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BURKITT LYMPHOMA: 
PRESENT KNOWLEDGE

� Mature B cell lymphoma: IgM+, k/l+ and TdT-

� Germinal center cell derived: morphology, CD10+, 
BCL6+ , CD38+, CD77+(etc)

� Highly proliferative (Ki67/MIB1 almost 100%)

� Ig genes hypermutated but no class switch

� Carries the t(8;14) in 85-90%, and the variant 
t(2;8) and t(8;22) in 10-15% of the cases

� Genomically simple entity with only few 
aberrations. Gains: 1q, 7, and 12; losses:  6q, 17p, 
13q32-q34

� Highly distinct gene expression pattern



Molecular diagnosis of Burkitt's lymphoma. 
S Dave et al, NEJM 2006; 354:2431-2442

Step 1: comparison of 21 MYC 
target genes (MYC transfection in 
DLBCL cell line)

Step 2: Separate comparisons of 
reference BL with:

•78 DLBCL-ABC, 100 top genes

•82 DLBCL-GCB, idem

•33 PMBL, idem

•30 Unclassifiable DLBCL, idem

Stap 3: Construction of a Burkitt 
lymphoma predictor

No independent validation series
Two-sided approach



A Biologic Definition of Burkitt's Lymphoma 
from Transcriptional and Genomic Profiling. 
M Hummel et al, NEJM 2006; 354:2419-2430

� Core group BL (N=8)
� IHC: CD20+, bcl6+, CD10+, bcl2–, CD5–, Ki-67> 95%, 

� FISH IG-myc fusion+ 

� training set of 105 lymphomas: 58 genes 
determined molecular BL signature (mBL) 

� Validation in 107 lymphomas

� BL predictor
� <0.05: non-mBL

� >0.95: mBL

� rest: intermediate

One-sided approach



What is atypical Burkitt 
lymphoma?

� atypical morphology
� Somewhat more variation in nuclear size and contour
� Less frequent and bigger nucleoli
� You need excellent fixation and histotechnology! 

� classical phenotype
� CD10+, bcl6+
� bcl2-
� MIB1/Ki67 95-100%

� MYC translocation

� Similar gene expression as typical BL



classical apoptosis : not cohesive

Boy, 13 yr Boy, 13 yr



The term “Burkitt-like” is confusing

� REAL classification: morphological
variant, but probably more related to 
DLBCL than BL (based on study of Jaffe
group: elderly, poor outcome and more 
BCL2 than MYC rearrangements)

� Other authors: DLBCL with morphological
features of BL

� Other authors: similar to atypical BL



ADULT DIFFUSE LARGE B-CELL LYMPHOMA:  
PRESENT KNOWLEDGE

� Very heterogeneous disease, =  wastebasket

� 45% germinal center,  55% activated B cell (post germinal center?)

� Highly heterogeneous in morphology (from Hodgkin like – Burkitt like)

� Heterogenous for CD10, BCL6, BCL2, MUM1/IRF4 etc 

� Majority BCL6 mutations, some activating

� 30-40% BCL6 rearrangement, all activating

� 15-20% BCL2 rearrangements

� 5-10% MYC rearrangement

� Many cases have multiple translocations and complex karyotypes: De novo
versus secondary DLBCL

Small minority (2-5%) resembles Burkitt lymphoma



Starting with morphology: 
4 major problems

1. 2-5% of DLBCL with multiple features of BL

2. BL morphology with a MYC translocation but an
atypical phenotype (mainly bcl2+ protein)

3. BL morphology with typical phenotype but without 
detectable MYC translocation

4. (Atypical) BL morphology with a double translocation
(MYC and BCL2 or BCL6 or CCND1), “double hit 
cases”



WHO Chapter 62



Why this 
chapter??

� Meant to keep 
categories of BL 
and DLBCL clean

� To prevent that 
patients who need 
more intensive 
therapy do not get 
just R-CHOP

However, not to be used 
as a new wastebasket!



