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BaCkGrounD
A prompt distinction between Burkitt lymphoma (BL) and diffuse large B-cell lym-

phoma (DLBCL) has important clinical implications; however, this distinction can be 

difficult. 

PaTiEnTs anD METHoDs
We analyzed 74 adult gray zone and 10 reference pediatric BL using immunohis-

tochemistry (Ki-67, CD10, bcl2, bcl6) and fluorescence in situ hybridization (FISH) for 

MYC, BCL2, and BCL6 breakpoints. Two algorithms for classification were followed: 

algorithm A used a two-step review by four hematopathologists and algorithm B a set 

of only biologic markers (Ki-67 > 90%, CD10+, bcl6+, bcl2-, MYC breakpoint+, BCL2 

and BCL6 breakpoint-). 

rEsuLTs
Both algorithms categorized all reference cases as BL. In the adult group, algorithm 

A resulted in 21 BL and 52 DLBCL and algorithm B in 23 BL and 51 ‘‘non-Burkitt’’ 

lymphomas (nBL); 9 cases (12%) contained two different translocations and were cat-

egorized as nBL in algorithm B. Fifteen cases (20%) fulfilled the BL criteria of both 

algorithms. Although not considered as BL according to both algorithms, many other 

lymphomas showed nonetheless a phenotypic and/or genetic shift towards BL. BL ac-

cording to algorithm B was more homogeneous with respect to clinical presentation 

(gender and localization) than BL defined by algorithm A. 

ConCLusions
Our data suggest that only a few cases of these gray zone lymphomas represent true 

de novo BL. Immunohistochemistry for Ki-67, CD10, and bcl2 with breakpoint analysis 

of MYC and preferably also BCL2 and BCL6 may be advised as a marker panel for this 

diagnostic dilemma.
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inTroDuCTion

The Revised European-American Lymphoma (REAL)1 and World Health Organization 

(WHO)2 classifications introduced the concept of clinicopathologic entities in which histol-

ogy, immunophenotype, genetic data, as well as clinical features are integrated. This led to 

a major increase in inter-observer and intra-observer agreement, as well as in a worldwide 

high level of acceptance by hematologists and oncologists.3 However, a few problems re-

mained, one being the differential diagnosis of Burkitt lymphoma (BL), atypical BL (aBL, 

WHO classification), Burkitt-like lymphoma (BLL, REAL classification), and a subset of diffuse 

large B-cell lymphoma (DLBCL) with features of BL. Indeed, this is a long-standing problem, 

already starting with the introduction of the term ‘‘undifferentiated non-Burkitt’s lympho-

ma’’ in the Rappaport classification and ‘‘small non-cleaved non-Burkitt’s lymphoma’’ in the 

Lukes classification.4,5 In a key manuscript on the reproducibility and clinical impact of the 

REAL classification, an unacceptable low inter-observer and intra-observer agreement ex-

isted with respect to the histologic distinction between Burkitt-like lymphoma and DLBCL, 

which did not improve by integration of immunohistology or clinical data.6 

From a biologic point of view, BL seems to be a relatively homogeneous disorder char-

acterized by the expansion of early germinal center blasts in the so-called dark zone of 

normal germinal centers.7 In parallel to their normal counterparts, BL cells almost invariably 

express CD10 and bcl6 but lack bcl2.8 Genetically, BL carry a reciprocal translocation t(8;14)

(q24;q32) or one of its variants resulting in deregulation of MYC. Three subtypes of BL 

have been described: endemic (equatorial Africa and parts of New Guinea), sporadic, and 

HIV-associated BL, which differ in their clinical presentation and association with Epstein-

Barr virus (EBV) infection.9-12 These subtypes, although uniformly characterized by MYC 

translocations, occasionally show subtle to marked cytomorphologic variation (for example 

plasmacytoid differentiation in a subset of HIV-associated BL).2 In addition, although cyto-

genetically indistinguishable, both the 8q24 and 14q32 chromosomal breakpoints differ at 

the molecular level in endemic and sporadic BL patients.11,13-15 This suggests that different 

mechanisms are involved in the generation of chromosomal breakpoints (IGH hypermuta-

tion and IGH class switch recombination, respectively) and therefore that endemic and 

sporadic subtypes probably originate from different stages of B-cell development. 

