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ABSTRACT

Burkitt Lymphoma (BL) is an uncommon but highly aggressive B-cell Non-Hodgkin Lymphoma (NHL). It is a subtype 
of mature B-cell lymphoma and can be treated successfully within a short period via high-intensity chemotherapeutic 
regimens. Diagnosis and initial work-up must be completed rapidly to begin treatment due to high proliferation. BL 
is associated with the Epstein-Barr Virus (EBV) and with a chromosomal translocation that activates the c-MYC gene. 
However, by implementing chemotherapy regimens, complete remission and overall survival for young patients with 
BL remains high. In contrast, in elderly patients and those with relapsed/refractory disease, the prognosis remains 
a medical challenge.

Rituximab, the chimeric monoclonal antibody against CD20, has improved the clinical management of B-cell 
malignancies. Because BL expresses a CD20 positive marker in their cell surfaces, rituximab has been shown to 
improve patient survival rate. However, because resistance can still occur, further treatment and evaluation is 
required, including inhibition of the MYC proto-oncogene through the use of bromodomain inhibitors. In this 
review, we highlight the treatment advances and progress in BL.
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INTRODUCTION

Burkitt Lymphoma (BL) is a highly aggressive but potentially 
curable type of B-cell Non-Hodgkin Lymphoma (NHL) with 
a cellular doubling time of 24-48 hours. Derived from B-cell 
germinal centers [1], BL was first described as a distinct clinical 
entity in 1958. It was one of the first human tumors found to have 
a relationship with a viral infection (EBV). BL is also associated 
with a chromosomal translocation that activates the MYC proto-
oncogene and is the first lymphoma reported to be associated with 
Human Immunodeficiency Virus (HIV) infection [2]. BL is one of 
the most common pediatric malignancies in sub-Saharan African 
countries, with an incidence rate as high as 4.7 cases per year for 
males and 3.0 cases per year for females (per 100, 000 children 
under 15 years of age) [3]. Three subtypes of BL are recognized: 
Endemic, Sporadic, and Immunodeficiency-associated.

Endemic (African) BL, which mainly occurs in equatorial Africa 
(it also occurs in Papua Guinea), is the most common subtype 
in childhood and boys are more likely to be affected than girls 
(approximate ratio of 2:1). Endemic BL accounts for nearly 30%-
50% of all childhood cases [4,5], and infection by EBV is found 

in nearly 100% of all patients with endemic BL [6]. Moreover, 
although Plasmodium falciparum is not an agent of the MYC 
proto-oncogene, its possible oncogenic development of BL has 
been demonstrated through the shared geographic distribution of 
BL and malaria [7].

Sporadic BL is primarily observed in young adults, with an 
incidence of 1%-2% of all lymphomas occurring at a median age of 
30 (M:F is 3:1 or 4:1), although in pediatrics, it represents 40% of 
all lymphomas. Moreover, EBV is detectable in <30% of sporadic 
BL [8-10] and the disease is more common in Caucasians than 
Africans or Asian-Americans. It may also be common in some areas 
of Central America (Guatemala) [11].

Immunodeficiency-associated BL, the third subtype, is seen 
primarily in HIV patients, often occurring as the initial clinical 
manifestation of AIDS. Indeed, an EBV infection is detected in 
approximately 40% of cases. Interestingly, immunodeficiency-
associated BL is unlike other HIV-associated B-cell lymphomas 
because it typically occurs in patients with CD4 counts greater than 
200 cells per μL. As a result of antiretroviral therapy, the incidence 
has decreased, but it may also be seen in other immunodeficiency 
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states (e.g. post organ transplant). These patients typically present 
with BL 4-5 years after organ transplantation [11,12]. This review 
discusses the treatment of advanced BL. In recent decades, 
researchers have discovered different combination chemotherapy 
regimens and combined them with rituximab as a new form of BL 
treatment. However, resistance can occur in some cases. We believe 
that this is the most up-to-date study to discuss the treatment of BL.

METHODS

A literature search of treatment advances for Burkitt lymphoma 
was performed for English-language review articles, using the 
electronic database of Pubmed. The following search terms were 
input: (Burkitt lymphoma) or (Burkitt’s lymphoma) and (treatment) 
in (Title/Abstract). The first author and corresponding author 
investigated all relevant studies for quality and publication date. 
Importantly, a list of references was added manually.

Epstein-Barr virus and Burkitt lymphoma

Epstein-Barr Virus (EBV) is a ubiquitous virus that belongs to 
the γ herpes virus subfamily, which is well-known for comprising 
tumor viruses that express viral cancer genes and immortalize 
infected-lymphocytes. Of these, EBV is the most common 
persistent viral infection in humans, with approximately 95% of 
the world’s population exposed. Initial infection with EBV is often 
asymptomatic, but it can manifest as infectious mononucleosis [13]. 
In past decades, EBV was detected in cultured cells derived from a 
patient with BL [14]. However, EBV is not completely critical in the 
development of BL, which can develop in its absence. Nevertheless, 
the etiological role of virus infection is supported by the finding 
that, in EBV-positive cases, every tumor cell harbors monoclonal 
EBV genomes. More research is required regarding the precise 
details of BL pathogenesis, specifically in terms of the nature of the 
B-cell initially infected with EBV, whether EBV infection precedes 
or follows the c-MYC translocation, and which viral genes are 
involved at different stages of the tumor transformation process 
[15,16].

