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Tumors Designated as ALCL
There are 4 Types

ALK+ ALCL

ALK- ALCL

Many subsets

Cutaneous ALCL

Breast implant associated ALCL
Extranodal



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

CD30



ALK+ Anaplastic Large Cell Lymphoma

Hallmark Cells



ALK+ Anaplastic Large Cell Lymphoma  
Lymphohistiocytic Variant

CD30



ALK+ Anaplastic Large cell Lymphoma  
Small Cell Variant

ALK



ALK+ Anaplastic Large Cell Lymphoma
Target-like CD30

CD30



ALK+ Anaplastic Large Cell Lymphoma
T and Null Types

T cell

Positive for T-cell antigens

(e.g. CD2, CD43, CD45RO)

Often CD3-, CD5 -

TCR genes rearranged

Null cell

Negative for T-cell antigens

TCR genes usually rearranged

CD3



t(2;5)(p23;q35)

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

Br J Haematol 114: 741, 2001 



NPM1-ALK Activates Many Cellular Pathways

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



ALK Fusion Proteins in ALCL

Translocation Partner

t(2;5)(p23;q35) Nucleophosmin 1

t(1;2)(p25;p23) Tropomyosin 3

t(2;3)(p23;q21) TRK-fused gene

inv(2)(p23q35) ATIC

t(2;17)(p23;q23) Clathrin heavy chain

t(2;X)(p23;q11-12) Moesin

t(2;17)(p23;q25) ALO17

t(2;22)(p23;q11.2) MYH9

t(2;19)(p23;q13.1) Tropomyosin 4

t(2;11)(2p23;11q12.3) EEF1G



Methods for Detecting NPM1-ALK

RT-PCR

Long-range PCR

Classical cytogenetics

FISH

ALK immunostaining



Nuclear and cytoplasmic

Cytoplasmic

Patterns of ALK Staining in ALCL

Membranous
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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 4th ed. WHO book, p. 416

Leukemia 36: 1720, 2022



Blood 15: 111, 5496, 2008 



ALK- Anaplastic Large Cell Lymphoma

CD30

ALK



Clin Cancer Res 9: 3692, 2003

pSTAT3 Positive

26/31 (84%) ALK+ ALCL
23/49 (47%) ALK- ALCL

Joseph Khoury, MD



Am J Surg Pathol 46: 1490, 2022

97 cases of CD30+ ALK-negative PTCL 
assessed by FISH for JAK2 rearrangement

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%

Deletions
TP53 ~ 40%
PRDM1/6q21 ~55%

Aberrant expression

ERBB4 ~ 25% 

Gene Fusions

ROS1 

TYK2 (~4%)

FRK   (~5%)



Blood 124: 1473, 2014 

ALK-negative 
ALCL

DUSP22
rearrangement

TP63
rearrangement

Double negative

5 Year OS

90 %

17 %

42 %

30%

8%

62%



DUSP22 Rearranged ALK-negative ALCL
Distinctive Morphologic Features 



DUSP22 rearranged ALCL cases show

Low JAK-STAT signaling
Low PD-L1
High CD58 and HLA class II 

Blood 132: 1386, 2018



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

Am J Surg Pathol 46: 1490, 2022

One can make a good guess but FISH still required
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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 (3rd ed)



Laurence de Leval, MD, PhD Philippe Gaulard, MD

Blood 109: 4952, 2007



Angioimmunoblastic T-cell Lymphoma

History

2007 Recognition that AITL is of T-follicular helper 
cell (TFH) lineage

2017 PTCL with TFH immunophenotype is recognized    
in addition to AITL by WHO (4th ed revised)

2023 New name: Nodal TFH lymphoma (WHO 5th ed)

Angioimmunoblastic, follicular and NOS types 



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

PD1

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

TFH cells suppress T-cell immunity
TFH cells 
express

CD10
BCL6
PD1

CXCL13
ICOS
CD57
CD28
CD40L
IL-21

Germinal center



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 %



Angioimmunoblastic T-cell Lymphoma
Pattern I



Angioimmunoblastic T-cell Lymphoma
Pattern II



Angioimmunoblastic T-cell Lymphoma
Pattern III



Angioimmunoblastic T-cell Lymphoma
High Endothelial Vessel Proliferation



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  + / -
CD10 + / -
BCL-6 + / -
PD-1 + / -
ICOS + / -

Increased dendritic cells (CD21+, CD23+)

CD20+ B cells common (can be numerous) 

EBER+ (50-80%)

Need at least 2 TFH markers 
3 markers and strong preferred



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

CD10

CXCL13



Angioimmunoblastic T-cell Lymphoma

CD3 CD20

EBERCD21



Angioimmunoblastic T-cell Lymphoma

Molecular Features

80-90% TRG and TRB 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

Greater number of positive TFH markers

B symptoms

Higher expression of PD1

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
IDH2 R172 Mutations Correlate with Clinicopathologic Features

Mod Pathol 32: 1123, 2019



Hematopoietic 
stem cell

TET2
DNMT3A

RHOA
IDH2

PLCG1
CD28

CTNNB1
GTF2I
PI3K
VAV1

ITK-SYK
FYN

CARD11

Clonal
Hematopoiesis*

T-cells Malignant 
TFH cells

Nodal TFH Lymphomas
Multistep Genetic Pathogenesis

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

Neoplastic 
myeloid cells

B cell LPDs



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
Immunophenotype

Not AITL Not AITL AITL
Not TFH TFH TFH

PTCL, NOS

PTCL with TFH 
immunophenotype

AITL

In WHO 5th ed., new name is 

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



Nodal T-follicular Helper Cell Lymphoma, NOS

BCL6 CD4



Nodal T-helper Cell Lymphoma, Follicular Type

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

PTGC-like

FL-like

More often stage I/II



Outline of Nodal T-cell Lymphomas
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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

CD3

Small cell

Large cell



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



Peripheral T-cell Lymphoma, NOS
T-Zone Variant

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 

CD3 CD5



Peripheral T-cell Lymphoma NOS
Molecular Features

80-90% TRG andTRB clonal rearrangements

<5% IGH rearrangements

>75% Complex karyotypes

Few specific translocations

Gene expression and mutation profiles are 
heterogeneous, but 2 types 



Blood 123: 
2915, 2014

GEP was performed on 372 T-cell lymphomas



GEP resulted in 
reclassification of 
PTCL NOS

Blood 123: 2915, 2014

PTCL NOS AITL

NK/T

ALK- ALCL

γ/δ T-cell lymphoma

14%

9%

11%

9%



Blood 123: 2915, 2014

Gene Expression Profiling of PTCL NOS 
GATA3 and TBX21 (T-bet) Subsets



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 number 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 MYC and STAT3 
Poorer prognosis

T Heavican et al. Blood 133: 1664, 2019



Peripheral T-cell Lymphoma NOS 
Recommended IHC Algorithm 

Blood 134: 2159, 2019 



Monroe Dunaway
Anderson

Created a charitable 
foundation in 1936

Died in 1939

MD Anderson was 
established in 1942


