Nodal T-cell Lymphomas
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T/NK-cell Lymphomas — WHO
7 General Disease Categories

Immature
Lymphoblastic lymphoma/leukemia

Mature

Leukemic

Cutaneous

EBV+ childhood disorders
EBV driven

Extranodal

Nodal



Outline of Nodal T-cell Lymphomas

ALK+ anaplastic large cell lymphoma
ALK- anaplastic large cell lymphoma
Nodal T-follicular helper cell lymphomas
Angioimmunoblastic
Follicular
Not otherwise specified
PTCL, not otherwise specified (NOS)



Tumors Designated as ALCL
There are 4 Types

ALK+ ALCL
ALK- ALCL

Many subsets
Cutaneous ALCL

_ _ } Extranodal
Breast implant associated ALCL



ALK+ ALCL
Definition

T-cell lymphoma usually composed of
large cells with abundant cytoplasm and
pleomorphic, often horseshoe-shaped
nuclei, with a translocation involving
the ALK gene and expression of ALK
protein and CD30.

2017 revised 4th ed. WHO book p. 413



ALK+ Anaplastic Large Cell Lymphoma
Classic Variant
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ALK+ Anaplastic Large Cell Lymphoma

Hallmark Cells




ALK+ Anaplastic Large Cell Lymphoma
Lymphohistiocytic Variant




ALK+ Anaplastic Large cell Lymphoma
Small Cell Variant
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ALK+ Anaplastic Large Cell Lymphoma
Target-like CD30




ALK+ Anaplastic Large Cell Lymphoma
T and Null Types

T cell

Positive for T-cell antigens
(e.g. CD2, CD43, CD45R0)

Often CD3-, CD5 -
TCR genes rearranged

Null cell

Negative for T-cell antigens —

TCR genes usually rearranged



t(2;5)(p23;935)

ALK 2p23
Anaplastic lymphoma kinase
200 kd receptor tyrosine kinase
Restricted expression in CNS

NPM1 5q35
Nucleophosmin
37 kd protein with many functions
Ubiquitously expressed

Occurs in 70-80% of ALK+ ALCL



NPM1, ALK, and NPM/ALK Proteins

Oligomerization
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Br J Haematol 114: 741, 2001



NPM1-ALK Activates Many Cellular Pathways

Small Molecule ALK-Tyrosine Kinase Inhibitors

Inghirami and Pileri, Sem Diagn Pathol 28: 190, 2011



ALK Fusion Proteins in ALCL

Translocation
t(2;5)(p23;935)
t(1;2)(p25;p23)
t(2;3)(p23;921)
inv(2)(p23q35)
t(2;17)(p23;q23)
t(2;X)(p23;q11-12)
t(2;17)(p23;q25)
t(2;22)(p23;q11.2)
t(2;19)(p23;q13.1)
t(2;11)(2p23;11q12.3)

Partner
Nucleophosmin 1
Tropomyosin 3
TRK-fused gene
ATIC

Clathrin heavy chain
Moesin

ALO17

MYH9

Tropomyosin 4
EEF1G




Methods for Detecting NPM1-ALK

RT-PCR

Long-range PCR
Classical cytogenetics
FISH

ALK immunostaining



Membranous Cytoplasmic




Outline of Nodal T-cell Lymphomas

ALK+ anaplastic large cell lymphoma
ALK- anaplastic large cell lymphoma
Nodal T-follicular helper cell lymphomas
Angioimmunoblastic
Follicular
Not otherwise specified
PTCL, not otherwise specified (NOS)



ALK- Negative ALCL
Definition

A CD30+ T-cell neoplasm that is not
reproducibly distinguishable on

morphologic grounds from ALK+ ALCL
but lacks ALK protein.

