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Unmet Clinical Needs and Management
Recommendations for Blastic Plasmacytoid
Dendritic Cell Neoplasm: A Consensus-based

Position Paper From an Ad Hoc International
Expert Panel

Livio Pagano'?, Pier Luigi Zinzani®#, Stefano Pileri®, Pietro Quaglino®, Branko Cuglievan’, Emilio Berti®®,
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List of UCNs Proposed by the Panel

Optimization of subclassification: pediatric vs adult
Optimization of the prognostic stratification
Indication to allotransplant

Indication to autotransplant

Optimization of the staging pathway

Optimization of the diagnostic pathway

CNS prophylaxis

Multidisciplinary management coordination

. Making the pediatric groups more aware of the disease

10 Optimization of subclassification: plasmacytoid vs AXL+ dendritic cell neoplasms.
11. Therapeutic recommendations for young (and fit) patients

12. Mechanism of drug resistance

13. Therapeutic recommendations for elderly or unfit patients
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CNS = central nervous system; UCN = unmet clinical need.



International Consensus Classification of Myeloid
Neoplasms and Acute Leukemias: integrating
morphologic, clinical, and genomic data
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The 5th edition of the World Health Organization Classification

of Haematolymphoid Tumours: Myeloid and Histiocytic/
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Plasmacytoid dendritic cell neoplasms: recognition of clonal
proliferations detected in association with myeloid neoplasms
and refinement/update of the diagnostic criteria for blastic
plasmacytoid dendritic cell neoplasm

Mature plasmacytoid dendritic cell proliferation (MPDCP) asso-
ciated with myeloid neoplasm reflects recent data showing that
these represent clonal proliferation of pDCs with low grade
morphology identified in the context of a defined myeloid
neoplasm. Clonal MPDCP cells accumulate in the bone marrow
of patients with myeloproliferative CMML harbouring activating
RAS pathway mutations [84]. Patients with AML can have clonally
expanded pDCs (pDC-AML), which share the same mutational
landscape as CD34™ blasts, and frequently arise in association with
RUNX1 mutations [85, 86]. It is unknown whether the pathogenetic
mechanisms leading to MPDCP in association with MDS or MDS/
MPN and with AML are the same. The framework for diagnosing

blastic glasmacztoid dendritic cell neoplasm remains largely the

same, with_emphasis_on_immunophenotypic_diagnostic_criteria.
(Table 15)

Table 15. Immunophenotypic diagnostic criteria of blastic
plasmacytoid dendritic cell neoplasm.

Expected positive expression:
cD123*

TCF4*

TCL1*

CD303 *

CD304*

CD4

CD56

Expected negative markers:
CD3

CD14

CcD19

CD34

Lysozyme

Myeloperoxidase
Immunophenotypic diagnostic criteria:

-Expression of CD123 and one other pDC marker(*) in addition to CD4
and/or CD56.

or,

-Expression of any three pDC markers and absent expression of all
expected negative markers.



WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues
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CHAPTER 9

Blastic plasmacytoid
dendritic cell neoplasm




5th Edition of the WHO Classification

Plasmacytoid dendritic cell neoplasms: recognition of clonal
proliferations detected in association with myeloid neoplasms
and refinement/update of the diagnostic criteria for blastic
plasmacytoid dendritic cell neoplasm

Mature plasmacytoid dendritic cell proliferation (MPDCP) asso-
ciated with myeloid neoplasm reflects recent data showing that
these represent clonal proliferation of pDCs with low grade
morphology identified in the context of a defined myeloid
neoplasm. Clonal MPDCP cells accumulate in the bone marrow
of patients with myeloproliferative CMML harbouring activating
RAS pathway mutations [84]. Patients with AML can have clonally
expanded pDCs (pDC-AML), which share the same mutational
landscape as CD34™ blasts, and frequently arise in association with
RUNX1 mutations [85, 86]. It is unknown whether the pathogenetic
mechanisms leading to MPDCP in association with MDS or MDS/
MPN and with AML are the same. The framework for diagnosing
blastic plasmacytoid dendritic cell neoplasm remains largely the

same, with emphasis on immunophenotypic diagnostic criteria.
(Table 15)

Table 15. Immunophenotypic diagnostic criteria of blastic
plasmacytoid dendritic cell neoplasm.

