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MOLECULAR PATHOGENESIS AND PROGNOSTIC STRATIFICA-
TION: ACUTE MYELOID LEUKEMIA
K. Döhner
Department of Internal Medicine III, University Hospital of Ulm, Ger-
many

With the recent developments of molecular techniques, in particular
next-generation sequencing (NGS) technology, we have gained signifi-
cant insights into the pathogenesis of acute myeloid leukemia (AML).
Targeted gene sequencing  in large AML cohorts allowed the character-
ization of the genomic landscape in adult AML. Moreover, novel prog-
nostically relevant secondary and tertiary co-mutation patterns such as
the NPM1/FLT3-ITD genotype have been identified. Based on these
findings the genomic classification could be reassessed showing segre-
gation of AML into 11 non-overlapping molecular classes. One interest-
ing class is represented by the “chromatin-spliceosome” group, which is
defined by mutations in splicing factor genes (SRSF2 or SF3B1) and
regulators of chromatin and transcription (ASXL1, EZH2, MLL-PTD, or
RUNX1). Patients (pts) belonging to this class were associated with older
age, lower WBC counts, antecedent myeloid disorders, multilineage dys-
plasia, and inferior outcome. Interestingly, the gene signature of this
class is remarkably similar to the signature recently described in sec-
ondary AML and therefore contributes to define a uniform and biologi-
cally based definition of secondary AML. In core-binding factor
leukemias, high-throughput sequencing revealed that frequent alterations
in RTK/RAS signaling genes were common in both AML entities. How-
ever, also profound differences were identified between the two subsets
with strong enrichment for mutations in genes involved in chromatin
modification, DNA methylation and in genes encoding for members of
the cohesin complex in t(8;21) AML, whereas these mutations were vir-
tually absent in inv(16) AML. Recently, we performed targeted sequenc-
ing in 475 FLT3-mutated AML pts from the RATIFY trial and evaluated
the prognostic and predictive impact of specific clinical variables and
gene mutations. We found that co-mutation of WT1 had a strong negative
prognostic effect, whereas co-mutation of NPM1, and treatment with
midostaurin had a significant beneficial effect on outcome. In addition,
we could identify several significant interactions: WT1:NPM1 mutations,
with NPM1 mutations abrogating the negative impact of WT, WT1 muta-
tion and treatment with midostaurin in that pts with concurrent WT1
mutation seemed to benefit particularly from midostaurin, and the
NPM1:SMC1A gene-gene interaction, with pts having both co-mutations
showing a particularly good prognosis. Finally, the differential impact
of CEBPA bZIP and TAD Mutations on outcome has been recently eval-
uated and a defined monoallelic mutation type was identified to be asso-
ciated with distinct clinical features and superior outcome similar to bi-
allelic CBEPA mutations. 

In this lecture novel pathogenic findings in AML and their impact
on classification and prognosis in the light of the up-coming AML clas-
sification and ELN risk stratification will be discussed. 

MOLECULAR PATHOGENESIS AND PROGNOSTIC STRATIFICA-
TION OF MYELODYSPLASTIC SYNDROMES
M. Cazzola
Fondazione IRCCS Policlinico San Matteo and University of Pavia,
Pavia, Italy

Myelodysplastic syndromes (MDS) are myeloid neoplasms charac-
terized by clonal proliferation of hematopoietic stem cells, recurrent
genetic abnormalities, myelodysplasia, ineffective hematopoiesis, peri-
pheral blood cytopenia, and high risk of evolution to acute myeloid leu-
kemia (AML).1 MDS derive from growth and spread of a somatically
mutated clone, whose selective advantage is provided by somatic genetic
lesions termed driver mutations.2 The initiating mutation occurs in a
hematopoietic stem cell capable of self-renewal, while additional muta-
tions associated with clonal progression may occur also in progenitor
cells.3 Several mutation-driver genes, belonging to different biological
pathways, can lead to MDS; most patients have combinations of pathway
mutations.4 Recurrently mutated genes include those of RNA splicing,
DNA methylation, histone modification, transcription regulation, DNA
repair control, signaling, and cohesin complex. Only 6 genes (SF3B1,
TET2, SRSF2, ASXL1, DNMT3A, and RUNX1) are mutated in at least
10% of MDS patients, with a long tail of additional genes that are mutat-
ed less frequently.4 Spliceosome mutations are generally early genetic
events that drive clonal dominance and shape the future trajectories of
clonal evolution.5,6 Somatic mutations in genes of DNA methylation and
histone modification also drive clonal dominance, while the remaining
mutant genes mainly contribute to clonal progression. The paradox of
myelodysplastic hematopoiesis is that the founding mutation provides
an advantage at stem cell and progenitor cell level, combined with a dis-
advantage at hematopoietic precursor level.2 Evolution to AML is a
process of clonal selection in which both linear and branching evolu-
tionary patterns may occur.2 MDS encompass a wide spectrum of con-
ditions with a variable risk of death from complications of cytopenia or
evolution to AML.2 The IPSS-R is currently universally used for risk
stratification in MDS.7 In clinical practice, a cut-off of 3.5 for the IPSS-
R score allows clinicians to distinguish between lower-risk (score ≤3.5,
median survival 5.9 years) and higher-risk (score >3.5, median survival
1.5 years) MDS patients. Molecular profiling can improve risk stratifi-
cation and inform clinical decision making. SF3B1 mutation defines a
relatively indolent disease,8 while SRSF2 mutation is invariably associ-
ated with aggressive conditions with high risk of progression to AML.9
A biallelic defect in TP53 predicts risk of leukemic transformation and
death independently of the IPPS-R.10 The International Working Group
for the Prognosis of MDS (IWG-PM) is currently developing the molec-
ular international prognostic scoring system (IPSS-M) for risk stratifi-
cation in MDS. Using hematologic parameters, cytogenetic abnormali-
ties, and somatic mutations of myeloid genes, the IPSS-M provides a
more efficient risk stratification of MDS patients, representing a valuable
tool for clinical decision-making.
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EXTRACELLULAR VESICLES: RECENT ADVANCES AND 
PERSPECTIVES
A. Radeghieri1,2, L. Paolini1,2, A. Zendrini1,2, S. Alacqua1,
P. Bergese1,2,3,4

1Department of Molecular and translational medicine, University of
Brescia, Italy; 2CSGI - Consorzio Interuniversitario per lo Sviluppo
dei Sistemi a Grande Interfase, Florence, Italy; 3National Interuniver-
sity Consortium of Materials Science and Technology (INSTM), Flo-
rence; 4Institute for Research and Biomedical Innovation (IRIB) -
National Research Council of Italy (CNR), Palermo, Italy

Extracellular vesicles (EVs) are cell-derived heterogenous soft
nanoparticles with outstanding medical translational opportunities.
Despite the increased number of EV publications, current knowledge on
EVs remains fragmented and sectorial due to technical difficulties ham-
pering their separation and characterization, especially from complex
biological fluids. Indeed in vivo derived biofluids, such as plasma and
urine, are highly susceptible to the influence of pre-analytical variables
and are populated by diverse Extracellular nanoparticles.1 Therefore,
EV precise role in vivo remains questionable.2 It is still unclear what are
the mechanisms driving the release of distinct EV subpopulations i.e.
exosomes, ectosomes (or microvesicles) and apoptotic bodies, how these
EV subpopulations change their properties in different biofluids, and
also whether definite populations of EVs are preferentially taken up by
particular mechanisms. Furthermore the colloidal nature of EVs, i.e.
their biophysical and nanoscale features (such as size distribution, sur-
face charge, topology, mechanical, optical and interfacial properties) and
its relationship to EV function in all the overmentioned contexts is large-
ly overlooked. It is clear that the ability to determine such EV features
with a multidisciplinary approach in clinical samples will allow a real
breakthrough in EV translational studies.3 Our research group has been
among the first tackling this point featuring one of the first stories of
integration of molecular biology, nanotechnology, colloidal and clinical
chemistry in EV research. Such approach was applied to understand the
pathogenic mechanisms underlying hematological disorders like Multi-
ple Myeloma (MM), fostering differential diagnosis with Monoclonal
Gammopathy of Undetermined Significance (MGUS).4,5 By combining
colloidal and nanoscience concepts and technologies we implemented a
nanoplasmonic assay exploiting the peculiar interaction of gold nanopar-
ticles with lipid membranes and soluble proteins.6 This assay together
with Atomic force microscopy, Surface Plasmon Resonance, and bio-

chemical analysis, revealed residual protein contaminants hampers EV
biological activity7 and helped to identify novel MM EV features. We
then leveraged this perspective to study EVs in the coagulation process,
a still very debated theme. By analyzing plasma EVs we revealed active
Antithrombin protein travels physiosorbed on the surface of EVs con-
ferring them anticoagulant activity, thus reopening the game on the role
of EVs in coagulation.8,9

References
1. Busatto S, Zendrini A, Radeghieri A, et al. The nanostructured secretome.

Biomater Sci. Dec 17 2019;8(1):39-63. doi:10.1039/c9bm01007f
2. Yates AG, Pink RC, Erdbrugger U, et al. In sickness and in health: The func-

tional role of extracellular vesicles in physiology and pathology in vivo: Part
I: Health and Normal Physiology: Part I: Health and Normal Physiology. J
Extracell Vesicles. Jan 2022;11(1):e12151. doi:10.1002/jev2.12151

3. Paolini L, Zendrini, A. and Radeghieri A.  Biophysical properties of extracel-
lular vesicles in diagnostics. Biomarkers in Medicine. 2018;doi:10.2217/bmm-
2017-0458

4. Di Noto G, Chiarini M, Paolini L, et al. Immunoglobulin Free Light Chains
and GAGs Mediate Multiple Myeloma Extracellular Vesicles Uptake and Sec-
ondary NfkappaB Nuclear Translocation. Front Immunol. 2014;5:517.
doi:10.3389/fimmu.2014.00517

5. Di Noto G, Bugatti A, Zendrini A, et al. Merging colloidal nanoplasmonics
and surface plasmon resonance spectroscopy for enhanced profiling of mul-
tiple myeloma-derived exosomes. Biosens Bioelectron. Mar 15 2016;77:518-
24. doi:10.1016/j.bios.2015.09.061

6. Zendrini A, Paolini L, Busatto S, et al. Augmented COlorimetric NANoplas-
monic (CONAN) Method for Grading Purity and Determine Concentration
of EV Microliter Volume Solutions. Front Bioeng Biotechnol. 2019;7:452.
doi:10.3389/fbioe.2019.00452

7. Paolini L, Zendrini A, Noto GD, et al. Residual matrix from different separa-
tion techniques impacts exosome biological activity. Sci Rep. 2016;6:23550.
doi:10.1038/srep23550

8. Buzas EI, Toth EA, Sodar BW, Szabo-Taylor KE. Molecular interactions at
the surface of extracellular vesicles. Semin Immunopathol. Apr 16
2018;doi:10.1007/s00281-018-0682-0

9. Radeghieri, A. et al. (2021) Active antithrombin glycoforms are selectively
physiosorbed on plasma extracellular vesicles bioRxiv 2021.07.16.452649;
doi: https://doi.org/10.1101/2021.07.16.452649

PICK A WORD: HOW EXTRACELLULAR VESICLES DICTATE
THE NORMAL AND LEUKEMIC HEMATOPOIETIC LANDSCAPE
D. Forte
Department of Experimental, Diagnostic and Specialty Medicine
(DIMES), Institute of Hematology "L. & A. Seragnoli"- IRCCS Azienda
Ospedaliero-Universitaria di Bologna, Bologna, Italy

Extracellular Vesicles (EVs) are submicron vesicles released from
various cell types including blood cells with pleiotropic effects on tar-
geted cells. Indeed, EVs are emerging as carriers of complex intercellular
information able to influence key cell functions such as stem cell renewal
and differentiation, inflammation, metabolism and immune
surveillance.1-2 Despite growing evidence on their deep characterization,
there is still a huge debate on EV identification partly due to the differ-
ences reported in biogenesis mechanisms and composition, as well as to
the complexity of EV isolation/characterization methods. Within the
bone marrow (BM) niches, where the hematopoietic stem and progenitor
cells (HSPCs) reside, EVs are emerging as important key regulators dur-
ing homeostasis. Interestingly, the cargo of EVs contributes to cell-cell
crosstalk via the bloodstream influencing normal hematopoiesis.3 In par-
ticular, EVs may orchestrate specific cell-type commitment, promoting
megakaryopoiesis, supporting erythroid differentiation and contributing
to the maintenance of HSPC stemness.4 These functional activities of
EVs might be implicated in transfusion and regenerative medicine as
well as in the elaboration of targeted therapeutic approaches. However,
to date, only few studies reported the EV contribution to hemopoietic
stem cells (HSC) maintenance over time. Recently, besides the decline
in EV concentration with aging, it has been demonstrated that changes
in EV content may drive HSC aging and lead to malignant transforma-
tion.5-6 Of note, EVs may contain tumor-derived materials that act as a
reservoir of clinically relevant biomarkers. In this regard, toward preci-
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sion medicine, EVs may be considered a promising tool for non-invasive
liquid biopsy replacing bone marrow aspirates.1-2 We and others previ-
ously reported that circulating malignant EVs may be diagnostic and
prognostic biomarkers in hematological malignancies with the potential
of patients' stratification and outcome prediction.7-8 In the leukemic land-
scape, EVs from leukemic (stem) cells and/or the tumor niche promote
a leukemic-supportive BM microenvironment at the expense of normal
hematopoiesis3. In fact, leukemic EVs might impair HSPC clonogenicity
and increase their mobilization from the BM. On the other side, it has
also been observed indirect mechanisms where EVs alter the marrow
stromal compartment impairing its supportive role in normal
hematopoiesis.4,5,9 Intriguingly, accumulating evidence describes the
modulation of energy metabolism driven by EVs10. However, the EV
influence on the metabolic regulation of HSC is still elusive. Thus,
despite the variety across the studies, the EVs have emerged as one of
the most exciting research areas in blood cancers acting as the ‘words’
given to the key actors within the hematopoietic system. Overall, the
challenge for the future is to interpret the EV-driven “words” which are
used by the leukemic cells to propagate their malignant messages.
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EXTRACELLULAR VESICLES AND THEIR ROLE IN TUMOR
MICROENVIRONMENT. 
I. Tanasi, N. Turazzi, A. Russignan, M. Krampera
Department of Medicine, Section of Hematology, University of Verona,
Italy

Extracellular vesicles (EVs) are membrane-surrounded cellular par-
ticles released by virtually any cell type, containing a cargo of bioactive
molecules, including lipids, proteins, and nucleic acids.1 EVs are released
in physiological and pathological conditions and act as a very efficient
intercellular communication system by releasing their content into target
cells, thus affecting their fate and influencing several biological process-
es.2 In different types of cancers, including hematological neoplasms,
EVs have emerged as new critical players, contributing to tumor-to-stro-
ma, stroma-to-tumor, and tumor-to-tumor cell communication. The bone
marrow (BM) microenvironment includes hematopoietic progenitors
(HSCs) and BM stromal components, i.e. endothelial cells, adipocytes
and mesenchymal stromal cells (MSCs). MSCs are multipotent cells
exhibiting self-renewal potential and intrinsic multilineage differentia-
tion, thus representing an essential component of the BM hematopoietic
niche.3 In addition to their role in normal hematopoiesis, several studies
suggest the involvement of MSCs and their released exosomes in the
pathogenesis of HM.3,4 Indeed, growing evidence supports the hypothesis

of a vicious circle among BM stromal cells and malignant cells, in which
EVs represent an important communication tool (Figure 1). By targeting
and modifying stromal and endothelial cells in the BM niche, tumor-
derived EVs may reprogram the bone marrow (BM) microenvironment
to establish a clonal hematopoietic niche.5 (Kumar 2018) Also, these
functional modifications induce the formation of a permissive tumor
microenvironment, which in turn may influence cancer cells prolifera-
tion, survival, and migration.6,7 Additionally, stromal-derived exosomes
could also affect drug sensitivity of malignant cells,8,9, and the modified
tumor-microenvironment could represent a sanctuary site for resistant
clones and the fertile ground for late relapse. 

Accordingly, the pharmacological inhibition of stromal EVs biogen-
esis, release or uptake led to reduced cancer cell survival and proliferation
and, interestingly, suppressed the stromal protective effect on malignant
cells.10

In conclusion, stromal cell-derived EVs display great potential as
therapeutic targets to restore normal hematopoiesis and disrupt the abnor-
mal interactions between stromal and cancer cells, preventing the sup-
portive role of BM microenvironment in hematological diseases devel-
opment and progression and favoring the achievement of more profound
and sustained remissions.

Notwithstanding, further efforts are needed to answer many unsolved
questions related to the clinical use of EVs.  

Figure 1. Extracellular vesicles-based cross-talk between bone marrow
microenvironment and hematological malignant cells. Legend: EVs= extra-
cellular vesicles; HM= hematological malignant; BM-MSCs=bone marrow-
mesenchymal stromal cells. 
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CIRCULAR RNAS IN PEDIATRIC T-CELL ACUTE LYMPHOBLA-
STIC LEUKEMIA: NEW BIOMARKERS
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C. Tretti3,5, M. Paganin1,3, V. Serafin3,5, J. Roels4, J. Morscio4, 
G. Germano3,5, T. Taghon4, G. te Kronnie1,  P. Van Vlierberghe4, 
S. Bresolin3,5, S. Bortoluzzi1
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Circular RNAs (circRNAs) are abundantly expressed in the
hematopoietic compartment, and their dysregulation can drive oncoge-
nesis. CircRNAs regulate cellular processes through interactions with
microRNAs or proteins and encode peptides1–3. Previous studies of gene,
miRNA, and lncRNA expression contributed to determining the molec-
ular networks involved in T-cell Acute Lymphoblastic Leukemia (T-
ALL), a disease for which there is still a high need for a better under-
standing of the underlying mechanisms, and to define new biomarkers
and targetable molecules. The study of circRNAs adds a new layer to
the transcriptomic characterization of the pediatric T-ALL. First, we ana-
lyzed with our in-house developed software CirComPara24 RNA-seq
data of 25 T-ALL patients of five cytogenetic subgroups (immature,
HOXA overexpressing, TLX1, TLX3, TAL1, and LMO2 rearranged)
and five sorted populations of developing thymocytes as normal coun-
terpart. Almost 70 thousands circRNAs were detected and the 3,447
most expressed underwent further study, revealing a dramatic dysregu-
lation of the circRNAome in T-ALL5: 944 circRNAs were significantly
differentially expressed in T-ALL compared with normal thymocytes,
mostly upregulated in malignant cells. These included circRNAs with
well-known oncogenic potential, other from genes linked to leukemo-
genesis, and several circRNAs not yet characterized. Of note, circRNAs
ectopically expressed with specificity for each oncogenic group defined
circRNA signatures of T-ALL molecular subtypes. For each T-ALL sub-
group, a circRNA-miRNA-gene interaction network was obtained, defin-
ing intriguing new oncogenic axes. Functional studies conducted using
transient circRNA silencing in vitro indicated that circZNF609 plays an
oncogenic role in T-ALL, sustaining cell viability while negatively
impacting apoptosis. CircFBXW7 was highly expressed in T-ALL, with
extreme heterogeneity in our cohort (Figure 1A). Activation of pro-pro-
liferative signaling pathways in patients with lower circFBXW7 levels
was highlighted by gene expression profile analysis (Figure 1B). In line,
circFBXW7 silencing in vitro suggested a tumor suppressor role of this
circRNA in T-ALL, inciting deeper study of the mechanisms involved.
The splicing factor Quaking (QKI), a tumor suppressor abnormally
depleted in T-ALL6, has been recently shown to regulate circRNA bio-
genesis7. Thus, we investigated the link between QKI and the aberrant
circRNA expression in T-ALL. Comprehensive bioinformatics analysis
of RNA-seq data from patients, and circRNA profiling upon QKI knock-
down in Jurkat cell line, concordantly indicated that QKI depletion strik-
ingly affects the circRNA dysregulation in T-ALL and can drive circR-
NA-involving oncogenic axes (Figure 1C-D). In summary, our studies

of circRNAs are providing new biomarkers and revealing new mecha-
nisms of malignant transformation in T-ALL.

Figure 1. 
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Introduction: B cell precursor acute lymphoblastic leukemia (BCP-
ALL) is the most common malignancy of childhood. Despite cure rates
up to 90%, relapse is still associated with poor prognosis, encouraging
the research for critical pathways as prognostic markers and therapeutic
targets. Frequent deletions in genes involved in cell cycle regulation indi-
cate the importance of proliferative advantage for progression and prog-
nosis of ALL. MicroRNAs (miRNAs) are critical regulators of gene
expression, and their deregulation contributes to leukemia development
and progression.

Methods: We analyzed the expression of miRNAs in pediatric BCP-
ALL diagnostic and patient-derived xenograft (PDX) samples by small
RNA sequencing and qRT-PCR. MiRNA function was assessed in vivo
and in vitro by overexpression and inhibition in PDX using lentiviral
transduction.

Results: Our group previously showed that rapid engraftment of
leukemia cells transplanted into NOD/SCID mice is associated with poor
patient outcome. Here, we identified methylation-dependent downregu-
lation of the miR-497/195 cluster in PDX with rapid engraftment/poor
outcome, suggesting a tumor suppressive role for miR-497/195. Lower
event-free survival in ALL with low miR-497/195 expression was con-
firmed in two independent patient cohorts. Multivariate analysis indi-
cated cluster expression as a prognostic marker independent from age,
white blood cell count, and IKZF1plus. Overexpression of miR-497/195
in three different PDX samples inhibited in vivo leukemia development
and prolonged recipient survival. Transcriptome analysis indicated miR-
497/195-mediated inhibition of proliferation as a mechanism for
decreased leukemia growth, which was validated in overexpression and
inhibition studies ex vivo. MiR-497/195 regulation of its known targets
CCND3 and CDK4 was partially responsible for this effect, suggesting
CDK4 inhibition as a possible therapeutic strategy. Indeed, activity of
the CDK inhibitor Palbociclib was altered by modulation of miR-497/195
expression. Importantly, CDK4 is also inhibited by CDKN2A/B, which
are frequently deleted in BCP-ALL, further suggesting a critical role for
this pathway in ALL. We found that low miR-497/195 expression togeth-
er with deletion of CDKN2A/B was associated with early relapse and
significantly lower relapse-free survival in ALL, indicating that con-
comitant loss of CDK inhibitors cooperates in promoting leukemia cell
proliferation, leading to inferior patient outcome.

Conclusion: We showed that methylation-dependent inhibition of
miR-497/195 mediates increased proliferation in BCP-ALL, promoting
leukemia growth in vivo and ex vivo via upregulation of CDK4 and
CCND3. Loss of tumor suppressive miR-497/195 leads to poor patient
outcome combined with deletion of CDKN2A/B, pointing to deregulated
cell cycle function both as prognostic factor and potential therapeutic
target in BCP-ALL. 
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NEW GENOMIC, TRANSCRIPTOMIC AND CELLULAR RISK
FACTORS IN MULTIPLE MYELOMA 
M. Martello
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Ematologia “Seràgnoli” Dipartimento di Medicina Specialistica, Dia-
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Therapeutic strategies in Multiple Myeloma (MM) have been adapted
only to age and comorbidities for a long time. Given the currently avail-
able therapeutic and technologic arsenal, the time may have come to
refine this adaptation, particularly for those patients defined high-risk
who should benefit from the most intensive and efficient combinations
already at diagnosis.1 Similarly, risk stratification is crucial also in pre-
neoplastic phases such as Smouldering Myeloma (SMM) for allowing
comparison across trials.2

Risk assessment both in SMM and MM is currently under
debates. Indeed, many clinical and biological (i.e. genomic, transcrip-
tomic and cellular) prognostic factors may contribute to its definition,
which should to be considered at three level: qualitative, quantitative
and in time- dependent manner, therefore giving back a more dynamic
risk profile assessment.4

High-risk MM accounts for around 25% of patients and is charac-
terized by a short survival of 2–3 years,mostly due to drug resistance and
early relapse.4 Extramedullary disease and higher levels of circulating
tumour cells have also been associated with shorter survival.5 Other
clinical factors affecting survival are response to therapies, early relapse
after transplantation, and disease stage, as assessed by the International
Staging System (ISS). To date, the most important prognostic factors are
considered the genetic abnormalities in tumour plasmacells and the quality
of the response to treatment.

Figure 1. 
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During the last years the employment of next-generation
sequencing techniques has heavily improved both the minimal residual
disease assessment and the whole characterization of molecular abnor-
malities (e.g. copy number alterations, translocations, mutations).9 Min-
imal residual disease represents the best prognosticator so far. However,
several studies have highlighted that also MRD negative patients might
experience disease progression.10

In these perspectives, it is crucial to determine all the prognostic fac-
tors, either molecular, cellular transcriptional and, obviously, clinical that
best characterize patients’disease, aiming to an accurate risk stratification
from diagnosis, and providing a re-assessment during disease evolution
(from SMM to MM) and across disease course.

References
1. Corre J, Munshi NC, Avet-Loiseau H. Risk factors in multiple myeloma: is it

time for a revision? Blood. 2021;137(1):16-19.
2. Lonial S, Rajkumar SV, Mateos MV. Risk stratified management approaches

for smouldering multiple myeloma: clinical research becomes clinical practice.
Lancet Haematol. 2022 Feb;9(2):e162-e165. doi: 10.1016/S2352-
3026(21)00335-5. PMID: 35114153.

3. Cazaubiel, T.; Mulas, O.; Montes, L.; Schavgoulidze, A.; Avet-Loiseau, H.;
Corre, J.; Perrot, A. Risk and Response- Adapted Treatment in Multiple
Myeloma. Cancers 2020, 12, 3497. https://doi.org/10.3390/cancers12123497

4. Costa LJ, Usmani SZ. Defining and Managing High-Risk Multiple Myeloma:
Current Concepts. J Natl Compr Canc Netw. 2020 Dec 2;18(12):1730-1737.
doi: 10.6004/jnccn.2020.7673.  PMID: 33285523.

5. Usmani SZ, Heuck C, Mitchell A, et al. Extramedullary disease portends poor
prognosis in multiple myeloma and is over-represented in high-risk disease
even in the era of novel agents. Haematologica. 2012;97(11):1761–1767.

6. Palumbo A, Avet-Loiseau H, Oliva S, et al. Revised international staging sys-
tem for multiple myeloma: a report from International Myeloma Working
Group. J Clin Oncol. 2015;33(26):2863-2869.

7. Corre J, Perrot A, Caillot D, et al. del(17p) without TP53 mutation confers a
poor prognosis in intensively treated newly diagnosed patients with multiple
myeloma. Blood. 2021;137(9):1192-1195.

8. Martello M, Poletti A, Borsi E, et al. Clonal and subclonal TP53 molecular
impairment is associated with prognosis and progression in multiple myeloma.
Blood Cancer J. 2022 Jan 26;12(1):15. doi: 10.1038/s41408-022-00610-y.
PMID: 35082295.

9. Pawlyn C Davies FE Toward personalized treatment in multiple myeloma
based on molecular characteristics. Blood. 2019; 133: 660-675

10. Munshi NC, Avet-Loiseau H, Anderson KC, et al. A large meta-analysis estab-
lishes the role of MRD negativity in long-term survival outcomes in patients
with multiple myeloma. Blood Adv. 2020;4(23):5988-5999.

METABOLIC STRATEGIES OF MYELOID BLAST SURVIVAL
G. Simonetti1,2, C. Mengucci3,4,  A. Padella1, E. Fonzi5, 
G. Picone3, C. Delpino6,  J. Nanni7, R. De Tommaso2, E. Franchini1,
C. Papayannidis7, G. Marconi8, M. Pazzaglia2, M. Perricone2, 
E. Scarpi5, M.C. Fontana1, S. Bruno2, M. Tebaldi5, A. Ferrari1, 
M.T. Bochicchio1, A. Ghelli Luserna Di Rorà1, M. Ghetti1, 
R. Napolitano1, A. Astolfi9, C. Baldazzi7, V. Guadagnuolo2, 
E. Ottaviani7, I. Iacobucci10, M. Cavo2,7, G. Castellani2, 
T. Haferlach11, D. Remondini4, F. Capozzi3, G. Martinelli12

1Biosciences Laboratory, IRCCS Istituto Romagnolo per lo Studio dei
Tumori (IRST) "Dino Amadori", Meldola, FC, Italy; 2Department of
Experimental, Diagnostic and Specialty Medicine, University of Bolo-
gna, Bologna, Italy; 3Department of Agricultural and Food Sciences,
University of Bologna, Cesena, FC, Italy; 4Department of Physics and
Astronomy, University of Bologna, Bologna, Italy; 5Unit of Biostatistics
and Clinical Trials, IRCCS Istituto Romagnolo per lo Studio dei Tumori
(IRST) "Dino Amadori", Meldola, FC, Italy; 6Departamento de Inge-
niería Química, Universidad Nacional del Sur, Bahía Blanca, Argen-
tina; 7IRCCS Azienda Ospedaliero-Universitaria di Bologna, Istituto
di Ematologia "Seràgnoli", Bologna, Italy; 8Hematology Unit, IRCCS
Istituto Romagnolo per lo Studio dei Tumori (IRST) "Dino Amadori",
Meldola, FC, Italy; 9 Department of Biomedical and Specialty Surgical
Sciences, University of Ferrara, Ferrara, Italy; 10Department of Patho-
logy, St. Jude Children's Research Hospital, Memphis, TN, USA; 11MLL
Munich Leukemia Laboratory, Munich, Germany; 12Scientific Direc-
torate, IRCCS Istituto Romagnolo per lo Studio dei Tumori (IRST)
"Dino Amadori", Meldola, FC, Italy

Personalized medicine in acute myeloid leukemia (AML) is restrict-
ed to few patients with targetable genomic lesions.1,2 However, this
approach does not account for leukemia complexity, which encompasses
genomic, epigenetic, transcriptomic, microenvironmental and metabolic
features.3 In particular, the metabolome is the results of these interactions
and provides a sensitive measure of the AML phenotype. Our work aims
to provide a comprehensive characterization of metabolic changes occur-
ring in AML and map connections between their metabolic and genomic
profiles. We analyzed serum and urine metabolomic profiles of 119 AML
patients and 145 healthy controls by nuclear magnetic resonance and
intracellular metabolites of 50 bone marrow blast and 42 control samples
by mass spectrometry. Genomic data were obtained by WES or targeted
NGS and integrated with DNA- and RNA-seq data from the TCGA-
LAML and Beat AML datasets. Leukemia stem-progenitor cells undergo
metabolic switches. We observed decreased levels of intermediates of
the of TCA cycle, D-Arginine, D-ornithine and linoleic acid metabo-
lism4. Moreover, integrated intracellular and biofluid data highlighted
changes in the metabolism of polyamine, purine, polyunsaturated fatty
acids and keton bodies in AML. At genomic level, 66% of patients
(436/658) carried somatic mutations of metabolic enzymes and regula-
tors, mainly targeting the lipid, carbohydrate and bioenergetic pathways
Damaging mutations (56% overall) in the bioenergetic, nucleotide and
oxidation pathways were associated with chromatin/spliceosome-mutat-
ed (mut), TP53-mut/aneuploid and NPM1-mut AML, respectively
(p=.008, p=.040, p=.024). Metabolic reprogramming also varies accord-
ing to the molecular background. The intracellular metabolome distin-
guished three AML clusters, showing enrichment of the above mentioned
genomic subgroups (p=.023). Among NPM1-mut AML, cases with
increased serum choline+trimethylamine-N-oxide and leucine levels
were characterized by higher mutation load (p<.001), mutations in
cohesin/DDR genes (p=.024), transcriptomic signatures of reduced
inflammation and better ex vivo response to EGFR and MET inhibition.
In silico prediction of transcriptomic-driven metabolic perturbations on
a genome-scale metabolic network suggested alterations in NAD and
purine metabolism in this subgroup. The TP53-enriched cluster had low
serum levels of threonine and glucose, with reduced lactate excretion
compared with wildtype cases. Moreover, upregulated genes in complex
karyotype AML were involved in inositol phosphate metabolism, C20
prostanoid and heme biosynthesis, glycolysis, urea cycle. Overall, our
data show that AML is characterized by genomic-driven and functional
metabolic alterations. Ketone bodies represent a novel exploitable vul-
nerability. The integration of genomic and metabolic profiles suggests
specific metabolic dependencies to be therapeutically validated in com-
plex karyotype and NPM1-mut AML subgroups.
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NEW FRONTIERS IN MEASURABLE RESIDUAL DISEASE
DETECTION
F. Buccisano, R. Palmieri
Department of Biomedicine and Prevention, University Tor Vergata,
Rome, Italy

Measurable residual disease (MRD) has been widely recognized as
a surrogate marker of the quality of response in patients with Acute
Myeloid Leukemia (AML).1 Due to the heterogeneity of AML, a variety
of techniques for MRD determination have been developed are progres-
sively introduced into daily clinical practice. However, regardless of
which technique better suites the specific case, the reliability of an MRD
assay can be guaranteed only when strict requirements of harmonization
and reproducibility are met. Due to the increasing number of studies
adopting MRD as a treatment driver,2,3 the European LeukemiaNet
(ELN) MRD Working Party recently released an update of the 2018
guidelines.4,5 Beside a better definition of several technical aspects,6 the
updated recommendations reiterated the role of MRD status as a surro-
gate biomarker of response and its possible influence on the decision-
making process of post-remission treatment selection and new drug
development and approval. As a future perspective, the authors suggest
implementing MRD assessment through Next-Generation Sequencing
(NGS) to refine prognosis in combination with Multiparametric Flow
Cytometry (MFC) analysis, although, to date, there are still insufficient
data to recommend NGS for MRD monitoring as a stand-alone tech-
nique. The role of MRD in the context of less intensive therapies, par-
ticularly after the approval of hypomethylating agents and venetoclax
combinations, deserves further exploration. The possible role of Azaci-
tidine/Venetoclax combination in increasing the proportion of MRD neg-
ative responses has been recently investigated in a post-hoc analysis of
the VIALE-A trial.7 Out of 164 evaluable patients, almost half (42%)
achieved MRD negativity, defined as <0.1% residual leukemic cells as
measured by MFC. MRD negative patients showed significant longer
overall (OS) and disease-free survival (DFS) as compared to the MRD
positive counterpart. Although further studies are needed to confirm these
findings, the outcomes of this analysis provide evidence on the feasibility
and prognostic relevance of MRD monitoring among patients treated
with lower-intensity approaches. The prognostic impact of MRD status
was also investigated in the setting of patients undergoing post-remission
maintenance therapy. In the QUAZAR trial,8 oral Azacitidine prolonged
OS and DFS in patients aged ≥55 years with AML in first remission after
intensive chemotherapy who were not candidates for further intensive
therapies. However, as a higher rate of MRD positive to negative con-
version rate (37% vs 19%) was observed in the Azacitidine arm, main-
tenance therapy could be effective not only in “keeping” but also “influ-
encing” MRD status, thus representing an additional not-necessarily
intensive (yet effective and remission-oriented) treatment option in AML.
These technical and clinical evidences about MRD will be further
expanded in the presentation.
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TO START OR NOT TO START THIS IS THE QUESTION: 
COMPARING OPINIONS ON THE TREATMENT OF EARLY 
MYELOFIBROSIS - FRONT OF YES
F. Palandri, D. Bartoletti, G. Auteri 
IRCCS Azienda Ospedaliero-Universitaria di Bologna, Istituto di Ema-
tologia “L. and A. Seràgnoli”, Italy

With the advent of targeted therapies, such as the Janus kinase
inhibitors, many patients have experienced substantial clinical benefits,
including reduction in splenomegaly and symptoms and, in some
instances, improvement or stabilization of bone marrow fibrosis and
reduction of JAK2 V617F allele burden. These observations raise the
possibility of patients in earlier phases of the disease also benefiting from
treatment with targeted therapies. To date, no specific guideline has been
developed—on, for example, the basis of adverse prognostic features—
to allow identification of patients with early-stage MF who have inade-
quately controlled disease or who should receive a more personalized or
preemptive therapeutic approach. Nonetheless, early-stage MF may have
a significant burden of the disease. Indeed, over 40% of IPSS lower-risk
patients carry moderate to severe systemic symptoms1, and an increased
total symptom score was found to correlate with larger splenomegaly.
Finally, around 40% of IPSS lower-risk patients are at High Molecular
Risk, which is associated with worse prognosis2,3. Patients with symp-
tomatic disease and/or HMR mutations might deserve earlier initiation
of ruxolitinib. Also, a more advanced disease and a delay in treatment
start may reduce ruxolitinib efficacy. In an Italian retrospective study,
spleen/symptoms responses are lower if time interval between MF diag-
nosis and ruxolitinib start > 2 years, if larger splenomegaly/higher TSS,
if transfusion dependency/lower platelet count and in int-2/high IPSS
risk patients. The use of lower ruxolitinib doses may also result in
reduced efficacy4. In a pooled analysis data of the COMFORT-I and
COMFORT-II studies, the risk of death was reduced by 30% in patients
randomized to ruxolitinib compared with that in patients in the control
group (median OS: ruxolitinib, 5.3 years; control, 3.8 years). The survival
advantage in the crossover group was less than the ruxolitinib-random-
ized group, suggesting greater clinical benefit with earlier intervention5.
A recent analysis of the COMFORT studies suggests that earlier (<12
months) ruxolitinib initiation for intermediate-2 and high-risk MF is
associated with improved clinical outcomes, including fewer cytopenia
events, durable SVR, symptom burden, and OS. On multivariable analy-
sis, shorter disease duration before ruxolitinib initiation was significantly
associated with greater spleen volume reduction6. Although “watch and
wait” remains a common treatment approach for newly diagnosed
patients, these data suggest that patients with MF may benefit from earlier
intervention. 

Additional studies to further evaluate the impact of early intervention
are warranted.
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DRIVERS OF PROGRESSION IN MPNS
R. Manfredini 
Centre for Regenerative Medicine "S. Ferrari", Dept. of Life Sciences,
University of Modena & Reggio Emilia, Italy

Philadelphia-negative myeloproliferative neoplasms (MPNs) are a
class of clonal hematological disorders characterized by the expansion
of terminally differentiated myeloid cells. Polycythemia vera (PV),
essential thrombocythemia (ET) and primary myelofibrosis (PMF) repre-
sents the main clinical entities included in this group of myeloid neo-
plasms according to the 2016 WHO classification and arise from the
acquisition of somatic mutations in hematopoietic stem/progenitor cells.1
The vast majority of MPN patients harbor one of the three “driver” muta-
tions affecting JAK2, MPL or CALR genes that are considered responsi-
ble for the development of the myeloproliferative phenotype.2 Never-
theless, MPNs are chronic disorders characterized by increased risk of
progression to secondary acute myeloid leukemia (sAML).3 Leukemic
transformation is diagnosed based on the percentage of blast count in
peripheral blood and bone marrow, the blast phase is defined by the pre-
sence of blasts more than 20% and is typically preceded by an accelera-
ted phase (blast count 10-9%).4 sAML have a particular dismal prognosis
and presents with clinical features different from de novo AML.5 The
molecular landscape clearly distinguishes sAML from de novo AML
since it is rarely associated with the presence of FLT3 or NPM1 muta-
tions while the most frequent hits involve TP53, epigenetic regulators
(e.g. ASXL1, IDH1/2, EZH2 and TET2) or spliceosome modulators (e.g.
SRSF2) (Figure 1).6

Figure 1. Mutational landscape in MPNs, post-MPN sAML and de novo AML.
Bars represent the frequency of gene mutations in MPN (adapted from
Grinfeld et al., New England Journal of Medicine 2018), post-MPN sAML
(McNamara et al., Blood Advances 2018 and Lasho et al., Blood Advances
2018) and de novo AML (Patel et al., New England Journal of Medicine
2012).

Several clinical and molecular features have been associated to an
increased risk of disease progression in MPNs contributing to the refi-
nement of contemporary prognostic models.7 Cytogenetic abnormalities
and specific gene mutations turned out as the most important risk factors
for disease progression leading to the development of a refined genomic
based classification scheme for MPNs highlighting that the presence of
TP53 deletions or mutations are associated to the highest risk of tran-
sformation.3 Furthermore, it was previously demonstrated that harboring
at least one high molecular risk (HMR) mutation (i.e. those affecting
ASXL1, EZH2, IDH1/2, SRSF2 and U2AF1) represents a risk factor for
leukemic transformation.8 The prognostic relevance of “non-driver”
mutations was strengthen by clonality studies that highlighted their

pathogenic role in sAML development. Indeed, single cell genomics
provided the opportunity to clarify clonal architecture in MPNs with an
unprecedented resolution level and allowed a precise description of the
clonal dynamics and molecular events that accompany the process of
leukemic transformation.9,10 These studies provide novel and accurate
information about clonal architecture and mutation acquisition order,
demonstrating that clonal heterogeneity dramatically increases during
disease evolution; nevertheless, they also demonstrated that, in most
cases, clones driving MPNs progression are already detectable during
chronic phase thus providing a new layer of potentially useful informa-
tion that might influence clinical decision making.
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SARS-COV2 COAGULOPATHY: AN INTRICATED PUZZLE
M. Napolitano, S. Siragusa
Department of Health Promotion, Mother and Child Care, Internal
Medicine and Medical Specialties (PROMISE), University of Palermo,
Italy

Severe COVID-19 leads to severe respiratory insufficiency, the
disease course is often complicated by thromboembolic events and, on
a laboratory perspective, it is characterised by an increase in D-dimer
levels, even without thrombosis of the large vessels. COVID-19-asso-
ciated coagulopaty has been evaluated by several clinical trials, focused
on antithrombotic strategies. We here describe avaliable evidences on
COVID-19-associated hypercoagulability. The occurrence of thrombo-
embolic complications in patients affected by COVID-19 is particularly
high for subjects admitted to intensive care units, even if it remains
higher than reported for other infections (i.e. secondary to influenza
virus) also in medical units. Studies performed on autopsy of patients
died from COVID19 have shown pulmonary macroemboli, endothelial
damage, microemboli, and obstruction of alveolar capillaries. Throm-
botic complications are secondary to an imbalance of the coagulation
sysatem with a procoagulant phenotype, mirrored by increased D-dimer,
increased viscoelastic blood properties and enhanced platelet activation.
Increased D-dimer plasma levels have been associated with a poor pro-
gnosis. Platelet counts and prothrombin time are usually normal in asym-
ptomatic subjects with Sars-Cov2 infection but they tend to become
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abnormal when clinical conditions deteriorate. COVID-19 coagulopathy
has been classified into 3 stages: Stage 1, involving asymtpomatic
patients with milld systemic coagulopathy; stage 2 with respiratory sym-
ptoms requiring oxygen supply, evolving pulmonary inflammation and
coagulopathy with thrombosis of the small vessels; stage 3 with severe
respiratory distress requiring  mechanical ventilatory support, massive
inflammatory reaction and development of overt  coagulopathy. This last
stage is characteriseed by high D-dimer and fibrinogen levels, prolonged
prothrombin time, reduced platelet counts, and a very high incidence of
venous thromboembolism. NLRP3 inflammasome has been involved in
the pathogenesis of respiratory disease, the cytokine storm induced by
COVID-19, leads to endothelial dysfunction with high levels of D-dimer,
thrombin and fibrin degradation products, thrombocytopenia and pro-
longed clotting times. These abnomalities,on a clinical perspective, indu-
ce  hypoxia,  thrombosis and microvascular occlusion, in addition to
thrombosis of central vein catheters and ischemic events.COVID-19
induces a high prothrombotic phenotype, thus low-molecular-weight
heparin thromboprophylaxis should be administered to all  in-hospital
patients  with COVID-19. The most appropriate anti-thrombotic prophy-
laxis  in out-patients still needs to be defined. Prophylaxis with interme-
diate dose low-molecular-weight heparin is recommended by some gui-
delines for critically ill  patients.
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TERAPIA CHEMO-FREE NELLA LEUCEMIA LINFOBLASTICA
ACUTA 3000 INCLUSI 12
S. Chiaretti
Department of Translational and Precision Medicine ‘Sapienza’ Uni-
versity of Rome, Italy

Acute lymphoblastic leukemia (ALL), the most common cancer in
childhood represents a success story in oncohematology. Indeed, in the
mid-sixties the disease was fatal in children as well adults. With the intro-
duction of intensive polichemotherapeuitc regimens, the survival of
childhood ALL is reaching 80%; in adults, the outcome is still inferior,
though is constantly improving, approaching almost 50%, thus meaning
that that there is large space for improvement.

Furthermore, in the last decades, the use of “omics” technologies
has permitted to identify specific lesions that might drive targeted treat-
ments, thus sparing non leukemic cells. Ultimately, the use of monoclonal
antibodies, either nude or conjugates, among which blinatumomab and
inotuzumab have entered predominantly the clinical practice, have rep-
resented another step forward in the treatment. 

With these premises in mind, the question on the applicability of a
chemo-free approach for ALL is more and more fascinating.  

The illuminating example in this respect is represented by Philadel-
phia + ALL (Ph+ ALL):  until the early 2000, this subgroup was consid-
ered as the subset with the worst prognosis; later, the introduction of
tyrosine kinase inhibitors (TKIs), alone or in combinations with
chemotherapy and allogeneic transplant, has permitted to achieve long

term survival rates in the range of 50%; finally, the sequential/concomi-
tant use of blinatumomab has established short- term survival rates reach-
ing 90% or more, thus is proving that when a causal target is identified,
an ad hoc targeting is not only feasible but indeed successful. 

Other possible examples in this respect are represented by so called
Ph-like ALL, characterized by a transcriptomic similar to that of Ph+
ALL but lacking the t(9;22) where the use a TKI is proving effective in
controlling the disease, in conjunction with a chemotherapeutic back-
bone. Large efforts are ongoing to identify genetic lesions for which a
targeted approach is feasible. Among the most recurrent genetic lesions,
it must be recalled the JAK/STAT pathway, the RAS pathway, and in T-
lineage ALL, the NOTCH pathway. Furthermore, the BCL-2 pathway,
which is providing some results in the relapsed/refractory setting, might
be in principle be used in the majority of ALL subsets.

In general, to make the principle of chemo-free approach feasible,
two conditions must be met: first, the targeted lesion must be a driver
mutation (i.e. causal of the disease); second, the drug must be promptly
available, which is often not the case. Thus, in the era of personalized
and precision medicine, it is mandatory to seek for drug accessibility.
Efforts should be made not only for target discovery, but also to reduce
the time between target identification and drug availability. 
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GIMEMA LECTURE: INDEPENDENT CLINICAL RESEARCH AS
AN ESSENTIAL PLATFORM FOR PROVIDING QUALITY CARE
TO HEMATOLOGICAL PATIENTS IN THE NHS
A. Piciocchi1, M. Messina1, P. Fazi1, M. Vignetti1,2

1GIMEMA Foundation, Rome, Italy; 2Department of Translational and
Precision Medicine, Hematology, Sapienza University of Rome, Rome,
Italy

1982 marked the birth of GIMEMA (Gruppo Italiano Malattie EMa-
tologiche dell’Adulto) group. It was founded by a small number of Italian
hematology centers, who realized that they could achieve scientifically
significant results only by joining forces and comparing case histories.
It was the beginning of a path that  led to dramatic successes. Today,
after 40 years, GIMEMA is a well known non-profit research Foundation
which operates, through its various bodies, to conduct research into
leukemia and other blood diseases. Non-profit trials aim to achieve, on
the one hand, a clear benefit for patients in the sense of offering additional
opportunities for therapeutic and health perspectives, and, on the other
hand, an advantageous cost-effectiveness of the health system while opti-
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mizing the quality of care services. Over the years, the scientific-method-
ological approach of the GIMEMA Foundation pointed to improving
patient outcomes study after study, using the results of the former study
as the starting hypothesis for the next trial. The advantage of doing this
in a non-profit setting has allowed us to carry out studies in which dif-
ferent drugs, from different companies, could be used together and com-
pared, modifying treatment schemes without commercial interests. The
most successful examples, recognized worldwide, of this approach are
represented by the results obtained in the acute promyelocytic leukemia
and in the Philadelphia positive leukemias (Acute Lymphoblastic
Leukemia and Chronic Myeloid Leukemia). Indeed survival rates at 2-
years for acute promyelocytic leukemia  and Acute Lymphoblastic
Leukemia patients increased from 10% to 99% and from 30% to 90%,
respectively. Lastly in Chronic Myeloid Leukemia with the introduction
of new therapies, 10-year survival increased from 20% to 80%. The oral
presentation will focus on the above mentioned experiences. In conclu-
sion, GIMEMA trials are meant to offer a therapeutic option to all
patients affected by hematological disorders, particularly leukemias, rep-
resenting an essential platform to provide quality care to hematology
patients  and an advantageous cost-effectiveness for the National Health
System An added value is the promotion of translational research, ancil-
lary to all GIMEMA protocols, that is pivotal in the era of the precision
medicine and allows to carry out the most advanced innovative trials.

ROLE OF THE MICROENVIRONMENT IN THE PATHOGENESIS
OF MYELODYSPLASTIC SYNDROMES
G. Falconi1, E. Galossi1, M.T. Voso1,2

1Department of Biomedicine and Prevention, University of Rome Tor
Vergata, Rome, Italy; 2Fondazione Santa Lucia, Laboratorio di Neu-
ro-Oncoematologia, Roma, Italy

By definition, myelodysplastic syndromes (MDS) are considered
clonal myeloid neoplasms of the hematopoietic progenitor or stem cells
(HPSC), in which disease initiation and progression are mostly driven
by hematopoietic cell-intrinsic genetic events.

During the past 20 years, the bone marrow (BM) microenvironment,
has been shown to exhibit a potentially permissive or causative role,
challenging the belief that hematopoietic cell disorder is solely an ele-
ment of the initiation and progression of MDS. In particular, a large
number of studies have shown that MDS are associated with an abnormal
BM microenvironment, with mesenchymal stem cells (MSC) as a major
component of this disrupted architecture.1-2 BM-MSC, physiologically,
support HSC maintenance, self-renewal, and differentiation, through
hematopoietic–stromal interactions and production and secretion of
cytokines. In addition, BM-MSCs display immune-regulatory functions,
by maintaining the stability of the BM immune microenvironment and
reducing the damage caused to HSC by stress stimuli. 

The first experimental evidence supporting the crucial role of BM-
MSCs in the initiation of MDS comes from in vivo models, where endori-
bonuclease Dicer1 deletion restricted to the stromal compartment is able
to induce a MDS-like syndrome evolving into overt leukemia in mice.3

From a functional point of view, BM-MSC isolated from patients
with MDS exhibit decreased proliferative and clonogenic capacity,
altered morphology, increased senescence, defective osteogenic differ-
entiation potential, impaired immune-regulatory properties, and reduced
ability to support HSC growth and differentiation, as compared to normal
MSC.1,4-6 Moreover, several studies have reported the occurrence of
non-clonal chromosomal aberrations in BM-MSCs isolated from patients
with MDS, mainly numerical, which only very rarely correspond to the
cytogenetic markers observed in the leukemic clone of the same indi-
viduals.7

Currently, although the understanding of the genetics and gene
expression characteristics associated with ex vivo-expanded MDS-MSCs
remains limited and not always congruent between different paper, the

study of functional changes in MDS-MSC is increasingly attracting the
attention of researchers for its future potential in prognostic and thera-
peutic terms. Restoring MDS-MSC function as an option for MDS treat-
ment has gradually advanced from its theoretical basis to the translational
research level. Several recent paper have shown that the in vitro treatment
of MDS-MSC with the TGF-beta pathway inhibitor luspatercept or the
demethylating agent 5-Azacytidine may reset their normal features
inducing an increase of their clonogenic and proliferation capacity.8-9

Moreover, improving MSC function may delay disease progression and
enhance cytopenia of MDS as demonstrating after transplantation of
NHD13 mouse hematopoietic cells into normal mouse BM.10 Finally,
all changes observed in MDS-MSC may provide potential targets to be
combined with the standard therapy against HSC and so lead to a new
treatment strategy for MDS patients.
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THE TUMOR MICROENVIRONMENT IN HODDKIN LYMPHOMA:
CLINICLA IMPLICATIONS
S. Hohaus1,2

1Dipartimento di Diagnostica per Immagini, Radioterapia Oncologica
ed Ematologia, Fondazione Policlinico Universitario A. Gemelli,
IRCCS, Roma; 2Dipartimento di Scienze radiologche ed ematologiche,
Università Cattolica del Sacro Cuore, Roma, Italy

A hallmark of Hodgkin lymphoma (HL) is the abundant inflamma-
tory tumor microenvironment (TME) surrounding the neoplastic
Hodgkin and Reed-Sternberg (HRS) cells. HRS cells shape the TME,
and a complex crosstalk between immune and stromal cells in the TME
guarantees immune escape, survival and proliferation of HRS cells.
Direct cell-to-cell interactions, secretion of messenger proteins, exo-
somes, transfer of membrane proteins by trogocytosis and formation of
extracellular traps are ways of communication in the TME. Studies using
multigene signatures, mass cytometry, proteomic profiling and single
cell RNA sequencing helped to elucidate the balance in number and
functional state of the different cell populations characterizing the
immunesuppressive TME and associations between TME characteristics
and prognosis. T cells are the dominant cell population, and numerous
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studies addressed the functional state of T cells in the microenvironment
underlining a shift to a regulatory and T helper 2 functional state among
the CD4+ cells and an inefficient cytotoxic T cell (CTL) response as typ-
ical for the TME in HL.  Myeloid cells, including both tissue
macrophages and granulocytes, appear to play a pivotal role in shifting
T cell function.  Tumor-associated macrophages (TAM) are often skewed
to the alternatively activated M2 phenotype, that typical associates with
negative immune regulation. TAM in HL overexpress the checkpoint
PD-L1 and form biological niches together with PDL-1 expressing HRS
cells. The PD-L1/PD-1 axis has become a therapeutic target of prime
importance in HL, and other immune checkpoints as LAG-3 and TIGIT
are currently explored. 

Only recently we began to understand the mutational landscape of
HL, and knowledge of the impact of genetic alterations on the TME is
still limited. The frequent amplification of the genomic region encom-
passing the PDL-1 gene lead to PDL-1 overexpression in HRS cells and
presumed suppression of T cell function, associated with a worse prog-
nosis, but with better response to checkpoint inhibition. Mutations in
beta2microglobulin gene are associated with a reduced MHC1 expres-
sion, probably rendering HRS cells less susceptible to control by CTL.
The most frequent genetic alterations involve genes involved in cytokine
signaling pointing to the pivotal role that cytokine networks play in HL.   

Many attempts are directed to find peripheral blood (PB) markers
that mirror the dysregulated immune functions in the TME. A high ratio
between monocytes or neutrophils and lymphocytes (M/L and N/L ratio),
and a higher number of myeloid cells with an immunosuppressive func-
tion the so-called myeloid–derived suppressor cells (MDSC) in PB have
been associated with poor prognosis. Overexpression of PD-L1 on gran-
ulocytes in PB is also associated with worse outcome.  A spillover of
proteins from the TME into the circulation is the basis for the use of
these soluble factors as circulating biomarkers in HL. Among these are
the cytokines IL-6 and IL-10, the chemokine TARC, and soluble mem-
brane proteins as sCD30 and more recently sPDL-1. 

In conclusion, many biological characteristics of the TME have an
impact on prediction of prognosis in HL. Disturbing the TME dynamics
has already begun to become a strategy in novel treatment approaches in
HL. 

EMN ITALY LECTURE: MICROENVIRONMENT AND MINIMAL
RESIDUAL DISEASE IN MULTIPLE MYELOMA
M. D’Agostino
SSD Clinical Trial in Oncoematologia e Mieloma Multiplo, Division
of Hematology, University of Torino, Azienda Ospedaliero-Universita-
ria Città della Salute e della Scienza di Torino, Torino, Italy

Multiple myeloma (MM) is a hematologic malignancy due to the
clonal proliferation of malignant plasma cells in the bone marrow.  MM
is invariantly preceded by asymptomatic stages of the disease called
monoclonal gammopathy of undetermined significance (MGUS) and
smoldering multiple myeloma (SMM) and the progression to a sympto-
matic disease is significantly affected not only by changes in the malig-
nant plasma cell clone but also by changes in the tumor microenviron-
ment. Indeed, malignant plasma cells in order to acquire a proliferation
and survival advantage and to avoid immune surveillance exploit cell-
cell interactions and soluble factors in the bone marrow niche interacting
with multiple cell types (e.g. mesenchymal stromal cells, osteoclasts,
osteoblasts, myeloid and lymphoid cells). MM patients’ survival has
been consistently prolonged thanks to the introduction of new therapeutic
agents in the last 2 decades, however it is still considered an incurable
disease. It is now possible to induce deep responses using combinations
of the available drug classes and the eradication of minimal residual dis-
ease (MRD) measured by very sensitive methods is one of the most
important factors predicting long-term survival. However, many patients
still experience relapse and a failure to sustain MRD negativity over time
could be observed. Tumor microenvironment is important in some of

the mechanisms of resistance to anti-MM therapy and there is initial evi-
dence that normalizing tumor microenvironment even at MRD negative
stages could be as important as eradicating the plasma cell clone in order
to prevent relapse. In this presentation the available evidence on microen-
vironment roles in MM especially when MRD negativity is reached will
be discussed.

NOVEL TARGET ANTIGENS FOR CAR-T CELL THERAPY
V.M. Perriello, B. Falini
Institute of Hematology, Department of Medicine, Center for Hemato-
Oncological Research (CREO), University of Perugia, Perugia, Italy

Chimeric antigen receptor T (CAR-T) cell therapy has provided a
major breakthrough in the treatment of relapsed/refractory B-Acute Lym-
phoblastic Leukemia (B-ALL), B-Non Hodgkin Lymphomas (B-NHL)
and Multiple Myeloma (MM), targeting CD19 and BCMA1. Those mol-
ecules have been chosen for their almost ideal cancer antigen character-
istics, as expressed on tumor cell surface while absent in vital tissues.
Despite such safety profile, long-term efficacy is still limited to 40-50%
of Diffuse Large B-cell Lymphomas (DLBCL) and MM2. Target antigen
loss or downregulation is probably the most common mechanism by
which tumor cells may limit effectiveness of CAR T cell therapy3, lead-
ing to antigen negative relapse in 7-25% B-ALL, 30% DLBCL and 8-
67% MM4. Therefore, to further improve CAR-T cells efficacy, alterna-
tive targets should be selected also upon their importance for malignant
cells proliferation, beyond specificity. The less significant for tumor func-
tions the target is, the easier is for cancer cells to hide it from CAR recog-
nition. Among B-cell markers, CD79B could be considered an excellent
target for CAR-T cell therapy for several reasons: i) highly expressed in
most B-NHL regardless of stage, subtype, cytogenetic and molecular
features5; ii) as part of B cell-antigen receptor (BCR) complex, is required
for maintaining lymphoma cell growth, suggesting the importance of
such antigen for cell survival and proliferation6; iii) still expressed at
patient relapse after anti-CD19 and anti-CD22 CAR T-cell therapies due
to CD19 or CD22 antigen escape7. Recently, our group generated a novel
murine anti-human CD79B monoclonal antibody specifically targeting
an extracellular CD79B epitope and identifying both CD79B isoforms
to overcome possible tumor escape mechanism due to splice variants.
Unique antibody single chain fragment variable (scFv) was exploited to
design a novel anti-CD79b CAR, that shown preclinical efficacy against
DLBCL and MM cell lines. An additional issue limiting the effectiveness
of CAR-T cell therapy is antigen heterogeneity. A paradigmatic example
is Acute Myeloid Leukemia (AML), where T-cell engineering approaches
with CARs are limited by the paucity of truly tumor-specific target anti-
gens8. In such context, choosing combinatorial targeting models may
provide restrict selectivity of CAR-T cells joining potency with safety.
We recently demonstrated the possibility to target specifically two well
know AML antigens (CD123 and CD33)9 in a non-canonical way, to
minimize toxicity against healthy cells. In this dual target strategy, T cell
activation occurred only after the simultaneous engagement of both
receptors by CD123+/CD33+ leukemic cells, whilst enabling a weaker
or null cell reactivity in response of CD123+ endothelium and CD33+
hematopoietic cells10.

In conclusion, target selection is probably the most important aspect
when developing a novel CAR. Fundamental features to be considered
are antigen specificity, integrity for tumor cell functions and persistence
over time.
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CRISPR/CAS9-BASED GENOME EDITING TO MODEL THE ANTI-LEUKEMIA IMMUNE
RESPONSE AND IDENTIFY ITS MOLECULAR PLAYERS

G. Ciliberto1,3, E. Draghi1,3, L. Zito1, A. Migliara2,3, A. Andrisani1, 
D. Cittaro5, M. Casucci6, C. Bonini3,4, F. Ciceri3,7, A. Lombardo2,3, 
L. Vago1,3,7

1Unit of Immunogenetics, Leukemia Genomic and Immunobiology; Divi-
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Introduction: Over the last few decades, considerable progress has
been achieved in elucidating the key aspects of the interplay between
Acute Myeloid Leukemia (AML) and the immune system, but the fine
molecular mechanisms of this interaction remain largely unknown. Here
we fine-tuned and validated strategies to genetically modify AML blasts
using the CRISPR/Cas9 targeted genome editing technology, and by this
system probed the contribution of selected genes of interest to
antileukemic immune responses both in vitro and in vivo.

Methods: To study the mechanisms of leukemia immune evasion,
we knocked-out key immune genes in AML cell lines and in primary
cells expanded in patient-derived xenografts (PDXs). To perform editing
of the desired genes, we employed ribonucleoprotein electroporation,
and in parallel optimized two-step transduction with separate lentiviruses
to introduce, respectively, the Cas9 gene and the desired single guide
RNA (sgRNA). Functional consequences of gene knock-out have been
tested in vitro, using mixed lymphocyte cultures, and in vivo, exposing
AML PDXs to human T cells.

Figure 1. 

Results: We were able to successfully knock-out a number of immune
genes of interest in leukemic cells (Figure 1A). By in vitro experiments,
we showed that CD11a (p=0.0003) and Siglec-7 (p=0.019) are key mod-
ulators of CD4+ T cell-mediated antileukemic responses (Figure 1B,C),
and that blasts that are knocked-out for HLA class I molecules outgrow
their wild-type counterpart when challenged with human T cells (Figure
1D). In the PDX model, we unexpectedly documented the ability of puri-

fied human CD4+ T cells to recognize and eliminate HLA class II-knock
out leukemic cells (2/3 mice, Figure 1E), through a mechanism currently
under investigation. We showed that the immunogenicity of the consti-
tutively expressed Cas9 is detectable but outweighed by anti-HLA allore-
activity in our model (Figure 1F). We are currently testing in vitro and
in vivo the contribution of a wide library of more than 600 immune genes
to conventional HLA-restricted T cell-mediated recognition (using as
effectors human alloreactive T cells) or to non-HLA-restricted killing
(using CAR-T cells as effectors).

Conclusions: In conclusion, our innovative model provides the
means to investigate in unprecedented detail the interactions between
leukemia and the immune system, and potentially to identify new action-
able targets for next-generation immunotherapies.
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DEREGULATION OF THE TRANSFORMING GROWTH FACTOR-B PATHWAY IN LOW-RISK
MDS PATIENTS SF3B1 MUTATED

A. Cristiano1, G. Silvestrini1, H. Hajrullaj1, E. Galossi1, G. Falconi1, 
R. Palmieri1, S. Hutter2, N. Nadarajah2, S. Gumenyuk3, F. Buccisano1,
S. Fenu4, R. Latagliata5, T. Haferlach2, M.T. Voso1, E. Fabiani1,6
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Rome, Italy; 2MLL Munich Leukemia Laboratory, Munich, German;
3IFO - Istituto Nazionale Tumori Regina Elena, Rome, Italy; 4Azienda
Ospedaliera San Giovanni Addolorata, Rome, Italy; 5Unità Operativa
Complessa (UOC) Ematologia, Ospedale Belcolle, Viterbo and Divi-
sion of Cellular Biotechnology and Hematology, Sapienza University,
Rome, Italy; 6UniCamillus-Saint Camillus International University of
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Introduction: Myelodysplastic syndromes (MDS) represent a het-
erogeneous group of hematologic malignancies affecting the hematopoi-
etic stem cell that are mainly sub-grouped according to the number of
dysplastic lineages, presence or absence of ring sideroblasts, percentage
of bone marrow and peripheral blood blasts and type of cytogenetic alter-
ations. Splicing factors (SF) genes (SF3B1, SRSF2 and U2AF1), have
been reported as frequently mutated in MDS, leading to defects in RNA
maturation and production of variants with a different or impaired bio-
logical activity, resulting in an altered gene expression profile. Mutations
in SF3B1 have been also tightly associated to the particular phenotype
with ring sideroblasts.

Methods: From an initial cohort of 300 MDS, of which we had paired
DNA and RNA BM-MNCs collected at the time of diagnosis and clas-
sified according to their mutational profile performed by t-NGS, we
selected a study cohort of 50 LR-MDS (30 male and 20 female, median
age 75 years, range 40-91) enriched for mutations in SF genes. This
cohort was analyzed by Whole Genome sequencing (WES) to identify
additional mutated genes, not previously analyzed by t-NGS, and by
RNA-seq to assess the expression profile. The enrichment pathways anal-
ysis of RNA data was performed by DAVID bioinformatics tool and
selected genes were validated by Q-RT-PCR. Bone marrow samples from
64 non-hematological patients were used as a control group.

Results: WGS showed that ACLY gene was mutated at high frequen-
cy in SF3B1mut (90%) and SRSF2mut (50%) patients, but not in
U2AF1mut (0%). Data obtained from whole transcriptome analysis
showed an altered expression profile in LR-MDS patients (n=46) vs con-
trols (n=64). In particular, 300 genes were up-regulated, while 3921 were
down-regulated. The stratification of the analysis, according to the pres-
ence of mutations in SF3B1, SRSF2 and U2AF1, led to the identification
of differentially expressed genes (DEGs) in each patients’ subgroup (622
in SF3B1mut, 13 in SRSF2mut and only 4 in U2AF1mut patients). The
“pathways enrichment analysis” (padj < 0.05 and log2 FC ≥ 2 and ≤ - 2)
identified 37 deregulated pathways in LR-MDS harboring SF3B1 muta-
tions. Six DEGs belonging to the TGF-β pathway (CHRD, DCN,
SMAD9, FST, ID4, PITX2) and 10 in modulator of TGF-β activity
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(BDNF, BMPER, COL1A1, COL1A2, FN1, GLI2, IGF1, MMP2, NFIB
and PLAU) were identified and all tested genes (n=7) were validated by
Q-RT-PCR (DEGs in SF3B1mut vs SFwt: DCN, p=0,0043; FN1,
p=0,0043; MMP2, 0,0043; FST, p=0,0173; IGF1, p=0,0030; SAMD9,
0,030 and PLAU, p=0,0087).

Conclusions: Our study showed that LR-MDS display an altered
and extremely heterogeneous gene expression profile according to the
presence of specific mutations in SF genes. In particular, SF3B1mut
patients showed a deregulation of genes belonging to TGF-β pathway,
suggesting their possible role as molecular targets in the context of new
therapies.
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LIQUID BIOPSY PROVIDES COMPLEMENTARY INFORMATION TO TISSUE BIOPSIES FOR
THE MOLECULAR CLASSIFICATION OF DLBCL PATIENTS

R. Moia1, C. Favini1, D. Talotta1, S. Sagiraju1, R. Bruna1, 
I. Della Starza2, R. Scoscia2, V. Ferri1, A. Andorno3, F. Mercalli3, 
C. Deambrogi1, S. Rasi1, L. Petrucci2, T. Bellissimo2, R.L. Boldorini3,
A. Di Rocco2, I. Del Giudice2, M. Martelli2, R. Foà2, G. Gaidano1

1Division of Hematology, Department of Translational Medicine, Uni-
versità del Piemonte Orientale, Novara; 2Division of Hematology,
Department of Translational and Precision Medicine, ‘Sapienza’ Uni-
versity, Rome; 3Division of Pathology, Department of Health Sciences,
Università del Piemonte Orientale, Novara, Italy

Introduction: Diffuse large B-cell lymphoma (DLBCL) displays a
high degree of molecular heterogeneity and may be classified into molec-
ular clusters harboring specific lesions and therapeutic vulnerabilities.
To date, DLBCL molecular clusters are identified on the tissue biopsy
and do not consider mutations deriving from different anatomical com-
partments. The aim of this study is to evaluate the potential contribution
of liquid biopsy to the identification of DLBCL molecular clusters.

Methods: A multicenter cohort of newly diagnosed DLBCL provided
with circulating tumor DNA (ctDNA) from the plasma and with genomic
DNA (gDNA) from the lymph node (LN) biopsy represented the basis
of this study. The LyV4.0 CAPP-Seq assay that comprised a panel of 59
genes relevant to B-cell malignancies was used. The LymphGen tool
v1.0 was utilized for cluster analysis.

Results: The cohort included 77 newly diagnosed DLBCL patients
treated with R-CHOP. After a median follow up of 27.1 months, the 36-
month PFS and OS were 62.0% and 79.5%. Mutation analysis identified
at least one somatic non-synonymous mutation in 92.2% (71/77) of
patients in the LN biopsy and in 87.0% (67/77) in the ctDNA. Higher
levels of ctDNA (≥2.5 log hGE/mL) were associated with a significantly
worse PFS (p=0.025) and OS (p=0.004). Mutation analysis of different
compartments, i.e. lymph node and plasma, allowed to identify mutations
with potential clinical impact, that otherwise would have been missed
by analyzing only one compartment. In particular, GRHPR (p=0.035)
and SGK1 (p=0.039) mutations identified only on the liquid biopsy, and
MYC mutations identified only on the LN biopsy (p=0.021) were asso-
ciated with a shorter PFS. Based on the mutational landscape identified
in each compartment, DLBCL were analyzed with the LymphGen tool,
that allows the cluster assignment in approximately 40-50% of DLBCL.
In our cohort, 46.5% (33/71) of cases were assigned to a specific molec-
ular cluster on the LN biopsy and 40.3% (27/67) on the liquid biopsy.
Interestingly, one case was classified as EZB on the LNF biopsy and as
MCD on the ctDNA (Figure 1A). In all other cases, if not unclassified,
the cluster identified on the ctDNA reflected the cluster identified on
the LN biopsy. The combination of mutational data from LN and ctDNA
improved DLBCL assignment to a specific cluster, thus classifying
51.4% (34/74) of cases. Two patients were assigned to two different
clusters and defined as genetically composite. From a clinical perspec-
tive, by combining mutational data from the LN and from ctDNA,
patients belonging to the BN2 and ST2 clusters showed a favorable out-
come with a 36-month PFS of 100% compared to 62.3% for patients
belonging to the MCD or EZB clusters (p=0.040) (Figure 1B-C).

