LYMPHOMA SYMPOSIUM
BOOK

1

CONTENTS
LYMPHOMA SYMPOSIUM Session 1
“New horizons in clonality detection” …………………………………………………………....……… Page 3 – 8
LYMPHOMA SYMPOSIUM Session 2
“NGS Panel-sequencing for mutations in a diagnostic setting” ………………………………........... Page 9 – 15
LYMPHOMA SYMPOSIUM Session 3
“Microenvironment in lymphoma” …………………….…………………………………..…………..... Page 16 – 23
LYMPHOMA SYMPOSIUM Session 4
“Lymphomas defined by structural chromosomal alterations” ……………………………………..... Page 24 – 29
LYMPHOMA SYMPOSIUM Session 5
“Innovative technologies in lymphoma” ………………………………………………………………... Page 30 – 38
LYMPHOMA SYMPOSIUM Session 6
“Innovative technologies in lymphoma - continued” …………………………………………….……. Page 39 – 43
LYMPHOMA SYMPOSIUM Session 7
“Recent Advances” ………………………………………………………………………………………. Page 44 – 52
LYMPHOMA SYMPOSIUM Posters
…………………….. ………………………………………………………………………………………. Page 53 – 161

2

LYMPHOMA SYMPOSIUM
SESSION I: NEW HORIZONS IN
CLONALITY DETECTION

3

EAHP22-ABS-1562
DEVELOPMENT AND IMPLEMENTATION OF AN AUTOMATED AND HIGHLY ACCURATE REPORTING PROCESS
FOR NGS-BASED CLONALITY TESTING
Sean Glenn* 1, Manuel Glynias1, Jesse Luce1, Marie Miles1, Mihai Merzianu1, Carl Morrison1
1Pathology, Roswell Park Comprehensive Cancer Center, Buffalo, United States
Background: Both normal and neoplastic B and T cells undergo random recombination of the VH/DH/JH portions of the
immunoglobulin loci prior to becoming functional cells. The rearrangement process has significant differences for the
different loci of IGH, IGK, TRG, and TRB, but all result in a V-J gene rearrangement that can be tracked for clonality
testing. In a population of diverse B or T cells there will be a broad spectrum of V-J rearrangements that is commonly
referred to as polyclonal (or no evidence of clonality-NEC). When one specific V-J rearrangement is over-represented in a
population of B or T cells indicating origin from a single cell, this is commonly referred to as a clonal process. Clinically,
clonality is used to aid in the diagnosis and monitoring of lymphoproliferative disorders and in differentiating malignant
from reactive lymphoid proliferations as well as for lineage determination of leukemias and lymphomas, and/or monitoring
and evaluation of disease recurrence.
Materials and Methods: The goal of this study was to develop objective criteria, which can be automated, to classify B
and T cell clonality results as positive (clonal), NEC, or invalid (failed). Using clinical samples with “gold-standard” clonality
data obtained using PCR/CE testing, we ran InvivoScribe’s Lymphotrack NGS clonality assay with the subsequent data
being used to develop our internal criteria for clonality reporting. To assess the performance of our model, we analyzed
the NGS results across several other published models including InvivoScribe’s suggested criteria for reporting
(Arcila:2019, Nollet:2018, Schumaker:2014, InvivoScribe, Inc.).
Results: Utilizing our automated criteria for B cell clonality calling, we see an increase in sensitivity (to 95.2%) as well as
an increase in NPV (to 90%) across all the models tested (Table1A). Furthermore, a Specificity and PPV of 100% was
shared between our model and the other models tested (Table 1A). In evaluating T cell clonality calling using our model
an increase in sensitivity (to 81%) was observed when comparing to other published models (Table 1B).
Image / figure:

Conclusion: When using our criteria for B and T cell calling from data derived by InvivoScribe’s NGS-based assays we
have not only increased the sensitivity of the assay, thereby detecting more clonal samples, but have also built an
infrastructure to objectively call clonality in an automated fashion. This will have direct clinical impact by expediting the
review and sign-out process for concise clonality reporting.
References: Arcila ME, et. al. Establishment of Immunoglobulin Heavy (IGH) Chain Clonality Testing by Next-Generation
Sequencing for Routine Characterization of B-Cell and Plasma Cell Neoplasms. J Mol Diagn. 2019 Mar;21(2):330-342.
doi: 10.1016/j.jmoldx.2018.10.008. Epub 2018 Dec 25. PMID: 30590126; PMCID: PMC6436112.

4

Nollet F, et. al. Evaluation of next-generation sequencing-based clonality analysis of T-cell receptor gamma gene
rearrangements based on a new interpretation algorithm. Int J Lab Hematol. 2019 Apr;41(2):242-249. doi:
10.1111/ijlh.12954. Epub 2018 Dec 8. PMID: 30537135.
Schumacher JA, et. al. A comparison of deep sequencing of TCRG rearrangements vs traditional capillary electrophoresis
for assessment of clonality in T-Cell lymphoproliferative disorders. Am J Clin Pathol. 2014 Mar;141(3):348-59. doi:
10.1309/AJCP5TYGBVW4ZITR. PMID: 24515762.
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EAHP22-ABS-1551
UTILITY OF TRBC1 FLOW CYTOMETRY IN THE DIAGNOSIS OF T CELL NEOPLASMS
Meredith Nichols MD* 1, Heesun J. Rogers MD, PhD1, Betty Gay1, Sarah Ondrejka DO1, Shweta Bhavsar MD1
1Cleveland Clinic, Cleveland, United States
Background: T-cell neoplasms are heterogeneous and require a multi-faceted approach for final classification. In addition
to flow cytometry (FC), polymerase chain reaction (PCR) for T-cell clonality, FC for T-cell receptor (TCR) Vβ and nextgeneration sequencing may be required. Recent studies suggest that FC for TCR β chain constant region 1 (TRBC1) may
be useful for detection of T-cell clonality. Its expression is mutually exclusive to TCR β chain constant region 2 expression;
clonal T cell populations will either be positive or negative for TRBC1. Current methods for determining T-cell clonality
(TCR Vβ FC and PCR for T-cell clonality) are associated with significant time, expense and labor. Here, we examine the
utility of TCRB1 FC in the diagnosis of various T-cell neoplasms.
Materials and Methods: Specimens from patients with a clinical history or laboratory findings suspicious for T-cell
neoplasm underwent FC for TCRB1 (clone JOVI-1) using BD FCSLyric System (BD Biosciences, Franklin Lakes, NJ).
Other antibodies included on the 10 color FC T-cell panel were CD2, CD3, CD4, CD5, CD7, CD8, CD19, CD45 and
CD16/56. CD3+ T cells and immunophenotypically aberrant T cell populations (dim CD3/CD5/CD7 expression) were gated
and ratios for TRBC1+:TRBC1- cells were calculated for CD3+, CD3+CD4+, and CD3+CD8+ subsets of cells (Figure 1).
TRBC1-positive events <15% or >85% were considered abnormal. TRBC1+:TRBC1- ratio reference ranges were as
follows: peripheral blood and bone marrow: CD3+ (0.7-2.2), CD4+ (1-2.5), CD8+ (0.4-2.4); body fluid: CD3+ (0.6-2.3), CD4+
(0.7-2.7), CD8+ (0.3-2.3). TRBC1+:TRBC1- ratios outside of these reference ranges were considered as indicative of T-cell
clonality. Specimens were also analyzed for additional flow cytometry markers as per the suspected diagnosis. Pertinent
clinical and laboratory data were collected for each patient.
Results: 26 specimens from 26 patients underwent TRBC1 FC over a period of two years. The cohort included 19 males
and 7 females with median age of 68 years (range 18-86). A summary of diagnoses and pertinent laboratory test results
are displayed in the table. 24 peripheral blood, 1 bone marrow and 1 body fluid specimen were analyzed. Clonal TRBC1
expression was identified in 21/22 T cell neoplasms (95.4% sensitivity, 50% specificity). 2 cases (1 MDS and 1 likely
reactive case with T-LGL proliferations) which were positive for T-cell PCR were also positive by TRBC1-FC. The case of
aggressive NK/T-cell lymphoma showed a polyclonal pattern, a known assay limitation. One case of T-LGL that was
positive with TCR Vβ was not detected by TCRB1 FC.
Final Diagnosis

No. of
cases

Detected by TRBC1 FC
(n)

TCRvβ FC positive
(n)

T-cell PCR positive
(n)

T-LGL

15

14 (15)

10 (10)

9 (9)

T-PLL

2

2 (2)

1 (1)

2 (2)

T-ALL

2

2 (2)

0 (0)

0 (0)

MF/SS

2

2 (2)

0 (0)

2 (2)

T-cell LPD

1

1 (1)

0 (0)

1 (1)

Aggressive NK/T cell
lymphoma

1

0 (1)

0 (0)

0(0)

MDS-RS

1

1 (1)

0 (0)

1 (1)

Likely reactive

2

1 (2)

1 (1)

1 (1)

Image / figure:

6

Conclusion: Addition of a single TRBC1 antibody to a routine flow cytometry panel is a simple, rapid and relatively
inexpensive method for identifying T-cell clonality, aiding in the diagnosis of T cell neoplasms. Identification and gating of
immunophenotypically aberrant T-cell populations is required for appropriate TRBC1 evaluation. TRBC1 cannot be used
for clonality assessment of γδ T-cell and NK-cell proliferations. Additional validation studies including phenotypically
normal patients and other specific subtypes of T-cell neoplasms are warranted.
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EAHP22-ABS-1624
BCR EXPRESSION IN BURKITT LYMPHOMA: NEW INSIGHT IN MUTATIONAL LANDSCAPE.
Maria Chiara Siciliano1, Margherita Vannucchi1, Salvatore Tornambè1, Massimo Granai2, Felice Paolo Arcuri1, Ester
Sorrentino1, Virginia Mancini1, Nicola Leone1, Stefano Lazzi1, Reiner Siebert3, Lorenzo Leoncini1, Cristiana Bellan* 1
1Medical Biotechnology, University of SIENA, SIENA, 2 Institut für Pathologie und Neuropathologie, , University of
Tubingen, Tubingen, 3Institut für Humangenetik, Universitätsklinikum Ulm, Ulm, Italy
Background: BCR activation is an important step in lymphomagenesis. In different subtype of BL there is a combined
mechanism of tonic and extrinsic BCR signaling activation. In eBL BCR activation can be related to the
chronic Plasmodium falciparum stimulation which can reactivate latently EBV-infected memory B cells. Yet, whether
coincidental infections with additional pathogens may occur in eBL remains to be addressed. On the other hand, in sBL
the progressive acquisition of mutations in the TCF3/ID3 genes results in intrinsic tonic activation of BCR signaling.
Therefore, neoplastic cells may grow in an EBV (and/or other antigen) independent way. Usually in Burkitt lymphomas
surface IgM represents functional BCR. However high number of IgA transcript have recently reported.1 This extend
previous studies showing recurrent MYC translocation breakpoints in IGHA in BL suggesting that the cell of origin of BL is
a germinal center experienced B-cell primed to switch to and to express IgA. Furthermore, IgM/D/G/A-negative cases
have also been reported1 .Interestingly, heterozygous NRAS and KRAS gain of function mutations have been identified in
one sample of such cases, suggesting that BL cells acquiring RAS mutations may lose the selective pressure to express a
functional BCR1. The aim of the present study is: a) to determines the expression of BCR by immunohistochemistry in a
large series of BL b) to investigate the possible constitutive activation of the MAPK pathway through RAS mutations and
c) to better understand the genetic landscape of these cases.
Materials and Methods: We performed an immunohistochemistry analysis to detect IgA/IgM/IgD/IgG expression in 72
Formaling-Fixed Paraffin-Embedded (FFPE) BL samples. We performed qPCR for RAS hotspot mutations and an NGS
analysis (Illumina platform) with a capture-base custom panel covering 83 genes known to be involved in
lymphomagenesis.
Results: 56/72 cases expressed surface IgM but we also found 9/72 expressing IgA. Interestingly, 7/72 lacked BCR
expression, being negative for all surface immunoglobulins. BL expressing surface IgA were localized in the oral and
gastrointestinal mucosa, in line with the observation that BL frequently presents in sites of the human body particularly
important for IgA production.We founded KRAS somatic mutations in the classic hotspots of the gene by qPCR in 2/5
cases lacking expression of BCR. No NRAS single nucleotide variants were identified in our cohort. NGS analysis, in
addition to the typical BL’s mutations (ID3,GNA13,CCND3,MYC) showed recurrent mutations in genes not usually
affected in classic BL like TET2, EZH2, HIST1H1C, HIST1H1B, PRDM1 and PIM1. Interestingly, the cases with KRAS
gain of function were those with a high mutational burden, carrying more than 5 mutation and, moreover, the only two
cases of our cohort showing MYC gene mutation. EBV infection as detected in 1/2 KRAS mutated samples.
Conclusion: In this study, we confirmed the presence of RAS mutations in IgM/D/G/A-negative Burkitt lymphoma
supporting the previous hypothesis2 that the constitutive RAS/MAPK activation can bypass the requirement for a
functional BCR/PI3Kδ axis to sustain lymphoma fitness. Furthermore, we had demonstrated that mutation in genes
related to epigenetic mechanism and histone remodeling seems to be more frequently involved in such cases.
References:
1.
Varano G, Raffel S, Sormani M, Zanardi F, et al. The B-cell receptor controls fitness of MYC-driven lymphoma cells via
GSK3β inhibition. Nature. 2017 Jun 8;546(7657):302-306.
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EAHP22-ABS-1566
MOLECULAR CLASSIFICATION OF DLBCL – REAL-LIFE IMPRESSIONS OF 74 CASES
Vanesa-Sindi Ivanova* 1, Thomas Menter1, Visar Vela1, Stefan Dirnhofer1, Alexandar Tzankov1
1Pathology, Institute of Medical Genetics and Pathology,, University Hospital Basel, University of Basel, Basel,
Switzerland
Background: Over the recent years, tremendous advances have been made regarding the subclassification of the wide
range of lymphoid neoplasms categorized as diffuse large B-cell lymphoma (DLBCL). This is important for understanding
the pathogenesis of individual entities and subentities, drawing conclusions on prognosis and the selection of therapies
beyond classical immuno-chemotherapy, which is still based on R-CHOP. Despite the gained knowledge on the
subclassification of DLBCL, the most performed method in routine remains to assign the cell of origin (COO) using
immunohistochemistry (IHC) algorithms such as Hans, Tally and others, which stratify DLBCL into germinal center B-cell
(GCB) or non-GCB subtypes. Herein, we have used the LymphGen algorithm, which appoints DLBCL into 5 subtypes,
based on gene mutations, copy number variations (CNV) and BCL2 and/or BCL6 translocations.
Materials and Methods: To address the challenges and pitfalls of classifying DLBCL into various subgroups, we tissuemicroarrayed (72 of 74 cases) and sequenced (54 of 74) non-consultational cases diagnosed in our institute between
2010 and 2020, for which there was available material and patient consent. IHC and FISH with break-apart probes
for BCL2 & 6 and MYC were applied, and a customized next-generation sequencing (NGS) panel designed for
lymphomas comprising 148 genes was used. Based on the genetic alterations found, the cases were reclassified using
the probabilistic tool LymphGen, which incorporates 4 statistical models. IHC was carried out for 36 markers, of which
BCL6, CD10, GCET, FOXP1, MUM1, and LMO2 have been used for the Hans and Tally algorithms.
Results: The Hans algorithm classified 31 cases as GCB type, 25 as non-GCB type, and 16 left as unassigned due to
lack of individual marker data. The Tally algorithm classified 27 of 72 cases as GCB, 28 as non-GCB, and 17 left as
unassigned. Therefore, the overall rate of subclassification was 78 % and 76 %, respectively. 10 DLBCL were doubleexpressor phenotypes as they co-expressed BCL2 and MYC by IHC. FISH analysis revealed 29 of ~56 cases containing
rearrangements, 12 of which were BCL2 translocations, 13 – BCL6 translocations (one being BCL2 and BCL6 double-hit),
and 4 – MYC translocations, with a total success rate of ~76 %. The LymphGen tool subclassifies cases so
that BCL6 rearranged and NOTCH2 mutants are BN2, EZH2 mutants with BCL2 translocations are
EZB, MYD88L265P and CD79B mutants are MCD, NOTCH1 mutants are N1, and SGK1 and TET2 mutants are ST2. Post
sequencing, 132 single-nucleotide variants (SNVs) have been called and 130 pathogenic mutations were observed in 57
genes. The NGS and FISH data allowed the LymphGen algorithm to successfully classify only 16 cases, of which 2 were
BN2, 7 – EZB, 4 – MCD, 1 – N1, and 2 – ST2 subtypes. The total subclassification rate was 30 %, which could be
explained by the lack of input data such as CNV, affecting the algorithm’s rigour.
Image / figure:

Conclusion: LymphGen is a user-friendly tool, which rapidly subclassifies DLBCL based on genetic differences.
However, its overall success rate for subclassification is much lower than IHC algorithms, FISH or mutational analysis
only. This may be due to over-complication regarding required data input such as CNV. Since it is an ongoing examination
of this cohort, the clinicopathological parameters and prognostic significance have not been correlated yet to the above
reported molecular data.
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EAHP22-ABS-1535
DLBCL WITH AN ASSOCIATED IGM SERUM PARAPROTEIN: POOR PROGNOSIS, HIGH INCIDENCE OF CNS
INVOLVEMENT, AND FREQUENT MUTATIONS IN MYD88, CD79B AND TP53 GENES.
Arianna Di Napoli* 1, Maria Christina Cox2 and on behalf of the Italian Working Group on IgM-secreting DLBCL
1Dept.Clinical and Molecular Medicine, Sapienza University, Sant'Andrea Hospital, 2Haematology Unit, Policlinico
Universitario Tor Vergata, Rome, Italy
Background: Diffuse large B-cell lymphoma (DLBCL) is a clinically heterogenous entity dissected based on the cell of
origin (COO), the presence of gene rearrangements [1] and the mutation patterns [2–6]. An under-diagnosed and illdefined subset of DLBCL characterized by the secretion of an IgM paraprotein (IgMs) was also reported to have a poor
outcome [7-9]. We conducted an Italian multicentre study aimed at the collection and clinicopathological and molecular
characterization of a large series of IgMs-DLBCL.
Materials and Methods: Adult DLBCL with an associated IgM (IgMs) and other paraproteins (OP) diagnosed between
01/01/2013 and 31/12/2018 in 17 Italian centres were enrolled. The reference group (REF) consisted in a consecutive
series of DLBCL NOS de-novo and transformed from low-grade B-cell lymphomas, without an associated paraprotein,
diagnosed between 01/01/2013 and 31/12/2016. IgMs, OP, and REF samples were centrally revised for morphology,
immunohistochemistry and FISH analyses. IgMs-DLBCL cases with sufficient material were further characterized to
determine the COO by gene expression profiling (Lymph2Cx assay-nanostring), the immunoglobulin heavy (IGH) chain
gene repertoire (next generation sequencing- NGS) and the mutational status of 13 genes frequently mutated in the
activated-B cell type (ABC)-DLBCL (targeted NGS). Statistical analyses have been performed using the Fisher’s exact
test or chi-square test, and the survival rates estimated and plotted using the Kaplan-Meier method.
Results: Overall, 650 DLBCL were enrolled: 102 had an associated IgM (IgMs) (7.9%, 95%CI, 5.9-10.5%), 56 other
paraprotein (OP) and the remaining 492 cases were the reference group (REF) respectively. In multivariate analysis, IgMs
qualified as an independent prognostic factor for both PFS and OS (p<.001). Also, IgMs patients had poorer prognostic
factors resulting in high IPI, NCCB-IPI and CNS-IPI scores (p<.001). Remarkably, the incidence of CNS involvement
(17%), at diagnosis and progression, was significantly higher in this subgroup (p<.001). Conversely, the OP subset was
not associated with poor prognostic features and outcome. IgMs-DLBCL were characterized by:1) prevalence of nonGCB/ABC-type and frequent BCL2 overexpression; 2) recurrent mutations of the MYD88, CD79b and TP53 genes; and 3)
preferential IGVH4-34 gene usage.
Conclusion: This study shows that IgMs is a sizeable subgroup within DLBCL, which has poor clinical features and
outcome after RCHOP. The presence of an IgM PP is an independent prognostic factor for both PFS and OS and also it
signals a high risk for CNS involvement. Therefore, it is worth to detect the presence of serum PP at diagnosis by
immunofixation, as this is a sensitive, inexpensive, and broadly available method. Remarkably, IgMs-DLBCL seems to
harbour biological and genetic characteristics of the ABC-MCD and the A53 molecular clusters. Moreover, the prevalence
usage of the IGVH4-34 gene and the co-occurrence of CD79B and MYD88 mutations suggest that a proportion of the
IgMs DLBCL could originate from autoreactive B lymphocytes.
References: 1-Blood.2016;127(20):2375–90. 2-N. Engl. J. Med.2018;378(15):1396–07. 3-Nat. Med.2018;24(5):679. 4Cancer Cell.2020;37(4):551-68.e14. 5-Blood.2020;135(20):1759–71. 6-Haematologica.2020;105(9):2298-07. 7-J. Clin.
Oncol.2011;29(12):1620–26. 8-Leuk.Lymphoma.2013;54(9):1898–07. 9-PLoS One.2014 Apr 4;9(4):e93903.
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EAHP22-ABS-1555
MUTATIONAL SIGNATURE OF INTESTINAL T-CELL LYMPHOMAS FROM LATIN AMERICA
Ivonne A. Montes-Mojarro* 1, Achim Rau1, Jesus Delgado de la Mora2, Ana Florencia Ramirez-Ibarguen3, Melvy
Guerrero4, Sandro Casavilca-Zambrano4, Gabriela Gualco5, Estela Krowicki6, Anahi Vijnovich-Baron7, Betzabe RojasMena8, Juan P. Santino9, Hernan Garcia-Rivello9, Maria F. Metrebian10, Marina Narbaitz10, Carlos Barrionuevo4, Carmen
Lome-Maldonado3, Maurilio Ponzoni11, Irina Bonzheim1, Falko Fend1, Leticia Quintanilla-Martinez1
1Institute of Pathology and Neuropathology and Compehensive Cancer Center Tuebingen , University of Tuebingen,
Tuebingen, Germany, 2Department of Pathology, Instituto Nacional de Ciencias Médicas y Nutrición Dr. Salvador Zubirán,
3Department of Pathology, Instituto Nacional de Cancerología, Mexico city, Mexico, 4Department of Pathology, Instituto
Nacional de Enfermedades Neoplásicas, Lima, Peru, 5Department of Pathology, Diagnostico SRL, Montevideo, Uruguay,
6Department of Pathology, General Hospital Dr. Cosme Argerich, 7Department of Pathology, Centro de Patología y
Citología (CEPACIT), Buenos Aires, Argentina, 8Department of Pathology, Hospital Calderón Guardia, San Jose, Costa
Rica, 9Department of Pathology, Hospital Italiano de Buenos Aires, 10Instituto de Investigaciones Hematológicas,
Academia Nacional de Medicina, Buenos Aires, Argentina, 11Ospedale S. Raffaele H. Scientific Institute, Milan, Italy
Background: Primary T and NK-cell lymphomas arising from the intestinal tract are rare but mostly aggressive. The
differential diagnosis comprises five entities including enteropathy associated T-cell lymphoma (EATL), monomorphic
epitheliotropic intestinal T-cell lymphoma (MEITL), indolent T-cell lymphoproliferative disorder of the gastrointestinal tract
(ITLPD-GIT), extranodal NK/T-cell lymphoma, nasal-type (ENKTCL) and intestinal T-cell Lymphomas. non-otherwise
specified (ITCL-NOS). Recent studies have been conducted in Asian and Western population providing further biological,
molecular and clinical insights into the main features of these entities. However, no data are available from Latin America.
Materials and Methods: We analyzed 40 intestinal lymphomas from 10 different centres in Latin America (10 from
Argentina, 8 from Mexico, 6 from Uruguay, 4 from Peru, 5 from Costa Rica, 5 from Chile and 1 from Brazil). In all cases,
H&E, immunohistochemistry (CD3, CD4, CD8, CD5, Beta F-1, TCR delta, CD103, CD30, CD56) and EBERS ISH were
assessed. NGS workflow based on a custom AmpliSeq panel (STAT3, STAT5B, JAK1, JAK3, TP53, SETD2, KMT2D,
DDX3X, RHOA, PIK3CD, ARID1A, CCR4, FYN, CARD11, TET2, TNFAIP3, BCOR, PLCG1, VAV1, DNMT3A) was
applied using Ion Torrent Sequencer only in 29 cases with suitable DNA quality. In addition, SETD2 alterations were
further investigated using immunohistochemistry for H3K36me3.
Results: According to their morphology and immunophenotype the cases were diagnosed as follows: EATL (16/40),
MEITL (10/40), ENKTCL (9/40), IT-LPD (2/40) and ITCL-NOS (3/40). The EATL cases showed mostly a CD4/CD8/CD5phenotype (10/16, 63%). CD103 was positive in 8/16 (50%) and CD30 was positive in 12/16 (75%). EATL mutational
profile revealed recurrent JAK1-3/STAT3 mutations in 7/13 cases (54%), followed by DDX3X (4/13, 30%), TP53 (4/13,
30%), KMT2D (4/13, 30%), and TET2 (4/13, 30%). EATL cases with DDX3X mutation displayed concurrent mutations in
TET2/TNFAIP3 (3/13, 23%). Cases of MEITL were CD8+ in 5/10 (50%), CD56+ in 6/10 (60%), CD103+ in 8/10 (80%),
CD5+ in 1/10 (10%) and TCR γδ in 7/10 (70%) cases. Loss-of-function genetic alterations in the suppressor gene SETD2
encoding a H3K36me3 were exclusively identified in MEITL (6/6, 100%), correlating with its protein status and concurrent
STAT5B/JAK3 alterations. Secondary genetic alterations were rare with only CARD11 (2/6, 33%) and BCOR (1/6, 17%)
mutations identified. In the cases of ENKTCL, mutations in JAK3/STAT3 signalling pathway and in DDX3X were identified
in 3/8 (38%) and 2/8 (25%) cases, respectively. Concurrent mutations in KMT2D and ARID1A were rare and only
detected in 2/8 (25%) cases. The two ITLPD-GIT cases were positive one each for CD4 or CD8, both cases show lack of
mutations in the major pathways and only a secondary TET2 mutation in one case was detected.
Image / figure:
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Conclusion: Intestinal T-cell lymphomas in Latin America reveal a comparable mutational signature to the European and
Asian series. The distribution of the different entities in Latin America reflects the known heterogeneous populations. We
corroborated that lack of H3K36me3 expression correlates with SETD2 mutations/alterations, representing a useful tool in
the diagnosis of MEITL and in the differential diagnosis with EATL and ITCL, NOS.
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EAHP22-ABS-1478
ONCOGENETIC LANDSCAPE OF T-CELL LYMPHOBLASTIC LYMPHOMAS COMPARED TO T-CELL ACUTE
LYMPHOBLASTIC LEUKEMIA.
Christophe Bontoux* 1, Mathieu Simonin2, Nathalie Garnier3, Ludovic Lhermitte2, Aurore Touzard2, Guillaume Andrieu4,
Julie Bruneau5, Etienne Lengline6, Adriana Plesa7, Nicolas Boissel8, André Baruchel9, Yves Bertrand10, Thierry Molina5,
Elizabeth Macintyre2, Vahid Asnafi2
1Laboratory of Clinical and Experimental Pathology, Pasteur Hospital, CHU Nice, Nice, 2Laboratory of onco-hematology,
Necker Enfants-Malades Hospital, AP-HP, Paris, 3Institute of Pediatric Hematology and Oncology, , Hospices Civils de
Lyon, Lyon, 4Institut National de la Santé et de la Recherche Médicale (Inserm) U1151, Institut Necker-Enfants Malades
(INEM), 5Laboratory of pathology, Necker Enfants-Malades Hospital, AP-HP, 6Hematology Department, Saint-Louis
Hospital, AP-HP, Paris, 7Laboratory of Hematology and Flow Cytometry, CHU Lyon-Sud Hospital, Lyon, 8Adolescent and
Young Adult Hematology Unit, Saint-Louis Hospital, AP-HP, 9Pediatric Hematology and Immunology Department, Robert
Debré Hospital, AP-HP, Paris, 10Pediatric Hematology and Immunology Department, Hospices Civils de Lyon, Lyon,
France
Background: In the latest 2016 World Health Organization classification of hematological malignancies, T-cell
lymphoblastic lymphoma (T-LBL) and lymphoblastic leukemia (T-ALL) are grouped together into one entity called T-cell
lymphoblastic leukemia/lymphoma (T-LBLL) (1). However, the question of whether these entities represent one or two
diseases remains (2). Multiple studies on driver alterations in T-ALL have led to better understanding of the disease while,
so far, little data on genetic profiles in T-LBL is available (3, 4).
Materials and Methods: We sought to define recurrent genetic alterations in T-LBL and provide a comprehensive
comparison with T-ALL. Targeted whole-exome next-generation sequencing of 105 genes, multiplex ligation-dependent
probe amplification and quantitative PCR allowed comprehensive genotype assessment in 818, consecutive, unselected,
newly diagnosed patients (342 T-LBL vs. 476 T-ALL).
Results: Median age at diagnosis was similar in T-LBL and T-ALL (17 vs. 15 years old respectively; p= 0.2). Although we
found common altered signaling pathways and co-occurring mutations, we identified recurrent dissimilarities in actionable
gene alterations in T-LBL as compared to T-ALL. HOX abnormalities (TLX1 and TLX3 overexpression) were more
frequent in T-ALL (5% of T-LBL vs 13% of T-ALL had TLX1 overexpression; p= 0.04 and 6% of T-LBL vs 17% of T-ALL
had TLX3 overexpression; p= 0.006). The PI3K signaling pathway was significantly more frequently altered in T-LBL as
compared to T-ALL (33% vs 19%; p<0.001), especially through PIK3CA alterations (9% vs 2%; p<0.001) with PIK3CAH1047
as the most common hotspot. Similarly, T-LBL genotypes were significantly enriched in alterations in genes coding for the
EZH2 epigenetic regulator and in TP53 mutations (respectively 13% vs 8%; p= 0.016 and 7% vs 2%; p<0.001) (Figure 1).
Image / figure:

Conclusion: We provide the largest comparative study exploring the oncogenic landscape of T-LBL vs T-ALL and reveal
for the first time significant preferential alterations in T-LBL vs T-ALL (PI3K/Akt pathway, TP53 and PRC2/EZH2
alterations) using a pan-exon NGS-based approach. We identified recurrent mutations in targetable oncogenic signaling
pathways in T-LBL and suggest that certain somatic abnormalities may affect the degree of tissue dissemination to blood
and or bone marrow.
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References: 1 - Arber, D. et al. The 2016 revision to the World Health Organization classification of myeloid neoplasms
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EAHP22-ABS-1591
COMPREHENSIVE HIGH-RESOLUTION T-CELL PHENOTYPING OF VARIOUS B-CELL LYMPHOMA SUBTYPES
REVEALS UNIQUE IMMUNE SIGNATURES AND POTENTIAL TARGETABLE VULNERABILITIES.
Sary El Daker* 1, Jeeyeon Baik1, Menglei Zhu1, Ahmet Dogan1, Roshal Mikhail1, Pallavi Galera1
1MEMORIAL SLOAN KETTERING CANCER CENTER, New York, United States
Background: B-cell lymphomas are clonal neoplasms of mature B-cells that mirror various stages of B-cell differentiation
providing basis for their classification. It has been increasingly recognized that tumor microenvironment (TME) plays a
significant role in the initiation, maintenance, progression and immune escape in lymphomagenesis. However, there are
limited studies focusing on comprehensive characterization of TME, that could potentially lead to identification of potential
targetable vulnerabilities. In the current study we analyzed 251 B-cell lymphoma specimens (Table 1), comparing the
tumor infiltrating T cell subsets with a well characterized cohort of reactive lymph nodes (41 follicular hyperplasia; 32
mixed reactive; 3 progressive transformation of germinal centers, PTGC).
Materials and Methods: On behalf of the imCORE Network, utilizing 2 standardized flow cytometry panels (23
antigen/18-color), we evaluated the T cell subset distribution as well as immune checkpoint expression (TIGIT, TIM3, PD1, CD96, LAG3, CTLA4, CD73) within analytically defined T cell clusters. Using standardized instrument settings we
analyzed the T-cells subpopulations using a dimensionality reduction technique (UMAP), combined with an unsupervised
clustering algorithm (FlowSOM). Non-parametric test and agglomerative hierarchical clustering have been used for the
analysis.
Results: While reactive LNs shared a similar T-cell phenotype mainly enriched in naïve cells, most of the B cell
lymphoma subtypes were characterized by an immune suppressive microenvironment enriched in specific subsets of
activated T regulatory cells (Treg) and/or exhausted memory cells (Figure 1). Nodular lymphocyte-predominant Hodgkin
lymphoma (NLPHL) was the only B cell lymphoma subtypes showing almost complete depletion of FoxP3 expressing
Tregs. Furthermore, it did not reveal an increase in exhausted CD8+ T-cells. NLPHL cases in addition revealed an
expansion of double positive CD4+CD8+ T cells. On the other hand, classic Hodgkin lymphoma was the only B-cell
lymphoma characterized by the expansion of memory CD4 expressing dim PD1 and CTLA4 (CD4 EM PC), along with low
levels of exhausted CD8+ T cells. Follicular lymphoma (FL) samples were enriched in activated Tregs expressing TIGIT,
CTLA4 (Treg TC) alone or in combination with and PD1 and TIM3 (Treg PTCTi). T follicular helper cells (TFH), follicular
regulatory cells (TFR) and exhausted memory cells expressing CTLA4, TIGIT, PD1 and TIM3 (predominantly in the CD8
compartment) were also expanded in FL cases. In refractory/relapsed FL cases a further expansion of TFR was
observed. TFR were also enriched in marginal zone lymphoma (MZL) and small lymphocytic lymphoma/chronic
lymphocytic leukemia (SLL/CLL) samples, together with T-reg TC in CLL/SLL and Treg PTCTi in MZL. Exhausted T-cells
expressing PD1, TIGIT, CTLA-4 and TIM3 were increased in both Diffuse Large B-cell Lymphoma (DLBCL) and mantle
cell lymphoma (MCL) samples, but only in DLBCL samples CD4 EM expressing CD25, PD1 and CTLA (CD4 EM CD25+)
are expanded.
Image / figure:
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Conclusion: Our results suggest that each B-cell lymphoma is characterized by a specific T-cell immune signature. Most
subtypes show enrichment in highly suppressive inhibitory cells (Treg and TFR) and exhausted memory T-cells
differentially expressing PD1, CTLA4, TIGIT and TIM3. Knowledge of these T-cell immune signatures can provide an
avenue for identification of novel therapeutic approaches and guide lymphoma specific immunotherapy.

18

EAHP22-ABS-1554
TUMOR MICROENVIRONMENT REGULATORY T-CELLS AND FIBROBLASTS HAVE AN OPPOSITE IMPACT ON
THE OUTCOME OF FOLLICULAR LYMPHOMA PATIENTS FROM THE RELEVANCE TRIAL.
Camille Laurent* 1, Bastien Lesne2, Bruno Tesson2, Loic Chartier2, Annie Alloy1, Nathalie Van Acker1, Matthew
Stokes3, Preeti Trisal3, Chris Huang3, Anita Gandhi3, Sarah Huet4, Franck Morschhauser5, Luc Xerri6
1IUCT Oncopole, Toulouse, 2LYSARC, Lyon, France, 3Bristol Myers Squibb, Summit, NJ, United States, 4Hospices Civils,
Lyon, 5Hôpital Claude Huriez, Lille, 6Institut Paoli-Calmettes, Marseille, France
Background: Certain gene expression signatures (GES) related to the tumor immune microenvironment (TME) and
tumor infiltrating lymphocytes (TILs) were shown to be associated with outcome of follicular lymphoma (FL) patients (pts)
treated by immunochemotherapy (ICP). However the influence of TME on lenalidomide-containing regimens remains
unexplored. Besides, clinical correlations with TIL subsets defined by multiplex imunofluorescence (MIF) have not yet
been reported in FL.
Materials and Methods: To address these issues, we have taken advantage of the RELEVANCE trial, which has shown
with 5 years follow-up that the efficacy of lenalidomide and rituximab (R2) was similar to ICP as the first-line treatment of
FL in need of therapy. We have performed RNA sequencing (RNAseq) and MIF analysis in FL tissue samples (grade 1-2
and 3A) from 324 and 394 enrolled pts, respectively. Correlations with progression free survival (PFS) and overall survival
(OS) were analyzed with 5 years follow-up. As to RNAseq, TME GES scores were derived by deconvolution using
CibersortX with the LM22 and TR4 matrix signatures. For MIF, pts were randomly split into a training set and validation
set, each with 197 patients. A threshold value was defined in the training set, then confirmed in the validation set and in
the whole cohort. Panels of markers were designed to identify TIL subsets defined by different combinations of CD3, CD4,
CD8, PD1, LAG3, TIM3, CXCR5 and FOXP3 positivity.
Results: In our cohort, we did not observe any prognostic value of the previously described IR1(1), IR2(1) or Teff(2) GES.
Similarly, we could not identify any prognostic GES derived from T cells/macrophages/myeloid TME components. In
contrast, there was a trend toward a favorable impact on PFS (p=0.056) by upregulation of a fibroblast GES from the TR4
matrix, which included the following top 10 genes COL1A1, COL3A1, COL1A2, BGN, FN1, LUM, DCN, COL6A1, TIMP1
and MMP2 (Fig.1A). This GES was associated with a subgroup of 9 FL samples which displayed various degrees of
perifollicular fibrotic histologic features. IHC using an anti-FAP antibody confirmed the higher fibroblastic component in
these 9 samples when compared to a control group. Among the different MIF combinations and TILs subsets analyzed,
synchronous positivity of CD3, CD4 and FOXP3 was the only one with significant prognostic value on PFS (Fig.1B) in
both training and validation subsets, and in the whole cohort as well (p=0.009, p=0.028 and p<0.001; respectively). High
numbers of CD3+/CD4+/FOXP3+ regulatory T-cells had an unfavourable impact on PFS (HR=2.28 95%CI: 1.4-3.6) but
not on OS (p=0.620). Unfavourable impact remained significant after adjustment on the FLIPI score using the Cox
proportional-hazards model (HR=2.18 95%CI: 1.4-3.5, p=0.001). Of interest, this impact was significant in the R2
treatment arm (n=185; HR=2.81 95%CI:1.5-5.3, p=0.002) but was at the borderline statistical significance in the R-Chemo
arm (n=181, HR=1.96 95%CI:0.99-3.9, p=0.0504).
Image / figure:

19

Conclusion: Overall, our data do not support the prognostic value of known TME-derived GES in ICP-treated FL pts, but
suggest that a new fibroblast signature might be associated with a fibrotic FL variant of favorable outcome. Besides, MIF,
exemplified by CD3+/CD4+/FOXP3+ combination, may be used to discover additional potentially prognostic cell subsets.
Further confirmation in an independent cohort is planned.
References: (1)Dave SS et al. N Engl J Med 2004; 351: 2159– 69
(2)

Bolen CR et al. Blood Adv. 2017 Sep 27;1(22):1884-1890
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EAHP22-ABS-1616
A HIGH T-CELL DENSITY TUMOR MICROENVIRONMENT IS ASSOCIATED WITH IMPROVED SURVIVAL IN
DIFFUSE LARGE B-CELL LYMPHOMA
Joo Song* 1, Mary Nwangwu1, Ting-Fang He1, Weiwei Zhang2, Hany Meawad1, Victoria Bedell1, Joyce Murata-Collins1,
Pamela Skrabek3, Michel Nasr4, David Scott5, James Godfrey6, John Chan6, Peter Lee7, Dennis Weisenburger1,
Anamarija Perry8, Alex Herrera1
1City of Hope, Duarte, 2University of Nebraska, Omaha, United States, 3Cancer Care, Manitoba, Canada, 4Upstate
University, Syracuse, United States, 5BCCA, Vancouver, Canada, 6City of Hope, Omaha, 7University of Nebraska, Duarte,
8University of Michigan, Ann Arbor, United States
Background: The tumor microenvironment (TME) is important in the pathogenesis and prognosis of lymphoma,
particularly Hodgkin lymphoma. The TME in diffuse large B-cell lymphoma (DLBCL) has not been well characterized and
it is unclear how the density of T-cells and other cellular components of the TME affects prognosis in patients with
DLBCL.
Materials and Methods: We performed multispectral immunofluorescence (mIF) using two 6-color panels to interrogate
the cellular densities of T-cell subsets, macrophages, and NK-cells in 57 cases of de novo DLBCL uniformly treated with
R-CHOP chemotherapy. We also performed targeted sequencing with a 334 gene panel, copy number analysis (CNA)
and FISH analysis for MYC, BCL2, and BCL6. Routine immunohistochemical staining (IHC) for DLBCL was also done as
well as staining for B2M, HLA I, and HLA II. Validation was performed on an independent cohort of 53 cases of DLBCL
with CD3 and PD1 IHC in conjunction with bioimage analysis (QuPath). We also used the gene expression profiling (GEP)
data from Lenz et al (NEJM, 2008) of 351 cases to further validate our findings using CIBERSORTx (Nat Biotechnol,
2019). Statistical analysis for receiver operating characteristic curves, and OS/PFS was estimated using the Kaplan-Meier
product-limited method.
Results: We found that cases with high CD3+ T-cell densities (Figure 1A/B) (86% vs 48%, P=0.0036) and an exhausted
T-cell state with increased CD4+PD1+ (87% vs 39%, P=0.0004) and CD8+PD1+ T-cells (85% vs 32%, P=0.0004) have
improved 5-year OS compared to those with a low T-cell density (Figure 1C). This improved prognosis in high T-cell
density cases was validated using immune deconvolution of GEP data and using routine IHC. In addition, cases with loss
of B2M, HLA I and HLA II protein expression showed a low T-cell content (73% vs 26%, P=0.002) providing evidence that
lack of these proteins allows for immune evasion (Figure 1D).
Image / figure:

