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suMMary

The main subject of this thesis is the molecular definition of BL. Using this definition 

we focused on the distinction between BL and DLBCL and tried to answer the question 

whether the so-called “gray-zone” cases should be considered as BL, DLBCL or deserve 

their own diagnostic entity. 

Although there are three clinical variants of BL, this thesis focuses on the sporadic vari-

ant, as most of the research was performed on tumors from patients in The Netherlands. In 

chapter 2 the epidemiology and clinical presentation of sporadic BL in The Netherlands are 

discussed. We observed a bimodal age distribution with a peak for pediatric patients and a 

steady rise after the age of 60 years, which was more distinct in male compared with female 

patients. More in general there was a strong male preponderance which was more distinct 

in pediatric compared with adult patients. These findings, together with the observed dif-

ferences in clinical presentation suggested that there might be differences between BL in 

pediatric versus adult patients and perhaps even between female and male patients. 

In chapter 3 we tried to make the distinction between BL and other lymphomas in a co-

hort of difficult to classify Burkitt-like DLBCL cases with the criteria commonly used in daily 

practice: morphology, immunophenotype and FISH for MYC, BCL2 and BCL6 translocations. 

Two approaches were compared: the first was based on morphology and immunopheno-

type alone, while the second used an algorithm based on immunophenotype and genetic 

translocations. The two approaches disagreed in 20% of the cases. Because of the lack of 

uniform clinical data, it could not be decided which algorithm was superior and therefore 

no clear split between BL and DLBCL could be made using these techniques, remaining with 

a subset of “gray-zone” cases. 

In chapter 4 we used a newer and more robust technique (gene expression analysis) and 

created a molecular classifier that distinguished BL from DLBCL. The gene expression pro-

file of BL consisted of four different clusters: 1) MYC and its target genes and 2) germinal 

center B-cell genes, which were both higher in BL compared with DLBCL; and 3) MHC class 

I genes and 4) a set of NFΚB target genes, which were both lower in BL compared with 

DLBCL. The constructed molecular classifier confirmed the morphological diagnosis in all 

but one case of classic DLBCL (n=223) and all classic (n=25) BL cases, as well as all but one 

case of atypical BL (n=20). No differences in gene expression were found between morpho-

logical classic and atypical BL. Although the classifier could distinguish 5 out of 6 DLBCL 

cases with a MYC translocation from BL, a “gray-zone” of 9 discrepant BL cases (cases with 

DLBCL morphology, but a gene expression profile of BL) remained. 

In chapter 5 we used conventional comparative genomic hybridization (CGH) to study 

the genetic aberrations of 51 patients with an gene expression profile of BL. We showed 

that classic and atypical BL cases, carrying a molecular profile of BL, do not differ in under-
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lying chromosomal alterations. Despite the similar gene expression profile, the discrepant 

BL cases appeared to form a genetic entity distinct from BL and even from DLBCL. In addi-

tion, we demonstrated that chromosomal imbalances in frequently affected regions lead to 

locus-specific as well as global gene expression changes. 

In chapter 6 we defined a genetic profile for BL, by incorporating karyotyping from all BL 

cases reported in literature. We selected a core subset of BL and determined its cytogenetic 

profile. Opposite to what we expected from the data of chapter 2, but in accordance with 

the data from chapter 5, very few genomic differences were found between pediatric and 

adult patients within this core subset. We also showed that the BL cases with an IG-MYC 

translocation had relatively few genomic aberrations when compared with other types of 

B-NHL with such a translocation. We then compared this genetic profile of morphologic BL 

cases with a number of “gray-zone” entities: 1) morphologic BL cases with no MYC trans-

location, 2) a non-IG-MYC translocation or 3) an additional translocation involving BCL2, 

BCL6 and/or CCND1. The genetic profiles of these groups were very different from the 

profile of the core BL subset and even more similar to the other B-NHL cases. We therefore 

concluded that these “gray-zone” cases should not be considered to be true BL cases.

