
Unità di Emolinfopatologia 
Istituto L&A Seragnoli 

AOU di Bologna 



DLBCL: most frequent, made of large lymphocytes positive for B-cell markers, but 
morphologically, phenotipically, biologically and clinically heterogenous group of malignant 
diseases; IPI: still the most robust prognostic indicator 



Alizadeh AA et al. Nature 2000, 403: 503-11 
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Algorithm  
and  
IPT 

No. 
Concordance  

with GEP 
results(%) 

Choi 
    GCB 83 87 
    ABC 86 

Hans 
    GCB 79 86 
    ABC 90 

Muris 
    GCB 122 77 
    ABC 45 

Nyman 
    GCB 62 81 
    ABC 108 

Natkunam 
    GCB 84 74 
    ABC 86 

MEYER  et al JCO 2011; 262 DLBCL 

HIERACHICAL ORDER OF 
IMMUNE-REACTIVITY 

CD10, bcl6, LMO2, GCET1 as GC 
related 

IRF4, FOX1 as ABC related 
Bcl2  



All algorythms divided cases 
into groups that predicted OS 
and EFS independent of the 

IPI. 
More successful ones those 

compared with GEP 

Can recognize GCB and non-GCB immunohistochemical subgroups 



 
WHO 2016 

 identification of these two subtypes required 
 

But since GEP is still not a routine test   
IHC algorithms is acceptable (specify which algorithm)  

 
(although WHO acknowledges that they do not recognize the 10-15% of 

tumors unclassified by GEP 
 

WHO 2008 
GEP not available as a routine clinical test 

issues of reproducibility and reliability of ihc algorithms,  
DBCL subclassification of DLBCL, NOS was optional 

availability of target therapies for genes/pathways involved in GCB or non-GCB 
subsets 

However, also GEP does not recognize 10-15% cases 



For CD10 and BCL6, the cutoffs were very close to 30%, which is the accepted cutoff for 

 

these two molecules. 

 

9 

 

In order to avoid too many different cutoffs in the final algorithm, we 

 

compared the optimal cutoff of GCET1 and FOXP1 to 60% and found no change occurred 

 

in their sensitivity and specificity. Therefore, we modified the cutoff scores for both GCET1 

 

and FOXP1 to 60%, thus maintaining the optimal cutoff for MUM1. 

Following B-cell steps  
of differentiation 

Leukemia. 2012  



GEP data 

Visco Young algorythm 



Geiss et al. Nat Biotechnol 2008, Scott et al Blood 2014, Scott et al. JCO 2015 
 
GEP from RNA extracted from on FFPE (LymphC2x (20 gene probes and Nanostring 

Techology, Seattle USA), so more applicable in routine tissue    
 
Defines/confirms the ABC and GCB groups, but maintains unclassifiable group 
Roughly 32%, 56%, 11% 

 
ABC cases 
showed 
greater  
stage III/IV 
and high IPI 
scores 



OTHER PHENOTYPIC AND/OR GENOTYPIC/MOLECULAR FEATURES 
HAVE TO BE CONSIDERED  

Cytogenetically most frequent rearranged genes  
 

BCL6/3q27: 30-40%  
BCL2/18q21: 20-30%, mostly as t(14;18)(p32;q21) 

MYC/8q24: 7-15%  
 
 

Usually as single gene abnormalities  
which lead to protein overexpression 

 
but data on their prognostic impact are not unanimous 



As single abnormality: impact is more debated among publications;  
BCL6 no impact;   

Horn et al.  



Hu S et al.Blood 2013  

Johnson et al.JCO 2012  



 
If events are concurrent  
prognostication is more definite  
 
Double Hit LBCLs 
poor outcome  
7-15% of LBCL cases  
Most have MYC/bcl2/bcl6 
proteins highly expressed 
 
MYC/BCL2: more common 
90% in GCB-type 
 
 
MYC/BCL6  
less common,  
mainly extranodal,  
IRF4+/BCL6+/CD10-  
50% GCB-type  
clinically 

Hu S et al.Blood 2013  

Johnson et al.JCO 2012  



WHO 2016 
  

• All LBCL with MYC and BCL2 and/or BCL6 rearrangements 
will be included in a single category designated  

High Grade B-cell Lymphoma, with MYC 
and BCL2 and/or BCL6 rearrangements,  

The morphologic appearance should be noted in a comment.  