DLBCL is much more heterogeneous and can be molecularly divided in at least two 

subtypes: lymphomas with a germinal center B cell-like profile of gene expression (GCB 

profile) and lymphomas that express genes more related to activated B cells (ABC profile).16-

18 Also from a cytomorphologic point of view, DLBCL is highly heterogeneous with a range 

from Hodgkin-like features in T-cell-rich B-cell lymphoma to cases composed of relatively 

small- to medium-sized cells that mimic BL.1,2 At the cytogenetic and molecular level, a large 

number of chromosomal translocations can be found, including BCL6 breakpoints in ap-

proximately 20% to 35%, BCL2 breakpoints in 15% to 20%, and MYC breakpoints in 5% 
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to 10% of the tumors. Furthermore, many tumors have complex karyotypes with multiple 

structural abnormalities.19-21 

The presence of a diagnostic overlap between BL and DLBCL resulted in the introduction 

of poorly defined borderline categories such as undifferentiated non-BL, small noncleaved 

non-BL, Burkitt-like lymphoma and atypical BL.1,2,22,23 These terms generated considerable 

confusion and were differently used by various hematopathologists. However, a prompt 

diagnosis and distinction of BL versus DLBCL bear important clinical implications since treat-

ment of BL often differs from treatment of DLBCL patients.24 The present WHO classification 

recommends the presence of 8q24 breakpoints and/or MYC rearrangement as a prerequi-

site to the diagnosis of BL and its morphologic variants. Unfortunately, genetic aberrations 

involving MYC are not strictly disease specific and, to the best of our knowledge, this WHO 

recommendation has not been validated in a large lymphoma series. 

Here, we describe the clinical, phenotypic, and molecular features of 74 lymphomas 

obtained from adult patients with either a typical BL or a gray-zone BL/DLBCL as well as 10 

pediatric reference BL cases. All cases were analyzed for cytomorphology, phenotype, and 

translocation breakpoints within the 8q24/MYC, 18q21/BCL2, and 3q27/BCL6 breakpoint 

regions (further called MYC, BCL2, and BCL6). Two different algorithms for classification 

were followed, one conventional algorithm accomplished through a two-step review pro-

cedure by four hematopathologists and the other by means of application of a combination 

of immunophenotypic and genetic markers.

PaTiEnTs anD METHoDs

selection of cases
Seventy-four cases collected between 1990 and 2003 (Table 1) were retrieved from 

the archives of the Departments of Pathology of the University Medical Center Groningen 

(n=23) and the Department of Pathology of the University of Würzburg (n=33) as well 

as from a review of two clinical trials on aggressive NHL in The Netherlands (HOVON 27 

and HOVON 40; n=18). All cases were lymphomas from adult patients (age >16 years); all 

tumors included as Burkitt lymphoma were sporadic cases; AIDS-related lymphomas were 

excluded. The following criteria were used to include cases in the present study: 

-  Cases diagnosed as BL with a typical growth pattern and a high proliferation rate as 

established by staining for Ki-67/MIB-1 (in general, >90% positive nuclei), however, oc-

casionally with a relatively high degree of nuclear polymorphism (BL and aBL in the WHO 

classification)

-  Cases submitted as DLBCL with features of BL, in particular a composition of relatively 

small- to medium-sized blasts, a high degree of monomorphism, a cohesive growth pat-
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tern, a high proliferation rate, and/or a “starry-sky” appearance. Classic DLBCL were not 

included in the study.

-  Cases for which the hematopathologist could not decide upon the differential diagnosis 

of BL and DLBCL. 

- Ten cases of unambiguous pediatric BL (Table 1, cases A–J) were included as a reference 

group.

Table 1. Data of all patients.

case sex age site Algorithm A Algorithm B Ki-67 CD10 bcl2 bcl6 FMYC FBCL2 FBCL6

A m 10 ileocecum BL BL 99% + - + + - -

B m 9 parapharynx BL BL 99% + - + + - -

C m 4 ileocecum BL BL 99% + - + + - -

D m 5 ileocecum BL BL 99% + - + + - -

E m 6 prostate BL BL 99% + - + + - -

F m 7 ileocecum aBL BL 99% + - + + - -

G f 9 retrop., 

mediastinum

BL BL 99% + - + + - -

H m 13 ileocecum, 

mesentery

BL BL 99% + - + + - -

I m 13 intestine, 

retrop., 

pleural c.

BL BL 97% NE - + + - -

J m 13 ileocecum BL BL 99% + - + + - -

1 f 39 nasal cavity BL BL 99% + - + + - -

2 m 71 liver, lymph 

node

aBL BL 95% + - + + - -

3 f 20 lymph node BL BL 99% + - + + - -

4 m 18 stomach, 

lymph node

aBL BL 99% + - + + - -

5 f 71 thyroid aBL BL 95% + - + + - -

6* f 33 ovary aBL BL 97% + - + + - -

7* m 34 mediastinum BL BL 99% + - + + - -

8 m 39 lymph node BL BL 95% + - + + - -

9 m 52 lymph node aBL BL 99% + - + + - -

10 m 68 lymph node BL BL 95% + - + + - -

11 m 68 mesenteric 

lymph node 

aBL BL 99% + - + + - -

12 m 62 Ileocecum BL BL 99% + - + + - -

13 m 22 lymph node, 

waldeyer

aBL BL 95% + - + + - -

14* m 40 Ileum BL BL 99% + - + + - -

15 m 34 Ileocecum BL BL 99% + - + + - -

16 m 52 oral cavity DLBCL BL 99% + - + + - -
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case sex age site Algorithm A Algorithm B Ki-67 CD10 bcl2 bcl6 FMYC FBCL2 FBCL6