Conclusions: The combination of mutational data from the LN biop-
sy and from the liquid biopsy provides complementary information for

the molecular classification and prognostic stratification of newly diag-
nosed DLBCL patients.

Figure 1. 
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PROGNOSTIC VALUE OF IMMUNE CELLS IN THE MULTIPLE MYELOMA BONE MARROW
MICROENVIRONMENT: A META-ANALYSIS WITH IN SILICO AND IN VITRO VALIDATION

A.G. Solimando1,2, N. Susca1, P. Borrelli3, M.C. Da Vià4,5, 
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Oncology and Hemato-Oncology, University of Milan, Milan, Italy;
6Department of Biomedical Sciences and Human Oncology - Section
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7IRCCS Azienda Ospedaliero-Universitaria di Bologna, Istituto di
Ematologia “Seràgnoli”; 8University Hospital Würzburg

During multiple myeloma (MM) immunoediting, the immune cells
can be effective in eliminating the initiating tumor MM cells (MMPCs)
in the elimination phase or at least, in the equilibrium phase, which can
prompt functional dormancy at early stages. However, malignant
MMPCs can take advantage of immune dysfunction and permissive
immune microenvironment to escape immune elimination, proliferate
and generate active MM. We performed a systematic literature research,
as follows: (multiple myeloma) AND (mast cell* OR macrophage* OR
dendritic cell* OR NK cell* OR regulatory T cell* OR CD3 T-lympho-
cyte* OR CD4 T-lymphocyte* OR CD8 T-lymphocyte* OR B cell* OR
CTLA-4 antigen* OR Antigen* CD274 OR PD-L1 OR PD1 OR BCMA
OR SLAMF7) AND (observational OR case-control OR cohort OR over-
all- survival OR OS). This systematic review and meta-analysis follow
the PRISMA consensus standards. The hazard ratio (HR) for overall sur-
vival (OS) was chosen as the main outcome. We performed a fixed effect
or random effects meta-analysis, as appropriate, using the inverse vari-
ance method. P-values <.05 were considered statistically significant. We
employed Rstudio version 1.2.5033. Next, we evaluated the local
immune cell anti-MM immunity using a supervised transcriptomic
approach. We generated a discovery dataset, from 6 sources and inter-
rogated 7 validation datasets. As target genes we used a supervised
approach with selected genes known to be representative of key immune
mechanisms and cancer microenvironment. To determine whether there
was at least one gene in a gene-set with an association with OS we did
a ridge regression analysis. If these groups had at least one gene that
was associated with OS, they were also interrogated in the validation
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dataset. By applying a Cox regression for each individual gene for each
individual dataset, and a meta-analysis performed. The genes that kept
the statistical significance after multiple testing in the discovery data
were applied to the validation data, in which the same analysis was per-
formed and the selected genes significant after multiple testing were
included into a multivariable model corrected for ISS. 5021 articles were
found with the literature research, which became 3713 after duplicates
removal. After title and abstract screening, 178 articles underwent full-
text examination. Of these, 10 were included in the meta-analysis. While
investigating candidate gene expression within the validation dataset,
only VISTA, FABP5 and ITGB1 remained significant with HR 0.75
(P<.005), 14.42 (P<.001), 4.71 (P<.05), respectively. Subsequently, we
functionally validated the downstream pathways related to cytoskeleton
rearrangement, proliferation, epithelial-mesenchymal transition, and dis-
semination (Figure 1). Collectively, it is tempting to envision a pivotal
role played by the M2 macrophages in MM progression, orchestrating
an increased expression of immune checkpoints with a significant impact
on MM OS.

Figure 1. 
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ANALYSIS OF EVOLUTION PATTERN OF CLONAL HEMATOPOIESIS OF INDETERMINATE
POTENTIAL (CHIP)’S SOMATIC MUTATIONS PROFILE IN TRANSPLANT ELIGIBLE MULTI-
PLE MYELOMA PATIENTS USING A SINGLE CELL APPROACH
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Introduction: Clonal hematopoiesis of indeterminate potential
(CHIP) may occur when a hematopoietic stem cell acquires a fitness-
increasing mutation, resulting in its clonal expansion. The progression
mechanism of CHIP to hematological malignancies is not fully under-
stood. CHIP is a common entity among Multiple Myeloma (MM)
patients (pts), associated with a worse progression free survival in pts
without an Immunomodulatory (IMiD) regimen after autologous stem
cell transplantation (ASCT), due to a MM progression.

Aim: To identify CHIP-somatic mutations (CHIPsm), which can cre-
ate the molecular background of a neoplastic process and define if the
presence of CHIP at the time of ASCT affects clinical outcomes. We
have also analyzed paired samples in order to ascertain the existence of
clonal evolution patterns related to CHIP.

Patients and Methods: High throughput amplicon-based single-cell
DNA sequencing was performed on apheresis-derived CD34+ cells from
11 MM pts who underwent ASCT. Moreover, for 4 MM pts longitudinal
samples (i.e. baseline bone marrow CD34+) were collected. Single-cell
sequencing and data analysis were assessed using the MissionBio

Tapestri® platform, with a targeted panel of 20 leukemia-associated
genes.

Results: An average of 7937 cells were genotyped (range 904-18571)
with a median number of 31 (range 19-46) variants per pt, in both coding
and intronic regions. Coding non-synonymous variants were detected in
15 out of 20 genes. Putative deleterious coding variants were observed
in 11 genes. The most common non-synonymous CHIPsm were found
in TET2 (47%), KIT (20%), and DNMT3A (15%). We identified 5 (45%)
pts harbouring pathogenic CHIPsm. A single CHIPsm was detected in
3/5 pts (60%), while 2 pts (40%) had 2 or more mutations in different
genes. Notably, we identified co-localized mutations in 1 pt in the same
sub-clone (SC). Consistent with prior studies, 66% of DNMT3A muta-
tions were truncating and 34% were missense. The TET2, KIT and
NRAS mutations were all missense. For 4 pts, we also analysed longi-
tudinal samples: we did not observe changes in the apheresis with respect
to diagnosis in 3 pts, suggesting the existence of a linear evolution of
SCs. Notably, we detected an increase of the percentage of SCs with a
specific high-fitness variant in the apheresis, possibly driven by treatment
and/or mobilization regimen selective pressure. In 1 pt, we found a pas-
senger mutation in NRAS at the diagnosis but not in the apheresis. The
median age at the time of ASCT in pts with CHIP was 58 (46-69) years,
while 64 (60-67) in pts without CHIP. 

Conclusion: By employing a single-cell technology, we were able to
identify rare pathological variants in the compartment of CD34+ cells
collected and subsequently re-infused in MM pts. A sub-clone dynamic
of high-fitness mutations over time was confirmed. These findings sug-
gest that monitoring the dynamics of CHIPsm prospectively will benefit
pts’ clinical management.

Acknowledgements: BolognAILONLUS, AIRCIG2019
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APPLICATION OF AI-BASED ANALYTICAL APPROACHES FOR MULTIPLEX IMMUNOPHENO-
TYPING OF SF3B1-MUTANT MYELODYSPLASTIC SYNDROME SUBTYPE
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Background: Somatic mutations in splicing factor 3B subunit 1
(SF3B1) occur in 25% of all myelodysplastic syndromes (MDS) cases
and identify a condition characterized by ring sideroblasts, ineffective
erythropoiesis, and indolent disease course in lower-risk (LR) MDS. The
impact of SF3B1 mutations on erythroid dysregulation has become
apparent but little is known about cellular immune phenotypes. Identifi-
cation of patient characteristics downstream of the pathogenic mutations
in SF3B1 may reveal immunological determinants of disease phenotype
and response to therapeutic interventions (e.g. luspatercept). In the pre-
sent study, we applied multiplex immunophenotyping technologies in
combination with artificial intelligence (AI)-based analytical approaches
to identify genotype- immunophenotype correlations that may affect dis-
ease course and clinical outcomes in the SF3B1-MDS subtype.

Methods: We performed transcriptomic immune profiling on bone
marrow (BM) mononuclear cells (MNCs) from 12 SF3B1-MUT and 10
SF3B1-WT LR-MDS patients using the NanoString nCounter PanCancer
Immune Profiling Panel. Viably frozen PBMC samples (8 SF3B1-MUT;
4 SF3B1-WT) were thawed and stained for CyTOF with a 35-marker
MaxPar Immune Profiling Panel (Fluidigm) for deep immune profiling.
CyTOF data were analyzed with an in-house developed pipeline (Immun-
oCluster, Opzoomer et al. 2021) incorporating the FlowSOM algorithm
for unsupervised clustering (K=70). We also retrieved flow cytometric
data on fresh BM and peripheral blood (PB) samples acquired indepen-
dently as part of the diagnostic work-up and re-analyzed them using the
T-REX pipeline (Barone and Paul et al. 2020).
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Results: On the transcriptomic level, the SF3B1-MUT subtype
showed a distinct inflammatory signature compared to SF3B1-WT (59
DE genes at FDR < 0.05, Figure 1A and B). GO/KEGG pathway analysis
indicated that downregulated genes in SF3B1-MUT patients are involved
in antigen processing/presentation (HLA class II transcripts, CD8a), reg-
ulation of proinflammatory interleukin-1 beta secretion (IL1B, NLRP3),
and cellular response to interferon-gamma (HLA class II transcripts,
IRF4/8, CCL5, CCL20). Genes that were upregulated in SF3B1-MUT
BM MNCs are involved in cell cycle (CDK1, CCND3), proliferation/sur-
vival (AXL), iron homeostasis (TFRC), and erythroid differentiation
(TAL1). Unbiased interrogation of cellular phenotypes in PB through
FlowSOM analysis of CyTOF data revealed an increased abundance of
a CD4+ T cell metacluster resembling a central memory. (CM) pheno-
type in SF3B1-MUT compared to SF3B1-WT PBMCs (7.9 vs 4.5% of
CD45+). Independent automated T-REX-based analysis of clinical flow
data supported this finding and further indicated expansion of a cluster
resembling CM CD8+ T cells in SF3B1-MUT PB. Lower IL1B expres-
sion in SF3B1-MUT and the implication of the IL-1/IL-1RAP axis in
the inflammatory leukemic niche (De Boer et al. 2020) prompted us to
re-analyze clinical flow cytometric data on IL-1RAP expression using
the T-REX pipeline. T-REX revealed differences in IL-1RAP-expressing
clusters between SF3B1-MUT and SF3B1-WT BM samples (9 SF3B1-
MUT; 9 SF3B1-WT). Specifically, we noticed a cluster of IL-1RAP+
CD34- cells (HLA-DR+ CD123+) present in SF3B1-WT but greatly
contracted in SF3B1-MUT MDS (Figure 1C and D). Our data suggest
that proinflammatory signaling via the IL-1/IL-1RAP axis is reduced in
SF3B1-MUT BM. Aberrant marker expression on SF3B1-MUT mono-
cytes has been reported (Duetz et al. 2020). T-REX analysis of BM
CD14+ cells revealed distinct monocyte clusters with differential expres-
sion of CD123, CD11b, and HLA-DR. Our initial analysis showed that
SF3B1-MUT-specific clusters displayed lower expression of CD123 and
CD11b, suggesting that mutations in SF3B1 directly or indirectly affect
monocyte phenotypes and most likely function.

Conclusions: We provide evidence that the SF3B1-MDS subtype is
associated with a distinct inflammatory signature characterized by lower
IL1B expression, changed IL-1RAP+ clusters, distinct monocyte phe-
notypes, and preservation of T cell homeostasis. Further investigation
of the immune signature in SF3B1-mutated MDS subtype may lead to
using personalized immunotherapy strategies in the future. This work
also exemplifies the potential of unsupervised strategies for interrogating
cellular immune phenotypes in MDS subtypes within clinical flow
cytometry datasets.

Figure 1. 
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BONE MARROW CD34+ PRECURSOR CELLS FROM JUVENILE MYELOMONOCYTIC
LEUKEMIA SHOW A UNIQUE IMMUNOPHENOTYPIC PROFILE WITH IMPACT ON 
LABORATORY DIAGNOSIS

C. Bugarin1, L. Antolini2, C. Buracchi1, T. Coliva3, 
V.H. van der Velden4, T. Szczepanski5, A. van der Sluijs6, 
E. Sobral da Costa7, E. Mejstrikova8, C. Aanei9, 
van J.M. Dongen10, M.G. Valsecchi2, A. Orfao11, 
F. Locatelli12, A. Biondi1,2, G. Gaipa1 on behalf of the EuroFlow Con-
sortium
1Centro Ricerca Tettamanti, Clinica Pediatrica Università di Milano
Bicocca; 2Center of Biostatistics for Clinical Epidemiology, School of
Medicine and Surgery, University of Milano-Bicocca; 3Department of
Pediatrics University of Milno-Bicocca, Fondazione MBBM/Ospedale
San Gerardo; 4Department of Immunology, Erasmus MC, University
Medical Center Rotterdam; 5Department of Pediatric Hematology and
Oncology, Medical University of Silesia (SUM); 6Dutch Childhood
Oncology Group; 7Department of Pediatrics, Federal University of
Rio de Janeiro; 8Department of Pediatric Hematology and Oncology,
2nd Faculty of Medicine, Charles University (DPH/O); 9Hematology
Laboratory CHU de Saint-Etienne; 10Department of Immunohemato-
logy and Blood Transfusion (IHB) Leiden University Medical Center
(LUMC); 11Department of Medicine and Cytometry Service, University
of Salamanca (USAL) and Institute of Biomedical Research of Sala-
manca (IBSAL); 12Department of Pediatric Hematology and Oncology
IRCCS Ospedale Pediatrico Bambino Gesu’, Sapienza University of
Rome

Introduction: Juvenile myelomonocytic leukemia (JMML) is a lethal
myeloproliferative disease of young childhood characterized by an over-
production of myelomonocytic cells and an increased in vitro sensitivity
of hematopoietic progenitors to granulocyte-macrophage colony-stimu-
lating factor (GM-CSF). Diagnostic criteria for JMML are currently well
established, however, in some patients diagnosis of JMML still remains
a challenge, immunophenotyping being not part of the diagnostic work-
up for this disease.

Methods: We studied 31 JMML patients at diagnosis (age range: 0-
3 years, mean 1 years), 29 control subjects (age range: 0-12 years, mean
4 years) and 9 children with suspected diagnosis of JMML (median age
0.5 year; range 0-2 years) that was not subsequently confirmed. Cells
were processed according to the Euroflow standard operating protocols.
We focused on the CD34+ bone marrow (BM) cell compartment. CD34+
phenotypic parameters were measured by percentages and described by
median (range) in JMML cases and control subjects. Comparison
between cases and controls was performed by the non-parametric
Wilcoxon rank sum test. The separation of the distribution of each com-
ponent between cases and controls was investigated by the ROC curve.
The cross validated area under the curves was used to rank the discrim-
inatory potential of the components.

Results: We observed a strong reduction of B-cell and erythroid pre-
cursors in JMML as compared to controls, whereas monocytic and CD7+
lymphoid precursors resulted significantly enhanced. Aberrant precur-
sors (i.e. CD7+/MPO+ or CD79a+/CD7+) were consistently present in
JMML and virtually absent in controls. The greatest potential in dis-
criminating JMMLs vs normal subjects (p<0.0001) was obtained with
the CD34+/CD7+ lymphoid precursors in combination with the CD34+
aberrant precursors or in combination with the erythroid precursors (Area
under the ROC curve were 0.973 and 0.983 respectively). These dual-
combinations maintained their high efficiency even when used to dis-
criminate between JMML and suspected non-confirmed JMML cases.
When we analyzed the distribution of each single CD34+ phenotypic
parameter among the JMML-associated genetic subtypes we found that
the most significative markers tested in our score system retained their
significance, although showing the following trend, in descendent order,
proportional to associated clinical aggressiveness: NF1>PTPN11>
RAS>CBL.

Conclusions: In the present report we show for the first time that
CD34+ precursor cells from JMML patients display a unique
immunophenotypic signature detectable with high feasibility and repro-
ducibility in both BM and PB specimens by applying a standardized

16 | haematologica | 2022; 107(s1)

Best Abstracts



flow cytometric Euroflow-validated protocol. The introduction of our
approach in routine diagnostics can contribute to a faster and more pre-
cise diagnosis of JMML even in the presence of patients with confound-
ing clinical signs.

B09

THIRD GENERATION SEQUENCING OF NORMAL KARYOTYPE ACUTE MYELOID LEUKEMIA:
IDENTIFICATION OF A DISEASE SUBSET WITH UNFAVORABLE PROGNOSIS. A MYNERVA-
GIMEMA COLLABORATIVE STUDY

F. Mannelli1, N. Bartalucci1, S. Romagnoli1, G. Gianfaldoni1, 
M. Piccini1, B. Scappini1, E. Pelo2, F. Pancani1, F. Vanderwert1, 
C. Maccari1, L. Signori1, A. Piciocchi3, E. Crea3, M.P. Fazi3, 
M. Vignetti3, A. Venditti4, F. Buccisano4, M.T. Voso4, S. Amadori3, 
P. Guglielmelli1, A.M. Vannucchi1

1SOD Ematologia, Centro Ricerca e Innovazione Malattie Mieloproli-
ferative (CRIMM), AOU Careggi, Università di Firenze; 2SOD Gene-
tica Medica, AOU Careggi; 3Fondazione GIMEMA; 4Ematologia,
Dipartimento di Biomedicina e Prevenzione, Università di Tor Vergata,
Italy

Introduction: Acute myeloid leukemia (AML) is a heterogeneous
disease with large differences in outcome. Among prognostic factors,
karyotype and molecular genetics are the framework of European
Leukemia Network (ELN) system. However, standard karyotyping
reveals no abnormalities (abn) in about 50% of cases, merging different
subsets within the normal karyotype (NK) group. This definition is based
on a limited number of metaphases and may fail to capture chromosomal
abn due to inherent technical issues. Despite the availability of recurrent
gene mutations (NPM1, FLT3 and CEBPA), the prognostic assessment
in NK-AML remains unsatisfactory. Third generation sequencing was
developed to yield long-read genome sequencing and thus to reveal
genomic structural variations (SV) that might escape conventional
assessment. In our study, we aimed to characterize a large dataset of NK-
AML pts using nanopore technology.

Methods: Patients: We enrolled pts diagnosed with intensively treat-
ed, NK-AML, based on conventional criteria from our institutional
database and the prospective clinical trial GIMEMA AML1310. Pts were
studied by conventional karyotype and molecular genetics and stratified
according to 2010 ELN model. Long-read genome sequencing was per-
formed by Oxford Nanopore technology (ONT). ONT sequencing data
were analyzed by the CuteSV and Sniffles packages.

Figure 1. 

Results: From 2010 to 2018, 152 pts were enrolled (median age 51).
NPM1, FLT3-ITD and bi-allelic CEBPA mutations were found in 83
(54.6%), 36 (23.7%) and 12 (7.9%) cases, respectively. Overall, 114 pts
(75%) entered CR and median OS was 45 months. Median number of
SV was 95 (range 1-2226), most of which consisted of loss or insertion
of genomic material in 49.9% and 49.0% of cases, respectively. The
detected SV involved all 23 chromosomes. Median SV length was 2653
nucleotides; as expected, there were no large alterations (>50% of one
chromosome arm). Observed NanoVariants (NanoV) were run in a mul-

tivariate model and 8 NanoV kept an unfavorable prognostic value (Fig-
ure 1A). Patients harboring at least one of them (n=26, 17.1%) were clas-
sified as NanoV+. As compared to NanoV- group, NanoV+ pts were
older (55 vs 49, P=0.046) and hadn’t different patterns for NPM1 and
FLT3-ITD mutations, whereas CEBPA mutants were mutually exclusive
with NanoV presence. As displayed in Figure 1B-C, NanoV+ pts had
significantly worse outcome, as demonstrated by lower CR rate (46.2%
vs 80.9%, P<.0001), shorter DFS (6.5 months vs not reached, P<.0001)
and OS (8.3 vs 62.3, P<.0001). Of note, nearly 90% of NanoV+ cases
would have been classified as intermediate (n=13) and low-risk (n=10)
according to standard ELN model.

Conclusions: In our cohort, Nanopore sequencing was able to reveal
otherwise silent genetic abn and identified a group of pts with adverse
outcome. Its incorporation into standard models could improve prognos-
tic stratification and clinical management of pts with NK-AML. Sup-
ported by AIRC, GIMEMA and Legato Zottola.

B10

CORRECTION OF THE DNMT3A MUTATION IN OCI-AML3 HARBOURING DNMT3AR882C
MUTATION AND NPM1 MUTATION A DOES NOT AFFECT LEUKEMIA SURVIVAL AND
GROWTH IN VITRO AND IN VIVO

F. Milano1, C. Quadalti2, L. Albicocco Giovinati1, S. Pierangeli1, 
M. Sabino1, R. Ranieri1, S. Donnini1, I. Gionfriddo1, S. Silvestri1, 
F. Mezzasoma1, V. Ciaurro1, V. Tini1, G. Spinozzi1, B. Falini1, 
M.P. Martelli1

1Centro Ricerche Emato-Oncologiche (CREO), Dipartimento di Medi-
cina e Chirurgia, Universita degli Studi di Perugia; 2IRCCS Istituto
delle Scienze Neurologiche di Bologna, Italy

Introduction: DNMT3A mutations are one of the most frequent
genetic alterations in epigenetic modifiers in AML patients. DNMT3A
mutations are found in age-related clonal hematopoiesis, are pre-
leukemic mutations and often persist in AML patients at complete remis-
sion after therapy. Loss of DNMT3A in hematopoietic stem cells (HSCs)
confers an in vivo immortality, with a self-renewal potential far exceeding
that of normal HSCs, and a gradual and focal losses of DNA methylation
in regions associated with self-renewal genes. Despite the current knowl-
edge on the functions of DNMT3A and the established role of its muta-
tions in driving leukemia, the role of DNMT3A mutations in leukemia
maintenance, and thus as therapeutic target, remains to be established.
Here, our aim was to investigate the essentiality of DNMT3A mutations
for the maintenance of the AML once the disease is already established.

Figure 1. 
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Methods: CRISPR-based genome editing was used to correct the
DNMT3A-mutated gene in OCI-AML3 cell line harbouring
DNMT3AR882C mutation and NPM1 mutation A. Single cell clones
(n=7) harbouring homozygous DNMT3A wild-type (OCI-
AML3_DNMT3Awt/wt) were isolated, characterized and functionally
studied both in vitro and in vivo and compared to clones (n=3) derived
from the parental OCI-AML3 cell line (OCI-AML3_DNMT3Awt/R882C)
(Figure 1A). Growth curves, immunophenotypic profiles, colony form-
ing capacity, and engraftment in immunocompromised mice (NSG) were
evaluated. Mice inoculated with leukemia were followed-up for survival.
Methylation profile was analyzed by whole-genome bisulfite sequenc-
ing. Transcriptome was evaluated by RNAseq.
Results: OCI-AML3_DNMT3Awt/wt colonies did not show a significant
difference in colony formation capacity, growth rate, and engraftment
and disease development in NSG mice, as compared to the parental OCI-
AML3 (Figure 1 B, C). No significant differences were observed in
immunophenotype and intracellular signaling pathways either. As
expected, methylation profiles showed that OCI-AML3_DNMT3Awt/wt

displayed a significant number of hypermethylated genes as compared
to OCI-AML3_DNMT3Awt/R882C (p<0.05), indicating that the methyla-
tion rate was at least partially re-established upon the restoration of
DNMT3A wild-type. Comparing the transcriptomic profile of the dif-
ferent colonies, we found 213 differentially expressed genes
(LOG2FC>|1.5|e padj<0.05).

Conclusions: These findings suggest that, despite the established
role of DNMT3A mutation as driver genetic lesion in AML, AML pro-
gression is uncoupled by the influence of DNMT3A mutation once the
disease is already established, doubting the role of mutated DNMT3A
as therapeutic target in AML. To confirm this hypothesis, we are cur-
rently carrying out the same panel of experiments in other cellular mod-
els carrying DNMT3A mutations. Extended data will be presented at
the national meeting.
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DEL(17Q) MARKS A SUBGROUP OF IMMATURE HOXA-POSITIVE T-ALL DRIVEN BY SUZ12
INACTIVATION, DEREGULATED CELL CYCLE, AND JAK/STAT AND NOTCH SIGNALING

V. Bardelli1, V. Pierini1, S. Arniani1, E. Mavridou1, C. Matteucci1, 
A.G. Lema-Ferndez1, M. Moretti1, L. Elia2, F. Giglio3, F. Forghieri4, 
M. Cerrano5, N. Fracchiolla6, M. Delia7, S. Sica8, C. Mecucci1, 
R. La Starza1

1Hematology and Bone Marrow Transplantation Unit, University of
Perugia; 2Hematology, Department of Translational and Precision
Medicine, Sapienza University; 3.Hematology and Bone Marrow Trans-
plantation Unit, IRCCS Ospedale San Raffaele; 4Section of Hematol-
ogy, Department of Medical and Surgical Sciences, University of Mod-
ena and Reggio Emilia; 5Department of Molecular Biotechnology and
Health Sciences, Division of Hematology, University of Turin; 6Hema-
tology, Fondazione IRCCS Ca’ Granda-Ospedale Maggiore Policlini-
co; 7Hematology and Stem Cell Transplantation Unit, AOUC Policlin-
ico; 8Section of Hematology, Department of Radiological and Hema-
tological Sciences, Catholic University of the Sacred Heart

Introduction: T-ALL, an heterogeneous subgroup of acute leukemias,
result from the accumulation of multiple genetic and epigenetic events
concurring to the leukemia phenotype. These alterations affect T-cell
transcription factors (Type A)1 and a large number of genes implicated
in different cellular processes. Genomic imbalances, and particularly
deletions, are the most frequent cytogenetic rearrangements in T-ALL.
Whether cryptic or large in size, they often share a region of loss, known
as common deleted region (CDR). The CDR is the region of interest to
search for putative suppressor gene(s) that undergo haploinsufficiency
or complete inactivation, driving the leukemogenic process. We assessed
the incidence, distribution, clinical and molecular features of T-ALL
marked by an interstitial deletion of the long arm of chromosome 17, i.e.
del(17q).

Patients, materials and methods: From a series of 444 cases of adult
and pediatric T-ALL,1 we uncovered 30 T-ALL cases with a del(17q)
(6,7%). Molecular-cytogenetics, DNA and RNA microarrays, qRT-PCR,
and sequencing were applied to outline the genomic background of
del(17q) T-ALL cases and pick up distinguishing features. Data analysis
was carried out referring to available databases (UCSC, NCBI, Data of
Genomic Variants, Biocarta, KEGG, Reactome).

Results: Del(17q) T-ALL are associated with adulthood (Chi-square
test, p<0,001) and with an immature phenotype (ETP/near-ETP)(p=0,01).
Accordingly, deletions of cell cycle genes, i.e. RB1 (37%), CDKN1B
(30%), and TP53 (20%), and/or transcription factors, i.e. ETV6 (24%),
WT1 (20%), typically associated with ETP-ALL, are recurrent. More-
over, a high rate of abnormalities of members/modulators of the
JAK/STAT (60%) signaling and of the NOTCH pathway (60%), are pre-
sent. Based on rearrangements of Type A oncogenes,1 23% of cases
belong to the HOXA subgroup (=7) while the large majority remain
unclassified (=17; 56%). All del(17q) T-ALL share a 650 kb CDR that
invariably involves SUZ12, UTP6, and NF1, which are all expressed at
a significantly lower levels than T-ALL without del(17q). In addition,
108 differentially expressed genes (DEG), 43 up- and 65 down- regulat-
ed, distinguishes del(17q) T-ALL cases. Among DEG, there are putative
oncosuppressors, i.e. BRCA1, FANCI, BRIP1, CHEK1, and XRCC4, and
MAF and RUNX2 transcription factors. Cell cycle and pathways related
to genomic stability (homologous recombination, DNA replication, and
Fanconi anemia) are significantly deregulated.

Conclusion: Our study provides evidence that del(17q) identifies a
pathogenetic driver mechanism, through the cooperation of SUZ12 inac-
tivation, JAK/STAT and NOTCH signaling activity, and altered cell
cycle, in immature T-ALL of adults. Interestingly, RUNX2, a marker of
high-risk T-ALL where it promotes chemotaxis, adhesion, and homing

to medullary/extramedullary sites,2 is aberrantly expressed in this subset
of T-ALL.

References
1. La Starza R, et al. J Mol Diagn 2020
2. Matthijssens F, et al. JCI 2021
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SERCA MODULATION COUNTERACTS GLUCOCORTICOID RESISTANCE IN T-ALL

L. Pagliaro1,2, L. Moron Dalla Tor1, L. Monica1, P. Andrei1, 
F. Vento1, E. Simoncini1, Sabrina Kleissle3, M. Neuenschwander4, 
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Dipartimento di Medicina e Chirurgia, Università degli Studi di Par-
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Association (MDC), Berlin; 4Leibniz-Forschungsinstitut für Moleku-
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Introduction: Targeting addictive oncoproteins, such as NOTCH1,
is the most desired therapeutic approach for T-cell acute lymphoblastic
leukemia (T-ALL). While modulators of the Notch pathway would be
expected to have clinical efficacy, their application was limited by an
excess of toxicity due to the suppression of wild type (WT) NOTCH1
proteins. In the past, we identified the Ca2+ pump P-type ATPase SERCA
as a gatekeeper of the oncogenic NOTCH1 signaling. Thapsigargin (Tg),
a potent SERCA inhibitor (SI), possesses an anti-NOTCH1-leukemia
activity both in vitro and in vivo by preferentially targeting mutated
NOTCH1 proteins over WT ones.

Methods: To identify synergist combinations and avoid resistance to
SI, we generated a drug-adapted T-ALL cell line resistant to Tg (ALL/SIL
R). Resistant cells displayed a mutation (c.G770T p.Gly257Val) in
ATP2A2 gene occurring between the Asp254-Leu260 in the third SER-
CA2 transmembrane (TM) helix. This variation impedes an efficient Tg
binding to the protein, resulting in a diminished inhibitory effect. Next,
we quantified the abundance of differentially expressed (DE) genes (P
adj<0.05) in ALL/SIL and ALL/SIL R by RNA-seq and identified dereg-
ulated pathways by intersecting gene set enrichments. In parallel, we
screened a small molecule library of nearly 2500 bioactive compounds
(from the European Chemical Biology Library provided by EU-OPEN-
SCREEN) in ALL/SIL and ALL/SIL R. Compound hits were flagged by
their ability to inhibit each cell line or both. Confirmatory experiments
were completed in multiple T-ALL preclinical models.

Results: ALL/SIL R showed an increase of Tg IC50 equal to 150-
fold and a subtle resistance to a newer SI, CAD204520, that binds SER-
CA in a different site to the one of Tg. This result suggests that part of
the resistance mechanism is transcriptionally mediated and potentially
common to several SI. Gene sets analysis of 6241 DE genes revealed an
enrichment in pathways related to steroids (e.g., cholesterol and lipid
metabolism, response to sterol). In line with this finding, our small
molecules screen identified that glucocorticoids (GC) are preferentially
active in ALL/SIL R. While naïve cells were resistant to GC, ALL/SIL
R cells showed an enhanced sensitivity at low nanomolar concentrations.
We tested whether this effect was mediated by a soluble factor and
showed that ALL/SIL R conditioned medium failed to restore GC sen-
sitivity in the parental line. Instead, ALL/SIL R cells reestablished the
GC receptor expression and activity as shown by western blotting or
RU486-based competition assays. Consequently, the association of SI
plus GC displayed a synergistic effect in multiple preclinical models,
including steroid-resistant cell lines, primary leukemia cells, and PDX
models.

Conclusions: These findings suggest that SERCA-Ca2+ modulation
mediates GC and steroid signaling and that innovative SI can pharma-
cologically modulate glucocorticoid resistance.
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A “DESIGNED” HIGH THROUGHPUT DRUG SCREENING STRATEGY IDENTIFIES AURORA
KINASE A INHIBITORS AS PROMISING PRECLINICAL CANDIDATES FOR THE TREATMENT
OF NPM1-MUTATED AML
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S. Silvestri1, A. Ferrari1, S. Pierangeli1, S. Donnini1, F. Milano1, 
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I. Gionfriddo1, M.P. Martelli1

1Ematologia e Immunologia Clinica, Università di Perugia; 2Leibniz-
Forschungsinstitut für Molekulare Pharmakologie

Introduction: Nucleophosmin (NPM1)-mutated acute myeloid
leukemia (AML) accounts for one-third of adult AML and displays dis-
tinctive biological and clinical features. Despite its chemo-sensitivity
and a relatively favourable prognosis, this form of leukemia lacks of a
specific therapy. Since NPM1 mutant protein is not druggable, targeting
its non-oncogene addictions, and thus the specific vulnerabilities, can
represent an alternative option to find a tailored therapy for NPM1-mutat-
ed AML. This represents the rationale that prompted us to perform a
high-throughput screening (HTS) of different chemical compounds and
drugs libraries in order to find drugs or compounds ‘synthetically lethal’
with NPM1 mutation and/or anyway showing a more selective action in
AML with NPM1 mutation.

Methods: In collaboration with the Screening unit of Leibniz-
Forschungsinstitut für Molekulare Pharmakologie (FMP) (Berlin, Ger-
many), we performed a HTS of 38720 drugs/compounds in 384-well
format. The readout of the assay was cellular metabolism/viability by
CellTiter Blue (CTB), a metabolism based assay, at 48 hours. The screen-
ing was properly designed in 2-step in order to increase efficiency,
exclude compounds with general toxicity and identify the compounds
(‘hits’) selectively active against the only two available NPM1-mutated
AML cell lines, OCI-AML3 and IMS-M2, and not the wild-type con-
trols.

Figure 1. 

Results: Sixty-two hit compounds that met qHTS threshold criteria
were rescreened in a dose-response experiment. From this analysis we
obtained 37 compounds able to selectively kill IMS-M2 (IMS-M2 %via-
bility <50 vs OCI-AML2 %viability >75). We focused on Aurora kinase
A (AURKA) inhibitors, since 4 of the selective compounds were directed
against this kinase. In the validation assay, 2 (MK-5108 and MK-8745)
were confirmed more active against NPM1-mutated than NPM1-wild
type AML cells by either CyQUANT (a cell number based assay) or
AnnexinV-PI apoptosis assay. Strikingly, we confirmed selectivity for
other two AURKA inhibitors (Alisertib and ENMD-2076, both isoform-
selective inhibitors of AURKA) not included in the screening library.
The AURKAi anti-leukemic activity was confirmed also in vivo. Indeed,
AURKAi were effective in vivo in reducing tumor burden in NPM1

mutated patient-derived xenograft (PDX) cells models and provided a
survival advantage compared to vehicle treated mice.

Conclusions: We demonstrated that using HTS can considerably
shorten drug discovery time scales leading to the identification of
promising lead compounds. Although AURKA inhibitors have been used
in clinical trials for malignancies including AML with disappointing
results, a focus on the specific NPM1-mutated AML entity has not been
made. Our preliminary data support the idea of exploring the effects of
AURKA-inhibitors in the specific setting of AML with NPM1 gene
mutation. Studies are ongoing in order to find one or more partner for
efficient combinatorial drug treatments to translate in the clinic.
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PEDIATRIC ACUTE MYELOID LEUKEMIA PATIENT DERIVED XENOGRAFTS: DEVELOP-
MENT AND CHARACTERIZATION OF PRECLINICAL IN VIVO MODELS FOR THE IDENTIFI-
CATION AND TESTING OF NEW THERAPEUTIC APPROACHES

A. Da Ros1, V. Indio2, E. Porcù1, G. Borella1, M. Benetton1, 
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Introduction: In pediatric acute myeloid leukemia (AML),
chemotherapy is the standard of care, but >30% of patients still relapse.
The need to accelerate the evaluation of innovative medicines prompted
us to investigate the clonal heterogeneity and evolution of AML by gen-
erating robust in vivo preclinical models for testing new drugs.

Methods: We generated 16 patient derived xenografts (PDXs) from
primary AML samples inoculated in NSG mice (namely P0-PDXs) and
followed clonal composition for up to 3 consequent passages in vivo
(namely P1 and P2). We characterized PDXs at immunophenotypic,
genomic and transcriptomic levels by RNA and whole-exome sequenc-
ing (WES). We tracked clonal dynamics based on somatic mutations
sequencing and copy number alterations (CNA). We expanded P3 PDXs
and performed personalized drug screenings in vivo.

Results: AML-PDXs generated reflected 10 different genetic high
risk AML subgroups, with conspicuous representation of KMT2A-rear-
ranged AML with various partner genes, of NUP98-NSD1, NPM1-
MLF1,CBFA2T3-GLIS2, FLT3-ITD, and FUS-ERG rearrangements. We
observed a significant correlation between engraftment and survival of
the patients from whom the blasts originated. We monitored the
leukemia-associated immunophenotype (LAIP) and found that it was
maintained from AML at diagnosis to PDX-AML. By whole exome
sequencing we found a consistent number of variants confirming an high
intra-tumor heterogeneity and a clonal evolution from patient’ AML to
P2-PDXs, highlighting novel variants associated to disease progression.
We characterized the clonal dynamics identifying the presence of
“founder” clones in all the generated models, with an average of 30 vari-
ants (at least one known to be a driver gene) being maintained at the
same allelic frequency during PDXs passages. Furthermore, several
clones subjected to expansion from patient’ AML to PDXs have been
newly identified. By transcriptomic sequencing analyses we highlighed
main pathways perpetuated from AML at diagnosis to P2-PDX allowing
to set up a series of novel drug screenings in P3-PDXs expanded models.
New drugs, used alone or combined with several known chemotherapic
(Arabinoside) and biological agents (Venetoclax) are under evaluation
for their efficacy in reducing AML burden after engraftment, and in a
relapsed in vivo model.

Conclusions: Finally, we generated a large cohort of paired AML
and xenograft models for advancing pediatric AML therapeutics. Our
models represent a concrete perspective for both, the identification of
new variants/pathways involved in AML progression, and novel drug
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screening experimentations for a further generation of a personalized
AML drug portfolio.
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FUSION LANDSCAPE IN ACUTE LEUKEMIAS: A SUBMERGED WORLD OF NOT ROUTINELY
CHARACTERIZED TRANSCRIPTS
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Unit, AOUP Santa Chiara, Pisa, Italy; 15Scientific Directorate, IRCCS
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Introduction: Fusions (Fs) are major molecular biological abnormal-
ities in acute leukemias (ALs), and all well-known Fs in leukemias are
founder variations are routinely used as molecular markers for the diag-
nosis, classification, risk stratification, and targeted therapy but there is
a considerable part of ALs that are not screened for other
known/unknown transcripts. For example In B-Other B Acute Lym-
phoblastic Leukemia (B-ALL) [Ph-/-/-; negative for t(9;22); t(1;19);
t(4;11); 61% of adult B-ALL], many chimeric genes have been recently
identified leading to a refined classification of B-ALL and to, in some
cases, tailored therapies. At this point, a RNA-seq approach is needed
but challenging for many aspects (genetic complexity, low frequency,
cost), among them data analysis. We developed and validated our inte-
grated pipeline in order to assess targetable biomarkers and to better clas-
sify patients (pts). Methods: we performed 1385 gene RNAseq (Illumina)
of 184 adult AL samples (106 Ph-/-/-, 37 Ph+, 6 t(1;19), 4 B-LBL, 15 T-
LBL/T-ALL and 16 AML-R/R). We developed a combined 4 tool anal-
ysis that is further implemented with a filtering strategy with a specific
ALs fusion literature filter (Patent PCTEP2021-065692) (Figure 1A).
We developed a validation strategy using: RT-PCR, FISH SNP Arrays;
MLPA and total RNA-seq. 

Results: From 2587 candidate Fs, we retained 164 of them (6.33%;
excluding BCR-ABL1, TCF3-PBX1, ETV6-MECOM and CBFB-MYH11)
not otherwise detected, in 104 pts with a high Fs rate in T-LBL/T-ALL,
Ph-/-/- and Ph+ (66.6%, 62.3% and 56.8% respectively) denoting that
ALs are not deeply characterized (Figure 1B). The lower rate was found
in R/R AML (18.8%), but we were able to identify new ETV6 rearrange-
ment (r) and a FISH cryptic F (TBL1XR1-MECOM). We validated 71 Fs
that have been already reported in the literature and 23 novel F tran-
scripts. We obtained a validation rate of 95.6%. The majority of fused
samples (65.2%) had only one detectable F while a smaller group was
characterized by multiple Fs. Many of these Fs were previously described
in B/T-ALL and AML (e.g. KMT2A-MLLT1, ABL1/2-RCSD1, IGH-MYC,
NUP214-SET, ETV6-MECOM and CBFB-MYH11). In our bigger sub-

cohort (Ph-/-/-), 38 Fs out of 97 (39.2%) were never been reported in
Ph- ALL cases. In Ph-like pts, we identified and validate 11 new tran-
scripts (e.g. TET3-ETV6, NUMA1-CSF1R, IKZF1-IGKV5). Ph-/-/- F
detection help to sub-classify our fused pts in Ph-/-/- subgroups
(ZNF384r-11.8%; Ph-like-19.1%; DUX4r- 4.4%; HLFr, MLLr and
BCL2/MYC in 2.9%; MEF2Dr-1.5%). Conclusions: we identified piv-
otal transcripts in all ALs and an unexpected high rate of secondary Fs
in some adult ALs subgroups (50-66.6%) that are not characterized with
conventional diagnostic methods. The use of an NGS approach and a
powerful pipeline permit us to detect Fs useful for a better classification
and in some cases to find targetable Fs (e.g. ABL1-2/RCSD1, NUMA1-
CSF1R, ZMYM2-FLT3). Supported by: 5x1000- L3P2505, L3P1945/46.

Figure 1. 
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MICROENVIRONMENT IS ASSOCIATED WITH INCREASED T REGULATORY CELLS AND
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Introduction: Along with hematopoietic stem cell-intrinsic alter-
ations, recent evidence highlighted the pathogenetic role of the immuno-
suppressive BM microenvironment in acute myeloid leukemia (AML).
AML cells provide signals modulating the BM microenvironment.
Among those signals, interferon (IFN)-gamma is well-known to confer
the immuno-suppressive capacity to mesenchymal stromal cells (MSCs),
BM niche elements harnessing the AML immune-tolerant microenvi-
ronment. In this AML-protecting scenario, T regulatory cells (Tregs)
play a pivotal role, contributing to chemoresistance and relapse. A crucial
mediator of MSC-driven Treg induction is indoleamine 2,3-dioxygenase
1 (IDO1), a well-known tryptophan metabolizing enzyme. We have
demonstrated that AML cells express IDO1. Recently, we found that
IDO1 expression in the AML immune microenvironment identifies a
novel IDO1-based gene signature predictive of worse clinical outcomes
in AML. This work investigated an IDO1-centered mechanism favoring
Treg expansion in the AML BM microenvironment, potentially influ-
encing clinical outcomes.
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Methods: AML patients’ BM aspirates were subdivided according
to IFNG expression. Gene expression profiles (GEP) in INFGhigh and
IFNGlow samples were compared and used to compute a prognostic
index (PI) applied to TGCA AML cases. BM microenvironment remod-
eling was investigated in MSC/AML cell co-cultures. In mice, AML
cells silenced for IFN-γ expression were injected intrabone w/wo IDO1
inhibitor.

Results: Genome-wide and immune-targeted GEP revealed in
INFGhigh AML samples an upregulation of inflammatory genes, usually
correlated with a good prognosis in cancer. By contrast, survival analysis
showed that AML patients with PI above the median had significantly
shorter overall survival than those below the median. Interestingly, the
percentages of activated BM Tregs, retaining suppressive activity among
Treg subsets, were higher in INFGhigh than in IFNGlow samples and
positively correlated with IFN-γ+ AML cells. In co-culture experiments,
INFGhigh AML cells modified MSC transcriptome by up-regulating
Treg recruitment and differentiation genes, including IDO1. IDO1
inhibitor abolished the effect of IFN-γ release by AML cells on MSC-
driven Treg conversion. Mice injected with IFN-gamma-silenced cells
showed a decreased BM Treg frequency associated with lower engraft-
ment. BM Treg decrease was paralleled by a significantly lower IDO1
expression, also in MSCs. Similar results were observed in human biop-
sies. Consistently, the administration of an IDO1 inhibitor to mice inoc-
ulated with IFN-gamma expressing cells reduced Tregs expressing
CTLA-4, a well-known immune suppressor.

Conclusion: Our results showed that IFN-γ produced by AML cells
reshapes the BM microenvironment toward an IDO1-dependent Treg
increase. Overall, this study unravels an IDO1–dependent tolerogenic
mechanism that might impact clinical outcomes, informing the delivery
of novel therapies targeting the AML microenvironment (e.g., IDO1
blockade).
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Introduction: Therapy-related myeloid neoplasms (t-MN) include
acute myeloid leukemia (AML), myelodysplastic syndromes (MDS) and
myelodysplastic/myeloproliferative neoplasm (MDS/MPN) arising in

patients treated with chemo- and/or radio-therapy for a previous tumor
or an autoimmune disease.

Chronic lymphocytic leukemia (CLL) is a malignancy of mature B
cells characterized by increased risk for other malignancies, in particular
the hematological type after the fludarabine/cyclophosphamide/ritux-
imab regimen (FCR), actually associated with a risk up to 5-9% for the
development of t-MN. In the context of t-MN, clonal hematopoiesis of
indeterminate potential (CHIP), has been shown to be present at the time
of the primary cancer diagnosis in 30-70% of patients, representing a
pre-malignant state, which can be further triggered by the exposure to
cytotoxic agents. CHIP may predispose for the development of t-MN.

Methods: The study included 15 patients with CLL who developed
a MN (13 after the administration of FCR), a population-based cohort
of 285 sequential CLL patients and, as a control, 5 CLL patients FCR
treated who did not develop t-MN. Targeted deep-sequencing (t-NGS)
was performed in all diagnostic samples (n=305). In CLL patients who
developed a t-MN, variants detected at the t-MN diagnosis were back-
tracked in samples from the CLL phase, as such as, for CLL patients
who did not develop a t-MN after FCR treatment. In cases where the
variants were undetectable by sequencing, digital droplet PCR was per-
formed.

Results: Using NGS, we detected a total of 30 pathogenic/likely
pathogenic (P/LP) variants in 10 of 13 patients with a t-MN (77%, medi-
an number of variants for patient: 2, range 0-6). The prevalence of CHIP
was then backtracked in paired samples taken at CLL diagnosis in 8 of
these patients. Six of them carried at least one CHIP-variant at the time
of t-MN (median: 2, range: 1-5), and the same variants were present at
the CLL phase in 5 cases. As a control, we studied a population-based
CLL cohort (n=285 patients), and found CHIP-variants in 35 patients.
The prevalence of CHIP was significantly higher in patients with a CLL
who developed a t-MN, compared to the control cohort (5/8, 62.5% vs
35/285, 12%, p=0.0001, Figure 1). Clonal evolution overtime in patients
with CLL treated with FCR who did not develop a t-MN (n=5) was also
studied. In 2 of these patients, t-NGS did not detect any P/LP variant at
any time point, while two patients harbored P/LP variants in SF3B1 and
TP53 genes, whose VAF followed the disease evolution and response to
treatment. Interestingly, a NRAS variant onsetting after the administra-
tion of FCR was detected in one patient, at a VAF of 42% 6 years after
treatment.

Conclusions: Our data show that CHIP may be considered as a novel
parameter affecting treatment algorithms in patients with CLL, and address
towards the use of chemo-free therapies in CHIP-positive cases.

Figure 1. 
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Introduction: According to 2016 WHO classification, myelofibrosis
(MF) is included within myeloproliferative neoplasms (MPN) and is
characterized by a hematopoietic clonal proliferation often associated
with bone marrow fibrosis. As a reference to facilitate therapeutic choic-
es, prognostic modeling has pursued the identification of meaningful
parameters and their integration to separate categories with different out-
come. Modern stratification has included, aside clinical and hematolog-
ical variables, genetic data from karyotype to driver and other mutations.
However, some poorly standardized variables are still included in main
models, potentially affecting pt categorization and decision making.
Among these, peripheral blood (PB) blast count is based on morphology
and as such burdened by intrinsic variability. In this study, we used mul-
ti-parameter flow cytometry (MFC) with the aim of improving current
prognostic stratification.

Methods: We interrogated our database for pts with MF diagnosis
and available MFC files for PB CD34+ cell count carried out at diagnosis
or during follow-up. Ogata phenotypic score, previously validated by
ELN in MDS, was adapted to MF context and included 2 parameters: a)
absolute count (/µL) of CD34+ cells; b) granulocytes to lymphocytes
SSC ratio. Pts were annotated for driver and high-risk mutations.

Figure 1. 

Results: From 1995 to 2020 we enrolled 378 pts; 15 of them were
excluded because showed a CD34+ cell count > 5% of WBC, consistent
with upfront accelerated or blast phase. Three-hundred-fifty-seven driver
mutations were found in 347 (95.6%) patients: JAK2 V617F in 245
(67.5%), 50 in CALR (type 1, 13.8%), 25 in CALR (type 2, 6.9%) and
18 in MPL (5.0%). Ten patients harbored two concomitant driver muta-
tions; 16 (4.4%) patients were triple-negative. In the MFC model, a score
of 1 was attributed for each above-threshold values of the parameters:
absolute CD34+ cells and SSC ratio. Thereby we grouped pts as MFClow
(score=0, n=225, 62.0%), MFCint (score=1, n=107, 29.5%) or MFChigh
(score=2, n=31, 8.5%). MFClow had significantly longer OS (median
not reached) compared to MFCint (55 months, HR 2.90) and MFChigh
(19 months, HR 11.91). We integrated MFC into established stratification
models as a substitute to the assessment of PB blasts by morphology.

The pts were reclassified according to MFC-enhanced scores, and con-
cordance (C-) index was calculated and compared. As regards IPSS, C-
indexes were 0.67 and 0.74 for standard and MFC-enhanced model,
respectively (Z score -3.82; P=0.0001) (Figure 1A-B). In PMF pts
(n=201), MFC-enhanced MIPSS70+ model yielded a C-index of 0.78
thus outperforming its standard counterpart (C-index 0.73; Z score -2.88,
P=0.004) (Figure  1C-D).

Conclusions: Our data on a large dataset of MF pts suggest that the
incorporation of MFC-derived parameters, easily attainable from standard
assays used for CD34+ cell determination, might help refine the current
prognostic stratification and hence the clinical decision algorithm.
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Introduction: We have previously reported that the loss of function
of the histone methyltransferase-encoding SETD2 tumor suppressor is a
frequent event cooperating with KIT tyrosine kinase (TK) activation in
advanced SM (advSM). Midostaurin is currently the only TK inhibitor
approved by EMA for the treatment of advSM. However, biomarkers
for prediction of response in patients (pts) treated with midostaurin are
lacking. In this study, we aimed to dissect the mechanisms of action of
midostaurin in SM and identify novel biomarkers of response.

Methods: Studies were conducted in the HMC-1 mast cell leukemia
cell line (displaying SETD2 loss of function due to reduced protein sta-
bility) and in primary neoplastic MCs from SM pts. Western Blotting
(WB) was used to evaluate protein expression and activity.

Results: By WB, we found that Aurora kinase A (AKA) is overex-
pressed and activated in advSM and demonstrated, using RNAi and phar-
macological inhibition with danusertib, that AKA is implicated in SETD2
proteasomal degradation. As a multikinase inhibitor, midostaurin targets
several other kinases beyond KIT, including AKA. We thus hypothesized
that AKA inhibition and subsequent SETD2 rescue may represent an
additional mechanism of action of midostaurin, synergizing with KIT
TK inhibition in advSM. To this purpose, HMC-1 cells were treated with
5µM midostaurin for 24h, and phospho-AKA (T288), SETD2, and H3
K36 trymethilation (H3K36me3; surrogate marker of SETD2 activity)
were evaluated by WB. Midostaurin indeed reduced AKA phosphoryla-
tion by 60%, partially restoring SETD2 expression and activity. We next
wondered whether the same happens in pts treated with midostaurin. We
thus performed WB analysis on neoplastic MCs from 10 advSM pts
before and during midostaurin treatment. We found that midostaurin may
target AKA and rescue SETD2 expression and function in-vivo too. Inter-
estingly, SETD2/H3K36me3 rescue correlated with the clinical response
to midostaurin and with the reduction of KIT D816V allele burden as
assessed by digital PCR at 3,6 and 12 months of treatment. Indeed,
SETD2/H3K36me3 rescue was observed as early as at 3 months after
treatment onset in 8 pts who responded to midostaurin, whereas 2 refrac-
tory pts did not show any increase in SETD2/H3K36me3 and maintained
an unaltered KIT D816V allele burden. Finally, we assessed the prog-
nostic value of SETD2 and H3K36me3 levels in the context of other rel-
evant clinical and laboratory variables, and found that reduced SETD2
and H3K36me3 correlated with significantly shorter overall survival in
a series of 88 pts with various forms of SM analyzed by WB.

Conclusions: AKA inhibition resulting in rescue of SETD2 expres-
sion and function is an additional mechanism of action of midostaurin
both in vitro and in vivo in SM. SETD2 and H3K36me3 levels by WB
may serve as biomarkers of response to midostaurin and should be further
explored as novel prognostic factors. Supported by AIRC IG 2019
(23001).
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SCREENING FOR HEREDITARY ALPHA-TRIPTASEMIA IN SUBJECTS WITH SYSTEMIC 
MASTOCYTOSIS AND NON-SM MAST CELL ACTIVATION SYMPTOMS

F. Irushani Vanderwert1, B. Sordi1, F. Mannelli1, B. Palterer2, 
F. Gesullo1, V. Mecheri2, R. Santi3, C. Mannarelli1, F. Crupi1, 
R. Zanotti4, F.I. Grifoni5, C. Elena6, R. Parente7, M. Triggiani8, 
L. Pieri9, F. Almerigogna2, P. Guglielmelli1 A.M. Vannucchi1

1CRIMM, Center Research and Innovation of Myeloproliferative Neo-
plasms, University of Florence, AOU Careggi; 2University of Florence,
AOU Carreggi, Immunoallergology Unit; 3AOU Careggi, Hemopathol-
ogy Unit; 4Section of Haematology, Department of Medicine, Verona
University Hospital; 5BMT Center - Hematology Unit, Fondazione
IRCCS Ca’ Granda Ospedale Maggiore Policlinico - University of
Milan; 6Department of Molecular Medicine and Department of Hema-
tology Oncology, University of Pavia & IRCCS Policlinico S. Matteo
Foundation; 7Division of Allergy and Clinical Immunology, Depart-
ment of Medicine, University of Salerno; 8Division of Allergy and Clin-
ical Immunology, University of Salerno; 9AOU Careggi, Center Hem-
orrhagic Diseases, Florence, Italy

Introduction: Hereditary alpha-Tryptasemia (HαT), characterized by
a mild elevation in serum tryptase levels and mast cell (MC) activation
symptoms, is defined by increased copy number of TPSAB1 gene encod-
ing for both α- and β-alleles. This copy number variation (CNV) on one
or both alleles is the genetic base of HαT (Lyons et al. 2018). It has been
suggested that HαT might be a germline variant predisposing to Systemic
Mastocytosis (SM) development (Greiner et al. 2021). In SM, HαT cor-
related with a higher incidence of mediator-related symptoms. Due to
its complexity, the assay for TPSAB1 CNV is performed in a few centers.
We screened 347 samples, 47 pts (cohort 1) with MC activation symp-
toms and no evidence of SM and 300 pts with a diagnosis of WHO 2016
SM (cohort 2).

Methods: Droplet digital PCR (ddPCR) was used to measure CNVs
in TPSAB1 adapting the standard protocol to genotype for both TPSAB1
and TPSB2 (Figure 1A). High homology between α and β encoding iso-
forms and the paralogous genes in the same locus makes TPSAB1 CNV
detection very challenging. ddPCR was performed on gDNA with/with-
out BamHI, using the PrimePCR ddPCR Copy Number reference AP3B1
(BioRad). Accuracy and precision of the protocol were assessed by ana-
lyzing 10 samples in triplicate in 3 separate experiments.

Figure 1. Combinations of possible genotypes for TPSB2 and TPSAB1.

Results: HαT was documented in 63.8% of subjects in cohort 1, and
13.1% in cohort 2. BST threshold for cohort 1 was ≤ 11 mcg/L (median:
15.3); 29% had history of anaphylaxis. In cohort 2, 89.3% pts had a
diagnosis of SM, whereas 8,6% had Cutaneous Mastocytosis (CM).
Among SM patients, 113 presented with non-advanced SM variants.
Advanced forms including aggressive SM (ASM) and SM with associ-
ated hematological neoplasm (SM-AHN) were diagnosed in 6 and 8
respectively; 41.7% had history of anaphylaxis. HαT+ pts in cohort 1
presented significantly higher BST (17.1 vs 12.05 mgc/L, P<0.001);
however, occurrence of mediator-related symptoms was comparable to

HαT wt, 72% vs 71.4%, as for anaphylaxis (28% in HαT+ vs 33%). In
cohort 2, BST levels were 24.6 in HαT+ and 24.3 mcg/L in HαT wt pts,
as were anaphylaxis episodes (50% and 41%). A trend for lower MC
burden in HαT+ was demonstrated (% of bone marrow MC: 0.01% in
HαT+ vs 0.07%) while no meaningful differences emerged for symptom
burden. A lower prevalence of KIT D816V mutation was observed in
HαT+ (71.4% vs 89.5%; p=0.073). Clinical feature and their correlations
with the HαT genotype are collecting and final results will be presented
at the conference.

Conclusions: In our study, HαT+ was observed in 13% of pts with
SM, a prevalence lower than previously reported (Greiner et al, 2021)
and much lower than cohort1 (64%). ddPCR is a suitable method to
investigate the presence of CNV in the α-tryptase coding sequence.
Genetic testing for HαT+ should be considered in the diagnostic workout
of pts with anaphylaxis or MC mediator-related symptoms and no sus-
picion/evidence of SM.
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IRF4 GENE EXPRESSION IS LOW IN PHILADELPHIA NEGATIVE MYELOPROLIFERATIVE
NEOPLASMS AND IS ASSOCIATED WITH A WORSE PROGNOSIS

C. Cumbo1, F. Tarantini1, L. Anelli1, A. Zagaria1, I. Redavid1, 
C.F. Minervini1, N. Coccaro1, G. Tota1, A. Ricco1, E. Parciante1,
M.R. Conserva1, G. Specchia2, P. Musto1, F. Albano1

1Department of Emergency and Organ Transplantation (D.E.T.O.) -
Hematology and Stem Cell Transplantation Unit - University of Bari
“Aldo Moro”; 2School of Medicine, University of Bari “Aldo Moro”

Introduction: Interferon regulatory factor 4 (IRF4) is involved in the
pathogenesis of various hematologic malignancies. Its expression has
been related to the negative regulation of myeloid-derived suppressor
cells and the polarization of M2 macrophages, thereby altering immuno-
surveillance and inflammatory mechanisms. An abnormal inflammatory
status in the bone marrow (BM) microenvironment of myeloproliferative
neoplasms (MPNs) has recently been demonstrated. In chronic myeloid
leukemia a downregulated expression of IRF4 has been found, and recent
evidence supports its prognostic role in JAK2V617F mutated MPNs.

Methods: In this context, we evaluated the IRF4 expression in 119
newly diagnosed consecutive Philadelphia negative MPNs (Ph- MPNs)
[20 polycythemia vera (PV), 40 essential thrombocythemia (ET), 35 pri-
mary myelofibrosis (PMF), and 23 secondary myelofibrosis (SMF)] and
correlated its dysregulation with clinical outcome. At the disease onset,
a droplet digital PCR gene expression assay was performed on BM sam-
ples. The quantification was calculated as the ratio between IRF4 and
GUSB number of copies (I/G).

Results: The BM IRF4 median value was 0.11 I/G (min. 0.11- max.
012) and 0.04 I/G (min. 0.001 – max. 0.27) in the healthy controls (HC)
and in the MPNs groups, respectively (p<0.0001). In particular, the PMF
patients showed a lower IRF4 median value than the other groups com-
pared to the HC. CALR mutated cases showed a higher IRF4 expression
than those with JAK2 (0.06 vs 0.03, p=0.007) or triple-negative (TN)
(0.06 I/G vs 0.02 I/G, p=0.0008). Fourteen (11.7%) patients showed
leukemic transformation (LT): they had a lower IRF4 expression at diag-
nosis compared to the other MPN patients (0.01 I/G vs 0.04 I/G,
p=0.0005). An optimal cutoff of the IRF4 expression value best identi-
fying the possibility of LT was defined by ROC analysis. The area under
the curve was 0.79 (95% CI 0.71–0.86; p<0.0001). An optimal value of
0.022 I/G was obtained, with a sensitivity of 76.9% (95% CI 46.2 – 95.0)
and a specificity of 76.1% (95% CI 66.9 – 84.0). MPN patients with an
IRF4 value <0.022 I/G had shorter leukemia-free survival (LFS). Overall
survival (OS) analysis in the MF group showed that patients with IRF4
>0.022 I/G had longer median survival than those in the <0.022 I/G
group (143.9 mo. versus 40.5 mo., p=0.04). Also, the IRF4 value >0.022
I/G was associated with a longer OS (75 mo versus 21 mo, p=0.04).
Moreover, PV and ET patients with an IRF4 value <0.022 I/G showed
a shorter time to MF transformation (109 mo. versus 190 mo., p=0.03).

Conclusions: Overall, our study demonstrates an IRF4 dysregulated
expression in MPNs patients, particularly in PMF and JAK2+ and TN+
cases, distinguishing those with a higher probability of SMF. Further-
more, the IRF4 expression was associated with LT and a shorter LFS.

24 | haematologica | 2022; 107(s1)

Oral Communications



Further studies could validate these data to confirm this biomarker as a
new prognostic factor.
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APPLICATION OF NEXT-GENERATION SEQUENCING TECHNOLOGY FOR MOLECULAR-
BASED RISK SCORE SYSTEMS (MIPSS70 AND MIPSS70+) CALCULATION IN TRANS-
PLANTED MYELOFIBROSIS PATIENTS

A. Civini1, S. Salmoiraghi1, F. Patriarca2, C. Pavoni1, M.C. Finazzi1,
P. Guglielmelli3, D. Russo4, E. Rumi5, M. Musso6, A. Imovilli7, 
O. Spinelli1,  A. Rambaldi1,8

1ASST Papa Giovanni XXIII, Ematologia e Trapianto di Midollo Osseo;
2AOU Santa Maria della Misericordia, Clinica Ematologica; 3AOU
Careggi, TMO Ematologia; 4AO Spedali Civili, USD - TMO Adulti;
5Policlinico S. Matteo, Ematologia e TMO; 6La Maddalena, UO
Oncoematologia e TMO; 7Arciospedale S. Maria Nuova, Ematologia;
8Dipartimento di Oncologia e di Ematoncologia, Università degli studi
di Milano, Italy

Introduction: Allogeneic Hematopoietic Stem Cells Transplantation
(allo-HSCT) is the only available curative option for Myelofibrosis (MF),
but the transplant related mortality (NRM) limits its indication only to
high-risk patients. The definition of risk has changed over time and dif-
ferent scores have been developed. Recently, MIPSS70 and MIPSS70+
scoring systems, incorporating the prognostic role of high-molecular risk
mutation/s (HMR) (i.e. ASXL1, EZH2, SRSF2, IDH1/2), have been
developed. Here we present the retrospective evaluation of disease risk
according to the MIPS70s and DIPSS scores of patients who underwent
allo-HSCT during the last years.

Patients and Methods: In this study, we included 47 patients who
underwent HSCT after being classified as intermediate or high risk
according to DIPSS. Pre-transplant DNA samples from all these patients
were massively sequenced by Illumina MiniSeq platform. We analyzed
a subset of 30 genes involved in myeloid leukemogenesis by applying
SOPHiA GENETICS™ Myeloid Solution to assess molecular risk clas-
sification.

Results: According to the DIPSS classification, 33%, 64%, 2% of
patients were respectively classified as low/Intermediate-I, Intermedi-
ate-II, high-risk. By NGS analysis, we identified a total of 117 mutations,
including non-synonymous point mutations (n=86), small insertions or
deletions (n=28) and splicing sites mutations (n=3). Almost 60% of
patients carried at least one HMR mutation while 11% of the patients
had two or more HMR lesions. Based on these molecular data, we rede-
fined the clinical risk of our cohort by MIPSS70 and MIPSS70+ scoring
systems. The molecular scores changed the categorization of patients
selected for transplantation as follows: 3% low, 25% intermediate and
72% high-risk group by MIPSS70 and 9% low, 6% intermediate, 50%
high and 35% very high-risk class by MIPSS70+. Altogether, a higher
proportion of patients were defined as high/very high risk, while a very
slight number were re-classified as low risk by MIPPS70 scores. As
expected, patients classified as high/very high-risk according to the
MIPSS70s scores had a higher risk of disease progression and death
compared to the low and intermediate risk groups, even though a signif-
icant cure rate was demonstrated also in these unfavorable clinical sub-
groups.

Conclusions: Molecular profiling of MF patients is crucial for an
appropriate patients indication to transplant at early stage of disease. Our
preliminary data suggest that, despite the presence of HMR, HSCT can
lead to a significant clinical benefit.
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PROGNOSTIC ROLE OF NEUTROPHIL TO PLATELET RATIO (NPR) AND NEUTROPHIL TO
LYMPHOCYTE RATIO (NLR) IN PATIENTS AFFECTED BY PRIMARY MYELOFIBROSIS
TREATED WITH RUXOLITINIB: A MULTI-CENTER EXPERIENCE

B. Garibaldi1, A. Romano1,2,  A. Duminuco1, U. Markovic1, M.P. Lizio1,
S. Frazzetto1, E. Lambusta1, F. Di Raimondo1,2, S. Verstovsek3, 
L. Masarova3, G.A. Palumbo1,3

1U.O.C Ematologia, Azienda Policlinico-Rodolico San Marco ; 2Dipar-
timento di Specialità Medico-Chirurgiche, CHIRMED, Sezione di Ema-
tologia, Università degli Studi di Catania; 3Department of Leukemia,
The University of Texas MD Anderson Cancer Center; 4Dipartimento
di Scienze Mediche Chirurgiche e Tecnologie Avanzate “G.F. Ingras-
sia”, Università degli Studi di Catania

In primary myelofibrosis (PMF) the ratio between absolute neu-
trophils count (ANC) and absolute lymphocyte count (ALC), called
NLR, can mirror the inflammatory status and the myeloid associated
immune suppression. The ratio between ANC and absolute platelets
count, called NPR, is an emerging biomarker of chronic inflammatory
status, rarely tested in cancer. The objective is to test NLR=6 and
NPR=100 as predictor of response to ruxolitinib (RUX) in PMF. We ret-
rospectively evaluated a training set (#1) including 107 MF patients from
MD Anderson Cancer Center treated with RUX on phase 1/2 clinical
trial from 2007 to 2010; and validation set (#2) including 109 patients
treated on a single Italian Center between years 2012–2020. Spleen
responses to RUX treatment, transformation to acute myeloid leukemia
(AML) and OS were independently validated in cohorts #1 and 2. NLR
and NPR were calculated using data obtained from the complete blood
count before RUX start and correlated with driver mutations and clinical
outcome. In both cohorts we found that NLR was higher in patients car-
rying grade 2-3 bone marrow fibrosis, carrying JAK2 (V617F) mutation
and lower in CALR (exon 9 indel) mutated patients, associated to spleen
response. The mean percentage change from baseline in palpable spleen
length, was 61% (95% CI -69 -52) at week 12 and – 67% (95% CI -75 -
59) at week 24. Patients with NLR>6 before RUX start had a lower
chance to obtain a complete resolution of splenomegaly at 24 weeks
(p<0.002). The median of neutrophil to platelet ratio (NPR) was 37.2
and 28.5 respectively in cohorts 1 and 2. In the training set, NPR was
higher in patients older than 65 years (p=0.04), carrying JAK2V617F
mutation (p=0.001), high JAK2 allele burden in JAK2 mutated patients
(p=0.001), CALR exon 9 indel (p=0.03). NPR was progressively higher
in progressively increasing DIPSS stage (p=0.04). In univariate analysis,
in the training set, predictors of overall survival were high JAK2V617F
allele burden (p=0.03), achievement of spleen response with at least clin-
ical improvement (p=0.02), platelets count>450,000/uL (p=0.0006) and
NPR <100 (p=0.0001). In multivariate analysis, JAK2V617F allele bur-
den (p=0.003), platelets count>450,000/uL (p=0.0005) and NPR <100
(p=0.03) were independent predictors of overall survival in PMF patients
treated with RUX. These observations were confirmed in the validation
set, since platelets count >450,000/uL (p=0.04) and NPR <100
(p=0.0007) were predictors of OS in univariate analysis, thus we con-
cluded that in both sets only NPR>100 was associated to inferior out-
come. NLR and NPR are positively correlated with JAK2 and CALR
mutations before RUX start and could serve as a useful, simple and early
predictors of spleen response in MF patients. NPR >100 could identify
a small fraction of patients (10-30%) with poor outcome despite treat-
ment with RUXO. 
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EFFICACY AND SAFETY OF AVAPRITINIB IN PATIENTS WITH ADVANCED SYSTEMIC MAS-
TOCYTOSIS: POOLED RESULTS FROM THE PHASE 1 EXPLORER AND INTERIM PHASE 2
PATHFINDER STUDIES
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Introduction: Systemic mastocytosis (SM), a clonal hematologic
neoplasm driven by a KIT D816V mutation in ~95% of cases, has limited
treatment options. We evaluated pooled efficacy and safety of avapri-
tinib, an orally administered selective inhibitor of D816V-mutant KIT,
in patients with advanced SM (AdvSM) from the phase 1 EXPLORER
(NCT02561988) and interim analysis of the phase 2 PATHFINDER
(NCT03580655) studies.

