial publication does not justify the choice to delay ASCT at the
time of relapse, since a possible divergence between survival
curves might emerge with longer follow up. The role of double, or
tandem, ASCT remains controversial, as conﬁrmed by opposite
results from 2 randomized studies recently conducted in Europe
and the United States (US), partly related to major differences in
their design.10,11 A preplanned interim analysis of the European
Myeloma Network (EMN) 02 study, showed that double ASCT
following short-term bortezomib-based induction therapy
(a design closely reﬂecting the current practice in most European
centers) prolonged PFS and OS in comparison with a single
ASCT.9 Differences in outcomes between the 2 treatment arms
were particularly remarkable in patients at high-risk according to
adverse cytogenetics or advanced International Staging System
(ISS) disease stage. Short-term consolidation therapy after ASCT
more frequently comprises the same drug or multi-agent
combination previously administered as induction before HDT
and is aimed at further enhancing the rate and depth of response,
as well as the length of PFS. Improved clinical outcomes reported
with consolidation vs no consolidation therapy in the EMN02
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Table 1
Design of clinical trials and reported outcomes for patients with newly diagnosed multiple myeloma who are eligible or not eligible for
autologous stem-cell transplantation.
Patients eligible for ASCT

Author
Sonneveld P et al, JCO 2013; 31
(26):3279-87

Cavo M et al, Lancet 2010; 376
(9758):2075-85
Tacchetti P et al, Blood 2018;
132(suppl 1): abs n° 125

Rosinol L et al, Blood 2012; 120
(8):1589-96

Moreau P et al, Blood 2016; 127
(21):2569-74
Mai EK et al, Leukemia 2015; 29
(8):1721-9
Roussel M et al, JCO 2014; 32
(25):2712-7
Rosinol L et al, Blood 2017;130
(suppl 1): abs n° 731

After induction (%)
CR (≥VGPR)
ORR

After ASCT (%)
CR (≥VGPR)
ORR

Median PFS
(months or %)

Median OS
(months or %)

79

35.9

NE

14 (41)

68

NE

93

42 (82)

93

28.6
p < 0.001
34% @10 y

60% @10 y

5 (28)

79

30 (64)

84

130

35 (60)

85

57

NA

17% @10 y
p < 0.001
52

46% @ 10 y
p = 0.007
128

4+2
6

129
127

21 (36)
14 (29)

75
62

48
40

NA
NA

VTD

4

169

13 (66.3)

92.3

NA

NA

32
28
p = 0.01
NA

93
99
p = ns
NA

VCD
VCD

4
3

169
251

8.9 (56.2)
8.4 (37)

83.4
78.1

NA
NA

NA
NA

NA
NA

NA
NA

PAD
VRD

3
3

251
31

4.4 (34.3)
23 (58)

72.1
94

NA
47 (70)

NA
93

NA
77% @ 3 y

NA
100% @3 y

VRD

6

458

39 (68)

85

49 (76)

83

NA

NA

Induction therapy

N° cycles

N° pts

Bort-based

3–6

787

14 (47)

83

26 (60)

Non Bort-based

3–6

785

4 (18)

62

VTD

3

241

19 (62)

TD

3

239

VTD

6

VBMCP/VBAD+Bort
TD

Patients not eligible for ASCT
Author
Fayers PM et al, Blood 2011; 118:12391247

San Miguel JF et al, JCO 2013; 31
(4):448-55

Palumbo A et al, NEJM 2012; 366
(19):1759-69

Facon T et al, Blood 2018; 131(3):30110

Durie BG et al, Lancet 2017; 389
(10068):519-527

Mateos MV et al, Blood 2014; 124(12):
1887-93

Mateos MV et al Blood 2014; 127(4):4205

Palumbo et al, JCO 2010; 28(34):5101-9

Mateos MV et al, NEJM 2018; 378
(6):518-528

Regimen
(N° cycles)

N° pts

Maintenance
therapy

CR (%)

ORR (%)

Median PFS
(months)

Median OS
(months or %)

MPT (6–12)

815

T until PD (2/6 studies)

25

59

20.3

39.3

MP (6–12)

870

None

9

37

VMP (9)

344

None

30

71

14.9
p < 0.0001
NA

32.7
p = 0.004
56.4

MP (9)

338

None

4

35

NA

MPR-R (9)

152

R until PD

9.9

77

31

43.1
p < 0.001
70% @3 y

MPR (9)
MP (9)

153
154

Placebo until PD
Placebo until PD

3.3
3.2

68
50

62% @3 y
66% @3 y
p = ns

Rd continuous

535

Rd until PD

22

81

14
13
p < 0.001 MPR-R
vs MPR or MP
26

Rd18 (18)
MPT (12)

541
547

None
None

20
12

79
67

VRd (8)

242

R until PD

15.7

81.5

21
21.9
p < 0.00001, Rd
cont vs MPT
43

62.3
49.1
p = 0.023, Rd
cont vs MPT
75

Rd (6)

229

R until PD

8.4

71.5

30
p = 0.0018
32

64
p = 0.025
72% @3 y
74% @3 y
p = ns
63

59.1

VMP/Rd sequential (9 + 9)

118

None

42

77

VMP/Rd alternating (9 + 9)

115

None

40

80

VMP (6)

130

20

NA

VTP (6)

130

VT (47 pts) vs VP (44
pts) up to 3 y
VT (44 pts) vs VP
(43 pts) up to 3 y

34
p = ns
32

28

NA

23

43

VMPT (9)
VMP (9)

254
257

VT up to 2 y
None

38
24

89
81

Dara-VMP (9)

350

Dara until PD

42.6

90.9

p = ns
35.3
24.8
p < 0.001
NE

p = 0.01
61% @5 y
51% @5 y
p = 0.01
NE

VMP (9)

356

None

24.4

73.9

18.1
p < 0.001

NE

ASCT = autologous stem-cell transplantation, Bort = bortezomib, CR = complete response, Dara-VMP = daratumumab, bortezomib, melphalan, prednisone, MP = melphalan, prednisone, MPR = melphalan,
prednisone, lenalidomide, MPT = melphalan, prednisone, thalidomide, NA = not available, NE = not estimable, ORR = overall response rate, OS = overall survival, PAD = bortezomib, doxorubicin, dexamethasone,
PD = progressive disease, PFS = progression-free survival, Rd = lenalidomide, dexamethasone, T = thalidomide, TD = thalidomide, dexamethasone, VBMCP/VBAD = vincristine, BCNU, melphalan,
cyclophosphamide, prednisone/vincristine, BCNU, doxorubicin, dexamethasone, VCD = bortezomib, cyclophosphamide, dexamethasone, VGPR = very good partial response, VMP = bortezomib, melphalan,
prednisone, VMPT = bortezomib, melphalan, prednisone, thalidomide, VRd = bortezomib, lenalidomide, dexamethasone, VTD = bortezomib, thalidomide, dexamethasone, VTP = bortezomib, thalidomide,
prednisone.
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study are currently reﬂected in the clinical practice across several
European groups.12 Whether prolonged induction therapy may
abrogate the potential beneﬁts seen with post-ASCT consolidation
treatment following a limited number of induction cycles, as
typically planned in European countries, remains an area of
debate.7 Maintenance therapy after ASCT is usually given until
progression or for up to 2 to 3 years, in order to sustain the
duration of response or MRD negative status and to prolong OS,
while keeping toxicity minimal. Lenalidomide is actually the only
novel agent approved by the European Medicines Agency (EMA)
as maintenance therapy following ASCT, on the basis of the
results of a meta-analysis of 3 randomized clinical trials designed
∗
to compare lenalidomide (R) vs placebo or observation. 13 PFS
and OS beneﬁts seen with R maintenance in the intention-to-treat
population were retained across different subgroups of patients,
although those with ISS stage 3 and a high-risk cytogenetic proﬁle
were likely to fail a signiﬁcant improvement in OS. By the
opposite, in several studies maintenance with bortezomib alone
for up to 2 years following a VD-based induction therapy or with
bortezomib and R improved or overcame the poor prognosis
imparted by del(17p) or t(4;14), suggesting that exposure to PI
after ASCT might be of beneﬁt in patients carrying high-risk
cytogenetics.14,15 Unfortunately, the lack of phase III studies
designed to prospectively address this issue or, more generally, to
compare bortezomib maintenance vs placebo or observation in
NDMM patients who have undergo ASCT prevents any formal
recommendation about V use in this setting. More recently, the
second generation oral PI ixazomib has been reported to prolong
PFS in comparison with placebo following ASCT. These data
taken in aggregate conﬁrm the role of upfront ASCT in NDMM
patients and provide evidence supporting the remarkable
advances seen with incorporation of novel agents into HDT,
ultimately leading to OS estimates at 10 years in the 60% range
(Table 1).

Current state of the art: non-ASCT candidates
Basically, treatment options for ASCT-ineligible patients can
either include or exclude alkylators. Treatment approaches can
also differ in terms of exposure duration to therapeutic agents,
which can be either ﬁxed or continuous until progression or
toxicity. Over the past years, melphalan-prednisone (MP) was
combined with thalidomide (MPT)∗ or bortezomib (VMP) or R
(MPR) in several phase III studies 16,17–19 (Table 1). All these
triplets showed superior efﬁcacy in comparison with MP and were
approved by EMA for the treatment of patients who are not
candidates for ASCT. Due to the high rate of severe neutropenia
observed during induction therapy with MPR and the lack of
beneﬁt with this regimen in patients older than 75 years of age, its
routine use has been limited. R-dexamethasone (Rd) until
progression (Rd continuous) is another recent
EMA-approved
∗
therapeutic option in the non-ASCT setting 20 (Table 1). VMP
and Rd represent at this time the most popular gold standard
therapies offered to ASCT-ineligible NDMM patients in European
countries. The choice of one regimen vs another is based on
various factors related to the disease itself (for example, renal
failure and adverse cytogenetics which favor VMP) or to the host,
including patient’s ﬁtness or frailty, as well as preference of the
single individual. According to the latest guidelines provided by
the European Society for Medical Oncology, alternative treatment
options in the non-ASCT setting include VCD, cyclophosphamide-thalidomide-dexamethasone (CTD) and bendamustineprednisone (BP).6 Notably, not all these treatments have been
backed by phase III studies and are EMA-approved, while some of
them have got approval in particular clinical conditions (for
example, BP in patients with peripheral neuropathy precluding
their exposure to thalidomide or bortezomib). More recently,
addition of bortezomib to Rd induction followed by Rd
continuous (VRd) signiﬁcantly improved outcomes in comparison
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with Rd continuous, and is likely to become a new standard of
care, once approved in Europe21 (Table 1). By the opposite,
alternative treatment approaches including the sequential or
alternating administration of both VMP and Rd for a ﬁxed
number of cycles, as well as continuous exposure to V-prednisone
or V-thalidomide following induction therapy with either VMP or
VMP plus thalidomide did not got approval by EMA and,
although of clinical beneﬁt, are not commonly used in European
centers17 (Table 1). Nevertheless, a paradigm shift toward the use
of continuous therapies in the next few years can be predicted, in
light of recent phase III studies that have established new gold
standard treatments. In two of these studies, addition of
daratumumab either to VMP induction followed by daratumumab until progression or to Rd continuous signiﬁcantly improved
clinical outcomes in comparison with VMP and Rd, respectively18
(Table 1). In addition, both Rd and VRd have represented the
backbone of other alkylator-free triplets or quadruplets which
have been, or are currently being, explored in combination with
ixazomib or daratumumab or the monoclonal antibodies
elotuzumab and isatuximab targeting SLAMF7 and CD38
antigens, respectively. In summary, incorporation of novel agents
at full doses into the treatment paradigms for ﬁt ASCT-ineligible
patients with NDMM has led to unprecedented rates of complete
response and MRD negativity, ultimately translating into
extended PFS and OS. Treatment goals for frail individuals
who cannot tolerate multi-drug combinations at full doses are
shifted towards patient-centered outcomes, and include improvement in the quality of life and avoidance of early treatment
discontinuation due to drug toxicities.

Future perspectives
The treatment landscape for NDMM has been transformed with
the introduction of PIs, IMiDs and mAbs, and still continues to
evolve. Novel agents combined with each other and/or with
standard of care regimens are already in the clinic for both ASCTeligible and -ineligible patients. In the meantime, other newer
therapies are under active evaluation. Treatments incorporating
novel drugs with different, and often complementary, mechanisms
of action bring an increased anti-MM activity with lower off
target toxicity, and hold promise to further enhance the
probability and depth of response. Achievement of MRD
negativity rates, actually in the 30% to 60% range in ASCTineligible and -eligible patients, respectively, will hopefully
translate in the coming years into furtherly extended PFS and
OS, and are likely to offer a chance of cure to a fraction of NDMM
patients at standard risk.
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Myelodysplastic syndromes
Johanna Ungerstedt (Coordinating Author)
Karolinska Institutet, Stockholm, Sweden

Introduction
This session provides an update on the latest research and understanding of the impact of spliceosome mutations in Myelodysplastic
syndromes (MDS), the role of innate immunity in the pathogenesis of MDS, and ﬁnally an update on how to clinically manage high-risk
MDS patients after hypomethylating agent (HMA) failure.

Learning goals
After this session, the audience will know the most common splicing factor mutations in MDS. Understand the molecular results of
mutations in splicing factors. Knowledge of NLRP3 inﬂammasome activation in MDS. Be able to describe at least 5 mechanisms by
which innate and inﬂammatory signaling could be targeted for treatment of MDS. Understand the deﬁnition of HMA failure/
resistance. Know the prognosis of patients that have failed HMA. Understand and reason on the current recommendation is for the
treatment of high-risk MDS after HMA failure/resistance.
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The impact of spliceosome mutations in MDS
Jacqueline Boultwood, Andrea Pellagatti
Radcliffe Department of Medicine, University of Oxford, Oxford, United Kingdom
Take home messages
 Splicing factor mutations result in different alterations in splicing and largely affect different genes, but these converge in common
dysregulated pathways and cellular processes in myelodysplastic syndromes (MDS).
 Splicing factor mutations lead to elevated R-loop formation resulting in an increase in DNA damage in hematopoietic
cells.
 The spliceosome may represent a therapeutic vulnerability in patients with myeloid malignancies with splicing factor mutations,
and splicing inhibitors are now being evaluated in MDS clinical trials.

Introduction
Pre-mRNA splicing, a process in which introns are excised from
pre-mRNA transcripts to form a mature mRNA, is performed by
the spliceosome.1,2 More than 90% of human protein-coding
genes produce multiple mRNA isoforms, contributing to protein
diversity.1,2 It has been long recognized that aberrantly and
alternatively spliced mRNA isoforms are often found in cancer
and play a role in tumorigenesis. Splicing factor (SF) gene
mutations were ﬁrst identiﬁed in patients with myelodysplastic
syndromes (MDS) in 2011, as a result of international efforts to
sequence the MDS genome(s).3,4 These mutations occur in >50%
of MDS patients and are typically founder mutations, strongly
implicating spliceosome dysfunction as a key driver of disease
pathophysiology.1,4,5SF3B1, SRSF2, U2AF1, and ZRSR2 are the
most frequently mutated SF genes in MDS,1,4,5 and lead to
aberrant 3’ splice site recognition and the generation of aberrantly
spliced mRNA transcripts in human and murine bone marrow
cells.1,2,6 SF mutations deﬁne clinical phenotypes in MDS to some
extent, such as the strong association between SF3B1 mutations
and the presence of ring sideroblasts,3,4 and have differing
prognostic impacts.1,2,6SF3B1 mutations are mutually exclusive
with mutations associated with leukemic transformation, in
keeping with the good prognosis of SF3B1-mutant MDS
Funding/support: None.
Disclosure: The authors have indicated they have no potential conﬂicts of interest
to disclose.
Copyright © 2019 the Author(s). Published by Wolters Kluwer Health, Inc. on
behalf of the European Hematology Association. This is an open access article
distributed under the Creative Commons Attribution License 4.0 (CCBY), which
permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.
HemaSphere (2019) 3:S2
Received: 28 January 2019 / Received in ﬁnal form: 15 March 2019 / Accepted:
18 March 2019
Citation: Boultwood J, Pellagatti A. The Impact of Spliceosome Mutations in
MDS. HemaSphere, 2019;3:S2. http://dx.doi.org/10.1097/
HS9.0000000000000218.

| 132 |

Educational Updates in Hematology Book | 2019; 3(S2)

patients.1,7 This short review will summarize recent advances in
the ﬁeld.

Current state of the art
The discovery of SF mutations in MDS has stimulated efforts to
investigate their impact on pre-mRNA splicing and hematopoiesis, illuminating how these mutations contribute to the MDS
phenotype.
Two recent large studies showed in MDS bone marrow CD34+
cells that the common SF mutations resulted in different
∗ ∗
alterations in splicing and largely affected different genes. 8, 9
Alternative exon usage was predominant in SRSF2- and U2AF1mutant MDS cases, while SF3B1 mutations were mainly
associated with
intron retention events and the use of cryptic 3’
∗ ∗
splice sites. 8, 9
The aberrantly spliced genes identiﬁed in SF3B1, SRSF2, and
U2AF1 mutant MDS were shown to converge in common
dysregulated cellular processes and pathways, focused on RNA
splicing, protein synthesis, and mitochondrial dysfunction,
∗
suggesting common mechanisms of action (Fig. 1). 8 Several
dysregulated pathways and cellular processes could be linked to
MDS pathophysiology, while others, such as sirtuin signaling,
represented new players. Importantly, aberrantly splicing events
associated with clinical variables were identiﬁed, as well as
isoforms that independently predicted survival in MDS. Aberrantly spliced genes and dysregulated pathways were also
identiﬁed in bone marrow∗ erythroid and myeloid precursors of
SF-mutant MDS patients. 8 Emerging data from recent studies
showed that SF3B1, SRSF2, and U2AF1 mutations result in
hyperactive NF-kB signaling via aberrant
splicing of MAP3K7,
∗
CASP8, and IRAK4, respectively. 10,11
Recent functional studies have illuminated the impact on
hematopoiesis of selected aberrantly spliced target genes associated with SF mutations. For example, aberrant splicing of the iron
transporter ABCB7 (in SF3B1-mutant cases),12EZH2 (in SRSF2mutant cases),13 and STRAP and H2AFY (in U2AF1-mutant
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Figure 1. Flowchart showing the different steps through which splicing factor mutations may lead to myelodysplastic syndromes.

cases)14 has been linked to some of the hematological abnormalities found in MDS.2,6,7
It is recognized that SRSF2 plays a role in the maintenance of
genomic stability.1SRSF2
and U2AF1 mutations lead to elevated
∗
formation of R-loops, 15 structures resulting from the invasion
of nascent RNA into DNA. This resulted in increased DNA
damage, ∗replication stress, and activation of the ATR-Chk1
pathway. 15 Elevated R-loops also occurred in Srsf2-P95H
knock-in mice, and RNase H (which resolves R-loops) partially
corrected the
growth defect of hematopoietic progenitors in
∗
these mice. 15 Moreover, the treatment of U2AF1-S34F
expressing cells with ATR inhibitors promoted DNA damage
and cell death, with splicing inhibitors enhancing these effects.16
Interestingly, aberrant splicing of several genes involved in the
suppression/regulation of R-loop formation, including SETX
and ATR,
was shown in CD34+ cells of SF-mutant MDS
∗
patients. 8 R-loop induced DNA damage may give rise to
deleterious mutations contributing to the clonal advantage of
these cells (Fig. 1).
Conditional knock-in murine models of the common SF
mutations (Sf3b1-K700E, Srsf2-P95H, U2af1-S34F) all display
some features of MDS, including a macrocytic anemia, with a
more pronounced MDS phenotype observed in transplantation
experiments using the murine SF-mutant bone marrow cells.17–
19
While a limited overlap was observed between the
aberrantly spliced target genes identiﬁed in these mice and
in SF-mutant MDS/AML patients, the types of aberrant
splicing events found were similar.17–19 Interestingly, several
genes implicated in myeloid malignancy, for example, Stag2 in
the Srsf2-P95H model,18 showed aberrant splicing as previously reported in patient samples.7 It was also shown that the
introduction of Tet2 deletion in the Sf3b1-K700E model19 and
Runx1 deletion in the U2af1-S34F model17 more accurately
mirrored the MDS phenotype, shedding some light on how SF
mutations co-operate with other frequently co-occurring
mutations.

