
Diagnosis of Burkitt lymphoma in due time: a practical approach

Burkitt lymphoma (BL) is a highly aggressive B-cell malig-

nancy with endemic, sporadic and immunodeficiency-associ-

ated clinical variants. Using standard treatment protocols for

non-Hodgkin lymphomas, this disease entity has a poor

prognosis. However, with high-dose polychemotherapy regi-

mens, including central nervous system prophylaxis, complete

remission rates of 75–90% and overall survival (OAS) rates of

up to 70% over 3–5 years can be achieved, even in adults

(Blum et al, 2004). In routine diagnostics, classical BL (cBL) is

differentiated from highly proliferative diffuse large B-cell

lymphoma (DLBCL) on the basis of morphologic and

immunophenotypic criteria (Jaffe et al, 2001). This differential

diagnosis is particularly problematic since the World Health

Organization (WHO) classification also recognises variants of

BL, i.e. BL with plasmacytoid differentiation and atypical

Burkitt/Burkitt-like lymphoma (aBL), for which there is a low

consensus among pathologists (Wilson et al, 1987; The Non-

Hodgkin’s Lymphoma Classification Project, 1997; Magrath

et al, 2001). However, a clear-cut diagnostic decision is highly

relevant in clinical practice, as therapy for BL and DLBCL

differs and should promptly be initiated in BL (Blum et al,

2004). BL characteristically carry a reciprocal translocation

t(8;14)(q24;q32) or one of its variants resulting in the

deregulation of the C-MYC proto-oncogene (Dalla-Favera

et al, 1982; Hecht & Aster, 2000). However, this molecular

marker is not specific for BL, as it is also detected in

approximately 15% of DLBCL as well as in secondary

precursor B-lymphoblastic leukaemia/lymphoma, aggressive

lymphoma secondary to follicular lymphoma, and in some

cases of multiple myeloma (Sigaux et al, 1984; De Jong et al,

1988; Thangavelu et al, 1990; Ladanyi et al, 1991; Nishida et al,

1997; Kramer et al, 1998; Akasaka et al, 2000; Nakamura

et al, 2002; Barth et al, 2004; Mauch et al, 2004; Haralambieva

et al, 2005). Thus, a clear-cut definition of BL and its
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Summary

The quick diagnosis of Burkitt lymphoma (BL) and its clear-cut

differentiation from diffuse large B-cell lymphoma (DLBCL) is of great

clinical importance because treatment strategies for these two disease entities

differ markedly. As these two lymphomas are difficult to distinguish using the

current World Health Organization classification, we studied 39 cases of

highly proliferative peripheral blastic B-cell lymphoma (HPBCL) to establish

a practical differential-diagnostic algorithm. Characteristics set for BL were a

typical morphology, a mature B-cell phenotype of CD10+, Bcl-6+ and Bcl-2)

tumour cells, a proliferation rate of >95%, and the presence of C-MYC

rearrangements in the absence of t(14;18)(q32;q21). Altogether, these

characteristics were found in only five of 39 cases, whereas the majority of

tumours revealed mosaic features. We then followed a pragmatic stepwise

approach for a classification algorithm that included the assessment of

C-MYC status to stratify HPBCL into four predefined diagnostic categories

(DC), namely DC I (5/39, 12.8%): ‘classical BL’, DC II (11/39, 28.2%):

‘atypical BL’, DC III (9/39, 23.1%): ‘C-MYC+ DLBCL’ and DC IV (14/39,

35.9%): ‘C-MYC) HPBCL’. This proposal may serve as a robust and objective

operational basis for therapeutic decisions for HPBCL within 1 week and is

applicable to be evaluated for its prognostic relevance in clinical trials with

uniformly treated patients.