2017 revised 4t ed. WHO book, p. 416
Leukemia 36: 1720, 2022



ALK ™ anaplastic large-cell lymphoma is clinically and immunophenotypically
different from both ALK+ ALCL and peripheral T-cell lymphoma, not otherwise
specified: report from the International Peripheral T-Cell Lymphoma Project

Kerry J. Savage,! Nancy Lee Harris,2 Julie M. Vose,® Fred Ullrich,* Elaine S. Jafie,® Joseph M. Connors,! Lisa Rimsza,®

Stefano A. Pileri,” Mukesh Chhanabhal,® Randy D. Gascoyne,? James O. Armitage,® and Dennis D. Weisenburger,? for the
International Peripheral T-Cell Lymphoma Project
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Differential Expression and Clinical Significance of Tyrosine-
phosphorylated STAT3 in ALK and ALK~ Anaplastic
Large Cell Lymphoma
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Am J Surg Pathol 46: 1490, 2022
JAK2 Rearrangements Are a Recurrent Alteration in CD30" g '

Systemic T-Cell Lymphomas With Anaplastic Morphology

Megan J. Firzpareick. MD* Lucas R Massoth. MD* Chelsea Marcus MD, A uak2 919 20-22 23.25
X TG A : 12 34 56 | e
Jo-Amne Vergito. MDY Eric Seversone MD, PhD.F Daniel Duncan, MD¥ | | Tl T
Shakti H. Ramkissoone MD, PhDA [ Robert P. Hasserjian, MD* Annette S, Kime MD. PhiD.y ‘ \ l

Alivah R Sohani MD.* Erik A, Williams MDA and Valentina Nardi MD*

#1#5 #2,3,4 #6
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6 (6%) cases had JAK2 rearrangement
All had anaplastic cells and an inflammatory background resembling classic HL



ALK- Anaplastic Large Cell Lymphoma
Other Genetic Abnormalities

Mutations

JAK1 ~15%
STAT3 ~ 10%
TET2 ~ 33%

DNMT3A ~ 15% Gene Fusions
Deletions ROS1

~nA0
TP53 ~ 40% TYkz( 40/ °)
PRDM1/6q21 ~55% FRK (~5%)

Aberrant expression
ERBB4 ~ 25%



ALK-negative anaplastic large cell lymphoma is a genetically
heterogencous disease with widely disparate clinical outcomes

Edgardo R. Parnlia Castellar,' Elaine S. Jaffe,® Jonathan W. Said,* Steven H. Swerdlow,* Rhett P. Kettering,'
Ryan A. Knudson,' Jagmohan S. Sidhu,® Eric D. Hsi,®* Shridevi Karkehalli,” Liuyan Jiang,® George Vasmatzis,®
Sarah E. Gibson,* Sarah Ondrejka,® Alina Nicolae,* Karen L. Grogg,' Cristine Allmer,'® Kay M. Ristow, "'
Wyndham H. Wilson,'? William R. Macon,! Mark E. Law,' James R. Cerhan,' Thomas M. Habermann,'!
Stephen M. Ansell,'' Ahmet Dogan,' Matthew J. Maurer,'® and Andrew L. Feldman'

DUSP22 5 Year OS

30%

rearrangement 920 %

ALK-negative 8% > TP63 17 %
ALCL rearrangement

62% 42 %

Double negative

Blood 124: 1473, 2014



DUSP22 Rearranged ALK-negative ALCL
Distinctive Morphologic Features
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Molecular profiling reveals immunogenic cues in anaplastic

large cell lymphomas with DUSP22 rearrangements

Rebecca A. Luchtel,'* Surendra Dasan * Naoki Oishi,'* Martin Bjerregard Pedersen,* Guangzhen Huy,” Karen L Rech,’ Rhett P, Kettering,’
Jagmohan Sidhu,® Xuep: Wang,* Ryohei Katoh,? Ahmet Dogan,” N, Sertac Kip,' Julie M, Cunningham,' Zhifu Sun.? Saurabh Baheti?
Julie C. Porcher,” Jonathan W. Said.* Liuyan Jiang,” Stephen Jacques Hamilton-Dutoit,'® Michael Boe Maller,'" Peter Nargaard,'*

N. Nora Bennani,” Wee-Joo Chng,'" '* Gaofeng Huang,'? Brian K. Link,* Fabéo Facchemi,'” James R. Cerhan,’ Francesco d"Amore,!

Stephen M, Ansell,” and Andrew L Feldman'

Blood 132: 1386, 2018

DUSP22 rearranged ALCL cases show

Low JAK-STAT signaling
Low PD-L1
High CD58 and HLA class I1
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DUSP22 Rearranged ALK-negative ALCL
Can We Use IHC in Lieu of FISH?

