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Lymphoma

* Hodgkin lymphoma
Reed Sternberg cells low in number
Very rarely seen in bone marrow/blood

* Non-Hodgkin Lymphoma
Lymphoproliferative disorders
T, B and NK cell types
Often have a leukaemic phase
Crossover with chronic lymphoid leukaemia’s



Origin of lymphocytes
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Lymph nodes are
concentrated in areas
draining organs with
environmental contact

Primary (generative)
lymphoid organs- bone
marrow & thymus

Secondary (peripheral)
lymphoid tissues- lymph
nodes, spleen, cutaneous &
mucosal (eg tonsils,
adenoids, lung, Peyer’s
patches)



Lymphoma classification

Rappaport classification: 1956, revised 1966 (Cancer Res 1966;26:1082);
developed before lymphocytes were classified as B and T cells; includes well
differentiated lymphocytic lymphoma, poorly differentiated lymphocytic lymphoma and
histiocytic lymphoma

Lukes and Collins classification: 1974 (Cancer 1974:34:1488); classified non-
Hodgkin lymphomas as B cell, T cell, histiocytic and unclassifiable types

Working Formulation: 1982; classified as low, intermediate or high grade; nodular
vs. diffuse; small, large or mixed tumor cell size (Cancer 1982;49:2112)

Kiel classification: European system used in 1980s - 1990s, based on cellular
morphology and relationship to normal lymphoid cells; proposed by Karl Lennert in
1974 (Lennert: History of the European Association for Haematopathology, 1st
ed, 2006)

REAL (Revised European American Lymphoma): integrates clinical, morphologic,
immunohistochemical and molecular characteristics; includes non Hodgkin's
lymphoma, lymphocytic leukemias, plasma cell neoplasms; excludes histiocytic
neoplasms; tumors are not classified as low grade / high grade since one entity could
have both types (Blood 1994:84:1361

WHO

http://www.pathologyoutlines.com/topic/lymphomabcellclassificationhistorical.html


http://cancerres.aacrjournals.org/content/26/6_Part_1/1082
http://www.ncbi.nlm.nih.gov/pubmed/4608683
http://www.ncbi.nlm.nih.gov/pubmed/6896167
http://www.amazon.com/exec/obidos/ASIN/3540348867/pathologyoutl-20
http://www.amazon.com/exec/obidos/ASIN/3540348867/pathologyoutl-20
http://www.ncbi.nlm.nih.gov/pubmed/8068936

WHO Classification of Tumours
Tumours of Haematopoietic and Lymphoid Tissue

O Classification of Tumours of

emremmop ey (| Ssification incorporating
 Clinical detall
Morphology
Immunophenotype
Cytogenetics
Molecular genetics

155 separate entities




WHO Classification 2016

Steven H, Swerdiow, Elias Campo, Nancy Lee Harrs, Elaine S. Jaffe, Stefano A. Piler,
Harald Stein, Jirgen Thiele, Daniel A. Arber, Robert P, Hasserjian,
Michelie M, Le Beau, Attio Orazi, Reiner Siebert

Lymphoid, histiocytic
and dendritic
neoplasms
~ 50 lymphoma

Table 1. 2016 WHO classification of mature |ymphold, histiocytic,

and dendritic neoplasms

Mature B-oell neopl asms
Chionio Iymph acylic leucamiafemall lymphooysic lymphama
Mon adianal B-oall lymphooyliosis®
Broall praymphocyiic leukamia
Splanic marginal zana lymphoma
Hary ool buksmia
Splonic Boel imphormeyukoni, wnoirssiinbie
Splonic difuse md pulp smad B -call fympho
Hury coll ioukomis- varmnt
Lymp hap msmacyc ymphama
'Waldanstfim madrogio bulinemia
Mon adlanal gammo pat by of undatermined significanoa (MG LUS), Ight*
u hoeny-chain disasss
¢ hamey-chan dessce
a hasrey-chain deasss
Mon aclonal garmmo e Fry of unda sermined significan oo (MG LS), lgGA*
Plasma oall myaoma
Solitary plasmacyioma of bona
Extracsseous plasmacyioma
Monodonal immunoginbulin deposion dsoases”