Methods: Patients in this post hoc pooled analysis were ≥18 years
old with centrally confirmed diagnosis of AdvSM and treated with once-
daily (QD) avapritinib at starting doses ≤200 mg. Overall response rate
(ORR) was defined as complete remission with full (CR) or partial (CRh)
hematologic recovery, partial remission (PR), or clinical improvement,
per mIWG-MRT-ECNM criteria. Other analyses included overall sur-
vival (OS), progression-free survival (PFS), duration of response (DOR),
changes from baseline in mast cell disease burden, and safety. The data
cut-off date for this analysis was May 27, 2020, for EXPLORER and
June 23, 2020, for PATHFINDER.

Results: Efficacy was analyzed in 53 ORR-evaluable patients treated
with avapritinib starting doses ≤200 mg QD, regardless of prior therapy;
median age was 67 years (range, 37–85), 32% had an ECOG PS of 2–
3, 66% had prior antineoplastic therapy, 47% received prior midostaurin,
and 94% had a KIT D816V mutation. The ORR was 72% (95% CI, 58–
83), with 28% achieving a CR/CRh (95% CI, 17–42) and 57% (95% CI,
42–70) with a PR or better (Table 1). 

Table 1. ORR by mIWG-MRT-ECNM response criteria.

Median DOR was 38.3 months (95% CI, 21.7–NE) with responses
deepening over time. Median time to response and to CR/CRh was 1.9
months (range, 0.3–26.7) and 9.2 months (range, 1.8–37.9). Median OS
was 46.9 months (95% CI, 46.9–NE); the estimated 12-month OS rate
was 84%. Median PFS was 40.3 months (95% CI, 23.0–NE). Patients
achieved ≥50% reductions from baseline in serum tryptase (49/53, 92%),
marrow mast cell aggregates (46/52, 88%), and blood KIT D816V allele
fraction (37/52, 71%), and ≥35% reductions in spleen volume (38/53,
72%). In all patients with AdvSM (safety population) receiving a starting
avapritinib dose of 200 mg (n=80), common non-hematologic AEs (any
grade; Grade ≥3) were edema (79%; 5%), diarrhea (28%; 1%), nausea

(24%; 1%), and fatigue/asthenia (23%; 4%); decreased platelets (64%;
21%), hemoglobin (55%; 23%), and neutrophils (54%; 25%) from base-
line were the most common lab abnormalities. Median follow-up was
7.9 months (95% CI, 6.8–9.0). Overall, 8 (10%) patients permanently
discontinued treatment due to AEs, 4 (5%) patients due to drug-related
AEs, and 6 (8%) due to disease progression. Median time to first dose
reduction due to AEs was 6.9 weeks. Of 2 (3%) AE-related deaths, nei-
ther were treatment-related.

Conclusions: Pooled study results showed ≤200 mg QD avapritinib
induced rapid (1.9 months), deepening and sustained (38.3 months) clin-
ical responses and had a generally well-tolerated safety profile in patients
with AdvSM.
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COMPREHENSIVE ANALYSIS OF STRUCTURAL VARIANTS IN TRIPLE NEGATIVE MYELOFI-
BROSIS PATIENTS USING A NANOPORE-BASED SEQUENCING ASSAY

S. Romagnoli1, N. Bartalucci1, C. Maccari1, F. Pancani1, L. Signori1, 
G. Rotunno1, C. Paoli1, A. Atanasio1, A. Vannucchi1, P. Guglielmelli1

1Center Research and Innovation of Myeloproliferative Neoplasms,
Azienda Ospedaliera Universitaria Careggi, University of Florence,
Italy

Introduction: Among the myeloproliferative neoplasms (MPNs),
approximately 10-15% of myelofibrosis (MF) cases still lack a driver
mutation (point mutations in JAK2, MPL and CALR) and are therefore
defined as triple-negative (TN). To address such clinical and pathological
need, we analyzed the genome of TN patients by the long-read sequenc-
ing technology Oxford Nanopore Technology (ONT) with the aim to
identify new molecular abnormalities responsible for the development
of a MPN phenotype. Long-read sequencing technology proved invalu-
able to identify previously intractable DNA sequences as well as unravel
previously undetected structural variants (SVs). SVs are defined as
genomic alterations larger than 50 bp in size including insertions, dele-
tions, duplications, inversions and translocations. The identification of
new possible disease-causing SVs in TN-MPNs cases could contribute
to elucidate the molecular mechanism underlying MPN and provide new
molecular markers potentially refining the management of such category
of patients.

Methods: The study cohort included paired germinal (CD3+ cells)
and somatic (CD34+ cells) samples at diagnosis from 9 TN MF patients
(2 Post-Essential Thrombocythemia MF, PET-MF, and 7 PMF). The
Genomic DNA purified from samples was used for the library prepara-
tion and run on PromethION sequencer. Sequencing data were real-time
basecalled by ONT proprietary software (v20.06.18) and variant calling
was performed by Sniffles and cuteSV. SVs detected by both callers
were further selected for a number of supporting reads ≥ 5 and excluding
those present also in the germline counterpart.

Results: The mean coverage across the cohort was 12X (range: 8.3X-
18X) and the median number of SVs per sample resulted 320. A total of
3170 SVs was found, of which 1747 were insertions (55.11%), 1386
deletions (43.72%), 13 inversions (0.41%), 19 duplications (0.6%) and
5 translocations (0.17%). Overall, 2724 SVs (86%) represented private
abnormalities, while the 14% were found in at least two patients. Inter-
estingly, we found a 414bp insertion in chromosome 12p25.1 (median
allele fraction of 100%) and a 346bp deletion in chromosome 3q29
(median allele fraction of 100%) that recurred in 6 (2 PET-MF and 4
PMF) and 5 patients (1 PET-MF and 4 PMF), respectively. Four patients
(36%) resulted mutated for both Svs. No significant differences were
found in SVs-positive patients in term of age, white and red blood cell
count, hemoglobin, hematocrit and LDH level, nevertheless sequencing
and clinical data analysis and correlation are still ongoing to characterize
the significance of the reported genomic abnormalities.

Conclusion: Despite such observations need to be validated in larger
cohorts of patients, current results support the potential of the long-read
genome-wide analysis for the identification of novel SVs that may have
relevance in the pathophysiology and diagnosis of TN MPNs.
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DESIGN AND VALIDATION OF A CUSTOM NGS TARGETED PANEL, MM-UMA (UNIQUE
MOLECULAR ASSAY)-PANEL, TO IDENTIFY GENOMIC ABNORMALITIES IN MULTIPLE
MYELOMA PATIENTS: INTRA-LABORATORY VALIDATION
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Introduction: Most of Multiple Myeloma (MM) genetic alterations,
such as IgH translocations (t-IgH) and Copy Number Alterations (CNAs),
are detected by FISH in the daily practice. However, by analyzing one
alteration at a time, FISH returns a partial picture of patients’ (pts)
genomic landscape. To get a wider view of pts’ genomic alterations, we
developed a Next Generation Sequencing (NGS) targeted panel, named
MM-UMA-panel, able to screen in a single assay the mutational profile
of 83 MM-relevant genes, all t-IgH and a genome-wide CNAs profile.

Methods: A cohort of 76 MM pts, with FISH data, were profiled by
MM-UMA-panel (total footprint: 395 Kbps) on MiSeq (Illumina). The
panel robustness was tested by inter- and intra-run validations and by
the inclusion of 4 healthy donors DNA (negative controls). Structural
aberrations and small nucleotide variants (SNVs) were analyzed by
searching for a concordance between the following bioinformatic tools:
Delly and Manta (t-IgH), CNVkit and CopywriteR (CNAs), Varscan,
Mutect and Freebayes tools (SNVs).

Results: Several technical NGS parameters have been optimized
thanks to the intra-laboratory validation tests; in particular, a median of
4,3M reads (range: 3,8M–4,9M) was estimated sufficient to confidently
call both t-IgH (minimum: 5 reads) and SNVs (clonality >10%), ensuring
enough off target reads to call CNAs (median of 64%, range: 60 - 75%).
Moreover, the inclusion of intra- and inter-run replicates highlighted high
results’ reproducibility across the experiments (correlation parameters
between intra- and inter run SNVs VAF = R>0.95, p<0.001). Panel per-
formances were also validated by comparing NGS and FISH results 
(Figure 1). 

Figure 1.

Overall, both t-IgH and CNAs results, as detected by NGS and FISH,
had good negative and positive concordances, with an overall concordance
of 97.2% (range: 94.7-100%). Discordances were mainly attributable to
the low off target quality, which did not allow to confidentially call sub-
clonal CNAs. Interestingly, MM-UMA-panel called few additional alter-
ations, not detected by FISH: t(11;14) in one pt and t(14;20) and t(6;14),
both in another one. According to the revised risk stratification (R-ISS)
model, the panel identified 17/76 (22%) pts carrying high risk Cytogenetic
Alterations (CA), with an additional pt carrying both del(17p) and t(4;14);
on the contrary, 46/76 (60.5%) pts had standard risk CA (Figure 1). Finally,
a total of 233 SNVs were identified, the most mutated genes being KRAS
(14/76 = 18,4%), NRAS (14/76 = 18,4%), ATM (13/76 = 17,1%), IGLL5
(11/76 = 14,5%) and SETD2 (7/76 = 9,2%).

Conclusion: MM-UMA-panel represents a smart and highly infor-
mative solution to rapidly obtain genome-wide pts’ profiles, to be used
to assess pts’ risk in a personalized-medicine perspective. The panel’s
implementation in the daily clinical practice requires additional inter-
laboratory validation, already planned in the next months, and cost-effec-
tiveness analysis.
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Introduction: Patients with monoclonal gammopathies share several
immunological defects that make them more susceptible to the infections
with a reduced response to vaccination in those with multiple myeloma
(MM). Currently, SARS-CoV-2 vaccination is the main strategy to pre-
vent clinical adverse outcome of COVID-19. However, recent papers
highlighted that vaccinated MM patients have lower specific anti-SARS-
CoV-2 humoral response compared to the controls, however both
humoral and spike-specific T cell responses to anti-SARS-CoV-2 vac-
cines in patients with monoclonal gammopathies at different stage of
disease are unknown and were investigated in this study.

Methods: We enrolled 38 COVID-naïve patients with monoclonal
gammopathies including 6 monoclonal gammopathies of undetermined
significance (MGUS), 10 smoldering myeloma (SMM), 9 newly diag-
nosed MM (NDMM) and 13 relapsed MM (MMR). Peripheral blood
(PB) samples were collected before the first dose and 14±2 days after
the second dose of the BNT162b2 vaccine. SARS-CoV-2 spike IgG anti-
bodies (Abs) were measured by the COVID-SeroIndex Kantaro SARS-
CoV-2 IgG test. The fraction of neutralizing Abs against SARS-CoV-2
spike of Wuhan original strain and four variants (alpha, beta, gamma,
and delta) was assessed in the collected sera by a SARS-CoV-2 pseu-
dovirus neutralization assay. Finally, the collected PB-mononuclear cells
were stimulated, with overlapping peptides pools spanning SARS-CoV-
2 spike glycoprotein and SARS-CoV-2 spike-specific CD4+ and CD8+

T cells were identified by intracellular cytokine staining for Interferon-
gamma (IFN-γ), interleukin-2 (IL-2), tumor necrosis factor-alpha (TNF-
α), and CD107a using flow cytometry assay.

Results: The seropositivity rate for SARS-CoV-2 spike IgG Abs in
the total cohort was 84.2% with 15.8% patients exhibiting no detectable
Abs. We found that MMR patients had significantly lower SARS-CoV-
2 spike IgG Abs and neutralizing Abs compared with MGUS, SMM and
NDMM patients. SARS-CoV-2 spike IgG Abs significantly positively
correlates with neutralizing Abs not only against Wuhan original strain
but also against all the analyzed variants. We observed a different spike-
specific CD4+ T cell response percentage in MGUS (100%), SMM
(75%), NDMM (77.7%) and MMR (58.3%) patients. We found that both
SMM and NDMM patients had significantly reduced spike-specific IL-
2+CD4+ T cell responses compared to MGUS patients. The percentages
of patients with a CD8+ T cell response were 100%, 75%, 55.5% and
91.6% in MGUS, SMM, NDMM and MMR patients respectively. Final-
ly, we did not find any correlation between spike-specific CD4+ or CD8+

T cells responses and SARS-CoV-2 spike IgG Abs levels.
Conclusion: MMR patients showed a reduced production of SARS-

CoV-2 spike IgG Abs and neutralizing Abs compared to MGUS, SMM
and NDMM. On the other hand, SARS-CoV-2 spike-specific T cell
responses was highly variable in the cohort of patients and not correlated
with the humoral responses.
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Introduction: Multiple myeloma (MM) is a malignant plasma cell
(PC) neoplasm which displays pathological bone involvement. The bone
marrow (BM) microenvironment sustains the MM associated bone dis-
ease (MMABD) characterized by impaired bone homeostasis. The
Wnt/β-catenin pathway plays a critical role on the potential of mesenchy-
mal stromal cell (MSC) differentiation towards osteoblastic lineage,
directly stimulating RUNX2, the master gene regulator of the process.
Interestingly, the inhibitory effect of MM cells on osteoblastogenesis
appears to be mediated by their capability to inhibit RUNX2 expression
in MSC. Protein kinase CK1α is a Ser/Thr kinase that negatively regu-
lates the Wnt/ β-catenin pathway. We have demonstrated that CK1α inhi-
bition/silencing causes MM cells apoptosis and cell cycle arrest. Our
preliminary data showed that CK1α silencing in MSC induces an
osteogenic transcriptional program through the β-catenin stabilization.
Lenalidomide (Lena), an immune modulating drug used in MM therapy,
acts by a novel mechanism-modulating Cereblon E3 ubiquitin ligase,
inducing the degradation of Ikaros, Aiolos and CK1α, leading to MM
cells death. However, Lena effects on MSC osteogenic differentiation is
still debated and controversial.

Methods: We generated an MM INA-6 cell clone bearing an IPTG-
inducible CK1α directed shRNA. To recreate the BM microenvironment,
we plated INA-6 MM cells on a layer of MSC-hTERT stromal cells and
the CK1α silencing was achieved in MM cells. We collected primary
MSC from a cohort of 20 patients according to the principles of the
Helsinki declaration and written informed consents. Lena treatment in
cell culture was performed with different concentrations and time points.
We evaluated the expression of CK1α and of the osteogenic markers by
RT-qPCR and WB analysis.

Results: Lena treatment caused CK1α degradation in the MSC
hTERT cell line without affecting cell viability and cell cycle. Unex-
pectedly, the expression of both RUNX2 and ALP mRNA after Lena
treatment were reduced in the MSC hTERT cell line and in primary
MSC. Indeed, we observed a trend towards a reduction of the osteogenic
markers at each stage of the disease, except for SMM that presented a
higher level of biological variability. In the co-culture model, CK1α
silencing in MM cells caused a reduction of PC RUNX2 expression,
potentially favoring the stromal differentiation towards the osteoblastic
lineage. Lena treatment up-regulated RUNX2 mRNA expression in MM
cells and down regulated it in the MSC counterpart. Surprisingly, CK1α
silencing in MM cells reduced the RUNX2 upregulation induced by Lena
in MM cells and, at the same time, rescued the RUNX2 expression in
the MSC compartment.

Conclusion: Our data point to a complex role of Lena since it antag-
onizes the osteogenic transcriptional program. However, a specific CK1α
silencing in MM cells could counteract the undesirable effects of Lena
on the osteogenic differentiation potential, likely ameliorating MMABD.
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Introduction: Mesenchymal stromal cells (MSCs) promote tumor
growth, confer chemoresistance and support metabolic needs of multiple
myeloma plasma cells (MM-PCs) also transferring mitochondria. In this
scenario, heterocellular communication and dysregulation of critical sig-
naling axes are among the major contributors to progression and treat-
ment failure. Methods: Metabolic analysis were performed by HPLC.
Flow cytometry, immunofluorescence and operetta platform were used
to evaluate mitochondrial transfer. 

Results: As metabolic rewiring is involved in the regulation of MSC
phenotype, we first analyzed metabolic profile MM-MSCs and healthy
controls. MM-MSCs showed a glycolytic profile, associated to a
decreased mitochondrial mass as compared to healthy MSCs and
increased tendency to deliver mitochondria to MM cells, suggesting that
this intercellular exchange between PCs and MSCs can be consider part
of their pro-tumorigenic phenotype. We also found that MM-MSCs
showed a significantly up-regulated CXCL12 whose expression can be
regulated by CX43, a critical protein for mitochondrial transfer. There-
fore, we first evaluated whether MM cells were able to increase the
levels of both CXCL12 and CX43 in healthy MSCs. A significant
increase of CXCL12-CX43 colocalization was observed. Exposition to
ioxynil octanoate (IO), a selective inhibitor of CX43, reverted the up-
regulation of CXCL12 induced by MM cells and was able to inhibit
mitochondrial transfer. Therefore, we supposed that CXCL12 and its
receptor CXCR4 could regulate mitochondria trafficking. We analyzed
the kinetic of mitochondria uptake of several HMCLs and related their
CXCR4 expression with the percentage of transferred mitochondria,
observing a positive correlation, also confirmed in primary myeloma
PCs. Furthermore, plerixafor, a selective inhibitor of CXCR4, signifi-
cantly reduced mitochondrial transfer from MSCs to myeloma PCs.
Next, we found that the proteasome inhibitors promoted mitochondrial
transfer while their combination with plerixafor inhibited mitochondria
trafficking. Moreover, intracellular expression of CXCR4 in myeloma
PCs from BM biopsy specimens demonstrated higher CXCR4 colocal-
ization with CD138+ cells of non-responder patients to bortezomib com-
pared with responder patients. 

Conclusion: Our data demonstrated that CXCL12/CXCR4 axis
mediates intercellular coupling thus suggesting that the myeloma niche
may be exploited as a target to improve new therapeutic approaches.
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DISSECTING THE ROLES OF LNCRNA IN MULTIPLE MYELOMA: GENERATION OF A
MYELOMA CELL LINE TRANSACTIVATING THE LNCRNA NEAT1 BY CRISPR-CAS9 SYNER-
GISTIC ACTIVATOR STRATEGY (SAM)
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Introduction: During the past decades several targeting strategies
emerged to assess the functional and molecular role of lncRNAs in can-
cers. Among the different strategies adopted for loss of function studies,
gymnotic delivery of ASO LNA-gapmeR resulted to be very efficient
for hard to transfect cell lines, such as multiple myeloma (MM) cells.
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However, gain of function approaches are essential to shed light on the
molecular mechanism underlying the mechanism of action of specific
lncRNAs. To this aim, the innovative CRISPR-Cas9 synergistic activator
strategy (SAM) allows the induction of gene expression without alter-
ation of the DNA sequence, representing a cutting-edge technique. This
approach relies on the use of 1) a catalytically dead Cas9 (dCas9) fused
to a transcriptional activator and 2) sgRNAs able to recruit on the gene’s
transcriptional start site an additional transcriptional activator complex.
Here, we adopted this elegant genome editing system to induce the lncR-
NA NEAT1 transactivation in a MM cell line, thus allowing a deeper
functional and molecular characterization of NEAT1 in MM disease.

Methods: sgRNAs targeting NEAT1 promoter region were selected
from CRISPRi library of Yamazaki T. Sequences were cloned into lenti
sgRNA(MS2)_puro backbone. The ligation mixture was transformed
into Stabl3 competent cells. Positive clones were identified by Sanger
sequencing. High titer lentiviral stocks were produced in 293T cells by
co-transfecting expression vectors and packaging vectors. Aliquots of
virus, plus polybrene, were used to infect AMO-1 cells. Stable cell lines
expressing constructs were maintained under selection by treatment with
blasticidin, hygromycin and zeocin once a week. Cas9, p65, NONO and
SFPQ protein expression was assessed by Western Blot analysis and spe-
cific IF. NEAT1 expression was evaluated by qRT-PCR and specific
RNA-FISH.

Results: Cas9 and p65 proteins expression in AMO-1 transduced cell
line revealed the effectiveness of CRISPR-Cas9 SAM approach. qRT-
PCR demonstrated a significantly higher NEAT1 expression levels in
AMO-1 N#5 and N#8 clones, compared to relative SCR cells. The
NEAT1-specific RNA FISH analysis confirmed qRT-PCR results. Con-
sistently with NEAT1 forced expression, we observed an increased
amount of both NONO and SFPQ, essential paraspeckles (PSs) proteins,
along with a significant increase of PSs number.

Conclusions: CRISPR Cas9 approach offers an unprecedent ability
to dissect the role of lncRNAs in multiple myeloma, and the downstream
molecular implications related with their de-regulation. We highlighted
the CRISPR-Cas9 SAM technique as an affordable and reliable method
to induce NEAT1 expression and PSs formation, recapitulating what
observed in MM patients. Therefore, this approach could be essential
for a better characterization of the functional and molecular role of the
deregulated lncRNA NEAT1 and its druggability in MM.
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Background: SIRT6 is a NAD+ consuming histone deacetylase,
belonging to the Sirtuin family, responsible for chromatin inaccessibility
with consequent repression of gene transcription. The role of this enzyme
in cancer appears to be controversial, acting both as a tumor suppressor
and oncogene across different types of malignancies. We previously
reported that multiple myeloma (MM) cells exhibit high level of SIRT6
as an adaptive response to their intrinsic genomic instability. Indeed,
SIRT6, by down regulating MAPK pathway, results in cell proliferation
slowing down, with high levels associated with poor outcome. Here we
deeply investigate the role of SIRT6 in MM, focusing on its relationship
with the splicing machinery.

Methods: Gene set enrichment analysis (GSEA), according with
SIRT6 expression was performed on RNA-seq data from CoMMpass
dataset. SIRT6 was down-regulated by lentivirus-based approach in MM
cell lines, then profiled by gene expression microarray to find de-regu-
lated targets. A panel of MM cell lines and primary CD138+ plasma cells
derived from NDMM patients were challenged with increased doses of
spliceosome and SIRT6 chemical inhibitors. Mechanisms underlying
biological effects of drugs combination were further studied by qPCR

and western blot analyses.
Results: A preliminary GSEA analysis revealed an enrichment in

splicing-related pathways in MM patients, correlating with SIRT6
expression. Transcriptome analysis of SIRT6-depleted MM cells also
suggests a spliceosome perturbation. These data pointed us to test sensi-
tivity of SIRT6 depleted MM cells to direct spliceosome inhibition using
a specific modulator, the Sudemycin D6 (SD6). Importantly, both chem-
ical inhibitors and genetic depletion significantly enhanced anti-MM
activity of SD6, in cell lines and CD138+ plasma cells derived from MM
patients, thus suggesting RNA splicing deregulation as exploitable vul-
nerability in SIRT6-depleted cells. Recent studies suggest that spliceo-
some is a therapeutic vulnerability in MYC-driven cancer with its-target
genes repressed by SIRT6. In such a scenario we found that while c-
Myc oncogene loss resulted in phenotypic resistance, as showed by U266
cell line, its re-expression confirmed the efficacy of our strategy thus
supporting MYC as a crucial player for SIRT6-mediated de-regulation
of spliceosome components. Ongoing ChIP-Seq data on SIRT6 will help
to support the role of MYC-deregulated programs in splicing perturbation
observed after SIRT6 depletion in MM cells.

Conclusions: Overall, our data provide the evidence that targeting
SIRT6 in MM cells results in splicing interference which makes the
NAD+ dependent histone deacetylase-based strategies a promising ther-
apeutic approach to fight MM.
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Introduction: The genetic architecture of Multiple Myeloma (MM)
is complex and heterogeneous and includes a variety of copy number
alterations (CNAs). CNAs affect many chromosomes and are used to
stratify patients (pts) into prognostically meaningful subgroups: amp(1q)
and del(17p) clearly identify high-risk pts. Thus underlining the impor-
tance of a precise detection of these CNAs. However, when molecular
approaches are employed to profile patients, computational algorithms
might erroneously estimate the “diploid region” (DR), resulting in incor-
rect CNAs calls and CN profiles definition. This is particularly frequent
in highly complex karyotypes, as in MM, and tends to influence the over-
all CN signals leading to a misinterpreted definition of the DR. In order
to check and correct the DRs of data coming from molecular experi-
ments, we have previously developed a bioinformatics tool (BoBafit),
which has been applied and FISH-validated on MM samples, showing a
3% errors incidence in DR assessment. Here we show our DR correction
improves the right CN call of MM clinically relevant CNAs and supports
a precise pts’ risk stratification, according to the R-ISS guidelines.

Methods: 595 MM pts’ genomic profiles, obtained by SNPs array
experiments at the “Seràgnoli” Institute of Hematology have been includ-
ed in the present study. We focused on 5 CNAs -amp(1q), del(1p),
del(13), del(17p), and Hyperdiploidy (HD)- frequently observed in MM,
which have been called at 10% clonality level, except for HD (called at
50% clonality level). Profiles were stratified in either High (CN-HR) or
Standard Risk (CN-SR), according to the presence of del(17p), which
R-ISS guidelines include among the high-risk defining CNAs. For all
analysis, we employed R software.

Results: BoBafit correction was applied to all genomic profiles
included in the study, generating for each pt a pre- and a post-correction
profile. Profiles were annotated and stratified in groups, according to the
presence of 1 or more CNAs. As expected, most pts profiles remained in
the same group pre- and post-correction, as the DR didn’t need any cor-
rection. However, 157 pts (26,4%) shifted from one group to another,
due to the DR correction. In particular, several pts shifted into the HD
and amp(1q) groups, suggesting that these CNAs are especially biased
(Figure 1). We finally stratified pts according to the presence of del(17p),
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both before and after BoBafit correction. Overall, 27 pts (4,5%) moved
from CN-HR to CN-SR class, highlighting a significant bias in the pts’
risk stratification before the DR correction.

Conclusions: Overall, in 3% of MM pts an incorrect CNAs profile
was highlighted, due to a wrong DR estimation; this caused a bias in
CNAs calls and, therefore, in pts’ clinical risk assessment. By assuring
unbiased CN calls, the implementation of BoBafit in all molecular CN
pipelines would guarantee a correct pts’ stratification, according to the
MM risk-assessment guidelines.

Acknowledgment: AIRC19-IG22059.

Figure 1.
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Background: In multiple myeloma (MM) malignant plasma cells
(PC) can induce metabolic changes in the local microenvironment that
are closely related to drug resistance and disease progression. Arginine
(Arg) is a non-essential amino acid which plays an important role in the
immune-escape mechanisms and in BTZ resistance. Since our group has
previously demonstrated that BTZ- resistant PCs upregulate TLR4 path-
way as a stress responsive mechanism, and TLR4-driven cytokine pro-
duction in starvation is under control of general control nonderepressible
2 (GCN2), a serine/threonine-protein kinase that senses amino acid defi-
ciency through binding to uncharged transfer RNA, we aimed to inves-
tigate TLR4 signalling in response to Arg deprivation.

Methods: Our in vitro studies are carried out on three human myelo-
ma cell lines (HMCLs) (U266, NCI-H929, OPM2) cultured in medium
with different Arg concentrations: R100 (114 µg/mL), R25 (28.5 µg/mL)
and R10 (11.4 mg/mL), correspondent respectively to 100%, 25% and
10% of the arginine concentration in MM bone marrow, for 24h or 48h.
Apoptosis and mitochondrial depolarization were measured by FACS.
Protein expression was evaluated by western blot analysis. Gene expres-
sion was carried out by qRT-PCR.

Results: In BTZ-refractory patients Arg-1 was increased in periph-
eral blood. Sera of MM, but not MGUS patients, conferred BTZ-resis-
tance to U266 cell line in an Arg-1 dependent manner, an effect partially
reverted by treatment with nor-NOHA (an aspecific Arg-1 inhibitor).
Treatment with recombinant Arg-1 for 24 hours conferred protection to
U266 after 48h treatment with 20nM bortezomib, associated to increased

expression of ASNS, ATF4 and p62. In HMCLs the progressive arginine
deprivation induced delay in cell cycle until proliferation arrest (in total
lack of arginine in culture media), with increase of G0-G1 length, asso-
ciated to decreased cell viability starting from R25. We next investigated
if MM cells may adapt to Arg deprivation through unfolded protein
response (UPR) system or GCN2 pathways. In the UPR system, higher
levels of expression of metabolic-stress sensing protein PERK was
observed only in NCI-H929 cells adapted to lower Arg deprivation
(R25). Interestingly, we found an up-regulation of GCN2 protein expres-
sion in U266 cells already at R25 and in NCI-H929 only at R10 condi-
tion, associated to increased expression of TLR4 and its downstream
effectors, involved in mitochondrial depolarization, suggesting a role of
TLR4 pathway in preserving MM-PCs under arginine starvation. We
finally tested the efficacy of bortezomib (BTZ) and carfilzomib (CFZ)
in HMCLs cultured in R25 and R10 medium. Compared to MM cells
treated with PIs in R100 medium, HMCLs exposed to BTZ and CFZ in
R25 and R10 medium showed decreased PI-induced apoptosis and lower
mitochondrial depolarization.

Conclusions: Our study suggests that TLR4 pathway is part of adap-
tation to Arg deprivation in HMCLs and is involved in conveying borte-
zomib refractoriness.
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EVALUATION OF STAT5B MUTATIONS AND TCR SIGNATURE IN CD4+ T-CELL LARGE 
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Introduction: CD4+ T-cell large granular lymphocyte leukemia (T-
LGLL) is a chronic lymphoproliferative disease characterized by the
clonal expansion of cytotoxic T-cells. Several studies detected somatic
STAT5B mutations in CD4+ T-LGLL with an incidence up to 55% but
the screening was limited to small number of patients or restricted to
hotspot regions. The etiology of CD4+ T-LGLL still remains elusive,
even though the most likely hypothesis rests on the presence of an anti-
gen-driven expansion triggered by an unknown event. Here, 35 CD4+
T-LGLL patients were profiled with STAT5B amplicon and T-cell recep-
tor (TCR) β sequencings to better elucidate their molecular landscape.

Methods: The international collaboration allowed the recruitment of
the largest cohort molecularly profiled. Leukemic clones were immuno-
magnetically purified with anti-CD4/57 beads. CD4+ T-cells from 37
healthy blood donors were used as controls. STAT5B amplicon sequenc-
ing was performed through the Illumina platform and results were ana-
lyzed with Integrative Genome Viewer (IGV). The transcriptional activity
of the newly discovered variants was assessed through the transfection
of HeLa cells with plasmids and a luciferase reporter. Finally, TCRβ
sequencing was conducted with Adaptive Biotechnologies’ ImmunoSEQ
assay.

Results: Median age at diagnosis of the CD4+ T-LGLL patients was
72 years, without gender bias. All the clones resulted CD57+, often co-
expressing a CD56+CD16- phenotype. Increased LGL and lymphocyte
counts were observed in patients presenting STAT5B mutations. Within
the entire cohort, 66% of cases presented at least one STAT5B mutation.
Of novelty, 22% of the mutated cases presented multiple mutations that
were detected in either different or same alleles. T628S variant was
detected for the first time in CD4+ T-LGLL and resulted the second most
frequent mutation (22%) after the N642H (39%). Functional character-
ization of new E433K and V712E variants confirmed to be highly acti-
vating when compared to the wild-type STAT5B construct. TCRβ
sequencing identified a total number of 59 T-LGLL clones. Of note, TCR
repertoires of both leukemic and non-leukemic (<5%) expansions result-
ed to be clonal compared to controls, suggesting the presence of a com-
mon antigenic pressure driving the disease. None of the 59 CD4+ T-
LGLL clones was shared within patients. However, some clonotypes
were shared with the non-leukemic cells and/or healthy cells even though
at very low frequencies. The same clones were tested for the recognition
of viral antigens but exact matches were not found.

Conclusions: Detection of STAT5B mutations in most CD4+ T-
LGLL cases must be regarded as central in the diagnostic workflow since
they may boost the clonal persistence as observed by the increased LGL
count in STAT5B mutated patients. The shared clonotypes found between

leukemic and non-leukemic CD4+ T-cells further support the central role
of antigen-driven responses in the pathogenesis of CD4+ T-LGLL.
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FOCAL ADHESION KINASE (FAK) ACTIVATION MEDIATES BOOSTING OF WNT5A/CXCL12
CHEMOTAXIS IN CHRONIC LYMPHOCYTIC LEUKAEMIA (CLL)
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Introduction: WNT5a activates ROR1, a tyrosine-kinase-like trans-
membrane receptor, aberrantly expressed in CLL. The activation of
ROR1 promotes tumour growth, activating cytoskeletal-actin polymer-
ization through the recruitment of HS1/Cortactin, thus enhancing chemo-
taxis toward CXCL12. Of note, Cortactin and HS1 are two homolog pro-
teins, both being overexpressed and strongly related to poor prognosis
in CLL. Focal Adhesion Kinase (FAK) is involved in cellular migration,
adhesion and metastasis. At focal adhesions, FAK recruits adaptors and
signalling proteins, such as HS1 and Cortactin, which contribute to the
turnover of the actin cytoskeleton, thus leading to cell migration. We
then hypothesized that FAK could be necessary for boosting
WNT5a/CXCL12 chemotaxis, together with HS1 and Cortactin and may
affect the disease outcome in patients with poor prognosis.

Methods: By WB, FAK expression and its kinase activity (phospho-
rylation at Tyr397) were analyzed in B-cells from 10 healthy subjects
and 142 CLL patients: 67 IGHV-mutated and 56 unmutated. Cortactin
and HS1 expression was evaluated in 12 patients by flow cytometry
(FC). Reverse phase protein array (RPPA) analysis was performed on
57 CLL patients and 11 healthy subjects to assess the expression of sev-
eral proteins, including those related to the cytoskeleton. CLL-cell migra-
tion using Trans-well assay in response to CXCL12 was assessed in 5
patients by FC, without or with the addition of exogeneous WNT5a and
under conditions whereby active FAK is inhibited by Defactinib or not.

Results: CLL patients with poor prognosis, according to the IGHV
gene mutation status showed a higher phosphorylation degree of FAK at
Tyr397 (pFAK), index of FAK activation, by western blot analysis. In
terms of RPPA data, patients were divided into pFAK-high vs pFAK-
low, according to the obtained median value. A significant positive cor-
relation was proven between HS1 and Cortactin expression levels and
FAK activation (values in pFAK-low vs high, respectively: 250±65 vs
298±74; p<0.01 for HS1; 303±122 vs 366±118; p<0.05 for Cortactin).
This relationship was also confirmed by FC (697±399 vs 265±137;
1618±1575 vs 232±139, p<0.05, MFI for Cortactin and HS1 respective-
ly). Notably, we demonstrated that 1uM of Defactinib reduces signifi-
cantly the capacity of WNT5a to enhance CXCL12-directed CLL-cell
migration compared with the non-inhibited control (P<0.0001).

Conclusions: Our data demonstrate that IGHV-unmutated CLL patients
associated with poor prognosis display higher levels of active FAK corre-
lated with the overexpression of HS1 and Cortactin accounting for CLL
aggressiveness. WNT5a-enhanced CXCL12-directed CLL-cell migration
depends on the activation of FAK. Collectively, these results suggest that
FAK plays an important role in ROR1-dependent WNT5a-enhanced
CXCL12-directed CLL-cell migration which merits further studies.
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DISTINCT DYSREGULATED CIRCULAR RNAS DISCRIMINATE SYMPTOMATIC FROM 
INDOLENT T-CELL LARGE GRANULAR LYMPHOCYTE LEUKEMIAS
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Introduction: T-cell Large granular lymphocytes leukemia (T-LGLL)
is a rare lymphoproliferative disorder. Immunophenotype and mutational
status of the LGL clone discriminate symptomatic patients [CD8+
STAT3 mutated (mut)], characterized by neutropenia and reduced sur-
vival, from indolent cases [CD8+ wild type (wt) and CD4+ STAT5B wt
or mut, together referred as others (OTH)]. Since current treatments are
mostly ineffective, understanding T-LGLL pathogenesis is an unmet
clinical need to identify new druggable targets. STAT3 is a known patho-
genetic player and its activating mutations are linked to neutropenia
development, as a consequence of miR-146b repression, suggesting a
role of non-coding RNA in T-LGLL. This study focused on circular
RNAs (circRNAs), single-stranded covalently closed RNA molecules,
generated by backsplicing, whose dysregulation can drive leukemogen-
esis and for which no data are available in T-LGLL.

Methods: CircRNAs were identified and quantified by CirComPara2
in RNA-seq data of immunomagnetically purified LGL from a discovery
cohort of 20 cases, representative of the T-LGLL subsets, and 5 controls
(CTR). Differential expression was assessed by edgeR. Circular to linear
proportion (CLP) was calculated as the proportion of circular isoforms
related to its linear counterpart from the same host gene and differential
CLP analysis was obtained by CircTest. RT-qPCR and Sanger sequenc-
ing were performed on purified LGL from an independent validation
cohort of 20 patients and 6 CTR to confirm RNA-seq results.

Results: Unsupervised analysis of circRNAs expression profiles
clearly separated CD8+ STAT3 mut cases from both CTR and OTH,
pointing out peculiarities of the circRNAome in symptomatic patients.
500 differentially expressed (DE) circRNAs were observed in CD8+
STAT3 mut vs CTR; 358 were those DE between CD8+ STAT3 mut and
OTH. CLP analysis identified many circRNAs whose dysregulation in
T-LGLL is uncoupled from the variation of their linear counterpart. Some
circRNAs, derived from known STAT3 target genes, were specifically
upregulated in presence of STAT3 hyperactivating mutations. We also
identified 507 circRNAs dysregulated only in OTH cases; circRNA-
involving axes putatively characterizing asymptomatic patients are under
evaluation. CircRNAs with the highest absolute expression and marked
variation were selected for further study. After confirming the backsplice
sequence of these circRNAs by Sanger sequencing, quantification in the
validation cohort assessed the dysregulation of several circRNAs in
CD8+ STAT3 mut or in OTH patients.

Conclusions: Our data herein reported on the differential circRNAs
expression in T-LGLL suggests a link between dysregulated circRNAs
and the development of clinically different T-LGL proliferations. Com-
putational predictions and experimental validations of circRNA functions
aim to clarify how specific circRNAs are involved in T-LGLL patho-
genesis and contribute to the development of a symptomatic disease.
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ROPATHIES: INTERDISCIPLINARY CHARACTERIZATION AND EVALUATION OF LONG TERM
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Introduction: IgM-related polyneuropathy (PNP) is an underdiag-
nosed condition associated to Waldenström Macroglobulinemia (WM)
and IgM monoclonal gammopathy of undetermined significance
(MGUS). It is a chronic, disabling PNP, characterized by anti-myelin-
associated glycoprotein (anti-MAG) IgM antibodies in the serum. Pre-
vious studies with rituximab (RTX), though promising, were hampered
by not well-defined diagnostic criteria and limited follow-up (FU).

Methods: Between 2017 and 2019 pts with monoclonal component
and suspected PNP were evaluated by a multidisciplinary team. All pts
underwent marrow biopsy, flow cytometry, and MYD88L265P mutational
screening by ddPCR: WM or IgM MGUS pts matching diagnostic cri-
teria for demyelinating PNP were selected. Neurological evaluation by
clinical and disability scales and standardized neurophysiological study
(ENG) was performed before treatment (t0), at 12 (t1) and 24 months
(t2). To assess PNP severity and disability, we employed: 1) Medical
Research Council (MRC) Score, for muscle strength; 2) Inflammatory
Neuropathy Cause and Treatment (INCAT) and modified Inflammatory
Sensory Scale (mISS) for sensory deficits; 3) Patient Global Impression
of Change (PGIC) for patients’ perception of symptoms improvement.

Results: Overall, 97 pts were evaluated: 28 were confirmed as IgM-
related PNP and were included in this study; 21 were male, median age
was 72. 25/28 had symptomatic PNP while 3 were still asymptomatic
but showed typical progressive ENG pattern. 24/28 pts had WM, 4
MGUS; involved light chain was K in 25/28. Anti-MAG antibodies were
present in 23 pts, MYD88L265P was mutated in 24/27 (89%). Median
IgM level was 833 mg/dl (range 121-4325). 4 pts had been pretreated
with RTX. Overall, 23 pts received 4 weekly RTX 375 mg/m2, while 5
WM pts were treated for concurrent hematologic indications, thus receiv-
ing 6x RTX, cyclophosphamide (CTX), dexamethasone (RCD). Median
FU after therapy was 29.5 months (15-40). RTX had a manageable safety
profile, with only 9 G2 infusion related reactions. At t2 both clinical and
ENG parameters improved significantly from baseline, namely MRC
(p=0.01), mISS (p=0.003) and INCAT scales (p<0.001) particularly in
upper limbs. Moreover, ENG showed improved distal motor latency
(DML, p=0.028), Compound Muscle Action Potential (CMAP, p=0.007)
and Sensory Action Potential (SAP) amplitude (p=0.017) on the ulnar
nerves (Table 1). Median IgM level after therapy was 398 (83-1152) at
t1 and 376 (76-1732) at t2. 8/28 pts received subsequent treatment, 5
with additional RTX for PNP relapse. At last FU, 5 pts were in very
good partial response, 9 in partial response, 10 in minimal response, 3
had stable disease and 1 progressive disease.

Conclusions: This study showed for the first time long-term patient-
reported benefit and objective efficacy of RTX in a well-defined IgM-
related PNP population. Early multidisciplinary evaluation and pre-emp-
tive RTX treatment might improve pts outcome.
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Introduction: Genetic complexity of CLL has been revealed by NGS
analysis, leading to a comprehensive view of structural variants, somatic
mutations and different layers of epigenetic changes. We explored the
clinical impact of recurrent gene mutations in a real life CLL cohort by
a multigene panel of 12 predicted or clinically proven genes associated
with risk of CLL.

Methods: DNAs obtained from peripheral blood specimens of 162
CLL patients were used to produce libraries with the TruSeq Custom
Amplicon Kit (Illumina) for the coding regions of the following
genes:BIRC3,DDX3X,KLHL6,MED12,MYD88,NOTCH1,POT1,PTP
N6,SAMHD1,SF3B1,TP53,XPO1. Massive parallel sequencing was per-
formed on Illumina HiSeq3000.The average coverage depth was>1000X.
Somatic mutations were called using MuTect2 according to GATK best
practices.Variants were annotated with dbSNP, COSMIC, ExAC and
gnomAD databases and in silico tools were used for predictions of
pathogenicity. After filtering, somatic mutations were classified as patho-
genetic, likely pathogenetic (LP) or variant of uncertain
significance(VUS).

Results: Blood samples were collected at different stage of disease:
36% of CLL patients have already been treated with at least one line of
therapy at time of sampling,102 patients (63%) were treatment naïve.
Median follow up from diagnosis of the entire cohort was 9.97
years(0.28.-31.2). A total of 345 genome variants were detected. Among
the 162 patients the most commonly mutated genes were
TP53(27%),NOTCH1(23%),POT1(20%),SF3B1(16%),MYD88(6%),BI
RC3(3%),XPO1(2%),MED12(1%),SAMHD1(1%) in accordance with
literature. DDX3X,KLHL6 and PTPN6 genes were not altered. Variants
classification resulted in 84 out of 345 pathogenetic mutations, 125 likely
pathogenetic and 136 VUS. When evaluating the total number of mutated
genes, 60/162 patients (37%) had 1 pathogenetic mutation while 102/162
(63%) had >2 variants with one pathogenetic mutation co-occuring with
a VUS or LP. Gene mutation profiles and concurrent biological and clin-
ical characteristics (age, Binet stage, Dohner-prognosticator FISH,
IGHV) were also analyzed. There was a statistically significant benefit
in OS in patients without pathogenetic variants compared to those with
gene alterations with median OS not reached vs 16.9 yrs, respectively
(p<0.05). Moreover, although not statistically significant median OS was
reached at 27.1 yrs for patients with at least 1 mutation while not reached
for wild type patients. Patients with ≥3 mutations harbored TP53 muta-
tion which co-occurred with POT1,SF3B1 and NOTCH1 genes mutation.
No statistical difference in terms of TTFT has been found.

Conclusions: Our proof-of-concept demonstration of targeted gene
sequencing confirmed that NGS reveals the feasibility of this approach
but identifies specific challenges to be dealt with in future projects.
Prospective trials are needed to stratify CLL pts in order to confirm muta-
tions clinical impact and to address the possible future use as biomark-
ers.
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Introduction: BGB-11417, a potent and highly selective BCL2
inhibitor, had superior antitumor activity vs venetoclax (approved BCL2
inhibitor) in human acute lymphoblastic leukemia, mantle cell lymphoma
(MCL), and diffuse large B-cell lymphoma xenograft models. BGB-11417
had a favorable PK profile with excellent bioavailability and BCL2 selec-
tivity at <1 nM. Toxicology studies showed a broad therapeutic index and
tolerable safety profile. Zanubrutinib (zanu), a next-generation BTK
inhibitor with excellent activity and favorable toxicity in pts with chronic
lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) and
MCL, is approved for MCL, R/R marginal zone lymphoma, and Walden-
ström’s macroglobulinemia (WM). Combining BCL2+BTK inhibitors is
tolerable with synergistic activity in CLL and MCL.

Methods: BGB-11417-101 (NCT04277637), a phase 1, open-label,
multicenter, dose-escalation/expansion study, examined BGB-11417 +/-
zanu in non-Hodgkin lymphoma (NHL) or CLL/SLL. For dose escala-
tion, pts with R/R B-cell malignancies were enrolled in 1 of 5 BGB-
11417 dose cohorts (40, 80, 160, 320, or 640 mg QD). All pts used a
ramp-up to intended target dose that varied by disease. Pts in the combi-
nation arm received zanu 320 mg daily starting 8-12 wks before BGB-
11417 introduction. Adverse events (AEs) were reported per Common
Terminology Criteria for AEs v5.0. Dose-limiting toxicity (DLT) was
assessed from ramp-up through day 21 at intended daily dose; Bayesian
logistic regression determined the maximum tolerated dose.

Table 1.

Results: As of 24 May 2021 (data cutoff) 19 pts were treated; 14
with monotherapy (NHL: n=11; CLL/SLL: n=3) and 5 with combination
(all CLL; 3 on zanu pretreatment; 2 started combination). All pts (median
age, 72 y) were R/R (median of 2 prior regimens); median follow-up
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was 1.9 mo. No DLTs were seen in pts with NHL receiving BGB-11417
alone (n=11) up to 160 mg. Reported AEs across all doses are shown in
Table 1. Five pts (all NHL) discontinued treatment (disease progression,
n=4 [2 at 40 mg, 2 at 80 mg]; lack of efficacy, n=1 [40 mg]). No pt dis-
continued due to AEs. Laboratory tumor lysis syndrome was observed
in 1 pt with CLL and high tumor burden (resolved with no sequelae).
Initial efficacy after 3-mo restaging in pts with CLL/SLL had 1 one par-
tial response (monotherapy) at the first dose level tested. All pts with
CLL/SLL completing ramp-up (n=2, both monotherapy) normalized
absolute lymphocyte count (ALC). Marked decreases in ALC occurred
at doses as low as 1 mg (Figure 1).

Figure 1. Absolute lymphocyte count in pts with CLL.

Conclusions: Preliminary results suggest BGB-11417 is tolerable in
R/R NHL at the tested dose levels. Updated safety and efficacy data of
BGB-11417+/-zanu in CLL/SLL and NHL will be presented; evaluation
of treatment-naïve CLL/SLL, R/R MCL, and R/R WM is planned.

This study was sponsored by BeiGene, Ltd. Writing and editorial
assistance was provided by Elizabeth Hermans, PhD (Peloton Advan-
tage, LLC, an OPEN Health company, Parsippany, NJ), and funded by
the study sponsor.
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Introduction: B cell receptor (BCR) signaling is a driving event in
the development and progression of Mantle Cell Lymphoma (MCL).
Recent evidence supports that BCR signaling is involved in drug resis-
tance mechanisms and is a target for therapy. As clinical features and
responses vary across patients, the aim of our research is to explore the
variability of BCR signaling in MCL and unveil possible relationship
with clinical outcome.

Methods: We measured the phosphorylation status of nine BCR sig-
naling phosphoproteins, namely pSYK, pLCK, pBTK, pPLCγ2, pp38,
pERK1/2, pAKT, pNF-κB p65, pSTAT5, at the single cell level using
phospho-specific flow cytometry combined with fluorescent cell bar-
coding (FCB) in peripheral blood mononuclear cells (PBMCs) from 10
MCL patients collected at diagnosis. The phosphorylation status of sig-
naling proteins was measured in the basal condition and following BCR
stimulation with anti-IgG, anti-IgD, anti-IgM antibodies, or their com-
bination. Fluorescence intensity values were expressed as inverse hyper-
bolic sine (arcsinh) and corrected for the autofluorescence signals.
Responses to BCR stimulation were calculated relative to signals in the
basal condition. Then, arcsinh transformed data were subjected to unsu-
pervised hierarchical cluster analysis (HCA) within the MCL samples.
Association between signaling-defined groups of patients and clinical

parameters was performed using Fisher’s exact test.
Results: Analysis of signaling phosphoproteins in the basal condition

revealed high levels of pBTK, pPLCγ2, and pSTAT5, with no or very
low basal levels of pSYK, pLCK, pAKT and pNF-κB p65. After BCR
stimulation with anti-IgM, we showed an overall significant higher level
of both BCR proximal (pSYK, pLCK, pBTK, pPLCγ2) and more distal
(pp38, pERK1/2, pAKT) signaling nodes compared to unstimulated,
excepted for pNF-κB p65 and pSTAT5. In contrast, anti-IgG or anti-IgD
stimulation did not induce phosphoproteins activation, except for pAKT,
which was significantly activated after anti-IgG stimulation. Unsuper-
vised HCA identified two main clusters of MCL patients: cluster 1 com-
prised samples with a lower signaling response, whereas cluster 2 includ-
ed samples showing a higher signaling response. Remarkably, the BCR
signaling-based clustering was significantly associated with clinical
parameters including age, response to therapy, and progression of disease
(POD) (Figure 1).

Figure 1. Hierarchical cluster analysis of BCR phosphoprotein activation
within MCL samples. Phosphorylation levels are represented by pseudocolor
corresponding to the relative arcsinh values. Basal levels are calculated rel-
ative to fluorescence minus one (FMO); response to stimulation is calculated
relative to basal condition. Each column represents a MCL patient (n=10);
each row represents a single phosphoprotein in the basal or stimulated
condition. The clustering trees on top and left side of the heatmap refer to
patients’ samples and BCR nodes, respectively. Standard clinical parameters
of each patient are aligned below the heat map. Association with clinical
parameters were calculated with Fisher’s exact test. Int: Intermediate; MIPI:
Mantle cell lymphoma International Prognostic Index; ns: not significant;
POD: progression of disease (early: within 24 months of diagnosis; late:
after 24 months of diagnosis); R: refractory to first line therapy; S: sensitive
to first line therapy; Status: status at the last follow up (Died: died of pro-
gressive disease versus Alive/Died of other causes); Ther: Therapy ongoing;
WW: watch&wait approach; yrs: years; *Ibrutinib treatedpatients.

Conclusions: Our results suggest that individual differences in BCR-
signaling profiles can reflect clinical outcomes and responses to therapy,
including BCR-signaling inhibitors, thus highlighting the predictive sig-
nificance of BCR-signaling profiles in MCL. We thank Fondazione Ital-
iana Linfomi (PGR Ed. 2019) and Centro Piattaforme Tecnologiche
(CPT) of Verona University for technical support.
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LNCRNA MAAT PROMOTES CELL SURVIVAL AND PROLIFERATION OF NEOPLASTIC 
T-CELLS THROUGH THE TRANSCRIPTIONAL REGULATION OF MITOPHAGY-RELATED GENE
SIGNATURE

A. Tameni1,V. Mularoni1, F. Reggiani1, E. Sauta2, E. Vitale1, 
F. Torricelli1, I. Capodanno3, G. Inghirami4, A. Ciarrocchi1, 
V. Fragliasso1

1Laboratory of Translational Research, Azienda-USL IRCCS di Reggio
Emilia; 2IRCCS-Humanitas Research Hospital; 3Division of Hematol-
ogy, Azienda-USL IRCCS di Reggio Emilia; 4Department of Pathology
and Laboratory Medicine, Weill Cornell Medicine

Introduction: Advances in massive transcriptomic analyses have
highlithed the characterization of the non-coding genome universe,
including long non-coding RNAs (lncRNAs). Their expression is often
aberrant in cancers with implication in the pathogenesis, heterogeneity
and therapy responses of tumors. Coherently, our studies have demon-
strated that, the most aggressive and heterogeneous subtype of Anaplastic
Large Cell Lymphomas (ALCL), known as ALK-ALCL is characterized
by the expression of a unique set of 18 lncRNAs compared to normal T-
lymphocytes. Among these, BlackMamba is necessary to sustain the pro-
gression of ALK-ALCL by regulating a complex transcriptional program
in neoplastic T-cells promoting their survival. To deeply study the role
of other unique lncRNAs in ALK-ALCL, we investigated their expres-
sion and function.

Methods: 22 ALCLs, 4 PTCL-NOS, 10 AITL and 5 T-ALL patients
were included in this study. LncRNAs expression were studied by RT-
PCR. LncRNA role was assessed by luciferase, RNA-sequencing, ChIP
assay. LncRNA silencing was performed by CRISPR-dCas9-KRAB
approach.

Results: After a cross-validation in an independent cohort of T-lym-
phoma patients and cell lines, we selected XLOC_211989 as one of the
highly and selectively ALK-ALCL associated lncRNA and we named it
MAAT (Mitophagy and ALK- anaplastic Lymphoma Associated Tran-
script). Functional experiments demonstrated that MAAT is a RNAPII
transcript, with promoter-like features and nuclear/chromatin localiza-
tion, suggesting a role in epigenetic regulation. To test this hypothesis,
we performed RNA-seq on ALK- cells depleted for MAAT(MAATKD).
Data analysis showed that MAATKD affects the expression of 1.497 genes
(973 upregulated and 524 downregulated). Gene ontology analysis
revealed the enrichments in mitochondria-related pathways and mito-
chodria organization, suggesting a role of MAAT in regulating these pro-
cesses. RNA-seq validation showed that MAATKD led to a significant
upregulation of mitophagy genes like BNIP3, BNIP3L, MAP1LC3B. To
investigate MAAT transcriptional function, we performed ChIP experi-
ments in MAATKD ALK- cells for active transcription markers
(H3K4me3, H3K27Ac, RNAPII) and we observed a selective accumu-
lation of these markers at the promoter regions of BNIP3/BNIP3L sug-
gesting a transcriptional role of MAAT in mitophagy. Next, we demon-
strated that MAATKD led to reduced ALK- cell proliferation and to an
increased autophagic flux. We performed mitochondrial staining proving
that MAAT loss led to a strong decrease in mitochondria number and
depolarization of mitochondria membranes with a reduction in mtDNA
quantity. Moreover, immunofluorescences revealed that in absence of
MAAT, BNIP3 colocalized with LC3 indicating an active BNIP3-depen-
dent mitophagy process.

Conclusions: Collectively our data indicate that MAAT expression
contributes to the ALK- cell survival by negatively and transcriptionally
regulating the expression of mitophagy-related genes.

Next Generation Diagnostics and Non-neoplastic
Hematology
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CLINICAL RELEVANCE OF AN OBJECTIVE - LIMIT OF DETECTION, LIMIT OF QUANTIFICA-
TION - BASED FLOW CYTOMETRY APPROACH FOR MEASURABLE RESIDUAL DISEASE
ASSESSMENT IN ACUTE MYELOID LEUKEMIA. A POST-HOC ANALYSIS OF THE GIMEMA
AML1310 TRIAL
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M.I. Del Principe1, G. Paterno1, M.A. Irno Consalvo1, T. Ottone1, 
M. Divona1, C. Conti1, D. Fraboni1, S. Lavorgna1, W. Arcese1,3, 
M.T. Voso1, A. Venditti1, F. Buccisano1

1Ematologia, Dipartimento di Biomedicina e Prevenzione, Università
di Roma “Tor Vergata”; 2Centro Dati Fondazione GIMEMA; 3Rome
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Introduction: Using a multiparametric flow cytometry (MFC) assay,
we assessed the predictive power of a threshold calculated applying the
criteria of limit of detection (LOD) and limit of quantitation (LOQ) in
adult patients (pts) with Acute Myeloid Leukemia (AML). This approach
for MRD determination relies on the application of absolute thresholds
for the definition of MRD status. In this post-hoc analysis of in the
GIMEMA AML1310 prospective trial, we compared the reliability of
relative threshold of 0.035% events to the absolute LOD/LOQ approach
in a cohort of 261 pts.

Methods: According to the protocol design, using the MRD threshold
of 0.035% bone marrow residual leukemic cell (RLC) calculated on
mononuclear cells, we identified two groups: MRD negative
(MRD<0.035%) and MRD positive (MRD≥0.035%). Using 20 events
to define LOD and 50 to define LOQ, we selected the following cate-
gories: LODneg if RLC below LOD, LODposLOQneg if RLC between
LOD and LOQ, and LOQpos if RLC above LOQ.

Figure 1. Overall survival of the whole series of patients: according to the
LOD/LOQ status(A); when comparing the two MRD estimates (B); when
comparing the three possible post-consolidation strategies (AlloSCT, AuSCT,
no graft) across the LOD/LOQ categories.
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Results: Among 261 pts, 154 (59%) were MRD<0.035% and 107
(41%) were MRD≥0.035%, while 74 (28.4%) were LODneg, 43 (16.5%)
were LODposLOQneg, and 144 (54.4%) were LOQpos. Two-year over-
all survival (OS) of these 3 categories was 75.4% vs. 79.8% vs. 66.4%,
respectively (p=0.1197). Due to superimposable outcome, we merged
LODneg and LODposLOQneg groups. Two-year OS of LODneg/LOD-
posLOQneg pts was 77.0% versus 66.4% of LOQpos ones (P=0.043)
[Figure 1A]. As a second step, we integrated the two models of evalua-
tion, MRD < or > 0.035% and LOD-LOQ approach. Pts who were
[MRD<0.035%LODneg/LODposLOQneg] had a longer 2-year OS than
those [MRD<0.035%LOQpos] and [MRD≥0.035%LOQpos] groups.
This comparison achieved the best statistical significance when the anal-
ysis focused on pts in whom at least 500’000 CD45+ events were
acquired: those [MRD<0.035%LODneg/LODposLOQneg] had a longer
OS than individuals who were [MRD<0.035%LOQpos] and
[MRD≥0.035%LOQpos] (86.7%, 67.0%, and 72.5% respectively,
p=0.018) [Figure 1B]. Further, MRD<0.035% pts had a statistically dif-
ferent OS based on the belonging to LODneg/LODposLOQneg or LOQ-
pos category (86.7% vs 72.5%, p=0.007). Finally, we explored the inter-
action between the LOD-LOQ groups and the post-remission treatment
received (AuSCT, ASCT and no graft). LODneg/LODposLOQneg pts
submitted to AuSCT had the best 2-year OS (88.9%) than the other cat-
egories (p=0.026). Indeed, these pts benefitted the most from AuSCT
(88.9%) than from no-graft (55.9%, p=0.017) or ASCT (76.5%, p=0.089)
[Figure 1C]. The independent role of LOD-LOQ approach in influencing
OS was confirmed in multivariate analysis (p=0.048, HR 0.628, 95% CI
0.396-0.997).

Conclusions: the use of LOD-LOQ method results in a more sensi-
tive detection of MRD especially when and adequate number (≥500’000)
of events is acquired. Such a refinement of MRD determination translates
in a more accurate recognition of subjects with different outcome, pos-
sibly improving the process of transplant allocation.
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SULFUR EXAFLUORIDE CONTRAST-ENHANCED ULTRASOUND SHOWING EARLY WASH-
OUT OF MARKED DEGREE IDENTIFIES LYMPHOMA INVASION OF SPLEEN WITH EXCEL-
LENT DIAGNOSTIC ACCURACY: A MONOCENTRIC STUDY OF 260 SPLENIC NODULES
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Contrast enhanced ultrasonography (CEUS) use for detecting lym-
phoma in the spleen has been questioned because of the risk of its inad-
equate diagnostic accuracy. The aim of the present study was to validate
CEUS for this purpose. A total of 260 spleen nodules of 77 patients with
lymph node biopsy-proven non-Hodgkin lymphoma (NHL; n= 44) or
Hodgkin lymphoma (HL; n= 33) at staging (n= 56) or follow-up (n= 21)
were collected in the Hematology Unit of the Federico II University of
Naples (Italy) and retrospectively analyzed. NHL and HL at CEUS were
defined as nodules ≥0.5 cm (long axis) with hypoenhancement in the
parenchymal phase, depicted as a progressive increase of nodule-to-
parenchyma contrast gradient (i.e., a clear hypoechoic defect of the
lesion, appearing almost punched out or echo free) while moving from
the arterial phase to the late phase of parenchymal opacification and
early (onset <60 sec after contrast agent injection) wash-out of marked
degree (≤120 sec after contrast agent injection). Diagnostic reference
standard was clinical-laboratory-imaging monitoring for 230 nodules,
and/or histology for 30 nodules [overall, median nodule size of 1.5 cm
(0.5-7 cm)]. According to the reference standard, 204 (78%) nodules
were lymphomas (aggressive-NHL [a-NHL], 122; classic-HL [c-HL],

65; indolent [i]-NHL, 17) and 56 were benign (inflammation, infection
and/or mesenchymal) lesions. Sensitivity, specificity, positive predictive
value, negative predictive value and overall diagnostic accuracy of
CEUS for detecting lymphoma in the spleen were 95%, 100%, 100%,
85% and 96%, respectively. In a post-hoc assessment, we analyzed the
microvessel density (MVD) by immunohistochemical and morphometric
evaluations of vascular endothelial growth factor-A, VEGF receptor and
cyclooxygenase 2 expression in 15 splenic nodules (B cell lymphomas
according to H&E morphology and immunohistochemistry) of a-NHL
(DLBCL, 7 lesions), c-HL (5 lesions) and i-NHL (3 lesions) for which
formalin-fixed, paraffin-embedded samples were available from the
archive of our Institute of Pathology. Overall, the grade of MVD was
higher for both a-NHL and c-HL nodules, it decreased in the nodules in
the following order: mean microvessel count of 30/0.5 mm2 for a-NHL,
26/0.5 mm2 for c-HL, and 20/0.5 mm2 for i-NHL. Abundant angiogen-
esis such as vessel proliferation (endothelial cell migration and prolifer-
ation) and abnormal vascularization (tube formation with stenosis, occlu-
sion, and/or dilation and/or arteriovenous shunts) is recognized as being
critical for pathogenesis. The parenchymal phase of the perfusional study
is fundamental in distinguishing the spleen involvement by lymphoma:
splenic nodules appear as clear circumscribed defects of enhancement
due to rapid wash-out of microbubbles as compared with the homoge-
neously enhanced normal parenchyma probably due to the neoangio-
genic vascular structure of lymphomatous lesions (abnormal endothelial
layer with large fenestration and arteriovenous shunts). We speculated
that angiogenesis played a differential role in the various sub-types of
lymphomas of spleen: aggressive lymphoma expresses the more marked
wash-out, having the highest neoplastic microvessel density

Figure 1. The degree of the contrast intensity of the washout of nodules in
the three clinical categories of lymphomas. a-NHL-DC, aggressive-non-
Hodgkin lymphoma diagnostic criteria (122 nodules); c-HL-DC, classic-
Hodgkin lymphoma diagnostic criteria (60 nodules); i-NHL-DC, indolent-non-
Hodgkin lymphoma diagnostic criteria (12 nodules). Marked wash-out range
of 55-90 sec (median, 74 sec), 92-120 sec (median, 100 sec), and 101-
120 sec (median, 114.5 sec) was 100%, 96.6% and 77% predictive of a-
NHL, c-HL and i-NHL splenic nodular infiltration, respectively.
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A NEW DIGITAL PCR METHOD FOR MEASURING THE EXPRESSION VALUES OF 
POLYCOMB GENES IN DLBCL
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1Dipartimento di medicina clinica e sperimentale, università di Pisa;
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di Modena, Italy

Introduction: On the basis of cell of origin (COO) it is possible to
distinguish three types of DLBCL: the “ABC”, the “GCB” and the
“unclassifiable”. Epigenetics is involved in control of several tumors,
and in particular polycomb genes (PcGs) play a key role in supporting
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proliferation in acute and chronic myeloid leukemias. In the lymphoma
setting, one third of patients with follicular lymphoma present EZH2
mutations; in DLBCL, EZH2 mutations are more frequent in the GCB
form, but few data are available concerning other PcGs; in this study we
measured the expression of some PcGs, such as BMI, EZH2 and USP22,
and matched these data with COO and clinical outcome of 56 DLBCL
patients.

Methods: COO had been well identified by Nanostring, as previously
reported [Bettelli S, Leuk Res 2021]; expression levels of BMI1, EZH2
and USP22 was measured by Digital Droplet PCR, a sensitive and spe-
cific technique allowing an absolute quantification without use of exter-
nal references. GAPDH was adopted as internal reference gene and a
multiplexing analysis has been performed. This technique allows to
detect different targets by using several probes conjugated with the same
fluorophore (FAM or HEX) but at different concentrations, quantifying
three or more targets in a single reaction. If targets A and B have 50%
and 100% FAM-probes concentrations respectively and C and D have
50% and 100% of HEX-probes concentrations, in the 2D dispersion plot
16 possible clusters are generated: those containing only one gene (A,
B, C and D), those with simultaneously two genes (AB, CD, AC, BC,
AD and BD) and clusters expressing 3 genes.

Results: We simultaneously tested expression of 3 PcGs in 56 DLB-
CL patients already biologically and clinically well characterized. The
expression levels of the three genes were extremely variable:
BMI1/GAPDH 0.20-20; EZH2/GAPDH 0.26-31.5; USP22/GAPDH
0.86-19.5, with median expression values of 4.37, 2.29 and 4.4, respec-
tively. The expression of the three genes appeared to be correlated:
patients with low expression levels of BMI1 also showed low EZH2 and
USP22 expression levels. We didn’t find any significant correlation
between the expression levels of the three genes and age, sex, COO, and
response to the treatment (R-CHOP). Nevertheless, BMI1 and EZH2
higher expression played a negative impact on median 3-y OS (90% for
subjects with low BMI1 vs 50% of those with high BMI1 (p=0.02) and
90% for subjects with low EZH2 vs 55% of those with higher expression;
p=0.04).

Conclusions: In this study for the first time we present a new sensi-
tive and accurate dd-PCR method that allows to test and quantify the
expression of multiple PcGs at the same time, very useful in case of sam-
ples with scarce availability, as in case of paraffin-embedded ones. More-
over, the negative prognostic role of BMI1, that resulted well correlated
with EZH2 and independent from COO, might open the way to a possible
target therapy by both inhibitors, also in GCB forms.
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Introduction: Minimal residual disease (MRD) provides critical
information for the management of the hematological patients (pts),
allowing the modulation of therapeutic intensity, aimed at obtaining the
eradication of residual disease. The disease dynamics are commonly
measured within the bone marrow (BM) aspirate, highly representative
of the disease distribution in most hematological diseases, e.g. Multiple
Myeloma (MM) and Acute Lymphoblastic Leukemia (ALL). However,
the quality of samples might be one of the main pitfalls of the method,
since the dilution of the tumor cells in the peripheral blood (hemodilution,
HD), can impair the MRD measurement, causing the underestimation of
residual cells and possible false negative results. To date, any consensus

has been established neither on criteria for samples’ quality acceptability,
nor on the set up of standardized protocols for HD assessment. Aim of
this study has been to define a robust and reproducible method for the
assessment of BM HD, supporting the quality of MRD measurements.

Methods: Several flow cytometry strategies for HD evaluation have
been compared, in order to define the most functional in terms of repro-
ducibility, easy-to-use management and fast response. For each BM sam-
ple, cells populations with a well-known distribution in BM and periph-
eral blood - i.e., plasma cells, mast cells (MC), lymphocyte precursors,
erythroblasts (NRBC), immature (IG) and mature granulocytes (N) –
have been studied by flow cytometry (FC) and quantified alongside the
BM differential blood count. Pearson and Krustal-Wallis tests were
employed to evaluate correlations.

Results: HD protocols validation was performed on samples from
90 MM and 19 ALL pts (126 and 44 samples, respectively), whose MRD
has been measured either by Next Generation Sequencing (NGS) or by
FC (ALL), in the context of the daily clinical practice. According to Pont
et al. (Cytometry Part B, 2018) a cut-off IG/N ratio of 1.2 was employed,
in order to stratify pts in three groups: 33/138 (24%), 36/138 (26%) and
69/138 (50%) samples, with <0.5 (HD), between 0.5 and 1.2 (mildly-
HD, mHD) and over 1.2 (non-HD) IG/N ratios, respectively. The fre-
quencies of other cells’ populations were correlated to the IG/N ratio,
thus highlighting a mild correlation with MCs and NRBCs (R=0.3,
p=0.004), whereas no correlations were found with B or T-cells precur-
sors. Overall, MRD measurements were negative in 23 samples out of
52 HD or mHD cases (44%), whereas were positive in 29 (56%).

Conclusions: The mild correlation between IG/N, NRBCs and MCs
suggested the combined employment of these parameters to evaluate
BM HD, whereas nor lymphocytes precursors or hematogones seemed
informative enough to this purpose. The high frequency of MRD-nega-
tive results in both HD and mHD samples suggested possible underesti-
mated MRD measurements, impairing the correct assessment of patients’
response to therapy and highlighted the importance to evaluate BM
hemodilution.
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NEW INSIGHTS INTO PATHOGENIC MECHANISM OF HEPATIC IRON METABOLISM DUE TO
PIEZO1 GAIN OF FUNCTION VARIANTS
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Background: Dehydrated hereditary stomatocytosis (DHS) is a
pleiotropic syndrome characterized by hemolytic anemia and perinatal
edema. DHS is caused by gain-of-function (GoF) variants in the PIEZO1
gene, encoding for a ubiquitous mechanoreceptor. The worst phenotypic
implication is the strong tendency to iron overload. Recently, the study
of the PIEZO1 knock-in (KI) mouse model confirmed the development
of severe iron overload. We demonstrated that, at hepatic level, PIEZO1
suppresses hepcidin (key regulator of hepatic iron metabolism) expres-
sion by altering phosphorylation of the SMAD1/5/8 proteins.

Aim: The aim of this study is to explore the signaling pathways that
links PIEZO1 variants to hepcidin suppression.

Methods: Creation of engineered PIEZO1-KI cells by CRISPR/Cas9;
calcium and potassium channel assay; differential proteomics and RNA-
Seq.