Keywords: routine diagnostics, Burkitt lymphoma, diffuse large B-cell

lymphoma, classification algorithm, C-MYC rearrangement.
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delimitation from DLBCL is blurred, leaving the pathologist

with the open question of how to classify highly proliferative

peripheral blastic B-cell lymphoma (HPBCL) with some but

not all features of BL and, even more irritatingly, leaving the

clinician with the unsolved problem of how to treat these

patients. To avoid undertreatment of ‘false-negative BL’ with

standard high-grade protocols and unnecessary overtreatment

of ‘false-positive BL’ with high-dose polychemotherapy, we

aimed to establish an objective diagnostic algorithm for

HPBCL based on morphologic, phenotypic, and molecular

findings including the assessment of the C-MYC status by

fluorescence in situ hybridisation (FISH) analysis. As a

proposal, this approach allows a stratification of HPBCL into

four diagnostic categories (DCs) within a short time period

(i.e. 1 week).

Materials and methods

Materials and patients’ characteristics

Formalin-fixed and paraffin-embedded archival tissue from 39

cases of HPBCL sent between 1997 and 2005 either for primary

diagnostics or for consultation to the Pathology Department

(Kantonsspital, St Gallen, Switzerland), were used for this

retrospective study. All these tumours, which were in many

cases suspicious for BL, be it either by morphology, immuno-

phenotype (CD10+, Bcl-6+ and Bcl-2)) or by an exceedingly

high proliferation rate (Jaffe et al, 2001) fulfilled the inclusion

criteria of a mature B-cell phenotype and a proliferation rate of

‡80%. All cases were invariably negative for Cyclin D1, CD5,

CD23 and Epstein–Barr virus-encoded latent membrane pro-

tein and lacked expression of the precursor cell markers CD34

and TdT. In our series there were no cases of endemic BL. None

of the patients were immunocompromised as a consequence of

human immunodeficiency virus infection or after organ

transplantation. Twenty-four male and 15 female patients

(sex ratio: 1.6) aged between 12 and 85 years (mean age:

53 years) presented with nodal disease in 14 of 39 cases (35.9%)

and extranodal disease in 25 of 39 cases (64.1%) of early clinical

stages in 21 of 39 cases (53.8%) and advanced clinical stages in

18 of 39 cases (46.2%) at diagnosis. Therapeutic regimens

applied included standard non-Hodgkin protocols, such as

CHOP (cyclophosphamide, doxorubicin, vincristine, predni-

sone) or CHOP-like treatments (n ¼ 21) and highly intensive

chemotherapy protocols (n ¼ 15) whereas three patients

refused any disease-specific treatment. All data were blinded

to guarantee patients’ protection. This procedure was in

agreement with the guidelines for use of human material in

research issued by the local Ethic Committee.

Morphology

The 39 cases of HPBCL were categorised into three given

morphological diagnoses, i.e. cBL, aBL and DLBCL. Histolo-

gical analyses were performed on 2-lm-thick paraffin sections

stained with Giemsa, haematoxylin and eosin, periodic

acid-Schiff and Gomori. cBL was restricted to the text book

histology (Jaffe et al, 2001), aBL at first glance resembled cBL,

but had at least one deviant feature (either cell size, nuclear

size, amount of cytoplasm, extent of cohesiveness, number of

tingible body macrophages or scarcity of T cells) (Jaffe et al,

2001), while DLBCL showed a diffuse growth pattern and

tumour cell nuclei that were larger than macrophage nuclei,

and was diagnosed in the absence of Burkitt morphology in a

broader sense (Jaffe et al, 2001).

Immunophenotyping

According to the ‘canonical’ view, the prototypic (pt) immu-

nophenotype for cBL was set as CD20+, CD10+, Bcl-6+ and

Bcl-2); one deviation from this profile was considered

acceptable. Two deviations were scored as compatible (co)

with BL and more than two deviations as incompatible (ico)

with BL. As reagents we used for CD20 clone L26 (Dako-

Cytomation, Glostrup, Denmark), for CD10 clone 270 (Cell

Marque, Austin, TX, USA), for Bcl-6 clone PG-B6p (Dako-

Cytomation), for Bcl-2 clone bcl-2 124 (DakoCytomation),

and for Ki67 clone MIB-1 (DakoCytomation). All immuno-

stains used the peroxidase-anti-peroxidase method performed

in a fully automated immunostaining system (TechMate 500;

DakoCytomation).

