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Oljestiviess

AReview the utility and necessity of ancillary testing
In the diagnosis of lymphoma.

ADiscuss the use of FISH assays to provide
prognostic information or precise classification in
ymphoma diagnosis.

ADiscuss the challenges and perils of small biopsies
In lymphoma diagnosis.




2017/ Revision off thesWHO_ClassHication
off Leukemmcand dymphoma

Lymphoma: 86 types (+ subtypes)
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Tabie 1. 2016 WHO classification of mature lymphold, histiocytic,
and dendritic neoplasms

Table 1. (continued)

immssinal T-coil hymphama®

Mamre B-coll neopas s
Crvonic hymphacyso leamismall fymahocyso monoma
Monadonal B-cal mphacyiosis”

Bcall proymphocysc lukemia
Sgramic margna zona lympnama
Hairy col loukormia
Splanic B-call lmphomadeukemia, ok it bir
Spianic difiuse md pup amal B-col lymphoma
Hairy coll loukamio-varknt
LymeiopEsmacysc hymphoma
‘Waldonrtien macm g buileenia
Maonodianal gammopa iy of undatarined signifcance (MGUS), igM*
& heawy-chan dsease
+ haavy-chain disaase
 haavy-chain desase
Maonadianal gammopa Sy of undatarined sgnifcance (MGUS), igGia”
Plasma coll mysioma
Seltary plasmacyioma of bon
Extmomecs pRmacyioma
Manodonal imemunogicbuin depasition dsases”
Exranodal marginal zone mphoma of mucsa-assadated mphod Ssae
(MALT lymphoma)
Modal margnal zone ymphoma
Padatic nodal margnal 2na lymphoma
Falicuiar hymphoma
I situ follicuiar noop sia®
Duodenab type folcuiar enphoma®
Podiatrctypa dolicular iymp homa®
Largn B-cof ymphoma with iRFS manangemant
Prmary cutanacus follicke canter lymphoma
Martia cal lymphoma
In ity manis cell necplasn®
Dithuse lrge Bl ymphoma {DLBCL), NOS
Gorminal cantor B-col 1ype®
Actvated Bl typa®
T-calitistocyto-ich larga B-cel lymphama
Frmary DLBCL of $10 conral narvous syssom {CHS)
Prmary cutanacus DLBCL, g type
E8V¢ DLBGL NOS™
EBV* mucocutansous ucar
DLBGL amacisted with chronic inflemmaton
Lymphomatcid granulomatosis
Prmary madmstnal {$yymic) large B-cal lymphoma
intravasaiar lage Bl lymghoma
ALK* large B-cel lymphoma
Plammatizstic lymphoma
Prmary sfuson ymphoma
HHVE" DLBEL NOS
Buriest ymphoma
Burian-iko lymphoma wif 11g abarmbon”
High-grde B-coil Fpmphama, wi MYCand BCLZ andior BOLE marmngaments”
High-grda B-al lymphoma, NOS*
B-cal lympihoma, unchasafabie, with laatms imermediats betweon DLBCL and
clamsical Hodgkn lymphoma

Mature T and NK nooplasms
T-call proiymphacysc lukemia
T-cell large grnuier lymphocytc mukemia
Chronic lymphoprolfarative dscmr of NK colk
Aggressve NK-cal Buama
Systomic EEV* T-call ymphoma of chithood
Myedraan vaccinforma- ke lymphoproliorativg disoror
Ackit T-coll leucomiatymphoma
Exmnadsl HK-T-cell ymphoma, nessl type
Ertoropatyy-associated T-cal lymphoma