Conclusion: Overall, our results show that patients with DLBCL with a high T-cell content and exhausted T-cell state in
the TME have an improved survival when treated with R-CHOP. Loss of B2M and HLA I/II protein is associated with a low
T-cell content and loss of immune surveillance.
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EAHP22-ABS-1497
DECIPHERING THE MICROENVIRONMENT OF NLPHL BY MULTISPECTRAL IMMUNOFLUORESCENCE AND
DIGITAL IMAGE ANALYSIS GENERATES BIOMARKERS RELEVANT TO DIAGNOSTIC AND PROGNOSTIC
STRATIFICATION
Christos Panayi* 1, Ayse Akarca2, Lorenzo Vitale2, Hasan Rizvi3, David Linch4, Alan Ramsay1, Ananth Shankar5, Teresa
Marafioti1, 2
1Cellular Pathology, University College London Hospitals NHS Foundation Trust, 2Cancer Institute, University College
London, 3Department of Pathology, Barts Health NHS Trust, 4Research Department of Haematology, Cancer Institute,
University College London, 5Paediatric and Adolescent Oncology, University College London Hospitals NHS Foundation
Trust, London, United Kingdom
Background: Nodular lymphocyte-predominant Hodgkin lymphoma (NLPHL) exists on a clinicopathological spectrum that
can overlap with and/or transform to T-cell/histiocyte-rich large B cell lymphoma1. Lymphomas in this spectrum can differ
widely in clinical behaviour, and this may correspond to differences in the tumour microenvironment (TME) composition.
Established variant histologic patterns of NLPHL correlate with disease recurrence and progression 2,3, but these variant
patterns are often mixed or difficult to identify in small biopsies and only describe a part of the overall TME composition.
Multiplexed multispectral immunofluorescence (MMIF) can more extensively and quantitatively interrogate the TME in
clinical NLPHL tissue specimens.
Materials and Methods: Validated MMIF panels4 were performed using the Opal/Vectra system on formalin-fixed
paraffin-embedded tissue sections of tonsil control and cases of paediatric/adolescent NLPHL. The lymphocyte-targetting
panel (CD4, CD8, PD1, FOXP3, CD20 and DAPI) is discussed here. Analyses of two more panels targeting other immune
cell populations are in progress.
Representative fields (31 images from 8 out of 11 cases; 5 with typical histology and 3 with variant histologic patterns)
were processed by a bespoke digital image analysis (DIA) pipeline using three open-source applications. Three cases
were excluded due to poor morphology. Multiple steps were targeted toward improving on nuances of DIA encountered in
similar studies5,6 and visual inspections of iterative phenotype calls.
Results: The use of correlation/co-localisation coefficients during optimisation of the DIA phenotyping algorithm improved
phenotype decisions, with reduced visually unconvincing multi-positive cells and a mean 28% increase in classifiable
cells.
T-cell subsets were significantly differentially represented in cases with variant (vs. typical) histological patterns.
Specifically, CD4+PD1+ and FOXP3+ cells were reduced (24 vs. 43, and 5 vs. 13 per 100μm2), whilst novel CD8+PD1+
and CD4+CD8+ cells were increased even when accounting for differing T/B-cell density (accounting for 3.5% vs. 1.1%,
and 0.2% vs. 0.05% of classified non-B cells).
Nearest neighbour functions showed significantly differing proximity of LP cells to certain T-cell subsets in cases with
variant (vs. typical) patterns. Specifically, CD8+ and CD8+PD1+ cells were closer (15 vs. 20μm, and 31 vs. 52μm), whilst
CD4+PD1+ cells were farther (20 vs. 14μm).
Image / figure:
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Conclusion: Whilst the frequent presence of LP-rosetting CD4+PD1+ T follicular helper cells in NLPHL is well known, this
study indicates the relevance of non-rosetting FOXP3+, CD8+PD1+, and CD4+CD8+ T cells, which corroborates flow
cytometry based studies7,8.
These lymphocyte populations are differentially represented in the TME of variant and typical histological patterns of
NLPHL in terms of absolute/relative density and LP-cell proximity. These TME signatures are promising as biomarkers
which may also correlate with clinical behaviour and improve diagnosis and prognostication of NLPHL-spectrum
lymphomas.
References:
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2. Fan Z, et al. Am J Surg Pathol. 2003 Oct;27(10):1346-56
3. Shankar, AG et al. Br J Haematol. 2015 Oct;171(2):254-262
4. Hagos YB, et al. Hematol Oncol. 2022 Apr 22. Epub ahead of print
5. Viratham Pulsawatdi A, et al. Mol Oncol. 2020 Oct;14(10):2384-2402
6. Du Z, et al. Nat Protoc. 2019 Oct;14(10):2900-2930
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EAHP22-ABS-1619
DUSP22 REARRANGEMENT IN ALK-NEGATIVE ANAPLASTIC LARGE CELL LYMPHOMA IMPACTS
IMMUNOPHENOTYPE BUT NOT OVERALL SURVIVAL
Bettina Bisig* 1, David Sibon2, 3, Christophe Bonnet4, Elsa Poullot3, 5, Emmanuel Bachy6, Doriane Cavalieri7, Virginie
Fataccioli3, 5, Cloé Bregnard1, Fanny Drieux8, Julie Bruneau9, François Lemonnier2, 3, Aurélie Dupuy3, Céline Bossard10,
Marie Parrens11, Krimo Bouabdallah12, Nicolas Ketterer13, Grégoire Berthod14, Anne Cairoli15, Gandhi Damaj16, Olivier
Tournilhac7, Jean-Philippe Jais17, Philippe Gaulard3, 5, Laurence de Leval1
1Institute of Pathology, Department of Laboratory Medicine and Pathology, Lausanne University Hospital and Lausanne
University, Lausanne, Switzerland, 2Lymphoid Malignancies Department, Henri-Mondor University Hospital, 3Faculty of
Medicine and Health, Campus Henri Mondor, Paris-Est Créteil University, Créteil, France, 4Hematology Department,
Liège University Hospital, Liège, Belgium, 5Department of Pathology, Henri-Mondor University Hospital, Créteil,
6Hematology Department, Lyon-Sud University Hospital, Lyon, 7Hematology Department, Clermont-Ferrand University
Hospital, Clermont-Ferrand, 8Pathology Department, Henri Becquerel Cancer Center, Rouen, 9Pathology Department,
Necker University Hospital, Paris, 10Pathology Department, Nantes University Hospital, Nantes, 11Pathology Department,
12Hematology Department, Bordeaux University Hospital, Bordeaux, France, 13Onco-hematology, Clinique Bois-Cerf,
Lausanne, 14Onco-hematology, Hospital Center for Valais Romand (CHVR), Martigny Hospital, Martigny, 15Service of
Hematology, Department of Oncology, Lausanne University Hospital and Lausanne University, Lausanne, Switzerland,
16Institut d'Hématologie de Basse-Normandie, Caen University Hospital, Caen, 17Department of Biostatistics, Necker
University Hospital, Paris, France
Background: Systemic ALK-negative anaplastic large cell lymphoma (ALK– ALCL) is genetically heterogeneous,
including subgroups harboring rearrangements of DUSP22 (DUSP22-R) or TP63 (TP63-R). Two studies reported 90%
and 40% 5-year overall survival (OS) in 21 and 12 DUSP22-R patients, making the prognostic impact of DUSP22-R
currently unclear, with potential therapeutic implications. We aimed at comparing clinico-pathological features and
outcomes of DUSP22-R versus DUSP22-NR patients in a large retrospective cohort of ALK– ALCL.
Materials and Methods: One hundred and four patients diagnosed with systemic ALK– ALCL between January 2001 and
January 2020 were retrieved from the TENOMIC database of the Lymphoma Study Association (LYSA). Histological
slides were reviewed, immunohistochemical results recorded and/or completed, and clinical data collected, including
staging, International Prognostic Index (IPI), treatment and follow-up. Break-apart FISH assays were performed on
formalin-fixed paraffin-embedded tissue sections to explore rearrangements of DUSP22 and TP63 loci.
Results: At diagnosis, the median age of the 104 patients was 60 years (range 39-86), 74% were male, 72% were stage
3-4, bone was the most frequently involved extranodal site, and IPI score was equally distributed across the 4 risk groups.
There were 47/104 DUSP22-R and 2/93 TP63-R cases, including one harboring a dual rearrangement. Several distinct
hybridization patterns were observed for DUSP22: among DUSP22-R cases, 38/47 (81%) showed a classical break-apart
pattern, including 3 cases with biallelic rearrangements, while the remaining 9/47 (19%) DUSP22-R cases featured
atypical hybridization patterns, consisting of at least one isolated green (3’) signal in the absence of isolated red (5’)
signals. Amongst DUSP22-NR samples, copy gains of DUSP22 locus were observed in the majority of the cases (38/57,
67%), including 3 samples with a DUSP22 amplification. Both DUSP22-R and -NR cases encompassed a morphologic
spectrum including variable proportions of hallmark-type cells, doughnut-type cells and/or pleomorphic cells, with marked
overlap between the two genomic groups. Distinctive pathological features of DUSP22-R tumors included more frequent
expression of CD3 (62% versus 35%, P=0.01) and CD2 (87% versus 67%, P=0.044), and less common expression of
cytotoxic molecules (27% versus 82%, P<0.001) and EMA (16% versus 73%, P<0.001). Patient characteristics at
diagnosis including IPI were similar irrespective of DUSP22 status, except DUSP22-R ALCL had more frequent bone
involvement (32% versus 13%, P=0.03). After a median follow-up of 4.9 years, 5-year progression-free survival (PFS) was
36% for the whole cohort, 48% for DUSP22-R and 26% for DUSP22-NR patients (P=0.005). Five-year OS was 51% for
the 104 patients, including 59% and 45% for the DUSP22-R and -NR patients, respectively (P=0.2). The patient with
DUSP22-R plus TP63-R had a rapidly fatal outcome. In multivariate analysis, IPI and DUSP22 status significantly affected
PFS, but only IPI impacted OS.
Conclusion: In this largest cohort to date, DUSP22-R ALK– ALCL patients had a better PFS than DUSP22-NR patients,
however this did not translate into improved OS. While NCCN guidelines consider that DUSP22-R ALK– ALCL patients
may be treated according to the ALK-positive ALCL algorithm, our findings suggest that this could lead to undertreat those
patients, whose prognosis does not seem as favorable as expected.
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EAHP22-ABS-1506
FREQUENCY OF DOUBLE-HIT CYTOGENETICS AND MYC REARRANGEMENT PARTNERS IN PEDIATRIC (<18)
AND YOUNG ADULT (18-30) PATIENTS: A 10-YEAR MAYO CLINIC REVIEW
Marie-France Gagnon* 1, Daniel Sill1, Reid Meyer1, Patricia Greipp1, Nicole Hoppman1, Xinjie Xu1, Linda Baughn1, Jess
Peterson1, Ellen McPhail1, Rhett Ketterling1, Rebecca King1
1Department of Laboratory Medicine and Pathology, Mayo Clinic, Rochester, United States
Background: Isolated or concurrent rearrangements of MYC and BCL2 and/or BCL6 are important markers of disease
and outcome in high grade and diffuse large B-cell lymphomas (HGBCL and DLBCL), and isolated MYC rearrangements,
almost always with an immunoglobulin (IG) partner, characterize Burkitt lymphoma (BL). While fluorescence in situ
hybridization (FISH) is routinely utilized to evaluate MYC, BCL2, and BCL6 rearrangements, and extensive data exists
regarding FISH probe strategies in adult HGBCL/DLBCL, the frequency of these rearrangements in pediatric/young adult
(P/YA) DLBCL/HGBCL remains largely undefined. In this study, we sought to review the frequency of BCL2 and BCL6
rearrangements and MYC IG partners in a retrospective cohort of P/YA MYC-rearranged lymphomas sent for FISH
evaluation at a large reference laboratory.
Materials and Methods: Following IRB approval, we retrospectively reviewed the FISH results of patients age ≤30 years
who underwent FISH analysis between 2013 and 2022 for suspected HGBL/DLBCL/BL (hereafter: HGBL) and in whom a
MYC rearrangement was identified. Break-apart MYC, BCL2, and BCL6 probes (Abbott Laboratories, Des Plaines, IL) and
dual-fusion MYC/IG heavy chain locus (IGH) (Abbott Laboratories) MYC/IG lambda (IGL), and MYC/IG kappa (IGK)
(laboratory-developed) probe sets were evaluated on paraffin-embedded or fresh tissue.
Results: The study cohort included 258 cases of HGBL with a MYC rearrangement. Of these, 129 (50%) were aged 1-17
years (P) and 129 (50%) were 18-30 years (YA). MYC was translocated to IGH, IGL, IGK loci in 201 (77.9%), 19 (7.4%)
and 7 (2.7%) cases, respectively. Concurrent BCL2 or BCL6 rearrangements, classifying these cases as double-hit (DH),
occurred in 19/258 (7.4%) cases [3 (1.2%) with BCL2 and 16 (6.2%) with BCL6 rearrangements]. DH cytogenetics
occurred at a significantly lower frequency in P vs YA cases (2/129 (1.6%) vs. 17/129 (13.1%); p<0.001) and tended to
increase in frequency with age (p=0.002, Figure 1A). No P or YA case demonstrated triple-hit cytogenetics. BCL6
rearrangements were identified in only 1 (0.8%) P case (age 14 years) vs 15 (11.6%) YA cases (p<0.001). BCL2
rearrangements were rarely documented with 1 (0.8%) P case (age 11 years) vs 2 (1.6%) YA cases (p=1). MYC/IGH and
MYC/IGL partners were more common in P vs YA cases [IGH: 112/129 (86.8%) vs 89/129 (68.9%) p<0.001; IGL: 11/129
(8.6%) vs 8/129 (6.2%), p<0.017], while MYC/IGK did not differ between the 2 groups [3/129 (2.3%) and 4/129 (3.1%),
p=1]. MYC/non-IG partners were less frequent in P vs YA cases [1/129 (0.8%) vs 12/129 (9.3%), p<0.003] (Figure 1B).
Image / figure:

Conclusion: Our study provides the first comprehensive FISH data for MYC, BCL2, BCL6 and MYC/IG partners in HGBL
in the P/YA population. The frequency of DH lymphoma (DHL) in a cohort of P/YA patients with MYC rearrangements is
exceptionally low, especially for BCL2 DH. Our results emphasize significant age-related differences in the frequency of
DHL in the P vs. YA population, and suggest that FISH evaluation in patients <18 years of age (P) may not need to
include BCL2 and BCL6. Even in the YA population, DHL are predominantly MYC/BCL6. The very high frequency of
MYC/IG partners (>99%) vs. low frequency of DH (1.6%) strongly suggests BL rather than DLBCL in P patients, while the
lower frequency of MYC/IG partners (91%) vs. higher frequency of DH (13%) indicates more heterogeneous disease in
the YA cohort.
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FOCAL STRUCTURAL CHROMOSOMAL ABERRATIONS AFFECTING FOXP1 IN T-PLL
Paurnima Patil* 1, Cristina López 1, 2, 3, Laura Wiehle1, Stephan H. Bernhart4, Umut H. Toprak5, 6, 7, 8, Julian Seufert6, Ulrike
Paul9, Anke K. Bergmann2, 10, Helene Kretzmer4, Reinhild Rösler11, Sebastian Wiese11, Rabea Wagener1, 2, Susanne
Bens1, 2, Sandrine Jayne12, Annika Müller13, Dolors Costa3, Tycho Baumann3, Patricia Johansson14, Elias Campo3,
Martin J. S. Dyer15, Jan Dürig16, Matthias Schlesner17, 18, Marco Herling19, 20, Stephan Stilgenbauer13, Reiner Siebert1, 2
1Institute of Human Genetics, University of Ulm and University of Ulm Medical Center, Ulm, 2Institute for Human Genetics,
Christian-Albrechts-University Kiel and University Hospital Schleswig-Holstein, Kiel, Germany, 3Institut d'Investigaciones
Biomèdiques August Pi I Sunyer (IDIBAPS), Hospital Clínic of Barcelona, University of Barcelona, Barcelona, Spain,
4Interdisciplinary Center for Bioinformatics, Transcriptome Bioinformatics, University of Leipzig, Leipzig, 5Bioinformatics
and Omics Data Analytics, German Cancer Research Center (DKFZ), Heidelberg, 6Faculty of Biosciences, Heidelberg
University, 7Division Neuroblastoma Genomics, German Cancer Research Center (DKFZ), 8Hopp-Children’s Cancer
Center, NCT Heidelberg (KiTZ), Heidelberg, 9Kiel Humangenetik and Department of Pathology, Hematopathology
Section and Lymph Node Registry,Universitätsklinikum Schleswig-Holstein, Kiel, 10Institute for Human Genetics,
Hannover Medical School, Hannover, 11Core Unit Mass Spectrometry and Proteomics, Medical faculty, University of Ulm,
Ulm, Germany, 12Ernest and Helen Scott Haematological Research Institute, Department of Cancer Studies, Leicester,
United Kingdom, 13Department of Internal Medicine III, University of Ulm, Ulm, 14Department of Hematology, University
Hospital Essen ,University of Duisburg-Essen, Essen, Germany, 15Ernest and Helen Scott Haematological Research
Institute, Department of Cancer Studies, University of Leicester, Leicester, United Kingdom, 16Department of Hematology,
University Hospital Essen, University of Duisburg-Essen, Essen, 17Bioinformatics and Omics Data Analytics, German
Cancer Research Center (DKFZ), Heidelberg, 18Biomedical Informatics, Data Mining and Data Analytics, Faculty of
Applied Informatics and Medical Faculty, Augsburg University, Augsburg, 19Department I of Internal Medicine, Center for
Integrated Oncology (CIO), Aachen-Bonn-Cologne-Duesseldorf, Excellence Cluster for Cellular Stress Response and
Aging-Associated Diseases (CECAD), Center for Molecular Medicine Cologne (CMMC), University of Cologne (UoC),
Cologne, 20Clinic of Hematology, Cellular Therapy and Hemostaseology, University of Leipzig, Leipzig, Germany
Background: T-cell prolymphocytic leukemia (T-PLL) is an aggressive T-cell leukemia in which TCL1A or MTCP1
activation by inv(14)/t(14;14)(q11;q32) or t(X;14)(q28;q11), respectively, are well-characterized early events. Although the
pattern of secondary aberrations in T-PLL is well conserved, targets of these alterations are less well-known. Previous
study reported focal deletions in 3p13 including the FOXP1 gene as a recurrent event in T-PLL [1]. Nevertheless, the
frequency of such alterations potentially targeting FOXP1, and the biological implications of this aberration remain elusive.
Focal structural variants (SVs) affecting the FOXP1 locus have been reported in various lymphomas like diffuse large Bcell lymphoma or mucosa-associated lymphoid tissue lymphoma, suggesting an oncogenic function [2,3]. In contrast,
deletion of 3p13-14, spanning FOXP1 is commonly observed in solid tumors including prostate cancer, suggesting tumor
a suppressive function [4].
Materials and Methods: We analysed 59 T-PLL cases using different OMICS technologies.
Results: Firstly, copy number analysis revealed heterozygous deletions at 3p13 in seven T-PLL cases with the minimal
deleted region comprising the FOXP1 gene. In addition, whole genome sequencing data revealed four additional T-PLL
cases with SVs affecting FOXP1. Alterations were verified by next-generation optical mapping and fluorescence in situ
hybridization. The latter also detected two additional cases with FOXP1 aberrations. Pathogenic somatic single nucleotide
variants (SNVs) affecting FOXP1 were detected in 2/42 T-PLL cases lacking FOXP1 SVs. Overall, we detected
heterozygous SVs affecting FOXP1 in 13/59 T-PLL cases (~22%) and heterozygous SNVs in 2/42 (~4%) T-PLL cases. By
RNA sequencing we showed downregulation of FOXP1 in T-PLL as compared to non-malignant CD4+ and CD8+ T-cells.
We observed a complex pattern of FOXP1 transcript isoform expression in both T-PLL cases and non-malignant T-cells.
In line, proteomic analyses revealed a variable expression of FOXP1 protein isoforms in the SUP-T11 T-cell leukemia line.
By mining array-based DNA methylation data from 68 T-PLLs and corroborated by whole genome bisulfite sequencing,
we detected differential hypomethylation at FOXP1 in T-PLL compared to various healthy T-cell populations.
Conclusion: Our multi-omics analyses suggest a complex interplay of various genomic, epigenomic, and transcriptional
mechanisms by which FOXP1 is de-regulated in T-PLL. Our findings of multiple transcripts and protein isoforms of FOXP1
expressed in normal and neoplastic lymphocytes along with the complex mechanisms of FOXP1 deregulation also pose a
note of caution to immunohistochemical studies investigating FOXP1 expression.
References: [1] Johansson P, Klein-Hitpass L, Choidas A, et al. SAMHD1 is recurrently mutated in T-cell prolymphocytic
leukemia. Blood Cancer Journal. 2018;8:11.
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[2] Van Keimpema M, Grüneberg LJ, Schilder-Tol EJM, et al. The small FOXP1 isoform predominantly expressed in
activated B cell-like diffuse large B-cell lymphoma and full-length FOXP1 exert similar oncogenic and transcriptional
activity in human B cells. Haematologica. 2017;102:573–583.
[3] Goatly A, Bacon CM, Nakamura S, et al. FOXP1 abnormalities in lymphoma: translocation breakpoint mapping reveals
insights into deregulated transcriptional control. Mod Pathol. 2008;21:902–911.
[4] Banham AH, Beasley N, Campo E, et al. The FOXP1 winged helix transcription factor is a novel candidate tumor
suppressor gene on chromosome 3p. Cancer Res. 2001;61:8820–8829.
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EAHP22-ABS-1481
PEDIATRIC NODAL MARGINAL ZONE LYMPHOMA (PNMZL) SHARES A COMMON MOLECULAR PROFILE WITH
PEDIATRIC-TYPE FOLLICULAR LYMPHOMA (PTFL)
Elaine Jaffe* 1, Julia Salmeron-Villalobos2, Caoimhe Egan3, Vanessa Borgmann4, Inga Muller4, Blanca Gonzalez-Farre5,
Joan-Enric Ramis-Zaldivar2, Dominik Nann4, Olga Balague5, Monica Lopez-Guerra5, Dolors Colomer5, Ilske Oschlies6,
Wolfram Klapper6, Young-Hyeh Ko7, Irina Bonzheim4, Falko Fend4, Stefania Pittaluga1, Elias Campo5, Itziar Salaverria2,
Leticia Quintanilla-Martinez4
1Hematopathology Section, Lab of Pathology , National Cancer Institute, Bethesda, United States, 2Institut
d’Investigacions Biomèdiques August Pi I Sunyer, University of Barcelona, Barcelona, Spain, 3Haematopathology and
Oncology Diagnostic Service, Addenbrooke’s Hospital, Cambridge, United Kingdom, 4Institute of Pathology, Eberhard
Karls University of Tübingen , Tübingen, Germany, 5Hematopathology Unit, Hospital Clínic of Barcelona, Barcelona,
Spain, 6Institute of Pathology , Christian-Albrechts-University of Kiel, Kiel, Germany, 7Department of Pathology, Samsung
Medical Center, Seoul, Korea, Republic Of
Background: Pediatric-type follicular lymphoma (PTFL) and pediatric nodal marginal zone lymphoma (PNMZL) are rare
indolent B-cell lymphomas that occur predominantly in young males involving the head and neck region. They both
present with localized disease and have an excellent prognosis with following conservative therapy. Marginal zone
differentiation has been reported in cases of PTFL. Conversely, cases of PNMZL often show altered follicles and
disrupted follicles resembling progressive transformation of germinal centers (PTGC). We and others have noted cases
showing intermediate features between both entities, making definitive categorization as PTFL or PNMZL challenging. We
performed morphological review and mutational analysis to further explore the relationship and overlap between PNMZL
and PTFL.
Materials and Methods: 45 cases from patients, age 30 yrs or less, with the diagnosis of PNMZL were collected from the
referring institutions. Histological review was conducted by 5 hematopathologists, without knowledge of the molecular
results, and a consensus diagnosis achieved. A standard IHC panel was employed including CD20, CD3, CD79a, CD10,
BCL6, MUM1/IRF4, CD21/CD23, IgD, kappa and lambda. Clonality was confirmed by PCR for IG gene rearrangement.
Targeted next generation sequencing (NGS) analysis was done on the Ion Torrent PGM and Ion GeneStudio S5 Prime
covering 27 genes that have been shown to be mutated in FL, PTFL and MZL. NGS results were compared with
published series of PTFL and adult MZL, and 37 additional cases of PTFL selected for analysis for IRF8.
Results: 45 cases were collected (40 M:5 F) with a median age of 16 yrs (range 5-30). 22 (49%) involved cervical
LNs. All patients were Stage I. 14 cases were diagnosed as PNMZL, while 31 cases (69%) showed overlapping
histological features between PNMZL and PTFL. These contained residual serpiginous germinal centers reminiscent of
PTFL but retained a dominant interfollicular B-cell component characteristic of PNMZL, consisting of small to mediumsized cells with pale cytoplasm and focal plasmacytoid differentiation. Dutcher bodies were absent. Eosinophils were
occasionally present. Fragmented follicles (positive for BCL6 and CD10) were demarcated by IgD+ mantle cuffs. The
interfollicular component was negative for BCL6 and CD10. By NGS, the most frequently mutated genes were MAP2K1
(19 cases); TNFRSF14 (13 cases); IRF8 (12 cases). No mutations were identified in CREBBP, EP300, HIST1H1B,
HIST1H1E, KMT2D, MEF2B, STAT6, XPO1, MYD88, SOCS1, TNFAIP3, NOTCH1, NOTCH2, NOTCH3, KLF2, PTPRD,
BRAF, TET2 and TBL1XR1 genes. In total MAP2K1, TNFRSF14 and/or IRF8 mutations were observed in 30/41 cases
(73%) and 11 cases showed concomitant mutations of these genes. MAP2K1 and IRF8 mutations were exclusively found
in the pediatric group (adjusted P value < 0.05).
Conclusion: We conclude that PNMZL is distinct from adult-type NMZL and shows overlapping histologic and molecular
features with PTFL. We propose that PNMZL and PTFL represent morphological variation within a common biological
and clinical entity. Given the unifying and indolent clinical features, we propose “pediatric-type follicular neoplasia with
and without marginal zone differentiation” as a provisional diagnostic term.
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EAHP22-ABS-1480
CLONAL HEMATOPOIESIS AND BONE MARROW INFILTRATION IN PATIENTS WITH ANGIOIMMUNOBLASTIC T
CELL LYMPHOMA
Dominik Nann* 1, Lennart Harland1, Vanessa Borgmann1, Falko Fend1, Leticia Quintanilla-Martinez1
1Institute of Pathology and Neuropathology , University Hospital Tuebingen, Tuebingen, Germany
Background: Angioimmunoblastic T-cell lymphoma (AITL) harbors recurrent mutations of RHOAG17V, IDH2R172, TET2 and
DNMT3A. Whereas RHOAG17V and IDH2R172 are almost exclusively found in AITL, TET2 and DNMT3A mutations occur in
a broad variety of hematological neoplasms and are the most frequently affected genes in clonal hematopoiesis (CH). The
aim of our study was to investigate the frequency of CH in bone marrow biopsies (BM) of AITL patients and its association
with myeloid neoplasms.
Materials and Methods: A total of 29 formalin-fixed, paraffin-embedded (FFPE) BM from 22 patients with a diagnosis of
AITL in lymph nodes (LN) and known mutational status were analyzed by NGS with a custom panel covering RHOA,
IDH2, TET2 and DNMT3A, and a panel covering 15 genes frequently mutated in MDS and MDS/MPN. Mutations of the 4
AITL genes and their variant allelic frequencies (VAF) were compared with the results of the diagnostic LN. Eight cases
were analyzed with a T cell lymphoma panel of 27 genes.
Results: The study included 12 females and 10 males with a median age at disease onset of 68 years (range 47-83
years). In 5 cases 2 consecutive BM were available, and in one case 3 BM biopsies. Four samples revealed AITL
infiltrates of > 5% of BM cellularity, and 5 cases showed minimal T-cell infiltrates of < 5% suspicious for infiltration.
IDH2R172 was present in 1/29 (3%), RHOAG17V in 2/29 (7%), VAV1 in 1/10 (10%), TET2 in 24/29 (83%), and DNMT3A in
17/29 BM biopsies (59%). In the parallel LN the frequencies of mutations were 27% (IDH2R172), 64% (RHOAG17V), 86%
(TET2), and 45% (DNMT3A). The 2 BM with IDH2R172 and/or RHOAG17V mutations had clear-cut BM infiltration, in
contrast, the 5 samples considered suspicious of infiltration lacked IDH2R172 and RHOAG17V mutations. TET2 and/or
DNMT3A mutations identical in LN and BM were present in 18/22 (82%) patients, irrespective of the presence or absence
of BM infiltration. In the remaining 4 patients, TET2 or DNMT3A were negative (3) or only detected in the LN (1). In 3
cases the CH mutations were detected 13, 41, and 145 months before AITL diagnosis. 9/22 (41 %) patients carried two or
more TET2 mutations with high VAF percentages (median 16%, range 0.3 to 50%), including 7 cases with > 40% (32%)
compared to only 2 cases with DNMT3A mutations. Interestingly, cases with a TET2 or DNMT3A and VAFs >40% showed
lower blood counts; however, only the platelet count was statistically significant (p=0.024). Myelodysplasia-related
mutations (SF3B1, SRSF2, TP53, U2AF1) were identified in 4 cases (4/22; 18%). Remarkably, all cases had high TET2
VAFs (median 44.5%, range 44 to 48%). One patient exhibited monocytosis and 2 patients anemia, supporting the
diagnosis of an underlying myeloid neoplasm (1 CMML, 2 MDS).
Image / figure:
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Conclusion: In conclusion, CH is a precursor lesion of AITL in the majority of patients (82%), as documented by the
presence of shared TET2 and DNMT3A mutations in BM without lymphoma involvement. CH mutations are documented
up to 145 months before AITL diagnosis. In contrast, RHOAG17V and IDH2R172 seem to be restricted to the neoplastic T cell
population. As evidenced by additional myeloid neoplasms with private MDS type mutations, a subset of patients (18%)
shows divergent evolution of CH potentially giving rise to both myeloid and lymphoid neoplasms.
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EAHP22-ABS-1509
GENETIC AND MOLECULAR SUBTYPING OF DLBCL WITH VERY EARLY TREATMENT FAILURE
Francesco Cucco* 1, Barrans Sharon2, Jasmine Singh1, John Davies3, Zi Chen1, Moniek van Hoppe2, Tracey Mell2, Louise
Stanton4, Katy Mclauqhlin4, Josh Caddy4, Reuben Tooze5, Cathy Burton2, David Westhead3, Andrew Davies4, Peter
Johnson4, Ming-Qing Du1
1Department of Pathology, University of Cambridge, Cambridge, 2Haematological Malignancy Diagnostic Service, St
James’ University Hospital, 3Faculty of Biological Sciences, University of Leeds, Leeds, 4Cancer Research UK Centre and
Southampton Clinical Trials Unit, University of Southampton, Southampton, 5School of Medicine, University of Leeds,
Leeds, United Kingdom
Background: Diffuse large B-cell lymphomas (DLBCL) are a highly heterogeneous group of aggressive lymphomas and
show variable responses to the standard R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone)
therapy, with primary treatment failure in ~10%, partial response in ~15% and relapse after initial response in 20–30% of
the patients1. A significant proportion of the mortality occurs in the first 2 years following diagnosis. How to predict
treatment outcome at diagnosis, identify patients who do not respond to R-CHOP therapy, and treat them according to
their underlying molecular mechanisms are a huge unmet clinical need. There are several classification schemes,
including molecular subtyping by cell-of-origin (COO) and molecular high-grade (MHG)/double-hit gene expression
signature2-3, and LymphGen genetic algorithm4. They sub-classify DLBCL into various subgroups with different clinical
outcomes and distinct underlying molecular mechanisms. The present study aimed to investigate the utility of these
classification schemes in the MaPLe (Molecular Profiling for Lymphoma) trial, which is a multicentre prospective
observational study of patients with DLBCL or follicular lymphoma grade 3B, with 3000 patients recruited by August 2021.
Materials and Methods: A total of 168 patients who showed disease progression within 12 months (DP-12mth) of
enrolment to the MaPLe trial, together with equal number of age and IPI matched cases who had no disease progression
within the same period, were identified from the trial. Mutation profile was investigated by targeted sequencing of 191
genes/regions from genomic DNA extracted from diagnostic biopsies using the TWIST target enrichment kits and Illumina
HiSeq platform. COO and MHG subtyping were performed by using the HTG EdgeSeq Pan B-Cell Lymphoma
Panel. MYC and BCL2 translocation were routinely investigated by interphase FISH.
Results: Among the 168 cases investigated by both targeted sequencing and COO/MHG subtyping, initial data analyses
have concentrated on 33 cases showing disease progression within 6 months (DP-6mth) of enrolment of the MaPLe trial,
together with 27 cases of age/IPI matched control (non-DP-6mth), with the data from the remaining DP-12mth cases to be
updated in due course.
In comparison with the non-DP-6mth group, MHG subtype, MYC translocation, MYC and DDX3X mutation appeared to be
enriched in the DP-6mth group (Figure 1, Table 1). LymphGen genetic classification showed no significant difference
between the two groups most likely due to the limited number of cases completely analysed so far.
Image / figure:
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Conclusion: The data obtained so far showed a trend of enrichment of MHG molecular subtype and associated genetic
changes in cases with very early disease progression within 6 months of the trial enrolment. The complete data analysis
may reveal further biomarkers or subgroups that identify cases with early treatment failure.
References: 1Reagan PM and Davies A, Hematology Am Soc Hematol Educ Program, 2017.
2Sha

C. et al., J Clin Oncol, 2019.

3Ennishi
4Wright

D. et al., J Clin Oncol, 2019.

G. W. et al., Cancer Cell, 2020.
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EAHP22-ABS-1558
REFINING THE GENETIC LANDSCAPE OF AGGRESSIVE B-CELL LYMPHOMA IN CHILDREN AND YOUNG
ADULTS BY INTEGRATIVE MOLECULAR ANALYSIS
Natalia Castrejón de Anta* 1, Sara Mato2, Julia Salmerón-Villalobos2, Joan Enric Ramis-Zaldívar2, Carmen Bárcena3,
Daniel Azorín4, Loujun Wang1, Noelia García2, Ariadna Colmenero5, Jaime Verdú6, Maria del Mar Andrés7, Verónica
Celis8, María José Ortega9, Elias Campo1, Olga Balagué1, Itziar Salaverría2
1Pathology, Hospital Clinic de Barcelona, 2Molecular pathology of pediatric lymphoma, Institut d'Investigacions
Biomèdiques August Pi i Sunyer , Barcelona, 3Pathology, Hospital 12 de Octubre, 4Pathology, Hospital Niño Jesús,
Madrid, 5University of Vic, Vic, 6Pediatric Oncology, Hospital Clínico de Valencia, 7Pediatric Oncology, Hospital la Fe,
Valencia, 8Pediatric Oncology, Hospital Sant Joan de Deu, Barcelona, 9Pediatric Oncology, Hospital Virgen de las Nieves,
Granada, Spain
Background:
Aggressive B-cell non-Hodgkin lymphomas in children and young adults (CAYA) include the genetically well-defined Burkitt
lymphoma (BL), diffuse large B-cell lymphoma (DLBCL), and the recently recognized Burkitt-like lymphoma with 11q
alteration (BLL-11q). However, there is still a subset of cases with overlapping features between BL and DLBCL and lack
of 11q alteration, whose genetic profile has not been completely elucidated. This study aims to sharpen the boundaries
within these well-defined aggressive B-cell NHL entities in CAYA by a morphological and molecular integrative approach.
Materials and Methods:
Twenty-nine aggressive B-cell lymphomas in CAYA (mean age 10y-old) with intermediate features between DLBCL and
BL were gathered (22M/7F). Diagnosis was performed according to the WHO classification. Inclusion criteria were based
on morphology and the presence of MYC gene rearrangement (DLBCL morphology with MYC rearrangement, BL
morphology without MYC rearrangement and B-cell lymphomas with intermediate or blastoid morphology). MYC, BCL2
and BCL6 status was determined using FISH break apart and/or dual fusion probes and the presence of the 11q
aberration by a specific FISH probe. Twenty cases were analyzed by OncoScan/CytoScan Copy number (CN) arrays.
Mutational and structural variants (SV) analysis of ten commonly rearranged genes in B-cell lymphoma was performed in
16 cases using custom capture Next Generation Sequencing (NGS) strategy (Agilent SureSelectXT)
Results:
Out of 29 cases 21 had intermediate morphological features between DLBCL and BL regardless of the presence of MYC
rearrangement, 4/29 cases showed a DLBCL morphology with MYC rearrangement, 3/29 a blastoid morphology, and one
case a BL morphology without MYC rearrangement. In total 15 cases (52%) had MYC rearrangement (3 only detected by
the t(8;14) fusion probe), and 10% had BCL6 breaks. MYC status was verified in 3/4 cases by NGS SV strategy and an
additional t(8;14)-positive case was identified with this methodology. No BCL2 translocations were identified. No other
recurrent rearrangements were observed. All MYC-negative evaluated cases lacked the 11q aberration. CN analysis of 10
MYC-positive and 10 MYC-negative cases revealed a tendency towards a higher genomic complexity in MYC-negative
cases (8.4 vs 5 alterations/case, p=0.12) but both groups shared recurrent 1q21.2-q32.1 gains and trisomies 7 and 12. NGS
analysis showed recurrent BL related variants (MYC, DDX3X, ID3, CCND3, and SMARCA4) in 8 MYC-positive cases
including both intermediate and DLBCL morphology. Conversely, MYC-negative cases had a more heterogeneous
mutational profile displaying recurrent alterations in CARD11 (5/8 cases). Mutations in gene previously found in BLL-11q
such as BTG2 and ETS1 were absent.
Conclusion:
The genetic profile of aggressive B-cell NHL in CAYA in the spectrum of BL and DLBCL is heterogeneous. MYC was the
only recurrently rearranged gene and cases with MYC rearrangements mostly displayed a mutational profile close to BL
regardless of morphology, whereas others had a more heterogeneous genetic profile resembling DLBCL.
References:
Salaverria et al. A recurrent 11q aberration pattern characterizes a subset of MYC-negative high-grade B-cell lymphomas
resembling Burkitt lymphoma. Blood. 2014 Feb 20;123(8):1187-98
Ramis-Zaldivar et al. Distinct molecular profile of IRF4-rearranged large B-cell lymphoma.Blood. 2020 Jan 23;135(4):274286.
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EAHP22-ABS-1500
GENE EXPRESSION PROFILING OF CD23+ T(14;18)-NEGATIVE FOLLICULAR LYMPHOMA DEMONSTRATES
ACTIVATION OF THE IL4/JAK/STAT6 PATHWAY AND A ROLE IN ITS PATHOGENESIS
Tim-Colin Schade* 1, Dominik Nann1, Achim Rau1, Andreas Chott2, Lorenzo Leoncini3, Falko Fend1, Itziar Salaverria4, 5,
Elias Campo4, 5, Elaine S Jaffe6, Irina Bonzheim1, Leticia Quintanilla-Martinez1
1Institute of Pathology, University Hospital Tuebingen, Tuebingen, Germany, 2Institute of Pathology and Microbiology,
Wilhelminenspital, Vienna, Austria, 3Section of Pathology, Department of Medical Biotechnology, University of Siena,
Siena, Italy, 4Hematopathology Unit, Hospital Clínic, Institut d’Ínvestigacions Biomèdiques August Pi I Sunyer (IDIBAPS) ,
Barcelona, 5Centro de Investigacíon Biomédica en Red de Cáncer (CIBERONC) , Madrid, Spain, 6Hematopathology
Section, Laboratory of Pathology, National Cancer Institute, National Institutes of Health, Bethesda, United States
Background: Recently, we published the largest series of t(14;18)-neg FL cases, and found similar copy number
alterations and mutations as carried by t(14;18)-pos FL, but with different frequencies. STAT6 mutations are significantly
more frequent in t(14;18)-neg FL than t(14;18)-pos FL and correlated with CD23 expression. The consequences of STAT6
mutations in t(14;18)-neg FL have not been investigated, and the impact of STAT6 pathway activation on the tumor
microenvironment, which plays a central role in FL, are largely unknown. Interestingly, other mutations within STAT6
pathway (i.e., IL4R), have been demonstrated in primary mediastinal large B-cell lymphoma (PMBL), underlying the
importance of STAT6 pathway activation in lymphomagenesis. The aim of this study was to perform gene expression
profiling (GEP) on well-characterized t(14;18)-neg FL, with mutational analysis on STAT6 pathway associated genes.
Materials and Methods: GEP was performed in 37 t(14;18)-neg FL including 25 cases with STAT6 or SOCS1 mutation
(FLnegmut), and 12 cases with STAT6 and SOCS1 wild type sequence (FLnegwt). Expression of 1392 genes associated
with tumor/immune interaction was investigated using the HTG EdgeSeq Immuno-Oncology panel, followed by Ion
Torrent semi-conductor sequencing on the Ion GeneStudio S5 (ThermoFisher Scientific). DESeq2 algorithm implemented
in HTG reveal software was used for determination of differentially expressed genes (p-adj < 0.05, fold change ≥ 2 and ≤ 2). To further explore STAT6 pathway genes, an Ampliseq custom panel was used targeting DUSP2, IL4R, IL13RA1,
PTPN1, JAK1-3, STAT3, SOCS3, TYK2.
Results: Unsupervised analysis of GEP separated the cases in two groups; those with STAT6/SOCS1 mutations vs those
without mutations. GEP showed 23 differentially expressed genes between FLnegmut and FLnegwt. In FLnegmut a
significant upregulation was detected in 11 genes (CD23, IL4R, CD83, ALOX5, CD10, ELL3, IL17RB, HLA-DOB, CD22,
GPR18 and CD180) and downregulation of 12 genes (SLAMF7, FCRLA, C1QB, TNFRSF13B, CXCL10, CHIT, C1QA,
GBP1, FCGR1A_FCGR1B, STAT1, IRF4 and LAG3). In FLnegmut, genes associated with germinal center (GC) and
activated B cells (ABC) (CD23, IL4R, CD83, GPR18) were upregulated, whereas FLnegwt predominantly shows genes
upregulated in post-GCB cells (SLAMF7, TNFRSF13B, IRF4), a transcriptional program supporting plasma cell
differentiation. STAT6 pathway mutation analysis showed one JAK2 mutation per group. The remaining genes were wild
type.
Conclusion: GEP identified two distinct groups within t(14;18)-neg FL, indicating different stages of differentiation of the
neoplastic B cells. FLnegmut shows activation of STAT6 pathway through upregulation of CD23 and IL4R. These
molecular findings correlate with CD23 expression. Constitutive activation of STAT6 and consequent upregulation of
CD23 prevent ongoing B cell differentiation in FLneg mut, precluding the cells from exiting the GC and adopting the state of
activated B cell. In contrast, FLnegwt shows a transcriptional program supporting plasma cell differentiation suggesting
that the COO is a late GC cell or a post-GCB cell. Plasma cell precursors are characterized by loss of IL4/STAT6
signaling, downregulation of CD23 and upregulation of IRF4. In contrast to PMBL, in t(14;18)-neg FL, no other mutations
in the STAT6 pathway were identified, indicating that STAT6/SOCS1 mutations are the only cancer-associated drivers in
STAT6 pathway in this disorder.
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EAHP22-ABS-1479
DISTINGUISHING BETWEEN PRIMARY MEDIASTINAL LARGE B-CELL LYMPHOMA AND DIFFUSE LARGE BCELL LYMPHOMA USING THE LYMPH3CX GENE EXPRESSION PROFILING ASSAY IN A CLINICAL MOLECULAR
DIAGNOSTICS LABORATORY
Ryan S. S. Robetorye* 1, Colleen A. Ramsower1, Catherine L. Mckinney1, Lisa M. Rimsza1
1Department of Laboratory Medicine and Pathology, Mayo Clinic in Arizona, Phoenix, United States
Background: Primary mediastinal large B-cell lymphoma (PMBL) is a lymphoid neoplasm arising in the mediastinum that
is morphologically similar to diffuse large B-cell lymphoma (DLBCL), but has distinct clinical, immunophenotypic,
genotypic, and molecular features. However, interpretation of morphologic findings and associated immunohistochemical
stains in small, and often crushed, mediastinal biopsies can be difficult. Therefore, we developed and fully validated a
clinical gene expression profiling assay in the Molecular Diagnostics Arizona Laboratory (MDAZL) using the Lymph3Cx
gene expression signature to distinguish these lymphomas using formalin-fixed paraffin-embedded (FFPE) tissue
specimens. This assay includes and builds upon the Lymph2Cx expression signature and can subtype DLBCL into
germinal center B-cell (GCB)-type, activated B-cell (ABC)-type, and unclassifiable (UNC) categories as well as accurately
and robustly differentiate PMBL from DLBCL using the NanoString nCounter ® platform.
Materials and Methods: See Figure.
Results: So far, 42 clinical specimens have been subjected to Lymph3Cx testing in the MDAZL Laboratory with the
following results: PMBL: 20 (47.6%); DLBCL: 15 (35.7%); Unclear: 6 (14.3%); Failed QC: 1 (2.4%). Of the 15 cases with
gene expression signatures consistent with DLBCL, cell-of-origin results showed the following results: GCB: 8 (53.33%);
ABC: 5 (33.33%); UNC: 2 (13.33%). Average in-laboratory turn-around-time for these cases was 1.8 days, with an
average of 3.3 days from sample receipt to final report.
Image / figure:

Conclusion: MDAZL has performed a full clinical validation of the performance characteristics of the Lymph3Cx assay
and is the first molecular diagnostics laboratory to offer the Lymph3Cx assay as a clinical molecular diagnostic test for
distinguishing PMBL from DLBCL and molecular cell-of-origin subtyping of DLBCL to patients both inside and outside of
the Mayo Clinic. With a relatively rapid turn-around-time, the Lymph3Cx assay is suitable for use in routine
hematopathology practice for distinguishing PMBL and DLBCL, allowing for timely therapeutic decision-making. Realworld case examples can also clearly illustrate the clinical utility of the Lymph3Cx assay, especially when biopsies are
small, immunohistochemisty results are non-specific, DLBCL is present in the mediastinum, or in cases of non-mediastinal
PMBL.
References: 1. Swerdlow SH, et al. The 2016 revision of the World Health Organization classification of lymphoid
neoplasms. Blood 127(20), 2375-2390 (2016).
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2. Mottok A, et al. Molecular classification of primary mediastinal large B-cell lymphoma using routinely available tissue
specimens. Blood 132(22), 2401-2405 (2018).
3. Robetorye RS, et al. Incorporation of digital gene expression profiling for cell-of-origin determination (Lymph2Cx testing)
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EAHP22-ABS-1587
EPSTEIN-BARR VIRUS ORCHESTRATE THE TUMOR MICROENVIRONMENT OF BURKITT LYMPHOMA
Maria Chiara Siciliano1, Salvatore Tornambè1, Marcello Del Corvo2, Massimo Granai3, Lucia Mundo4, Maria Rosaria
Sapienza2, Felice Arcuri1, Virginia Mancini1, Raffaella Santi5, Gioia Di Stefano5, Teresa Marafioti6, German Ott7, Reiner
Siebert8, Leticia Quintanilla Fend3, Falko Fend3, Stefano Pileri2, Lorenzo Leoncini* 1, Stefano Lazzi1
1Medical Biotechnologies, University of Siena, Siena, 2Istituto Europeo di Oncologia (IEO), IEO, Milano, Italy, 3Institut für
Pathologie und Neuropathologie, University of Tubingen, Tubingen, Germany, 4Health Research Institute, UNIVERSITY
OF LIMERICK, Limerick, Ireland, 5Department of Pathology, University of Florence, Florence, Italy, 6Department of
Cellular Pathology, University College London, London, United Kingdom, 7Institut für KlinischePathologie, Robert-BoschKrankenhaus, Stuttgart, 8Institut für Humangenetik, Universitätsklinikum Ulm, Ulm, Germany
Background: The tumor microenvironment (TME) of B-cell lymphomas is highly variable and play an important role in the
lymphomagenesis. Burkitt lymphoma (BL) is an aggressive B-cell lymphoma that, in some instances, may show a
granulomatous reaction associated with a favourable prognosis and occasional spontaneous regression (1). The aim of
the present work was to thoroughly characterize the immune landscape of BL subtypes (7 BL EBV-positive with
granulomatous reaction, 8 BL EBV- positive with the typical starry sky pattern, 8 BL EBV-with the typical starry sky
pattern).
Materials and Methods: Genes expression profiling (GEP) of 770 immune-related genes in 23 Formalin-Fixed ParaffinEmbedded (FFPE) samples was performed using the NanoString nCounter PanCancer Immune Profiling Panel.
Results: Based on principal component analysis (PCA), BL subtypes mainly clustered into three groups: BL EBVnegative cases (cluster 1), BL EBV-positive cases with starry sky pattern (cluster 2), BL EBV-positive with granulomatous
reaction cases (cluster 3) (figure 1A-B). Gene Set Enrichment analysis (GSEA) of BL samples revealed a high degree of
heterogeneity showing differently expression in 116 genes of immune- cells categories such as cytokine and chemokines
interactions, B- cell receptor signaling pathway, NF-kB signaling pathway, JAK-STAT pathway, macrophage polarization,
immune checkpoint signaling. These results confirm previous report of up-regulation of genes involved in NFkB and
JAK\STAT pathways as well as the down-regulation of genes involved in tonic BCR signaling pathway in EBV positive BL.
(2). Additionally, overexpression of immune checkpoint (ICPs) genes in BL EBV-positive can induce T cell exhaustion and
immune escape in EBV-associated lymphomas (3-4). Among the differentially expressed genes of the immune cell
categories, we found up-regulation of key genes such as GATA3, ICOS, CCL22, IL13, IL4 inducing a M2\Th2 polarization
and tolerogenic response in BL EBV-positive with starry sky pattern as compared with BL EBV-positive with
granulomatous reaction and BL EBV-negative. Interestingly, cases with granulomatous reaction showed a downregulation of such genes and up regulation of IRF3 suggesting a pro-inflammatory response and M1 polarization. This in
line with favorable outcome and spontaneously regression in such cases.