A common feature of the hematopoietic stem cells (HSCs) from
these SF-mutant mouse models is the impaired capacity to
reconstitute hematopoiesis in a competitive transplantation
setting.17–19 This observation is surprising given that SF mutations
are typically early events in myeloid malignancy and are found in
elderly individuals with clonal hematopoiesis of indeterminate
potential, suggesting that these mutations confer a growth
advantage.2 The bone marrow of elderly people may provide a
particular environment enabling the expansion of SF-mutant
HSCs.
SF mutations are∗ mutually exclusive,4,5 are not tolerated in a
homozygous state, 10 and the survival of SF-mutant cells depends
on presence of the wild-type allele.7,13 This provides the rationale
for the targeting of the spliceosome in SF-mutant myeloid
malignancy patients. The treatment of SF-mutant patient-derived
xenograft ∗models with the spliceosome inhibitors E710713 and
H3B-8800 20 has demonstrated the therapeutic potential of these
drugs. This has led to rapid clinical interest, with H3B-8800
currently being evaluated in a Phase 1 clinical trial in patients with
MDS and other related malignancies. However, some side effects
(visual impairment) have been reported in a small proportion of
patients with advanced solid tumors treated with E7107 in Phase 1
studies.7

Future perspectives
Our understanding of how SF mutations contribute to the MDS
phenotype is growing steadily. Many aberrantly spliced premRNA transcripts have been identiﬁed in association with SF
mutations, and it is important to conﬁrm the consequences of
these splicing variants at the protein level. Further functional
studies aiming to determine which of these target genes/pathways
play a critical role in disease pathogenesis are also required. How
SF mutations cooperate with other frequently co-occurring
mutations to give the MDS phenotype is another important
and developing area of research.
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The role of innate immunity in MDS pathogenesis
David A. Sallman, Alan List
Malignant Hematology Department, H. Lee Mofﬁtt Cancer Center and Research Institute, Tampa, United States
Take home messages
 Innate immune activation, driven by MDSC expansion and /or mesenchymal niche cells, may be a disease initiating event in MDS.
 Cell-extrinsic and-intrinsic signals provoke NLRP3 inﬂammasome activation that directs an inﬂammatory cell death, termed
pyroptosis, leading to the hallmark pathological features of MDS.
 Inﬂammasome activation has potential broad reaching importance as a diagnostic biomarker and therapeutic target in MDS
patients.

Introduction
The clinical phenotype of myelodysplastic syndromes (MDS) is
manifested by ineffective hematopoiesis, bone marrow dysplasia
and a propensity for transformation to acute myeloid leukemia
(AML). Comprehensive molecular interrogation of MDS via nextgeneration sequencing can identify somatic mutations in the vast
majority of patients with critical diagnostic, prognostic and
therapeutic implications. However, how mutations in a diverse
array of functional classes (eg, spliceosome, epigenetic, transcription) can converge upon a common hematologic phenotype was
unknown. Although aberrant innate immune signaling and a proinﬂammatory microenvironment have long been implicated in the
pathogenesis of MDS, elucidation of the precise underlying
mechanisms linking these inﬂammatory processes to the above
clonal drivers has only recently been advanced. Central to this
advancement was the identiﬁcation of the danger-associated
molecular pattern (DAMP) protein S100A9 that directs an
inﬂammatory cell death, termed pyroptosis, via activation of the
NLRP3 inﬂammasome. Furthermore, S100A9 release is integrally
linked to the bone marrow microenvironment via expansion of
myeloid derived suppressor cells (MDSCs) and mesenchymal
niche cells. Additionally, cell-intrinsic events (ie, somatic gene
mutations) directly drive S100A9 overexpression, providing a
feed-forward mechanism to further amplify pyroptotic cell death.
Notably, activation of the NLRP3 inﬂammasome complex
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has also been identiﬁed as a diagnostic biomarker in MDS as
well as a central process in the cardiovascular morbidity/mortality
associated with age-related clonal hematopoiesis. Together,
these advancements should ultimately translate to novel, disease
modifying therapies (Fig. 1).

Current state of the art
Aberrant activation of the innate immune system has long been
recognized in MDS, manifested by over expression and
activation of Toll-like receptor (TLR) signaling pathways in
hematopoietic stem and progenitor cells (HSPCs), which has
been recently reviewed.1 In particular, TLR-4 activation
contributes to HSPC cell death in MDS.2,3 Additionally, overactivation of downstream components of the TLR-4 pathway,
including Interleukin Receptor Associated Kinase-1 (IRAK1)
and tumor necrosis factor (TNF) receptor-associated factor 6
(TRAF6), play a prominent role in MDS pathogenesis,
speciﬁcally in patients with deletion 5q (del(5q)) MDS.
Speciﬁcally, del(5q) leads to miR-145 and miR-146 haploinsufﬁciency with consequent de-repression of TRAF6 and IRAK1
leading to the hallmark features of del(5q) MDS.3–5 Additionally, IRAK1 overexpression occurs in non-del(5q) MDS and most
importantly targeted inhibition was selectively cytotoxic to MDS
HSPCs while sparing normal HSPC.6
Although innate immune activation via TLR signaling has been
well described, the speciﬁc inﬂammatory intermediaries leading to
activation of these pathways remained elusive. In this regard, the
DAMP proteins S100A8 and S100A9 heterodimerize to form
calprotectin and serve as endogenous ligands for TLR-4 (Fig. 1).7
Notably, S100A8/A9 profoundly expands CD33+/Lin-/HLA-DRMDSCs in the bone marrow of MDS patients. MDSC in turn
secrete S100A8/9, leading to autocrine and paracrine stimulation
and propagation of inﬂammatory signals.8 S100A9 engagement
of its cognate Siglec-3 (sialic acid binding Ig-like lectin 3) receptor,
CD33, on MDSCs ultimately leads to impaired hematopoiesis via
production of immunosuppressive cytokines interleukin 10 (IL10) and transforming growth factor-b (TGF-b) and mobilization
Educational Updates in Hematology Book | 2019; 3(S2) | 135 |
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[(Figure_1)TD$IG]
Figure 1. Targeting innate and inﬂammatory signaling for the treatment of MDS. ASC = associated speck-like protein containing a caspaserecruitment domain, DAMPs = damage-associated molecular patterns, IL = interleukin, IRAK = IL-1 receptor-associated kinases, lnh = inhibitor, neut =
neutralize, NOX = dihydronicotinamide-adenine dinucleotide phosphate oxidase, TGF-b = transforming ∗growth factor-b, TLR = Toll-like receptor,
TRAF6 = tumor necrosis factor receptor-associated factor 6. Adapted from Sallman et al. with permission 11.

∗

of granzyme granules. 9 Supporting MDSCs role as a potential
disease initiating cellular effector, in a S100A9 transgenic mouse
model, MDSC accumulation over time was accompanied by
development of an age-dependent, impairment in hematopoiesis
that phenocopied human MDS that was reversed by MDSC
depletion or inhibition of the S100A9/CD33/TLR4 axis. Notably,
MDSCs in primary bone marrow samples of MDS patients are
genetically distinct and lack the classic somatic mutations found in
the MDS clone. Additional supportive evidence that the bone
marrow microenvironment and S100A8/A9-TLR activation can
play a disease initiating role is provided through investigation of
the role of mesenchymal niche cells. Utilizing a mouse model of the
pre-leukemic disorder Schwachman-Diamond syndrome (SDS),
Sbds gene deletion in osteoid progenitors led to activation of the
p53-S100A8/9-TLR axis with consequent
oxidative genotoxicity
∗
in HSPCs and MDS transformation. 10
Aberrant innate immune activation is initiated not only through
the bone marrow microenvironment,∗ but also directly as a result
of cell-instrinsic genetic alterations. 11 In a ribosomal protein
small subunit 14 (RPS14) haploinsufﬁcient mouse model that
phenocopies the dyserythropoiesis in del(5q) MDS, p53-S100A8/
9-TLR4 activation resulted in erythroid cell death while inhibition
of this pathway restored erythropoiesis.12 Additionally, this
inﬂammatory circuit is activated by common somatic mutation
events such as Srsf2P95H, which induces S100A9 over expres| 136 |
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sion.13 Both SRSF2 and SF3B1 mutations induce NFkB
hyper∗
activation, albeit via unique aberrant splicing events. 14 Other
somatic mutations have been shown to enumerate pro-inﬂammatory cytokines as evidenced by TET2 inactivating mutations
inducing IL-1b production.15 Lastly, overexpression of the
epigenetic regulator KDM6B, which is a common event in
MDS, leads to transcriptional activation of S100A9 with KDM6B
inhibition restoring effective hematopoiesis.16
Although the above investigations clearly indicate a profound
role of innate immune activation in MDS pathogenesis, the precise
cell death mechanism leading to macrocytosis, clonal proliferation, and ineffective hematopoiesis was poorly understood.
A signiﬁcant advancement in this regard is the identiﬁcation
that NOD-like receptor protein 3 (NLRP3) inﬂammasome
activation, via somatic mutations or S100A8/A9, and
consequent
∗
∗
pyroptosis directs the MDS phenotype (Fig. 1). 11, 17 S100A9
and inﬂammasome components are markedly elevated in
primary HSPCs and S100A9 in primary MDS bone marrow
samples was sufﬁcient to induce pyroptosis. NLRP3 inﬂammasome activation generates excess reactive oxygen species, Wnt/
b-catenin-induced proliferation, cation ﬂux-induced cell
swelling with ultimately caspase-1 activation and inﬂammatory
cytokine production (ie, IL-1b and IL-18). More importantly,
neutralization of S100A9 and/or pharmacologic inhibition of
inﬂammasome assembly restored effective hematopoiesis in vitro
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as well as in the S100A9 transgenic mouse model. Highlighting the
broad importance of inﬂammasome assembly in MDS, the
formation of apoptosis-associated speck like protein containing
a caspase-recruitment domain (ASC) specks has been recently
identiﬁed as a robust diagnostic biomarker with a sensitivity and
speciﬁcity of 84% and 87%, respectively.18 Speciﬁcally, peripheral blood ASC speck % was markedly elevated in MDS patients
(lower risk > higher risk) and signiﬁcantly higher in comparison
to age-matched healthy controls or patients with other hematologic malignancies. Lastly, age-related clonal hematopoiesis, a
precursor to overt MDS, has high cardiovascular morbidity/
mortality which has been shown to be driven by NLRP3
inﬂammasome activation and IL-1b secretion in inﬂammatory
macrophages with suppression of atherosclerosis mediated by
NLRP3 inhibition.19,20

Future perspective
Delineation of the role of innate immune activation, the bone
marrow microenvironment, and pyroptosis has signiﬁcantly
advanced our understanding of MDS disease pathogenesis. More
importantly, these investigations provide strong rationale for
novel therapeutic strategies to not only restore effective
hematopoiesis but to also biologically-rational, disease modifying
agents, thereby providing
optimism for the treatment landscape of
∗
MDS patients (Fig. 1). 11
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Take home messages





How to deﬁne HMA failure.
Know the prognosis of patients having failed HMAs.
What are the current recommendations for the treatment of high-risk MDS after HMAs.
What are the future perspectives.

Introduction
Allogeneic stem cell transplantation (ASCT) remains, when
feasible, the only curative treatment option of higher-risk
myelodysplastic syndrome (MDS) with prolonged disease-free
survival observed in 35% to 50% of the patients.1 Based on the
recommendation from an international expert panel, it is
recommended in high-risk MDS patient (1) to proceed to
transplant as soon as possible and (2) to reduce tumor burden
in patients with >10% blasts using either hypomethylating agent
(HMA) or chemotherapy HMA.2 However, as MDS mainly
occurs in the 7th and 8th decade of life, only a limited number of
patients are eligible for ASCT. Moreover, comorbidity is common
among the elderly such as heart disease, renal insufﬁciency, and
vascular disease decreasing the ability to withstand the exhausting
transplantation procedures. Currently, HMAs—azacitidine
(AZA) and decitabine (DAC)—are the ﬁrst-line treatment in
higher-risk MDS cases.1 Indeed, in a randomized trial, a survival
beneﬁt with AZA was demonstrated over conventional care
regimens (including best supportive care, low-dose AraC or
intensive chemotherapy), with a median survival of 24.4 months
versus 15 months, while progression to AML was delayed and
signiﬁcantly
more frequent RBC transfusion independence was
∗
obtained. 3 Nevertheless, the 50% response rate obtained with
AZA is low and the median survival of about 2 years remains
short, suggesting that HMA effect is only transient, and that the
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majority of the patients will require second-line therapy.
However, survival of refractory/relapsed patients is extremely
short with a median survival of 4 to 6 months and no
current
∗
recommendation has been made to treat these patients. 4 As most
of the available scoring systems were inadequate to determine the
prognosis of patients after HMA failure, the MDS Clinical
Research Consortium developed a speciﬁc scoring system (based
on ECOG performance status, very poor cytogenetic, age, bone
marrow blast >20%, platelet count <30, and transfusion
dependency) to discriminate a group of patients with a better
outcome (low score median overall survival (OS) of 11 months,
high score median OS of 4.5 months) highlighting the
heterogeneity of the disease, even after HMA failure.5 Despite
of its ability to predict OS after HMA failure, this score is not
helpful to guide the decision making for patients, in the absence of
molecular data that may further enhance the predictability of the
model and in the absence of a clear therapeutic strategy that might
also modify this model. Consequently, it is strongly recommended
to enroll patients with HMA failure in clinical trials, even if
clinical trials are only available for a small minority of the patients,
leaving the majority of the patients without therapeutic options
outside best supportive care.

Current state of the art
Deﬁnition of HMA failure
In the AZA001 trial, the survival advantage with azacitidine was
seen irrespective of age, marrow blast percentage and karyotype
and responses were often delayed, some patients responding only
after 6 cycles, suggesting that patients should not be considered as
∗
primary resistant before 6 cycles, unless they clearly progress. 3
Any type of response was associated with a survival advantage,
supporting that treatment can only be discontinued if the absence
of hematological improvement. Secondary HMA failure is deﬁned
as loss of response and/or progression of MDS. The outcome of
primary and secondary resistances to HMA is different and
median OS is 4.6 months in patients with primary resistance
compared to 7.4 months in patients with secondary resistance
(P = 0.007) that the mechanism of resistance is scarce and
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∗

probably different from one patient to another. 4 Altogether,
these results demonstrate that it is crucial to maximize the beneﬁt
of HMAs by continuing therapy until clear evidence of lack of
response or failure of therapy.
Despite the use of HMA for more than 15 years, timing of
evaluations of response and subsequent clear deﬁnition of
resistance remained unclear. Premature evaluation of response,
before 6 cycles, might lead to inappropriate diagnosis of HMA
failure, even if, before cycle 6, it might be difﬁcult to decipher
between cytopenia related to HMA and cytopenia related to
MDS. Thus, in the absence of clear response or subsequent
cytopenia after initial response, delaying cycles, especially beyond
cycle 6, waiting for hematological recovery might help to decide
whether a patient experienced toxicity of HMA or relapse, in the
absence of a marked marrow response. Moreover, new criteria for
the evaluation of response in MDS were recently proposed to
clarify the deﬁnition of hematological improvement and the∗loss of
hematological response in MDS, at least for clinical trial. 6

Current management of HMA failures
The therapeutic options after HMA failure are scarce, but,
outside a clinical trial, several options including ASCT, highand low-dose chemotherapy, switch of HMA can be considered.
the best outcomes after HMA failure are reported with ASCT,
but, as for ﬁrst-line therapy, it can be offered to a small minority
of the patients
based on criteria such as age and availability of
∗
donors. 4 Similarly, induction chemotherapy is able to induce
41% of response but seems to have a limited impact on survival
without subsequent allogeneic transplantation.7 The role of
CPX-351, a new formulation of 7 + 3 (daunorubicin and
aracytine), approved in the United States for the treatment of
AML-MRC (AML with myelodysplastic-related changes) is
under investigation in this poor risk population. The switch
from one HMA to another after initial failure gave limited
response, inferior to 30%8 and short survival and even if the

mechanism of action of AZA and DAC is rather different, this
option might not be longer recommended.

Future perspectives
Promising new therapy
Even if it is strongly recommended to enroll these patients in
clinical trials, during the past 10 years, no investigational agent
has demonstrated any relevant major clinical activity, but recent
clinical trial suggested that the end of the tunnel might be close, at
least for selected patients.
Guadecitabine, also known as SGI-110, is a new HMA with
extended biological activity. In a phase II study in HMA failure
patients, Sebert et al (Haematologica 2019) reported a response
rate of 26% in primary refractory and of 9% in relapsing patients,
with median duration of response of 9 months.9
Rigosertib, a multikinase inhibitor, has been tested in a phase III
randomized trial versus BSC in patients with higher-risk MDS
after HMAs failure.10 If there was no signiﬁcant survival
advantage in the whole cohort, a potential survival beneﬁt with
rigosertib was observed only in patients with primary HMA
(compared with secondary HMA failure). Even though the place
of rigosertib in the therapeutic armamentarium of MDS remains
to be determined in future subsequent clinical trials.10
Venetoclax is a BH3 mimetic that binds to and inhibits the
antiapoptotic Bcl-2 protein family. Recently, venetoclax was
tested in combination with HMAs or
low-dose AraC in AML and
∗
yielded very encouraging results, 11 but no clinical trial was
speciﬁcally published in higher-risk MDS so far even if, in vitro,
inhibition of Bcl-2 pathway efﬁciently induces apoptosis in
progenitor cells from higher-risk MDS.12

Mutation-driven therapies
IDH1/2 are found in 5% to 10% of MDS and IDH inhibitors
are currently evaluated as single agents or in combination with
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Figure 1. Algorithm for treatment choice in MDS patients after failure of HMA. HMA = hypomethylating agent, MDS = myelodysplastic
syndrome.
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AZA in MDS and AML. Stein et al reported the results of a phase I
study of enasidenib (AG-221), a potent oral inhibitor of mutant
IDH2 enzyme, in 16 refractory/relapsed (r/r) high-risk MDS
∗
patients, two-thirds of whom had failed prior HMA treatment. 13
The overall response rate was 53% including 1 patient who
achieved complete remission (CR). More recently, ivosidenib, an
IDH1 inhibitor, has been evaluated in patients with r/r AML,
including patients with prior history of MDS. More recently,
ivosidenib, an IDH1 inhibitor, has been evaluated in patients with r/
r AML, including patients with prior history of MDS, with a CR
rate of 21.6% and an overall response rate of 41.6%. Given these
very encouraging results in AML, the potential therapeutic role of
ivosidenib and enasidenib in MDS is currently under investigation,
either as a single agent or in combination with HMAs.
Besides, small molecule inhibitors that target components of the
spliceosome have demonstrated selective toxicity to MDS cells in
preclinical models.14,15 They may beneﬁt to a large number of
patients given the high prevalence of mutations in genes involved
in the splicing machinery in MDS. A phase I trial (NCT02841540)
is presently being conducted to evaluate the safety of the splicing
modulator H3B-8800 in higher-risk MDS and AML.
Finally, an ongoing phase Ib/II evaluating the role APR-246—a
reactivating compound of mutant TP53 protein—in combination
with AZA for the treatment of TP53-mutated myeloid neoplasms
has shown very promising data with not only an 82% CR rate but
also deep molecular responses assessed by serial next generation
sequencing.16
Based on these preliminary results, an algorithm for treatment
choice in MDS patients after failure of HMA therapy might be
suggested (Fig. 1).