Results: We engineered Hep3b cell model for a PIEZO1 heterozy-
gous variant, R2456H, by CRISPR/Cas9. PIEZO1-KI cells showed no
alteration of PIEZO1 expression but increased intracellular calcium con-
tent and hyperactivation of potassium channels activity compared to WT
and besides, a reduced activation of the BMP/SMADs pathway with
reduced HAMP expression. To further dissect the alteration of the tran-
scriptome and proteome in PIEZO1-KI model, we performed differential
proteomics and RNA-Seq. Differential proteomics identified 225 total
proteins differentially regulated in PIEZO1-KI cells compared to WT
ones (Protein with Log2 Difference ≥ ± 1 and -Log p-value > 1.3 were
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considered significant). RNA-Seq identified 5689 genes differentially
regulated in PIEZO1-KI cells compared to WT ones (p<0.05, post-hoc
correction by FDR). This multiomics approach revealed alterations in
several genes and proteins belonging to MAPK, RAS and TGF-b path-
ways, confirming previous data, but also alteration in mTOR signaling
pathway.

Conclusions: We here dissected the mechanism by which PIEZO1
GoF variants cause hepatic iron overload in DHS. Proteomic and tran-
scriptomic analysis of the hepatic PIEZO1-R2456H engineered cell line
revealed new actors in the regulation of the complex landscape of iron
metabolism. This finding defines the mechanoreceptor as a new iron
metabolism regulator and as a possible therapeutic target of iron over-
load.
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Gravity and mortality in SARS-CoV-2 infected subjects is associated
with an aberrant decrease of thrombocytes, red cells, blood cell count
abnormalities and with an enhanced number of erythroid precursors in
the circulation. Moreover, hypoxia and coagulopathy imbalance are pre-
sent. It has been suggested that COVID-19 also involves the bone mar-
row (BM), while exhibiting a blood cells tropism. Our aim was to inves-
tigate the interaction between the virus and the BM precursors, namely
megakaryocytes and erythroid progenitors amid the COVID-19 disease,
to elucidate a potential role in disrupting the physiological throm-
bopoiesis and erythropoiesis. An extensive in silico interrogation of pub-
licly available datasets prompt us to import RNAseq data and analysis
of ACE2, CD13 and TMPRSS2 and expression from GSE144024,
GSE118537 and The Human Cell Atlas BM Single-Cell Interactive Web
Portal. A sample of 20 consecutive cytopenic patients (10 pts during
infection and 10 pts after about ten days from swab negativization) who
were being treated for SARS-CoV-2 severe infections was analyzed.
Five subjects with benign anemia were used as controls. BM trephine
biopsies from patients with thrombocytopenia, anemia or bilinear cytope-
nia were obtained and the sections were incubated with SARS-CoV-2
spike protein S1 antibody (MA5-36247) in immunohistochemistry, rab-
bit monoclonal, isotype: IgG, at a concentration of 0.2 µg/mL, with a
heat-mediated antigen revelation with citrate buffer at pH 6. All subjects
treated for severe SARS-CoV-2 infection displayed a rapid and profound
decrease in platelets count and hemoglobin following admission [51.0
(127.0; 2.0)/mm3 and 1.4 g/dL (0.8; 2.1), respectively]. Specifically,
monitoring of platelets count, hemoglobin levels and nucleated red blood
cells during the first 28 days post hospitalization showed an increased
RDW, MCV and the appearance of circulating erythroid progenitors. In
silico interrogation pinpointed the expression of ACE2, CD13 and
TMPRSS2 on megakaryocytes and erythroid progenitors. BM staining
confirmed the presence of SARS-CoV-2 Spike protein in erythroid and
megakaryocytes. Finally, the persistence of the SARS-CoV-2 Spike pro-
tein was detected in marrow precursors also in patients who recovered
from infection. We showed that subjects with severe COVID-19 infec-
tion suffered from thrombocytopenia, anemia or bi-linear cytopenia and
had increased RDW, MCV and erythroid precursors in peripheral blood,
suggesting a direct or indirect detrimental effect of SARS-CoV-2 on
thrombo- and erythropoiesis. The detection of SARS-CoV-2 Spike pro-
tein in BM precursors and its persistence after infection recovery, indi-

cate that the virus is capable of damaging marrow precursors also after
the systemic clearance. Finally, the presence of Spike protein on BM
precursors may suggest humoral/cellular autoimmune attack against
these cells in patients seroconverted after COVID-19 and paves the way
to studies on vaccine induced cytopenias.
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DISSECTION OF BONE MARROW MICROENVIRONMENT BY SINGLE CELL RNA 
SEQUENCING IN WARM AIHA PATIENTS: A PROOF-OF-CONCEPT ANALYSIS

B. Fattizzo, M.C. Davià, J.A. Giannotta, A. Maeda, A. Marella, 
L. Baldini, N. Bolli, W. Barcellini
Dipartimento di Oncologia ed Emato-oncologia, Università degli Studi
di Milano, Milano, Italy; UOC Ematologia, Fondazione IRCCS Ca’
Granda Ospedale Maggiore Policlinico, Milano, Italy

Introduction: bone marrow (BM) compensation is important in warm
type autoimmune hemolytic anemia (wAIHA) and preliminary studies
showed that BM composition may predict anemia severity and treatment
response. We aimed at dissecting BM environment by single cell RNA
sequencing (scRNA-seq) in patients with wAIHA.

Methods: we collected bone marrow samples from 2 patients expe-
riencing mild hemolytic reactivations handled with low dose steroids
(M-AIHA) and 2 with severe relapses requiring high steroid doses and
rituximab (S-AIHA). We performed scRNA-seq for 17,989 single cells,
detecting over 23,446 expressed genes per cell on average.

Figure 1. A. bone marrow microenvironmental cell composition by uniform
manifold approximation and projection (UMAP) in wAIHA. B. percentages
of different cell subpopulations in severe (blue) versus moderate (red) relaps-
es of AIHA patients.

Results: Uniform manifold approximation and projection (UMAP),
a method for nonlinear dimensionality reduction, showed the microen-
vironmental cell composition, including T-, B- and NK- lymphocytes
and their subpopulations, plasma cells, CD14+ and CD16+ monocytes,
hematopoietic stem cells, and myeloid precursors (Figure 1A). BM
microenvironment showed a high frequency of innate immunity effectors
such as NK cells and monocytes (11% and 15% of total cells), likely
reflecting the inflammatory state typical of autoimmune/autoinflamma-
tory response. T-cell subpopulations were also highly represented.
Specifically, more CD4+ memory than CD4+ naïve T-cells (58% vs
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38%) were found, and T-regs represented a small fraction (4%). Also,
CD8+ memory cells were more frequent than CD8+ naïve and CD8+
effectors (55% vs 24% vs 21%). Both CD8+ memory and effectors type
2 cells were higher than type 1 cells, indicating a likely participation of
T cells in disease phenotype. B cells were particularly underrepresented,
likely due to recent steroids/rituximab. S-AIHA patients showed higher
CD14+ monocytes (57% vs 43%) and decreased NK cells (19% vs 81%)
as compared to M-AIHA (Figure 1B). Finally, we found differential
expression of genes related to T-cell receptor, immunoglobulins and inter-
feron alpha/gamma response in T-cells, and downregulation of pathways
related to immunomodulatory/inflammatory cytokines, complement acti-
vation and apoptosis in monocytes of S-AIHA versus M-AIHA.

Conclusions:These preliminary data show for the first time that scR-
NA-seq technology is feasible in wAIHA and gives insights in the
pathogenic role of bone marrow immunologic microenvironment. Addi-
tionally, BM composition appears to dynamically modify according to
disease severity and treatment.
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THE GENE PROMOTER BINDING ACTIVITY OF MIR-223 INDUCES FLOTILLIN-1 
EXPRESSION AND FUNCTION TO REGULATE MYELOID DIFFERENTIATION

M. Billi1, A. Ianni2, A. Quattrocchi3, M. Gentile3, U. Borello2, 
F. Grignani1, C. Nervi3, E. De Marinis3

1General Pathology and Department of Medicine, University of Peru-
gia; 2Unit of Cellular and Developmental Biology, Department of Biol-
ogy, University of Pisa; 3Department of Medical-Surgical Sciences and
Biotechnologies, University “La Sapienza”, Italy

Introduction: Epigenetic signals and microRNA (miRNA) are key
regulators of developmental cell programs, including hematopoietic cells
lineage-specification and fate. Alteration of their function can induce
neoplastic transformation. miRNAs mainly mediate the post-transcrip-
tional gene silencing of target mRNAs. However, miRNAs bind also
complementary DNA sequences at specific gene sites and participate in
the epigenetic regulation of chromatin structure. The nuclear activity of
miRNAs represents a new paradigm for non-coding RNA function in
somatic stem cell proliferation, cell lineage specification and differenti-
ation.

Methods: Genomic seeding and DNA sequences bound by miR-223
were identified genome-widely by ChIP-seq of Mimic miR-223-Cy5
transfected HL60 cells induced or not to granulocytic differentiation by
retinoic acid (RA) treatment. MiR-223 and FLOT1 mRNAs were mea-
sured by ddPCR and RT-PCR; FLOT1 and CSF1R protein levels by
Immunoblotting. Functional studies were carried out in myeloid cell lines
by miR-223 or FLOT1 ectopic expression/silencing. Biological role of
FLOT1 in myelopoiesis was evaluated in healthy donors’ peripheral
blood (PB)- and human umbilical cord blood (CB)-CD34+ hematopoietic
progenitors (HPCs), undergoing successive developmental stages of
myeloid differentiation/maturation. Cell immunophenotype was assessed
by Flow Cytometry.

Results: We determined at the whole genome level in myeloid cells
undergoing RA-induced myeloid differentiation, the gene promoter
sequences bound by nuclear miR-223 characterized by activating
(H3K4me3) and/or or repressing (H3K27me3) histone marks. Among
the complementary sequences bound by miR-223, we selected the Flotill-
in-1 (FLOT1) gene promoter, accompanied by a substantial increase in
the positive H3K4me3 mark and paralleled by increased expression.
FLOT1 encodes a lipid-rafts associated protein, whose role in normal
and neoplastic hematopoiesis is mostly unknown. We found FLOT1
mRNA and protein levels highly induced in HPCs undergoing granulo-
monocytic differentiation, isolated from of healthy donors’ PB and CB;
FLOT1 expression is significantly altered in blood samples from acute
myeloid leukemia patients analyzed from different TCGA datasets. Over-
expression of FLOT1 enhances CSF1R protein levels after growth factor
stimulation and also its recruitment to functional lipid rafts, whereas
FLOT1 silencing significantly reduces the expression levels of surface
markers CD11b and CD14 in RA treated cells.

Conclusions: Overall, these data suggest miR-223 as a regulator of

active chromatin-based pathways and identify FLOT1 gene promoter as
a novel target of its nuclear activity. FLOT1 levels and function are found
related to myelopoiesis and appear de-regulated in acute myeloid
leukemia, thus opening novel insights into the molecular mechanisms
leading to leukemia and for the design of new intervention strategies.
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GENERATION AND CHARACTERIZATION OF CALRETICULIN KNOCK-OUT MICE

N. Bartalucci, L. Calabresi, M. Balliu, D. Tarantino, P. Guglielmelli,
A.M. Vannucchi

Centro Ricerca e Innovazione Malattie Mieloproliferative, Diparti-
mento di Medicina Sperimentale e Clinica, Università di Firenze, Italy

Introduction: The three driver mutations (JAK2V617F, MPLW515K/L and
CALRexon9) of Philadelphia-negative Myeloproliferative Neoplasms
(MPN) induce the dysregulation of JAK/STAT axis and result in the
autonomous growth of one or more hematopoietic lineage. JAK2 or MPL
knock-out (KO) leads to the abrogation of hematopoiesis, conversely the
role of Calreticulin (CALR) in hemopoiesis is still unknown, however
recent reports demonstrated that CALR abrogation leads to neoplastic
transformation (Shide K et al. Blood, 2020; Balliu M et al. Blood Adv.,
2021). To elucidate the role of CALR in hematopoiesis and MPN devel-
opment, we generated and characterized a CALR KO mouse model.

Methods: We generated heterozygous CALR floxed C57Bl6 mice
(CALR+/+), and a homozygous CALR floxed colony was obtained by
mating heterozygous mice. Floxed mice were crossed with vav-Cre
C57Bl6 to produce progenies with the CALR-/+ and CALR-/- genotypes
restricted to the hematopoietic tissue. Phenotypic characterization was
carried out on 5 to 7 months old mice by blood counts, bone marrow
(BM) and spleen histology, flow-cytometry, clonogenic assay of BM
and spleen progenitors.

Results: Sanger sequencing of CALR KO mice showed the deletion
of CALR exon 4-7 resulting in the absence of detectable CALR by west-
ern blotting. The progeny abundance, body weight and lifespan were
comparable among CALR+/+, CALR-/+ and CALR-/- mice. No significant
difference was found among the three genotypes concerning blood
counts. BM histology of CALR KO mice demonstrated the presence of
megakaryocyte (Mk) clusters, absent in control BM. Semisolid culture
of BM cells revealed an enhanced growth potential of CALR-/- compared
to CALR+/+ progenitors for both CFU-GEMM and CFU-GM colonies
(1.6-fold, p=0.01 and 1.3-fold, p=0.008, respectively). The number of
CFU-GM resulted 1.4-fold higher also in CALR-/+ compared to controls
(p=0.003). No significant difference was found concerning BFU-E. Such
observations were corroborated by flow-cytometry data of BM cells that
showed a 2 to 5-fold higher number of common myeloid progenitors (c-
Kit+/FcgR+/CD34+) and a doubled number of myeloid cells
(Mac1+/Gr1+) in both KO models compared to controls. CALR KO
mice did not evidence splenomegaly at the autoptic inspection, however
both CALR-/+ and CALR-/- splenic tissue showed a progressive loss of
organ architecture with a grade I fibrosis and the presence of Mk clusters.
Clonogenic assay of KO spleen progenitors showed a trend to increased
colonies growth compared to controls, statistically significant in CALR-
/- progenitors (p=0.02 for CFU-GM, p=0.001 for BFU-E).

Conclusion: These initial observations need to be validated in a larg-
er cohort of mice, especially for homozygous mice. However, the report-
ed data suggest that deletion of Calreticulin in this in-vivo model leads
to a dysregulation of hematopoiesis, ultimately resulting in an enhanced
proliferation of myeloid precursors as usually observed in MPN.
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A MULTIDISCIPLINARY DIAGNOSTIC APPROACH REVEALS A HIGHER PREVALENCE OF
INDOLENT SYSTEMIC MASTOCYTOSIS: 15-YEARS’ EXPERIENCE OF THE GISM NETWORK

L. Crosera1, I. Tanasi1,2, E. Lovato1, E. Tamellini1, A. Bernardelli1,
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Background: Clonal mast cells disorders (CMD) comprise a hetero-
geneous group of diseases including indolent systemic mastocytosis
(ISM) and its subvariant without skin involvement (bone marrow mas-
tocytosis, BMM), smoldering SM (SSM), and advanced SM variants.
Clinical presentation and complications may be heterogeneous and
require a multidisciplinary approach. The WHO diagnostic criteria of
SM include one major (histological) and four minor (morphological,
aberrant immunophenotype, cKIT mutation and high serum tryptase)
criteria. Diagnosis requires the major and one minor criterion, or three
minor criteria. In recent years, the improved knowledge of this disease
has led to the creation of networks of specialists aimed at a better man-
agement of CMD patients. SM and adult CMD are considered rare dis-
eases. Nevertheless, epidemiological data are scarce: to date, the preva-
lence of adult SM has been reported of 10-13 per 100,000 inhabitants.
Moreover, there is a lack of consensus on the prevalence of different
SM variants in the main literature series.

Aim and methods: The aim of this retrospective, single-center study,
was to evaluate the impact of the diagnostic techniques used in the Inter-
disciplinary Group for the Study of Mastocytosis (GISM) of Verona on
the prevalence and incidence of CMD. We analyzed 502 patients aged
>14 years, residing in the Veneto Region, consecutively referred to GISM
and diagnosed with CMD from 2006 to 2020. In all patients bone marrow
(BM) biopsy, morphologic examination of BM smear, detection of the
D816V KIT mutation with allele-specific ARMS–RT-qPCR on BM sam-
ples and multiparameter flow-cytometric evaluation of BM mast cells
were performed.

Results: SM was diagnosed in 431 patients (85.8%), while the
remaining had insufficient criteria for SM diagnosis and were classified
as other CMD. The prevalence of SM in the adult population of the Vene-
to region and the Verona province were 10.2 and 17.2/100.000 inhabi-
tants, respectively. The mean incidence of new SM cases in Verona was
1.09/100.000 inhabitants/year. ISM was by far the most frequent SM
variant (n=392, 91.0%): of them, 236 patients (54.8%) had BMM. While
100% of patients with SSM or advanced SM fulfilled the major criterion,
the diagnosis of ISM and BMM was made by means of minor criteria
only in 44% and 64% of cases, respectively. Anaphylaxis was the main
reason (50%) leading to SM diagnosis and osteoporosis, often compli-
cated by fragility fractures, was present in 35% of cases.

Conclusions: Our data show a higher prevalence of SM than previ-
ously reported and underline the importance of employing sensitive diag-
nostic techniques to highlight the minor criteria in patients with low
mast cell burden. Referring patients to specialized centers with multi-
disciplinary groups increases the likelihood of diagnosing underestimat-
ed variants of SM such as BMM, and can help in the management of
related complications.

Table 1. Comparison between the frequencies of the variants of systemic
mastocytosis in the present study and those reported in the main series of
literature.

ASM: aggressive systemic mastocytosis; BMM: bone marrow mastocytosis;
ISM: indolent systemic mastocytosis; MCL: mast cell leukemia; SM-AHN:
systemic mastocytosis with associated hematological neoplasm; SSM: smol-
dering systemic mastocytosis.
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DROPLET DIGITAL PCR: GREATER PRECISION AND ROBUSTNESS THAN QUANTITATIVE
REAL TIME PCR IN THE MEASUREMENT OF LOW-ALLELE JAK2 V617F FREQUENCIES

F. Gesullo1, C. Mannarelli1, C. Maccari1, A. Lagrotteria1, 
A.M. Vannucchi1, P. Guglielmelli1

1Center Research and Innovation of Myeloproliferative Neoplasms,
Azienda Ospedaliera Universitaria Careggi, University of Florence,
Italy

Introduction: Myeloproliferative neoplasms (MPNs) are a heteroge-
neous group of diseases that originate in multifunctional hematopoietic
stem cells and are characterized by the abnormal clonal proliferation of
myeloid hematopoietic cells. Classical Philadelphia-chromosome-nega-
tive MPNs include polycythemia vera (PV), essential thrombocythemia
(ET), and primary myelofibrosis (PMF). JAK2 V617F is the most com-
mon mutation in MPNs and is a major diagnostic criterion (Erber et al,
2016). Mutation quantification is useful for classifying patients with
MPN into subgroups and for prognostic prediction. Although widely
used for detection of JAK2 V617F mutation in peripheral blood (PB),
sensitive real-time quantitative PCR (qPCR) presents some limitations.
Recently, emerging alternative technologies, like digital droplet PCR
(ddPCR), have been reported to overcome some of qPCR’s technical
drawbacks. The purpose of this study was to compare the diagnostic util-
ity of ddPCR and qPCR for JAK2 V617F detection and quantification in
samples from MPNs patients.

Methods: We analyzed by ddPCR 171 MPN pts, with an already
known mutational profile of JAK2 V617F by qPCR in peripheral blood
granulocytes (GN). In the same cohort, we investigated paired samples
(PB and GN) of 21 pts with qPCR and ddPCR to determine the correla-
tion between assays and establish a detection sensitivity cut-off. Corre-
lation coefficients were calculated by a Spearman rank correlation coef-
ficient analysis. Statistical analyses were conducted with SPSS version
21 software.

Figure 1. a) Correlationon GN betweenqPCRand ddPCR; b)Comparison GN
and PB between qPCR and ddPCR.

Results: The correlation coefficient in GN samples between methods
was r=0.96 (Figure 1a). The analysis showed a moderate concordance
between qPCR and ddPCR, while comparison between paired samples
(PB and GN) of 21 pts showed a major correlation in ddPCR than qPCR
(r=0.98 vs r=0.90, Figure 1b): qPCR underestimate allele burden on PB.
Then we selected 13 samples reported with qPCR in the “grey zone”,

defined as a VAF below limit of detection (LOD), but above limit of
blank and presenting a percentage of mutant allele with qPCR from 0.05
to 0.1%. ddPCR of these “grey zone samples” did not detect any JAK2
V617F positive droplets. For determination of false-negative rate, 80 pts
previously defined negative by qPCR were analyzed with ddPCR. These
samples were also negative with ddPCR. For determination of assay per-
formance, the WHO Reference Panel of seven freeze-dried genomic
DNA samples with different percentages of JAK2 V617F mutation was
used as calibrator panel. Three replicates for each sample concentration
were analyzed, detecting a LOD of 0.05% for qPCR and 0.01% for
ddPCR.

Conclusion: The detection of a JAK2 V617F mutation at low levels
is often too complex to be interpreted in clinical routine, and such deter-
mination is inevitably affected by the methodology used for molecular
variant detection and quantification. ddPCR can achieve accurate abso-
lute quantitative detection of the JAK2 V617F mutation burden repre-
senting a clinically meaningful improvement over qPCR.
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EARLY DETECTION OF LEUKEMIC CLONES IN MPN PATIENTS THROUGH SINGLE-CELL
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3Center for Genome Research, University of Modena and Reggio Emil-
ia; 4Humanitas Clinical and Research Center -IRCCS Rozzano, and
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Introduction: Myeloproliferative neoplasms (MPNs) are a group of
hematopoietic stem cell disorders resulting in the overproduction of
myeloid differentiated cells. Primary Myelofibrosis (PMF) is character-
ized by the worst prognosis and 15-20% of cases develop secondary
Acute Myeloid Leukemia (AML). MPNs driver mutations affect JAK2,
CALR or MPL genes. Moreover, mutations in epigenetic regulators gen-
erate a complex phenotype. Our recent work demonstrated through single
cell analysis that MPNs progression is due to increased genetic hetero-
geneity, loss of heterozygosity and parallel AML evolution.

Methods: In order to describe the clonal hierarchy at the single cell
level we employed Mission Bio Tapestri platform. We designed a 239-
amplicon custom panel including 29 genes frequently mutated in myeloid
neoplasms. Then, we analyzed the CD34+ compartment of 3 patients
during the chronic phase of the disease and after leukemic transformation.
These data were analyzed with Tapestri Pipeline and Tapestri Insights
software in order to reconstruct the mutational phylogenetic tree. Muta-
tion calls were filtered based on read depth and quality. CNV assessment
was conducted through Mosaic algorithm.

Results: Patient #1 suffered from CALR-mutated Essential Throm-
bocythemia (ET) which evolved to AML. Clonal hierarchy reconstruc-
tion demonstrated that the first mutational hit affected TET2 gene, while
CALR variant was subclonal. Leukemic transformation was driven by
the expansion of a clone harbouring TP53 homozygous mutation. Patient
#2 suffered from CALR-mutated PMF and subsequently progressed to
AML. The first mutational hit affects the chromatin remodeler ASXL1.
CALR mutation was found to be subclonal. The KRAS-mutated branch
expanded during leukemic transformation. Notably, single cell analysis,
unlike bulk NGS, detected these clones in PMF-phase. Patient #3 suf-
fered from JAK2-mutated ET that evolved to AML. Even in this case,
the first mutation acquired involved ASXL1 gene and once again JAK2
mutation was subclonal. Leukemic evolution is triggered by a mutation
in IDH2, already detectable in a small clone in T1. This variant was not
detected in chronic phase by bulk sequencing. In all patients, CNV anal-
ysis highlighted the greater gene dosage imbalance in the leukemic clones
when compared with those in the chronic phase.

Conclusions: Altogether this analysis suggests that the first muta-
tional hit frequently occurs in chromatin remodeler genes and affects a
large fraction of neoplastic cells, confirming their impact on MPNs
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pathogenesis. Moreover, clones carrying driver mutations remain stable
during time and they don’t seem to drive leukemic transformation. On
the other hand, genetic alterations, such as SNVs and CNVs, driving
AML evolution are early identified by single cell analysis despite being
undetectable by bulk sequencing.
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SETD2 IS A BONA FIDE TUMOR SUPPRESSOR IN SYSTEMIC MASTOCYTOSIS
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Introduction: H3K36me3 is a post-translational modification
involved in the recruitment of DNA repair machinery. Recent studies
have emphasized the tumor-suppressive role of H3K36me3, especially
in renal cancer, where the gene coding for the SETD2 histone methyl-
transferase, the predominant writer of the trimethyl mark on H3K36, is
often deleted or mutated. SETD2 non genomic loss of function due to
proteasome-mediated degradation has recently been reported in
advanced systemic mastocytosis (advSM). Proteasome inhibition has
been found to rescue H3K36me3, inhibit clonogenic growth and induce
apoptosis, but whether this is due to SETD2 re-expression remains to be
demonstrated.

Methods: The SETD2-deficient HMC-1.2 mast cell leukemia cell
line was used as in vitro model. Forced SETD2 re-expression was
obtained by nucleofection: 106 HMC-1.2 cells were resuspended in 85μl
of cell line Nucleofector Solution V and 2μg of a SETD2 (GFP-tagged)
construct were added. An empty vector coding for GFP was used as neg-
ative control. Cells were transfected by using the Lonza Nucleofector
2b and the Lonza Amaxa Cell Line Nucleofector Kit V according to
manufacturer’s instructions. GFP expression was assessed using a
Cytoflex flow cytometer 24 and 48 hours post transfection; 78% of flu-
orescence positivity was observed at 48 hours. Neomycin selection
(1mg/ml) was performed to obtain stable SETD2 expression. One month
after selection, SETD2 and H3K36me3 were assessed by Western Blot-
ting (WB). Clonogenic capacity was tested by clonogenic assays.

Results: We previously characterized the HMC-1.2 cell line as defi-
cient for SETD2/H3K36me3, as virtually all patients with advSM. To
investigate whether SETD2 may indeed play a tumor suppressor role in
SM, we transfected HMC-1.2 cells with an ectopic SETD2 plasmid.
After transfection, the morphology of cells dramatically changed; more-
over, HMC-1.2tsSETD2 showed a 70% increase in doubling time. Co-
immunoprecipitation demonstrated that tsSETD2 was able to interact
with p53 and to restore its expression and activity. We thus observed an
increase in p21 and p27 associated with an accumulation of cells at the
G1/S checkpoint. Moreover, SETD2 stable transfection restored DNA
damage responses, as demonstrated by an increase in H2AX phospho-
rylation and RAD51 (HR) and MSH6 (MMR) expression after UV expo-
sure. Finally, clonogenic assays in control and HMC-1.2tsSETD2 cells
showed that: 1) SETD2 re-expression restores cell proliferation control;
2) reduction of clonogenic growth observed after proteasome inhibition
is indeed SETD2-dependent.

Conclusions: In advSM, SETD2 is a bona fide tumor suppressor and
its loss impairs proliferation control and DNA damage responses. Its
overexpression restores cell proliferation control by stabilizing p53 activ-
ity, and DNA damage repair by rescuing the H3K36me3 mark. This val-
idates the therapeutic potential of interfering with the mechanisms
responsible for SETD2 loss. Supported by AIRC IG 2019 grant (23001).
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Introduction: MRD monitoring in CML is based on the quantifica-
tion of the BCR/ABL1 fusion transcript by real-time quantitative PCR
(RQ-PCR) and requires specialized molecular biology laboratories.
Moreover, these laboratories need to adhere to the same standardized
technique to guarantee comparable results across laboratories and across
samples analyzed. To deal with these issues, in 2014 GIMEMA – with
an unconditional grant from Novartis – launched LabNet CML in order
to: i) set-up a network of laboratories specialized in diagnosis and MRD
monitoring in CML patients well distributed over Italy, ii) harmonize
the methods, iii) implement the international scale to the laboratories of
the network, iv) broaden the number of specialized laboratories, v) guar-
antee all CML patients - regardless of the treating institution - a high-
level disease monitoring. To participate in the network, laboratories ful-
filled quality controls and regularly undergo standardization procedures.
The connection between the hematology centers and laboratories is man-
aged by a web-based GDPR compliant platform that allows to i) request
molecular tests, ii) share results, iii) archive the results. Besides deliv-
ering a health service, this platform also allowed the acquisition of MRD
data on a very large cohort of patients. Therefore, since the prognostic
impact of the type of BCR/ABL1 transcript is still controversial, we ana-
lyzed the achievement of a deep molecular response (i.e. MR<4.0, DMR)
in the different BCR/ABL1 subtypes.

Methods: Data were exported on the 10th of September 2021 and
those concerning the transcript level over time were analyzed.

Results: At the time of the analysis, the network included 55 active
reference laboratories - covering the entire Italian territory - and 123
hematology centers. Overall, 9358 patients were registered in the plat-
form: of them, 3161 (34%) harbored the b3a2, 1600 (17%) the b2a2,
994 (11%) the b2a2 and b3a2 isoforms, 25 (0.3%) the e1a2, 11 (0.1%)
the e19a2 isoform. The remaining patients carried other isoforms 546
(5.8%) or this information was not reported. A total of 145460 requests
of exams were managed and 109619 samples were analyzed. Patients
with at least one sample with a DMR were 6540/9358 (68.9%). Interest-
ingly, deep responders were not equally distributed across transcript sub-
types: indeed, 3222/4155 (77.5%) of patients harboring either the b3a2
or b2a2/b3a2 isoforms achieved a DMR while only 901/1600 (56.3%)
of patients carrying the b2a2 obtained a DMR.

Conclusions: Starting from 2014 the LabNet CML network provided
an accurate MRD monitoring of disease to roughly 10000 CML patients
in the whole Italian territory. The management of these exams through
the LabNet network led to a harmonization of procedures and optimiza-
tion of the National Health Services resources. Moreover, the first anal-
ysis of this invaluable database showed that CML patients expressing
either the b3a2 or b2a2/b3a2 isoforms are more likely to achieve a DMR.
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SETD2 LOSS OF FUNCTION IS AN INTRINSIC CHARACTERISTIC OF CD34+ PROGENITORS
OF CML PATIENTS, SUSTAINS GENOMIC INSTABILITY AND ENHANCES THEIR CLONO-
GENIC POTENTIAL
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Introduction: Genomic instability results from aberrant or inefficient
cellular response to enhanced DNA damage. It is a hallmark of chronic
myeloid leukemia in chronic phase (CML-CP) and results in BCR-ABL1
mutations inducing resistance to tyrosine kinase inhibitors (TKIs) and/or
additional chromosomal aberrations leading to disease relapse and/or
malignant progression. SETD2, the enzyme that trimethylates histone
H3 lysine 36 (H3K36me3), is required for homologous recombination
(HR) repair of double strand breaks (DSBs) by promoting the formation
of RAD51 presynaptic filaments and for DNA mismatch repair (MMR).
Accordingly, cells characterized by SETD2 loss of function displayed
impaired DNA damage signaling. We have already reported that virtually
all CML patients (pts) in blast crisis display SETD2 loss of function that
accounts for their genomic instability. We thus set out to investigate
whether CD34+ progenitors of CML-CP pts, known to be equally char-
acterized by enhanced genomic instability, also show SETD2 loss of
function.

Methods: Protein expression and activation was assessed by Western
blotting (WB). SETD2 forced expression was obtained by using Nucle-
ofector technology. 106 cells were suspended in 80 μl of transfection
reagent, and 2 μg of a SETD2 (GFP-tagged) construct were added. The
cells were subjected to electroporation using the Lonza Nucleofector 2b
Unit with the Lonza P3 Primary Cell Nucleofector X Kit S according to
the Lonza Amaxa 4D-Nucleofector Protocol for unstimulated CD34+
cells. Reporter gene (GFP) expression levels were quantified using flow
cytometry 48 hours post transfection, and SETD2 re-expression and reac-
tivation were confirmed by WB. Clonogenic capacity was evaluated by
clonogenic assays.

Results: Loss of SETD2 protein expression and function (assessed
using loss of H3K36me3 as surrogate marker) were detected by WB in
the CD34+ cell fraction of 20 newly diagnosed CML-CP pts, as com-
pared to the total mononuclear cell fraction or to the CD34+ fraction
obtained from a pool of healthy donors. CML progenitor cells displaying
SETD2 loss of function accumulate genetic and genomic aberrations,
which was evidenced by hyper-phosphorylation of H2AX and overex-
pression of RAD51 (HR) and MSH6 (MMR). To assess if the forced
overexpression of the SETD2 gene may restore proliferation control
CD34+ cells from 5 CML-CP pts were transfected. In all cases, subse-
quent clonogenic assays showed a >50% reduction in clonogenic poten-
tial.

Conclusions: Our results demonstrate that SETD2 behaves like a
true tumor suppressor in CD34+ progenitor cells of CP-CML pts. Its loss
of function is responsible for genetic/genomic instability, while its over-
expression restores cell proliferation control. 

Supported by AIRC IG 2019 grant (23001) and Italian Ministry of
Health, “Bando Ricerca Finalizzata 2016”, project GR-2016-02364880.
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Introduction: BCR-ABL1 KD mutation testing is recommended in
all patients (pts) with non adequate response to TKI therapy. Acknowl-
edging the importance of sensitive and accurate mutation detection, the
2020 ELN recommendations have endorsed the use of NGS. However,
NGS is time consuming, technically demanding and requires centraliza-
tion of samples for cost effectiveness. In this study, we evaluated a novel
ddPCR-based multiplex strategy designed to screen for a panel of BCR-
ABL1 KD mutations impacting on 2nd-generation TKI (2GTKI) selec-
tion.

Methods: In collaboration with Bio-Rad, a 3-tube strategy was
designed that enables the identification and quantitation of 16 nucleotide
substitutions (Table 1) encoding the mutations known to be associated
with resistance to one or more 2GTKIs. Multiplexing and experimental
conditions were optimized so that mutations generated clusters of
droplets mapping to spatially distinct areas of the 2D plot based on their
resistance profile (Figure 1A, B, C). Each tube also incorporated primers
and probes for the e13a2, e14a2 and e1a2 BCR-ABL1 fusion transcripts,
serving as a control. For validation, a total of 101 RNA samples from
healthy donors, TKI-sensitive and resistant pts, BCR-ABL1-positive and
-negative cell lines were used. RNA was reverse transcribed to cDNA
using ABL1-specific primers and the iScript cDNA synthesis kit; 100ng
of cDNA were then tested in duplicate on a QX200 ddPCR system using
the ddPCR Multiplex Supermix (all from Bio-Rad).

Figure 1 and Table 1.

Results: The limit of blank (LOB), calculated in 60 blank samples,
was estimated to be 0.13 copies/uL for tube 1 and 0.18 copies/uL for
tube 3. Tube 2 systematically yielded an aspecific cluster of droplets
above the double negative cluster which required the FAM threshold to
be set to 6,000; using this threshold, no false positive droplets could be
detected in the top right and left quadrants, thus LOB was estimated as
0. To validate the assays, 41 samples positive (by NGS) for each of the
16 nucleotide substitutions at varying frequencies were tested. In each
sample, the expected mutation(s) was/were successfully detected and no
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false negative results or cross-reactivity occurred. Titration series pre-
pared mixing HL-60, mutated (T315I, E255K, E255V, Y253H) and wild-
type KCL-22, T1 or BaF3 cells to mimic not only different mutation
frequencies (50%, 10%, 1%, 0.1%) but also different transcript levels
(down to 0.1%) showed sensitive mutation detection and consistent
quantitation across a range of BCR-ABL1/ABL1IS levels.

Conclusions: The 3-tube multiplex ddPCR strategy proved to be
accurate in detecting and quantitating all the mutations associated with
2GTKI resistance. Max limit of detection (LOD) was 0.1%, total hands-
on time was approximately 2 hours and time from sample to results was
as short as 2 days. ddPCR holds the potential to democratize sensitive
BCR-ABL1 mutation testing, enabling timely and rational therapeutic
reassessment in CML and Ph+ ALL TKI-resistant pts.

Plasma Cell Dyscrasias 2
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THE ROLE OF CD56 EXPRESSION IN SMOLDERING MULTIPLE MYELOMA
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The identification of risk factors for progression is critical in the
management of Smoldering Multiple Myeloma (SMM) patients. The
early identification of patients with possible short-term progression to
Multiple Myeloma (MM) could lead to anticipate the treatment. Several
prognostic score identify the main risk factors for progression but the
two most used models are the Mayo Clinic “20-2-20”, and the Spanish
PETHEMA group model. However, significant discrepancies between
these two clinical models have been underlined. For this reason, new
parameters need to be defined. Recently, flow cytometry technique has
been increasingly used in the setting of MM to establish the phenotype
of pathological plasma cells (PCs). For example, CD56, a neural cell
adhesion and also a marker of NK cells, is normally overexpressed in
myeloma cells. Despite this, different studies demonstrated that a lack
of CD56 in pathological PCs is associated with a poorer outcome. There-
fore we decided to investigate the possible role of the CD56 expression
as risk factor for progression. We retrospectively evaluated a cohort of
SMM patients admitted to the Hematology Unit of Parma between 2014
and 2019. We analyzed a total cohort of 80 SMM patients diagnosed
according to the IMWG criteria. All patients analyzed underwent to Bone
Marrow (BM) examination and imaging evaluation was performed in
order to exclude the presence of bone disease and/or focal lesions. Both
immunophenotypic and FISH analysis were performed of BMPCs. Sta-
tistical analyses were done through PRISM software and results had been
considered significant at p≤0,05. Overall, 26 patients progressed to MM
with a median time to progression (TTP) of 23,5 months. Firstly, we
divided the population based on the expression of CD56 and we found
that TTP in CD56- patients was shorter than TTP in CD56+ ones (11 vs
31 months, p=0.04, Kaplan Meier survival curve, Figure 1). 

Figure 1.

In conclusion, our study identified the loss of CD56 as a possible
risk factor for early progression in SMM patients. Indeed, the loss of
CD56 expression could be a factor for a more aggressive disease regard-
less to the tumoral burden. For this reason, the expression of CD56
should be incorporated in future predictive scores.
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Introduction: Multiple myeloma (MM) is a fatal malignant prolifer-
ation of antibody-secreting bone marrow plasma cells characterized by
marked genomic instability. The discovery of lncRNAs has added a fur-
ther layer of complexity to the pathobiology of the disease. NEAT1 is a
highly expressed nuclear lncRNA, representing the core structural com-
ponent of paraspeckle organelles. We previously demonstrated that
NEAT1 silencing negatively regulates proliferation and viability of MM
cells, both in vitro and in vivo, highlighting its pivotal role in DNA
integrity maintenance, by regulating the homologous recombination.
Despite the increasing information obtained by loss-of-function
approaches, there is still a lack of information regarding possible onco-
genic benefits acquired by MM cells upon NEAT1 overexpression. Here,
we evaluated whether MM cells could gain survival advantages from
the transactivation of NEAT1.

Methods: We adopted a CRISPR/Cas9 Synergistic Activation Medi-
ator editing system to transactivate NEAT1 in the AMO-1 MM cell line.
LNA-gapmerR antisense oligonucleotide technology was used to silence
NEAT1 in MM cells by gymnotic delivery. NEAT1 expression was
assessed by qRT-PCR and NEAT1-specific RNA-FISH. Transcriptomic
analysis was performed by RNA sequencing, following the TruSeq
Stranded Total RNA protocol. Libraries with optimal quality and quantity
were run on NextSeq 500. Cell cycle phases distribution and apoptotic
rate were assessed by flow cytometry. Clonogenic potential was evalu-
ated by the use of methylcellulose assay. Protein expression was inves-
tigated by WB and IF. Morphological images were obtained after May-
Grunwald Giemsa staining.

Results: We performed a transcriptomic analysis of AMO-1 cells
either transactivated or silenced for NEAT1. Our data revealed NEAT1
pivotal role in the maintenance of DNA integrity, showing a significant
deregulation of almost all the crucial cellular DNA repair mechanisms
for both single and double strand breaks. We highlighted a significant
role played by NEAT1 transactivation in DNA repair mechanisms,
through the activation of a molecular axis leading to the up regulation of
two fundamental kinase proteins, i.e. ATM and DNA-PKcs, and the direct
target pRPA32. Furthermore, our data strongly suggest an implication
of NEAT1 in conferring oncogenic and pro-survival properties to MM
cells exposed to nutrient starvation, hypoxia or chemotherapeutic treat-
ment, suggesting that the specific targeting of NEAT1 could be of rele-
vance for the identification of innovative MM strategy of treatment.

Conclusion: Overall, we provided novel important insights into
NEAT1 role in DNA integrity maintenance in MM, demonstrating that
NEAT1 deregulation strongly correlates with adaptation to stress condi-
tion and drug sensitivity of MM cells. Taken together, our results suggest
that NEAT1 could represent Achilles’ heel for MM cells and for this rea-
son should be considered as a potential therapeutic target for MM treat-
ment.
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Introduction: Clonal heterogeneity is a biological hallmark of mul-
tiple myeloma (MM), already present in asymptomatic phases such as
smoldering (S) MM. This heterogeneous composition of the tumor and
its interplay with the immune microenvironment (IME) is postulated to
represent the fuel for progression to symptomatic phases. To better under-
stand biological determinants of progression of SMM and provide
biomarkers for follow-up, here we performed a single-cell RNA-seq
analysis on prospectively collected SMM patients’ samples with clinical
annotations.

Methods: We analyzed single cells derived from 11 consecutive
SMM patients per IMW 2014 criteria. The CD138 positive and negative
fractions were processed and analyzed separately. The bioinformatic
analysis was conducted applying Seurat R package, the copykat tool for
copy number variants and Fuscia for translocations.

Results: Overall we analyzed 74.253 cells, of which 53.848
CD138pos and 20.405 CD138neg. The analysis of the tumor compart-
ment highlighted the intra and inter-clonal heterogeneity of SMM. Con-
cerning the former, we found an average of 4 clones per sample. We
functionally explored each cluster, by defining its specific markers and
conducing a gene-set enrichment analysis of differentially expressed
genes. Interestingly, we found that the distinct clusters were characterized
by the specific up-regulation of cellular pathways, and this was different
from neighboring clusters likely reflecting a functional intra-tumoral
biological heterogeneity. Moreover, based on the VDJ rearrangement
analysis we could distinguish, within the same sample, the clonal plasma
cells (PCs) from the polyclonal ones. As expected, they both shared the
typical PC transcriptomic background, but, importantly, the application
of copykat and Fuscia identified the occurrence of MM-specific genomic
lesions (i.e., IGH translocations, hyperdiploidy and chromosomal ampli-
fications or deletions, confirmed by FISH) only within pathological PCs,
and their correlation with specific transcriptomic features such as
CCND2, CCND1, NSD2 and c-MAF over-expression in cases with
recurrent translocations. In addition, the tumor PCs were distinguished
from the polyclonal counterpart for the expression of new markers of
malignant PCs such as LAMP5 and FRZB1. In the IME, the T cell com-
partment was the most represented one, followed by monocytes. Inter-
patient variability was notable for expression of T cell exhaustion mark-
ers and the rate of monocytes and M2-macrophages expressing immuno-
suppressive markers such as TIM3 and VISTA.

Conclusions: Our study dissected the heterogeneity in 11 SMM patients
at the single cell level and highlighted the transcriptional differences
between clonal PCs and their polyclonal counterparts. We linked the genom-
ic and transcriptomic architecture to the IME composition. Further studies
and longer follow up are needed to highlight clinical correlates.

C52

PSMB4 AND PSMD4 PROTEASOMAL SUBUNITS CORRELATE WITH THE PRESENCE OF
1Q21 AMPLIFICATION IN CD138+ PLASMA CELLS: NEW POTENTIAL DRUGGABLE 
TARGETS IN MULTIPLE MYELOMA PATIENTS

J. Burroughs-Garcia1,2, P. Storti1, L. Agnelli3, D. Toscani1, V. Marchica1,
G. Sammarelli4, G. Todaro4, V. Raimondi1, V. Franceschi2, N. Soressi4,
B. Dalla Palma4, L. Notarfranchi1, G. Donofrio2, N. Giuliani1,4

1Department of Medicine and Surgery, University of Parma, Parma;
2Department of Medical-Veterinary Science, University of Parma, Par-
ma; 3Istituto Nazionale dei Tumori Foundation, Milan; 4Hematology
and BMT Unit, “Azienda Ospedaliero-Universitaria di Parma”, Par-
ma, Italy

haematologica | 2022; 107(s1) | 45

XVII Congress of the Italian Society of Experimental Hematology, Roma, Italy,  March 31 – April 1-2, 2022



Introduction: The amplification of the 1q21 (amp1q21) region is
one of the most frequent acquired cytogenetic abnormalities (CA) in
multiple myeloma (MM) associated with a worse patient outcome and
in pre-malignant monoclonal gammopathies with disease progression.
Moreover, different studies have demonstrated that the number of copies
(CN) 1q21 (gain1q21: three copies or amp1q21: ≥ four copies) have a
different impact in the response to anti-MM therapies. Particularly, it
has been proposed that in MM patients, additional copies of 1q21 may
be associated with the resistance to the treatment with proteasome
inhibitors (PIs). Here we aim to identify 1q21 target genes possibly cor-
related to the response to PI therapy.

Methods: We evaluated a total cohort of 29 patients with Smoldering
MM (SMM) (n=11) and newly diagnosed MM (MMD) (n=18). Primary
CD138+ plasma cells (PCs) were purified from bone marrow (BM)
blood aspirates by immunomagnetic procedure. The transcriptional pro-
files of the BM PCs samples were generated on GeneChip ClariomD
Arrays (Affymetrix Inc., Santa Clara, CA, USA). HMCLs were trans-
fected with a control vector and PSMB4 and PSMD4 short hairpin RNA
(shRNA) lentivectors. The gene and protein expression levels of PSMB4
and PSMD4 in human myeloma cell lines (HMCLs) were analyzed by
qRT-PCR and Western Blot, respectively.

Results: Our bioinformatic analyses showed a significantly higher
expression of two proteasome subunits (PSMB4 and PSMD4) in patients
with 1q21 CNA when compared with patients without (PSMB4
p=0.0006; PSMD4 p=<0.0001). Patients with amp1q21 showed a higher
expression of PSMB4 when compared to the patients with gain1q21
(p=0.007). In our cohort, gene expression profile analysis also showed
a strong positive correlation between gene expression levels and 1q21
CN for the proteasome subunits PSMB4 (p=<0.0001, r=0.5631) and
PSMD4 (p=<0.0001, r=0.6391). Interestingly, we found that the PSMB4
and PSMD4 expression level was independent of the disease stage
(SMM vs MMD) and was only driven by 1q21 CN. We have evaluated
PSMB4 and PSMD4 mRNA and protein expression levels in a 1q21
wild-type cell line (OCY-MY5) and in a panel of HMCLs carrying dif-
ferent degrees of 1q21 CN. The mRNA expression level of PSMB4 and
PSMD4 was higher in cell lines carrying 1q21 amp, following a 1q21
copy number fashion. Similar results were obtained when protein levels
of HMCLs were analyzed by Western Blot. We generated a PSMB4-
shRNA and PSMD4-shRNA knockdown stable MM cell lines. Func-
tional studies showed that blockade of PSMB4 and PSMD4 decreased
MM cell viability.

Conclusion: Our study identified proteasome subunits PSMB4 and
PSMD4 to be significantly upregulated in MM patients carrying
amp1q21, correlated with 1q21 copy number but not with disease stage.
In addition, knockdown of both, PSMB4 and PSMD4 decreased MM
cell proliferation. Therefore, targeting PSMB4 and PSMD4 could be a
strategy to treat MM patients with amp1q21.

C53

SENSITIVITY TO BCMA-TARGETED IMMUNOTHERAPY IN BORTEZOMIB REFRACTORY
MULTIPLE MYELOMA REQUIRES MITOCHONDRIAL INTEGRITY

E. La Spina1, C. Giallongo2, D. Tibullo, 3 A. Barbato1, G. Scandura1,
I. Dulcamare1, D. Cambria1, L. Longhitano3, N.L. Parrinello4, 
A.G. Palumbo2,4, F. Di Raimondo1,2, A. Romano1

1Dipartimento di Chirurgia e Specialità Medico Chirurgiche, Univer-
sità degli Studi di Catania; 2Dipartimento di Scienze Mediche, Chirur-
giche e Tecnologie avanzate; 3Dipartimento di Scienze Biomediche e
biotecnologiche; 4U.O.C. Ematologia, A.O.U. Policlinico Rodolico
San Marco, Italy

Introduction: Despite the therapeutic progress achieved for most
patients, Multiple Myeloma (MM) remains a non-curable disease due to
intrinsic or acquired drug resistance (DR). To date, new target antigens
have been identified and BCMA (B-cell maturation antigen) shows
promising results. Currently, the only anti-BCMA targeting therapy is
the antibody-drug conjugate Belantamab-mafodotin (BeMa), recently
approved for use in Proteasome Inhibitor (PI) Relapsed/refractory (R/R)
MM patients. Aim: to address off-target effects of BeMa in human MM

cell lines (HMCLs) and in primary plasma cells from 15 newly diagnosed
(ND) or R/R MM patients. Methods: effects of BeMa in both HMCLs
and ND or R/R MM patients were evaluated combining in vitro assays,
western blot analysis and gene expression profile. Results: Firstly, we
evaluated surface expression of BCMA on HMCLs. No significant dif-
ferences were observed among all tested HCMLs. Despite this, U266
cells showed a significant increase of apoptosis in a dose-dependent
manner after BeMa treatment, while OPM2 do not respond even at high-
er drug doses. In addition, BeMa was able to induce a G2/M cell cycle
arrest only in U266 cell line. Since our previous data highlighted that
refractoriness to the most common PI is often associated to mitochondrial
dysfunction, increased autophagy and fatty acids metabolism, we next
evaluated these mechanisms after BeMa treatment. Interestingly, BeMa
increased mitochondrial ROS amount in U266 and impaired mitochon-
drial fitness as demonstrated by the increase of mitochondrial membrane
depolarization and expression of PINK-1, a protein associated to mito-
chondrial dysfunction. On the contrary, OPM2 showed increased mito-
chondrial mass after BeMa exposure without increase in mitochondrial
ROS and PINK-1 expression. Using qRT-PCR we confirmed PCG1-α,
TFAM and ND4 upregulation only in OPM2 but not in U266, suggesting
that mitochondrial biogenesis and the increase of OXPHOS genes in
OPM2 could be considered as a responsive mechanism to BeMa-induced
stress leading to DR. In addition, mRNA levels of NAD+ synthetic
enzymes, including NAMPT, NMNAT-1, NMNAT-2, and NMNAT-3,
were overexpressed in OPM2 after BeMa. Also in primary PCs, the high-
er levels of apoptosis after BeMa were observed in CD138+ cells with
higher BeMa-induced mitochondrial depolarization. Since oxidative
mitochondrial metabolism is strongly associated with fatty acids
metabolism, lipid droplets were quantified in HMCLs after BeMa expo-
sure by oil red O staining. We observed cytoplasmatic lipids decrease
only in OPM2, associated to upregulation of p62 protein which regulates
intracellular lipid storage (macrolipophagy). Conclusions: taken together,
our data suggest a role of metabolic reprogramming through increased
fatty acid consumption rate and OXPHOS metabolism in reducing anti-
BCMA targeting therapy efficacy, opening a new scenario about the
molecular pathway underlying BeMa resistance. 
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Introduction: MM is a genetically heterogeneous neoplasm in which
the co-occurrency of multiple genomic events play a crucial role in tumor
development, progression and drug resistance. DIS3 gene maps at 13q22
and encodes for a highly conserved ribonuclease involved in the RNA
processing, quality control and degradation. Deletion of DIS3 gene is a
common characteristic of MM patients (approximately 50% of cases);
moreover, DIS3 mutations occur in about 11% of MM cases and are fre-
quently (70%) associated with loss of the gene. DIS3 mutations along
with del(13q) have been recently described by us as associated with a
strong negative effect on clinical outcome.

Methods: LNA gapmeRs were used to silence DIS3 in HMCLs by
gymnotic delivery in four human myeloma cell lines, two of which show-
ing a monoallelic del(13q). qRT-PCR has been used to evaluate DIS3
silencing efficiency. Cell viability and cellular growth was evaluated by
viable counts and by Cell Titer Glo assay. Modulation of cell cycle phas-
es distribution was assessed by flow cytometry. 7-AAD/Annexin flow
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cytometry analysis was used to evaluate apoptotic cell death. Cell cycle
synchronization was obtained using SynchroSet kit. Transcriptional anal-
ysis was performed using Affymetrix microarray. Protein expression was
evaluated by Western Blot. Mitotic spindle organization was analyzed
by immunofluorescence (IF).

Results: DIS3 silenced HMCLs show a significant decrease of cel-
lular growth right after 4 days from LNA gapmeR delivery. DIS3 deplet-
ed cells showed a significant increase in the percentage of cells in G0/G1
phase and a decrease of S and G2/M phases in all the HMCLs tested.
Analysis of synchronized HMCLs revealed a more pronounced modu-
lation of all cell cycle phases distribution confirming the involvement of
DIS3 in cell cycle regulation. Accordingly, DIS3 silencing associates
with the downregulation of crucial proteins for cell cycle and mitotic
spindle checkpoints. Confocal microscopy analysis performed in DIS3
silenced HMCLs revealed the presence of mitotic defects, microtubule
organization abnormalities. Transcriptional profile analysis of DIS3-KD
samples revealed a strong modulation of cell cycle regulation and mitotic
spindle related pathways, together with the expected, strong modulation
of RNA degradation pathway.

Conclusions: Our data indicate that DIS3 silencing in HMCLs leads
to a cell cycle perturbation accompanied to an increase of mitotic defects.
To the best of our knowledge, this is the first evidence in the context of
the pathological role of DIS3 in MM. These results should be considered
of interest considering that DIS3 abnormalities are a common feature of
MM patients. Moreover, the transcriptional analyses may contribute to
identify putative DIS3-related pathways and genes (with coding or non-
coding potential) involved in tumorigenic mechanisms in MM and pos-
sibly implicated in the therapeutic settings.
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CLONAL HEMATOPOIESIS (CH) IS A NEW PROGNOSTIC FACTOR FOR MM PATIENTS:
FOCUS ON CARDIOVASCULAR TOXICITY

E. Gelli1, C. Martinuzzi1, D. Soncini1, P. Becherini2, A. Cagnetta2, 
R.M. Lemoli1,2, M. Cea1,2

1 Clinic of Hematology, Department of Internal Medicine (DiMI), Uni-
versity of Genoa; 2IRCCS Ospedale Policlinico San Martino, Clinic of
Haematology, Italy

Background: Recent studies have identified, in the blood of ageing
people, the presence of somatic mutations in hematopoietic cells, a condi-
tion referred as clonal hematopoiesis of unknown significance (CHIP).
CHIP is associated with a 0.5–1% risk of progression to a non-plasma-cell
hematologic neoplasm, in particular myelodysplastic syndrome (MDS)
and acute myeloid leukemia (AML). In cancers, the prevalence of CHIP
is higher compared to healthy population, especially for ones who have
been exposed to cytotoxic chemotherapy or radiation. The presence of
CHIP clones has been documented in multiple myeloma (MM) too, and,
in patients receiving autologous transplantation, it has been associated with
a worse prognosis. Moreover, clonal hematopoiesis represents an age-
related risk factor for cardiovascular disease-related morbidity and mor-
tality as well. Here we have evaluated the prognostic significance of CHIP
in newly diagnosed (ND) MM patients by focusing on its relationship with
cardiovascular events, to better define the risk assessment of these patients.

Methods: Deep targeted sequencing of peripheral blood from 50
NDMM patients was analyzed by NGS sequencing using a panel of 36
CHIP-related genes. The detected somatic mutations as well as their vari-
ant allele frequency (VAF) were correlated with demographic and clinical
parameters, including age, sex, R-ISS stage, outcomes, and occurrence
of cardiovascular events.

Results: Somatic mutations were detected in ~30% of analyzed MM
patients with a VAF between 2.10% and 38.6%. Such higher prevalence
compared with previously reported data (~30% vs ~5%), is probably due
to the higher sensitivity of used sequencing technique as well as the high-
er age of MM collected samples. The most frequently mutated gene was
TET2 followed by DNMT3A. Greater occurrence was observed among
high-risk (R-ISS 3) patients and in those with bone disease, regardless
of age. Indeed, we didn’t observe a correlation between CHIP occurrence
and age, but a positive relationship between VAF and age was found,

particularly among high-risk patients (R-ISS stage 2 and 3). Regarding
cardiovascular events, higher prevalence of CHIP was observed in
patients with high blood pressure and in those with prior atherosclerotic
cardiovascular conditions.

Conclusions: Although a larger cohort is needed to support our data,
we suggest CHIP as novel prognostic factor in MM, and support its eval-
uation especially in patients who undergo potentially cardiotoxic agents,
for a more accurate clinical management and prevention of adverse
events in CHIP carriers.
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DYSREGULATED MITOCHONDRIAL DYNAMICS UNDERLIES BORTEZOMIB RESISTANCE IN
MULTIPLE MYELOMA

M.E. Gallo Cantafio1, I. Perrotta2, R. Torcasio1,3, D. Tibullo4, 
F. Di Raimondo4, M. Gentile5, G. Viglietto1, A. Neri6, N. Amodio1

1Dipartimento di Medicina Sperimentale e Clinica, Università Magna
Graecia; 2Centro di Microscopia e Microanalisi, Laboratorio TEM,
Dipartimento di Biologia e Scienze della Terra, Università della Cal-
abria; 3Dipartimento di Biologia, Ecologia e Scienze della Terra, Uni-
versità della Calabria; 4Dipartimento di Scienze Biomediche e Biotec-
nologiche, Università di Catania; 5U.O di Ematologia, Ospedale
“Annunziata”; 6Dipartimento di Oncologia ed Emato-oncologia, Italy

Introduction: The reliance of multiple myeloma (MM) cells on the
proteasome degradation system has provided the rationale for the wide
clinical use of proteasome inhibitors (PI). However, the complex biology
of MM cells inevitably triggers PI resistance, often associated with dys-
functional mitochondrial networks. Changes in mitochondrial dynamics,
consisting in a continuum between fission and fusion, impact on various
tumor phenotypes, but their role in MM pathobiology remains undis-
closed. Herein, we have analyzed the biological significance of mito-
chondrial dynamics using models of drug-resistant MM.

Methods: Mitochondrial structure was assessed by transmission elec-
tron microscopy (TEM) analysis of paired isogenic cell lines. Mitochon-
drial dynamics regulators’ expression was evaluated by qRT-PCR and
western blotting (WB). Cell viability was assessed by CTG or CCK8
assays, while apoptosis by Annexin V/7-AAD. ROS and mitochondrial
superoxide species were determined by H2DCFDA and MITOSOX red
staining. Daratumumab-dependent ADCC was assessed by FACS anal-
ysis of Far Red-labeled MM cells co-cultured with PBMCs (effector-to-
target ratio of 25:1).

Results: TEM analysis evidenced peculiar mitochondrial patterns, with
elongated and likely dividing mitochondria detectable in bortezomib (BZ)-
resistant, but not in dexamethasone (DEXA)-resistant MM cells with respect
to parental counterparts. This finding prompted us to investigate the role of
mitochondrial dynamics in the onset of PI resistance. Specifically, we
observed the upregulation of mitochondrial fission drivers, namely the
GTPase Drp1, its active S616 phosphorylated form, the Drp1-receptor MFF,
and the cristae regulator OPA1 and the down-regulation of fusion promoter
MFN2, in three different BZ-resistant as well as carfilzomib-resistant, but
not in DEXA-resistant, paired isogenic MM cell lines. These data indicate
a push towards mitochondrial fission during PI resistance acquisition. More-
over, BZ treatment promoted Drp1, MFF and OPA1 down-regulation in
PI-sensitive cells, while their expression remained elevated in the resistant
ones. Targeting mitochondrial dynamics with mDIVI-1, an established fis-
sion inhibitor, reduced the viability of MM cells, even co-cultured with
patient-derived bone marrow stromal cells, increased ROS and mitochon-
drial superoxide species and enhanced bortezomib activity, without being
cytotoxic to healthy PBMCs; conversely mitochondrial fission enhancement
through MFF overexpression antagonized bortezomib activity. Finally, we
provide preliminary evidence of mitochondrial dynamics impact on the
antigenic repertoire of MM cells: in fact, while the MFF overexpression
down-regulated CD38, mDIVI-1 triggered its expression thus enhancing
daratumumab-elicited ADCC.

Conclusion: These findings implicate unbalanced mitochondrial
dynamics at the onset of BZ resistance, highlighting potential targets for
(immune)therapeutic interventions applicable to the MM relapse and
refractory setting.
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INVESTIGATING THE INTERPLAY OF CD99 AND FLT3-ITD: NOVEL INSIGHTS INTO AML
RESISTANCE

S. Travaglini1, T. Ottone1-2, D.F. Angelini2, V. Fiori3, S. Dominici3,
N.I. Noguera1-2, M. Sniegocka4, S. Antonelli1, M.I. Consalvo1, 
De Bardi Marco2, C. Banella2, M. Divona1, F. Marchesi5, 
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G. De Angelis1, F. Buccisano1, A. Venditti1, L. Battistini2, 
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1Department of Biomedicine and Prevention, University of Tor Vergata,
Rome; 2Santa Lucia Foundation, I.R.C.C.S., Neuro-Oncohematology,
Rome; 3Diatheva srl, 61030, (PU); 4Department of Anatomy, Histology,
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Acute myeloid leukemia (AML) with FLT3-ITDmut remains a ther-
apeutic challenge, with a still high relapse rate, partly due to the persis-
tence of LSCs. In this disease, the CD34/CD123/CD25/CD99+ leukemic
precursor cells (LPCs) phenotype predicts for FLT3-ITDmut and disease
recurrence. Particularly, these cells are characterized by the overexpres-
sion of CD99, making this cell subpopulation sensitive to an anti-
CD99mAb. Indeed, CD99 represents a LSCs-specific marker involved
in disease aggressiveness, cell mobilization and trafficking, suggesting
its involvement in processes of metastasis formation and immune escape.
Based on our previous evidences indicating a correlation between CD99
expression and the presence of FLT3-ITDmut, we hypothesize that inves-
tigating the role of the CD99 surface glycoprotein and the interaction
with FLT3-ITD may allow to identify a new therapeutic target involved
in treatment resistance.

Figure 1.  A. Mean fluorescence intensity (MFI) of CD99 antigen on paired
LPCs and primary blasts purified from FLT3-ITDmut AML patients by high-
speed sorting at diagnosis (n=27)(p<0.0001). B. CD99-MFI on paired
CD99+/CD38- and CD99+/CD38+ LPCs (p=0.015); C. FLT3 and CD99 co-
localizes in the perinuclear region in FLT3-ITDmut MV4-11 cells, interaction
not observed in FLT3wt THP1 cells. D. CD99 engagement by the anti-CD99
mAb induces intrinsic and extrinsic apoptosis pathway in FLT3-ITDmut MV4-
11 cells. E. Representative flow cytometry analyses of human engraftment
of CD34+/CD99+ LPC and leukemia bulk cells transplanted in NSG mice; F.
Anti-CD99 mAb treatment affects homing and engraftment of leukemic
cells MOLM-13 in transplanted NSG mice. P values were calculated by a
paired Student’s t-test. MFI: mean fluorescent intensity; AR: allelic ratio;
LPCs: CD34/CD123/CD25/CD99+ leukemic precursor cells, AML: acute
myeloid leukemia.

Bone marrow (BM) samples (n=27) from FLT3-ITDmut AMLs were
analysed for CD99 expression by flow cytometry and sorted to isolate
CD34/CD123/CD99/CD25+LPCs. Whole transcriptome RNA sequenc-
ing was performed on CD99+/CD38-/+ LPC and leukemia bulk paired
samples purified from 10 FLT3-ITDmut AMLs. CD99 and FLT3 local-
ization, was analysed by immunofluorescence. Sensitivity to the anti-
CD99mAb (Diatheva, PU, Italy) was assessed on AML cell lines and

primary blasts (n=17) by cell proliferation, apoptosis and metabolism.
NSG mice were transplanted with the FLT3-ITDmut cell line MOLM-
13, high-speed sorted LPCs and unfractionated bulk leukemic blasts. A
higher CD99-mean fluorescence intensity was observed on LPCs as
compared to paired blasts (Figure 1A), particularly in the LSC-enriched
CD34+/CD38- fraction, corroborating its association to LSC activity.
Indeed, RNAseq of the LPCs revealed a high expression of markers
associated with disease aggressiveness and poor survival in AML, such
as CD200. Furthermore, we found a positive correlation between CD99
expression and FLT3-ITDmut load (Figure 1B). In an attempt to eluci-
date this correlation, we observed a co-localization of FLT3 and CD99
in the perinuclear region, only in FLT3-ITDmut MV4-11 cells (Figure
1C). Interestingly, the anti-CD99mA treatment was able to selectively
induce apoptosis in FLT3-ITDmut cells through both the intrinsic and
extrinsic pathway, probably induced by p53 activation (Figure 1D), con-
firming the lack of sensitivity observed in p53mutsamples. To test
whether CD99 enriches for LSC function, we transplanted paired
CD99+/CD99- LPCs and blasts (n=18) into NSG mice, and we observed
an early engraftment, only in LPC-transplanted mice after 12 weeks.
Additionally, blocking CD99 with the anti-CD99mAb treatment(100
µg/day) for 7 days, inhibited homing and repopulation in mice trans-
planted with FLT3-ITDmut MOLM-13. In summary, our study provide
new insights into the role of CD99 as a novel marker of FLT3-ITDmut
AMLs and a promising therapeutic target involved in disease progression
and resistance.
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WHOLE TRANSCRIPTOME RNA-SEQ ANALYSIS IN EXTRAMEDULLARY ACUTE MYELOID
LEUKEMIA REVEALED A DYSREGULATION OF CRITICAL PATHWAYS LINKED TO 
TUMORIGENESIS AND METASTASIS
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gia, Azienda Sanitaria Universitaria Giuliano Isontina Trieste, Italy

Extramedullary acute myeloid leukemia (EM-AML) is a rare form of
AML, associated with poor prognosis and shorter survival. Leukemic sar-
comas are aggressive and typically resistant to drugs designed to treat
AML. Unlike in solid tumors, knowledge of the metastatic behaviour of
blasts is scarse, and the genetic mechanisms of EM-tissue-invasion have
not been well characterized. To elucidate the molecular mechanisms under-
lying EM leukemia, we analyzed by a high-throughput genetic approach,
the whole transcriptome architecture of BM and EM localizations from
AML patients. BM samples from 4 AMLs and 2 APLs, and the respective
EM localizations, were studied. Clinical and biological characteristics are
shown in Table 1. Libraries were sequenced on an Illumina-platform with
paired-end reads 150bp long, at a depth of 27 million cluster/sample. Dif-
ferential expression was studied out using DESeq2. Genes with |log2 fold
change|>2 and adjusted p-value (Benjamini-Hochberg-False-Discovery-
Rate-FDR) <0.1 were considered as differentially expressed. The enrich-
ment analysis was performed using the bioinformatics tool DAVID-v6.8
to visualize the KEGG pathways. In addition, we used the Gene Set
Enrichment Analysis (GSEA) tools v4.1.0 for the identification of specific
signatures with a pre-ranked algorithm, and the Molecular Signatures
Database (MSigDB) to annotate gene sets. The Volcano plot (Figure 1A)
displayed the differential expression of 43190 genes in BM as compared
to EM-tumors. After comprehensive analysis and screening using the
Venn-diagram-tool, the intersection of DAVID and GSEA datasets showed
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the 4 common alterated KEGG-pathways. In particular, 2 of them, mainly
involved in cancer progression (ECM-receptor-interaction and focal-adhe-
sion signal transduction), were the most significantly enriched. In addition,
further enrichment analysis revealed 2 additional pathways which play a
critical role in migration and invasion of metastatic cells (PI3K-Akt sig-
naling from DAVID and epithelial-mesenchymal transition from GSEA).
Remarkably, DAVID and GSEA output identified the same 24 common
differentially expressed genes (Figure 1B). In particular, the GSEA analysis
performed on RNA-Seq data, exhibited an enrichment of many signatures,
5 of which were significantly overexpressed in BM and 11 downregulated
in the EM localization, according to enrichment score and FDR. Moreover,
we showed upregulation of the 3 previously reported pathways contributing
to tumor evolution in BM cases with solid EM. On the contrary, AML
with cerebrospinal fluid (CSF) involvement displayed downregulation of
genes related to cell-cycle progression.

Table 1. Clinical and biological characteristics of 6 myeloid leukemia patients.

Figure 1.

Our enrichment analysis of gene expression profiling in EM-
leukemia suggest an involvement of processes closely associated with
neoplastic cell invasion. This study might allow to identify new predic-
tive markers of disease progression.
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ROLE OF PLZF-RAR  IN THE METABOLISM OF ACUTE MYELOID LEUKEMIA
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gata, Italy

Background: PLZF-RARα (ZBTB16-RAR α) fusion protein binds
retinoic acid response elements (RARE) to repress transcription of genes
essential for myeloid maturation and differentiation, driving a rare APL
variant (2% of APLs). Such APL variant is not sensitive to retinoic and
arsenic treatment. 

Aims: We studied PLZF-RARα bearing cells’ metabolism in order
to define possible targets for tailored therapeutic strategies. In particular,
we focused on its interference with Nrf2 protein, transcription factor
central in the adaptive cellular response to stress. Methods: We used a
PLZF-RARa inducible cellular system: U937-B412 cells (B412) con-
taining an ZnSO4 inducible PLZF-RARa construct, and control U937-
MT (MT) cells to define hybrid protein induced metabolism peculiarities
via Seahorse Bioscience XFe96 analysis. We defined Nrf2 function by
Q-RT-PCR and Western blot analysis, co-immunoprecipitation tech-
niques and immunofluorescence to study Nrf2 and its transcriptional tar-
gets.