Fluorescence in situ hybridisation analysis

The molecular profile for cBL was set as presence of C-MYC

rearrangements (irrespective of the partner gene) and absence

of t(14;18)(q32;q21)translocation. FISH analyses were per-

formed on 2-lm-thick paraffin sections using previously

published standard protocols (Barth et al, 2004). For the

detection of breakpoints (splits) in the C-MYC locus the LSI�
MYC Dual Color, Break Apart Rearrangement Probe and for

the detection of the t(8;14)(q24;q32) translocation the LSI�
IGH/MYC, CEP� 8 Tri-color, Dual Fusion Translocation

Probe were applied. Evidence for C-MYC rearrangements was

considered if either of the two probe sets was above the cut-off

level (determination see below) whereas the C-MYC status was

considered negative if both probe sets remained below the cut-

off level. The LSI� IGH/BCL2 Probe was used for the

detection of t(14;18)(q32;q21) translocation. Cut-off levels

for each probe set were determined by calculating the

mean + 3 SD of 200 nuclei counted of three tonsils; i.e. the

threshold was 12% for each probe set. All FISH probes were

purchased from Vysis (Downers Grove, IL, USA). In each case

at least 100 tumour cells were evaluated for each DNA probe

(Barth et al, 2004).

Diagnostic categories and time scale

Following this first attempt of a plurivariate tumour charac-

terisation, we secondly stratified our series of HPBCL into four
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predefined DCs, i.e. DC I, ‘classical BL’ (cBL); DC II, ‘atypical

BL’ (aBL); DC III, ‘DLBCL with C-MYC rearrangement’

(C-MYC+ DLBCL); DC IV, ‘HPBCL without C-MYC

rearrangement’ (C-MYC) HPBCL) as depicted in Table I.

The delineated diagnostic process described above requires 2 d

for tissue processing and routine staining, 1 d for immuno-

staining and two more days for FISH analysis. Thus, a final

diagnosis was achieved within five working days or, more

practically, within 1 week.

Statistical methods

Analyses were performed using the software sas release 8.2

(SAS Inc., Cary, NJ, USA). Predictors were transformed to

categorical variables using predefined cut-off values. Predictors

of OAS were assessed using Kaplan–Meier graphs and the

sign-rank test.

Results

Morphology

Cohesive growth of monotonous medium-sized blastic

tumour cells with inconspicuous nucleoli, frequent mitotic

figures and basophilic cytoplasm that presented a starry sky

pattern because of numerously intermingled nuclear debris

macrophages was found in six of 39 HPBCL cases (15.4%)

and were morphologically classified as cBL. In 18 of 39 cases

(46.1%) the morphological analysis revealed greater pleo-

morphism, with larger and somewhat less monomorphic

tumour cells; hence these cases were classified as aBL. The

morphology was consistent with DLBCL of centroblastic or

immunoblastic subtype in 15 of 39 cases (38.5%) (Fig 1).

While cases of cBL were morphologically well and reproduc-

ibly recognised (interobserver reproducibility of 100%), there

was considerable overlap between aBL and DLBCL in two of

18 cases of aBL and in six of 15 cases of DLBCL respectively.

A low inter- and intra-observer reproducibility with regard to

the distinction of aBL and DLBCL has been well documented

in the literature (Wilson et al, 1987; The Non-Hodgkin’s

Lymphoma Classification Project, 1997; Magrath et al, 2001)

and is also reflected in the current WHO classification, where

there is no hierarchical ranking among the above named

histo- and cytomorphological features with respect to their

differential diagnostic impact.

Immunophenotyping

Immunohistologically, we found Burkitt pt, Burkitt co and

Burkitt ico phenotypes (as defined inMaterials and methods) in

27 of 39 (69.2%), 10 of 39 (25.7%) and two of 39 (5.1%) cases

respectively. A proliferation rate of >95% was most character-

istic for both cBL and aBL. cBL morphology (n ¼ 6) correlated

in five cases (83.3%) with pt-phenotype and in one case

(16.7%) with co-phenotype. aBL morphology (n ¼ 18) cor-

responded in 13 cases (72.2%) with pt-phenotype, in three

cases (16.7%) with co-phenotype and in two cases (11.1%) with

ico-phenotype. DLBCL morphology (n ¼ 15) correlated in

nine cases (60%) with pt-phenotype and in six cases (40%) with

co-phenotype. Taking pt-type and co-type together, cBL and

aBL morphology complied with Burkitt immunophenotype in

100% and 88.9% respectively. In summary, immunophenotype

was found to be sensitive but not specific for BL (Fig 2).