In chapter 7 we studied the biological heterogeneity of the lymphoma subype that is 

most closely related to BL, i.e. DLBCL. We investigated the prognostic relevance of certain 

immunophenotypic and genetic markers in a well-defined group of poor-risk DLBCL pa-

tients, who were treated with high-dose intensive chemotherapy and autologous stem cell 

transplantation. The well known favorable outcome of tumors with a germinal center B-cell 

(GCB) phenotype could also be demonstrated in this subset of poor-risk DLBCL. In addition, 

bcl2 protein expression was inversely correlated with survival. Breakpoints of either MYC, 

BCL2 and/or BCL6 had no prognostic impact in this cohort.

Box 1. The definition of Burkitt lymphoma.

Morphology
Medium sized cells with round nuclei and basophilic cytoplasm
Cohesive growth pattern
Starry sky pattern

Immunohistochemistry
Pan B cell markers (CD20+, CD79+)
CD10+, bcl6+, bcl2-, TdT-
Ki-67+ >95%

Genetics
IG-MYC translocation
No BCL2, BCL6 or CCND1 translocation
Few non-specific numerical aberrations

Gene-expression
Conform molecular classifiers



147

Summary, Discussion and Future perspectives

C
h

ap
te

r 
8

DisCussion – THE DisCTinCTion BETWEEn BL anD DLBCL

In daily practice, the distinction between BL and DLBCL is made based on clinical pa-

rameters (such as age, gender, site of involvement) combined with pathological parameters 

(morphology, immunohistochemistry (IHC) and translocation status of MYC).1 It has impor-

tant clinical implications as the treatment given for BL differs greatly from the treatment 

given for DLBCL. BL treatment consists of more intensive chemotherapy and additional CNS 

prophylaxis in extensive cases.2 Based on the mentioned parameters, classic BL and clas-

sic DLBCL cases can more or less easily be distinguished by an expert hematopathologist. 

However, it is generally recognized that a certain “gray-zone” exists in between, with cases 

having characteristics of both entities. Terms for these “gray-zone” cases used in past and 

recent lymphoma classifications include undifferentiated lymphoma, non-Burkitt’s type,3 

small non-cleaved cell, non-Burkitt lymphoma; high grade B cell lymphoma, Burkitt-like;4 

Burkitt-like lymphoma and atypical Burkitt lymphoma.1 Such cases are more common in 

adult patients compared with children, firstly because the morphology of BL is more often 

atypical in adults and secondly because DLBCL, with a subset of cases mimicking BL, is 

much more common in adults compared with children. Using morphology and IHC as diag-

nostic tools even experienced hematopathologists have difficulties to distinguish BL, highly 

proliferative variants of DLBCL and one of these (provisional) entities.5 New parameters in 

addition to morphology are needed. In this thesis, we defined BL with a number of molecu-

lar (semi)quantitative techniques. This definition might be used to provide a more robust 

guide-line for decision making on the border between BL and these “gray-zone” cases. In 

the following paragraphs the value of the used techniques is discussed and compared with 

similar publications in the same era.

Can we distinguish BL and DLBCL based on morphology, iHC and fisH 
alone?

Several groups have studied the criteria used by the 2001 WHO classification (i.e. mor-

phology, IHC and FISH) for the distinction between BL and DLBCL. We compared the more 

or less subjective combination of morphology and IHC with a more objective algorithm of 

IHC markers and FISH (chapter 3). We selected 10 classic pediatric BL cases and 73 adult 

cases with either a BL or Burkitt-like morphology and used two different approaches for 

determining a diagnosis: approach A used a combination of clinical parameters, morphol-

ogy and IHC (classic approach), while approach B used a fixed algorithm of IHC markers 

and genetics (modern approach). Both approaches fully agreed on all classic pediatric BL 

cases. When comparing the approaches (Table 1), 15 cases were diagnosed as BL by both 

(in addition to the 10 classic pediatric BL cases) and 44 as DLBCL. They disagreed in 14 out 

of 73 adult cases (19%). As there is no golden standard for the distinction between BL and 

DLBCL and the clinical data were heterogeneous regarding the given regimen, it could not 
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be decided which algorithm was superior and should be followed. Therefore we considered 

the cases, for which the approaches disagreed to be true “gray-zone” cases (either mor-

phologic BL cases with atypical immunophenotype and/or absence of a MYC translocation, 

or morphologic DLBCL with typical immunophenotype and presence of MYC translocation). 