ingilant T-call [ymphoprolfaratve disomker of fe GI mor
Hapaweplanic T-call ymphoma
Subutanocus panricuits lke T-cal lymphoma
Myccmis kungoides
Sazry syndmma
Primary at 030* T-col
Lympnom s papoEs
Primary cutaneous anaplastc lage call ymphoma
Primary anancus 1 T-cal ympnoma
Primay atanecus COE* aggmsive apidermotropic cyto foxs T-call jymphoma
Primay afanecus agal COS* T-call [ymphoma”
Primay afansous CO4* smalimedum T-call ymphopm Haratve deorder
Panphoral T-cal ymphama, NOS
Angoimmunctiasse T-oll lymphoma
Faollcular T-cof lymphoma™
Nodal panpharal T-cof ymghoma with TFH phanctypa®
Anapinsc large-call lymphoma, ALK
Anapinssic large-call lymphoma, ALK
Broast mp bt -assocntod anapl B¢ large-coll lymphom”
Hodgiin lymphoma
Noduilar lymphocyte pradominant Hodgin ymphoma
Clsmim| Hodgkin lymphoma
Modur sclomsis cissiol Hodgian fymphama
Lymphocyte-ich clsmiaal Hodglin ymphoma
Mioxed Collirty classital Hodghin lympnoma
Lymphocyte-dapletad dassical Hodgin hymphoma
L)

Plasmacysc hypeplasia FTLOD
rocans Mmonon ucisosis FTLD
Flond foliculer yperplase PTLO™
Paymorpric FTLD
Manomarphic PTLD 8- and TNK<call typas)
G| Hodgiin fympnoma FTLD
HisBooytic and dendritic cell neoplasms
HEzacyT sarcoma
Langarhans cell hisfocytoss.
Langernans ceil sawoma
Inclotorminate dendriic call fumar
FRor graring dondric call saToma
Falicular dendriic coll samoma
Fitob st micular coll umor
Disseminated juvenil wanhogramioma
Ercheim- Chaster disaase™

Provisional entts am listed in itslics.
*Chang s from e 2008 classifaion..

small population, but in others associaked with a lymphocytosis.*
‘Wheress in 2008 it was unknown whether MBL was a precursor of
CLL, we now know that MBL precedes vinually all cases of CLLS
small ymphocytic lymphoma (SLL).* The updated WHO will retain
the cument criteria for MBL, but will emphasize that *“low-count™
MBL, defined as a PB CLL count of <0.5 % 10°L, must be
distinguished from *“high-count™ MBL because low count MBL has
ferences from CLL, an extremely limited, if any, chance
ion, and, untl new evidence is provided, does not require
routine follow-up outside of standard medical care 7 In contrast, high-
count MBL requires rovtine/yearly follow-up, and has very similar
phenotypic and genetic‘molecular feamres as Rai stage O CLL,
although immunoglobulin heavy chain variable region (IGHV »
mutated cases are more frequent in MBL.® Also impacting our
diagnostic criteria, the revision will eliminate the opton to diagnose
CLL with <5 % 10°L PB (LL cellsintheabsence of extramedullary

¢
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How doowedidgnoseandnd
classify lymphionras2”

AMorphology forms the basis for the lymphoma

classification system.
» Architecture: nodal effacement vs. preservation?

A Diffuse, follicular, nodular
» Cell characteristics: large vs. small, blast vs. mature.

» Hodgkin vs. non-Hodgkin

ARole of ancillary testing continues to increase.

» Immunophenotype by flow cytometry or

Immunohistochemistry.
A B-cell vs. T-cell, other characteristic antigen expression.

» Molecular/genetic characteristics: translocations,
mutations.




Anctilany,/ Tests Usedi im
LymplemacDIagnosis|s

Almmunophenotyping
» Flow cytometry and/or immunohistochemistry

ACytogenetics
» Karyotype or FISH for translocations

AMolecular
» Clonality
» PCR for specific translocations or mutations
» Sequencing for mutations, translocations




Flow Cytometryry

AMost sensitive and complete immunophenotyping .
» Determine expression of multiple antigens on one
cell population.
ADetect clonal B-cells

» Polytypic: Mix of kappa and lambda expressing
cells.

» Monotypic: Predominant expression of one or the
other.

ADetection of abnormal T-cell populations.

ADetect low-level involvement.




CLL/SLL: Hdow Cytometiny/Doess
Tthis \Well

ACharacteristic immunophenotype: CD5, dim CD20,
dim monoclonal light chains, CD23, CD200.
» Diagnostic in appropriate clinical setting.

