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History of Lymphoma Classification
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Morphology/

Clinical

+ Immunohistochemistry

+ Cytogenetics, FISH

+ Molecular Biology + Gene Expression 

Profiles

+ Next Generation 
Sequencing

Classification project-1999

Nebraska

Transcriptomics

Genomics

PTCL entities ~19     ~25       ~30
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Molecular diagnosis

Pathobiology and target characterization

Rationalize/Justify the new clinical investigations

Gene Signatures in PTCL

• The genomic characteristics of each tumor through 

expression of a unique set of genes is known as 

“GENE SIGNATURE
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W.H.O. classification  of mature T/NK-cell 
neoplasms (2016 revised version)

CutaneousExtra-nodalNodal Leukemic

adapted from Swerdlow SH et al. Blood 2016 127:2375-2390)

Peripheral T-cell Lymphoma, Not Otherwise 

Specified 

PTCL-NOS

Anaplastic large-cell lymphoma, ALK(+)ALCL

Angioimmunoblastic T-cell lymphoma 

AITL

Follicular PTCL

Anaplastic large-cell lymphoma, ALK(-) ALCL

Nodal PTCL with TFH phenotype



PTCL-NOS
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Major PTCL subtypes have inferior  clinical outcome
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Diagnosis

Adult T-cell leuk/lymph (ATLL)

Anaplastic large cell lymphoma, ALK-

Anaplastic large cell lymphoma, ALK+

Angioimmunoblastic T-cell lymphoma

Peripheral T-cell lymphoma, NOS

Generic NK-cell

- Xu et.al  PLOS One 2014 

“No Survival Improvement for PTCL/AITL patients over the Past Two Decades: A Population-Based Study of 1207 Cases”
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No major improvement in clinical outcome since 
last three decades in PTCL

OS of PTCL-NOS/AITL



Dissecting out

High-through put technologies dissecting distinct 
molecular and prognostic subgroups

Gene expression profiling: 

(mRNA expression)

Genetic Evolution of 

molecular 

subgroups

Genomic DNA hybridization 

(DNA copy number  variations) 

Patient-centered 

Research
Laboratory discoveries Delivery to patient care 

/communities

Next generation sequencing
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Unsupervised hierarchical clustering of PTCL cases 

and normal T cells

Blood 2010;115:1026-1036

Major entities of PTCL form 

tight clusters with cases of 

PTCL-NOS and other rare 

entities interspersed. 



Blood 2010;115:1026-1036

Gene expression-based molecular predictors of the 
major subgroups of PTCL

 More than half of the PTCL-NOS  cases were not molecularly classified
International PTCL Project

AITL

ATLL

ALK+ALCL



Dendrogram for clustering PTCL-NOS cases using centered 

correlation and complete linkage
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Identification of cytotoxic () PTCL  group from PTCL-
NOS

Blood 2010;115:1026-1036International peripheral T-cell lymphoma Project
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Identification of -PTCL from PTCL-NOS
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-PTCL have similar gene expression signature as NKCL but distinct  from CT(α)- PTCL and HSTCL

Leukemia. 2011 Feb;25(2):348-58. 



Refinement of molecular diagnostic signatures

 Unique molecular signatures were identified for major PTCL entities

Blood. 2014 May 8;123(19):2915-23.Lymphoma and Leukemia Molecular Profiling Project (LLMPP) initiative Blood 2014



Gene signature/pathway enrichment summary in ALK(-)ALCL

 ALK(-) ALCL is molecularly  distinct from PTCL-NOS and ALK(+)ALCL

Re-classified from  PTCL-NOS

ALK
ALK 

ALK(+) ALCL         ALK(-)  ALCL                                    PTCL-NOS

Blood. 2014 May 8;123(19):2915-23.

Robust molecular signature for ALK(-)ALCL 



STAT3 and STAT5B mutations identified in NK or 
γδ-T cell derived lymphomas

-Stat3 and Stat5B are often mutated at the SH2 domain in NK and γδ-T cell lymphomas

-In vitro data analysis showed sensitivity of this mutations to JAK1/2 inhibition

Nat Commun. 2015 Jan 14;6:6025.