Fluorescence in situ hybridisation analysis

All 39 cases were successfully examined by FISH analysis.

C-MYC rearrangements were found in a total of 25 of 39 cases

(64.1%). The range for C-MYC split signals obtained was

15–89% (median: 68%) and the range for t(8;14)(q24;q32)

translocation fusion signals was 30–96% (median: 81.5%). In

15 of 25 cases (60%) the C-MYC split correlated with a

diagnostic signal constellation for the t(8;14)(q24;q32) translo-

cation. In nine of 25 cases (36%) only a C-MYC split was

detected while the signal pattern indicative of the

t(8;14)(q24;q32) translocation was normal. In one of 25 cases

(4%) with diagnostic signal for the t(8;14)(q24;q32) transloca-

tion in 40% of the tumour cells, the C-MYC split analysis

revealed negative results (8%). Such a constellation can be

explained by translocations of the IgH locus into the C-MYC

breakpoint region without disruption of the flanking probes.

Based on these data, we suggest that both FISH probe sets must

be applied to comprehensively assess the C-MYC status. The

t(14;18)(q32;q21) translocation was found in four of 25 cases

with C-MYC rearrangement (double-hit) and in three of 14

cases without C-MYC rearrangement (Fig 2). The range for

Table I. Definition of diagnostic categories

(DC) based on morphological, immunopheno-

typic and genetic characteristics of HPBCL.Diagnostic category Morphology Immunophenotype

C-MYC

status

t(14;18)(q32;q21)

status

DC I classical BL cBL pt + )
DC II atypical BL cBL/aBL pt/co + +/)
DC III C-MYC+ DLBCL DLBCL pt/co/ico + +/)
DC IV C-MYC) HPBCL aBL/DLBCL pt/co/ico ) +/)

DLBCL, diffuse large B-cell lymphoma; HPBCL, highly proliferative B-cell lymphoma; pt, Burkitt

lymphoma prototypic; co, Burkitt lymphoma compatible; ico, Burkitt lymphoma incompatible

immunophenotype.
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t(14;18)(q32;q21) translocation fusion signals obtained was

14–88% (median: 64%). A positive C-MYC status was found in

six of six cases (100%) with a cBL morphology and in 10 of 18

cases (55.6%) with a aBL morphology, but also in nine of 15

cases (60%) with a DLBCL morphology. In summary, C-MYC

rearrangement was found to be an invariable feature of cBL and

highly characteristic, but not specific for BL, confirming

previous reports (Sigaux et al, 1984; De Jong et al, 1988;

Thangavelu et al, 1990; Ladanyi et al, 1991; Nishida et al, 1997;

Kramer et al, 1998; Akasaka et al, 2000; Nakamura et al, 2002;

Barth et al, 2004; Mauch et al, 2004; Haralambieva et al, 2005).

Diagnostic categories

Initially, we aimed at differentiating BL from DLBCL accord-

ing to the WHO classification. Since the WHO classification

does not define a hierarchical order among the various tumour

characteristics, the differential diagnosis unfortunately often

remained equivocal, due to a mosaic set of features. We thus

attempted a second approach to design a new stratification of

HPBCL into four predefined DCs, namely DC I cBL, DC II

aBL, DC III C-MYC+ DLBCL, and DC IV C-MYC) HPBCL as

depicted in Table I. With this approach, five of six cases

(83.3%) with cBL morphology were stratified into DC I, which

represents an easily recognisable subgroup among HPBCL with

unequivocal and highly reproducible histo- and cytomorpho-

logical features and homogeneous phenotypes and genotypes.

There was only one single case (case 6) with cBL morphology

that showed a deviant immunophenotype (Bcl-6) and Bcl-2+)

and a t(8;14)(q24;q32)/t(14;18)(q32;q21) dual fusion (double-

hit) genotype, which was therefore classified into DC II (Fig 2).