17 m 24 soft tissues, 

BM

DLBCL BL 95% + - + + - -

18 m 32 Ileocecum DLBCL BL 99% + - + + - -

19* m 43 stomach DLBCL BL 99% + - + + - -

20 f 46 breast, BM DLBCL BL 99% + - + + - -

21 f 67 stomach DLBCL BL 90% + - + + - -

22 m 74 lymph node DLBCL BL 99% + - + + - -

23* m 42 stomach DLBCL BL 99% + - + + - -

24 f 65 lymph node BL nBL 90% + + - + - -

25 m 63 omentum 

majus

BL nBL 99% + + + + - -

26* m 65 omentum aBL nBL 95% + - + - - -

27 m 33 lymph node DLBCL nBL 99% + - + - - -

28 f 61 stomach DLBCL nBL 80% + + - - - -

29 m 79 lymph node DLBCL nBL 95% + - + - - -

30 m 38 stomach DLBCL nBL 99% + - + - - -

31 m 76 colon DLBCL nBL 99% + - + - - -

32 m 78 lymph node DLBCL nBL 99% + + + - - -

33 f 71 soft tissues DLBCL nBL 99% - + - - -

34 f 48 lymph node DLBCL nBL 99% + - + - - -

35 m 29 lymph node DLBCL nBL 99% + - + - - -

36*,‡ m 36 ileum DLBCL nBL 50-99% + - + - - -

37‡ f 65 pancreas, 

peritoneum, 

lymph node

DLBCL nBL 50-99% + + NE + - -

38* f 65 spleen DLBCL nBL 80% - + NE - - +

39 f 90 lymph node DLBCL nBL 90% - + + - - -

40* f 58 lymph node DLBCL nBL 97% - + + - - +ABR

41* f 60 ovary DLBCL nBL 90% + + + - - -

42* m 60 skin DLBCL nBL 99% - + + - - -

43* m 44 lymph node DLBCL nBL 95% + + NE - - -

44 m 52 lymph node DLBCL nBL 95% - + + - + -

45 f 63 breast DLBCL nBL 95% - + + - - +

46 f 65 lymph node DLBCL nBL 99% + + + - - -

47 m 66 lymph node DLBCL nBL 70% - + + - - +

48 m 67 small bowel DLBCL nBL 95% - + + - - -

49 m 69 nasopharynx DLBCL nBL 90% - + NE - - -

50 f 69 cecum DLBCL nBL 90% + + + - + -

51 f 72 lymph node DLBCL nBL 90% - + + - - -

52 f 80 lymph node DLBCL nBL 90% + + NE - + -

53 m 84 lymph node DLBCL nBL 99% - + + - - -

54 m 89 skin DLBCL nBL 95% -CD5+ + - + - -

55 m 62 lymph node DLBCL nBL 95% - + + - - -

56† m ? bone DLBCL nBL 80% - + + - - amp +

57 f 52 lymph node DLBCL nBL 90% - + + - - +

Table 1 continued
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immunohistochemistry
Immunohistochemistry (IHC) was performed on formalin-fixed, paraffin-embedded tis-

sue sections, after 30 minutes antigen heat-retrieval in 50 mM Tris/2 mM EDTA buffer 

solution, pH 9.0 in a microwave oven. The following markers were analyzed: Ki-67 (clone 

MIB-1, dilution 1:100; DAKO, Glostrup, Denmark), CD10 (clone 56C6, dilution 1:20, No-

vocastra, Newcastle upon Tyne, United Kingdom), bcl2 (clone 124, dilution 1:25, DAKO), 

and bcl6 (PG-B6p, dilution 1:20, DAKO). Immunostaining was performed in the Nexes au-

tomated immunostaining machine (Ventana Medical systems, Tucson, AZ) according to the 

manufacturer’s instructions. For bcl6 an additional amplification step was incorporated into 

the standard immunostaining protocol. 

A tumor was considered to be positive for expression of a specific antigen if more than 

10% of the tumor cells showed appropriate immune reactivity. A percentage of the Ki-67 

positive cells was determined as an actual percentage of the tumor cells, thus excluding 

reactive background cells.

case sex age site Algorithm A Algorithm B Ki-67 CD10 bcl2 bcl6 FMYC FBCL2 FBCL6
58 f 53 lymph node DLBCL nBL 95% - + + + - -