To be as strict as possible with regard to the diagnosis of BL, we suggested that in addition 

to a typical morphology, Ki-67 positivity >90%, CD10+, bcl6+ and bcl2- in combination 

with a MYC translocation as determined by FISH analysis should be considered mandatory 

for the diagnosis of BL. Cases not fulfilling all these criteria should be regarded either as 

DLBCL or as “gray-zone” cases, but not as BL. 

The validity of the combination of the classic and more modern approach was tested in a 

number of other studies, which used similar algorithms for defining BL. Chuang et al6 com-

pared 28 BL (16 pediatric and 12 adult) with 16 cases of DLBCL with Burkitt-like features 

(high proliferation index and starry-sky appearance; all adults). They found that an algo-

rithm consisting of CD10+, bcl6+, bcl2- and Ki-67 >95% could classify the majority of cases 

as either BL or DLBCL in accordance with their morphological diagnosis, without knowledge 

of the translocation status of MYC. They found only four “gray-zone” cases (9%), for which 

the algorithm and morphology did not agree. Nakamura et al7 compared 10 morphologic 

BL cases with 5 morphologic DLBCL cases, all harboring a MYC translocation. Based on the 

same algorithm of CD10, bcl6, bcl2 and Ki-67, they could correctly classify 8/10 BL and 

5/5 DLBCL, whereas only 2 cases (13%) had an aberrant immunophenotype. Sevilla et al8 

demonstrated that assessment of a MYC translocation had additional value. They selected 

33 cases with Burkitt morphology, of which 18 harbored a MYC translocation and 15 did 

not. Seventeen of the MYC translocation positive group harbored a typical morphology and 

immunophenotype for BL, whereas 7/15 MYC translocation negative cases also harbored 

such a phenotype. The latter cases were not regarded as BL purely based on their negative 

translocation status of MYC. A much larger group of “gray-zone” cases was found by Mc-

Clure et al9 in a cohort of adult patients. They described nine pediatric BL cases with typical 

morphology and immunophenotype harboring a MYC translocation. However, from their 

31 adult morphological Burkitt-like lymphomas, none met all criteria for classic BL (i.e. typi-

cal immunophenotype and a proliferation index >95% in combination with a MYC trans-

Table 1. Comparison of the classic and more modern approach for definition of BL.

Approach A* - classic

BL DLBCL

Approach B† - modern BL 15 8‡

DLBCL 6§ 44

* Approach A is based on clinical parameters, morphology and IHC. † Approach B is based on IHC 
and FISH alone: cases were diagnosed as BL when they were CD10+, bcl6+, bcl2-, Ki-67+ >95% and 
harbored a MYC translocation and no BCL2 or BCL6 translocation. If one (or more) of these criteria was 
not met the diagnosis was DLBCL. ‡ Due to incompatible morphology (i.e. nuclear polymorphism) § Due 
to a double translocation (n=3), lack of a MYC translocation (n=1) and/or bcl2 protein expression (n=5)
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location). Cogliatti et al10 also found a rather large group of “gray-zone” cases. Applying 

the above mentioned algorithm they found that only 9/24 morphologic aBL/BL and 10/15 

morphologic DLBCL cases could be classified as such, and 20 cases (51%) had intermediate 

characteristics. Frost et al11 demonstrated that the diagnostic dilemma is less important in 

children. They compared 33 classic BL cases with 20 classic DLBCL cases in children. The 

cases could be easily divided in BL and DLBCL with the use of IHC alone, as they showed 

significant differences in c-myc, bcl2 and Ki-67 protein expression. The differences in CD10 

and bcl6 were not of added value, as the greater majority of cases was positive for both 

CD10 and bcl6. If we add the notion that BL and DLBCL are treated identical in pediatric 

patients with very similar results,12 it is clear that the above mentioned diagnostic dilemma 

is especially important in the adult patient.

We therefore conclude that based on a combination of morphology, IHC and FISH we 

can reliably distinguish the black and the white of the BL – DLBCL spectrum. Although it 

is reduced by applying these techniques,  a relatively large “gray-zone” still remains in 

between, especially in adult patients. Additional criteria are needed to shed light on this 

“gray-zone”.

Does gene expression profiling sharpen the border between BL and 
DLBCL?