Evaluation of pathological vs molecular diagnosis

Blood. 2014 May 8;123(19):2915-23.

of 152 PTCL-NOS cases, a subset of cases were classified 
into unique PTCL entities

AITL  

PTCL-NOS  

14%20%

n=152

n=117
Infrequent 

IDH2 mutation

1 of 17
33% 

IDH2 mutation



₋ AITL

₋ ATLL

₋ ALK(-)ALCL

₋ ALK(+)ALCL

₋ NKCL

₋ -PTCL

n=251 n=121

32% 

PTCL-NOS

One-third of PTCL-NOS cases were not molecularly 
classified into WHO recognized PTCL entities 
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GEP identified distinct oncogenic pathways
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Schematic of the Gene Expression and Dosage 

Integration algorithm

Proc Natl Acad Sci U S A. 2008 Sep 9; 105(36): 13520–13525. 



• Major Subgroups within PTCL-NOS characterized 

by distinct genomic abnormalities
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Novel PTCL  subgroups have distinct Chromosomal 

Abnormalities



• Unique Mutation Profiles in molecular subgroups
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Distinct spectrum of DNMT3A mutations
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The complexity of PTCL can finally be addressed with the integration of 

global genomic analyses, which demonstrated that molecularly defined 

subgroups of PTCL have diverse genetic features and arise by distinct 

genetic pathways.
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Translate Gene Signatures  into clinical settings

applicable to FFPE 

• Immunohistochemistry based algorithm

• Quantitative mRNA  based assay



Translation using Immunohistochemistry

Amador et. al,  USCAP 2018 Unpublished

Validation 

Cohort
n=150 PTCL-NOS

PTCL-NOS subgroups

c
c
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Translating gene signatures for NanoString platform

Refinement of gene signature algorithm 



x

D
e
n
s
it
y

AITL_3__FFPE_R1

0 5 10 15

0
4

8
1
2

0.84
***

0 4 8 12

0
5

1
0

1
5

x

D
e
n
s
it
y

AITL_3__FF_R1

Correlation of  gene signatures between Fresh frozen 

RNA and corresponding FFPE RNA on nCounter 

platform

x

D
e
n
s
it
y

ALCL.neg_2__FFPE_R2

2 6 10 14

0
5

1
0

1
5

0.89
***

0 5 10 15

2
6

1
0

1
4

x

D
e
n
s
it
y

ALCL.neg_2__FF_R2

x

D
e
n
s
it
y

ALCL.pos_5__FFPE_R2

0 5 10 15

0
5

1
0

1
5

0.88
***

0 5 10 15

0
5

1
0

1
5

x

D
e
n
s
it
y

ALCL.pos_5__FF_R2

x

D
e
n
s
it
y

PTCL.GATA3_8__FFPE_R2

0 5 10 15

0
5

1
0

1
5

0.93
***

0 5 10 15

0
5

1
0

1
5

x

D
e
n
s
it
y

PTCL.GATA3_8__FF_R2

x

D
e
n
s
it
y

PTCL.TBX21_10__FFPE_R2

5 10 15

0
5

1
0

1
5

0.90
***

0 5 10 15

5
1
0

1
5

x

D
e
n
s
it
y

PTCL.TBX21_10__FF_R2

x

D
e
n
s
it
y

PTCL.TBX21_12__FFPE_R1

0 4 8 12

2
6

1
0

1
4

0.84
***

2 6 10 14

0
4

8
1
2

x

D
e
n
s
it
y

PTCL.TBX21_12__FF_R1

F
F

P
E

 

R
N

A

FF RNA
100ng of RNA was run for all FF samples



University of Nebraska Medical Center

A
IT

L

A
L

C
L

 

P
T

C
L

-G
A

T
A

3

P
T

C
L

-T
B

X
2

1
mRNA code set on 

nCounter 

NanoString 

platform

AITL 

ALCL

PTCL-GATA3

PTCL-TBX21

m
R

N
A

 d
ia

g
n

o
s

ti
c

 s
ig

n
a

tu
re

Molecular diagnostic algorithm for  FFPE PTCL entities 

Digital algorithm

D
ia

g
n

o
s

ti
c

 

s
ig

n
a

tu
re

 s
c

o
re

PTCL entities

FFPE cases

Average expression (n=         4     4    6     6

AITL

ALCL

PTCL-GATA3

PTCL-TBX21



Genetically faithful model of PTCL-GATA3

H&E of different organs of a mouse 

implanted with a primary PTCL-NOS

CNA analysis in PTCL entities
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targeted therapy in PCTL

Blood reviews, 2016
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