Clinical presentation and evaluation of BL

Because BL is highly aggressive, patients usually present with 
enlarged masses and signs of tumor lysis syndrome, with 
significantly elevated serum LDH and Ki-67 staining up to 95%. 
Bone marrow and Central Nervous System (CNS) involvement can 
be found in 15%-30% of all cases. Sporadic BL patients generally 
present with abdominal involvement, while endemic BL patients 
present with intra-oral masses, such as of the jaw or maxilla. 
Immunodeficiency-associated BL is primarily seen in patients who 
are HIV-positive, particularly in those with low CD4 counts. The 
clinical presentation includes CNS involvement or peripheral 
blood and bone marrow involvement.

The clinical evaluation of BL is always an emergency procedure. 
Bone marrow aspiration and biopsy and lumber puncture are 
necessary to diagnose BL, in addition to liver and renal function 
tests and radiographic staging with Computed Tomography scan 
(CT) and Positron Emission Tomography (PET) of the chest, pelvis, 
and abdomen. The Ann Arbor staging system for the extent of 
disease evaluation is currently widely used. In recent years, however, 
the Lugano classification has emerged for staging of NHL [17,18].

Morphology and cytogenetics

BL tumor cells are usually monomorphic with very limited 
pleiomophism. Importantly, the diagnosis of BL demonstrates 
cytogenetic characteristics of t(8;14) (q24;q32) and its variant 
translocation t(2;8) (p12;q24) and t(8;22) (q24;q11), occurring 
in 90% of cases, or c-MYC rearrangement. The rate of Ki-67 
proliferative index is usually >90%, and up to 100% in BL. 
However, a high Ki-67 by itself does not equate with BL. Therefore, 
when diagnosing BL, karyotyping and FISH are commonly used to 
detect MYC translocation [19-21].

Immunophenotype and molecular signature

BL is a subtype of B-cell NHL, for which positive B-cell markers 
are typically detected, including CD10, CD19, CD20, CD22, and 
CD79a; BCL6 and monotypic surface IgM with kappa and lambda. 
BL cells do not usually express CD5 and CD23 or Terminal 
deoxynucleotidyl Transferase (TdT). Meanwhile, BCL2 is negative 
in most patients. The over proliferation of B-cells derived from the 
lymphoid cells’ Germinal Center (GC) are separated into blast 
(centroblast) and centrocyte. The somatic hypermutation express 
immunoglobulin gene variable (IgV) region transforms B-cells 
into neoplasm with either BL or diffuses, Large B-Cell Lymphoma 
(DLBCL) [22]. 

TREATMENT OPTIONS

Due to the aggressive nature of BL, diagnosis and workup should be 
completed as soon as possible to begin chemotherapy. Interestingly, 
different types of chemotherapy protocols are recommended, and 
the prognosis for this disease is good. 

Treatment must be started promptly (ideally within 48 hours after 
diagnosis) including the prevention of Tumor Lysis Syndrome 
(TLS). The unavoidable first step of treatment is the application 
of the prophase, with low-dose cyclophosphamide and prednisone. 
This pre-phase helps limit the risk of TLS by decreasing the release 
of cytokines, particularly in case of high tumor burden-a situation 
that can be lethal given the aggressiveness and chemo-sensitivity of 
the tumor burden. The anti-CD20 monoclonal antibody rituximab 
transforms the management of other mature B-cell malignancies 
[23-25]. Clinical trials have demonstrated that adding rituximab 
to chemotherapy can improve patients’ Overall Survival (OS). 
An efficacy benefit has also been shown in patients with BL and 
other aggressive lymphomas. However, in pediatrics, rituximab is 
given prior to chemotherapy. Because BL expresses CD20 positive 
markers in their cell surfaces, rituximab has been shown to improve 
the survival rate in this disease (Table 1).

Chemotherapy

Hyper-CVAD regimen: The MD Anderson Cancer Center 
developed a hyper- CVAD regimen (hyper-fractionated 
cyclophosphamide, adriamycin, vincristine, and dexamethasone 
alternating with methotrexate plus cytarabine), which has been 
used to treat B-cell aggressive neoplasms in addition to rituximab. 
This regimen was evaluated prospectively in 31 adult patients with 
either ALL or BL. The outcomes were excellent. The achieved 
response rate was 81%, with an overall survival of 89%; Only one 
induction death was observed [26,27]. The hyper-CVAD regimen is 
often used in adult patients.