Extranodal marginal na fymphoma of muooes -sscocnted pmphoid tesue

{MALT lymmphama)
Hodal marginal rona lymphama
Fodintric nodal mmgine] zone fymphoma
Fallioular lymphama
In situ follicular noaplasia®
Duadanal-ype fdioudar lyprmphama®
Pzt dict ypa follioular mphoma®
Large B-coll fymphoma with (AF4 rearrang ement
Pémary cutaneous fdlicde corer mphoma
kManda ml pmphoma
In sity manda ool neopiasia®
Difusa large Broall hyrnphoma (DLBCL), NOS
Gamninal comer Boal typa®
Actvaiod B-oall fypa*
T-oalltistocyie-fch laga Bcal kmphoma
Pémary DLBCL of $ha contml narvous systam {CHS)
Pémary outanaous DLBCL, lag typa
BBV~ DLBOL, NOS*
EBV ruaoutaneous oo
DLBCL agsached with chronio infammation
Lymphomatoid gran uloma iosis
Pamary madasinal fifymic) large B-al pmphama
Imrawasoular e B-oall lpmphoma
ALK laga Boal mphoma
Plasma blasic lymphoma
Pémary afiusion pmphoma
HHVE™ DLBCL, NOS™
Burkit lymphoma
Burki tike fymphoma with 1 g aberabonr®

High-grade B-oal lpmphoma, with MYC and BCL2 andfor BCLE rearsngamans®

High-grade Boall mphama, NOS*

Broal prnphoma, undassiabln, with feaures imternednie batween DLBCL and

dassical Hodgen lymphoma

Mature Tand NK neoplasms
T-cal priymphocydic mukema
T-oall large granular bymphooydc leukamia
Chone [ymphoprofiferative daomior of NK ols
Aggressive NK-oal lousamia
Systonic BBV T-oall lymphoma of childhood®
Hydraa vacanismae-ike lymp hop oiiforatve doonder®
Achit T-call heukaniabnphama
Exiranodal NK-T-oall lpmphoma, na=al iype
Emampaty-assodated T-oal lymphama

Table 1. (continued)

Monomarphic apitwiotmpio imestinal T-cal pmphoma®
indoiart T-avl kmphoproifemive dEordar of e Gi fract®
Hepatosplenio T-oall lymphoma
Subouransous parrioulifs s T-al kmphoma
Myoosie fungaides
Sdmry syndroma
Primary cutsnaous CDA0™ T-oall pmphopmiiiom e disordas
Lymnphamatod papuliosis
Primary oustansous anspas$s largs call lynphoma
Prirnary cutanaous 4 T-oal lypnphama
Primary cutaneous CDE™ agomesive gpidemotropic gt ofoeic T-call [ymphoma
Primary cutaneous acral CO8™ Toel kmphora®
Primary cutaneous C04 sraflinedum Tool dmphoproifes b dsorde’
Padphwml T-ooll lymphoma, NOS
Angammuncbiasio T-cal mphama
Folituiar T-coll fyrmphoms®
Nodal pariphe i T-call ymphome with TFH phenotyoe®
Anapiacic large-call lymphoma, ALK™
Anaplasic large-cdl lymphama, ALK™
Broast implrnt-pssocinted arap b stc iorge-coll ymphome®
Hodgkiin ly mphoma
Hadular pmphocyta padominas Hadgkin lymphama
Classcal Hodghin mphama
Modular sderosis dassical Hodgkin lymphama
Lymphacyia-ich dassical Hodghkn lymphoma
Mixad collulanity dasscal Hodgein mphoma
Lymphacyia-d aplmn d diacsical Hod giin lpmphoma
Pos transplant |ymphoproliferative disorders (PTLD)
Plasmacyic fypepasa FTLD
Infactous mononucnosi= FTLD
Fladd falliaular ypapaza PTLD
Palymarphic PTLD
Monomarphic PTLD (B- and T-MK-cal types)
Chasgcsl Hodgkin pmphama PTLD
Histiocytic and dendritic cell neopl asms
Hesfooy®o ssmoma
Langadans ool hisioyocs
Langaans col samama
Indetesninate dondito ool fumor
Intardigitsing dandrific ool sancoma
Falliouiar dondéfic ool sasoma
Fibebiasic refoular coll umar
Dissaminmad jussniin xarthogranuoma
Endhaim-Chocter diesasa®

Proveional onttns am listad n falios.
“Changas from the 2008 dacsificaion.