Conclusion
HMA relapsed/refractory MDS patients should always be
considered for clinical trials and, outside a clinical trial, only
stem cell transplantation seems to induce sustained response.
During the past 10 years, the results of phase I/II and III studies
were unimpressive in terms of response or survival but new
investigational agents are under investigation with potential more
potent activity.
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Introduction
This session will focus on exciting new developments in our understanding of the processes that drive MPN and how this information is
being translated into new treatments. The degree of ﬁbrosis has been known for many years to be of prognostic signiﬁcance in MPN.
Ongoing studies are elucidating the mechanisms by which ﬁbrosis develops, leading to the concept of a self-reinforcing malignant niche
that is likely to require multiple therapeutic approaches to break down. Concerning the malignant clone itself, the spectrum of
somatically acquired genomic lesions is generally well understood and includes variants that drive myeloproliferation, inﬂuence the
clinical phenotype and promote disease progression. Although genetic analysis provides important diagnostic and prognostic
information, it is clear that other factors such as ageing, inﬂammation and the bone marrow microenvironment also exert a signiﬁcant
inﬂuence on clonal dynamics. Finally, although targeted therapy with ruxolitinib is a cornerstone for treatment of intermediate/high risk
patients with myeloﬁbrosis, truly disease-modifying drugs or drug combinations remain to be identiﬁed. Combinations that inﬂuence
the bone marrow microenvironment and/or address ruxolitinib-induced cytopenias are likely to be fruitful avenues for further
investigation.

Learning goals
 Understand molecular mechanisms and importance of ﬁbrosis in MPN.
 Recognise the importance and limitations of genomic analysis, and how disease biology relates to clinical phenotype.
 Know how patients with myeloﬁbrosis should be managed, in particular which patients should be treated with ruxolitinib,
approaches to control cytopenias and strategies for those who fail treatment.
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Fibrosis driving myoﬁbroblast precursors in MPN and new therapeutic
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Take home messages
 Myeloproliferative neoplasm disorders originate from acquired mutations in HSCs and establish a proinﬂammatory and ﬁbrogenic
niche environment that disrupts normal hematopoiesis and stromal cell populations.
 Gli1+ and LepR+ stromal cells have been recently described as being ﬁbrosis-driving cells that differentiate into myoﬁbroblasts and
produce extracellular matrix in the bone marrow.
 While advances have been made in developing speciﬁc pathway inhibitors; further studies are investigating the use of
combinational therapies to better treat these complex malignancies.

Introduction
Myeloproliferative neoplasm (MPN) is a group of diseases that
are closely associated with bone marrow (BM) ﬁbrosis, which is
the continuous replacement of blood-forming cells with excessive scar tissue. In particular, primary myeloﬁbrosis (PMF) is the
prototypical example of the progressive development of BM
ﬁbrosis and BM failure. Despite our advanced understanding of
mutations occurring in hematopoietic stem cells in MPN, the
speciﬁc mechanisms that cause BM ﬁbrosis in PMF are not
understood, in particular as the cells driving ﬁbrosis have
remained obscure for many years and are far less understood
than in organ ﬁbrosis. Overall, the microenvironment becomes
more inﬂammatory and the presence of cytokines and chemokines promotes ﬁbrosis and the dysregulation of normal
hematopoietic stem cells (HSCs). Importantly, accumulative
data suggest that BM ﬁbrosis in MPN is not simply a disease of
the mutated HSC, but rather a disease of the entire HSC niche.
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This paradigm has important consequences for the development
of novel targeted therapeutics aimed at targeting both the
malignant hematopoietic clone but also the progressing ﬁbrotic
transformation.
The only intervention thought to be curative in myeloﬁbrosis is
allogeneic hematopoietic stem cell transplantation, but the high
treatment-related morbidity and mortality limit its use to
intermediate- or high-risk patients deemed ﬁt to undergo the
procedure. Hence, the majority of PMF patients are treated with
palliative therapies designed to alleviate symptoms and improve
quality of life. The majority of MF patients carry a JAK2 gain-offunction mutation, known as JAK2 V617F, which leads to the
constitutive activation of the JAK/STAT pathway.1,2 However,
JAK inhibitors such as ruxolitinib provide only limited reduction
in allelic burden, and instead appear to block inﬂammatory
cytokine activity rather than stem-cell derived clonal proliferation,
which primarily drives the disorder.3 Hence, there is a strong
clinical need for speciﬁc treatments that directly target the cause of
the driver mutation or speciﬁc pathway candidates that drive
ﬁbrosis-causing cells.

Current state of the art
Recent genetic fate tracing studies have shown that Gli1+ and
LepR+ stromal
cells are progenitors of myoﬁbroblasts in BM
∗ ∗
ﬁbrosis, 4, 5 which are generally accepted to be the ﬁbrosiscausing cells across multiple organ systems. In murine models of
BM ﬁbrosis/PMF, Gli1+ cells are recruited from the endosteal
niche, become activated and differentiate into myoﬁbroblasts
(Fig. 1). Importantly, in murine models of thrombopoietininduced ﬁbrosis, genetic ablation of these Gli1+ stromal cells
∗
completely ameliorated BM ﬁbrosis and prevented BM failure. 5
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Figure 1. Reprogrammed bone marrow niche with speciﬁc focus on recently identiﬁed stromal cell populations relevant to MPN. MPN clone
gives rise to mutant, dysplastic megakaryocytes that secrete CXCL4 and other ﬁbrogenic cytokines. This release of proinﬂammatory molecules
alters the sensitive bone marrow microenvironment, which affects stromal populations such as Nestin+ cells that lose their capacity to support
hematopoiesis (CXCL12, SCF). Through these changes, other stromal populations such as Gli+ and LepR+ acquire an abnormal phenotype, leading
to activation, increased proliferation, and migration into the marrow space where they differentiate into myoﬁbroblasts and deposit collagen and
reticulin ﬁbers. Canonical Hedgehog signaling can be inhibited by various smoothened (SMO) inhibitors, although recent data suggest that Gli can be
directly inhibited by GANT1 or through inhibiting the noncanonical pathway. Other pathways, such as PDGF signaling, are also involved in ﬁbrotic
transformation, and can be targeted by speciﬁc inhibitors such as Imatinib. It was shown that PDGF may activate Gli through noncanonical signaling.
MPN = myeloproliferative neoplasm.
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RNA-sequencing experiments in mouse models of PMF
indicated that megakaryocyte-associated genes were signiﬁcantly up-regulated, and led to the identiﬁcation of CXCL4 as a
potential activator of Gli1+ cells. Furthermore, it was shown
that the expression of Hedgehog (Hh) target genes is
signiﬁcantly increased in patient granulocytes, and that Gli1
∗
expression is signiﬁcantly increased in MPN patients. 6
However, the exact role and contribution of the Hh pathway
in MF are still not completely understood. GANT1, a small
molecule Gli protein inhibitor, is able to inhibit Gli1+ cell
expansion and myoﬁbroblast differentiation, and attenuates
∗
ﬁbrosis severity, in both murine and human Gli1+ MSCs. 5
Therefore, there is strong evidence for targeted therapies of Gli
proteins in BM ﬁbrosis, either as monotherapy or combined
therapy with other agents. In particular, the combination of
JAK2 inhibitors with inhibitors of the Hh pathway might
provide a novel therapeutic avenue to target clonal myeloproliferation and ﬁbrosis. However, thus far, only smoothened
(SMO) inhibitors, which inhibit canonical (Hh ligand dependent) signaling, have been tested with varying success.7 This is
likely because Gli protein in Gli1+ cells can also be activated via
noncanonical Hh signaling (ie, by phosphoinositide-3-kinaseAKT, TGFb, PDGF signaling), explaining the variable response
of SMO inhibition in MF patients.
Another population of stromal cells shown to directly
contribute to BM ﬁbrosis through
their differentiation into
∗
myoﬁbroblasts are LepR+ cells. 4 During normal BM function,
LepR+ stromal cells produce CXCL12, an important support
factor that is crucial for HSC survival and regulation.8 In BM
ﬁbrosis, these cells have been shown to expand signiﬁcantly
and differentiate upon activation of the PDGFRa pathway, a
pathway that is well known to be important in organ
ﬁbrosis (Fig. 1). Administration of Imatinib, which blocks
the activity of several tyrosine kinases, including PDGFRa,
or conditional deletion of platelet-derived growth factor
receptor a (Pdgfra) from LepR+ stromal cells, ameliorated BM
ﬁbrosis, indicating that the PDGFRa pathway plays an
important role ∗in ﬁbrosis not only in solid organs but also
in BM ﬁbrosis. 4
While not directly involved in the deposition of ﬁbrosis,
Nestin+ stromal cells are also
affected by the proinﬂammatory
∗
environment during PMF. 9 In the presence of an MPN
hematopoietic clone, Nestin+ stromal cells undergo apoptosis
and alter their activity, shown by a down-regulation of
hematopoiesis support cytokines such as CXCL12 and SCF,
thereby altering the BM niche (Fig. 1). Nestin+ cells are
innervated by sympathetic nerve ﬁbers and regulate normal
HSCs. In MPN, IL-1b produced from mutant HSCs results in
neural damage that depletes Schwann cells
leading to neuropa∗
thy and accelerated MPN progression. 9 Overall, these studies
highlight the idea of a self-reinforcing malignant niche, which
favors disease progression instead of normal HSCs by means of
aberrant cytokine production and dysregulated differentiation
programs.

Future perspectives
Other strategies aiming at preventing or slowing down the
development of the proﬁbrotic niche could prove useful in
restoring normal hematopoiesis and disrupting the malignant
self-reinforcing niche. Several immunomodulatory drugs such as
thalidomide and lenalidomide, proteasome inhibitors (bortezomib), and VEGF-targeting agents (sunitinib and bevacizumab)
have been tested to modify the microenvironment in patient
subsets, with mixed results hampered by tolerability issues.10
Inﬂammatory and ﬁbrogenic cytokines that are known to
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partially drive ﬁbrotic transformation and BM niche remodeling
in mice, such as PDGF and TGF-b, can also likely be targeted
using suppressing, neutralizing, or antagonizing antibodies
currently available in the clinic, or in combination with
ruxolitinib, an already active area of research in PMF.11 The
antiﬁbrotic compound Pirfenidone (FDA approved for idiopathic pulmonary ﬁbrosis), which inhibits TGF-b and p38
signaling, was trialed in 2001 but led to no improvement in
anemia, spleen weight, or BM ﬁbrosis. Subsequently, other
strategies such as the biologic simtuzumab may focus on
inhibiting extracellular matrix deposition, by interfering with
the cross-linking of collagen and elastin ﬁbers, although this
showed limited effect on BM ﬁbrosis severity.12 Hypomethylating agents such as decitabine were shown to increase overall
survival in high-risk PMF patients,13 although additional
treatment modalities combining decitabine and other active
agents are required for improved income. With our understanding of BM ﬁbrosis and its dysregulated pathways, it seems that
targeting inﬂammatory or ﬁbrogenic cytokines alone may not be
enough, and instead requires the targeting of multiple pathways
to effectively block the interaction between malignant hematopoietic cells, inﬂammatory cytokines, dysplastic megakaryocytes, and ﬁbrosis-driving cells.

Conclusion
The recent identiﬁcation of Gli1+ and LepR+ cells as myeloﬁbrotic
precursors is the ﬁrst important step in developing antiﬁbrotic
therapies for PMF, together with the identiﬁcation of deregulated
pathways that provide attractive therapeutic avenues.
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Take home messages
 Canonical mutations in JAK2, CALR, and MPL, mutations in other cancer genes, germline genetic backdrop, and patient
characteristics interact to determine myeloproliferative neoplasm phenotype.
 Disease transformation is often associated with the acquisition of further somatic mutations across an array of cancer driving
genes.

Introduction
Over the last 15 years, signiﬁcant advances have been made in our
understanding of the molecular basis of myeloproliferative
neoplasms (MPNs). The discovery of mutations in JAK2, MPL,
and subsequently CALR, has led to an identiﬁable molecular
driver of disease in over 85% of patients. Mutant JAK2 and MPL
are known to result in excessive intracellular JAK-STAT signaling,
and in recent years, an active area of research has been to
understand precisely how mutant CALR also instigates myeloproliferation. Disease classiﬁcation in MPNs remains an ongoing
debate due to the recognition of heterogeneity and overlapping
features across traditional MPN entities and our increasing
understanding of the genomic landscape of these disorders. We are
also uncovering the biological basis of disease evolution and
beginning to understand how additional mutations may drive the
phenotype of myeloﬁbrosis (MF) and leukemic transformation.
However, the factors that determine mutation acquisition and
clonal expansion in the ﬁrst place still remain incompletely
understood, particularly, as many of the somatic mutations found
in MPNs are also noted in the blood of healthy ageing individuals
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that do not suffer from hematological disease. In the future, a
more complete understanding of MPNs from its early origin to
late outcomes will aid our endeavors to predict, treat, and prevent
disease progression in patients.

Current state of the art
We have a better appreciation of the factors that underlie
phenotypic heterogeneity across MPNs.1 JAK acts downstream
of several cell surface cytokine receptors, including those for
erythropoietin, thrombopoietin, and GM-CSF, and thus,
activating mutations in JAK2 are variably associated with
increased erythropoiesis, increased thrombopoiesis, and a mild
leukocytosis.2JAK2V617F is found in over 96% of patients with
polycythemia vera (PV), and just over half of patients with
essential thrombocythemia (ET) or MF. In the presence of
mutant JAK2, several factors have been shown to inﬂuence
whether a patient presents with a phenotype more in keeping
with PV or ET,3 for example, a higher mutant allele burden is
more frequently associated with PV, homozygosity for
JAK2V617F has been shown to be associated with PV as well
as drive erythrocytosis in a murine model of MPN, mutations
in exon 12 of JAK2 are speciﬁcally associated with
erythrocytosis and a PV phenotype probably through excessive
signaling via the Erythropoietin receptor,4 and the acquisition
of JAK2V617F prior to the acquisition of mutations in other
genes is more frequently observed in PV, whereas later
acquisition of JAK2V617F, subsequent to mutations in other
genes, is more frequent in ET. In addition to differences in the
type or burden of somatic mutations, several germline genetic
factors predispose to MPN,5,6 and germline polymorphisms
that contribute to the normal variation in blood count
parameters may also inﬂuence∗ whether a patient is given a
label of PV or ET at diagnosis. 7 Finally, patient demographics
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such as increasing age and male sex are also associated with
PV. Mutations in MPL speciﬁcally result in excessive signaling
downstream of the receptor for thrombopoietin, resulting in
chronic phase MPNs characterized by isolated thrombocytoses
∗
and increased myeloﬁbrotic transformation.2, 7,8 Indeed,
mutant CALR has been shown to physically interact with
MPL in a manner requiring both the mutant C-terminus and
the lectin binding domain, leading to constitutive activation of
downstream signaling and an MPN phenotype that recapit∗
ulates many of the features of MPL-mutated disease.9,10,11, 12
How and where this interaction takes place, and whether
components of the mutant protein can be targeted therapeutically remain active areas of research.
In addition to mutations in the canonical driver genes, roughly
half of patients with ET/PV and the majority of patients with
MF,
∗
harbor additional somatic mutations in other cancer genes. 7,13,14
The function of these genes is diverse, and include regulation of
DNA methylation (eg, DNMT3A, TET2), chromatin modiﬁcation
(eg, ASXL1, IDH1/2), intracellular signaling (eg, NRAS, GNAS),
mRNA splicing (eg, SRSF2, U2AF1, SF3B1), and DNA repair (eg,
TP53). Mutations in these genes are more prevalent in MF, and
when present in chronic
phase, are associated with increased risk of
∗
MF transformation. 7,15 We are beginning to understand how some
of these mutations promote disease progression, through affecting
hematopoietic stem cell self-renewal, differentiation, and DNA

∗

repair.16,17,18, 19,20 Mutations in TP53 and/or deletion of chromosome 17p have been shown to be associated with subsequent blast
transformation (Fig. 1).13 The signiﬁcance of very low burden
mutations in some of these genes remains unclear.21 It is worth
bearing in mind that disease evolution may not entirely be
22,23
genomically encoded. Several prognostic scores,
including
∗
more recent personalized prognostic modeling, 7 have shown the
value of other variables such as the presence of splenomegaly, blood
counts, and transfusion status, and patient demographics, as
independent predictors of disease evolution, suggesting that these
parameters capture elements of MPN disease biology that are not
represented by the current tumor genomic landscape. Integrating
genomic information from an MPN, together with clinical
parameters and patient demographics, has been shown to
accurately predict disease and patient outcomes.
Bone marrow is a highly replicative tissue, and in recent years,
the number of hematopoietic stem cells, their rate of division, and
the rate of
somatic mutation acquisition over time has been
∗
estimated. 24,25 The phenomenon of age-related clonal hematopoiesis has highlighted that somatic driver mutations ∗can be
identiﬁed in the blood in the absence of clinical disease.26, 27 It is
likely that in addition to mutation acquisition, additional factors,
such as aging, the bone marrow microenvironment and therapy
impact on whether a cell that harbors a driver mutation
subsequently clonally expands.
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Figure 1. Figure illustrates the MPN subtypes, disease evolution, and some of the factors that are known to contribute to the different
phenotypes.
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Future perspectives
How driver mutations are acquired in the genome, and what effect
they have on clonal dynamics within the bone marrow under
different ages and bone marrow environments remain important
questions for the future, that will aid our understanding of how
these diseases originate. An ongoing challenge is that our current
therapies do not act speciﬁcally on the mutant clone, nor do they
demonstrate signiﬁcant disease modifying ability. The mechanism
by which combinations of mutations drive disease evolution is an
active area of research through which novel strategies for targeting
disease progression may be unearthed. With ongoing efforts to
improve our understanding of the factors that contribute to MPN
phenotype, heterogeneity, and disease evolution, we are now
better equipped to identify groups of patients with shared disease
biology. Combining this information with treatment response
data will help to target both existing and novel therapeutic agents
to the right patients.
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Take home messages
 Current medical management of myeloﬁbrosis revolves around the use of ruxolitinib, which is effective regardless of driver
mutation status, and spleen responses to which are dose-dependent and correlate with survival. Combination approaches,
especially with agents that can ameliorate bone marrow ﬁbrosis and/or counteract ruxolitinib-induced cytopenias are attractive
areas of clinical investigation.
 Cytopenias in myeloﬁbrosis remain challenging, and novel approaches are needed. Current studies suggest promise
of the activin receptor ligand traps for anemia, and low dose thalidomide (50 mg/d) for thrombocytopenia.
Anemia is not a contraindication to ruxolitinib use. Effective treatment for cytopenias remains an unmet need in
myeloﬁbrosis.
 Patients that fail ruxolitinib have a dismal prognosis, but ruxolitinib failure remains difﬁcult to deﬁne. Many drugs with diverse
mechanisms of action, as well as other JAK inhibitors, are being tested in patients with suboptimal response or resistance to
ruxolitinib.