CODOX-M/IVAC regimen: Although BL is highly invasive, it is 
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chemosensitive. Multiagent chemotherapeutic regimens yielded 
significant impacts in the treatment of BL. One such regimen is 
referred to as CODOX-M/IVAC, as demonstrated by Magrath 
et al. at the National Cancer Institute (NCI) in 1996. This 
regimen consists of cyclophosphamide, vincristine, doxorubicin, 
and methotrexate alternating with ifosfamide, etoposide and 
cytarabine, along with intrathecal methotrexate and cytarabine. 
This regimen was reported in 72 patients, consisting of 39 adults 
and 33 children, stratified into low- and high-risk groups. The 
lower risk stratification was described as an extra-abdominal mass 
or resected abdominal disease with normal LDH, and the patients 
were given three cycles of treatment. Patients considered to be high-
risk were given two cycles each of CODOX-M/IVAC, which yielded 
favorable outcomes, with an Event-Free Survival (EFS) rate of 92% 
after two years. According to Evens et al. 25 patients (20 high-risk 
and 5 low-risk) were enrolled and treated with this regimen, which 
resulted in 2-year PFS and OS rates of 80% and 84%, respectively. 
The CODOX-M/IVAC was reported as achieving a better outcome 
compared with that of children and younger adults [24,25,28].

Cancer and leukemia group B (CALGB): Another short-duration 
chemotherapy regimen was introduced by the Cancer and Leukemia 
Group B (CALGB) phase, which involved two multi-institution 
trial that included 105 patients with BL/BLL with median age 
of 43 (range 19-79). Patients received one week of cytoreduction, 
including cyclophosphamide and prednisone with allopurinol (one 
cycle), and subsequently undertook six cycles of cyclophosphamide, 
ifosfamide, methotrexate, vincristine, cytarabine, etoposide, 
glucocorticoids, and intrathecal plus rituximab. Patients also 
received intrathecal therapy. Nearly 80% completed at least six of 
the seven planned cycles of therapy. There were seven treatment-
related deaths. The rate of complete remission was 83%, with 
no differences observed related to age. The EFS at two years was 
78% and OS was 80%, with a few relapses occurring after two 
years. Interestingly, similar to the BFM protocol, LMB96 was 
demonstrated in children and adolescents. Excellent results were 
obtained in the younger patients who used this regimen [29,30].

Dose-adjusted EPOCH regimen: The dose-adjusted EPOCH 
regimen includes etoposide, prednisone, vincristine, 
cyclophosphamide, and doxorubicin plus rituximab. Research on 
the EPOCH and rituximab combination in adult patients with 
BL demonstrated superior outcomes to children. Good results 
were reported by Dunleavy et al. who used this standard regimen 
in patients with BL to confirm the value of adding rituximab, 
demonstrating better outcomes, particularly for younger patients. 
They showed an outstanding PFS of 95% and OS of 100% [31].

Hematopoietic stem cell transplantation (HSCT)

Because BL may be cured through combination therapy, 
Hematopoietic Stem Cell Transplantation (HSCT) has now 
decreased. Previous studies have evaluated HSCT in patients 
with BL. A group of 117 patients who received autologous SCT 
in 1984 and 1994 showed a 72% 3-year OS for those in first 
time CR. Moreover, 37% of patients exhibited a chemotherapy-
sensitive disease, but only 7% had a chemotherapy-resistant 
disease (retrospective analysis) [32]. Hematopoietic stem cell 
transplantation is currently of no advantage compared to modern 
treatment regimens and has no proven value for this disease. The 
HOVON group examined 27 patients, first using CR with initial 
dose chemotherapy, including two cycles of cyclophosphamide, 
doxorubicin, etoposide, mitoxantrone, and prednisone. This was 
followed by autologous HCT and BEAM conditioning (carmustine, 
etoposide, cytarabine, melphalan). A 5-year EFS was 73% and 
estimates OS of 81%, respectively [30-34].

Immunotherapy and experimental agents

Ofatumumab and obinutuzumab GA101: In recent years, 
people have witnessed the development of B-cell lymphoid 
malignancy treatment. Several groups have furthered the growth of 
chemotherapy regimens, with immunotherapy also considered an 
attractive option. Because BL cells express specific target markers, 
such as CD19, CD20, CD22, or CD52, much has been written 
about the improvement of anti-CD20 monoclonal antibodies 
(such as rituximab) in patients with BL. However, BL patients 
[35] have also exhibited resistance to rituximab. New studies have 
thus utilized other CD20-targeting agents, such as ofatumumab 
and obinutuzumab (GA101). Ofatumumab is a second-generation 
anti-CD20 monoclonal antibody that sticks to a site and is more 
effective than rituximab in inducing both cell-mediated and 
Complement-Dependent Cytotoxicity (CDC). It works by targeting 
a membrane proximal small-loop epitope on the CD20 molecule. 
Some studies have shown the effects of ofatumumab in Acute 
Lymphoblastic Leukemia (ALL) patients, for which promising 
CD20-positive results were achieved [36,37]. Obinutuzumab is 
another type of glycoengineered humanized anti-CD20 antibody 
that has developed potency in B-cell malignancies and has been 
approved by the FDA for the upfront treatment of Chronic 
Lymphocytic Leukemia (CLL). Obinutuzumab is more effective 
than other CD20 monoclonal antibodies due its ability to directly 
induce cell death. Some studies have reported finding promising 
preclinical results in ALL cell lines and xenograft, but thus far, no 
evidence has been found in clinical studies for ALL patients. A 