59 ? 41 stomach DLBCL nBL 90% + + - - - NE

60 m 47 ileum DLBCL nBL 90% + - + - - +

61* f 19 ovary DLBCL nBL 98% + - + - - -

62 m 48 tonsil DLBCL nBL 99% + - + - - -

63* m 64 lymph node DLBCL nBL 99% + - + - - -

64 m 13 lymph node DLBCL nBL 90% + + - + - -

65 f 63 abdominal DLBCL nBL 95% + + + + - -

66* f 58 lymph node aBL nBL 99% + + + + - +ABR

67* m 36 abdomen aBL nBL 95% + + + + + -

68 f 43 ovaries, 

small bowel, 

CNS

aBL nBL 99% - + + + - +

69 f 56 mesentery DLBCL nBL 90% + - + + + -

70 f 50 lymph node DLBCL nBL 90% + + + + + -

71*,‡ m 44 omentum DLBCL nBL 50-90% + + + + + -

72 f 52 ovary DLBCL nBL 85% + + + + + -

73* m 64 abdomen DLBCL nBL 97% + + + + - +

74 f 33 lymph node DLBCL&foll nBL 99% + - + - + +ABR

Abbreviations: FMYC, FISH for MYC breakpoint; FBCL2, FISH for BCL2 breakpoint; FBCL6, FISH for 
BCL6 breakpoint; m, male; f, female; retrop, retroperitoneum; NE, not evaluable; BM, bone marrow; 
CNS, central nervous system; ABR, breakpoint in the alternative breakpoint region of BCL639

* cases included in HOVON clinical trials; † case 56 represented an adult patient (>16 yr) without 
known date of birth; ‡ cases 36, 37 and 71 showed a heterogeneous Ki-67 labeling pattern ranging 
from 50 to 99% in different parts of the sample.

Table 1 continued
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fluorescence in situ hybridization (fisH)
All cases were studied by segregation FISH on paraffin tissue sections for the presence 

of translocation breakpoints within three breakpoint regions, MYC, BCL2, and BCL6. For 

detection of MYC translocation breakpoints, three probe sets were used25 as follows: all 

cases were tested with the probes flanking the region from 190 kbs 5’ to 450 kbs 3’ of 

MYC. Samples that did not show any breakpoint were studied with an additional probe 

set covering the far (700 kbs) area upstream of MYC. The remaining negative cases were 

tested with a probe combination designed to detect a possible excision of MYC from 8q24 

and subsequent insertion elsewhere in the genome.25 BCL2 breakpoints were studied using 

two previously reported probe sets, for detection of mbr/mcr and 5’/FVT1 breakpoints, as 

well as excision of BCL2.26 The FISH segregation assay for detection of BCL6 region break-

points will be described in detail elsewhere. Briefly, one probe set flanks the MBR in the 5’ 

noncoding region of BCL6 (PAC 133M19 and PAC 165I21, kindly provided by Dr. R. Dalla 

Favera, Columbia University, NY). The second probe set consists of PAC 133M19 and BAC 

RP11-137K3 and detects the ABR breakpoint region located between 245 and 285 kbs 5’ 

of BCL6. BAC RP11-137K3 was selected on basis of its location in the minimal tiling path 

5’ of BCL6 (MapViewer at http://www.ncbi.nih.gov; build 33) and obtained from BACPAC 

Resources, Oakland, CA). 

The probes were labeled using Kreatech’s ULS nonenzymatic labeling method (Kreatech 

Diagnostics, Amsterdam, The Netherlands, BCL2 and MYC probes) or by standard nick-

translation (BCL6 probes) with biotin-16-dUTP or digoxygenin-11-dUTP (Roche, Basel, Swit-

zerland). The conditions for the hybridization and the evaluation of FISH results on routine 

tissue sections have been described recently.27

Histopathologic classification
To reach a diagnosis according algorithm A, all samples, including the 10 reference BL 

cases, were reviewed by four hematopathologists (H.K.M.-H., G.O., P.M.K., and E.H.) in a 

two-step procedure (Tables 1 and 2). First, each pathologist evaluated the samples indepen-

dently, based on the histology, immunohistochemistry, age, and site of the involvement, but 

without knowledge of molecular data, the original diagnosis, and/or the opinion of other 

reviewers. All cases were categorized according to the WHO classification scheme; how-

ever, the interpretation of the weight of the individual morphologic and immunophenotypic 

features was left to the judgment of the individual reviewer. aBL referred to the cases with 

atypical cytomorphologic features, mostly a considerable variation in nuclear and nucleo-

lar size, irregularities of the nuclear contour, or plasmacytoid differentiation, nevertheless 

considered to belong to the BL entity. As a second step, all four reviewers discussed the 

discordantly classified cases using a multi-headed microscope, and this resulted in a final 

diagnosis further called “algorithm A diagnosis”. After this review, individual cases were 
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discussed with knowledge of the molecular data, but the algorithm A diagnosis was not 

altered. 