In the last decennium gene expression profiling using micro-array experiments has been 

performed in a wide range of malignancies.13,14 It has been used to distinguish different 

entities and even different biologic or prognostic groups within those entities. Concerning 

the distinction between BL and DLBCL, studies based on gene expression were published by 

the Lymphoma/Leukemia Molecular Profiling Project (LLMPP) (chapter 4) and the Molecular 

Mechanisms in Malignant Lymphomas Network (MMML).15 In both studies different bio-

informatical methods to determine a gene expression profile of BL were used. This profile 

was then used to differentiate between BL and DLBCL. While the methods and results of 

both publications were different, the conclusions were comparable. It was later demon-

strated that both predictors identified the same cases as molecular BL in both data sets.16 

Classic BL could easily be recognized by gene expression profiling and could reliably be 

distinguished from clear-cut morphologic DLBCL cases. Furthermore, on a gene expression 

level no differences could be found between morphologically classic and atypical BL cases 

(both harboring a typical immunophenotype and a MYC translocation). Although more 

light was shed on the “gray-zone” between BL and DLBCL (e.g. morphologic DLBCL cases 

with a MYC translocation were reliably defined as DLBCL and not as BL), problems still ex-

isted. First, in both studies an intermediate group of cases which did not fulfill the molecular 

criteria for either BL or DLBCL (i.e. the “gray-zone” cases) remained. In the MMML study, 

this group made up 22% of all cases, while the LLMPP found only one such case (1%). 

Secondly, both studies found a number of cases appointed to the molecular BL category 
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which should not have been regarded as BL according to the current definition of BL (e.g. 

cases without a MYC translocation or cases with a MYC translocation and with clear bcl2 

protein expression or even harboring an additional BCL2 translocation). Efforts to provide 

evidence whether these cases should be considered as BL or as “gray-zone” cases based 

on survival data were hampered by small numbers and heterogeneity of treatment or other 

confounding factors.

In conclusion, the distinction between BL and DLBCL can be made with a relative high 

level of certainty using gene expression. While in particular morphology and to a lesser 

extent immunophenotyping remain more or less subjective, quantitative expression analysis 

of a large number of genes is more objective and should therefore be considered to be 

more consistent. However, although the borders of BL seem to be sharpened by the use of 

gene expression, they have also been extended to include cases that would previously not 

have been considered as BL. Whether we should comply with these new borders and regard 

these cases as BL or should stick with the borders set by the current diagnostic approach 

with a combination of morphology and immunophenotype remains to be determined.

What kind of genomic aberrations are typical for BL?
As a third approach the genetic aberrations in addition to the MYC translocation were 

compared between BL and DLBCL. Again both the LLMPP (chapter 5) and the MMML15 

published separately on the subject. We  found that, based on conventional CGH,  classic 

and atypical BL cases harbored only very few genetic aberrations, while both the discrepant 

BL cases (cases with a gene expression profile of BL but with either DLBCL morphology, an 

atypical immunophenotype or an additional translocation of BCL2) and the DLBCL cases17 

harbored significantly more numerical aberrations. In addition, the distribution of the aber-

rations was different between the groups. Additional translocations involving either BCL2 

or BCL6 were also more often found in the discrepant BL cases and DLBCL compared with 

BL. The MMML used a different approach.15 Based on arrayCGH data they distinguished 

three subgroups: 1) “MYC-simple”, i.e. cases which harbor a MYC translocation, without 

a BCL2 or BCL6 translocation and few (<6) numerical aberrations; 2) “MYC-complex”, i.e. 

cases which harbored either a non-IG-MYC translocation, and/or a BCL2 or BCL6 transloca-

tion in addition to a MYC translocation and/or a high number (>6) of numerical aberrations; 

and 3) “MYC-negative”, i.e. all cases without a MYC-translocation. The cases with a gene 

expression profile of BL were predominantly MYC-simple, while the molecular non-BL cases 

were mostly MYC-negative and the intermediate group was mainly MYC-complex. These 

data suggest that the discrepant cases (LLMPP) or the intermediate group (MMML) should 

not be regarded as BL, as they harbor a different genetic make-up. In chapter 6 we provide 

additional evidence that BL should be considered as a genetically simple entity with an IG-

MYC translocation, and that cases harboring a large number of numerical aberrations or an 

additional translocation of either BCL2, BCL6 or CCND1 should not be considered as BL.
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From these data, it could be concluded that BL cases should harbor a MYC translocation 

towards one of the IG loci (IG-MYC), no additional BCL2, BCL6 or CCND1 translocation and 

only few numerical aberrations. The cut-off for “few” numerical aberrations depends on 

the resolution of the used technique. Cases with a molecular signature of BL that do not 

comply with these criteria should not be regarded as BL.