Image / figure:
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Conclusion: Finally, our preliminary results may provide insights on TME within the different subtypes of BL and may
provide the rational for new potential therapeutic avenue in EBV positive BL.
References: 1. Granai M, Lazzi S, Mancini V, Akarka A, et al. Burkitt lymphoma with a granulomatous reaction: an
M1/Th1-polarised microenvironment is associated with controlled growth and spontaneous regression. Histopathology.
2022; 80(2): 430-422
2. Piaccaluga PP, De Falco G, Kistagi M, Gazzola A, el al. Gene expression analysis uncovers similarity and differences
among Burkitt lymphoma subtypes. Blood. 2011;117 (13)
3.Granai M, Mundo L, Akarca A, Siciliano MC, et al. Immune landscape in Burkitt lymphoma reveals M2-macrophage
polarization and correlation between PD-L1 expression and non-canonical EBV latency program. Infect Agent Cancer.
2020; 15 (28)
4. Abate F, Ambrosio MR, Mundo L, Laginestra MA, et al. Distinct Viral and Mutational Spectrum of Endemic Burkitt
Lymphoma. Plos Pathog. 2015. 11 (10).
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DEEP T-CELL PHENOTYPING REVEALS INHIBITORY TFR AND T-REGULATORY CELLS TOGETHER WITH
EXHAUSTED T CELLS EXPRESSING TIGIT, PD1, CTLA4 AND TIM3 CHARACTERIZE THE IMMUNOSUPPRESSIVE
MICROENVIRONMENT IN FOLLICULAR LYMPHOMA
Pallavi Galera* 1, Sary El Daker1, Jeeyeon Baik1, Menglei Zhu1, Ahmet Dogan1, Roshal Mikhail1
1MEMORIAL SLOAN KETTERING CANCER CENTER, New York, United States
Background: Lymphomas are dependent on tumor microenvironment(TME) for survival & proliferation. Studying
TME provides insight into lymphomagenesis, better prognostication & enhancement of therapeutic options. Flow
cytometry provides a robust approach for single-cell analysis. Nonetheless lack of well-defined comparator groups &
robust, reproducible approaches for analyzing the multidimensional data often limit such studies. In the current study, we
analyzed the T cell background on a large reference set of follicular hyperplasia(FH) lymphnodes utilizing an extensive,
standardized high dimensionality flow cytometry & a novel reproducible analytical pipeline. We then compared the
reference set with tumor infiltrating T cell subsets in follicular lymphoma(FL;treatment naïve, FL-NA & relapsed/refractory,
FL-RR).
Materials and Methods: On behalf of the imCORE Network we analyzed 44 FH and 81 FL(35 FL-NA and 44 FL-RR)
with 2 panels(23 antigen/18-colors) evaluating T cell subsets & immune checkpoint expression(TIGIT, TIM3, PD-1, CD96,
LAG3, CTLA4, CD73) within these T cell subsets. Using standardized instrument settings and an R-based
algorithm(gaussNorm) we analyzed the T-cell subpopulations using a dimensionality reduction technique(UMAP),
combined with an unsupervised clustering algorithm(FlowSOM).
Results: Compared to FH the FL lymph nodes were depleted for CD4 & CD8 naïve subsets(CD4 p<0.0001; CD8
p=0.0005) and were characterized by an immune suppressive microenvironment enriched in activated T regulatory
cells(T-reg) and exhausted memory effector cells.
FL-NA nodes showed enrichment of T follicular regulatory cells(Tfr) expressing FoxP3, dim-negative CD25, CD45RO,
TIGIT, PD1, CTLA4 & CXCR5(p<0.0001) and activated T-Reg characterized by a highly suppressive phenotype CD25+,
CTLA4+, TIGIT+ & PD1+(p<0.0001). Moreover, Tfr compartment was further expanded in relapsed/refractory FL
cases(p=0.02).
In association with the increase of Tfr cells, the concentration of CTLA4+, TIGIT+, PD1bright T follicular helper cells(Tfh)
was reduced in FL-RR compared to FL-NA(p=0.001).
The Tfr/Treg expansion was also associated with a marked increase in exhausted memory T cells in both CD4 and CD8
compartments. In FL isolates the CD4 compartment was characterized by the expression of triple positive(CTLA4, TIGIT,
PD1) phenotype in EM cells(FH vs FL-NA p=0.0013; FH vs FL-RR p=0.02) while the memory CD8 cells overexpressed
mainly TIGIT, PD1(FH vs FL-NA p<0.0001; Fh vs FL-RR p=0.0001). A smaller subpopulation of memory CD8 cells,
almost undetectable in FH samples, characterized by the expression of CTLA4, PD1, TIGIT, TIM3 is expanded in FL
isolates(FH vs FL-NA p<0.0001; FH vs FL-RR p<0.0001).
Image / figure:
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Conclusion: Our data suggests a change in balance between TFH and Tfr may lead to a more aggressive therapy
resistant disease in FL. The interplay between TFH and Tfr, has been postulated to shape the immune response in FL
with TFH promoting germinal center formation and Tfr inhibiting TFH and follicular effector T cells. While both TFH and Tfr
compartments are expanded in FL, in FL-RR cases, the Tfr compartment is further expanded at the expense of TFH
leading to more immunosuppressive background. Furthermore, memory T-cells in FL show an exhausted phenotype
characterized by the expression of the inhibitory receptors CTLA4, TIGIT, PD1 in the CD4 compartment, and TIGIT, PD1,
TIM3 in the CD8. Targeting these most highly expressed checkpoints in FL alone or in combination may provide an
avenue for rational trial design.
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EAHP22-ABS-1502
CIRCULATING TUMOR DNA PREDICT RESPONSE TO TREATMENT AND EARLY PROGRESSION IN FOLLICULAR
LYMPHOMA PATIENTS: RESULTS OF A PROSPECTIVE PILOT STUDY
Ismael Fernandez-Miranda* 1, Lucía Pedrosa1, Marta Llanos2, Fernando F. Franco3, Sagrario Gómez1, Paloma MartínAcosta4, Francisco R. García-Arroyo5, Josep Gumá6, Beatriz Horcajo1, Ana K. Ballesteros1, Laura Gálvez7, Natividad
Martínez8, Miguel Marín9, Silvia Sequero10, Marta Navarro1, Natalia Yanguas-Casás1, Sonia García Hernández11, Virginia
Calvo3, Antonio Rueda-Domínguez7, Mariano Provencio3, Margarita Sánchez-Beato1
1Lymphoma Research Group, Instituto de Investigación Sanitaria Puerta de Hierro-Segovia de Arana, Majadahonda,
2Medical Oncology Dept., Hospital Universitario de Canarias, Tenerife, 3Medical Oncology Dept., Hospital Universitario
Puerta de Hierro-Majadahonda, 4Pathology Dept., Instituto de Investigación Sanitaria Puerta de Hierro-Segovia de Arana,
Majadahonda, 5Medical Oncology Dept., Complejo Hospitalario de Pontevedra, Pontevedra, 6Medical Oncology Dept.,
IISPV-URV, Hospital Universitari Sant Joan de Reus, Reus, 7Medical Oncology Dept., Hospitales Universitarios Regional
y Virgen de la Victoria de Málaga, Málaga, 8Medical Oncology Dept., Dr. Balmis General University Hospital, Alicante
Institute for Health and Biomedical Research (ISABIAL), Alicante, 9Medical Oncology Dept., Hospital Clínico Universitario
Virgen de la Arrixaca, Murcia, 10Medical Oncology Dept., Hospital Universitario San Cecilio, Granada, 11Pathology Dept.,
Hospital Universitario de Canarias, Tenerife, Spain
Background: Follicular lymphoma (FL) is the most frequent indolent non-Hodgkin lymphoma, with generally favorable
outcomes but a variable clinical course. Around 20% of patients suffer progression of disease within 24 months (POD24)
of diagnosis. In this prospective study, we examined the value of circulating tumor DNA (ctDNA), before and during
treatment, to predict response and POD24 in FL patients.
Materials and Methods: We collected 110 plasma samples from 39 patients diagnosed with FL, prospectively enrolled in
8 Spanish hospitals and treated with chemoimmunotherapy- regimens including Rituximab from April 2017 to November
2020 with a median follow-up of 41 mo. Samples were collected before treatment (basal), mid-treatment, at the end of
treatment (EOT) and relapse or follow-up. We performed targeted deep sequencing in cell-free DNA (cfDNA) and paired
genomic DNA from 31 formalin-fixed paraffin-embedded tumoral samples with the same gene panel.
Results: Pre-treatment ctDNA levels, measured as haploid genome equivalents per milliliter of plasma (hGE/mL), were
higher in patients that did not achieve complete response (non-CR) than in CR patients (Mann Whitney test P = 0.02) and
in patients who failed to achieve event-free survival at 24 months or progressed (POD24-pos) compared with those
without POD24 (POD24-neg) (Mann Whitney test P < 0.001). None of the 13 patients with zero basal ctDNA levels
experienced POD24. Patients with higher basal ctDNA levels (≥ 2.76 hGE/mL) had worse event-free survival probabilities
at 24-months than patients with low ctDNA levels (0 vs. 94.4%, log-rank test P < 0.001). Of the alterations detected in the
tissue diagnostic sample (471), 63.7% (300) were also identified in basal cfDNA. We observed that those alterations with
a VAF above 18% in tissue diagnostic samples were more likely to be detected in cfDNA with a sensitivity of 71.7%.
Moreover, this sensitivity was higher in non-CR (94.4%) and POD24-pos patients (96.3%) than in patients who achieved
CR (51%) or were POD24-neg (47.7%). No alterations were detected in basal cfDNA from 10/26 patients; eight achieved
CR, two corresponded to patients who did not require treatment and none of them were POD24-pos. Furthermore, most
of the several alterations (171/471, 36.3%) detected in tumor tissue diagnostic samples but not in paired basal cfDNA
corresponded to patients with a favorable outcome: CR or ‘watch and wait’ (94.2%) and POD24-neg (96.5%). Patients
with at least one mutation detected in basal ctDNA had worse event-free survival probabilities at 24-months than patients
without alterations (65.8 vs. 100%, log-rank test P = 0.042).
Dynamic analysis showed that ctDNA levels decreased dramatically after treatment, although the reduction was higher in
patients with CR (P < 0.001 at mid-treatment and P < 0.001 at EOT) and POD24-neg (P = 0.05 and P = 0.06). Furthermore,
patients with detection of ctDNA at mid-treatment had worse event-free survival probabilities at 24-months than those
without ctDNA (50 vs. 84.9%, log-rank test P = 0.077).
Conclusion: Basal ctDNA level is associated with early progression and response to treatment in follicular lymphoma.
cfDNA monitoring and genotyping during treatment and follow-up predict response to treatment and early progression. In
this real-life, observational, multicenter, prospective-based population study, we show the utility of pre-treatment and
dynamic ctDNA analysis for predicting outcomes and monitoring FL patients.
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LANDSCAPE OF 4D CELL INTERACTION IN HODGKIN AND
NON-HODGKIN LYMPHOMAS
Sylvia Hartmann* 1, Sonja Scharf1, Yvonne Steiner1, Andreas Loth1, Emmanuel Donnadieu2, Nadine Flinner1, Viola
Pöschel3, Stephanie Angel3, Moritz Bewarder3, Julia Bein1, Uta Brunnberg1, Alessandro Bozzato3, Bernhard Schick3,
Stephan Stilgenbauer4, Rainer Bohle3, Lorenz Thurner3, Martin-Leo Hansmann1
1University Hospital Frankfurt, Frankfurt, Germany, 2Institut Curie, Paris, France, 3Saarland University Hospital,
Homburg/Saar, 4University Hospital Ulm, Ulm, Germany
Background: Profound knowledge exists about the clinical, morphologic, genomic, and transcriptomic characteristics of
most lymphoma entities. However, information is currently lacking on the dynamic behavior of malignant lymphomas.
Materials and Methods: This pilot study aimed to gain insight into the motility of malignant lymphomas and bystander
cells in 20 human lymph nodes by live cell microscopy of vital lymph nodes.
Results: Generally, B cells were faster under reactive conditions compared with B cells in malignant lymphomas. In
contrast, PD1-positive T cells did not show systematic differences in velocity between reactive and neoplastic conditions
in general. However, lymphomas could be divided into two groups: one with fast PD1-positive T cells (Hodgkin lymphoma
and mantle cell lymphoma; means 8.4 and 7.8 µm/min) and another with slower PD1-positive T cells (mediastinal grey
zone lymphoma; mean 3.5 µm/min). Although the number of contacts between lymphoma cells and PD1-positive T cells
was similar in different lymphoma types, important differences were observed in the duration of these contacts. Among
the lymphomas with fast PD1-positive T cells, contacts were particularly short in mantle cell lymphoma (mean 54 s),
whereas nodular lymphocyte-predominant Hodgkin lymphoma presented prolonged contact times (mean 6.1 min). Short
contact times in mantle cell lymphoma were associated with the largest spatial displacement of PD1-positive cells (mean
12.3 µm). Although PD1-positive T cells in nodular lymphocyte-predominant Hodgkin lymphoma were fast, they remained
in close contact with the lymphoma cells, in line with a dynamic immunological synapse.
Conclusion: This pilot study shows for the first time systematic differences in the dynamic behavior of lymphoma and
bystander cells between different lymphoma types.
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ARE TP53 MUTATIONS IN NODAL MARGINAL ZONE LYMPHOMA AND BCL10 MUTATIONS IN EXTRANODAL
MARGINAL ZONE LYMPHOMA HARBINGER OF TRANSFORMATION?
Shenon Sethi* 1, Erel Joffe2, Himanshu Bhurtel1, Ahmet Dogan1, Pallavi Galera1
1HEMATOPATHOLOGY, 2MEDICINE, LYMPHOMA SERVICE, MEMORIAL SLOAN KETTERING CANCER CENTER,
New York, United States
Background: Marginal zone lymphoma (MZL) is a heterogeneous disease with three distinct subtypes: extranodal MZL of
mucosa-associated lymphoid tissue (EMZL), nodal MZL (NMZL) and splenic MZL (SMZL). MZL usually follows an
indolent clinical course but 3-13% of MZL undergo histologic transformation to diffuse large B-cell lymphoma (DLBCL).
This transformation is associated with a poor outcome and inferior overall survival. There are only a few studies
addressing transformation in MZL and currently, there is no clear understanding of its biology. The few pathologic factors
that have been reported to be associated with a higher risk of transformation include presence of trisomy 3 and18 in
EMZL, and TP53 abnormalities and TNFAIP3 mutations in SMZL. However, these findings require further validation in
larger independent cohorts. In this study, we aimed to characterize the genomic landscape and underlying driver genetic
events of transformed MZL.
Materials and Methods: We identified 97 patients diagnosed with transformed MZL at Memorial Sloan Kettering Cancer
Center between 2001-2022. We assessed the clinicopathologic characteristics of these patients and evaluated the
genomic data from a targeted next-generation sequencing panel (400 or 410 genes) in 29 DLBCL biopsy/resection
samples (Transformed 15 EMZL, 9 NMZL, 3 SMZL and 2 unclear subtype).
Results: The median age of diagnosis of MZL transformation was 64 years (Table 1). Transformation mostly occurred in
EMZL (51%) followed by NMZL (23%) and SMZL (13%). Many of the EMZL patients presented at an advanced stage
(Ann Arbor Stage III/IV) with involvement of an average of 1.43 sites in each patient: stomach, subcutaneous or soft
tissue, lung and parotid gland being the most involved extranodal sites. In sequential cases, histologic transformation
occurred after a median interval of 34 months. DLBCL had a non-germinal center B-cell phenotype in 73.2%. The most
frequently altered genes in DLBCL were TNFAIP3 (38%), TP53 (34%), BCL10 (28%), KMT2D (28%), TNFRSF14 (21%)
and MYD88 (21%) (Figure 1). This mutational profile overlaps with the BN2 and MCD DLBCL genotypes. TP53 alterations
were present in 6 (66.7%) NMZL and in only 2 (13.3%) EMZL. BCL10 mutation was present in 5 (30%) EMZL. Most of the
cases had mutations involving either NF-kB and NOTCH pathways or DNA-damage response genes (93%) in a nearly
mutually exclusive fashion, indicative of at least two distinct molecular subgroups of transformed MZL. Based on overall
comparison of the genomic profile of DLBCL with published mutational data available for MZL, there was enrichment of
alterations in BCL10, TP53 and CDKN2A/B in DLBCL.
Image / figure:

Conclusion: Many of the DLBCL with a preceding or synchronous MZL diagnosis harbor gene mutations that are
commonly described in MZL, suggesting a common precursor. The enrichment of BCL10 mutations specifically in
transformed EMZL and TP53 alterations in transformed NMZL suggests that these abnormalities may play a role in clonal
evolution and transformation. Mutations involving either NF-kB and NOTCH pathways or DNA-damage response genes
are nearly mutually exclusive. These findings mimic the results of a recent multicenter study of splenic marginal zone
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lymphomas that identified two prominent genetic clusters with differences in biology and clinical behavior. To the best of
our knowledge, this is the largest cohort of transformed MZL to be reported.
References: Bonfiglio F, Bruscaggin A, Guidetti F, et al. Blood. 2022 Feb 3;139(5):732-747
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IDENTIFICATION OF BURKITT LYMPHOMA WITH GERMINAL CENTER DARK-ZONE (DZ) B-CELL MARKERS
Xiaoxian Zhao1, Alexandra Balmaceda1, Eric Hsi* 1
1Pathology, Wake Forest University School of Medicine, Winston-Salem, United States
Background: Nodal diffuse aggressive large B-cell lymphomas are biologically heterogeneous and the differential
diagnosis often includes diffuse large B-cell lymphoma (DLBCL), Burkitt lymphoma (BL), and high-grade lymphomas with
variable morphologic features, among other disease entities. Application of advanced molecular technology, including
single cell RNAseq and digital spatial profiling, has improved our knowledge of normal germinal center B-cell gene
expression patterns. It has been proposed that molecular Burkitt lymphoma (mBL) and high- grade B-cell lymphoma
(HGBCL) gene expression signatures recognize germinal center (GC) dark zone (DZ) biology. In this study, we tested
expression of multiple markers of DZ and light zone (LZ) GC B-cells via immunohistochemistry (IHC) to identify BL.
Materials and Methods: Lymph nodes and tonsils with florid follicular hyperplasia (FH) were used for optimization of IHC
staining. Targets were selected based on published literature, including activation-induced cytidine deaminase (AID),
Germinal center-associated signaling and motility protein (GCSAM), MYC, Ki67, Semaphorin-7A (SEMA7A), Betainterferon gene positive regulatory domain I-binding factor (BLIMP-1), CD83, STAT3, CD27, EZH2 and BCL2A1. Archival
cases of BL and diffuse large B-cell lymphoma, not otherwise specified (DLBCL, NOS) were selected for IHC staining.
Expression levels were scored by percentage of positive tumor cells in increments of 10%. Negative cases were defined
as less than 10% of tumor cells expressed the target.
Results: Eight targets were selected based upon IHC staining pattern in lymph node with florid follicular hyperplasia.
Strong expression of AID and GCSAM was observed in the DZ in control florid follicular hyperplasia. More MYC positive
cells were present in the DZ compared to the LZ. In contrast, SEMA7A, BLIMP-1 and STAT3 showed preferential staining
in LZ compared to DZ cells. Ki67 and CD83 were also included in further studies. In tested BLs (N = 11), All cases
expressed AID, GCSAM, MYC and Ki67, with median positivities of 80%, 90%, 80% and 90%, respectively. All cases
were negative for SEMA7A, BLIMP-1, CD83 and STAT3. For DLBCL, nos cases (N=24, of which 13 were germinal center
B-cell phenotype), the median percent positivity for DZ-associated markers AID, GCSAM, MYC, and Ki67 was 0%, 0%,
20%, 90% respectively while LZ-associated markers SEM7A, BLIMP1, CD83, and STAT3 levels were 50%, 0%, 5%, 40%
respectively. Based on this, a scoring system was devised using AID, GCSAM, MYC, Ki67, SEMA7A and STAT3. One
point is given for each DZ marker (AID≥60%, GCSAM≥60%, MYC≥40%, Ki67≥90%) and one point subtracted for each LZ
marker (SEMA7A≥40%, STAT3≥30%). Sensitivity, specificity, positive and negative predictive values (PPV, NPV) were all
100% if 4 points was the threshold for BL. If ≥ 3 points was the threshold, sensitivity, specificity, PPV, and NPV was
100%, 95.8%, 91.7% and 100%, respectively.
Conclusion: Expression of GC DZ/LZ-associated markers to recognize BL is feasible and demonstrates specificity vs.
DLBC nos. This may be useful diagnostically in small biopsies. Additional work is warranted to determine whether an
algorithm can be developed for other non-BL high-grade B-cell lymphomas.
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SAMHD1 GENE MUTATIONS AND PROTEIN EXPRESSION IN PERIPHERAL T-CELL LYMPHOMAS (PTCL)
Ioanna Xagoraris1, Georgia Kokaraki1, Lesley-Ann Sutton2, Raul Maia Falcão3, Jorge Estefano Santana de Souza3,
Anders Österborg1, Elias Drakos4, Vallteri Wirta5, Richard Rosenquist Brandell2, Georgios Rassidakis* 1
1Department of Oncology-Pathology, 2Department of Molecular Medicine and Surgery, Karolinska Institutet, Stockholm,
Sweden, 3Bioinformatics Multidisciplinary Environment (BioME), Metrópole Digital Institute, Federal University of Rio
Grande do Norte, Natal, Brazil, 4Department of Pathology, University of Crete, Medical School, Heraklion, Greece,
5Department of Microbiology, Tumor and Cell Biology, Karolinska Institutet, Stockholm, Sweden
Background: The SAM domain and HD domain 1 (SAMHD1) protein is a deoxynucleoside triphosphate (dNTP)
triphosphohydrolase that depletes the intracellular dNTPs. SAMHD1 gene mutations have been linked to AicardiGoutières syndrome and also detected in a subset of chronic lymphocytic leukemia, mantle cell lymphoma and Tprolymphocytic leukemia. Therefore, SAMHD1 may play a role in oncogenesis as a tumor suppressor. Also, SAMHD1
may confer resistance to cytarabine by hydrolysing their active triphosphate metabolites and high protein levels correlate
with poorer clinical outcome in acute myeloid leukemia. The mutation status of SAMHD1 gene and its expression patterns
in peripheral T-cell lymphoma (PTCL) types is yet unknown. The aim of this study was to investigate SAMHD1 gene
alterations using next generation sequencing (NGS) and SAMHD1 protein expression in common types of PTCL.
Materials and Methods: The study group included 94 adult patients with PTCL: 28 patients with ALK+ anaplastic large
cell lymphoma (ALCL), 21 ALK- ALCL, 13 angioimmunoblastic T-cell lymphoma (AITL), 21 PTCL, not otherwise specified
(NOS), 5 T-lymphoblastic lymphoma (T-LBL), 3 enteropathy-associated T-cell lymphoma and 3 cutaneous ALCL with pretreatment, formalin-fixed, paraffin embedded (FFPE) tumor tissues available for immunohistochemical analysis. Double
immunostaining (SAMHD1/CD68), Ventana autostainer and a previously validated monoclonal antibody was utilized. The
percentage of SAMHD1+ cells was calculated by counting at least 500 tumor cells in each case. In a subset of 28 PTCLs
and 3 controls, NGS was performed using FFPE tissues and an enriched custom TruSight gene panel of 52 genes
relevant to lymphoma biology. The analysis pipeline was based on GATK best practices guidelines and all variants were
annotated using Ensembl VEP v94.5. Freedom from progression (FFP) and overall survival (OS) were the clinical
endpoints. Survival analyses were performed using the Kaplan-Meier method (log-rank test) and Cox regression models.
Results: The expression level of SAMHD1 (% positive neoplastic cells) varied significantly with AITL and PTCL-NOS
showing the highest level (median 80%) as compared to ALCL group that showed the lowest level (median 10%) of
SAMHD1 expression (p=0.004, Kruskall-Wallis test). All 5 T-LBL were SAMHD1-negative (0%). SAMHD1 mutations were
detected for the first time in a subset of PTCL including 1/11 (9%) ALK+ ALCL, 0/5 (0%) ALK- ALCL, 4/6 (67%) AITL and
0/5 (0%) PTCL, NOS. Reduced level (low percentage of positive tumor cells) of SAMHD1 protein expression was more
frequent in tumors with mutated SAMHD1 gene, however, this association did not reach statistical significance (p=0.6,
Mann-Whitney U test). More specifically, the median % of SAMHD1+ neoplastic cells was 80% in tumors with wild-type
SAMHD1 gene compared to 50% in tumors with mutated SAMHD1 gene, thus suggesting that not only mutations but also
other alterations of SAMHD1 gene (i.e., methylation of the gene) may result in SAMHD1 protein downregulation in a
subset of PTCL. SAMHD1 expression or gene alterations did not correlate with FFP or OS in any PTCL histologic type,
although the number of patients included in each group was not adequate to draw definite conclusions for prognostic
significance.
Conclusion: SAMHD1 gene mutations are frequently detected in AITL and they are rare in other PTCL types. SAMHD1
is differentially expressed among PTCL histologic types and larger patient cohorts are needed to determine its clinical
significance.
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FIBRIN-ASSOCIATED DIFFUSE LARGE B-CELL LYMPHOMA SHOWS FREQUENT MUTATIONS RELATED TO
IMMUNE SURVEILLANCE AND PTEN
Daniel Boyer* 1, Anamarija Perry1, Elizabeth Wey2, Julia Hsueh3, Weiwei Zhang4, Joo Song5
1DEPARTMENT OF PATHOLOGY, UNIVERSITY OF MICHIGAN, Ann Arbor, 2Department of Pathology, Beaumont
Health System, Troy, 3Department of Pathology, City of Hope, Duarte, 4Department of Pathology, University of Nebraska,
Lincoln, 5Department of Pathology, City of Hope National Medical Center, Duarte, United States
Background: Fibrin-associated diffuse large B-cell lymphoma (FA-DLBCL) is a relatively indolent entity associated with
chronic fibrin deposition. It is usually discovered incidentally associated with specific sites including thrombi in large
arteries, cardiac valves and grafts, pseudocysts, and associated with atrial myxoma. FA-DLBCL is typically EBV-positive
with only a handful on EBV-negative cases reported. Furthermore, most cases have activated B-cell (ABC) phenotype.
Data on the molecular landscape of this entity is scarce in the literature. The aim of this study was to evaluate the clinical,
pathologic and molecular characteristics of FA-DLBCL.
Materials and Methods: A cohort of 6 patients with FA-DLBCL was identified through retrospective searches of
pathology databases at the University of Michigan and City of Hope National Medical Center. Available
immunohistochemical stains and EBER in situ hybridization (ISH) were reviewed. For whole exome sequencing (WES),
DNA was extracted from formalin-fixed paraffin-embedded tissue (FFPET) sections using the Qiagen DNA FFPET kit
(Qiagen, Valencia, CA) using the manufacturer’s recommended protocol. Library preparation and DNA sequencing was
performed on the NovaSeq 6000. Clinical information was retrieved from the medical records.
Results: Five patients were male and one was female with a median age of 65.5 years (range, 36-77 years). In 3
patients, FA-DLBCL was discovered incidentally in a thrombus removed from a major artery (aorta or femoral artery). The
other cases were located in an adrenal pseudocyst, a pelvic mass, and an atrial myxoma. Four patients were managed
conservatively with no adjuvant therapy, while 2 received chemoimmunotherapy. Median follow-up was 12 months. Three
patients were alive with no evidence of disease and two died of unrelated causes. One patient (Case 1), who initially
received chemotherapy and rituximab, received stem cell transplant for persistent disease. The patient died of sepsis 43
months after diagnosis with radiological evidence of progressive lymphoma. Morphologically, all cases had similar
appearance with large lymphoma cells admixed with amorphous fibrinous material. By immunohistochemistry, all cases
expressed CD20, and 5/6 were positive for EBV by EBER-ISH. Case 6 was EBV negative. Out of 4 cases evaluated by
Hans algorithm, 3 showed ABC phenotype, positive for MUM1 and variably BCL6 positive. One case (#6) was positive for
CD10 and BCL2, and negative for MUM1. WES showed frequent mutations in genes related to immune surveillance
(83%) (HLA-B and HLA-C) and the tumor suppressor PTEN (67%). Other commonly mutated genes included histone
modification genes KMT2C, HIST1H1D, HIST1H1E (Figure 1). Interestingly, no mutations were seen in MYD88, TP53,
MYC, or BCL2.
Image / figure:
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Conclusion: FA-DLBCL is an exceedingly rare subtype of DLBCL that is typically found incidentally and has excellent
outcomes even without treatment. WES of our cohort showed that mutations related to immune surveillance, such as
HLA-B and HLA-C, were common as well as mutations of the tumor suppressor gene PTEN. Although the majority of
these cases had an immunohistochemical profile of ABC DLBCL, they appear to have a distinct mutation spectrum
compared to other de novo DLBCL. Further evaluation of additional cases is warranted to confirm these findings.
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ANALYSIS BY LIQUID CHROMATOGRAPHY TANDEM MASS SPECTROMETRY OF LONG-TERM PRESERVATION
OF PROTEINS IN FORMALIN-FIXED, PARAFFIN-EMBEDDED TISSUE
Andrei Feldiorean* 1, Megan Nakashima2, Adam McShane2, Claudiu Cotta2
1Royal College of Surgeons in Ireland, Dublin, Ireland, 2Laboratory Medicine, Cleveland Clinic, Cleveland, United States
Background: Fixation in formalin followed by embedding in paraffin is the most widespread method of tissue
preservation. Archived specimens are adequate for morphologic, immunohistochemical or molecular analysis years after
initial processing. Recently, liquid chromatography tandem mass spectrometry (LC-MS/MS) has emerged as an effective
and reliable method of analysis of amyloid in formalin-fixed, paraffin-embedded tissue (FFPET). The effect of formalin on
proteins has been investigated by mass spectrometry by few studies and there are studies on the ability of LC-MS/MS to
identify proteins in FFPE. In this study an FFPET sample has been analyzed repeatedly over 5 years by LC-MS/MS to
investigate the effect of time on proteins and to determine if LC-MS/MS is still a reliable method in the analysis of old
specimens.
Materials and Methods: A 10 micron-thick histologic section from a bone marrow aspirate clot FFPET was laid on a
metal frame microdissection slide (Leica cat. #11505268) and stained with hematoxylin and eosin. Circles of 70000 nm2
were obtained by laser microdissection on a Leica LMD system and stored at room temperature. In each of the years
2014-2018, in 3 consecutive months proteins were extracted and digested with trypsin. After that, they were purified with
a Zip Tip (Waters, #ZTC18M096) and analyzed by nano liquid chromatography coupled to a quadruple-orbitrap mass
spectrometer (Easy-nLC 1000; Q-Exactive; Thermo Scientific). Controls were included in each analysis batch and there
were blanks before and after each sample. Protein Discoverer software was used to search against the human IPI
database version 3.78. Peptides with a confidence score of >99.9% were included. The search criteria included 20 pm
tolerance, 0.05 Da mass tolerance window, a maximum miss cleavage of 2, possible oxidation of methionine and possible
methylation of lysine. After the search was finalized, the peptide-spectrum match (PSM), the number of unique peptides
and the percentage of the proteins covered were collected for hemoglobin alpha (HbA A), beta (HbA B), delta (HbA2 D)
and gamma chains (HbF G). The data was analyzed using Microsoft Excel and GraphPad Prism 9.
Results: The hemoglobin chains were stable over the 5 years studied. On average, 70.89-74.41% of HbA A, 77.3280.27% of HbA B, 68.71-77.09% of HbA2 D and 56.80-63.04% of HbF G were covered, with no statistical difference
between 2014 and 2018. The unique peptides were also constant, 10.66-13.33 for HbA A, 13-15 for HbA B, 11-14 for
HbA2 D and 7-9.33 for HbF G. PSM was slightly more variable, but still consistent: 246.66-327.33 for HbA A, 568.661051.66 for HbA B, 68.71-77.09 HbA2 D and 56.80-66.66 for HbF G (see figure).
Image / figure:

Conclusion: Proteins in high-HbA A and B and low abundance-HbA2 D and HbF G are preserved in FFPET, allowing
their confident identification by LC-MS/MS for at least 5 years.
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TARGETED NEXT-GENERATION SEQUENCING REVEALS A WIDE MORPHOLOGICAL AND
IMMUNOPHENOTYPIC SPECTRUM OF MONOMORPHIC EPITHELIOTROPIC INTESTINAL T-CELL LYMPHOMA
Shih-Sung Chuang*, Jen-Fan Hang1, Chang-Tsu Yuan2, Kung-Chao Chang3
1PATHOLOGY, Taipei Veterans General Hospital, 2PATHOLOGY, National Taiwan University Cancer Center , Taipei,
3PATHOLOGY, National Cheng Kung University Hospital, Tainan, Taiwan
Background: Primary intestinal T-cell lymphoma (PITL) is highly aggressive and includes celiac disease-related
enteropathy-associated T-cell lymphoma (EATL), monomorphic epitheliotropic intestinal T-cell lymphoma (MEITL), and
primary intestinal peripheral T-cell lymphoma, not otherwise specified (ITCL-NOS). MEITL is the most common PITL in
Asia, comprising of monomorphic medium-sized cells typically expressing CD8, CD56, and cytotoxic granules. Occasional
cases with intermediate features between MEITL and ITCL-NOS are difficult to be classified and warrant further
investigation.
Materials and Methods: We collected 54 surgically resected PITLs from Taiwan, reviewed the histopathology, clinical
features, follow-up results, and performed immunohistochemistry, in situ hybridization for EBV-encoded mRNA (EBER),
and targeted NGS. DNA sequence of specific target regions included the following genes, the whole coding regions of
SEDT2 and hotspots of STAT3 (codon 614, 616, 647, 658, and 661), STAT5B (codon 579, 628, 636, 642, 665, 704, 706,
712, and 715), JAK1 (codon 652, 703, 729, and 1097), JAK3 (codon 507, 511, 572, 573, 614, 618, 640, 657, 661, 674,
676, 678, 702, and 722), GNAI2 (179, and 182), KRAS (codon 12 and 13), NRAS (codon 12 and 13), and BRAF (codon
600).
Results: The majority (80%) of patients presented with bowel perforation. The overall outcome was poor with a median
survival of 7 months. Based on histopathology (monomorphic vs. pleomorphic) and immunophenotype, we classified
these cases into four groups: MEITL with typical immunophenotype (n=34), MEITL with atypical immunophenotype (n=5),
pleomorphic PITL with MEITL-like immunophenotype (n=6), and ITCL-NOS (n=9). There was no EATL in our cohort.
Targeted NGS of the first three groups showed highly prevalent loss-of-function mutations for SETD2 (85%, 80%, and
83%, respectively) and frequent activating mutations for STAT5B (64%, 60%, and 50%, respectively) and JAK3 (38%,
20%, and 50%, respectively). In contrast, ITCL-NOS cases had less frequent mutations of SETD2 (56%) and STAT5B
(11%), and rare JAK3 mutations (11%).
Conclusion: Our results suggest that there is a wider morphological and immunophenotypic spectrum of MEITL as
currently defined in the 2017 WHO classification. MEITL with atypical immunophenotype and PITL with MEITL-like
immunophenotype shared clinicopathologic and molecular features similar to MEITL but distinct from ITCL-NOS,
indicating that such cases may be considered as immunophenotypic or histopathologic variants of MEITL.
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THE IMPACT OF SNP RS 5743836 OF TLR9 ON THE RISK AND PROGNOSIS OF HODGKIN’S LYMPHOMA: A
CASE – CONTROL STUDY
SOHAIB M. AL KHATIB1, Nour Abdo2, Laith Al-Eitan3, Abdel-Hameed Al-Mistarehi4, Amin Shabaneh* 5, Yousef Khader6
1Pathology and Laboratory Medicine, 2Department of Public Health, Faculty of Medicine, 3Department of Biotechnology
and Genetic Engineering, 4Department of Family Medicine, 5Faculty of Medicine, 6Department of Public Health and
Community Medicine, Jordan University of Science and Technology, Irbid, Jordan
Background: Mature B-cell neoplasms are typically divided into Hodgkin and Non-Hodgkin Lymphomas (HL and NHL).
HL is characterized by the neoplastic Reed-Sternberg cells, usually harbored in an inflammatory background. Many
studies link between autoimmunity and lymphomagenesis, a large proportion of these studies evidently trace the
pathogenesis back to the misdirected detection of self-derived nucleic acids by Toll-Like Receptors (TLRs), especially
those of the intracellular type. In this study, we analyzed the relationship between a selected SNP in TLR9 (TLR91237T>C) and the risk and overall survival of HL patients in a Jordanian Arab population.
Materials and Methods: The commercially available DNeasy Blood & Tissue Kit (Qiagen Ltd., West Sussex, UK) was
used, and according to manufacturer’s protocol, to DNA extraction from formalin-fixed paraffin-embedded tissue. Genomic
DNA from control-subjects’ blood samples was extracted using the QIAamp® or Promega DNA Mini Kit according to the
manufacturer’s instruction. The pure DNA samples with their concentrations were sent to the Australian Genome
Research Facility (AGRF, Melbourne Node, Melbourne, Australia) for genotyping of SNP rs5743836 (TLR9-1237T>C) in
all subjects (patients and controls). Genotyping with the Sequenom MassARRAY® system (iPLEX GOLD) (Sequenom,
San Diego, CA, USA) was performed at the AGRF according to the manufacturer’s recommendations (Sequenom, San
Diego, CA, USA). Unconditional logistic regression analysis was used to estimate the association between the genotype
frequency and the risk of developing HL.
Results: A total of 374 subjects were included in the study and their DNA samples collected. Of these 374 subjects, 136
were cases (HL patients) and 238 were controls. The case group had a mean age (and range) of 30.7 years (3-78), and
was comprised 87 males (64%) males and 49 females (36%). The control group had mean age (and range) of 43.2 years
(6-89), and was contained 92 males (38.7%) and 146 females (61.3%). The results show a statistically significant higher
distribution of the rs5743836 (TLR9-1237T>C) allele among the case population, with a p-value of 0.02 (<0.05). This
distribution proved significant when studied in the codominant (only significant in the A/G genotype, p-value = 0.030),
dominant (p-value = 0.025), and overdominant (p-value = 0.035) models. The odds ratio (OR) value was 1.78 (95%
confidence interval [1.08, 2.93]), 1.77 (95% confidence interval [1.10, 2.86]), and 1.75 (95% confidence interval [1.07,
2.87]). None of the models showed any statistically significant difference in survival associated with the rs5743836 (TLR91237T>C) SNP.
Conclusion: In this study, we demonstrated that the risk of HL was almost two-fold in those with the SNP rs5743836
(TLR9-1237T>C), when examined in the dominant, codominant and overdominant models (p-values are 0.025, 0.030 and
0.035 respectively). The study found no significant association between this SNP and the overall survival of HL patients in
the sample studied.
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SYSTEMIC MASTOCYTOSIS INVOLVING THE INTESTINAL TRACT WAS EFFECTIVELY TREATED BY
AVAPRITINIB: A CASE REPORT
Xin Zhang1, Yingyong Hou* 1
1FUDAN UNIVERSITY ZHONGSHAN HOSPITAL, Shanghai, China
Background: Systemic mastocytosis (SM) is defined as a clonal and neoplastic proliferation of mast cells in at least one
organ outside the skin with or without skin damage. Intestinal involvement by SM were often nonspecific, the pathologic
diagnosis and treatment were challenging.
Materials and Methods: The medical history materials and auxiliary examination reports of the patient were collected.
Enteroscopy were performed, and the biopsy tissues were examined by hematoxylin & eosin stain, special stain,
immunohistochemistry, and molecular detection. Bone marrow biopsy, imaging examination and blood test were also
performed.
Results: The patient was a 44-year-old male. He was admitted to Fudan University Zhongshan hospital in November
2020, complaining of aggravated diarrhea and irregular stool for 5 months and aggravated for 1 week. Colonoscopy
showed a 3.0 cm × 3.0 cm protuberant lesion in the cecum with ulcer formation on the surface (Fig. 1A). Histologically, the
lamina propria was markedly expanded by medium-sized epithelioid cells with abundant eosinophilic cytoplasm and
hyperchromatic nucleuses (Fig. 1B and C). The cells were slightly atypical and admixed with numerous eosinophils (Fig.
1C and D). Immunohistochemical results showed that the epithelioid cells were negative for the epithelial cell markers,
such as CK {pan}, cam5.2, EMA, CK7, and most lymphohematopoietic markers, such as CD20, CD79ɑ, CD3, CD5, CD8,
CD23, BCL2, BCL6, CD10, mum-1, as well as other markers, such as langerin, CD1a, S-100, CD34, and EBER, but were
diffusely positive for LCA (Fig. 1E), CD117 (FIG. 1F), CD25 (FIG. 1G), CD35, CD123, CD4, CD56, CD68 {KP1}, and
CD163. The Ki-67 proliferation index was 50%. Molecular detection evidenced that there was a missense mutation
(D816V) in the exon 17 of KIT gene (FIG. 1H). Further bone marrow biopsy was performed and no mast cell aggregation
was found. PET/CT showed a local thicken in the cecum with abnormal increased glucose metabolism. Serum tryptase
was 38.56 ng/ml. No skin rash was found. A final diagnosis of SM involving intestine was established. The patient was
then treated with avapritinib (200 mg/day). After 1-month treatment, the diarrhea symptom disappeared, and the serum
tryptase level decreased to normal. Ultrasound examination showed that the intestinal lesion disappeared with peripheral
lymph node swelling subsided, but at the same time, a side-effect of memory loss began to appear. By gradually reducing
the dosage to 75 mg/day, the memory problem disappeared. Until now, the patient has been followed up for 8 months
without recurrence.
Image / figure:

Conclusion: The present report describes a case of SM involving intestinal tract. The neoplastic mast cell proliferation
was evidenced by the aberrant expression of markers such as CD25 and the establishment of KIT mutation by
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sequencing. Avapritinib is effective in this SM patient with KIT D816V mutation. This may be the first case report of
avapritinib in the treatment of SM after its approval in China.
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RELATIONSHIP OF CD15-ANTIGEN-POSITIVE CELLS EXPRESSION TO THE COURSE AND OUTCOME OF
NODULAR SCLEROSIS CLASSICAL HODGKIN LYMPHOMA
Maksim S. Minaev* 1, Elena Perfilova1, Dmitri Diakonov1, Vitali Rosin1
1PATHOMORPHOLOGY LABORATORY, KIROV SCIENTIFIC RESEARCH INSTITUTE OF HEMATOLOGY AND
BLOOD TRANSFUSION OF THE FEDERAL MEDICAL AND BIOLOGICAL AGENCY, Kirov, Russian Federation
Background: Nodular sclerosis classical Hodgkin lymphoma (NSCHL) is the most frequent histologic subtype of classical
Hodgkin lymphoma (cHL). The disease is characterized by heterogeneous morphological signs. The tumor substrate
consists of Hodgkin and Reed-Sternberg (HRS) cells with numerous non-tumor reactive cell components. Pathogenesis of
cHL is closely associated with features of tumor cells interaction with the associated microenvironment. Currently, tumorassociated neutrophils (TANs) are a novel research vector and a promising therapeutic target. According to relevance
literature, there are two main phenotypes of TANs. At an early stage of carcinogenesis, the N1-phenotype is more
common. It has a cytotoxic effect and provides antitumor protection. Otherwise, the N2-TANs has opposite impact. N2TANs act as potentiatiors of tumor growth and promoting disease progression. The prognostic role of TAN has already
estimated in some solid tumors. However, data on TAN in lymphoproliferative diseases, including cHL are limited. The
objective of our research was to estimate the relative content and study the relationship of CD15+ cells expression to the
NSCHL course and outcome.
Materials and Methods: Studies were performed on formalin-fixed paraffin embedded (FFPE) lymph node samples of 74
patients with newly diagnosed NSCHL. Male to female ratio is 45.9% and 54.1% respectively. All patients were observed
in the clinic of Kirov Research Institute of Hematology and Blood Transfusion (KRIHBT) from 2011 to 2018. The age of
patients is 18 to 72 y.o, Me - 36 years. Patients are divided into 2 groups: the first (n = 34) was made up of patients who
achieved complete remission after carrying out standard frontline therapy according to the BEACOPP or ABVD regimens.
The second (n = 40) includes patients with relapsed and refractory form of NSCHL and patients who underwent
autologous or allogenic hematopoietic stem cell transplantation. Immunohistochemical reactions were set up in a standard
method using a monoclonal anti-CD15 antibody (Carb-3), DAKO. For statistical data processing, the StatTech v.2.5.6
program was used (developer - Stattech LLC, Russia).
Results: A morphometric study determined differences in the relative number of cells expressing CD15 biomarker. It was
found that the proportion of CD15+ cells in patients of the first group is significantly lower than in the second: 7.6% (6.77.9) and 21.8% (20.2-23.6), respectively, p = 0.0015. During the ROC analysis, the threshold value of the CD15+ element
fraction was set at 8.5%. In 38 of the 40 patients of the second group, the content of the studied caryocytes was equal to
or higher than the threshold value. Median of 5-year overall survival was 36 months. In case of CD15+ expression is
below the threshold level, median is not achieved.
Conclusion: The relative content of CD15+ cells ≥ 8.5% in FFPE lymph node samples in patients with NSCHL could be
used as a additional criteria of prediction of the adverse course and poor outcome of the disease.
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PRIMARY PITUITARY EBV-ASSOCIATED NK/T-CELL LYMPHOMA
Stefan Motov1, Friederike Liesche-Starnecker2, Vicki Marie Butenschoen3, Jens Gempt3, Folker Schneller4, Christian
Seifert5, Tobias Boeckh-Behrens6, Julia Slotta-Huspenina* 2
1Klinik für Neurochirurgie, Universitätsklinikum Augsburg, Augsburg, 2Institute of Pathology, 3Neurochirurgische Klinik am
Klinikum rechts der Isar, 4Klinik und Poliklinik für Innere Medizin III, Technical University of Munich, Munich, 5Neurologie,
Klinische Neurophysiologie und Stroke Unit, BG Unfallklinik Murnau, Murnau, 6Abteilung für diagnostische und
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Background: Primary pituitary NK-/T-cell lymphomas are extremely rare pathologies and there is only limited
information about their clinical course, treatment and prognosis.
Materials and Methods: Clinical, laboratory and radiological findings (MRI and CT) of a 78-year-old patient are
presented. Open biopsy through a right pterional approach was performed. Histopathology, immunphenotype and EBV-in
situ-hybridisation are shown.
Results: The lady presented with productive cough, hoarseness, swallowing impairment, and recurrent
episodes of fever (40° C), which started 1 month prior to hospitalization. There were no further B
symptoms. Past medical history was unremarkable except for mild hypothyroidism and recent hospitalization for syncope
two weeks prior to admission. Except for an elevated lactate dehydrogenase (404 U/l) and a slightly elevated C-reactive
protein (5,5 mg/dl), routine laboratory results were
normal. Serology did not indicate manifest EBV-infection (negative EBNA-1 IgG and VCA IgM). Pituitary function tests
showed a reduced cortisol serum level (0.7 μg/dl; ref: 10-25 μg/dl) and moderately elevated prolactine level (178 ng/ml;
ref: <23 ng/ml). Cranial MRI unmasked a contrast enhancing (CE) mass of the sellar region with both-sided signal
alterations of the optic tract beneath the optic chiasm as well as a CE lesion in the left jugular foramen. No mass lesions
were found beyond the CNS.
Open biopsy showed a diffuse infiltrate of medium-sized to large atypical lymphoid cells with angiocentric growth and
some geographic necrosis. Cells were positive for CD2, CD3, CD56, granzyme B and EBV and negative for CD20 and
MUM-1 and the diagnosis of an EBV-associated lymphoma of the NK/T-cell phenotype was made. Due to limited tissue,
neither further immunohistochemical nor molecular studies could be performed.
Seven days after craniotomy cMRI indicated progressive lesions in the sellar and suprasellar region and the jugular
foramen. Due to progressive aspiration tracheotomy was performed and therapy with dexamethasone 40 mg daily was
initiated. Her status deteriorated rapidly preventing additional diagnostics and chemotherapy. The patient died 37 days
after admission.
Conclusion: To the best of our knowledge we describe the second case of a primary pituitary EBV-associated NK-/Tcell lymphoma, which compared to other PCNSL appears to have a highly aggressive and rapid tumor
growth with fatal outcome.
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MALIGNANT LYMPHOMA OF THE BLADDER: A RETROSPECTIVE REVIEW OF ONE INSTITUTION’S 15-YEAR
EXPERIENCE AND REVIEW OF LITERATURES
Hyun Phil Shin* 1, Sanghui Park2
1Internal medicine, KyungHee University, 2Pathology, Ewha Womans University, Seoul, Korea, Republic Of
Background: Until 2000, there have been only 72 reported cases of primary bladder lymphoma without extensive
involvement of lymph nodes or other organs. Because bladder lymphomas are rare, most cases in the literature have
been reported as single cases, and histologic classification has varied significantly.
Materials and Methods: We reviewed the records of patients with malignant lymphoma involving the urinary bladder with
review of literature. We examined the differences between groups regarding clinical presentation, microscopic pathology,
immunophenotype, lymphoma type by WHO classification criteria. The differences in these groups regarding lymphoma
type, clinical presentation, and clinical outcome were studied.
Results: Mokdong Hospital Tissue Registry records from 2006 to 2020 were searched to identify patients with
lymphomas involving the bladder. Overall, 3250 cases (transurethral resection of the bladder or cystoscopic biopsy
specimens) were identified. Of all, 2892 cases were bladder neoplasms. Only three lymphoma cases were found and
represented 0.1 % of all bladder neoplasms in our institute (3/2892). The lymphomas were classified based on review of
the histology and additional studies. Clinical records were reviewed. Presenting symptoms included urinary frequency,
dysuria, hematuria, and lower abdominal and back pain. The most common presenting symptom was hematuria.
Cystoscopic findings were of solid, sometimes necrotic tumors masquerading urothelial carcinoma, and in one case the
tumors were multiple. Primary lymphoma was present in only one patient and was marginal zone B-cell lymphoma of the
mucosa-associated lymphoid tissue type. This patient had no recurrent lymphoma and is alive with disease. Secondary
bladder lymphoma occurred in 2 patients: one with diffuse large cell lymphoma, not otherwise specified and one with
monomorphic epitheliotropic intestinal T-cell lymphoma.
Conclusion: Primary bladder lymphomas are extremely rare. Though secondary involvement of the bladder by systemic
lymphoma has been reported to be relatively common, histologic confirmation is seldom performed by biopsy specimens.
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PLASMABLASTIC MYELOMA IN TAIWAN FREQUENTLY PRESENTS WITH EXTRAMEDULLARY AND
EXTRANODAL MASS MIMICKING PLASMABLASTIC LYMPHOMA
Bo-Jung Chen* 1, Chang-Tsu Yuan2, Ching-Fen Yang3, Yen-Kuang Lin4, Ying-Zhen Su5, Hsiu-Chu Chou6, Shih-Sung
Chuang5
1Department of Pathology, Shuang Ho Hospital, Taipei Medical University, New Taipei City, 2Department of Pathology,
National Taiwan University Cancer Center, 3Department of Pathology and Laboratory Medicine, Taipei Veterans General
Hospital, 4Graduate Institute of Data Science, College of Management, Taipei Medical University, Taipei, 5Department of
Pathology, Chi-Mei Medical Center, Tainan, 6Department of Anatomy and Cell Biology, School of Medicine, College of
Medicine, Taipei Medical University, Taipei, Taiwan
Background: Plasmablastic myeloma (PBM) is a blastic morphologic variant of plasma cell myeloma with less favorable
prognosis than those with non-blastic morphology. PBM is rare without clear-cut definition and detailed clinicopathologic
features in the literature. PBM may mimic plasmablastic lymphoma (PBL) as they share nearly identical morphology and
immunophenotype.
Materials and Methods: Using the criteria of ≥ 30% plasmablasts in tissue, we retrospectively recruited cases of PBM
and analyzed the clinical, imaging and pathologic data, with emphasis on extramedullary involvement. We performed
immunohistochemistry, in situ hybridization for Epstein-Barr virus (EBER), and fluorescence in situ hybridization (FISH) of
lymphoma- and myeloma-associated genetic alterations.
Results: Of 25 recruited cases, 15 (60%) had extramedullary involvement, which occurred as initial presentation in nine
cases. The most common extramedullary sites were soft tissue and/or skin (10/15, 67%), followed by pleural effusion, the
lungs, and lymph nodes. Immunohistochemically, 86% cases expressed MYC; 16% expressed cyclin D1. EBER was
negative in all 13 cases tested. Of the 13 cases examined with FISH, 12 (92%) had del(13q14), three (23%) had IGHFGFR3 reciprocal translocation, two (15%) had rearranged MYC, one (8%) had rearranged CCND1; BCL2 and BCL6
were un-rearranged. The prognosis was dismal regardless of the presence or absence of extramedullary involvement.
Conclusion: In conclusion, PBM in Taiwan frequently presented as extramedullary and extranodal masses, particularly in
soft tissue and/or skin, mimicking PBL. FISH for targeted genetic alterations such as del(13q14) and IGH-FGFR3 might be
helpful for the differential diagnoses and larger studies are warranted to investigate the genetic alterations between PBM
and PBL.
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T-CELL-DERIVED HODGKIN LYMPHOMA HAS MOTILITY CHARACTERISTICS INTERMEDIATE BETWEEN
HODGKIN AND ANAPLASTIC LARGE CELL LYMPHOMA
Julia Bein1, Nadine Flinner1, Björn Häupl1, Aastha Mathur2, Olga Schneider1, Marwa Abu-Ayyad1, Martin-Leo Hansmann3,
Matthieu Piel2, Thomas Oellerich1, Sylvia Hartmann* 1
1University Hospital Frankfurt, Frankfurt, Germany, 2Institut Curie, Paris, France, 3Helios Universitätsklinikum Wuppertal,
Wuppertal, Germany
Background: Classic Hodgkin lymphoma (cHL) is usually characterized by a low tumor cell content, derived from crippled
germinal center B cells. Rare cases have been described in which the tumor cells show clonal T-cell receptor
rearrangements. From a clinicopathological perspective, it is unclear if these cases should be classified as cHL or
anaplastic large T-cell lymphoma (ALCL). Since we recently observed differences in the motility of ALCL and cHL tumor
cells, here, we aimed to obtain a better understanding of T-cell-derived cHL by investigating their global proteomic profiles
and their motility.