Diagnosis of lymphoma

 Clinical examination

 Initial laboratory investigations
» Clinical details are essential
« Haematology
FBC — BM function, infection, haemolysis etc
ESR
Retics,
Blood film — Quantitative, qualitative, atypical cells

« Biochemistry
U&E, LFT’s,
Ig’s
LDH



Diagnosis of lymphoma

Additional investigations;

» Specialist Integrated Haematological

Malignancy Diagnostic Services (SIHMDS)
« Morphology
* Flow cytometry
« Cyto / molecular genetics
 Histopathology & Cytology

« Ultrasound / Radiology



NICE 10G 2003

] National Institute for

Clinical Excellence

Guidance on Cancer Services

Improving Outcomes in
Haematological Cancers .

The Manual

Key recommendations

All patients with haematological cancer should be managed by
multi-disciplinary haemato-oncology teams which serve
populations of 500,000 or more.

In order to reduce errors, every diagnosis of possible
haematological malignancy should be reviewed by specialists in
diagnosis of haematological malignancy. Results of tests should
be integrated and Interpreted by experts who work with local
haemato-oncology multl-disciplinary teams (MDTs) and provide
a specialised service at network level. This is most easily
achleved by locating all specialist haemato-pathology diagnostic
services in a single laboratory.

There should be rapid-access diagnostic services for patients
with lymphadenopathy (chronically swollen lymph nodes or
neck lumps).

Clinical nurse and palliative care specialists are to have central
roles in haemato-oncology teams, working closely with their
medical colleagues. Clinical nurse specialists will arrange for
patients and carers to receive multi-faceted support, co-
ordinated care, and all the information they want, throughout
the course of the illness.

MDTs which manage patients with acute leukaemia should
provide treatment intended to induce remission for sufficient
new patients for the units concerned to develop and maintain
expertise. Services are unlikely to be viable with five or fewer
new patients per year. This treatment should be provided at a
single facility within any one hospital site, in designated wards
with continuous access to specialist nurses and haematologists.

High dose therapy with progenitor cell transplantation is to be
carried out only in centres which meet JACIE accreditation
standards, including the minimum case-load criterion of 10
procedures per annum.



« To Improve accuracy and certainty of diagnosis of
haematological malignancy

« All patients with haematological malignancies
must have access to a single diagnostic pathway

 Establish centralised specialist diagnostic labs

« MDT - Clinicians, CNS, Histopathologists,
Radiologists and other AHP’s

« Enable Cancer Networks to benefit from
economies of scale.

“Improving the consistency and accuracy of diagnhosis Is
probably the single most important aspect of improving
outcomes in haematological cancer”



British Journal of Haematology, 2003, 123, 463468

The clinical impact ot expert pathological review on lymphoma
management: a regional experience

JASON F. LESTER," STEFAN D. D(J_](‘L\'(J\-’.2 RicHARD L. ATTAN00S,” CIARAN ]. O'BRIEN,” Tim S. MAUGHAN,
ErLizaBetH T. Toy!' AxDp CHR1S H. PoyntoN® 'Velindre Hospital NHS Trust, “Department of Histopathology, Cardiff
and Vale NHS Trust, Cardiff, >Departments of Histopathology and Haematology, Morriston Hospital, Swansea, and
*University of Wales College of Medicine, Cardiff, UK

125/745 cases diagnostic discrepancy — resulting in a change to the
pathology diagnosis