� Shares morphological features with BL
� mainly monomorphic centroblasts

� starry sky and many mitotic figures

� cohesiveness

� few T cells

� Ki67/MIB1 mostly >80%, sometimes heterogeneous

� Phenotype variable (CD10, bcl6, bcl2, MUM1/IRF4) 

� At most 30-40% of these cases MYC rearrangement

� Older patients

� More nodal disease

1. DLBCL 
with BL 
features

BL DLBCL



1. DLBCL with BL features
� Genetics

� DLBCL with MYC translocation have more complex karyotypes than BL 
(Barth et al J Path 2004;203:940-5; Mitelman database)

� Gene expression
� 7% of DLBCL in the German MMML study had a molecular expression 

profile of BL

� 3% of all  DLBCL, but 31% of the really difficult DLBCL in the LLMPP 
study had a molecular profile of BL

� 6 unequivocal DLBCL with MYC translocation did not have a mBL profile 

� In children situation is different: 30% of all DLBCL are mBL (W Klapper
et al, Blood 2008)

� Very recently published data on treatment outcome in a 
selected group (Ki67 // 100%), Mead et al. Blood 2008, 
Sept 15, 112:2245-60



1. DLBCL with BL features: 
karyotypes (Mitelman database)

“Other NHL” with MYC translocation (n=327)

“BL” IG-MYC (n=481)



Gene expression in DLBCL with
MYC/8q24 breakpoint (N=6) 
S Dave et al, NEJM 2006; 354:2431-2442

These cases are NOT  
mis-classified Burkitt 
lymphomas

See also: Nakamura et al, 
Mod Path 2002;15:771-6



1. Conclusions DLBCL with BL 
features

� Not all DLBCL with high proliferation rate and BL 
phenotype are misclassified BL

� Similar cases with a MYC translocation should be 
thoroughly investigated (clinical presentation, 
morphology, phenotype, karyotype, FISH for 
mutiple targets), but still are not just BL

� In case of persistent doubt such tumours should 
be diagnosed separately from DLBCL and BL



WHO 2008

� If true DLBCL morphology: keep 
them in DLBCL (exception: double 
hits)

� If they share many features with BL: 
put them in the novel category:       
B cell lymphoma unclassifiable with 
features intermediate between 
DLBCL and BL (“intermediate 
between DLBCL and BL”)



� Consensus that virtually all BL are BCL6+, 
CD10+, sIgM+, k/l+ 

� 20% of all BL may show some bcl2 expression
� Due to double hit (see later; then no Dx of BL)

� Due to other mechanisms that up-regulate bcl2 such as EBV 
(many EBV+ BL cell lines are bcl2+!)

� Some cases have mBL gene expression profile

2. BL morphology & MYC translocation but
atypical phenotype



The main problem

Technical problem?

No problem

M Hummel et al, NEJM 2006; 
354:2419-2430 

2. BL with atypical 
phenotype



2. BL with atypical phenotype: 
bcl2 and t(14;18)

5 / 53 mBL bcl2 protein+: 9% 

3 / 5 / 53 mBL t(14;18)+: 6%

NB. 2 / 5 atypical phenotype

S Dave et al, NEJM 2006; 354:2431-42

9 / 44 mBL bcl2 protein + : 21%

1 / 9 mBL t(14;18)+ : 2%

M Hummel et al, NEJM 
2006; 354:2419-2430 



2. Conclusions BL with atypical 
phenotype

� May be mixed bag
� Real BL

� Double hit lymphomas

� Other mechanisms that activate BCL2?

� No data on clinical outcome

� Needs further study



WHO 2008

� Only acceptable as BL if bcl2 
expression is NOT due to BCL2 or 
BCL6 breakpoints and if the case 
otherwise is a perfect BL

� Other cases go to the novel 
category (“intermediate between 
DLBCL and BL”)



3. Otherwise typical BL without a 
detectable MYC translocation

� t(8;22)(q24;q11) 
in 15%

� t(8;14)(q24;q32) 
in 80%

� t(2;8)(p11;q24) 
in 5%



� Karyotype Mitelman’s database*: 
108/646 (17%)

� FISH study of Haralambieva 5/47 cases 
(11%) (GCC 2004;40:10-8)

� FISH study of Hummel on molecular BL 
4/44 (9%) (NEJM 2006; 354:2419-2430)

*Diagnosis of many cases without extensive IHC

3. BL without detectable MYC 
translocation



3. BL without detectable MYC translocation: FISH 
might not cover all breakpoints

breakpoints ??
E Haralambieva et al. Genes Chromosomes Cancer. 2004 ;40:10-8
R Einerson et al, Leukemia. 2006 Oct;20:1790-9 



3. “BL” without detectable MYC 
translocation: in all age groups, but higher
complexity than in translocation+ “BL”

“BL” without MYC (n=108)

“BL” IG-MYC (n=481)



3. Conclusions BL without 
detectable MYC translocation

� Heterogenous
� Missed (variant) breakpoints that are 
further downstream of MYC

� Other mechanisms leading to 
constitutive MYC activation

� Incorrect diagnosis



WHO 2008

� Perform multiple FISH tests (not only the 
IGH-MYC fusion probes!; if possible also 
cytogenetics)

� Only acceptable as BL if lack of the 
breakpoint is the only abnormal feature

� Other cases, including cases with MYC 
amplification, go to novel category 
(“intermediate between DLBCL and BL”)



4. Double hit lymphomas

� Some lymphomas have 2 or 3 recurrent 
translocations. 