These cases have a characteristic but not completely specific

immunophenotype
LEF1 Positive
PSTAT3 Negative
TIA-1 Negative
P63 Negative

One can make a good guess but FISH still required

Immunohistochemical Approach to Genetic Subtyping
of Anaplastic Large Cell Lymphoma

Andrew L. Feldman, MD* Naoki Oishi MD. PhD*7 Rhett P. Keiterling, MD,*
Stephen M. Ansell MD, PhD.; Min Shi MD, PhD* and Surendra Dasari PhDY

Am J Surg Pathol 46: 1490, 2022



Outline of Nodal T-cell Lymphomas

ALK+ anaplastic large cell lymphoma
ALK- anaplastic large cell lymphoma
Nodal T-follicular helper cell lymphomas
Angioimmunoblastic
Follicular
Not otherwise specified
PTCL, not otherwise specified (NOS)



Angioimmunoblastic T-cell Lymphoma
History

1954 First described as lymphogranulomatosis X (in German)

1974 Re-described as angioimmunoblastic lymphadenopathy
with dysproteinemia (AILD)

Initially thought to be a pre-neoplastic but
patients had a poor prognosis

1980s First descriptions of AILD-like lymphoma

1994 REAL classification renames AILD as angioimmunoblastic
T-cell lymphoma (AITL)

2001 AITL adopted by WHO classification (34 ed)



The gene expression profile of nodal peripheral T-cell lymphoma demonstrates a
molecular link between angioimmunoblastic T-cell lymphoma (AITL) and
follicular helper T (Tgy) cells

Laurence de Leval,' David S. Rickman,2 Caroline Thielen,! Aurélien de Reynies,? Yen-Lin Huang,*® Georges Delsol,®

Laurence Lamant,® Karen Leroy,*#® Josette Briére,” Thierry Molina,® Frangoise Berger,® Christian Gisselbrecht,®
Luc Xerri," and Philippe Gaulard3#45

Laurence de Leval, MD, PhD Philippe Gaulard, MD

Blood 109: 4952, 2007



Angioimmunoblastic T-cell Lymphoma

2007

2017

2023

History

Recognition that AITL is of T-follicular helper
cell (TFH) lineage

PTCL with TFH immunophenotype is recognized
in addition to AITL by WHO (4t ed revised)

New name: Nodal TFH lymphoma (WHO 5t ed)

Angioimmunoblastic, follicular and NOS types



AITL arises from T-follicular helper cells (TFH)
Normally Located in Germinal Center

TFH cells interact with GC B-cells and promote
survival, IG class switch and somatic mutation

TFH cells suppress T-cell immunity

oy S Germinal center
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TFH cells
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Angioimmunoblastic T-cell Lymphoma
Symptoms and Physical Findings

Generalized lymphadenopathy 94-97 %

B symptoms 68-85 %
Splenomegaly 70-73 %
Hepatomegaly 52-72 %
Skin rash 48-58 %

Ascites/effusions 23-37 %



Angioimmunoblastic T-cell Lymphoma
Laboratory Findings

Hypergammaglobulinemia 50-83 %

Autoantibodies 66-77 %
Elevated LDH 70-74 %
Anemia 40-57 %
Elevated ESR 40-45 %

Eosinophilia 30-40 %
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Angioimmunoblastic T-cell Lymphoma
Pattern 11
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Angioimmunoblastic T-cell Lymphoma
High Endothelial Vessel Proliferation
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Angioimmunoblastic T-cell Lymphoma
Clusters of Clear Cells




Angioimmunoblastic T-cell Lymphoma
Immunohistologic Features

Pan T-cell antigens +
May show aberrant loss of markers

T-follicular helper cell markers

CD4 +

CXCL13 + /- Need at least 2 TFH markers
CD10 + /- 3 markers and strong preferred
BCL-6 + /-

PD-1 + / -

ICOS +/-

Increased dendritic cells (CD21+, CD23+)
CD20+ B cells common (can be numerous)
EBER+ (50-80%)



Angioimmunoblastic T-cell Lymphoma
Tumor of T Follicular Helper (TFH) Cells
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Angioimmunoblastic T-cell Lymphoma
Molecular Features