Figure 1. (A) Western blot analysis of NRF2 and HO-1 in MT (control) and
B412 (PLZF-RARa positive) cells lines after treatment with Zn. (B) His-
tograms represent basal respiration, maximal respiration and spare respi-
ratory capacity measured using the XF Myto Stress Test assay. (C) Glycolytic
function, basal glycolysis and glycolytic compensatory measured using the
XF Glycolytic Rate Assay. (D) Profile of the glycolytic and mitochondrial ATP
production using the XF ATP rate assay. (E) Total lysates fractions of B412
cells were IP with anti PLZF and anti NRF2 and analyzed with antibodies
anti PLZF and anti NRF2. (F) Microscopy analysis of PLZF and NRF2 local-
ization in MT (control) and B412 (PLZF-RARa positive) cells treated with
ZnSO4 100 µM for 3 hours.

Results: PLZF-RARa expression is maximal at 3hrs after ZnSO4
induction and persist up to 24 hours later. It induces: (i) mitochondrial
respiration enhancement [basal oxidative phosphorylation (OXPHOS)
(MT: 95±6 B412: 135±14 (pmol/min)/6x104 cells), p<0.0001), respira-
tory reserve (MT: 93±41 B412: 155±55 (pmol/min)/6x104 cells), p=0.01)
and ATP production (MT: 65±20 vs B412: 96±23 (pmol/min)/6x104

cells), p=0.008)] (Figure  1A); (ii) glycolysis reduction (MT: 93±41
B412: 155±55 (pmol/min)/6x104 cells), p=0.01). Those results were con-
firmed by enhanced mitochondrial ATP production and reduction of gly-
colytic ATP (XF Real-Time ATP Rate Assay); (iii) enhanced substrate
flexibility (pyruvate, glutamine and fat acids) (Figure  1C). We noticed
that PLZF-RARa induction reduces significantly NRF2 protein and target
genes HO-1 e NQO1 expression, but not Nrf2 mRNA level (Figure  1D).
Indicating a post-translational interference. We demonstrate that PLZF-
RARa physically interacts with Nrf2 by co-immunoprecipitation, con-
firmed by co-localization at immunofluorescence analysis by confocal
microscopy (Figure  1E).

Summary/Conclusion: Metabolic reprogramming is the hallmark of
cancer, our results indicate that PLZF-RARa regulates cellular
metabolism inducing flexibility and resistance to therapy; it interact phys-
ically with NRF2 protein.
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ISOCITRATE DEHYDROGENASES AML-ASSOCIATED POINT MUTATIONS DRIVE A BLOCK
OF DIFFERENTIATION IN HUMAN NORMAL CD34+ HEMATOPOIETIC CELLS THAT IS
RELEASED BY SPECIFIC INHIBITORS

S. Pierangeli*, V. Ciaurro*, S. Donnini, F. Milano, M. Sabino, 
I. Gionfriddo, R. Ranieri, S. Silvestri, V. Tini, G. Spinozzi, B. Falini,
M.P. Martelli (*These authors contributed equally)

Dipartimento di Medicina e Chirurgia, Sezione di Ematologia ed
Immunologia Clinica, Università degli Studi di Perugia, Italy

Introduction: Acute myeloid leukemia (AML) arises from multiple
and sequential genetic alterations in hematopoietic precursors. Mutations
of isocitrate dehydrogenases IDH1/2 are found in about 20 % of AML:
IDH1-R132H and IDH2-R140Q or R172K are the most represented. The
direct effects of IDH AML-associated mutations on human hematopoietic
stem cell fate decision and the interference of the specific inhibitors AG-
120 for IDH1 and AG-221 for IDH2 are poorly studied. Our previous data
(presented at XVI°SIES) shown that expression of IDH1-R132H transgene
in human CD34+ cells induced a block of differentiation that was released
by treatment with AG-120. To strengthen our data we have increased the
experimental set for IDH1 and we used the same approach to unravel how
IDH2-R140Q mutation affects differentiation of human CD34+ cells. We
also investigated in vivo, over time, the effect of IDH2 inhibition on the
fitness to form colonies of the CD34+ cells isolated from the bone marrow
of one AML patient carrying the IDH2-R140Q mutation and treated with
the IDH2-inhibitor enasidenib.

Figure 1. A) CD34+  cells from haelthy donors. Percentage of CFU after 14
days in methylcellulose  colture,  with or without the specific inhibitor, arising
from  CD34+ cells infected  with IDH1 transgenes  (empty, wt or R132H
)[graphs on the left] and from CD34+ infected with IDH2 transgenes  (empty,
wt or R140Q)[graphs on the right]. B) CD34+ AML  primary cells carring
IDH2-R140Q mutation.  Number of CFU arising after 14 days in methylcel-
lulose  colture,  in presence  or absence  of IDH2- inhibitor enasidenib,  ex
vivo,  over time;  colonies  belonging  to  erythrocytes (ERY),  granulocytes/
monocytes  (MYE)  and multilineage (GEMM) precursors are shown.

Methods: CD34+ cells of healthy donors (hCD34+) were infected
by lentiviral vectors containing the ZsGreen gene reporter and the genes
of interest: IDH1 wild-type (wt) or R132H (n=4+3 new donors) and
IDH2 wt or IDH2-R140Q (n=6). After 72h, ZsGreen-positive cells were
sorted, counted and used for colony-forming unit (CFU) methylcellulose
differentiation assays, in presence or absence of inhibitor: AG-120 5uM
(n=3) or AG-221 5uM (n=4). After 14 days, colonies were analyzed by
STEMvision instrument. Similarly, primary IDH2-mutated cells were
sorted for CD34 positivity and evaluated by CFU assay, with or without
inhibitor, at different time points of treatment.

Results: New data available for IDH1 confirmed that R132H muta-

tion blocks cloning efficiency in hCD34+ which can be reverted by AG-
120. Interestingly, even more markedly a block of differentiation - across
all lineages - was induced by IDH2-R140Q mutation when compared
with empty vector (p<0,0001****) or with wt (p=0,0004***) and was
completely released by AG-221 (p=0.0028**). Interestingly, in the
patient, we observed that treatment with enasidenib induced a progres-
sive improvement of the CFU ability of the CD34+ cells, in keeping
with the recorded hematological recovery. Trascriptomic changes in
hCD34+ expressing IDH1 and IDH2 oncogenes have been studied by
RNAseq. Analyses are ongoing and data will be presented at the national
meeting.

Conclusions: Expression of mutant IDH1 and IDH2 in CD34+
human cells and in primary AML cells is sufficient to induce a block of
hematopoietic differentiation that can be reverted by specific inhibitors
treatment. These preliminary data in human cell models will allow to
explore the specific pathways involved in IDH-mutants leukemogenesis
and in inhibitors response.
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WHOLE EXOME SEQUENCING OF BONE MARROW MESENCHYMAL STEM CELLS ISOLAT-
ED FROM PATIENTS WITH THERAPY-RELATED MYELOID NEOPLASM
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Introduction: The bone marrow (BM) microenvironment is known
to be involved in the pathophysiology of de novo myeloid neoplasms
(MN), and mesenchymal stem cells (MSCs) are pivotal components. In
recent years, several groups have attempted to elucidate the genetic pro-
file of de novo MN-MSCs but the results were not entirely conclusive
often due to the lack of germinal controls. Moreover, to our knowledge,
little is known on the spectrum of somatic mutations of MSCs isolated
from therapy-related myeloid neoplasm (t-MN), including diseases aris-
ing in patients treated with chemo- and/or radiotherapy for a previous
tumor or autoimmune disease. DNA damage, a direct consequence of
the activity of many anticancer drugs, can determine permanent modi-
fications in BM hematopoietic stem cells. However, it is not known
whether chemotherapy-induced mutagenesis also targets BM-MSC.

Methods: We tested by Whole Exome Sequencing (WES) BM-
MNC, BM-MSC and germline (buccal swab and/or nails) samples of a
cohort of 10 t-MN patients and 5 healthy donor (HD). Non-synonymous
single nucleotide variants (SNVs) in coding regions or splicing sites
with a variant allele frequency > 10% were considered in the analysis.
Variants in highly repetitive regions or with minor allele frequency in
1000 Genomes of European origin > 0.01 were filtered out from the
analysis.

Results: As a first step, we performed a call of the somatic variants
in t-MN BM-MNCs and BM-MSCs using paired germline samples. In
t-MN BM-MNCs, we identified a total of 150 SNVs and 141 mutated
genes. As previously reported, TP53 was the most frequently mutated
gene in MNC (4 out of 10 patients, 40%). A total of 133 SNVs and 132
mutated genes were identified in MSCs isolated from patients with a t-
MN. Interestingly, the mutational profile of t-MN BM-MNC and BM-
MSC was completely different, with no common genes mutated in the
two cell types. Regarding somatic variants in BM-MSCs from t-MN,
functional enrichment analysis revealed beta-alanine metabolism, com-
plement and coagulation cascades, drug metabolism and serotonergic
synapse as the most significantly enriched pathways. Interestingly, three
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t-MN patients with primary solid tumors (30% of our cohort) presented
somatic mutations in genes belonging to metabolic pathways such as
DPYD, GMPS and UGT1A4, genes known to be involved in the
catabolism of chemotherapy agents. Of note, none of the mutations iden-
tified in t-MN BM-MSCs were identified in BM-MSCs isolated from
HD. In particular, we observed a statistically significant lower number
of mutations in HD-MSCs compared to t-MN-MSCs (median 0 vs 6.5,
range 0-2, 0-62, respectively, p < 0.001).

Conclusions: Our results show a higher prevalence of somatic muta-
tions in BM-MSCs isolated from t-MN patients compared to HD, that
may be a direct consequence of the genotoxic activity of anticancer drugs
action used to treat the primary disease. Functional validation of these
findings is ongoing.
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Introduction: The myelodysplastic syndromes (MDS) are clonal
hematopoietic disorders characterized by ineffective hematopoiesis and
myeloid dysplasia. The simultaneous presence of autoimmune disorders
(AD) and MDS has been reported in 10-30% of cases. Among the various
autoimmune antibodies (autoAb) types, antinuclear antibodies (ANA)
are the most frequently reported at the time of MDS diagnosis. Several
AD were described concomitantly with MDS, but their impact on MDS
progression and overall survival remains controversial. The aim of this
retrospective study was to evaluate the incidence of autoAb in MDS
patients, trying to correlate the presence of autoAb to the specific MDS
subtype and their mutational landscape.

Patients: Patients from GROM-L group (Gruppo Romano-Laziale
sindromi mielodisplastiche) were collected at “Policlinico Tor Vergata”
Hospital of Rome (n=129). Targeted-NGS was performed in all samples,
whereas the immunological profile was studied in 51/129 pts, based on
plasma samples availability. The immunological analysis included
autoAb commonly used for AD diagnosis as well as organ-specific AD.
Samples were screened for ANA and its profile, ENA, anti-dsDNA,
IgG/IgM anti-cardiolipin and anti-β2-glycoprotein-1, IgG anti-cyclic cit-
rullinated protein antibodies (CCP3), IgG anti-MPO and IgG anti-PR-3.

Figure 1. 

Results: The immunological profile of 51 pts showed 61% ANA-
positivity (n=31 pts) at a 1:80 cut-off, whereas, considering the AD clin-
ically relevant cut-off (1:160), 14 pts (27%) were still scored ANA-pos-
itive. Following the diagnostic algorithm showed in Figure 1, the addi-
tional ANA profile, dsDNA and ENA, in ANA-positive patients (1:80
cut-off) was positive in 6%, 6% and 3% of pts, respectively, whereas for
ANA titer 1:160, results were positive in 36%, 29% and 14% of cases,
respectively.  Although the number of patients studied is limited, we
identified a trend for ANA-positivity in SF3B1 (10/12,83%, vs 21/39,
53%, p=0.09) and ASXL1 -mutated patients (15/19, 79%, vs 16/32, 50%,
p=0.07). Preliminary results (n=22/51) on the other mentioned autoAb
showed that one patient was positive for anti-CCP3 (suggestive of
rheumatoid arthritis) and one for APCA (Anti-parietal cell antibodies,
suggestive of autoimmune atrophic gastritis and/or pernicious anemia).

Discussion: In conclusion, our preliminary results show a high inci-
dence (61%) of ANA-positivity in MDS patients, compared to data pre-
viously reported in healthy individuals (10-15%, PUBMED ID:). These
data suggest that ANA-positivity could contribute to the pathogenesis of
MDS, supporting an inflammatory status, where clonal hematopoiesis
may expand and give raise to a clinically relevant MDS clone. Moreover,
the low incidence of concomitant positivity to ANA and ENA profiles
suggests that the detected ANA may not hit pathognomonic antigens of
autoimmune diseases, but may target different cross-reactive proteins
involved in non-well defined inflammatory processes.
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Introduction: Bone marrow fibrosis (BMF) may be found at diagno-
sis in 10 to 20% of patients with Myelodysplastic Syndromes (MDS)
and has been suggested to be a poor prognostic factor. Nevertheless, few
studies have explored the prognostic and therapeutic impact of BMF in
patients stratified according to the IPSS and IPSS-R score or receiving
hypomethylating agents (HMA) or allogeneic stem cell transplant
(HSCT).

Aim and methods: The aim of our retrospective, monocentric, study
was to assess the clinical and prognostic significance of BMF along with
its impact on therapy response and outcome. The diagnosis of MDS was
based on the 2016 World Health Organization (WHO) criteria and BMF
grade was determined according to the European Myelofibrosis Network
(EUM-NET) scoring system. Patients with myelodyplastic/myeloprolif-
erative syndromes were excluded.

Results: Seventy two of 188 patients (38.3%) had BMF of grade 1
to 3. In this group, the median age at diagnosis was lower than patients
without BMF (n=116, 61.7%; 65 vs 70 years, respectively, p=< 0.01)
and a higher incidence of MDS-EB 1 or 2 (51.4% vs. 32.8%; p = 0.02),
secondary forms (20.8% vs 9.5%; p= 0.04) as well as a higher transfusion
dependence (69.4 % vs. 51.7%; p = 0.02) were found. No differences in
cytogenetics features were found. Furthermore, patients without BMF
had a significant higher probability of being classified as low risk MDS,
according to both IPSS (p=0.015) and IPSS-R (p=0.02), than patients
with BMF (Figure 1). 
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Figure 1. IPSS and IPSS-R at diagnosis according to BMF grade. 

With a median follow up of 37 months, patients with any grade of
BMF had an inferior overall survival rate (OS 37.5% vs 51.7%; p= 0.04).
Of note, independently from the IPSS or IPSS-R risk, patients with mod-
erate to severe BMF (grade ≥2; n=19/72, 26.4%) had a lower OS rate
than patients with BMF grade 1 (26.3 vs 41.5 %, respectively; p= 0.08).
BMF had no impact on survival in the low IPSS risk group (n=115/188,
61.1%), whereas patients with BMF≥2 in the high IPSS group (n=11/61,
18%) had decreased OS compared to patients without BMF (9.1 vs
34.3% respectively; p=0.34). In the HMA-treated group (n=54/188,
28.7%) no differences in response rates or outcome were observed, irre-
spective of the presence of BMF. Among transplanted patients
(n=44/188, 23.4%), no correlation between BMF and time to engraft-
ment was found, although patients with BMF (n=27/44, 61.4%) had a
higher probability of developing Graft versus Host Disease (Hazard
Ratio 1.7; p= 0.06). Moreover, transplanted patients with BMF≥2
(n=10/44, 22.7%) had superior OS than patients with the same grade of
BMF who did not proceed to HSCT (30 vs 12.5%, p=0.58).

Conclusions: Our data confirm the negative prognostic role of BMF,
partially abolished by HSCT. Although BMF is not included in the cur-
rently used risk scores, a careful evaluation at diagnosis may help to
improve risk stratification and provide an additional indication to HSCT.

Immunotherapy and Transplantation
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Introduction: Although Tisa-cel and Axi-cel are becoming widely
used as standard-of-care therapy for lymphoma patients (pts), key deter-
minants of response are not well characterized. Clinical features such as
poor PS, high systemic inflammatory state, tumor burden and LDH rep-
resent markers of lower efficacy in some studies. However, response
and survival do not appear to be influenced by pts characteristics in other
reports and the role of CAR-T expansion in peripheral blood has never
been prospectively investigated in a real life setting. Aim was to correlate
Axi-cel and Tisa-cel in-vivo expansion and lymphoma response, survival
and CRS.

Methods: This single centre prospective study evaluated 50 large B-
cell lymphoma pts (26 DLBCL-NOS,9 HGBCL,7 tFL,8 PMBCL)
receiving Tisa-cel (23; 46%) and Axi-cel (27; 54%) and explored the
feasibility and prognostic role of monitoring CAR-T cell using flow
cytometry. Data were acquired on MACSQuant Analyzer (Miltenyi).

Figure 1.

Results: At a median follow-up of 325 days (range 33-667), median
PFS was 302 days and median OS was not reached. No statistically sig-
nificant differences in PFS or OS were detected between Tisa-cel and
Axi-cel treated pts (PFS: median 192 vs 302 days; OS: median 582 days
vs not reached;Pns). The in-vivo expansion kinetics of Tisa-cel and Axi-
cel were also similar. We then examined whether CAR-T cell expansion
was associated with response and survival. Median time to peak expan-
sion (Tmax) was 10 days for both products with no significant differences
neither in the number of CAR+ cells/µl at day 10 (C10: median 30.5 for
Tisa-cel vs 23 for Axi-cel;Pns) nor in the concentration of CAR+ cells
at the Tmax (Cmax: median 52 CAR+ cell/µl for Tisa-cel vs 54 for Axi-
cel;Pns) nor in the magnitude of expansion up to 30 days (AUC0-30:
median 123 for Tisa-cel vs 113 for Axi-cel;Pns). When the median AUC0-
30(118.2) was used as a surrogate for CAR-T cell expansion and was set
as the cut-off to discriminate “expanders” (EX; n=25;50%) and “poor-
expanders“ (PEX; n=25;50%). Expanders had a significantly longer PFS
compared to PEX (PFS median: not reached in EX vs 93 days in
PEX;P<0.05)(A). Of note, 14 (56%) pts with AUC0-30<118.2 relapsed
by day 90, as compared to 6 (24%) pts with AUC0-30≥118.2. Moreover,
EX exhibited significantly higher response rates than PEX (OR4.030;
CI95% 1.201-13.53; P<0.056) whereas no significant correlation
between grade≥2 CRS and expansion was observed (OR2.471;95%CI
0.6339-9.629;Pns). Additionally pts in CR and PR (responders, RE;
n=30; 60%) by PET/CT by day 90, had significantly higher C10, Tmax
and AUC0-30 when compared to non-responders (PD and SD, NR; n=20;
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40%) (C10: median 43.7 in RE vs 13.7 in NR; P<0.05; Cmax: median 78.6
in RE vs 25.3 in NR; P<0.05; AUC0-30: median 161.9 in RE vs 61.1 in
NR; P<0.01)(B).

Conclusion: To the best of our knowledge, this is the first study
demonstrating the clinical utility of CAR-T cell monitoring in lymphoma
pts receiving Tisa-cel and Axi-cel.
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Chimeric Antigen Receptor (CAR) Cytokine-Induced Killer cells
(CIKs)-cell therapy for acute myeloid leukemia (AML) may be limited
by dampened effector cells trafficking to the bone marrow (BM) niche,
where leukemia stem cells (LSCs) reside. The chemokine receptor 4
(CXCR4) and its ligand, CXC motif ligand 12 (CXCL12) regulate leuko-
cytes trafficking to the niche. In AML, CXCL12, secreted by mesenchy-
mal stromal cells (MSCs), binds CXCR4 overexpressed on blasts, pro-
moting their homing in the BM. CXCR4 expression on CIKs is drasti-
cally down-regulated during culture. Combining expression of
CD33.CAR and CXCR4 might therefore facilitate CAR-CIK homing to
the BM allowing more efficient targeting of LSCs in the leukemic niche.
Two bicistronic Sleeping Beauty transposon vectors were designed:
CXCR4(IRES)CD33.CAR and CD33.CAR(2A)CXCR4. The mono-
cistronic CD33.CAR was used as control. Migration in vitro toward
rhCXCL12 or MSC supernatants was tested using a transwell migration
assay. CAR-CIKs in vivo BM homing ability was evaluated in sub-lethal-
ly irradiated NSG mice. We noticed that both CD33.CAR(2A)CXCR4-
CIKs (n=22, P<0.0001) and CXCR4(IRES)CD33.CAR-CIKs (n=9,
P<0.0001) maintained CXCR4 overexpression during culture, whereas
in CD33.CAR-CIKs was drastically downregulated (n=22). Neverthe-
less, CD33.CAR expression was lower in CXCR4(IRES)CD33.CAR-
CIKs (n=8, P<0.0001) compared to CD33.CAR-CIKs, while
CD33.CAR(2A)CXCR4-CIKs (n=11) exhibited a significant co-expres-
sion of both proteins against control (P=0.001). Therefore,
CD33.CAR(2A)CXCR4 construct was chosen to proceed with further
investigations. Noticeably, CD33.CAR-CXCR4-CIKs maintained all
CAR-related in vitro effector functions, eliminating CD33+ KG1 and
MOLM14 target cell lines, releasing cytokines (IL-2 and IFN-γ) and pro-
liferating in an antigen-specific fashion. Furthermore, CD33.CAR-
CXCR4–CIKs displayed improved migratory response toward rhCX-
CL12 as compared to CD33.CAR-CIKs (n = 10, P < 0.0001). Moreover,
to mimic the conditions of the BM microenvironment, we employed
supernatant of MSCs derived from healthy donors (HD) (n = 6) or AML
patients at diagnosis (n = 10) as a chemotactic stimulus. CD33.CAR-
CXCR4-CIKs still demonstrated an increased chemotactic response com-
pared to control, which could be inhibited by CXCR4 antagonist Plerix-
afor. Notably, 7 days after infusion into sub-lethally irradiated NSG mice,
CD33.CAR-CXCR4-CIKs presented a significant increase in their ability
to enter the BM compartment when compared to CD33.CAR-CIKs. Con-
trarily, CD33.CAR-CXCR4-CIK frequency in peripheral blood and
spleen displayed only minimal differences compared to control. Overall
CD33.CAR(2A)CXCR4-CIKs display enhanced in vitro migration and
superior in vivo BM homing ability while maintaining CAR functional-
ities. This boosted migratory potential might facilitate an improved clear-
ing of CD33+ AML blasts and LSCs residing in the BM, which is being
explored in ongoing experiments. 
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Introduction: Bi-specific T-cell engagers (BiTE) are a class of bis-
pecific antibodies designed for cancer immunotherapy. Blinatumomab
is the first approved BiTE for the treatment of relapsed or refractory
(R/R) and minimal residual disease (MRD)-positive Philadelphia chro-
mosome-negative B-cell precursor acute lymphoblastic leukemia (ALL).
It brings killer T and target B cells into close proximity, thus activating
patients’ autologous T cells against malignant B cells. In spite of signif-
icant clinical results, the immunological mechanisms underlying blina-
tumomab activity are not fully elucidated. In particular, the modulation
of immune cell subtypes and the expression of stimulatory or inhibitory
molecules on T-cell subsets induced in vivo by blinatumomab still war-
rant further investigation and characterization. 

Objective: To study modifications in immune cell subsets before,
during and after blinatumomab treatment and to evaluate their association
with response. 

Methods: Twenty-nine patients with B-ALL (20 with MRD positivity
and 9 with R/R disease; 11 Ph+ and 18 Ph- ALL) received blinatumomab
according to clinical practice or expanded access programs. Multi-para-
metric flow-cytometry was used to provide extensive characterization
of lymphoid subsets such as B, T and NK cells from peripheral blood at
baseline, on day +14 during treatment and at the end of the cycle. 

Results: During treatment, an increase of cytotoxic NK cells and a
decrease of total Tregs and their subsets were observed. An increase of
immune check-point receptors - such as PD-1, CTLA-4, Gal-9, Lag-3
and Tim-3 - on T cells was observed, mostly restricted to the effector
memory CD8 subset. Interestingly, CD39 resulted significantly upregu-
lated on a subset of effector Tregs. With regard to blast cells, expression
of PD-L1 and Tim-3 was also increased during therapy. At baseline, only
Tregs, especially naïve Tregs expressing CD39, were negatively associ-
ated with a reduced response. During and after treatment, significant
associations with response were observed for: 1) non-cytotoxic NK cells,
which were reduced in responders; 2) PD-1-expressing effector CD4 T
cells and central memory CD8 T cells, which were increased in non-
responders; 3) Tim-3-expressing CD4 and CD8 T cells, which were
strongly associated with a reduced response. 

Conclusions: These results indicate that different subsets of NK and
T cells, including Tregs, are significantly modulated by blinatumomab
treatment. Analysis of the association with response may suggest that
the expression of PD-1 and, interestingly, of Tim-3 on effector CD8 T
cells may be relevant for the immunopharmacological effect of blinatu-
momab on the immune cell compartment, representing a potential on-
treatment resistance mechanism. To support and confirm these data, fur-
ther studies on a larger cohort of patients and a functional set of experi-
ments are warranted.
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Introduction: Although therapy with Tisagenlecleucel/Tisa-cel and
axicabtageneciloleucel/Axi-cel is becoming widely used as standard-of-
care for lymphoma patients, key determinants of response are not well
characterized. A number of studies have indicated that clinical features
such as poor PS, high systemic inflammatory state, high tumor burden
and LDH represent markers associated with lower efficacy. However,
response and survival do not appear to be influenced by patients char-
acteristics in other reports and the role of CAR-T bag content has never
been investigated in a real life situation. Aim of the study was to evaluate
whether the phenotype of the CAR-T contained in the infusion bags
could influence in vivo CAR-T cell expansion and thus response and
patients survival.

Methods: We immunophenotyped residual cells after washing the
products bags obtained from 58 infused commercial CAR-Ts (26 Tisa-
cel and 32 Axi-cel). Cells were stained with the biotinylated CD19-CAR
detection reagent (Miltenyi), CD45, 7-AAD, CD3, CD4, CD8, CD45RO,
CD62L and CCR7. Cell acquisition was performed on a MACSQuant®
Analyzer MQ10 (Miltenyi) and a BD FACSCanto II (BD Biosciences)
and data analyzed using the MACSQuantify Software and FlowJo soft-
ware. Circulating CAR-T cell expansion was longitudinally monitored
in 53 treated patients.

Figure 1.

Results: In left-over bags, median CAR+ cells were 58.6% (range
93%-5.8%) of CD3+ cells. The median percentage of CAR+/CD4+ was
63.36% (range 89.91%-26.13%) and of CAR+/CD8+ was 33.32% (range
68.21%-8.47%). When comparing the two different products, in Tisa-
cel bags (n=26) we detected a lower fraction of CAR+ (Figure 1A) and
of CAR+/CD8+ (Figure 1B) cells as compared to Axi-cel bags (n=32)
(median CAR+ cells: 25.37% vs 72.87%, P<0.0001; median
CAR+/CD8+ cells: 25.06% vs 40.85%, P<0.005). We then assessed the
impact of CAR-T bag phenotypic features on CAR T cell expansion in
the patient peripheral blood. The magnitude of expansion was calculated
as the area under the curve (AUC0-30) over the first month after infusion
and the median AUC0-30 was used as the cutoff to segregate “expanders”
and “poor- expanders”. Expanders (27 pts; AUC0-30≥123) received infu-
sion products enriched in CAR+/CD8+ cells with a T Central Memory
(TCM) phenotype [CD45RO+CCR7+CD62L+] as compared to poor-
expanders (26 pts; AUC0-30<123) (median CAR+/CD8+ TCM: 13.4% vs

6.8%, P<0.05) (Figure 1C). Of note, the “expander” group was enriched
in patients achieving CR or PR (n=19 and n=2, respectively) at day 90
post-infusion (OR 4.030; CI 95% 1.201-13.53; P<0.05) and was char-
acterized by a significantly longer progression free survival as compared
to the “poor-expander” group (PFS: unreached in “expanders” vs 93
days in “poor-expanders”, P<0.05) (Figure 1D).

Conclusions: Collectively, our data indicate that the features of
CAR+ cells in the infusion bags are relevant for in vivo CAR-T cell
expansion that ultimately translates into a better lymphoma response
and longer survival.
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Introduction: Acute myeloid leukemia (AML) is a heterogeneous
disease where selected genetic subgroups of patients, linked by the pres-
ence of biological and clinical high-risk features, are candidates to
receive allogeneic hematopoietic stem cell transplantation (HSCT) as
post-remission consolidation treatment, however relapse still remains
the most common cause of treatment failure. In the last decade, multi-
parameter flow cytometry and PCR-based approaches to quantify mea-
surable residual disease (qPCR-MRD) have been largely used after
induction course, but its role before HSCT is still debated, especially in
the pediatric setting. Several studies identified the presence of qPCR-
MRD as a debated predictor of relapse due to a lack of standardized pro-
tocols developed in international networks, and to different cut-offs and
time-points.

Methods: To address this issue, we conducted the first I-BFM-AML
collaborative retrospective study to measure qPCR-MRD in bone mar-
row aspirates collected in five european laboratories within 4 weeks
prior to HSCT of 112 pediatric AML patients harboring one of the main
recurrent AML genetic markers t(8;21)(q22;q22)RUNX1-
RUNX1T1,inv(16)( p13.1q22)/t(16;16)(p13.1;q22)CBFB-MYH11,
t(9;11)(p22;q23)KMT2A-MLLT3 or FLT3-ITD.

Results: We calculated by ROC curve a cutoff of 2.1x10-4 that
revealed significant increased OS (83.7% vs 57.1%) and EFS (80.2%
versus 52.9%) for those patients whose qPCR-MRD was below the cut-
off (n=64). Moreover, children who had qPCR-MRD>2.1x10-4 had a
higher risk to relapse (CIR=26%) with respect to those with low qPCR-
MRD levels (CIR=10%, p=0.031). Analyzing the influence of qPCR-
MRD levels on outcome for each molecular marker, we found that
qPCR-MRD<2.1x10-4 significantly influenced OS and EFS in FLT3-
ITD patients (OS 100% vs 62.5%, p=0.019), and in t(8;21)RUNX1-
RUNX1T1-rearranged patients (OS 83.8% vs 49.7%, p=0.045), but for
the remaining genetic lesions, qPCR-MRD did not play a significant
role, even if the power of these analyses is limited by a reduced sample
size. Then, we combined two different thresholds, 2.1x10-4 and 1x10-2,
and we partitioned patients in 3 groups having low, intermediate, and
high residual disease: the 5-year OS (83.7%, 68.6% and 39.2% respec-
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tively) and relapse-free survival (89.2%, 73.9%, 67.9%) significantly
differed among the 3 groups independently of the genetic lesion, condi-
tioning regimen, donor and stem cell source. Finally, by multivariate
Cox regression analysis, we revealed that low/undetectable qPCR-MRD
levels had a favorable effect on outcome as independent prognostic factor
for both OS and EFS (p=0.0011).t

Conclusions: In conclusion, these data support the PCR-based
approach playing a clinical relevance in AML transplant management.

C70

TARGETING THE CD6-ALCAM T CELL COSTIMULATORY PATHWAY AFTER ALLOGENEIC
CELL TRANSPLANTATION FOR ACUTE GRAFT VERSUS HOST DISEASE (AGVHD) TREAT-
MENT USING ANTI-CD6 MONOCLONAL ANTIBODY ITOLIZUMAB

B. Rambaldi1,2, H.T. Kim3, Y. Arihara1,4, T. Asano1,5, C. Reynolds1,
M. Manter1, M. Halpern1, A. Weber1, J. Koreth1, C. Cutler1, 
M. Gooptu1, S. Nikiforow1, V.T. Ho1, J.H. Antin1, R. Romee1, 
J. Ampudia6, C. Ng6, S. Connelly6, R.J. Soiffer1, J. Ritz1

1Department of Medical Oncology, Dana-Farber Cancer Institute and
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Medical University; 5Department of Hematology and Oncology, Himeji
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CD6 is a co-stimulatory receptor expressed on T cells that binds acti-
vated leukocyte cell-adhesion molecule (ALCAM), a ligand expressed
on antigen presenting cells, epithelial and endothelial tissues. The CD6-
ALCAM pathway plays an integral role in modulating T cell activation,
proliferation and trafficking. The aim of this study was to characterize
expression of CD6 and ALCAM early after hematopoietic cell trans-
plantation (HCT) and to examine the effects of Itolizumab on T cell
responses during aGVHD. We analyzed immune reconstitution in 95
adult patients who underwent allogeneic HCT at the Dana-Farber Cancer
Institute between September 2018 and January 2020. Blood samples
were obtained at 1, 2, 3 and 6 months after transplant for analysis of
CD6 and ALCAM expression, using multicolor flow cytometry panels. 

Peripheral blood samples from 9 healthy donors (HD) were used as
controls. Median follow-up among survivors was 12 months (range, 4-
20). Acute GVHD occurred in 42 patients (44.2%) at a median of 50
days after transplant (range 20-294 days). aGVHD grade severity was
38.1%, 40.5%, 7.1% and 14.3% of grade I, II, III and IV, respectively.
Four patients (11.8%) developed steroid refractory acute GVHD. Sup-
pressive activity of itolizumab was tested in vitro using peripheral blood
mononuclear cells (PBMC) obtained from HD and patients before
(preGVHD) and after (postGVHD) aGvHD onset. To test if Itolizumab
activity was dependent to the presence of the CD6 cognate ligand,
ALCAM, HD isolated CD3+ T cells were stimulated with antiCD3 anti-
body with or without ALCAM-Fc for 96 hours. CD6 T cells reconstituted
early after transplant with CD4Treg expressing lower levels of CD6 com-
pared to CD4Tcon and CD8 T cells (Figure  1A). After onset of aGVHD,
CD6 expression was further reduced in CD4Treg and CD8 T cells com-
pared to healthy donors, while no difference was observed for CD4Tcon
(Figure  1B). ALCAM expression was highest in plasmacytoid dendritic
cells (pDC), lowest in myeloid dendritic cells (mDC) and intermediate
in monocytes (Figure  1C) and was generally increased after GVHD
onset (Fig 1D). Itolizumab inhibited CD4 and CD8 T cell proliferation,
activation and maturation in preGVHD samples, but inhibition was less
prominent in samples collected after GVHD onset, especially for CD8 T
cells (Figure 1E). Itolizumab does not induce complement dependent
cytotoxicity, antibody dependent cytotoxicity or antibody direct cellular
cytotoxicity (data not shown). Itolizumab efficiently inhibited T cell pro-
liferation in the presence of ALCAM-FC and antiCD3 antibody, while
no effect was observed in the presence of antiCD3 antibody alone, sug-
gesting that Itolizumab activity is dependent on the presence of ALCAM
in the system (Figure 1F). In conclusion, our results identify the CD6-
ALCAM pathway as a potential target for aGVHD control and a phase
I/II study using itolizumab as first line treatment in combination with

steroids for patients with acute GVHD is currently ongoing
(NCT03763318).

Figure 1. CD6 and ALCAM expression after HCT and Itolizumab in vitro activ-
ity. A) percentage of CD6+ cells and CD6 median fluorescence intensity
(MFI) in regulatory T (Treg, defined as CD3+CD4+CD25+CD127-) cells, con-
ventional T (Tcon, defined as non-Treg CD3+CD4+) cells, and CD8+ T cells
from HD, n=9 and from patients after hematopoietic cell transplantation
(HCT) at 1 month (n=67), 2 months (n=76), 3 month (n=78) and 6 months
(n=35); B) comparison of CD6 MFI regarding GVHD onset on Treg, Tcon and
CD8+ T cells; HD n=9, preGVHD n=30, postGVHD n=20, noGVHD 1-month
(1m) n=38, 2-months (2m) n=40, 3-months (3m) n=43 and 6-months (6m)
n=21; C) Percentage of ALCAM positive cells and ALCAM MFI on CD14+
monocytes (grey boxes), myeloid DC (mDC, lineage-HLA-DR+CD11c+CD123-
, light-blue boxes) and plasmacytoid DC (pDC, lineage-HLA-DR+CD11c-
CD123+, green boxes) in HD and in patients at 1, 2, 3 and 6 months after
HCT; D) comparison of ALCAM MFI regarding GVHD onset on CD14+ mono-
cytes, mDC and pDC. E) Itolizumab activity on CD4 and CD8 positive T cells
after 72 hours stimulation with antiCD3/CD2/CD28 coated beads on T cell
proliferation, CD25 expression as a marker of T cell activation and CD45RO
expression as a marker of T cell maturation. HD, n=9; preGVHD, n=7; post-
GVHD, n=8. Iso Ab: Isotype antibody (Cetuximab); F) Itolizumab activity on
CD4+ and CD8+ T cell proliferation after stimulation with plate-bound
antiCD3 (5 μg/ml) with or without ALCAM-Fc (10 μg/ml) of isolated CD3+
T cell; HD, n=10. Box and whiskers show median and range. Non-parametric
paired (Wilcoxon matched-pairs signed rank) test were used for statistical
analysis. *p<0.05; **p<0.01; ***p<0.001.
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ANTIBODIES KINETIC AND CELL-MEDIATED RESPONSE AFTER COMIRNATY ANTI SARS-
COV2 VACCINE IN RECIPIENTS OF HEMATOPOIETIC STEM CELLS ALLOGENEIC TRANS-
PLANTATION
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R. Peressutti3, C. Tascini4, R. Fanin1
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Friuli Venezia-Giulia; 4Clinica di Malattie Infettive, Università di
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Introduction: Patients undergoing allogeneic stem cell transplanta-
tion (allo-SCT) are likely to have reduced responses to vaccines due to
immunosuppressive status linked to GVHD prophylaxis and treatment.
The objective of our study was to compare humoral responses to SARS-
Cov-2 vaccine according to patients and transplant features, and to eval-
uate cellular responses in patients without anti-spike antibodies.

Methods: We tested anti-spike protein antibodies in 74 patients 30
and 90 days after the second dose of Comirnaty anti SARS-Cov2 vaccine.
All patients had received an allo-SCT at least 3 months before the first
dose. Anti-spike protein antibodies were detected through an immune-
enzymatic assay with a positivity cut-off of 0,79 U/ml. We evaluated a
possible association between anti-spike protein positivity and the fol-
lowing patient and transplant characteristics: patient age, hematological
disease, GVHD prophylaxis, allo-SCT timing, GVHD occurrence, ongo-
ing immusuppressive treatment. Moreover, in a group of patients with
an anti-spike titer below the cut-off we evaluated cell-mediated responses
through the Quantiferon method based on interferon gamma released by
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patients’ T-lymphocytes exposed to the SARS-CoV2 virus spike pro-
tein.

Results: 49 of 74 patients (66%) had a positive antibody titer 30
days after the vaccine and this percentage increase to 81% (50 of the
evaluable 62 patients) after 90 days. We found a significant association
between antispike antibodies positivity and longer interval between allo-
SCT and first vaccine dose: in fact, a positive humoral response was
detected in 38/51 patients (75%) at 30 days and in 37/40 patients (93%)
at 90 days, if the interval between allo-SCT and first dose was longer
than 12 months (Late Group), in comparison with 11 positive patients
(48%) at 30 days, and 13 positive (59%) at 90 days in case of allo-SCT-
vaccine interval shorter than 12 months (Early Group) (p=0.047 and
p=0.0043, respectively). Moreover, antibody titer median value was sig-
nificantly higher in Late Group in comparison with Early Group : 1149,3
U/ml vs 185,4 U/ml at 30 days, and 1236,9 U/ml vs 212,4 U/ml at 90 (p
<0,05). Moreover, patients with ongoing immunosuppressive treatment
at the time of vaccine had a significant lower rate of antispike positivity
in comparison with patients with calcineurin inhibitors withdrawal
(p=0.008 at 30 days and p=0.001 at 90 days). There was no association
between humoral response and patient age, hematological disease,
GVHD prophylaxis and GVHD occurrence. 19 patients with negative
anti-Spike antibodies were tested for cell-mediated response and 12
(63%), all belonging to the Early Group, showed negative results.

Conclusions: Our study suggested that an interval shorter than 12
months between allo-SCT and first vaccine dose and/or ongoing
immunosuppressive treatment were associated with deficiency of
humoral and cellular response and indicated the need of a booster vaccine
dose.
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MICRO-RNA CARGO IN SERUM EXTRACELLULAR VESICLES AND ACUTE GRAFT VERSUS
HOST DISEASE AFTER ALLOGENEIC STEM CELL TRANSPLANTATION
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5Department of Medical Sciences, Molecular Biotechnology Center,
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NYU Grossman School of Medicine, Perlmutter Cancer Center, NYU
Langone Health

Introduction: Acute graft-versus-host disease (aGvHD) remains a
major clinical challenge after allografting (allo-SCT) and biomarkers
that may reliably predict its onset have not yet been identified. We recent-
ly investigated the potential role of serum and plasma extracellular vesi-
cles (EVs) as “non-invasive” biomarkers of aGVHD (Lia G. et al.
Leukemia 2018; Lia G. Hematologica 2020). In this study we character-
ized the microRNAs (miRNAs) cargo shuttled by serum EVs and their
correlation with the risk of developing aGVHD in patients undergoing
allo-SCT.

Methods: Serum samples were prospectively collected at given time-
points (pre-transplant, on day (median) 0, 3, 7, 14, 21, 28, 35, 45, 54,
and 60, on months 2, 3, 4, 5, and 6 after transplant) from 85 consecutive
patients. EVs were extracted by a precipitation method and characterized
by the guidelines of the Minimal information for studies of extracellular
vesicles 2018. Total RNA content was extracted from EVs (miRNeasy
Mini Kit, Qiagen), reverse transcribed to cDNA (miScript II RT Kit,
Qiagen) and six miRNAs (miR100, miR194, miR155, miR146, miR29
and miR153) were quantified by qRT‐PCR (miScript SYBR Green PCR
Kit, Qiagen). Global mean normalization (including quantification of
miR92b and RNU6b) was used to normalize RT-qPCR data. Associations
between miRNAs expression level (both absolute [abs] and change from
basal level [delta]) and aGVHD onset was evaluated by logistic regres-
sion models for each marker. All statistical analyses were performed

using STATA 15 (Stata Corp LP) and SPSS Statistics 25 (IBM SPSS
Statistics).

Results: Cumulative incidence of grade II-IV aGVHD at 3 months
was 53% (95% confidence interval: 43.23–65.39%) (45/85 patients) with
a median day of onset of 35. Logistic regression model showed that
lower level of miR146 was correlated with an increase of aGVHD risk
[abs odd ratio (OR)=0.457 p=0.045 Figure 1A]. In addition, lower level
of miR146 was also correlated with moderate aGVHD (grade2) [abs
OR=0.308 p=0.015 and delta OR=0.519 p=0.05, respectively Figure
1B], while increased level of miR100 and miR155 were correlated with
severe aGVHD (grade 3-4) [abs OR=29.22 p=0.007 and OR=2.44
p=0.016 Figure 1C-D].

Conclusions: This study confirms our previous findings that miR100
and miR155 EVs content and the risk of aGVHD are significantly asso-
ciated. Moreover, this prospective study also showed the significant cor-
relation with miR146. Interestingly, miRNA100 was reported to regulate
inflammatory neovascularization during GvHD, while miR146 and
miR155 are both involved in the adaptive and the innate immune sys-
tems. In GVHD murine studies, miR-146a was correlated with the sever-
ity of aGVHD whereas the downregulation of miR-155 expression
reduced its severity. Correlation of miRNA and EVs membrane proteins
by Flow cytometry is currently ongoing.+

Figure 1. 
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POSTERS

Techniques in the Diagnosis and Follow-up of
Hematologic Malignancies
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THE MRD IN ACUTE MYELOID LEUKEMIA: FLOW CYTOMETRY OR MOLECULAR 
BIOLOGY?

S. Galimberti1, V. Biso1, F. Guerrini1, V. Guerri1, P. Samurri1, 
M.R. Metelli1, F. Caracciolo1, G. Consani1, E. Orciuolo1, 
M. Pelosini1, L. Macchia1, E. Capochiani2, A. Stefanelli2, 
I. Bertaggia2, F. Simonetti2, E. Benedetti1
1UO Ematologia AOUP - Dipartimento di Medicina Clinica e Speir-
mentale, Università di Pisa; 2UO Ematologia ATNO, Italy

Introduction: Thanks to the sensitive and accurate available molec-
ular techniques, the minimal/measurable residual disease (MRD) is today
a reality that might lead the therapeutic project also in acute myeloid
leukemia (AML). According to the ELN guidelines, the multiparametric
flow cytometry might be used when at diagnosis LAIP is identified; on
the other hand, the PCR for recurrent translocations and NPM1 mutations
are predictive molecular tests. In absence of these markers, WT1 expres-
sion, sometimes in combination with FLT3, might be allowed. In this
study we compared flow cytometry (FC) and molecular biology (PCR
for NPM1, WT1 expression, FLT3-ITD) for MRD monitoring in a series
of 196 AML patients, 21% at favorable, 43% at intermediate and 36% at
poor ELN risk.

Methods: CF analyzed at least 100,000 events for identifying patient-
specific LAIP using a standardized immunophenotypic panel. PCR for
NPM1, WT1 expression and GeneScan PCR for FLT3-ITD mutations
were performed according to the national and international guidelines.
Patients received 3+7 therapy schedule or demethylating agents accord-
ing to age and patient’s fitness.

Results: At diagnosis, LAIP was identified in 30% of cases, that
means that in the majority of cases FC was not informative. On the other
hand, the NPM1 mutations have been identified in 45% of cases, FLT3-
ITD in 29%, while 83% of patients over-expressed WT1. In 14% of cases
FLT3 and NPM1 mutations co-occurred. At the end of consolidation, FC
identified as MRD+ 35% of samples, whereas 65% and 44% of patients
remained MRD+ when NPM1 or FLT3-ITD were used as disease marker.
Overall, the number of cases recognized as MRD-positive by using WT1
or NPM1 was 2.5 times higher than that occurred when FC was
employed. Considering as gold standard the NPM1 quantitative moni-
toring, the FC failed MRD identification in 50% of cases, FLT3-ITD in
33% and WT1 expression in 44% of cases. Moreover, when cohort of
relapsed patients was considered, there was a significant predictive power
for WT1 expression (that predicted relapse 1-3 months before) and the
time for becoming MRD-negative in NPM1/FLT3-mutated was longer
for patients who died versus those still alive.

Conclusions: This monocentric study showed that the molecular biol-
ogy was superior to FC in terms of MRD detection because its larger
applicability. In particular, the best predictive marker remained NPM1;
nevertheless also WT1 resulted predictive and the concept of “early
MRD-negativity achievement” seems to play a role in cases NPM1 and
FLT3 mutated. About the possibility of employing NGS for MRD assess-
ment, this technique is not sensitive enough, notwithstanding it might
help to identify a possible target for further treatment.
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HEMATOLOGICAL ANOMALIES AND BIOCHEMICAL PARAMETERS IN COVID-19 INFEC-
TION: THE EXPERIENCE OF THE TOR VERGATA UNIVERSITY HOSPITAL IN ROME
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Introduction: Coronavirus disease is a highly contagious disease
causing significant immune dysfunction and aberrant cytokine storms
contributing to severity and mortality of the disease. Although pulmonary
manifestations were identified as the main symptoms, several hemato-
logical abnormalities and changes in the main inflammatory parameters
were also detected. In order to contribute to the knowledge of the
immunopathology of COVID-19 viral infection, we conducted, in both
survivors and not survivors, an observational study aimed to evaluate
the levels of inflammatory indices and identifying the morphological
alterations of the blood cells involved in the immune response.

Methods: This observational study included 187 COVID-19 patients
classified, according to outcome, in survivors (S) /non-survivors (NS)
that were admitted in the Hospital Tor Vergata between October 1, 2020
to April 1, 2021. Our data included symptoms, comorbidities, severity
and inflammatory biochemical laboratory parameters. Blood cells were
analyzed by using SP 50 SYSMEX, that allows the stain and measure
the positional separation of hematological cells. By using this instrument,
it was also possible to obtain the extended inflammation parameters
(“flags”) such as immature granulocytes (IG, activated neutrophil) and
reactive lymphocytes. In addition, a microscopic analysis of the mor-
phological characteristics of blood cells was performed on blood smears.

Results: In NS, compared to S, the values of inflammatory serum
markers reactive protein C (CRP) (p<0,01), interleukine 6 (IL-6)
(p<0,001) and Adrenomedullin (ADM) (p<0,003) increased significantly
and it was also observed an evident alteration into distribution of the dif-
ferent cell lines in terms of immunophenotype and positional scatter-
grams. In particular, the hematological and morphological examination
of blood film from NS patients, compared to S patients, demonstrated:
i) a marked neutrophilia and increase of neutrophils to lymphocytes ratio
(NLR), that are an expression of the cytokine storm and linked to hyper-
inflammatory state; ii) an increase of immature granulocytes “IG”
(expression of a dysregulated myelopoiesis); iii) an increase in the CD4
/ CD8 lymphocyte ratio and a significant decrease of monocytes to lym-
phocytes ratio (LMR). Furthermore, in neutrophils from NS, it was
observed the presence of particular pathological morphological alter-
ations such as: dysmorphic nucleus, evident azurophil granulations and
cytoplasmatic vacuoles.

Conclusions: From our data appears that in COVID-19, the measure
of classical hemato-biochemical markers implemented by an accurate
evaluation of microscopic blood smear and by the analysis of scatter-
gram, support the clinician for the prognosis and it suggests a new bio-
logical field for a possible pharmacological intervention.
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Myeloproliferative Disorders
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AUTOANTIBODIES AGAINST TYPE I IFNS IN PATIENTS WITH PH-NEGATIVE MYELOPROLIF-
ERATIVE NEOPLASMS
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Background and Aim: It has been demonstrated that autoimmune
diseases and classic Ph-negative myeloproliferative neoplasms (MPN)
can co-occur, suggesting a common background of immune dysregula-
tion. SARS-CoV-2 infection displays extreme inter-individual clinical
variability, ranging from silent infection to lethal disease. At least 10%
of patients with life-threatening coronavirus disease 2019 (COVID-19)
have neutralizing autoantibodies (AAbs) against type I IFNs (IFN-I).
Here, we searched for AAbs against IFN-I in a cohort of MPN patients
to evaluate the prevalence of these AAbs in the MPN population and to
check for clinical correlations, including severity of COVID-19.

Methods: Plasma samples from consecutively referred MPN patients
were prospectively collected between November 2020 and June 2021
and frozen at -30°C immediately after collection. Levels of AAbs against
IFN-I subtypes were measured using both an ELISA and a neutralization
assay.

Results: We included a total of 219 MPN patients. Neutralizing AAbs
to IFN-I were detected in 29 patients (13.2%, 95%CI: 9.1% - 18.5%).
Comparing patients with and without AAbs we observed a significant
difference in terms of distribution of MPN diagnosis (P = 0.029) and
driver mutations (P = 0.019). Overall, 29 patients (13%) got SARS-CoV-
2 infection and 8 of them (28%) required hospitalization due to severe
COVID-19. AAbs against IFN-I were detected in 4 of the 29 infected
patients. A higher rate of hospitalization for severe COVID-19 was
observed in patients with AAbs (2 of 4 patients, 50%) compared to those
without (6 of 25 patients, 24%) (P = 0.300).

Conclusions: In this study, we detected a prevalence of AAbs against
IFN-I which is much higher in our MPN cohort (13%) than in the general
population (2-3%). We also found a correlation between the presence of
AAbs and both the hematological diagnosis and the driver mutation.
Despite a comparable prevalence of SARS-CoV-2 infection between
MPN patients with or without AAbs, we observed a different rate of hos-
pitalization due to severe COVID-19 which is almost twice in those with
AAbs compared to those without these AAbs. However, this difference
did not reach a statistical significance, probably because of the low num-
ber of SARS-CoV-2 infection in the subgroup of patients with AAbs.
Thus, further studies to analyse the prevalence of AAbs against IFN-I in
patients with MPN, their association with other forms of auto-immunity
and severe COVID-19 are warranted.
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INHIBITION OF ERK1/2 REDUCES OPN PRODUCTION AND BONE MARROW FIBROSIS
DEVELOPMENT IN A MYELOFIBROSIS MOUSE MODEL
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Introduction: Myelofibrosis (MF) is a Philadelphia-negative myelo-
proliferative neoplasm characterized by the abnormal release of profi-
brotic and proinflammatory mediators by neoplastic cells that fosters
the development of bone marrow (BM) fibrosis. None of the genomic
lesions described in patients account for all the features of MF patho-
genesis, especially the BM fibrosis can be late and only partially reca-
pitulated in MPN mouse models such as JAK2V617F-knockin mice. In
addition, currently available treatments do not reverse BM fibrosis in
patients. Therefore, elucidating the mechanisms that lead to fibrosis
development is essential for the identification of novel druggable targets
that might improve current therapies. Recently, we unveiled that the
overproduction of osteopontin (OPN) by malignant hematopoietic cells
contributes to the development of BM fibrosis in MF patients. Notably,
MF patients display increased plasmatic concentration of OPN, and high-
er OPN plasma levels correlate with a more severe grade of BM fibrosis
and a shorter overall survival. Here, we aim to assess whether OPN is a
druggable target to dampen the development of BM fibrosis.

Methods: The activity of inhibitors of signaling pathways affecting
the expression of OPN (e.g. NF-kB,ERK1/2, MEK1/2 inhibitors) was
evaluated in vitro in human primary monocytes, given their key role in
OPN secretion. The effects on cell viability were assessed by XTT assay
at 72 hours of treatment, while OPN expression and production were
evaluated by qRT-PCR and ELISA, respectively, at 72 and 96 hours of
treatment. Inhibitors of OPN production selected from the in vitro screen-
ing were assessed in vivo for their effect on OPN plasma levels, together
with the development of thrombocytosis, splenomegaly and BM and
spleen fibrosis, in a MF mouse model induced by the treatment with a
thrombopoietin (TPO) mimetic.

Results: The in vitro screening allowed us to identify drug inhibitors
of ERK1/2 (Ulixertinib), MEK1/2 (Cobimetinib), p38 (VX-745) and a
Ca2+ channel antagonist (Verapamil) that can remarkably reduce OPN
expression and production with negligible effects on cell viability. Next,
we evaluated their effect in TPO mimetic treated mice, a MF mouse
model that was selected since it develops BM and spleen fibrosis in a
short time frame compared with other available disease models. We
found that MEK1/2 or ERK1/2 inhibitors did not significantly affect the
development of thrombocytosis and splenomegaly, while the treatment
with the ERK1/2 inhibitor Ulixertinib was able to constrain the increase
of OPN plasma levels and strongly reduced the development of BM and
spleen fibrosis in TPO mimetic treated mice.

Conclusions: Our data demonstrate that the ERK1/2 inhibitor Ulix-
ertinib can counteract the overproduction of OPN and the development
of BM fibrosis in MF mouse model and pave the way for its clinical
application as an innovative therapy in combination with JAK inhibitors.

P05

THE DIFFERENT RESPONSE TO OXIDATIVE DAMAGE BETWEEN JAK2 AND CALR-MUTAT-
ED PATIENTS CORRELATES WITH CLINICAL OUTCOME IN MYELOFIBROSIS
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liferative Neoplasms (CRIMM), University of Florence, Careggi Uni-
versity Hospital; 4Center for Genome Research, University of Modena
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Introduction: Myelofibrosis (MF) is the Philadelphia-negative
myeloproliferative neoplasm characterized by the worst prognosis and
no response to conventional therapy. Driver mutations in JAK2 and
CALR impact on JAK-STAT pathway activation but also on the produc-
tion of reactive oxygen species (ROS). ROS play a pivotal role in inflam-
mation-induced oxidative damage to cellular components including
DNA, therefore leading to genomic instability and promoting cell trans-
formation. In order to unveil the role of driver mutations in oxidative
stress, we assessed oxidative stress levels in CD34+ cells and plasma
samples from myelofibrosis patients.

Methods: As a first, we have measured the levels of ROS, 8-OHdG
and SOD in CD34+ cells from 20 JAK2 and 14 CALR myelofibrosis
(MF) patients compared with 17 healthy donors (HD). In particular, the
redox-sensitive CM-H2DCFDA was used to measure the intracellular
ROS. SOD activity was measured by means of colorimetric assay. More-
over, levels of 8-OHdG were detected by enzyme-linked immunosorbent
assay (ELISA). Subsequently, we evaluated whether this different oxida-
tive status is also detectable in 100 plasma samples of MF patients, as
the level of total antioxidant capacity (TAC), an analyte frequently used
to assess the antioxidant status of biological samples. Finally, we evalu-
ated the association between TAC plasma levels and overall survival
(OS).

Results: Our results demonstrated that ROS production in CD34+
cells from CALR mutated patients is strongly increased when compared
with those from JAK2 mutated patients, leading to increased oxidative
DNA damage. Moreover, CALR-mutant cells show less activity of the
antioxidant enzyme superoxide dismutase (SOD) than JAK2 mutated
ones. Strikingly, we observed that high plasma levels of total antioxidant
capacity (TAC) correlate with detrimental clinical features, such as high
levels of lactate dehydrogenase (LDH) and circulating CD34+ cells. The
increase of TAC levels observed in plasma of JAK2-mutant patients are
also associated with a poor overall-survival. This suggests the idea that
high levels of TAC counteract a dramatic increase in oxidative stress,
leading to the progression of the disease.

Conclusion: In summary, our results demonstrated that CALR muta-
tion has a higher impact than JAK2 mutation on the oxidative stress
status in CD34+ MF cells. Taken together, our data suggest that different
capability to respond to oxidative stress could be one of the mechanisms
underlying disease progression of myelofibrosis.

P06

PERIPHERAL BLOOD CYTOTOXIC T CELLS FROM MYELOFIBROSIS PATIENTS SHOW 
EARLY EXHAUSTED FEATURES
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Introduction: Primary myelofibrosis (PMF) is a myeloproliferative
neoplasm (MPN) characterized by megakaryocyte hyperplasia, bone
marrow fibrosis and extramedullary haematopoiesis. Compelling evi-
dence are suggesting that persistent antigen stimulation in the tumour
microenvironment can differentiate T effector cells into terminally
exhausted T cells, a functional state characterized by decrease in prolif-
eration, cytotoxicity and cytokine production. Cutting-edge therapies are
focused on the reversion of exhausted state through immune checkpoint
inhibition to recover the immune response against the tumour. Despite
MPNs are myeloid neoplasms, T cells are showing dysfunctional features
too, thus we investigated T cell exhaustion in PMF to assess the possi-
bilities of immune checkpoint inhibition as a new effective therapy in
combination with those already in use.

Methods: We isolated peripheral blood mononuclear cells (PBMCs)
from 36 MF patients and 18 healthy donors (HD), characterized by flow
cytometry CD3+CD8+ T cells by assessing the expression profile of the
following inhibitory receptors: PD1, CD244, CD160, TIM3, LAG3,
CTLA4. Results were correlated with clinical features as Dynamic Inter-
national Prognostic Scoring System (DIPSS) classification,
splenomegaly, haemoglobin level and other negative prognostic factors.
For T cell activation assays we stimulated PBMCs overnight in the pres-
ence of coated anti-CD3, anti-CD28 and Brefeldin A, whilst cytokine
production was then assessed by intracellular flow cytometry staining.
Chi square and Mann Whitney test were used for statistical analysis.

Results: We reported increased expressions of PD1, CD244 and
CD160 on CD3+CD8+ T cells from MF patients together with the expan-
sion of PD1+CD244+, PD1+CD160+, PD1+CD57- cytotoxic T cell pop-
ulations. The PD1+CD57- population also showed increased expression
of all the inhibitory receptors assessed. Furthermore, we observed
reduced production of IFNɣ, TNFɑ and Granzyme B from CD3+CD8+
T cells of MF patients. Correlation of PD1 expression on cytotoxic T
cells with clinical features of the patients showed that higher levels of
PD1 correlates with splenomegaly, low haemoglobin levels, transfusion
dependency and more severe DIPSS classification. Furthermore, CD244
expression on cytotoxic T cells correlates with low haemoglobin levels,
and white blood cell count greater than 25*10^9/L while CD160 expres-
sion correlates with splenomegaly.

Conclusions: Our data evidenced in PMF patients the presence of
an impaired population of peripheral blood cytotoxic PD1+CD57- T cells
expressing multiple inhibitory receptors and with reduced cytokine pro-
duction after in vitro activation. Moreover, clinical correlations suggest
a more severe disease in patients with higher PD1, CD244 and CD160
expression on cytotoxic T cells. Taken together this data highlights an
early exhausted state likely implicated in immune escape which will be
investigated for immune checkpoint inhibition.

P07

IDH2 MUTATIONS IN MYELOFIBROSIS: IDENTIFICATION BY “DROP-OFF” DIGITAL
DROPLET PCR

S. Grassi*1, F. Guerrini*1, S. Balducci1, G. Della Nera1, F. Ricci1, 
C. Baratè2, S. Galimberti1

1Dipartimento di Medicina Clinica e Sperimentale, Sezione Ematolo-
gia, Università di Pisa; 2UO Ematologia, AOUP, Italy

Introduction: After availability of the isocitrate dehydrogenase 1 and
2 (IDH1 and IDH2) inhibitors, the screening of these mutations became
fundamental, especially in acute myeloid leukemia. Recently, these muta-
tions have been found also in 2-5% of the chronic myeloproliferative
neoplasias (MPNs), where they seem to accelerate the transition to
myelofibrosis (MF). Usually IDH1 and IDH2 mutations are assessed by
Sanger or deeper sequencing techniques, such as NGS; nevertheless, the
sensitivity of these techniques ranges from 15% to 1%. Newer molecular
assays with deeper sensitivity are today available, such as digital PCR
(dd-PCR). In this work we assessed by an innovative dd-PCR method
the prevalence of IDH2 mutations in a series of 27 patients with MF and
compared their occurrence with that already reported in literature.

Methods: The “drop-off” ddPCR FAM/HEX Assay (Biorad®, Milan,
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Italy) was adopted and best amplification conditions set (20 ng of DNA,
primers annealing temperature 56°C, balanced probes concentrations for
R140, excess of HEX for R172). The technique requires a single pair of
probes to detect and quantify in a single reaction different mutations at
a specific residue: the FAM-labeled probe binds a reference sequence
distant from the target but within the same amplicon, while the HEX
probe binds the wild-type sequence in the target site. Thus, wild-type
samples present signals from both FAM and HEX probes, while the
mutated ones display only the FAM signal.

Results: The newly set method reached a sensitivity of 1x10-3, really
higher than that of Sanger and NGS. Specificity was determined using
“GeneArt Strings DNA Fragments” (ThermoFisher, Waltham, Mas-
sachusetts, USA), linear dsDNA fragments representing the positive con-
trols for specific point mutations (R140W, R140L, R140Q, R140G and
R172W, R172G, R172S , R172M, R172K). By screening IDH2 mutations
in 27 patients affected by MF (primitive or post-ET) we identified 4/27
(15%) cases as IDH2-mutated, 3 in R140 and 1 in R172. Three patients
had co-mutation with JAK2V617F and were treated with Ruxolitinib,
while the other one was mutated in CALR gene and received hydrox-
yurea. The median OS of the entire series was 120 months, comparable
with our previous data; notwithstanding the small number of enrolled
cases, the IDH2-mutated patients more frequently showed disease-related
symptoms, but also lower LDH and higher hemoglobin levels.

Conclusions: the study showed that ddPCR is useful for identifying
patients carrying IDH2 mutations; indeed, this technique is simple to be
performed, with acceptable costs and reaching a satisfying sensitivity.
This method allowed to identify mutation of IDH2 in a higher number
of patients compared to the gold standard Methods: Further studies will
confirm the prognostic role of the IDH2 mutations in MF and will show
if enasidenib might represent a promising drug to be combined with JAK
inhibitors.

P08

LACTATE ORCHESTRATES TUMOR MICROENVIRONMENT REMODELING AND REWIRES
METABOLIC PROFILE IN MYELOFIBROSIS
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Introduction: Primary Myelofibrosis (PMF) is a myeloproliferative
neoplasm characterized by ineffective clonal hematopoiesis,
splenomegaly and bone marrow (BM) fibrosis. Since alteration of
hematopoiesis is constantly associated with profound modifications of
the bone marrow, we hypothesize that CD34+ cells from PMF can active-
ly produce lactate rewiring metabolism of immune cells and mesenchy-
mal stromal cells (MSCs) which could favor immune evasion and remod-
eling of BM niche.

Methods: Cell proliferation was assessed in vitro on primary MSCs
and HS-5 cell line. Protein expression was performed by western blot
and immunofluorescences assay. The NCBI GEO database was also used
to select transcriptome datasets to analyze gene expression in PMF
patients. Cytokine detections were performed by Multiplex immunobead
assay technology in vitro and in patient-derived sera. Results were con-
firmed in adult zebrafish PMF model.

Results: CD34+ cells from PMF patients significantly upregulated
the lactate transporters monocarboxylate transporters (MCT-1 and -4)
compared to healthy CD34+ cells. Consistently, lactate concentration
was higher in PMF sera compared to healthy controls. Since PMF
patients showed increased percentage of circulating immunosuppressive
cells such as granulocytic and monocytic MDSC and Treg, we incubated

healthy peripheral blood mononucleated cells (PBMNCs) with PMF sera
in presence or absence of an inhibitor of MCT1 (AZD3965), the trans-
porter which regulates lactate import. Incubation with PMF sera favored
expansion of Treg and M-MDSCs. The effect was reverted by the addi-
tion of AZD3965. In order to study the effect of lactate in BM remodel-
ing, we treated in vitro healthy MSCs with lactate (20 mM) for 24h.
Interestingly, lactate induced a modification of extracellular matrix orga-
nization as demonstrated by an increase of reticulin and collagen depo-
sition and increase of metalloproteases (MMP9, MMP2). Moreover, lac-
tate increased calcium deposit and soluble osteogenic molecular signals
(i.e. osteoprotegerin, osteonectin). These results also were obtained after
incubation with PMF sera and were reverted after AZD3965 treatment.
Since it has been demonstrated the role of cancer-associated fibroblast
(CAF) in cancer development through ECM remodeling, we next eval-
uated the expression of CAF markers in MSCs after lactate exposure. α-
SMA, FAP1 and TGFβ was found upregulated. The effect was reverted
by AZD3965. Finally, we further confirmed these results in a Zebrafish
animal model of PMF.

Conclusions: Inhibition of lactate metabolism may represent a strat-
egy to inhibit invasive and metastatic phenotype of cancer cells and con-
tribute to restore the anti-cancer immune response. Therefore, lactate
metabolism may represent a promising target to counteract inflammation,
osteosclerosis and fibrosis in PMF patients.

P09

IGFBP-6/SONIC HEDGEHOG/TLR4 SIGNALING AXIS DRIVES BONE MARROW FIBROTIC
TRANSFORMATION IN PRIMARY MYELOFIBROSIS
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Introduction: Primary myelofibrosis (PMF) is a Ph-negative chronic
myeloproliferative neoplasm characterized by bone marrow fibrosis
associated with bone marrow microenvironment alterations, mostly driv-
en by the activation of the cytokine receptor/JAK2 pathway. Understand-
ing the clear molecular cut underlying this pathology is now necessary
to improve the clinical outcome of patients. An increasing number of
studies point towards an important involvement of the mesenchymal
stem cells niche in the pathophysiology of PMF. The present study aims
to investigate the involvement of insulin-like growth factor-binding pro-
teins 6 (IGFBP-6)/sonic hedgehog /Toll-like receptor 4 axis in the
microenvironment alterations of primary myelofibrosis.

Methods: Cell proliferation, migration and clonogenicity assay were
performed in vitro on primary cells and human mesenchymal stem cell
lines. Protein expression was performed by western blot and immunoflu-
orescences assay. The NCBI Gene Expression Omnibus (GEO) database
was used to analyze genes expression in PMF transcriptome datasets.
Cytokines and IGFBP6 detection were performed by Multiplex
immunobead assay technology in vitro and in patient-derived sera.

Results: IGFBP6 was more expressed in CD34+ cells from PMF
patients, and its level was increased in PB serum. We hypothesized that
IGFBP6 release by tumor cells could modify the human mesenchymal
stem cells phenotype contributing to BM fibrosis. Healthy mesenchymal
stem cells treated with recombinant IGFBP6 showed a significant
increase of a-SMA, FAP1 and TGF-b protein expression, promoting a
Cancer-associated fibroblasts phenotype. Quantitative multiplex assay
showed that IGFPB6 induced a significant increase of osteogenic dif-
ferentiation and inflammations. Interestingly, we observed that IGFBP6
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shaped the microenvironment towards a pro-tumoral phenotype by acti-
vation of the sonic hedgehog (SHH) signaling pathway. Furthermore,
TLR4 signaling was also activated after IGFBP6 and SHH exposure and
reverted by cyclopamine exposure, an inhibitor of the SHH pathway,
confirming that SHH is involved in TLR4 activation and in microenvi-
ronment alterations orchestrated by IGFBP6.

Conclusions: Our results suggest that the IGFBP-6/SHH/TLR4 axis
is implicated in alterations of the primary myelofibrosis microenviron-
ment and that IGFBP-6 may play a central role in activating SHH path-
way during the development of the fibrotic process.

Chronic Myeloid Leukemia

P10

IN ADVANCED PHASE CML, THE SETD2 HISTONE METHYLTRANSFERASE SHOWS TUMOR
SUPPRESSOR FUNCTIONS AND IS RESPONSIBLE FOR BCR-ABL1-INDEPENDENT GENOM-
IC INSTABILITY
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Introduction: Genetic/genomic instability is a hallmark of CML.
SETD2, a histone methyltransferase that trimethylates histone H3 on
K36 (H3K36me3), has recently demonstrated a crucial role in preserving
genomic integrity by modulating DNA Mismatch Repair (MMR) and
Homologous Recombination (HR) repair. By Western blotting (WB), we
previously observed BCR-ABL1-independent SETD2 and H3K36me3
loss (resulting from aberrant SETD2 turnover) in 85% of blast crisis
(BC) CML patients but not in newly diagnosed chronic phase (CP)
patients who will achieve optimal responses.

Methods: SETD2-proficient (LAMA84) and -deficient (KCL22)
CML cell lines and primary patient samples (n=86) were studied. Protein
expression was assessed by Western blotting (WB). SETD2 transfection
was done by using the Lonza Nucleofector 2b. Briefly, 106 KCL22 cells
were suspended in 85 μl of cell line Nucleofector Solution V and 2 μg
of a SETD2 (GFP-tagged) construct were added. The cells were subject-
ed to nucleofection using the Lonza Amaxa Cell Line Nucleofector Kit
V according to manufacturer’s instructions. Reporter gene (GFP) expres-
sion was measured using flow cytometry 24 and 48 hours post transfec-
tion, and SETD2 expression and activation were confirmed by WB.
Clonogenic capacity was evaluated by clonogenic assays. Cell cycle dis-
tribution was evaluated on 5×105 cells, treated with 1 μg/μL propidium
iodide (PI) and RNase (both from Sigma) at 37°C for 30 min. PI uptake
was measured by mean of a FACScan flow cytometer and Diva software
was used to analyse results.