Reference Regimen
Patient 
number

Median age 
(year)

Complete remission 
rate (%)

Overall survival % (year) EFS/PFS, % (year)

[26] Hyper-CVAD 26 58 21 (81) 49 (3) 61 (3)

[27] R-Hyper-CVAD 31 46 24/28 (86) 89 (3) 80 (3)

[28] CODOX-M+ IVAC 41 25 39 (95) No report 92 (2)

[25] R-CODOX-M-IVAC 25 44 100 (92) 84 (2) 80 (2)

[24] RD-CODOX-M/IVAC 30 52 90 82 (4) 78 (4)

[29] CALGB (GMALL type) 92 47 68 (74) No report No report

[30] GMALL B-NHL 2002 105 47 83 (79) 67 (3) 75 (3)

[31]
CALBG 10002 (GMALL 

type)
105 44 77 (73) 79 (2) 74 (2)

[32] DA-EPOCH+R 19 25 No report 100 (7.1) 95 (7.1)

Table 1: Treatment results of Rituximab combined with different chemotherapy regimens.
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preclinical trial developed has been by Awasth et al. for children 
and adolescents, which involves rituximab resistant-BL and pre-
ALL evaluation of atumumab- and Obinutuzumab-enhanced cell 
death against BL and pre-ALL [35,36]. 

Chimeric antigen receptor (CAR T-cell): New studies have 
demonstrated that clinical trials of an anti-CD19 chimeric 
antigen receptor CAR T-cell therapy aimed at fighting B-cell 
lymphoid malignancies, such as CLL and DLBCL [37-40] are being 
undertaken. This new technology uses gene-modified autologous 
T- cells with a CD19 antigen specificity that is mainly expressed on 
the surface of B-cells. Therefore, this approach would be used in 
BL to improve treatment of advanced or Minimal Residual Disease 
(MRD). New clinical trials have demonstrated that CAR-T cells can 
induce complete remission in a patient with refractory BL [41].

Immune-checkpoint (PD-1 - PD-L1): Other highly effective 
inhibitors for B-cell malignancies are programmed cell-death 
protein 1 (PD-1) / programmed cell death 1 ligand 1 (PD-L1) 
immune checkpoint inhibitors. These are the proteins that regulate 
immune cell activation to maintain self-tolerance and to prevent 
autoimmunity [42]. Interestingly, these proteins play an important 
role in controlling T-lymphocyte priming and activation. Several 
studies have reported on the clinical benefits of the PD-1/PD-
L1 antibody in Follicular Lymphoma (FL) patients and DLBCL, 
as well as Hodgkin Lymphoma (HL) patients treated with 
nivolumab [43-46]. Other studies have reported that PD-1/PD-L1 
are not expressed in BL cells, and hence PD-1/PD-L1 checkpoint 
inhibitors have not been demonstrated for BL [47,48]. Several 
papers have further demonstrated that the EBV-Latent Membrane 
Protein (LMP) can also stimulate PD-L1 expression via AP-1 and 
JAK-STAT pathways in HL cells with diploids 9p24.1 in both EBV-
positive and -negative patients because the spreading of genetic 
alteration is similar, even though EBV-positive patients are more 
likely to have greater PD-L1 Imunnohistochemistry (IHC) staining 
scores [45,49]. An ongoing clinical trial was developed using CD19 
CAR- T cells and PD-1 knockout engineered T-cells (CD19 CAR 
and PD-1 knockout engineered T-cell) in patients who exhibit a 
high risk of relapsed CD19 positive ALL+BL, and thus receive 
the CD19 CAR and PD-1 knockout engineered T-cell following 
lymphodepleting chemotherapy. This clinical trial demonstrates 
the safety, efficacy, and duration response of the CD19 CAR and 
PD-1 knockout engineered T-cells in patients with a high risk of 
relapsed CD19 positive malignancies.

Future directions in MYC inhibition

Because most BL patients have an over-expression of the pathogenic 
MYC proto-oncogene, new experimental biologically targeted 
agents should be studied, particularly in patients with high-risk 
and relapsed refractory disease [50]. Direct and indirect MYC 
inhibitors are, therefore, particularly attractive. Pharmacologic 
inhibition of MYC is difficult to achieve, however, because of its 
several functions and targets. Direct inhibitors, such as JQI and 
THZ1, that target MYC interactions may be useful in this regard. 
Interestingly, the link between JQI and MYC may also be involved 
in the dependence of MYC on bromodomain and Bromodomain 
Extraterminal Inhibitors (BET) protein BRD443 in combination 
with the PI3K pathway. Experimental studies have shown that 
mechanistically, the Mammalian Target of Rapamycin (MTOR) or 
Histone Deacetylase (HDAC) inhibitors may cause tumor regression 
[51-53]. Moreover, MTOR signaling plays an important role in 
tumor cell growth and is aberrantly activated in lymphoma [54,55]. 