Expected positive expression:
cD123*

TCF4*

TCL1*

CD303 *

CD304*

CD4

CD56

Expected negative markers:
CD3

CD14

CcD19

CD34

Lysozyme

Myeloperoxidase
Immunophenotypic diagnostic criteria:

-Expression of CD123 and one other pDC marker(*) in addition to CD4
and/or CD56.

or,

-Expression of any three pDC markers and absent expression of all
expected negative markers.
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Sapienza MR, ....., Pileri SA,

Leukemia 2014; 28; 1606-1616

TUMOR

NORMAL_CELLS

pC
DA iwated PD,

Plasmacytoid

+ CD40L
in vitro)

Activated pDC

Mo Classification

Resting pDC

T
L0

T
= B0

T T T
= B0 =<0 =20

T T
w20 w10

Confidence_Measure

@ BPDCN
@ Acuvated pDC
@ Resting pDC

TUMOR—

NORMAL_CELLS

Lympheid

Na Classification

Myeloid

—l.:l]ﬂ

T
-, 80

T T T T T T
=80 =l =20 L0 W20 0

Confidence_Measure

.I.IIIP

& BPDCN
& Lymphoid
@ Myeloid




Blastic Plasmacytoid Dendritic Cell Neoplasm:
State of the Art and Prospects

Cancers 2019, 11, 595;

Maria Rosaria Sapienza L¥(® Alessandro Pileri >%, Enrico Derenzini 3%, Federica Melle !,
Giovanna Motta !, Stefano Fiori }, Angelica Calleri 1 Nicola Pimpinelli 4 Valentina Tabanelli '@

and Stefano Pileri 1*®

Blastic plasmacytoid dendritic cell neoplasms: results of an international

survey on 398 adult patients
blood advances 13 ocToBer 2020 - voLUME 4, NUMBER 19

Kamel Laribi,' Alix Baugier de Materre,” Mohamad Sobh,® Lorenzo Cerroni,* Caterina Giovanna Valentini,”> Tomohiro Aoki,® Ritsuro Suzuki,’
Kengo Takeuchi,® Arthur E. Frankel,’ Carlo Cota,'® David Ghez,'' Ronan Le Calloch,'? Livio Pagano,® and Tony Petrella’®




* Orphan tumour [prevalence (0.44% of all hematological malignancies) and
therapeutic problems].

* Mean/median age: 57.5 — 66 yrs.
* Rare in childhood (better response to ALL therapies?).
 M/F: 3.5/1.

* Presentation: skin (57%); skin and lymph nodes (21%); skin and BM (11%);
skin, lymph nodes and BM (4%); leukaemic (7%).

* CNS involvement: 30 — 60%.

[ Skin only
[J Skin + LN
[J Skin + BM
o, | L] Skin + LN + BM
[ Leukemia




Morphology: ambiguous (leukaemia/lymphoma)
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Phenotype: distinctive profile by marker combination on routine sections

TCF4+ (*)

CD123+ (¥*)
CD303+/-

CD56+

TCL1A+

CD4+

CD43+

CD45RA+

MYC+ (IB-like cases)
CD68+/- (dot-like)
BCL2 (*)

Regular negativity for CD3, CD13, CD16, CD19,
CD20, LAT, Lysozyme, MPQO, and NPM1

Possible aberrant expression of some B or T cell
markers

(*Druggable)



Cytoplasmic nucleophosmin is not detected in blastic plasmacytoid
dendritic cell neoplasm

Fabio Facchetti,! Stefano A. Pileri,2 Claudio Agostinelli,> Maria Paola Martelli,>* Marco Paulli,* Adriano Venditti,®
Massimo F Martelli,®* and Brunangelo Falini®

*FF and SAP contributed equally to this work. ~ haematologica | 2008; 94(2) | 285 |