Results: To investigate whether SETD2/H3K36me3 loss impinges on
the activation and proficiency of HR, we used UV rays to induce DNA
damage in SETD2 siRNA-depleted LAMA 84 (SETD2-proficient) cells.
Compared to control cells, cells silenced for SETD2 displayed a marked
increase in γH2AX (a marker of DNA damage) and fewer RAD51 foci
(markers of ongoing HR). Assessment of MMR proficiency is ongoing.
To further confirm the role of SETD2 as a tumor suppressor implicated in
maintaining genomic stability in CML, we transfected KCL22 (SETD2-
deficient) cells with an ectopic SETD2 plasmid. Our results showed that
SETD2 forced expression induced more than 50% reduction in cell dou-
bling time, an accumulation of cells at G1/S checkpoint and a significant
reduction in clonogenic potential. Moreover, SETD2 overexpression was
able to restore DNA damage response, as demonstrated by WB and
immunofluorescence detection of H2AX phosphorylation, RAD51 (HR)
and MSH6 (MMR) observed after UV exposure.

Conclusions: Loss of SETD2/H3K36me3 is a novel, BCR-ABL1-
independent mechanism of genetic instability in BC CML. Loss of
SETD2/H3K36Me3 is associated with increased DNA damage and
impaired HR repair, while its overexpression restores cell proliferation
control and DNA damage repair. 

Supported by AIRC IG 2019 grant (23001) and Italian Ministry of
Health, “Bando Ricerca Finalizzata 2016”, project GR-2016-02364880.
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IGGK MULTIPLE MYELOMA AND CHRONIC MYELOID LEUKEMIA IN A SINGLE PATIENT: 
A CASE REPORT AND LITERATURE REVIEW

V. Carluccio, C. Buquicchio, G. De Santis, C.R. Germano, M. Leo,
G. Lerario, S. Mallano, R. Miccolis, T.M. Santeramo, D. Loconte, 
G. Tarantini

Ospedale Monsignor Dimiccoli, Italy

Introduction: Coexistence of MM and CML is rare, with only 25
reported cases: MM and CML were diagnosed simultaneously in 9 cas-
es,and sequentially in the remaining cases, with MM diagnosed first in
9 cases and CML first in 7 cases.

Methods:A 75-year-old woman presented to our hospital in April
2021 for leukocytosis and anemia.A complete blood count showed a
WBC count of 198×109/L (85% neutrophils), Hb 8.3 g/dL, MCV 92 fl,
platelet counts of 127×109/L. Blood chemistry showed total protein of
7.8 g/dL, albumin 3,1 g/dL, creatinine 0,89 mg/dl, calcium 9.2 mg/dL
and monoclonal gammopathy IgG K type of 2,12 g/dl. The FLC ratio
was 17.95, β2 microglobulin 4 mg/L , LDH 1857 U/l and urinary mon-
oclonal protein was 223,9 mg/24 h (K chain+ complete monoclonal com-
ponent). Radiological investigation revealed 13 cm spleen size and mul-
tiple osteolytic lesions in the axial skeleton,sternum and pelvis; PET-
TC showed a sacral hypodense lesion and increased uptake in the L4
vertebra (SUV 5).Bone marrow biopsy showed increased cellularity with
myeloid hyperplasia; IIC demonstrated CD138+ monoclonal kappa plas-
ma cells accounting for> 10% cellularity. RT-PCR revealed BCR/ABL
rearrangement (p210). Conventional cytogenetic analysis proved a
46,XX t(9;22) karyotype in 20 metaphases; FISH panel was character-
ized by 1q21/CKS1B in 85% of cells and monosomy 13 in 67%. Con-
sequently, the patient was diagnosed with stage II ISS MM and high-
risk Sokal CML . Considering the patient’s age and hyperleukocytosis,
she was first treated for CML: cytoreductive treatment was started with
hydroxyurea, than with Imatinib 400 mg/d.Therefore we started treat-
ment for MM with Bortezomib-Dexamethasone weekly and Zoledronic
acid monthly.Molecular response at 3 and 6 months was MR 2, while a
PR ( CM 0,9 g/dl) has been achieved after V cycle of BD.

Results: The occurrence of CML and MM together is very rare; a
possible explanation is that a pluripotent progenitor stem cell gives rise
to both MM and CML cells. Another theory is that the second disease
might be a therapy-related malignancy, as it occurs in patients who
received alkylating agents such as Melphalan or Cyclophosphamide for
MM; whereas there is no clear evidence that Lenalidomide is carcino-
genic.The role of Imatinib in promoting development of MM is debat-
able; it may be worthwhile to monitor serum electrophoresis and protein
levels during treatment.

Conclusions: We can conclude that simultaneous treatment with pro-
teasome inhibitors and tyrosine kinase inhibitors may be compatible;
since CYP3A4 is important for metabolism of both drugs, administration
of Bortezomib as weekly instead of twice weekly may help to reduce
adverse effects.Thalidomide was preferred over the Lenalidomide
because of increased risk of pancytopenia with concurrent use of Ima-
tinib and Lenalidomide.Bisphosphonates, supportive treatment in MM,
have also been shown to induce apoptosis in CML cells synergistically
with Imatinib through the inhibition of Ras pathway

Myelodysplastic Syndromes

P12

REVEALING TRANSCRIPTOME DEREGULATION IN HIGHER RISK MYELODYSPLASTIC 
SINDROMES BEARING MUTATION IN DNMT3A GENE
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Introduction: Myelodysplastic syndromes (MDS) are heterogeneous
disorders of the hematopoietic stem cell caused by genetic alterations,
deregulated gene expression, and epigenetic modifications of genes,
leading to inefficient hematopoiesis and a propensity to transform to
acute myeloid leukemia. Although, the hypomethylating agent 5-azaci-
tidine (AZA) is the gold standard therapy for higher-risk (HR)-MDS,
the overall response rate is below 50%. The identification of molecular
markers of AZA response is a challenge. We have recently reported that
DNMT3A mutations, accounting for 20% of our cohort of HR-MDS,
are associated to a trend of non-response to AZA treatment (p=0.051).
Moreover, we showed that all patient carriers of the hotspot DNMT3A-
R882 mutation (accounting for 50% of all DNMT3A mutations) were
resistant to AZA (p = 0.0126). In the pursuit to understand the role of
DNMT3A mutation in response to AZA treatment, we performed a tran-
scriptomic analysis, on a well-characterized cohort of HR-MDS patients,
at the time of diagnosis.

Methods: Our study cohort includes 12 patients with HR-MDS
selected according to mutational profile of the DNMT3A gene. In par-
ticular, 7 DNMT3A mut (hotspot R882 n=3, other codons n=4) patients
and 5 patients wild type (WT) for DNMT3A gene were studied, using 5
healthy donors (HD) as control. Differential gene expression was studied
using RNA-sequencing of bone marrow mononuclear cells (BM-MNC).
Only differentially expressed genes (DEGs) with a padj≤0.05 and
log2FC ≥I2I were considered.

Results: We first analyzed the expression profiling of BM-MNC
from HR-MDS patients bearing mutations in DNMT3A gene, compared
to HD. We identified a total of 392 DEGs, including 147 downregulated
and 245 upregulated genes. KEGG analysis showed the presence of 28
enriched pathways. Among upregulated genes, GSEA identified enriched
gene sets belonging to pathways of TNF, TGFβ, and WNT-β catenin sig-
naling. Interestingly, 3 out of top 25 upregulated DEGs are HOX genes,
known to be involved in leukemogenesis process. Moreover, to identify
an expression profile typical of DNMT3Amut MDS, we compared RNA-
seq data between patients DNMT3Amut versus DNMT3AWT samples.
This analysis greatly reduced the numbers of DEGs identified (n=28),
compared to the previous analysis. However, using the Venn diagram,
we identified 12 DEGs in common among DNMT3Amut vs
DNMT3AWT and DNMT3Amut MDS vs HD. Finally, given that all
R882mut patients were unresponsive to azacitidine, we focused our
attention on the expression profile of patients DNMT3Amut according
to their genic localization (R882 n= 3 vs others n=4). Of note, only 24
DEGs were deregulated in DNMT3A-R882 vs DNMT3AnonR882.

Conclusions: Despite the limited number of patients analyzed, we
identified a transcriptomic signature characteristic of DNMT3Amut
patients (codon R882), that may help to better understand their resistance
to AZA treatment. We are now validating these data on a larger MDS
patient cohort.
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INTEGRATED EPIGENOMIC AND METABOLIC REPROGRAMMING BY MACROH2A1 IN
MICROENVIRONMENT OF MYELODYSPLASTIC SYNDROMES (MDS)

C. Giallongo1, I. Dulcamare2, D. Tibullo3, D. Pieragostino4, 
M.C. Cufaro4, M.A. Amorini3, G. Lazzarino5, A. Romano2, 
G. Scandura2, A. Barbato2, E. La Spina2, D. Cambria2, T. Zuppelli2,
A. Duminuco2, F. Di Raimondo2, G.A. Palumbo1

1Department of Medical, Surgical Sciences and Advanced Technologies
“G. F. Ingrassia”; 2Section of Haematology, Department of General
Surgery and Medical-Surgical Specialties; 3Department of Biomedical
and Biotechnological Sciences; 4Department of Medical, Oral and
Biotechnological Sciences, University ‘’G. d’Annunzio’’ ; 5UniCamil-
lus—Saint Camillus International University of Health Sciences

Background: Mesenchymal stromal cells (MSCs) contribute to the
genesis of clonal hematopoietic dysfunction in MDS. Epigenetic regu-
lation is essential for establishing and preserving MSC self-renewal and
differentiation abilities. Therefore, epigenetic dysregulations may rep-
resent good candidates for potential drug treatments. Here, we investi-
gated the role of histone variant MacroH2A1 (mH2A1) in modulating
chromatin organization and metabolic phenotype of MSCs.

Methods: MSCs were collected from BM of MDS patients (n=15)
and matched healthy controls (n=8; HC).

Results: MDS-MSCs significantly upregulated mH2A1 mRNA com-
pared to HC-MSCs. In accordance with the aberrant inflammation
described in MDS microenvironment, MDS-MSCs showed higher levels
of the sum of NO2+ and NO3+ associated to increased GSH and
NADP+/NAPH. TLR4 also was upregulated and positively correlated
to mH2A1 expression. To better investigate the relationship between
mH2A1 and TLR4 in MDS-MSCs, we induced mH2A1 overexpression
in HS-5 cells (mH2A1-OE) by mH2A1-CT-MYC plasmid. Our data
showed that mH2A1-OE had higher expression of TLR4 and increased
NFkB nuclear translocation compared to cells transfected with empty
vector (CTL). Proteomic analysis confirmed upregulation of intracellular
serine protease inhibitors (SerpinB2, B8, B6) strongly induced during
inflammation and important for the maintenance of TLR4 activation.
Moreover, proteomic approach identified upregulation of several proteins
associated to hypermethylation of DNA and histones in mH2A1-OE. In
particular, S-adenosylhomocysteine hydrolase which regulates the con-
centration of S-adenosylhomocysteine (SAH), a strong inhibitor of
methyltransferase reactions and of the methyl donor S-adenosyl-methio-
nine (SAM), resulted overexpressed. HPLC analysis showed higher
SAM/SAH ratio associated to a significant reduction of SAH in mH2A1-
OE, confirming the increase of the methylation index. In addition, the
higher levels of CBX3, a suppressive epigenetic mark which recognizes
histone H3K9me3, contributes to the maintenance of the heterochro-
matin. The higher levels of H3K9me3 in mh2A1-OE were confirmed by
western blot analysis. Overexpression of mH2A1 in stromal cells also
induced metabolic reprogramming with the acquisition of a more gly-
colytic metabolism characterized by decreased levels of NAD+/NADH,
upregulation of LDHA and MCT4. As LDHA could translocate into the
nucleus, we evaluated if it used a noncanonical enzymatic activity in
mh2A1-OE. Data showed increased nuclear localization of LDHA pro-
ducing histone H3K79 hypermethylation. Finally, we treated ex-vivo
HC- and MDS-MSCs with azacytidine founding a significant reduction
both of mH2A1 and TLR4 associated to lower levels of nuclear NFKB
after treatment.

Conclusion: Our data provide a key role of mH2A1in driving the
crosstalk between epigenetic signaling, inflammation and cell
metabolism networks giving proof of concept for epigenetic therapy of
MSCs in MDS.

P14

A MULTICENTRIC PROSPECTIVE PILOT STUDY ON FERROPTOSIS BIOMARKERS IN 
LOW-RISK MYELODYSPLASTIC SYNDROME

C. D’avino1, A. Pantaleo1, I. Tsamesidis1,2, F. Pilo3, K. Reybier4, 
A. Manca1, M. Greco3, C. Fozza5

1Department of Biomedical Science, University of Sassari, Italy; 2Aris-
totle University of Thessaloniki, Greece; 3Hematology Unit and Trans-
plant Center. “A. Businco” Hospital, Cagliari, Italy; 4PharmaDev, Uni-
versité de Toulouse, France; 5Department of Medical, Surgical and
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Introduction: Iron is an essential metal in cell life, but when in excess
favors the production of reactive oxygen species (ROS) that are cytotoxic
and lead to ferroptosis. Ferroptosis is recently described as a process of
programmed cell death mediated by iron-dependent lipid peroxidation
of cell membranes. The systemic control of iron is profoundly changed
in anemias with acquired ineffective erythropoiesis like myelodysplastic
syndrome (MDS) where iron is over mobilized by dyserithropoiesis per
se and transfusion dependency. The only cellular system known to
counter the increase in ROS is the antioxidant system, which is less effi-
cient in MDS than in healthy controls. The main hypothesis is that cyto-
toxicity is not merely and directly caused by stored iron, but by an abnor-
mality in the balance at cellular level between ROS level and antioxidant
system that triggers the induction of oxidative stress, which leads to cel-
lular ferroptosis. Furthermore, the classic biochemical and diagnostic
markers of iron overload do not detect ferroptosis activity in MDS.

Patients, Material and Methods: This is a pilot prospective multi-
center study enrolling 29 low-risk IPSS MDS (LR-MDS) from Cagliari
and Sassari Hematology Unit. All patients collected sample at baseline
and after 12 months, 10 health samples have been used as control.
Patients are divided in 3 groups: 3 patients defined as LR-MDS without
transfusion-dependency (LR-MDS not TD), 8 patients as LR-MDS with
transfusion dependency but not under iron-chelation therapy (TD-MDS
not ICT) and finally 12 patients as LR-MDS with transfusion dependency
under iron-chelation therapy (TD-MDS on ICT). Median age was 69
years (range 45-87). They are testing for total antioxidant capacity (TAC),
Glutathione (GSH) , plasmatic ROS and the product of ferroptosis mal-
ondialdehyde (MDA). TAC is testing by colorimetric reaction, as well
as GSH. ROS by fluorescent probe, MDA by indirect reactions and col-
orimetric detection. Coumarin Boronic Acid Coumarin (CBA) and Dihy-
droethidium (DHE) by liquid chromatography/mass spectrometry. Sta-
tistical analysis of the variance of the parameters was performed with
software R.

Figure 1. 

Results: Twenty-nine LR-MDS patients have been tested in our insti-
tutions. Antioxidant systems (TAC and GSH) are increased at baseline
and after 12 months in all 3 groups compared to control, also in the first
group (LR-MDS not TD). Moreover, ROS and MDA are increased at
baseline and after 12 months in all 3 groups compared to control and
increase after one year in all groups. The hydrogen peroxide is not sig-
nificantly higher than the value obtained in the control group, instead
the superoxide anion is greater in all 3 groups compared with the healthy
control and reaches the highest values in the second group (TD-MDS
not ICT)

Conclusion:  Our pilot study confirms the abnormality in the balance
at cellular level between ROS levels and antioxidant systems. Antioxi-
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dant systems are increased also in the first group (LR-MDS not TD)
suggesting that dyseritropoyesis alone would trigger a protective mech-
anism against oxidative stress by increasing the production of antioxidant
molecules. The increased MDA value confirm that ferroptosis is present
in this population compared to healthy population. Furthermore, super-
oxide anion seems to be the main imputes for cellular damage and the
fact that is less present in LR-MDS patients under iron-chelation therapy,
confirm the protective role of iron chelation. The next step to better
understand the role of this bio-markers should be enlarge the study pop-
ulation and calculate multivariate statistical analysis respect to LR-MDS
subtype, ferritin, transferrin saturation and type and dosages of iron-
cheletors.
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INFLAMMAGING VERSUS INFLAMMATION OF MDS: IS AGING A PRE-MDS STATE?

E. Tofacchi1,2, M. Cassari1, S. De Pourcq1,2,  M.G. Raddi1,
A. Consagra1, A. Sanna1, V. Santini1

1Myelodisplastic syndrome laboratory, Department of Experimental
and Clinical Medicine, Florence University; 2Department of Medical
Biotechnologies, Università degli Studi di Siena, Italy

Aberrant innate immune activation and pro-inflammatory signaling
within the malignant clone and the bone marrow (BM) microenviron-
ment have been identified as possible key pathogenic drivers of
myelodysplastic syndromes (MDS). In particular, S100A9 mediated
NLRP3 inflammasome activation induces pyroptosis, that determines
many of the hallmark features of the disease. Pro-inflammatory cytokines
have long been suggested to play an important role in ineffective
hematopoiesis typical of myelodysplastic syndromes. Specifically, early
insights into aging processes and in parallel into the pathogenesis of
MDS highlighted elevations of inflammatory cytokines including tumor
necrosis factor-alpha (TNF-alfa) and IL-1 in MDS, which appeared to
contribute to bone marrow progenitor intra-marrow apoptosis. In this
scenario, we aimed to evaluate the inflammatory pattern at diagnosis
and its possible modulation during treatment, analyzing bone marrow
aspirates and sera obtained from two specific WHO subtypes of MDS:
ring sideroblast MDS (MDS-RS) and MDS with chromosome 5 deletion
(del5q) patients. We evaluated TGF-beta, TNF-alfa; TRAIL, IL-1beta;
IL-1alfa; IL-10; IL-6; IL-18; INF-gamma and S100A8/A9 serum levels
in 23 cases of MDS-RS, IPSS-R lower risk (2 very low, 19 low, 2 inter-
mediate cases) and 10 cases of Del5q- LR-MDS (1 very low, 6 low, 3
intermediate cases) by ELISA methods, with follow up at different time
points during therapy with erythropoietin, luspatercept and lenalidomide.
Among these, 5/33 cases progressed to higher risk MDS and cytokine
levels were measured also at progression. Pro inflammatory cytokines
signature evaluation will be completed with the same methods in serum
samples obtained from at least 10 age and sex matched healthy subjects.
The results obtained from the comparison of the two groups will possibly
identify as biomarker a specific cytokine signature typical of MDS, dif-
fering from the “physiological” inflammaging.
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LOW DOSE VENETOCLAX/CYTARABINE THERAPY IS EFFECTIVE AND SAFE IN
RELAPSED/REFRACTORY HIGH-RISK MYELODYSPLASTIC SYNDROME PATIENTS FAILED
PREVIOUS HYPOMETHYLATING AGENT’S TREATMENT

M.F. Ruda1,2, F. Pilo1, G. Caocci1,2, M. Pettinau1, C. Romani1, 
P. Garau1, G. La Nasa1,2

1Hematology Unit and Transplant Center. “A. Businco” Hospital,
Cagliari; 2Department of Medical Science and Public Health, Cagliari
University, Italy

Introduction: Hypomethylating agents (HMAs) have been consid-
ered standard of care for high risk myelodysplastic syndrome (MDS).
Despite their low toxicity and ability to induce prolongation of survival,
even in elderly patients, HMAs do not eradicate neoplastic clones so
that the effect is transient, with responses maintained for 6 to 24 months.

Survival of those patients with relapsed/refractory (R/R) disease is
extremely short and prognosis is exceptionally poor, with a median over-
all survival of 4–6 months. Options therapy after HMA failure are scarce
and supportive care or low-dose chemotherapy are the most common.
Venetoclax (an oral BCL2 inhibitor) has been employed with success in
combination with low-dose cytarabine or HMAs for patients with R/R
AML and for a small number of MDS. However, R/R MDS patients are
defined by usually profound and lasting cytopenia and more vulnerable
to drug toxicities. Furthermore, dose delays and reductions observed in
the phase I-II trials as well as the high rate of clinically relevant and pro-
longed neutropenia, it will be crucial to determine the optimal dosing
schedule of this combination allowing for maximum benefit without
undue toxicity in this vulnerable patient population.

Material and Methods: This is a single center retrospective study
involving 14 R/R HR-MDS patients failed HMA. All patients received
Venetoclax 50 mg/die for 28 day plus Citarabine 20 mg/m2 for 10 days
every month as “OFF LABEL” treatment, approved and refund by AIFA
5% process. Patients’ characteristics are described in table1. Median age
was 73 years, 12/14 were male, cytogenetic risk were: low 5/14, Inter-
mediate 4/14, high 3/14 and 2 patients were not detected. All patients
received a previous therapy with Azacitidine. All patients have an out-
patient management during therapy. All patients received antifungal pro-
phylaxis with posaconazole or fluconazole. Adverse events were graded
according to CTCAE v 4.03. Survival is estimated with Kaplan-Meyer
method.

Results: Fourteen R/R HR-MDS patients have been treated in our
institution in the last 2 years (from 2020 to 2021). The early 30-days
and 60-days mortalities were 7% and 28% respectively. Overall with a
median follow-up 24 months we reported 12/14 adverse events (AEs)
(almost all grade III-IV) but only 2/14 patients required hospitalization,
whereas 10/14 were solved after temporary Venetoclax discontinuation;
the most common AE were hematological (12/14) or infective (5/12).
No case of tumor lysis syndrome were detected. Delayed cycle has been
described in 50% of patients (median days delay: 38,5); CR rate was
observed in 14%, ORR (CR+Cri+HI) 71% patients. Median follow up
was 24 months and median OS was 8 months (95% C.I.= 3.1-12.7) 
(Figure 1).

Conclusion: R/R MDS patients have an extremely poor outcome
with limited therapeutic opportunities and they should always be con-
sidered for clinical experimental trials but often inaccessible in every
institution. With the limitation of a single center experience and restricted
population, our study shows that low dose Venetoclax/cytarabine is effec-
tive and safe in an outpatient management and show a prolonged sur-
vival. Expanding of study population is needed to confirm this data.

Figure 1. Overall Survival at 24 months.
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PRELIMINARY PROSPECTIVE MOLECULAR ANALYSIS OF PLCBETA1 AND PLCGAMMA2 IN
MDS PATIENTS TREATED WITH AZACITIDINE AND VENETOCLAX

A. De Stefano1, S. Mongiorgi1, S. Ratti1, M. Fogli2, V. Salvestrini2, 
A. Curti2, M. Cavo2, A. Pellagatti3, J. Boultwood3, L. Manzoli1, 
L. Cocco1, S. Parisi2, S. Paolini2, C. Finelli2*, M.Y. Follo1*
1Biomedical and Neuromotor Sciences, University of Bologna, Italy;
2IRCCS Azienda Ospedaliero-Universitaria di Bologna - Istituto di
Ematologia “Seràgnoli”, Italy; 3Blood Cancer UK, University of
Oxford, UK

Introduction: Azacitidine (AZA) is a standard treatment for MDS
patients. The addition of Venetoclax (VEN) to AZA is effective in MDS
and AML. Indeed, AZA+VEN is now used in de novo AML patients,
but it shows a favourable clinical effect also in higher-risk MDS patients.
At a molecular level, a favourable response to AZA is linked to an
increased expression of PLCbeta1 and PLCgamma2, two phospholipases
(PLCs) implicated in the regulation of cell proliferation and differentia-
tion. AZA positive effect also results in increased expression of myeloid
differentiation markers (CD33, CD11b and CD14). Here, we prospec-
tively analyzed the effect of AZA, alone or in combination with VEN, in
higher-risk MDS patients on the basis of the expression of PLCs and
myeloid differentiation markers.

Methods: The study included 9 higher-risk MDS. Six of them were
treated with AZA (75 mg/m2/day for 5 days) and in 3 of them VEN (400
mg oral tablet once daily on days 1-14) was added to AZA. All samples
came from the Institute of Hematology “L e A Seràgnoli”, Bologna, Italy,
where also all clinical evaluations are made. As it is a preliminary
prospective analysis, clinical data are currently being collected and
molecular experiments were performed only in the first three cycles of
therapy, when patients were not yet clinically evaluable for response.
Mononuclear cells were collected at baseline and during the first three
cycles of AZA/AZA+VEN, and Real-time PCR analyzed the expression
of PLCbeta1, PLCgamma2, CD33, CD11b and CD14, using GAPDH as
endogenous control. Baseline levels within the same patient were used
as the internal reference.

Results: 3/6 patients treated with AZA alone showed a higher PLC-
beta1 and PLCgamma2 expression during treatment. They also showed
an increased expression of the myeloid differentiation markers (CD33,
CD11b and CD14). In contrast, the remaining 3 patients treated with
AZA alone exhibited a significant reduction of PLCbeta1, PLCgamma2,
CD33, CD11b and CD14. All 3 patients treated with AZA+VEN dis-
played a higher amount of both PLCs and the myeloid differentiation
markers. Interestingly, the increase detected during the combination ther-
apy seems to be greater, as compared with AZA alone, thus it could be
possible to hypothesize that the addition of VEN could enhance the effect
of AZA in these patients.

Conclusions: Based on our molecular data, the 9 patients analyzed
may be divided into 3 groups: 3 patients seem to be responders and 3
patients seem to be non-responders to AZA alone, while all 3 patients
treated with AZA+VEN seem to be responders. Clinical data for patients
reaching the 6th cycle, or showing a favourable response even before
the 6th cycle, may support this molecular-based hypothesis, that has to
be reinforced by analyzing a larger number of patients. Furthermore,
given the Bcl-2 inhibitory effect of VEN, in vitro leukemic analyses
could disclose the role of the combined therapy on PLC signaling and
myeloid differentiation.
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DECREASED LOW-DENSITY GRANULOCYTES AS POSSIBLE DIAGNOSTIC MARKERS OF
MYELODYSPLASTIC SYNDROMES WITH EXCESS OF BLASTS
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1Ematologia e Centro Trapianti di Midollo, Azienda Ospedaliera Uni-
versitaria “San Giovanni di Dio e Ruggi d’Aragona”; 2Dipartimento
di Medicina, Chirurgia ed Odontoiatria “Scuola Medica Salernitana”,

Università degli Studi di Salerno, Italy

Introduction: Myelodysplastic syndromes (MDS) are a heteroge-
neous group of clonal hematological diseases characterized by ineffective
hematopoiesis, progressive peripheral blood (PB) cytopenia(s), and
increased risk of acute myeloid leukemia (AML). Risk stratification and
prognostic definition are essential for a better clinical management of
these patients. Here, we investigated variations in frequency of low-den-
sity granulocytes (LDGs), a neutrophil subset with immune regulatory
functions, in MDS as candidate biomarkers of AML progression.

Methods: A screening cohort of 25 patients were enrolled at the
Hematology and Transplant Center, University Hospital “San Giovanni
di Dio e Ruggi d’Aragona”, Salerno, Italy, between October 2020 and
July 2021. Seven patients were diagnosed with AML (N=3 newly-diag-
nosed; N=4 AML in complete remission, CR), MDS with multilineage
dysplasia (MDS-MD, N=8) or with excess of blasts (EB, N=3), or with
other hematological conditions (N=7). Fresh whole PB was stained for
immunophenotyping, and samples acquired on a Navios EX flow
cytometer (Beckman Coulter). Post-acquisition analysis was performed
using Kaluza software (Beckman Coulter). LDGs were identified as
CD3-CD56-CD19-CD11b+CD33+CD14-CD15+ cells, as previously
described (Rahman S, et al. Ann Rheum Dis. 2019). Statistical analysis
was carried out using Prism (GraphPad, La Jolla, CA). A P < 0.05 was
considered statistically significant.

Results: LDGs were significantly reduced in MDS-EB compared to
lower-risk dysplasia (P = 0.0098), other benign hematological conditions
(P = 0.0025), and AML patients in CR (P = 0.0351), while no differences
were described between MDS-EB and newly-diagnosed AML (P =
0.7396), proposing circulating LGD frequency as diagnostic and prog-
nostic marker. Similarly, normal-density granulocytes (NDGs) tended to
be decreased in MDS-EB compared to other groups (P = 0.2846; one-
way ANOVA performed). No significant variations in LDG maturation
curve were described, even though MDS-EB and newly-diagnosed AML
tended to have lower frequency of mature LDGs compared to lower-risk
MDS, AML in CR, and other benign hematological conditions (P =
0.4325). Similarly, no significant variations in NDG maturation curve
were observed, even though MDS-EB tended to have lower frequency
of immature and mature NDGs compared to lower-risk MDS, AML at
baseline and in CR, and other benign hematological conditions. Percent-
age of LDGs was inversely related to percent of lymphocytes (r = -
0.5775; P = 0.0031) and blasts (r = -0.9476; P < 0.0001), while positively
correlated with NDG frequency (r = 0.6636; P = 0.0002).

Conclusions: Our preliminary results suggested a possible role of
LDGs in diagnostic definition of higher-risk MDS patients for differential
diagnosis of myelodysplasia and AML. However, our findings need fur-
ther validation in larger cohorts.

Funding: This research was supported by the Aplastic Anemia &
MDS International Foundation.
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SUPPORTIVE CARE IN LOW-RISK MYELODYSPLASTIC SYNDROMES: ROLE OF ERYTHRO-
POIESIS STIMULATING AGENTS (ESAS)
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3Hematology, Ospedale di Pagani, Italy

Erythropoiesis stimulating agents (ESAs) are the frontline treatment
in low-risk anemic MDS patients and an employment of this therapy in
the earlier stage of the disease can delay the need for RBC transfusion,
hypothetically by slowing the disease course. It’s matter of debate
whether the clinical response is a result of proliferation and maturation
of the dysplastic clone or stimulation of residual normal erythropoiesis
by ESAs. Macrocytosis is one of the cytological hallmarks of dyserithro-
poiesis in MDS: an analysis of the erythropoietic response to ESAs ther-
apy in a cohort of anemic non trasfusion-dependent MDS patients,
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enrolled in a retrospective register, RECAMDS, subgroup of Italian reg-
ister, was performed. 183 patients, treated with standard-dose ESAs,
have been retrospectively analyzed. Data analysis was performed,
according to IWG 2006 criteria, at the baseline, after 3 and 6 months of
continuous treatment, with a subanalysis of the patients according to
WHO and R-IPSS risk stratification. ESAs were started at mean Hb con-
centration of 9.31 g/dl, mean serum EPO concentration: 51 mU/L, after
a mean time from diagnosis of 6 months (r.1-118). ORR was 83.6%
(153/183), no difference among WHO and IPSS subgroups was found:
132/183 (72.1%) achieved response after 3 months of treatment, while
other 21/183 (11.2%) after 6 months. 19 patients with stable disease
(non-responders, according to IWG criteria), in which treatment was
continued, achieved response after 9 months. In the macrocytic-respon-
ders group 83.2% exhibits again macrocytosis after 3 months, while
16.8% become normocytic. In the normocytic-responders group 89.8%
exhibits again normocytosis, while 10.2% become macrocytic: in these
patients, after 3 months, there was a contemporary worsening in neu-
tropenia and thrombocytopenia, with transfusion-dependence, regarded
as first signs of progression of disease. Non-responders were 30/183
(16.3%): in the macrocytic non-responders group 89% exhibit again
macrocytosis after 3 months, while 11% become normocytic; in the nor-
mocytic group 76% exhibits again macrocytosis, while 24% become
normocytic. These preliminary data can suggest that, in the majority of
MDS patients responsive to ESAs, the increase of Hb concentration
occurs mainly stimulating erythroid production in MDS clones; in the
minority of patients probably it happens recruiting residual polyclonal
erythropoiesis. It is interesting to note that stimulating effects of ESAs
last even when the expression of dysplasia progresses.

Table 1.

Acute Leukemias
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FUSION CIRCRNAS FROM THE KMT2A:AFF1 CHIMERIC GENE IN PEDIATRIC B-ALL
PATIENTS AND CELL LINES HARBORING THE T(4;11)(Q21.3-Q22.1;Q23.3) TRANSLOCATION
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1Dipartimento di Biologia, Università degli Studi di Bari Aldo Moro;
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Introduction: Circular RNAs (circRNAs) are endogenous transcripts
originated as back-splicing products. Their circular structure confers
higher stability than linear transcripts, resulting in their involvement,
when deregulated, in several human diseases, including cancer. Increas-
ing literature documents a predominant non-coding role as micro RNA
sponges or transcriptional regulators, affecting the expression of genes
involved in cell proliferation, invasion, apoptosis, and angiogenesis. cir-
cRNAs are also generated by the back-splicing of linear fusion tran-
scripts derived from genomic rearrangements, giving rise to fusion cir-
cRNAs (f-circRNAs), as demonstrated in hematological and solid tumors
harboring recurrent chromosomal rearrangements.

Methods: By analyzing six bone marrow (BM) samples from pedi-
atric patients at diagnosis of B-cell Acute Lymphoblastic Leukemia (B-
ALL) and two cell lines (SEM and MV4-11), we investigated if the
linear KMT2A:AFF1 fusion transcript, originated by the recurrent bal-
anced t(4;11)(q21.3-q22.1;q23.3) translocation, might generate f-circR-
NAs. We performed RT-PCR and Sanger sequencing experiments with
divergent primers, designed on each linear fusion transcript sequence,
on RNAse R-digested RNA samples, using a pool of normal BM samples
and the pre-B cell line NALM-6 as negative controls. RT-qPCR also
evaluated the KMT2A:AFF1 f-circRNA expression in positive and neg-
ative samples, including B-ALL patients with the t(12;21) translocation
or a normal karyotype.

Results: The RT-PCR and Sanger sequencing results in SEM and
MV4-11 cell lines indicated the generation of three f-circRNAs showing
the back-splicing of AFF1 exon 8 with either KMT2A exon 2 or exon 1
and AFF1 exon 11 with KMT2A exon 2. The obtained products were not
digested by RNAse R treatment, confirming their circular structure.
Notably, the first and the third isoforms were also observed in pediatric
B-ALL patients with the t(4;11) translocation, but not in patients without
this rearrangement, indicating specificity for t(4;11) positive patients.
Furthermore, one patient, tested in samples at onset and relapse, dis-
played the persistence of both f-circRNAs isoforms.

Conclusions: Identifying specific f-circRNAs from the
KMT2A:AFF1 fusion transcript is of relevance, as this evidence could
help better understand the role of the t(4;11) rearrangement in the biology
of pediatric B-ALL. The oncogenic role of such transcripts is under eval-
uation by in vitro studies. Furthermore, circRNAs and f-circRNAs are
considered novel “liquid biopsy” biomarkers for early and non-invasive
diagnosis of tumors, as well as therapeutic targets in human cancer.
Therefore, such molecules may be crucial for future diagnostic/follow-
up approaches and personalized therapies to improve treatment efficacy
in t(4;11) positive pediatric B-ALL.

P21

ABERRANT CIRCRNAS AS NEW PLAYERS IN MLL-AF4 ACUTE LEUKEMIA

A. Dal Molin1*, C. Tretti Parenzan2*, E. Gaffo1, E. Boldrin3, 
P. Guglielmelli4, A.M. Vannucchi4, L.H. Meyer3, A. Biffi2, B. Buldi-
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authors. $Equally contributing last authors

In MLL rearranged acute lymphoblastic leukemia (ALL), fusions of
MLL with over 90 partner genes generate leukemogenic fusion proteins
whose activity determines deep transcriptome and proteome alterations.
In MLL rearranged ALL we previously observed the dysregulation of
circRNA from genes of the MLL recombinome (Dal Molin et al. Front.
Oncol. 2019). Next, we obtained a genome-wide picture of circRNA
expression specificities of the most frequent MLL rearranged ALL in
infants, MLL-AF4 leukemia, as a starting point to discover new molecular
mechanisms of malignant transformation. CirComPara (Gaffo et al.
Briefings in Bioinformatics 2021) software was used to quantify circR-
NAs from public and proprietary RNA-seq datasets (ribo-depleted RNA;
Illumina® HiSeq2000, PE 100 nt reads) of blast cells of 6 MLL-AF4 B-
ALL patients and patient-derived samples, the RS4;11 model and human
hematopoietic cells (CD34+, mature B-, T-cells and monocytes). Differ-
ential expression analysis was performed through DESeq2 (p.adj<0.05).
Sanger sequencing and targeted quantification by qRT-PCR were used
for circRNA validation and screening. A custom siRNA assay has been
designed to silence a panel of circRNAs in the RS4;11 and SEM cell
lines. Apoptosis and cell proliferation were measured using Annexin/PI
and Edu assays, respectively. A software tool newly developed by our
group, CRAFT (Dal Molin et al. under evaluation), was used to predict
miRNA and RNA binding protein binding sites of circRNAs and their
coding potential. Linear and circular fusion transcripts (f-circRNA) were
detected using a custom-developed software for analysis of RNA-seq
data and with a massive screening by RT-PCR. Among over 74,000 cir-
cRNAs expressed in normal and malignant blood cells, we identified
1,236 circRNAs differentially expressed in MLL-AF4 ALL compared
with CD34+ and B-cells. Moreover, one MLL-AF4 f-circRNA was con-
sistently detected by both the bioinformatic and the experimental screen-
ing. We next focused on 64 circRNAs upregulated consistently in MLL-
AF4 patient and patient-derived samples compared with both normal
populations. Twenty-six circRNAs ectopically expressed in MLL-AF4
samples and robustly expressed in the RS4;11 cell line were prioritized
for functional screening in vitro. Fourteen circRNAs were silenced with
an efficiency greater than 75% in two cell lines. Functional experiments
provided robust data about a measurable effect of the silencing on cell
proliferation and/or apoptosis for several circRNAs with oncogenic prop-
erties. Leveraging functional predictions and gene expression data anal-
ysis we are investigating the possible cooperation of multiple oncogenic
circRNAs with correlated expression in MLL-AF4 patients (Tretti, Dal
Molin et al. in preparation). In conclusion, we provided the first com-
prehensive data of the dysregulated circRNAome in MLL-AF4 leukemia,
detected MLL-AF4 fusion circRNAs and, notably, unveiled the functional
impact of several circRNAs in this leukemia.
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ALTERATION OF OSTEOGENIC DIFFERENTIATION INDUCED BY ACUTE MYELOID
LEUKEMIA IN THE HEMATOPOIETIC NICHE: A POSSIBLE ROLE OF NOTCH SIGNALING

C. Tomasoni, C. Arsuffi, A. Biondi, A. Pievani, M. Serafini

Tettamanti Research Center, Department of Pediatrics, University of
Milano-Bicocca/Fondazione MBBM, Italy

Introduction: Acute myeloid leukemia (AML) is a malignant disease
characterized by the abnormal clonal proliferation of undifferentiated
blasts and by a high relapse rate, associated with chemoresistance and
bone marrow (BM) failure. These processes are supported by the alter-
ations in the stromal component of the hematopoietic niche due to the
interactions with leukemic cells. We have previously demonstrated that
mesenchymal stromal cells (MSC) obtained from patients’ BM presented
intrinsic alterations in osteogenesis. We wondered if Notch signaling can
be involved in these alterations.

Methods: We established an in vitro co-culture system in which
osteogenesis is induced in normal MSC in the presence of different AML
cell lines, primary AML cells, or healthy CD34+ cells. We then evaluated
the expression of Tissue Non-specific Alkaline Phosphatase (TNAP), a

marker of early osteogenesis, on the MSC surface. Moreover, we eval-
uated the expression of genes involved in Notch signaling and in osteo-
genesis, in supporting normal hematopoiesis and in sustaining leukemia
survival and progression.

Results: MSC cocultured for 3 days in direct contact with AML cell
lines showed increased expression of TNAP and reduction of osteopontin
and osteocalcin, markers of late osteogenesis. Furthermore, coculture of
primary AML cells with normal MSC showed significant upregulation
of TNAP expression, while coculture with normal CD34+ cells did not
affect TNAP levels. Then we found that Notch1-2-3, Hes1 and Hey1
levels were markedly increased in MSC cocultured with AML cell lines.
To prove the association between increased Notch signaling and altered
early-stage osteogenesis, we added DAPT, a γ-secretase inhibitor, which
successfully abrogated TNAP upregulation in MSC cocultured with
AML cell lines and primary blasts. Furthermore, stimulation with recom-
binant Jagged1 induced a strong upregulation of TNAP on MSC. More-
over, the presence of AML cells induced in MSC an upregulation of
genes involved in the leukemogenesis and a decrease of HSC-supporting
factors. Lastly, we are evaluating if the activation of Notch signaling by
AML cells can affect the normal glucose metabolism in MSC.

Conclusions: Our data indicate that AML cells induce in MSC an
alteration in early-stage osteogenesis that is at least partially mediated
through activation of Notch signaling. MSC skewed toward osteopro-
genitors show significant downregulation of HSC-supporting factors and
upregulation of genes sustaining AML growth, suggesting that they can
contribute to the formation of a «leukemic niche» that become permissive
on leukemia growth and disrupts normal hematopoiesis. These novel
insights into the human AML BM microenvironment may help identify
new targets which might pave the way for niche-targeted therapies in
AML patients.
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NOVEL COMPOUNDS SYNERGIZE WITH VENETOCLAX TO TARGET KMT2A-REARRANGED
ACUTE MYELOID LEUKEMIA

C. Tregnago, M. Benetton, A. Da Ros, G. Borella, G. Longo, 
K. Polato, S. Francescato, A. Biffi, M. Pigazzi

Divisione di Emato-Oncologia Pediatrica e Terapia Cellulare e Genica,
Dipartimento di Salute della Donna e del Bambino, Università degli
Studi di Padova, Italy

Introduction: In pediatric acute myeloid leukemia (AML), fusions
involving lysine methyltransferase 2A (KMT2A) are considered hall-
marks of aggressive AML, for whom the development of targeted spe-
cific therapeutic agents to ameliorate classic chemotherapy and obtain a
complete eradication of disease is urgent.

Methods: In this study we investigated the levels of antiapoptotic
proteins BCL-2, phospho-BCL-2 S70 and MCL-1 in a cohort of 66 pedi-
atric AML patients previously analyzed by Reverse Phase Protein Array
(RPPA). To increase apoptosis in KMT2A-r subgroup, we selected novel
drug combinations to be tested in KMT2A-MLLT3, for being the most
recurrent, and KMT2A-AFDN, for mediating the worst prognosis, rear-
ranged AML, using both AML cell lines and ex vivo primary cells. We
validated the best drug combinations in a three-dimensional (3D) scaffold
mimicking the bone marrow niche.

Results: We found that 75% of the KMT2A-r are distributed in
Q3+Q4 quartiles of BCL-2 expression, with high levels of phospho-
BCL-2 S70 and MCL-1 as well, indicating a high anti-apoptotic pathway
activation. In attempt to target it, we tested novel drug combinations of
venetoclax, a B-cell lymphoma-2 (BCL-2) inhibitor, in KMT2A-MLLT3
and KMT2A-AFDN rearranged AML. Our screening revealed that both
Bromodomain and Extra-Terminal Domain (BET) inhibitor, I-BET151,
and kinase inhibitor, sunitinib, decreased BCL-2 family protein expres-
sion and synergized with venetoclax enhancing KMT2A-r AML cell
death. The t(6;11) KMT2A-AFDN subgroup was shown also to be highly
responsive to the combination of venetoclax and thioridazine, with syn-
ergy being induced by a dramatic increase of mitochondrial depolariza-
tion that triggered blasts apoptosis. Finally, efficacy of novel combined
drug treatments was confirmed in a three-dimensional system, which

haematologica | 2022; 107(s1) | 67

XVII Congress of the Italian Society of Experimental Hematology, Roma, Italy,  March 31 – April 1-2, 2022



mimics the bone marrow niche seeded with mesenchymal stromal cells
and ex vivo primary KMT2A-r AML samples.

Conclusions: Overall, this study identified that by an high throughput
screening the most KMT2A selective drugs converged in different but
all mitochondrial apoptotic networks activation, supporting the use of
venetoclax in this AML setting. Novel drugs combinations here unveiled
provide a rationale for evaluating these combinations in preclinical stud-
ies to accelerate the introduction of targeted therapies for the life-threat-
ening KMT2A-AML subgroup of pediatric AML.
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EXPLORING THE ROLE OF PVT1 ISOFORMS AND CIRCPVT1 IN PROMOTING AN AGGRES-
SIVE PHENOTYPE IN AML CELL LINES

M. Ghetti1, A. Padella1, E. Fonzi1, L. Ledda1, A. Ghelli Luserna di
Rorà1, M. Paganelli1, D. Tolomeo2, C.T. Storlazzi2, G. Martinelli1, 
G. Simonetti1
1Istituto Scientifico Romagnolo per lo Studio e la Cura dei Tumori
“Dino Amadori”; 2University of Bari, Italy

Non-coding (nc)RNAs, including circular (circ)RNAs, contribute to
tumor development and progression. Several ncRNAs were shown to
affect the onset, prognosis, and treatment of acute myeloid leukemia
(AML) in the past years. The human Plasmacytoma Variant Transloca-
tion 1 (PVT1) gene maps on the long arm of chromosome 8 (8q24), in
the same genomic region hosting MYC and encoding for 83 linear
(PVT1, lncipedia.org) and 26 high-confidence circular isoforms (cir-
cPVT1, www.circbase.org). The most common isoform of circPVT1 is
a product of back-splicing of 410 nt and contains the whole exon 2 of
PVT1 in a closed loop-like structure (hsa_circ_0001821). The study
aims to investigate the role of PVT1 isoforms and circPVT1 in AML.
Firstly, we focused on the various PVT1 isoforms and their differential
expression in leukemia. Fourteen out of the 83 linear isoforms are
expressed in the hematopoietic tissues (lymph node and white blood
cells, www.noncode.org), and 6 of them were detectable in AML cell
lines, including the t(8;21) KASUMI-1 and the NPM1-mutated OCI-
AML3 models, together with circPVT1. We designed two antisense-
oligonucleotides (ASOs), mapping on common exonic region and tar-
geting the linear isoforms expressed in OCI-AML3 and KASUMI-1
cells, and one ASO spanning the junction region of circPVT1. ASOs-
mediated knockdown (KD) showed a relevant decrease of PVT1 signals,
especially by ASO combination, and circPVT1 level using the specific
ASO in both cell lines, under normoxia and hypoxia (1% O2). The down-
regulation led to a significant decrease in cell growth, but, interestingly,
only circPVT1-KD induced apoptosis under both conditions in OCI-
AML3. To further investigate the biological consequences of circPVT1-
KD, we performed RNAseq assays. Data analysis was performed by
pseudo alignment of paired-end reads to the human transcriptome, then
counted with the Kallisto tool. Differential expression analysis of single
isoforms was performed with the Sleuth tool on normalized transcript
per million. We identified a core of 644 and 838 commonly regulated
genes by circPVT1 in both cell lines under normoxia and hypoxia,
respectively. Pathway analysis (performed by EnrichR) revealed that
these genes are involved not only in the RNA regulatory pathways, as
expected according to circRNA functions, but also in metabolic (e.g.,
KDM3A, GPI, NFKBA, RBM3, XBP1) and DNA damage response
(e.g., PIDD1, MUC1, BCLAF1, BABAM2) pathways, opening a new
scenario for synthetic lethality approaches. In conclusion, our findings
show that silencing of circPVT1 or the predominantly expressed PVT1
isoforms dampens leukemia cell growth, indicating a role in AML patho-
genesis, and suggest that targeting them may have therapeutic potentials
in AML.
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THE ABSENT/LOW EXPRESSION OF CD34 IN NPM1-MUTATED AML IS NOT RELATED TO
THE CYTOPLASMIC DISLOCATION OF NPM1 MUTANT

G. Pianigiani1, F. Rocchio1,2, S. Peruzzi1, V. Andresen3, M.P. Martelli1,
L. Brunetti1,4, B. Falini1 

1Dipartimento di Medicina e Chirurgia, Università degli Studi di Peru-
gia; 2Ricerca e Sviluppo, Dompé Farmaceutici S.p.A; 3Centre for Can-
cer Biomarkers (CCBIO), Department of Clinical Science, University
of Bergen; 4Dipartimento di Scienze Cliniche e Molecolari, Università
Politecnica delle Marche

Introduction: The most distinguishing biological feature of NPM1-
mutated AML that has also led to its discovery (Falini B. et al., NEJM
2005; 352(3):254-266) is the aberrant dislocation of NPM1 mutant
(NPM1c) into the cytoplasm of leukemic cells (Falini B. et al., Blood
2020; 136(15):1707-1721). Another peculiarity of NPM1-mutated AML
is the upregulation of HOX genes and the CD34 downregulation. We
previously demonstrated that HOX genes upregulation is directly depen-
dent on the cytoplasmic dislocation of NPM1 mutant (Brunetti L. et al.,
Cancer Cell 2018; 34(3):499-512.e9). In contrast, whether absent/low
expression of CD34 is related to the stage of differentiation of the
leukemic cells or to the cytoplasmic delocalization of the NPM1c
remains unclear.

Methods: To investigate whether NPM1c nuclear relocalization
could affect CD34 expression, OCI-AML3 cells (which carry NPM1
mutation A) were treated with the XPO1 inhibitor Selinexor (50nM) or
DMSO (control). CD34 expression levels were assessed by flow cytom-
etry (FC) at 12 and 24 hours. To obtain fast and targeted NPM1c degra-
dation, CRISPR-engineered cell lines OCI-AML3 and IMS-M2 (also
carrying NPM1 mutation A) with endogenous NPM1c fused to
FKBP(F36V) degron tag and GFP (NPM1c-FKBP(F36V)-GFP) were
treated with dTAG-13 (500nM) or DMSO (control). NPM1c degradation
was confirmed by FC analysis. CD34 expression was assessed at differ-
ent time points (12, 24, 48 and 72 hours) by FC. To study the cell of ori-
gin of NPM1-mutated AML, NPM1c and CD34 co-expression was eval-
uated by immunohistochemistry in paraffin-embedded bone marrow
(BM) biopsies from NPM1-mutated AML patients (n=10).

Figure 1.

Results: Treatment of NPM1-mutated OCI-AML3 cells with the
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XPO1 inhibitor Selinexor caused NPM1c nuclear relocalization. Analysis
of CD34 levels by FC, proved that CD34 expression levels remained
unchanged, regardless of the NPM1c localization (A). These findings
were also confirmed investigating CD34 expression at transcriptional
level by qRT-PCR (not shown). Treatment of OCI-AML3 and IMS-M2
NPM1-mutated CRISPR-engineered cells (B) with dTAG-13 induced
selective degradation of NPM1c, as confirmed by FC analysis of GFP
expression (C-D, left panels). However, despite complete NPM1c degra-
dation, CD34 levels were not changed among the different time points
at FC (C-D, right panels) and qRT-PCR of CD34 expression level (not
shown). Double immuno-enzymatic staining on NPM1-mutated AML
patients’ paraffin BM sections showed that the rare mononucleated cells
expressing CD34 often co-expressed the NPM1c.

Conclusions: Low/absent CD34 expression in NPM1-mutated AML
is not dependent on NPM1c cytoplasmic delocalization. Because the rare
CD34+ cells present in NPM1-mutated BM biopsies are NPMc+ and
NPM1-mutated leukemia initiating cells are CD34+ (Martelli MP et al.,
Blood 2010; 116(19):3907-3922), the molecular mechanisms of CD34
downregulation in the bulky population of NPM1-mutated AML remains
unclear.
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GUT MICROBIOME SIGNATURES ARE PREDICTIVE OF HEMATOLOGIC RECOVERY 
FOLLOWING INDUCTION THERAPY FOR ACUTE MYELOID LEUKEMIA
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Introduction: Several studies have suggested that the gut microbiome
may contribute to the onset and progression of certain malignancies and
influence the therapeutic response. However, most of the studies in hema-
tologic malignancy patients have focused on the transplant setting and relat-
ed complications, such as GvHD. Here, we profiled the gut microbiome in
patients with acute myeloid leukemia (AML) and evaluated its relationship
to clinical parameters, including hematologic recovery.

Methods: Stool samples were obtained from 26 AML patients before
the initiation of induction therapy consisting of 7+3 (4%), 7+3 with other
therapies (27%), FLAI scheme (54%), or demethylating agents (4%).
Clinical characteristics and treatment outcomes were collected. The fecal
microbiota was profiled by sequencing of the 16S rRNA gene. Alpha
diversity was assessed using Chao1, Faith, ASV count, Shannon, and
inverse Simpson indices. Beta diversity was estimated by computing
UniFrac distances. Associations analysis were sought using the random
forest machine learning technique. Taxa selected (p<0.01) were subjected
to subsequent non-parametric inferential testing.

Results: There was no significant correlation between the level of
microbiome diversity and age, sex, ELN risk category, survival, and dis-
ease-free survival. Conversely, we observed a positive association
between alpha diversity and hematology recovery. We evaluated absolute
neutrophil count (ANC), platelet (PLT), and lymphocyte (ALC) recovery
at 15, 21 and 28 days after induction therapy and before consolidation
(_CC). Among blood recovery parameters, ANC_28 and PLT_28 were
positively associated with alpha diversity. In particular, patients with
complete platelet recovery at 28 days showed higher diversity for all
inspected indices (p<0.05). On the other hand, alpha diversity correlated
inversely with BM-blast (p<0.05) (Figure  1a). ANC_28 and PLT_28
were also associated with beta diversity (p<0.05) (Figure  1b). The genus
Blautia was among the most frequently associated with the considered
clinical variables, being significantly overabundant in recovers for
ALC_15, ALC_21, ALC_28, and PLT_28 (p<0.05) (Figure  1c). Other
positive associations were found between Faecalibacterium and
ANC_28, PLT_28, and complete remission (p<0.05), as well as between

the Lachnospiraceae family and ALC_21 and PLT_28 (p<0.05). Nega-
tive associations included those between Faecalibacterium and BM-blast
and PMN_CC, Anaerostipes and BM-blast, and Lachnospiraceae and
ferritin (p<0.05).

Conclusions: Despite the relatively small sample size, our results
suggest that gut microbiome signatures could be predictive of hemato-
logic recovery following induction therapy and therefore potentially help-
ful in predicting future complications in these vulnerable AML patients.
Manipulating the gut microbiota could be a promising adjuvant treatment
for AML but additional studies in larger cohorts are warranted, including
exploration of the underlying mechanisms.

Figure 1. Relationship between microbiota parameters and blood recovery
in patients with acute myeloid leukemia. a. The Chao1 index of alpha diver-
sity in relation to complete platelet recovery at 28 days (PLT_28; R = Recov-
ered) and the percentage of blast cells in the bone marrow (BM-blast). b.
Beta diversity estimated using the unweighted UniFrac distance in relation
to polymorphonuclear leukocyte recovery at 28 days (PMN_28) and PLT_28;
both associations were statistically significant according to the permuted
multivariate variance test (adonis, p<0.05). c. Association between relative
abundance of the genus Blautia and recovery of absolute lymphocyte counts
at 21 and 28 days (ALC_21 and ALC_28, respectively) and PLT_28.
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NGS REVEALED CS-AML MUTATIONS AS A PUTATIVE NEGATIVE PROGNOSTIC FACTOR IN
UNFIT AML PATIENTS TREATED WITH HMAS AND VENETOCLAX

C. Vetro1, V. Randazzo2, C. Maugeri1, M.S. Parisi1, E. Mauro1, 
P.F. Fiumara1, I. Dulcamare1, A. Duminuco3, G.A.M. Palumbo1-3, 
D. Salemi2, A. Santoro2, F. Di Raimondo1

1Division of Haematology, A.O.U.  Policlinico “G.Rodolico” - S. Mar-
co, Catania; 2Division of Hematology & Bone Marrow Transplanta-
tion, Ospedali Riuniti Villa Sofia-Cervello, Palermo; 3Postgraduate
School of Hematology, University of Catania, Italy

Introduction: Venetoclax (VEN) in combination with hypomethy-
lating agents (HMA) (azacytidine -AZA- or decitabine -DEC-) has
emerged for the first-line treatment of unfit adult acute myeloid leukemia
(AML). High response rates and durable remissions are typically asso-
ciated with NPM1 or IDH2 mutations, while activating signaling path-
ways, such as FLT3 or RAS, or TP53 relate to primary or adaptive resis-
tance. With the present work, we aimed at primarily validate the impact
of next-generation sequencing (NGS) data on a real-life setting.

Methods: 19 patients (pts) from our cohort of 44 pts (abstract n.135
submitted) has been evaluated for NGS analysis, performed with
“ONCOMINE MYELOID RESEARCH ASSAY THERMOFISHER”
procedures. Pts were treated with AZA 75 mg/m2 days 1-7 or DEC 20
mg/m2 days 1-5. VEN was given orally 400 mg/die, with initial ramp-
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up, starting the same day of HMA. Dose equivalency related to antifun-
gal prophylaxis (AP) was applied. Each cycle consisted of 28 days. In
case of complete remission (CR) with incomplete hematological recov-
ery (CRi) or morphologically leukemia-free state (MLFS), after com-
pletion of Cycle 1, VEN was interrupted until neutrophils (N) ≥ 500/μL
(wash-out time) and subsequent cycles delayed. At subsequent cycles,
in case of previous treatment interruption, VEN was administered for
21 days or less depending on an earlier occurrence of neutropenia (N <
500/μL). Wash-out up to hematological recovery was applied also at
subsequent cycles.

Results: This cohort has been enrolled from February 2020 to Jan-
uary 2021 and consisted of 19 pts treated with VEN combined with AZA
(11 pts, 60%) or DEC (8, 40%) at the University Hospital of Catania.
Median follow-up was 11.4 months (range 0.5-22.2). 2 pts (10%) did
not complete the first cycle due to adverse events. 14 pts (75%) showed
a response to treatment (either CR, CRi or MLFS) while 3 patients were
resistant. All of them were studied with NGS. Detected mutations are
showed in figure 1. Noteworthy, no NPM1 mutations have been detected
in this setting. Cytogenetic risk per se was not related with response to
treatment. ELN risk seemed to relate with best achieved response (71%
response rate for intermediate risk vs 28.6% in high-risk group, p=0.046,
chi square test). CS-AML mutations, i.e. chromatin and spliceosome
mutations (Caprioli et al., 2021), did not relate with response to treat-
ment. Moreover, ELN risk did not relate with disease-free survival
(DFS), accounting responding patients, while occurrence of CS-AML
mutations showed a trend to lower DFS (not reached median vs 6
months, p=0.08). Median overall survival (OS) was 8.5 months. OS did
not differ based on cytogenetic risk and ELN risk stratification. A trend
to lower OS was seen in patients with CS-AML mutations (median not
reached vs 7 months).

Conclusion: NGS data are suggestive of a role of CS-AML mutations
in response to treatment of AML patients treated with combined HMAs
and VEN. A validation on a larger subset is needed. 

Figure 1.
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EFFICACY AND SAFETY OF THE BNT162B2 MRNA COVID-19 VACCINE IN PATIENTS WITH
ACUTE MYELOID LEUKEMIA
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Introduction: Patients with hematological malignancies appear to
be at higher risk for severe, potentially life-threatening, illness related
to SARS-CoV-2 infection compared with the general population. This
is of particular concern for patients with acute myeloid leukemia (AML),
more prone to developing infections due to their usually long-lasting
immunodeficiency related to the malignancy itself and anticancer treat-
ments. Furthermore, AML presents at a median age of 65–70 years,
increasing the risk of COVID-19 complications. The introduction of safe

and effective prophylactic vaccines was urgently needed to contain the
pandemic. Data regarding the efficacy of these vaccines in AML patients
are not available. Here we evaluated efficacy and safety of the
BNT162b2 mRNA COVID-19 vaccine in patients with AML.

Methods: Patients and control subjects (caregivers) received 2 vac-
cine doses and blood samples were collected 3 weeks to 6 months after
the administration of the second dose. Antibody titers were measured
by LIAISON SARS-CoV-2 TrimericS IgG (DiaSorin) and NeutraLISA
test (EUROIMMUN); cell-mediated immune response was detected
through Interferon Gamma Release Assay (SARS-CoV-2 IGRA ELISA,
EUROIMMUN). The primary endpoints were to determine the propor-
tion of subjects acquiring specific anti-Spike IgG antibodies, the evalu-
ation of the neutralizing activity and the detection of IFN-γ produced by
human lymphocytes in response to SARS-CoV-2 antigens.

Results: A total of 40 patients with AML and 20 control subjects
were included. Median age was 72 yrs (IQR, 33.0-85.0) for AML
patients, vs 53 yrs (IQR, 28.0-78.0) for control subjects. 25 patients
(62%) were on active therapy (8 intensive chemotherapy (IC), 14 vene-
toclax-based regimen, 1 azacitidine, 2 experimental therapies); 14
patients (35%) were off-therapy (10 in complete remission, 4 with pro-
gressive disease). SARS-CoV-2 anti-S IgG and neutralizing antibodies
were detected in 30 (75%) and 15 (37%) AML patients, respectively (vs
95% and 85% of control group) (Figure 1); the cell-mediated immune
response was detected in 13 (32%) patients (vs 95% of control subjects).
Strikingly, the immune response rate in terms of anti-Spike IgG anti-
bodies resulted high both in patients on active treatment with IC (63%)
and in patients treated with venetoclax-based regimen (78%). Neverthe-
less, neutralizing activity and cell-mediated responses were considerably
lower (less than 25% of patients).

Conclusion: 75% of patients with AML showed SARS-CoV-2 anti-
S IgG in contrast with a lower rate of cell-mediated responses, detected
in the 32% of subjects; only in the 25% (10 patients) the two immune
responses were both present. Interestingly, cell-mediated response was
detectable only in patients in complete or partial remission, regardless
of being on treatment or not. Finally, we demonstrated the absolute safety
profile of BNT162b2 mRNA COVID-19 vaccine in patients with AML,
observing only mild local reactions.

Figure 1.

P30

SAFETY AND EFFICACY OF COMBINED HMAS AND VENETOCLAX AS FIRST LINE TREAT-
MENT IN UNFIT AML PATIENTS

C. Vetro1, C. Maugeri1, M.S. Parisi1, L. Gozzo Gozzo2, E. Mauro1,
P.F. Fiumara1, I. Dulcamare1, A. Duminuco3, G.A.M. Palumbo1,3, 
S. Brancati2, L. Longo2, D.C. Vitale2, A. Santoro4, F. Drago2, 
F. Di Raimondo1

1Division of Haematology, A.O.U.  Policlinico “G.Rodolico” - S.Mar-
co, Catania; 2Clinical Pharmacology Unit/Regional Pharmacovigi-
lance Centre, A.O.U. Policlinico “G.Rodolico” - S.Marco, Catania;
3.Postgraduate School of Hematology, University of Catania; 4Division
of Hematology & Bone Marrow Transplantation, Ospedali Riuniti Villa
Sofia-Cervello, Palermo, Italy

Introduction: Venetoclax (VEN) has been introduced, combined with
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hypomethylating agents (HMA) (azacytidine -AZA- or decitabine -
DEC), for the first-line treatment of unfit adult acute myeloid leukemia
(AML). Although widely used, no data exist on safety of treatment
washout, once remission is achieved, in order to let hematological recov-
ery. The aim of this analysis is to address this question.

Table 1.

Methods: Patients (pts) were treated with AZA 75 mg/m2 days 1-7
or DEC 20 mg/m2 days 1-5. VEN was given orally 400 mg/die, with ini-
tial ramp-up, starting the same day of HMA. Dose equivalency related
to antifungal prophylaxis (AP) was applied. Each cycle consisted of 28
days. In case of complete remission (CR) with incomplete hematological
recovery (CRi) or morphological leukemia-free state (MLFS), after com-
pletion of cycle 1, VEN was interrupted until neutrophils (N) ≥ 500/μL
(washout time) and subsequent cycles delayed. At subsequent cycles, in
case of previous treatment interruption, VEN was administered for 21
days or less depending on an earlier occurrence of neutropenia (N <
500/μL). Washout up to hematological recovery was applied also at sub-
sequent cycles.

Results: From May 2019 to November 2021, 44 pts were treated
with VEN combined with AZA (31 pts, 70%) or DEC (13, 30%) at the
University Hospital of Catania (Table 1). Median follow-up was 11.4
months (range 0.5-22.2). 6 pts (14%) did not complete the first cycle
due to adverse events, 2 dropped out cause persisting nausea and vom-
iting and 4 died during the first cycle (1 cause cerebral hemorrhage, 3
septic shock, 1 myocardial infarction). 21 (48%) pts received AP. Neu-
tropenic fever (NF) occurred in 6 out of 23 (26%) pts without AP and 12

out of 21 (57%) pts receiving AP (p=0.065). These data were independent
from type of antifungal. 38 pts (86%) were assessed for treatment
response at end of first cycle. CR was reached in 3 out of 38 pts (8%),
CRi in 8 (21%), MLFS in 10 (26%), partial remission (PR) in 5 (13%)
and stable disease (SD) in 12 (32%). All pts in PR and 1 patient with SD
reached CR at second cycle. Among the 27 responding pts, 7 (26%)
relapsed and 5 died cause NF (20%). Pts pursuing treatment received a
median of 5 cycles (range 2-16). Overall response rate (ORR) did not
differ based on HMA (71% vs 77% in AZA and DEC groups, respec-
tively, p=0.7). Regarding responding pts, average treatment and washout
days, calculated from the various cycles done by patients, were 20±4
and 20±25, respectively, did not differ based on HMA and did not relate
with disease-free survival (DFS) (HR 0.89; 95%CI 0.7-1.1; HR 0.98;
95%CI 0.9-1.1, respectively, Cox regression). Median overall survival
was 8 months and was not influenced by type of HMA, AP, occurrence
of NF, comorbidity index and washout days. CR state has been related
with longer OS compared to treatment failure (median 15±4.7 months
vs 3±0.3; p<0.0001).

Conclusion: We found that “washout strategy” seems to be a safe
approach that did not worsen DFS.
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GILTERITINIB IN RELAPSED/REFRACTORY FLT3-MUTATED AML: AN ITALIAN MULTICEN-
TER REAL-WORLD EXPERIENCE
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Introduction: Relapsed/refractory (R/R) FLT3-mutated acute
myeloid leukemia (AML) has poor prognosis with 2-years overall sur-
vival (OS) below 20%. Gilteritinib, a second-generation FLT3 inhibitor,
led to a significant OS benefit over conventional treatment in R/R FLT3-
mutated patients in a phase III study. Therefore, gilteritinib has been
approved as monotherapy for R/R FLT3-mutated AML. However, a for-
mal validation of the safety and efficacy of gilteritinib in the real-world
setting is still missing.

Methods: In this retrospective, multicenter, real-world experience,
we included data of 33 R/R FLT3-mutated AML patients treated with
gilteritinib at 5 italian institutions. To categorize the quality of responses,
ELN 2017 criteria for CR, CRi, PR, stable disease (SD) and progressive
disease (PD) were applied. Patients never achieving CR/CRi/PR/SD or
dead before response assessment were considered treatment failures and
included in the analysis. MRD was studied by qPCR (NPM1-positive)
or by FACS (NPM1-negative patients). Toxicities were recorded accord-
ing to the CTCAE 5.0.

Results: Patient characteristics are summarized in Table 1. Between
October 2019 and November 2021, 33 patients were treated with gilter-
itinib 120 mg/day in 28-day cycles. Median age was 69 (range 44-81)
and median ECOG performance status score (PS) was 1 (range 0-4). The
median number of previous treatments was 2 (range 2-4). Most patients
(76%) had received an anthracycline-containing regimen and 17 (52%)
were previously treated with midostaurin. The median follow-up was 6
months, with a median number of cycles administered of 3 (range 1-19).
At the time of censoring, 10 (30%) patients were still on treatment. Rea-
son for permanent discontinuation were death in 6 (18%) and relapse/pro-
gression in 10 (30%) patients. 7 patients proceeded to bone marrow trans-
plant (21%). 30-day mortality was 18% (6 patients) due to sepsis/febrile
neutropenia (4 patients), cerebral hemorrhage (1 patient) and disease
progression (1 patient). 4 out of 6 patients who experienced early-death
had ECOG PS ≥3 at baseline. The most frequent grade (G) 3-4 adverse
event was febrile neutropenia, recorded in 8 (24%) patients. Elevation
of liver aminotransferases was reported in 5 patients (2 G3, 2 G2, 1 G1).
No patient experienced QTc interval ≥500ms. No differentiation syn-
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drome was recorded. Dose reduction was necessary in two patients.
Dosage was escalated to 200 mg/day in two patients with no benefit on
the quality of response. CR was achieved in 6 (18%) patients, while
composite CR (CR/CRi) in 14 (42%). MRD-negative CR/CRi rate was
9% (3 patients).

Conclusions: In this real-world experience conducted on R/R FLT3-
mutated AML patients, single agent gilteritinib resulted in response rates
consistent with those reported in clinical trials. Drug-related adverse
events were manageable overall, with the caveat of high early-death rate
observed in patients with poor PS at baseline.

Table 1.
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COVID19 IN ACUTE LEUKEMIAS: A REAL- LIFE PERSPECTIVE
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Introduction: In 2020 COVID19 was declared a new pandemic virus.
Since then, major concerns have been expressed regarding its impact on
hematological patients treatment and mortality. Few data are available
for SarsCOV-2 and acute leukemias; here we present a small real-life
cohort of patients from a high-incidence region.

Methods: From December 2020, 20 patients received diagnosis of
acute leukemia and COVID19, confirmed by molecular transnasal swab.
Among infected patients, 10 were acute myeloid leukemia (AML), 6
were acute Lymphoid leukemia (ALL), and 4 acute promyelocitic
leukemia (APL); male/female 11/9, median age 50 (21-69). Concomitant
comorbidities were present in 12 (60%), with a median number of med-
ication of 2 (range 1-3).