46/99 evaluable cases had a change in management plan



National cancer action team 2012

Mational Cancer Action Team m

Part of the National Cancer Programme

Additional Best Practice
Commissioning Guidance
For developing
Haematology Diagnostic Services

(In line with the NICE Improving Outcomes
Guidance for
Haemato-oncology, 2003)

Gateway number: 17241

The Royal College of Pathologists
Celebrating 50 years 1962-2012

Improving Outcomes Guidance for Haematological Oncology (10G) was
published in October 2003. This has been one of the most complex to

achieve and eight years later, Implementation remains Incomplete . Many
cancer networks have been unable to work with providers and commissioners
to ensure full compliance with some of the key recommendations. The most
challenging recommendation has been the requirement to develop integrated
laboratories for the diagnosis of haematological malignancy. commissioners

will want to commission IOG compliant services to ensure accuracy and
certainty of diagnosis for their populations.

Accuracy and certainty of diagnosis remains an ongoing problem, which
particularly applies to lymphomas with concordance of diagnosis for
lymphomas, is less than 85%2. There is a human and financial cost of

diagnostic errors even though the financial costs of a precise diagnosis are a
small fraction of treatment costs. Additionally no nationwide, validated and
comparable epidemiology/population based data exist for service planning or
monitoring of clinical outcomes.

In order to ensure that they commission best practice Haematology

: : : iant wi .
Guidance, commissioners need to commission specialist haematological
malighancy diagnostic services for their populations. Specialist Integrated
Haematological Malignancy Diagnostic Services (SIHMDS) should cover a
catchment population of at least 2 million. There are already existing

SIHMDS3s above this threshold which could support all networks, although
more than half of networks continue to commission services from local non-
specialist laboratories. If commissioners were to switch from using local
diagnostic services to a specialist service (possibly located in a neighbouring
network), the optimal scale for these services would be reached.



VOLUME 28 - NUMBER 11 - APRIL 10 2011

Importance of Expert Central Review in the Diagnosis of
Lymphoid Malignancies in a Regional Cancer Network

lan E. Proctor, Christopher McNamara, Manuel Rodriguez- Justo, Peter G. Isaacson, and Alan Ramsay

1949 cases reviewed (2003-2009)
27.4% discordant

9.3% delay in diagnosis

2.1% major change in management

Decrease in discordance during the 6 year period
32% to 13%



NICE 2016

N Ic National Institute for NICE NICE Standards Evidence e
Health and Care Excellence Pathways = Guidance and indicators services il

v

Search NICE...

NICE uses cookies to make the site better. Learn more

Home 2 NICE Guidance ? Conditions and diseases 2 Blood and immune system conditions  Blood and bone marrow cancers

Haematological cancers: improving outcomes

NICE guidelines [NG47] Published date: May 2016

Guidance Tools and resources Information for the public Evidence History
Overview Guidance Share  Download
Recommendations
Context

1.1 Integrated diagnostic reporting

1.2 Staffing and facilities (levels of care) for adults and young people who are having high-intensity non-
transplant chemotherapy

Update information 1.3 Multidisciplinary teams

1.4 Recommendations from the 2003 cancer service guidance

Putting this guideline into
practice

Terms used in this guideline

https://www.nice.org.uk/guidance/NG47/chapter/recommendations



https://www.nice.org.uk/guidance/NG47/chapter/recommendations

Pre 10G Post 10G

_ Clinician <_—> Patient
Patient

CNS

‘ A
A A

g
S ‘e &
(E ® i
HCL G018 BV-103/1 2313025/ .
k @ @
e T ®
«3 92" W
373 ) ¢
E ¥ o -
= f
S 3
o
= 7
& T
o w' ot ot HCL ©D19 BY-103A 23/30250
20 APC-CyT-A ]
+ 3
< 23
¢ 3
= 3
T
o 2g
S 3
g ] ®
& Frrrprrrrm
a08 o 1o 10° 10