The second approach (algorithm B) included direct application of a combination of mark-

ers, recommended by the WHO classification for the diagnosis of BL. Since the primary 

selection of the cases was based on morphology (see selection of cases) and, therefore, all 

cases were considered to represent gray zone lymphomas, any additional histopathology 

review was omitted. According to this algorithm, BL referred only to these cases that had a 

Ki-67 labeling rate of >90%, that were bcl6+, CD10+, and bcl2-, and carried a MYC break-

point. All cases that did not fulfill these criteria, but also the cases that harbored additional 

BCL2 and/or BCL6 breakpoints and therefore might represent transformed lymphomas, 

were excluded from the category of BL and denoted as non-Burkitt lymphoma (nBL).

statistical analysis
For comparison of the various parameters the Fisher’s exact test was applied.

rEsuLTs

The classification of all the samples together with the patients’ data, immunophenotype, 

and the molecular data (presence of breakpoints in MYC, BCL2, and BCL6) are listed in Table 

1 and summarized in Table 3. 

Two diagnostic algorithms to diagnose Burkitt lymphoma
Algorithm A diagnosis: as a result of the conventional histopathology review procedure 

that included the multi-head review session, all 10 reference pediatric BL and 21 adult cases 

(28%) were diagnosed as BL (typical BL, n=10; aBL, n=11); 52 adult cases were classified as 

DLBCL (70%). One DLBCL harbored foci of follicular lymphoma grade 3B and was classified 

as ‘‘other’’ (Tables 1 and 3). In 58% of the cases, a consensus diagnosis was reached inde-

pendently by all four pathologists and in 80% by three of four pathologists. As shown in 

Table 2, the individual pathologists differed in their preference to use or avoid the diagnosis 

BL: reviewer 2 diagnosed BL in 81% of the cases finally diagnosed as such, but showed 

Table 2. Consensus in histopathologic diagnosis (algorithm A).

Algorithm A 

diagnosis

N Reviewer 1

(%)

Reviewer 2

(%)

Reviewer 3

(%)

Reviewer 4

(%)

Consensus by 

3/4 pathologists

(%)

Consensus by 

4/4 pathologists

(%)

(a)BL pediatric 10 100 100 90 90 90 80

(a)BL adult 21 62 81 52 48 48 24

DLBCL 52 88 84 88 98 94 69

Other 1 100 100 0 0 0 0

Total adult 74 81 84 77 82 79 55
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a concomitant trend to overdiagnose it in the DLBCL cases (7 of 52 cases; 11%, data not 

shown), whereas reviewer 4 was relatively reluctant to diagnose BL at all. A consensus diag-

nosis by all four pathologists was reached independently in only 24% (5 of 21) of the adult 

BL and in 69% (36 of 52) of the DLBCL. As expected, a complete consensus was much more 

easily to achieve in the pediatric BL (80%). 

Classification according to the algorithm B resulted in 23 BL and 51 nBL. Applying the 

algorithm A diagnosis on these 23 BL cases, 8 of had been classified as BL, 7 as aBL, and 8 

as DLBCL. Thus, 65% of these immunophenotypically and genetically defined BL presented 

with an atypical morphology, and even 35% would have been placed in a different lym-

phoma category using conventional microscopy. In reverse, 6 cases (29%) that had been 

classified as BL or aBL according to algorithm A did not fulfill the BL criteria of algorithm 

B. In 2 cases, this was caused by a weak bcl2 expression of the tumor cells, in 1 case by 

the lack of a detectable 8q24/MYC breakpoint and in 3 cases (50%) by the presence of a 

second translocation. 

Clinical and immunohistologic data 
All data available on the patients and their tumors, categorized according to the two 

algorithms, are listed in Table 1 and summarized in Table 3. Both algorithms showed a 

male predominance, which tended to be more pronounced in the BL group according to 

algorithm B than any other category (difference between both algorithms, not significant). 

Table 3. Immunophenotype, molecular genetic results, and clinical data according to the different 
classification algorithms

Algorithm A Algorithm B

BL pediatric

n=10

(a)BL

n=21

DLBCL*

n=52

BL

n=23

nBL

n=51

Age range (years)

median

4-13

9

18-71

43

13-90

60

18-74

42

13-90

63

m/f ratio 9,0/1,0 2,0/1,0 1,3/1,0 2,8/1,0 1,1/1,0

Extranodal presentation (%) 10 (100) 9 (43) 25 (48) 15 (65) 19 (37)

Consensus pathologists (%) 8 (80) 5 (24) 36 (69) - -

Range Ki-67 labeling (%) 97-99 95-99 50-99 95-99 50-99

CD10+ (%) 10 (100) 20 (95) 35 (67) 23 (100) 33 (65)

bcl6+ (%) 10 (100) 20 (95) 43/47 (91) 23 (100) 40/46 (89)

bcl2+ (%) 0 (0) 5 (24) 32 (62) 0 (0) 37 (73)

CD10+,bcl6+,bcl2- (%) 10 (100) 15 (71) 8 (15) 23 (100) 0 (0)

MYC breakpoint (%) 10 (100) 20 (95) 18 (35) 23 (100) 15 (29)

MYC breakpoint alone (%) 10 (100) 18 (86) 13 (25) 23 (100) 7 (14)