Results: In 17 patients (85%) COVID19 was diagnosed at the end
of a cycle of chemotherapy; 2 (10%) patients received concurrent diag-
nosis of AML and COVID19; 1 patient (5%) received diagnosis of
COVID19 during treatment with TKI. Interstitial pneumonia was con-
firmed in 9 patients (5 AML/2 APL/2 ALL) by CT scan; supportive mea-
sures included oxygen in all patients, with need of Non Invasive Positive
Pressure Ventilation for 2 of them, and transfer to ICU unit and intubation
for 4 of them (2 AML/2 APL). All intubated patients died of interstitial
pneumonia. The patient on TKI continued treatment without interruption.
3 patients with persistent swab positivity started treatment with targeted
agents (2 venetoclax; 1 gilteritinib). Intensive chemotherapy was restart-
ed in 12 patients (10 AML/2 ALL); in ALL patients, treatment was
restarted despite a low COVID19 positivity. In evaluable patients
(16/20), median time to swab negativization was of 39 days (11-60),
with no impact on type of diagnosis (AML vs ALL, 39 vs 38 days,
p=0.44), and significant impact in type of treatment (Intensive vs No-
intensive, 42 vs 14 days, p=0.0009).Only one atypical extra-hematolog-
ical toxicity with pleural effusion, responsive to steroids and drainage,
was observed.

Conclusions: SARS-CoV-2 infection is associated with worst out-
come in patients who develop interstitial pneumonia, with an observed

death rate of 20%. In our cohort, 2 of deaths occurred in APL. This sug-
gests that treatment intensity do not necessarily correlate with pneumonia
severity. However swab negativization time suggest to avoid intensive
therapy when a treatment need to be started due to disease progression.

P33

VENETOCLAX IN ASSOCIATION WITH HYPOMETHILATING AGENTS (HMA) INDUCES RAPID
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Introduction: NPM1 mutation is a disease-defining event in AML
with favorable prognostic features in absence of FLT3-ITD co-mutation
or with FLT3-ITD low allelic ratio (AR)1-3. Nevertheless, AML relapse
can occur and represents an unmet need in patients ineligible for inten-
sive chemotherapy (IC). Furthermore in transplant-eligible patients, a
bridge approach with less toxicity profile than IC is auspicable. Recent
data support exceptional sensitivity to BCL2 inhibition by Venetoclax
(VEN) in NPM1 AML4,5. We report two new cases of NPM1 AML who
experienced a rapid NPM1 transcript clearance with a Venetoclax-based
chemo-free approach as rescue strategy.

Methods: Patient 1: in Oct 2020 a 68y.o. man was diagnosed with
46,XY NPM1+ AML and FLT3-TKD co-mutation. He received
D3A7+Midostaurine induction and achieved CR with NPM1 ratio of
0.77%. Because of severe toxicity, the patient was not a candidate to
other IC. After 1 month MRD persistence was confirmed and he started
Azacitidine (AZA) 75 mg/m2 SC day1-7 with VEN 100mg PO day1-
14. Patient 2: A 66y.o. man was referred to the hematologist in Jan 2020
and was diagnosed with 46,XY NPM1+ AML and FLT3-ITD mutation.
He was treated with D3A7+Midostaurine induction and 2 courses of
HD-AraC+Midostaurin achieving CR, so he was referred to our Center
for evaluation of HSCT indication. CR with MRD negativity was con-
firmed, but he was considered temporarily ineligible to transplant pro-
cedure because of heart failure due to severe mitral insufficiency. He
started Midostaurine as maintenance and underwent surgical valvulo-
plasty. In Jan 2021 disease relapse occurred (88% BM blasts). Gilteritinib
was started as salvage therapy and led to blasts reduction up to 23%
without hematological recovery. AZA was associated with Gilteritinib
in an off-label setting: after 2 courses no significant further BM blasts
reduction was obtained: FLT3-ITD was undetectable, but NPM1 tran-
script was still present (ratio >100%). Third line salvage strategy with
AZA75mg/m2 SC day1-7 with VEN100 mg PO day1-21 was started.

Table 1.

Results: Patient 1 after 2 courses achieved MRD negativity. After 8
cycles Venetoclax dose was reduced by 50% because of persistent G4
neutropenia. After 11 cycles patient is still in CR with MRD-. Patient 2
experienced hematological recovery and BM blasts clearance after 2

72 | haematologica | 2022; 107(s1)

Posters



cycles, with rapid reduction of NPM1 mutated transcript (68%). At the
last evaluation, the patient received a total of 3 courses and he is candi-
date to HSCT.

Conclusions: Venetoclax is an oral BCL2 inhibitor that has shown
efficacy as first.line treatment with HMA in elderly patients ineligible
for IC. Recent evidence indicates that HMA+VEN is particularly effec-
tive in patients harboring NPM1 mutation. We described two NPM1+
patients who experienced rapid response to low dose Venetoclax-based
approach in a salvage setting. More data occurs to confirm the role of
HMA+VEN in R/R AML but NPM1 mutated could represent a selected
target population.

Chronic Lymphocytic Leukemia and Chronic 
Lymphoproliferative Disorders

P34
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Introduction: The CHOICE study was primarily designed to capture
CLL patients’ (pts) preferences towards different treatment attributes
through a Discrete Choice Experiment (DCE) in Italy. This study was
carried out in the period Feb-Jul 2020, during the 1st wave of COVID19
pandemic, and provides an insight of the pts’ perception. about treatments
available in CLL (1-2).

Methods: This cross-sectional multicenter observational study
enrolled, WATCH&WAIT (W&W) or TREATED CLL pts (~50% each,
controlled at site level). Exclusion criteria were inability to take oral
drugs, cognitive disorders that could impair questionnaire’s comprehen-
sion and concomitant therapy for other malignancies. Pts were asked to
fill in aDCE Questionnaire, composed of 9/10 blocks (for
W&W/TREATED respectively) each composed of 8 comparisons
between 2 profiles with the following attributes: treatment and relevant
duration, PFS, risk of infection, risk of organ damage, risk of diarrhea
(levels specified in Figure 1). Each pt was centrally assigned to 1 block
of 8 comparisons. Pts could ask questionnaire explanations to the medical
staff, but they were asked to self-complete it.

Results: 401 pts from16 centers were enrolled in the study,199 W&W
and 198 TREATED pts completed the questionnaire and were considered
evaluable. Main pts’ characteristics are shown in Table 1. Of the 198
TREATED pts, 73.7% were ON-treatment (30.8% 1st-line, 69.2% further
lines) while 26.3% were OFF-treatment. W&W pts rated as the most
attribute of treatment important the ‘Possibility of infections’ (relative
importance, RI=36.2%), followed by ‘Treatment and Relevant duration’
(RI=28.0%) and ‘PFS’ (RI=16.9%). (Figure1A). When stratifying pts by
geography, W&W pts from the North regions (more impacted during the
1st wave) rated as most important the ‘Treatment and Relevant duration’
(RI=40.3%) followed by the ‘Possibility of infection’ (RI=27.2%). Pts
from the Center-South regions rated as most important the ‘Possibility
of infection’ (RI=43.4%) followed by the ‘Possible occurrence of Organ
damage’ (RI=21.6%). TREATED pts gave more importance to the ‘Treat-
ment and relevant duration’ (RI =33.3%) followed by the ‘Possibility of
infections’ (RI =28.8%) (Figure1B) with no difference between patients
from the north and center-south areas.

Conclusions: Unlike other DCE studies available in the current liter-
ature (1-2), the results of the CHOICE study may have been influenced by
the pandemic. While the essential attribute in pre-pandemic DCE studies
was the PFS, the most important attribute in DCE studies conducted during
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the first pandemic wave was represented by the infection concerns. Hos-
pital access constraints, the necessity for personal protective equipment,
and social distance may have influenced patient responses.

Table 1. Main Clinical Characteristics.

Figure 1. Patients Preferences for the Attributes of the DCE.
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Introduction: Hairy Cell Leukemia (HCL) is a B-cell malignancy
accounting for about 2% of all leukemias. The V600E point mutation of
BRAF is a distinctive feature of most classical forms (that is present in
95% of HCL cases). Despite all good treatments available to control the

disease, HCL is unfortunately still incurable. About 40% of HCL
patients, in fact, relapse. The unmet clinical need is the discovery of new
effective treatments against HCL. To this aim, we evaluated the in vitro
efficacy of the microtubule depolymerizing agent Nocodazole and of
the Kv1.3 mitochondrial potassium channel inhibitor PAPTP. Nocoda-
zole, beside its action on cell cytoskeleton – that per se would be reason
enough since in HCL the cytoskeleton is aberrantly rearranged – is a
high-affinity inhibitor of different kinases, including BRAF. As far as
potassium channels are concerned, the Kv1.3 has been involved in the
up-regulation of BRAF itself in different cellular models resembling the
same effect of mutated BRAF. Moreover, Kv1.3 inhibition increases
mitochondrial ROS production thus favoring cell death. For these rea-
sons, inhibitors of Kv1.3, e.g., PATP, could be a good candidate for the
treatment of HCL, as demonstrated by our preliminary data.

Methods: B cells were collected from 10 HCL patients and 5 healthy
subjects. HCL samples were characterized by flow cytometric evaluation
of anti-CD103, anti-CD11c, anti-CD45, anti-CD25, anti-CD5 and anti-
CD19. Purified cells (2x106 cells/ml) were cultured and treated with
Nocodazole (16μM) and PAPTP (10μM), for 24, 48, 72h. HCL and nor-
mal B cell viability was tested by Flow Cytometry (FC) with Annexin
V/PI test and by Western Blotting evaluating cleaved-PARP expression.
Cell tubulin cytoskeleton was observed by confocal microscopy.

Results:We demonstrated that that Nocodazole significantly
decreased cell viability of hairy cells from 63.50±19.29% (untreated) to
52.84±22.14% (treated) after 24h by FC. When we separately analyzed
classic vs variant HCLs, we observed Nocodazole was more effective in
the latter with a 50.00±33.29% of viable cells after treatment with respect
to the 89.22±6.43% observed in the classic forms (data have been nor-
malized putting equal to 100% the untreated conditions). Moreover, 24h
treatment with Nocodazole is able to disrupt hairy cell tubulin cytoskele-
ton architecture. We also demonstrated that PAPTP administration is
able to induce a significant cell death in hairy cells. In particular, viable
hairy cells after 24h of 10μM PAPTP treatment are 15.17±21.33% vs
the untreated condition (59.00±23.59%) FC test and PARP cleavage.
Interestingly, PAPTP treatment at the same times and concentrations has
no effect on healthy B lymphocytes.

Conclusions: The ability of Nocodazole and PAPTP to induce apop-
tosis in leukemic B cells, represents a starting point for the development
of new therapeutic strategies in HCL. These findings also provide new
hints on the importance as target of the BRAF pathways.
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Introduction: Tγδ large granular lymphocyte leukemia (Tγδ LGLL)
is a rare lymphoproliferative disease, representing 5% of all T-LGLL
that in Europe accounts for 2-5% of chronic lymphoproliferative disor-
ders. In comparison with the Tαβ LGLL variant, the most uncommon
Tγδ LGLL has been less defined. This work pointed at characterizing
Tγδ LGLL TCR clonotype pattern and at establishing correlations among
STAT3/STAT5B mutations, LGL phenotype and clinical course.
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Methods: A pilot cohort of 9 Tγδ LGLL patients (4 symptomatic and
5 asymptomatic) and 23 healthy controls was analyzed by next generation
sequencing (NGS) for γ and δ clonotype repertoire and STAT3/STAT5B
mutations. Flow cytometer evaluation of LGL immunophenotype,
STAT3/STAT5B Sanger sequencing and clinical features have been col-
lected in an extended cohort (n=28) and in the pilot study group (in total
n=36, 17 symptomatic and 19 asymptomatic). In these evaluations, 3
patients affected by hepatosplenic T-cell lymphoma (HSTCL) expressing
TCRγδ were also included for comparison.

Results: NGS showed that patients’ Tγδ main clonotypes (with fre-
quency >5%), regarding both γ and δ chains, were public: they were
found also in the TCR repertoire of healthy controls, although at low
frequency. However, a biased use of γ CDR3 repertoire emerged, being
the dominant clonotypes statistically more frequent in patients’ repertoire
than in controls (P<0.05). Consistently, among asymptomatic cases, some
γ clonotypes shared the same CDR3 rearrangement. Concerning the V-
(D)-J γ/δ usage of the patients’ major clones, the Vγ9-JγP and Vδ2-Dδ3-
Jδ1 were the combination most frequently found among asymptomatic
patients, whereas they were absent in the symptomatic group, this latter
being rather characterized by the most unconventional genes for periph-
eral blood TCR repertoire. Immunophenotype data and clinical informa-
tion collected from the enlarged cohort revealed an association between
Vδ2/Vγ9 clonality and indolent course, while Vδ2/Vγ9 negatively cor-
related with symptomatic disease (P<0.05). Of note, the CD28-
CD45RA+CD45RO+CD62L+ phenotype was detected only in associa-
tion with an indolent disease, whereas the effector phenotype CD28-
CD45RA+CD45RO-CD62L- was found exclusively in the symptomatic
group (P<0.05). Moreover, analysis of the STAT mutational profile
showed that all the 7 patients with STAT3 mutations had neutropenia
associated to the CD56-/Vδ2-ve phenotype while the 3 cases with
STAT5B mutations displayed asymptomatic clinical course and
CD56/Vδ2 expression.

Conclusions: Through NGS analysis we found that the clonal cells
in Tγδ LGLL patients are mainly characterized by public clonotypes but
notably Tγδ LGLL clonotypes are differently distributed between symp-
tomatic and asymptomatic patients. Our data also showed that discrete
immunophenotypes and STAT mutational profiles were associated with
different clinical courses, thus emphasizing their relevance for the correct
management of patients with Tγδ-cell expansions.
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OVERCOMING DRUG RESISTANCE IN CHRONIC LYMPHOCYTIC LEUKEMIA BY 
SDEVELOPING A CELL LINE RESISTANT TO IBRUTUNIB

F. Frezzato1,2, N. Mouawad1, F. Severin1,2, E. Ruggeri1, 
L. Martinello1, A. Visentin1,2, E. Pagnin1, V. Trimarco1, A. Tonini1, 
S. Pravato1, S. Imbergamo1, A. Martines3, L. Bonaldi3, M. Facco1,2,
L. Trentin1,2

1Dipartimento di Medicina, Università degli Studi di Padova; 2Istituto
Veneto di Medicina Molecolare (VIMM); 3Immunologia e Diagnostica
Molecolare Oncologica, Istituto Oncologico Veneto, Italy

Introduction: The Bruton’s tyrosine kinase (Btk) inhibitor Ibrutinib
(Ibr) has significantly improved outcome in Chronic Lymphocytic
Leukemia (CLL), achieving high efficacy even in high-risk and chemo-
refractory patients. However, the presence of primary or acquired resis-
tance often leads to poor clinical outcomes. Besides Btk and PLCy muta-
tions cause Ibr-resistance in 80-85% of cases, the understanding of the
mechanisms leading to Ibrutinib resistance will be critical in the devel-
opment of next generation therapeutic strategies to overcome the inci-
dence of resistance. Towards the goal of overcoming this resistance, the
aim of this study was the development and characterization of an Ibru-
tinib-resistant cell line.

Methods: The MEC-1 CLL cell line was cultured in IMDM medium,
supplemented with antibiotics and 10% FBS, and incubated at 37°C in
5% CO2 humidified atmosphere without (wild type MEC, MEC#WT)
or with increasing doses of Ibrutinib (MEC#Ibr). IC50 was calculated
periodically to assess the acquiring of resistance in MEC#Ibr vs.
MEC#WT. Subclones were derived from MEC#Ibr and clones #6 and
#10 have been selected because of their higher resistance to Ibrutinib.

Western blotting for PARP cleavage was employed to assess apoptosis
induction by Ibrutinib in all the cell lines under study. The four cell lines
have been characterized through flow cytometry and cytogenetics. Pro-
teic profiles of resistant cells have been analyzed with membrane-based
arrays.

Results: To develop the Ibrutinib-resistant cell lines, we achieved
different IC50 values for MEC#WT (5.14μM) and MEC-1 cells acquiring
resistance (MEC#Ibr= 19.88μM; MEC#Ibr-6= 15.90μM; MEC#Ibr-10=
19.76μM), with a calculated fold resistance compared to MEC#WT of
3.87, 3.09 and 3.84, respectively. When the four cell lines were treated
with 5μM Ibrutinib, only the MEC#WT underwent apoptosis after 72h,
as opposed to MEC#Ibr and the two resistant clones, as assessed by
PARP cleavage. As for the proteic profile, in the resistant cell lines with
respect to the MEC#WT we found a dysregulation of several proteins.
We highlighted: i) an overall hyperactivation of the MAPK pathway,
particularly MSK2-S360, MKK6-S207, MKK3-S189, MEK1/2-
S217/221; ii) up-regulation of some molecules of AKT/PI3K/mTOR
pathway, especially in MEC#Ibr-6; iii) down-regulation of ATF-T69/71
and c-JUN-S73, belonging to TGF-β pathway; iv) down-regulation of
SHP-1-S591 and up-regulation of SRC-Y419 of JAK/STAT pathway.

Conclusions: In this study we generated Ibrutinib-resistant CLL cell
lines through continuous and increasing doses of Ibrutinib with the final
goal to identify possible alterations in signaling pathways that make CLL
cells resistant to such treatment. Particularly, we found that the MAPK
pathway is highly activated in resistant cells. The establishment of this
model might be useful to study molecular mechanisms leading to Ibru-
tinib-resistance and provide guidance on the treatment for those patients
failing Ibrutinib.
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CHRONIC LYMPHOCYTIC LEUKEMIA (CLL) PATIENTS QOL: A CROSS-SECTIONAL ANALY-
SIS OF THE ITALIAN EXPERIENCE IN THE CHOICE STUDY DURING THE FIRST WAVE OF
THE COVID-19 PANDEMIC

A. Tedeschi1, I. Innocenti2, F. Albano3, A. Gozzetti4, L. Levato5, 
M. Porrazzo6, G. Reda7, E. Albi8, A. Chiarenza9, G. Giuliana10, 
S. Malgieri10, P. Finsinger10, L. Trentin11

1SST Grande Ospedale Metropolitano Niguarda – SC Ematologia,
Milano; 2Fondazione Policlinico Universitario A Gemelli, IRCCS, Dip.
Diagnostica per immagini, Radioterapia oncologica ed Ematologia,
Roma; 3Hematology, Department of Emergency and Organ Transplan-
tation, University of Bari, Bari; 4Università degli Studi di Siena, Poli-
clinico S. Maria alle Scotte, Siena; 5SOC di Ematologia - Dipartimento
di Ematologiabed Oncologia. Azienda Ospedaliera Pugliese Ciaccio,
Catanzaro; 6Ematologia, Università Sapienza, Dipartimento di Medi-
cina Traslazionale e di Precisione, Roma; 7U.O.C. Ematologia, Fon-
dazione IRCCS Ca’Granda Ospedale Maggiore Policlinico di Milano,
Milano;  8IRCCS Ospedale San Raffaele, Strategic Research Program
on CLL, Milano; 9Divisione di Ematologia con Trapianto, A.O.U. Poli-
clinico “G. Rodolico-S. Marco”, Catania; 10AbbVie Srl, Roma; 11Divi-
sione di Ematologia, Dipartimento di Medicina, Azienda Ospedale-
Università di Padova, Padova, Italy

Introduction: Most Patient Reported Outcomes data currently avail-
able for CLL patients (pts) come from randomized controlled trials (1-
2), hence limiting generalizability. CHOICE study investigated CLL
patients’ QoL and preference towards different treatment characteristics
through a Discrete Choice Experiment (DCE). Due to the study timelines
(Feb-Jul2020), the data offer an insight into pts perception / worries dur-
ing the 1st wave of the COVID-19 pandemic in Italy.

Methods: This cross sectional, multi-center, observational study
included CLL pts, treatment-naïve in the watch & wait period (W&W)
or TREATED (1:1). Exclusion criteria were inability to take oral drugs,
cognitive disorders that could impair the comprehension of the question-
naires, concomitant treatment for other malignancies. Pts completed the
EQ-5D-5L, EORTC QLQ-C30 and QLQ CLL-16, as well as a DCE
questionnaire.in an electronic format.

Results: 401 pts were enrolled in Italy in 16 hematology centers (Feb-
Jul20); 199 W&W and 196 TREATED pts were evaluable. Main patients’
characteristics are shown in Table 1. 73.7% of TREATED pts were ON-
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treatment (30.8% in 1st-line, 69,2% in further lines) and 26.3% were OFF-
treatment; 55,6% were currently treated with a target therapy (Table 1). 

Table 1. Main Clinical Characteristics.

Figure 1. EORTC QLQ C30 (A and B) and CLL-16 (C) results.

The EQ-5D-5L questionnaire showed no significant differences
between groups: more than 80% of pts reported low values (1 or 2, indi-
cating no or small impact) on all items. Median VAS was 75 for the
TREATED and 80 for the W&W group (0-100; higher scores indicate
higher QoL). QLQ C-30 / CLL-16 scores had very similar results
between groups suggesting a limited impact of CLL on QoL. The median
(IQR) QoL Scale was 83.3 (67- 83) for TREATED and 83.3 (67- 92) for
W&W pts (0-100; for functional scales high scores represent a better
level of functioning; for symptoms’ scales low values indicate a less
important symptomatology/problem). The main symptoms reported were
fatigue, insomnia, pain, and dyspnea; the main worry was for “future
health” (Figure 1). A statistical difference was found between the groups
only for the QLQ-C30 Role Functioning Scale (p=0.024) and the Social
Functioning Scale (p=0.003) and for the QLQ CLL-16 Infection Scale
(p<0.001), all with slightly but significantly better results for the W&W
pts.

Conclusions: CHOICE study helps to understand the COVID-19
pandemic impact on CLL pts feeling . Main limitation of the study was
its cross-sectional design, not allowing to evaluate any change in QoL.
CLL pts showed a good QoL, as confirmed by both EQ-5D-5L and
EORTC QLQ C-30 / CLL-16 scores, with very similar results between
TREATED and W&W pts (with slightly better results in the W&W pts).
The CHOICE study results are consistent with previous reports; fatigue
was the most reported symptom, the most relevant worry was for future
health . Hospital accesses reduction due to COVID-19,and the extreme
attention for the danger of infections might have influenced pts response,
impacting their perception on future health.
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INDUCTION OF NEUTRALIZING ANTIBODIES IN CLL PATIENTS AFTER SARS-COV-2 MRNA
VACCINATION

F. Mavilia1, F. Pratesi2, C. Baratè3, E. Benedetti4, V. Guerri5, 
P. Sammuri5, P. Migliorini6, S. Galimberti7
1,3,4,5,6,7Dipartimento di Medicina Clinica e Sperimentale, U.O. Ema-
tologia Universitaria, Università di Pisa ; 2,6Dipartimento di Medicina
Clinica e Sperimentale, U.O. Immunoallergologia Clinica, Università
di Pisa, Italy

Background: SARS-CoV-2 infection increases the clinical risk and
mortality of patients with chronic lymphocytic leukemia (CLL). Covid-
19 vaccinations have the potential to protect individuals from severe
infection, but little is known about the antibody response profile in these
patients after the vaccination. We compared anti-RBD and neutralizing
antibody responses, and also fluorescence activated cell sorting (FACS)
analysis of peripheral blood mononuclear cells (PBMC) subpopulations
in 27 patients with CLL to healthy donors after mRNA Covid-19 vacci-
nation.

Methods: Of 27 patients enrolled in the study, 21 patients received
BNT162b2 mRNA vaccine and 6 patients received Spikevax mRNA
vaccine. The median age was 70.6 years, with 18 males and 9 females.
4 patients were in clinical remission after treatment, 10 patients were
treatment-naïve and 13 patients were under treatment at the time of vac-
cination. Blood samples were taken before the vaccination and from 11
to 41 days after the second dose, with a median time of 23 days. The
levels of anti-RBD IgG, IgM, IgA were evaluated by ELISA on recom-
binant RBD, the neutralizing antibody response was evaluated by SPIA
assay. We also performed a FACS study of PBMC subpopulations, a
burden disease assessment using blood indicators (LDH, beta-2-
microglobulin, lymphocytic count) and imaging, as well as an evaluation
of IgG levels at the time of vaccination.

Results: A comparison of anti-RBD antibody seroconversion (IgG,
IgM, and IgA) between 29 patients with CLL and healthy control sub-
jects indicated that CLL patients had a considerably lower response rate
(50 percent vs 100 percent) and had lower antibody levels than healthy
controls. The SPIA assay for neutralizing antibodies present after vacci-
nation yielded the same result (50 percent vs 100 percent). No differences
in peripheral blood mononuclear cells subpopulation were observed
between pre and post-vaccination, with a tendency to significance for
an increase of CD4+ TEMRA and a decrease of CD8+ TEMRA. 

N 198 (100.0%) 199 (100.0%)

Age Mean ± SD 68.4 ± 10.6 67.9 ± 10.3

Gender Male %, n/Pts 68.2% (135/ 198) 61.3% (122/ 199)

Race Caucasian %, n/Pts 99.5% (197/ 198) 100.0% (199/ 199)

Education Primary school %, n/Pts 34.8% (69/ 198) 27.6% (55/ 199)

Secondary school %, n/Pts 32.8% (65/ 198) 36.2% (72/ 199)

High school %, n/Pts 22.2% (44/ 198) 24.1% (48/ 199)

University %, n/Pts 10.1% (20/ 198) 12.1% (24/ 199)

Occupation Retired %, n/Pts 66.2% (131/ 198) 59.3% (118/ 199)
Worker (part-time -or full-
time)

%, n/Pts 29.3% (58/ 198) 34.2% (68/ 199)

Diagnosis 
Time from diagnosis, 
years 

Median (IQR) 7.0 (4- 11) 5.0 (2- 9)

IGHV Mutated %, n/Pts 25.8% (51/ 198) 42.2% (84/ 199)

Unmutated %, n/Pts 55.6% (110/ 198) 17.1% (34/ 199)

Not evaluable %, n/Pts 18.7% (37/ 198) 40.7% (81/ 199)

del17p Mutated %, n/Pts 14.1% (28/ 198) 2.5% (5/ 199)

Unmutated %, n/Pts 60.1% (119/ 198) 51.8% (103/ 199)

Not evaluable %, n/Pts 25.8% (51/ 198) 45.7% (91/ 199)

del11q Mutated %, n/Pts 17.2% (34/ 198) 4.5% (9/ 199)

Unmutated %, n/Pts 55.6% (110/ 198) 49.2% (98/ 199)

Not evaluable %, n/Pts 27.3% (54/ 198) 46.2% (92/ 199)

TP53 Yes %, n/Pts 15.2% (30/ 198) 4.0% (8/ 199)

No %, n/Pts 58.1% (115/ 198) 36.7% (73/ 199)

Not evaluable %, n/Pts 26.8% (53/ 198) 59.3% (118/ 199)

CIRS Total CIRS Score Median (IQR) 6.0 (4- 9) 6.0 (4- 8)

Body systems involved 
>=3

%, n/Pts 74.2% (147/ 198) 77.9% (155/ 199)

Most frequent 
comorbidities

Hypertension %, n/Pts 54.5% (108/ 198) 52.3% (104/ 199)

Dyslipidemia %, n/Pts 11.6% (23/ 198) 13.1% (26/ 199)

Obesity %, n/Pts 12.1% (24/ 198) 15.6% (31/ 199)

Diabetes %, n/Pts 16.7% (33/ 198) 14.1% (28/ 199)

Other Neoplasia %, n/Pts 12.6% (25/ 198) 13.1% (26/ 199)

Cardiovascular %, n/Pts 14.6% (29/  198) 15.1% (30/  199)

Previous Major Surgeries %, n/Pts 35.8% (69/ 193) 45.4% (88/ 194)

Treatment Currently treated %, n/Pts 73.7% (146/ 198)

No current treatment %, n/Pts 26.3% (52/ 198)

No previous treatment %, n/Pts 30.8% (61/ 198)
At least 1 previous 
treatment

%, n/Pts 69.2% (137/ 198)

N. previous treatment Median (IQR) 1.0 (1- 2)

Type of current 
treatment

Chlorambucil + 
Obinutuzumab

%, n/Pts  2.0% (4/ 198)

BR (Bendamustine + 
Rituximab)

%, n/Pts  2.0% (4/ 198)

FCR (Fludarabine + 
Cyclophoshamide + 
Rituximab)

%, n/Pts  2.0% (4/ 198)

FC (Fludarabine + 
Cyclophosphamide)

%, n/Pts 0.5% (1/198)

Ibrutinib %, n/Pts  32.8% (65/ 198)

Idelalisib + Rituximab %, n/Pts  3.0% (6/ 198)

Venetoclax + Rituximab %, n/Pts  8.1% (16/ 198)

Venetoclax %, n/Pts  11.6% (23/ 198)

Other %, n/Pts   11.6% (23/ 198)
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Figure 1. Anti-RBD antibodies.

Figure 2. Anti RBD Ab and Ibrutinib.

There was no correlation between Ig or SPIA values and PBMC sub-
sets, total IgG levels and serum LDH. We found ad inverse correlation
with spleen dimension (p<0.05) and with lymphonodal area (p<0.005).
Stratifing patients according to presence of neutralizing antibodies after

the vaccination we found a larger prevalence of SPIA positives compared
to SPIA negatives in treatment-naïve patients (60% vs 40%). Patients in
clinical remission after therapy had a comparable result (75% versus
25%), however patients on treatment had a much lower percentage of
SPIA positives (23.1% vs 76,9%).

Conclusion: Only around half of vaccinated CLL patients acquire
detectable anti-RBD and neutralizing antibodies, according to our find-
ings. Furthermore, we discovered a substantial difference in rates of
detectable anti-SARS-CoV-2 antibodies between patients who were treat-
ment-naive/in clinical remission (9/14, 64.3%) and those who were on
CLL-directed treatment (3/13, 23.1%).

Figure 3. Spleen/Lymphonod vs SPIA.
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THE DEDALO PROTOCOL: AN INTEGRATED APPROACH TO MRD IN CLL PATIENTS 
RECEIVING VENETOCLAX PLUS RITUXIMAB

F. Mavilia, F. Ghio, G. Cervetti, C. Baratè, D. Dardanis, 
E. Mazzantini, P. Rossi, P. Sammuri, V. Guerri, C. Bono, S. Grassi,
E. Benedetti, S. Galimberti

Dipartimento di Medicina Clinica e Sperimentale, U.O. Ematologia
Universitaria, Università di Pisa, Italy

Background: In previous analyses, the MURANO study demonstrat-
ed significant progression-free survival (PFS) and overall survival (OS)
benefit for fixed-duration venetoclax-rituximab treatment compared with
bendamustine-rituximab in relapsed/refractory chronic lymphocytic
leukemia (CLL) patients. Furthermore, the study demonstrated that deep
responses with undetectable minimal residual disease (uMRD) were
associated with favorable PFS. We designed the “Dedalo” study with
the goal of testing MRD from a multidisciplinary point of view (flow
cytometry, molecular biology and ultrasound) and of assessing MRD
predictive/prognostic value.

Methods: up today 12 patients have been enrolled in the protocol;
all were characterized by IgHV mutational status and TP53/del(17p)
presence. MRD status was assessed by flow cytometry in peripheral
blood from 7 patients after the first cycle (M1) and in 9 patients after the
sixth cycle (M6) of Rituximab-Venetoclax, with a sensitivity of 10-4.

Results: Out of the 12 enrolled patients, until now no one had to dis-
continue the treatment and 3 patients reached the twelfth month of ther-
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apy. After the first cycle, MRD status was assessed in 7 patients, with a
57% rate of PB undetectable MRD (less than 10-4) and a 43% rate of
low MRD positivity (defined as 10−4 to < 10−2) and with 0% of high
MRD positivity (defined as ≥ 10−2). After the sixth cycle, conversely,
MRD status was assessed in 9 patients, with a 78% rate of uMRD.
Among the 3 patients carrying del(17p) or TP53 mutation, 1 patient
reached uMRD after the first cycle, 1 patient has achieved a low MRD
positivity after the first cycle, and 1 patient remained MRD positive after
the sixth cycle.

Conclusion: With all patients still on treatment, a favorable MRD
kinetics was observed in the venetoclax-rituximab setting. The majority
of patients achieved PB uMRD after the first cycle of the treatment, with
a higher percentage after the sixth cycle. These results are superimpos-
able to those from Murano trial (at 4 months, uMRD 60%, low MRD
positivity 20%, 78% at 6 months). The durability of uMRD rates, their
role in the prediction of PFS in a real-life experience, and the effect of
genetic characteristics on the MRD kinetics are still under investigation.
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MYD88 AND CXCR4 MUTATION ANALYSIS IN CHRONIC LYMPHOCYTIC LEUKAEMIA

C. Mereu1, M. Monne1, A. Uras1, G. Piras1, R. Asproni1, P. Malune1, 
A. Manai1, A. Bianchi1, A. Di Francesco1, A.D. Palmas1

1UOC Ematologia ASSL Nuoro-ATS Sardegna, Italy

Introduction: Mutations in MYD88 and CXCR4 genes appear to be
significant in prognostic stratification of Waldenstrom Macroglobuline-
mia (WM) patients. In chronic lymphocytic leukaemia (CLL), it has
been shown that MYD88 L265P mutations, although rare (2-5%), may
have prognostic implications, while functional coding mutations in
CXCR4 may be a rare cause of the disease, possibly accounting for
approximately 1.6% of familial disease. While an essential role of
CXCR4 receptor in WM as well as in CLL has been established, CXCR4
gene mutations in CLL are not well characterized. Aim of this study was
to analyse MYD88 and CXCR4 gene mutations in patients with CLL and
to evaluate the association with further genetic aberrations.

Methods: Thirty-one genomic DNAs from CLL patients (median
age:74; males:20; females:11) were selected among samples referring
to the laboratory of Haematology Unit of Nuoro Hospital for diagnostic
purposes. Mutation analysis of MYD88 region encompassing exons 4
and 5 was performed by Next Generation Sequencing (NGS) and Sanger
sequencing, while CXCR4 3’ coding region starting from amino acid
256 was analysed by bidirectional Sanger sequencing. Results of Dohn-
er’s CLL FISH panel was available for all cases, together with IGHV,
TP53 and NOTCH1 mutational status. Mutated and unmutated IGHV
status was equally distributed, deletion 13q FISH abnormality was pre-
sent in 75% of cases, TP53 mutation analysis was negative in all patients
and NOTCH1 c.7544_7545delCT was observed in 7% of cases.

Results: The canonical MYD88 p.L265P mutation (NM_002468.4:
c.794T>C) was detected in 2 cases (6,45%) and the MYD88 p.R264Q and
p.S243N in two more patients by NGS analysis. Variant allele frequencies
were 41%, 10%, 48% and 36%, respectively. As expected, Sanger
sequencing confirmed mutations with allele frequencies higher than 15%.
Mutations of the CXCR4 3’ coding region were not detected in any of the
31 analysed cases. All MYD88 mutations co-occurred with FISH abnor-
mality del13q, mutated IGHV, wtTP53 and wtNOTCH1 status.

Conclusions: We found a MYD88 mutation rate of 12,9%, higher
than frequencies previously reported in CLL and associated to favourable
genetic alterations. Differently from WM, where the MYD88 L265P is
highly prevalent, we found that 2 out of 4 MYD88 mutated CLLs harbour
a non L265P variant. No CXCR4 mutation was detected in our series,
even though their presence cannot be excluded at sub-clonal level, in
agreement with recent studies, where a very low prevalence (0-0,6%) of
CXCR4 mutations was found in CLL patients. Although MYD88 muta-
tions are present both in WM and CLL, a different mutational spectrum
is observed in CLL patients. The absence of CXCR4 mutations in CLL
indicates that different genetic events are present in association in WM
and CLL.

Lymphomas
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PROTEIN KINASE CK2 INHIBITION IN MANTLE CELL LYMPHOMA SYNERGICALLY 
POTENTIATES VENETOCLAX INDUCED CYTOTOXICITY

S. Manni1,2, Z. Spinello1,2, M. Pesavento1,2, A. Fregnani1,2, 
L. Saggin1,2, L. Quotti Tubi1,2, G. Semenzato1,2 L. Trentin1,2, 
F. Piazza1,2 

1Department of Medicine, Hematology and Clinical Immunology
Branch, University of Padova; 2Veneto Institute of Molecular Medicine
(Padova), Italy

Introduction: Mantle cell lymphoma (MCL) is a tumor of B-cell ori-
gin characterized by frequent relapses. Recently, clinical effective drugs
such as kinase inhibitors disrupting B-cell receptor signalling (Ibrutinib,
Acalabrutinib) and antiapoptotic BCL2-family members blockers BH3-
mimetics (such as Venetoclax) have emerged as effective options in the
therapeutic armamentarium. However, resistance may occur, even in the
setting of Venetoclax and Ibrutinib combination, prompting the quick
search of new valuable targets. CK2 is a Ser/Thr kinase overexpressed
in several blood tumors. By its “horizontal” action, CK2 supports onco-
genic pathways activation, promotes tumor cell survival, and counteracts
extrinsic and intrinsic apoptosis. A critical role for CK2 in the regulation
of BCL2 family members has been suggested. In this work, we tested
the impact of CK2 inhibition on Venetoclax (Ven)-induced cytotoxicity
in MCL.

Methods: CK2 chemical inhibition was obtained with CX-4945
(Silmitasertib) in MCL cell lines (Rec-1, Granta-519 and Jeko-1) and in
patient samples. CK2 silencing in MCL cell lines was achieved by the
generation of cell clones stably transduced with IPTG-inducible lentiviral
vectors coding for CK2-directed shRNAs. Survival, apoptosis, mito-
chondrial membrane depolarization and proliferation were investigated
by FACS analysis of AnnexinV/PI and JC-10 staining. Apoptotic related
proteins and phosphorylation of kinases downstream the BCR were ana-
lyzed by western blot (WB). The synergic action of the drugs was ana-
lyzed by the Chou-Talalay combination index method.

Results: The combination of CX-4945 with Ven increased MCL cell
apoptosis, as judged by the augmented frequency of Annexin V positive
cells and expression of cleaved PARP protein with respect to the single
treatments. Intriguingly, the Venetoclax-induced increase of MCL-1 anti-
apoptotic protein was lowered by the addition of CX-4945. CK2 silenc-
ing reproduced the results obtained with CX-4945 boosting the cytotoxic
effect induced by Venetoclax. Analysis of cell cycle distribution con-
firmed an increased frequency of likely apoptotic cells in the sub G1
phase in CK2-silenced cells and a modulation of the other phases of the
cell cycle. The addition of Ven caused a dose dependent rise of cells in
sub G1 and a strong reduction of cells in S and G2/M phases. Remark-
ably, calculation of the Combination Index suggested a strong cell-killing
synergic effect between CX-4945 and Ven on each cell line tested,
including those less sensitive or resistant to Ven.

Conclusions: We demonstrated that the simultaneous inhibition of
CK2 with Silmitasertib and BCL2 with Venetoclax synergistically coop-
erates in inducing apoptosis of MCL B-lymphocytes. These results sug-
gest that the double targeting of CK2 and BCL2 may counteract mech-
anisms of resistance to apoptosis exploited by MCL tumor cells.
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CD79B EXPRESSION IN DIFFUSE LARGE B CELL LYMPHOMA AS ASSESSED BY FLOW
CYTOMETRY OF LYMPH NODE BIOPSIES
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dazione Policlinico Universitario A. Gemelli, IRCCS Roma; 3Divisione
di Anatomia Patologia e Istologia, Fondazione Policlinico Universi-
tario A. Gemelli, IRCCS Roma, Italy

Introduction: The CD79b molecule is part of the B cell receptor
(BCR) complex, composed of the antigen recognition part, surface
immunoglobulin, and the signal transduction part, the CD79a/CD79b
heterodimer. The anti-CD79b antibody-drug conjugate polatuzumab, is
emerging as an effective therapeutic option for the treatment of diffuse
Large B cell lymphoma (DLBCL). Data on expression of CD79b in
DLBCL are very limited. The aim of our study was to assess expression
of CD79b in lymph node biopsies from patients (pts) with DLBCL using
flow cytometry (FC).

Methods: We analysed lymph node samples from 72 pts with DLB-
CL. Bioptic material was obtained between December 2015 and Septem-
ber 2021, either at the time of diagnosis in 66 pts or at relapse in 6 pts.
Median age 61 range 22-88; 40 females and 32 males). Cell suspensions
were prepared by mechanical disaggregation of solid tissues. Cells were
incubated with 8 surface markers including the main diagnostic antigens
of B-cell lymphomas (KappaV450/CD45V500/CD20FITC/
CD79bPE/CD5PerCpCy5.5/CD19PECy7/CD10APC/LambdaAPCH7).
Data were acquired with BDFACSCantoII (BD) and DXFlex (Beckman
Coulter) cytometers. Pathological B cells were identified by a combina-
tion of physical parameters (FSC/SSC) and clonality markers (light chain
restriction or absence of light chain expression on mature B cells). For
each antigen we measured Median Fluorescence Intensity (MFI) on
pathological CD19+ B cells and CD5+ T cells (negative control popula-
tion) and we calculated the relative fluorescence intensity as MFI ratio
(RMFI) between these two populations respectively.

Results: Median percentage of CD79b expression on DLBCL lym-
phoma B cells of 72 pts was 80% (IQR 26-95). CD79b was strongly
positive (expressed on > 70% of cells) in 54.5% of pts (39/72), partially
positive (expressed on 20-70% of cells) in 21% of pts (15/72), weakly
positive (expressed on 1-20% of cells) in 5.5% (4/72) and negative (less
than 1% positive cells) in 19% of pts (14/72). CD79b expression was
observed in residual normal B cells in pts without CD79b expression on
pathological B cells. No difference in CD79b expression was observed
between samples at diagnosis and relapse. We observed a strong positive
correlation between RMFI of CD79b and light chain expression (Pearson
R=0.75, p <0.0001). CD79b expression was not correlated with expres-
sion of CD20, CD10, and CD5 as assessed in FC. CD79a expression
was assessed by IHC and positive in 28/29 (96.5%) samples, while
CD79b expression in FC was present in only 19/29 pts (66%).

Conclusions: Our results indicate that expression of CD79b may be
more heterogeneous in DLBCL as previously assumed, with 19% of
DLBCL that do not express CD79b. This is in contrast to the nearly uni-
versal expression of CD79a in DLBCL. We conclude that flow cytomet-
ric studies on cell suspensions from biopsies are helpful to assess surface
expression of target molecules in a quantitative method.
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HELLS SUSTAINS LYMPHOMA PROGRESSION BY PROMOTING TRANSCRIPTION AND BY
RESOLVING DNA TOPOLOGICAL CONFLICTS

V. Fragliasso1, A. Tameni1, E. Sauta2, F. Torricelli1, V. Mularoni1, 
E. Vitale1, V. Manicardi1, M. Tigano3, A. Ciarrocchi1

1Laboratory of Translational Research, Azienda USL-IRCCS di Reggio
Emilia; 2IRCCS-Humanitas Research Hospital; 3Sidney Kimmel Med-
ical College, Thomas Jefferson University

Introduction: Transcription can be a risky process that imposes DNA-
topological tensions. Nascent RNA pairs with its DNA-template and
forms hybrid called R-loops. Accumulation and persistence of R-loops
alter local chromatin structure, increase the density of RNA-PolymeraseII
(RNAPII) and DNA-lesions. This phenomenon leads to chromosome
rearrangements and genomic instability. Being deputed to DNA struc-
tures resolution, helicases sense DNA tension and operate to ease evo-
lution of DNA-based processes. We recently identified the DNA-helicase
HELLS as a new vulnerability of T-cell Lymphomas (TCLs). HELLS
orchestrates a transcriptional program essential to the survival and pro-

liferation of TCLs and its genetic ablation impairs mitosis and cell pro-
liferation.

Methods: RNA-seq and ChIP-seq were performed in TCL cells
depleted for HELLS (HELLSKD). R-loops and yH2AX were detected
by immunfluorescence (IF) using S9.6 and yH2AX antibodies respec-
tively.

Results: To understand how HELLS manages and coordinates tran-
scription and to define the HELLS-associated gene expression program
in TCLs, we performed RNA-seq in HELLSKD cells. Gene expression
profiling showed that HELLS depletion affects the expression of 728
genes (56% were downregulated) mainly involved in the regulation of
cytoskeleton, chromatin remodelling and DNA repair as indicated by
gene ontology analysis. Next, we performed ChIP-seq against histone
markers (H3K4me3 and H3K9me3) and RNAPII. HELLS depletion
results in no dramatic changes in the H3K4me3 and H3K9me3 levels at
examined promoters. Although we did not also observe changes in
RNAPII level, we detected significant changes in RNAPII distribution
profile at transcriptional starting sites of a set of HELLS-target genes
suggesting that HELLS alters RNAPII progression rather than its recruit-
ment. Indeed, loss of HELLS leads to an accumulation of R-loops that
co-localize with the active form of RNAPII, further suggesting that
HELLS alleviates RNAPII stall upon collision with R-loops during elon-
gation. We next confirmed that HELLS interacts with RNAPII and that
the decreased RNAPII activity after HELLS depletion was associated
with a significant decrease in the incorporation of 5-ethynyl uridine into
nascent RNA confirming that transcription process is attenuated across
all transcriptome. As R-loops accumulation is associated with DNA dam-
age, we assessed by IF, the level of yH2AX upon HELLSKD. We
observed a significant increase in the intensity of nuclear yH2AX signal
and in the formation of yH2AX foci in HELLSKD cells. Noticeably,
yH2AX foci accumulation was observed in correspondence of R-loops
and in co-localization with RNAPII.

Conclusions: Our results indicate that HELLS supports TCL pro-
gression promoting gene expression by resolving R-loops, easing
RNAPII progression and protecting DNA from damages simultaneously.
These key functions qualify HELLS as a new dependency of TCLs and
therefore as potential vulnerability of these lymphomas
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BONE MARROW MICROENVIRONMENT: A NOVEL THREE-DIMENSIONAL IN VITRO MOD-
EL FOR THE STUDY OF REFRACTORY DLBCL

J. Ceccato1, M. Piazza1, I. Caputo1, F. Cinetto2, M. Pizzi1, 
S. Manni1, F. Piazza1, L. Trentin1, F. Vianello1

1Department of Medicine, University of Padova; 2Ca’ Foncello Hospi-
tal

Introduction: Diffuse large B cell lymphoma (DLBCL), the most
common non-Hodgkin lymphoma, is characterized by rapid growing
tumour masses in nodal or extranodal sites. Although immunochemother-
apy is highly effective, yet about 30% of patients will relapse or exhibit
refractory disease (r/r DLBCL). Bone marrow (BM) involvement is
detectable in about 15% of DLBCL patients and it is associated with a
worse prognosis, likely due to the interaction of DLBCL cells with the
microenvironment. We sought to investigate the role of extracellular
matrix (ECM) and mesenchymal stromal cells (MSCs) in the prolifera-
tion and response to therapy of DLBCL cells in a three-dimensional (3D)
in-vitro microenvironment, aiming to establish a tool for testing patients-
specific therapies.

Methods: Human femoral bone fragments were decellularized and
then resettled to generate a 3D scaffold repopulated with MSCs line (HS-
5) or human BM-derived MSCs. The spatial configuration of the model
was studied by histological analysis, confocal microscopy and two pho-
ton techniques which allow us to digitally reproduce the 3D structure of
the model. The pattern of growth of the OCI-LY18 DLBCL cell line was
then analyzed in the decellularized scaffold and in the model in presence
of MSCs. The induction of apoptosis following Ibrutinib exposure of
DLBCL cells growing in the 3D model was then measured by Annexin
V assay. 2D co-cultures were also evaluated and compared.
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Results: We found that decellularized human bone scaffolds were
effectively repopulated by the MSCs cell line as well as by human-
derived MSCs. By exploiting an in-house device directing a flow of
MSCs through the scaffold we were able to significantly improve recel-
lularization. MSCs settled in the scaffold generated a 3D net extending
in the trabecular spaces. We found that DLBCL cells were able to
migrate, autonomously adhere and grow into the scaffold, either in pres-
ence and absence of MSCs. Interaction with the extracellular matrix
likely plays a role in the strong adherence of DLBCL cells to the scaffold,
with MSCs offering an additional niche. The interaction of DLBCL cells
with the extracellular matrix and with MSCs significantly impaired can-
cer cell apoptosis induced by the Bruton’s tyrosine kinase inhibitor, Ibru-
tinib. The magnitude of the protective effect of MSCs on DLBCL cells
was higher in the 3D model.

Conclusions: Our results suggest that the DLBCL cells interact with
the extracellular matrix and with MSCs in a 3D in-vitro model of human
bone marrow. The biology of cell growth and response of tumor cells to
spontaneous and drug-induced apoptosis differ from a conventional 2D
model, suggesting that our 3D model may better reproduce how DLBCL
cells interact with the bone marrow microenvironment. Our 3D model
may be exploited to develop patient-specific platforms for drug screening
and personalized therapy in r/r DLBCL.

Figure 1.
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PRECLINICAL EFFICACY AND BIOLOGIC EFFECTS OF VENETOCLAX-IXAZOMIB COMBINA-
TION IN LYMPHOMA CELL LINES

M. Cosenza, S. Sacchi, S. Pozzi

Dipartimento di Scienze Mediche e Chirurgiche Materno-Infantili e
dell’Adulto, Università di Modena e Reggio Emilia, Italy

Introduction: Venetoclax is Bcl-2-targeting drug showing preclinical
and clinical activity in hematologic malignancies. Due to the develop-
ment of resistance and the loss of dependence on the target protein, the
monotherapy may be insufficient for maximal effectiveness. To circum-
vent the resistance mechanisms, many preclinical studies have shown
that combination of venetoclax with other agents may represent a more
effective therapeutic strategy. Ubiquitin-proteasome signaling pathway
is a potential target that plays an important role in the proteolysis of key
regulatory proteins. Proteasome inhibitors include ixazomib that inhibits
cell growth and induces apoptosis in hematological malignancies cells
resistant to conventional therapies and to bortezomib.

Methods: We performed preclinical screening of 12 lymphoma cell
lines that included 3 DLBCL, 2 FL, 2 MCL, 1 CTCL, 1 ALCL, 2 HL, 1
CLL and two MCL primary patient samples, treated with different con-
centrations of venetoclax and ixazomib alone and in combination. Cell
viability was determined by MTS. Cell cycle and apoptosis were evalu-
ated by flow cytometry. ERK1/2 and AKT signaling pathways were eval-
uated by western blot analysis.

Results: Venetoclax with ixazomib produced a synergistic effect in
the most lymphoma cells lines and in two MCL primary patient samples
leading to inhibition of cell growth and induction of apoptosis accom-
panied by increased of cleavage of caspases-3, -9 and PARP. We
observed an additive effect in Jeko1 (MCL) and MEC1 cells (CLL) and
antagonist effect in Hut78 cells (CTCL). Our results suggest that com-

bination treatment inhibits lymphoma cell proliferation by affecting cell
cycle arrest at G0/G1 phase through inhibition of cyclin D1 and upreg-
ulation of p27 and p21. The combination can lead to cell death by induc-
ing apoptosis and autophagy mediated by expression of ER stress pro-
teins, of the pro-apoptotic proteins as Bax, Bad, and Noxa that control
pathways to autophagy or apoptosis. Enhanced cell death is associated
with ERK 1/2 inactivation and with a reduction of AKT.

Conclusion: We have shown that the venetoclax-ixazomib combination
has a synergistic effect in several lymphoma cell lines. Thus, these data offer
a rationale to deeply exploring the biological effects of the combination.
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DISSECTING THE ADAPTIVE RESPONSE TO ARGININE DEPRIVATION IN HODGKIN 
LYMPHOMA
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In Hodgkin Lymphoma (HL), arginine (Arg) degrading enzyme
Arginase-1 is increased. However, how Arg starvation in the HL
microenvironment can contribute to neoplastic cell fitness is largely
unknown. To this end, four human cHL cell lines (L428, L540, HDMYZ
and KM-H2) were individually cultured with customized complete
media or lacking or Arg (R0), supplemented with 10% dialyzed fetal
bovine serum, in six independent experiments. After 48 hours of culture,
the cells were collected for global metabolomic analysis, by gas chro-
matography-mass spectrometry (GC/MS) and liquid chromatography-
tandem mass spectrometry (LC/MS/MS) platforms by Metabolon Inc
and transcriptome profiling by RNA-seq. The effect on the cellular
metabolome depended largely on the cell type examined with L428 and
KMH2 cells having significantly changed metabolomes. Pyruvate was
significantly higher in the KMH2 cells deprived of Arg compared to
controls. Consistent with a metabolic rewiring to maintain mitochondrial
integrity (the pyruvate is an important intermediary in the conversion of
carbohydrates into fatty acids), the adaptive response was associated to
increased oxidative stress, as suggested by of reduced glutathione in
KMH2 cells, depletion of gamma-glutamylcysteine, increased cystine,
the oxidative product of cysteine, and methionine sulfoxide (an oxidation
product of methionine). Gene set enrichment analysis (GSEA) showed
deep transcriptome rearrangements in KMH2 and HDMYZ cell lines,
involving upregulation of genes required for the unfolded protein
response (UPR, including XBP1, EIF2S1, EIF4A2, EIF4A3, ATF3,
ATF4, DDIT4, EDEM1, GADD45B, SQSTM1, HMOX), NF-kB
response to TNF (including RAF1, TNF, LIF, NKBIA, SGK1, BIRC3,
ICAM1, BCL6, IL6, RELA, CDKN1A), p53 pathway and networks
(including CDKN2B, STOM, TRAF4, RRAD, SESN1, FOXO3, SER-
PINB5, JAG2) and proteosome degradation (HSPA4, PSMD11,
PSMD13, PSMD2, PSMA5, PSMA7, PSMC4), with a minimal effect
on metabolism features, except the upregulation of genes involved in
lactate generation and degradation. All lines tested showed down-regu-
lation of CCNI2, LCROL, MKI67, NCAPG, PEX10 and UFSP2, sug-
gesting that early response to arginine deprivation includes modulation
of UFMylation pathway, he most recently discovered post-translational
protein modification system, whose biological function is largely
unknown. Thus, the cell-cycle arrest in G2, the increase of pyruvate
availability and the upregulation of proteasome function via upregulation
of the UFMylation pathway suggest the dependency of HL cell lines on
mitochondrial function integrity. Quantity and function of mitochondria
network can play a major role in selecting the fittest clones, a metabolic
pathway that should be explored as novel non -synthetic lethal targets.
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IMPACT OF COVID-19 PANDEMIC ON CHEMO-IMMUNOTHERAPY IN LYMPHOMA
PATIENTS : A SINGLE CENTRE RETROSPECTIVE ANALYSIS OF 320 HODGKIN/
NON-HODGKIN LYMPHOMA PATIENTS

G. Urbano, A. Fiorentini, M. Petrini, G. Gini, A. Olivieri

Clinica di Ematologia - Ospedali Riuniti, Italy

Introduction: There are few reports about the management of chemo-
immunotherapy during COVID-19 pandemic in lymphoma patients. The
aim of this study was to assess whether COVID-19 pandemic caused a
significant prolongation of time of treatment plan completion in lym-
phoma patients treated at our Centre.

Methods: We retrospectively collected data from 320 HL/ NHL con-
cecutive patients treated at our Centre from July 2018 to October 2021
with pre-COVID-19 pandemic period being considered from July 2018
to February 2020 and COVID-19 period from March 2020 to October
2021 (20 months each). We evaluated the delay (days) in completion of
the therapeutic plan for each patient. Chemo-immunotherapeutic regi-
mens were divided into 5 groups: regimens requiring hospitalization,
ABVD-like, CHOP-like, platinum/bendamustine-based and
immunotherapy maintenance/monotherapy regimens. Mann-U-Whitney
test was used to evaluate statistical differences in delay of treatment plan
completion of each regimen-group between pre-COVID-19 and COVID-
19 period.

Results: In pre-COVID-19/COVID-19 periods, median time of delay
of therapeutic program, regarding therapies requiring hospitalization,
CHOP-like, ABVD-like, platinum/bendamustine-based and immunother-
apy maintenance/monotherapy regimens were 15 days (range 6-103)/32
days (range 0-154) , 4 days (range 0-57)/0 days (range 0-61), 3 days (
range 0-38)/1 day (range 0-19), 2 days (range 0-44)/6 days ( range 0-57)
and 0 days (range 0-26)/3 days (range 0-210), respectively. No differ-
ences in delay of treatment program were found in regards of therapies
requiring hospitalization (p=0.4), ABVD-like (p=0.55) and platinum/ben-
damustine-based regimens (p=0.2), comparing pre-COVID-19 and
COVID-19 periods. A difference in completion anticarcer program for
patients treated with CHOP-like regimes was found, with a significant
delay in the pre-COVID-19 era (p<0.01). Prophylactic use of PEG-GCSF
during CHOP-like regimens was found to be more frequent in the
COVID-19 era (p<0.01). Moreover, there was a significant extention in
planned therapy duration for immunotherapy maintenance/monotherapy
regimens (p=0.01, Figure 1), in the COVID-19 period.

Conclusions: Our results demonstrate the practice of cancer care pri-
oritization in lymphoma patients in our Centre, maintaining dose density
in high grade lymphomas, mainly due to aggressive prevention infection
strategies and expanded use of PEG G-CSF. The delay in completion of
anti-CD20 regimens during COVID-19 era is likely due to the questionable
efficacy of anti-SARS-CoV-2 vaccination in patients undergoing anti-
CD20 maintenance, that led to its temporary discontinuation in most cases.
A prospective assessment of the impact of the delay of immunotherapy
maintenance on progression-free survival is undergoing.

Figure 1.
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HIGHLY REARRANGED HYPER-TETRAPLOID (98-100 CHROMOSOMES) SPORADIC
BURKITT LYMPHOMA WITH SOLELY BONE MARROW/LEUKEMIC PHASE PRESENTATION:
A CASE REPORT AND LITERATURE REVIEW
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Burkitt leukemia is characterized with bone marrow- and blood-pre-
dominant or exclusive disease, and is considered a variant of Burkitt
lymphoma in the 2016 WHO classification. A 76-year-old man was
admitted to our Hematology outpatient Department of Federico II Uni-
versity of Naples because of persistent asthenia in the last 7 days. Hema-
tologic findings upon admission were: hemoglobin 75 g/L, platelets 47
x109/L and white blood cell count 1.5 x109 /L with absolute neutrophil
count of 290/mmc and absolute lymphocytes count of 750/mmc. There
was no lymphadenopathy or organomegaly at physical exam and patient
clinical history revealed no previous pathologies and a normal blood cell
count one month earlier. Lactate dehydrogenase was 2319 IU/L ; viral
screening (EBV, HCV, HBV and HIV, HTCLV) resulted negative. The
bone marrow exam resulted in punctio sicca, but peripheral blood smear
showed a 55% of atypical large immature cells ( CD19+, CD20+, CD23,
CD10+, CD5+, CD38+, and CD43+ cells with kappa light chain restric-
tion). Karyotype analysis on peripheral blood showed highly rearranged
hypertetraploid karyotype with a modal number of 98-100 chromosomes,
including three X and three Y chromosomes, characterized by structural
as well as numerical abnormalities. The bone marrow biopsy, at a low
power view, showed a diffuse proliferation of small and medium-sized,
monotonous neoplastic lymphocytes (CD20+, CD79a+, Pax5+, CD10+,
Bcl6+, CD43+, c-Myc+ and Ki67 of 100%), with the characteristic “star-
ry-sky” pattern due to interspersed macrophages engulfed with tingible
bodies. 

Figure 1. A: FISH findings of two copies of reciprocal translocation
t(8;14)(q24;q32) and an extra copy of der(14)t(8;14)(q24;q32), defined by
FISH using Whole chromosome 8 and 14 painting probes and c-Myc break-
apart probe; Three copies of a derivative chromosome that result from a
translocation of p arm of chromosome 6 and q arm of chromosome 8,
defined by FISH using Whole chromosome 6 and 8 painting probes and c-
Myc break-apart probe; two copies of isochromosome 7p; a marker chro-
mosome derived from chromosome 7, defined by FISH using Whole chro-
mosome 7 painting probe (not shown here). B: Patient karyotype and cyto-
genetic analysis: 98-100,XXYY, + X, + Y, der(?;1)(?;q10)x2,der (?;6)(?;p10)
x3,i(7)(p10)x2,t(8;14)(q24;q32)x2,- 9,+12, +13,+der(14) t(8;14)(q24;q32),
+mar[cp10]. C: bone marrow biopsy showing a diffuse infiltrate of uniform
irregular lymphocytes, with the characteristic starry-sky pattern (haema-
toxylin and eosin, neoplastic lymphocytes stain for protein c-Myc (anti-protein
c-Myc, original magnification x10).

haematologica | 2022; 107(s1) | 81

XVII Congress of the Italian Society of Experimental Hematology, Roma, Italy,  March 31 – April 1-2, 2022



A total body fluoro-deossi-glucose (FDG)-positron emission tomog-
raphy (PET) was performed and multiple uptakes solely from bones
were recorded. A diagnosis of highly rearranged sporadic Burkitt lym-
phoma stage IV (bone marrow and blood exclusive disease) was made.
Patient began antibiotic prophylaxis with fluorochinolones and flucona-
zoles and anti-haemorrhagic prophylaxis. The clinical conditions rapidly
worsened with rapid requirement of platelets and blood transfusion.
According to age and patient’s performance status, chemotherapy treat-
ment with R-CHOP-21 schedule was employed and he received neu-
tropenia prophylaxis with growth stem cell factor daily administration
and anti-haemorrhagic prophylaxis but died 3 days after the first course
of chemotherapy treatment for acute haemorrhage cerebral infarction.
In literature, a karyotype study on recurrent alterations associated with
MYC rearrangements in 37 cases of Burkitt lymphoma showed several
associations such as that of 1q gain, structural 13q alterations or chro-
mosome 6 derivatives. These findings suggest that distinct molecular
pathways may be involved in the progression of the different categories
of MYC-rearranged lymphomas with complex genomic alterations. Sim-
ilar alterations were described in a study of paediatric Burkitt lymphoma
cases, whose data support the frequent occurrence of 1q and 13q abnor-
malities with bone marrow involvement. Several genes in the 1q region
encode proteins involved in prevention of apoptosis, such as BCL9 and
MCL1, that may be involved in Burkitt lymphoma pathogenesis while
chromosome 13 candidate genes include BAFF (13q32q34) which is
shown to be involved in tumor cells apoptosis. Our findings suggest that
distinct molecular pathways may be involved in the progression of the
different categories of MYC-rearranged lymphomas with complex
genomic alterations.

Monoclonal Gammopathies and Multiple Myeloma
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A COMPREHENSIVE INTRACELLULAR NAD+ DEPLETION PRIMES MM CELLS TO DNA
DAMAGING AGENTS BY TRIGGERING OXIDATIVE STRESS
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A. Nencioni4, S. Bruzzone2, A. Bellotti5, M. Duschosal5, 
A. Nahimana5, R.M. Lemoli1,3, M. Cea1,3
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versity of Genoa; 2Department of Experimental Medicine, Biochem-
istry unit, University of Genoa; 3IRCCS Ospedale Policlinico San Mar-
tino, Clinic of Haematology; 4IRCCS Ospedale Policlinico San Mar-
tino; 5Central Hematology, Research Laboratory (LHER)

Introduction: Multiple myeloma (MM) is an incurable disease with
still unexplored metabolic-pathways dependency. We previously report-
ed that Nicotinamide Adenine Dinucleotide (NAD+), a master regulator
of catabolic metabolism and several enzymatic activities, plays a crucial
role for MM cells growth; as a result, small molecules targeting the rate-
limiting NAD+ producer enzyme NAMPT, have potent anti-MM activ-
ity. Despite this evidence, clinical benefits of NAMPT inhibitors are lim-
ited, suggesting that alternative NAD+ production routes confer resis-
tance. Here we investigated biological relevance of nicotinic acid phos-
phoribosyltransferase (NAPRT, which together with NADSYN, accounts
for the Preiss-Handler pathway NAD+ salvage pathway) in MM cells,
investigating then the clinical relevance of a comprehensive NAD+
depletion for anti-MM strategy.

Methods: Gene expression analysis of NAD+ producing enzymes
(NAMPT, NAPRT and NADSYN) and its correlation with clinical data
(OS and PFS) was performed on MMRF CoMMpass study. Next, a
GSEA algorithm on biological modules was run on tumors carrying low-
vs high-NAD producers’ signatures. Chemical and genetic lentiviral-
based approaches were both used to test biological relevance of NAPRT
in a panel of MM cell lines. Then, an anti-MM drugs screening was uti-
lized to challenge fully-NAD depleted MM cells using different viability
tools. Detailed mechanistic studies were also performed with qPCR,
western blot and immunofluorescence analyses. Finally, clinical benefits
of our findings were accomplished by challenging publicly available
datasets on ASCT-treated MM patients.

Results: A comprehensive RNAseq analysis from CoMMPass
dataset sharply divided MM patients on their NAD+ producing enzymes
expression. As a result, “high-NAD+ producers” showed poorer prog-
nosis than those expressing low mRNA levels, in term of PFS and OS
as well. In line with these data, a panel of MM cell lines showed a per-
vasive expression of these enzymes regardless of specific genetic back-
ground. Importantly, an increased genomic instability characterized
NAPRT-depleted cells later showing that a fully intracellular NAD+
shortage primes MM cells to DNA damaging agents. The oxygen reac-
tive species generation was accountable for observed synergism, also
maintained in cells with lower NAPRT baseline levels. Finally, a focused
ASCT-treated MM patient analysis, revealed worst outcome for “high-
NAD+ producers” thus suggesting a clinical relevance for our strategy.

Conclusions: Our data provide evidence that NAD+ biosynthesis
impairment affects MM cells viability and results in genomic instability.
As result, a comprehensive NAD+ depletion with dual NAPRT and
NAMPT inhibition primes MM cells to alkylating agents, the backbone
strategy for ASCT-eligible patients.
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BLOCKING LACTATE TRAFFICKING IN MULTIPLE MYELOMA MICROENVIRONMENT MAY
BE A POTENTIAL TARGET FOR ANTI-CANCER THERAPY
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Introduction: Multiple myeloma (MM) is a B-cell malignancy char-
acterized by an accumulation of clonal plasma cells (PCs) in the bone
marrow. Tumour cells can shift between Warburg effect and OXPHOS,
and PCs can upload lactate from the microenvironment through mono-
carboxylate transporter 1 (MCT1). The aim of this work was to evaluate
whether lactate trafficking could favour immune escape and drug resis-
tance. Methods: Treg and monocytic-myeloid derived suppressor cells
(M-MDSCs) expansion, mitochondrial depolarization (MD) and apop-
tosis were measured by FACS. Gene expression was carried out by qRT-
PCR. Results: Peripheral blood (PB) of MM patients showed high levels
of circulating lactate. Following culture of healthy PB mononucleated
cells in presence of MM sera, the percentage of both Treg and M-MDSCs
resulted significantly increased. The addition of AZD3965 (AZD), a
MCT1 inhibitor, reverted this effect. Moreover, MM PCs directly pro-
mote Treg expansion through lactate release and AZD inhibited this
effect. Culturing MM cell lines in presence of lactate, we observed over-
expression of genes involved in OXPHOS together with a significant
increase in ROS production. We, therefore, evaluated BTZ efficacy in
MM after prolonged lactate exposure. Of note, BTZ toxicity decreased,
and a concomitant increase of mitochondrial mass was observed. We
also treated MM cells with BTZ alone or in combination with AZD in
presence of MM serum adding or not AZD. Apoptosis increased in MM
cells pre-treated with AZD compared to cells treated with BTZ alone
and BTZ-induced MD was not significantly affected after AZD pre-treat-
ment. Lactate can also act as a signaling molecule through GPR81 recep-
tor activation whose expression resulted significantly increased in MM
cell lines after lactate exposure. We, therefore, tested whether lactate
effects observed previously were metabolism- or GPR81-mediated. Inter-
estingly, 3,5 DHBA, a GPR81 agonist, was not able to expand Treg and
MDSC. In addition, we treated MM cells with BTZ in presence of MM
serum adding or not 3-OBA, a GPR81 inhibitor. We found that both
apoptosis and MD decreased in cells pre-treated with 3-OBA compared
to cells treated with BTZ alone, suggesting that GPR81 inhibition pre-
vents lactate to act as a ligand but not as a metabolite, entering the cells
through MCT1 channel. Conclusions: In conclusion, blocking lactate
trafficking in MM may be a potential target for anti-cancer therapy.
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LOW IGM IS ASSOCIATED TO INFERIOR SARS-COV-2 SPIKE ANTIBODY RESPONSES TO
TWO DOSES OF COVID-19 RNA VACCINATION IN ELDERLY PATIENTS WITH MULTIPLE
MYELOMA
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Patients with multiple myeloma frequently present with substantial
immune impairment and an increased risk for infections and infection-
related mortality. During COVID-19 pandemics we aimed to evaluate
the immune response in MM patients vaccinated for SARS-CoV-2 during
their active anti-MM treatment. The study included 78 multiple myeloma
patients undergoing treatment and a control group composed of 15 health
care workers and 11 patients affected by low-risk smoldering Multiple
Myeloma (sMM). All participants had received two doses of the
BNT162b2 (Pfizer-BioNTech) vaccine. The serology testing was done
using Quant II IgG anti-Spike severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) assay by Abbott 30 days after receipt of the sec-
ond dose of the vaccine. All subjects in the control group developed a
positive antibody response at 30 days after the second vaccine dose
[defined as 50 arbitrary units per milliliter (AU/ml), or higher] as com-

pared with 41% (37 of 89) in the MM group (active MM + sMM). 34
MM patients had undetectable antibody levels defined as <10 AU/ml.
The median anti-Spike IgG levels in the MM group requiring treatment
(median, 12.3; range, 10.6-98.7) were significantly lower than those in
the control group (median, 649.8; range, 149-1787, p<0.0001) and sMM
(median, 591.7; range, 240.1-880.7, p<0.0001). Median IgG levels in
MM patients carrying IgM <50 (N=54) was lower than those with IgM
≥50 (N=24, p=0.003), independently from treatment type. Patients on
frontline therapy (N= 25) produced higher anti-spike antibody levels
than previously treated patients on therapy (N=53, p = 0.02). Only expo-
sure to high-dose steroids was associated to reduced antibody levels,
since the median IgG levels in MM patients requiring Dexamethasone
40 mg/week (N=47) were significantly lower than those in MM patients
who did not receive steroids (N=31, p<0.0001). Per internal policy, all
patients interrupted steroids seven days before and seven days after vac-
cine inoculation. Furthermore, MM patients with a very good complete
response or more (VGPR, N=28) achieved higher antibody levels (medi-
an 281.9 AU/mL) than those who were not in CR (median 67.0 AU/mL;
p<0.0001). The odds of being in the lower quartile IgG anti-Spike after
two doses of the BNT162b2 were significantly higher for older individ-
uals (odds ratio, 1.11 per 1 year of age; 95% CI, 1.08 to 1.20; p=0.004),
for patients carrying IgM <50 mg/dL (odds ratio, 2.71; 95% CI, 1.13 to
7.51; p=0.05), in absence of a deep response defined as very good partial
response remission or better (odds ratio, 2.71; 95% CI, 1.13 to 7.51;
p=0.05). Taken together, our results indicate that more advanced disease
and worse disease status are associated to an inferior response to COVID-
19 mRNA Pfizer vaccination, without any significant difference due to
the ongoing anti-MM treatment.
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ULTRASOUND EVALUATION OF THE ATRIAL CHAMBERS IN THE PATIENTS WITH LIGHT
CHAIN AMYLOIDOSIS
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1U.O.C. Ematologia, Azienda Policlinico-Rodolico San Marco; 2Dipar-
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versità di Catania; 3U.O.C. Divisione di Cardiologia, Azienda
Ospedaliera Universitaria Policlinico-Vittorio Emanuele, Italy

Background: Immunoglobulin light chain amyloidosis (AL) is due
to a small B-cell clone producing monoclonal light chains (LC) that
could deposit in different tissues leading to organ failure. The heart is
the most important organ in terms of prognosis. Indices of cardiac
involvement are serological (proBnp and Troponin) and instrumental
(echocardium and cardiac MRI) but these investigations do not give us
information about the atrial chambers.