80-90% 7RG and 7TRB clonal rearrangements
40-50% IGH rearrangements

90% Cytogenetic abnormalities
Trisomy 3, 5, or X

Gene expression and mutation profile of
follicular T helper (TFH) cells



Angioimmunoblastic T-cell Lymphoma
Recurrent Mutations

TET2 (~80%), DNMT3A (50%), IDH2 R172 (40%)

Epigenetic modification

RHOA (60-70%)

Small GTPase involved in
Thymocyte development
T-cell adhesion, polarization and migration
TCR activation

T-cell receptor activation (~ 50%)

PLCG1, CD28, CTNNB1, VAV1, PI3K

Blood 128: 1490, 2016



Angioimmunoblastic T-cell Lymphoma
RHOA Mutations Correlate with Clinicopathologic Features

Presence of RHOA mutation
B type symptoms
Splenomegaly
Higher blood vessel density

Angioimmunoblastic T-cell Lymphomas With
the RHOA p.Gly17Val Mutation Have Classic
Clinical and Pathologic Features

Sarah L. Ondrejka, DO* Bartosz Grzyvwacz, MD,* Juraj Bodo, PhD.*
Hideki Makishima, MD, PhD,+ Chantana Polprasert, MD, T Jonathan W. Said MD.}
Bartlomiej Przychodzen, PhD, T Jaroslaw P, Maciejewski, MD, PhD,7 and Eric D. Hsi, MD*

Greater number of positive TFH markers

B symptoms
Higher expression of PD1

Angioimmunoblastic T-cell lymphoma in Taiwan reveals worse
progression-free survival for RHOA G17V mutated subtype

Ya-Ting Hsu® @, Yu-Chu Wang®*, Ruo-Yu Chen”*, Liang-Yi Hung®*, Sin-Syue Li**, Chi-Chieh Yen"*,
Tsai-Yun Chen”, L. Jeffrey Medeiros® and Kung-Chao Chang™

Frequent expression of >3 TFH markers

Higher blood vessel density

Poorer progression free survival (PFS)

Am J Surg Pathol 40: 335, 2016
Leukemia & Lymphoma 61: 1108, 2020




Angioimmunoblastic T-cell Lymphoma
IDHZ2R172 Mutations Correlate with Clinicopathologic Features

The patholo)gical features of angioimmunoblastic T-cell lymphomas
with IDH2*'7? mutations

Julia Steinhilber' - Moritz Mederake' - Irina Bonzheim' - Ebru Serinsoz-Linke' - Inga Miiller' - Petra Fallier-Becker' -
Francois Lemonnier? - Philippe Gaulard® - Falko Fend ' - Leticia Quintanilla-Martinez’

Mod Pathol 32: 1123, 2019




Nodal TFH Lymphomas
Multistep Genetic Pathogenesis

Hematopoietic Clonal T-cells Malignant
stem cell Hematopoiesis* TFH cells
‘ TET2 RHOA O PLCG1

DNMT3A IDH?2 CD28
CTNNB1
GTF2I
PI3K
VAV1
B cell LPDs ITK-SYK
Neoplastic FYN

CARD11

myeloid cells

* ~ 80% of pts with TFH lymphoma have clonal hematopoiesis



Angioimmunoblastic T-cell Lymphoma
B-cell Proliferations

B-cells are common in AITL and may be EBV+ or EBV-
B-cell proliferations can occur and mimic

DLBCL

Small B-cell lymphomas

Plasmacytoma
B-cells may be monoclonal (flow or molecular)

In general, approach these lesions cautiously

My criterion for lymphoma
Complete effacement of lymph node



Nodal TFH Lymphoma of Angioimmunoblastic-
type Versus Not Otherwise Specified (NOS)

A Spectrum
Morphology Not AITL Not AITL AITL
Immunophenotype Not TFH TFH TFH
t t t
PTCL, NOS AITL
PTCL with TFH
immunophenotype

PTCL with TFH immunophenotype and AITL share in
common many gene mutations (eg TET2, DNMT3A)



Nodal T-follicular Helper Cell Lymphoma, NOS




Nodal T-helper Cell Lymphoma, Follicular Type

PTGC-like More often stage I/11

FL-like

SL Ondrejka et al. Virchows Arch 483: 349, 2023




Outline of Nodal T-cell Lymphomas

ALK+ anaplastic large cell lymphoma
ALK- anaplastic large cell lymphoma
Nodal T-follicular helper cell lymphomas
Angioimmunoblastic
Follicular
Not otherwise specified
PTCL, not otherwise specified (NOS)



Peripheral T-cell Lymphoma NOS
Definition

A heterogeneous category of nodal and
extranodal mature T-cell lymphomas that do
not correspond to any of the specifically
defined entities of mature T-cell lymphoma
in the current classification...
PTCL-NOS nearly always presents
in adults and has an aggressive
clinical course.