Materials and Methods: Global proteomics screening of the cHL cell lines L-1236, L-540, L-428 and HDLM-2 as well as
ALCL cell lines SU-DHL-1, DEL, Mac1 and Mac2a were performed. Additionally, migration of these cell lines in
microfluidic devices like microchannels with and without constrictions was studied. Changes of migration behavior were
assessed after application of specific inhibitors of migration-related proteins.
Results: In a proteomics analysis, when only motility-associated proteins were regarded, T-cell-derived cHL cell lines
HDLM-2 and L-540 showed the highest similarity to ALK− ALCL cell lines. In contrast, T-cell-derived cHL cell lines
presented a very low overall motility, similar to that observed in conventional cHL. Whereas all ALCL cell lines, as well as
T-cell-derived cHL, predominantly presented an amoeboid migration pattern with uropod at the rear, conventional cHL
never presented with uropods. The migration of ALCL cell lines was strongly impaired upon application of different
inhibitors. This effect was less pronounced in cHL cell lines and almost invisible in T-cell-derived cHL.
Conclusion: In summary, our cell line-derived data suggest that based on proteomics and migration behavior, T-cellderived cHL is a neoplasm that shares features with both cHL and ALCL and is not an ALCL with low tumor cell content.
Complementary clinical studies on this lymphoma are warranted.
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A REVIEW OF THE SUB-CLASSIFICATION OF LYMPH NODE BIOPSIES REPORTED AS REACTIVE
LYMPHADENITIS AT KENYATTA NATIONAL HOSPITAL, KENYA.
Joshua Nyagol* 1, Cynthia Chemonges1, Joseph Ndungu1
1Human Pathology, University of Nairobi, Nairobi, Kenya
Background: Lymphadenopathy is a common finding in both adult and paediatric patients in Kenya. It has a broad
differential diagnosis, the most common being nonspecific reactive lymphoid hyperplasia. Prevalence and morbidity of
malignancies in early stages, such as micro lymphoma in reactive lymphadenitis have been poorly investigated. The
present study therefore sought to evaluate the histopathologic patterns of lymph node biopsies reported as reactive
lymphadenitis at Kenyatta National Hospital between 2013-2019.
Materials and Methods: Formalin fixed paraffin embedded tissue blocks were used. Consent to conduct the study was
obtained from KNH/UoN ERC. Demographic and clinical data were retrieved from the records. Haematoxylin and eosin
was performed to confirm the initial diagnosis, followed with immunophenotyping in cases suspicious of lymphomas. Data
was analyzed using SPSS version 20.
Results: We analyzed 86 cases, 64(73%) adults and 22(27%) paediatrics. Age range was 1year 3months to 76years.
Males were 49(57%), and females 37(43%). Follicular hyperplasia 63(73%), sinusoidal 16(19%) and PTGC 1(1%) were
the histopathological patterns reported. No diffuse or mixed patterns, and no micro lymphomas were found. However,
immunophenotyping confirmed 6(7%) cases to be DLBCL (1case), high grade round blue cell tumor of childhood (1case),
and 4(3SLL and 1MCL) cases.
Conclusion: There is need for sub-classifications in the diagnosis of reactive lymphadenitis, as they may suggest
underlying cause.
References: 1. Cazzola M. Introduction to a review series: The 2016 revision of the WHO classification of tumors of
hematopoietic and lymphoid tissues. Vol. 127, Blood. 2016. p. 2361–4.
2.
Kasili EG, Shah TS. Lymphoreticular disease in Kenya. Pathological pattern of the superficial lymphadenopathies.
Trop Geogr Med. 1974;26(3):242–56.
3.

Oluwole SF, Odesanmi WO, Kalidasa AM. Peripheral lymphadenopathy in Nigeria. Acta Trop. 1985;42(1):87—96.
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NOVEL GENOMIC ALTERATION OF EBV-POSITIVE DIFFUSE LARGE B-CELL LYMPHOMA REVEALED BY WHOLE
EXOME SEQUENCING
Fang Liu* 1, Sufang Tian2, Qing Liu3, Huilan Rao4, Gang Chen5, Yuanfei Deng1, Qingyan He6, Xiuli Xu7, Jiayin Yuan1,
Shigeo Nakamura8, Kennosuke Karube9, Zhe Wang7
1The first people’s Hospital of Foshan, Foshan, 2Zhongnan Hospital, Wuhan University, Wu han, 3The first people’s
Hospital of Foshan, Foshan, 4Sun Yat-sen University Cancer Center; State Key Laboratory of Oncology in South
China;Collaborative Innovation Center for Cancer Medicine, Guangzhou, 5Fujian province Cancer Center, Fuzhou, 6 The
first people’s Hospital of Foshan, Foshan, 7Xijing Hospital, Fourth Military MedicalUniversity, Xi'an, 8Nagoya University
Hospital, Nagoya, China, 9Nagoya University Hospital, Nagoya, Japan
Background: EBV-positive diffuse large B cell lymphoma (EBV-posDLBCL) is a rare B-cell lymphoma, characterized by
various clinical, morphological, and immunological features. The lymphoma can occur in both young patients and the
elderly. EBV-posDLBCL often presents some overlapping morphological features with EBV-negative (EBV-neg)
DLBCL. Given the differences in the prognosis of the two lymphomas, the genetic distinction is clinically important. To
better understand EBV-posDLBCL's genomic landscape, we report whole-exome sequencing (WES) analysis of EBVposDLBCL compared with EBV-neg DLBCL.
Materials and Methods: We used whole-exome sequencing (WES) to identify mutational signatures and copy number
alterations (CNAs) of EBV-pos DLBCL with tumor-normal blood sample pairs, in contrast to EBV-neg DLBCL. Four EBVposDLBCL samples were designated as the WES discovery set, and four cases of EBV-negDLBCL were selected as a
control cohort. An extension cohort of 42 EBV–posDLBCL were enrolled in the validation study. The validation cases were
evaluated by fluorescence in situ hybridization (FISH) for copy number alterations(CNAs), immunohistochemistry (IHC)
for protein expression, and the association between recurrent abnormalities and prognosis were also investigated
Results: This analysis revealed new mutational signature17 (unknown) and signature 29 (smoking) in EBV -posDLBCL.
Recurrent mutations not identified previously in EBV-posDLBCL implicated a number of genes, including DCAF8L1, KLF2,
MUC16, NOL9, and TTN. Moreover, there were more somatic copy number alterations (CNAs) and more frequent
deletions in EBV-posDLBCL (P=0.01).The most frequent CNAs in EBV-posDLBCL were gains at 9p24.1(PDL1 and
JAK2),8q22.2-q24.23(DEPTOR and MYC), and 7q31.31-q32.2(MET), which were validated in an additional 42 cases.
Overall, 53.7% (22/41) and 61.1% (22/36) cases expressed PDL1 or c-MET in neoplastic cells respectively, whereas only
28.6% (4/14) of cases exhibited c-MYC positivity. Neoplastic PDL1 expression positively correlated with c-MET
expression (P<0.00), as did MYC with c-MET expression (P=0.016). EBV-posDLBCL cases did not show different over
survival between PDL1,c-MET,or c-MYC positive and negative cases or between age-related groups.
Image / figure:
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Conclusion: In conclusion, our study revealed new mutational signature and genetic alterations in EBV -posDLBCL,
Although no different OS between PDL1,c-MET,or c-MYC positive and negative cases or between age-related groups
were found, the positive correlation between upregulated PDL1 and MET expression maybe involved in the pathogenesis
of EBV-posDLBCL, providing additional evidence to support these therapeutic approaches in patients with EBV-posDLBCL.
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NANOSTRING GENE EXPRESSION ANALYSIS IDENTIFIES SPECIFIC STROMAL COMPONENTS OF THE
HODGKIN LYMPHOMA MICROENVIRONMENT THAT PREDICT UNFAVORABLE OUTCOMES
Victoria Menéndez García* 1, José L. Solórzano Rendón2, Sara Fernández Robledo1, Carlos Montalbán Sanz3, Juan F.
García García2, 4
1Translational Research, MD Anderson Cancer Center Foundation, 2Pathology Department, 3Hematology Department,
MD Anderson Cancer Center, 4Centro de Investigación Biomédica en Red de Cáncer, CIBERONC, Madrid, Spain
Background: The tumor microenvironment (TME) of classical Hodgkin's lymphoma (cHL) has a rich and extensive
immune microenvironment as the main component of the tumor tissue. It involves a broad range of cell populations, which
are mostly unexplored in cHL, and were demonstrated to be critical determinants of tumorigenesis, evolution, and
treatment sensitivity in other cancers. Latest research show that Hodgkin-Reed Sternberg (HRS) cells actively control and
remodel the immune TME, and that its constituents affect the treatment response. Thus, more responsiveness
predictor characteristics are awaiting to be found, to guide treatment decisions and to develop novel pharmacological
approaches. Some of the most explored cell groups are T cells, monocytes, macrophages, or dendritic cells, but their
intrinsic functional phenotypes and mechanisms are still obscure.
Materials and Methods: The accuracy of latest technology allows identifying new functionally relevant TME prognostic
and predictive biomarkers. To that purpose, we used the NanoString gene-expression technology with the PanCancer IO
360 panel to uncover the gene-expression profile of 25 cHL patients. The resulting dataset was analyzed with
bioinformatic pipelines that included cell-deconvolution, gene set enrichment analysis, and statistics with R. Finally, we
validated results with independent gene-expression datasets and immunohistochemical analyses in independent series
with relevant markers.
Results: Remarkably, several pathways, genes and cell subsets related to stroma were enriched in patients that do not
respond to therapy, with divergent tumoral evolution. Moreover, endothelial cells and angiogenesis-inductors, as well as
megakaryocyte and platelet-related elements were prognosis-influencing factors. Granulocytes, monocytic subsets,
cytotoxic cells, T cells, and other cells were also found to influence the treatment response, some of them varying with the
stage of the disease. Finally, we identified the most relevant pathways that interrelate our findings. For instance,
PTPN2/TCPTP and PTPN1/PTP1B protein tyrosine phosphatases, which were already known to affect oncogenesis in
lymphomas, were strongly associated with outcome in cHL patients, with which many other elements synergize against
protective factors.
Conclusion: Stromal microenvironment was already found to be crucial in lymphoma pathogenesis. However,
explanatory specific components lacked identification. Here, we suggest some of the mechanisms by which cHL stromal
TME may influence prognosis, and their potential contribution to tumor immune evasion strategies.
References:
1. Menéndez V, Solórzano JL, et al. The Hodgkin Lymphoma Immune Microenvironment: Turning Bad
News into Good. Cancers (Basel). 2022;14(5):1360.
2. Kleppe M, Tousseyn T, et al. Mutation analysis of the tyrosine phosphatase PTPN2 in Hodgkin’s lymphoma and Tcell non-Hodgkin’s lymphoma. Haematologica. 2011;96(11):1723.
3. Lenz G, Wright G, et al. Stromal gene signatures in large-B-cell lymphomas. NEJM. 2008;359(22):2313-2323.
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IMMUNOHISTOCHEMISTRY FOR LEF1 AND TIA1 FACILITATES IDENTIFICATION OF ANAPLASTIC LARGE CELL
LYMPHOMA WITH DUSP22 REARRANGEMENT
Andrew L. Feldman* 1, Naoki Oishi1, 2, Rhett Ketterling1, Stephen Ansell1, Min Shi1, Surendra Dasari1
1MAYO CLINIC, Rochester, United States, 2University of Yamanashi, Yamanashi, Japan
Background: Anaplastic large cell lymphoma (ALCL) is a clinically and genetically heterogeneous group of T-cell
lymphomas with unifying pathologic features. Rearrangements (R) of ALK define ALK-positive ALCL. DUSP22-R and
TP63-R occur in ALK-negative ALCL and are associated in most studies with a favorable and unfavorable prognosis,
respectively. ALCLs lacking ALK-R, DUSP22-R, and TP63-R have an intermediate prognosis. In pathology practice,
DUSP22-R is detected by FISH. Recently, we identified an association between DUSP22-R and LEF1 expression in
ALCL. In addition, ALCLs with DUSP22-R typically lack expression of pSTAT3-Y705 and cytotoxic markers such as TIA1.
Here, we examined whether a combination of LEF1 and TIA1 or pSTAT3 IHC could facilitate identification of DUSP22-R.
Materials and Methods: IHC for LEF1, TIA1, and pSTAT3 was performed on 91 ALCLs. Genetic subtyping was based
on ALK IHC and DUSP22 and TP63 FISH. Cases were scored using previously published cutoffs: LEF1, >75% positive
tumor cells; TIA1, ≥20%; and pSTAT3, ≥20%. Results were first assessed in a discovery cohort (n=45) and then tested in
an age- and sex-matched validation cohort (n=46) representing all ALCL entities and genetic subtypes. Positive and
negative predictive values (PPV and NPV) were calculated using standard methods, excluding cases with indeterminate
scoring.
Results: LEF1 IHC was strongly associated with DUSP22-R (p<0.0001) in the discovery cohort. Excluding ALK-positive
ALCLs, which uniformly lack DUSP22-R, the PPV and NPV of LEF1 IHC for DUSP22-R were 93.8% and 96.0%,
respectively. We then examined the combination of LEF1 IHC and TIA1 IHC. A LEF1+/TIA1- phenotype was considered
positive; LEF1-/TIA+ was considered negative; and other combinations were considered indeterminate. This approach
had a PPV of 100% and NPV of 100% in informative cases; 29.3% of cases were indeterminate. Using a similar
approach, LEF1/pSTAT3 IHC had a PPV of 100% and NPV of 100% with a 29.3% indeterminate rate. We then tested
these approaches in the validation cohort. PPV and NPV both were 100% using either LEF1/TIA1 or LEF1/pSTAT3.
Indeterminate rates were 41.0% and 28.2%, respectively. For the combined cohort, PPV and NPV both were 100% using
LEF1/TIA1 or LEF1/pSTAT3 and indeterminate rates were 35.0% and 28.8%, respectively.
Conclusion: An IHC approach using either LEF1/TIA1 or LEF1/pSTAT3 facilitated identification of DUSP22-R in ALKnegative ALCL. Both approaches showed a PPV and NPV of 100% in informative cases and were superior to LEF1 IHC
alone. Findings were validated in an independent cohort. Indeterminate cases, which would still require DUSP22 FISH,
were slightly higher for LEF1/TIA1 than for LEF1/pSTAT3. However, LEF1/TIA1 may be preferable since TIA1 IHC is
more available than pSTAT3 IHC and is used in the diagnostic work-up of ALCL. LEF1 IHC is available because of its use
in the differential diagnosis of CLL. A combination of LEF1 and TIA1 IHC could eliminate the need for FISH in 65% of
ALK-negative ALCLs.
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MUTATIONAL AND GENE EXPRESSION PROFILING OF BLASTIC PLASMACYTOID DENDRITIC CELL NEOPLASM
REVEALS TWO DISTINCT AGE-DEPENDENT SUBGROUPS AND A ROLE FOR CLONAL HEMATOPOIESIS IN
ELDERLY PATIENTS
Tim-Colin Schade* 1, Dominik Nann1, German Ott2, Andreas Rosenwald3, Alberto Zamò3, Wolfram Klapper4, Ilske
Oschlies4, Harald Stein5, Alfred Feller6, Sergio Cogliatti7, Stefan Dirnhofer8, Stephan Forchhammer9, Jan Weller10, Philip
Sander1, Achim Rau1, Esther Kohler1, Franziska Mihalik1, Rebecca Braun1, Jan-Philipp Geppert11, Andreas Chott12, Irina
Bonzheim1, Leticia Quintanilla-Martinez1, Falko Fend1
1Institute of Pathology, University Hospital Tuebingen, Tuebingen, 2Department of Pathology, Robert-Bosch-Hospital
Stuttgart, Stuttgart, 3Institute of Pathology, Wuerzburg University, Wuerzburg, 4Institute of Pathology, University Hospital
Schleswig-Holstein, Kiel, 5Pathodiagnostics Berlin MVZ, Reference Center for Hematopathology Berlin, Berlin, 6Institute of
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University Hospital Tuebingen, 11Institute of Pathology and Dermahistology, Tuebingen, Germany, 12Institute of Pathology
and Microbiology, Clinic Ottakring , Vienna, Austria
Background: Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a rare hematologic malignancy with frequent
primary presentation in the skin and poor survival. The mutational and gene expression profile of BPDCN remains poorly
explored, and separation from AML can be difficult. Collecting a large multi-institutional series of BPDCN, we explored the
mutational and gene expression profile and investigated a potential association with clonal hematopoiesis (CH).
Materials and Methods: FFPE BPDCN samples and in part concurrent bone marrow (BM) biopsies were collected from
hematopathology centers in Germany (Berlin, Kiel, Luebeck, Stuttgart, Munich, Tuebingen, Wuerzburg), Switzerland
(Basel, St. Gallen), and Austria (Vienna). In addition to the initial diagnostic workup, all cases were
immunohistochemically stained for CD123, CD56 and TCL1 and molecularly studied using amplicon-based NGS on FFPE
samples to detect mutations and translocations common in myeloid disorders (Oncomine Myeloid Assay, ThermoFisher).
15 samples were excluded from the study due to low DNA/RNA quality or reclassification. A subset of cases including
both skin and BM samples and normal controls were analyzed on transcriptional level employing HTG nuclease protection
assay. For library generation, HTG EdgeSeq Oncology Biomarker panel comprising 2549 genes was used, followed by
Ion Torrent sequencing. Differential gene expression analysis was performed using DESeq2 algorithm implemented in
HTG software “reveal”. Threshold was set to p-adj. <0.01 and fold change >2.
Results: 60 samples of 41 patients (age range 7y – 84y, M:F= 1.4:1) were analyzed, including 34 extramedullary BPDCN
(30 skin, 4 other sites), 16 BPDCN BM infiltrates, 8 matched tumor-free BM samples and two matched CMML. A total of
118 mutations were identified in 23 genes with an average of 2.9 mutations per patient. Age-related differences in
mutational profile were observed. Patients > 50 years (n=34) frequently had mutations in TET2 (76%), SRSF2 (26%),
NRAS (24%), KRAS (15%), ASXL1 (15%), ZRSFR2 (15%) and PTPN11 (12%). In patients < 50 years (n=7) TET2,
SRSF2, ASXL1 and ZRSR2 mutations were absent. In contrast, mutations were found in KRAS (43%), NRAS (14%),
U2AF1 (14%), IKZF1 (14%), BCOR (14%), STAG2 (14%), as well as a KMT2A-MLLT10 fusion. All patients with mutated
TET2 carried the same mutations in the BM samples, irrespective of the presence of BM involvement, indicating CH. With
gene expression profiling (GEP), 958 differentially expressed genes were found in cutaneous BPDCN, compared to 649
for BM BPDCN infiltrates. For both locations, LAMP5, PTCRA, DNTT, TCL1A, IRF8, FLT3, RUNX2, SERPINB2 and
IL3RA (CD123) emerged as top upregulated genes. Using R package “pathfindR”, both locations showed gene
enrichment in NFkB pathway.
Conclusion: BPDCN in the elderly is characterized by recurrent mutations in epigenetic modifiers, RAS pathway and
spliceosome genes and association with CH. Younger patients showed mainly RAS mutations, and children (2) lacked
mutations in the examined genes altogether. These results show important age-dependent differences in molecular
pathogenesis, and underlines the difficult separation from CD123+ AML, as evidenced by the case with an AML-type
translocation. GEP of true BPDCN revealed consistent upregulation of genes related to plasmacytoid dendritic cell biology
and NFkB pathway activation.
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PD-L1 EXPRESSION IN SPECIFIC SUBGROUPS OF HIGH-GRADE B-CELL LYMPHOMA: EBV-POSITIVE DIFFUSE
LARGE B-CELL LYMPHOMA, POST-TRANSPLANT LYMPHOPROLIFERATIVE DISORDER AND PRIMARY
MEDIASTINAL B-CELL LYMPHOMA
Naoimh Herlihy* 1, Saif Khan2, Manuel Rodriguez-Justo1, Sabine Pomplun1
1Cellular Pathology, University College Hospital London, 2University College London, London, United Kingdom
Background: Binding of programmed death-1 (PD-1) with ligands expressed by tumour cells (TCs), such as programmed
death-ligands 1 and 2 (PD-L1 and PD-L2) is an important mechanism of immune evasion in solid organ and
haematological malignancies, e.g. classical Hodgkin lymphoma. PD-L1 expression in diffuse large B-cell lymphoma
(DLBCL) is more variable, and there is a low reported overall response rate to checkpoint inhibitors. The focus of clinical
interest is turning to immunodeficiency-associated DLBCL, such as Epstein Barr virus (EBV)-positive DLBCL and posttransplant lymphoproliferative disorder (PTLD). There are contradictory reports in the literature regarding whether EBV+
DLBCL and PTLD are more likely to express PD-L1, ranging from 0-100% and 0-80%, respectively. Relapsed/refractory
PTLD has a dismal prognosis and there is a need for novel therapeutic approaches. Primary mediastinal B-cell lymphoma
(PMBL) is a rare variant of DLBCL in which PD-L1 expression has variably been reported as 18-100%.
Materials and Methods: To validate previous results, we conducted a retrospective study evaluating the frequency and
intensity of PD-L1 expression in histologically confirmed EBV+ DLBCL, EBV+ and EBV- PTLD, and PMBL, diagnosed
from 2010-2021. Data collected included gender, age, site, specimen type, diagnosis, history of immunosuppression, EBV
status and cell of origin from pathological reports. Tissue was stained using PD-L1 22C3 antibody (Dako). PD-L1
expression was scored in TCs as the percentage of TCs expressing PD-L1 and quantified as weak, moderate or strong. A
threshold of ≥30% (moderate or strong staining) was selected to define PD-L1 positivity. Comparisons of pathological
features were performed using the Chi-square test.
Results: 55 cases were included: 18 EBV+ DLBCLs, 21 PTLDs (15 EBV+ and 6 EBV-), and 16 PMBLs. Median age
across all cohorts was 41 years (range, 14-85). 27/55 (49.1%) patients were male and 28/55 (50.9%) female. 13/18
(72.2%) EBV+ DLBCL cases, 10/15 (66.7%) EBV+ PTLDs, 0/6 EBV- PTLDs and 5/16 (31.2%) PMBLs expressed PD-L1
in TCs (representative example in attached figure). There was a significant difference in PD-L1 expression between EBV+
DLBCLs and EBV+ PTLDs versus EBV- PTLD (p=0.002), between EBV+ PTLDs and EBV- PTLDs (p=0.006), between
EBV+ lymphomas (DLBCL and PTLD) and EBV- lymphomas (PTLD, PMBL) (p=0.002), and between germinal centre
(GC) and non-GC lymphomas (p=0.008). There was no significant difference in PD-L1 expression based on age or
immune competence.
Image / figure:
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Conclusion: Our study demonstrates increased PD-L1 expression in EBV+ lymphomas (DLBCL and PTLD) in line with
some previous studies. Discrepancies among studies may be explained by differences in ethnicity, cut-off values, and
anti-PD-L1 antibodies. Our results support previous findings of overlapping characteristics between EBV+ DLBCL and
EBV+ PTLD, suggestive of EBV-driven oncogenic pathways contributing to molecular pathogenesis of both
conditions. 31% of PMBL cases expressed PD-L1, somewhat in line with previous results. We demonstrate an
association between PD-L1 positivity and non-GC subtype. PD-L1 is a potentially useful prognostic marker and
therapeutic target. Larger clinical trials examining response to PD-1 therapy in EBV+ lymphomas are needed.
Standardising and refining of PD-L1 assay reagents, staining and grading procedures in lymphoma is important if PD-L1
becomes a relevant biomarker.
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ALK+ALCL MISDIAGNOSED AS MYELOID SARCOMA DIAGNOSED WITH THE HELP OF NGS - A CASE REPORT
Hye-Ra Jung* 1, Ye Jee Shim2
1Pathology, 2Pediatrics, Keimyung University Dongsan Medical center, Daegu, Korea, Republic Of
Background: Anaplastic large cell lymphoma (ALCL) is a type of T-cell lymphoma. ALCL can be divided into ALK + ALCL
and ALK- ALCL depending on whether ALK protein is expressed. ALCL may exhibit a sinus growth pattern and may
invade extranodal sites. Morphologically, large cells can be cohesive and can form solid cords or sheets, so differentiation
from metastatic carcinoma may be necessary. Immunohistochemical staining may not express LCA and CD3, making
diagnosis difficult.
Materials and Methods: A 13-year-old woman visited our hospital with epigastric-sternal pain that persisted after the
COVID-19 vaccination, 3 weeks before admission. Dyspnea was developed 1 week before admission. On physical
examination, a mass was palpable on the right chest wall. On chest CT, a mass of 6 cm involving the right 5th rib was
observed, and multiple metastatic nodules were observed in both lung fields, suggesting the possibility of Ewing sarcoma.
Needle biopsy was performed for diagnosis.
Results: On microscopic examination, a solid sheet-type lesion with a mixture of mononuclear cells and multinucleated
cells of various types was observed.In immunohistochemical staining, LCA, Mpo, CD15, CD68, and lysozyme were all
weakly and partially stained, showing findings close to myeloid sarcoma. As a result of the NGS test performed for furthur
evaluation, ALK-NPM1 fusion was observed, which was appropriate for ALK+ALCL. The CD4, CD30, and ALK staining
showed strong positivity, so it was diagnosed as ALK+ALCL.
Conclusion: ALK+ ALCL is very different from granulocytic sarcoma in terms of treatment policy and prognosis, so
caution is needed in diagnosis. In cases where ALCL was not expected at all due to the low clinical possibility of
lymphoreticular neoplasm, it was possible to correctly diagnose it using NGS. The use of NGS in diagnosing
lymphoreticular neoplasm is very helpful.
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SINGLE-CELL RNA SEQUENCING IDENTIFIES CD52 AND METABOLISM AS NEW THERAPEUTIC TARGETS IN
MANTLE CELL LYMPHOMA AFTER IBRUTINIB THERAPY
Viktoria Fuhr* 1, Ehsan Vafadarnejad2, Oliver Dietrich2, Panagiota Arampatzi3, Shanice Heidenreich1, Angela Riedel4,
Antoine-Emmanuel Saliba2, Andreas Rosenwald1, Hilka Rauert-Wunderlich1
1Institute of Pathology, University of Würzburg and Comprehensive Cancer Center (CCC) Mainfranken, 2Helmholtz
Institute for RNA-Based Infection Research (HIRI), Helmholtz-Center for Infection Research (HZI), 3Core Unit Systems
Medicine, University of Würzburg, 4Mildred Scheel Early Career Center (MSNZ), University Hospital of Würzburg,
Würzburg, Germany
Background: Despite the remarkable efficacy of the small molecule ibrutinib in the treatment of mantle cell lymphoma
(MCL), resistance to the Bruton tyrosine kinase (BTK) inhibitor leads to the progression of the rare, incurable mature B
cell neoplasm. Further research is needed to uncover the poorly understood escape mechanisms to provide the basis for
the development of new targeted therapies.
Materials and Methods: We tracked the evolution of the ibrutinib-sensitive MCL cell line REC-1 over ibrutinib treatment
by single-cell RNA sequencing using the 10x Genomics platform. The acquired features of ibrutinib-surviving cells were
further investigated by flow cytometry, extracellular flux analysis, and other molecular biological methods. The small
molecule IACS-010759 targeting oxidative phosphorylation and the monoclonal antibody directed against CD52 in
combination with human serum as a source of complement were tested as ibrutinib add-on therapies. Samples from MCL
patients were included to transfer the findings from cell lines to primary cells.
Results: Besides individual responses of the five detected subpopulations, ibrutinib caused a common upregulation of B
cell receptor genes, triggered a quiescent state, increased expression of CD52, and rendered the REC-1 cells more
addicted to oxidative phosphorylation. When the ibrutinib-sensitive cells were treated with ibrutinib and IACS-010759
simultaneously, apoptosis was enhanced and the cells were efficiently depleted. Following ibrutinib pretreatment, the
surviving MCL cells were more affected by complement-dependent cytotoxicity mediated by the monoclonal antibody antiCD52 in combination with human serum. The increased level of surface CD52 was corroborated in a subset of MCL
patients treated with the BTK inhibitor. The addition of anti-CD52 plus human serum was highly toxic to primary MCL
cells, with a trend towards higher susceptibility observed in some patients after ibrutinib pretreatment.
Conclusion: Minimal residual disease paves the way for ibrutinib relapse in MCL. New approaches are required that
efficiently eradicate the tumor cells, especially those that survive treatment. Anti-CD52 therapy could help as consolidation
treatment to eliminate ibrutinib-surviving clones and thus reduce the risk for minimal residual disease and relapse.
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MONOMORPHIC EPITHELIOTROPIC INTESTINAL T-CELL LYMPHOMA SHOWS A HIGH FREQUENCY OF
PERFORATION AND A WIDE MORPHOLOGIC AND IMMUNOPHENOTYPIC SPECTRUM: A REPORT FROM A
TERCIARY CENTER IN TAIWAN
Shih-Sung Chuang* 1, Ren Ching Wang2
1PATHOLOGY, CHI-MEI MEDICAL CENTER, Tainan, 2PATHOLOGY, China Medical University Hospital, Taichung,
Taiwan
Background: Primary intestinal T or T/NK cell lymphoma (PITL) is rare, comprising enteropathy-associated T-cell
lymphoma (EATL), monomorphic epitheliotropic intestinal T-cell lymphoma (MEITL), extranodal NK/T-cell lymphoma
(ENKTL), anaplastic large cell lymphoma (ALCL), and intestinal T cell lymphoma, NOS (ITCL-NOS). MEITL is composed
of monomorphic medium cells expressing CD8 and CD56, with a cytotoxic phenotype. However, occasional PITLs may
show morphologic and/or immunophenotypic features intermediate between MEITL and ITCL-NOS. In our recent study
using targeted next generation sequencing we found that MEITL cases might comprise medium to large cells and might
be slightly atypical phenotypically. In this study, we report the clinicopathological spectrum of primary and secondary
intestinal T or T/NK cell lymphoma from a tertiary center in Taiwan.
Materials and Methods: We retrospectively searched for intestinal T and NK/T cell lymphoms, either primary or
secondary, at Chi-Mei Medical Center in Taiwan from 2001 to 2021 and reviewed the clinicopathological features.
Results: We identified 77 cases, including 71 primary and six secondary tumors. Perforation occurred in 57 (74%)
patients, including 56 (73%) at presentation and one (1%) after chemotherapy. The primary cases included MEITL (n=48;
68%), ENKTL (n=10; 14%), ITCL-NOS (n=9; 13%), ALCL (n=3; 4%), and EATL (n=1; 1%). Of the primary tumors, the
perforation rate was 90% (43/48), 70% (7/10), and 22% (2/9) in MEITL, ENKTL, and ITCL-NOS cases, respectively
(p<0.0001, Fisher's exact test). Among the 48 cases of MEITL, most cases (75%; n=36) were of typical morphology and
phenotype. Seven (15%) cases were of atypical morphology with larger tumor cells but with typical immunophenotype
(cytotoxic phenotype with co- expression of CD8 and CD56). Five (10%) cases exhibited typical morphology but with
atypical immunophenotype with loss of CD8 and/or CD56 expression. ITCL-NOS cases were composed of pleomorphic
tumor cells with various expression of CD8 or CD56. All METIL, ITCL-NOS and ALCL cases were negative for EBER,
while all ENKTL cases, either primary or secondary, were of cytotoxic phenotype with the majority of neoplastic cells
positive for EBER. The prognosis of primary intestinal T and NK/T-cell lymphoma was poor, with a medium survival of 7.0,
3.3, and 3.7 months among patients with MEITL, ENKTL, and ITCL-NOS, respectively. The single EATL case was an Irish
man immigrated to Taiwan a few decades ago. Of the six secondary cases, the primary tumors included one PTCL-NOS
from skin and five from nasal ENKTL.
Conclusion: There is a wide spectrum of intestinal T and NK/T-cell lymphomas in Taiwan, frequently with perforation.
Clinicopathological correlations are needed for a definitive diagnosis to differentiate primary vs. secondary tumors. MEITL
is the most common type of PITL with a high rate of perforation, and furthermore, there is a wider spectrum of morphology
and immunophenotype.
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MULTIPLEX IMMUNOFLUORESCENCE REVEALS SPECIFIC SUBSETS OF IMMUNE CELL POPULATIONS
EXPRESSING CD137/TNFRSF9 AS PREDICTORS OF UNFAVORABLE OUTCOMES IN HODGKIN LYMPHOMA.
José L. Solórzano* 1, Victoria Menéndez2, Edwin Parra3, Ruth Salazar4, Fernández Sara1, Alejandro Francisco-Cruz5,
Joseph Khoury6, Ignacio Wistuba3, Carlos Montalbán7, Carlos De Andrea8, Juan Fernando García9
1Pathology and Molecular Department, MD Anderson Cancer Center Madrid. Spain, 2Pathology and Molecular
Department, MD Anderson Foundation Madrid. Spain, Madrid, Spain, 3Translational Molecular Pathology Department, MD
Anderson Cancer Center Houston., Houston, United States, 4Pathology Department, South Regional Institution of
Neoplastic Diseases, Arequipa, Peru, 5Pathology Department, National Institute of Cardiology Ignacio Chavez, Mexico
City, Mexico, 6Hematopathology Department, MD Anderson Cancer Center Houston., Houston, United States,
7Hemathology Department, MD Anderson Foundation Madrid. Spain, Madrid, 8Pathology Department, University Clinic of
Navarra, Pamplona, 9Pathology and Molecular Department, Md Anderson Cancer Center. Madrid, Spain. Centro de
Investigación Biomédica en Red de Cáncer (CIBERONC), Madrid, Spain. , Madrid, Spain
Background: Classical Hodgkin's lymphoma (cHL) is one the most cleary examples of tumor microenvironment (TME)
with an interaction between Hodgkin and Reed-Sternberg (HRS) cells and tumor-infiltrating immune cells (TICs) such as
T-cell lymphocytes (TCLs), tumor-associated macrophages (TAMs) and myeloid-derived suppresor cells (MDSC). These
interactions could be relevant for cHL clinical outcomes. Expression of PD-L1 and CD137 have been demonstrated in
HRS cells and is thought to play a role in the reduction of the antitumor response. The co-expression of checkpoints
molecules in HRS cells and TICs have not been elucidated by conventional chromogenic immunohistochemistry (IHC).
Multiplex immunofluorescence (mIF) performed on a single slide associated with automated multispectral image analysis
allow us to phenotype several immune and tumor funtional states.
Materials and Methods: We evaluated retrospectively a total of 30 formali-fixed paraffin-embedded (FFPE) tissues from
lymph nodes biopsies with the diagnosis of cHL. We set up two mIF panels using the Opal chemistry and multispectral
microscopy Vectra Polaris system (AKOYA-Biosciences), in order to interrogate checkpoints expression and myeloidderived supressor cells. The first panel composed by CD30, CD137, PD-L1, PD-1, CD3, and CD68; and second panel
included CD30, CD68, CD11b, CD33, and CD14. The ROIs were selected highlighting the burden of tumor cells with
CD30 by IHC and the analysis were performed using InForm software.
Results: The results showed statistically significant populations related with unfavorable responses and survival:
activated monocytic cells (CD68+ CD137+), the tumor-reactive T cells (CD3+ CD137+), and the tumor CD30+ CD137+
PDL1+ cell subset. By contrast, the CD3+ CD137- T-cell population was associated with better prognosis, suggesting that
CD137 could be a new prognostic marker in cHL for poor outcomes. Moreover, some cell subsets that could not be
studied until now due to lack of appropriate technology were found to be more abundant in the first stages of the disease,
whereas others were less abundant than in stage IV.
Conclusion: Multiplexing analysis is crucial to evaluate predictive and prognostic populations in the TME. In our
cohort we found that the presence of CD137 in cHL microenvironment determines worse prognosis.
References: 1. Menéndez V, Solórzano JL, et al. The Hodgkin Lymphoma Immune Microenvironment: Turning Bad News
into Good. Cancers (Basel). 2022 Mar 7;14(5):1360. doi: 10.3390/cancers14051360. PMID: 35267668; PMCID:
PMC8909875.
2. Wharton, Keith A Jr et al. “Tissue Multiplex Analyte Detection in Anatomic Pathology - Pathways to Clinical
Implementation.” Frontiers in molecular biosciences vol. 8 672531. 27 Jul. 2021, doi:10.3389/fmolb.2021.672531.
3. PangWL, HoWT, et al.Ectopic CD137 expression facilitates the escape of Hodgkin and Reed-Sternberg cells from
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Background: Peripheral T-cell lymphomas (PTCL) are a heterogeneous group of rare lymphoid malignancies derived
from mature T cells. With current treatment options, the majority of patients do not achieve remission or experience
relapse after completion of therapy, generally with dismal outcome. Mechanisms of progression and relapse remain
elusive and predictive biomarkers do not exist. Despite recurrent mutations in genes involved in DNA methylation like
DNMT3A, TET2 or IDH2, no genome-wide DNA methylation profiling has been reported yet in an extended patient cohort
particularly not from patients treated within clinical trials.
Materials and Methods: Within the European TransCan project, we aim at a multi-omics characterization including DNA
whole exome sequencing (tumor and germline), RNA sequencing and DNA methylation profiling of samples from patients
with PTCL who were treated in 2 prospective randomized European clinical trials ACT-2 (Wulf G, Leukemia 2021) and
AATT (Schmitz N, Blood 2021). Results will be validated in independent cohorts. Here, we present first results of the
comprehensive characterization of the DNA methylation landscape in clinical trial patients. To this end, Illumina
MethylationEPIC array analysis was conducted in 93 PTCLs tumor samples. The main entities in this study include AITL
(43/93, 44%), PTCL-NOS (27/93, 29%) and ALK-negative ALCLs (11/93, 12%).
Results: DNA methylome profiles of PTCL tumor samples were compared to non-malignant T cell populations of defined
differentiation stages. Unsupervised analysis of malignant and benign samples revealed three distinct epigenetic PTCL
subgroups partially correlating with diagnosis. Subgroup 1 mainly included AITLs (69%) while in subgroup 3 we
predominantly detected PTCL-NOS (63%). Subgroup 2 showed an almost equal distribution of subtypes (35% AITL and
28% PTCL-NOS). DNA methylation data was exploited to calculate the biological (epigenetic) age using a range of
different algorithms (“epigenetic clocks”). Divergences between chronological (real) and biological (epigenetic) age is a
recognized proxy of any kind of pathological condition. Identified subgroups strongly correlated with the epigenetic age.
Conclusion: We conclude that the identification of epigenetic subgroups and biomarkers could become an important step
to understand and optimize treatment response in these biologically heterogeneous entities. Our first results from this
ongoing study show that DNA methylation analysis in samples before treatment have a potential to provide an important
layer of genetic information to support classification and predict clinical behavior in PTCL.
References: Wulf GG, et al., ACT-2 study investigators. Alemtuzumab plus CHOP versus CHOP in elderly patients with
peripheral T-cell lymphoma: the DSHNHL2006-1B/ACT-2 trial. Leukemia. 2021, PMID: 32382083.
Schmitz N, et al., A randomized phase 3 trial of autologous vs allogeneic transplantation as part of first-line therapy in
poor-risk peripheral T-NHL. Blood. 2021, PMID: 33512419.
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Background: Follicular lymphomas (FL) are among the most common indolent B cell neoplasias and are incurable with
conventional chemotherapy. They are predominantly diagnosed in systemic clinical stages III and IV (sFL, approximately
85%), contrasting with only 15% of localized FL stages I and II (lFL). Available global genetic analyses of FL are mainly
based on sFL samples, but initial comparative analyses of sFL and lFL have indicated genetic differences including a
lower frequency of the hallmark t(14;18) translocation and underlying gene expression data in FL.
Materials and Methods: We analyzed a large cohort of lFL and sFL for their copy number alterations (CNAs) and
somatic mutations based on an OncoScan CNV Assay and whole-exome sequencing (WES). In addition, fluorescence insitu hybridization was performed informing on translocations involving BCL2, MYC and BCL6 in lFL. For CNA analysis,
genomic DNAs of 147 lFL and 6 in-situ follicular neoplasias (ISFNs) from formalin-fixed paraffin embedded and freshfrozen tissue were measured, as well as from 122 sFL samples for comparison. For WES, 170 samples were sequenced,
including 140 lFL, 6 ISFNs and a comparative cohort of 24 sFL samples. For calling gains, losses and copy-number
neutral loss of heterozygosity, CNA data were evaluated using ChAS, v4.1, ASCAT and GISTIC, v2.0 algorithm. WES
was measured on the Illumina HiSeq platform with 150 bp paired-end reads. WES analysis combined several tools and
public databases to call recurrent somatic mutations, including HISAT2, GATK, Mutect and MutSig2CV.
Results: Translocations affecting BCL2 were found in 48.6% (68/140) of lFL and 70.8% (17/24) sFL. Only 9.1% (3/33) lFL
revealed a BCL6-translocation, while no MYC-breaks were found (0/38). CNA data revealed recurrent lesions in FL,
including losses in 1p36, 6q and 10q as well as common gains in 2p16, 6p, 7 and 12q. In addition, focal gains and losses
affecting small specific sets of potential target genes in 1q23.1, 7p12.2, 11q24 (gains) and in 8p11 (loss), both within lFL
and sFL were identified. Irrespective of slight differences in frequency, the CNA and mutation profiles of lFL and sFL were
similar. However, significant differences in the mutation frequency in ARID1A, with an increased number of mutations in
sFL compared to lFL (27% vs. 5%, p=0.00014) were seen. Notably, BCL2-translocation positive FL showed significantly
more frequent mutations in KMT2D (64% vs. 32%, p= 9.7E-05) and BCL2 (66% vs. 16%, p=1.9E-09).
Conclusion: Considering the highly variable clinical courses of patients suffering from FL, improved knowledge of genetic
heterogeneities is of pivotal impact to identify FL subtypes, to understand their molecular pathogenesis and to improve
treatment decisions.
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Background: Several G protein coupled receptors (GPR) are recurrently affected by genetic changes in extranodal
marginal zone lymphoma of mucosa-associated lymphoid tissues (MALT lymphoma). Among them, GPR34 is targeted by
both IG::GPR34 and mutation, preferentially in salivary gland MALT lymphoma, occurring in ~16% of cases. While CCR6
mutation occurs across different sites (salivary gland, stomach, thyroid) of MALT lymphoma albeit at a low frequency.
Majority of the GPR34 and CCR6 mutations result in truncated products lacking the phosphorylation motif critical for
receptor desensitization. However, their molecular action has not been characterized. In addition, it remain to be
investigated whether these receptor signaling are also activated in MALT lymphoma independent their genetic change.
Materials and Methods: We generated isogenic Flp-InTRex293 cell lines that stably expressed a single copy of GPR34
or CCR6, or their various mutants, and performed a range of in vitro experiments including colony formation, apoptosis,
migration and reporter assays. We also investigated the expression of GPR34, CCR6, and their ligands in MALT
lymphoma and associated chronic inflammatory lesions by immunohistochemistry.
Results: We showed that the GPR34 Q340X truncation, but not R84H and D151A mutants conferred a significantly
increased resistance to apoptosis, and greater transforming potential than the GPR34 wild type. The GPR34 truncation
mutant had a significantly delayed internalization than the wild type following ligand (lysophosphatidylserine) stimulation,
and also substantially activated CRE, NFkB and AP1 reporters, particularly in the presence of ligand stimulation.
Importantly, phospholipase-A1 (PLA1), which catalyzes the synthesis of lysophosphatidylserine from phosphatidylserine,
was abundantly expressed in the duct epithelium of salivary glands and those involved in lymphoepithelial lesions
(LELs). These findings advocate a model of paracrine stimulation of malignant B-cells via GPR34, in which PLA1 is
released by LELs, and hydrolyzes the phosphatidylserine exposed on apoptotic cells, generating lysophosphatidylserine,
the ligand for GPR34. Furthermore, GPR34 expression was independent of its genetic changes albeit more variable in
cases without GPR34 translocation/mutation.
Similarly, CCR6 mutations impaired CCR6 receptor internalization, were more potent in apoptosis resistance, malignant
transformation, migration and intracellular signaling, particularly in the presence of ligands CCL20, HBD2 (human beta
defensin 2) and HD5 (human alpha defensin 5). HBD2 and CCL20 were constitutively expressed in the duct epithelial
cells of salivary glands, and also those involved in LELs in salivary gland MALT lymphoma. While in the gastric setting,
HBD2, and HD5, to a less extent CCL20, were highly expressed in epithelial cells of pyloric and intestinal metaplasia
respectively including those involved in LELs. Furthermore, high levels of CCR6 expression were seen in the vast majority
of MALT lymphoma, independent of its mutation status.
Conclusion: Our findings suggest that GPR34 and CCR6 signaling are most likely operative in MALT lymphoma,
independent of their genetic changes. The observations explain why the emergence of malignant B-cells and their clonal
expansion in MALT lymphoma are typically around LELs, linking the innate immune responses to lymphoma genesis.
References: Korona B et al, Blood 2022; 139:2186-97
Korona B et al, Haematologica Online ahead of print
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Background: Diffuse large B-cell lymphoma (DLBCL) is the most common non-Hodgkin lymphoma subtype. Although
immunochemotherapy based on rituximab (Rtx) regimens has improved patients’ survival, the percentage of DLBCL
patients refractory to standard therapy or that relapse is still too high. We have previously proposed a two-step genetic
DLBCL classifier (2-S), with prognostic value, to stratify DLBCL into the recently identified genetic subtypes (N12-S, EZB2-S,
MCD2-S, BN22-S, and ST22-S) (Pedrosa et al. 2021). We hypothesize that this new genetic classification could be the basis
for a more effective precision medicine development in DLBCL.
Our goals are: i) to determine the relevance of genetic subtypes on DLBCL-cell lines drug responses in vitro; and ii)
analyze the role of intercellular interactions in drug sensitivities by performing drug screenings in 2D suspension and 3D
spheroid cell cultures, co-cultured or not with follicular dendritic cells.
Materials and Methods: A custom sequencing panel including 78 genes related to DLBCL pathogenesis was used to
characterize eighteen DLBCL-derived cell lines using the 2-S algorithm. The cell of origin was established by
immunohistochemistry by the Hans’ algorithm. BCL2, BCL6, and C-MYC translocations were analyzed by fluorescence in
situ hybridization (FISH). Drug screenings were carried out in selected cell lines, representing the different genetic
subtypes, using: Rtx, Lenalidomide (Lena), PI3K (ETP-992), PIM (ETP-995) and NOTCH1 inhibitors (i) (CB-103 and PF03084014). The assessment of drug responses was carried out in conventional 2D suspension cell cultures and
maleimide-functionalized polyethylene glycol-based 3D spheroids with integrin α4β1 binding REDV. After treatment for
24h (Rtx), 72h (ETP-992, ETP-995, CB-103 and PF- 03084014) or 96h (Lena), the half-maximal growth inhibitory
concentration (GI50) for each drug was determined.
Results: Our results (see Table 1) showed that the sensitivities to the different compounds depended on the growth
conditions. Rtx and Lena required the cellular interactions (with or without YK6 cells) to be effective and this effect was
more noticeable in MCD, EZB and ST2 genotypes. All cell lines tested were sensitive to PIMi in 2D cultures, but the coculture with YK6 cells decreased their sensitivity in most cell lines. The responses to PI3Ki and NOTCHi were variable,
depending both on genetic subtypes and growth conditions. For example, the presence of YK6 cells in HBL1 3D cultures
increased their resistance to PI3Ki and CB-103. Therefore, intercellular interactions seem relevant for cell lines drug
responses in vitro.
Image / figure:
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Conclusion: In conclusion, due to the differences observed in drug sensitivity depending on the cell lines growth
conditions, we propose the use of spheroids recapitulating the 3D structure as a more physiologic model to test drug
sensitivities in vitro. The diverse drug responses observed in the different genetic subtypes, support the relevance of the
genetic background in response to therapy and, therefore, backing that DLBCL genetic subtypes could be the backbone
of establishing new clinical strategies for personalized medicine.
References: Pedrosa, L., et al (2021). Proposal and validation of a method to classify genetic subtypes of diffuse large B
cell lymphoma. Scientific Reports, 11(1). https://doi.org/10.1038/s41598-020-80376-0
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Background: Deletions in chromosomes 1p, 6q and 17p have repeatedly been associated with inferior clinical survival in
systemic follicular lymphoma (sFL). However, a comprehensive analysis of these alterations has not yet been performed
in localized-stage FL (lFL). Considering the hallmark translocation t(14;18), lFL differs significantly from sFL with only
about 50% of samples harbouring BCL2 rearrangements vs. about 85% in sFL. The prognostic impact of BCL2
translocations in lFL, however, is still unknown.
Materials and Methods: To gain more insight into the molecular diversity of lFL and sFL and the impact of molecular
cytogenetic alterations on prognosis, fluorescence in situ hybridization (FISH) was performed in 144 LFL and 527 SFL
with special interest regarding the frequency of BCL2 translocations, deletions in chromosomes 1p, 6q and 17p and the
prognostic impact of these alterations in in both lFL and sFL (treated with or without rituximab).
Results: The frequency of chromosomal deletions in 1p and 17p was comparable between lFL and sFL, while 6q
deletions and BCL2 translocations occurred more frequently in sFL. A higher proportion of 1p deletions was seen in BCL2
translocation-positive lFL compared to BCL2 translocation-negative lFL. Deletions in chromosomes 1p, 6q and 17p
predicted inferior outcome of patients with sFL in the entire cohort, while only deletions in chromosome 1p retained a
negative prognostic impact in R-CHOP treated sFL. In contrast, no single deletion in one of the investigated genetic loci
predicted clinical outcome in lFL. Likewise, presence or absence of BCL2 translocations had no prognostic impact in lFL.
However, a small proportion of BCL2-negative lFL patients had a very early progression within 2 years. On the other
hand, late events (≥ 11 years after diagnosis) were exclusively observed in BCL2-positive lFL.
Conclusion: BCL2 translocation and 6q deletion frequency differs between lFL and sFL and probably might contribute to
distinct genetic profiles. More detailed investigations, however, are needed to elucidate similarities and differences of lFL
and sFL and to find out whether lFL follow evolutionary paths comparable to sFL or should be viewed as a closely related,
yet different, disease.
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Background: We had previously shown that the prognostic value of immunohistochemical (IHC) tumor infiltrating
lymphocytes (TILs) markers in follicular lymphoma (FL) was circumvented by rituximab (R) treatment, although there was
a trend for high numbers of CD3+ TILs as well as high expression of PD1 staining to correlate with better progression free
survival (PFS). However the follow-up of this latter study was only 5 years, and the long term follow up of TILs prognostic
correlations has never been extensively studied.
Materials and Methods: We report herein a 10 years follow-up (y-FU) update of these correlations in a large series of FL
samples from rituximab-treated patients enrolled in the randomized PRIMA trial. IHC had been previously quantified using
automated image analysis in 417, 287, 418, 406, 379, and 369 patients for CD3, CD4, CD8, PD1, ICOS, and FOXP3;
respectively. The corresponding mRNA transcripts had been quantified from 148 patients using RNAseq.
Results: When an optimal IHC cut-off value was applied to the whole population, the better PFS from induction
associated with high CD3 counts at 5 y-FU (p=0.011) was no longer visible at 10 y-FU, although a trend remained
(p=0.054). The increased rate of PFS events at 10 y-FU was 3.2% (n=5) and 8% (n=21) in the subgroups of pts with low
CD3 counts (n=155) and with high CD3 counts (n=262), respectively. The favorable prognostic value of high PD1 counts
at 5 y-FU (p=0.044) was no more observed at 10 y-FU (p=NS). The status of other TIL markers (CD4, CD8, ICOS,
FOXP3), which were devoid of prognostic value at 5 y-FU, remained unchanged at 10 y-FU. However when considering
only R-maintenance arm pts (n=177), the favorable influence of high CD3 counts which had been observed at 5 y-FU
(p=0.023) was still present at 10 y-FU (p= 0.030) (Fig.1). Interestingly, a better PFS associated to the R-maintenance
treatment was only visible in pts with high CD3 counts (n=236; p=0.0036) but not in pts with low CD3 counts (n=140;
p=0.28). A similar correlation was observed for pts with high CD8 counts (n=305; p=0.0069) but not in pts with low CD8
(n=75; p=0.064). In contrast, pts with high FOXP3 counts (n=169) had no benefit of rituximab maintenance whereas pts
with low FOXP3 counts (n=164) had a better PFS when treated by R-maintenance (p=0.017).
In accordance with the IHC data, RNAseq analysis in the 148 available patients showed that the significant correlation
between high levels of CD3 transcripts and better PFS which had been found at 5 y-FU (p=0.001), was still present in a
much lesser extent at 10 y-FU (p=0.01). Besides, the favorable influence of high CD8 transcripts at 5 y-FU remained
significant at 10 y-FU (p=0.037 and p=0.021, respectively).
Image / figure:
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Conclusion: Overall, this 10 y-FU update confirms the lack of robustness of TILs single IHC markers, and further argues
against their usefulness as prognostic tools in the routine practice. However, these data also suggest a significant
biological influence of CD3+ TILs on the efficacy of R-maintenance regimens in FL pts, especially CD8+ and FOXP3+
TILs, which are likely to foster and hamper R-maintenance effects, respectively.
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Background: There is growing evidence for the role of patient-specific genetic factors in the development of therapyrelated hematologic malignancies (tHM), including age-related clonal hematopoiesis. In children, tHM are uncommon, and
many are driven by genetic driver events independent of clonal hematopoiesis, including KMT2A rearrangements1,2 and
Ras/MAPK, RUNX1 and TP53 alterations.2. Such alterations have been shown to be detectable in pre-tHM bone marrow
samples.3 In light of these recent data, we sought to understand clinical and genetic factors of pediatric tHN in a large
independent cohort to help inform interventions.
Materials and Methods: tHM were retrospectively identified from two large tertiary-care pediatric institutions (Dmitry
Rogachev National Medical Research Center; Children’s Hospital Los Angeles). Available clinicopathologic and genetic
data were reviewed.
Results: We identified 59 patients with tHM (58% male). Primary malignancies (diagnosis at median patient age of 4.3
years, range 0-17 years) included hematologic (25/42.4%: 13 ALL, 4 AML, 5 mature B-cell lymphoma, 3 other), solid
(22/37.3%: 7 neuroblastoma, 7 Ewing sarcoma, 3 rhabdomyosarcoma, 5 other) and central nervous system (12/20.3%: 6
medulloblastoma, 6 other) origins. Median time from primary malignancy to tHM was 3.5 years (range 1-12 years). tHM
included myeloid neoplasms (tMN, 40/67.8%: 39 AML, 1 MDS) and lymphoblastic leukemia (tALL, 19/32.2: 13 B-ALL, 4 TALL, 2 ALL not otherwise specified). KMT2A rearrangements characterized 28 (47.5%) of the overall cohort (22 AML, 5 BALL, 1 T-ALL). Among the 23 non-KMT2A-rearranged tHM, 7 (30.4%) had MDS-associated cytogenetic abnormalities
[complex karyotype, monosomy 7, del(5q)] and/or evidence of TP53 alterations [del(17p)]. Among the 39 patients where
TP53 exons 5-8 were Sanger sequenced, pathogenic variants were detected only in 2 cases (р.Y220C, p.C176Y), both
without KMT2A rearrangement.
Conclusion: We describe the clinicopathologic and cytogenetic features of one of the largest cohorts to date of pediatric
tHN. One third of patients had lymphoblastic phenotype. Our cohort confirms frequent KMT2A rearrangements and
lymphoblastic leukemia phenotype, and shows relatively low burden of traditional tHN-associated cytogenetic
abnormalities among non-KMT2A-rearranged cases, implying the presence of other molecular drivers. Unlike adult
cohorts, TP53 mutations were rare. Ongoing study directions focus on identification of these other genetic drivers by DNA
and RNA sequencing to corroborate and extend existing reports.
References: 1 Aguilera DG, Vaklavas C, Tsimberidou AM, Wen S, Medeiros LJ, Corey SJ. Pediatric therapy-related
myelodysplastic syndrome/acute myeloid leukemia: the MD Anderson Cancer Center experience. J Pediatr Hematol
Oncol 2009;31(11):803-11.
2 Schwartz