Introduction
Patients with myeloﬁbrosis can present with one or more of
the following: cytopenias, most frequently anemia, splenomegaly, constitutional and other symptoms, thrombosis,
hemorrhage, extramedullary hematopoiesis, pulmonary hypertension, etc. In our practice, we adopt a clinical needsoriented approach to management. Despite the recent
emergence of many different prognostic models for patients
with primary myeloﬁbrosis (PMF), for simplicity and ease of
use, we employ the Dynamic International Prognostic Scoring
System (DIPSS), but also take into account other wellestablished adverse clinical and genomic risk factors, such
as triple negativity, “high molecular risk” nondriver mutations, for example, ASXL1, SRSF2, U2AF1,1 elevated bone
marrow blasts, red cell transfusion dependence, unfavorable
and “very high risk” karyotypes2 and thrombocytopenia
when making a decision to refer the patient for allogeneic
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hematopoietic cell transplantation (allo-HCT). In general, we
refer most patients who have DIPSS intermediate-2 or high
risk disease for transplant consultation, but also consider it in
selected patients with DIPSS intermediate-1 disease who
have one or more of the other adverse risk factors mentioned
above. For patients with postpolycythemia vera or postessential thrombocythemia myeloﬁbrosis (post-PV/ET MF), who
have a more indolent clinical course and in whom traditional
models for prognostication derived from studying patients
with PMF may not work as well, we use the myeloﬁbrosis
∗
secondary to PV/ET prognostic model (MYSEC-PM), 3 which
was derived based on a large cohort of patients with post-PV/
ET MF.

Current state of the art
Contemporary drug therapy of myeloﬁbrosis centers on the use of
the Janus kinase 1/2 (JAK1/2) inhibitor, ruxolitinib. Importantly,
with the exception of JAK2 V617F allele burden (higher efﬁcacy
when ≥50%)4 and number of nondriver mutations on multigene
proﬁling by next-generation sequencing (≥3 mutations = lower
odds of spleen response and inferior survival),5 no factors have
been identiﬁed that may predict the likelihood, quality, or
duration of response to ruxolitinib. As such, we decide on the use
of ruxolitinib entirely based on clinical factors. Long-term followup of the pivotal COMFORT trials has demonstrated a clear
survival advantage of ruxolitinib treatment∗in∗patients with IPSS
intermediate-2 or high risk myeloﬁbrosis. 6, 7 Consistent with
Italian consensus guidelines,8 however, we do not advocate the
use of ruxolitinib solely for its survival beneﬁt, that is, in patients
without splenomegaly or troublesome symptoms, as it appears
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that the survival beneﬁt may be indirect, via increases in appetite,
weight, energy level and overall feeling of well-being. Conversely,
we do use it in symptomatic, low or intermediate-1 risk patients, in
line with guidelines
issued by the US National Comprehensive
∗
Cancer Network. 9 We base the starting dose of ruxolitinib on the
platelet count and, in general, try to optimize the dose as spleen
responses to ruxolitinib are dose-dependent and correlate with
survival.10 Anemia and thrombocytopenia are on-target, doselimiting toxicities of ruxolitinib. However, ruxolitinib-induced
anemia does not carry the adverse prognosis of disease-associated
anemia and, ruxolitinib, in fact, may overcome the negative
prognostic impact of the latter.11,12 We attempt to counteract
ruxolitinib-induced cytopenias, most severe during the ﬁrst 12 to
24 weeks, with the use of erythroid stimulating agents, danazol
or low dose thalidomide13 and transfusion support, so as to
avoid dose reductions and interruptions of ruxolitinib treatment

during this critical early period during which spleen response is
greatest. The activin receptor ligand traps have shown promise in
the treatment of anemia of myeloﬁbrosis, both as monotherapy
and in patients receiving ruxolitinib,14 and may soon become
available for anemic patients with lower risk myelodysplastic
syndromes. Vaccination against shingles using the inactivated
virus (i.e., not live attenuated) is recommended in patients
receiving ruxolitinib. We occasionally use splenectomy for
patients with symptomatic splenomegaly that is refractory to
drug therapy, and often associated with hypersplenism. For
patients proceeding to allo-HCT, we advocate performing the
procedure around the time of best response to ruxolitinib, and
continuing ruxolitinib up until initiation of the conditioning
regimen. For patients with preﬁbrotic PMF, we generally
recommend observation, as the data on interferon15,16 require
further validation in our opinion, and discontinuation rates can be

Table 1
Selected Clinical Trials of Novel Agents and Combinations in Patients With Myeloﬁbrosis
Drug/Drug
Combination
23

Drug Class/
Phase of Trial

Imetelstat

Telomerase
inhibitor/II

LCL-16130

Smac-mimetic/II

PRM-15126

Sotatercept14

Rux plus aza27

Rux plus thal13

Rux plus
umbralisib29

Rux plus
parsaclisib28

Basic Design

Major Efﬁcacy Data

Int-2/high risk, 2 dosing cohorts, 4.9 mg/kg dosing arm closed for
IV q3wk, protocol-deﬁned
lack of efﬁcacy; 10% had
failure of prior JAK inhibitor
≥35% SVR and 32% had
required
≥50% TSS reduction at wk
24 in 9.4 mg/kg arm
Int/high risk, oral weekly dosing, ORR 32% by IWG-MRT; CI in
no platelet count restriction,
symptoms, anemia, spleen all
not candidates for or failed
observed
JAK inhibitor

Main Safety Findings
Rates of grade ≥3 neutropenia,
anemia and thrombocytopenia
in 30–40% range

Mostly grade 1/2 fatigue,
nausea/vomiting, dizziness/
vertigo, pruritus, diarrhea,
pain, skin eruption/rash,
fever/ﬂu-like syndrome
Antiﬁbrotic agent/II Open-label extension study,
Median time on study 30.9 mo; Very well-tolerated, no related
IV monthly, 9 patients each
mean and median (best)
SAEs, only 2 grade 3 AEs,
both anemia
received PRM-151 alone and
changes in spleen size 37%
with rux for up to 168 wk
and 26%; in symptoms,
54% and 64%
Activin receptor
Monotherapy and rux
ORR 39% in monotherapy
Very well-tolerated; HTN and
ligand trap/II
combination cohorts, ≥6 mo
cohort; 30% in rux
muscle/joint pain of various
of rux with stable dose for ≥8
combination cohort
grades reported in some
wk required for latter, SC
patients
q3wk
HMA/II
Frontline trial, aza added after
ORR 72% by IWG-MRT criteria; >10% of patients: infection,
12 wk of rux, aza escalated
23% after aza; CI spleen in
constipation, nausea, fever;
from 25 to 50 to 75 mg/m2/
48% of evaluable patients at
grade 3/4 infection in 13%
day  5 d as tolerated
24 wk; CI symptoms seen in
54%
Imid/II
Thal 50 mg daily added after 12 Of 10 evaluable patients, 4 had Grade 3/4 limb edema, diarrhea,
wk of rux alone in rux-naïve
CI, 4 had stable disease and
neutropenia and DVT in 1
patient (6.7%) each
patients or in pts already on
6 had platelet responses
rux for ≥3 mo with stable
dose for ≥4 wk
PI3K delta
“Add-on” study in patients
CI rate 48%; mean and median No grade 3/4 transaminitis but
some grade 3/4 anemia,
inhibitor/I
with a lost, suboptimal or no
SVR 18% and 13%,
response to ≥8 wk of a
respectively; 5 patients had
neutropenia, infections/sepsis,
stable dose of rux (per
≥2 g/dl rise in Hgb; 8 had
amylase/lipase elevations,
investigator), daily oral dosing
≥50% reduction in
diarrhea, colitis, dyspnea and
symptoms; median TSS
pneumonia seen
change 35%
PI3K delta
“Add-on” study in patients with a 63% of patients had some SVR No colitis reported; some rashes
inhibitor/II
protocol-deﬁned suboptimal
at wk 24; median spleen
and transaminitis seen;
response to ≥6 mo of rux
volume change at 24 wk
nausea and cough in >20%
(stable dose for ≥8 wk), oral
8.8%; median change in
of patients
TSS at wk 24 35.9%

Noteworthy Observations
Median OS 19.9 mo in
4.7 mg/kg cohort, 29.9 mo
in 9.4 mg/kg cohort

XIAP may mediate resistance

Reticulin and collagen grade
improvements observed in
50% and 44%, respectively

Responses seen in terms of
both TI and hemoglobin
improvement; multiple patients
required drug holidays due to
Hgb levels being too high
Bone marrow ﬁbrosis grade
improved in 60% of serially
evaluable patients after a
median of 12 mo
Platelet responses most striking,
but anemia responses,
including TI, also observed

CR achieved in 2 patients

Apparent loss of efﬁcacy owing
to switch from daily to weekly
dosing after 8 wk

AEs = adverse events, aza = azacitidine, CI = clinical improvement, CR = complete remission, DVT = deep vein thrombosis, Hgb = hemoglobin, HMA = hypomethylating agent, HTN = hypertension, Imid =
immunomodulatory drug, int = intermediate, IV = intravenous, IWG-MRT = International Working Group on Myeloﬁbrosis Research and Treatment, JAK = Janus kinase, ORR = overall response rate, OS = overall
survival, PI3K = phosphatidylinositol-3-kinase, Rux = ruxolitinib, SAEs = serious adverse events, SC = subcutaneous, Smac = second mitochondrial activator of caspases, SVR = spleen volume reduction, thal =
thalidomide, TI = transfusion independence, TSS = total symptom score, wk = week, XIAP = X-linked inhibitor of apoptosis protein.
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high because of adverse effects, while managing bleeding/
thrombotic risk as is done for ET.17

Future perspectives: unmet needs and
investigational approaches
While the optimal deﬁnition of “ruxolitinib failure” is debatable,
the median
duration of spleen response to ruxolitinib is about∗ 3
∗ ∗
years. 6, 7 Preclinically, “type 1 JAK2 inhibitor persistence” 18
has been shown to perhaps explain the development of clinical
resistance to ruxolitinib, and can be reversed by temporarily
withdrawing the drug. Indeed, there have been anecdotal reports
of restoration of clinical responsiveness to ruxolitinib upon rechallenge.19 However, this is an area of signiﬁcant unmet need.
Patients who discontinue ruxolitinib have a poor outcome, and
clonal evolution and worsening platelet counts while on
ruxolitinib predict for worse survival upon discontinuation.20
The investigational JAK2 inhibitors, pacritinib and fedratinib,
and the JAK1/2 inhibitor, momelotinib, have demonstrated
some efﬁcacy in the postruxolitinib setting, and regulatory
approval of one or more of these agents would be a very
welcome development.21 Additionally, being nonmyelosuppressive, pacritinib could possibly ﬁll the therapeutic void
for patients with platelets <50  109/L, while momelotinib
may improve anemia, possibly through activin receptor
antagonism.22
Many therapeutic avenues beyond JAK inhibition have been
explored in clinical trials (see Table 1 for a listing of selected
recently reported monotherapy and combination approaches).
Interesting survival data were recently released for the
telomerase inhibitor, imetelstat, in ruxolitinib-exposed
patients.23 While the median survival of 29.9 months in the
higher dose (9.4 mg/kg) arm is certainly impressive, a “real
world” study from Italy reported a median survival of 22.6
months among 171 patients discontinuing ruxolitinib,24
substantially higher than that reported by 2 large US academic
centers.20,25 The very nontoxic anti-ﬁbrotic compound, recombinant pentraxin-2, PRM-151, yielded bone marrow reticulin
and collagen ﬁbrosis improvements in approximately half the
patients in a small (n = 18) open-label extension study, generally
corresponding to improvements in cytopenias.26 This agent has
been studied both alone and in combination with ruxolitinib,
and data from a fully accrued study of 3 different doses of this
drug in ruxolitinib-pretreated patients are eagerly awaited.
While a number of frontline ruxolitinib-based combination
strategies have been disappointing, encouraging results have
been reported for the combinations with azacitidine,27
sotatercept,14 and thalidomide.13 Other combination trials
have taken an “add-on” approach, where an investigational
agent is added to ruxolitinib in patients having a suboptimal
response to ruxolitinib monotherapy.28,29 A multitude of
laboratory-based, synergistic or otherwise logical combination
strategies, as well as novel single-agent approaches exists, some
already in the clinic and others awaiting translation; these have
recently been reviewed by the authors.21 The search for the holy
grail of truly disease-modifying drugs or drug combinations
continues.
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Red cell disorders: diagnosis and treatment of common red cell defects
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Introduction
The red blood cell membrane is one of the major determinants of the ability of erythrocytes to cross repeatedly through the
microcirculation. The skeleton that laminates the inner side of the red cell membrane plays an essential role in determining the
shape and deformability of the red cell. Defects and deﬁciencies in the erythrocyte membrane protein structure have been
described in several hereditary and acquired anemias, where they give rise to mechanically and/or thermally unstable
erythrocytes with shortened life spans.
Lesley Bruce will illustrate how the human red blood cell membrane is packed with a regular array of proteins and protein complexes
attached at intervals to the underlying cytoskeleton. She will demonstrate how proteomic analysis and whole genome sequencing are
beginning to provide a better understanding of the structural and functional changes in the membrane through erythropoiesis.
After this part Roberta Russo will show how these proteins are involved in the pathogenesis of a large series of hemolytic anemias.
Although the workﬂow to diagnose RBC membrane disorders is a standard clinical practice, differential diagnosis, classiﬁcation, and
patient stratiﬁcation among these diseases are often very difﬁcult. She will illustrate how new next-generation sequencing techniques and
new proteomic/molecular approach could help in better deﬁning these conditions.
The last part will be on treatments for these inherited anemias. Since the spleen have a major role in removing damaged red cells, Hannah
Tamary will discuss on the role of splenectomy as therapeutic option. Moreover, linked to this, she will present associated complications,
such as infections and thrombotic events.

Learning goals
 To know the structure and function of the red cell membrane components: mainly proteins.
 To know how to suspect these conditions and how to use new molecular diagnosis tools.
 To know how to manage these conditions, mainly when to suggest the use of splenectomy and what to do before and after.
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Red cell membrane proteins
Lesley J. Bruce1, Gyongyver Gyorffy1,2
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Take home messages
 The human red blood cell membrane is packed with a regular array of proteins and protein complexes attached at intervals to the
underlying cytoskeleton.
 The membrane proteins form large complexes and work synergistically, increasing the efﬁciency of the metabolic and transport
processes of the individual proteins.
 Proteomic analysis and whole genome sequencing are beginning to provide a better understanding of the structural and functional
changes in the membrane through erythropoiesis.

Introduction
Proteins of the human red cell membrane have been extensively
characterized. In these enucleate cells, plasma membranes were
easily isolated and the major membrane proteins identiﬁed, using
SDS-PAGE with Coomassie Blue and Periodic Acid Schiff (PAS)
staining techniques. Investigators used various techniques to
assess whether these proteins were single-spanning, multispanning or peripheral (eg, hydropathy plots, determining
glycosylation, proteolytic sites, or antibody binding sites), and/
or associated into complexes (eg, using elution
methods, non-ionic
∗∗
detergents, or co-immunoprecipitation). 1,2 Further advances
were made by linking the expression of RBC antigens to individual
membrane proteins and advances in molecular biology began to
reveal the molecular basis of these antigens.3,4 Studies of variant
null RBCs revealed a hierarchy of protein association. For
example, Rhnull cells, where Rh-associated glycoprotein (RhAG)
is absent, lack all the proteins of the Rh complex (RhAG, Rh
proteins (RhD, RhCE), glycophorin B (GPB), CD47 and LW;
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band 3 null cells have little or no expression of protein 4.2,
proteins of the Rh complex or glycophorin A (GPA); Glycophorin
C null RBC
membranes lack p55 and showed reduced protein 4.1
∗∗ ∗∗
binding. 5, 6,7 These early data deﬁned the core components of
the 2 main membrane complexes that tether the membrane to the
underlying cytoskeleton (Fig. 1, part a) and contribute to the
formation of the unique biconcave disc shape of this highly
deformable cell.

Current state-of-the-art
Study of RBC membrane variants that caused haemolytic
anaemia, affecting the morphology or deformability of the
RBC, has led to further advances in our understanding of the
structure of the membrane as reviewed in “HS, HE and allied
disorders”, R Russo (below).
A key RBC membrane protein is anion exchanger 1 (AE1,
SLC4A1, band 3), present at over 1 million copies per cell. Band 3
exists in 2 forms, the tetrameric form which associates with
ankyrin to form a macrocomplex, and a dimeric form that can
either be associated
with the protein 4.1/junctional complex or
∗∗
unattached. 1 The band 3/ankyrin macrocomplex has 2 main
roles: a structural role, ankyrin tethers the macrocomplex to the
cytoskeleton via b-spectrin, and
an essential role in red cell
∗∗
metabolism and gas exchange. 8
The transport function of band 3 is to exchange chloride ions
for bicarbonate ions. Bicarbonate ions are formed in the RBC by
the action of carbonic anhydrase II (CAII):
CO2 þ H2 O ⇔ H2 CO3 ⇔ HCO3 þ Hþ
CAII associates with the C-terminal domain of band 3
promoting this reaction.9 Movement of bicarbonate out of the
RBC via band 3 allows the full volume of the blood to carry
carbon dioxide from the tissues to the lungs. The proton produced
attaches to haemoglobin encouraging the release of oxygen in the
tissues. Both RhAG and aquaporin 1 (AQP1; the water channel)
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[(Figure_1)TD$IG]
Figure 1. Band 3 complexes. Band 3 forms part of each of the 2 main complexes of the RBC membrane. (A) is a cartoon diagram of the proteins
known to associate in these complexes. (B) and (C) show highly speculative molecular models of these complexes. (A) Tetrameric band 3 associates
with ankyrin, linking the macrocomplex to the cytoskeleton. Dimeric band 3 associates with b-adducin in the junctional complex. (B) Model of the
band 3 macrocomplex showing 2 band 3 homodimers (red), 1 Rh/RhAG heterotrimer (RhAG light blue, RhCE mid-blue, RhD dark blue), one GPA
homodimer (green), 1 GPA/GPB heterodimer (green), 1 ICAM-4 monomer (yellow), 1 CD47 monomer (orange), 1 glut1 monomer (purple), one protein
4.2 monomer (magenta) and 1 ankyrin monomer (cyan). (C) Model of the junctional complex showing 1 band 3 homodimer (red), a cluster of 4 GPC
monomers (dark blue) and 1 GPD monomer (light blue), 1 GPA dimer (green), 1 glut1 monomer (purple), 1 Kell/Kx heterodimer (pale yellow), 1 protein
4.2 monomer (cyan), one dematin homotrimer (violet), 1 a/b adducin heterodimer (beige), 1 p55 monomer (orange) and 5 protein 4.1 monomers
(yellow). All components are shown with secondary structure elements highlighted as cartoons and residues also displayed in an all-atom stick
representation. The ﬁgure is adapted from Burton and Bruce1.
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have been reported to act as gas channels, and there
is evidence to
∗∗
suggest they both associate with band 3.6, 10 Thus, the
macrocomplex acts as an integrated ∗∗metabolon promoting
efﬁcient gas transport around the body. 8
The role of the junctional complex is thought to be mainly
structural, tethering the membrane to the spectrin/actin cytoskeleton and contributing to the deformability of the cell. However,
over recent years numerous other proteins have been found to
associate at these junctions suggesting other roles for this
complex. Study of protein 4.1 null cells showed that the urea
transporter, XK, Kell and Duffy associate with this complex,
although the copy number of these proteins (10–15  103/cell)
suggests that they∗∗cannot be present in every junctional complex
(∼40  103/cell). 11 Band 3 dimers were shown to associate with
the junctional complex via an interaction with adducin, and
GLUT1 via dematin.12,13
A proportion of band 3 dimers also exist as ‘freely’ mobile units,
unattached to the cytoskeleton, and ﬂoating in the corrals
conﬁned by the hexameric arrays of spectrin tetramers in the
cytoskeleton.1 Some crystal structures have been solved for RBC
membrane proteins, or for their homologues, allowing models of
the main RBC complexes to be compiled (Fig. 1b and c).1 These
models demonstrate how tightly packed the membrane is with
protein; domains extending far above and below the membrane
bilayer (Fig. 1b and c).1
Recent proteomic studies show that there are hundreds of RBC
membrane proteins; ‘new’ proteins are being identiﬁed regularly.14,15 Some of these proteins have been found to carry antigens,
deﬁning new blood group systems.16 Currently, a total of 36
human blood group systems and 360 antigens are recognized by
the International Society of Blood Transfusion (ISBT).16 Other
proteins have shed light on the regulation of RBC hydration.
PIEZO1, a mechano-sensitive cation channel can, when stimulated, result in calcium inﬂux which then activates the Gardos
channel causing potassium efﬂux and dehydration.17 This protein
is mutated and overactive in many patients with hereditary
dehydrated stomatocytosis (DHSt).