» Imperfect phenotypes should raise consideration of
other entities, especially mantle cell lymphoma.

AOnly way to characterize monoclonal B-cell
lymphocytosis (MBL).
» CLL type, atypical CLL type, norCLL type.
» Low-count (<0.5x10%/L) does not seem to progress.
» High-b n't ms -5x1@9/L)-aets like Rai stage 0 CLL.




Limitatianssaf fHtowCytametryiry

ALoss of morphologic features, which are key for the
WHOclassification system.

» Generally cannot give a specific WHO diagnosis.
»BC0O/ onrhshud kxl ognl + mns

AFalse negative: Maylose some cell populations in
processing, analysis, and/or sampling.

» Lymphoma cells, especially large cells, may be excluded
» Sampling is critical.
AZE  krd onr hs hu-cell @pulatBrs ankl k b k

aberrant T-cell populations are not diagnostic of
lymphoma.

ADiscrepant flow results should make you think twice
but should not necessarily change your mind.




FISH: Hrluorescence /n situ
Hybnmndizatiom
A Detection of specific, defined abnormalities

A Relatively rapid turn-around (24-48 hrs)

A Can be performed on fixed, paraffinrembedded tissues

A Break-apart probes: O ﬁ
I Separation of the signals é
Is abnormal.

A Fusion probes: .

I Fusion of probe signals
is abnormal. & ) éh




FISHftor it(14;18) /IGH/BCL2

/IGH/BCL Zfusion probe.

Normal Abnormal




FISHffor MY C Translocatiomnss

MYCbreak-apart probe

Abnormal Normal




FISHH/ AssayS dsed for
Lympitamass

Detects Lymphoma Type
MYC-IGH F t(8;14) MYC-IGH Burkitt, DLBCL
LSI-MYC BAP 8924 MYC DLBCL Burkitt
BCL6 BAP 3927 BCL6 DLBCL,Follicular
IGH-BCL2 F t(14,18) IGHBCL?2 Follicular, DLBCL
IGHCCND1 F t(11;14) Cyclin D1 Mantle Cell
ALK BAP 2p23 ALK ALK+ ALCL
6p25.3 BAP DUSP22/IRF4 ALK- ALCL, Bcell
30928 BAP TP63 PTCL, ALKALCL

F=Fusion, BAP=Breakapart probe




Genetically\Defated:=o
Lympitamass

AALK positive ALCL t(2;5) in ~85% of cases.
» Immunohistochemistry is a reliable surrogate and
detects variant translocations as well.
ALarge B-cell lymphoma with /RF4rearrangement
»Ognuhrhnm k dmshsx+ | ngd k s

AMantle cell lymphoma t(11;14) in >95% of cases.

» Immunohistochemistry is a reliable surrogate
A Will detect rare variant translocations with light chain genes.

» Cyclin D1 negative cases exist.

AHigh grade Bcell ymphoma with MYCand BCLZ2
and/or BCL6rearrangement




Lymplamass witim gty
ciharacterstic genetie tharngesges
thatidoonotdefinethemem:

ABurkitt lymphoma: /G-MYC, t(8;14), t(2;8), t(8;22)
AFollicular lymphoma: /G-BCL2t(14;18)

ALymphoplasmacytic lymphoma: MYD8S8mutation.

AHairy cell leukemia (BRAFV600E).




Whem shouldd lsenddanr
clonmahtyy?

AMost diagnoses of lymphoma do NOT require
molecular testing.

AUseful in difficult cases, usually where the
differential includes an atypical reactive process.

AComparing separate lesions (both spatially and
chronologically).

AWill it change your diagnosis?
» Wil you call it lymphoma if positive?
» Will you NOT call it ymphoma if negative?