• B-Cell LYMPHOMA UNCLASSIFIABLE  
will be eliminated. 

• Cases that appear blastoid or morphologically intermediate 
between DLBCL and BL but which lack a MYC and BCL2 and/

or BCL6 rearrangement, will be placed in the category of 
HGBL, NOS. 



This category include also TRIPLE HIT 
DLBCLs: very rare, few reports  

 
Translocations partners  

BCL2/IGH,  
BCL6/MYC, IGH, Igk, IG lambda, other  

MYC/IGH, IGLambda, BCL6 
 

CD10+/FOXP1+/BCL2+  
(more similar to MYC/BCL2 DHL) 

MYC+- (60%), BCL6+- (70%), IRF4 50%  
Mostly GCB-type 

 
Very aggressive course  

FOXP1 



MYC translocated + BCL2 amplified: 3 cases 
MYC amplified + BCL2 translocated: 22 cases 

MYC amplified + BCL2 amplified: 15 cases 

Clinical features compared to non DHL  
higher presence of 

  
Ø Tranformed (from low grade >FL) 

Ø Positive bone marrow and > 2 extranodal sites (40%)  
Ø Complex karyotype 

Ø Same immunophenotypic features and OS as typical 
DHL and worse than non-DH LBCLs 

What the WHO 2016 does not include, are the”atypical DH-LBCLs”  

The number of gene copies does not impact (≥3) 
More often belong to GCB-type 
Not all “atypical DHL” are dual expressors 



A consensus has not yet been reached to provide specific guidelines 
as to which LBCL should have FISH studies 

 
Some believe that all DLBCL should have genetic studies for the 
detection of DHL, while others would limit them, for example, to 

cases with a GCB phenotype and/or high grade morphology or to cases 
with >40% MYC+ cells. 

High Grade B-cell Lymphoma, with MYC and BCL2 and/or BCL6  
Rearrangements (ex-D/THLs) represent a minority of DLBCLs 

 
Shall pathologists have to “fish” all DLBCLs (all types, all ages)? 

THIS BRINGS US TO THE ISSUE OF MYC/BCL2 PROTEIN-EXPRESSION 



Dual Expressor-LBCLS 
  
•  MYC and BCL2 proteins  

(by ihc: cut off  MYC >40%, BCL2 >50%) 

•  DHL are DE (with high percentage of positive 
cells) but few DE are DHL (3%) 
coexpression regardless the mechanism  
Inactivation of p53, Increased protein instability, activation 
of pathways upstream to MYC (NF-Kb), loss of immunity, 
microRNA profiles which may influence MYC expression 
 

•  Approximately 30% DLBCLs 

•  ABC subset (differently from DHL) 

•  GEP: unique cell adhesion and cell 
proliferation signature  

•  Such cases unfavourably impact  
on outcome  



Scott et al.JCO 2015 Johnson et al.JCO 2012 

Hu et al.  Blood 2013  

Unanimous agreement on their 
unfavourable impact on outcome 



..maintained within IPI category and TP53 mutated pts 



WHO 2016 
 

Though poorly behaving DE-LBCL, NOS are not as aggressive as the 
DHL/THL 

 
… considered a prognostic indicator in DLBCL,NOS but not a separate 

category 

Since DHL fell within GCB and DE fell within ABC 
is there a relationship between COO and MYC/BCL2 overexpression? 



344 cases 

893 cases 

no definite data 



Within GCB cases  
DE impact on outcome 

 
(but many are DHL!!) 