Aims: To evaluate right and left atrial chambers and their function in
patients affected by AL amyloidosis. Methods: 24 patients (pt) were stud-
ied. Serum pre- and post-therapy evaluation of ProBNP, Troponin, pro-
tein, albumin, Beta2microglobilin, Free Light Chain (FLC) involved,
uninvolved chain and ratio, kidney and liver markers were performed in
addition to ultrasound (US) evaluation [LAD (left atrial diameter), LAV
2DE (left atrial volume by 2-dimensional echocardiography), LAEF 2DE
(left atrial ejection fraction by 2-DE), LAEF 3DE (left atrial ejection
fraction by 3-dimensional echocardiography), RAA (right atrial area),
IVSs (interventricular septum end systole), PWTd (posterior left ven-
tricular wall thickness end diastole), PWTs (posterior left ventricular
wall thickness end systole), RVDb (right ventricular basal diameter),
RV-Sm (peak systolic velocity of lateral tricuspid annulus), LV TEI index
(Left ventricular myocardial performance index), LVGLS 2DE (left ven-
tricular global longitudinal strain by 2-DE), LV ASP (left ventricular api-
cal sparing pattern of longitudinal strain)]. We tried to correlate serolog-
ical and instrumental parameters to find some significant correlation.

Results: Pt had received 1, 2 (9, 37.5%%), rarely 3 or 4 lines of ther-
apy (LOT, 5, 21%; 3, 12.5%). Median age was 52 years (range 37-79),
half of pt were male (54%). Median time from diagnosis was 3 years
(range 1-12). Multiple myeloma was present in 15 (62.5%) pt. Heart
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involvement was present in 14 (58%) pt, kidney involvement in 23 (96%)
pt and liver involvement in 5 (21%) pt. Among pt with heart involve-
ment, the majority was under stage II, 3 pt were at stage IIIb. 15 pt are
in course of treatment (62.5%), 7 in follow up (29%), 2 pt died during
first LOT (8%) (Table 1). Median OS was not reached while PFS from
the first line of therapy was 68 months (range 32.8- 103.15). None of
US parameters had an impact on PFS. Among evaluated parameters we
have found a significant correlation (p<0.05) among pre-ProBNP value
and right atrial volume and among Troponin value and several right atrial
parameters and with thickened ventricular walls in systolic phase.

Conclusions: These preliminary data demonstrate a significant cor-
relation between parameters known to define the amyloidogenic cardiac
involvement of AL and parameters concerning the atrial chambers, espe-
cially right, on a limited group of AL pt. These are preliminary data that
should be extended to a greater number of pt in order to understand
whether atrial involvement can have a prognostic impact in the disease.

Table 1.
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CONTINUOUS THERAPY WITH CARFILZOMIB-LENALIDOMIDE-DEXAMETHASONE (KRD): 
A MULTICENTRIC EXPERIENCE IN REAL-LIFE
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The irreversible proteasome inhibitor Carfilzomib has a proven effi-
cacy in doublet and triplet combinations for the treatment of patients
with relapsed or refractory multiple myeloma (RRMM) as shown in the
ENDEAVOR and ASPIRE trials. Here we retrospectively analyzed a
series of RRMM patients treated with KRd regimen over 18 cycles to
evaluate efficacy and tolerability of continuous treatment (Table 1). Data
were elaborated using SPSS Statistics Version 26. Overall survival (OS)
was calculated from the time of the beginning of treatment until the date
of death for any cause or last follow-up visit. Progression free survival
(PFS) was defined as the time from the beginning of treatment to docu-
mented progression. OS and PFS were analysed by the Kaplan-Meier
test. The statistical significance level was set at the 95th percentile. 36
patients were enrolled at one Calabrian and three Sicilian centres on
behalf of the Sicilian Myeloma Network from June 2016 to November
2021. 24 of them were on first relapse (66,6%). Median number of cycles
was 31.5 (range 18-61). Overall response rate (ORR) at first response to
KRd was 92%: 3 patients (8%) achieved a complete response (CR), 14

patients (39%) achieved a very good partial response (VGPR), 16 (45%)
achieved PR, 2 (5%) a minimal response (MR) and 1 (3%) had a stable
disease (SD). ORR at best response was 97% (56% CR, 30% VGPR,
4% PR), 1 patient (3%) had SD. At last follow up ORR was 53%: (36%
CR, 8% VGPR, 8% PR), one (3%) had a SD. Progression disease (PD)
occurred in 16 patients (44%), 15 of them were exposed to another treat-
ment, among them 9 patients were exposed to at least two more treat-
ments including novel agents (Daratumumab, Pomalidomide, Belantam-
ab-Mafodotin). Median PFS was not reached and so was median OS
calculated from the beginning of KRd. 9 patients (25%) reported grade
3-4 hematological AEs, 13 patients experienced (36%) grade 3-4 non-
hematological AEs, only 3 (8%) cardiovascular AEs. Lenalidomide was
reduced in 21 (58%), interrupted in 9 (25%) patients due to serious
adverse events (SAEs). During Sars-Cov-2 pandemic waves, to reduce
hospital admission, 8 patients who achieved at least VGPR continue
halved Carfilzomib administration schedule (total dose 27 mg/m2 once
every 2 weeks instead of twice) maintaining previous response except
for 1 patient who experienced PD (at cycle 32, after one more year of
KRD treatment). Real-world experiences often significantly diverge
from randomized clinical trials for patients selection resulting into dif-
ferences in terms of efficacy and tolerability. In our study KRd combi-
nation deepened response over time without relevant toxicity as showed
also in a subgroup analysis of ASPIRE and ENDEAVOR. In addition,
schedule modification during Sars-Cov-2 pandemic reduced the number
of hospital admissions without losing quality of response, thus opening
the question of which is the best administration regimen of Carfilzomib
as maintenance.

Table 1.
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CHEMO OR CHEMO-FREE REGIMENS IN HEAVILY PRETREATED MULTIPLE MYELOMA? ROLE
OF BENDAMUSTINE-BORTEZOMIB-DEXAMETHASONE (BVD) IN NOVEL AGENTS’ ERA
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The treatment of heavily pretreated Multiple Myeloma continues to
be considered as an important unmet clinical need. Bendamustine is an
old bi-functional alkylating agent which has proved to be effective in
relapsed, refractory and in new diagnosed Multiple Myeloma (MM).
Thus, aiming to provide further insights in this field, also in novel
agents’era, we present here a retrospective, real-life analysis of patients
with relapsed/refractory MM (rrMM), who had received salvage therapy
with bendamustine in combination with bortezomib and dexamethasone
(BVD). 81 patients (44 M/37 F), with rrMM, median age at diagnosis
59.4 years (r. 36-82), median age at start of treatment 63.6 years (r.37-
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86) treated with several lines of treatments (median 6, r. 2-11), every
refractory to all the drugs previously received (also Bortezomib),
received BVD (B 90 mg/sqm days 1,2; V 1.3 mg/sqm days 1,4,8,11, D
20 mg days 1,2,4,5,8,9,11,12, Pegfilgrastim day +4) every 28 days, until
progression. All patients had previously received bortezomib-based and
IMIDs-based treatments, and 32% (26/81) had also received radiother-
apy. 69% (56/81) had undergone single or double autologous and three
(2%) allogeneic stem cell transplant. All patients were relapsed and
refractory to last therapies received before BVD. Bendamustine was well
tolerated, with grade 3-4 transfusion-dependent anemia in 56% (46/81)
of patients, and 43% (35/81) grade 3-4 neutropenia (no ospedalization
was required, no septic shocks were observed). No severe extrahemato-
logic toxicity was observed, only grade 1 gastrointestinal side effect
(nausea), treated by common antiemetic drugs. According to IMWG,
ORR was 63% (51/81: 7 CR, 18 VGPR, 15 PR, 11 MR) with 11 PD and
19 patients in SD, which can be considered as an impressive result in
this subset of rrMM patients. In particular, for 11 patients, BVD was,
after having achieved at least a PR, a bridge to second auSCT, and for
two patients a bridge to alloSCT. Eight patients have surprisingly
achieved a notable PR after failure of novel agents (i.e. Carfilzomib,
Daratumumab and Pomalidomide). Median time to response was 1.3
months (r.1-3), median OS from diagnosis was 67.3 months (r.6-151),
median OS from start of Bendamustine was 9.6 months (r.2-36). The
triplet Bendamustine-Bortezomib-Dexamethasone has shown significant
efficacy in a particularly severe setting of patients, relapsed and refractory
to all available therapeutic resources, and, in particular cases, it could be
considered as a bridge to a second autologous or allogenic SCT, also
after failure of novel agents.

P56

LENALIDOMIDE/DEXAMETHASONE COMBINATION AS FIRST-LINE ORAL THERAPY OF
FRAIL MULTIPLE MYELOMA PATIENTS: AN UNICENTRIC REAL LIFE STUDY
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Since few years, Lenalidomide plus dexamethasone (Rd), has
become a new standard of care for newly diagnosed multiple myeloma
(NDMM) patients not eligible for autologous transplantation. The phase
3 trial FIRST showed that continuous therapy with Rd is superior in PFS
and OS to fixed therapy or triplets including melphalan, thalidomide and
prednisone (MPT), leading to approval of Rd for NDMM. However,
little is known about safety and efficacy of Rd in frail and ultra-frail
patients. From June 2016 to September 2021, 89 consecutive frail
NDMM patients were treated with Rd regimen, according to the FIRST
schedule. Frailty was defined by International Myeloma Working Group
(IMWG) frailty score and also with the simplified frailty scale by Facon
et al. We evaluated safety and efficacy of Rd combination and the prog-
nostic significance of several parameters on PFS and OS. 89 patients
were treated with Rd schedule, median age was 77 years (range 41-92).
50 patients (56.2%) were >75 years old. 67 patients had an ECOG ≥2
(75%), 55 patients had an IMWG frailty score ≥2 (62%). According to
the simplified frailty score, all 89 patients (100%) were considered frail.
Creatinine clearance was lower than 30 ml/min in 12 patients (13%).
Median duration of follow up was 26 months. 58 patients (65.2%) had
one or more adverse events (AEs) of grade 3 or 4 (G3/4); among them,
24 (27%) experienced G3/4 hematological AEs, with anemia as the most
frequent toxicity. 43 patients (48%) reported G3/4 non hematological
toxicity. On the date of the last follow-up, 42 out of 89 patients (47.2%)
were alive, 24 (26.9%) of these patients were still in treatment with Rd,
10 (11.2%) progressed and underwent a second line treatment. 32 patients
died (23 were in disease progression), while 8 patients discontinued the

treatment due to toxicity or other complications. Median duration of oral
treatment was 7 months (range 0.2-54.1), Median PFS was 14 months
(range 5.2-22.7). Median PFS was not reached for fit patients; for unfit
and frail patients was 14 (range 12.7-15.2) and 8 (range 6.1-9.8) months
respectively. Among 76 evaluable patients who received at least 2 cycles,
the Overall Response Rate was 68.4% (N=52), including 23 (30.3%)
very good partial response (VGPR) and 25 (32.8%) partial response (PR),
with 4 (5.2%) complete response (CR). Median OS was 21 months (range
11.3-30.6) Median OS was not reached for fit patients; for unfit and frail
patients was 28 (range 2-56) and 8 (range 0.5-25.5) months respectively
(Figure 1). These real-world data report the use of the Rd treatment in a
population rarely included in randomized clinical trials. Older and more
frail patients benefit from Rd combination also in the era of Monoclonal
Antibodies. Treatment is manageable and G3/4 AEs are less than pivotal
trial probably because a wide use of supportive care such as growth fac-
tors and vaccination. We therefore conclude that Rd could be used in
patients with high ECOG or age >75 years. 

Figure 1. OS for fit, unfit and frail patients.
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ED can be an early AL feature. 
Aim: investigate the incidence and evaluate the presence and possible

causes of ED. Methods: All male patients with AL attending the Haema-
tology Department of Federico II University were enrolled, from July to
November 2021. Patients older than 70y and/or with ECOG ≥ 2 were
excluded. Andrological assessment was performed by G.F and P.R and
consisted in physical examination, power Doppler ultra-sound evaluation
and a questionnaire concerning sexual activity (IIEF-15). Mayo clinic
staging assessment was reported for all patients at diagnosis and enrol-
ment. 

Results: 13 patients were enrolled: 5 at AL diagnosis (“treatment
naïve”) while 8 in follow-up after AL treatment (“Off-therapy”). In the
latter, hematologic CR and VGPR were recorded in 5/8 and 3/8 patients,
respectively (median 48 and 67 mo); complete organ response was
recorded in all. Hormonal dosages resulted within the reference limit for
all patients and nobody suffered from pathological depression according
to our psychologist consultant (S.A). ED prevalence was 92%: 9 severe,
1 moderate and 2 mild ED. The flowmetric indices showed a reduction
of peak systolic value (PSV) in 77% of patients and a pathological accel-
eration (Acc) in 4/13. Patients with pathological Acc showed a higher
age (p=0.05) and worse scores at IIEF-TOT (p=0.006), at Desire Func-
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tion (p=0.01), at Overall Satisfaction (p=0.03); patients with severe ED
showed a higher age (p=0.003) and a pathological left Acc value
(p=0.04); patients with mild ED and normal erectile function (localized
AL) showed normal right PSV (p=0.004) and normal left PSV (p=0.006)
compared with patients with moderate and severe ED. For the two groups
ED prevalence and ED stage was homogenous as the flowmetric charc-
teristics. In the “off-therapy” group no differences were found according
to hematologic response. Patients were offered, after cardiological con-
sultation, a therapy with PDE5-I on demand with sildenafil 100 mg cp,
to be taken about 60 minutes before intercourse, 4 patients (with mod-
erate ED) accepted the therapy and presented for clinical consultation
after 1 month showing clinical benefit and increase in parameters objec-
tively assessed through the IIEF-15 standardized questionnaire. 

Conclusion: A strong association between arterial inflow deficit,
penile hemodynamic alteration, and ED was outlined. A possible car-
diotoxic effect of extracellular light chain was disclosed by the presence
of early endothelial dysfunction in systemic AL independently of treat-
ment received, time from AL diagnosis and organ involvement. A pos-
sible indication our study may provide is that any patient seeking medical
advice for unexplained ED should undergo AL screening.

Table 1. Patients clinical and haematological characteristics.

Values are n (%) unless otherwise notified.
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Carfilzomib is an epoxyketone proteasome inhibitor of second gen-
eration, proved to be effective and safe in relapsed and refractory Mul-
tiple Myeloma (rrMM), in combination with dexamethasone or lenalido-
mide and dexamethasone. In this retrospective observational trial, it has
been evaluated efficacy and safety of carfilzomib, in combination with
lenalidomide-dexamethasone (KRD) as salvage regimen in patients with
rrMM, refractory to lenalidomide, where lenalidomide-based regimens
have no proven efficacy. 41 patients (23 M/18 F), with rrMM, median
age at diagnosis 63.7 years (r. 43-82), median age at start of treatment
67 years (r. 48-84) previously treated with several lines of treatments
(median 3, r. 2-11), underwent to KRD regimen (ASPIRE trial schedule)
for a median treatment cycles of 8 (r 2-18). ISS was equally distributed,
and all patients had previously been treated with bortezomib and IMIDs,
and were refractory to this agents. 61% (19/31) of them had undergone
at least to a single ASCT. According to IMWG criteria, after a median
follow-up of 9 months (r. 2-18), ORR was 68,2% (28/41: 9 CR, 12
VGPR, 7 PR) with 5 progressive diseases (PD) and 8 patients in stable
disease (SD): this can be considered as an impressive result in this subset
of rrMM patients, refractory to lenalidomide. In particular, for 11
patients, KRD was, after having achieved at least a PR, a bridge to sec-

ond/third autologous SCT. Median time to response was 1.3 months (r.1-
4), median OS from diagnosis was 62 months (r. 9-170), median OS
from start of Carfilzomib was 11 months (r. 2-18). Carfilzomib was well
tolerated, with grade 2 anemia in 39%(16/41) of patients, successfully
managed by ESAs, without necessity of blood transfusions; 29% (12/41)
grade 3-4 neutropenia (pegfilgrastim in primary prophylaxis was given,
no ospedalization was required, no septic shocks were observed); 34%
(14/41) grade 2, 21% (9/41) grade 3 and 12% (5/41) grade 4 thrombo-
cytopenia, without hemorrhagic events and transfusion-dependency.
Moreover, it was observed pneumonia in 39% (16/41) of patients, treated
by common antibiotic drugs and always solved. A cardiac monitoring
was performed for all patients: hypertension (grade 2-3) in 34% (14/41)
of patients; fatigue in 39% (16/31) of patients. Carfilzomib-Lenalido-
mide-Dexamethasone has shown significant efficacy in a particularly
severe setting of patients, relapsed and refractory to all available thera-
peutic resources, also lenalidomide, and it could be considered as a
bridge to a second autologous or allogenic SCT.
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Many patients affected by heavily pre-treated Multiple Myeloma
could be not eligible to hospital-based treatment: in this context domestic
opportunities should be considered. Pomalidomide is a new generation
IMID, with a very good compliance, thanks to oral administration, which
can be used also in heavily pretreated patients, in a domestic setting. In
this retrospective observational trial, It has been evaluated efficacy and
tolerance of pomalidomide plus dexamethasone (PD) as salvage regimen
in heavily pretreated patients with relapsed and refractory MM (rrMM),
whose prognosis is particularly severe. 57 patients (31 M/26 F), with
rrMM, median age at diagnosis 69 years (r. 52-86), and median age at
start of treatment 76 years (r.56-90) treated with several lines of treat-
ments (median 7, r. 2-11), every refractory to all the drugs previously
received (also Bortezomib, Thalidomide and Lenalidomide), received
Pomalidomide-Dexamethasone (Pomalidomide 4 mg for 21 days, Dex-
amethasone 40 mg days 1,8,15,22, pegfilgrastim day +8) every 28 days,
until progression. ISS was equally distributed, and cytogenetic at relapse
was evaluable in 14 patients. All the patients had previously been treated
with schedule containing bortezomib and IMIDs. 63% (36/57) had
undergone at least to a single ASCT. All patients were relapsed and
refractory to last therapies received before PD. Pomalidomide was well
tolerated, with grade 3-4 transfusion-dependent anemia in 58% (33/57)
of patients, 44% (23/57) grade 3-4 neutropenia (pegfilgrastim in primary
prophylaxis was given, no hospitalization was required, no septic shocks
were observed), 40% (23/57) grade 3-4 thrombocytopenia without hem-
orrhagic events and transfusion-dependence. No severe extra-hemato-
logic toxicity was observed. According to IMWG, ORR1 (≥PR) was
47.3% (27/57: 5 CR, 11 VGPR, 7 PR, 4 MR), but, considering that we
are evaluating a cohort of heavily pretreated patients, with poor progno-
sis, another parameter should be considered, ORR2 (≥SD), considering
stable disease as a successful result in progressive MM. ORR2 was
77.1% (17 SD). These can be considered as impressive result in this sub-
set of patients. Oral treatment gives a really good compliance, in frail
and unfit patients, and response, when present, is always really fast
(median time to response: 2 months (r.1-6)), median OS from diagnosis
was 94 months (range 21-234), median OS from start of pomalidomide
was 9 months (range 1-25). Nine patients have surprisingly achieved a
notable response (3 VGPR, 4 PR, 2 MR) after failure of novel agents
(i.e. Carfilzomib, Daratumumab and Pomalidomide). Pomalidomide-
dexamethasone has shown significant efficacy and a very good compli-
ance, thanks to oral administration, in a particularly severe setting of

       

 

       

 

 
Treatment naive group (n=5) Off-therapy group (n=8) p value 

Age, median (range) 53 (41-62) 61 (55-69) 0,49 
Time from diagnosis, median (range) 5 days (2-8) 66 months (10-112) 

 

Characteristics at AL diagnosis 
Localized AL 1 (0,2) 0  

0,28 Lambda isotype  2 (0,4) 6 (0,75) 
Monoclonal component g/l, median (range) 3 (4,1-12,3) 4 (3,5-7,2) 0,63 
Dflc mg/l, median (range) 223,4 (2,7-560) 77,9 (0,32-248) 0,17 
Cardiac involvement  4 (0,7) 5 (0,6) 0,21 

Revised Mayo clinic stage III 1 (0,2) 2 (0,25)  
0,47 Revised Mayo clinic stage IV 3 (0,6) 3 (0,37) 

Troponin (median,ng/l) 96 (10-100) 90 (20-420) 0,93 
NT-ProBNP (median,ng/l) 6037 (80-9588) 4829 (80-29133) 0,92 

Renal involvement  3 (0,6) 7 (0,87) 0,07 
Proteinuria g/24h, median (range) 1474 (140-14250) 5169 (30-7193) 0,01 

Neurological involvement  0 1 (0,12) 
 

Liver involvement  1 (0,2) 0 
 

Gastrointestinal involvement  0 1 (0,12) 
 

Number of organs involved  
   

                                                                        1 organ 3 (0,6) 2 (0,25)  
 

0,04 
2 organs 0 5 (0,6) 
3 organs 2 (0,4) 1 (0,12) 
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heavily pretreated patients, relapsed and refractory to all available ther-
apeutic resources, also after failure of novel agents.

P60

SERUM FREE LIGHT CHAIN RATIO AS A BIOMARKER OF MULTIPLE MYELOMA PROGRES-
SION AND ASSOCIATED RENAL DISEASE

D. De Novellis1, A. Carobene1, R. Fontana1, B. Serio1, I. Ferrara1, 
M. Martorelli1, R. Guariglia1, S. Luponio1, I. Ruggiero1, V. Giudice1,2,
C. Selleri1,3

1Hematology and Transplant Unit, University Hospital “San Giovanni
di Dio e Ruggi d’Aragona”; 2Clinical Pharmacology Unit, University
Hospital “San Giovanni di Dio e Ruggi d’Aragona”; 3Department of
Medicine, Surgery and Dentistry “Scuola Medica Salernitana”, Italy

Introduction: Serum free light chain (FLC) ratio is a specific and
sensitive method to detect light chain hyperproduction and is a biomarker
of multiple Myeloma (MM) progression from premalignant conditions.
We evaluated the prognostic role of FLC ratio at diagnosis in predicting
progression-free (PFS) and overall survival (OS) and investigated pos-
sible correlations between FLC ratio and clinical characteristics.

Methods: A total of 33 fit MM patients who received induction ther-
apy and autologous stem cells transplantation at the Hematology and
Transplant Center, University Hospital “San Giovanni di Dio e Ruggi
d’Aragona” of Salerno from 2015 to October 2021 was included in this
retrospective study (Table 1). Quantification of FLC ratio at diagnosis
was performed by nephelometric assays, and standardized (sFLC) as fol-
lows: involved/uninvolved chain. Correlations between sFLC ratio and
clinical parameters were investigated by univariate and multiple linear
regression models, while PFS and OS were analyzed by Mantel-Cox
proportional hazard regression model. A P < 0.05 was considered statis-
tically significant.

Table 1. Patients’ characteristics at baseline.

Results: Effects of gender (male, P = 0.28), age (P = 0.75), MM type
(micromolecular, P < 0.005), M-protein level (P = 0.05), free light chain
type (lambda, P = 0.34), β-2 microglobulin (P < 0.005), LDH (P = 0.66),
albumin (P = 0.9), flow cytometry plasma cell count (P = 0.62), and
extramedullary disease (yes, P = 0.76) on sFLC ratio were investigated
by univariate linear regression analysis. By multiple linear regression,
only micromolecular MM (P = 0.05) and β-2 microglobulin (P < 0.005)

were significantly associated to sFLC ratio. Moreover, sFLC ratio
inversely correlated with glomerular filtration rate at diagnosis (r = -
0.45; P = 0.009) by Pearson analysis. No influences on PFS [median
PFS 26 months; HR:0.93 (CI: 0.85-1.03); p=0.21] and OS [median OS
43 months; HR:0.97 (CI:0.92-1.02); p= 0.27] by sFLC ratio were
observed in our cohort.

Conclusions: Diagnostic and predictive roles of serum sFLC ratio
in MM has been largely evaluated in recent years. In our study, sFLC
ratio was significantly associated with micromolecular MM and β-2
microglobulin likely because of a delay in MM diagnosis ultimately lead-
ing to higher disease burden, especially in the absence of heavy chain
M-protein at serum electrophoresis. Moreover, the inverse correlation
between sFLC ratio and glomerular filtration rate might be related to an
early damage of FLC excess on renal tissue.

In conclusions, our preliminary results confirmed the importance of
early FLC evaluation for diagnosis of micromolecular and lower disease
burden MM, reducing the risk of renal damage. However, further vali-
dation on larger and prospective clinical studies are needed

P61

AGE AND SEX IN MGUS, AN ELECTROPHORETIC STUDY OF SERUM PROTEINS

R. Salierno1, L. Guarnera4, F. Bonanni4, D. Anastasi2, S. Casciani1,
M.T. Caliò1, A.Viola1, S. Bernardini1,2, L. Franceschini3, R. Secchi4,
F. Frenza4, F. Meconi4, L. Giannì3, M. Rizzo3, M. Cantonetti3,4, 
M. Morello1,2

1Proteinology Section,Clinical Biochemistry and Clinical Pathology
Department of Laboratory  Medicine University of Rome Tor Vergata,
Tor Vergata University Hospital (PTV); 2Clinical Biochemistry and
Molecular Biology Department of Experimental Medicine University
of Rome Tor Vergata; 3 Lymphoproliferative disorders unit Tor Vergata
University Hospital (PTV); 4Department of Biomedicine and Preven-
tion, University of Rome Tor Vergata, Rome, Italy

Introduction: Monoclonal gammopathy of undetermined signifi-
cance (MGUS) and multiple myeloma (MM) are characterized by a plas-
ma cell clonal expansion in the bone marrow. MM incidence increases
with advancing age and it is more common in males compared to
females. The biological mechanisms driving these differences are still
poorly understood. In our work, by a retrospective analysis of serum
protein electrophoresis and immunoparesis, we studied the contribution
of age and sex on MGUS patients (225) enrolled at University Hospital
Tor Vergata from January 2015 to September 2021.

Methods: Capillary Electrophoresis was performed to evaluate the
role of the serum analytes in diagnosis of MGUS.

Results: From our preliminary data we observed that: i) in aged
patients (51-90 range of years) MGUS was diagnosed earlier in women
(medium age: 60,7 years) than in men (medium age: 65,5 years); ii) we
noticed a significant prevalence of MGUS in male patients (60%) com-
pared to female patients (40%); iii) we compared the serum of MGUS
patients to the serum of healthy controls and we observed a significant
lower concentration of β1 (0,42 gr/dl)among the MGUS patients com-
pared to the healthy controls (0,44 g/dl); MGUS patients also showed a
rising of β2 levels (0,43g/dl) compared to β2 healthy controls levels (0,36
g/dl). In addition, we extended the analysis of serum protein to men and
women affected by MGUS and we observed a different concentration of
β1 and β2 respectively in male and female patients. We measured a lower
serum concentration of β1 in male MGUS patients (0,41 g/dl), conversely
the concentration of β2 was higher (0,48g/dl). Other parameters related
to sex were not defined.

Conclusions: Prevalence data of MGUS related to sex and the pos-
sible contribution of gender to evolution of MGUS to MM are still
unknown. For the first time the retrospective analysis of serum proteins
from MGUS patients proves a significant sex-related difference in the
levels of beta proteins. Sex hormones and X-chromosome linked immu-
negenes seem to contribute to gender differences in immunosenescence
and immunoreactivity. Immune system alterations in MGUS and MM
influence the susceptibility to infections and disease severity. Yet to be
determined whether the specific reduction of β1 and the increase of β2
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observed in MGUS male patients could be used as a disease severity
index and a prognostic tool for possible progression to MM. Further
studies are necessary to clarify the existence of relationships between
sex and beta proteins in monoclonal gammopathies that could evolve in
MGUS.

Stem Cell Transplantation

P62

RESPONSE TO BNT162B2 SARS-COV-2 VACCINE AND LONG-TERM ANTIBODY PERSIST-
ENCE IN RECIPIENTS OF ALLOGENEIC HEMATOPOIETIC STEM CELL TRANSPLANT

F. Saraceni, A. Fiorentini, S. More, S. Guerzoni, B. Puglisi, 
B. Corvaro, S. Caucci, S. Menzo, L. Butini, A. Costantini, N. Viola,
A.F. Lotito, L. Brunetti, F. Colaneri, I. Scortechini, G. Mancini, 
M.V. Dubbini, I. Federici, E. Busilacchi, A. Poloni, S. Kordasti, 
M. Offidani, A. Olivieri

Ospedali Riuniti Ancona, Italy

In this prospective observational study, we evaluated the immuno-
genicity of two BNT162b2 (Pfizer–BioNTech) vaccine doses in allo-
geneic HSCT recipients compared to healthy controls. IgG antibodies
to the receptor-binding domain (RBD) of the S1 subunit of the spike
protein of SARS-CoV-2 were analyzed by SARS-CoV-2 IgG II Quant
(Abbott, Ireland). All samples that were positive for RBD IgG were test-
ed for neutralizing antibodies (Ichromax Covid-19 nAB, Boditech) and
T-cell response (anti-S IFN-γ production measured on PBMC by
ELISA). Patients older than 18 years who received BNT162b2 vaccine
following an HSCT at seven Italian centers were included in the study.
Enrolled patients received two successive doses (at 3-week interval) at
a median of 15 months (range 2-141) after HSCT. Twenty-nine age-
matched health care workers who were vaccinated with BNT162b2 were
recruited as the control group. Among the 34 patients evaluable for sero-
logical response, three patients were excluded from the analysis as the
baseline serology demonstrated previous natural SARS-CoV-2 infection.
On w3, after the first vaccine dose 7/31 (23%) patients developed anti-
S IgG antibodies as compared to 28/29 (97%) controls (p<0.01). HSCT
recipients showed lower antibody titers (median 1.8 BAU, range 0-481)
as compared to healthy controls (median 118 BAU, range 6-1172,
p<0.01). In univariate analysis, transplant-to-vaccination interval (>12
months, p<0.01), baseline CD4+ T cell count (>200/mm3, p=0.01), and
CD4+CD45RA+ T naive cell count (>100/ mm3, p<0.01) were signifi-
cantly associated with antibody response after the first vaccine dose. On
w5, after the second vaccine dose, 24/31 (77%) of the patients showed
antibody response, as compared to 99% of healthy controls (p<0.01); in
fact, 71% of non-responders to the first dose developed IgG antibodies
after vaccine boost (Figure 1). 

Figure 1. Long term SARS-CoV-2 IgG persistence.

Median antibody titer after second dose was 350 BAU/ml (0-
21.731). In univariate analysis, no significant association was found
between patient characteristics and immunogenicity after second vaccine
dose. When serum of patients positive for anti-S IgG were tested for
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neutralizing antibodies, 18% of patients showed non-neutralizing sera.
Further, 76% of responders had no T-cell response to S protein. SARS-
CoV-2 IgG persistence was re-evaluated 3 and 6 months following vac-
cination; antibody titers decreased significantly over time, specifically
by 54% at 3 months and by 80% at 6 months. In conclusion, patients
who received vaccines beyond one year after transplant were more likely
to mount anti-S IgG antibodies, which could be due to a broader immune
reconstitution, as we observed an enhanced response to single BNT162b2
vaccine dose in patients with higher CD4+ T cell and particularly
CD4+CD45RA+ naïve T cell counts. Antibody titers decreased signifi-
cantly six over time, suggesting that repeated booster doses might be
needed in these particularly immunocompromised patients. 

P63

THE THIRD DOSE OF BNT162B2 ANTI-SARS-COV-2 MRNA VACCINATION IS EFFECTIVE
AND CAN RESCUE HEMATOPOIETIC STEM CELL TRANSPLANTATION PATIENTS NOT
RESPONDING TO THE FIRST TWO DOSES

I. Attolico1, F. Tarantini2, C.P. Schifone2, A. Mestice2, 
G. De Tullio1-2, P. Carluccio1, M. Delia1, V.P. Gagliardi1, 
T. Perrone1, F. Gaudio1, C. Longo1, A. Giordano1, N. Sgherza1, 
P. Curci1, R. Rizzi1, A. Ricco1, A. Russo Rossi1, F. Albano2, 
A.M.V. Larocca3, L. Vimercati4-5, S. Tafuri6, P. Musto1-2

1Hematology and Stem Cell Transplantation Unit, AOUC Policlinico;
2Department of Emergency and Organ Transplantation, “Aldo Moro”
University School of Medicine; 3Hygiene Unit, AOUC Policlinico;
4Interdisciplinary Department of Medicine, “Aldo Moro” University
School of Medicine; 5Occupational Medicine Unit, AOUC Policlinico;
6Department of Biomedical Sciences and Human Oncology, “Aldo
Moro” University School of Medicine, Italy

Introduction: Patients (pts) with hematological malignancies (HM)
undergoing hematopoietic stem-cell transplantation (HSCT) have an
increased vulnerability to COVID-19. (Sharma et al, Lancet Haematol-
ogy 2020; Ljungman et al, Leukemia 2021). Therefore, a protective vac-
cination for these subjects is strongly recommended. We previously
demonstrated (Attolico et al, BJH 2021) that two doses of BNT162b2
anti-SARS-Cov-2 mRNA vaccine can elicit an immune response in 84%
of allogeneic and autologous transplanted pts; the main factor influencing
serological response is the time elapsed from transplant to vaccination.

Methods: In a prospective, cohort study, we evaluated the response
of 63 pts (autologous: 21 and allogeneic: 42) to the third dose. Serological
tests were performed by a commercially available immunoassay for the
quantitative determination of anti-spike IgG antibodies. The cut-off for
defining responders was ≥50 AU/ml. Samples were collected four weeks
after the third dose. Comparisons between groups were performed using
Mann-Whitney and Kruskall-Wallis tests. 

Results: Table 1 (A,B) reports the main clinical characteristics of pts
and response. No side effects were reported. Median antibody titers did
not differ among: -the entire cohort of pts, -all the recipients of allogeneic
HSCT, -all the recipients of autologous HSCT, -all the responders to the
vaccine, -all the responders in the allogeneic and autologous subgroup
(Figure 1A). When comparing antibody titers after the second and the
third dose, we observed a significant increase in all the pts (Figure 1B,
p 0.002) and in the allogeneic group (Figure 1C, p 0.008) but not in the
autologous group (Figure 1D, p NS). We stratified pts in three groups,
according to the time elapsed from transplant to vaccination: G1:<1 year;
G2:1-5 years; G3:>5 years. Median antibody titers after the third dose
were significantly different in the three groups (Figure 1E, p 0.02). In all
the three groups median antibody titers were significantly higher after
the third dose, when compared to those after the second one (Figure 1
F,G,H). Before the third dose, 10/63 pts (16%) had not developed an
immune response (8 in allogeneic, 2 in autologous group). Seven out of
the ten negative pts showed a response to the third dose (Figure 1I). The
three non-responders were: 2 allogeneic transplanted pts (one with active
cGVHD, one with active disease on treatment) and 1 autologous trans-
planted patient with active disease. 

Conclusions: In our study, pts with a previous history of HSCT tol-
erated well the third dose of the BNT162b2 vaccine. A significant

increase of antibody titers was observed. Our preliminary data show that
7/10 not responding pts (70%) mounted a serological response one month
after the third dose, thus indicating the potential role of a booster dose
to recover seronegative pts. Immunophenotypic studies on T and B lym-
phoid subsets, potentially involved in immune response to the vaccine,
are ongoing and will be presented at the meeting.

Figure 1.
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Table 1. A: Patients’ characteristics. B: Rates of response and serum anti-
SARS-COV2 antibody levels after the third dose.  M: male; F: female; ALLO-
HSCT: allogeneic hematopoietic stem cell transplantation; AUTO-HSCT: autol-
ogous hematopoietic stem cell transplantation; AML: acute myeloid
leukemia; ALL: acute lymphoblastic leukemia; SAA: severe aplastic anemia;
CML: chronic myeloid leukemia; MDS: myelodysplastic syndrome; NHL: non-
Hodgkin lymphoma; MM: multiple myeloma; CMML: chronic myelomono-
cytic leukemia; CLL: chronic lymphocytic leukemia; HL: Hodgkin lymphoma;
G1: Group 1 (vaccination within 1 year after transplantation); G2: Group 2
(vaccination between 1 to 5 years after transplantation); G3: Group 3 (vac-
cination more than 5 years after transplantation); MAC: myeloablative con-
ditioning; RIC: reduced intensity conditioning; MEL200: melphalan, 200
mg/sqm; FEAM: fotemustine, etoposide, cytarabine, melphalan; BEAM: car-
mustine, etoposide, cytarabine, melphalan; MUD: matched unrelated donor;
HAPLO: haploidentical donor; a-GVHD: acute graft versus host disease; c-
GVHD: chronic graft versus host disease. 

Immunotherapy and Cell Therapy

P64

IMMUNE SUPPRESSION OF BONE MARROW V 9V 2 T CELLS BY BONE MARROW 
STROMAL CELLS (BMSC) IN MULTIPLE MYELOMA

C. Giannotta1, B. Castella2, E. Tripoli3, C. Riganti4, I.C. Salaroglio4, 
M. D’Agostino5, M. Massaia1,3

1Laboratorio di Immunologia dei Tumori del Sangue (LITS), Centro
Interdipartimentale di Ricerca in Biologia Molecolare (CIRBM), Uni-
versità degli Studi di Torino; 2SCI Laboratorio Analisi, AO S. Croce e
Carle, Cuneo; 3SC Ematologia, AO S.Croce e Carle, Cuneo; 4Dipar-
timento di Oncologia, Università degli Studi di Torino; 5Myeloma Unit,
Division of Hematology, University of Torino, Azienda Ospedaliero-
Universitaria Città della Salute e della Scienza di Torino, Italy

Introduction: Vγ9Vδ2 T cells (γδ T cells) are intrinsically prone to
sense metabolic and homeostatic changes of myeloma cells and exert
anti-tumor functions. However, bone marrow (BM) γδ T cells succumb
very early to the immune suppressive commitment operated by myeloma
cells and bystander cells, including bone marrow stromal cells (BMSC)
in the tumor microenvironment (TME). Over-production of phospho-
antigens (pAg) and immune-checkpoint (ICP) expression are among the
mechanisms involved in the functional exhaustion and immune senes-
cence of BM γδ T cells. The recovery of BM γδ T-cell antitumor immune
functions is the prerequisite to develop innovative cancer immunother-
apies.

Methods: pAg stimulation of γδ T cells from peripheral blood (PB)
of healthy donors (CTRL) was conducted in presence of BMSC derived
from bone marrow mononuclear cells of Multiple Myeloma (MM)
patients. Phenotypic and functional characterization of BMSC-cocul-
tured γδ T cells was performed. Phenotypic and metabolic profiles of
BMSC of CTRL and MM patients in different stage of disease were ana-
lyzed.

Results: MM BMSC co-coltures significantly hamper the prolifera-
tive responses of CTRL γδ T cells to pAg stimulation. γδ T-cell degran-
ulation (i.e., CD107 expression) and IFN-γ secretion were not affected
by MM BMSC. Effector memory CD27- CD45RA- γδ T cells were
decreased, whereas naive CD27+CD45RA+ γδ T cells were increased,
and TIM-3 upregulated in CTRL γδ T cells after co-colture with MM
BMSC. The inhibitory effect of MM BMSC was dependent on soluble
factors and cell-to-cell interactions as shown by Transwell co-colture
experiments. MM BMSC analysis showed phenotypic and metabolic
alterations consistent with immune suppressor functions, including the
expression of PD-L1 and Gal-9 which were significantly increased com-
pared to CTRL BMSC. ICP-ligand (ICP-L) expression was associated
with a supraphysiological release of isopentenyl pyrophosphate (IPP), a
natural ligand playing a central role in the immune reactivity of γδ T
cells to microorganisms and stressed cells. The concurrent exposure of
BM MM γδ T cells to supra-physiological IPP concentrations in the pres-
ence of ICP-L expression by MM BMSC may contribute to the func-
tional exhaustion and immune senescence of γδ T cells. Metabolic anal-
ysis of BMSC from MM patients at diagnosis and relapse, but not in
remission, showed an increased metabolization of glucose to lactate via
aerobic glycolysis rather than tricarboxylic acid cycle and oxidative
phosphorylation in mitochondria. These metabolic changes poison the
TME in favor of immune suppressor cells to the expense of immune
effector cells.

Conclusions: ICP-L expression, IPP over-production and metabolic
changes of BMSC contribute to the establishment of the immune sup-
pressive TME in MM and constrain the reactivity of immune effector
cells with special regard to γδ T cells.

90 | haematologica | 2022; 107(s1)

Posters



P65

ATP-DEPENDENT INDUCTION OF IDO1 EXPRESSION IN DENDRITIC CELLS AFTER
CHEMOTHERAPY TREATMENT IN ACUTE MYELOID LEUKEMIA IS CONTROLLED THROUGH
NON-CANONICAL NF-KB SIGNALING VIA P2Y11R

D. Ocadlikova1, S. Casella1, L. Vitali1, I. Pintao1, M. Cavo2, 
A. Curti2

1Dipartimento di Medicina Specialistica, Diagnostica e Sperimentale,
Università di Bologna, Istituto di Ematologia “Seràgnoli”; 2IRCCS
AOU di Bologna, Istituto di Ematologia “Seràgnoli”, Italy

Introduction: We previously demonstrated that chemotherapy-
induced release of ATP from dying AML cells drives dendritic cells
(DCs) to upregulate indoleamine 2,3-dyoxigenase 1 (IDO1), which in
turn is involved in T regulatory cells induction. ATP released from
chemotherapy-treated AML cells binds purinergic receptors on DCs thus
inducing inflammasome activation (through P2X7R), DC maturation
and IDO1 upregulation (both through P2Y11R). Since IDO1 expression
was recently associated with non-canonical NF-kB activation through
IFN-gamma, we hypothesized the same pathway as a principal intracel-
lular mechanism through which ATP-dependent IDO1 expression in DCs
is induced via P2Y11 activation. Moreover, we investigated a potential
involvement of inflammasome machinery through P2X7R in IDO1 reg-
ulation.

Methods: CD14+- derived DCs were cultured with ATP in presence
or absence of P2X7R and P2Y11R antagonists (AZ 10606120 dihy-
drochloride and NF 340, respectively) and inflammasome inhibitors (Bay
11-7082 and Ac-YVAD-cmk), and then used for flow cytometry, western
blot or real-time PCR analyses to evaluate DC maturation, IDO1 expres-
sion or release of IL-1beta as response pattern of activated inflamma-
some. Non-canonical NF-kB transcription factors such as Rel-B and p52
were evaluated in the nuclei of treated DCs by western blotting.

Results: Our results confirmed that ATP released from chemothera-
py-treated AML cells induces DC maturation and IDO1 expression
through P2Y11R, while inflammasome activation is mediated by P2X7R.
Furthermore, analysis of IDO1 expression in DCs treated with ATP in
presence of P2X7R and P2Y11R antagonists, revealed a differential reg-
ulation of ATP-dependent IDO1 upregulation via P2Y11R (direct positive
effect) and P2X7R (indirect negative effect). However, we did not con-
firm an involvement of inflammasome in inhibiting IDO1 regulation via
P2X7R. Interestingly, we found a positive correlation of cytoplasmic
IDO1 expression with the presence of Rel-B, the most important tran-
scriptional factor of non-canonical NF-kB pathway. 

Conclusions: Our data suggest that ATP-dependent IDO1 upregula-
tion in DCs is induced through non-canonical NF-kB signaling by P2Y11
activation. While ATP activates DC inflammasome via P2X7R, the latter
is not involved in IDO1 regulation. A more-in-depth understanding of
the intracellular mechanisms of IDO1 regulation has clinical implications
for the development of IDO1 inhibitors, especially in combination with
immunotherapy and immunogenic chemotherapy.
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A MODIFIED EASIX (M-EASIX) SCORE PREDICTS THE DEVELOPMENT OF GRADE 2-4 CRS
IN PATIENTS WITH AGGRESSIVE B-NHL TREATED WITH ANTI CD19 CAR-T CELLS

E. Galli1,2, A. Di Rocco3, F. Sorà1,2, F. Autore1, M.A. Limongiello1, I.
Innocenti1, E. Metafuni1, S. Giammarco1, U. La Rocca3, 
W. Barberi3, S. Pepe3, M. Ansuinelli3, L. Laurenti1,2, 
A. Bacigalupo1,2, P. Chiusolo1,2, A. Iori3, M. Martelli3, S. Hohaus1,2,
S. Sica1,2

1Dipartimento di Diagnostica per Immagini, Radioterapia Oncologica
ed Ematologia, Fondazione Policlinico Universitario A. Gemelli
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Introduction: Predicting the occurrence of a severe cytokine release
syndrome (CRS) and of immune effector cell–associated neurotoxicity

syndrome (ICANS) represents a challenge in the management of CAR-
T cell therapy. A major focus for research has been the role of cytokines
and their interactions with endothelium. The Endothelial Activation and
Stress Index (EASIX) score, is a marker of endothelial damage that asso-
ciates with survival in patients undergoing allogeneic stem cell trans-
plantation.

Methods: In this study, we aimed to assess the predictive value of a
modified-(m)EASIX score for CRS and ICANS. m-EASIX was calcu-
lated as described by Pennisi et al (BloodAdv 2021) as [CRP (mg/dL) x
LDH (U/L)/ platelets count (109 cells/L)]; we applied log transformation
using base 2 (log2) in order to reduce skewness.

Results: We retrospectively analyzed 33 adult patients with DLB-
CL/PMBL treated with either tisa-cel or axi-cel in two CAR-T centers
in Rome between 2019 to 2021. Seven patients did not develop CRS,
seven developed grade 1 CRS, while 19/33 (56%) patients developed
grade 2-3 CRS. In a rank-sum analysis, m-EASIX at baseline, pre-infu-
sion, day +2 and day +4, was strongly associated with occurrence of
CRS graded 2 or more (Figure 1A). ICANS grade 2-4 was observed in
two patients. We did not find any association between mEASIX scores
and ICANS. Among the three parameters CRP, LDH and platelet counts,
levels of CRP was the strongest predictor for CRS, being significantly
associated with occurrence of CRS grade >2 at all time points (p ranges
from 0.004 to 0.0005). There was a trend for prediction of CRS grade >2
by LDH levels at baseline, day 2 and day 4 (p=0.07, p=0.06 and p=0.09)
and by platelet counts at day 2 (p=0.08). We next aimed to identify a
cut-off of mEASIX for predicting CRS of grade 2 or more, that could
possibly be used as a threshold to alarm the physician in intensifying
patient monitoring. Using a ROC analysis we found that an m-EASIX
value of 4.72 at day 2 and day 4 predicted the occurrence of CRS>2 on
the same day with a sensitivity of 79% (95% C.I., 62-91%) and a speci-
ficity of 70 % (95% C.I., 51-85%), with an AUC of 0.79 (95% C.I., 0.65-
0.88) (Figure 1B).

Conclusions: We found that mEASIX is increased in patients at risk
to develop a grade >2 CRS, even if the score was assessed at start of the
conditioning regimen or at the time of infusion of CAR-T cells. More-
over, we identified a cut-off value of mEASIX that can discriminate with
acceptable sensibility and specificity patients at risk of developing grade
>2 CRS on the same day. This parameter could help in intensifying
patient monitoring before severe CRS occurrence, possibly facilitating
an immediate intervention.

Figure 1.
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IN VITRO FUNCTIONAL ACTIVITY OF CARCIK-CD19 CELLS COMPARED TO UNMODIFIED
CIK CELLS COMBINED WITH BISPECIFIC ANTIBODY BLINATUMOMAB

S. Zaninelli1,2, S. Panna1, I. Cattaneo1, C. Cuofano1, E. Gotti1, 
J. Golay1,3, M. Introna1
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tologia, ASST Papa Giovanni XXIII; 2Università degli studi di Milano-
Bicocca; 3.Fondazione per la ricerca ospedale maggiore FROM, Italy

Introduction: Although cytokine Induced Killer (CIK) cells show
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anti-tumor activity in vitro and in vivo, there remains a need to increase
their efficacy and specificity. This could be reached using either bispe-
cific antibodies or chimeric antigen receptor (CAR) modifications. The
aim of this study was to compare the in vitro function of CIK cells com-
bined with soluble CD3xCD19 bispecific antibody Blinatumomab (CIK-
Blina) or modified with two different anti-CD19 CAR molecules (CAR-
CIK-MNZ and CARCIK-BG2, carrying the same anti-CD19 moiety
with different signaling modules, CD28-OX40-CD3ɛ and CD8-41BB-
CD3ɛ, respectively). The CARCIK-MNZ are being used by our group
in clinical trials (FT01CARCIK and FT03CARCIK; Eudract n. 2017-
000900-38 and 2020-005025-85) and the CARCIK-BG2 was designed
on the structure of Tisagenlecleucel CAR (Novartis), cloned however in
a transposon vector.

Methods: Unmodified CIK cells were generated in 21 days cultures,
starting from peripheral blood mononuclear cells (PBMCs) stimulated
with IFN-γ on day 0, anti-CD3 on day 1, and rhIL-2 thereafter. Unmod-
ified CIK were tested alone or in presence of 10 ng/ml blinatumomab.
To generate CAR-modified CIK cells, the same procedure was used but
PBMCs were first co-transfected on day 0 with the two plasmids encod-
ing the Sleeping Beauty (SB) transposase and the CAR-CD19 molecules.
Proliferation, cytotoxic activity, and cytokine production induced by Bli-
natumomab in CIK or by the two different CARCIK-CD19 products
were analysed in vitro in response to the CD19+ REH ALL cell line tar-
get, at different effector to target ratios (E:T). Methods included CFSE
assay, calcein-AM release and measurement of cytokines by beads cap-
ture assays and flow cytometry, respectively.

Results: Proliferation of CIK-Blina and CARCIK-CD19 was
induced more strongly with increasing number of REH target cells (i.e.
decreasing E:T ratio, from 10:1 to 1:10). Proliferation of CIK-Blina and
CARCIK-MNZ was slightly higher than that of CARCIK-BG2 (mean
proliferation index 11.4, 12.6 and 6.4 at E:T 1:1, respectively)(p<0.05).
Cytotoxicity increased with increasing E:T ratio, as expected, and was
not significantly different between the effectors (mean cytotoxicity of
55.8%, 30.9% and 36.1%, respectively versus 11.2% for CIK alone at
E:T 10:1)(p<0.05 in all cases). Finally, all cell types released IFN-γ,
TNF-α and IL-8 in response to REH cells (E:T 1:1). IFN-γ production
was significantly higher for CIK-Blina and CARCIK-MNZ compared
to CARCIK-BG2 (p<0.05).

Conclusions: These data suggest that the addition of Blinatumomab
renders CIK cells as efficacious in vitro as gene-modified CARCIK-
CD19 cells, generated using different CAR-CD19 molecules. To com-
plete our knowledge of the system, the intracellular signaling, as well as
strength of the immune synapsis following target addition are being ana-
lyzed. Comparisons are also planned in vivo in a mouse model.
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HIGH LEVELS OF CIRCULATING MONOCYTIC MYELOID DERIVED SUPPRESSIVE-LIKE
CELLS CORRELATE WITH THE ONSET OF CAR T-CELL INFUSION-RELATED SEVERE 
COMPLICATIONS IN LYMPHOMA PATIENTS

S. De Matteis1, M. Dicataldo1,2, B. Casadei1,2, N. Laprovitera1, 
G. Storci1, B. Sinigaglia2, F. Barbato1,2, P.L. Zinzani1,2, M. Bonafè2, 
F. Bonifazi1

1IRCCS Azienda Ospedaliero-Universitaria di Bologna; 2Department
of Experimental, Diagnostic and Specialty Medicine (DIMES), Uni-
versity of Bologna, Italy

Background: Chimeric antigen receptor (CAR) T-cell therapy is
associated with relevant, life-threatening side-effects such as cytokines
release syndrome (CRS), macrophage activation syndrome (MAS),
ipo/agammaglobulinemia, immune effector cell-associated neurotoxicity
syndrome (ICANS) and infections. Here, we show the preliminary
results of a prospective biological study conducted on a cohort of 12
patients affected by Relapsed/Refractory B-cell non-Hodgkin Lym-
phoma subtypes receiving commercial/AIFA approved anti-CD19 CAR-
T cell products at IRCCS-Azienda Ospedaliera-Universitaria of Bologna. 

Methods: We report a cytofluorimetric analysis of circulating mono-
cytic-myeloid derived suppressive-like cells (MO-MDSC-LC) on
peripheral blood samples from patients before receiving lymphodeplet-

ing chemotherapy with fludarabine (25-30 mg/m2) and cyclophos-
phamide (250–500 mg/m2). We monitor hospitalized patients for at least
14 days following cells infusion to guarantee a better and close moni-
toring of adverse events. We compared the onset of complications
between patients with MO-MDSC-LC lower and higher median value.
A p-value <0.05 was considered statistically significant. 

Results: Among the 12 patients infused, 9 developed a CRS (any
grade). In most cases, CRS was grade 1; with only 2 out of 12 patients
experiencing CRS grade 3. Nine patients received Tocilizumab, with a
median number of 3 doses (range 1–3). Four patients developed ICANS
(any grade): 2 had grade 2 and 2 had grade > 3 and first-line therapy with
Dexamethasone (10 mg/kg per 4) was administered. The median MO-
MDSC-LC value was higher in patients who experienced a CRS of grade
≥ 2 and/or ICANS of grade ≥2 in respect with those without severe com-
plications (4.9 ± 1.1 vs 0.65 ± 0.8; p = 0.0001, respectively) (Figure 1). 

Conclusions: In this analysis, high MO-MDSC-LC percentage
shows a relevant role as predictive marker for severe complications.
These findings suggest that the analysis of circulating MO-MDSC-LC
could be used to select the patients who will develop a severe toxicity
after CAR T-cell therapy. New treatments targeting MDSC-LC could be
developed for patients with higher levels of these cells in peripheral
blood.

Figure 1.
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TRUNCATED CD20 AS SUICIDE GENE IN CARCIK THERAPY

C. Cuofano, F. Correnti, I. Cattaneo, S. Zaninelli, S. Panna, 
M. Introna, J. Golay

ASST Papa Giovanni XXIII, UOC Ematologia, Laboratorio Lanzani,
Bergamo, Italy 

Introduction: The CD20 molecule, transduced and expressed on the
surface of allogenic T cells for adoptive therapy, can act both as a selec-
tion marker and as a suicide gene following treatment with anti-CD20
monoclonal antibodies (mAbs). We wished to optimize the method in
the context of CAR-modified allogenic Cytokine Induced Killer cells
(CIK) for cancer therapy.

Methods: To improve the safety and efficacy of this suicide strategy,
several modifications were introduced: 1) a transposon-based transfec-
tion approach was used to express the CD20 protein in CIK cells, instead
of retroviral vectors, using the more efficient Sleeping Beauty 100 trans-
posase (SB100). 2) The human CD20 cDNA was truncated at its C-ter-
minus (CD20t) to generate an inert protein lacking signaling capability.
3) CD20t cDNA was codon optimized and the β-actin 3’UTR was intro-
duced, to increase transduced CD20t mRNA stability and protein expres-
sion.

Results: The conditions for transfection of peripheral blood mononu-
clear cells with improved CD20t plasmid and SB100 transposase were
optimized and cells cultured to generate CIK. Transfected CIK expressed
high levels of CD20t on 11-13% of cells after 21 days culture. In order
to verify the efficiency of selection of transfected CD20t+ cells, an
immunoselective magnetic column was used on day 10 of culture. Start-
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ing from 8.2% CD20t+ cells, 99.6% pure CD20t CIK cells were obtained.
Next, in order to demonstrate the efficacy of CD20t as a suicide gene,
the capacity of either anti-CD20 mAbs rituximab or ofatumumab to lyse
CD20t+ cells was verified in cytotoxicity dependent cytotoxicity (CDC)
assays in presence of 20% human serum as source of complement. As
expected, ofatumumab induced a more efficient CDC (approximately
80%) compared to rituximab (52-62%). The latter was in any case much
higher than historical CDC data of T cells transduced with full-length
CD20 retroviral vector (lysis<10% with rituximab in the same condi-
tions). Finally we tested the feasibility of using CD20t in co-transfection
with a CAR in CIK cells. For this purpose, the CD20t and CAR-CD19
transposon vectors were co-transfected at a 2:1 ratio, together with
SB100. After 10 days of culture, the CD20t positive cells were purified
from mean 12.7% to 98.7% after a single round of selection on anti-
CD20 immunoaffinity columns. Most CD20t cells were also CAR-
CD19+ (89.9% double positive) and only 0.2% CARCD19+ cells were
CD2Ot- post-purification, compared to 4.2% before. The efficiency of
CDC of CARCIK-CD19 co-transfected with CD20t was mean 84% with
ofatumumab.

Conclusions: The optimized transposon-based CD20t efficiently
performed the function of selection marker and suicide gene in the con-
text of co-transfection of CIK with a CAR. The system may be applied
in the future to novel CAR more likely to have toxicity in vivo due to
cross-reactivity with normal tissues. Bicistronic vectors may be devel-
oped to guarantee 100% co-expression of CD20t and CAR.
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CD19 COMPLETE OR PARTIAL LOSS IS A MAJOR MECHANISM OF RELAPSE IN DLBCL
PATIENTS TREATED WITH CD19-DIRECTED CAR-T CELLS: EXPERIENCE OF PERUGIA
HEMATOLOGY CENTER

V.M. Perriello, L. Falini, L. Ruggeri, A. Venanzi, T. Zei, R. Iacucci-
Ostini, A. Pierini, S. Ballanti, E. Tiacci, B. Falini

Centro Ricerche Onco-Ematologico, Università degli Studi di Perugia,
Italy

Introduction: Chimeric antigen receptor (CAR)-T cells targeting
CD19 have revolutionized the therapy of relapsed/refractory (r/r) Diffuse
Large B-cell Lymphomas (DLBCLs). However, the biological determi-
nants for the clinical success remain yet poorly characterized. We retro-
spectively analysed r/r DLBCL patients treated with CD19 CAR-T cells
at Perugia Hematology Center with the aim to identify such determinants,
focusing on assessment of CD19 antigen escape at relapse and to com-
parison of T cells composition between apheresis and manufactured prod-
uct.

Methods: Between September 2020-November 2021, 13 DLBCL
patients, 8 not otherwise specified (NOS) e 6 transformed follicular lym-
phoma (tFL) were treated with commercial CD19 CAR-T cells (11 Tisa-
cel, 2 Axi-cel). Efficacy was evaluated through PET-CT scan 1, 3 and 6
months after CAR T-cell infusion. To investigate CD19 antigen escape,
paired immunohistochemistry (IHC) and RNA sequencing for CD19
detection were performed on tissue biopsies before therapy and at relapse.
IHC for CD19 was performed using mAbs recognizing the CD19 epitope
targeted by CAR-T cells (to exclude exon-2 splicing) and another epi-
tope. Multi-parameter flow cytometry (FC) was done to detect CAR T-
cells and to assess markers of T-cell differentiation/activation (CD3,
CD4, CD8, CD56, CD45RA, CD62L, CD27, CD28) in both apheresis
and manufactured product. CAR-T cells in pathological samples were
also detected by a newly developed immune-alkaline phosphatase tech-
nique (Figure 1).

Results: Median age at time of CAR-T therapy was 54 years (range
25-70) and 61% of patients were male. Median number of prior treat-
ments was 5 (range 3-12), and 8 patients had undergone prior autologous
HSCT. By day-30 post-treatment PET scan, 13 patients (100%) achieved
complete response (n=11) or partial response (n=2). Among all respond-
ing patients, 5 relapsed (4 at three and 1 at six months). Notably, IHC
analysis of samples collected at relapse showed complete CD19 antigen
loss in 3 patients (confirmed by RNA seq) and CD19 antigen partial loss
in the other two relapsed patients (Figure 2). CRS was observed in 6

patients (only 1 ≥ grade 3), while 1 patient experienced an early CNS
relapse mimicking an ICANS. No relationship was observed between
efficacy and CAR-T cell product composition at apheresis or at infusion.
CAR T-cell expansion peaked over 20 CAR-T cells/mmc between day 7
and 14 in the peripheral blood in all patients except one (actually in
remission).

Conclusions: Complete or partial loss of CD19 was a major mecha-
nism of relapse in our DLBCL patients treated with CD19-directed CAR-
T cells. This finding points to the importance of immunohistochemical
studies at relapse, using an extended panel of monoclonal antibodies
aimed to exclude CD19 escape and to identify the expression of other B
cell markers (e.g. CD20) suitable for targeting with bispecific antibodies
or alternative CARs, following CD19 escape.

Figures 1 and 2.
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DISSECTING THE MOLECULAR GENETICS AND PATHOGENESIS OF HEREDITARY 
DYSERYTHROPOIETIC ANEMIAS

R. Marra1,2, I. Andolfo1,2, B.E. Rosato1,2, A. Iolascon1,2, R. Russo1,2

1Dipartimento di Medicina Molecolare e Biotecnologie Mediche, Uni-
versità di Napoli “Federico II”; 2CEINGE, Biotecnologie Avanzate

Introduction: Hereditary anemias (HAs) are disorders with a highly
variable clinical picture. Within HAs, congenital dyserythropoietic ane-
mias (CDAs) are hypo-productive anemias due to various kinds of abnor-
malities during late stages of erythropoiesis. Among them, CDAI is
caused by biallelic mutations in CDAN1 and C15orf41, which is still an
uncharacterized gene. Differential diagnosis, classification, and patient
stratification of CDAs and related HAs are often difficult, particularly
between CDAs and enzymatic defects, such as pyruvate kinase deficien-
cy (PKD). The aim of this study was to establish an NGS-based diag-
nostic workflow for HAs and to demonstrate how it helped to unravel
novel aspects of erythropoiesis in the overall scenario of hereditary ane-
mias.

Methods: Targeted-NGS; ELISA assay; Cell cultures; qRT-PCR;
Western Blot; Flow cytometry.

Results: Our NGS approach highlighted that, among patients origi-
nally suspected of CDA, 24.4% of them exhibited a final diagnosis of
chronic anemia due to enzymatic defects, mainly PKD. Indeed, the anal-
ysis of the main erythroid markers, such as erythroferrone, soluble trans-
ferrin receptor, and erythropoietin, demonstrated that PKD patients
showed a dyserythropoietic component that may underlie the frequent
misdiagnosis with CDA patients, particularly those with clinical diag-
nosis of CDAI. Within these latter, we herein identified three cases of
CDAI caused by three novel variants in C15orf41. Functional studies
demonstrated that variants differentially affect C15orf41 gene and pro-
tein expression. Both Y94S and H230P variants accounted for impaired
erythroid differentiation in K562 cells overexpressing both mutants,
while the H230P mutant exhibits an increased S-phase of the cell cycle.
We demonstrated also that C15orf41 wild-type protein exhibits mostly
a nuclear localization, is mainly expressed during G1/S phase, and is
degraded by the ubiquitin-proteasome pathway. Finally, gene expression
of C15orf41 and CDAN1, is tightly correlated, suggesting a shared mech-
anism of regulation between the two genes.

Conclusions: This study pointed out the relevance of genetic testing
for the achievement of a correct diagnosis of CDAs and other HAs, for
the treatment of these conditions, and for elucidating their underlying
pathogenic mechanisms.

P72

PHARMACOKINETIC / PHARMACODYNAMIC (PK/PD) SIMULATIONS GUIDE SELECTION
OF THE DOSE FOR ADMINISTRATION OF EFGARTIGIMOD PH20 SUBCUTANEOUSLY IN A
PHASE 3 CLINICAL TRIAL IN PATIENTS WITH PRIMARY IMMUNE THROMBOCYTOPENIA
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Introduction:  Efgartigimod is a human IgG1-derived Fc fragment
that binds with high affinity to FcRn in a pH dependent way, resulting

in a blockade of FcRn-mediated recycling of IgGs. This leads to rapid
degradation of all IgGs, including disease-associated autoantibodies.
The efficacy, safety, tolerability, and pharmacokinetic (PK) and phar-
macodynamic (PD) profile of IV efgartigimod were assessed during a
Phase 1 study, Phase 2 studies in patients with Myasthenia gravis (MG)
and immune thrombocytopenia (ITP), and a Phase 3 study in MG. These
demonstrated that a dose of 10 mg/kg, administered in four weekly (qw)
IV infusions, achieves close to maximal IgG reduction and a significant
reduction of pathogenic autoantibodies in patients with ITP and MG;
this dose was well tolerated in all populations. Based on the results of
the Phase 2 study in primary ITP, a Phase 3 study was designed for IV
administration in patients with persistent or chronic primary ITP
(ADVANCE NCT04188379). To allow for SC administration of efgar-
tigimod at a dose that achieves a similar PD effect to IV 10 mg/kg, a co-
formulation with rHuPH20 SC was developed. Here we describe the
dose selection process for the SC dose to be used in a Phase 3 study of
patients with persistent or chronic ITP.

Methods: PK and PD data from a Phase 1 study, (n=32 receiving
750 mg, 1250 mg, 1750 mg, or 10 mg/kg single SC injections of efgar-
tigimod co-mixed with rHuPH20), were used for a PK/PD analysis to
predict the efgartigimod PH20 SC dose that would result in a similar
PD effect to the benchmark dose from previous studies of 10 mg/kg IV.

Results: Weekly SC administration of 1000 mg efgartigimod co-
mixed with 2000 U/mL rHuPH20 was predicted to result in comparable
maximum total IgG reduction after the 4th SC injection as after the 4th
IV infusion of 10 mg/kg administered qw. Additionally, the area under
the curve for total IgG concentration after the 4th dose and trough IgG
reduction were predicted to be comparable between weekly 1000 mg
SC and the weekly 10 mg/kg IV benchmark dose. No statistically sig-
nificant effect of body weight on the PK and PD of efgartigimod PH20
SC was found.

Conclusion: These results informed the weekly SC dose adminis-
tration schedule in ADVANCE SC, a Phase 3, multicenter, randomized,
double-blinded, placebo-controlled trial (NCT04687072) for evaluation
of efficacy and safety of efgartigimod PH20 SC in adults with persistent
or chronic primary ITP. Efgartigimod PH20 SC or placebo PH20 SC
will be given weekly on visits 1-4 and then either weekly or every other
week from visits 5 to 16, determined by platelet counts. The frequency
of administration will remain unchanged for the last 7 weeks (visits 17
to 24) to evaluate the sustainable platelet count improvement as the pri-
mary objective. Secondary objectives include extent of disease control,
bleeding events, and quality of life assessments.

P73

EFGARTIGIMOD: A NOVEL FCRN ANTAGONIST IN THE TREATMENT OF AUTOIMMUNE DIS-
EASES

H. de Haard, W. Parys, P. Ulrichts, F. Rocca, A. Guglietta, 
J. Beauchamp

Argenx Ghent, Belgium 

Introduction: Immunoglobulin G (IgG) autoantibodies play a key
role in the pathogenesis of several autoimmune diseases including
immune thrombocytopenia (ITP), pemphigus vulgaris and neurological
conditions such as myasthenia gravis (MG) chronic inflammatory
demyelinating polyneuropathy (CIDP) and myositis.

Methods: The neonatal Fc receptor (FcRn) is the central regulator
of IgG homeostasis protecting IgG (including pathogenic IgG autoanti-
bodies) and albumin from lysosomal degradation and increasing their
half-life. Therapeutic blocking of FcRn results in a reduction of all IgG
subtypes, which makes it a prime target for potential treatment of a broad
population of patients with autoimmune disorders, while maintaining
normal immunological responses. Efgartigimod (EFG), an FcRn antag-
onist, is a human IgG1-derived Fc-fragment that outcompetes endoge-
nous IgG binding, reduces recycling and increases IgG degradation.

Results: The completed Phase 3 study in MG (ADAPT) as well as
Phase 1 and 2 studies have shown that EFG rapidly and consistently
reduced over 60% of IgG without impacting IgM, IgA or albumin while
recording notable clinical improvements. EFG also showed clinical effi-
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cacy in Phase 2 trials in ITP and PV. Phase 2/3 studies in CIDP
(ADHERE), bullous pemphigoid (BALLAD), and myositis (ALKIVIA),
and Phase 3 studies in ITP (ADVANCE) and PV (ADDRESS) are ongo-
ing. In all studies to date, EFG was generally well tolerated and adverse
events were mainly mild to moderate.

Conclusion: FcRn inhibition by EFG is a promising potential thera-
peutic option for a number of autoimmune diseases mediated by
pathogenic IgG autoantibodies.
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