Case Age/Sex Sites CD4 CD56 CD123 TCL1 CLA CD34 NPM

1 T3/F*  Skin,Ln, + + + + + —  Nuclear
Bm
2 63M*  Skin,Bm + + + + + —  Nuclear
3 60/M*  Skin + + + + + —  Nuclear
4 60/M*  Skin + + + + + —  Nuclear
5 63M  Skin, Bm, — + + na +  — Nuclear
Ln
6 71/™M  Skin,Bm + + + na ad —  Nuclear
1 67/M  Skin + + + na + —  Nuclear
8 6I/M  Bm — o= na + + —  Nuclear
9 70/F Skin + + + - + na Nuclear
10 8IM  Skin - + + + = na Nuclear
11 60M Bm - + ad + + —  Nuclear
12 39M  Bm na S ad e + —  Nuclear
13 484M  Skin + + + na na na Nuclear




n Cancer Cell

A Druggable TCF4- and BRD4-Dependent
Transcriptional Network Sustains Malignancy
In Blastic Plasmacytoid Dendritic Cell Neoplasm

Michele Ceribelli,’-7 Zhiying Esther Hou,? Priscilla N. Kelly," Da Wei Huang,' George Wright,® Karthik Ganapathi,*'"
Moses O. Evbuomwan,* Stefania Pittaluga,* Arthur L. Shaffer,' Guido Marcucci,® Stephen J. Forman,® Wenming Xiao,®
Rajarshi Guha,” Xiaohu Zhang,” Marc Ferrer,” Laurence Chaperot,®? Joel Plumas,??° Elaine S. Jaffe,* Craig J. Thomas,’
Boris Reizis,21%" and Louis M. Staudt'.'%*
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CD123 as a Therapeutic Target in the Treatment of
Hematological Malignancies

Ugo Testa *(©, Elvira Pelosi and Germana Castelli

Cancers 2019, 11, 1358




CD123

* Interleukin 3 receptor a-chain (IL3Ra).

 Membrane receptor that heterodimerizes with the f common (Bc)
subunit to constitute the functional IL3 receptor (IL3R).

* IL3R is the IL3 specific member of the beta Bc family of receptors,
which also includes IL5R and granulocyte monocyte colony
stimulating factor (GM CSF) receptor.

* It functions in regulating growth, proliferation, survival and
differentiation of hematopoietic cells, along with immunity and
inflammatory response.



Strongest level of CD123 staining is on plasmacytoid dendritic cells
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From the bench... . to beds:dee ... and approval .

Tagraxofusp Tagraxofusp

CD123 CAR-Tcells
== NCT02159495
, NCT04109482
NCT04230265
- NCT03203369

Bispecific T cell recruiter

(e.g., flotetuzumab)
NCT04681105

Antibody-drug
conjugate (ADC)
(e.g., IMGN632)

NCT03386513

Transgenic HA-1 TCR
NCT03326921




Drugs

Indication

Status

Identifiers

Tagraxofusp (human IL-3 conjugated
to a truncated diphteria toxin)

AML or MDS

Completed

NCT00397579

Tagraxofusp

BPDCN, AMLK

Active, not
recruiting

NCT02113982

Tagraxofusp

Relapsed/Refractory Multiple
Myeloma

Ongoing

NCT02661022

Tagraxofusp

MDR-positive AML in remission

Ongoing

NCT02270463

Tagraxofusp

High-risk myeloproliferative
neoplasms

Ongoing

NCTo2268253

Tagraxofusp

AML or high-risk MDS

Ongoing

NCT03113643
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The NEW ENGLAND JOURNAL of MEDICINE
N Engl ] Med 2019;380:1628-37.