20 APC-Cy7-A




Lymphoproliferative disorders

* Low level lymphocytosis
* Most frequent flow cytometry request

Can be reactive — often transient
CLL/SLL/MBL

B-NHL > T-NHL

Rare entities

Indolent to highly aggressive






Intracellular / extracellular
functional proteins

Cell signalling

Activation, cell development

CD79a

TDT, BCL2 CD19
CD5

CD10
CD20
CD22
CD38
CD52
CD79a
CD81
CD34
DT




pre-pre-B cell

TdT
HLA-DR
{CD34)
CcD19
CcD22
(CD9}
CD10
iCD20)

pro-B cell
TdT

lymphoid
progenitor
cell

TdT
HLA-DR
CD34

O

prothymocyte

TdT

HLA-DR

CD34 ST
coD7

e immature

(CyCD3) thymocyte

TdT
coD7
cD2
CyCD3
CD5

Dept. of Immunology
Erasmus University Rotterdam

Adapted from:
Neth. J. Med. 1988; 33: 298-314

pre-B cell early B cell intermediate mature B cell
B cell
TdT HLA-DR HLA-DR HLA-DR
HLA-DR cD19 cD19 CD19
(CD34) cD22 cD22 CcD22
cD19 (CD9) (CD9) CD20
cD22 {CD10) CD20 (CD11¢) (CD21)
CcD9 CcD20 cD21 (CD25) CD37
cD10 {CD21) CD37 (B-ly-7) FMC7
{CD20) CD37 Smig Smig
weak Cyu Smig {CDS5)

immunoblast

HLA-DR
CD19
CD22
CDh20
CD37
FMC7
Smig
iCyig)

CTLL

| [ ATLL (HTLV-1H) |

malure
thymocyte

v

helper/inducer

T lymphocyte

(TdT) ({CD7)
CcD7 cD2
cbz CD5

(CyCD3) CD4
CDs TcR-CD3

i CD4
e TcR-CD3

==&

activated
helper/inducer
T lymphocyte

(CD7)
CD2
CDs
CD4 .
TcR-CD3
HLA-DR
CD25

common thymocyte

[cD8/T-y lymphocytosis|

N

TdT
co7
cD2
CyCD3 mature
CDSs thymocyte
CD1
CD4/CD8 (TdT)
(TcR-CD3) cD7
({CD10) cD2
iCyCD3@)
CD5
cD8
TcR-CD3

cytotoxic/
‘suppressor’
T lymphocyte

co7
cD2
CDS§
cD8
TeR-CD3
(CD18)
(CD56)
(CD57)

=EOEO

activated
cytotoxic/
‘suppressor’
T lymphocyte
cD7
cD2
CD5
cD8
TcR-CD3
{CD16/CD56/CD57)
HLA-DR
CD25s

HLA-DR
CcD19
CD22

{CD20)
{CD37)
Smig
Cylg

immunocyte

plasma cell

|IHLA-DR)
CD38
Cylg

{CD8/T-y lymphocytosis|

O

NK cell

co7
ICD2)
{CD8)
CD16
CD56
{CDS7)



The lymphoid screen

* |dentify all lymphoid cells
Lymph-sum
T cells + B cells + NK cells = 100%

« ? Reactive or malignant



Chronic LPD screen

Single tube

« 8 colour

« 10 antigens

* 12 parameters

VIOLET -
405
PB/V450 V500
660 720 or 780 440 545
< CD20 > CD3 CD56 CD45
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Extended B cells

VIOLET - 405
PB/V450 V500
530 575 670 780 660 720 or 780 440 545
Screen Kappa Lambda
CD4 CD8 CD19 CD2 CD20 CD3 CD56 (v450)  45(v500)
B cell 1 CD81 CD22 CD5 CD38 CD200 CD20 CD19(v450)  45(v500)
B cell 2 CD23 CD79b CD10 CD43 CD20 CD19(v450)  45(v500)

Often classify B disorders as
CD5+ve

CD10+ve

CD5-/CD10-ve




Further interrogation of B cells

* CD5 positive
CLL/SLL, MCL,
 CD10 positive

MZL, some DLBCL

FL, some LPL, some DLBCL, Burkitt, LBL

o Additional mar

CD20, CD22, C
CD200 and C

KEI'S
D23, CD43, CD79b, CD81,

D38 (CLL prognostic marker)

CD11c, CD25, CD81, CD103

Bcl-2, Ki-67



‘Peripheral blood lymphocytosis.
The lymphocytes appear

morphologically mature with clumped
nuclear chromatin.