Several studies have demonstrated the effectiveness of unique 
combinations of the HDAC+MTOR and HDAC+BET inhibitors 
or BL/leukemia, therefore providing us with a new direction by 
targeting MYC proto-oncogene and associated proteins [56]. 

New finding therapies

With newly developed technologies, novel drugs have been 
discovered that could undergo preclinical sensitivity screening using 
ex-vivo culture methods, with simultaneous testing for leukemia/
lymphoma [57]. Related to B-cell lymphoid malignancies, some 
studies have shown venectoclax to be synergistic with vincristine 
and dexamethasone in B-precussor ALL expressing TCF3-HLF 
gene rearrangement. Recently, published studies have unveiled 
sets of additional recurrently mutated genes in B-cell malignancy 
patients (ID3, TCF3, and CCND3 occur in BL). Another study 
has demonstrated that birinapant, a SMAC mimetic inducer of 
apoptosis and necroptosis, was found to more effective against 
highly MRD-resistant patients of B-cell lineage ALL [58,59].

CONCLUSION

BL is an uncommon and highly aggressive form of lymphoma. In 
the modern era, however, treatment with intensive and different 
combinations of chemo-immunotherapy can achieve excellent 
results. Nevertheless, in some relapsed/refractory patients, the 
prognosis remains poor. Most patients do not achieve second 
remission despite an intensive salvage treatment, and therefore 
urgent therapies are required to treat these patients. Several drugs 
that are currently undergoing clinical trials may provide new ways 
of treating BL.

FUNDING

This work was supported in part by the National and Fujian 
Provincial Key Clinical Specialty Discipline Construction Program, 
China, National High Technology Research and Development 
Program of China, 863 program (2012AA02A505), National 
Public Health Grand Research Foundation (201202017), National 
Natural Science Foundation of China (81570162), Fujian Provincial 
Key Laboratory Foundation of Hematology (2009J1004), Natural 
Science Foundation of Fujian Province (2013Y0044), and the 
Backbone Talents Training Project of the Fujian Bureau of Public 
Health, P.R.C. (2014-ZQN-ZD-8).

AUTHORS’ CONTRIBUTIONS

Issa Hajji Ally wrote the manuscript. Both authors read and 
approved the final manuscript.

REFERENCES

1. Jacobson C, Lacasce A. How I Treat How I treat Burkitt lymphoma in 
adults. Blood. 2018;124(19):2913-2921. 

2. O’Conor GT, Davies JN. Malignant tumors in African children. With 
special reference to malignant lymphoma. J Pediatr. 1960;56:526-535. 

3. Orem J, Mbidde EK, Lambert B, Sanjose S, Weiderpass E. Burkitt’s 
lymphoma in Africa, a review of the epidemiology and etiology. Afr 
Health Sci. 2007;7(3):166-175. 

4. Magrath I. Epidemiology: Clues to the pathogenesis of Burkitt 
lymphoma. Br J Haematol. 2012;156(6):744-756. 

5. Ogwang MD, Bhatia K, Biggar RJ, Mbulaiteye SM. Incidence and 



5

Ally IH, et al. OPEN ACCESS Freely available online

J Leuk, Vol. 7 Iss. 2 No: 255

geographic distribution of endemic Burkitt lymphoma in northern 
Uganda revisited. Int J Cancer. 2008;123(11):2658-2663. 

6. de-The G, Geser A, Day NE, Tukei PM, Williams EH, Beri DP, et al. 
Epidemiological evidence for causal relationship between Epstein-
Barr virus and Burkitt’s lymphoma from Ugandan prospective study. 
Nature. 1978;274(5673):756-761. 

7. Geser A, Brubaker G, Draper CC. Effect of a malaria suppression 
program on the incidence of African burkitt’s lymphoma. Am J 
Epidemiol. 1989;129(4):740-752. 

8. Morton LM, Wang SS, Devesa SS, Hartge P, Weisenburger DD, Linet 
MS. Lymphoma incidence patterns by WHO subtype in the United 
States, 1992-2001. Blood. 2006;107(1):265-276. 

9. Smith A, Howell D, Patmore R, Jack A, Roman E. Incidence 
of haematological malignancy by sub-type: A report from the 
Haematological Malignancy Research Network. Br J Cancer. 
2011;105(11):1684-1692.

10. Hanson S. Gender and mobility: new approaches for informing 
sustainability. Gend Place Cult. 2010;17:5-23.

11. Laurini JA, Perry AM, Boilesen E, Diebold J, MacLennan KA, Müller-
Hermelink HK, et al. Classification of non-Hodgkin lymphoma 
in Central and South America: A review of 1028 cases. Blood. 
2012;120(24):4795-4801. 