“ ORIGINAL ARTICLE ”

Tagraxofusp in Blastic Plasmacytoid
Dendritic-Cell Neoplasm

Naveen Pemmaraju, M.D., Andrew A. Lane, M.D., Ph.D., Kendra L. Sweet, M.D.,
Anthony S. Stein, M.D., Sumithira Vasu, M.D., William Blum, M.D.,
David A. Rizzieri, M.D., Eunice S. Wang, M.D., Madeleine Duvic, M.D.,

J. Mark Sloan, M.D., Sharon Spence, M.S., Shay Shemesh, M.S.,
Christopher L. Brooks, Ph.D., John Balser, Ph.D., Ivan Bergstein, M.D.,
Jeffrey E. Lancet, M.D., Hagop M. Kantarjian, M.D.,
and Marina Konopleva, M.D., Ph.D.




CD123 - BPDCN




Pretreatment 3 weeks

Blastic Plasmacytoid
Dendritic Cell Neoplasm

Is Dependent on BCL2

and Sensitive to Venetoclax

Joan Montero :, Jason Stephansky 1, Tianyu Cai ., Gabriel K. Griffin s,

Lucia Cabal-Hierro 1, Katsuhiro Togami 1, Leah J. Hogdal ., llene Galinsky 1,
Elizabeth A. Morgan s, Jon C. Aster 5, Matthew S. Davids :, Nicole R. LeBoeuf 4,
Richard M. Stone 1, Marina Konopleva ., Naveen Pemmaraju ., Anthony Letai ,

and Andrew A. Lane 1.
Cancer Discov; 7(2); 156-64, 2017. CF S
>
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Professor Francine Garnache-Ottou
Inserm UMR1098- UBFC-EFS B/FC
Besancon, France
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BPDCN immunophenotype

CD123+** HLA-DR*strong CD4+/- CD56%/-

cCD3- CD19- MPO" CDh64 CD14-

® cCD3+Low

CD303* (77%)
CD304" (93%)
TCL1** (93%)
cBadLamp* (100%)
NnTCF4* (100%)

HLA-DR, human leukocyte antigen-DR isotype; MPO, myeloperoxidase; TCF, transcription factor; TCL, T-Cell leukemia/lymphoma



CD304

3303"' 77% (46/60 cases)
)304"' 93% (56/60 cases)
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cBadLamp*: 100% (56/56)

brain and dendritic cell-associated lysosome-associated membrane protein
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Garnache-Ottou et al developed a scoring system for the
diagnosis of BPDCN by applying a large series of markers to
20 BPDCN cases and 113 acute lymphoid leukemia (ALL) and
AML cases. They identified that the expression of CD4 (CD56x=)
and lack of CD11c, cCD3, cCD79a, and MPO scored 1 point;
CD123 high and BDCA4/CD303+ scored 1 point each, and the
expression of BDCA2/CD303 scored 2 points.'? Accordingly, the
diagnosis of BPDCN was trustworthy when the total score was
>2 points, which is applicable for typical or atypical BPDCN
immunophenotype.

Garnache-Ottou F, Vidal C, Biichlé S, et al. How should we diagnose and

treat blastic plasmacytoid dendritic cell neoplasm patients? Blood Adv.
2019;3:4238-4251.
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Recommendations and proposals

The final diagnosis of BPDCN should be made either by
tumor skin biopsy immunohistochemistry or by BM cell flow
cytometry.

The close collaboration of the clinician with the patholo-
gist is essential in the diagnostic process. A description of the
macroscopic characteristics of cutaneous lesions should always
be followed by a detailed description of the morphologic and
molecular features of the tumor.

Whenever possible, the immunohistochemical description
should be integrated with the FACS analysis data, since there is
not always total equivalence between the phenotypic profile on
tissue sections and peripheral blood.

The results of the case series do not allow to trace of a diag-
nostic immune-histochemical algorithm based on the presence/
absence of key markers.

The panel of biomarkers listed by WHO diagnostic criteria
should be initially used with additional biomarkers that are use-
ful for excluding differential diagnosis in the case of non-stan-
dard results including peripheral T/NK-cell ymphomas, myeloid
sarcoma, and cutaneous involvement by AML.

For this endeavor, the search for CD303 and TCF4 is worthy
because of their high specificity.

Molecular analysis of the malignant cells is not necessary for
the diagnosis.