Some have distinct nuclear clefting.
Flow cytometric analysis to follow.’

A LS
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jopsy

Follicular lymphoma
| centre markers
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Fluorescent In-Situ hybridisation

Fluorescent DNA probes
PB, BM, fluids, tissue
Interphase nuclei
4-24hrs IgH =
BCL2 = Red
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t(11;14) IgH:CCND1
Dual Colour, Dual Fusion Probe

One red, one green, two fusion
(1R1G2F) signal pattern.

One red = normal CCND1 (11g13) signal
One green = normal IGH (14932) signal

Two fusion = one on each derivative
chromosome 11 and derivative
chromosome 14.

Vysis IGH/CCND1 DF FISH Probe Kit

11913 Region i 14q32 Region
Immunoglobulin Heavy Chain

Locus

1 > 4 b
it “
. sagrents § §
- - o R
At
B
- ~338 kb - b e
(constant prove) (variable probe) o - g
LSI CCND1 SpectrumOrange Probe LSI IGH SpectrumGreen Probe ; .' ' . N ;. e £ [ AR
v’ NS
1y o
Ideograms - Y
- Es ot
o 59 '
»
,_11g13 LSI CCND1 %
SpectrumOrange - 3

1432 LS| IGH
7 '_Spu(:mnnGu:un



Burkitt Lymphoma

) 1 |

.

- T,



Burkitt Lymphoma
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Antigen expression levels
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All Events _
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T cell malignancies

Lymphoid screen
CD4:CD8 imbalance

Loss/diminished antigens
CD2, CD3, CD5, CD7

Over expression of antigens
CD7

Others
CD10, CD25, CD26, CD30, HLA-DR
Cyt.CD3, TDT, TCR a3/ yo



Further interrogation of T cells

CD4 positive
Peripheral T, Mycosis fungoides/SS, ATLL,
ALCL, T-PLL
CD8 positive
LGL/NK, EBV+ve,
CD4/CD8 double positive
Lymphoblastic lymphoma, AITL, T-PLL,
CD4/CD8 negative
HSTCL, Lymphoblastic lymphoma
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Flow cytometry of fresh tissue

Aims
* Obtain a single cell suspension from a solid
tissue biopsy

* Analyse by multi-parametric flow cytometry

« To provide a ‘working diagnosis’
* Provisional report <3hrs

« ‘Steer’ further investigations



Reguirements

* Fresh unfixed tissue biopsy
Gross specimen, core biopsy, aspirate
(Lymph node, Liver, Spleen, Tonsll, Testis,
Skin, lumps and bumps, bone marrow
trephine)
* |deally <6hrs old but up to 24hrs Iif stored
In PBS or culture fluid.

* |If a small biopsy use culture fluid or saline
to prevent drying




Processing
Cut new surface & make imprint
Metal mesh
219 Hyperdermic needle / Scalpel+
Medicon — tissue grater

Prepare cytospin, label, flow
Try to avoid aerosols



Tissue bx imprint




Cytospin prep
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Summary

Comprehensive diagnosis of lymphoma
requires a fully integrated approach

* Clinical & radiological assessment

» Haematology/biochemistry investigations

* Morphology (PB, BM, Tissue architecture)

* Phenotype (IHC and flow cytometry)

» Genotype (FISH & molecular analysis +/-Clonality)

 Referral to an MDT



Acknowledgements

Elaine Bradford
Hannah Creasey
Fiona Cullen

Cherise Wilton
Hongmin Zhang
Katherine Wedderburn
James Barnett
Lyndon Elvey

Bridget Manasse
Clare Bryant

Dr Pedro Martin-Cabrera
Dr Livia Raso-Barnett

Dr Penny Wright

Dr Ed Godfrey

Dr G Follows