JR, Ma J, Kamens J, et al. The acquisition of molecular drivers in pediatric therapy-related myeloid neoplasms.
Nat Commun 2021 Feb 12;12(1):985.
3 Spitzer

B, Rutherford KD, Gundem G, et al. Bone marrow surveillance of pediatric cancer survivors identifies clones that
predict therapy-related leukemia. Clin Cancer Rees 2022;28(8):1614-1617.
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Background: Diffuse large B cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin lymphoma. In addition
to conventional chemotherapy, immunotherapy has been introduced for the treatment of lymphomas. Although some
patients with DLBCL show a positive response to immunotherapy, there are still many who do not respond to this
treatment. Some DLBCLs expressing PD-L1 in immunostaining do not respond to immunotherapy targeting the PD-1/PDL1 axis. This suggests that various immune checkpoints are complicatedly intertwined in the composition of the tumor
microenvironment of DLBCLs. To increase responsiveness to immunotherapy, it is necessary to comprehensively
understand the expression of various immune checkpoint genes in DLBCL.
Materials and Methods: Ninety-eight patients with DLBCL were enrolled in this study. We performed NanoString assay
in all patients to investigate RNA expression of 579 human immune signature genes (nCounter® Human Immunology V2
Panel). NanoString assay results were analyzed mainly for immune checkpoint genes. Based on these results, we
performed additional immunohistochemistry for LAG3 and PD-L1 and compared the results with expression in NanoString
assay.
Results: As a result of hierarchical clustering of NanoString assay, 98 DLBCLs were classified into three tumor immune
microenvironment clusters: Cluster A (n = 25), Cluster B (n = 26), Cluster C (n = 45). One DLBCL was unclassifiable.
Expression of representative immune checkpoint genes in each cluster was investigated. Most immune checkpoint genes,
such as CD274 (PD-L1), CD28, CTLA4, ICOS, and IDO1, showed the highest expression in cluster A and the lowest in
cluster C. However, among the immune checkpoints, the expression of LAG3 alone was the highest in cluster C and the
lowest in cluster A, showing an expression pattern opposite to that of other immune checkpoint genes. In Cluster A, the
expression of genes related to T-lymphocytic activity such as CD8A and GZMB was increased. In Cluster C, the
expression of genes related to immune activity was the lowest, but the expression of genes related to major
histocompatibility complex molecules such as HLA-DQA1 was the highest. PD-L1 immunostaining results (combined
positive score) did not show a significant correlation with CD274 expression, but LAG3 immunostaining results (LAG3positive cells (%)/total cells) showed a positive correlation with LAG3 expression.
Conclusion: The tumor immune microenvironment of DLBCL can be classified into three clusters. Cluster A had high
immune activity and high expression level of most immune checkpoint genes. Although Cluster C had low immune activity
and immune checkpoint gene expression levels, it had an elevated LAG3 expression level. These findings suggest that
the expression of LAG3 in Cluster C inhibits the antitumor immune reaction by interfering with antigen display by antigen
presenting cells. In addition, the finding that the expression pattern of LAG3 is opposite to that of many other immune
checkpoint genes suggests that the combination of anti-LAG3 inhibitors and other immunotherapeutic agents has the
potential to increase the responsiveness of immunotherapy in patients with DLBCL.
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CLINICAL, HISTOPATHOLOGICAL AND MOLECULAR CHARACTERIZATION OF MANTLE CELL LYMPHOMA
PRESENTING AT MALT SITES
Sara Fraticelli* 1, Marco Lucioni1, 2, Roberta Sciarra1, 3, Roberta Riboni2, Silvia Zibellini3, Arturo Bonometti1, 4, Monica Feltri1,
2, Giuseppe Neri1, 2, Giuseppina Ferrario 2, Luca Arcaini1, 3, Davide Rossi5, Marco Paulli1, 2
1Department of Molecular Medicine, University of Pavia, 2Unit of Anatomic Pathology, 3Division Of Hematology, San
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Background: Mantle cell lymphoma (MCL) represents an heterogeneous spectrum of diseases, including aggressive
entities and more indolent forms. Recently a novel putative subset of MCL presenting with predominant extranodal
disease and frequent involvement of mucosa-associated lymphoid tissues (MALT-MCL) has been described. This subset
showed a more indolent course and favourable prognosis when compared with classical nodal MCL (CNMCL). Herein we
collected and analysed the clinical, pathological and molecular data of a series of MCL patients with MALToma-like
presentation.
Materials and Methods: We selected a series of 12 patients with MCL presenting at extranodal MALT sites without
lymphadenopathies. All cases were tested for the presence of MCL and MZL-associated translocations. IgHV gene
rearrangements were tested by means of PCR for FR1 and FR2 and amplicons were directly sequenced. Molecular
analysis by means of targeted next generation sequencing (NGS) were conducted. Progression-free survival (PFS) and
overall survival (OS) were estimated using the Kaplan-Meier method. Differences between groups were evaluated by the
Chi-square test or t test (Fisher exact test). Statistical significance was considered for p-value <0.05.
Results: Median age at initial diagnosis was 58 years with a slight male prevalence. Nasopharynx and Waldeyer’s ring
were involved in 5 patients, gastrointestinal tract in 3 patients, salivary glands and ocular adnexa in 2 patients each
and maxillary sinus in 1. Only 1 patient presented at diagnosis with involvement of 2 different extranodal sites.
Histopathologically 10 cases showed classical citology whereas 2 cases had a pleomorphic one. All cases carried cyclin
D1 overexpression and/or translocation, whereas MZL-associated translocation were uniformly negative. IGHV clonal
rearrangements were detected in 8 patients, IGHV3 being the most frequently rearranged family. 2 cases carried truly
unmutated rearrangements, 4 minimally mutated and 2 highly mutated rearrangements. All cases with Waldeyer’s
involvement carried an unmutated IGHV3 rearrangement. Targeted NGS showed at least one mutation in 9/11 samples.
Median mutation load was 2 mutations per patient. Most frequently mutated genes were ATM and PLCG2, mutated in 2
patients each with a mutually exclusive pattern. No TP53 mutation was found. All patients were treated, with 7 patients
achieving a complete response, and 5 showing a partial response. Four patients experienced isolated extranodal relapse.
At median follow-up of 12 years, median overall survival was 11.3 years and median progression free survival was not
reached; 10-yrs OS and PFS were 61% and 56%, respectively. Despite not statistically significant (P=0.07), in our cohort,
Waldayer’s ring involvement was associated with an increased number of deaths for disease and a slightly shorter 10
years overall survival (33% vs 100% in patients lacking Waldayer’s ring involvement). All the other clinical, pathological
and molecular factors did not show any statistically significant prognostic impact.
Conclusion: Our findings seem to confirm that this novel putative subtype of MCL shows a more indolent clinical course,
even though its histopathologic features, IGHV rearrangements and mutational landscape are partially overlapping with
CNMCL. In particular the IGVH rearrangements features and clinical course seem to suggest that MCL presenting at
Waldayer’s ring might be more closely related to CNMCL than other cases.
References: Morello L et al. Hemasphere. 2019 Dec16;4(1):e302.
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BROMODOMAIN AND EXTRA-TERMINAL MOTIF (BET) INHIBITORS INDUCE DOWNREGULATION OF THE NFKAPPAB PATHWAY IN HODGKIN AND REED STERNBERG CELLS
Sara Fernández* 1, Eva Díaz1, Juan F García1, 2
1Translational Research, MD Anderson Cancer Center, 2Centro de Investigación Biomédica en Red de Cáncer
(CIBERONC, CB16/12/00291), Madrid, Spain
Background: The study of genomic heterogeneity in classic Hodgkin lympoma (cHL) has shown that Hodgkin and Reed
Sternberg (HRS) cells frequently have simultaneous and aberrant activation of signaling pathways such as JAK/STAT,
MAPK/ERK and NF-kB pathways. In addition, previous studies identified single nucleotide variants (SNVs) in epigenetic
regulator genes such as CREBBP or EP300. In this context, the interest for different epigenetic targets is increasing since
epigenetic dysregulation plays an important role in the dysregulation of gene expression patterns in different
hematological malignancies. In particular, there is increasing clinical interest in the Bromodomain and Extra-Terminal
motif (BET) family of proteins because they are well-known major transcriptomic regulators in cancer cells. BET inhibitors
(iBET) prevent protein-protein interaction between BET proteins and acetylated histones and transcription factors.
The aims of this work are:
1. To explore the therapeutic potential of BET inhibitors in the cHL model
2. To explore how the inhibition of BET affects other molecular mechanisms and signaling pathways in Hodgkin
lymphoma cell lines.
Materials and Methods: We use in vitro techniques to validate the potential therapeutic utility of iBET. To determine the
optimal in vitro conditions, we use two different iBET: JQ1 and I-BET762. JQ1 is a small molecule with high specificity for
BET family proteins and I-BET762 is a novel benzodiazepine. Both compounds selectively binds and mask the acetyllysine binding pockets.
To identify general molecular mechanisms and biological effects in HRS cells we use whole transcriptome analyses (Ion
AmpliSeq Transcriptome Human Gene Expression Kit, TermoFisher) after JQ1 treatment. Pathway analyses were done
using specific bioinformatics software (TcGSA).
NF-kappaB pathway downregulation was further studied using protein arrays (Proteome Profiler Human NFkB Pathway
Array, R&D systems) and validated with immunohistochemistry techniques.
Results:
1. BET inhibitors induced dose-dependent decreases in viability of all cHL cell models.
2. Besides C-MYC downregulation, JQ1 also induce general downregulation of many relevant signaling pathways,
NF-kappaB among others.
3. Specific mechanisms of NF-kappaB downregulation included silencing of: CD40, IRF5, Fas and TNFRSF1B,
among others.
4. In agreement, this effect was synergistically potentiated by combination of BET inhibition with NF-kappaB
inhibition.
Conclusion: We validated BET inhibitors as rational therapeutic targets in Hodgkin lymphoma. BET inhibition induces
marked downregulation of the NF-kappaB pathway, consistent with potential synergies. Taken together, these data
strongly suggest that BET inhibitors may allow for novel therapeutic strategies in the treatment of cHL.
References:
1. Küppers R. The biology of Hodgkin's lymphoma. Nat Rev Cancer. 2009;9(1):15-27.
2. Mata E, Díaz-López A, Martín-Moreno AM, et al. Analysis of the mutational landscape of classic Hodgkin
lymphoma identifies disease heterogeneity and potential therapeutic targets. Oncotarget. 2017;8(67):111386-111395.
3. Abedin SM, Boddy CS, Munshi HG. BET inhibitors in the treatment of hematologic malignancies: current insights
and future prospects. Onco Targets Ther. 2016;9:5943-5953.
4. Zhou S, Zhang S, Wang L, et al. BET protein inhibitor JQ1 downregulates chromatin accessibility and suppresses
metastasis of gastric cancer via inactivating RUNX2/NID1 signaling. Oncogenesis. 2020;9(3):33.
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Background: Nodal T follicular helper lymphomas (TFH-PTCL) are a heterogeneous group of lymphomas derived from
TFH cells. TFH-PTCLs are often accompanied by an expansion of B-immunoblasts, commonly EBV-infected, occasionally
with Hodgkin/Reed-Sternberg-like (HRS-like) features. In such cases, the differential diagnosis with classic Hodgkin
lymphoma (CHL) is challenging. This distinction is essential, as treatment and prognosis differ.
Materials and Methods: Twenty-seven lymph node samples from 25 patients classified as TFH-PTCL with HRS-like cells
(n=14) or CHL (11 mixed cellularity; 2 lymphocyte rich) according to the criteria of the WHO classification were selected
with the aim to compare the morphological, immunophenotypic and molecular features - including clonality and targeted
deep sequencing (NGS) analyses – of the 2 groups.
Results: Overall, 18/30 patients were male, median age at diagnosis was 68 (IQR 53-78) and 56% presented with
advanced disease. TFH-PTCL patients were older (median age 68 vs 60 yrs). Main results are summarized in table 1.
Both TFH-PTCL and CHL comprised scattered cells consistent with HRS cells. Compared to CHL, TFH-PTCL disclosed
more frequent sparing of the subcortical sinus (8/14 vs 1/8), clear high-endothelium venule (HEV) proliferation (10/14 vs
1/13), dendritic cell (FDC) meshwork expansion (9/14 vs 0/13), unequivocal T-cell atypia (6/14 vs 0/13), or aberrant T-cell
immunophenotype (CD7 loss in 4/14 vs 0/13). HRS-like and HRS cells were CD30+ in all cases, often CD15+ (57% vs
77%) and EBV infected (86% vs 46%). There was variable loss of B-cell marker expression in both groups, but statistically
more frequently preserved expression of CD79a, CD19 and OCT-2 in the HRS-like cells of TFH-PTCL. In both groups, the
T-cell infiltrate was predominantly CD4+/CD8-, with expression of at least 2 TFH markers (100% of TFH-PTCLs vs 77% of
CHLs). The most useful TFH-marker (among CD10, PD1, ICOS, CXCL13 and BCL-6) to distinguish TFH-PTCL from CHL
was CD10, which was positive in 86% of TFH-PTCL (neoplastic cells) but only one CHL (reactive T-cells). Eleven of 14
TFH-PTCL (79%) contained CD30+ neoplastic TFH cells while CD30 expression was mostly restricted to HRS cells in
CHL cases (11/14 vs 0/12, p<0.001). A monoclonal TR-rearrangement was detected in 80% of TFH-PTCL, but in none of
CHL. Monoclonal IG-rearrangements were found in both groups (25% of TFH-PTCL vs 40% of CHL). All 13 TFH-PTCL
samples with NGS data had TET2 and RHOA mutations; 3 had associated DNMT3A mutations and 1 had DNMT3A and
IDH2 mutations. Among the 13 CHL, 3 presented TET2 mutations, but none had DNMT3A, RHOA or IDH2 mutations.
Image / figure:

88

Conclusion: TFH-PTCL and CHL may disclose overlapping pathological features, including similar immunophenotype of
HRS and HRS-like cells’; and a TFH-rich milieu in CHL. Especially, expression of more than 2 TFH markers is a common
feature of both lymphomas and should not be solely used to support a diagnosis of TFH-PTCL in this context. Among
immunophenotypic criteria, CD10 and CD30 expression by T cells support a diagnosis of TFH-PTCL. NGS proved very
useful and more sensitive than clonality studies, as TET2 and RHOA mutations were found in all TFH-PTCL, including
those where a monoclonal TR gene rearrangement was not identified. However, while RHOA mutation was specific for
the diagnosis of TFH-PTCL, TET2 mutations were found in both TFH-PTCL and CHL (the latter likely related to clonal
hematopoiesis) and thus should not be overinterpreted as diagnostic of either entity.
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DETECTING CLONALITY IN MANTLE CELL LYMPHOMA (MCL) SUBJECTS USING NGS IGH FR1 ASSAYS
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Background: Mantle Cell Lymphoma (MCL) is an aggressive B-cell disease and clonality based detection within the
immunoglobulin heavy chain (IGH) rearrangement is one of the common methods to diagnose MCL. Historically, this has
been achieved by PCR with detection by capillary electrophoresis or Sanger sequencing. We have developed a one-step
PCR IGH FR1 assay and software for Illumina’s MiSeq™ and NextSeq™ instruments that allows sample multiplexing and
simultaneous detection of clonality in subjects in a single instrument run. This pilot study presents a comparison of MCL
clonality testing results from two laboratories. Invivoscribe’s IGH FR1 assays were used to compare results using paired
peripheral blood (PB) and bone marrow (BM) samples, on both MiSeq and NextSeq instruments at Invivoscribe and the
Hospital Universitario de Salamanca on the MiSeq.
Materials and Methods: Residual DNA from different specimen types (42 PB, 26 BM and 5 FFPE) were obtained from
anonymized 48 MCL subjects that had been enrolled in a study approved by the Spanish Group of Lymphoma and
Autologous Stem Cell Transplantation (clinical trial: NCT02682641, publication reference: 10.1200/JCO.21.02321). The
Research Use Only (RUO) LymphoTrack® IGH FR1 Assay - MiSeq and the CAP/CLIA B-cell MRD Assay on NextSeq
assays amplify the DNA by PCR between the primers that target the conserved V and J regions of the IGH genes. These
amplicons were then purified and an equimolar library pool was created for MiSeq or NextSeq sequencing. Results from
Invivoscribe were generated using the (RUO) LymphoTrack IGH FR1 MiSeq and CAP/CLIA NextSeq assays while results
from Salamanca lab were generated by Sanger sequencing or the CE-IVD LymphoTrack Dx IGH FR1 Assay.
Results: When comparing clonal calls and V-J rearrangements between paired PB and BM samples from 23 MCL
subjects, the LymphoTrack (Dx) IGH FR1 Assays on MiSeq resulted in 100% concordance between the sample
types. Both LymphoTrack (Dx) IGH FR1 MiSeq and B-cell MRD NextSeq assays detected 24 clonal and 1 non-clonal
from the BM samples from 25 MCL subjects, yielding 100% concordance. A lab-to-lab comparison demonstrated 95.1%
agreement for clonal call and V-J rearrangement when testing multiple specimen types (BM, PB and FFPE) from 41
subjects.
Conclusion: The LymphoTrack IGH FR1 Assay - MiSeq and the IGH FR1 NextSeq assay were both able to accurately
identify clonal IGH V-J rearrangements in MCL subjects. High concordance was observed between paired specimen
types (PB and BM), instrumentation (MiSeq and NextSeq), and testing sites (Invivoscribe and Salamanca). These results
demonstrate that various NGS assays can be utilized in different clinical labs to test various sample types for MCL
subjects.
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Viana6, Marcia Serra7, Claudia Zerbini8
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Background: Surgical excisional biopsy (SEB) is considered to be the ideal method to obtain material for the diagnosis of
lymphomas, however, less invasive percutaneous techniques have been gaining space, especially core needle biopsy
(CNB). The aim of the present study was to compare the diagnostic performance of SEB and CNB, as well as to assess
the applicability of the World Health Organization Classification of Tumours of Haematopoietic and Lymphoid
Tissues, 2017 criteria in the diagnosis of benign and malignant lymphoid proliferations in CNB.
Materials and Methods: Samples of lymphoid proliferation from a single institution from 2013 to 2017 were divided into
groups of CNB (N=218) and SEB (N=258). The diagnostic yeld of these samples was evaluated as a percentage of
conclusive diagnosis, according to the World Health Organization Classification of Tumours of Haematopoietic and
Lymphoid Tissues, 2017. The contribution of clinical data, the assessment of sample adequacy by a pathologist during the
procedure, the number and size of fragments, the needle gauge, the ancillary tests (immunohistochemistry, flow
cytometry molecular tests), and the type of lymphoid proliferation were also evaluated.
Results: The diagnostic yield of SEB was 97.3% and CNB 91.3% (P=0.01). Additional factors considered essential to the
final diagnosis in some cases were: clinical information (20.6% CNB, 7.4% SEB; P<0.0001); immunohistochemistry
(96.3% CNB, 91.5% SEB; P=0.02); flow cytometry (12% CNB, 6.8% SEB; P=0.17); and molecular tests (8.2% CNB,
17.3% SEB; P=0.06). Factors that did not influence performance were the evaluation of sample adequacy during the
procedure, the number and size of fragments, and the needle gauge. Increased percentage of non-diagnostic CNB was
observed in T-cell lymphomas (30%), followed by classical Hodgkin's lymphoma (10.6%). The main limitation of CNB was
the evaluation of morphologically heterogeneous diseases.
Table – Distribution of CB and SB cases according to DP rate.

Diagnostic
CB (N=218)
performance (DP)

SB (N=258)

Total (N=476)

Non-satisfactory

9 (4,1%)

3 (1,2%)

12 (2,5%)

0 - Inconclusive

4

3

7

1 - Benign x
malignant

4

0

4

2 – Lineage
classification

1

0

1

Satisfactory

209 (95,9%)

255 (98,8%)

464 (97,5%)

3 – Allows
treatment

10 (4,6%)

4 (1,6%)

14 (2,9%)

251 (97,3%)

450 (94,5%)

4 – Complete
199 (91,3%)
subclassification

p

0,049

0,010

CB = needle core biopsy, SB = surgical biopsy.
Image / figure:
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Conclusion: CNB was inferior than SEB in this study but presented a good diagnostic yield and can be considered useful
and safe in Hematopathology diagnosis provided it is carried out by a team of experienced professionals and adequate
resources are available. The type of lymphoid proliferation seemed to have the greatest impact on the diagnostic yield of
CNB.
References: Krarup Sigaard R, Wennervaldt K, Munksgaard L, et al. Core needle biopsy is an inferior tool for diagnosing
cervical lymphoma compared to lymph node excision. Acta Oncol. 2021;60:904–910.
Chatani S, Hasegawa T, Kato S, et al. Image-guided core needle biopsy in the diagnosis of malignant lymphoma:
comparison with surgical excision biopsy. Eur J Radiol. 2020;127:108990.
Drylewicz MR, Watkins MP, Shetty AS, et al. Formulating a treatment plan in suspected lymphoma: ultrasound-guided core
needle biopsy versus core needle biopsy and fine-needle aspiration of peripheral lymph nodes. J Ultrasound Med.
2019;38:581–586.
Ingersoll KF, Zhao Y, Harrison GP, et al. Limited tissue biopsies and hematolymphoid neoplasms. Am J Clin Pathol.
2019;152:782–798.
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Background: Hodgkin's lymphoma (HL) is a frequent malignant lymphoid pathology, representing 5 to 10% of all
hematologic malignancies. Current progress has made it possible to better define this pathology, which derives from B
cells.
The WHO classification distinguishes two types of HL: nodular lymphocyte predominant HL and classic HL with it’s four
subtypes which are, nodular sclerosis classic HL, mixed-cellularity classic HL, lymphocyte-rich classic HL and finally
lymphocyte depleted HL.
Materials and Methods: we carried out a single-center descriptive study which covered all the Hodgkin's lymphomas
observed in the Department of Pathological Anatomy and Cytology of the Regional Military University Hospital of Oran
(Algeria).
Our study comprises a retrospective collection of data over 03 years, from January 1, 2017 to December 31, 2019 and a
prospective phase of 02 years, from January 1, 2020 to December 31, 2021.
Results: During our study period, 55 cases of HL were diagnosed; the retrospective collection included 30 cases, and 25
cases diagnosed during the prospective study. A male predominance was observed with a sex ratio equal to 2.05 (37M /
18F). The average age of our patients 37.87 ± 16.65 years, with extremes ranging from 15 to 79 years. The most affected
age group is that of 30-39 years, followed by that between 20-29 years,
Most of the cases (47 cases or 85.5%) were HL manifested by peripheral lymphadenopathy, single or multiple. The most
observed clinical presentation is that of cervical lymphadenopathy in most cases (22 cases, or 40%). In 14.5% of cases (08
patients), the diagnoses were made on extra-nodal locations, mainly mediastinal (06 cases or 10.9%).
All the cases diagnosed are classic Hodgkin lymphomas, dominated by the “nodular sclerosis” subtype found in 42
cases (76.4%), followed by mixed-cellularity HL with 10 cases (18.2%), " lymphocyte depleted " classical HL in 02 cases
(3.6%) and finally “lymphocyte-rich classic” HL in 01 case ( 1.8%).
Conclusion: Our study allowed us to have a global idea on all of the HL diagnosed in our service, and to compare our
data with those of the literature, where a male predominance, an average age of 37 years, often manifested by cervical
lymphadenopathy, with a clear predominance of the nodular sclerosis classic HL.
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ITK-SYK TRANSLOCATION BY FLUORESCENT IN SITU HYBRIDIZATION IN PERIPHERAL T CELL LYMPHOMA
WITH LARGE B CELL PROLIFERATION
Tanuja Shet1, Nupur Karnik* 1, Omshree Shetty1, Uma Sakhdeo1, Hasmukh Jain 2, Sridhar Epari1, Manju Sengar2 and
Adult Hematolymphoid Working group
1DEPT OF PATHOLOGY, 2Medical Oncology , TATA MEMORIAL HOSPITAL, Mumbai, India
Background: Peripheral T cell lymphomas(PTCL) are a heterogeneous group of tumours and often show proliferation of
large B cells leading to diagnostic dilemma This study evaluated the diagnostic role of ITK-SYK translocation in such
instances
Materials and Methods: An ITK-SYK FISH probe was developed using backclones. Chromosome 5: ITK was labelled
green and Chromosome 9 : SYK was labelled red. Additionally samples were tested with Sanger sequencing results for
RHOA G17V and IDH2(R172) mutation.
Results: Of the 50 cases where FISH was successful , 25 had B cell proliferation. ITK-SYK fusion was seen in 5 of these
cases. The five cases that tested positive all had large B cell proliefration and included 1 angioimmunoblastic
lymphoma(AITL) with limmunoblastic B proliefration, three PTCL with large B cell proliferation (misdiagnosed as Diffuse
Large B cell lymphoma and Nodular lymphocyte predominant Hodgkin lymphoma) and one PTCL with Hodgkin Reed
Sternberg cell (misdiagnosed as Hodgkin lymphoma). The background T cells showed follicular helper immunophenotype
in three cases (one AITL, one PTCL with HRS cell and one NLPHL like PTCL); and two were RHOA mutation positive.
IDH2 mutation was negative in all 5 ITK-SYK fusion positive cases. The Hodgkin lymphoma case was negative for T or B
clonality by Biomed 2 primers but morphology and ITK-SYK help in diagnosis of PTCL.
Conclusion: To conclude ITK-SYK fusion is more frequent in PTCL with large B cell proliferation. Used in combination
with high morphologic suspicion in absence of clonalilty confirmation it may be an alternative method for diagnosis in a
complex PTCL.
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H3K27M3 OVEREXPRESSION AS A NEW, BCL2 INDEPENDENT DIAGNOSTIC TOOL IN ADULT FOLLICULAR AND
PRIMARY CUTANEOUS FOLLICLE CENTER LYMPHOMAS
Magdalena M. Brune1, Visar Vela1, Ivana Bratic-Hench1, Susanne Dertinger2, Stefan Dirnhofer1, Alexandar Tzankov* 1
1Institute of Medical Genetics and Pathology, University Hospital Basel, University Basel, Basel, Switzerland, 2Institute of
Pathology, Feldkirch, Austria
Background: About 10-15% of follicular lymphomas (FL) and more than a half of primary cutaneous follicle center
lymphomas (PCFCL) lack the diagnostic hallmark of BCL2 overexpression in the neoplastic germinal centers and/or the
translocation t(14;18). These cases can be challenging in the differential diagnosis to reactive follicular hyperplasia (FH)
and reactive lympho-follicular proliferation in the skin. Over the last two decades, recurrent somatic mutations in genes
encoding for epigenetic modifiers, such as histone-lysine N-methyltransferase EZH2 (enhancer of zeste homolog 2), were
found in a considerable subset of FL, which might be used as an additional distinguishing criterion. These molecular
alterations can lead to an increased tri-methylation of histone H3 at position lysine 27 (H3K27m3). The effect of somatic
mutations on H3K27m3 expression can be easily tracked by immunohistochemistry, which has not been addressed yet.
Materials and Methods: In this study, we immunohistochemically analyzed the expression of H3K27m3 in 148 FL, 9
PCFCL and 5 pediatric-type FL (PTFL) cases to investigate its diagnostic potential in the differential diagnosis to FH
(n=42) and other mature B cell lymphomas. We correlated the expression of H3K27m3 to the expression of BCL2 and
EZH2, the presence of BCL2-rearrangements and to the grading. H3K27m3’s potential use as a surrogate marker for
mutations in genes encoding for epigenetic modifiers was examined with the help of our customized lymphoma NGSpanel.
Results: The majority of FL (89%) and all PCFCL overexpressed H3K27m3, which was independent of BCL2 and EZH2
expression, presence of BCL2-rearrangements, grading and of any detected mutations. Contrasting these results, all
PTFL and 95% of FH did not show an overexpression of H3K27m3. The two cases of FH displaying non-physiologic
H3K27m3 expression in the germinal centers also revealed abnormalities at the molecular level [genetic polymorphisms in
ATM and KMT2C as well as one pathogenic TET2 mutation and two NOTCH2 variants of uncertain significance (VUS) in
the first case, and three KMT2D VUS in the second case]. The first case turned out to represent most likely an early
colonization by a splenic diffuse red pulp small B-cell lymphoma that the patient developed in the follow-up, with the
striking H3K27m3 staining being the only apparent phenotypic conspicuity. With respect to other mature B cell
lymphomas, H3K27m3 seems not to be helpful in the differential diagnosis to FL, as H3K27m3 was overexpressed across
all entities, including 17 marginal zone lymphomas.
Conclusion: The expression of H3K27m3 can be used as a new, BCL2 independent marker in the differential diagnosis
of FL and PCFCL to benign reactive conditions, but does not help in cases of PTFL or in the differential to other mature B
cell lymphomas. Detectable overexpression of H3K27m3 might serve as a caveat in the setting of FH, as one of our cases
impressively illustrates.

95

EAHP22-ABS-1541
ABERRANT SYNAPTOPHYSIN EXPRESSION IN CLASSIC HODGKIN LYMPHOMA
So Young Im1, Jeong-A Kim2, Uiju Cho* 1
1Department of Pathology, 2Department of Internal Medicine , St. Vincent's Hospital, College of Medicine, The Catholic
University of Korea, Suwon, Korea, Republic Of
Background: Synaptophysin is an immunohistochemical marker for neuroendocrine differentiation and is widely used in
pathologic diagnosis. It has not known to be expressed in malignant lymphoma. However, we experienced an index case
of classic Hodgkin lymphoma expressing synaptophysin. This experience prompted us to investigate synaptophysin
expression in classic Hodgkin lymphoma.
Materials and Methods: We selected 59 cases of classic Hodgkin lymphoma diagnosed and ten anaplastic large cell
lymphoma diagnosed in our institute. We performed immunohistochemical staining of synaptophysin in these cases.
Additionally, we stained chromogranin and CD56a in the synaptophysin-positive cases.
Results: Among the 59 classic Hodgkin lymphoma cases, 11 (19%) were positive for synaptophysin. None of the
anaplastic large cell lymphomas expressed synaptophysin. Synaptophysin showed weak but specific expression in the
cytoplasm of the Hodgkin lymphoma tumor cells. Other background inflammatory cells, such as macrophage, B- and Tlymphocytes, were all negative for the synaptophysin expression. Chromogranin and CD56a have not been expressed in
the synaptophysin-positive classic Hodgkin lymphomas.
Image / figure:

Conclusion: Synaptophysin is an integral glycoprotein present in presynaptic vesicles of neurons and neuroendocrine
cells. It is used as a diagnostic marker for neuroendocrine tumors. Aberrant synaptophysin expression has been reported
in non-neuroendocrine tumors but not in lymphoma or leukemia. To our best knowledge, synaptophysin positivity was
reported in a single case of precursor T-lymphoblastic leukemia/lymphoma so far 1. Our study showed that aberrant
synaptophysin expression in classic Hodgkin lymphoma is an unexpectedly frequent finding. The mechanism and
prognostic significance of such aberrant expression is unclear. In a small biopsy, aberrant synaptophysin expression
could be a diagnostic pitfall, and it should be carefully avoided.
References: 1. Patel, K. J., Latif, S. U., & De Calaca, W. M. (2009). An unusual presentation of precursor T cell
lymphoblastic leukemia/lymphoma with cholestatic jaundice: case report. Journal of Hematology & Oncology, 2(1), 1-6.
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UNDIFFERENTIATED SARCOMA CLONALLY RELATED TO FOLLICULAR LYMPHOMA
Mihai Merzianu* 1, Sheila Sait1, Sean Glenn1, John Kane2, Carl Morrison1
1Pathology, Roswell Park Comprehensive Cancer Center, 2Surgery, ROSWELL PARK CANCER INSTITUTE, Buffalo,
United States
Background: Rare histiocytic, dendritic or Langerhans cell sarcomas (HDLS) arise in association with and are clonally
related to preexistent lymphomas, most commonly follicular lymphoma (FL) and infrequently diffuse large B cell lymphoma
(DLBCL). This clonal evolution is associated with alterations in RAS/MPAK pathway. (1) A unique non-HDLS with
divergent myoid and neuroendocrine differentiation was recently reported. (2) Undifferentiated sarcoma related to
lymphoma has not been reported to date.

Materials and Methods: Clinical history, phenotype and genotype are presented. Routine immunohistochemistry,
conventional cytogenetics (CG) and fluorescence in situ hybridization (FISH) were performed. Next generation
sequencing (NGS) and B cell clonality studies by PCR and NGS were performed.

Results: Patient is a 70-year-old with history of FL in 2008, in remission after CHOP-ofatumab therapy until 2012, when
he relapsed with extranodal DLBCL which was treated with autologous stem cell transplant with complete response. In
2021 he presented with a large pelvic mass and succumbed two months after diagnosis.
Samples from 2008 and 2012 showed cervical nodal FL, grade 3a and osteolytic DLBCL, germinal center phenotype,
respectively. Pelvic mass biopsies revealed a high-grade neoplasm with extensive necrosis involving soft tissue. Tumor
cells had epithelioid and plasmacytoid appearance with large, round-ovoid nuclei with macronucleoli and high mitotic rate.
Only sparse small lymphocytes were seen at tumor periphery.
Tumor cells expressed vimentin (strong, diffuse); BCL2, CD33, MDM2 and MYC (all weak, subset); had high ki-67 rate
(95-100%); and were negative for all markers of histiodendritic (CD68, CD163, Lysozyme, CD4, S100, CD1a, CD21,
CD23, D2-40), lymphoid (including CD10, CD20, CD43, CD79a, CD30, PAX5), epithelial,
myeloid, melanocytic, endothelial, neuroendocrine or myogenic differentiation (Figure). MDM2 expression initially raised
the possibility of liposarcoma but MDM2 locus was intact by FISH.
CG showed a complex karyotype including t(14;18)(q32;q21) in 20 analyzed cells, with IGH-BCL2 fusion confirmed by
FISH in 87/100 cells. PCR clonality was positive (IGH FR1 and IGK primers). NGS confirmed identical clonal
rearrangements in FL and sarcoma in targets IGH FR1 (IGHV3-11_01) (157K and 22K reads, respectively) and IGK
(IGKV2D-26_01) (87K and 254K reads, respectively). Mutations of NRAS, PTEN, BCL2, CARD11, CDKN2A/N, CREBBP,
MAP2K2, MLL2 genes and IGH-BCL2 fusion were identified by NGS.
Image / figure:
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Conclusion: We report a heretofore not described undifferentiated sarcoma, metachronous with but clonally related to
previous FL. Sarcoma cells showed both RAS/MAPK pathway and lymphoma-associated mutations similar to those
described in secondary HDLS, but lacked histiodendritic, hematolymphoid, neuroepithelial or myogenic differentiation.
This is expanding the spectrum of lineage plasticity in these tumors and suggest a common immature progenitor. These
invariably aggressive secondary sarcomas pose nosologic and diagnostic challenges and should be distinguished from
unrelated primary sarcomas, a distinction that requires molecular-genetic studies to establish clonal relationship and
identify potentially actionable mutations.