2017 revised 4th ed, WHO book p. 321



Peripheral T-cell Lymphoma NOS
Morphologic Spectrum

Large cel



Peripheral T-cell Lymphoma NOS
Associated with Hodgkin/Reed-Sternberg Cells




Peripheral T-cell Lymphoma, NOS
T-Zone Variant
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Usually CD4+
Clinically indolent




Peripheral T-cell Lymphoma NOS
Aberrant Immunophenotype

~ 60-70% of cases have aberrant immunophenotype
Best assessed by flow cytometry
Supports diagnosis of lymphoma
Loss/absence more reliable than change in intensity
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Peripheral T-cell Lymphoma NOS
Molecular Features

80-90% 7RG and TRB clonal rearrangements
<5% IGH rearrangements

>75% Complex karyotypes
Few specific translocations

Gene expression and mutation profiles are
heterogeneous, but 2 types



Gene expression signatures delineate biological and prognostic
subgroups in peripheral T-cell lymphoma

Javeed Igbal,' George Wright,” Chao Wang,' Andreas Rosenwald,” Randy D. Gascoyne,* Dennis D. Weisenburger,”
Timothy C. Greiner, ' Lynette Smith,® Shuangping Guo,’ Ryan A. Wilcox,” Bin Tean Teh,” Soon Thye Lim,” Soon Yong Tan,
Lisa M. Rimsza,” Elaine S. Jaffe,'” Elias Campo,'’ Antonio Martinez,'' Jan Delabie, ™ Rita M. Braziel, ™ James R. Cook,'*
Raymond R. Tubbs,'* Geman Ctt,'® Eva Geissinger,” Philippe Gaulard,'® Pier Paolo Piccaluga,'’” Stefano A. Pilen,'”
Wing Y. Au,™ Shigeo Nakamura,'® Masao Seto, ™ Francoise Berger,™ Laurence de Leval”' Joseph M. Connors,*

James Armitage, Julie Vose,** Wing C. Chan® and Louis M. Staudt® for the Lymphoma Leukemia Molecular Profiling
Project and the International Penpheral T-cell Lymphoma Project

8

GEP was performed on 372 T-cell lymphomas

ALCL ENKH

..I . Blood 123:

E— 2915, 2014
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Gene expression signatures delineate biological and prognostic
subgroups in peripheral T-cell lymphoma
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GEP resulted in
reclassification of y/0 T-cell lymphoma

PTCL NOS Blood 123: 2915, 2014




Gene Expression Profiling of PTCL NOS
GATA3 and TBX21 (T-bet) Subsets
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Peripheral T-cell Lymphoma NOS
TBX21 vs GATA3 Groups

TBX21 (master transcriptional regulator of TH1 differentiation)

Inflammatory cell rich background
Upregulation of interferon and NK-kB pathways
Fewer copy nhumber alterations

Mutations of cytotoxic effector and DNA methylation genes
Better prognosis

GATA3 (master transcriptional regulator of TH2 differentiation)

Fewer inflammatory cells in background

Upregulation of PTEN-PI3K-mTOR pathway

More complex genomic alterations

Mutations, deletions/losses of CDKN2A, TP53 (and other genes)

Gains/amplifications of MYCand STA73
Poorer prognosis

T Heavican et al. Blood 133: 1664, 2019



Peripheral T-cell Lymphoma NOS

Recommended IHC Algorithm

PTCL-TBX21
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GATA3 (IHC; 2 50%)
+ - PTCL-GATA3
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CCR4 (IHC; 2 50%)

“ Unclassifiable

Reproducing the molecular subclassification of peripheral
T-cell lymphoma-NOS by immunohistochemistry
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Monroe Dunaway
Anderson

Created a charitable
foundation in 1936

Died in 1939

MD Anderson was
established in 1942