12. Shiels MS, Pfeiffer RM, Hall HI, Li J, Morton LM, Goedert JJ, et al. 
Proportions of Kaposi sarcoma, selected non-Hodgkin lymphomas, and 
cervical cancer in the United States occurring in persons with AIDS, 
1980-2007. JAMA. 2011;305:1450-1459. 

13. Palendira U, Rickinson AB. Primary immunodeficiencies and 
the control of Epstein-Barr virus infection. Ann N Y Acad Sci. 
2015;1356:22-44. 

14. Khanna R, Burrows SR, Moss DJ. Immune regulation in Epstein-Barr 
virus-associated diseases. Microbiol Rev. 1995;59(3):387-405. 

15. Allday MJ. How does Epstein-Barr virus (EBV) complement the 
activation of Myc in the pathogenesis of Burkitt’s lymphoma? Semin 
Cancer Biol. 2009;19(6):366-376. 

16. Rowe M, Fitzsimmons L, Bell AI. Epstein-Barr virus and Burkitt 
lymphoma. Chin J Cancer. 2014;33(12):609-619. 

17. Campo E, Swerdlow SH, Harris NL, Pileri S, Stein H, Jaffe ES. The 
2008 WHO classification of lymphoid neoplasms and beyond: evolving 
concepts and practical applications. Blood. 2011;117(19):5019-5032. 

18. Cheson BD, Fisher RI, Barrington SF, Cavalli F, Schwartz LH, Zucca E, 
et al. Recommendations for Initial Evaluation, Staging, and Response 
Assessment of Hodgkin and Non-Hodgkin Lymphoma: The Lugano 
Classification. J Clin Oncol. 2018;32(27):3059-3068. 

19. Bertrand S, Berger R, Philip T, Bernheim A, Bryon PA, Bertoglio J, et 
al. Variant translocation in a non-endemic case of Burkitt’s lymphoma: 
t (8;22) in an Epstein-Barr virus negative tumour and in a derived cell 
line. Eur J Cancer. 1981;17(5):577-581. 

20. Bernheim A, Berger R, Lenoir G. Cytogenetic Studies on African 
Burkitt’s Lymphoma Cell Lines : t(8;14), t(2;8 ) and t(8;22) 
Translocations. Cancer Genet Cytogenet. 1981;3(4):307-315. 

21. Abate F, Ambrosio MR, Mundo L, Laginestra MA, Fuligni F, Rossi 
M, et al. Distinct Viral and Mutational Spectrum of Endemic Burkitt 
Lymphoma. PLoS Pathog. 2015;11(10):1-21. 

22. Orem J, Mbidde EK, Lambert B, De Sanjose S, Weiderpass E. Burkitt’s 
lymphoma in Africa, a review of the epidemiology and etiology. Afr 
Health Sci. 2007;7(3):166-175. 

23. Barnes JA, LaCasce AS, Feng Y, Toomey CE, Neuberg D, Michaelson 
JS, et al. Evaluation of the addition of rituximab to CODOX-M/

IVAC for Burkitt’s lymphoma: A retrospective analysis. Ann Oncol. 
2011;22(8):1859-1864. 

24. Corazzelli G, Frigeri F, Russo F, Frairia C, Arcamone M, Esposito G, 
et al. RD-CODOX-M / IVAC with rituximab and intrathecal liposomal 
cytarabine in adult Burkitt lymphoma and ‘unclassifiable’ highly 
aggressive B-cell lymphoma. Br J Haematol. 2011;156(2):234-244. 

25. Evens AM, Carson KR, Kolesar J, Nabhan C, Helenowski I, Islam N, 
et al. A multicenter phase II study incorporating high-dose rituximab 
and liposomal doxorubicin into the CODOX-M/IVAC regimen for 
untreated Burkitt’s lymphoma. Ann Oncol. 2013;24(12):3076-3081. 

26. Thomas DA, Cortes J, O’Brien S, Pierce S, Faderl S, Albitar M, et 
al. Hyper-CVAD program in Burkitt’s-type adult acute lymphoblastic 
leukemia. J Clin Oncol. 1999;17(8):2461-2470. 

27. Thomas DA, Faderl S, O’Brien S, Ramos BC, Cortes J, Garcia-Manero 
G, et al. Chemoimmunotherapy with hyper-CVAD plus rituximab for 
the treatment of adult Burkitt and Burkitt-type lymphoma or acute 
lymphoblastic leukemia. Cancer. 2006;106(7):1569-1580. 

28. Magrath I, Adde M, Shad A, Venzon D, Seibel N, Gootenberg J, et 
al. Adults and children with small non-cleaved-cell lymphoma have a 
similar excellent outcome when treated with the same chemotherapy 
regimen. J Clin Oncol. 1996;14(3):925-934. 