In contrast to cBL, cases with aBL or DLBCL morphology were

phenotypically highly heterogeneous and both had to be

separated into two different DCs, namely DC II or DC IV and

DC III or DC IV, respectively, based on their variable C-MYC

status.

Fig 1. Morphology of classical Burkitt (cBL), atypical Burkitt (aBL) and diffuse large B-cell lymphoma (DLBCL) with C-MYC rearrangement. (A, B)

cBL morphology in case 3 (liver), representing diagnostic category (DC) I; (C, D) aBL morphology in case 7 (mediastinum), representing DC II; (E,

F) DLBCL morphology of centroblastic-multilobated variant with a positive C-MYC status in case 30 (tonsil), representing DC III.
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Case
 No Mor CD10 Bcl-2 Bcl-6 Mib-1 MYC 14;18 DC

1 cBL 1 0 1 1 1 0 I

2 cBL 1 0 1 1 1 0 I
3 cBL 1 1 1 1 1 0 I
4 cBL 1 0 1 1 1 0 I
5 cBL 0 0 1 1 1 0 I
6 cBL 1 1 0 1 1 1 II
7 aBL 0 1 1 1 1 0 II

8 aBL 1 0 1 1 1 0 II
9 aBL 1 0 1 1 1 0 II
10 aBL 0 0 1 1 1 0 II
11 aBL 1 1 1 1 1 1 II
12 aBL 0 1 1 0 1 1 II
13 aBL 1 0 1 1 1 0 II

14 aBL 1 0 1 1 1 0 II
15 aBL 1 0 1 1 1 0 II
16 aBL 1 0 1 1 1 0 II
17 aBL 1 1 1 1 0 1 IV
18 aBL 0 0 1 1 0 0 IV
19 aBL 1 0 1 1 0 0 IV

20 aBL 0 0 1 1 0 0 IV
21 aBL 0 1 0 0 0 0 IV
22 aBL 1 0 1 1 0 0 IV
23 aBL 0 1 1 1 0 1 IV
24 aBL 0 1 0 1 0 0 IV
25 DLBCL 1 1 0 1 1 0 III

26 DLBCL 1 0 0 1 1 0 III
27 DLBCL 1 0 1 1 1 0 III
28 DLBCL 0 1 1 1 1 0 III
29 DLBCL 1 0 1 1 1 0 III
30 DLBCL 1 0 1 1 1 0 III
31 DLBCL 0 0 1 1 1 0 III

32 DLBCL 0 1 1 1 1 0 III
33 DLBCL 1 1 1 0 1 1 III
34 DLBCL 1 1 1 1 0 0 IV
35 DLBCL 0 1 1 0 0 0 IV
36 DLBCL 1 0 1 1 0 0 IV
37 DLBCL 0 1 1 0 0 0 IV

38 DLBCL 0 1 1 0 0 0 IV
39 DLBCL 1 0 1 0 0 1 IV

Fig 2. Heat map depicting diagnostic criteria for Burkitt lymphoma and for other highly proliferating B-cell lymphomas as stratified into four

diagnostic categories. Case no., consecutive case number; Mor, morphology; cBL, classical Burkitt morphology (red on white background); aBL,

atypical Burkitt morphology (red on light grey background); DLBCL, diffuse large B-cell morphology (white on dark grey background); MYC,

C-MYC rearrangement; 14;18: t(14:18)(q32;q21) translocation; ‘1’ represents the expression of CD10, Bcl-2 and Bcl-6, a proliferation rate of >95%,

C-MYC rearrangement, and t(14;18)(q32;q21) translocation; ‘0’ represents missing CD10, Bcl-2, and Bcl-6 immunoreactivity, a proliferation rate of

£95%, missing C-MYC rearrangement, and missing t(14;18)(q32;q21) translocation. Red numbers on light yellow background indicate features in

favour of BL; black numbers on light green background indicate features in disfavour of BL; DC, diagnostic categories as defined in Table II (DC I,

red Roman numerals on dark yellow background; DC II, red Roman numerals on light yellow background; DC III, black Roman numerals on light

green background; DC IV, white Roman numerals on dark green background).
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Correlation of DCs and clinical data