Future perspectives
There is still so much to learn, with so many RBC proteins of
unknown function. Some of these may be residual proteins, left
over from reticulocyte maturation. Others though have roles that
have yet to be ascertained. Quantitative proteomics studies, using
sorted erythrocyte and reticulocyte populations, begin to provide
a more accurate picture of the red cell proteome.18 In silico
methods of predicting protein-protein interactions are an
emerging, powerful tool for investigating the red cell interactome.
Whole genome sequencing is revealing SNPs associated with RBC
membrane properties.19
There is a need to investigate how the composition of the
membrane and cytoskeleton change through erythropoiesis. The
processes of differentiation, enucleation and reticulocyte maturation involve extensive rearrangements of the membrane and
cytoskeleton. Greater understanding of these processes is required
to increase efﬁciency of the in vitro culture of RBCs. Currently,
cultured RBCs have less than optimal rates of enucleation and
cannot be matured to erythrocytes. If these cultured RBCs are ever
to become a diagnostic or clinical component then their
maturation, and stability during storage, needs to be improved.
Already, proteomic studies are comparing the proteins in different
hematopoietic cell types, for example, in cord, adult and retic
RBCs aiming to respond to this challenge.20
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Take home messages
 Erythrocyte membrane disorders embrace a group of chronic diseases characterized by high genetic and phenotypic variability.
 Differential diagnosis, classiﬁcation, and patient stratiﬁcation among erythrocyte membrane disorders are often challenging.
 The increasing understanding of molecular genetics of erythrocyte membrane disorders highlights the problem of establishing a
correct phenotype-genotype correlation.

Introduction

Current state of the art

Erythrocyte membrane disorders are a subtype of hereditary
hemolytic anemias that embrace a highly heterogeneous group of
chronic diseases with high genetic and phenotypic variability.
They are caused by mutations in genes encoding for various
transmembrane or cytoskeletal proteins of red blood cells (RBCs),
resulting in decreased erythrocyte deformability and shortened red
cell survival. Extensive studies on RBC membrane have allowed
the comprehension of both the structure and the function of this
subcellular compartment. However, although the molecular bases
of most cases of RBC membrane alteration have been deﬁned,
there are still several aspects to be learned about the molecular
basis of membrane disorders (Table 1).
Nevertheless, with the rapid development and broad application of next-generation sequencing (NGS) diagnostic technologies, many novel pathogenic variants have been identiﬁed in RBC
membrane-related genes. To note, most of the identiﬁed mutations
are sporadic and speciﬁc to individual patients, or their families,
highlighting, even more, the problem of the remarkable allelic
heterogeneity, beyond the genetic one, in determining the
phenotypic variability.

The erythrocyte membrane plays a critical role in the function and
structure of the RBCs. It provides the unique biconcave disk shape
that enables the erythrocyte to undergo repeated distortion into
the microvasculature
and the spleen during its 120-day life
∗ ∗
span. 1, 2 The erythrocyte membrane is a barrier with selective
permeability to maintain pH homeostasis, the membrane
exchanges of chloride and bicarbonate anions, and it actively
controls the cation and water content of the erythrocyte. It is a
complex structure composed of a ﬂuid lipid bilayer stabilized by
an underlying 2-dimensional membrane skeleton, which maintains the integrity of the biconcave disk shape of the erythrocyte.
The skeleton is responsible for the deformability by sustaining the
shear stress come across the tiny capillaries of the microcirculation
and in the spleen. Multiple protein-protein interactions between
(i) integral membrane proteins within the lipid bilayer, (ii)
peripheral proteins, and (iii) linker proteins, which link the
cytoskeleton to the transmembrane proteins, determine the
structure of the erythrocyte membrane. Alterations of both
vertical and∗ horizontal interactions may have clinical consequences.3, 4 The vertical one involves the cytoplasmic domains
of band 3 (chloride/bicarbonate exchanger) and RhAG (ammonium and carbon dioxide transporter), ankyrin (protein that links
the integral membrane proteins to the underlying spectrin-actin
cytoskeleton), protein 4.2 (ATP-binding protein, which regulates
the association of band 3 with ankyrin) and b-spectrin. The
horizontal linkages in the skeletal membrane network include
spectrin self-association (a-spectrin with b-spectrin) and spectrinactin junctional complex. Alterations of both vertical and
horizontal interactions and due∗ to
mutations in the various
∗
membrane and skeletal proteins. 1, 2
Hereditary spherocytosis (HS) is the most common nonimmune hereditary chronic hemolytic anemia and
is triggered by
∗ ∗
the impairment of the vertical interactions. 1, 2 The clinical
manifestations of HS vary widely and consists of chronic
hemolysis with anemia, jaundice, reticulocytosis, gallstones,
splenomegaly as well as spherocytes on peripheral blood (PB)
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Table 1
Genetic Features of Hereditary Spherocytosis and Allied Disorders
Disease
HS

HE

HPP

Subtype

Phenotype MIM Number

1
—
2
3
4
5
1
2
3
—

182900
—
616649
270970
612653
612690
611804
130600
—
266140

Inheritance
AD
AR
AD
AR
AD
AR
AD
AD
AD
AR

Gene

Location

ANK1 (50% of cases, mostly de novo)
ANK1 (biallelic missense variants)
SPTB (20% of cases, mostly de novo)
SPTA1 (rare)
SLC4A1 (20% of cases)
EPB42 (rare)
EPB41 (severe forms)
SPTA1
SPTB
SPTA1 structural variant in trans to a low-expression SPTA1 allele

8p11.21
8p11.21
14q23.3
1q23.1
17q21.31
15q15.2
1p35.3
1q23.1
14q23.3
1q23.1

AD = autosomal dominant, AR = autosomal recessive, HE = hereditary elliptocytosis, HPP = hereditary pyropoikilocytosis, HS = hereditary spherocytosis.

smear. HS is associated with genetic variants in 5 genes, ankyrin
(ANK1), a- and b-spectrin (SPTA1 and STPB), band 3
(SLC4A1), and protein 4.2 (EPB42) with dominant inheritance
(75%), and nondominant inheritance (25%). All these genes
are involved in the interaction between the erythrocyte
membrane and the lipid bilayer. The diagnosis is based on
clinical features, positive familial history, and the presence of a
variable number spherocytes at PB. Whenever necessary,
indirect tests can also be performed, mainly the eosin-50 maleimide binding test. Ektacytometry is a highly sensitive test
of membrane deformability. The analysis of crucial erythrocyte
membrane proteins via SDS-PAGE is still a support either to
estimate protein expression levels or to detect gross protein
abnormalities, but it is of very little diagnostic value due to low
sensitivity and speciﬁcity. The last line of investigation is the
genetic testing of the causative genes. Several targeted-NGS
panels were developed, demonstrating that a the multigene
approach represents a reliable diagnostic tool for HS patients,
overcoming
for
sensitivity and speciﬁcity the gene-by-gene
∗
∗
strategy. 5,6,7, 8
The impairment of horizontal interactions leads to hereditary
elliptocytosis (HE) characterized by the presence of ellipticalshaped erythrocytes (elliptocytes) on the PB smear associated
with variable clinical manifestations. Most patients present no
anemia or hemolysis. HE can be due to mutations, inherited in
autosomal dominant manner, in EPB41, SPTA1, and SPTB
genes that lead to severe damage in the association of spectrin
dimers/tetramers. A subtype of HE is hereditary pyropoikilocytosis (HPP), a rare severe hemolytic anemia characterized by
poikilocytosis and fragmented erythrocytes and microspherocytes. It is due to either homozygous or compound heterozygous mutations in SPTA1
leading to severe disruption of
∗ ∗
spectrin self-association. 1, 2
Regarding the treatment, the ﬁrst line is often only
supportive care as phototherapy in neonatal patients and
transfusions in severe cases. Similarly, the severe cases
required transfusions in adulthood, mostly during aplastic
or hemolytic crises. Splenectomy is beneﬁcial in several cases of
HS and
HE/HPP, resulting in an increased life span of
∗ ∗
RBCs. 1, 9
Although the workﬂow to diagnose RBC membrane disorders
is a standard clinical practice, differential diagnosis, classiﬁcation,
and patient stratiﬁcation among these diseases are often very
difﬁcult. Indeed, the variety of unspeciﬁc and overlapping
phenotypes often hampers correct clinical management of the
patients. For example, it is classically reported the problem for
differential diagnosis between
HS and congenital dyserythro∗
poietic anemia type II. 1,10 In this context, the genetic testing
represents a precious tool for both the diagnosis and the
management of these patients.
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Future perspectives
With the widespread use of NGS diagnostic technologies, several
novel mutations have been identiﬁed. Indeed, approximately 30%
of new pathogenic variants have been annotated in HS-HErelated genes in the Human Gene Mutation Database in the last 4
years (2015–2018). NGS data have shown that in some cases
mutations in more than 1 causative gene were identiﬁed. Indeed,
multigene diagnostic approach allowed the identiﬁcation of
polygenic conditions, in which the coinheritance of multiple disease
genotypes could
explain the phenotypic variability observed in
∗
these patients. 8 To note, the exome approach demonstrated that at
least 3% of the hereditary diseases are oligogenic conditions.
Moreover, NGS approaches could also help in deﬁning the
inheritance of genetic modiﬁers. Thus, the increasing knowledge
about molecular genetics of HS and allied disorders highlighted the
problem of an augmented difﬁculty in the establishing a correct
phenotype-genotype correlation.11 In our experience, the multigene
diagnostic approach allowed conﬁrming the clinical suspicion in
84.6%∗ of patients initially suspected of hereditary stomatocytosis
or HS. 8 This observation suggests that the clinical and biochemical
deﬁnition of these patients represents the ﬁrst-line step to diagnose.
However, genetic testing is essential since the phenotypic diagnosis
may not be readily available, for example, in patients requiring
frequent transfusions, and it often does not predict disease course
or severity.
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Take home messages
 Splenectomy should be considered in severely affected patients with inherited hemolytic anemia.
 Splenectomy is associated with infectious and thrombotic complications.
 Separately for each disorder, prior to the decision to proceed to splenectomy, the efﬁcacy of this procedure in reliving the anemia,
and the already described thrombotic complications should be considered.

Introduction
As abnormal or damaged red blood cells passing through the
spleen red pulp are efﬁciently removed by the splenic macrophage
system, splenectomy has been suggested as a possible therapeutic
approach to manage severely affected patients with inherited
hemolytic anemias. The efﬁcacy of splenectomy in many of these
disorders has yet to be determined. Additionally, concern
remains regarding shortand long-term infectious and throm∗
botic complications. 1 In view of the variable efﬁcacy and
possible complications of this procedure, expert recommendations for splenectomy in hereditary hemolytic anemias have been
recently published by the EHA
Working Study group on Red
∗
cells and Iron (EHA-WG-RI). 2 In this short manuscript, we will
review the complications of splenectomy in 2 inherited hemolytic
anemias (pyruvate kinase deﬁciency [PKD] and hereditary
stomatocytosis [HSt]), as well as emerging alternative future
therapeutic options in those disorders. Splenectomy in hereditary spherocytosis (HS) is discussed in the previous chapter and
only summary of the indications for this procedure is
summarized in Table 1.
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Current state of the art
Splenectomy complications
Postsplenectomy infections. Due to the role of the spleen in
immune competence and blood ﬁltration, following splenectomy
there is a risk of overwhelming infection (OPSI) which is highest
with encapsulated organisms such as Streptococcus pneumoniae,
Neisseria meningitidis, and Haemophilus inﬂuenzae.3 Asplenia is
also an important risk factor for serious infections with
Plasmodium, Capnocytophaga canimorsus, and cynodegmi (after
an animal bite), Babesia (after a tick bite), and Bordetella
holmesii.4 An elevated risk of OPSI probably remains for life.5
Due to the high risk of this complication at a young age,
splenectomy should not normally be performed before 5 years of
age. Recent studies suggested that OPSI occurs in about 4% to 7%
of patients with hematological disorders while most of them were
found to be nonimmunized.6 The addition of conjugated
pneumococcal and meningococcal vaccines, as well as meningococcal B recombinant vaccine, accompanied by efforts to increase
adherence to vaccination protocols, may further reduce the risk of
OPSI. Guidelines regarding prevention and treatment of infections
in splenectomized patients have been recently published by the
American Academy of Pediatrics (Red Book 31st edition, 2018);
the reader is referred to this publication for detailed instructions.

Postsplenectomy thromboembolic complications
Thromboembolic events in hemolytic anemias following splenectomy have been sporadically reported. Those reports describe
acute splenic and portal vein thrombosis (SPVT), and also,
delayed life-long events.
Acute splenic and portal vein thrombosis. This is an early lifethreatening complication, which can lead to bowel ischemia and/
or portal hypertension. This complication is probably due to stasis
in the splenic vein remnant.7 Screening with contrast-enhanced
computed tomography showed a median time of 6 days between
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Table 1
Inherited Hemolytic Disorders: Splenectomy, Cholecystectomy, and Future Alternative Therapy
Disease
Hereditary spherocytosis

Pyruvate kinas deﬁciency
Hereditary stomatocytosis

Splenectomy
If patient is transfusion-dependent or suffers
severe anemia
If patient has moderate disease-decision based
on spleen size and quality of life parameters
Consider if patient is transfusion-dependent or
severely anemic
Contra-indicated

Accompanied Cholecystectomy

Potential Alternative Future Therapy

No need to perform

Should be performed at time of splenectomy

AG-348
DHS Gardos channel blocker (Senicapoc)

For all indications splenectomy should be performed after 5 years of age.
DHS = dehydrate hereditary stomatocytosis.

splenectomy and the appearance of asymptomatic SPVT.8 The
EHA-WG-RI recommended that Doppler ultrasound screening
∗
for SPVT should be carried out on day 7 postsplenectomy. 2

WG-RI that
splenectomy in patients with HSt is probably contra∗
indicated. 2

Venous thromboembolism and arterial pulmonary hypertension.
Deep vein thrombosis, pulmonary emboli, and Pulmonary
Arterial Hypertension have sporadically been described following
splenectomy in patients with HS, PKD, HSt, and unstable
hemoglobin.9–13 The etiology of these complications is probably
multifactorial and includes increased platelet number and
activation, leukocytosis, activation of the endothelium, altered
lipid proﬁle,
and NO consumption due to continued intravascular
∗
hemolysis. 1 More studies are required to better deﬁne the risk of
thromboembolism related to splenectomy.

Future prospectives

Splenectomy in pyruvate kinase deﬁciency
PKD is the most common glycolytic defect leading to lack of
energy to support membrane RBC structure and ion transport.
Splenectomy only partially ameliorates the anemia but is usually
beneﬁcial in decreasing the transfusion need. The recently
published Pyruvate Kinase Deﬁciency Natural History
Study that enrolled 278 PKD patients
suggested that 59% of
∗
patients underwent splenectomy. 14 Eleven percent of those
developed thrombosis following splenectomy compared to no
occurrences of thrombosis in patients who were not splenectomized. Due to postsplenectomy residual hemolysis, 48% of
patients who had a splenectomy without simultaneous cholecystectomy later required a cholecystectomy. EHA-WG-RI
therefore suggested that splenectomy should be considered in
patients with PKD who are transfusion-dependent or intolerant
of the anemia; and that
cholecystectomy should always
∗
accompany splenectomy. 2

Splenectomy in hereditary stomatocytosis
HSt is a dominant disorder including both dehydrated (DHS) and
overhydrated (OHS) types, with alteration of the RBC membrane
permeability to monovalent cations (Na+ and K+) and, with a
consequent alteration in the intracellular cationic content and in
red cell volume. Recent studies suggested that DHS is mainly
caused by gain of function mutations in the PIEZO1 gene
encoding for a cationic channel. PIEZO1 mutations result in
signiﬁcant uptake of Na+, K+ loss, and Ca++ inﬂux leading to
activation of the Gardos channel and water loss. Few cases of DHS
were recently found to be caused by activating mutations
in
∗
KCNN4 gene encoding for the Gardos channel itself. 15
Splenectomy is ineffective in DHS and only partially effective
in OHS. In addition, this procedure was found to be
associated with severely increased risk of thromboembolic
complications.12 Therefore, it has been suggested by the EHA-

New therapies are emerging as alternative to splenectomy in PKD
and DHS. An oral pharmacologic activator
of RBC pyruvate
∗
kinase, AG-348, is currently in clinical trials. 16 Early results from
a phase II trial in patients demonstrated increased hemoglobin in a
signiﬁcant subset of patients with hemolysis.17 Patients with at
least 1 missense mutation were found to be more likely to respond.
Preclinical studies also suggest that PKD may be a candidate
disease for gene therapy.18
Gardos channel blockers such as Senicapoc have been shown to
prevent in vitro DHS RBC dehydration due to PIEZO1 or
KCNN4 activating mutations.19 A phase III clinical trial
evaluating the efﬁciency of Senicapoc to reduce the frequency
of sickle cell pain crises showed that although Senicapoc
administration did improve erythrocyte rehydration, there was
no efﬁcacy in reducing vaso-occlusive crises.20 Nevertheless,
Senicapoc administration was well-tolerated and showed no
signiﬁcant toxicity. These results point to a possible therapeutic
effect of Senicapoc in DHS and future studies are awaited.
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Introduction
Worldwide radiation accidents are rare, however we learned from the past that these events ask for serious planning in the health care
system.. Nuclear accidents in the Chernobyl (1986) and Fukushima (2011) power plants demonstrated that we should draw the
attention of the real risk of radiation accidents to the health care. In his presentation Dr Chao will elaborate on the acute radiation
syndrome (ARS) in humans. Efﬁcient triage to identify victims without a lethal dose of irradiation who can be rescued is obligatory. On
the other hand, the current management of ARS does not differ a lot from the management of pancytopenia in other settings. Extensive
triage algorithms and appropriate standardized operation procedures are currently available to improve survival in these victims.
Prof E Holler will focus in his lecture on new insights concerning the changes in the microbiome by using antibiotic prophylaxis that are
regularly applied in SCT to prevent infectious complications and GVHD. In contrast, using these antibiotics we induce a massive loss of
diversity (dysbiosis) which was associated with an increased risk of GVHD and late transplant related mortality. New molecular
sequencing techniques demonstrate not only the loss but also the skewing of the microbiome towards an abundance of single pathogenic
bacteria, especially anaerobic species. Fecal microbiota transfer (FMT) may play an important role to restore the diversity of the
microbiome.
The recent introduction of new conditioning regimens and graft manipulation techniques have boosted the implementation of haploidentical stem cell transplantation and offers better chances of survival in this patient category. Dr Ruggeri will talk in her presentation
about the two most frequent used conditioning regimens that changed the world of haplo-identical stem cell transplantation, based
either on the use of post-transplant cyclophosphamide (PTCy) or on anti-thymocyte globulin (ATG). She will also discuss different stem
cell sources (bone marrow vs PBSC), the intensity of the conditioning regimens (RIC vs MAC), new complications and challenges we
have to deal with.