Scott et al.JCO 2015 
Hu et al.  Blood 2013  



Within non-GCB cases  
DE impact is controversial 

Scott et al.JCO 2015 

Hu et al.  Blood 2013  



However in the same cohort, when only DE are considered, COO does not reach significance 
consistently with data from Hu et at. 2013 as if it was the MYC/BCL2+ that defined poor 

prognosis independently on COO 

Which is reached 
when non-DE 

are considered 

Which seems to be indirectly shown 
by graphs on non-DE where COO 

defines the difference 

Scott et al.JCO 2015 Hu et al.  Blood 2013  



A consensus has not yet been reached to provide specific 
guidelines as to which LBCL should have FISH 

studies 
Some believe that all DLBCL should have genetic studies 

for the detection of DHL,  
while others would limit them, for example, to cases with 
a GCB phenotype and/or high grade morphology 

or to cases with >40% MYC+ cells. 

These persisting uncertainties may explain the lack of guidelines for FISHING cases   



= in all DLBCL, ≠ in GCB and ABC 
common in both DLBCL subtypes 

inactivating mutations of TP53 and genes involved in 
immunosurveillance (B2M, CD58), alterations in epigenetic regulators 
(CREBBP/EP300, KMT2D/C [MLL2/3], MEF2B), oncogenic activation 

of BCL6.  
 

GCB-DLBCL  
histone methyl transferase EZH2, BCL2 translocations,  

mutations in the cell motility regulator GNA13 
ABC-DLBCL  

activating the BCR/TLR and NFKB pathways 
(MYD88, CD79A, CARD11, TNFAIP3) 

 
clinical implications not fully understood, but likely 

necessary for guiding targeted therapies in the future 

in addition to COO, MYC/BCL2: SOMATIC MUTATIONS 



Thymic medullary B cell,  
full B cell phenotype, CD30+, BCL6+/IRF4+; low light chain immunoglobulin 
expression, defective surface MHC class II molecules  
Molecular signature clearly different from other DLBCL, with similarites with cHL 

Primary 
Mediastinal LBCL 

IRF4	  

CD30	  

Bcl-‐6	  



most common chromosomal alterations in PMBCL  
translocations/amplifications/rearrangement of  

 
EVASION FROM IMMUNE RESPONSE 

Class II TransActivator gene/gene complex 
gains at 9p (genes JAK2, PDL1, PDL2, JMJD2C) 

 
SIGNALING PATHWAYS  
JAK/STAT and NFKb pathways 

SOCS1 mutations/deletions, STAT6 mutations, A20 mutations 



Reduced CIITA protein expression 

Low HLADR 

Reduced T cells 
 

Easier immune evasion 

CIITA locus (16p13.13) : deletions, 
translocations or CDS (coding sequence) 
mutations were found in 71% of PMBCL 
cases 

CIITA low/rearr 

high  HLADR 

CIITA high/not rearr 

deficient CIITA protein not capable of 
inducing HLA-DR surface expression 
(diminished HLA-DR/DP/DQ protein) 



Most cases with CIITA-PDCD1LG2 (DEV) 

PDL1 (CD274) and PDL2 
(PDCD1LG2/PDL affinity 

receptor) on 9p24.1 
translocation or 

amplification 
30% cases 

transcripts are elevated  
in both rearranged & 

NON rearranged cases 
(alternative mechanisms such as 

epigenetic and microRNA regulatory 
factors) 

 
• INDUCE IMMUNE T-CELL 
ANERGY, AND TO T-REGS  

No difference between 
arranged and non-rearranged 
cases for clinical parameters 

and survival 



A20 mutations 
30% cases 

 
Loss of its inhibitory 

role on NFKb 
pathway 

NF-κB signaling 
through TNFR 

superfamily 

SOCS1 
Mutations or 
deletions 
Loss of its 
inhibitory role 
on JAK2/STAT6 
pathway 
 
JAK2 gene gains at 

9p  

STAT6 activating 
mutations    

(CD30) 



A significant pathogenetic role of a constuitutively activated NFKb pathway is a 
feature of Primary Central Nervous System Lymphoma 

 
due to aberrancies in many KFKb 
upstream genes/proteins  
 
acting in combination and sinergy  
  
-  40% cases BCR signaling 
cascade altered by somatic 
mutations (SHIP, CBL, BLNK) 
 