Distribution of characterisitics and clinical features, such as age

at first presentation, initial stage, extranodal disease and lactate

dehydrogenase levels among our four DCs are listed in

Table II. BL (DC I and DC II) tended to present more often

in advanced stage disease (10/16 cases, 62.5%) and at

extranodal sites (13/16 cases, 81.3%). No other clinical profile

available was associated with one or the other DC. Given the

small series, this retrospective analysis was underpowered to

evaluate differences in OAS between the groups. Nevertheless,

after an initial excess of mortality, the survival curves of

patients with BL (DC I and DC II) rapidly stabilised and

plateaued whereas those of patients with C-MYC+ DLBCL (DC

III) and C-MYC) HPBCL (DC IV) showed a steady decline

over time. Furthermore, it is noteworthy that first-line therapy

was chosen as a consequence of the primary diagnosis and,

therefore, the DCs, which were only retrospectively defined, do

not represent groups of uniformly treated patients. Thus, the

distribution of patients treated with CHOP or CHOP-like

regimens versus patients who received highly intensive che-

motherapy was 1 vs. 3 in DC I, 7 vs. 4 in DC II, 4 vs. 4 in DC

III and 9 vs. 4 in DC IV. Three patients had refused disease-

specific treatment. Against the background of current standard

procedures and not concerning patient-specific aspects, eight

of 15 (53.3%) cases of cBL/aBL may be considered under-

treated and eight of 21 (38.1%) cases of C-MYC+ DLBCL/C-

MYC) HPBCL overtreated if our scoring system was applied.

Discussion

Burkitt lymphoma is a highly aggressive non-Hodgkin lym-

phoma. In recent years, significant progress in the treatment

has been made as complete remission rates of up to 90% and

OAS rates of up to 70% over 3–5 years can be achieved with

first-line high-intensity polychemotherapy. The importance of

immediate therapeutic action defines BL as an oncological

emergency. Therefore, a quick and unequivocal diagnostic

decision between BL, including its variant forms, and DLBCL

is crucial in clinical practice, as distinct treatment regimens are

applied (Blum et al, 2004). However, for the pathologist, a

clear-cut distinction, based on the current WHO classification

(Jaffe et al, 2001), is very problematic in many instances. This

is particularly well documented by the unacceptably low

reproducibility rate of 53% for the diagnosis of aBL/Burkitt-

like lymphoma (The Non-Hodgkin’s Lymphoma Classification

Project, 1997). Here, we report a proposal for a stepwise

diagnostic procedure encompassing morphological, immuno-

phenotypic and molecular features, including the assessment of

the C-MYC status by FISH analysis that also meets the

demands of the clinician to determine the final differential

diagnosis of HPBCL within due time, namely within 1 week.

In our retrospective study we evaluated 39 consecutive cases

of HPBCL. Morphologically, cBL were distinguished from aBL

and DLBCL (Jaffe et al, 2001). Immunophenotypically,

tumours were subtyped according to BL pt, BL co and BL

ico profiles. Furthermore, the cases were genotypically stra-

tified according to their C-MYC and t(14;18)(q32;q21) status.

This attempt of a plurivariate tumour characterisation resulted

in highly heterogeneous casuistics of individually profiled

tumours featuring all kinds of combinations of parameters. At

this point, a clear-cut diagnosis, based on the WHO classifi-

cation, as needed by the clinician is either impossible or made

with some sort of irrational bias by the pathologist in charge

(Fig 2). Therefore, we propose to logically stratify HPBCL into

four morphologically, phenotypically and genotypically a

priori-defined DCs, as detailed in Table I.