� Mitelman data base: 53 / 538 “BL” (10%)
� Double hit:

� 31 MYC & BCL2 

� 11 MYC & BCL6 

� 5 MYC & CCND1 

� Triple hit

� 6 MYC & BCL2 & BCL6 



4. Double hit lymphomas: origin

bone marrow : 
-VDJ recombination by RAG1/2

t(11;14) or t(14;18)

Mantle cell lymphoma 

& 

Follicular lymphoma



bone marrow : 
-VDJ recombination by RAG1/2

t(14;18)

Almost all cases are strongly 
bcl2 protein  positive

germinal center and possibly rare 
extrafollicular blasts: 
-AID mediated SHM and class
switching

t(8;14)

4. Double hit lymphomas: origin



4. Double hit lymphomas in Mitelman database

-- 10% of all cases classified as 10% of all cases classified as ““BLBL””

-- 38% of 38% of ““other Bother B--NHLNHL”” with MYC translocation!!with MYC translocation!!



“BL” IG-MYC DH (N=44)

“BL” IG-MYC SH (n=481)

4. Double hit “BL” in 
Mitelman database: 
more complex karyotype
than “true BL”

Incidence of double hit cases rises in elderly
patients up to 30% of all “BL” > 60yrs



4. Double hit lymphomas: clinical significance

P Lin, J Medeiros. Haematologica 2007; 92:1297-1301

McClure, AJSP 2005;29:1652-60

Macpherson et al JCO 1999;17:1558-67



P Lin, J Medeiros. 
Haematologica
2007;92:1297-1301 

Double hit 
(MYC & BCL2) 
MD Anderson

• Most CD10+, bcl2+

• Poor outcome, 
perhaps incidental  
patients might be 
rescued (very short 
follow up)



January 09

Dept. Pathology and 
Laboratory Medicine

UMCG

N= 128 B cell lymphomas with // 100% Ki67.

•Subdivided into GC vs non-GC (BCL-6, CD10, and IRF4). 
•Bcl2+ and bcl2-
•TP53 status (TP53 and P21) 
•FISH for MYC, BCL2 and BCL6

N=58: Ki67100%, CD10+, Bcl6+, Bcl2-, p53+, p21-

•70% of these cases had a MYC rearrangement (33% of total group)
•MYC rearrangement as the sole cytogenetic abnormality only in this
subgroup. 

Double hit BCL2 & MYC rearrangement only in GC group, all Bcl2 
protein+

BCL6 rearrangements in GC and non-GC phenotypes. 

Mead et al, Blood 2008; 112: 
2245-60 (CODOX-M/IVAC)



January 09

Dept. Pathology and 
Laboratory Medicine

UMCG

BL N=58:  “GC”, absence of bcl2 expression, abnormal TP 53 
expression,  cMYC rearrangement, and no t(14;18) or 3q27 
rearrangements. 

Mead et al, Blood 2008; 112: 
2245-60 (CODOX-M/IVAC)

DFS



4. Conclusions double hit 
lymphomas

� Mostly BCL2 & MYC translocation

� Increasing confounder at higher age

� Each BL with bcl2 expression should be 
thoroughly tested by karyotyping & FISH (also 
for BCL6 breakpoints)

� Only few cases have features of (preexistent) 
FL 

� Very poor outcome in almost all patients

� Should be separated from BL & DLBCL



WHO 2008

� All double hits* go to the novel 
category

� Even DLBCL DH cases should 
preferably go to this category 
(“intermediate between DLBCL and 
BL”)

� Still discussion possible on the best 
classification of DH MYC & BCL6 cases 

*Should have a MYC breakpoint, not a combination of BCL2 and BCL6 
breakpoints only



GENERAL 
CONCLUSIONS.1

� The diagnosis of Burkitt lymphoma can be reliably 
made with a high specificity when strict criteria 
are used

� This is possibly at cost of the sensitivity
� “True BL” has a low genetic complexity, also in 

elderly patients
� Double hit cases should be separated from BL and 

DLBCL
� Except for possible “true BL” without a detectable 

MYC translocation, all BL imitators increase with 
age and have a higher genetic complexity than 
“true BL”. 
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