BCL2 breakpoint (%)† 0 (0) 1 (5);1 MYC 7 (13); 4 MYC 0 (0) 9 (18); 5 MYC
BCL6 breakpoint (%)† 0 (0) 2 (10); 2 MYC 8 (16); 1 MYC 0 (0) 11/50 (22); 3 MYC

* one case of composite lymphoma (DLBCL and follicular lymphoma grade IIIB) was omitted from the 
DLBCL group (algorithm A) but included in the nBL group (algorithm B); † indicates how many cases 
harbored a MYC breakpoint as well. 
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BL patients were significantly younger than DLBCL and nBL patients, and especially accord-

ing to algorithm B, BL patients more often presented with extranodal disease (p<0.05). All 

BL cases but also the majority of the DLBCL and nBL cases were CD10 and bcl6 positive, 

indicating the limited value of these markers in this gray zone area. Most BL cases showed 

a strong uniform bcl6 expression pattern resembling that of a normal germinal center, while 

DLBCL and nBL cases tended to label more heterogeneously, with variation of the inten-

sity and percentage of positive tumor cells (data not shown). In contrast to the BL cases 

in which bcl2 protein expression was infrequent (24% according to algorithm A and by 

definition absent according to algorithm B), 62% of the DLBCL and 73% of the nBL cases 

expressed bcl2 protein at an extent of 10% or more tumor cells (Table 3).

Molecular data
A MYC breakpoint was detected in a high proportion (57%) of the tumors, ie, by defini-

tion of algorithm B in all BL, but also in 29% of the nBL (difference significant, p<0.001; 

Tables 1 and 3). Using algorithm A, differences in translocation frequencies were less ex-

plicit but still significantly different (Table 3). Most MYC breakpoints were detected with 

the probe set covering breakpoints in a region of 190 kb 5’ to 450 kb 3’ of MYC, and 

only three additional breakpoints were exclusively detected with the second probe set for 

breakpoints more 5’ of MYC (data not shown). In 2 cases, additional FISH studies with a 

third probe set supported the presence of an insertion of MYC instead of a translocation 

(data not shown). 

BCL2 breakpoints were detected in 9 samples: 3 nBLs (algorithm B) carried this break-

point as a single genetic abnormality, whereas in 5 other nBLs it was combined with a MYC 

breakpoint. In one nBL with foci of follicular lymphoma grade 3B, it was combined with a 

BCL6 breakpoint (Table 1). BCL6 breakpoints were identified in 10 tumors: in 6 nBLs it was 

the only genetic lesion, in 3 nBLs it was combined with a MYC breakpoint, and in the above 

mentioned ‘‘composite’’ nBL it was combined with a BCL2 breakpoint. 

Further analysis showed a significant positive association between CD10 expression and 

the presence of a MYC translocation breakpoint (p<0.001), whereas BCL6 breakpoint-pos-

itive samples tended to lack CD10 (p=0.05) and to express bcl2 (p<0.05). Bcl2 expression 

did not correlate with a BCL2 breakpoint since only 7 of the 37 cases (19%) that expressed 

the protein contained a BCL2 breakpoint. Neither was bcl2 expression a strong predictor for 

the absence of a MYC breakpoint: 14 of 37 cases (38%) with expression of bcl2 contained 

a MYC breakpoint. Since almost all cases in this series were bcl6 positive, no correlation of 

antigen expression with any genetic lesion could be recognized. 

samples with double translocation
Nine samples carried a combination of translocation breakpoints in MYC, BCL2, and/

or BCL6 (Table 1). In keeping with the classification criteria of algorithm B, all cases were 
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categorized as nBL; however, the group was heterogeneous according to algorithm A: one 

tumor with a MYC and BCL2 breakpoint was classified as BL and 4 as DLBCL, 2 lymphomas 

with a combination of a MYC and BCL6 breakpoint were diagnosed as BL and one as DLBCL 

(Figure 1C), and finally one lymphoma with a BCL2 and BCL6 breakpoint was diagnosed 

as a composite DLBCL and follicular lymphoma, grade 3B. The majority (6 of 9) of these 

patients were female and 6 of 9 tumors co-expressed CD10, bcl2, and bcl6. Of interest, 

in 2 of 3 cases with a MYC and BCL6 breakpoint, the BCL6 breakpoint was located within 

the alternative breakpoint region (ABR) of BCL6, while in 5 of 6 DLBCLs with a single BCL6 

breakpoint, it was located in the major breakpoint region (MBR). Furthermore, all cases with 

this double breakpoint expressed bcl2 protein.