Learning goals
 Preparedness for possible nuclear terrorism is important and possible, multiple parts for preparedness are in place.
 The current state of acute radiation syndrome (ARS) does not substantially differ from the management of pancytopenia in other
settings, such as after treatment with myelosuppressive chemotherapy.
 HSCT patients have a high likelihood of severe dysbiosis early after transplantation which is mediated by broad spectrum
antibiotics and GvHD itself while real decontamination is rarely achieved.
 Microbiota modulation offers a new option for treatment or even prophylaxis of GvHD.
 The number of patients transplanted using Haplo-HSCT is increasing consistently in Europe and United States.
 Haplo-HSCT with the use of PTCy for GVHD prophylaxis, allows low incidence of grade III to IV acute GVHD, chronic GVHD,
and comparable survival with HLA-matched unrelated and cord blood transplantation.
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Take home messages
 Preparedness for possible nuclear terrorism is important and possible.
 Multiple parts for preparedness are in place.

Introduction
People exposed to high levels of radiation (usually >1–2 Gy over a
short period of time may develop acute radiation syndrome (ARS).
Symptoms vary according to the dose but include vomiting,
diarrhea, headache, dizziness, weakness, bleeding, and redness of
the skin. In a large mass casualty setting, efﬁcient triage of
irradiated casualties is essential to identify those who have
received clinically signiﬁcant but not invariably lethal doses of
radiation estimated at 2-Gy of whole body exposure. These are the
victims that need specialized and sometimes urgent care. In
resource scarce settings, symptomatic care is given if possible and
life-sustaining measures should be withheld from casualties with
non-survivable trauma, thermal burns and/or radiation exposures. Extensive triage algorithms that emphasize fairness were
recently published to guide the selection of appropriate candidates
for life-sustaining care in resource- limited settings in order to
maximize survivability for the overall population.1

Current state of the art
The current management of ARS does not substantially differ
from the management of pancytopenia in other settings, such as
after treatment with myelosuppressive chemotherapy. Recently
(2015), the FDA approved the use of Neupogen, Neulasta and
Leukine for the treatment of hematopoietic
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ARS, administering myeloid cytokines to appropriately select
victims offers 2 potential beneﬁts after a mass casualty radiation
incident. It can reduce morbidity and mortality resulting from
neutropenia and it can lessen the need for subsequent or continued
hospitalization during the post-incident period when medical
resources and personnel may be extremely limited. The current
challenge is that the local supply of cytokines would be quickly
depleted in the absence of adequate triage to ensure that those that
may not require this treatment immediately are referred for later
evaluation and possibly treatment in a more resource-rich
environment. Examples of activities in resource limited settings
would include victims treated in a gymnasium or school or
reducing the dose of growth factors.
All patients with conﬁrmed neutropenia or medical history of
radiation exposure and physical injuries strongly suggestive of
combined injury (radiation plus trauma and/or burn) are
potential candidates for myeloid cytokines if they are deemed
to have survivable exposure/injuries. Studies in non-human
primates suggest that initiating myeloid cytokines
within 24
∗
hours of exposure may improve outcomes. 2 Myeloid cytokines
(granulocyte-colony stimulating factor (G-CSF; Filgrastim),
granulocyte monocyte-colony stimulating factor (GM-CSF;
sargramostim) or pegylated G-CSF (pegﬁlgrastim)] can reduce
the duration of neutropenia, hospital length-of-stay, and overall
costs.
Myeloid cytokines should be initiated as soon as there is
evidence a casualty will develop severe neutropenia (ie, less than
500 neutrophils per mm3). Speciﬁc indications for initiating
myeloid cytokines prior to the onset of neutropenia include a
projected whole body dose of 2 Gy or more based on (1) physical
dose reconstruction using geographic information, (2) clinical
signs, and/or (3) lymphocyte depletion kinetics. Drugs should be
continued until normalization of the granulocyte count. Supportive care measures are equally important. Antiemetics for vomiting,
hydration, and antibiotics to prevent bacterial infections during
the neutropenic period have been shown to improve survival in
animal models of ARS. These suggestions are not different from
those that are in daily practice in the heme-onc or transplant
wards.
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Table 1
The Spectrum of Potential Events Involving Radioactive Material. Numbers of Deaths are Rough Estimates.
Categories
Radioactive source accident
Nuclear reactor accident
Radiological dispersal device
Radiological exposure device
Improvised nuclear device
∗

Description

Number of Deaths

Loss or theft of a radiological source (eg, Goiana, Thailand, Mexico)
Release of radioactive gas or material (eg, Chernobyl, Mayak)
∗
Device or scheme for dispersing radioactive isotope (eg, dirty bomb or radioactive material in the food supply)
Radioactive material intended to expose people in the vicinity (eg, Cesium source placed on a train, China)
Incorporates radioactive material intended to produce a nuclear explosion

0–10 s
0–100 s
0–1000 s
0–100 s
1,000s to >1,000,000

Only a small fraction of deaths would be expected to result directly from radiation exposure.

The essential role of biodosimetry
Appropriate triage and care after radiation exposure depends on
accurate and timely estimates of radiation dose. Dose information
will be important for classifying victims into groups that: (1) will
not require medical intervention, (2) could beneﬁt from supportive
care (eg, colony stimulating factors) to facilitate autologous
marrow recovery, (3) require evaluation for HSCT to treat
potentially irreversible marrow damage, and (4) cannot be
salvaged. A variety of information can be used to estimate an
individual’s radiation exposure. Unlike the homogenous dosing
associated with therapeutic total body irradiation, shielding from
nearby structures (eg, buildings) during accidents or terrorist
attacks will result in heterogeneous exposures. Therefore, a
careful history of the victim’s location and subsequent symptoms
will be essential. Initial clinical assessment will include the time
from event to ﬁrst emesis and peripheral blood counts, with
subsequent lymphocyte depletion kinetics.
Approaches that use only clinical and routine laboratory
ﬁndings to stratify victims into risk groups are valuable for a
small-sized
accident, but their utility during large events is not
∗
clear.3, 4,5 Biodosimetry, the use of biologic markers to assess
dose, can enhance the predictive value of clinical ﬁndings after
radiological or nuclear events. The “gold standard” for
biodosimetry is the quantiﬁcation of dicentric chromosomes
using metaphase cytogenetics in peripheral blood lymphocytes.
Unfortunately, dicentric quantiﬁcation requires multiple days to
perform and is currently available only in selected centers. Plans
have been formulated to develop major radiation laboratory
networks to perform dicentric quantiﬁcation on a mass scale.6
Newer methods for biologic dosimetry, including rapid genomic
analysis of PBLs, serum proteomics and
measurements of DNA
∗
damage, are also under development. 7,8,9
Treating hematologists will need to calculate radiation
doses using the information they have available. Online
algorithms for estimating dose based on clinical and biological
data are available from the Radiation Emergency Medical
Management (REMM) website at http://www.remm.nlm.gov/
ars_wbd.htm or from the Armed Forces Radiobiologic Research
Institute at http://www.afrri.usuhs.mil/www/outreach/biodos
tools.htm#software.

Future perspectives
A role for stem cell transplantation?
Some victims of a large-scale event may receive doses of radiation
to cause irreversible myeloablation. As discussed above, these
patients will commonly have multi-organ damage.
What remains unclear is whether allogeneic HCT can be a lifesustaining measure in this setting. To date, 31 patients have
undergone allogeneic HCT after accidental radiation exposure.
∗
Median survival after transplant for these patients is ∼1 month. 10

All 4 patients who survived >1 year reconstituted autologous
hematopoiesis, raising the question whether the HCT provided
any beneﬁt. Particularly troubling was the contribution of GVHD
to mortality in >20% of patients. More recently previously
unavailable data on the use of stem cell administration to aid
∗
recovery of victims of the Chernobyl disaster became available. 11
There were 9 patients heretofore unreported in the scientiﬁc
literature who underwent intraosseous injections of allogeneic
bone marrow cells in Kyiv. Transplantation was associated with
signiﬁcantly shortened time to recovery of granulocyte and
platelet counts in these patients.
While current guidelines would certainly include the use
of cytokines, these data provide an indication of the
effectiveness of stem cell transplant to treat victims of radiation
exposure.
In many regards, patients with myeloablation from radiation
exposure are similar to those with aplastic anemia. A reduced
intensity conditioning regimen for severe aplastic anemia (where
immunosuppression but not myeloablation is required) is being
tested in the Blood and Marrow
Transplant Clinical Trials Network (BMT CTN Protocol
0301).12 Of note, NMDP has plans in place to conduct large
numbers of urgent searches for victims following an event,
recognizing that only a few searches would likely lead to
transplants (Table 1).
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Take home messages
 HSCT patients have a high likelihood of severe dysbiosis early after transplantation which is mediated by broad spectrum
antibiotics and GvHD itself while real decontamination is rarely achieved.
 Commensal microbiota play a major role in maintaining immunological homeostasis in the gut, but also systemically.
 Microbiota modulation offers a new option for treatment or even prophylaxis of GvHD.

Introduction

Current state of the art

Acute and chronic Graft-versus Host disease (GvHD) are still the
major causes of morbidity and mortality following allogeneic stem
cell transplantation (HSCT). Although donor cell activation by
recipient antigens is in the center of its pathophysiology, the
preferential manifestation of GvHD at epithelial surfaces already
points to an important modulator of GvHD-related inﬂammation
—the microbiota consisting of both, commensal bacteria and
pathogens. The contribution of intestinal bacteria to inﬂammation
in GvHD was well known for many years since van Bekkum’s
observation on reduction of GvHD in germfree mice1 and
identiﬁcation of bacterial lipopolysaccharide as an important
costimulatory molecule in GvHD.2 However, these ﬁndings were
observed in an era where analysis of microbiota—host interaction
was restricted to culturable bacteria. With the introduction of 16s
rRNA molecular sequencing of bacteria, it became clear that the
large group of anaerobic commensal bacteria had not been
integrated in this interaction before. Here we summarize how
current approaches of microbiota research changed our view on
pathophysiology of HSCT-related complications and discuss the
potentials and risks of microbiota-based interventions in the
setting of GvHD.

The 16s molecular sequencing of stool microbiota in HSCT
patients was ﬁrst reported by the Memorial Sloan Kettering
Cancer Center3 and later on by our group4: In both studies, loss of
bacterial diversity and commensal bacteria was observed in the
ﬁrst 2 weeks after transplantation, which was associated with an
increased risk of GvHD and long-lasting transplant mortality.
These studies also showed that antibiotic prophylaxis which was
for a long time considered as standard of care and helpful not only
in prophylaxis of infections but also of GvHD, rarely achieves
complete decontamination but results in massive loss of diversity
(dysbiosis) with abundance of single pathogenic bacteria. Since
these ﬁrst reports numerous ∗studies conﬁrmed these associations
(review in Andermann et al 5) and deﬁned antibiotics used for
prophylaxis and treatment of infections as a major cause of
dysbiosis. A puzzling question is how microbiota changes in the
ﬁrst 2 weeks can exert such a long-lasting impact on outcome: A
possible explanation is that dysbiosis occurs at the time of
rebuilding of the immune system by donor cells—thus
HSCT repeats the immunological conditions occurring early in
neonatal life where also a high vulnerability by dysbiosis has been
shown.6
A major challenge was to deﬁne mechanisms explaining
this impact of dysbiosis on alloreaction and long-term
immunodeﬁciency: As in other areas of microbiota-associated
diseases, metabolites produced by commensal bacteria are
considered to mediate beneﬁcial effects: short-chain fatty acids
(SCFA) released after degradation of dietary ﬁbers by commensal bacteria have been reported to be highly protective, and in an
experimental study, P Reddy’s group nicely showed that GvHD
protection by a 17-strain cocktail of commensal clostridia
could be∗ explained by the SCFA butyrate produced by these
bacteria. 7 Bacterial tryptophan metabolites like indoles are
other important immunoregulatory metabolites, which induce a
tolerogenic dendritic cell type in vitro. Recently, Swimm et al
used a speciﬁc indole derivative (indolecarbaldehyde) in mice
and reported strong protection from GvHD-related pathology
and strongly improved survival in mice receiving indolecarbal-
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dehyde prophylactically without interference with GvL effects. 8
As there is strong interaction of microbiota and microbiotaderived metabolites and intestinal regulatory T cells, this axis
seems to be 1 predominant mechanism in regulation of GvHD
(Fig. 1).
If GvHD is modulated by the microbiota, an important question
is whether GvL is equally affected. Whereas experimental studies
clearly see a differential effect of a diverse microbiome on GvHD
and GvL, there is only 1 clinical study directly addressing this
question: Indeed, presence of speciﬁc commensals such as
Eubacterium limosum protects against relapse and thus supports
the general concept that intestinal microbiota also regulate
antitumor immunosurveillance.9
Currently, the most direct approach to restore commensal
bacteria and microbiota diversity is fecal microbiota transfer
(FMT) as it has become standard of care in severe relapsing C
diff infections. However, there is signiﬁcant concern that this
may transfer potential infectious organisms to the highly
vulnerable HSCT patients. On the other hand, there is now
substantial evidence that restoration of a diverse microbiome
protects against translocation of pathogenic bacteria and
suppresses or even eliminates multiresistant bugs by restoration
of colonization resistance,∗ both events occurring frequently in
advanced GvHD patients. 10 More recently, beneﬁcial effects of
diverse microbiota even on respiratory infections have been

shown, as abundance of butyrate producing commensals was
protective against progression of respiratory viral infections in
HSCT patients.11
In addition, ﬁrst reports on either prophylactic or therapeutic
application of FMTs in HSCT pts did not observe severe infectious
complications after FMT. Both autologous and allogeneic thirdparty donor FMT have ∗been successfully used for prophylactic
restoration of diversity. 12,13 In addition, several pilot studies
reported treatment of steroid refractory gastrointestinal GvHD by
allogeneic FMT: Overall, up to 70% of pts responded with
∗
complete or at least partial resolution of GvHD symptoms 14
supporting the concept that intact intestinal immunoregulation
needs a diverse microbiome on one hand and that current
immunosuppressive strategies may eliminate alloreactive T cells
but at the same time frequently prevent immune reconstitution
as well.

Future perspectives
Although ﬁrst results of FMT trials indicate efﬁcacy, clear clinical
trials on FMT with deﬁned entry and outcome criteria are missing.
Furthermore, it is currently unknown whether crude FMT from
healthy donors just acts by yet unknown speciﬁc mechanisms
delivered by deﬁned bacterial strains or works via metabolic
effects provided by a healthy microbiota. The interplay of the

[(Figure_1)TD$IG]
Figure 1. Modulation of HSCT related complications by microbiota. FMT = fecal microbiota transfer, ILC = innate lymphoid cells, MDSCs =
myeloid derived suppressor cells, NLR and TLR = Nod-like and Toll-like receptors, p/n T = reg induced and natural regulatory T cells, PAMPs and
DAMPs = pathogen and damage associated molecular patterns.
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donor versus recipient T cell repertoire against speciﬁc bacteria, as
it has been recently shown in inﬂammatory bowel disease,15 has
even not been addressed in the setting of HSCT and the same is
true for the speciﬁc IgA response which plays a major role in
regulating microbiota but is severely suppressed in HSCT
patients. Chronic GvHD manifestations occur most frequently
at sites with speciﬁc microbiota/epithelial interactions (mouth, eye,
skin, lung, urogenital GvHD) but these interactions need further
evaluation. Finally, it is a huge clinical challenge to balance the need
for anti-infectious, mostly antibiotic prophylaxis and treatment in
immunosuppressed HSCT patients versus the detrimental effects of
broad spectrum antibiotics on microbiota. More intelligent
approaches like protecting the intestinal microbiome by antibacterial peptides or the recently reported approach to neutralize
antibiotics in the gut using oral enzymes like beta-lactamases16 may
help to balance the needs in the future.

References
1. van Bekkum DW, Roodenburg J, Heidt PJ, et al. Mitigation of
secondary disease of allogeneic mouse radiation chimeras by
modiﬁcation of the intestinal microﬂora. J Natl Cancer Inst.
1974;52:401–404.
2. Ferrara JL, Levine JE, Reddy P, et al. Graft-versus-host disease.
Lancet. 2009;373:1550–1561.
3. Jenq RR, Ubeda C, Taur Y, et al. Regulation of intestinal
inﬂammation by microbiota following allogeneic bone marrow
transplantation. J Exp Med. 2012;209:903–911.
4. Holler E, Butzhammer P, Schmid K, et al. Metagenomic analysis
of the stool microbiome in patients receiving allogeneic stem cell
transplantation: loss of diversity is associated with use of
systemic antibiotics and more pronounced in gastrointestinal
graft-versus-host disease. Biol Blood Marrow Transplant. 2014;
20:640–645.
∗5. Andermann TM, Peled JU, Ho C, et al. The microbiome and
hematopoietic cell transplantation: past, present, and future. Biol
Blood Marrow Transplant. 2018;24:1322–1340.
This comprehensive review summarizes expert opinion on the status and
needs of microbiota research in the setting of HSCT.
6. Torow N, Hornef MW. The neonatal window of opportunity:
setting the stage for life-long host-microbial interaction and immune
homeostasis. J Immunol. 2017;198:557–563.
∗7. Mathewson ND, Jenq R, Mathew AV, et al. Gut microbiomederived metabolites modulate intestinal epithelial cell damage

Microbiota and Graft-versus Host disease: a double-edged sword

and mitigate graft-versus-host disease. Nat Immunol. 2016;17:
505–513.
Experimental study demonstrating that consortia of commensal clostridia
protect against GvHD via the short chain fatty acid butyrate.
∗8. Swimm A, Giver CR, DeFilipp Z, et al. Indoles derived from
intestinal microbiota act via type I interferon signaling to limit graftversus-host disease. Blood. 2018;132:2506–2519.
This proof of concept paper shows that a single bacterial tryptophan
metabolite applied in the ﬁrst days after experimental GvHD is able to
increase survival from 10 to nearly 100% without affecting GvL.
9. Peled JU, Devlin SM, Staffas A, et al. Intestinal microbiota and
relapse after hematopoietic-cell transplantation. J Clin Oncol.
2017;35:1650–1659.
∗10. Bilinski J, Grzesiowski P, Sorensen N, et al. Fecal microbiota
transplantation in patients with blood disorders inhibits gut
colonization with antibiotic-resistant bacteria: results of a prospective, single-center study. Clin Infect Dis. 2017;65:364–370.
50 – 100% of hematological and HSCT patients receiving healthy donor
FMT cleared colonization with multiresistant bacteria.
11. Haak BW, Littmann ER, Chaubard JL, et al. Impact of gut
colonization with butyrate-producing microbiota on respiratory
viral infection following allo-HCT. Blood. 2018;131:2978–2986.
∗12. Taur Y, Coyte K, Schluter J, et al. Reconstitution of the gut
microbiota of antibiotic-treated patients by autologous fecal
microbiota transplant. Sci Transl Med. 2018;10:pii: eaap9489.
An elegant randomized trial demonstrates restoration of a diverse
microbiome by autologous FMT in HSCT patients.
13. DeFilipp Z, Peled JU, Li S, et al. Third-party fecal microbiota
transplantation following allo-HCT reconstitutes microbiome
diversity. Blood Adv. 2018;2:745–753.
∗14. DeFilipp Z, Hohmann E, Jenq RR, et al. Fecal microbiota
transplantation: restoring the injured microbiome after allogeneic
hematopoietic cell transplantation. Biol Blood Marrow Transplant.
2019;25:e17–e22.
A comprehensive review on so far published data on fecal microbiota
transplantation in HSCT recipients and ist pathophysiological background.
15. Hegazy AN, West NR, Stubbington MJT, et al. Circulating and
tissue-resident CD4(+) T cells with reactivity to intestinal microbiota
are abundant in healthy individuals and function is altered during
inﬂammation. Gastroenterology. 2017;153:1320–1337.
16. Connelly S, Bristol JA, Hubert S, et al. SYN-004 (ribaxamase), an
oral beta-lactamase, mitigates antibiotic-mediated dysbiosis in a
porcine gut microbiome model. J Applied Microbiology. 2017;
123:66–79.