- - activating mutations or 
amplification of the BCM compex 
(BCL10, CARD11 and MALT1) 
 
-  50% cases TollLikeReceptor 
pathway altered via MYD88 
mutations (Leucine265Proline)  



PCNSL: large B cell lymphoma confined to the CNS, an organ normally devoid of classical lymphatic 
dreinage system which tend to remain confined to CNS;  
Excluded are lymphomas of the dura, intravascular LBCL, lymphomas with simultaneous systemic 
involvement and immune-deficiency associated lymphomas; EBV negative 

late germinal centre exit B cell  
«permanent GC-stage»  

 
IgM/IgD, BCL6+  

SHM/aSHM: in Ig,  BCL6 gene, and in 
tumour suppressor genes such as PAX5, 

PIM1 and CMYC 
25-30% cases BCL6 translocation (>Ig) 

 
but with impaired terminal differentiation  

 
IRF4+ (target of NFKb pathway)  
negative plasmacellular markers 



Dual expressor 
MYC+/BCL2+ in 85% cases  

 
• higher than non CNS-LBCLs 
almost no dual negative cases 

• but only 8% are MYC 
translocated 



CD3 

chemokine-mediated intercellular play between neoplastic B-cells and endothelia, T cells (CD4+/CD8+), 
macrophages and APC all located at perivascular spaces: fertile micromilieu which maintains proliferation 
and survival in a permanent BCL6-activated state (CXCR4 and CXCL12) 

Immune evasion could be enhanced by the defective HLADR expression on neopalstic cells & by alteration 
of the cytokine milieu induced by BCL6 and MYD88 anomalies 

Angiotropism: 

CD20 



Mantle Cell Lymphoma 
95% t(11;14) (q13;q32) juxtaposes CCND1 gene (11q13) at IGH (14q32) 

forces  overexpression of cyclin D1 (not detected in normal Bly) involved in cell cycle 



Jader et al. 2012, Adam et al. 2012  

additional mechanisms needed to develop lymphoma  
 

* Mutations in CCND1 at 3’UTR/untranslated region  
---truncated cyclin D1 transcripts with longer 

half-life -- potentiated activity   
 b) delete area for microRNA15/16 binding  no 

inhibitory effect 
* Amplification of the translocated t(11;14) allele 

per se likely not tranforming  

detected at 
low levels in 

pb of healthy 
individuals 

(7%)  
(Hirt et al. 

Blood 2004)  



Two types of clinically indolent variants are 
 

leukemic non-nodal MCL cases are frequently clinically indolent but  secondary 
abnormalities, often involving TP53, may occur and lead to aggressive disease.  
In situ MCL/neoplasia: low rate of progression, characterized by cyclin D1+ 

cells in the inner mantle zones of follicles in lymphoid tissues that do not 
otherwise suggest the diagnosis of a MCL; often found incidentally, sometimes 
in association with other lymphomas. They may be disseminated but appear to 

have a low rate of progression. 

Should be distinguished from overt MCL with a mantle zone growth 
pattern  or other classical MCL with a low proliferative fraction which 

may also be relatively indolent 

The 2016 revision of the World Health Organization classification of lymphoid neoplasms 



•  MIPI 
•  Histology  

(cytology and growth pattern) 

•  IgVH Mutational Status 
•  SOX11 expression 

•  Proliferative signature/kinetics 
•  Somatic mutations/genetic aberrations 



blastoid 
>LDH and >MIPI  

(comparable age,PS,WBC) 
 

Median Ki67  
blastoid 80% 

pleomorphic 39%  
classic/small-cell: 19% 

CYTOLOGY :  
small cell,classic, pleomorphic, blastoid 



Growth 
in situ/ mantle-zone / nodular / diffuse 

diffuse: older pts, >MIPI 
 
No difference in Ki67 index  
(Median Ki67 diffuse 21%, non-diffuse 20%)  
BUT: 75% blastoid are diffuse 