Conclusions
From the data presented in this thesis we suggest the following algorithm for definition 

of BL (Box 1): In addition to a typical morphology, cases should show a typical immunophe-

notype, harbor an IG-MYC translocation and only few additional numerical genetic aber-

rations, whereas they should not harbor a translocation involving BCL2, BCL6 or CCND1. 

Cases that do not fulfill all these criteria should not be considered as BL, but rather as 

DLBCL or “gray-zone”. Therefore, it would be our suggestion to submit all cases that are 

considered as BL based on morphology, for extensive immunophenotyping, determination 

of the translocation status and partner of MYC, determination of the translocation status of 

BCL2, BCL6 and CCND1 and genetic screening of numerical aberrations. As implications of 

the gene expression studies for clinical practice remain to be determined, additional frozen 

material should be stored for future gene expression studies whenever possible.

Another conclusion is that although the “gray-zone” between BL and DLBCL has partly 

been sorted out in either BL and DLBCL using these new techniques, the “gray-zone” still 

exists. The borders towards BL have, however, been set. This is also recognized in the new 

2008 WHO classification were a special category is created for these cases: “B-cell lym-

phoma, unclassifiable, with features intermediate between DLBCL and BL”. Although the 

construction of such a new and clearly heterogeneous group might not be desirable from a 

clinical point of view, it will surely encourage new efforts to sort out this new waste-basket 

of lymphoma classification and ultimately lead to new treatment options for these types of 

lymphoma. 
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While the results from gene expression studies have delivered tremendous amounts of 

data, the impact of these findings on daily clinical practice remains unclear. As gene expression 

experiments are labor-intensive, expensive and require frozen tissue, micro-array experiments 

have not (yet) been incorporated in routine diagnostics. A feasible alternative would be the 

measurement of the expression of a selection of genes by RT-PCR or proteins by IHC. This 

approach has already had considerable success in the distinction of different subgroups of 

DLBCL.18-20 Of course, the question remains which and how many genes should be selected 

for the distinction between BL and DLBCL. Regarding the choice of genes, a selection from the 

different gene signatures from the LLMPP would be a good starting point. A first effort was 

made by Rodig et al, who selected three genes from the LLMPP gene expression signatures.21 

Using a immunohistochemical algorithm consisting of CD44, TCL1 and CD38 they were able 

to predict the translocation status of MYC with considerable success (sensitivity and specitivity 

was higher than an algorithm based on CD10 and bcl2 expression), but still an overlap existed. 

Additional efforts will be needed to determine the optimal combination of genes or proteins 

to be used for the distinction between BL and DLBCL. The challenge will be in finding an 

algorithm which uses not more than a handful of genes but harbors a sensitivity and specific-

ity superior to the techniques already used. The search for such an algorithm to distinguish 

BL from DLBCL (comparable to the algorithm to distinguish GCB and ABC-DLBCL as used in 

chapter 7) would be considered to be a “holy grail” in this field for the coming years.

Another challenge lies with the clinical fate of the “gray-zone” cases. We have shown 

that these cases should not be considered as BL or DLBCL, but should be classified other-

wise. This has also been recognized by the most recent WHO classification with the creation 

of a provisional category for such cases. However, the treatment of these cases remains un-

certain. As they are often more aggressive than classic DLBCL cases, one might expect that 

they would respond to more aggressive (Burkitt-like) treatment regimens. This has already 

been tested in small series, but especially the cases with a second translocation in addition 

to MYC – the so-called double hit lymphomas –  appeared to have a very poor outcome, 

even when treated with high-dose intensive chemotherapeutic regimens.22,23 New treat-

ment options for these patients will have to be developed and tested. 