Educational Updates in Hematology Book | 2019; 3(S2) | 169 |

Powered by EHA

Stem cell transplantation - Section 17

Unmanipulated haploidentical transplantation for adult patients with
hematological malignancies
Annalisa Ruggeri1, Nicole Santoro2
1

, Rome, Italy;
Department of Pediatric Haematology and Oncology, IRCCS, Ospedale Pediatrico Bambino Gesu
Section of Hematology, Department of Medicine, University of Perugia, Centro Ricerche Emato-Oncologiche,
Perugia, Italy

2

Take home messages
 The number of patients transplanted using Haplo-HSCT is increasing consistently in Europe and United States.
 Haplo-HSCT with the use of PTCy for GVHD prophylaxis, allows low incidence of grade III to IV acute GVHD, chronic GVHD,
and comparable survival with HLA-matched unrelated and cord blood transplantation.

Introduction

Current state of the art

Allogeneic hematopoietic stem cell transplantation (HSCT)
represents a curative treatment for different hematological
disease. HSCT from a human leukocyte antigen (HLA)-matched
sibling donor (MSD) is the standard of care for treating those
patients, however only 25% to 30% of the patients in need have a
MSD available. Even with the use of large unrelated donor
registries, 25% of Caucasian patients are unable to ﬁnd an HLA
matched unrelated donor (MUD), and this percentage
increases to
∗
50% to 85% for individuals of other ethnicities. 1
Historically, the use of mismatched related donor was limited
by the high level of HLA disparities, rendering this strategy such
an alternative, using a “megadose of CD34+ selected graft” after
ex-vivo T-cells depletion, to avoid severe graft versus host disease
(GVHD). However, this approach was associated with high risk
of graft failure, relapse and delayed immune recostitution.2
More recently, the use of novel strategies without ex-vivo T-cell
depletion made the use of unmanipulated haploidentical transplants (haplo-HSCT) feasible,
allowing a continuous increase in
∗
its use in different countries. 3

Haplo HSCT are attractive because do not require any graft
manipulation, and allow important reduction of costs, making the
procedure affordable for the majority of transplant centers. In
addition, family donors are easily available and highly motivated,
the procedure may be organized fast, avoiding delay. There are
several platforms of haplo-HSCT available, and among them, two
main approaches were developed in the last decades with different
platform of GVHD-prophylaxis, based either on anti-thymocyte
globulin (ATG)4 or on post-transplant cyclophosphamide (PTCy).5 Details on the recent studies available are showed in Table 1.
ATG allows extensive in vivo T-cell depletion and induces
tolerance with expansion of regulatory T-cells. ATG effectively
reduce GVHD incidence after both MSD and MUD HSCT.6 The
Beijing group4 ﬁrstly reported the efﬁcacy of the “GIAC protocol”
in haplo-HSCT, using intensiﬁed immunosuppression through
ATG, cyclosporine (CSA), mycophenolate-mofetil (MMF), shortcourse methotrexate, and monoclonal antibodies. On the other
hand, Luznik et al5 introduced the use of high dose PT-Cy for
GVHD prophylaxis in the combination with reduced-intensity
conditioning regimen (RIC) and bone marrow (BM) as stem-cell
source. In the absence of prospective trials comparing the different
platforms of haplo-HSCT, most of the data come from single
centers or registries reports.
The PT-Cy is more frequently associated with calcineurin
inhibitors and MMF, however some authors reported the efﬁcacy
of the PT-Cy in combination with rapamycin to enhance
regulatory T-cells,7 showing low rates of acute GVHD and
NRM, and favorable immune reconstitution proﬁle.
Despite the low incidence of acute and chronic GVHD and the
low NRM also for older patients reported with RIC PT-Cy,
disease recurrence is rather high, partially due to the high risk
disease in most of the transplanted patients.8
The broad HLA disparities in the haplo setting was a limitation
to the use of peripheral blood stem cell (PBSC). With the intent to
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aGVHD, acute graft vs host disease; AL, acute leukaemia; ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; BM, bone marrow; cGVHD, chronic graft vs host disease; CR, complete remission; d: day(s); m: months(s); MAC, myeloablative; MDS, myelodysplastic syndrome;
NA, not available; NM, non-myeloablative; NRM, non relapse mortality; OS, overall survival; PBSC, peripheral blood stem cell; PFS progression free survival; PTCy, post-transplant cyclophosphamide; TCD, T cell depletion; y: year(s).
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Results of haploidentical HSCT with PTCy in hematological malignancies
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overcome the relapse rate some centers explored PBSC in the
unmanipulated haplo-HSCT. Recently, 2 independent studies by
CIBMTR9 and EBMT10 compared transplant outcomes of BM
and PBSC recipients. Bashey et al9 reported 681 haplo-HSCT with
different hematological malignancies receiving either PBSC or BM
as stem cell source with PT-Cy. Results were comparable with,
however, higher risk of acute and chronic GVHD in PBSC
recipients. The ALWP-EBMT registry, analyzed 451 patients with
AML and ALL.10 Overall survival and LFS as well chronic-GVHD
and relapse risk were not different using BM versus PBSC, while
acute GVHD grade 2–4 was signiﬁcantly higher in PBSC
recipients. Together, these two retrospective conﬁrmed the
increased risk of grade 2–4 aGVHD with comparable survival
outcomes using PBSC or BM with PT-Cy.
The optimal conditioning intensity regimen is another debated
topic. The ALWP11 recently reported equivalent outcomes after
MAC or RIC on 912 AML patients older than 45 years. RIC may
offer the possibility of lowering early toxicity and enhance posttransplantation maintenance therapy to prevent relapse, therefore
in the absence of prospective trials, the appropriate regimen
should be chosen according to disease risk features, patients’
comorbidities, and transplant center experience.
Another important risk factor for haplo-HSCT outcomes is the
presence of donor-speciﬁc anti-HLA antibodies (DSA). DSA are
an important barrier against successful engraftment of donor cells,
and can affect transplant survival. Before haplo-HSCT, recipient
screening for detection of DSA and desensitization strategies, in
case of absence of different donor, are recommended.12
Several prospective trials comparing haplo-HSCT with other
donors are currently ongoing (NCT01597778, NCT03250546,
NCT03275636, NCT01751997). So far, the retrospective studies
available by single centers experience and registries, reported that
the toxic proﬁle and survival outcomes
of haplo-HSCT are similar
∗
to HSCT from MUD or UCBT.13, 14
Comparison between haplo-HSCT and MSD resulted in the
advantage of MSD-HSCT, mainly for decreased GVHD and
NRM.15 To date, HSCT from MSD remain the standard of care
for patient with an available fully matched related donor.

Future prospective
The use of unmanipulated haplo grafts may provide access to
HSCT virtually to all patients in need also in elderly population.16
Although, relapse remains one of the major cause of transplant
failure, in the haplo-HSCT the antigenic disparities between donor
and recipient can strengthen the immunological response against
the original disease. Furthermore, the rapid availability of donors,
makes haplo-HSCT an ideal platform to
develop further strategies
∗
of immunomodulation after HSCT17, 18 or with donor lymphocyte infusion (DLI) in patients with minimal residual disease
(MRD) or relapse. Some authors reported the use of DLI without
severe toxicity of fatal GVHD in the haplo-HSCT setting19,20
for relapse treatment or as pre-emptive strategies, as reported in
other donor setting. Ideally, DLI after haplo-HSCT should be
performed in the setting of clinical trials.
In conclusion, haplo-HSCT is an effective strategy for patients
lacking a MSD-HSCT. The use of haplo-HSCT with PT-Cy is
rapidly increasing due to the easy graft procurement, and the low
cost of graft acquisition and manipulation. Indeed, the donor
accessibility could allow reduction of time to proceed to HSCT
and help in decreasing the risk of disease recurrence, in patients
with impending relapse, also with strategies of post-transplant
immunotherapy.
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Introduction
Acute lymphoblastic leukemia (ALL) is the most frequent malignant disease in children. With conventional chemotherapy, prognosis is
favorable, however at the cost of acute and long-term side effects. Relapsed and refractory ALL in contrast is associated with poor
prognosis. Therefore, in general, there is a medical need for targeted potentially less toxic therapy to replace toxic chemotherapy and
overcome resistance.
In B-cell progenitor (BCP) ALL favorable genetic alterations are hyperdiploidy or translocation t(12;21)/ETV6-RUNX1, whereas t
(9;22)/BCR-ABL1, KMT2A (MLL) rearrangements, chromosome 21 ampliﬁcation (iAMP21), t(17/19)/TCF3-HLF and hypodiploidy are
associated with poor prognosis. Numerous additional coexisting genetic lesions have been detected involving B-cell development,
proliferation and differentiation pathways that may serve as prognostic markers or therapeutic targets.
In T-ALL, early T-immunophenotype (ETP) shows an immature genetic proﬁle with stem-cell- and myeloid characteristics. Alterated
pathways include NOTCH signaling, cell cycle regulation, PI3K, JAK/STAT, which may serve as therapeutic targets.
Targeted treatment may however be impaired by heteroclonality of the ALL. Prospective controlled trials to prove safety and efﬁcacy of
these approaches are largely lacking.

Learning goals
 Genetic alterations are important prognostic factors in ALL.
 Affected intracellular pathways may serve as therapeutic targets.
 Prospective trials to prove the efﬁcacy and safety of targeted therapies are needed.
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Relevant subtypes in childhood ALL
Chloé Arfeuille1,2, Hélène Cavé1,2
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Take home messages
 Genetic lesions deﬁne B cell precursor (BCP) ALL subtypes with distinct biology and prognosis. Some of them deﬁne “Ph and Phlike” subtypes that may be treated by tyrosine-kinase inhibitors.
 CNV signatures (including IKZF1 deletion) have been validated to distinguish subgroups of BCP-ALL statistically deﬁned
according to event-free survival.
 Routine screening of relevant genetic subtypes is now a major tool in clinical practice and improves risk assessment, clinical
decision, and implementation of precision medicine in BCP-ALL.

Mutually exclusive genetic lesions deﬁne ALL
subtypes with distinct biology and prognosis
Acute lymphoblastic leukemia (ALL) is the most common
malignant tumor in children. Despite major improvements in
cure rates over the last decades, it remains one of the major causes
of cancer-related death in children. ALL uncovers a constellation
of different entities characterized by mutually exclusive recurrent
genetic alterations establishing the biology of ALLs (Table 1).
These entities, which prevalence varies with age and ethnicity,
allow the ∗classiﬁcation of ALLs and often inﬂuence response to
treatment. 1,2 Thus, in B cell progenitor ALLs (BCP-ALL), the
presence of hyperdiploidy or t(12;21)/ETV6-RUNX1, which are
the most frequent alterations in young children, is associated with
an excellent prognosis. On the other hand, t(9;22)/BCR-ABL1,
KMT2A (MLL) rearrangements, chromosome 21 ampliﬁcation
(iAMP21), t(17/19)/TCF3-HLF and hypodiploidy, are associated
with a high risk of relapse and are criteria for therapeutic
intensiﬁcation. Other ALL, including those with t(1;19)/TCF3PBX1, are considered intermediate risk (Table 1). By allowing the
assignment of patients to a risk group and the adjustment of
treatment intensity, the identiﬁcation of classifying genetic
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abnormalities has led to signiﬁcant progress in managing
children’s ALLs and has been a key element in improving
children’s ALL treatment. However, if increasing the intensity of
chemotherapy has been effective in some subgroups (ie, iAMP21),
others such as the rare subtype deﬁned by the presence of a
t(17;19)/TCF3-HLF remain highly resistant to conventional
therapies and alternative therapeutic options based on their
speciﬁc biology should be considered.3
Among the so-called “B-other ALL,” that is, the fraction of
ALLs that still lacks a classifying genetic alteration, pan-genomic
studies recently identiﬁed novel ALL subtypes (Table 1) deﬁned by
speciﬁc gene fusions involving several transcription factors such as
PAX5, ZNF384, MEF2D, or DUX4 (frequently associated with
ERG deletions),
each being possibly fused to a variety of
∗ ∗
partners.1,4,5, 6, 7,8 The prognostic value of these genetic lesions
remains to be clariﬁed and will require large international studies
due to the rarity of each subtype.

“Ph and Ph-like” ALL subtypes: The promise of
targeted therapies
Most precision medicine initiatives so far focus on genetically
deﬁned subtypes. Leukemias are no exception to the rule and
recently such a type of relevant ALL subgroups has emerged with
the development of therapies speciﬁcally targeting oncogenic
alterations. The detection of t(9;22)/BCR-ABL1 now points to the
use of tyrosine-kinase inhibitors (TKI), radically improving the
prognosis of these leukemias that are highly resistant to
conventional chemotherapy.9,10
More recently, several teams have identiﬁed a subpopulation
representing 10% to 15% of BCP-ALLs whose gene expression
proﬁle (transcriptome) is very similar to that of t(9;22)/BCR-ABL
ALLs. This new group of ALLs, called “Ph-like” or “BCR-ABL-like,”
has aroused great interest due to the poor prognosis associated
with it, in line with the usual persistence of high levels of minimal
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Table 1
Classiﬁcation of BCP-ALL and Subtype Relevance for Risk Assessment and Clinical Decision
Chromosomic/Molecular
Abnormalities

Estimated Frequency in Children and
Adolescent

High hyperdiploidy
[51–67] Chromosomes
Speciﬁc pattern of chromosome gain:
X, 4, 6, 10, 14, 17, 18, 21
Hypodiploidy
<44 Chromosomes
Low hypodiploidy (31–39 chr.)
Near haploidy (<30 chr.)

30%
Peak incidence: 2–10 years old

iAMP21 (intrachromosomal ampliﬁcation
of chromosome 21)

2%
Incidence increases in older children and adolescents

ETV6-RUNX1 (TEL-AML1)
t(12;21)(p13;q22)
TCF3-PBX1 (E2A-PBX1)
t(1;19) (q23;p13)
TCF3-HLF
t(17;19) (q22;p13)
MLL (11q23) fusion
Frequent partners
t(4;11) (q21;q23)/MLL-AF4 t(9;11)/
MLL-AF9
t(11;19)/ENL-MLL
Multiple other partners
NUTM1 fusions
Multiple partners
BCR-ABL
t(9;22) (q34;q11.2)
“Ph-like” or “BCR-ABL-like”
Multiple partners
ABL class (ABL1, ABL2, CSFR,
PDGFRB, etc.)
JAK/STAT class (JAK2, EPOR, etc.)
ETV6-NTRK3
CRLF2 alterations (missense
mutations, P2RY8-CRLF2, IGH-CRLF2)
MYC rearrangement
Fusion with IGH, K,L
t(8;14)(q24;q32)
t(2;8)(q12;q24)
t(2;8)(q12;q24)
IGH-DUX4
Associated with ERG intragenic
deletions and/or alternative transcripts
(ERGalt)
ZNF384 rearrangement
With multiple fusion partners

2–3%

25%
Peak incidence: 2–10 years old
5–6%
<1%
3%
Predominant (>80%) in infant BCP-ALL (<1
year old)

<1%
More frequent in infant BCP-ALL
2–4%
Incidence increases in older children and adolescents
10–15% (by gene expression proﬁling)
CRLF2 alterations
Variable incidence with age (increases in
older children and adolescents) and ethnicity
(higher in Hispanics)
Frequently observed (40–50%) in Down
syndrome patients
2%

5–7%
Incidence increases in older children and adolescents
2%

MEF2D rearrangement
With multiple fusion partners

<1%

PAX5 rearrangement
PAX5 fusions with multiple fusion
partners (eg, dic(7;9), dic(9;12), and
dic(9;20) at karyotype)
PAX5 intragenic ampliﬁcation
PAX5 point mutations (eg, p.P80R)

2–5%

Prognostic and Theranostic Impact Speciﬁc Features
Excellent prognostic, correlated to the modal number of chromosomes
with a better outcome in patients with 56–67 chromosomes
Poor prognostic. Therapy intensiﬁcation indicated
Low hypodiploidy is associated in 90% of cases with a TP53
mutation, half of which are constitutional
Hypodiploid blasts can undergo chromosomal doubling also known as
“masked hypodiploidy”
Poor prognostic. Therapy intensiﬁcation indicated
Rarely associated with other classifying lesions (eg, BCR-ABL, ETV6RUNX1).
Robertsonian translocation (rob15;21)(q10;q10)c predisposing to
iAmp21 ALL
Excellent prognostic
Good prognostic (but poor prognosis at relapse)
Absence of late relapses
Extremely poor prognostic. Intensiﬁer and/or alternative therapy
indicated
Associated with hypercalcemia and DIC at diagnosis
Poor prognosis. Therapy intensiﬁcation indicated
Associated with high WBC at diagnosis

Prognosis not precisely known
Better outcome than MLL rearranged BCP-ALL in infant
Poor prognosis under conventional chemotherapy
TKI in association with conventional chemotherapy indicated
Associated (>60% cases) with IKZF1 deletion or mutations
Poor prognosis under conventional chemotherapy
Frequently associated with IKZF1 deletion
Confer in vitro sensitivity to TKI (ABL class), JAK inhibitors (ruxolitinib)
(JAK class, CRLF2-r), ALK inhibitors (crizotinib) (ETV6-NRTK3)
In vivo sensitivity in association with conventional chemotherapy
currently under evaluation
Frequently associated of CRLF2 alterations with JAK point mutations
Not mutually exclusive from other subgroups
Mature BCP-ALL, Burkitt Leukemia
Rituximab in association with chemotherapy indicated

Good prognostic but delayed response to induction frequently observed
IKZF1 deletion frequently found without negative prognosis impact
Technically difﬁcult to identify at the genetic level. Typical CD371 ±
CD2 expression
Prognosis not precisely known and possibly dependent on fusion
partners (EP300-ZNF384 seems to have better outcome compared
to TCF3-ZNF384)
Delayed response to induction frequently observed
Characteristic immuno-phenotype: weak CD10 and aberrant CD13
and/or CD33 expression. Can be found in MPAL
Prognosis not precisely known (but tend to be poor) and may
dependent on fusion partners
Distinct cytology and immunophenotype (weak or absent expression of
CD10, high expression of CD38), with frequent oligoclonality of IG/
TCR gene rearrangements
Activation of HDAC9 expression potentially conferring sensitivity to
HDAC inhibitor treatment
Prognosis not precisely known, currently described as average.