Start point: mutational status; additional aberrancies follow for progression 

Jared et al. JClinInvest 2012 



Neuronal transcription factor 
 
Not expressed in  other mature lymphomas or 
lymphocytes 
 
Function in lymphomagenesis not understood 
 
Positive in CCND1pos and CCND1neg cases 
 
good diagnostic biomarker 
 
Possible adjunct in prognostication 



Fernàndez V Cancer Res. 2010 
Navarro A et al. Cancer Res 2012  



Fernàndez V Cancer Res. 2010, Navarro A et al. Cancer Res 2012  

The mutational status is somehow related to SOX11 
expression 



Proliferation and clinical behaviour in MCL 



KI67 and OS/PFS 
No difference between  

<10% or <30% and 40-50% or 
>50% 

So CUT OFF 30% 

Ki67 and MIPI (MIPI-b) 
Ki-67 not correlated with age but with 

PS, LDH, WBC 
 

low/intermediate MIPI:  
median ki67 19% 

 
high risk MIPI  
median ki67 27% 



blastoid MCL (median 80%) 

Within each cytology subset higher Ki-67 index relates with worse outcome 

Ki67 and cytology 



•  Histology (cytology and growth pattern) 
•  IgVH Mutational Status 

•  SOX11 expression 
•  Proliferative signature/kinetics 

•  Somatic mutations and other genetic 
aberrations 



 “SECONDARY” ONCOGENIC 
EVENTS 

  
•  one of the most “rearranged” lymphoma 

•  deletions, gains, point mutations  
•  target genes involved in molecular pathways, 

inducing their constitutive activation 
• Usually secondary, but subclones can be present 

at onset and expand later 
• Impact on progression (of both classic and 

indolent forms)   



ATM (11q21-q23) e TP53:  più spesso mutazioni in un allele + delezioni allele wild type (11q e 17p); CCND1: più spesso mutazioni nell’esone 1;  

3 MCL gene drivers 

ATM 41% virtually absent in SOX11-/
Mutated cases; worse impact 

 
CCND1 35% : equally distributed; not 

defined impact 
 

TP53 28% : equally distributed; worse 
impact; specific aberrancy in indolent cases 



VIRTUALLY ABSENT IN  
SOX11-/MUTATED CASES 

“chromatin modifiers” genes  
 

(WHSC1 and MLL2 code for 
histione-methyltransferases) 

WHSC1 10% 
MLL2 14% 
MEF2B 3% 



NOTCH1 (4.7%)  
NOTCH2 (5.2%) 

Usually alone, not together 
 

Adverse biological 
features (blastoid/

pleomorphic) & shorter 
OS 

Jared et al. JClinInvest 2012 

NOTCH1 12%  
No differences with non mutated 
cases as for stage, IPI, histology  

 
Not related with progression 

(≠BCLL Richter) 
 

Worse OS (not PFS) 

Kridel et al. Blood 2912 



Yi S et al. Oncotarget. 2015 

Choe JY et al. Histopat 2016 

MYC alterations usually as 
secondary events 

 
More often blastoid  

 high WBC count/bm+   
splenomegaly  
elevated LDH 

*Complex karyotype 
*very aggressive  

(few reach CR which is 
short; BL-like regimens 

Durot E et al. Leuk Lymph 
2013 

MYC 



Deletion of CDKN2A (9p21 

Amplification of CDK4 or MDM2 

Point mutations/deletions RB1 activates E2F  

aberrancies in CELL-CYCLE genes 

EFFECT  
 

•  CONTINUOUS 
ACTIVATION  OF 

CYCLINS OR CYCLIN 
MEDIATED 
PROTEINS 
INDUCING 

PROLIFERATION   
 

•  INHIBITION OF P53      



activation of key proteins of signaling pathways 

PI3K/AKT/mTOR 

BCR signaling  
(SYK, LYN, BTK 
phosphorilated) 

NFkb classic 
NFkb alternative  



WNT/beta catenin 

WNT is linked to its receptor, B catenin 
is not degradated and go to the nucleus 
activating LEF and TCF 