2000 —
IGH tube A clonal +
polyclonal background
1000 -
0 al\ o P S
400 | 'GH tube A polyclonal
200 4
0 PP

Slide courtesy of
Kristin Karner
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Pitfalls off Clamalityy Testing

A Failed amplification

» Low quantity, poor quality DNA
A Small or poorly-fixed specimen

A False negatives

» Somatic hypermutation (85% sensitivity in follicular
lymphoma)
» Sampling wrong area
A False positives

» Clonal selection in nonneoplastic processes
» Limited sampling area

A Determining lineage (T vs. B)

» Beware of lineage infidelity

A Much more common in immature neoplasms
A Bagg A. J Mol Diagn. 2006 Sep; 8(4): 42@K29.




GemomiccNGSpH T éstingann
Lympliamad: Rete<stiti | Limited o

ALymphoma diagnosis still based on morphology
and immunophenotype.
» Point mutations associate with lymphoma subtypes
but do not define them.

Almportance of translocations, which are technically
challenging to assess for by NGS.

» RNA-based assays.

ALikely to increase as targeted therapy becomes a
reality.




CLL MutatiomPanekbypNGS:S

A 27 gene panel:

» ATM, BCLZ, BIRC3, BRAF, BT@AIK, CARDI11, CD79B, CXCR4,
DDX3X, FBXWY7, IKZF3, KRAS, MAP2K1, MED12, MGADEE
NOTCHI1, NRASPLCGZ POT1, RPS15, SAMHDI, SF3B1, TP53,

XPOI1, ZMYMS3

A Useful in conjunction with traditional CLL biomarkers (e.qg.,
/GHVmutation status, 17p deletion)

A Assessment for BTK resistance mutations in CLLpatients

» High frequency in patients who progress on BTK inhibitor therapy
(e.g.ibrutinib, acalabrutinib)

A Mutations in B7K(e.g.,C481S)that confer resistance

A Mutations in PLCG2 CARDI11, CD79B, CXCR4, MYD$&plicated in
primary or acquired resistance

Slide courtesy of Jay Patel




Is Ancillany Testing Requiieel?’/

Almmunophenotyping considered essential for most
diagnoses.

Alt is not always necessary to do all testing to make
a definitive diagnosis.

» Clinical guidelines like the NCCN advocate specific
testing, often beyond what is required to diagnose.

AAs more information becomes available (i.e.,
molecular profiling), more extensive testing may be
required for some entities.




AAncillary testing required for diagnosis: CD20.
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Diffuse Lanrge=B3-call| Lymphomaco
Anciilany, Tiestimg)

AUseful for sub-classification and/or prognostic
Information
» EBER
A EBV positive DLBCL, NOS
» FISH for MYC, BCL2, BCL&anslocations
A High grade Bcell lymphoma with MYC and BCL2+/BCL6
» CD10, BCL6, MUM1
A DLBCL NOS, germinal center vs. activated Bell subtypes

» MYC, BCL2 protein ceexpression
A Does not define an entity but has prognostic significance




MYC andl BCL2Rearrangepnentsianchd
Proteim Expression:: lnfarmPragnosiss
anaGuided hermapyy

ADiffuse large B-cell ymphoma, NOS

ADouble-expresser (DE) DLBCL, NOS
» Expresses MYC (>40%) and BCL2 (>50%) protein
» 30% of DLBCL

AHigh grade B-cell lymphoma double hit (HGBL-
DH), 46% of DLBCL.
» MYC/BCLZ 80% (includes 20% triple hit).
» IYC/BCLG 20%.




MYC amndl BCL2Daouldlé=Hitionr
Daoulle=Expresser:: P1ognoskss

Time (years]
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J Clin Oncol, 2012 30(28):3452-9.
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/9-yearr-old woannaniwithtreceotnt

breasticanceradiagnosisandnd
enlargeddympipnoteses.

ARight neck mass.
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Results of FISHand Emal
Classificatiom

AMYCbreakapart probe assay negative.
» MYCrearrangement excluded.
» MYC/BCLZ2 or BCL&ouble hit lymphoma excluded.

AClassification:

» Diffuse large B-cell ymphoma, activated B-cell
subtype, with co-expression of MYC and BCL2.

APrognosis: bad, but not as bad asMYC/BCL?2
double hit.