References: 1. Egan C, et al. The mutational landscape of histiocytic sarcoma associated with lymphoid malignancy. Mod
Pathol. 2021;34:336-347. Zhang Q, et al.
2. Transdifferentiation of lymphoma into sarcoma associated with profound reprogramming of the epigenome. Blood.
2020;136:1980-1983.
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A K/L MRNA DUAL ISH ASSAY ROBUSTLY IDENTIFIES CLONALITY IN A BROAD VARIETY OF B CELL
NEOPLASMS
Ayse Akarca* 1, Amy Hanlon Newell2, Maurilio Ponzoni3, Ian Proctor1, Alan Ramsay1, Rajeev Gupta1, Andrew Wilson1,
Brian Mosteller2, Sarah Gladden2, Teresa Marafioti1
1University College London, London, United Kingdom, 2Roche, Tucson, United States, 3Universita Vita-Salute, San
Raffaele, Italy
Background: Assessment of B-cell/plasma cell clonality is important in the diagnosis of B/plasma cell neoplasms as the
identification of a monoclonal population is generally a hallmark of malignancy. Immunohistochemistry (IHC),
immunofluorescence (IF) flow cytometry, and in situ hybridization (ISH) are all techniques used in determination of
B/plasma cell-cell clonality in diagnostic pathology, however each modality has limitations. IHC is successful in detecting
kappa (K) or Lambda (L) in plasma cells, however IHC detection of smaller amounts of immunoglobulin(IG) present on the
surface of most B-lymphocytes and B-cell lymphomas remains difficult. Flow cytometry is a sensitive technique for light
chain restriction assessment, however it requires fresh tissue and a trained flow tech. On market ISH products often lack
the sensitivity to detect the level of mRNA present in most B cell lymphomas, therefore also have limited
utility. Technological advancement has allowed for a new ultrasensitive method for dual detection of K and L mRNA to
identify monoclonal populations of B-cells in diverse lymphoma types. Additionally, limited testing in Hodgkin lymphoma
(HL) appears to demonstrate utility of this ultrasensitive assay for clonality assessment in these lymphoma types as
well. Light chain restriction is not often a part of the standard diagnostic work up for HL, however many HL cases show IG
rearrangements. This investigation aimed to confirm feasibility and sensitivity of the VENTANA K/L mRNA Dual ISH
Assay in a broad variety of B-cell neoplasms, plasma cell neoplasms, and HL subtypes.
Materials and Methods: 117 cases of archival formalin-fixed paraffin embedded (FFPE) lymphoma (8 small lymphocytic
leukemia/B-CLL, 13 mantle cell lymphoma, 20 nodal marginal zone lymphoma (MZL), 27 follicular lymphoma (FL), 10
diffuse large B-cell lymphoma, 2 T-cell/histyocyte rich large B-cell lymphoma, 11 classical HL, 16 nodular lymphocyte
predominant HL and 10 plasma cell myeloma) were stained with the VENTANA K/L mRNA Dual ISH Assay on a
VENTANA Benchmark ULTRA instrument. When available, assessment of K/L restriction status by IHC performed on
BOND III Leica Biosystem platform was compared to ISH restriction status results.
Results: 94% (110/117) of cases stained with the assay were interpretable upon the first staining attempt (example cases
can be seen in Figure 1). In cases with IHC results for K/L, the assay agreed with IHC in 91% (53/58) of the cases. 3 FL
cases showed a unique K/L pattern that did not allow for conclusive determination of K or L clonality. IGLL-5 staining, a
result of cross-hybridization with the L probe, was noted in 3 cases but not did not interfere with interpretation.
Image / figure:

99

Conclusion: This VENTANA K/L mRNA Dual ISH Assay was shown in this study to detect diverse levels of K/L mRNA
copy number as applied to the assessment of light chain restriction status in a diverse group of hematologic malignancies
including, plasma cell neoplasms, multiple subtypes of B-cell neoplasms, and even classical and nodular lymphocyte
predominant HL. Additionally, certain cases of B cell lymphomas investigated, including cases of nodal MZL and 18 FL,
had both lymph node and bone marrow involvement and could be accurately assessed on both tissue types. This assay
allows for the detection of K/L mRNA on a single slide at the cellular level within the context of tissue, is easily applicable
in pathology laboratories, and can widely expand the clinical utility of on slide diagnostics for light chain.
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CHARACTERIZATION OF CD47 PROTEIN IN LEUKAEMIA AND LYMPHOMA: A POTENTIAL THERAPEUTIC
TARGET FOR A SUBSET OF NON-HODGKIN B-CELL LYMPHOMAS.
Samuel Chamberlain-Keen* 1, Ayse U. Akarca1, Andrea Marra 2, Alan Ramsay 3, Soares Gabriela3, Maurilio Ponzoni4,
Manuel Rodriguez-Justo3, Sabine Pomplun3, Anna Childerhouse3, Jenny O’nions5, David C. Linch6, Miguel Piris7,
Brunangelo Falini2, Teresa Marafioti 1, 3
1Cancer institute, UCL, London, United Kingdom, 2Institute of Hematology and Center for Hemato-Oncology Research,
University and Hospital of Perugia, Perugia, Italy, 3Cellular Pathology , University College London Hospitals NHS
Foundation Trust, London, United Kingdom, 4Department of Histopathology, Universita Vita-Salute San Raffaele, Milano,
Italy, 5Research Department of Haematology, 6Research Department of Haematology, , University College London
Cancer Institute, London, United Kingdom, 7Department of Pathology, , IIS Hospital Universitario Fundación Jiménez
Díaz, Madrid , Spain
Background: CD47 is a ubiquitously expressed plasma membrane molecule that can interact with SIRPα (signal
regulatory protein α) on macrophages and inhibit phagocytosis of CD47-expressing cells (1). IT has been discovered that
CD47 is overexpressed in a range of cancers, and early phase clinical trials for anti-CD47 monoclonal antibody therapies
show promise in both solid cancers (2) and blood cancers(3). CD47 expression has been studied to some extent in
certain subtypes of leukaemia and lymphoma but there is a lack of data regarding the role of CD47 in marginal zone
lymphoma (MZL). An immunohistochemical analysis of CD47 was carried out in haematological malignancies including a
large series of MZL cases and we developed a machine-based learning approach for quantifying and characterising CD47
expression. For comparison, we used cases of ovarian cancer that were known to express CD47.
Materials and Methods: FFPE sections of normal lymphoid tissues (tonsil, lymph node and bone marrow), B cell
lymphoma including B-CLL, mantle cell lymphoma, nodal marginal zone lymphoma, follicular lymphoma, diffuse large B
cell lymphoma, Burkitt lymphoma, classic and nodular lymphocyte predominant Hodgkin lymphoma and plasma cell
myeloma were included in this study. Cases of acute lymphoblastic and myeloid leukaemias were also analysed along
with some solid tumours. For each entity we examined at least 10 cases. Single immunohistochemistry (IHC) using three
different commercially available anti-CD47 antibodies was carried out. Immunostained slides were scanned using
NanoZoomer Hamamatsu and the images were analysed with QuPath using StarDist deep-learning-based method of
nucleus detection (4,5). We developed thresholds for classification of cell intensity.
Results: In normal tonsil and lymph node the highest CD47 expression was found in mantle zone B cells, T cells and
epithelial crypts. Among B cell lymphoma, most of the small B cell lymphomas showed strong CD47 positivity as did
cases of Burkitt lymphoma. The tumour cells in all cases of NLPHL were negative whereas heterogeneity was observed
across all cases of cHL. CD47 expression was seen in the great majority of the MZL cases and rarely in follicular
lymphoma (Figure 1).
QuPath using StarDist nucleus detection proved to be a robust approach to quantify and analyse CD47 expression. The
results were concordant with conventional visual scoring method performed by expert pathologists. Furthermore, we
investigated the role of CD47 overexpressing macrophages in a series of lymphoma cases to characterise tumour
microenvironment.
Image / figure:

101

Conclusion: We have demonstrated that CD47 is expressed in subsets of lymphomas and that in MZL its level of
expression is comparable with that seen in CD47 positive ovarian carcinoma. These findings have potential implications
for the development of future treatment regimens using anti-CD47 therapy.
References: 1-Oronsky B. et. al.(2020) A review of CD47 and SIRP-alpha antagonism. Semin Oncol. 47(2-3):117-24.
2-Zhao H. et. al. ( 2016) CD47 Promotes Tumor Invasion and Metastasis in Non-small Cell Lung Cancer. Sci Rep.
6:29719.
3-Chao MP. et. al. (2010). Anti-CD47 antibody synergizes with rituximab to promote phagocytosis and eradicate nonHodgkin lymphoma. Cell.142(5):699-713.
4-Bankhead P. et.al.(2017) QuPath: Open source software for digital pathology image analysis. Sci Rep. 7(1):16878
5-Schmidt U. et.al. ( 2018) International Conference on Medical Image Computing and Computer-Assisted Intervention
(MICCAI).
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ANAPLASTIC LARGE CELL LYMPHOMA ASSOCIATED WITH BREAST IMPLANTS AND ITS RELATION WITH
ROUGH IMPLANTS
Fernanda Rodriguez* 1, Monica Garcia1
1Pathology, The American British Cowdray, Mexico city, Mexico
Background: We present the case of a 47-year-old patient whose current condition began 3 weeks ago. She noticed an
increase in volume in the right breast. She went to her treating physician who prescribed treatment with non-steroidal antiinflammatory drugs upon suspicion of an inflammatory-type condition. As there was no improvement, an ultrasound was
performed which reported the presence of a seroma and capsular contracture. She underwent surgery and the fibrous
capsule was sent to the pathology department. The final diagnosis by both hematoxylin and eosin and
immunohistochemistry was implant-associated anaplastic large cell lymphoma.
Materials and Methods: N/A
Results: The preprosthetic fibrous capsule presents fibrinoid and superficial necrotic material with nests of cells and loose
cells from the surface to the middle part of the capsule, from medium to large, pleomorphic: with eosinophilic, vacuolated
or amphophilic cytoplasm, irregular nuclei ranging from oval, eccentric-"Hallmark" cells, bilobed to multinucleated, with
vesicular and condensed chromatin as well as prominent nucleoli, all in a mixed inflammatory background (plasma cells,
eosinophils, mature T and B lymphocytes). By immunohistochemistry, the pleomorphic cells are intensely positive for
CD30, CD43, and CD4; multifocal for EMA and negative for CKAE1-3, ALK-1, CD20 and TIA-1. The cell proliferation
index measured with Ki 67 is 40%. The morphology, together with the immunostaining, are compatible with implantassociated anaplastic large cell lymphoma.
Conclusion: Implant-associated anaplastic large cell lymphoma is a rare entity, different from systemic anaplastic large
cell lymphoma. This pathology can be seen more frequently in hospitals where the periprosthetic capsules are sent to the
pathology service. Currently, the high availability of cosmetic surgery services should make us think about this condition,
since in the coming years we will see it much more frequently.
References: Quesada AE, Medeiros LJ, Clemens MW, Ferrufino-Schmidt MC, Pina-Oviedo S, Miranda RN. Breast
implant-associated anaplastic large cell lymphoma: a review. Mod Pathol. 2019 Feb;32(2):166-188. doi: 10.1038/s41379018-0134-3. Epub 2018 Sep 11. PMID: 30206414.

K Groth A, Graf R. Breast Implant-Associated Anaplastic Large Cell Lymphoma (BIA-ALCL) and the Textured Breast
Implant Crisis. Aesthetic Plast Surg. 2020 Feb;44(1):1-12. doi: 10.1007/s00266-019-01521-3. Epub 2019 Oct 17. Erratum
in: Aesthetic Plast Surg. 2020 Oct;44(5):1951. PMID: 31624894.
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ESTABLISHMENT AND CHARACTERIZATION OF A NOVEL BREAST IMPLANT - ASSOCIATED ANAPLASTIC
LARGE - CELL LYMPHOMA (BIA-ALCL) CELL LINE AND PDX MODEL
Ioanna Xagoraris* 1, 2, Konstantina Stathopoulou1, Roberta D' Aulerio3, Minghui He3, Anett Ketscher2, Lisa S. Westerberg3,
Georgios Z. Rassidakis1, 2
1Department of Oncology-Pathology, Karolinska Institutet, 2Department of Pathology and Cancer Diagnostics, Karolinska
University Hospital, 3Department of Microbiology Tumor and Cell Biology, Karolinska Institutet, Stockholm, Sweden
Background: Breast implant-associated anaplastic large cell lymphoma (BIA-ALCL) is a rare T-cell non-Hodgkin
lymphoma type, which frequently presents as unilateral seroma approximately 10 years following breast implant surgery
for cosmetic or reconstruction purposes. BIA-ALCL is uniformly positive for CD30 and negative for ALK and commonly
shows aberrant loss of certain T-cell markers. Activating mutations of STAT3 are detected in up to 64% of BIA-ALCL
tumors, whereas mutations of other genes (e.g., JAK1, JAK3, DNMT3A, TP53) are less common. Since little is known
about the molecular pathogenesis of this uncommon lymphoma, experimental models of BIA-ALCL are of upmost
importance.
Materials and Methods: A 38-year-old woman presented 8 years after bilateral cosmetic breast augmentation with
swelling of the right breast. Pre-operative diagnosis of BIA-ALCL was made by cytology and flow cytometry in the seroma
and subsequently bilateral capsulectomy was performed. The diagnosis of BIA-ALCL was confirmed by histology and
immunohistochemistry of the breast capsule tissue. By immunohistochemistry, the tumor cells were positive for CD30,
CD2, CD4, Granzyme B, GATA3, and negative for CD3, CD5, CD7 (aberrant loss of T-cell markers), CD8, CD10, PAX5
and ALK. The tumor cell proliferation (Ki-67 index) was 95%. MYC was strongly positive in 90% of the tumor cells. The
primary BIA-ALCL cells were isolated from seroma fluid, put immediately in culture and maintained in RPMI-1640
supplemented with 20% fetal bovine serum. Cell viability was maintained at a high level (>95%) for 4 weeks before
injections in immunocompromised mice. Trypan blue exclusion assay was used to assess cell viability and growth at daily
basis. The immunophenotype of the cultured BIA-ALCL cells was assessed by flow cytometry using standard lymphoma
panels. Expression of proteins was analyzed by Western blot analysis. Immunocompromised NSG mice were chosen for
intravenous (IV, n=2), intraperitoneal (IP, n=2) and subcutaneous (SC, n=2) injections of 10 x 106 cells each. The mice
were monitored for tumor development every other day after the 10th day.
Results: IP and SC but not IV injections in NSG mice resulted in engraftments of BIA-ALCL cells. IP cells were isolated
and sub-cultured to establish a PDX model. Flow cytometry confirmed identical phenotype of the PDX cells. The
immunophenotype of the cell line assessed by flow cytometry was CD45+, CD30+, CD2+, CD7dim/-, CD3-, CD5-, CD19-.
Western blot analysis showed activation of the JAK2-STAT3 and JNK-JUN pathways in BIA-ALCL cells. Inhibition of
STAT3 activity by a selective STAT3 inhibitor XIII or silencing of STAT3 gene with specific siRNA construct resulted in a
significant decrease of cell viability and growth and a substantial decrease of PD-L1 protein levels, as previously reported
in other ALK- ALCL in vitro models. Inhibition of CSN5/JAB1 activity by the CSN5i-3 inhibitor designed for clinical use or
silencing of CSN5/JAB1 gene with specific siRNA construct resulted in substantial decrease of cell growth associated with
upregulation of the of the CDK inhibitors, p21 and p27. Genetic analysis using a 200-gene lymphoma panel is ongoing.
Conclusion: Establishment of novel BIA-ALCL cell lines and PDX models are essential experimental tools to further
investigate the molecular pathogenesis of this uncommon lymphoma type, as well as, discovery of novel therapeutic
targets.
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MUTATIONAL ANALYSIS IS A USEFUL TOOL IN SEPARATING NODAL MARGINAL ZONE LYMPHOMA FROM
OTHER SMALL B-CELL LYMPHOMAS
Hannah Gierer1, Vanessa Borgmann1, Dominik Nann1, Irina Bonzheim1, Falko Fend1, Leticia Quintanilla-Martinez* 1
1Institute of Pathology, University of Tuebingen, Tuebingen, Germany
Background: Marginal zone lymphomas (MZL) represent 7-8% of all non-Hodgkin lymphomas (NHL), with nodal MZL
(NMZL) accounting for only 1.5-1.8% of all NHL. NMZL diagnosis is based on a combination of morphological and
immunophenotypic features. CD5 positivity is associated with more disseminated disease, and cases mimicking splenic
MZL usually express IGD. Whether NMZL can express CD23 is controversial. Due to the absence of disease-defining
phenotypic or genetic markers in NMZL, the differential diagnosis with other small B-cell lymphomas, especially BCL2
rearrangement-negative follicular lymphoma (BCL2-R- FL) can be challenging. In this study, we performed mutational
analysis to investigate whether 1) different NMZL phenotypes correlate with a specific mutational profile and 2) mutational
analysis helps in separating NMZL from other small B-cell lymphomas.
Materials and Methods: 62 cases with the diagnosis of NMZL were selected from the archives of our institution. All
cases were comprehensively immunophenotyped as part of the routine diagnosis. Targeted NGS analysis was done on
the Ion GeneStudio S5 Prime (ThermoFisher). NGS libraries were amplified using the Oncomine lymphoma panel
(ThermoFisher) covering 82 genes frequently mutated in B-cell NHL. NMZL mutational data were compared to the genetic
profile of BCL2-R- FL obtained in a previous study.
Results: Of 62 cases of NMZL, 22 were excluded from further analysis due to a lack of material for mutational analysis or
a change of diagnosis upon review. The 40 cases analyzed included 22 women and 18 men with a mean age of 67 years
(range 36 – 86). Phenotypically, 7 cases were CD5+, 8 expressed IGD and 4 were CD23+. In 14 cases a differential
diagnosis with BCL2-R- FL was entertained. Six of the latter cases, including all 4 CD23+ samples showed expression of
at least one germinal center marker, and the mutational profile was more compatible with FL. The 4 CD23+ cases carried
STAT6 mutations associated to CREBBP and/or TNFRSF14 mutations; two were inguinal and two axillary lymph nodes.
In 9 cases the differential diagnosis with CLL was raised. Of these, 5 cases, 3 with CD5+, had a mutational profile
compatible with CLL (ATM, BIRC3, STAT6, TP53), but with atypical phenotype. NMZL was confirmed in 29 cases
including 4 CD5+ cases and 3 splenic-type. Sixty-four damaging gene mutations were identified in 25 cases (2.56
mutation/per case). In 4 cases (14%), no mutations were identified including 1 CD5+ case and 1 NMZL splenic type. The
most frequently mutated gene was KLF2 (8/29; 28%), followed by KMT2D (7/29; 24%), TBL1XR1, MYD88 (4/29; 14%),
SPEN, ARID1A, NOTCH2, CREBBP, BCL10, HIST1H1E (3/29;10%), TRAF3, ARID1B, ID3, FAS (2/29; 7%), and PTPRD,
CXCR4, EZH2 and BRAF (1/29; 3%). The genes most frequently affected were those involved in chromatin remodeling
(12/24; 50%); followed by the NF-kB pathway (4/24; 17%) and NOTCH pathway (4/24; 17%).
Image / figure:
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Conclusion: Our results confirm the previously reported mutational landscape of NMZL. There is no correlation between
the NMZL phenotype and the gene variants; however, NMZL with CD5 expression and the splenic-type have very low
mutational burden (<1 mutation per case). Mutational analysis is useful for the differential diagnosis of NMZL with other
low-grade B-cell lymphomas especially CD23+ BCL2-R- FL and CLL with atypical phenotype.
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HIGH DENSITIES OF PLASMA CELLS AND ANGIOGENESIS CORELATE TO ADVANCE STAGE OF HODGKIN
LYMPHOMA
Krisna Murti* 1, Neti Irwan1, Muhammad Bima Zulfikar2
1Anatomic Pathology, 2FACULTY OF MEDICINE UNIVERSITY OF SRIWIJAYA, Palembang, Indonesia
Background: The incidence rate of classical Hodgkin lymphoma (cHL) in underdeveloped regions is lower, however, the
mortality rate is higher. Although majority of cHL patients is curable, almost 20% of patients eventually relapse and
succumb to the disease. The roles of tumor microenvironmental of HL, particularly angiogenesis and plasma cells remain
undefined. Plasma cells are important prognostic factors of various malignancies including cHL. Angiogenesis is the
process of new blood vessel growth, has important roles in tumor development and can be assessed by evaluating of
micro vessel density (MVD) assessment. Higher MVD is associated with a poor prognosis in various type of malignancies.
The objectives of this study were to investigate the density of plasma cells and MVD in the microenvironment of cHL and
to determine the association of these both components with the stage of cHL.
Materials and Methods: A cross-sectional method was performed on 30 cases of cHL patients at Anatomic Pathology
Department Faculty of Medicine Universitas Sriwijaya/Mohammad Hoesin General Hospital. whom diagnosed from
1stJanuary 2018 to 30th December 2021. The slide sections of paraffin blocks were immunostained by using anti-CD138
and anti-CD34 antibodies. The number of plasma cells in each sample was calculated based on the expression of CD138
in the cell membrane and cytoplasm. The CD34 expression in endothelial cytoplasm and/or cell membrane was carefully
evaluated to determine one micro vessel. Then the cut-off point value was assessed by measuring the ROC curve to
classify the high and low plasma cell and new endothelial densities. The association of densities of plasma cells and MVD
with the stage of cHL was measured by statistical analysis using SPSS with significant consideration if p <0.05.
Results: In this study cHL were detected slightly more in older patients (in the age group of 40 years and over; 53.33%),
higher in male (60%), and majority with nodal location (86.67%). The cHL subtypes consisted of lymphocyte rich
(43.33%); nodular sclerosing (30%) and mixed cellularity (26.67%), while lymphocyte depleted HL was not found. High
density of plasma cells and angiogenesis of cHL correlated to advanced stage of disease.
Conclusion: High densities of plasma cells and angiogenesis correlate to advance stage of Hodgkin lymphoma.
References: Kumar D and Xu ML (2018). Microenvironment cell contribution to lymphoma immunity. Front Oncol. 8:288.
Vardhana S and Younes A (2016). The immune microenvironment in Hodgkin lymphoma: T cells, B cells, and immune
checkpoints. Haematologica. 101:794-802
Zhou L, Deng Y, Li N, Zheng Y, Tian T, Zhai Z, et al (2019). Global, regional, and national burden of Hodgkin lymphoma
from 1990 to 2017: Estimates from the 2017 Global Burden of Disease study. J Hemato Onco. 12:107
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INTEROBSERVER REPRODUCIBILITY OF LMO2 AND MYC, IMMUNOHISTOCHEMICAL MARKERS ASSOCIATED
WITH THE PRESENCE OF MYC REARRANGEMENTS IN LARGE B-CELL LYMPHOMAS
Natalia Papaleo* 1, Ivonne Vazquez2, Gustavo Tapia3, Luis Luizaga4, Carmen Lome2, Fina Climent5, Luis Colomo2
1Pathology, Parc Tauli, Sabadell, Barcelona, 2Pathology, Hospital del Mar - Parc de Salut Mar, Barcelona, 3Pathology,
Hospital Trias i Pujol, Badalona, 4Pathology, Hospital Universitari Mútua Terrassa, Terrassa, 5Pathology, Hospital
Universitari de Bellvitge, L'Hospitalet de Llobregat, Spain
Background: The presence of MYC rearrangements (MYC-R) is a critical event for the diagnosis and biology of large B
cell lymphomas (LBCL). However, because of the low incidence of such genetic alteration, it is not well-defined whether
genetic testing is required for the diagnostic work-up of all LBCL. Thus, it is necessary to identify useful surrogate markers
to screen MYC-R in daily practice. We previously studied two independent series of LBCL including more than 600 cases,
concluding that the lack of expression of LMO2 may be a useful marker to identify MYC-R (Colomo, Am J Surg Pathol
2017; Vazquez, Cancers 2020). Such studies shared the same methodology and similar outcomes were observed,
unveiling intralaboratory reproducibility. A recent study including 180 LBCL showed similar results as ours (Chapman,
Leuk.Lymphoma 2021). The aim of this study was to evaluate the interobserver concordance of LMO2 and MYC testing
by immunohistochemistry (IHC) in a series of LBCL.
Materials and Methods: 7 hematopathologists from different centers evaluated 50 LBCL. Whole tissue sections from
excisional biopsies (EB) and core needle/small biopsies (CNB/SB) were used for all markers; lymphoma diagnoses were
blinded for all observers. All of them assessed the same set of slides (HE, LMO2, MYC), which were obtained from one
single laboratory performing IHC and FISH. Cutoff for LMO2: 30% and MYC: 40%. The internal control for LMO2 was the
endothelial cells and the tonsils were the external control for MYC. CD10, BCL6 and MUM1/IRF4 were used to assess the
GCB-like or non-GCB profile following the Hans’ algorithm. Concordance reliability between observers was evaluated
using Fleiss’ kappa index.
Results: The serie included 2 HGBCL-NOS, 6 HGBCL with MYC and BLC2/BCL6-R, 33 DLBCL “de novo”, 7 transformed
DLBCL, 1 Burkitt lymphoma (BL) and 1 Burkitt-like lymphoma with 11q aberration. The patients were 32 males/18
females, median age 62. 28 (56%) cases were EB and 22 (44%) CNB/SB. MYC-R occurred in 14 (28%) cases.
Fleiss’ kappa index was 0,88 for LMO2 and 0,70 for MYC (P<0,005, standard error=0,03 for both markers). We classified
discrepancies as minor (MI): only 1 observer disagreed, intermediate (I): 2 observers disagreed and major (MA): 3
disagreed. Discrepancies for LMO2 occurred in 7/50 (14%) cases and were 1 MA/3 I/3 MI. The reasons of them were
attributed to sample size (3/7 cases were CNB/SB), sample quality in 3 cases (1 EB and 1 CNB/SB had fixation issues; 1
CNB/SB had extensive necrosis), and different cutoff interpretation (6 cases were CD10 negative; 4 cases were GCB-like,
2 of them CD10 negative, and 3 cases were non-GCB). MYC discrepancies occurred in 16/50 (32%) cases and were 6
MA/5 I/5 MI. They were assigned to sample size (11/16 cases were CNB/SB), sample quality in 3 cases (2 EB had fixation
issues; 1 CNB/SB had extensive crush artifact) and trouble in cutoff interpretation (MYC expression was between 25 and
50% in 13/16 discrepant samples). Only one case presented discrepancies in both LMO2 and MYC.
Conclusion: We obtained higher interobserver concordance for the interpretation of LMO2 than MYC. The difference of
kappa indexes between markers was remarkable and attributable to the biology of the proteins.
Interpretation of LMO2 was less influenced by size and quality of samples, and variability appeared in CD10-negative and
non-GCB-like cases, where LMO2 can be expressed at low levels. Lower concordance of MYC was referred to cases with
MYC expression in the 25-50% range and diagnosis from CNB/SB.
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COMPARATIVE DNA METHYLATION PROFILING OF HUMAN AND MURINE ALK-POSITIVE B-CELL NEOPLASMS
Selina Glaser* 1, Charlotte Schnaudt1, Rabea Wagener1, 2, Shannon Harkins3, Abner Louissaint3, Wolfram Klapper4,
Camille Laurent5, Luc Xerri6, Meiqi Ren7, Sandrine Sander7, Wilhelm Wößmann8, Claudia Voena9, Roberto Chiarle9, 10,
Reiner Siebert1, 2
1Institute of Human Genetics, Ulm University and Ulm University Medical Center, Ulm, 2Institute of Human Genetics,
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Background: Aberrant expression of anaplastic lymphoma kinase (ALK) due to structural chromosomal alterations
affecting the ALK gene is associated with various hematologic malignancies. In the human B-cell lineage, ALK
rearrangement is associated with ALK-positive large B-cell lymphoma (ALK-positive LBCL), a neoplasm of large B-cells
with a plasmablastic immunophenotype. Interestingly, in the murine B-cell lineage a subset of NPM-ALK transgenic mice
develops clonal B-cell plasma cell neoplasms (Chiarle et al., 2003). Given the similar B-cell maturation stage of human
and mouse ALK-positive B-cell tumors we here aimed at comparative DNA methylation profiling of the tumors of both
species.
Materials and Methods: For the human analyses, we generated DNA methylation profiles of 6 ALK-positive LBCL
samples using Infinium® MethylationEPIC BeadChip (Illumina Inc., San Diego, CA, USA). For comparison, we mined
array-based DNA methylation data from multiple myeloma (MM), diffuse large B-cell lymphomas (DLBCL), ALK-positive
and ALK-negative anaplastic large cell lymphomas (ALCL) as well as benign B- and T-cell subpopulations. For the murine
analyses, we obtained array-based DNA methylation profiles of plasmacytoma samples of the above mentioned NPMALK transgenic mouse model (n=2) and compared them to murine non-neoplastic B-cell populations (n=3). Differentially
methylated loci for human and mouse samples were identified using the OMICS Explorer 3.6 (Qlucore; Lund, Sweden).
For further downstream analysis, gene ontology enrichment analysis using WEB-based Gene SeT AnaLysis Toolkit and
dimensional reduction using the umap package in R (version 4.1.3) were applied.
Results: Based on supervised analysis (σ/σmax ≥ 0.4, q ≤ 0.01) ALK-positive LBLC showed a DNA methylation profile
distinct from DLBCL as well as ALK-positive and ALK-negative ALCL. A dimensional reduction analysis (UMAP) revealed
that ALK-positive LBCL clustered with MM, in accordance with their common plasmatic features. In both, ALK-positive
LBCL and NPM-ALK mouse model plasmacytomas a lower median DNA methylation (ALK-positive LBCL: 0.41 β-value,
NPM-ALK mouse model: 0.45 β-value) compared to their benign control groups (human plasma cells: 0.55 β-value, nonneoplastic B-cells: 0.66 β-value) was observed. Furthermore, human and mouse tumors shared a hypermethylation
signature including genes involved in B-cell activation (FDR ≤ 0.05, enrichment ratio: 9.6; genes: BATF, CARD11, CCR6,
CD22, CXCR5, FLT3, INPP5D, TCF3, TNFRSF13B).
Conclusion: In summary, DNA methylation profiling of human ALK-positive LBCL grouped the tumors with plasma cell
neoplasias. Moreover, comparative DNA methylation analyses identified common gene modules in murine and human
ALK-positive B-cell neoplasms affected by epigenetics changes. Thus, cross-species DNA methylation analysis might
contribute to the identification of conserved core pathways deregulated by epigenetic alterations in ALK-positive B-cell
neoplasms.
References: Chiarle, R., Gong, J. Z., Guasparri, I., Pesci, A., Cai, J., Liu, J., Simmons, W. J., Dhall, G., Howes, J., Piva,
R., & Inghirami, G. (2003). NPM-ALK transgenic mice spontaneously develop T-cell lymphomas and plasma cell tumors.
Blood, 101(5), 1919–1927. https://doi.org/10.1182/blood-2002-05-1343
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PRIMARY INTESTINAL PERIPHERAL T-CELL LYMPHOMA, NOT OTHERWISE SPECIFIED (ITCL-NOS) SHOWS
CLINICOPATHOLOGICAL OVERLAPPING WITH OTHER PRIMARY INTESTINAL T-CELL LYMPHOMA BUT
DIFFERENT GENOMIC PROFILES
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Laurence de Leval1
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Background: Intestinal peripheral T-cell lymphoma, NOS (ITCL-NOS) comprises a morphologically and
immunophenotypically heterogeneous group of tumors that do not fulfill the diagnostic criteria for either enteropathyassociated T-cell lymphoma (EATL) or monomorphic epitheliotropic intestinal T-cell lymphoma (MEITL). Recent studies
have focused on the genomic profiles of EATL and MEITL. However, the clinicopathological features and molecular
landscape of ITCL-NOS have not been thoughtfully described so far.
Materials and Methods: Seven cases consisted of FFPE surgical specimens. Diagnostic preparations were reviewed
and immunostainings were completed with a large panel of T-cell markers and to assess H3K36 trimethylation status.
FISH studies were performed to evaluate SETD2 deletion and MYC alterations. A targeted NGS panel of 27 genes
relevant to T-cell lymphoma pathogenesis was applied.
Results: The ITCL-NOS were diagnosed in elderly patients (4 males / 3 females, aged 67-104 years, median age: 79).
No patient had clinical history of celiac disease. All patients presented with small intestine tumors, with transmural bowel
wall infiltration. Four patients had emergency surgery for bowel perforation. One patient additionally had colonic
involvement. Necrosis was seen in 2 cases and angiotropism in 1 case. Tumor cells were intermediate/large cells in most
cases (5/7), while 2/7 showed predominantly small/medium-sized cells. An inflammatory component was seen in 4/7
cases. Significant epitheliotropism was observed in 1 case. Regarding the distant mucosa, it was normal in 5/7 cases; one
case showed increased atypical intraepithelial lymphocytes (IELs) in otherwise normal villi; and another case showed
partial villi atrophy with a slight increased of non-atypical IELs. Infiltration of mesenteric lymph nodes was seen in one
case. Tumor cells were CD3+ (7/7), CD2+ (5/5), CD7+ (6/7), CD5- (5/7), TIA+ (6/7), Granzyme B+ (5/6), perforin+ (3/5),
CD103+ (4/6). Four cases were CD4+CD8-, two cases were CD4-CD8+, and one case was CD4-CD8-. 1/6 case was
CD56+, and 4/7 cases were CD30+. Six cases were evaluated for TCR expression: 4 cases were TCRβ+δ-, one was
TCRβ- δ-, and one TCRβ- δ+. H3K36 trimethylation was preserved in all cases (7/7), and FISH found a SETD2 deletion in
one patient. All cases were EBV (EBER-ISH)-. MYC copy gains were observed in 2 tumors without MYC rearrangements.
Targeted NGS analyses found mutations in 4 cases, most commonly TET2 (3/4) and ARID1A (2/4). Mutations in
JAK/STAT pathway genes were infrequent: except for one case harboring a STAT3 hotspot activating mutation, no
mutation in STAT5B, JAK1 or JAK3 were found in any case. SETD2 mutations were not observed. Other pathogenic
mutations found in only one patient each were: KMT2D, DNMT3A, FYN, TP53, CCR4, BCOR and PLCG1.
Image / figure:
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Conclusion: ITCL-NOS presents heterogeneous morphological and immunophenotypical features partially shared with
EATL and MEITL. However, remarkably, IPTCL-NOS does not harbor the typical mutations characteristic of EATL and
MEITL, i.e affecting JAK/STAT pathway genes and SETD2. Altogether, our findings support that IPTCL-NOS represents a
heterogeneous but distinctive group of primary intestinal T-cell lymphoma.
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CLASSIFICATION OF AGGRESSIVE B-CELL LYMPHOMAS USING GENE EXPRESSION PROFILING
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Background: Accurate classification of aggressive lymphomas requires a combination of immunohistochemistry markers,
FISH and an expert haematopathologist to integrate this information along with the tissue morphology. Many aggressive
lymphoma sub-categories are closely related, and while most cases may fall clearly into a single diagnostic category,
'edge cases' can prove difficult to diagnose using conventional methods. We have already validated the use of the HTG
EdgeSeq PanB-Cell Lymphoma panel for cell of origin (COO) and molecular high grade (MHG) subtypes, and are now
investigating the use of just a single panel to more precisely classify a wide range of aggressive lymphomas.
Materials and Methods: The HTG Panel measured the expression of 298 genes, from FFPE tissue, selected from
established subtype gene signatures and drug targets.
To train and validate the classifiers, 477 samples were used. Of these: Diffuse Large B-Cell Lymphoma (DLBCL) (193),
MHG (40), Double-Hit Lymphoma (DHL) (42), MHG/DHL (18), Primary Mediastinal B-Cell Lymphoma (PMBL) (28),
Plasmablastic Lymphoma (PBL) (29), Burkitt (28), Burkitt-like (BL-11q) (23), Mantle Cell Lymphoma (MCL) (33), MCL
Blastic (35) and CCND1-neg MCL (12). The majority came from the Haematological Malignancy Research Network
(HMRN), a UK population-based patient cohort. Other samples came from the REMoDL-B, ARGO and MAPLE trials.
All samples were processed with the HTG PanB panel at the Haematological Malignancy Diagnostic Service (HMDS),
Leeds.
A Support Vector Machine classified cases into broad groups (DLBCL, Mantle-based lymphomas, Burkitt, PMBL, PBL)
with a given probability threshold for classification. For predicting subtypes (except MCL blastic and CCND1-neg MCL)
Linear Predictor Scores (LPS) were developed using gene signatures. 100-fold cross validation was used to obtain
metrics and 100 predictions of new data.
To demonstrate utility, 16 ‘edge cases’ with no firm diagnosis were classified.
Results: The broad classifier gave correct classification (compared to the gold standard pathological diagnosis) to 8595% of the unseen data with no threshold specified. With a threshold, this increased to 92-97% at the expense of 20% of
samples being labelled ‘uncertain’.
LPS metrics are detailed in Table 1. A difference in gene expression was found for DHLs, DHL-other (DHL with BCL2 or
THL expression) was predicted better than DHL-BCL6. CCND1-neg MCL could not be predicted with only CCND1.
The broad classification of edge cases gave 2/16 ‘uncertain’ with a 50% probability threshold. Subtype classification is
detailed in Figure 1 and there is limited discordancy.
Table 1 - LPS metrics
Sensitivity: Median % Specificity: Median %
Subclassifier (25th-75th Percentile) (25th-75th Percentile)
BL – 11q
89 (77-100)
92 (90-95)
Burkitt
89 (75-100)
90 (88-95)
MCL
90 (88-100)
90 (88-92)
PMBL
82 (68-90)
95 (92-97)
PBL
100 (90-100)
95 (92-97)
DHL-BCL6
77 (60-86)
55 (52-60)
DHL-other
86 (77-100)
68 (63-72)
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Conclusion: These algorithms can be used alongside existing DLBCL-COO and MHG classifiers, all from the same
panel, to accurately classify a wide range of aggressive lymphomas, however classification of CCND1-neg MCL remains
a challenge. Our results are encouraging, particularly for broad classification.
Although, replacing current procedures with this technology would require alteration to standard practice, these classifiers
could be used to aid diagnosis of complex edge cases with potential for stratifying patient groups for trial inclusion.
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PSTAT3 AS A POTENTIAL DIAGNOSTIC AND PREDICTIVE BIOMARKER FOR THE DIAGNOSIS OF ALK- ALCL VS.
CD30HIGH PTCL, NOS
Chenxi Xiang* 1, Hui Liu1
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Background: ALK-negative anaplastic large cell lymphoma (ALK- ALCL) and a proportion of CD30high peripheral T-cell
lymphoma, not otherwise specified (PTCL, NOS) share many clinicopathological features. Since these two entities differ in
prognosis and response to CD30 targeted therapy, accurate diagnosis is essential. Unfortunately, no biomarker is reliable
enough to differentiate them in daily practice. STAT3 was characteristically activated in ALCL. We aimed to investigate
whether the status of STAT3 activation helps the differential diagnosis.
Materials and Methods: We used two antibodies against different phosphorylation sites (pSTAT3-Y705, pSTAT3-S727)
to detect the phosphorylation of STAT3 by immunohistochemistry (IHC) in ALK+ ALCL (n=33), ALK- ALCL (n=22) and
PTCL, NOS (n=34, 10/34 expressing CD30 diffusely) cases.
Results: We found that both pSTAT3-Y705 and -S727 were strongly and diffusely expressed by tumor cells in most
ALK+/- ALCL cases but were variably positive in a subset of PTCL, NOS (P < 0.05). Based on these results,
we developed an IHC-based classifier to guide the differential diagnosis between ALK- ALCL and CD30high PTCL, NOS,
with a sensitivity of 100% and specificity of 83%. On the other hand, in contrast to pSTAT3-Y705, pSTAT3-S727 was also
expressed by background tumor-infiltrating lymphocytes (TILs) in PTCL, NOS. The univariate survival analysis revealed
that high expression of pSTAT3-S727 in TILs was associated with the superior prognosis of PTCL, NOS patients (P <
0.05). For PTCL, NOS with MPIT 0~1, patients with a higher pSTAT3-S727 expression in background TILs had longer
median survival than those of lower levels (20.8 vs. 2.98 months, P < 0.05).
Image / figure:

Conclusion: Our study suggests a readily accessible strategy to help distinguish ALK- ALCL from CD30high PTCL, NOS,
and implicates that pSTAT3-S727 expression by TILs predicts the prognosis of PTCL, NOS.
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Background: Chromosomal translocations with breakpoints in immunoglobulin (IG) loci are genetic hallmarks of various
B-cell neoplasms. In consequence, at least in some leukemias and lymphomas these translocations constitute diagnostic
or prognostic markers. Chronic lymphocytic leukemia (CLL) harbors IG translocations in approximately 5-10 % of cases.
These translocations lead to the overexpression of oncogenes located on the translocation partners (such as BCL2,
BCL3, BCL10, BCL11A and MYC) via IG-enhancer hijacking. However, in a substantial proportion of CLL with IG
translocations, the partner genes and their functional significance are not known. Moreover, with few exceptions only
limited data exist whether such translocations define biologic or clinical subgroups of CLL. Thus, we here aimed at
characterizing CLLs with IG translocations on the genomic, epigenomic, and transcriptional level.
Materials and Methods: Excluding cases with IGH::CCND1 or IGH::BCL2 fusion, we collected a total of 233 CLL cases
with breakpoints in one of the IG loci, based on results of fluorescence in situ hybridization (FISH) performed at the
Department of Internal Medicine III at Ulm University Medical Center.
Results: Further FISH investigations showed that the most common partners were BCL3 (30 % (n=70)) and MYC (12 %
(n=27)). In 58% (n=136) cases the partner remained yet unknown.
We profiled 79 out of the 233 samples using 850K EPIC BeadChip arrays focusing on cases with identified and recurrent
translocation partner genes. DNA methylation analyses showed an epigenetic heterogeneity in IG translocated CLLs. Copy
number aberration (CNA) analysis of these samples revealed a biased distribution of imbalances as compared to CLL in
general. A higher frequency of trisomy 12 (37 %) and a lower frequency of deletion 13q (16 %) was detected. Deletion of
11q was present in 22 % and deletion in 17p in 13 % of cases. A total 65 % had an unmutated IGHV status and 30% of
cases a mutated IGHV (5 % unknown).
Conclusion: Our ongoing large multi-OMICs study shows that IG-translocated CLL differs from the classical CLL and,
moreover, harbours a molecular heterogeneity potentially pointing to hitherto unrecognized subgroups of mature
lymphatic B-cell neoplasms with features of CLL and characterized by recurrent IG translocations.
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Background: Follicular lymphoma (FL) is the most common subtype of non-Hodgkin lymphoma accounting for 20-25% of
all cases (1). Tumour microenvironment (TME) plays major role in the development and clinical course of FL. The disease
generally has a long survival following first line treatment but requires continuous follow up due to a frequently indolent
remitting and relapsing course (2). In contrast, those cases where there is failure to achieve a sustained response to initial
therapy and/or where there is early relapse show a shortened overall survival (3). There is therefore a need to identify
these refractory/early relapsing cases and to try to understand the underlying causes behind these prognostic variations.
In this study, we performed multiplex immunofluorescence to study TME of FL to 1) develop a deep learning-based
method to identify cell phenotypes, 2) characterise a cell distribution and spatial analysis pipeline tailored to the tissue
compartments of FL, and 3) identify novel immune phenotypes associated with time to progression (TTP).
Materials and Methods: FFPE section of 32 FL (grade I-IIIA) cases were subjected to multiplex immunofluorescence
(MIF) applying panels to detect the following cell groups – immune T cells, tumour-associated macrophages, myeloid
cells, and natural killer T cells.
Results: We examined the density and spatial co-localisation of immune cells in the inter-follicular and intra-follicular
regions of follicular lymphoma. Low inter-follicular density of CD8+FOXP3+ cells and co-localisation of CD8+FOXP3+ with
CD4+CD8+ cells were significantly associated with increased relapse rates (p = 0.0057 and p = 0.0019, respectively) and
a shorter time to progression after first-line treatment (Logrank p = 0.0097 and log-rank p = 0.0093, respectively). A low
inter-follicular density of CD8+FOXP3+ cells was associated with increased risk of relapse independent of FLIPI (p
=0.038, HR = 0.42 [0.19, 0.95]), but not independent of co-localisation of CD8+FOXP3+ with CD4+CD8+ cells (p = 0.42).
Co-localisation of CD8+FOXP3+ with CD4+CD8+ cells was a predictor of time to relapse independent of the FLIPI score
and density of CD8+FOXP3+ cells (p = 0.027, HR = 0.0019 [7.19 x 10-6, 0.49]). This suggests a potential role of interfollicular CD8+FOXP3+ and CD4+CD8+ cells in the disease progression of FL, warranting further validation on larger
patient cohorts. Figure 1 illustrates some of the results.
Image / figure:
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Conclusion: In this study we showed that a low density of CD8+FOXP3+ cells or low co-localisation of CD8+FOXP3+
with CD4+CD8+ outside the neoplastic follicles is associated with increased relapse rates and shorter TTP in FL patients
treated with R-CHOP or R-CVP. The inter-follicular density of CD8+FOXP3+ and co-localisation of CD8+FOXP3+ with
CD4+CD8+ appear to be predictive of TTP independent of FLIPI score and combining these features with FLIPI scores
has the potential to improve prognostic stratification in FL.
References: 1-A. Carbone et al. (2019) “Follicular lymphoma,” Nature Reviews Disease Primers, vol. 5, no. 1. Nature
Research.
2-J. González-Rincón et al. (2019) “Unraveling transformation of follicular lymphoma to diffuse large B-cell lymphoma,”
PLoS One, vol. 14, no. 2, p. e0212813.
3-S. S. Dave et al. (2004) Prediction of Survival in Follicular Lymphoma Based on Molecular Features of Tumor-Infiltrating
Immune Cells,” N. Engl. J. Med., vol. 351, no. 21, pp. 2159–2169.
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Background: Extranodal, nasal-type natural killer/T-cell lymphoma (NKTCL) is an aggressive malignancy with poor
prognosis, associated with hemophagocytic syndrome (HS). HS results from excessive production of interferon-γ. A
deregulation of Janus Kinase 3 (JAK3) protein kinase is a general oncogenic event in NKTCL, with up to 80% of patients
harboring a constitutive phosphorylation in the activating Y980 residue, and 7%-35% of patients displaying acquired
activating mutations mainly in the pseudokinase domain that account for its constitutive activation. Mechanisms leading to
hemophagocytic syndrome and cells growth are not well unknown.
Materials and Methods: Control NK cells and the NK cell line MEC04 derived from a NKTC, and NKL and KHYG-1 cell
lines derived from NK cell leukemias, all harboring a constitutively phosphorylated JAK3, were treated with recombinant
IL-2 (rIL-2), with or without the JAK3 inhibitor CP-690550. Cell count was performed daily. Western-blot analysis was
performed to study activation for the Signal Transducer and Activator of Transcription 3 (STAT3) oncogene, AKTand
ERK1/2 and the production of Interferon-γ.
Lin-, Scahi, Kithi (LSK) progenitors obtained from C57Bl/6 mice were transduced in cultured mouse NK cells with retroviral
vectors encoding the wild-type form of human JAK3 or JAK3A573V, as well as with an empty vector8. Transduced cells
were cultured for NK cell differentiation.
An in vivo murine model was based on the transplantation of expression of JAK3A573V in primary NK cells from Rag2/- mice, into wild-type C57Bl/6 recipients and was studied with blood cell count and histopathological analysis.
Results: A major increase in the number of viable cells harboring the JAK3A573V mutation, was observed after rIl2
treatment. Y705-STAT3, AKT and ERK1/2 phosphorylation was majored with higher production of interferon-γ, inhibited
by GDC-0941 and UO126.
Expression of constitutively activated JAK3A573V in hematopoietic progenitors leads to NK cells expansion in mice. A
maximal phosphorylation of JAK3 substrates Y705-STAT3-Y705, Y594-STAT5, Y202/204-, ERK1/2 and S473-AKT was
found by flow cytometry in NK cells harboring JAK3A573V.
The transplanted wild-type recipients with expression of JAK3A573V in primary NK cells reproduce the typical features of
NKTCL including NK cells expansion and HS.
Image / figure:
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Conclusion: Constitutively activated JAK3 confers NK cells hypersensitivity to interleukin-2 (IL-2), leading to growth
advantage and excessive production of interferon-γ through activation of downstream substrates. The expression of
constitutively activated JAK3A573V in hematopoietic progenitors leads to NK cells expansion in mice. Transplanted wildtype recipients with in vivo murine model based on the expression of JAK3A573V in primary NK cells from Rag2-/- mice
reproduce the typical features of NKTCL including NK cells expansion and HS.
References: 1. Bigenwald C, Fardet L, Coppo P, at al.. Br J Haematol. 2018;183(1):68-75.
2. Wang H, Fu BB, Gale RP, Liang Y. Leukemia. 2021;35(9):2460-2468.
3. Koo GC, Tan SY, Tang T, et al. Cancer Discov. 2012;2(7):591-597.
4. Sim SH, Kim S, Kim TM, et al.. Am J Pathol. 2017;187(5):980-986.
5. Coppo P, Gouilleux-Gruart V, Huang Y, et al.. Leukemia. 2009;23(9):1667-1678.
6. Cornejo MG, Kharas MG, Werneck MB, et al.. Blood. 2009;113(12):2746-2754.
7. Jia J, Song Y, Lin N, et al.. Ann Hematol. 2016;95(12):2023-2031.
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MYCOSIS FUNGOIDES: MOLECULAR IDENTITY REVEALED BY NANOSTRING ANALYSIS
Ruth Alonso* 1, 2, Marta Rodriguez1, Nuria García3, Juan Fernando García4, José Pedro Vaqué3, Laura Cereceda1, 2,
Socorro María Rodriguez-Pinilla1, 2, Jose Luis Rodríguez Peralto5, Pablo Ortiz Romero2, 5, Miguel Ángel Piris1, 2
1Anatomía Patológica, Fundación Jiménez Díaz, 2CIBERONC, Madrid, 3Biología molecular, Universidad de Cantabria,
Santander, 4Anatomía Patológica, MD Anderson Cancer Centre, 5Dermatología, Hospital Universitario 12 de Octubre,
Madrid, Spain
Background: Mycosis fungoides (MF) is the most common subtype of cutaneous T-cell lymphomas. Patients with
refractory, advanced-stage MF have a life expectancy of <5 years. The diagnosis of these patients is highly challenging
and requires an integrated approach, where clinical, morphologic, immunophenotypic and molecular data are
incorporated. For this reason, initial diagnosis is frequently delayed up to 6 years. Molecular substrate of early and
advanced MF stages is still poorly known, and as consequence treatment selection is based on clinical stage, age,
comorbidities, and histology, but molecular data are not considered for the therapy selection. The aim of the study was
translated what is known on molecular pathogenesis of MF to the early diagnosis, prognosis, and therapy selection.
Materials and Methods: For this purpose, a series of 106 formalin-fixed, paraffin-embedded (FFPE) samples belonging
to 31 MF patients and 16 inflammatory dermatoses have been collected. Serial MF samples were analyzed for most of the
cases (2-10 samples), corresponding to different phases of the disease. Using the NanoString platform for geneexpression analysis, we design a custom panel of 77 genes relevant in the pathogenesis of MF, together with genes
known to be therapeutic targets. The data were analyzed using nSolver advance analysis version 4.0 software
(NanoString Technologies, Seattle, WA, USA).
Results: Main obtained results were:
- The study has made it possible to analyze routine paraffin-embedded MF samples using a personalized gene expression
panel, in which the technique was informative in all cases analyzed, regardless of clinical or histological stage, providing an
accurate measure of the T-cell phenotype, cellular composition of the infiltrate, expression of potential markers for therapy
selection and expression level of surrogate markers for the main oncogenic cell survival pathways.
- Unexpectedly, non-supervised clustering showed that most of the clustering was dependent of the patient identity, with
serial samples from the same patient clustering together.
- The analysis also provides stage-specific genetic signatures associated with the different phases of Mycosis Fungoides.