Finally the data obtained in the different studies could be combined in an effort to unravel 

the patho-physiological basis of BL itself. A first effort on combining the gene expression 

data with the genetic aberrations has already been performed in chapter 5. We have already 

repeated these experiments with a more detailed technique in a relatively small but very ho-

mogenous cohort of pediatric BL cases. This has pointed towards a number of regions such 

as gain/amplification of 13q31-32 and loss of 17p. These regions harbor interesting potential 

target genes, such as MIRH124,25 and TP53 and HIC1.26 As BL is a genetically rather simple dis-

ease, combined occurrence of numerical aberrations with other (epi)genetic phenomena like 
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acquired uniparental disomy (UPD)27,28 and (hyper)methylation29  should also be explored. A 

next step would then be to test these possible target genes in functional studies.

rEfErEnCEs

 1.  Diebold J, Jaffe ES, Raphael M, Warnke RA. Burkitt Lymphoma. In: Jaffe ES, Harris NL, Stein H, 
Vardiman JW (eds). Pathology and Genetics of Tumours of Haematopoietic and Lymphoid Tis-
sues. Lyon: IARC Press; 2001. 181–4.

 2.  Hill QA, Owen RG. CNS prophylaxis in lymphoma: who to target and what therapy to use. Blood 
Rev 2006;20:319-32.

 3.  Rappaport H. Tumors of the hematopoietic system. Atlas of tumor pathology, section 3. fascicle 
8.Washington: Armed Forces Institute of Pathology; 1966.

 4.  Harris NL, Jaffe ES, Stein H, Banks PM, Chan JK, Cleary ML, et al. A revised European-Ameri-
can classification of lymphoid neoplasms: a proposal from the International Lymphoma Study 
Group. Blood 1994;84:1361-92.

 5.  A clinical evaluation of the International Lymphoma Study Group classification of non-Hodgkin’s 
lymphoma. The Non-Hodgkin’s Lymphoma Classification Project. Blood 1997;89:3909-18.

 6.  Chuang SS, Ye H, Du MQ, Lu CL, Dogan A, Hsieh PP, et al. Histopathology and immunohis-
tochemistry in distinguishing Burkitt lymphoma from diffuse large B-cell lymphoma with very 
high proliferation index and with or without a starry-sky pattern: a comparative study with EBER 
and FISH. Am J Clin Pathol 2007;128:558-64.

 7.  Nakamura N, Nakamine H, Tamaru J, Nakamura S, Yoshino T, Ohshima K, et al. The distinction 
between Burkitt lymphoma and diffuse large B-Cell lymphoma with c-myc rearrangement. Mod 
Pathol 2002;15:771-6.

 8.  Sevilla DW, Gong JZ, Goodman BK, Buckley PJ, Rosoff P, Gockerman JP, et al. Clinicopathologic 
findings in high-grade B-cell lymphomas with typical Burkitt morphologic features but lacking 
the MYC translocation. Am J Clin Pathol 2007;128:981-91.

 9.  McClure RF, Remstein ED, Macon WR, Dewald GW, Habermann TM, Hoering A, et al. Adult 
B-cell lymphomas with burkitt-like morphology are phenotypically and genotypically heteroge-
neous with aggressive clinical behavior. Am J Surg Pathol 2005;29:1652-60.

 10.  Cogliatti SB, Novak U, Henz S, Schmid U, Moller P, Barth TF. Diagnosis of Burkitt lymphoma in 
due time: a practical approach. Br J Haematol 2006;134:294-301.

 11.  Frost M, Newell J, Lones MA, Tripp SR, Cairo MS, Perkins SL. Comparative immunohistochemi-
cal analysis of pediatric Burkitt lymphoma and diffuse large B-cell lymphoma. Am J Clin Pathol 
2004;121:384-92.

 12.  Patte C, Auperin A, Michon J, Behrendt H, Leverger G, Frappaz D, et al. The Societe Francaise 
d’Oncologie Pediatrique LMB89 protocol: highly effective multiagent chemotherapy tailored to 
the tumor burden and initial response in 561 unselected children with B-cell lymphomas and L3 
leukemia. Blood 2001;97:3370-9.

 13.  Bucca G, Carruba G, Saetta A, Muti P, Castagnetta L, Smith CP. Gene expression profiling of 
human cancers. Ann NY Acad Sci 2004;1028:28-37.