AConsider DAEPOCHR rather than RCHOP




DLBCL Ancillany Testing)

ADiagnosis of DLBCL requires only morphology and
Immunophenotype.

AAncillary testing can inform prognosis and identify
recognized subtypes.

ADiagnosing or excluding the WHO 2017 category
HGBL, with MYCGrBCL2+/- BCL6rearrangement
requires FISH.

» A genetically-defined lymphoma.

ATesting should be performed when results will
affect patient care.




T-cell Lymphomasis

ADiagnosis of lymphoma heavily dependent on
morphology.

Almmunophenotyping can show aberrancies.

AMolecular or flow cytometry studies can show
clonality.

ANeither aberrancies norclonality is diagnostic of
malignancy!




Immumaphersotypingin T [-cell!
Lympitamass

ANormal T-cells express CD2, CD3 (surface), CD5,
CD7, and CD4 or CDS8.

AAberrancies:

» Deletion/absence
» Weaker or stronger than normal

ARelatively soft findings as reactive T-cells can show
such aberrancies.

» Decreased CD7 I1s common.

AMultiple aberrancies increases suspicion.
ALoss of surface CD3 is highly suspicious.




T-cell| Clomadityy

AMolecular/PCR
» Detects clonal TCR rearrangements.
» Fresh or fixed tissue.

AFlow cytometry: V-beta
» |[dentifies restricted use of TCR \tbeta chains.
» Allows assessment of an aberrant population.
» Requires fresh tissue/blood/marrow.

ABoth can be positive in reactive Fcell populations!




Be Awarecob Nann-Neoplastic
Clomal [T -cells

A There are MANY examples of clonal TFcell
proliferations that are NOT neoplastic
I Common in skin, peripheral blood
I Post transplant

I Various immune responses

Alnflammatory ' Q @+ Befich) g mRr
A Malignancy (CLL/SLL, etc.)

AT-cell repertoire decreases with age so clones more
likely.




A55-year-old man with a
reported history of left groin
lymphadenopathy,

AFatigue, night sweats, fever,
elevated LDH, mildly elevated
AST andALT.

AMild lymphocytosis.
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Difficulticaset!

ADiagnosis: EBVpositive T-cell lymphoproliferative
disorder (not really a thing).

AWhat troubled me:

» Partial effacement, negative flow study, EBV
positivity.

ASentforclonalityw b * 1 d a > bj onr hsht
» Remained stubborn.

ASent to NIH,Dx: Peripheral T-cell lymphoma, NOS
with associated EBV-positive B-cell proliferation.

» Remained stubborn.




Clinicali followvupid montimtaténter

APatient now totally asymptomatic.
ANo abnormal lymphadenopathy.
AEBVtiters at biopsy showed high IgM without I1gG.

ANow convalescent titers with high 1gG as well as
IgM.

AClinically fits best with a primary EBV infection,
although unusual at this age.




Caonmsiderations oot [-cell!
LymplemacDIagnosis|s

AMorphology: is there total effacement by
monomorphic atypical cells, or are the atypical
cells variable in size and mixed in?

AAncillary Testing;

» Definitive phenotypic aberrancies by flow and
Immunohistochemistry?

» Strongly consider T-cell clonality.




Case:: 9-yearr-old boywitia o
mediastimabmass:s
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Immunmopherotypeoc amnd
Diagnosis:

APositive for CD2, CD30 (strong and diffuse), TIA1,
CD45, CD4 (weak), CD7 (subset).

ANegative: CD20, PAX5, CD15, CDS8, CD5.

ADiagnosis: Anaplastic Large Cell Lymphoma
(ALCL), ALK1 negative.

AOther considerations:

» Hodgkin: morphology; CD15, PAX5, CD3+
» PTCL, NOS: CD30 too strong and diffuse.




AdditionabStudies:s

AFISH negativefor rearrangement of DUSP22/IRF4

Almmunohistochemical stain for p63 is negative in
tumor cells.