• Deletion of 
proapoptotic 
genes 
(BIM/
BCL2L11)  
• amplification 
of anti 
apoptotic 
genes (BCL2  
• PI3K\AKT
\mTOR 
inhibits the 
pro apoptotic 
BAD 

APOPTOSIS 
REGULATION 

activation of key proteins of signaling pathways 



Peripheral T-cell lymphomas 

Published data in the recent years have improved our knowledge 
also for PTCL and have had impact on their COO-classification 
and on their prognostic stratification which will be included in 

the 2016 WHO 



Iqbal J et al. Blood 2014 

• PTCL: molecular 
classification and 

morphology and behaviour 

• PTCLnos is the category 
more heterogeneously 

diagnosed  
 

(B)  
Pathological vs molecular diagnosis comparison.  
 
Substantial number of cases from PTCL-NOS were 

molecularly classified into WHO recognized 
PTCL subgroups:  

(i)  AITL (n = 21, 14%);  
(ii)  ALK(–)ALCL (n = 17, 11%);  
(iii)  ATLL (n = 4, 3%);  
(iv)  γδ-PTCL (n = 13, 9%).  
 
However, 26 AITL cases (22%) were not 

molecularly classifiable and changed to PTCL-
NOS 



PTCL, with FOLLICULAR HELPER T-CELL PHENOTYPE 

ANGIOIMMUNOBLASTIC T-CELL LYMPHOMA 
FOLLICULAR VARIANT OF PTCL, NOS 

NODAL PTCL, NOS, with FHT-CELL PHENOTYPE  

CD279/PD1, CD10, BCL6, CXCL13, ICOS, SAP and CCR5  
at least two or preferably three antigens are required 

• Share similar signature at GEP (FTH related signature) 
 
• Recurrent genetic abnormalities (TET2, IDH2, DNMT3A, RHOA, CD28 
mutations, gene fusions ITK-SYK or CTLA4-CD28) 
• Possible targeted (e.g. epigenetic modifiers) 
• May contain B-cell blasts, often EBV-positive, sometimes resembling Hodgkin-
Reed Sternberg cells (leading to HL misdiagnosis) 
• Possible progression to EBV-positive LBCL (more rarely EBV-negative) 
• Due to clinical/genetic differences definition of the subtype is required  



Metti foto B-blasts 
CD2 

CD279 



Iqbal J et al. Blood 2014;123:2915 

         TBX21              uncl        GATA3 

~30% cases 
GATA3+ 

target genes 
(CCR4, IL18RA, 

CXCR7, IK). 
Enriched in 

signatures of 
mTOR-, MYC, 
PI3Kinase, b-

catenin 

~ 50% cases 
+TBX21  
+EOMES 
+target genes 
(IFNg CXCR3, 
IL2RB,CCL3,) 
Enriched in 
signatures of  
IFN a/b/g, CD8+ 
T cells, NF-kB 



good correspondence with IHC; no correlation with CD4 and CD8 

5-ys OS 19% 5-ys OS 33% 

Tbet Gata 3 



inversely 
associated  

cytotoxic  
(GNLY, PRF, GZM/K/H/M, 

LYZ) and cytokine  
(CXCR3, CXCL12, and 

CCL-2,-3,-6,-11)   
+ cytotoxic CD8+ T cells:  

 
WORSE SURVIVAL 

B-cell/plasma cell 
and Immunoglobulin 

(Ig) transcripts 
 

BETTER SURVIVAL 

T-cell markers +  
TFH-related markers 

GATA3/Tbet 
Cytotoxic markers / B cell markers 

CD30 

good correspondence with IHC 



Sabattini E, et al. 
Haematologica 2013  

25 - >75% cells  
in 46% of PTCLs 

 
100% ALCL (ALK- & ALK+) 

