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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 



Lymphatic system 

 
• 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 

Classification incorporating  

• Clinical detail 

• Morphology 

• Immunophenotype 

• Cytogenetics 

• Molecular genetics  

 

155 separate entities 



WHO Classification 2016 

Lymphoid, histiocytic 

and dendritic 

neoplasms 

~ 50 lymphoma 



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 IOG 2003 

 



• 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 diagnosis is 

probably the single most important aspect of improving 

outcomes in haematological cancer” 



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 



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% 

 

 



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

NICE 2016 

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


Patient 

Clinician 

Pre IOG 

MDT 

Clinician              Patient 

Post IOG 

Integrated report 

CNS 

AHP’s 



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 

  





• C 

 

Intracellular / extracellular 

functional proteins 

Cell signalling 

Activation, cell development 

 

CD19 

CD5  

CD10 

CD20 

CD22 

CD38 

CD52 

CD79a 

CD81 

CD34 

TDT 

 

CD79a 

 

TDT, BCL2 





The lymphoid screen 

• Identify 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 

 

CD45 CD56  CD3 CD20 CD2 CD19 

Lambda 

CD8 

Kappa 

CD4 

545  440 720 or 780 660 780 670 575 530 

V500 PB/V450 APC-H7 APC PE CY7 

PerCPCy

5.5 PE FITC 

  

VIOLET - 

405   RED - 633       

BLUE - 

488 



 

Normal 



 

Clonal B cells 



Extended B cells 

 BLUE - 488       RED - 633   VIOLET - 405   

 FITC PE PerCPCy5.5 PE CY7 APC APC-H7 PB/V450 V500 

 530 575 670 780 660 720 or 780 440 545  

         

Screen Kappa 
CD4 

Lambda 
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, MZL, some DLBCL 

• CD10 positive 

FL, some LPL, some DLBCL, Burkitt, LBL 
 

• Additional markers 

CD20, CD22, CD23, CD43, CD79b, CD81, 
CD200 and CD38 (CLL prognostic marker) 

CD11c, CD25, CD81, CD103 

Bcl-2, Ki-67 

 



AH 

‘Peripheral blood lymphocytosis.   

The lymphocytes appear 

morphologically mature with clumped 

nuclear chromatin.  

Some have distinct nuclear clefting. 

Flow cytometric analysis to follow.’ 



fl 



B cell phenotype :  Follicular lymphoma 

CD10+, CD19wk/+, CD20++, CD22+, CD23+/-, CD43-, CD79b++, CD81+, Kappa + 



AH – Lymph node biopsy 

CD20 BCL2 

Follicular lymphoma 

CD20+ CD10+ BCL2+ 

BCL6+ 

Germinal centre markers 



Reactive follicular hyperplasia 

CD20 BCL2 MIB-1 

Follicular lymphoma 



Bone marrow trephine 
AH 

Pax5 

Normal 



Fluorescent In-Situ hybridisation 

IgH = Green 

BCL2 = Red 

 

1R, 1G 2fusion 

Fluorescent DNA probes 

PB, BM, fluids, tissue 

Interphase nuclei 

4-24hrs  

14 

18 

der 14 

der(18) 

18 

14 

t(14;18) 

IgH:BCL2 



 

Mantle cell lymphoma 



 



 



t(11;14)  IgH:CCND1 

Dual Colour, Dual Fusion Probe 

       

 
One red, one green, two fusion 

(1R1G2F) signal pattern. 

 
One red = normal CCND1 (11q13) signal 

One green = normal IGH (14q32) signal 
 

Two fusion = one on each derivative 

chromosome 11 and derivative 

chromosome 14. 

 



Burkitt Lymphoma 



Burkitt Lymphoma 



t(8,14) MYC-IgH  

 

Rarely t(2;8) MYC-IgK 

or t(8;22) MYC-IgL 



Antigen expression levels 

Normal B cells 

 

 

 

 

CLL /SLL 

 

 

 

 

Burkitt lymphoma 

 



Size matters 

CLL / SLL 

‘low grade’ 

 

 

 

DLBCL 

‘high grade’ 

 

 

SIZE 



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 ab / gd 



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 



 



Extended T cell 



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 



Requirements 

• Fresh unfixed tissue biopsy 

 Gross specimen, core biopsy, aspirate 

 (Lymph node, Liver, Spleen, Tonsil, Testis, 

 Skin, lumps and bumps, bone marrow 
trephine) 

• Ideally <6hrs old but up to 24hrs if stored 
in PBS or culture fluid. 

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

 



• Cut new surface & make imprint 

• Metal mesh 

• 21g Hyperdermic needle / Scalpel+ 

• Medicon – tissue grater 

 

 

 

• Prepare cytospin, label, flow 

• Try to avoid aerosols 

 

Processing 



 

Tissue bx imprint 



 

Cytospin prep 



flow 
LPD screen 



A word of warning…. 

 



 



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 
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