IRFZ/DUSPZRearrangedAEKK- ALCL Shows
Qutconmes Stimianto ALKx-ARCL|

A Overall Survival by ALK Status B Overall Survival by Genetic Subtype
Gene rearranged
100 - = = ALK positive 100 oo ALK
90 ALK negative 90 - el ::* 4 — DSP22
g % 80 - H-Lh-*'-ﬂl-'-llll' — TP63
E % 70 - i PURpRC 1
D 3 60 1 [,
i = 50 .
[} | I
Q 830 - —
1 20 - p—
10 - p=0.0025 10 + p<0.0001 :
0 i T T T T T T O y J ! ' . y ! L '
0 24 48 72 96 120 144 168 192 216 240 0 24 48 72 96 120 144 168 192 216 240
Months After ALCL Diagnosis Months After ALCL Diagnosis

Edgardo R. Parrilla Castellar et al. Blood 2014;124:1473-1480 ‘.. blOOd
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Summany;: T-celll Lymphomas)s

ADiagnosis should be based on morphology.
» Lymph node effaced by atypical cells.

Almmunophenotyping and clonality offer welcome
rtroongs ats adv gqgd ne e

AALK negative ALCL should get additional
prognostic testing.
» IRF4/DUSP22 FISH
A Good prognosis if positive
» TP63 FISH or p63 IHC surrogate
A Bad prognosis




17-yearr-oldi giitlwithrenlargeo:c
tansils

AOriginal pathology report:
» R tonsil: malignant lymphoma, favor high grade.
» L tonsil: follicular hyperplasia.
»>Sgd nudg kk edf pgtagdrk >l ag
Almplications: High-grade implies Burkitt lymphoma
In this age group, could include doublehit
lymphomas in older adults.

Alntensive chemotherapy regimen required.
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Differential Diagnosisis

ABurkitt ymphoma: Excluded by morphology
» Lacks tingible body macrophages, too pleomorphic.

AFollicular lymphoma, grade 3.
ADiffuse large B-cell lymphoma.

AlLarge B-cell ymphoma with /RF4rearrangement.
» New entity in WHO 2017.

AFISH results:
» FISHfor MYC BCL6,and BCLZ2negative.
» FISH for IRF4/DUSPZ2positive.




Large: B-celll lymmphioova wvithith
IRFZreanmangenmenin’.

ALocalized in head and neck.
AMedian age 12 (range 479).

AMorphologically fit into DLBCL, follicular lymphoma
grade 3, or pediatric type follicular lymphoma.

APositive for BCL6 and IRF4/MUM1.

AGood outcome after chemotherapy.
» Less intensive therapy than Burkitt lymphoma.

Aln the appropriate clinical context, FISH for
IRF4/DUSP22should be performed.




Overall luncommon(x1%)/-bub ut
marescommorin iyoungeopatentssnis

AVd rstchdc 21 o shdmsr eqg
Group protocols.
AFISH for /IRF4/DUSP22positive in 2/32 cases (6%).
» One in tonsils. Al (N SE D
» One in ileum.

A

Chisholm KM, et a/. Pediatr Blood Cancer 2019.
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Summarnyy

AAncillary testing contributes greatly to lymph node
diagnosis.
» Flow/IHC: in almost every case.
» FISH: specific applications.

» Clonality: important in some cases but be aware of
false positives and negatives.

» Genomics: largely still in the future.

Almportant to keep the limitations in mind.
» Stick to your morphologic impression!




Small Needle=Core Biopsies:s

ASmall biopsies and cytology lose many
morphologic clues.
AArchitecture critical to our classification system.

» Aspirations only: difficult to say much.
»Hm kx|l ognl c¢ch fmnr hr + EM(

@mr vdq- |

ANeedle cores at least offer a glimpse of
architecture, but the tiny snapshot can be

misleading.




Follicular

vs.. Diffuse

o
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What are you !
NOT seeing?




How speeificcshiould dbéei="

ACD10 positive Bcell lymphoma (flow cytometry
was positive).

AThis is probably a DLBCL.

AConsider other possibilities:
» Grade 3B follicular lymphoma

» Follicle of florid follicular hyperplasia with a small B-
cell clone by flow cytometry?
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