29. Rizzieri DA, Johnson JL, Niedzwiecki D, Lee EJ, Vardiman JW, Powell 
BL, et al. Intensive Chemotherapy with and without Cranial Radiation 
for Burkitt Leukemia and Lymphoma Final Results of Cancer and 
Leukemia Group B Study 9251. Cancer. 2004;100(7):1438-1448. 

30. Intermesoli T, Rambaldi A, Rossi G, Delaini F, Romani C, Pogliani EM, 
et al. High cure rates in Burkitt lymphoma and leukemia: a Northern 
Italy Leukemia Group study of the German short intensive rituximab-
chemotherapy program. Haematologica. 2013;98(11):1718-1725.

31. Rizzieri DA, Johnson JL, Byrd JC, Lozanski G, Blum KA, Powell BL, 
et al. Improved efficacy using rituximab and brief duration, high 
intensity chemotherapy with filgrastim support for Burkitt or aggressive 
lymphomas: Cancer and Leukemia Group B study 10 002. Br J 
Haematol. 2014;165(1):102-111. 

32. Dunleavy K, Pittaluga S, Shovlin M, Steinberg SM, Cole D, Grant C, et 
al. Low-Intensity Therapy in Adults with Burkitt’s Lymphoma. N Engl 
J Med. 2013;369(20):1915-1925. 

33. Sweetenham BJW, Pearce R, Taghipour G, Blaise D, Gisselbrecht 
C, Goldstone AH. Adult Burkitt’s and Burkitt-like Non-Hodgkin’s 
Lymphoma-Outcome for Patients Treated With High-Dose Therapy 
and Autologous Stem-Cell Transplantation in First Remission or at 
Relapse: Results From the European Group for Blood and Marrow 
Transplantation. J Clin Oncol. 2018;14(9):2465-2472. 

34. Imhoff GWV, Holt BVD, Mackenzie MA, Ossenkoppele GJ, Wijermans 
PW, Kramer MH, et al. Short intensive sequential therapy followed by 
autologous stem cell transplantation in adult Burkitt, Burkitt-like and 
lymphoblastic lymphoma. Leukemia. 2005;19(6):945-952. 

35. Awasthi A, Ayello J, Ven CVD, Elmacken M, Sabulski A, Barth MJ, 
et al. Obinutuzumab (GA101) compared to rituximab significantly 
enhances cell death and antibody-dependent cytotoxicity and improves 
overall survival against CD20(+) rituximab-sensitive/-resistant Burkitt 
lymphoma (BL) and precursor B-acute lymphoblastic leukaemia (pre-B-
ALL): potential targeted therapy in patients with poor risk CD20(+) BL 
and pre-B-ALL. Br J Haematol. 2015;17(5)1:763-775. 

36. Tobinai K, Klein C, Oya N, Rowson FG. A Review of Obinutuzumab 
(GA101), a Novel Type II Anti-CD20 Monoclonal Antibody, for 
the Treatment of Patients with B-Cell Malignancies. Adv Ther. 
2017;34(2):324-356. 

37. Porter DL, Levine BL, Kalos M, Bagg AJC, June CH. Chimeric Antigen 
Receptor-Modified T Cells in Chronic Lymphoid Leukemia. N Engl J 
Med. 2011;365(8):725-733. 



6

Ally IH, et al. OPEN ACCESS Freely available online

J Leuk, Vol. 7 Iss. 2 No: 255

38. Maude SL, Frey N, Shaw PA, Aplenc R, Barrett DM, Bunin NJ, et 
al. Chimeric Antigen Receptor T Cells for Sustained Remissions in 
Leukemia. N Engl J Med. 2014;371(16):1507-1517.

39. Kochenderfer JN, Feldman SA, Zhao Y, Xu H, Black MA, Morgan 
RA, et al. Construction and Pre-clinical Evaluation of an Anti-CD19 
Chimeric Antigen Receptor. J Immunother. 2010;32(7):689-702. 

40. Kochenderfer JN, Dudley ME, Kassim SH, Somerville RPT, Carpenter 
RO, Stetler-Stevenson M, et al. Chemotherapy-refractory diffuse large 
B-cell lymphoma and indolent B-cell malignancies can be effectively 
treated with autologous T cells expressing an anti-CD19 chimeric 
antigen receptor. J Clin Oncol. 2015;33(6):540-549. 

41. Avigdor A, Shouval R, Jacoby E, Davidson T, Shimoni A, Besser M, 
et al. CAR T cells induce a complete response in refractory Burkitt 
Lymphoma. Bone Marrow Transplant. 2018;53(12):1583-1585. 

42. Goodman A, Patel SP, Kurzrock R. PD-1-PD-L1 immune-checkpoint 
blockade in B-cell lymphomas. Nat Rev Clin Oncol. 2017;14(4):203-
220. 

43. Westin JR, Chu F, Zhang M, Fayad LE, Fowler N, Romaguera J, et al. 
Safety and Activity of PD1 Blockade by Pidilizumab in Combination 
with Rituximab in Patients with Relapsed Follicular Lymphoma: a 
Single Group, Open-label, Phase 2 Trial. Lancet Oncol. 2014;15(1):69-
77. 