DisCussion

We report on the combined molecular and immunohistochemical analysis of lymphomas 

that represent a histologic gray zone area between classic BL and DLBCL. Since we could 

not relate our data to any established golden standard, two algorithms for classification of 

the samples were compared. One algorithm attempted to make the distinction between 

BL and DLBCL with conventional morphologic and immunohistochemical means, including 

a careful two-step pathology review procedure. The second algorithm aimed at separating 

BL from all other lymphomas (collectively labeled as nBL) and made use of purely immu-

nophenotypic and genetic criteria. Since submission of the cases to the study was already 

figure 1. Morphology of Burkitt lymphoma and DLBCL.
a. A low power overview at 40x magnification. B–E. The detailed morphologic spectrum of various 
cases at a magnification of 100x (oil immersion). Details on clinical presentation are presented in 
Table 1. a. Case 16 (51 years, oral cavity), algorithm A DLBCL, algorithm B BL, with a ‘‘starry-sky’’ 
appearance, relatively small cell composition, and high degree of monomorphism, features shared by 
most of the cases included in this study. The tumor showed expression of CD10 and bcl6 without bcl2 
and with exclusively a breakpoint in the MYC region. B. Case 4 (18 years, tumor stomach), algorithm 
A aBL, algorithm B BL, with a subtle degree of nuclear polymorphism, expression of CD10 and bcl6 
without bcl2 and with exclusively a breakpoint in the MYC region. C. Case 68 (43 years, tumor of 
both ovaries) algorithm A aBL, algorithm B nBL, with an even higher degree of nuclear polymorphism, 
that co-expressed bcl6 and bcl2 protein but lacked CD10 and contained a double translocation in 
the MYC and BCL6 regions. D. Case 18 (32 years, ileocecum), algorithm A DLBCL, algorithm B BL, 
containing tumor cells with abundant cytoplasm, and large nuclei with prominent eosinophilic nucleoli 
and an ‘‘open’’ chromatin pattern reminiscent of centroblasts and immunoblasts; this case showed the 
immunophenotype and genotype of BL: CD10 and bcl6 expression, with lack of bcl2 and a breakpoint 
in MYC with no other breakpoints. Note that this tumor presented as an ileocecal mass reminiscent of 
BL. E. Case 62 (48 years, tumor of the tonsil), algorithm A DLBCL, algorithm B nBL, with nuclei that are 
neither typical of BL nor DLBCL, that co-expressed CD10 and bcl6, without bcl2, but did not contain 
any detectable MYC or other breakpoint. f. One example of fluorescent in situ hybridization with MYC 
probes with co-localization of one set of probes and segregation of the other set of probes indicating 
a mono-allelic MYC breakpoint.
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based on a primary morphologic selection (see Patients and methods), the second algorithm 

omitted any further pathology review. 

In general, the great majority of DLBCL can be reliably distinguished from BL, and the 

diagnostic problem only represents relatively rare borderline cases composed of small to 

medium-sized tumor cells with a high proliferation rate, a ‘‘starry-sky’’ appearance, and a 

cohesive growth pattern. Most likely due to a lack of firm histologic and phenotypic criteria 

and ubiquitously applicable molecular markers, the lack of a real golden standard as well as 

the continuously changing and confusing nomenclature, few informative publications are 

available on this issue.1,3,10,22,24,28-31 Certain studies made an attempt to link the borderline 

categories of ‘‘Burkitt-like lymphoma’’ and ‘‘small non-cleaved, non-Burkitt’s lymphoma’’ to 

DLBCL or BL and/or generated data on their biologic and clinical heterogeneity.29-31 A recent 

report on 13 Burkitt-like lymphomas suggested that they represent a subcategory of classic 

BL and differ both biologically and clinically from DLBCL.29 However, the DLBCL samples of 

this study were randomly chosen while our DLBCL specimens were selected on the basis of 

morphologic similarities with BL. In keeping with previous reports, our study confirms the 

lack of robust histologic criteria since all four hematopathologists independently reached 

the same final diagnosis in only 55% of all submitted cases (algorithm A). 

Using algorithm B, 31% of the adult lymphomas were classified as BL. Interestingly, 8 of 

these 23 BL cases (35%) had been assigned DLBCL according to algorithm A. Their exclusion 

from BL was mainly based on the nuclear pleomorphism with the presence of centroblasts 

and/or immunoblasts among smaller more classic BL blasts. Vice versa, 6 of 21 (29%) lym-

phomas categorized as (a)BL by algorithm A should have been moved to the nBL category 

using algorithm B. This was due to the presence of a double breakpoint (MYC and BCL2 or 

BCL6, 3 cases), lack of a detectable MYC breakpoint (1 case), and/or an immunophenotype 

thought to be incompatible with BL (5 cases). In particular, bcl2 expression (>10% of tumor 

cells positive) was frequently seen in these cases (5 of 6 cases). The combined application 

of both algorithms on the total group of adult gray-zone lymphomas resulted in a group of 

only 15 cases (20%; case nos. 1–15, Table 1) that, similar to the 10 pediatric cases, fulfilled 

all morphologic, phenotypic, and genetic criteria of aBL. 

Apart from the more robustness of the criteria, also some clinical data suggest that the 

definition of BL according to algorithm B might be slightly superior to that of algorithm A. 