Leukemia. 2014 August ;: 28(8): 1606-1616. do1:10.1038/leu.2014.64.

Molecular profiling of blastic plasmacytoid dendritic cell
neoplasm reveals a unique pattern and suggests selective
sensitivity to NF-kB pathway inhibition

MR Sapienza', F Fuligni!, C Agostinelli', C Tripodo?, S Righi', MA Laginestra', A Pileri Jr3,
M Mancini!, M Rossi’, F Ricci?, A Gazzola', F Melle!, C Mannu', F Ulbar!, M Arpinati', M
Paulli®, T Maeda®, D Gibellini’, L Pagano®, N Pimpinelli3, M Santucci?, L Cerroni'?, CM
Croce'l, F Facchetti'2, PP Piccaluga’ '3, SA Pileri'- 13, and for the AIRC 5xMille consortium
‘Genetics-driven targeted management of lymphoid malignancies’ and the Italian Registry
on Blastic Plasmacytoid Dendritic Cell Neoplasm'4
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Constitutive expression of BCL2

a Box Plot
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NF-kB pathway (GSEA, Metacore, Ingenuity, IHC
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Bortezomib and CAL-1 cell line
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Cancers 2021, 13, 4680.

.cancers MDPI
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tResearch Article

Newly-discovered neural features expand the pathobiological

knowledge of blastic plasmacytoid dendritic cell neoplasm

Maria Rosaria Sapienza v, Giuseppe Benvenuto ', Manuela Ferracin 3, Fabio Fuligni?,
Claudio Tripodo’, Beatrice Belmonte®, Daniele Fanonif, Saveria Mazzara!, Federica
Melle!, Giovanna Motta!, Valentina Tabanelli?, Jessica Consiglio’, Vincenzo Maz-
zaral, Marcello Del Corvo!, Stefano Fiori!, Alessandro Pileri3, Gaetano Ivan Del-
lino?, Lorenzo Cerroni®, Fabio Facchetti?®, Emilio Berti 11, Elena Sabattini!?, Marco
Paulli®3, Carlo Maria Croce” and Stefano A. Pileril.
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miRNAS
correlated

—_—
anticorrelated
—

significant miRNA-genes interactions
(Spearman's correlation)

pathway-based analysis target prediction analysis
(Micrographite) (TargetScan Human)

( selected miRNA-genes interactions )

16 miRNAs and 57 genes




GSEA of the network genes
revealed that the neurogenesis
was the biological process most
significantly influenced by miRNA
dysregulation (A). Data confirmed
in two RNA sequencing validation
sets in silico (B,C).

Among the network genes
neural-related we focused on
EDN3 and NLGN4X, possibly
involved in tumor dissemination.

These genes are known to play a
relevant role as therapeutic
targets and prognostic factors in
cancer patients.
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Based on our molecular results we interrogated tumor
samples for the presence of two progenitor neural
markers:

DCX (Doublecortin) and UCHL-1 (Ubiquitin C-terminal
hydrolase 1)
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We next asked whether tumor cells could transmit
neural signals

The most relevant neurotransmitters of the peripheral
nervous system are acetylcholine and catecholamines.

BPDCNs were positive for the vesicular acetylcholine
transporter, VAChT, the rate limiting factor for
acetylcholine storage and release and negative for the
tyrosine hydroxylase enzyme, TH, essential for the
catecholamine biosynthesis
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The final output: a new BPDCN cell model neural-oriented
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RNA and ChIP sequencing data were further investigated
(RNAseq > overexpression of 35 neural-related genes;
CHIP seq > role of acetylation in the neural signal
induction)

The final output we gained was the picture of a BPDCN
cell, neural-oriented and dense of neural factors,
potentially allowing them to interact with nervous
elements and acquire more mobility and aggressiveness

30-60% of BPDCNs show CNS involvement at
the time of diagnosis or relapse
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Overall survival (%)
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Tagraxofusp followed by combined
azacitidine and venetoclax in blastic
plasmacytoid dendritic cell neoplasm:

A case report and literature review
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