Conclusion: Gene expression profiling using a customized gene set in the Nanostring platform can be applied to routine
paraffin embedded MF samples and provide a detailed molecular signature for each sample and patient that may
complement the data provided by the conventional clinical and histological studies.
MF samples show an unexpected degree of inter-tumoral heterogeneity. Molecular signature for each patient tends to
remain relatively stable along the disease, suggesting that samples corresponding to the same patient contain some specific
molecular signature features.
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TCR/IGH REARRANGEMENTS IN SEQUENTIAL BIOPSIES OF AITL PATIENTS
PJ Stewart* 1, SM Rodriguez-Pinilla2, L Colomo Saperas3, J Menarguez4, M Rodriguez-Moreno2, M Piris2, M Prieto5, N
McCafferty1, D Gonzalez1
1Precision Medicine Centre, Queen's University Belfast, Belfast, United Kingdom, 2Hospital UNiversitario Fundacion
JImenez Diaz, Madrid, 3Hospital del Mar, Institut Hospital del Mar d'Investigacions Mediques (IMIM), Barcelona, 4Hospital
UNiversitario Gregorio Marañón, 5Hospital San Chinarro, Madrid, Spain
Background: Angioinmunoblastic T-cell lymphoma (AITL) is a T-cell lymphoma whose neoplastic cells showed follicular
helper T-cell phenotype (TFH- phenotype) and show a polymorphic background characterized by the presence of
eosinophils, vessels with prominent endothelium and expansion of follicular dendritic cells. Expansions of either plasma
cells or (EBV-positive/negative) B-cells are also frequently found. Both B and T cell receptor rearrangements can be found
with varying degrees of heterogeneity. Moreover, a multistep model of different somatic adquisition by different cellular
components of this disease has also been proposed.
Aims of the study: Study the clonal evolution of AITL patients during the course of the disease.
Materials and Methods: Nineteen AITL patients with multiple biopsies at different time points of the disease (media of 2,
range 2 to 4 samples per patient) were studied with the EuroClonality-NGS DNA capture panel.
Results: Clonal TRG rearrangements were found in all patients with the presence of two different sequences in 17
patients (89.5%). TRA was also found clonal in all patients. In 16 patients two clonal TRA rearrangements were found in
consecutive biopsies (84.2% cases). TRB was found clonal in 17 patients (89.5%). In 16 patients two different
rearrangements in TRB gene were found. Only two patients showed additional clonal T cell rearrangements (both TRB)
along the course of the disease. No TRD-TRD rearrangements were identified. Clonal IGH, IGK or IGL rearrangements
were only found in a total of 9 patients (47 % of cases). Clonal IGH rearrangements were found in 5 patients, IGK in 6 and
IGL in one. One patient (case 9) showed both IGH, IGK-VJ, IGK-Kdel and IGL rearrangements. In 2 out of 5 patients two
different IGH rearrangements were found. Only two cases maintained the same clonal IG rearrangement in two different
time points.
Taken mutations present at any time point for each patient and combined them into one result we found that TET2 (81%),
KMT2D (52%), RHOA (38%) and DNMT3A (29%) were the most frequently represented, in agreement with previous
studies. Mutations in IDH2 gene was present in just two cases (10%).
Conclusion: A dominant stable T-cell clone was detected in 100% of the patients, with only two patients presenting
additional T-cell clones during the course of the disease. Conversely, a high percentage of cases showed B-cell related
rearrangements that were not consistent along the evolution of the disease.

References: -Brúggemann M, et al. Leukemia 2007.
-Attygale AD, et al. Am J Surg Pathol, 2007
-Lemonnier F, et al. Blood, 2012.
-Wang M, et al. Oncotarget, 2017.
-Nguyen TB, et al. Blood Cancer Journal, 2017.
-Yao W-Q, et al. J Pathol, 2020.
-Stewart JP, et al. Blood Adv, 2021.
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USE OF THE T CELL RECEPTOR Β-CHAIN CONSTANT DOMAINS 1 AND 2 (TCRBC1 AND TCRBC2) STUDIES FOR
THE ANALYSIS OF T-CELL CLONALITY
Ruth Alonso* 1, 2, Jennifer Borregón1, Marcos Rebollo González1, Luis M Gallego Manzano1, Jose Luis Rodriguez Peralto3,
Pablo Luis Ortiz Romero2, 4, Socorro María Rodríguez Pinilla1, 2, Marta Rodríguez1, 2, Miguel Ángel Piris1, 2
1Anatomía Patológica, Fundación Jiménez Díaz, 2CIBERONC, 3Patología, 4Dermatología, Hospital Universitario 12 de
Octubre, Madrid, Spain
Background: T-cell lymphoma diagnosis and treatment still requires progresses that may allow to a better understanding
of TCL pathogenesis, facilitating both the diagnosis and targeted therapy.
Clonality studies and target identification in T-cell lymphoma may take advantage of the existence of two different TCRBC
domainsdenominated as TCRBC1 and TCRBC2. These two regions are expressed in a mutually exclusive pattern, making
possible clonality studies. BC1 and BC2 have also been used for therapeutic targeting using CARTs. In the absence of
reliable antibodies capable of detecting TCRBC1 or TCRBC2 in paraffin-embedded tissue, we have explored whether GEP
or BaseScope can be used for routine diagnosis of PTCL and CTCL cases.
Materials and Methods: Thus, we have analyzed a large series of PTCL and CTCL with probes for both TCRBC1 and
TCRBC2 genes using the NanoString platform. A fraction of the cases was also analyzed using the BaseScope
technology.
The specificity of the probes was validated using cell lines expressing TCRBC1 (Jurkat) or TCRBC2 (HPB-ALL). Results
were correlated with IHC and sequencing studies.
The PTCL series includes Anaplastic large cell lymphoma (24 cases), Angioimmunoblastic T-cell lymphoma (17 cases),
PTCL-TFH (10 cases) and PTCL-NOS (11 cases). CTCL series includes Mycosis Fungoides in patch/plaque stages (11
cases) and MF advanced stages (19 cases).
Control cases were reactive tonsils (3 cases), reactive lymphadenopathies (5 cases) for PTCL series and inflammatory
dermatoses (15 cases) for a CTCL series.
Results: NanoString results were used for calculating TCRBC1/BC2 ratio. This ratio and the values in the series were
adjusted to 1, for representation.
Control cases for PTCL were reactive lymphadenopathies and tonsils. The range of the expression value for these controls
was 0.53-1.67. The study of AITL, PTCL-TFH and PTCL-NOS cases showed that (60%) cases exhibit a BC1/BC2 index
outside of the range (0.53-1.67; mean 1) of the reactive lymphadenopathies. In the PTCL group: 9/17 of AITL cases (52.9%)
showed values out of range; 6/11 (54.6%) of the PTCL-NOS cases and 8/10 (80%) of the PTCL-TFH cases. BaseScope
analysis was only fruitful for cases with high proportion of neoplastic cells.
For the cutaneous samples and the diagnosis of Mycosis Fungoides, controls were provided by a mixture of inflammatory
dermatitis. The range of the expression of the ratio BC1/BC2 was 0.31-2.66. Analysis of the Mycosis Fungoides series
showed that 46% showed an abnormal ratio BC1/BC2 (range 0.31-2.66; mean 1), 3/11 of early MF samples (27.2%) and
11/19 of advanced MF (57.8%). Again, the BaseScope study was only productive for cases with high proportion of neoplastic
cells.
ALCL cases showed null expression of both TCRBC1 and BC2 in 14/24 cases using a combination of NanoString and
BaseScope. DUSP22-positive cases (2) were positive for B1 or BC2.
Results using BaseScope were only interpretable for cases with a majority of neoplastic cells and confirmed the NanoString
results.
Conclusion: Results confirm that the expression of BC1 and BC2 are mutually exclusive in neoplastic T-cells,
corroborate that the majority of ALCL do not express TCRB or TCRG and support a potential use of the BC1/BC2 ratio as
an adjuvant diagnostic tool.
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ANAPLASTIC LARGE CELL LYMPHOMAS WITH 6P25.3 REARRANGEMENT ARE A HETEROGENOUS GROUP OF
TUMOURS WITH DIFFERENT MOLECULAR BACKGROUND.
M Rodriguez Moreno1, R Nieves Salgado2, N Carvajal Garcia2, M Piris2, Socorro Maria Rodríguez Pinilla* 2
1Hospital Universitario Fundacion Jimenez Diaz, 2Hospital Universitario FJD, Madrid, Spain
Background: ALK-negative anaplastic large cell Lymphoma (ALCL) cases with 6p25.3 rearrangement seemed to have
peculiar morphological, immunohistochemical features and better clinical outcome than 6p25.3-negative ALK-negative
ALCL cases. Interestingly, only a subgroup of this 6p25.3-positive ALK-negative ALCL cases showed t(6;7)(p25.3;q32.3).
Material and Methods: We studied by RNA-sequencing a series of 19 6p25.3-positive ALK-negative ALCL cases identified
by FISH, including 8 systemic and 9 primary cutaneous cases. Cutaneous samples of 2 s ALCL cases were also analyzed.
Materials and Methods: We studied by RNA-sequencing a series of 19 6p25.3-positive ALK-negative ALCL cases
identified by FISH, including 8 systemic and 9 primary cutaneous cases. Cutaneous samples of 2 s ALCL cases were also
analyzed.
Results: A fusion involving a gene of the 6p25.3 region (either IRF4 or DUSP22) was detected in 7/15 cases (47%). In
five out of these 7 cases the LINC-PINT region was the identified partner and in one case an EXOC2-DUSP22
rearrangement was found. Except for one case all were primary cutaneous ALCLs. Except for the case with the EXOC2DUSP22 rearrangement all cutaneous cases showed the so called ”biphasic” morphologic pattern”, not found in
cutaneous samples of s ALCL cases. Interestingly, cases with the t(6;7)(p25.3;q32.3) were more frequently CD3,
TCRBF1, P-STAT3, LEF1 positive and BCL2 negative. Moreover, at the transcriptional level, they showed lower
expression of genes involved in DNA damage repair, apoptosis, and Wnt pathways among others, being TCF3
(TCF7L1/E2A), CD58 and BCL2 genes highly down-regulated.
Conclusion: 6p25.3-positive ALK-negative ALCL cases are a heterogeneous subgroup of tumours regarding
presence/absence of the t(6;7)(p25.3;q32.3).
References: -Feldmann AL, et al. Blood , 2011.
-Parrilla Castellar ER, et al. Blood, 2014.
-Onaindia A, et al. Haematologica, 2019.
-Onaindia A, et al. Histopathology, 2015.
-Karai LJ,et al. Am J Surg Pathol, 2013.
-Luchtel RA, et al. Blood 2018.
-Luchtel RA, et al. Blood 2019.
-Ravindran A, et al. Am J Surg Pahol, 2021.
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WHOLE GENOME DNA METHYLATION AND COPY NUMBER LANDSCAPE OF PRIMARY DIFFUSE LARGE B-CELL
LYMPHOMA OF THE CENTRAL NERVOUS SYSTEM AND DIFFUSE LARGE B-CELL LYMPHOMA OF THE TESTIS
Nicholas D. Ward* 1, Yiying Yang1, Ivy Tran1, Matija Snuderl1
1Department of Pathology, New York University Langone Health, New York, United States
Background: Primary diffuse large B-cell lymphoma of the central nervous system lymphoma (PCNSL) and primary
testicular large B-cell lymphoma (PTL) share some phenotypic features suggestive of arising from activated B-cell–like
diffuse large B-cell lymphoma, however distinctly these neoplasms present as localized masses in extra nodal organs that
are considered to be immune sanctuaries. PCNSL and PTL have been shown to share some overlapping biology
including high prevalence of mutations in Toll-like receptor (TLR) signaling component genes MYD88 and CD79B, loss of
HLA-loci, CDKN2A deficiency as well as exhibit aberrations involving immune checkpoint pathways (PD-L1/PD-L2). We
identified recurrent copy number alterations (CNAs) and compared methylation patterns between PTL and PCNSL to
further delineate the molecular characteristics of these entities.
Materials and Methods: We identified 10 cases of PCNSL and 6 cases of PTL with usable formalin fixed paraffin
embedded tissue and clinical data. There was no evidence of systemic lymphoma or immunodeficiency. We performed
clinically validated whole genome DNA methylation analysis using Illumina EPIC array, followed by tumor classification
and unsupervised analysis using principal component analysis (PCA). The copy number profile was evaluated using
conumee package.
Results: Unsupervised analysis did not show different DNA methylation signatures between PCNSL and PTL. While both
types of tumors showed homozygous CDKN2A loss, it was more prevalent in PTL (6/6) than PCNSL (5/10). 6q loss was
also seen in both types of lymphoma (PTL: 4/6; PCNSL: 5/10). PTL specific copy number aberrations included focal copy
number gain of PDGFRA and loss of 19q (both in 5/6 cases). In contrast, 1p loss was restricted to PCNSL cases (4/10
cases).
Image / figure:

Conclusion: Our study demonstrates that PCNSL and PTL show a similar DNA methylation signature and show common
as well as disease specific copy number aberrations. Our findings add further insight to the pathogenesis of these two
neoplasms.
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BLASTIC PLASMACYTOID DENDRITIC CELL NEOPLASM – A RARE HAEMATOLOGICAL MALIGNANCY
Tajana Stoos-Veic* 1, 2, Cedna Tomasovic Loncaric1, David Cicic3, Zdravko Mitrovic2, 3
1Department of Pathology and Cytology, University Hospital Dubrava, 2University of Zagreb, School of Medicine,
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Background: Blastic plasmacytoid dendritic cell neoplasms is a rare tumour of precursor blastic dendritic cells, a
separate category in 2017 revision of WHO 4th Edition of hemopoietic and lymphoid tumours. Genetic phenotyping
showed that the neoplasm is more similar to myeloid neoplasms than lymphoid. This aggressive neoplasm typically
involves the skin, lymph nodes and finally the bone marrow and often ends with fulminant leukaemia. It is usually positive
for CD4, CD45RA, CD56, CD43 and PDC associated antigens CD123, CD303, TCF4, CD2AP, TCL1A and various
myeloid and lymphoid antigens. In this case, we present clinical, morphological, immunophenotype and clonality findings.
Materials and Methods: Case presentation: A 73-year-old male presented in the emergency room with his face, chest,
back and extremities were covered with painless, dark purple, palpable skin indurations. First symptoms started with
bruise-like changes on the chest, a month prior. His medical history was unremarkable, save arterial hypertension. He
was tested COVID negative at the time (not vaccinated). The patent was of medium osteomuscular built, conscious, well
oriented in time and space. Besides of skin changes, there was palpable splenomegaly and inguinal lymphadenopathy.
Blood work up showed slight anaemia (E 3,18x1012/L), leucocytosis (L 15,6x109/L) and thrombocytopenia (tr 86x109/L).
Peripheral blood showed left shift to the promyelocytes and with 10% of atypical lymphoid cells. Lactate dehydrogenase
was 397, all other parameters were unremarkable.
MSCT confirmed generalised lymphadenopathy and splenomegaly of 18cm.
Results: Cytology of skin lesions, inguinal lymph nodes showed infiltration with atypical middle sized cells that looked
lymphoid, with irregular nucleolar contours and partly blastoid appearance, with scant cytoplasm. Bone marrow aspirate
was scant but touch imprint of bone showed infiltration with 90% cells of the same morphology. Cytochemistry was
peroxidase (POX) negative, periodic Schiff acid (PAS)negative, alfa-naphtil acetate esterase (ANAE) negative. By
immunocytochemistry cells were TdT negative, CD20, CD30, CD3 and CD5 negative.
Skin biopsy showed infiltration of dermis with blastoid cells that were LCA, CD4, CD43, CD56 positive and partially TdT
positive, while CKAE1/AE3, CD20, PAX5, CD79a, CD10, CD1a, CD34, CD68, CD3, CD5 were negative. Epidermis was
spared. Trephine biopsy of bone marrow was infiltrated with the cells of the same IHK profile except for TdT which was
negative. Ki 67 proliferation index was 30%. IHK for CD123 was positive, so the diagnosis of blastic plasmacytoid
dendritic cell neoplasms (BPDCN) was rendered. Additionally, T-cell (TCR beta and TCR gamma) and B-cell receptor
gene rearrangement analysis found polyclonal population of T and B cells. After initial dose of corticosteroid, patient had a
syndrome of tumour lysis with acute renal failure and septicaemia, but has recovered and after dose adjusted treatment is
currently, nine months after the initial diagnosis, reasonably well.
Conclusion: BPDCN is a rare disease with overlapping clinical, morphological and immunophenotyping features. Positive
BPDC markers including CD123, coupled with typical skin involvement allows for the diagnosis and has potential for a
targeted therapy. Due to its rarity, we believe that this case contributes to the general knowledge of the disease.
References: 1. Pagano L,et al.Blastic plasmacytoid dendritic cell neoplasm:diagnostic criteria and therapeutical
approaches. Br J Haematol.2016;174:188-202
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THE DARK GENOMIC MATTER OF THE NUCLEOLUS MATTERS: RDNA GENES ANALYSIS BY FISH IDENTIFIED A
DISRUPTED GENOMIC NUCLEOLAR STRUCTURE IN HODGKIN LYMPHOMA CELL LINES.
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Siebert3
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Background: The nucleoli are a nuclear subdomain developing around ribosomal gene (rDNA) arrays in nucleolar
organizer regions (NORs), playing an important role in the ribosome biogenesis, and maintaining the genome structure.
While appearing as “black holes” in nuclear DNA stains like DAPI, the nucleolus's size and position have always been a
characteristic feature in histologic lymphoma diagnostics. Therefore, considering the morphological variability of the
nucleoli in B-cell lymphoma, the aim was to evaluate by FISH analysis the differences between non-Hodgkin lymphoma
(NHL) and Hodgkin lymphoma (HL) cell lines in the number and distribution of the rDNA genes that are not usually
investigated for structural aberrations in genome sequencing studies.
Materials and Methods: On 8 NHL B cell lines (BL2, DG75, BJAB, Karpas422, SUPDHL5, U2932-R1, U2932-R2, LM1)
and 8 HL cell lines (HD70, HDML2, KMH2, L1236, L428, L540, SUPHD1, UHO1) we have performed FISH analysis for
the 5S rDNA locus in chromosome 1 and with a probe binding to the 18S/5,8S/28S rDNA repeats in the short arms of the
acrocentric chromosomes. Moreover, we analyzed the KCNQ1OT1 locus by FISH and RNAscope as the long non-coding
RNA KCNQT1OT1 has been recently linked to nucleolar function.
Results: The NHL B-cell lines displayed a "standard" number and distribution of the signals with rDNA repeat signals
inside the nucleolar area identified by reduced DAPI stain, two signals for 5S rDNA situated at the periphery of the
nucleoli and two signals of KCNQ1OT1 DNA with one allele at the edge of the nucleoli and the other localized distant from
the nucleolus; also, the KCNQ1OT1 RNAscope analysis identified just one signal. Instead, several variations in the HL
cell lines were noticed. Namely, we observed the rDNA repeat signals outside the nucleolar structure and chaotic
distribution of the 5S rDNA with one group having two signals, one of which was distantly placed away from the nucleolar
structure, while the other group displayed more than two signals with at least one near the edge of the nucleoli and the
others far away. Furthermore, an altered distribution of KCNQ1OT1 DNA signals was detected with all the signals
localized distantly from the nucleoli, and the KCNQ1OT1 RNAscope identified >1 signal away from the nucleoli.
Conclusion: The NHL B-cell lines by FISH analysis maintained a "standard" genomic content of the nucleolus, while
many HL cell lines showed variability in both the number and localization of the rDNA loci. Over the years, HL has been
proven to own high levels of rearrangements, and these might affect higher-order chromatin structure with tumorigenic
rearrangements being facilitated by 'hitchhiking' along with mobile DNA repeat sequences. Moreover, previous studies
state a structural role of 5S rDNA in the nuclear organization of genomes and even our observations suggest a subverting
nucleolar architecture in HL cell lines due to recurrent alteration in the rDNA genes. Therefore, given that rDNA like repeat
sequences are frequently eliminated from genomic studies additional investigations should be undertaken to unveil the
nucleolar dynamics during lymphoproliferative diseases.
References: Panov KI, Hannan K, Hannan RD, Hein N. The Ribosomal Gene Loci-The Power behind the
Throne. Genes (Basel). 2021;12(5):763.
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ASSESSMENT FOR 11Q AND OTHER CHROMOSOMAL ABERRATIONS IN LARGE B-CELL LYMPHOMAS OF
GEMINAL CENTER PHENOTYPE LACKING BCL2 EXPRESSION
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Background: Large B-cell lymphomas that show germinal center (GC) phenotype and lack BCL2 expression include
(among others) diffuse large B cell lymphoma, NOS (DLBCL), a proportion of cases of high-grade B cell lymphoma, NOS
(HGBCL), and Burkitt-like lymphoma with 11q aberration (BLL-11q). BLL-11q is described as resembling Burkitt
lymphoma (BL) morphologically and immunophenotypically, but lacking MYC rearrangement. We sought to describe the
frequency of 11q alterations, and broader chromosomal alterations, in cases of DLBCL of GC-type lacking BCL2
expression (DLBCL-GC BCL2-), and compare them with cases of BL, HGBCL, and DLBCL of GC-type with BCL2
expression (DLBCL-GC BCL2+).
Materials and Methods: Assessment of diagnostic reports, morphology, immunophenotype, and fluorescent in-situ
hybridization (FISH) from cases at our institution collected between 2005 and 2020 from patients <60 years of age
identified 10 cases of DLBCL-GC BCL2- and 2 cases of HGBCL (intermediate cell size with blastoid nuclear features) with
adequate material for analysis. For comparison, we included 9 cases of BL in patients of all ages and 7 cases of DLBCLGC BCL2+ in patients <60 years of age. Each case was reviewed independently by two pathologists. Cases of
double/triple hit lymphomas and documented BLL-11q were excluded from the analysis. Array CGH (aCGH) was
performed on DNA extracted from FFPE samples.
Results: A summary of the aCGH results in the four diagnostic groups is presented in the table. In the DLBCL-GC BCL2group, five patients were found to have alterations of 11q. Patients in the DLBCL-GC BCL2- group with 11q alterations
showed a mean genomic complexity score of 13 (range 3-22), while those without 11q alterations showed a score of 6
(range 1-18). In the the DLBCL-GC BCL2+ group, one patient was found to have 11q alteration; the alteration was outside
of the typical region. One patient in BL group was found to have 11q terminal deletion. The 5 patients identified to have
11q alterations in the DLBCL-GC BCL2- group have to date shown favorable outcomes after R-CHOP-type therapies (4
patients) or R-CODOX (1 patient), with median follow-up 77 months.
Image / figure:

Conclusion: In this small study, patients <60 years with DLBCL-GC BCL2- showed enrichment for 11q alterations in
comparison to patients with BL or DLBCL-GC-BCL2+. The alterations of 11q identified were variable, with one case
showing 11q gain and loss alterations in the WHO described pattern; this case could be reclassified as BLL or as high-
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grade B-cell lymphoma with 11q aberrations (as the upcoming 5th Edition WHO classification). Cases with alteration of
11q showed DLBCL morphology.
References: Leoncini, L. Campo E, et al. Burkitt-like lymphoma with 11q aberration. In: Swerdlow SH, Campo E, Harris
NL, Jaffe ES, et al, eds. WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues. 4 th rev ed. IARC
Press; 2017. World Health Organization Classification of Tumours.

Gonzalez-Farre B, Ramis-Zaldivar JE, Salmeron-Villalobos J, Balagué O, Celis V, Verdu-Amoros J, Nadeu F, Sábado C,
Ferrández A, Garrido M, García-Bragado F, de la Maya MD, Vagace JM, Panizo CM, Astigarraga I, Andrés M, Jaffe ES,
Campo E, Salaverria I. Burkitt-like lymphoma with 11q aberration: a germinal center-derived lymphoma genetically unrelated
to Burkitt lymphoma. Haematologica. 2019 Sep;104(9):1822-1829. doi: 10.3324/haematol.2018.207928. Epub 2019 Feb 7.
PMID: 30733272; PMCID: PMC6717587.
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EFFUSION CYTOLOGY AND FOLLOW-UP HISTOLOGY OF BREAST IMPLANT-ASSOCIATED ANAPLASTIC
LARGE CELL LYMPHOMA (BIA-ALCL)
Cedna Tomasovic-Loncaric* 1, Tajana Stoos-Veic1, 2, Zdravko Mitrovic2, 3, Petra Veic2, Rado Zic2, 4
1Department of pathology and cytology, University Hospital Dubrava, 2School of Medicine, University of Zagreb,
3Department of Hematology, 4Department of Plastic, Reconstructive and Aesthetic Surgery, University Hospital Dubrava,
Zagreb, Croatia
Background: Breast implants are known for causing chronic effusion, often unilateral. One rare cause of effusion
associated with breast implants is ALCL. Breast implant associated ALCL is a relatively new entity recognized as
provisional in WHO 2017. BIA-ALCL, if discovered early, meaning that it has not extended beyound the capsule has an
exelent prognosis following the surgical removal of the implant together with capsule. If the disease has spread to the
local lymph nodes or beyond, the prognosis is simmilar to the everage ALCL.
Materials and Methods: Case presentation: A patient with breast implants reported to a plastic surgeon about a newly
formed nodule that she felt under her left breast. Since mammography and ultrasound examination of the breast found no
specific changes, an MRI of the breast was performed, which showed a thickened implant capsule and seroma in the left
breast. Cytospin preparations were made out of aspirated yellow seroma liquid, and one was stained with MGG. There
were quite a number of large atypical lymphatic cells with irregular large nuclei found with numerous small lymhocyte and
macrophages in the background. Immunocytochemistry was done on the cytospin preparations: Atypical cells were CD30
and CD4 positive and CD3, ALK, CD43 and CD20 negative in keeping with ALCL.
Results: On the PET-CT scan, numerous enlarged nodes with a diameter of up to 2.7 cm, in both axillary regions,
anterior mediastinum, pectoral muscle, adipose tissue of the left frenocardial angle and in the subcutaneous tissue of the
thoracic wall were found, sugesting systemic disease. The patient was admitted to the hospital for the treatment. The
bilateral excision of the capsule with a dissection of the left axila was performed. The right breast implant capsule was not
affected while the left implant capsule as well as the lymph nodes, were infiltrated by tumor with the extension into the
surrounding tissue. The tumor was histologically consistant with breast implant-associated ALCL ; diffuse proliferation of
large cells with horseshoe-shaped nuclei, strongly positive for CD30, EMA, Granzyme B and CD4 and negative for ALK,
CD20, CD8, CD3, CD2 and CD5.There was no bone marrow involvement, but disease was widespread so systemic
treatment was needed. A patient was treated according to the DA-EPOCH protocol followed by myeloablative treatment
and autologous stem cell transplantation. The complete tumor regression was achived. Three years after the treatment,
the patient is well with no signs of disease.
Conclusion: Cytology as a part of diagnostic alghorithm is a senesitive and specific method for evaluation of seroma fluid
and cytomorphology can detect ALCL cells in the fluid. Histology is crucial for detecting spread of lymphoma cells beyond
the capsule. Despite systemic disease, our patient is well three years after the diagnosis.
References: 1. Jaffe ES et al. Best Practices Guideline for the Pathologic Diagnosis of Breast Implant-Associated
Anaplastic Large-Cell Lymphoma. J Clin Oncol 2020;38(10):1102-1111
2. P. Turton et al. UK Guidelines on the Diagnosis and Treatment of Breast Implant-Associated Anaplastic Large Cell
Lymphoma (BIA-ALCL) on behalf of the Medicines and Healthcare products Regulatory Agency (MHRA) Plastic,
Reconstructive and Aesthetic Surgery Expert Advisory Group (PRASEAG). J Plast Reconstr Aesthet Surg. 2021
Jan;74(1):13-292.
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CLINICOPATHOLOGIC AND GENETIC FEATURES OF STARRY-SKY PATTERN IN RITUXIMAB-TREATED DOUBLE
EXPRESSOR DIFFUSE LARGE B-CELL LYMPHOMA
Hyun-Jung Sung* 1, Heounjeong Go1
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Background: Diffuse large B cell lymphoma (DLBCL) overexpressing of c-MYC and BCL2 (double expressor lymphoma,
DEL) is associated with poor outcomes. DEL is predominantly of activated B cell type cell-of-origin. DLBCL featuring
starry sky pattern (SSP) show high-proliferation index and frequently CD10(-)/MUM-1(+) immunophenotypes. However,
very few studies have investigated histopathological characteristics of DEL. We aimed to elucidate the relationship
between SSP and immunophenotypic and molecular genetic characteristics in DEL.
Materials and Methods: We retrospectively reviewed 187 cases with de novo DEL receiving rituximab-based
chemotherapy. Immunohistochemical (c-MYC, BCL2, BCL6, CD5, Ki-67, CD10, MUM1, CD30, and EBER), morphological
(SSP), targeted gene panel sequencing by next-generation sequencing (NGS), and fluorescence in situ hybridization
(FISH) (MYC, BCL2, and BCL6) analyses were performed on whole slide section.
Results: Starry-sky pattern was identified in 51 cases (27.2%) of DEL. The cases with SSP were significantly associated
with higher c-MYC expression (p = 0.007) and showed a trend of higher BCL2 expression (p = 0.068) compared to the
case without SSP. The presence of SSP was significantly associated with high CD5 expression of tumor cells (p = 0.014).
The percentage of SSP was correlated with higher percentage of c-MYC expression (p < 0.01, r = 0.255) and higher stage
of age-adjusted International Prognostic Index [a-IPI] (p = 0.02, r = 0.164). In a univariate analysis, the presence of SSP
showed better survival than the absence of SSP but it was not statistically significant (p = 0.260). On FISH study, a
translocation and a copy number gain of MYC gene were identified in 20% and 20% in cases with SSP and 15% and 28%
in cases with non-SSP, respectively. Furthermore, somatic mutations of PIM1, TP53, KMT2D and CDKN2A genes
involved in cell survival and proliferation is frequently identified in cases with SSP by NGS studies.
Conclusion: The present study demonstrated that starry-sky morphology in DEL is correlated with high c-MYC and CD5
expression and high a-IPI. However, it suggested that SSP has a limited prognostic role.
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Background: Toll-like Receptors (TLRs) have a crucial role in lymphomagenesis. TLR9 is the dynamic link between
MYD88 and BCR that stimulates the NFkB pathway, as an essential driver in aggressive B-cell lymphomas. TLR9
expression induces proliferation and maintain survival due to the divergent involvement and genetic alterations in NFkB
pathway. TLR9 is also involved in anti-tumor immune responses via different mechanisms including the stimulation of type
1 interferons, interleukin (IL) -1, -6 and -10, engagement of dendritic cells and T- lymphocytes and the impact on B- cell
maturation. The expression patterns and clinical significance of TLR9 in diffuse large B-cell lympgoma (DLBCL) merit
further investigation.
Materials and Methods: TLR9 gene expression data (mRNA) were obtained from the publicly available TCGA database
(https://www.omicsdi.org/dataset/geo/GSE10846, Staudt et et). The study group included 65 patients (median age 67
years) with de novo DLBCL, available pre-treatment tissue samples and clinical data. Expression TLR9 was assessed by
immunohistochemistry on formalin-fixed, paraffin-embedded (FFPE) biopsies, a monoclonal antibody and standard
methods. Three groups were defined for positivity (negative=0, weak=1, strong=2) based on the percentage of positive
lymphoma cells and the staining intensity. The in vitro system included 3 DLBCL cell lines (MS, RCK8, OCI-LY3). Cell
viability and growth was assessed by trypan blue exclusion assay. Expression of TLR9 at baseline and experimental
conditions was analysed by Western blot. Failure-free survival (FFS) was used as endpoint, which was defined as the
time (months) from diagnosis to first relapse or primary refractory disease. Survival analysis was performed using the
Kaplan-Meier method (log-rank test).
Results: TLR9 m-RNA level was higher in the ABC than GC type of DLBCL (p<0.0001) using the publicly available TCGA
database (Fig. 1a). At the protein level, TLR9 expression was variable among DLBCL cell lines (Fig. 1b). Of the 65
DLBCLs of this cohort, 24 were classified as GC, 33 as non-GC (ABC) and 8 were unclassifiable. In DLBCL tumors, TLR9
was strongly positive (2) in 10 (15%), weakly positive (1) in 32 (49%) and negative in 23 (35%) cases in the present study
group (Fig. 1c). A statistical trend towards more frequent TLR9 expression in the group of DLBCL with ABC (non-GC)
phenotype was observed in the present cohort (p=0.09). Of the 65 patients, 37 (57%) relapsed or showed disease
progression. TLR9 expression (0 vs. 1 vs. 2) was strongly associated with relapse. More specifically, 9 of 10 (90%)
patients of the high expression group (2) and 20 of 32 (63%) of the low expression (1) group relapsed as compared to 8 of
23 (35%) patients with TLR9-negative tumors (p=0.009). In addition, TLR9 protein expression was associated with inferior
FFS (p=0.049, logrank). The 10-year FFS was 0% for patients of the high expression group (2), 50% for patients of the
low expression group (1), as compared to 73% for patients with TLR9-negative tumors (p=0.049, log rank). Inhibition of
TLR9 activity by a selective inhibitor resulted in decreased cell viability and growth at a variable level in all DLBCL cell
lines.
Image / figure:
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Conclusion: TLR9 protein is frequently expressed and significantly associated with relapse or primary refractory disease
in previously untreated patients with de novo DLBCL. This study is ongoing and the results of a larger number of patients
will be presented in the congress.
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Nungki Anggorowati* 1, 2, Hafidh Arkananda3, Mardiah Hardianti4, Indrawati Indrawati1
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Background: T cell NHL constitutes from heterogenous group of CD4 helper/inducer T cell subset-derived
lymphoproliferative disorder. Moreover, it is thought that T cell NHL has worse prognosis. A study reported that the
presence of anemia in lymphoma patient before the initiation of treatment is quite common regardless the presence of
bone marrow involvement. Abnormal iron utilization, low level of erythropoietin in blood, and decreased response of bone
marrow to erythropoietin – particularly in the event of bone marrow involvement – is also thought to contribute the
decreased level of hemoglobin in T cell NHL patient. Therefore, correlation study between lymphoma and International
Prognostic Score (IPI) is needed to confirm whether the results of previous studies are applicable in Indonesian
population.
Materials and Methods: Accessible population of this study was patient with T cell NHL admitted to Dr. Sardjito Hospital
from 2012-2018 who fulfill the inclusion criteria. Descriptive analysis was done to describe and summarize the
characteristics of patients (sex, age, education, occupation, origin, thrombocyte count, and leukocyte count) and
characteristic of tumor (histopathological subtypes, nodal and/or extranodal site predilection, and Ann Arbor staging,
treatment). The association between anemia with other clinical factors (age, sex, nutritional status, stage), including the
prognostic score components was analyzed statistically.
Results: There were 58 T cell NHL patients during the period of 2012-2018. Anemia was seen in 38.5% of patients and
mostly were considered moderate (80%). Most patients came with stage I (48.3%), present with extranodal involvement
(65.5%) and most prevalent subtype was PTCL NOS (63.9%). The most common extranodal site was nose and paranasal
sinuses (44.8%) and most common nodal site was cervical (39.7%). Significant result for univariate logistic regression
was nutritional status (OR=5.60, p=0.017, CI 95%=0.04-0.73), age (OR=4.67, p=0.040, CI 95%=1.18-18.50) and sex
(OR=2.09, p=0.213, CI 95%=0.213). Significant result on multivariate logistic regression was nutritional status (OR=4.87,
p=0.039, CI 95%=1.08-21.89) and age (OR= OR=4.87, p=0.039, CI 95%=1.08-21.89).
Conclusion: Only nutritional status of underweight and obese subgroup and age of equal to or less than 33 years old are
considered independent predictor for occurrence of anemia in T cell NHL patients.
References:
1. Ludwig H, Evstatiev R, Kornek G, Aapro M, Bauernhofer T, Buxhofer- Ausch V, et al. Iron
metabolism and iron supplementation in cancer patients. Wien Klin Wochenschr. 2015;127: 907–19.
2. Perry AM, Diebold J, Nathwani BN, MacLennan KA, Müller-Hermelink HK, Bast M, et al. Non-Hodgkin lymphoma
in the developing world: review of 4539 cases from the International Non-Hodgkin Lymphoma Classification Project.
Haematologica. 2016 Oct;101[10]:1244–50.
3. Yakimchuk K, Iravani M, Hasni MS, Rhönnstad P, Nilsson S, Jondal M, et al. Effect of ligand-activated estrogen
receptor β on lymphoma growth in vitro and in vivo. Leukemia. 2011 Jul;25[7]:1103–10.
4. Wang L, Xia Z, Lu Y, Wang Q, Niu S, Huang H, et al. A modified international prognostic index including
pretreatment hemoglobin level for early stage extranodal natural killer/T cell lymphoma. Leuk Lymphoma. 2015 Nov
2;56[11]:3038– 44.
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Background: Castleman disease (CD) is a rare limphoproliferative disease with uncertain pathogenesis and comprising a
group of disorders with similar histopathology but variable ethiology, clinical presentations, terapies and outcome. It can
be divided in unicentric (UCD) or multicentric (MCD), this second entity encompasses HHV8+ MCD, POEMS-associated
MCD and idiopathic MCD (iMCD). Herein we collected and analysed the clinical, pathological and molecular data of a
series of CD patients with special focus on disease microenvironment.
Materials and Methods: We enrolled a series of patients with CD including all the histological and ethiological variants.
All cases were tested for different immune populations by means of immunohistochemistry, including different Tlymphocyte subpopulations (CD4+, CD8+ and T-regulatory FOXP3+), plasma cells and PGM1+ macrophages. IGH and
TCR (subunit gamma and beta) gene rearrangements were tested by multiplex-PCR and BIOMED-2 standardized
clonality analysis.
Results: 29 patients were included in the study, 13 UCD (median age at diagnosis 52 and female prevalence), 16 MCD
(median age 59, male prevalence). 7/16 patients had an HHV8-MCD one of them was also HIV+. Moreover 1/16 patient
had a suspected POEMS-MCD whereas no patients presented with TAFRO syndrome. Histopathologically 13 cases had
a hyalino-vascular CD (11 UCD, 2 MCD), 4 had a plasmacellular CD (all MCD), and 12 a mixed type (2 UCD and 10
MCD). One iMCD patient presented with nodal and subcutaneous involvement, 1 with splenic involvement (plasmacellular
MCD) and one had bone marrow involvement (HHV8+, HIV- MCD). At histological examination 5 cases showed
hyperplastic/dysplastic follicular dendritic cells, three of them being hyaline-vascular UCD. Plasmacells were polyclonal in
all cases, 5/29 had an IgG4/IgG>40% and IgG4>10/HPF but did not meet all the diagnostic criteria for IgG4-related
disease and/or meet the 2020 exclusion criteria for IgG4-related disease. Irrespectively of clinico-pathological CD
subtype, 29% of cases had a relative or absolute increase in CD8+ T-cell population comparing to CD4+ T cells. FOXP3+
T-cells were also evaluated between the various CD subtypes (range [2-98], median value 18) but no statistical
significance differences were highlighted; likewise for the PGM1+ macrophage population. Two MCD cases had available
another histological exam obtained during follow up. The follow up histology did not show major differences compared to
the first samples, except that there was a relative decrease of CD8+ T cells in both cases. Molecular analysis showed
clonal rearrangements for the framework FR3 of IGH in 1 MCD case; none TCR rearrangements were detected.
Conclusion: Even though CD appears to be an etherogeneous disease, our findings about the disease microenvironment
suggest that some common ground may exist between the different CD types. In fact, we observed an increase in CD8+ T
cells in almost a third of cases regardless of the CD subtype; this seems to be in accordance with previous studies where
a CD8+ T cells increase in the peripheral blood of patients with iMCD during disease flares has been noted.

135

EAHP22-ABS-1603
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Background: Breast implant-associated anaplastic large cell lymphoma (BIA-ALCL) is a new provisional entity
recognized in the 2017 WHO classification. It is a rare lymphoma, arising in association with breast implants and sharing
similar features with anaplastic lymphoma kinase (ALK)-negative anaplastic large cell lymphoma. Recently, BIA-ALCL
oncogenesis was linked with the hypoxic microenvironment of breast implants by demonstrating an up-regulation of
hypoxia signaling genes such as carbonic anhydrase IX (CAIX) in tumor cells, revealing a unique gene expression profile
that differs from other anaplastic lymphomas. The main goal of our study is to assess the immunohistochemical
expression of CAIX in a series of BIA-ALCL, compare it with CAIX expression in ALK+ ALCL, systemic ALK- ALCL and
primary cutaneous ALCL (PCALCL), and evaluate its utility as a surrogate marker of a hypoxia-associated gene
expression profile.
Materials and Methods: We retrieved cases of BIA-ALCL between 2018 to 2022 from five hospitals. Similarly, cases of
ALK+ ALCL, systemic ALK- ALCL and PCALCL between 2015 to 2022 at were gathered. Clinical and pathological data
was collected. CAIX immunohistochemistry was performed, and percentage of expression as well as staining pattern were
assessed.
Results: We have identified 12 BIA-ALCLs, all of them in women with a median age of 53.5 years. 7 cases had breast
implants due to aesthetic surgery, while 2 cases had a history of breast carcinoma. The median time of lymphoma onset
since breast implant surgery was 9 years (range 3-16 years). In 4 cases, lymphoma presented in advanced stages
involving lymph nodes; remaining cases were localized stages limited to implant capsule. Serving as controls, we
retrieved 9 cases of ALK+ ALCL, 6 cases of systemic ALK- ALCL and 4 cases of PCALCL.
11 BIA-ALCLs showed intense membrane positivity for CAIX, whereas 1 case was negative. 2 cases in advanced stages
lost CAIX expression in the involved lymph nodes, and 1 case had weak nuclear positivity. In 9 cases of ALK+ ALCL,
CAIX expression was negative or < 10%, while 1 case was positive. In 6 cases of systemic ALK- ALCL: 4 cases had weak
nuclear positivity (between 75-90%) and 1 case was negative, while 1 case with testicular debut had marked membrane
positivity. In 4 cases of PCALCL, 3 were negative for CAIX and 1 case was not assessable.
Conclusion: Strong membrane CAIX positivity in BIA-ALCL, in comparison to either negative or nuclear and weak
expression in anaplastic ALK+ and ALK- lymphomas, reinforces the notion of CAIX as a useful surrogate marker of a
hypoxia-associated gene expression profile and could help distinguish BIA-ALCL from other anaplastic lymphomas.
Surprisingly, CAIX expression was found to be lost in involved lymph nodes of advanced stage cases. This could be
explained by the microenvironment changes of the lymphoma in its progression. These results need to be verified in
future larger studies.
References: Oishi, N. et al (2021). Molecular profiling reveals a hypoxia signature in breast implant-associated anaplastic
large cell lymphoma. Haematologica, 106 (6), 1714-1724. https://doi.org/10.3324/haematol.2019.245860>
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Background: Plasmablastic lymphoma (PBL) is an aggressive B-cell lymphoma type with a high frequency in HIV
positive and post-transplant patients. Rare PBLs are known to express T-cell markers, which may be a challenge for
diagnosis. PBLs are typically positive for CD138, CD38, Mum-1, express cytoplasmatic immunoglobulin chain and are
usually negative or weakly positive for CD20, PAX5. CD79a and CD56 are positive in about 40% cases. EBER 1/2 is
positive in 65-70% cases. CD30 and EMA are frequently expressed. Our study demonstrates aberrant expression of Tcell markers in PBL which is a potential diagnostic pitfall and emphasize the use of an extended panel of B- and T-cell, as
well as plasma cell markers.
Materials and Methods: During a period of 5 years (2017-2022) we observed 4 cases of PBL with aberrant expression of
T-cells markers at our institution. FFPE tissue sections were stained with H&E. Extended immunohistochemical panels
and in-situ hybridization were used for diagnosis and lymphoma classification. PCR analysis for clonal rearrangements of
BCR and TCR genes was performed for cases with sufficient tissue material.
Results: The characteristics of the patients are summarized in Table 1. The average age was 56 years, ranging from 40
to 72. All patients were HIV-negative and one patient was immunosuppressed after previous liver transplant. The tumors
presented in extranodal locations without bone marrow engagement in all cases. All patients received chemotherapy. In
two cases, the tumor was completely surgically removed prior to chemotherapy, these patients remain in complete
remission with >40 months follow up. One patient died 4 months after diagnosis, one relapsed 13 months after initial
diagnosis and one developed a secondary, non-related tumor. The past medical history was unremarkable in all but one
patient. All 4 cases of PBL showed plasmablastic morphology in the majority of the cells with high proliferation (90-100%)
and, positive staining for CD138, Mum-1, and with expression of either kappa or lambda light chains. Most of the cases
expressed CD38, CD56, and MYC expression was detected in 30-75% of tumor cells. All four cases were negative for
CD20, PAX5, CD45, cyclin D1, CD30 and HHV8. The most commonly expressed aberrant T-cells marker was CD3,
followed by CD4 and CD7. None of the tumors showed expression of CD2, CD5 or CD8. Two cases were tested for BCR
and TCR gene rearrangement confirming monoclonal BCR rearrangement pattern and showing polyclonal TCR gene
configuration.
Image / figure:
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Conclusion: The accurate diagnosis of PBL with aberrant CD3 expression may be problematic in the absence of
common B-cell markers like CD20, CD79a or PAX5 leading to a potential diagnostic pitfall where these cases may be
misclassified as T-cell lymphoma. PBLs often express CD56 which can lead to misinterpretation as NK/T-cell lymphoma
in conjunction with CD3 and EBV positivity. According to literature, CD3 is the most commonly expressed marker with
diffuse and moderate to strong cytoplasmatic expression. Other T-cells markers are mostly absent with exception of CD4.
We advocate a need to use CD138 and additional plasma cell markers already in initial diagnostic work-up. PCR analysis
is also helpful in determining the cell origin. The mechanisms and a prognostic potential of aberrant expression of T-cell
markers in PBL needs further studies in large patient cohorts.

138

EAHP22-ABS-1608
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Background: Anaplastic lymphoma kinase (ALK) negative anaplastic large cell lymphomas (ALCLs) are genetically and
morphologically heterogenous T cell lymphomas. They are divided into 3 subgroups - those with DUSP22 translocation,
TP63 translocations and the ‘double negatives’ (negative for both DUSP22 and TP63 translocations). We aimed to
correlate the histology, molecular basis and clinical outcome of each subgroup.
Materials and Methods: A retrospective study of 40 cases of ALK negative ALCL from a single center from 2014-2021
were analyzed. Interphase Fluorescence in situ hybridization (FISH) testing was performed for TP63 rearrangements by
TP63 break-apart probe and DUSP22 rearrangements by DUSP22 break-apart probe.
Results: The median age of patients (n=40) was 53.5 years (range, 9-80 years). Thirteen cases (32.5%) had cutaneous
ALCL whereas 27 (67.5%) were systemic. Histologically, classical hallmark cells were seen in 27 (67.5%) cases,
doughnut cells in 11 (27.5%) cases and pleomorphic cells in 8 (20%) cases. DUSP22 was performed on 27 cases of
which 5 cases (18.5%) had DUSP22 rearrangements. Four out of these 5 cases (80%) showed doughnut cells (p<0.001).
TP63 was performed on 25 cases of which 2 cases (8%) had TP63 rearrangements. The median follow-up period for our
cohort was 26 months (range, 1-106 months). All the 5 cases showing DUSP22 rearrangements were alive (2-year OS =
100%); however, 3 cases showed relapse (2-year EFS = 40%). Both the cases with TP63 rearrangements had an
aggressive course and died within a period of 5 months. The two-year OS for the double negative cases (negative for both
DUSP22 and TP63 rearrangements) was 84% whereas EFS was 69.7%.
Conclusion: Among ALK negative ALCLs, those with DUSP22-IRF4 translocation have the best survival outcome
followed by cases with absence of DUSP22 and TP63 translocation. TP63 rearrangements encoding p63 fusion proteins
are associated with aggressive clinical behavior and poor outcomes.
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Background: Molecular analyses of solid tumors to determine predictive markers have entered standard practice in the
past 15 years. In hematopathology, growing numbers of recurrent mutations have been described in specific lymphoma
entities, which are increasingly used as diagnostic markers. Mutations in T-cell lymphoma (TCL), especially
angioimmunoblastic T-cell lymphoma (AITL), and in B-cell lymphoma (BCL) such as follicular lymphoma (FL) and diffuse
large B-cell lymphoma (DLBCL) show characteristic genetic patterns, which can be used for the differential diagnosis, in
addition to relatively disease-specific markers such as BRAF V600E for hairy cell leukemia or MYD88 L265P for
lymphoplasmacytic lymphoma (LPL). In this study, the experience with mutational analysis for diagnostic purposes in
difficult cases at the University Hospital Tübingen, in the last years, will be presented.
Materials and Methods: Several AmpliSeq Custom Panels were established to analyze recurrently mutated genes by
next generation sequencing (NGS) in different lymphoid neoplasms (AITL, T cell lymphoma NOS, natural killer/T-cell
lymphoma (NK/TCL), FL and DLBCL). Targeted mutation analysis was performed by Next Generation Sequencing on the
Ion GeneStudio S5 prime (Thermo Fisher Scientific).
Results: In the last four years, we have performed 638 NGS analyses for lymphoma diagnostic purposes (2018; 119;
2019:119; 2020:180 and 2021:220 cases). In 2021, 147 (70%) cases of BCL and 73 (30%) cases for TCL were
investigated. For vitreoretinal lymphoma (VRL), difficult to diagnose by conventional means, mutation analysis has
become a standard, highly specific diagnostic tool. A diagnosis of VRL was confirmed in 38% (15/39) of vitreous
aspirates, based on detected mutations. Moreover, mutational analysis turned out as a useful complement for a range of
entities. TCL diagnosis was supported by mutational profile in 47% (34/73) of analyzed cases including 22 AITL, and 12
other TCL (hepatosplenic T cell lymphoma, enteropathy-associated T cell lymphoma, T-cell large granular lymphocyte
leukemia, cutaneous TCL). NGS analysis supported the diagnosis of BCL in 60% (65/108) of cases (including 31 LPL, 14
FL, 3 DLBCL, 3 Burkitt lymphoma). Three cases exemplify the benefit of mutation analyses for diagnostic purposes. Case
1, a gastric biopsy with a small T-cell lymphoid infiltrate revealed mutations in SETD2, STAT5B and STAT3 allowing the
diagnosis of MEITL. Case 2, a bone marrow biopsy, showed a moderate of plasma cell infiltrate with lambda light chain
restriction and an unusual, clonal T-cell infiltrate with nodular tumor-like proliferation of FDCs. NGS revealed mutations in
RHOA, IDH2, TET2 and DNMT3A confirming a diagnosis of AITL with concurrent monotypic plasma cell proliferation. In
Case 3, a lymph node with initial diagnosis of CD23+ marginal zone lymphoma, demonstration of STAT6 mutation led to
reclassification as BCL2-neg FL.
Conclusion: NGS increases the sensitivity of mutation detection and allows for analysis of a great number of genes in
parallel with low DNA input and short turnaround times for routine diagnosis. Mutational analysis has helped us to refine
the differential diagnosis of both, TCL (i.e., AITL, MEITL) and BCL (LPL, BCL2-neg FL, MZL, DLBCL) in the last years. In
the future, we aim to move to a comprehensive approach including mutational analysis, as well as detection of
translocations, CNVs and potentially clonality into a single NGS-based diagnostic tool.
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BURKITT-LIKE LYMPHOMA WITH 11Q ABERRATION IN INDIAN POPULATION
Priyadarsani S* 1, Tanuja Shet1, Dhanlaxmi Shetty2, Lingaraj Nayak 3, Manju Sengar3 and Adult hematolymphoid working
group
1Pathology, Tata Memorial Hospital, 2Cytogenetics, ACTREC, 3Medical oncology, Tata Memorial Hospital, Mumbai, India
Background: The current WHO ( 2016) classification includes "Burkitt-like lymphoma with 11q aberration (BLL 11q)" as a
provisional entity . Certain morphological features have been described that are diagnostic of BLL 11q aberration cases.
We reveiwed all high grade B cell lymphomas and evaluated if these morphologic features were highly predictive of the
diagnosis
Materials and Methods:
All cases diagnosed as high-grade B cell lymphoma and BL from 2020 to 2021 were evaluated. Cases with one or more
features suggestive of BLL 11q (lymph nodal presentation, very prominent apoptosis (>9 apoptotic bodies within a
macrophage), less intense and patchy CMYC positivity, BCL2 negativity) were screened for the presence of characteristic
11q aberration by triple color 11q FISH (ZytoLight SPEC 11q gain/loss Triple Color Probe) and CMYC translocation by
FISH (Vysis LSI MYC Dual Color Break Apart Rearrangement break apart probe).