DIC = disseminated intravascular coagulation, HDAC = histone desacetylase, IG/TCR = immunoglobulin/T cell receptor, MPAL = mixed phenotype acute leukemia.
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residual disease (MRD) during induction. 11,12 These ALLs are
characterized by abnormal activation of signaling pathways. This
activation is the result of a wide range of genomic translocations
leading to gene fusions, some of which
have the advantage of
∗ ∗
providing potential therapeutic targets. 1, 11,12 Ph-like ALL can be
separated in 2 major groups depending on the type of fusion. Alike
BCR-ABL, fusions involving ABL, PDGFR, or CSF1R (ABL-class
fusions) are potential targets for tyrosine-kinase inhibitor. Another
group of fusions involving or JAK, EPOR, or CRLF2 (JAK-class
fusions) are potential targets for JAK inhibitors. Although there is
currently no unambiguous transcriptional signature adapted to a
prospective identiﬁcation of these ALLs in the context of care,13 the
search for these translocations using techniques such as FISH or
RNAseq makes it possible to identify
patients for whom therapeutic
∗
alternatives can be proposed. 6,14,15 Several case reports have
described the effectiveness of imatinib/dasatinib in the treatment of
refractory Ph-like ALL with ABL-class fusions and may help to
decrease the use of bone marrow transplant. However, although
promising, the beneﬁcial effects of ABL- or JAK-targeted therapies
are still based on anecdotal reports. Optimal treatment design as well
as potential toxicity in combination with conventional chemotherapy
remain an issue but trials are now open that will soon bring
more information.

CNV signatures distinguishing BCP-ALL with poor
outcome
Although the so-called “classifying” abnormalities are considered
to be the initiators of leukemia, these genetic lesions alone are not
sufﬁcient to induce leukemia. Indeed, pan-genomic approaches
using DNA microarrays and, more recently, next-generation
sequencing applied to the exome or the entire genome have made
it possible to identify a number of recurrent mutations that coexist
with classifying anomalies.16 These additional lesions frequently
alter genes involved in classical oncogenic pathway (RAS, P53,
CDKN2A, RB1, etc.) or B-lymphoid development genes (IKZF1,
PAX5, EBF1, etc.). Among the latter, deletions of the IKAROS
gene (IKZF1), found in 60% to 80% of positive BCR-ABL ALLs
as well as in 15% of negative BCR-ABL ALLs, are of note. These
deletions are associated with poor prognosis independently of
known prognostic factors and therefore represent a promising
marker for therapeutic stratiﬁcation.17 The prognostic power of
IKZF1 deletions was shown to be in part context-dependent with
an epistatic effect of copy number variations (CNV) of other genes
such as ERG.18 Accordingly, several groups subsequently deﬁned
CNV-based classiﬁers, such as the IKZF1+ subgroup, consisting in
deletion patterns of 6 to 8 loci including IKZF1 and∗ distinguishing
high-risk ALL deserving treatment intensiﬁcation. 19,20 Contrary
to classifying lesions deﬁning biologically characterized ALL
subtypes, these CNV signatures, which are now implemented for
risk assessment in ongoing therapeutic trials, can be considered as
“pragmatic” prognostic factors, distinguishing statistically deﬁned subgroups associated with low event-free survival and thus
providing relevant and robust tools for risk assessment in
clinical practice.

Future perspectives
In ALL, an increasing number of subtypes can be now
considered relevant either for their interest in risk assessment
in combination with MRD, or because their detection directs
patients to protocols that include drugs targeted at these
abnormalities. Their prospective screening is now implemented
in most up-to-date clinical trials as part of the routine diagnosis
workup.15 Targeted therapies are currently limited to the Phand Ph-like subtypes but it is likely that precision medicine
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based on targeted therapies will soon be extended to other
ALL subtypes emphasizing the need for strong diagnostic
algorithms.
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Opportunities and challenges of personalized therapy of patients with
HR ALL
Shai Izraeli
Schneider Children’s Medical Center of Israel and Tel Aviv University, Israel
Take home messages
 The opportunities: Novel genomic diagnostics and availability of multiple new drugs create opportunities for personalized
adjustment of therapy for HR ALL patients.
 The major challenges: Lack of reliable efﬁcacy data and of speciﬁc clinical trials.
 Recommendations: Be conservative - minimize deviations from clinical protocols; Whenever possible enroll the patient in a speciﬁc
clinical trial for the novel therapy; If not available– maximize local and central prospective collection of clinical and biological data
on each patient.

Introduction
We are at the beginning of a new era in the treatment of children
with ALL. Carefully conducted large cooperative clinical trials
have achieved a remarkable success, with cure of most children
with ALL. Curing every child with ALL with a much less toxic
therapy may be achievable over the next decades. This goal may be
achieved through personalized precision therapy. As “state of the
art” data is lacking for this speciﬁc topic, my goal is to initiate
discussion and enrich the awareness of physicians to the
opportunities and challenges of personalized adjustment of
therapy.

State of the art
Opportunities and challenges
Due to “next generation” genomic sequencing (NGS) methodologies we now know that ALL is a highly
heterogeneous disease
∗
consisting of many genetic subtypes. 1,2 Furthermore, each
patient’s ALL consists
of multiple subclones that must be
∗
eliminated for cure. 3,4 We also face a large plethora of
therapeutic agents. One group consists of immunotherapeutic
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agents targeting the B cell phenotype and is thus (probably)
agnostic to speciﬁc genetic abnormalities. The other consists of
drugs blocking the activity of speciﬁc proteins essential for the
growth and survival of the leukemic cells. Novel methodologies to
test drug sensitivity of ALL have also been developed.5 These
advances in diagnostics and therapeutics enhance the opportunities for precise personalized adjustment of therapy. However,
they also create unprecedented challenges for informed therapeutic decisions and for designing appropriate clinical trials (Table 1).
These challenges are general for studying the efﬁcacy of speciﬁc
drugs for rare cancers.6
This lack of knowledge regarding the true efﬁcacy of novel
drugs is further affected by the popular scientiﬁc and general
media. Scientiﬁc publications are skewed toward the publication
of positive results. Negative observations are generally not
published. Scientiﬁc progress, both in diagnostics and therapies,
is further enhanced by popular media reports on spectacular
cures. Commercial interests feed these reports. For example,
various NGS diagnostic tests are heavily marketed to both
patients and physicians. Altogether, this creates a serious pressure
on treating physicians to deviate from clinical protocols and to
apply a novel personalized therapy, often without sufﬁcient
knowledge on how “precise” and effective this therapy is
compared with the approach of the clinical protocol in which the
patient is treated.

Ph-like ALL as an example
Targeted therapy with BCR-ABL1 inhibitors has revolutionized the treatment of chronic myeloid leukemia (CML).
Randomized clinical studies have demonstrated that the addition
of imatinib to chemotherapy signiﬁcantly enhances cure of
BCR-ABL1 ALL.7,8 It has also been recently shown, however,
that TKIs markedly
enhance treatment- related mortality of HR
∗
chemotherapy. 9
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Table 1
Opportunities and Challenges for precision personalized therapy of children with high risk ALL.
Opportunities
Targetable genomic aberrations (e.g., Kinases)
Novel targeting drugs (e.g., kinase inhibitors)
Immunotherapies (antibodies, CAR-T cells)
Availability of genomic diagnostic tests

Ph-like ALLs are a recently discovered of HR ALLs that are
∗
characterized by a similar gene expression to BCR-ABL1 ALLs. 10
Genomic analysis has revealed two major groups of these
leukemias – the minority (about 10% of all Ph-like ALL) in
which the ABL1 signaling pathway is activated, and the majority,
in which the genomic lesions are mainly in the JAK-STAT
pathway.11
Many contemporary ALL clinical trials (except AIEOP-BFM)
have decided to add TKIs to all patients with ABL-class mutations
especially for patients with high levels of MRD at the end of
induction. This “consensus” is based on biological studies
displaying the similarity between BCR-ABL1 and ABL like ALLs
and few clinical reports of individual cases (especially of EBF1PDGFRB ALL, which is the most common
abnormality
∗
comprising up to 1% of “B others” ALL).12–15, 16,17
The largest subgroup of Ph-like ALLs is characterized by genetic
activation of the JAK-STAT pathway. The most common subtype
consists of aberrant expression of CRLF2.18 Currently, children in
the USA with JAK-STAT ALLs are enrolled in a COG clinical trial in
which ruxolitinib, a JAK1/JAK2 inhibitor, is added to chemotherapy (clinicaltrials.gov NCT 01164163). Unfortunately, this trial is
not randomized. Efﬁcacy will be judged compared with historical
controls only. We have recently shown that in relapsed CRLF2
positive ALL, the JAK2 mutated clones often disappear and are
replaced by RAS mutated cells. Furthermore, we observed a
paradoxical enhancement of the survival of JAK2 mutated B cell
leukemic cells treated with low dose ruxolitinib in-vitro at a
concentration that is equivalent to the trough levels in children
treated in the trial. These observations cast doubts regarding the
potential role of JAK1/JAK2 inhibition in treatment of CRLF2
ALLs.
Rarely mutational activation of other kinases is observed in
“Ph-like” ALL. NTRK fusions activating the TRK ∗tyrosine
∗
kinases are extremely rare in hematological malignancies. 10, 19,20
Recently, larotrectinib, a highly potent and speciﬁc TRK inhibitor,
has demonstrated long term remissions in about 90% of children
and adults with solid tumors harboring NTRK fusions.21,22
Remarkably, based only on phase II trials, the drug was approved
by the FDA for treatment of any tumor with NTRK fusion
regardless of histology. Taylor et al treated
one patient with AML
∗
and NTRK2 fusion with larotrectinib. 19 The patient had a
transient response. By this carefully conducted “single patient
clinical trial” Taylor et al showed that larotrectinib is highly
effective against leukemic cells with NTRK2 fusions. Yet, it did not
help the patient because the fusion was present only in a subclone
and not in all the cells. Hence when deciding if to apply a targeted
therapy based on genomic analysis it is critical to know if the target
is clonal (ie, present in all leukemic cells) or subclonal. Treatment is
likely to be effective when directed at a clonal aberration.

Future perspective
The major challenge is how to appropriately/best apply novel
therapy to HR ALL (and indeed to any high risk, highly curable,
pediatric cancer). For many of these drugs conventional phase II/
III clinical trials are unlikely. In general, I suggest being

Challenges
Multiple genetic subtypes of ALL
High genomic heterogeneity – most genomic aberrations are subclonal
Rare patients – less than 10% of ALLs relapse
Few clinical trials with novel agents
Unknown efﬁcacy of novel therapies
Outcomes of personalized treated patients are not reported

conservative – have a very strong case to apply novel therapies.
If possible, patients should be enrolled on phase I/II clinical
protocols. Regarding Ph-like ALL, I would add TKI to any ABL
like ALL with positive MRD at the end of induction but would not
treat with JAK inhibitors any of the CRLF2 ALL until the
publication of the results of the current trial. I would consider
alternative therapies (eg, immunotherapies) to any patient with
highly refractory ALL or with serious toxicities that preclude
further administration of high-dose chemotherapy.
What is critically important is to prospectively and actively
collect information. The treating physician should collect
biological specimens to allow
future studies, similar to that
∗
performed by Taylor et al. 19 Moreover, large phase III clinical
trials of ALL should prospectively identify and collect detailed
data on patients who deviate from the protocols by receiving an
alternative “personalized” therapy. Such an approach is likely to
reveal the true efﬁcacy of a personalized approach with novel
drugs to rare patients.
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Current perspectives in T-ALL
Adolfo Ferrando
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Take home messages
 To understand the biological differences between ETP ALL and T-ALL.
 To become familiar with major oncogenic drivers and targets with therapeutic potential in T-ALL.
 To appreciate different immunotherapy approaches in T-ALL.

Introduction
Transcriptomic and genomic proﬁling studies distinguish 2
major∗ categories of T-cell acute lymphoblastic leukemia (TALL). 1 Early T-cell precursor T-ALLs (ETP T-ALL) are
characterized by a gene expression proﬁle related to that of
immature T-cell precursors,
hematopoietic stem cells and
∗
myeloid progenitors. 1 Genetically, these tumors show a pattern
of mutations that overlaps with that of acute myeloid leukemia
including high prevalence of activating mutations signaling
factors, inactivating lesions in hematopoietic transcription
∗
factors and mutations targeting epigenetic regulators. 1 In
contrast, typical T-ALL tumors with transcriptional signatures
related to those of developing thymocytes are characterized by
deregulated
cell cycle control and constitutively active NOTCH1
∗
signaling. 1

Current state of the art
NOTCH1 signaling as therapeutic target
NOTCH1 signaling is a major driver of leukemia cell growth,
metabolism, and survival in T-ALL.2 Notably, small molecule
gamma secretase inhibitors (GSIs) abrogate NOTCH1 signaling
antagonizing the oncogenic effect of T-ALL-associated
NOTCH1 mutations2 (Fig. 1). Early attempts to deploy GSIs
as targeted therapy for T-ALL showed little success with limited
therapeutic activity and marked intestinal toxicity, an on-target
side effect derived from suppression of NOTCH signaling in the
intestine.2 However, GSI-induced NOTCH1 inhibition shows
highly synergistic antileukemic effects with glucocorticoid
Funding/support: None.
Disclosure: The authors have indicated they have no potential conﬂicts of interest
to disclose.
Copyright © 2019 the Author(s). Published by Wolters Kluwer Health, Inc. on
behalf of the European Hematology Association. This is an open access article
distributed under the Creative Commons Attribution-NoDerivatives License 4.0,
which allows for redistribution, commercial and non-commercial, as long as it is
passed along unchanged and in whole, with credit to the author.
HemaSphere (2019) 3:S2
Received: 29 April 2019
Citation: Ferrando A. Current Perspectives in T-ALL. HemaSphere, 2019;3:S2.
http://dx.doi.org/10.1097/HS9.0000000000000259.

against glucocorticoid resistant T-ALL and the combination
of glucocorticoids with GSIs can effectively suppress the
development of gastrointestinal toxicity derived from systemic
inhibition of NOTCH-signaling.3 In addition, multiple other
therapeutics can also synergize with NOTCH1 inhibition in TALL4 including suppression of NF-kappaB with bortezomib,5
blocking mTOR with rapamycin4,6 and inhibition of protein
biosynthesis with withaferin.4 Moreover, oncogenic NOTCH1
is also central for T-ALL cell metabolism7 and inhibition of
NOTCH1 signaling sensitizes leukemia cells to glutaminase
inhibitors and render the dependent on autophagy for growth
and survival.7

Cyclin-CDK complexes as therapeutic targets in T-ALL
Deregulated cell cycle progression as result of 9p deletions and
consequent loss of CDKN2A-encoded
tumor suppressor genes is a
∗
hallmark of T-ALL. 1 Consequently, pharmacologic inhibition of
CDK4/CDK6 which effectively restores cell cycle control
mimicking the activity of P16/INK4A effectively suppresses
T-ALL cell proliferation8 (Fig. 1).

Targeting the PI3K pathway
PTEN, a tumor suppressor gene encoding a lipid phosphatase
inhibitor∗ of PI3K-mTOR signaling is lost in 10% to 20% of
T-ALLs. 1 Constitutively active PI3K signaling drives cell
primarily cell growth and metabolism, but also proliferation
and survival in T-ALL.9 PI3K and mTOR inhibitors are in clinical
development and can induce strong antileukemic effects in
preclinical models of PTEN deﬁcient T-ALL10 (Fig. 1). In
addition, constitutively active PI3K-mTOR signaling
can interfere
∗
with the antileukemic effects of glucocorticoids 11 supporting a
role for glucocorticoid plus PI3K-mTOR
inhibitor combination
∗
therapies for the treatment of T-ALL.10, 11

Targeting the JAK/STAT pathway
Cytokines promote cell proliferation and survival in early
lymphoid progenitor cells and in leukemia lymphoblasts signaling
via the JAK-STAT pathway. Activating mutations in the IL7R,
JAK1, JAK3, and STAT5 genes that induce increased JAK-STAT
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[(Figure_1)TD$IG]
Figure 1. Oncogenic pathways, therapeutic targets, and immunotherapy-based treatments in T-ALL. Factors targeted by oncogenic
mutations are marked with red stars. Targeted therapies are shown in red. CDKi: cyclin kinase inhibitor, GSI: g-secretase inhibitor, PI3Ki:
phosphatidylinositol 3 kinase inhibitor, JAKi: Janus kinase inhibitor, TKi: tyrosine kinase inhibitor ICN1: active intracellular NOTCH1, TCR: T-cell
receptor.

signaling are highly prevalent in
ETP-ALL leukemias and can also
∗
be found in typical T-ALL. 1 Analysis of preclinical models
support that inhibition of the JAK-STAT signaling pathway
induce signiﬁcant antileukemic effects in T-ALL and enhance the
effect of glucocorticoid therapy12 (Fig. 1). In this context, and
most notably, the JAK-STAT inhibition can be effective not only
in tumors harboring JAK-STAT activating mutations, but also in
leukemias with enhanced sensitivity to pathway activation
following stimulation with IL-7 as is the case of most ETP-ALL
tumors.12

Tysosine kinase inhibitors in T-ALL
Tyrosine kinase fusion oncogenes are rarely found in T-ALL, yet
they offer a unique opportunity for therapeutic targeting. The
NUP214-ABL1 oncogene present in 5% of T-ALL cases and less
frequent ABL1 gene fusions EML1-ABL1 and ETV6-ABL1
result in constitutive and oncogenic activation of ABL1 signaling,
which can∗ be blocked with small molecule tyrosine kinase
inhibitiors 1 and these agents have shown clinical beneﬁt in some
cases.13–15

NT5C2 mutations in relapsed T-ALL
Relapsed T-ALL is genetically heterogeneous and frequently
emerges via selection of ancestral populations via branched clonal
evolution. Relapse-associated mutations in the cytosolic nucleotidase
2 gene (NT5C2) drive resistance to 6-mercaptopuri∗
ne. 16NT5C2 mutations can be found in 20% of T-ALL relapses
with one hotspot allele NT5C2 p.R367Q accounting for almost
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∗

90% of cases. 16,17 Relapse-associated NT5C2 mutations are
gain of function alleles with increased nucleotidase activity and
induce 6-MP resistance by facilitating the clearance of cytotoxic
6-MP-derived metabolites
generated by the salvage pathway of
∗
purine biosynthesis. 16,17

The role of immunotherapy in T-ALL
Chimeric antigen receptor (CAR) T cells targeting T-cell antigens
would kill each other. This barrier for product generation can be
bypassed via CRISPR knockout of the T-cell antigen as
demonstrated by the effective generation of CAR T cells with
speciﬁcity against CD7.18 A second strategy is the development of
CAR T cells selectively targeting ∗ cells expressing a TCRB
containing the C1 constant chain. 19 The TCRB gene locus
contains 2 alternatively sequences for the constant C region (C1
and C2) and the normal T-cell pool contains a mix of TCRB C1
and TCRB C2-expressing cells. Anti-TCRBC CAR T cells that
speciﬁcally target TCRBC1 preserve the TCRBC2+ lymphocyte
pool, and much of the immune repertoire with
it, but effectively
∗
kills TCRBC1+ normal and malignant T-cells 19 (Fig. 1). Finally,
antibodies against CD3 can induce strong TCR signals in TCR+
T-ALLs, which triggers negative-selection-like programmed cell
death.20

Future perspectives
The identiﬁcation of druggable oncogenic driver genes and
pathways offers new opportunities for therapeutic intervention in

Ferrando

clinical trials testing the safety and efﬁcacy of new targeted drugs
and immunotherapies in the treatment of T-ALL.
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