 14.  Ramaswamy S, Golub TR. DNA microarrays in clinical oncology. J Clin Oncol 2002;20:1932-41.
 15.  Hummel M, Bentink S, Berger H, Klapper W, Wessendorf S, Barth TF, et al. A biologic definition 

of Burkitt’s lymphoma from transcriptional and genomic profiling. N Engl J Med 2006;354:2419-
30.

 16.  Rosenwald A, Ott G. Burkitt lymphoma versus diffuse large B-cell lymphoma. Ann Oncol 
2008;19:iv67-9.



Chapter 8

154

 17.  Bea S, Zettl A, Wright G, Salaverria I, Jehn P, Moreno V, et al. Diffuse large B-cell lymphoma 
subgroups have distinct genetic profiles that influence tumor biology and improve gene-expres-
sion-based survival prediction. Blood 2005;106:3183-90.

 18.  Lossos IS, Czerwinski DK, Alizadeh AA, Wechser MA, Tibshirani R, Botstein D, et al. Prediction 
of survival in diffuse large-B-cell lymphoma based on the expression of six genes. N Engl J Med 
2004;350:1828-37.

 19.  Saez AI, Saez AJ, Artiga MJ, Perez-Rosado A, Camacho FI, Diez A, et al. Building an outcome 
predictor model for diffuse large B-cell lymphoma. Am J Pathol 2004;164:613-22.

 20.  Hans CP, Weisenburger DD, Greiner TC, Gascoyne RD, Delabie J, Ott G, et al. Confirmation of 
the molecular classification of diffuse large B-cell lymphoma by immunohistochemistry using a 
tissue microarray. Blood 2004;103:275-82.

 21.  Rodig SJ, Vergilio JA, Shahsafaei A, Dorfman DM. Characteristic expression patterns of TCL1, 
CD38, and CD44 identify aggressive lymphomas harboring a MYC translocation. Am J Surg 
Pathol 2008;32:113-22.

 22.  Kanungo A, Medeiros LJ, Abruzzo LV, Lin P. Lymphoid neoplasms associated with concur-
rent t(14;18) and 8q24/c-MYC translocation generally have a poor prognosis. Mod Pathol 
2006;19:25-33.

 23.  Le Gouill S, Talmant P, Touzeau C, Moreau A, Garand R, Juge-Morineau N, et al. The clinical 
presentation and prognosis of diffuse large B-cell lymphoma with t(14;18) and 8q24/c-MYC 
rearrangement. Haematologica 2007;92:1335-42.

 24.  Tagawa H, Karube K, Tsuzuki S, Ohshima K, Seto M. Synergistic action of the microRNA-17 
polycistron and Myc in aggressive cancer development. Cancer Sci 2007;98:1482-90.

 25.  Ota A, Tagawa H, Karnan S, Tsuzuki S, Karpas A, Kira S, et al. Identification and characterization 
of a novel gene, C13orf25, as a target for 13q31-q32 amplification in malignant lymphoma. 
Cancer Res 2004;64:3087-95.

 26.  Stocklein H, Smardova J, Macak J, Katzenberger T, Holler S, Wessendorf S, et al. Detailed map-
ping of chromosome 17p deletions reveals HIC1 as a novel tumor suppressor gene candidate 
telomeric to TP53 in diffuse large B-cell lymphoma. Oncogene 2008;27:2613-25.

 27.  Nielaender I, Martin-Subero JI, Wagner F, Martinez-Climent JA, Siebert R. Partial uniparental 
disomy: a recurrent genetic mechanism alternative to chromosomal deletion in malignant lym-
phoma. Leukemia 2006;20:904-5.

 28.  Sobol H, Benziane A, Kerangueven F, Yin L, Noguchi T, Pauly S, et al. Genome-wide search for loss 
of heterozygosity in Burkitt lymphoma cell lines. Genes Chromosomes Cancer 2002;33:217-24.

 29.  Klangby U, Okan I, Magnusson KP, Wendland M, Lind P, Wiman KG. p16/INK4a and p15/INK4b 
gene methylation and absence of p16/INK4a mRNA and protein expression in Burkitt’s lym-
phoma. Blood 1998;91:1680-7.