Following this stratifier, five of six cases (83.3%) showing

cBL morphology showed a BL typical (CD20+, CD10+, Bcl-6+

and Bcl-2)), and the BL typical molecular genetics (C-MYC+

and t(14;18)(q32;q21))). These cases met our criteria for DC I

and perfectly corresponded to the classical variant of sporadic

BL in the WHO classification (Jaffe et al, 2001). Another 11

cases were stratified into DC II, due to more pleomorphic

morphology, more variable immunophenotypes and/or

molecular evidence of t(14;18)(q32;q21). All these cases had a

C-MYC rearrangement and thus corresponded well to ‘atypical

Burkitt/Burkitt-like’ variants of sporadic BL of the WHO

classification. However, our definition of aBL (DC II) is at

variance with others that describe aBL/Burkitt-like lymphomas

by missing C-MYC rearrangement in most cases (Harris et al,

1994; Davi et al, 1998). In other nine cases with DLBCL

morphology, heterogeneous immunophenotypes and variable

t(14;18)(q32;q21) status, C-MYC rearrangement was a consis-

Table II. Distribution of morphological, phenotypic, genetic and

clinical characteristics among 39 cases of highly proliferative B-cell

lymphoma as stratified into diagnostic categories (DC) I–IV.

Criteria

DC I

(n ¼ 5)

DC II

(n ¼ 11)

DC III

(n ¼ 9)

DC IV

(n ¼ 14)

Morphology

cBL 5/5 1/11 – –

aBL – 10/11 – 8/14

DLBCL – – 9/9 6/14

Phenotype

CD10+ 4/5 8/11 6/9 6/14

Bcl-2) 4/5 7/11 5/9 6/14

Bcl-6+ 5/5 10/11 7/9 12/14

MIB-1 > 95% 5/5 10/11 8/9 9/14

Genotype

C-MYC+ 5/5 11/11 9/9 0/14

t(14;18)) 5/5 8/11 8/9 11/14

Clinical features

Age £ 30 years 1/5 2/11 4/9 1/14

Advanced clinical stage 3/5 7/11 2/9 6/14

Extranodality 4/5 9/11 2/9 10/14

LDH› 3/4 8/11 5/8 7/11

DLBCL, diffuse large B-cell lymphoma; cBL, classical Burkitt lym-

phoma; aBL, atypical Burkitt lymphoma; LDH›, elevated serum level

of lactate dehydrogenase.
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tent feature. This subgroup of HPBCL, which we categorised as

DC III, is not recognised as a separate disease entity by the

WHO classification, which disregards the C-MYC status as a

stratifying feature in DLBCL (Jaffe et al, 2001). In our study,

we clearly distinguish these nine cases from BL by their non-

Burkitt morphology (Fig 1). The considerably high fraction of

60% C-MYC+ DLBCL in our series when compared with 15%

C-MYC+ DLBCL reported in the literature (Kramer et al,

1998) may be explained by the fact that we selectively studied

tumours with a high proliferation rate of ‡80%. However, our

results may support the assumption that the most reasonable

surrogate marker for C-MYC rearrangement is the prolifer-

ation fraction of the tumour cells (Harris et al, 1999). Finally,

we stratified 14 cases of HPBCL with morphological and

immunophenotypic overlap between BL and DLBCL to DC IV

by absence of C-MYC rearrangements irrespective of the

t(14;18)(q32;q21) status. These DC IV cases might correspond

to DLBCL in a broader sense.

Being aware of the continuously increasing importance of

the genetic background of neoplasms in general and, in

particular, of the pivotal pathogenetic role deregulated C-MYC

plays in BL and possibly in some other subtypes of B-cell

lymphoma, we maintain the determination of C-MYC status

by using FISH probes both for the detection of breakpoints

(splits) in the C-MYC locus and the detection of

t(8;14)(q24;q32) translocations to be mandatory for an accu-

rate characterisation of HPBCL (Frost et al, 2004; McClure

et al, 2005). In recent studies that aimed at correlating these

genetic parameters with survival probability in patients with

HPBCL, C-MYC rearrangements were found to be associated

with an adverse prognosis, irrespective of histological subtypes

(Au et al, 2004). Others found that the survival probability of

patients with HPBCL increasingly deteriorated in association

with t(14;18) translocation, C-MYC rearrangements or dual

fusion (double-hit) genotype respectively (McClure et al,

2005).

In summary, we would like to emphasise the advantage of

our hypothesised classification scheme as a fast and robust

stratification of HPBCL. It enables HPBCL to be comprehen-

sively subtyped into four DCs within the time frame of 1 week

and may assist the treating clinician in his therapeutic

decisions. It is easily reproducible and qualifies as a classifier

in larger prospective clinical trials with uniformly treated

patients.
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