44. Armand P, Nagler A, Weller EA, Devine SM, Avigan DE, Chen YB, et 
al. Disabling immune tolerance by programmed death-1 blockade with 
pidilizumab after autologous hematopoietic stem-cell transplantation 
for diffuse large b-cell lymphoma: Results of an international phase II 
trial. J Clin Oncol. 2013;31(33):4199-4206. 

45. Roemer MGM, Advani RH, Ligon AH, Natkunam Y, Redd RA, Homer 
H, et al. PD-L1 and PD-L2 genetic alterations define classical hodgkin 
lymphoma and predict outcome. J Clin Oncol. 2016;34(23):2690-2697. 

46. Fowler NH, Cheah CY, Gascoyne RD, Gribben J, Neelapu SS, Ghia P, 
et al. Role of the tumor microenvironment in mature B-cell lymphoid 
malignancies. Haematologica. 2016;101(5):531-540. 

47. Andorsky DJ, Yamada RE, Said J, Pinkus GS, Betting DJ, Timmerman 
JM, et al. Programmed death ligand 1 is expressed by non-Hodgkin 
lymphomas and inhibits the activity of tumor-associated T cells. Clin 
Cancer Res. 2011;17(13):4232-4244. 

48. Chen BJ, Chapuy B, Ouyang J, Sun HH, Roemer MGM, Xu ML, et 
al. PD-L1 expression is characteristic of a subset of aggressive B-cell 

lymphomas and virus-associated malignancies. Clin Cancer Res. 
2013;19(13):3462-3473. 

49. Green MR, Rodig S, Juszczynski P, Ouyang J, Sinha P, O'Donnell E, 
et al. Constitutive AP-1 activity and EBV infection induce PD-l1 in 
Hodgkin lymphomas and posttransplant lymphoproliferative disorders: 
Implications for targeted therapy. Clin Cancer Res. 2012;18(6):1611-
1618. 

50. Blum KA, Lozanski G, Byrd JC. Adult Burkitt leukemia and lymphoma. 
Blood. 2012;104:3009-3020. 

51. Posternak V, Cole MD. Strategically targeting MYC in cancer. 
F1000Research. 2016;5:408.

52. Anderson MA, Tsui A, Wall M, Huang DCS, Roberts AW. Current 
challenges and novel treatment strategies in double hit lymphomas. 
Ther Adv Hematol. 2016;7(1):52-64. 

53. Hartl M. The Quest for Targets Executing MYC-Dependent Cell 
Transformation. Front Oncol. 2016;6:132.

54. Hay N, Sonenberg N. Cancer genomics: the post-transcriptional era. 
Curr Opin Genet Dev. 2013;23(1):1-2. 

55. Witzig TE, Gupta M. Signal transduction inhibitor therapy for 
lymphoma. Hematology Am Soc Hematol Educ Program. 2010;8:265-
270. 

56. Muralidharan SV, Bhadury J, Nilsson LM, Green LC, McLure KG, 
Nilsson JA, et al. BET bromodomain inhibitors synergize with ATR 
inhibitors to induce DNA damage, apoptosis, senescence-associated 
secretory pathway and ER stress in Myc-induced lymphoma cells. 
Oncogene. 2016;35(36):4689-4697.

57. Fischer U, Forster M, Rinaldi A, Risch T, Sungalee S, Warnatz HJ, 
et al. Genomics and drug profiling of fatal TCF3-HLF- positive acute 
lymphoblastic leukemia identifies recurrent mutation patterns and 
therapeutic options. Nat Genet. 2015;47(9):1020-1029. 

58. McComb S, Gorgorió JA, Harder L, Marovca B, Cario G, Eckert C, 
et al. Activation of concurrent apoptosis and necroptosis by SMAC 
mimetics for the treatment of refractory and relapsed ALL. Sci Transl 
Med. 2016;8(339):339-370. 

59. Rohde M, Bonn BR, Zimmermann M, Lange J, Möricke A, Klapper W, 
et al. Relevance of ID3-TCF3-CCND3 pathway mutations in pediatric 
aggressive B-cell lymphoma treated according to the non-Hodgkin 
lymphoma Berlin-Frankfurt-münster protocols. Haematologica. 
2017;102(6):1091-1098.


	Title
	Corresponding Author
	ABSTRACT
	Keywords
	Introduction
	METHODS
	Epstein-Barr virus and Burkitt lymphoma
	Clinical presentation and evaluation of BL
	Morphology and cytogenetics
	Immunophenotype and molecular signature

	TREATMENT OPTIONS 
	Chemotherapy
	Hematopoietic stem cell transplantation (HSCT)
	Immunotherapy and experimental agents
	Future directions in MYC inhibition
	New finding therapies 

	CONCLUSION
	FUNDING
	AUTHORS’ CONTRIBUTIONS 
	References
	Table 1
	References