Results: Of the 95 cases screened, 11 cases were found to have histologic features resembling BLL 11q and were
subjected to CMYC and 11q FISH. Six of the tested 11 cases were confirmed to have 11q alterations on FISH. Four
cases showed the characteristic 11q alteration of gain in 11q23 and loss in 11q24 and all these cases were negative for
CMYC translocation. Two cases showed only the loss in 11q24 region without the 11q23 gain and both showed CMYC
translocation.
The mean age of cases with 11q aberration was 30 years (age range of 17 to 67 years). Two of the 11q positive cases
were HIV positive.Three cases had high stage nodal and extranodal disease at presentation while one case had a
localised cervical lymph nodal involvement. All the patients were treated with aggressive chemotherapy regimens and had
showed good response to therapy. All patients were alive with no complaints at the available during the short follow up
duration.
Conclusion: We hereby report the first series of BLL 11q cases in Indian population and the prevalence of BLL 11q in our
cohort was about 6% using this approach.
Slightly more than half of cases with characteristic morphological features had the 11q aberration and these should be
used in resource restricted settings for diagnosis. We are in process of completing cmyc and 11q FISH on all 95 cases to
check how many more Burkitt 11q did not have classical morphological features were missed by this approach

141

EAHP22-ABS-1618
FLI-1 IS EXPRESSED IN A WIDE VARIETY OF HEMATOLYMPHOID NEOPLASM; A SPECIAL CONCERN IN THE
DIFFERENTIAL DIAGNOSIS
Ji Eun Kim* 1, Uiju Cho2, Hee Jeong Cha3, Hyun Jung Kim4, Soo Kee Min5, Hee Kyung Kim6, Jae Ho Han7, Hye Ra Jung8,
Gyeongsin Park9, Yeonsook Moon10
1Department of Pathology, Seoul National University Boramae Hospital, 2Department of Pathology, St. Vincent’s Hospital,
College of Medicine, The Catholic University of Korea, Seoul, 3Department of Pathology, Ulsan University Hospital,
University of Ulsan College of Medicine, Ulsan, 4Department of Pathology, Inje University, Sanggye Paik Hospital, Seoul,
5Department of Pathology, Chung-ang University Gwangmyeong hospital, Gwangmyeong, 6Department of Pathology,
Soonchunhyang University Hospital, Bucheon, 7Department of Pathology, Ajou University School of Medicine, Suwon,
8Department of Pathology, Keimyung University School of Medicine, Daegu, 9Department of Pathology, Seoul St. Mary’s
Hospital, College of Medicine, The Catholic University of Korea, Seoul, 10Department of Laboratory Medicine, Medical
School of Inha University, Incheon, Korea, Republic Of
Background: FLI-1 (Friend Leukemia Virus Integration 1) is an ETS family transcription factor member, participating in
development of hematopoietic cells and vascular endothelial cells. The immunohistochemical detection of FLI-1 has been
widely used to diagnose vascular tumors or more evidently Ewing sarcoma, which has FLI-1/EWER translocation in the
vast majority of cases. However, the expression pattern of FLI-1 has been very limitedly studied in hematolymphoid
neoplasms until now. In this study, we aim to investigate the expression of FLI-1 in these tumors, especially focusing on
some high grade lesions, which can cause a diagnostic difficulty by mimicking Ewing sarcoma.
Materials and Methods: We evaluated expression of FLI-1 on various types of lymphoid and plasmacytic tumors
including 24 angioimmunoblastic T-cell lymphoma, 18 Burkitt lymphoma, 38 chronic lymphocytic leukemia, 128 diffuse
large B-cell lymphoma, 38 follicular lymphoma, 23 gastric MALT lymphoma, 18 non-gastric MALT lymphoma, 22
precursor T- or B-lymphoblastic lymphoma, 15 mantle cell lymphoma, 28 peripheral T-cell lymphoma, NOS, 50 plasma
cell myeloma and 27 plasmablastic lymphoma. We calculated H-scores of FLI-1 immunostaining, ranging from 0 to 200,
and statistically analyzed its clinicopathologic significance.
Results: FLI-1 was expressed in virtually all types of hematologic tumors with wide varying degrees. Presursor T- or Blymphoblastic lymphoma showed the highest expression and follicular lymphoma showed the lowest. FLI-1 expression did
not correlate with clinicopathologic variables such as demographic data or stages (all p>0.05). However, in plasmablastic
lymphoma, patients with higher FLI-1 expression showed poorer overall survival in the univariate analysis (p=0.017).
Image / figure:
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Conclusion: In this study, we demonstrated that FLI-1 is expressed in a wide variety of hematolymphoid neoplasms.
Expression of FLI-1 can lead to serious diagnostic confusion especially in small round blue cell tumors when
distinguishing tumors positive for CD99, CD56 without CD3, CD20 or CD45 such as lymphoblastic lymphoma,
plasmablastic lymphoma, and plasma cell myeloma. Our data also suggest FLI-1 may serve as a potential prognostic
biomarker in plasmablastic lymphoma.
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LARGE B CELL PROLIFERATIONS IN PERIPHERAL T CELL LYMPHOMAS - A CLINICO-PATHOLOGICAL
CORRELATION
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Background: Large B cells occasionally assume large proportions in peripheral T cell lymphomas( PTCL), often become
clonal and are misdiagnosed and treated as Diffuse large B cell lymphoma ( DLBL). This study sought to evaluate the
clinicopathological behaviour of this group of patients.
Materials and Methods: Large B cell proliferations (preceding or in recurrences) leading to diagnosis of DLBL were seen
in 21 cases of PTCL( 16 PTCL and 5 AITL). Clonality was done in all cases on the block with DLBL diagnosis
withBIOMED2 primers besides the extended T cell panel.
Results: Clonality did not work in 5 cases and a total of 16 cases were further evaluated . The age ranged from 18 to 63
years with a male dominance and 14 / patients were males. Twelve patients had extranodal sites which notably included
liver and bones with few patients having lung and skin lesions CD20 positive large cells formed 40 to 60% of the nodal
population shadowing the atypical T cell populations. Moderate CD30 expression was seen in 13/15 cases. CD15 was
negative in all cases. EBER/EBVLMP1 was positive in large cells in 4 cases.
The neoplastic T cell was CD4/PD1 positive in 9 cases and CD8 Positive in 6 cases. The T cell showed TCR gamma or
beta clonality in all 16 cases while IgH was clonal in 13 cases.
Two were given REPOCH, 5 RCHOP , 3 GDP and 4 RCEOP a protocol. Nine of the 14 patients with follow up had
relapse or progression and 5 died. The overall survival was 61.5% and relapse free survival was 38.5%. The patients with
clonal B cells behaved worst than those with polyclonal large cells.
Conclusion: T cell lymphomas with B cell proliferation or biclonal proliferations showed survival rates better than those in
pure T cell lymphomas and we speculate that rituximab based chemotherapy helped in disease control. Understanding
this heterogeneity in PTCL will lead to better disease definitions.

144

EAHP22-ABS-1621
POTENTIAL ROLE OF MAP2K1 MUTATION IN THE CLONAL EVOLUTION OF A HEMATOPOIETIC TUMOR
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Background: Interdigitating dendritic cell sarcoma (IDCS) is an exceedingly rare dendritic cell neoplasm which, based on
the recent WHO classification, belongs to the malignant histiocytosis group. The occurrence is even less frequent among
children, with only a very few cases present in the literature. While most cases are primary tumors, IDCS may also
present as secondary histiocytosis that have been documented following clonal lymphoid proliferations, such as ALL, CLL,
follicular lymphoma, hairy cell leukemia and diffuse large B-cell lymphoma. The clonal relationship between the lymphoid
and the secondary histiocytic tumors has been proven however, detailed analyses of molecular pathways involved in the
trans-differentiation process are lacking. Here, we present a pediatric case of secondary IDCS, which developed during BALL maintenance treatment and featured an activating MAP2K1 mutation.
Materials and Methods: A 4 years old male patient was diagnosed at the Pathology Department and treated at the 2 nd
Pediatric Department of Semmelweis University with B-ALL and 18 month later with IDCS. Bone marrow aspirate, and
formalin-fixed lymph node and biopsy material from the 4th rib was used for flow cytometry, cytogenetics, histology,
immunohistochemistry and molecular studies. IgH-gene rearrangement analysis using the Biomed-2 protocol, and
comprehensive genomic profiling (CGP) using the Illumina TruSight Oncology500 platform were performed.
Results: B-ALL with a CD20-positive mature phenotype, diploid DNA content and 9p21 locus deletion treated according
to ALL IC-BFM 2009 protocol with intermediate risk. Bone marrow become MRD-negative on day33. 18 months later
histological examination of an enlarged lymph node (LN) revealed an LCA, fascin, S100 and CD68 positive spindle cell
tumor consistent with the diagnosis of IDCS. Staging confirmed multiplex LN involvement. Systemic chemotherapy led to
clinical and radiological remission. One year later, multiple enhancing skeletal lesions were identified by PET-CT and
IDCS relapse was diagnosed by histology of the most intensely affected right IV. rib. Residual ALL in the bone marrow
was excluded. Repeated intense chemotherapy and a successful allogenic hematopoietic stem cell transplantation
(HSCT) led to CR and the patient has remained in CR at the time of this writing.
IgH-gene rearrangement analysis showed identical clones in the B-ALL sample and in the IDCS. With new generation
sequencing beside common alterations of PAX5, CHECK2, H3C1, SPTA1, TMPRSS2, KDM5C, LRP1B, MYD88, POLE,
SLX4, TET1, mutations of BTK, SOX17, DOT1L and ATRX genes were exclusively identified in the B-ALL sample, while a
novel activating mutation of MAP2K1 in exon2 (c.157_171del) was detected only in the IDCS sample.
Image / figure:
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Conclusion: Here, we report for the first time a novel MAP2K1 mutation in a secondary childhood IDCS-case following BALL. Despite the systemic, relapsing disease, combined surgical and chemotherapy resulted in complete remission
allowing HSCT offering a final cure. This case provides functional evidence linking the cell of origin for this rare malignant
dendritic cell tumor to a lymphoid primed haemopoietic progenitor that could give rise to B-ALL and IDCS by different
specific driver mutations. Involvement of the MAP2K1 pathway in systemic, secondary IDCS tumor development is also
confirmed rationalizing MEK targeted therapy for refractory cases.
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PRIMARY CUTANEOUS BICLONAL LYMPHOPROLIFERATIONS INVOLVING MARGINAL ZONE B-CELLS AND
FOLLICULAR T-HELPER CELLS WITH EXCELLENT PROGNOSIS
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Background:
Primary cutaneous marginal zone B-cell lymphoma (PCMZL) and primary cutaneous CD4+ small/medium T-cell
lymphoproliferative disorder (PCSM-LPD) are two entities with similar, excellent clinical course and usual presentation as
single or sometimes multiplex erythematous nodules of the skin. Preexisting reactive lymphoid lesions are typically found
and PCMZL is linked to chronic antigen stimulation like Borrelia infection. The differential diagnosis of these two entities are
sometimes problematic.

Materials and Methods:
Systematic review of our primary cutaneous lymphoma biopsies from 2010 to 2021 was carried out and cases of PCSMLPD and PCMZL were collected and reviewed. PCSM-LPD cases with more than 20% B-cells and PCMZL cases with
more than 50% of T-cells and finally patients having both diagnoses were selected.
Anamnesis, clinical picture, imaging and laboratory findings were collected. Immunohistochemical reactions for CD20,
CD3, BCL6, PD1, CD3, CD4, CD8 and PCR tests for IGH, IGK, TCRB and TCRG were carried out.
Results:
With retrospective analysis of our single center cases 57 patients with PCMZL and 100 patients presenting PCSM-LPD
were collected. Seven patients were selected (2 male, 5 female, median age: 64; median follow up time: 43 month). Two
patients with presentation of PC-MZL in the anamnesis were also diagnosed with PCSM-LPD 15 month later. Both lesions
were single and recidive of the PCSM-LPD occurred 1 and 22 months after the first diagnosis. Five patients had single
lesion with more than 20% B-cells and 50% T-cells with clonal T and B-cell populations showing histopathological features
typical for both entities. No treatment was applied beside the surgical excision and no relapse was observed during the
follow up time (median: 45,5 month).
Conclusion:
Our findings, that PCMZL and PCSM-LPD have been diagnosed in the same patients, may suggest a possible common
pathomechanism. The excellent prognosis of the combined lesions pointing toward a benign lymphoproliferation with a
limited growth potential that should not be considered as a composite lymphoma.
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“BURKITT-LIKE LYMPHOMA WITH 11Q ABERRATION”: NEITHER BURKITT-LYMPHOMA NOR DIFFUSE LARGE
B-CELL LYMPHOMA. WHAT THE MICROENVIRONMENT TELLS US.
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Background: High grade B-cell lymphomas with a morphology similar to Burkitt lymphoma (BL) or showing an
intermediate or blastoid appearance, but lacking IG-MYC translocation and carrying a peculiar pattern of an 11q
aberration have been described as a new provisional entity called “Burkitt-like lymphoma with 11q aberration” (BLL,11q) in
the revised 4th edition of the WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues. Such cases also
show additional characteristics of BL as diffuse lymphomatous infiltrate sometimes with a starry sky pattern and a
cohesive growth. In particular, a recent paper aiming to describe the morphology of BLL11q, reported that the starry sky
macrophages with enhanced number of phagocytized apoptotic bodies were a striking characteristic of this lymphoma
type. The functional status of macrophages may impact on tumour immune response, and recent studies have reported
differences in tumor microenvironment (TME) and in particular macrophage polarization in different subtypes of BL.
Materials and Methods: Here we aim to compare the TME in BLL11q, BL EBV-negative and DLBCL EBV-negative by
digital gene expression profiling (GEP) using the PanCancer Immune Profiling Panel of 770-immune- related genes.
Results: . Based on principal component analysis (PCA), three clusters were identified with some overlap among the
cases. However, hierarchical clustering could better show that BL and BLL11q grouped together as compared to DLBCL.
Yet, some differences were also found between BL and BLL11q. Differential expression analysis and Gene Set
Enrichment analysis (GSEA) revealed a degree of heterogeneity in several immune cell categories. With an adjusted pvalue threshold of 0.05, BLL11q showed only 18 significantly differentially expressed genes (DEGs) in comparison with
BL, while DLBCL vs BL11q and DLBCL vs BL reported 32 and 151 DEGs, respectively. The immune gene profiling of
DLBCL, BLL11q and BL cases were also analyzed by cell-type profiling revealing a higher infiltration of T-cell CD8
exhausted in DLBCL vs BLL11q and BL.
Image / figure:

Conclusion: In conclusion, the TME in BLL11q differs from that of DLBCL and BL. Our findings further support that
BLL11q does represent a distinct lymphoma category.
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CLINICOPATHOLOGICAL PROFILE OF ANAPLASTIC LARGE CELL LYMPHOMA : A TERTIARY CARE CENTER
REVIEW FROM INDIA
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Pushpam1, Mukul Agarwal3
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Background: Anaplastic large cell lymphomas (ALCLs) are malignancies of mature T lymphocytes encompassing 2.99%
of all non-Hodgkin lymphoma. Characterized by bizarre morphologic features, that are anaplastic in appearance and
diffuse positivity for CD30.. It has three distinct subtypes; ALK positive ALCL , ALK negative ALCL and breast implant
associated which differs on clinicopathological and genetic ground.
Materials and Methods: This was an ambispective study including 53 cases of ALCL which were subjected to
morphological (common pleomorphic, common monomorphic, clear cell and anaplastic) and immunophenotypic
evaluation. Among those 38 cases were of ALK positive ALCL and 15 cases of ALK negative ALCL. Morphology was
reviewed for all cases and immunohistochemistry of CD4, CD8, p53, p63, pSTAT3, ICOS, TIA were performed . Alk
immunohistochemistry was analysed according pattern of expression ( predominant Cytoplasmic or nuclear). To classify
the ALK negative group according to their genetical rearrangement FISH was performed for DUSP22, IRF4 and TP63.
Results: Most cases presented with B symptoms, advance stage, however, the results were not statistically significant.
High LDH level at presentation was significantly associated with genetically rearranged cases within the ALCL subtypes.
Other clinical parameters like hepatosplenomegaly or extra nodal involvement did not show statistical significance.
Morphological parameters like presence of necrosis was significantly associated with ALK negative ALCLs; presence of
lymphocyte surrounding the tumor population showed significant impact having better overall survival outcomes (p value =
0.007) .The overall survival showed a trend towards worst outcome with cases having common pleomorphic pattern with
ALK-Cytoplasmic expression and common monomorphic pattern with ALK-N expression p=0.33) DUSP22 positive ALK
negative ALCL cases showed significant association with common monomorphic pattern on histology. ALK positive
ALCLs had mostly predilection towards young adult and ALK negative ALCL towards older adult age group (p value
0.004) with male preponderance (p value 0.05).
The overall survival of the study population showed best survival outcome in ALK positive group followed by DUSP22
rearranged ALCLs. Triple negative ALCLs showed worst survival outcome in our study population where TP63 rearranged
cases
Conclusion: Morphological analysis with ALK expression pattern may help to detect the cases with poor survival
outcome. Presence of lymphocyte in tumor population and presence of necrosis should be studied in more cases as they
may have some prognostic implications. Immunophenotype of ICOS can be used as a tool to rule out DUSP22 rearranged
ALK negative ALCLs in ALK negative subtype. CD8 expression can be used as a prognostic indicator in ALCL cases
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STING IS DIFFERENTIALLY EXPRESSED IN HODGKIN LYMPHOMA
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Background: Hodgkin lymphoma (HL) is characterized by immune modulation of a plethora of inflammatory cells by a
minority of neoplastic lymphocytes (known as Hodgkin and Reed-Sternberg cells-HRS). The stimulator of interferon genes
(STING), orchestrating a natural immunity signaling pathway emanating from DNA-cytoplasmic signals, has been shown
to be important for anti-tumor immune response. Moreover, recently it was shown that STING is expressed at various
levels by lymphoma cells exclusively in T/NK-cell but not B-cell non-Hodgkin lymphomas. However, the biologic
significance and expression patterns of STING in HL are unknown.
Materials and Methods: STING, phosphorylated TANK-binding kinase 1 (pTBK1), a downstream mediator of STING,
and programmed death ligand 1 (PD-L1) expression was assessed by immunohistochemistry using archive biopsies in
100 HL tumors including 50 nodular sclerosis (NS), 42 mixed cellularity (MC) and 8 nodular lymphocyte predominant
(NLPHL) HL, obtained prior to therapy. HRS-STING or -pTBK1 expression levels were calculated as the % percentage of
STING- or pTBK1-positive HRS cells. Mann-Whitney and Krukal-Wallis tests was used to analyze the differences of
continuous variable (percentage of positive cells). The Spearman R correlation coefficient was used to assess the
association between STING and pTBK1 expression as continuous variables. p<0.05 was considered statistically
significant.
Results: HRS-STING expression levels were significantly higher in NS as comparing with MC and NLPHL (mean 38%
versus 10% versus 0%, Kruskal-Wallis test p=0.004). They were inversely associated with EBV-positivity in HRS cells
(p=0.05) and PD-L1 expression levels in the reactive inflammatory cell population (p=0.01, Mann-Whitney U test). Also,
HRS-pTBK1 levels were significantly associated with HRS-STING levels (r=0.79, p=0.0001, Spearman correlation test).
Conclusion: HRS-STING expression levels were significantly higher in NS as comparing with MC and NLPHL (mean
38% versus 10% versus 0%, Kruskal-Wallis test p=0.004). They were inversely associated with EBV-positivity in HRS
cells (p=0.05) and PD-L1 expression levels in the reactive inflammatory cell population (p=0.01, Mann-Whitney U test).
Also, HRS-pTBK1 levels were significantly associated with HRS-STING levels (r=0.79, p=0.0001, Spearman correlation
test).
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THE DISTRIBUTION OF THE B CELL RECEPTOR HEAVY CHAIN VARIABLE (IGHV) STEREOTYPE SUBSETS IN A
SERIES OF CHRONIC LYMPHOCYTIC LEUKEMIA/SMALL LYMPHOCYTIC LYMPHOMA (CLL/SLL) CASES
EXAMINED BY NGS AND THEIR EFFECT ON THE DISEASE PRESENTATION.
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Background: CLL/SLL is a heterogenous lymphoproliferative disease which may present variable clinical course. B cell
receptor heavy chain variable (IGHV) region mutation status has been described to have an impact on the clinical
behavior of the disease. The identical mutations in IGHV region could be seen in different patients which is expected to
reflect similar clinical behavior. Examination of the mutations by NGS method give comprehensive information about
subclones which may explain unexpected clinical outcome. The aim of this study is to examine the IGHV mutational status
by using NGS method and to defined subsets in a series of the CLL/SLL patients diagnosed in our center. And the relation
of the mutational data with clinical presentation and the other cytogenetic data.
Materials and Methods: The IGHV mutation profile of the 96 CLL/SLL patients diagnosed and followed up between 2010
-2020 in our hematology department is examined. Molecular tests for IGHV mutation and data analysis were done by
using Invivoscribe lymph tract IGHV Leader Somatic hypermutation assay panel on Illumina Mi-seq platform. The
conventional cytogenetic analysis results were retrieved from the hospital records. Chi-square, Fisher's exact and Mann–
Whitney U tests were used for statistical analysis.
Results: Our series was composed of 57 (%59,4) male and 39 (%40,6) female patients with median age of 60 (34-93)
years. Del(17p) in 12.8% (n=10), Del 11q in 19,4% (14), Del 13q, in 54.2 % (39), Trisomy 12 in 18,8% (13) was present in
some patients on cytogenetic examination. The IGHV was mutated in 47.3% (n=43) patients whereas unmutated in
52.7% (n=48) patients. NGS results revealed more than one clones either mutated or unmutated in 21 patients
(21,8%). Two of the patients with multiple clones also carry additional cytogenetic abnormalities and present higher IPI
scores. The sequence data of 19 (19,7%) patients were compatible with most frequent seen stereotyped subsets #8 (n:1),
#4(n:3), #2 (n:6) and #1(n:9). The other subsets described in 29 patients were #202 (n:9), #77 (n:5), #3,5,7c (n:5), #201
(n:3), #20 (n:3), #14(n:2), #6(n:1) and #59(n:1). One of 3 subset #4 patients had a low IPI score, whereas one with
additional Del17p had a very high IPI score as expected. One of 6 subset #2 patients had moderate, but 3 of them
showed low IPI score. IGH subset #8 patient had a moderate IPI score. Five of the 9 subset #1 patients had a moderate
and high IPI scores also carry +12, Del13q, Del11q abnormalities. There was no significant relationship between IGHV
mutation and lymphocytes doubling time (LDT) (p=0.271).
Conclusion: The clinical correlation between the mutated and unmutated CLL cases and impact of multiple clones in our
series was not significant. The correlation between the defined IGHV subsets and clinical outcome of the patients were
not as high as mentioned in the previous reports. Additional cytogenetic abnormalities should be considered for predicting
clinical outcome. Mutation profile for BIRC3, TP53, ATM, SF3B1, NOTCH1 genes which are not fully examined in this
cohort may increase the correlation
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TRANSCRIPTOME DATA ANALYSIS OF THE TUMOR MICROENVIRONMENT BY DIGITAL SPATIAL PROFILING
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Background: Digital Spatial Profiling (DSP) is a new promising method for the discoveries of the tissue pathology and
biomarker prediction. High sensitivity information by multiplex spatial profiling of either proteins or RNA on formalin fixed,
paraffin embedded (FFPE) samples could be obtained. We aimed in this study to obtain transcriptomic data of the tumor
microenvironment (TME) in PCNSL and Nodal DLBCL by DSP, regarding the differences of the biomarkers on disease
biology.
Materials and Methods: TMA slides of our previously studied PCNSL cohort with known clinical, survival and
pathological data is used. Nanostring GeoMx platform was performed for DSP and the regions of Interest (ROI) were
selected on 6 DLBCL and 19 PCNSL cases. By the segmentation tool, the ROIs are segmented into CD3 and CD68enriched areas of illumination. Abundance score and proportions were analyzed, compared with the data of proportions
and nuclei counts for each AOI with the bioinformatic tools. Transcriptomic, linical data and treatment responses, ECOG
and ESMO-IELS scores were evaluated.
Results: In the analysis including both PCNSL and nodal DLBCL cases, percentages of CD3+ and CD68+ were
significantly positively correlated (rho: 0,59, p<0,01). Higher percentage of CD3 positive nuclei was associated with
favorable prognosis (p:0.0015). The percentages of CD3 positive lymphocytes in the microenvironment were significantly
higher in DLBCL compared to PCNSL. The amount of CD3 and CD68 positive cells of microenvironment are not
significantly related with the clinical prognostic parameters. The expression of CXCL13 and SPP1 by TILs, SPP1 and
TMIGD3 by TAMs were found to be significantly higher (p<0.05) in PCNSL cases compared to nodal DLBCL. Moreover
CXCL9, IGHA1, CCL21, SUPT7L, IDO1, CNTLN genes in TILs and CXCL9, CCL19, IDO1 LGALS2, SLAMF7, JAML,
CALHM6, CCL21, GBP1, WARS1, MRC1, STAT1, CST7, PBX1, TLR8, FCN1, FCMR genes in TAMs were significantly
(p<0.05) higher in DLBCL compared to PCNSL. Genes reflecting neural cells in PCNSL cases and B cell signature in both
groups were seen due to the tissue and tumor effect.
Image / figure:

Conclusion: Our data includes the preliminary results of DSP performed on PCNSL and DLBCL, targeting CD3 and
CD68 positive cells in the tumor microenvironment. We obtained differentially expressed genes such as CXCL13 and
SPP1 in TIL’s and TMIGD3 in TAMS. It’s known that CXCL13/CXCR5 axis modulated by CD68 positive macrophages for
secreting SPP1, which triggers tumor cell migration through the EMT pathway in solid organ tumors (1,2). Polarized M2
macrophages induce premetastatic niche formation promoting liver metastasis in colon cancer by CXCL13. CXCL13/
CXCR5 pathway which has positive feedback by effecting NFκB/p65/miR-934 axis in colorectal carcinoma cells (3).
TMIGD 3 is a new protein that isoform 1 inhibit the NF-kB pathway (4). These genes with increased expression pointing
out the NFKB pathway, which is also activated with point mutations in PCNSL. DSP is a promising method but regarding
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the cellular composition of the tissues examined, it needs further optimization of the algorithms and pipelines leading the
functional results especially for lymphoid tissue.
References: 1. Wang et al. eLife 2015;4: e09419.
2. Gao S et al. Life 2021, 11, 1282
3. Zhao et al. J Hematol Oncol (2020) 13:156
4. Iyer et al, NATURE COMMUNICATIONS, 2016. | 7:13561
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Background: Burkitt-like lymphoma with 11q aberration is a provisional entity in WHO Classification. It is defined by
proximal gains and telomeric losses of 11q. In comparison to Burkitt lymphoma (BL), these cases show more cytologic
pleomorphism, more complex karyotypes, and are molecularly more similar to diffuse large B-cell lymphoma (DLBCL)
than BL. High-grade B-cell lymphomas (HGBL) that show MYC rearrangement in addition to 11q aberration are
exceptionally rare in the literature. The aim of this study was to evaluate the clinical, pathologic, cytogenetic, and
molecular characteristics of 4 such cases.
Materials and Methods: Four patients presented in this study were identified through retrospective searches of pathology
databases at two academic institutions. Available immunohistochemical stains were reviewed. FISH studies for MYC,
BCL2, and BCL6 rearrangements were performed. Extensive cytogenetic and molecular characterization was performed
including conventional karyotyping, aCGH, copy number analysis (CNA), and mutational analysis using whole exome
sequencing (WES) or integrative exome and transcriptome sequencing.
Results: All 4 patients were male, with a median age of 39 years (range, 15-76 years). Three patients presented with
stage 4 disease, while in 1 patient disease was limited to mediastinum. One patient had two biopsies, 7 months apart,
both of which were analyzed. In 2 cases, the diagnosis of BL was made, while in the other two DLBCL was diagnosed.
Three patients received intense chemoimmunotherapy, while one patient received R-CHOP. Two patients had a complete
response to therapy, while the other two had refractory disease and died <1 year after diagnosis. One patient was alive
and well, 48 months after diagnosis, while the other died 24 months after diagnosis from therapy-induced acute leukemia.
All cases medium-sized lymphoma cells, showing mild nuclear irregularity, fine chromatin, and small nucleoli with
interspersed tingible-body macrophages. All cases had identical immunophenotype (CD20+/CD10+/BCL6+/BCL2-) with
Ki67 of 95-100%. In all cases FISH studies showed MYC rearrangement, but no BCL2 or BCL6 rearrangements. 11q
abnormalities were detected in all cases. Conventional karyotype was available for 2 cases showed a t(8;14). Copy
number analysis was done in 3 cases, and two showed copy number loss of TP53 or loss of heterozygosity with 17p,
consistent with abnormalities in both alleles of TP53. In 3 cases mutation analysis showed a mutational profile compatible
with the one seen in BL, including mutations with GNA13 and DDX3X while one case showed mutations with NOTCH2
and BRAF. All cases showed TP53 mutations. Interestingly, the case with two biopsies showed clonal evolution when
they were compared, as evidenced by karyotype, aCGH and mutational analysis. In this patient 11q aberration was
detected at a low level in the initial biopsy, while in the second biopsy it became dominant.

Conclusion: HGBL cases with MYC rearrangement and 11q aberrations are exceedingly rare and not well described.
Morphologic, immunophenotypic, cytogenetic and mutational analyses of these cases show overlapping features between
BL and Burkitt-like lymphoma with 11q aberration. Response to therapy and prognosis of these patients is variable. In
everyday pathology practice, some of these cases are diagnosed as BL, since HGBLs are not routinely tested for 11q
aberration. Larger studies are needed to clarify how to best classify these cases.
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Background: The detection of concurrent MYC and BCL2 deregulation in diffuse large B cell lymphomas at a genomic or
protein level, has unlocked a new era of investigation within DLBCL. Although recent studies showed inferior outcome
within double expressor (DEL), it is not yet a separate entity in WHO classification, and still treated with standard RCHOP.
Materials and Methods: This is a single centre mixed design study on a 223 newly diagnosed large B-cell lymphoma, to
study various clinical and pathological characteristics of DEL in comparison non-DEL and compare the outcome between
DEL, non-DEL, DHL, single hit lymphoma and single expressors (either MYC or BCL-2) protein expression.
Results: 92 patients (53.8%) had DEL,79 (46.2%) were non-DEL. Patients clinicopathologic characteristics were
compared between DEL and non- DEL. 83.7% of patients with DEL showed BCL-6 expression (triple expressors)
(p. 0.025). (Table 1). 43 cases (46.2%) of DEL presented as nodal lymphomas, 11 (11.8%) as GIT, 3 (3.8%) as CNS
lymphomas and 31(33.3%) as other extranodal lymphomas. 53.8% of DEL were of germinal centre origin while 43
(46.2%) were ABC subtype. DEL had significantly higher incidence of BM involvement (p. 0.025), higher KI-67 expression
compared to non-DEL patients. 74.7% of DEL showed high LDH, compared to 40% within non-DEL (197IU/L, range 105740) in non-DEL. (P. <0.001). 11 patients (8.9%) had DHL with MYC and BCL2/BCL-6 rearrangements, and all the 11
cases were also DEL.
No significant difference between DEL and non-DEL groups regarding age and sex distribution, site of initial involvement,
cell of origin, disease stage at presentation, IPI scoring, expression of CD10, CD30, BCL-6, MUM-1, CD38 immunostains
or EBV/EBER expression.
Post treatment complete response (CR) rate assessed by PET scan was inferior in DEL (62.8%), compared to non-DEL
(81.3%). 1 year and 5-year overall survival (OS) was significantly lower in DEL (estimated at 86.5%, 65.4% respectively),
compared to 93% & 85% in non-DEL, (p. 0.012) (fig 1 A). The 1-year and 5-year event-free survival (EFS) were also
significantly lower in patients with DEL, (estimated at 64.2% and 44.8%) compared to 77.7% and 63.9% respectively in
non-DEL (log-rank P=0.012, Fig 1B). OS and EFS in DHL was significantly superior to DEL, however worse than non-DEL
(table2, fig1 C, D).
Both OS and EFS were found to be higher in non-DEL patients and patients with isolated BCL-2 expressor (by IHC)
compared to DEL and patients with isolated MYC expressor (IHC)(Log Rank test, P>0.05) (fig 1 E, F). OS was observed
to be significantly lower in patients with single MYC rearrangement by FISH (single hit lymphoma) compared to both DEL
& non-DEL groups (P=0.011). Similarly, EFS was found to be lower in patients with single MYC rearrangement compared
to both DEL and non-DEL, however this difference was statistically insignificant (Log Rank test, P=0.059) (fig 1, G, H).
Image / figure:
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Conclusion: DEL is a major predictor of inferior overall survival & event free survival compared to IPI scoring system.
DEL in our cohort had also an inferior OS compared to DHL. These results, further highlight the urgent need of separating
this biologic entity which definitely needs more intensive chemotherapy other than the standard RCHOP. Patients with
single MYC rearrangement also showed a significant inferior outcome even worse than DEL.
References: Smith SM (2017) Aggressive B-cell lymphoma: the double-hit
and double-expresser phenotypes. Clin Adv Hematol Oncol
15(1):40–42
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Background: Primary thyroid lymphomas are commonly derived from a background of Hashimoto’s thyroiditis, and
comprise largely MALT lymphoma and diffuse large B-cell lymphoma (DLBCL), followed by follicular lymphoma (FL). In a
previous study, we have shown that thyroid MALT lymphoma has a distinct mutation profile, characterised by frequent,
often concurrent, deleterious mutations in TET2 (86%), TNFRSF14 (53%) and CD274 (53%)1, which are not or rarely
seen in MALT lymphoma of other anatomic sites. Such distinct mutation profile may be due to the influence of aetiology
on the acquisition and selection of genetic changes that cooperate with antigenic stimulations in lymphomagenesis. The
present study aimed to compare the mutation profile among primary thyroid MALT lymphoma, FL, and DLBCL, and
explore their utility in different diagnosis between MALT lymphoma and FL, which could be problematic due to prominent
follicular colonisation of the former.
Materials and Methods: A total of 72 cases of primary thyroid lymphomas were successfully investigated, and where
indicated their diagnosis was reviewed, supported by additional data from mutation profiling and
immunohistochemistry. The final diagnosis included DLBCL (n=37), MALT lymphoma (n=29) and FL (n=6). DNA was
extracted from tumour rich areas microdissected from FFPE tissue biopsies and used for targeted sequencing of 174
genes that comprise those recurrently mutated in marginal zone lymphoma, FL and/or DLBCL, and additional GPCR
genes implicated in lymphocyte biology. The targeted sequencing was performed by using TWIST target enrichment kits
and Illumina NextSeq platform, with variants identified using a well-established data analysis pipeline from a previous
study2.
Results: In general, DLBCL had the highest mutation load, significantly higher than those of MALT lymphoma, albeit not
FL, possibly due to its small number of cases studied. There was no significant difference in the overall mutation load
between MALT lymphoma and FL, nor in those of the genes known to be an off-target of the somatic hypermutation
machinery among the three lymphoma groups. There were both common and distinct mutations among the three
lymphoma groups. All showed frequent mutations in TET2 (DLBCL: 83%, MALT lymphoma: 62%, FL: 33%),
TNFRSF14 (DLBCL: 65%, MALT lymphoma: 65%, FL: 50%), FAS (DLBCL: 26.3%, MALT lymphoma: 23%, FL:
12.5%), and GNA13 (DLBCL: 35%, MALT lymphoma: 28%, FL: 33%). In general, there were few differences in the
mutation profile between MALT lymphoma and DLBCL, but notable distinction between MALT lymphoma and FL. MALT
lymphoma showed highly frequent or exclusive mutations in CD274, KLF2, while FL displayed frequent or exclusive
mutations in KLHL6, EZH2 and B2M.
Image / figure:
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Conclusion: There are both common and distinct mutations among primary thyroid MALT lymphoma, FL and
DLBCL. The shared mutations among these different lymphoma entities are likely acquired and selected for their
oncogenic cooperation with antigenic stimulations, which are triggered by a common aetiology, namely, Hashimoto’s
thyroiditis. Whereas the distinct mutations may, together with different cell of origins of these lymphomas, contribute to
their variations in histopathology, and are valuable in differential diagnosis, particularly between MALT lymphoma with
prominent follicular colonisation and FL.
References: 1. Wu, F. et al., Leuk, 2021. 2. Cucco, F. et al., Lab. Investig, 2018.

158

EAHP22-ABS-1641
MUTATION PROFILING BY TARGETTED NGS PANELS ARE USEFUL FOR EITHER DIFFERENTIAL DIAGNOSIS OF
IG SECRETING B CELL LYMPHOMAS BUT ALSO HELPFUL FOR GUIDING THE TREATMENT
Zarıfakhanım Gahramanlı* 1, Hale Kivrak1, Seher Yüksel1, Derya Koyun2, Selami Koçak Toprak 2, Muhit Ozcan2, Isinsu
Kuzu1
1PATHOLOGY, 2Haematology, UNIVERSITY OF ANKARA SCHOOL OF MEDICINE, Ankara, Türkiye
Background: Lymphoplasmacytic lymphoma (LPL) a low-grade B cell lymphoproliferative neoplasm, usually involves
bone marrow and less commonly spleen or lymph nodes. The majority of patients have a circulating monoclonal IgM
which has a potential to cause hyper viscosity syndrome (WM). The great majority of LPLs have a pathogenic mutation in
MYD88 (L265P) gene and also could gain additional mutations such as CXCR4, ARID1A and CD79B genes during the
course of the disease. Although, the presence of MYD88 L265P mutation can be sensitive for the diagnosis, it is not
specific for the LPLs. It can also be present in diffuse large B cell lymphomas (DLBCL), rarely in marginal zone lymphoma
(MZL), and chronic lymphocytic leukemia (CLL). The diagnosis of LPLs in some cases can be challenging due to the lack
of specific morphologic and immunophenotypic changes. Hence, the differentiation from other small B cell lymphomas is
usually made by exclusion. Our aim in this study is to analyze the diagnostic and predictive value of NGS based molecular
testing on differential diagnosis of small B cell lymphomas with plasma cell differentiation.
Materials and Methods: In this study, molecular data analyzed by NGS method on Illumina platform with targeted gene
panel of 41 cases with LPL (27), MZL (11) and splenic MZL (3) were retrieved from the department archives. Additional
mutations of various genes are recorded
Results: We analyzed 14 female, 27 male patients with median age of 61 (39-85) years. Out of 27 LPL cases, 24 patients
harbored MYD88 L265P mutation, 1 patient had MYD88 L230N mutation. Two patients with typical clinical features of LPL
were MYD88 wild type. One of them was carrying UBR5 and the other was ARID1A and EP300 mutations. In LPL group,
7 patients with MYD88 mutation had a co-occurrence of CXCR4 mutation, 13 patients had UBR5 mutation, 1 patient had
ARID1A and 1 patient had CD79B mutation. 19 out of 27 LPL patients with MYD88 mutation had high serum IgM levels;
and almost all LPL cases the bone marrow was involved. Twelve patients with LPL received standard chemotherapy and
4 patients have also received ibrutinib. As opposed to LPLs MYD88 mutation was not seen in MZLs and splenic MZLs. In
2/3 patients with splenic MZL had a mutation in the NOTCH2 gene and one of them have had KLF2 mutation as well. Ten
out of 27 patients who have treated with Ibrutinib also received various chemotherapy combinations. These carry
additional mutations on TP53, UBR5, NOTCH2, EZH2 genes. Two of them are treated with Lenalidomide.
Conclusion: Mutation profiling by using NGS platform, with multigene panels is helpful for the differential diagnosis of
small B cell lymphomas with plasma cell differentiation. Additional mutations with MYD88 are important to evaluate since
their impact on predicting the alternative targeted therapies.
References: 1. Cancer. sanger.ac.uk/cosmic/browse
2.

Rodriguez S, Sci Adv. 2022;8(3):eabl4644. doi:10.1126/sciadv.abl4644

3.
Treon SP. J Clin Oncol. 2020 Apr 10;38(11):1198-1208. doi: 10.1200/JCO.19.02314. Epub 2020 Feb 21. PMID:
32083995; PMCID: PMC7351339.
4.
Ngo VN, Nature. 2011 Feb 3;470(7332):115-9. doi: 10.1038/nature09671. Epub 2010 Dec 22. PMID: 21179087;
PMCID: PMC5024568.
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Background: Introduction: Diffuse large B-cell lymphoma (DLBCL) is the most common non-Hodgkin's lymphoma of
adults. The molecular classification of these lymphomas should be made at the time of diagnosis for all cases, because it
is an important predictor factor. The use of Hans' immunohistochemical algorithm makes it possible to distinguish two
molecular subgroups, the germinal center subtype (Germinal Center B-cell subtype: GCB) and the non-germinal center
subtype (non-GCB).

Objectives: To describe the clinical pathological characteristics of DLBCL as well as the molecular classification of these
lymphomas according to Hans' immunohistochemical algorithm.
Materials and Methods: We practice a single-center descriptive study which covered all the DLBCL observed in the
Department of Pathological Anatomy and Cytology of the Regional Military University Hospital of Oran (Algeria).
Our study comprises a retrospective collection of data over 03 years, from January 1, 2017 to December 31, 2019 and a
prospective phase of 02 years, from January 1, 2020 to December 31, 2021.
Results: During our study period (05 years), 172 cases of lymphomas were diagnosed; the retrospective collection
included 83 cases, and 89 cases diagnosed during the prospective study. 177 (68%) had a non Hodgkin lymphoma, and
55 (32%) had a Hodgkin lymphomas.
A clear male predominance was noted with a sex ratio to 2.12 (117M / 57F). The average age of our patients is 49.56 ±
20.52 years, with extremes ranging from 12 to 91 years.
The most affected age group is that of 20-29 years. 89 cases or 51.74% had a primary extra-nodal location.
Diffuse large B-cell lymphoma (DLBCL) is the most common lymphoma (62 cases or 36%), followed by Hodgkin lymphoma
(HL) with 55 cases (32%), and marginal zone lymphoma in 19 cases (11%). Only one case of follicular
All the cases of HL are classic, dominated by the “nodularsclerosis” subtype, found in 42 cases (76.4%), followed by mixedcellularity HL with 10 cases (18.2%), " lymphocyte depleted "classical HL in 02 cases (3.6%) and finally “lymphocyte-rich
classic” HL in 01 case( 1.8%).
Conclusion: Our study population, in which all patients are North African, allowed us to have a global idea on all of
lymphomas diagnosed in our service, and to compare our data with those of the literature.
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Background: Grey zone lymphoma (GZL), or B-cell lymphoma unclassifiable with features intermediate between diffuse
large B-cell lymphoma (DLBCL) and classical Hodgkin lymphoma (CHL),
was recognized as a provisional entity in the 2008 WHO classification
GZL is a rare lymphoma that presents with a wide spectrumof morphologies and immunohistochemical feature
characteristics of both cHL and DLBCL in the same tumor tissue sample. It’s a challenging diagnosis with no standardized
guidelines.
Materials and Methods: Case N°1 : A 16-year-oldadolescent presented with cervical lymph node. radiological
exploration finds a mediastinal mass. Case N°2 : A 25-year-old woman presented with left cervical lymphadenopathies
and mediastinal mass.Based on PET scanning, the two cases were classified as a stage II Formalin-fixed paraffin
embedded tissues obtained from nodal biopsy of two cases were examined with histology and immunohistochemistry
Results: Microscopically, the two biopsies revealed the same aspect represented by an obliterated architecture by a
sheet-like growth pleomorphic lymphoid cells.Some cells are binucleated or multinucleated with prominent nucleoli and
abundant amounts of pale cytoplasm in a background containing a paucity of inflammatory cells. Small lymphocytes,
histiocytes and seldom eosinophils are seen with foci of necrosis.

Immunohistochemical stains show that the neoplastic cells are strongly and uniformly positive for CD20 and PAX5.
Numerous cells are strongly CD15 positive and also CD30 positive. ALK and LMP1 are negative. The diagnosis of
mediastinal grey-zone lymphoma was retained. The first case was traited with six cycles of R-CHOP ( (rituximab,
cyclophosphamide, doxorubicin, vincristine and prednisone) chemotherapy and radiotherapy and achieved complete
response (CR) both clinically and radiographically with a follow-up of 18 months. The second case has received two
cycles chemotherapy with CR and is still

Conclusion: According to literature data mediastinal GZL (mGZL) typically presents in young person, in early stages with
mediastinal location and cervical lymphadenopathy,
The morphology and immunohistochemistry presents continuum with CHLand PMB with more cellular pleomorphism and
less accompanying inflammatory infiltration. Tumoral cells maintained B cell program CD20, PAX5 with strong expression
of CD30 and CD15 in numerous cells showing true morphological and phenotypical hybrid features. Given the rarity of
GZL,
these cases illustrates the immense challenges in making the diagnosis, discusses the current treatment options.

References: Jan Bosch-Schips.The Grey Zones of Classic Hodgkin Lymphoma Cancers 2022, 14, 742
Clementine Sarkozy. Mutational landscape of gray zone lymphoma blood® 1 APRIL 2021 | VOLUME 137, NUMBER 13
Rajiv M. Mallipudi. A Rare Case of Grey Zone Lymphoma Successfully Treated with Brentuximab Vedotin and R-CHP
Chemotherapy Case Reports in Oncological Medicine
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