In particular, more patients were male and presented with extranodal disease, both charac-

teristics of pediatric and endemic BL as well. Since our study is retrospective in nature and 

obviously consisted of a mixture of patients who not only differed in treatment but also in 

clinical factors with well known independent prognostic impact on outcome in either BL 

and DLBCL, we could not use clinical outcome, for example overall survival, to compare the 

different groups as defined by both algorithms. This was also impossible for the 18 patients 

who were retrieved from two clinical trials with high-dose, short duration chemotherapy. 

Such an analysis would have required a much larger group of patients. 
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A breakpoint within the MYC region was detected in all but one aBL as defined by al-

gorithm A, indicating that the t(8;14) or variant translocation is associated with a certain 

morphology and phenotype. However, we frequently encountered this breakpoint in the 

remaining lymphomas as well (35% in our subset of DLBCLs according to algorithm A and 

29% in the nBL group of algorithm B). Therefore, this marker should not be used alone but 

only in combination with other meaningful markers. Similarly, Au et al reported on a large 

spectrum of B-cell tumors carrying cytogenetically proven 8q24 aberrations, including BL, 

BLL, and (transformed) lymphomas such as follicular and mantle cell lymphomas as well.22 

Apparently, even in the cases not diagnosed as BL by both algorithms, our primary selec-

tion of lymphoma cases had already resulted in a biased shift of phenotypic and genetic 

characteristics toward BL. For instance, nBL diagnosed according to algorithm B expressed 

CD10 in 65% of the cases instead of the expected 20% to 45% in regular DLBCL. Similarly, 

almost all cases expressed bcl6 protein. This shift was also evident by the relatively low fre-

quency of BCL6 breakpoints (22% instead of 30%–40% as expected on basis of literature 

data for regular DLBCL) and the high incidence of MYC breakpoints. The reported frequen-

cies of MYC breakpoints in DLBCL vary between 4% and 15% depending on the methods 

used (cytogenetics, FISH, Southern blot, or long distance PCR).19,21,28,32-35 The FISH probes 

we used flank a large genomic region as compared with Southern blot or long distance 

PCR. However, this cannot fully explain the current high frequency of MYC breakpoints in 

DLBCL or nBL. In a separate study on 66 International Prognostic Index (IPI) high risk but fur-

ther unambiguous DLBCL in which we applied the same (FISH) methods, 18% had a MYC 

breakpoint,  18% a BCL2 breakpoint, and 27% a BCL6 breakpoint (Boerma EG, personal 

communication). 

Eight tumors in adult patients contained a combination of MYC and BCL2 and/or 

BCL6 breakpoints. The combination of MYC and BCL2 breakpoints has been extensively 

described.34,36-38 Lymphomas and leukemias carrying both breakpoints probably develop by 

a two-step transformation with first the generation of the t(14;18) in a precursor B-cell and 

thereafter a break at MYC that mostly occurs at the mature B-cell stage. Although some-

times morphologically similar to aBL, these tumors should be distinguished from true BL 

with a sole break in MYC as they often represent a very aggressive disease with a poor clini-

cal outcome. Tumors with a concomitant MYC and BCL6 breakpoint have been reported 

occasionally; however, the clinical and biologic significance of these alterations has not 

been established.28,34,35 In the present series, the 3 cases with a MYC and BCL6 breakpoint 

shared morphologic and immunophenotypic similarities with lymphomas carrying double 

breakpoints in MYC and BCL2, including expression of bcl2 protein. Interestingly, in 2 of the 

3 samples, the 3q27 breakpoint was located within the ABR of BCL6 that is predominantly 

involved in follicular lymphoma.39 Whether such tumors represent transformed (follicular) 

lymphomas or are part of true BL remains to be established. 
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Partly based on the expression of CD10 and bcl6, Burkitt lymphoma is considered as a 

neoplastic proliferation of (early) germinal center B-cells. Since many DLBCL and nBL cases 

of our study also expressed CD10 and bcl6, also these lymphomas might be supposed to be 

derived from germinal center B-cells. However, the frequent expression of bcl2 protein in 

62% of the DLBCL and 73% of the nBL cases without a concomitant underlying t(14;18) is 

not compatible with a germinal center B-cell phenotype. 

Our data indicate that immunohistochemistry of bcl2 protein expression may be a surro-

gate marker for BCL2 and BCL6 breakpoints. Based on this observation and the fact that bcl6 

protein analysis has little additional value to CD10, we suggest that immunohistochemistry 

for Ki-67, CD10, and bcl2 in combination with FISH analysis for MYC breakpoints could be a 

minimum marker panel to be used for the diagnosis of BL in adult patients. Additional FISH 

analysis for BCL2 and BCL6 breakpoints might be advisable as well. Future, more extensive 

gene expression studies,16,40,41 but also genome-wide genetic studies such as comparative 

genomic hybridization or array comparative genomic hybridization, in combination with 

well-controlled clinical trials are indispensable to define the exact entity of adult BL and to 

learn which adult patients might benefit from specific therapeutic regimens.
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