50% PTCL,NOS 
27% AITL 

70% in ENKTCL 
70% type1 EATL 

40% MF 



Indis&nguishable	  
morphologically	  and	  

phenotypically	  

ALK-‐posi6ve	  

ALK-‐nega6ve	  

CD30	   CD30	  

Perforin	   Perforin	  

CD30 diagnostic molecule in ALK
+Anaplastic large cell lymphoma 

CD45+/-, EMA +/-, TCM -/+, CD43+, Cytotoxic Markers +, PAX5- 





PTCLNOS cases reclassified as ALCL were all  
 

ALK-, CD30 strongly expressed,  
Large cell, Anaplastic morphology 

Cytotoxic markers expressed 
Lower TCR associated markers 



CD30+/ALK independent associated signature 
downregulation of  
1) TCR differentiation/activation (CD52, CD69, ICOS, CD28) 
2) Transcription factor NFATc2 
3) Proximal TCR signaling (Lck, Itk, Fyn; ZAP70 exception) 
Upregulation of: JUNB+, IRF4+ 
 
ALCL associated signature: pSTAT3 up & CD3 down  
ALK+ associated signature: CEBPbeta, Cyclin D3 

these upregulated in 
CD30 neg PTCL NOS 

these downregulated in 
CD30 neg PTCL NOS 



ALK-negative ALCL is no longer 
considered provisional 

However there are differences that can be assessed and impact on prognosis 



DUSPP22 (Dual-Phosphatase 22, close to IRF4 gene) translocation: 30%  
absent in ALK+ALCLs; more classic ALCL morphology; CD30+ALCL skin (Wada DA et al.2011) 

Not definable on ihc, Cytotoxic neg, EMA neg, T-cell markers pos 

DUSP22 –IRF4 locus on 6p25.3 which leads to decreased expression of DualSpecificityPhoshatase-22);  

Rearranged/translocated TP63 (TP53 homologue) on 3q28: 8% 
Less anaplastic morphology than in DUSP22 cases 

All cases are P63+ at ihc (useful in iHC) 
No other phenotypic original features, but usually EMA- 



Five-year overall survival rates were 85% for ALK-positive ALCLs,  
90% for DUSP22-rearranged ALCLs,  
17% for TP63-rearranged ALCLs, and  

42% for cases lacking all three genetic markers (p<0.0001).  

Possible therapy as ALK+  
(only CHOP with no high dose BEAM like followed by AST?) 



much higher in ALK- than ALK+ ALCL 
not related to ihc  



ALK-‐posi6ve	  

CD30	   CD30	  

Perforin	   Perforin	  

ALK+Anaplastic large cell 
lymphoma 



ALK signature (from ALK+ALCL cell lines) 
• Mainly related to ALK/STAT signaling 

• Genes that mostly correlated with ALK+ 
(PRF1, GAS1; IL1RAP, CCDN3, BCL3) 

ALCL signature (both ALK+ and ALK-) 
• Common signature  

unique origin & common genes are ALK independent 
• Differentiate from PTCL NOS  

• Roughly 30 genes  
• Upregulated in ALCL independent of ALK:  

• TNFRSF8(CD30), SNFT, PERP2, BATF3, GGT1, LGALS1,  
• low TCR related activation genes (LCK, FYB, CSK1) 

ALKnegALCL signature:  
3 gene-classifier: TNFRSF8, 

BATF3, TMOD1 



AP-1 

RAS/ERK 
JAK/STAT 
AKT/mTOR 
 
NPM-ALK has indirect  impact 
on CD30 signaling 

ALK	  is	  necessary	  and	  sufficient	  to	  induce	  transforma6on	  (impact	  of	  an6-‐ALK	  drugs-‐	  crizo6nib)	  
Transloca6ons	  involving	  ALK	  produce	  fusion	  proteins	  with	  cons6tu6ve	  tyrosine	  kinase	  ac6vity	  

engagement	  of	  intracellular	  pathways	  

The	  oncogenic	  role	  of	  ALK	  fusion	  proteins	  



WHO 2016 
 
Both saline and silicone 
filled implants  
median interval from 
implant 10 years 
 
Neoplastic cells 
confined to the seroma 
fluid, without invasion 
of the capsule: 
conservative 
management 
recommended (removal 
of the implant and 
capsule) 
With invasion through 
the capsule: risk of 
lymph node involvement 
and systemic spread, 
warrant chemotherapy 


